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ABSTRACT
This document package contains an Air Force course
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DEPARTMENT OF THE AIR FORCE
USAF Technical Training School (ATC)
Sheppard Lir Force Base, Texas 76311

PLAN OF INSTRUCTION J3ABR54530 001
(PDS Code YSX)
20 September 1982

FOREWORD

PURPOSE.
This publication is the plan of instruction (POI) when the pages
listed on Page A are bound into a single volume. The POI contains the qualitative requirements for course J3ABR54530 001, Refrigeration and Cryogenics
Specialist, in terms of criterion objectives for each unit of instruction and
shows time, training standard correlation, and support materials and guidance.
When separated into units of instruction, it becomes the lesson plan/Part I.
This POI was developed according to AFR 50-8, Instructional Systems Development
(ISD), and ATCR 52-6, Curricula Documentation.
1.

2.

COURSE DESIGN/DESCRIPTION.
The instructional design for this course is
Group/Lock Step.
The course trains airmen to perform duties prescribed in
AFM 39-1 for Refrigeration and Cryogenics Specialists, AFSC 54530. Training
includes the use of publications and forms; and identification, location,
function, installation, operational checking, servicing, repair and maintenance
of refrigeration and air conditioning systems. The course also includes water
analysis and conditioning. In addition, military training is provided on driver
education, troop information program, commanderb calls/briefings, etc.
REFERENCES. This POI is based on Specialty Training Standard, 54530/50/70,
July 1980, and Course Chart J3ABR54530 001, 11 August 1982.
3.

FOR

HE COMMANDER

Q/1/14'
*

T. CARROLL, Colonel, USAF
ander, 3770 Technical Training Group

Supersedes Plan of Instruction J3ABR54530 001, 22 December 1980
3770 Technical Training Group
DISTRIBUTION: Listed on Page A
OPR:

POI J3ABR54530 001

Changed 8 June 1983

WRITE-IN CHANGES
BLOCK
I

II

All

All

Effective Date:

PAGE

21 July 19831

ACTION

12

Criterion objective I6f:

44

Criterion objective 11I8h:

Underline "8g(8)"

Underline "16c"

5 thru 79

Student Instructional Material:
title, add, " (DS)"

3 thru 83

All criterion objectives:
through.

ii

After each SW

Delete "W" by lining

POI 33ABR54530 001

Changed 10 February 1984

Write-In Changes

Effective Date:

28 February 1984

Page

Action

1

Criterion objective I la(12): After energy, add
"(Fraud, Waste.and Abuse)"

IV

47

Criterion objective VI.la: After la(3) add
Teaching Step "(4) Engineered Performance Standards)"

IV

47

Under Student Instructional Materials, add
"DS AFS 54, 55 and 56, Engineered Performance Standards"

Block

4.

PLAN OF INSTRUCTION/LESSON PLAN PART I
COU RSE T1TL
E Refrigeretion and
CryogeniTla_hugglaliar________

AME crr INSTRUCTOR

BLOCK TI TL E

Electrical

2 ma

COURSECONTENT
1.

Orientation
a.

2/0

Course introduction to include:
(1)

Welcome

(2)

Overview of course content, its goals and administration

(3)

Responsibilities of students
.

(4)

Relationship of graduate's performance to Air Force mission

(5)
Benefits of the CCAF and its assignment of acadenic credit
for training completed at regional accredited institutions
(6)

Types and uses of instructional material

(7)

Student progress policies to include:
(a)

Progress checks

(b)

Written tests

(c)

Special individual assistance

(d)

Proficiency advancenent

(e)

School grading

(8)

Student recognition program

(9)

Effective study techniques

(10)

Procedures for shelter exercises and fire evacuation plan

(11)

Student critique program and its objective

(12)

Conservation of training materials, resources and energy(;-.44
um*44 404 Au.s.e.)

(13)

Disposition of elhninees

SUPERVISOR

P
APLROVABON

SIGNATURE AND DATE

POI NUMBER
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SIGNATURE AND DATE

BLOCK

I

UNIT

1

PREVIOUS EDI TION OBSOLETE

DATE

20 Sep 1982

P AGE NO.

1

COURSE CONTENT

(14)
Necessity of TDY personnel clearing through In-Processing
at Base Personnel
(15)
Instructions for completion of STTC Form 120, Processing
Checklist - TDY student personnel

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SG J3ABR54530 001-I-1, Orientation
ATCPT 52-11, Study Skills
Audiovisual Aids
Prenarrated Slide: NSS 55-42, Student Critique Program
Prenarrated Slide:
Community College of the Air Force
Prenarrated Slide: NSS 60-67, Generality Gap
Chart Set, Chain of Command
Training Methods
Lecture/Discussion (2 hrs)

Instructional Guidance
Welcome students to the course and discuss orientation items listed.

POI J3ABR54530 001
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NAMEOF INSTRUCTOR
BLOCK TI TL E

PLAN OF INSTRUCTION/LESSON PLAN PART I
COU RSE T1 TL a Refrigeration
and
Cryogenics Snecialigt

Electrical
L
2.

COURSE CONTENT

.2. TIME

Civil Engineering Organization and Safety

7/0.5

a.

Using the materials provided, identify the career ladder
progres
sion, three duties of the apprentice
refrigeration/cryogenics specialist,
mission, and organization of CE units, with. no more than four errors.
STS: Ja6 lt, ls,
Meas: AK PC
(1)

Civil Engineering Mission and Organization

(2)

Mechanical/electrical career field

(3)

Progression career ladder

(4)

Duties of the AFSCs skill level

(1.5/0)

.

b.

Using material provided, identify basic facts relating to the AF
Occupational Safety and Health (AFOSH) program with 80% accuracy.
STS: 3a, 3b, 3e, 3f, 23.
Meas: JO; PC
(1)

AFOSH Standards for AFSC 545X0

(2)

Hazards of AFSC 545X0

(3)

Job safety, fire prevention and occupational health. training

(4)

Hazard reporting and abatement

(5)

Mishap reporting and investigation

(1.5/0

c.

Using material provided, state three of the rules concerning
dndividual responsibilities to the AFOSH program. STS: 3d

1.5/0)

Meas:..41 PC

(1)

Individual responsibilities

d.
Given the information, list the first aid procedures for electri
zal shock, controlling bleeding, traumatic shock, and heat exhaustioll
and
-mat stroke, with 80% accuracy.
STS: ,31(1), 21(2), 3i(3), 31(4)
leas: Jr; PC

(1)

Electrical shock

(2)

Controlling bleeding

(3)

Traumatic shock

(4)

Heat exhaustion and heat stroke

(2.51.5
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COURSE CONTENT
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SG AFS 54, 55, and 56, All Courses - Safety
SW J3ABR54530 001-1-2, Civil Engineering Organization

and Safety
WE .13ABR54530 001-1-2, Civil Engineering Organization
and Safety
2TPT-9039-01, Civil Engineering
Mechanical/Electrical Career Field
Training Methods
Lecture/Discussion (7 hrs)
Directed Study (0.5 hr)

instructional Guidance
Discuss how the refrigeration and cryogenics
specialist career field is related
to the mission and organization of civil
engineering units. Show the student
where he will fit into this organization.
Review the procedures given in SG
AFS 54, 55, and 56 for ground accident reporting
and first aid for electrical
shock and other emergencies.
Evaluate objectives by using ATC Form 98. Directed
study assignments will be accomplished by
a written directed study examination.

POI 33ABR54530 001
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STPLAN
N AMEO F IN

RUCTOR

BLOCK TI TLE

OF INSTRUCTION/LESSON PLAN PART I
COURSE TITLE Refrigeration and
Cryogenics Specialist

Electrical
I.
.

COURSE CONTENT

2.

Hand Tcola

TIME

2/0

a.

Given randomly selected hand tools, identify them, state their
use, safety precautions and maintenance requirements, with 75% accuracy.
STS:
3h(6), 7a
Meas: JR; PC
(1)

Types of hand tools and their application

(2)

Care of hand toois

C3)

Sa2ety precautions when using tools

(1/0)

b.
Select a drill bit, and drill one hole in the metal provided,
using a drill press. Lubricate the equipment as necessary and observe
electrical/mechanical safety precautions. The hole must be within 1/8"
of the point designated hy the instructor. Instructor assistance is permitted.
STS:
3h(1), 311(2), 7b
Meas: All PC
(1)

Use and maintenance of shop equipment

(2)

Safety precautions when using shop equipment

(1/0)

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SW J3ABR54530 001-1-3, Hand Tools(Ds)
WB J3ABR54530 001-1-3, Hand Tools
2TPT -3200 -01, Common Hand Tools

Commercial Text, Modern Refrigeration and Air Conditioning
Training Equipment
Hand Tools
Drill Press
Training Methods
Lecture/Discussion (1.25 hrs)
Demonstration (0.25 hr)
Performance (0.5 hr)

SUPERVISOR APPROVAL OF LESSON P
SIGNATURE AND DATE

SIGNATURE AND DATE
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COURSE CONTENT

Instructional Guidance
Place adequate emphasis on the use of the drill press. Students should always
wear goggles when operating the drill press. Criterion objective performance
may be practiced before the performance measurement activity begins. Instructor
assistance may be given during the performance of criterion objective 3b. Eval
uate criterion objectives by using ATC Form 98.
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NAME OF INSTRUCTOR

BLOOC

Tine

PLANOF INSTRUCTION/LESSON PLAN PART1
COURSEMTL E Refrigeration and
C o:enics S ecialist

Electrical
L
4.

COURVECONTENT

2

Electrical Principles and Circuits

Given a series of incomplete statements pertaining to elemental
electricity, current, resistance, voltage, and magnetism, explain the
basic principle of each by completing 80% of the statements correctly.
STS:
8b, 8d, 8e
Meas: All PC
a.

(1)

Matter

(2)

Elements

(3)

Molecule

(4)

Atom

(5)

Electron

(6)

Coulomb

(7)

Ampere

(8)

Resistance

(9)

Voltage

(10)

TIME

17.5/6.5
(4/3)

Magnetism

b.
Given ten military standard symbols, including those for switches,
circuit breakers, solenoid valves, and fuses, identify each and state the.
types and purpose for eight of the ten components.
STS:
8a, 6f.(2)(a),
8f(2)(b), 8f(2)(c), 8f(2)(d)
Meas: ..KPC

(1)

Circuit symbols

(2)

Switches

(3)

Circuit breakers

(4)

Fuses

(5)

Solenoid Valves

(3/.5)
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COURSE CONTENT
c.

Given the material and information, draw a simple, aeries, and
parallel circuit. State the current, voltage, and resistance relationship in each_ circuit, with a total of no more than two errors.
STS:
8f(1)(a), 8f(1)(b), 8f(1)(c), 8f(3)
Meas: At; PC
(1)

Electrical symbols and diagrams

(2)

Simple circuits

(3)

Series circuits

(4)

Parallel circuits

d.
Using an electrical trainer, construct an operative series and
parallel circuit with instructor assistance.
STS:
3h(1), 8f(5) Meas:At;

(3/1)

(3/0)

PC

(1)

Series circuit construction

(2)

Parallel circuit construction

(3)

Safety precautions

e.
Using an electrical meter provided, select the proper mode and
determine the electrical values of a designated electrical circuit to
+ 5% of meter scale value. No more than one assist on safety.
STS:
3h(1), 7c, 8h(1)
Meas: AW1 PC
(1)

Operating principles of electrical meters

(2)

Selection of meters

(3)

Use of meters to determine values

(4)

Care of meters

(5)

Safety precautions

(4.5/2)

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SW J3ABR54530 001-1-4, Electrical Principles and Circuits(VS)
WB J3ABR54530 001-1-4, Electrical Principles and Circuits
Commercial Text, Modern Refrigeration and Air Conditioning

POI J3ABR54530 001

20 Sep 1982

lb

8

COURSE CONTENT
Audiovisual Aids
Chart Set, Electrical Meters
Transparencies, Set, Electrical Principles
Training Film:
27874, Basic Electricity
Training
Trainer,
Trainer,
Trainer,

Equipment
Fundamental Electrical Principles
Multimeter
Electrical Circuits and Meter Readings

Training Methods
Lecture/Discussion (12 hrs)
Demonstration (2 hrs)
Performance (3 hrs)
Training Film (.5 hr)
Directed Study (6.5 hrs)
Instructional Guidance
Place adequate emphasis on safety precautions involved in use of electrical test
equipment and on careful handling of delicate and expensive test equipment.
Evaluate criterion objectives by usingATC Form 98. Criterion objective performance may be practiced before the performance measurement activity begins.
Instructor assistance may be given on some criterion objectives. Directed
study ass-lgnments will be accomplished outside the classroom, and will be
verified the following day by a written directed study examination.

5.

Written Test and Test Critique

POI J3ABR54530 001

1.5

20 Sep 1982
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F IN TRU Cr) R

PLAN OF INSTRUCTION/LESSON PLAN PART I
COU RSE /1 11" 6Refrizeration

and
crplgenirq c artiO____

BLOCK nTLE

Electrical
1.

2 TIME

COURSE CONTENT

Wiring Systems, Motors, Motor Starters and Overloads

.

0.6/4.5

a.
Given the information, state the purpose and function of two,
three and four wire electrical systems with.no more than three
errors.

STS:

8f(4)

(3/.5)

Meas: .4f,' PC

(1)

Two wire systems

(2)

Three wire systems

(3)

Four wire systems

b.
Given the information, state the general construction features of
single and three phase motors with no more than two errors. STS: 8F(1)

Meas:

-If; PC

(1)

Single phase motors

(2)

Three phase motors

c.
Given the information, list the steps in installing and servicing
electric motors with no more than two errors.
STS:
8g(2), 8g(6/

Mess:

(3/.5)

(2/.5)

--W-," PC

(1)

Electric motor installation

(2)

Electric motor servicing

d.
Using a motor trainer and a multimeter, determine the start and
(4/1.5)
run windings of an electric motor, connect the motor and reverse its
rotation with instructor assistance. STS:
8g(3), 8g(4), 8g(5). Meas:-W; PC

(1)

Electric motor windings

(2)

Connection

(3)

Reversing rotation

.

e.

Using an electrical trainer, service the motor starters. with.
instructor assistance. STS: 8g(7),
Meas: -4;-PC
(1)

0...

(2/1)

Types of motor starters
SUPERVISOR APPROVAL OF LESSON P
SIGNATURE AND DATE

POI NUMBER
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COURSE CONTENT
(2)

Servicing procedures

f.

Given information, state the types and function of electrical
overload protectors with_no more than two errors.
STS: .3g($)

(2/.5)

Meas: .PC
(1)

Types of overload protectors

(2)

Function of overload protectors
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR54530 001-1-6, Wiring Systems, Motors, Motor Starters and Overloads (tD)
WB J3ABR54530 001-1-6, Wiring Systems, Motors, Motor Starters and Overloads
Commercial Text, Modern Refrigeration and Air Conditioning
ivadiovis.al Aids

Charts, Set, Alternating Current Generation
Transparencies, Set, Alternating Current Wiring Systems
Training Equipment
Trainer, Electric Motor and Three-Phase Wiring Operation
Trainer, Motor Starter
Trainer, Motor and Motor Starter
Multimeters

Training Methods
Lecture/Discussion (13.25 hrs)
Demonstration (.75 hr)
Pe_formance (2 hrs)
Directed Study (4.5 hrs)
Instructional Guidance
Insure that the multimeters are used correctly and emphasize the following workbook
procedures.
Evaluate criterion objectives by using ATC Form 98. Criterion objectives
performance may be practiced before the performance measurement activity begins, if
time permits.
Instructor assistance may be given on some criterion objectives.
Directed study assignments will be accomplished outside the classroom and will be
verified the following day by a written directed study examination.

POI J3ABR54530 001
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PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSE TITLE
Refrigeration and
Crvovenics Specialist

NAME OF INSTRUCTOR

BLOCK TITLE

Electrical
COURSE CONTENT

1.

7.

2. TIME

Schematic Interpretation and Electrical Troubleshooting

12.5/3.5

a.

Given a schematic diagram and an electrical trainer, trace the
circuit designated by the instructor with no more than two errors.
STS:

8f(6),
(1)

(2/0.5)

Meas: -47; PC

Schematic interpretation

b.

Using an electrical trainer, and a meter, safely locate five of
six instructor induced malfunctions. STS: 3h(1), 8c, 8h(2) Meas:Atr PC
(1)

Principles of troubleshooting

(2)

Application of electrical principles

(3)

Safety precautions

(4/0.5)

c.
Working as a memher of a team, using electrical test equipment andC2.5/1.5 ?
an electrical trainer, isolate three of six instructor induced malfunc-

tions.

STS:
(1)

8h(3)

Meas: .X.1 PC

Isolation procedures

d.
Given the information, state the basic steps for replacing defective electrical units and components with no more than two errors. .;TS:

8h(4),

(1.5/.5

Meas: .-414; PC
(1)

Replacement procedures

e.
Using an electrical trainer and given a minor electrical discrep- (2.5/0.5)
ancy, repair the circuit or unit with no more than one instructor assist.

STS:

8h(5)

Meas: -41r," PC

(1)

Precautions

(2)

Procedures

Student Instructional Materials
SW J3ABR54530 001-1-7, Schematic Interpretation and Electrical
Troubleshooting (Os)
WB J3ABR54530 001-1-7, Schematic Interpretation and Electrical
Troubleshooting
ra11gmarx.1.21_Tazz, Modern Refrigeration and Air Conditioning_
SUPERVISOR APPROVAL OF LESSON PLAN
SIGNATURE AND DATE

SIGNATURE IND DATE
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UNIT
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1 fl

20 Sep 1982

PAC NO.
1

COURSE CONTENT
Audiovisual Aids
Charts,Set, Electrical Troubleshooting
Transparencies, Set, Electrical Troubleshooting
Training Equipment
Trainer, AC Troubleshooting
Multimeters
Training Methods
Lecture/Discussion (5 hrs)
Demonstration (3 hrs)
Performance (4.5 hrs)
Directed Study (3.5 hrs)
Instructional Guidance
Place adequate emphasis on safety precautions involved in the use of electrical
test equipment. Criterion objective performance may be practiced before the
performance measurement activity begins.
Directed Study assignments will be
accomplished outside the classroom, and will be verified the following day by a
written Directed Study examination.

8.

Written Test and Test Critique

1.5

9.

Physical Conditioning - Days 3, 5, 8, 10

4

POI J9ABR54590 001

20 Sep 1982

PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSE TITL E Refrigeration and

NAME 0 Ir INSTRUCTOR

C o:enics S.ecialist

BLOCK TITLE

Fundamentals
L
.

COURSECONTENT

2. TIME

Refr:;:eration Lines and Tubing Fabrication

6/1

Given an assortment of capper tubing/pipe,
pipe by size and type with 80% accuracy. STS: 9a
a.

identify the tuhing/
Meas: -ii;PC

(1)

Types of tubing/pipe and their applications

(2)

Sizing tubing/pipe

(145)

b.
Given a ruler, tubing cutter, tubing bender, and a roll of copper (1.51.5
tubing, measure, cut and bend tubing to an operational configuration,
without personal injury or equipment damage. Finished tubing must conform to instruCtor's template + 1/8". STS: 3h(6), 9b, 9c Meas:Al PC
(1)

Tools for measuring, cutting and bending

(2)

Procedures for cutting and bending copper tuhing
(a)

Safety precautions

(b)

Cutting of copper tubing

(c)

Bending of copper tubing

c.
Given a ruler and an assortment of refrigeration fittings,
identify one of each type by size and type, with no more than one error.

STS:

9f

Meas:

(1.5/0)

-ir, PC

(1)

Selection and iden:Afication of refrigeration fittings

(2)

Measurement of fittings

d.
With instructor assistance and using a ruler, tubine cutter,
flaring kit and copper tubing, measure, cut, flare and swage tubing to a
rough operational condition.
Swage will be suitable for a solder connection.
STS: 9b, 9d, 9e Meas: ....4f; P C

(1)

Tools used for flaring and swaging

(2)

Flaring procedures

(3)

Swaging procedures

(2/0)

SUPERVISOR APPROVAL OF LESSON PLAN
SIGNATURE AND DATE
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15

,

COURSE CONTENT
SUPPORT MATERIALS AND GUIDANCE
Student 'nstructional Materials
SW J3ABR54530 001-II-1, Refrigeration Lines and Tubing Fabricatian(D5
WB J3ABR54530 001-II-1, Refrigeration Lines and Tubing Fabrication
Commercial Text, Modern Refrigeration and Air Conditioning
Training Equipment
Flaring Kits
Swaging Tools
Tubing Cutters
Tubing Benders
Trainer, Air Conditioning and Refrigeration Hardware
Trainer, Air Conditioning and Refrigeration Hardware Samples for Measuring

Training Methods
Lecture/Discussion (3 hrs)
Performance (3 hrs)
Directed Study (1 hr)
Instructional Guidance
Place adequate emphasis on safety precautions involved when working with tube
fabrication and tools.
Use minimum lengths of tubing and/or used tubing for
flaring and swaging to conserve material.
Have students practice flaring both
3/8" and 1/4" tubing (expertise needed for Day 16) and swage sufficient tubing
to practice 2a, 2b, 2c, and 2d before performance is evaluated. Distribute
tools and demonstrate lb immediately prior to students' performance to insure
higher percentage of success and conservation of materials. Directed study
assignments will be accomplished outside the classroom, and will be verified
the following day by a written directed study examination.
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NAME OF INSTRUCTOR

BLOCK TITLE

PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSETITLE Refrigeration and
Cryogenics Specialist

Fundamentals
L
.

COURSE CONTENT

2. TIME

Soldering and Brazing

8/2

a.
With instructor assistance and using the hydrocarbon torch, soft (2/1)
solder a copper swage joint with at least 75% penetration, with no excess
inside of joint, observing safety precautions for flammables.
STS:
3h(4), 10a(1)
Meas: ,W; PC

(1)

Hydrocarbon torch

(2)

Safety precautions for flammables

(3)

Soft solder

b.
With instructor assistance and using the hydrocarbon torch, hard (2/0)
solde a copper swage joint with at least 75% penetration, with no excesa
inside of joint.
STS:
3h(4), 10a(2)
Meas: -41. PC

(1)

Hard solder

(2)

Safety precautions

c.
With instructor assistance and using the hydrocarbon torch and
aluminum repaix kit provided, make a simple repair to damaged aluminum
tubing. The repair material must adhere to the aluminum and must be of
the approximate color to indicate a leak proof repair. STS: 10a(3)

(2/1)

Meas: .4/1' PC
(1)

Aluminum repair

(2)

Precautions

d. 'With instructor assistance and using the oxyacetylene torch,
silver solder/braze a copper swage joint of each type, with at least
75% penetration with no excess inside the joint. STS: 10b Meas:.-rit;
PC
(1)
Oxyacetylene torch
(2)

Silver solder

(3)

Sil-foss Brazing

.,

(2/0)

.
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COURSE CONTENT

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SW J3ABR54530 001-11-2, Soldering and Brazing(D1)
WB J3ABR54530 001-11-2, Soldering and Brazing
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Charts, Set, Oxygen and Acetylene
Training Equipment
Trainer, Welding Dual-Type
Soldering Equipment
Special Equipment: Plastic, Epoxy and Liquid Aluminum Repair Material
Training Methods
Lecture/Discussion (2 hrs)
Demonstration (2 hrs)
Performance (4 hrs)
Directed Study (2 hrs)
Instructional Guidance
Place emphasis on safety precautions involved in the use of torches, soldering
equipment, acetylene cylinders and the handling of hot metal. To prevent
excessive trips to lab area, teach all the supportive objectives prior to
doing the projects. Provide assistance during performance of criterions
as indicated on the ATC Form 98. Directed Study assignments will be accomplished
outside of the classroom, and will be verified the following day by a written
directed study examination.
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F IN TRUCTOR

PLAN OF INSTRUrT1ONAESSON PLAN PART 1
COURSE TITLE

Refrigeration and

CryzigezUrla_litegialisj-

BLOCK TITLE

Fundamentals
COURSE CONTENT

1.

.

2.

Principles of Physics

TIME

6/2

a.
Given a ammercial text, complete the assigned factual statements
involving the principles of physics with 80% accuracy. STS: lla, 11b,
11c, lld, lle, llf, llg, llh, 111, llj
Meas: Ai; PC

(1)

Basic structure of matter

(2)

Thermodynamics

(3)

British Theraml Unit (BTU)

(4)

Heat flow and transfer

(5)

Specific, sensible and latent heat

(6)

Changes of stae of matter

(7)

Pressure - vacuum

(8)

Laws of gases

(9)

Metric conversion

Given a PT chart, explain the pressure-temperature relationship
for different refrigerants at various temperature/pressures with 80%
accuracy.
STS:
12a, 12c, 12d
Meas: .41- PC

(4/2)

b.

(1)

Definition and characteristics of refrigerants

(2)

Characteristics of Halo-Carbon refrigerants

(3)

Pressure-Temperature relationship chart

(2/0)

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SW J3ABR54530 001-11-3, Principles of Physics(D)
WB J3ABR54530 001-11-3, Principles of Physics
Commercial Text, Modern Refrigeration and Air Conditioning
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COURSE CONTENT

Audiovisual Aids
Charts, Set, Refrigeration System
Training Film: 27633, Refrigeration - Principles of Mechanical
Refrigeration Systems
Slide Set: ATS 54-18, Modified Principles of Refrigeration
Training
Trainer,
Trainer,
Trainer,

Equipment
Refrigeration Service Valve
Mhnifold Gauge Assembly
Pressure Gauge

Training Methods
Lecture/Discussion (2.5 hrs)
Demonstration (1 hr)
Performance (2 hrs)
Training Film (.5 hr)
Directed Study (2 hrs)

Instructional Guidance
Evaluate criterions by using the ATC Form 98. Directed Study assignments
will
be accomplished outside the classroom, and will be verified the following
day
by a written directed study examination.
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NAME OF

INSTRUCR

PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSE T1 TLE
Refrigeration and
a
'
.- 1

BLOCK TITLE

Fundamentals
COURSE C:ONTENT

1.

.

2. TIME

Refrigeration Components and Accessories

8.5/3

a.

Given a list cf five principles, select the ones which define
the operating principles of the compression refrigeration cycle. One
error permitted. STS: 14a
Meas: ...W1-PC
(1)

(.5/0)

Operating principles

b.
Given the names of three refrigeration components, explain the
1.51.5)
basic types, purpose, and principle of operation for each component with
a total of no more than three errors. STS: 13b(1), 13c, 13d(1)
Meas:Af;
PC.
(1)
Condensers
(2)

Evaporators

(3)

Receivers

c.
Given the names of three typt2s of compressors, explain the basic
operating principle of each with no more than two errors.
STS: 13a(1)(s),
13a(1)(b), 13a(1):c), 13a(1)(d)
Meas: ...i<PC

(1)

Reciprocating

(2)

Rotary

(3)

Centrifugal

(21.5)

d.
Given six basic facts stating the purpose, use, and operating
(11.5)
principle of heat exchangers and oil separators, match the facts with the
unit.
No more than two errors permitted. STS: 13e(1), 13e(2) Meas: Ake
PC
(1)
Heat exchangers
(2)

Oil separators

e.
List the steps required for servicing an evaporator, condenser,
and oil separator with no more than two errors. STS: 13b(2), 13d(2),

13e(3)

(1/.5)

Meas: AV...PC
(1)

Evaporator
SUPERVISOR APPROVAL OF LESSON PLAN
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COURSE CONTENT
(2)

Oil separator

(3)

Condenser

f.
Given a list of refrigerant equipment accessories and a
list of basic facts related to them, match the facts to the
accessories with 80% accuracy. STS: 13e(5)
Meas: At; PC
(1)

MGA

(2)

Charging cylinder

(3)

Cylinders, storage

(4)

Dollies

g.
State thl, types, purpose, and use of desiccants with no more
than two errors.
STS:
13e(4)
Mess: -1141 PC

(1)

Types of desiccants

(2)

Purpose of desiccants

(3)

Use of desiccants

(1.51.5)

(11.5)

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SW J3ABR54530 001-11-7, Refrigeration Components and Accessories (DS)
WB J3ABR54530 001-11-7, Refrigeration Components and Accessories
Commercial Text, Mbdern Refrigeration and Air Conditioning
Audiovisual Aids
Charts, Set, Refrigeration System Components and Accessories
Transparencies, Set, Mechanical Refrigeration Components
Training
Trainer,
Trainer,
Trainer,

Equipment
Refrigeration Oil Separator
Refrigeration Service Valve
Manifold Gauge Assembly

Training Methods
Lecture/Discussion (5.5 hrs)
Performance (3 hrs)
Directed Study (3 hrs)

Instructional Guidance
Discuss each refrigeration component and accessory, emphasizing the type
maintenance required. Directed Study assignments will be accomplished outside
the classroom, and will be verified the following day by a written directed
study examination.
1

5.

Written Test and Test Critique
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....,....../..----F IN TRUC

R

BLOCK T TL E

PLAN OF INSTRUCT1ON/LESSON PLAN PART I
CMURSE TITLE Refrigeration and
_Cryogenics Speeialist

Fundamentals
L

COURSE CONTENT

2. TIME

Basic Refrigeration

.

12/3

a.
Using a refrigeration trainer, copper tubing/pipe,
and common
hand tools and special tools provided, fabricate
four refrigerant lines
and install them. Three of the four must not have
kinks or leaks. Clean
the hand tools and replace them in the tool box.
Only one error in
selection, use aad maintenance of tools allowed. STS:
7a, 9a, 9b, 9c,
9d , 9f
Meas: At; PC
(1)

Selection and use of hand tools

(2)

Maintenance of hand tools

(3)

Identifying size and type of copper tubing/pipe

(4)

Measuring and cutting_of copper tubing/pipe

(5)

Bending of copper tubing

(6)

Flaring of copper tubing

(7)

Identifying types and sizes of refrigeration fittings

b.
Given three randomly selected items of refrigeration equipment,
list the steps for installation with no more than
two errors. STS: 14b

Meas:

(3/.5)

(31.5)

..rtr, PC

.

(1)

Sight glass

(2)

Filter dryer

(3)

Receiver

(4)

Condenser

(5)

Compressor

c.

Using a refrigeration trainer, and equipment provided, locate
and repair the refrigerant leaks with no more than
one assist from the
instructor.
STS: 14c, 14d, 14e, 14h, 14i, 14n, 140
Meas:-.4.; PC
(1)

(3/1)

Preoperational check of refrigeration equipment
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COURSE CONTENT
(2)

Operation of refrigeration equipment

(3)

Positioning of the king and service valves

(4)

Manifold gauge assembly and its use

(5)

Leak deteci!..trs and their use

(6)

Repairing leaks

d.
Using a refrigeration trainer and tools provided, purge,
evacuate, charge and pump down the system with no more than two
assists from the instructor. STS: 14d, 14e, 14h, 14i, 14j, 14k,
141, 14m
Maas:
(1)

Purpose of purging

(2)

Method of purging

(3)

Purpose of evacuating

(4)

Service valve and MGA valve positioas for evacuating

(5)

Installation, operation and removal of a vacuum pump

(6)

Purpose of charging

(7)

Service valve and MGA positions for charging

(8)

Charging methods for a simple refrigeration system

(3/1)

(9)
Interpreting gauge readings and performing an operational
check of a simple refrigeration system

(10)

Pumping down procedures for a simple refrigeration system
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW 33A3R54530 001-11-6, Basic Refrigeration(05)
WB 33ABR54530 001-11-6, Basic Refrigeration
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Charts, Set, Refrigeration System
Training Film, 27634, Refrigeration - Evacuating and Charging

POI J3ABR.54530 001
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COURSE CONTENT

Training Equipment
Trainer, Simple Refrigeration System
Bench Item, Vacuum Pump
Special Equipment: Manifold Gauge Assembly, Refrigerant Cylinder, Halide
Leak Detector, Soap Bubble Solution, Electronic Leak Detector
Training Methods
Lecture/Discussioa (4.5 hrs)
Demonstration (1 hr)
Performance (6 hrs)
Training Film (.5 hr)
Directed Study (3 hrs)

Instructional Guidance
Discuss projects to be performed by students then review procedures
immediately prior to performance. Allow practice time as needed and as
time is available prior to evaluation. Directed Study assignments will be
accomplished outside the classroom, and will be verified the following day
by a written directed study examination.
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NAME 0 F INSTRUCTOR

PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSE TITLE

Refrigeration and
Cryogenics Snecialist

BLOCK TITLE

Fundamentals
L

COURSE CONTENT

2. TIME

Compressor Checks and Trouble Analysis

7.

16.5/5

a.
Given the information, list the steps required to replace four
randomly selected parts of a compressor with no more than two errors.

STS:

13a(2)

Meas:

(1)

Valves

(2)

Piston

(4/1)

AP',..PC

.

(3)

Connecting rod

(4)

Crankshaft

(5)

Head

(6)

Service valves

(7)

Wrist pin

(8)

Shaft seals

Given a small compressor and common hand tools, remove the
compressor head and inspect and replace the valves with assistance from
the instructor.
STS: 1.4g.
Meas: )011-PC
b.

(1)

Procedures for valve replacement

(2)

Valve types and uses

(2/1)

Given the oil and equipment required, service the compressor on
a refrigeration trainer with instructor assistance. STS: 13a(4)
c.

(2/.5)

Meas: .)IerP C
(1)

Removal of refrigerant from oil

(2)

Positioning service valves

(3)

Pump down

(4)

Oil plug removal

I
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COURSE CONTENT
(5)

Oil level checking

(6)

Addition of oil as needed

d.
Using a refrigeration trainer, perform a preoperational check,
position the king and servicc valves, and operate the system, using the
MGA to confirm normal operation with instructor assistance.
STS:
14c, 14d 14e, 14h, 14i
Meas: Ar; P C

(1)

Preoperational cheek

(2)

Positioning king and service valves

(3)

System operation

(4)

Manifold gauge assembly

(5)

Checking abnormal pressures

e.

Using a refrigeration trainer, inspect the operation of the
refrigeration accessories and compressor for proper operation and
rotation with instructor assistance.
STS:
13a(3), 13e(6) , 22e
Meas:

f.

(2.5/.5)

(1.5/0)

P C
(1)

Inspection of refrigeration accessories

(2)

Compressor checks

Using a refrigeration trainer, troubleshoot the system

and perform ,.1quipment maintenance, with instructor
assistance.
STS:
14f, 22c(1), 22c(2), 22c(3), 22c(4), 22c(5)
Meas: ,101-P 0
(1)

Equipment maintenance

(2)

Troubleshooting system
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR54530 001-11-7, Compressor Checks and Trouble Analysis(05)
WB J3A5R54520 001-11-7, Compressor Cheeks and Trouble Analysis
Pressure Temperature Chart, Commercial Diagram
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Charts, Set, Refrigeration System, Presaure Temperature

POI J3ABR54530 001

20 Sep 1982

(4.5/2)

COURSE CONTENT

Trainiag Equipment
Trainer, Simple Refrigeration System
Special Equipment: Manifold Gauge Assembly, Halide
Leak Detector
Training Methods
Lecture/Discussion (5 hrs)
Demonstration (2 hrs)
Performance (9.5 hrs)
Directed Study (5 hrs)
Instructional Guidance
Caution students not to tighten oil plug too tight. Use ATC Form 98 to
appraise accomplishment of criterion objectives. DIrected Study assignments
vrill be accomplished outside the classroom, and will be
verified the following
day by a written directed study examination.

9.

9.

Written Test and Test Critique

1.5/0

Physical Conditioning - Days 13, 15, 18, and 20
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r.

PLAN OF INSTRUCT1ON/LESSON PLAN PART I
COURSE TITLE Refrigeration and

F IN TRU TOR

C

BLOCK TI IL E

Meterin_ Devices

Motor Controls

1.
.

qk

Domestic and Commer

1

;

COURSE ODNTENT

.

.

2 TIME

Metering Devices

9/3

a.
Given the information, state the operating principle of capillary
tubes, automatic and thermostatic expansion valves, and special metering
devices with no more than three errors. STS: 15b(1)(a), 15b(1)(L),
15b(1)(c) Meas: _Ar, PC
(1)

Categories of metering devices

(2)

Operating principle of capillary tubes (choke tubes)

(3)

Special metering devices

(4)

Automatic expansion valves (constant pressure valves)

(5)

Thermostatic expansion valves

b.

Working as a member of a team and using a refrigeration trainer,
remove the expansion valve, replace and adjust it to maintain the specified superheat with instructor assistance.
STS:
15b(5)(a), 15b(5)(c)
15b(5)(d)
Meas: .4II'P C
(1)

Removal procedures

(2)

Inspection

(3)

Re-installation

(4)

Operation

(5)

Superheat adjustment

(6/1)

(3/2)

SUPPORT MATERIALS AND GUIDANCE
1

Student Instructional Materials
SV J3ABR54530 001-III-1, Metering Devices(M)
WB J3ABR54530 001-III-1, Metering Devices
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Chart, Set, Metering Devices
Transparencies, Set, Metering Devices
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COURSE CONTENT
Training Film:
27687,
Training Film:
27688,
Valve Operation

Automatic Expansion Valve
Refrigeration Expansion valve Thermostatic

Training Equipment
Trainer, Mbtor Control and Refrigeration Accessories
Trainer, Thermostatic Expansion Valve Tester
Training Methods
Lecture/Discussion (4 hrs)
Demonstration (1 hr)
Performance (4 hrs)
Directed Study (3 hrs)

Instructional Guidance
It will necessary in most cases for at least two individuals to work
simultaneously on the motor control and refrigeration accessories trainer.
Observe the work of each student to ensure that each one accomplishes the
significant parts of the criterion. Before verification, the work nust be
accomplished and the workbook completed to your satisfaction. Inte,:sperse
the performance as you deem appropriate for the class being tdught.
Directed Study assignments will be accomplished outside the classroom,
and will be verified the following day by a written directed study
e-mminat!.on.
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NAME OF INSTRUCTOR

BLOCK TI TLE

PLAN OF INSTRUCT1ON/LESSON PLAN PART 1
I COURSETITLE Refrigeration and
Crvogenics Specialist

Metering Devices, Motor Controls, Domestic and Commercial Refri";eration
L
COURSE:CONTENT
.
Motor Controls

2. TIME

9/2

a.
Given a list of motor controls and safety controls, explain the
purpose and principle of operation of each component. 80% of the list
must be completed correctly. STS: 15a(1)
Meas: "IV, PC

(1)

Thermal

(2)

Pressure

(3)

Operating principle

b.

(4/0)

Working as a member of a teai . and using a refrigeration trainer,
remove the motor and safety controls from the circuit, reinstall, adjust
and calibrate to the setting specified by the instructor. Instructor
assistance permitted.
STS: 15a(3), 15a(4), 15a(5), 17c(4)
Meas!..41 P C
(1)

Thermostat setting terms

(2)

Control settings

(5)

Control installation

(4)

Calibration of controls

(5)

Ser7icing motor controls

(5/2)

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials

SW J3ABR54530 001-111-3, Motor Controls04
WB J3ABR54530 001-111-3, Motor Controls
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Chart, Set, Motor Cont:ols
Transparencies, Sat, Mctor Controls

Training Equipment
Trainer, Motor Control and Refrigeration Accessories
Multimeter
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COURSE CONTENT

Training Methods
Lecture/Discussion (4 hrs)
Demonstration (1 hr)
Performance (4 hrs)
Directed Study (2 hrs)
Instructional Guidance
It will be necessary in most cases for at least two individuals to work simultaneously on the motor control and refrigeration accessories trainer. Observe
the work of each student to ensure that each one accomplishes the significant
parts of the criterion. Before verification, the work must be accomplished and
the workbook completed to your satisfaction.
Intersperse the performance as
you deem appropriate for the class being taught. Directed Study assignments
will be accomplished outside the classroom, and will be verified the following
day by a written directed study examination.
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NAMEOF INSTRUCTOR

BLOCK TITLE

PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSE TITLE Refrigeration and
Cryogenics Specialist

Metering Devices, Motor Controls, Domestic and Cammercial Refrigeration
1.
.

COURSECONTENT

2 TIME

Troubleshooting

10.5/3

Working as a member of a team, and using a ,..frigeration trainer,
isolate two instructor induced motor control/safety device malfunctions
with instructor assistance. STS:
15a(2)
Meas: ,W1 P C
a.

(1)

Troubles

(2)

Corrective action

(4/1)

,

Working as a member of a team, and using a refrigeration trainer, (4.5/2)
troubleshoot the system to locate and correct one instructor induced
malfunction relating to:
dirty strainers, restricted refrigerant lines,
condenser or evaporator fans, abnormal low and high side pressures, and
refrigerant controls.
Instructor assistance permitted. STS: 15b(2),
15b(5)(b), 15b(5)(c), 22c(1) 22c(2), 22c(3), 22c(4)
Meas:Al p C
b.

(1)

Electrical maasurement

(2)

Normal pressures

(3)

High head pressure

(4)

Low head pressure

(5)

Low, low pressure

(6)

Bad compressor valves

c.
Working as a member of a team, and using a refrigeration trainer,
isolate one instructor induced malfunction concerning a dirty filter,
with instructor assistance. STS:
22c(5) Meas: ,01 P C

(1)

(2/0)

Indications of a dirty filter
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR54530 001-111-3, Troubleshooting(0!)
WB J3ABR54530 001-111-3, Troubleshooting
Commercial Text, Modern Refrigeration and Air Conditioning
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COURSE CONTENT

Training Equipment
Trainer, Motor Control and Refrigeration Accessories
Multimeter
Training Methods
Lecture/Discussion (1.5 hrs)
Performance (9 hrs)
Directed Study (3 hrs)

Instructional Guidance
It will be necessary in most cases for at least two individuals to work
simultaneously on the motor control and refrigeration accessories trainer.
Observe the work of each student to ensure that each one accomplishes the
significant parts of the criterion.
Before verification, the work must be
accomplished and the workbook completed to your satisfaction. Intersperse
the performance as you deem appropriate for the class being taught.
Directed Study assignments will be accomplished outside the classroom, and
will be verified the following day by a written directed study examination.

4.

Written Test and Test Critique
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I

PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSE TITLE Refrigeration and
Cryogenics Specialist

NAMEDP INSTUCTOR
R
BLOCK TITLE

Metering Devices, Motor Controls, Domestic and Commercial Refrigeration
L

COURSE:CONTENT
.

2. TIME
15/3

Domestic and Commercial Refrigeration

a. Given twenty incomplete statements relevant to the operlting
nrinciples and construction features of domestic freezers, refrigerators, ice
cream cabinets, reach-in boxes, water coolers, and ice machines, complete
sixteen of the statements correctly.
STS:
17a(1), 17a(2), 17a(3)
17#(4), 17a(5), 17a(6)
Meas: AI PC
(1)

Operating principles of capillary tube system

(2)

Construction features of domestic/small commercial systems

(3)

Domestic refrigerator and freezer operating systems

(4)

Ice cream cabinets

(5)

Water coolers

b.

Don the protective equipment required for handling refrigerants
with instructor assistance.
STS:
3h(5)
Meas: ..*I'P C

(6/1)

(1/0)

Refrigerants

(1)

c.
Transfer refrigerant from storage container into a charging
cylinder with instructor assistance. STS: 12b Meas: ...41;-P C

(1)

Precautions

(2)

Procedure

(WC)

d.
Working in pairs, evacuate and charge tae assigned capillary tube
system, using the method designated by the instructor, with instructor
assistance.
STS:
17c(2), 17/4_3)
Meas: /K-P C
(1)

Weighted method (charging station)

(2)

Metered methrA (charge faster or muster)

(3)

Direct method (frost back)

(4)

Super heat method

(4/2)

......-11.5.11-1Milatilag-Illel112.---,
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I

COURSE CONTENT
(6)

Best methods for individual applications

(7)

Evacuation methods
(a)

Deep vacuum

(b)

Standing vacuum

(c)

Triple evacuation

(d)

Contaminated systems

Given the information, state one of the two methods used
to identify contaminated vacuum pump oil and state when the oil
should be replaced. STS:
17e
Meas: ,mr
e.

(1)

( 1 / 0 )

Vacuum pump maintenance

f.
Given the information, state the steps for cleaning
a capillary tube with 70% accuracy. STS:
15b(4)
Meas:

(1)

Identifying a restricted or plugged capillary tube

(2)

Cleaning of a_capillary tube

(3)

Capillary tube cleaner

g.
Given a segment of a capillary tube and the necessary
equipment, install the tube in a larger diameter tube. The
installation shall be leak free, and the capillary tube shall
extend into the larger tube 1 to 1.5 inches and be clean of
obstructions, with instructor assistance. STS: 15b(3)
Meas:_41.; P C
(1)

Breaking of the capillary tube

(2)

Installation of the tips

(3)

Leak checks

(.5/0)

(1.5/0)

SUPPORT MATEHALS AND GUIDANCE
Student Instructional Materials
SW J3A3R54530 001-111-5, Domestic and Commercial Refrigeration(
WB J3ABR54530 001-111-5, Domestic and Commercial Refrigeration
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Chart, Set, Domestic and Commercial Refrigeration

POI J3ABR54530 001
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COURSE CONTENT
Training Equipment
Domestic Refrigerators
Domestic Refrigeration Demonstrator
Commercial Refrigeration Units
Multimeters, Amprobe/Voltmeter
Leak Detector, Electronic
Charging Station
Vacuum Pump
Turbo Torch Soldering Equipment
Training Methods
Lecture/Discussion (5 hrs)
Demonstration (1 hr)
Performance (9 hrs)
Directed Study (3 hrs)
Instructional Guidance
Stress safety when working on electrical mechanical equipment.
Use ATC
Form 98 to appraise accomplishment of
criterion objectives.
Directed
Study assignments will be accomplished outside the classroom,
and will
be verified the following day by a written directed
study examination.
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NAMEOF INSTRUCTOR

PLAN OF INSTRUCT1ON/LESSON PLAN PART
COURSE

I

TITLz Refrigeration and

Cryogenics Specialist

BLOCK TI TL E

Metering Devices, Motor Controls, Domestic and Commercial Refrigeration
COURSECONTENT

1.
.

2 TIME

Hermetic and Semi-Hermetic Compressor Systems

13.5/5

a.
Using special test equipment, check a hermetic/semi-hermetic
compressor for electrical malfunctions, with instructor assistance.
STS:
7c 13a(5)
Meas: 14 PC

(1)

Terminal identification

(2)

Motor analyzer/start kit

(3)

Jumper cord

(3/2)

.

b.
Using electrical test equipment, check the unit designated by the
instructor for electrical shorts, current flow and proper operation of
start relay with instructor assistance. STS: 22b(1), 22b(2), 22b(3)

(7/1)

Meas: 471-PC
(1)

Starting relays

(2)

Checking for shorts

(3)

Checking current flow

c.
Given a list of the types of ice makers/machines, state the oper- (3.5/2)
ating principle and construction features of each. List will be complete
with 80% accuracy. STS:
17a(7)
Meas:.-4111 PC

(1)

Ice makers, definition

(2)

Major types of ice makers and construction features

(3)

Principle of operation

(4)

Ice machines, definition

(5)

Types of ice machines and their construction features

(6)

Principle of operation
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR54530 001-111-6, Hermetic and Semi-Hermetic Compressor Systems(a
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1

COURSE CONTENT

WB J3ABR54530 001-111-6, Hermetic and Semi-Hermetic Compressor
Systems
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Charts, Set, Starting Relays
Transparencies:
Set, Starting Relays
Training Film: 27843, Compressors, Hermetic and Semi-hermetic - Electrical
Training Film: 27842, Compressors, Hermetic and Semi-hermetic
- Starting
Relay Circuits
Training Equipment
Trainer, Current Relay
Trainer, Potential Relay
Trainer, Refrigeration Compressor
Trainer, Hermetic Refrigeration Compressor
Domestic Refrigerators and Commercial Refrigeration Units
Multimeter
Clamp-on AC Ampere Meter
Special Equipment:
Test Cord, Hermetic Compressor, Motor Start Analyzer,
Solid State Relay, Current Relay, Potential Relay
Training_ Methods

Lecture/Discussion (5 hrs)
Demonstration (1 hr)
Performance (7.5 hrs)
Directed Study (5 hrs)

Instructional Guidance
Insure students remove their jewelry. Use ATC Form 98 to appraise
accomplishment
of criterion objectives. Directed Study assignments will be
accomplished outside the classroom, and will be verified the following day by a written directed
study examination.

7.

Written Test and Test Critique

POI J3ABR54530 001

1.5/0

20 Sep 1982
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NAME 0 rINSTRUCTOR

PLAN OF INSTRUCTION/LESSON PLAN PART 1
COU RSE TI TL E
Refrigeration and
.. -,

BLOCK T1 TL E

s

.-

.

Metering Devices, Motor Controls. Domestic and Commercial Rpfrigpration
COURSE CONTENT

1.

.

2. TIME

Large Commercial Refrigeration Systems

28,5/8

a.

Given the information, state the construction features and operating principle of walk-in Boxes and cold storage plants, with 805
accuracy.
STS:
17a(5), 17a(9)
Meas.: An-PC
(1)

Construction features

(21

Operating principle

(3/1)

b.

State the steps required to maintain the defrost system used in
commercial units with 80% accuracy. STS: 17d
Meas: ..1f; PC
(1)

Off-cycle system

(2)

Electric system

(3)

Hot gas system

(4)

Water (tap ol: heated)

(5)

Defrost timers

(3/0)

c.
Given the.information, state the construction features and operat- (2/1)
ing principle of large reachr-in boxes, display cases, and ice cream cabinets with 80% accuracy. STS: 17a(4), 17a(5), 17a(6)
Meas: -kis" PC

(1)

Reach-in boxes

(2)

Display cases

(3)

Ice cream cabinets

d.
Given the information, state the construction features and operat(2/1)
ing principle of multiple evaporator and multiple compressor
systems with
80% accuracy. STS:
16a
Meas:,AKPC

(1)

Multiple evaporator system

(2)

Multiple compressor sys

a
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COURSE CONTENT
e.
Given the information, list the procedures for installing a
commercial refrigeration unit with 80% accuracy. STS: 17b
Meas: W, PC

(1)

Physical installation

(2)

Preoperational check

(3)

Operational check

f.
Given the inforntation, list the procedures for installing
multiple compressor and multiple evaporator systems with 60% accuracy.
STS:
16b
Meas: AP; PC

(1)

Multi-compressor

(2)

Multi-evaporator

g.
Given the information, state the purpose and principle of
operation of evaporator pressure regulator valves with 80% accuracy.
STS:
163
Meas: 4IKPC
(1)

Purpose of EPRs

(2)

Types and principle of operation

(2/0)

(2/.5)

(2/.5)

h.

Given the operating instructions and working as a member of a
(10.5/4)
team, operate multi-evaporator and multi-compressor systems with instructor assistance. Adjust the evaporator pressure regulaSor valves on a
multi-evaporatsr systeR to maintain temperatures of 45 F, 40 F, and the
coldest box 350F to 45 F using the low pressure motor control. All temperatures are + 2 F, with instructor assistance.
STS:
16c 16e
Meas:)*; PC
(1)

Operating multi-evaporator systems/single/multi-temp

(2)

Adjusting the EPR/multi-temp

(3)

Problems associated with the EPR

(4)

Operating multi-compressor sysems

i.
Given the information, list the steps in isolating a trouble in a
multiple refrigeration system with no more than two errors. STS:
16f
Meas: 401-PC

(1)

(.5/0)

Troubleshooting multiple refrigeration systems

POI J3ABR54530 001

20 Sep 1982
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COURSE CONTENT
j.
Given the information, state the steps for cleaning and
replacing refrigeration accessories with no more than two errors.
STS.
13e(7), 13e(8)
Meas:
(1)

Cleaning

(2)

Replacing

k.
Given the information, list the steps required for adjusting
the door seal and replacement of defective parts on commercial
refrigeration units, no more than two errors permitted.

STS:

17c(1)

,

17c(5)

(.5/0)

(.5/0)

Meas: 0; PC

(1)

Door seals

(2)

Replacement of parts

1.

Given the information, state the steps involved in using plans
or drawings to determine the location of refrigeration units and components with no more than two errors.
STS:
22a
Meas: 01 PC
(1)

Selection of drawing or plan

(2)

Identification of symbols

(3)

Orientating drawing

(.5/0)

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materiels
SW J3ABR54530 001-III-8, Large Commercial Refrigeration Systems(C6)
WB J3ABR54530 001-111-8, Large Commercial Refrigeration Systems
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Chart, Set, Large Commercial Refrigeration Systems
Transparencies:
Set, Large Commercial Refrigeration Systems

Training Equipment
Trainer, Multiple Evaporator Refrigeration System
Trainer, Multiple Compressor System
Demonstrator, Solenoid Valve
Tool Kit
Trainer, Open Type Display Case
Trainer, Reach-in Refrigerator
Trainer, Ice Cream Cabinet
Trainer, Water Cooler Drinking Fountain
Trainer, Water Dispenser
Trainer, Ice Mhchine Flake
Trainer, Ice Machine Cube
Trainer, Walk-In Refrigerator (Freezer and Medium Temperature)
POI 33ABR54530 001

20 Sep 1982
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COURSE CONTENT

Training Methods
Lecture/Discussion (15 hrs)
Demonstration (1.5 hrs)
Performance (12 hrs)
Directed Study (8 hrs)
Instructional Guidance
It will be necessary for at least two individuals to work simultaneously on
the multiple evaporator refrigeration system trainer. Observe the work of
each student to ensure that each one accomplishes the significant parts of
the criterion. Before verification, the work must be accomplished and the
workbook completed to your satisfaction. Intersperse the performance as
you deem appropriate for the class being taught. Directed Study assignments
will be accomplished outside the classroom, and will be verified the following
day by a written directed study examination.

9.

10-

Written Test and Test Critique
Physical Conditioning - Days 23, 25, 28, 30, 33, and 35

POI J3ABR54530 001
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NAme OF IN3TRucTOR

PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSE TI TL E

irryiagprlirq qppr-L013_.t

BLOCK TI IL E

Fundamentals of Air Conditioning
I.

.

,

Refrigeration and

COURSE CONTENT

- TIME

Civil Engineering Maintenance Management

11.5

a.
Using material provided, identify tle basic facts and terms
relating to Civil Engineering Maintenance Management
Functions, with 80%
accuracy. STS:
6a(3), 6a(4), 65(1), 6b(2), 6f
Meas: AN; PC
(1)

Work identification

(2)

(3)

(4)

(1/.5)

(a)

Work request

(b)

Service calls

BCE Work Authorization
(a)

BCE work orders

(b)

BCE job orders

Management an$uilization of material resources
Fill Inezred )41+:9eirvusose *kradt.rda)
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3A3R54530 001 -IV -1, Civil Engineering Maintenance
Management(c1)
WB J3ABR54530 001-TV-1, Civil EngiReeKing Maintenance
Management
OS APS S4, 5$ avs4S4, Elnei .1514e-red
4:01frnel-S744 :942Svid.114,14
Training Methods

1./

Lei:ture/Discussion (.5 hr)
Performance (.5 hr)
Directed Study (.5 hr)

Instructional Guidance
Evaluate knowledge of non -performanco criterion objectives
by using an
Instructor Appraisal Worksheet.

..
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PLAN OF INSTRUCTIONAESSON PLAN PARTI
COU RSE TITLE
Refrigeration and
BLOCK T1 TL E

Fundamentals of Air Conditioning
COURSE CONTENT

I.

2 TIME

Fundamentals

.

11/2.5

a.
Given a series of incomplete statements,
explain hasic facts concerning the types and purpose of air conditioning
equipment, and state the
principles of air conditioning fundamentais with
80% accuracy. STS: 19a,

19b

(1/0)

Meas: Ar(1)

Fundamentals

(2)

Temperature control equipment

(3)

Humidity control equipment

(4)

Air filtration equipment

(5)

Air circulation equipment

b.
Using material provided, list the procedures for installing air
conditioning equipment, and identify the process for
assuring the security
of mounting of refrigeration, water, electrical lines,
and system components, with 70% accuracy. STS: 19f, 22c(7)
Meas: Afe

(1/0)

,

(1)

(2)

Installatior of air conditioning equipment
(a)

Cooling equipment

(b)

Humidity control equipment

(c)

Filters

(d)

Fans

Security of mounting
(a)

Refrigeration lines

(b)

Water lines

(c)

Electrical lines

(d)

System components

c.

Using a psychrometer, determine the wet and dry bulb temperatures
of the air in a classroom, and using those temperatures,
plot dewpoint
temperature, relative humidity, specific humidity, and heat content on a

(2/0.5
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COURSE CONTENT

psychrometric chart, with instructor assistance.

STS:

19c, 19d(1),19d(2), 19d(3)

Meas: 410; P C
(1)

Wet bulb temperature

(2)

Dry bulb temperature

(3)

Use of psychrometer

(4)

Dewpoint temperature

(5)

Relative and specific humidity

(6)

Heat content

(7)

Use of psychrometric chart

d.
Using material provided, state simple facts relating to installation
of insulating materials with 80% accuracy. STS:
18
Meas: Al PC
(1)

(2)

(1/0)

Installation of insulating materials
(a)

Bulk

(b)

Batt

Safety

e.
Given the information, identify types and state the purpose of air
filters with no more than two errors. STS: 19q(1)
Meas:
PC

(1)

Purpose of air filters

(2)

Types of air filters

f.

Given the information, state the procedures for cleaning and
replacing air filters with 80% accuracy. STS: 19q(2), 19q(3)
Meas:,M; PC
(1)

Cleaning filters

(2)

Replacing filers

(.5/0.25)

(.5/0)

g.

Given the information, identify the types and state the applications of fans, with no more than two errors. STS: 19o(1)
Meas: At; PC
(1)

(2)

(.5/0.5)

Types of fans
(a)

Radial

(b)

Axial

Applications of fans

POI 33A3R54530 001
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COURSE CONTENT

h.
Given the information, determine the procedures for
installing and servicing fans, and list the methods for aligning
drive belts and pulleys, with 80 percent accuracy.
STS:
19o(2),
19o(3), 19o(4)
Meas: AK PC

(1)

Installation of fans

(2)

Servicing fans

(3)

Aligning drive belts and pulleys

i.
Given information, compare the relationship between the types
of airflow instruments, state their purpose, and explain their principles
of operation, with 70 percent accuracy.
STS:
19p(1) Meas:.4; PC
(1)

Purpose of air flow instruments

(2)

Types of air flow instruments

(3)

(a)

Anemometer

(b)

Velometer

(c)

Manometer

(1/0.25)

Prine.ples of operation

j.
Given the information, explain the procedure for using instruments
to determine the amount of air flow in an air conditioning system with
not more than two errors.
STS:
19p(2)
(Meas: Apr, PC
(1)

(1/0.5)

(1/0.25)

Determining amount of air flow
(a)

Anemometer

(b)

Velometer

(c)

Manometer

k.

Given the information, state basic facts concerning balancing the
air distribution in an air conditioning system, with 80 percent accuracy.
STS:
19j, 19k
Meas:Ar; Pt:
(1)

Determining air volume required for each area

(2)

Adjustment of the system and air distribution system

POI J3ABR54530 001
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COURSE CONTENT
1.
Given information, explain the procedures for maintaining fresh
(1/0)
air supply systems, state the methods for checking for excessive leakage
in air ducts, and inspecting ducts. STS: 19,1(0_, 19q(5), 22c(6) Meas:Ar; PC

(1)

Maintaining fresh air supply systems

(2)

Excessive leakage in air ducts

(3)

Inspecting ducts

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SW J3ABB54530 001-IV-2, Fundamentals(D1)
WB J3ABR54530 001-17-2, Fundamentals
Commercial Text, Modern Refrigeration and Air Conditioning
FO J3ABR54530 001-IV, Psychrometric Chart
Audiovisual Aids
Transparency Set, Psychrometrics
Chart, Psychrometrics

IEglaiaa_EalliantaL
Trainer, Insulation Demonstrator
Psychrometer
Velometer
Anemometer
Manometer
Training Methods
Lecture/Discussion (5.5 hrs)
Demonstration (0.5 hr)
Performance (5 hrs)
Directed Study (2.5 hrs)

Instructional Guidance
Evaluate criterion objectives by using the ATC Form 98. Criterion objective
performance may be practiced before the performance measurement activity
begins.
Directed Study assignments will be accomplished outside the classroom,
and will be verified the following day by a written directed study examination.
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F IN TRUCTOR

PLANOF INSTRUCTION/LESSON PLAN PARTI
COURSE TITLE

Refri:eration & Cr openics S.ecialist

BLOCK TITLE

Fundamentals of Air Conditioning
L

.

COURSE CONTENT

2. TIME

Wa t er Pump s

4/1
a.
Given the information, state basic facts or terms relating to
the operating principles of centrifugal water pumps with no more than
three errors. STS:
24a
Meas:4r,:epC
(1)

(1/0.5)

Operating principles of centrifugal water pumps

b.
Given the information,explain the procedures used
to install
water pumps, align flexible couplings, replace pump packing, adjust
pump
packing, check the operation of water pumps, and repair
water
pumps
with
60 percent accuracy.
STS:
24b, 24c, 24d, 24e, 24f, 24g
Meas: Jor,-PC

c.

(1)

Installation of water pumps

(2)

Alignment of flexible couplings

C3)

Replacement of pump packing

(4)

Adjustment of pump packing

(5)

Checking water pump operation

(6)

Repairing water pumps

Given the information, state basic facts or terms concerning

cross-connection/backflow prenLion to protect potable water supplies,

with no more than two errors.

S2S:

(1)

Cross-connection

(2)

Backflow prevention

(2/.5)

(110)

3k Meas: At-PC

T MATERIALS AND GUIDANCE
Student Instructional Mat:
S/W DS J3ABR54530 001-IV-3, Water Pumps(M)
WB J3A3R54530 001-IV-3, Water Pumps
Canmercial Text, Modern Refrigeration and Air Conditioning
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COURSE CONTENT
Audiovisual Aids
Transparencies, Set,
Transparencies, Set,
Transparencies, Set,
Prenarrated Slides:

Cooling Towers
Water Pump
Water Conditioning
ATS 54-21, Cooling Water Treatment

Training Equipment
Trainer, Centrifugal Water Pump
Trainer, Centrifugal Water Pump
Dial Indicator
Color Comparator
Laboratory Equipment
Training Methods
Lecture/Discussion (2.5 hrs)
Performance (1.5 hrs)
Directed Study (1 hr)

Instructional Guidance
Evaluate criterion objectives by using the ATC Form 98.
Directed Study assignments
will be accomplished outSide the classroom, and will be'verified
the following
day.by a written directed study examination.
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PLAN OF INSTRUCT1ON/LESSON PLAN PART 1

NAME 0 F INSTRUCTOR

COU RSE TI TLE

Refrigeration & C

BLOCK TITL E

o:enics S.ecialist

Fundamentals of Air Conditioning
L
COURSE CONTENT
Air Conditioning Maintenance

2. TIME

.

6.5/1.5
Working as a member of a team, and using
a window air conditioner (1/0.5)
perform preoperational checks of the unit,
with
instructor
STS: 19e Meas: AK PC
assistance.
a,

(1)

Perform preoperational checks
(a)

Condenser and evaporator

_1

Cleanliness

2

Condition of fins

....

(b)

Fan motor and fans
1
.....

_2

Security of mounting

Cleanliness

(c)

Condensate drain

(d)

Power supply

b.
Working as a member of a team, and using
a window air conditioner,
perform equipment maintenance by
(2/.5)
charging the unit using the ambient
dry
bulb temperature method. The correct
condensing pressure must be
reached + 5 PSI.
STS:
19h

Meas: .4e," PC

(1)

Calculating operating condensing pressure

(2)

Charging procedure

c.
Working as a member of a team, and using
a window air conditioner,
operate the unit and determine operating
conditions
with instructor
assistance. STS: 19g
Meas:

(1/.25)

.#11. PC

(1)

Condenser pressure and temperature

(2)

Evaporator pressure and temperature

(3)

Temperature difference across the evaporator
SUPERVISOR APPROVAL OF Lissom PLAN
SIGNATURE AND DATE
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COURSE CONTENT
(4)

Compressor amperage draw

(5)

Fully active evaporator

d.
Using the trainer-provided, and working as a member of a team,
isolate instructor induced system malfunctions to the smallest replaceable or repairable part.
STS:
22d
Meae: 41-PC

(1)

(2.5/.25)

Troubleshooting
(a)

Refrigeration syetem

(b)

Electrical system
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR54530 001-IV-4, Air Conditioning Maintenance(E*)
WB J3ABR54530 001-IV-4, Air Conditioniag Maintenance
Commercial Text, Modern Refrigeration and Air Conditioning
Training Equipment
Trainer, Air Conditioner, Window
Trainer, Heating and Cooling, Residential
Trainer, Heat Pump
Amprobe, Clamp On
Vacuum Pump
Training Methods
Lecture/Discussion (3 hrs)
Demonstration (1 hr)
Performance (2.5 hrs)
Directed Study (1.5 hrs)

Instructional Guidance
Place adequate emphasis on safety precautions involved with refrigerant charging
procedures.
Evaluate criterion objectives by using ATC Form 98.
Performance
criterion objectives may be practiced before the performance measurement activity
begins if time permits. During the performance measurement activity,
assure that
each student accomplishes a representative portion of the task. Directed Study
assignments will be accomplished outside the classroom, and will be verified the
following day by a written directed study examination.

....11,11
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PLAN OF INSTRUCT1ON/LESSON PLAN PART I
COURSE TITLE Refrigeration and
Cryogenics Specialist

NAMEd71NSTRUCTOR
BLOCK TITLZ

Fundamentals of Air Conditioning
I.

.

COURSECONTENT
Cooling Towers, Water Treatment, and Evaporative Condensers

Given the information, identify terms and facts relating
to the
principle of operation, purpose of bleed off
and make-up water, and
methods of capacity control of cooling towers and evaporative
condensers
with no more than four errors.
STS:
23a, 23b, 23f(1)

2. nmE

6/2.5

a.

(1.5/.5)

Meas: 4V

(1)

Principles of operation of cooling towers
(a)

Types of cooling towers

1

(2)

_1

Natural draft

_2

Forced draft

Methods of cooling tower capacity control
(a)

Modulating the water flow

(b)

Modulating the air flow

(c)

Cycling the fan

.

(3)

Principles of operation of evaporative condensers

(4)

Evaporative condenser capacity control

(5)

Purpose of make-up water

(6)

Purpose of bleed-off

b.
Given the information, state the procedures
for calculating water
bleed-off with no more than one error.
STS:
23c
Meas: ...-Tir
(1)

Calculating water bleed-off

c.
Given the information, state simple facts concerning the operation
of cooling tower and evaporative condenser capacity controls with 80%

accuracy.

(1)

STS:

23f(2)

Meas: -Ir-

..

.

-
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COURSE CONTENT

d.

Given the information, describe the procedures for
installing and maintaining cooling towers and evaporative
condensers with 80% accuracy. STS: 23d, 23e
Meas: ,M; PC

(1)

condensers

(2)

condensers

Installation of cooling towers and evaporative

Maintenance of cooling towers and evaporative

e.
Given the information, state basic facts or terms
relating to the application of evaporative condensers with 80%

accuracy.

(1)

STS:

(.5/0)

Meas: .4PC

Application of evaporative condensers

f.
Given the information, state the method of recognizing
scale, corrosion, and algae with no more than two errors.

STS:

(.5/0)

_25a(1), 25a(2), 25a(3)

Meas: --If; PC

(1)

Recognizing scale

(2)

Recognizing corrosion

(3)

Recognizing algae

POI J3ABR54530 001
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COURSE CONTENT

g.
Given the information, identify basic facts about the effects
of scale, corrosion, and algae on an air conditioning
system with 80%
accuracy. STS:
25b
Meas: -fr."

(1)

Effects of scale

(2)

Effects of corrosion

(3)

Effects of algae

(.5/0)

h.

Given the information, state the procedure for
water for scale, corrosion, and algae with no more than chemically.treating
two errors.
STS:
25c(1), 25c(2), 25c(3)
Meas:
(1)

Determination of PH for water

(2)

Chemical treatment of water for scale

(3)

(a)

Sodium zeolite water softening

(b)

Phosphates

(c)

Sulfuric acid

Chemical treatment of water for corrosion
(a)

(4)

Phosphates

Chemical treatment of water for algae
(a)

Calcium hypochlorite

(b)

Copper sulfate

i.
Given the information, staLe simple facts concerning the
operation
and adjustment of cooling tower water conditioning equipment
with 80%
accuracy.
STS:
23h, 23i
Meas: AK

(1)

(2)

(.5/1)

(.5/0)

Drip feeder
(a)

Operation

(b)

Adjustment

Pot feeder
(a)

Operation

(b)

Adjustment

POI J3ABR54530 001

20 Sep 1982

61

59

COURSE CONTMT
j.

Given the information, list simple facts relating to the maintenance
(.5/0)
of evaporative mechanical equipment with 70% accuracy. STS:
19i Meas: ..it; PC
(1)

Maintenance of evaporative mechanical equipment
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR54530 001-IV-5, Cooling Towers, Water Treatment, and Evaporative
Condensers (DS)
WE J3ABR54530 001-IV-5, Cooling Towers, Water Treatment, and Evaporative
Condensers
Commercial Text, Modern Refrigeration and Air Conditioning

Audiovisual Aida
Transparencies, Set, Cooling Towers, Water Treatment, and Evaporative
Condensers
Prenarrated Slides: ATS 54-21, Cooling Water Treatment
Training Equipment
Trainer, Centrifugal Air Conditioner
Color Comparator
Laboratory Equipment
Training Methods
Lecture/Discussion (3 hrs)
Performance (3 hrs)
Directed Study (2.5 hrs)
Instructional Guidance
Use ATC Form 98 to appraise accomplishment of criterion objectives.
Directed
Study assignments will be accomplished outside the classroom, and will be
verified the following day by a writted directed study examination.

6.

Written Test and Test Critique

7.

Physical Conditioning, Days 38 and 40

POI J3ABR54530 001
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NAME-0 F INSTRUCTOR

PLAN OF INSTRUCTION/LESSON PLAN PART I
COU KM TI TL E
Refrigeration and
Cryogenics Specialist

BLOCK TI TI. E

Air Conditioning Controls
I.

.

COURSE CONTENT

2. TIME

Air Compressing Equipment

1.5/0

a.

GlIven the information, state the types, purpose and operating
principle of air compressing equipment used to support air conditioning
systems.80% accuracy must be attained. STS: 13f(1)
Meas:AK
(1)

Types

(2)

Purpose

(3)

Principle of operation

(1/0)

b.
Given a disordered list of steps necessary for the installation,
(.5/0)
replacement of defective parts, checking equipment operation,
operator service, and maintenance of air compressing equipment, select the
appropriate
steps for each activity and place them in logical sequence. List must be
completed with 80% accuracy. STS: 13f(2), 13f(3), 13f(4), 13f(5)
Meas:Je
(1)

Installation

(2)

Replacement of defective parts

(3)

Checking equipment operation

(4)

Operator service and maintenance
SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
SW J3ABR54530 001-V-1, Air Compressing Equipment(00
WB J3ABR54530 001-V-1, Air Compressing Equipment
Commercial Text, Modern Refrigeration and Air Coriditioning
Audiovisual Aids
Transparencies, Set, Air Compressor
Training Equipment
Trainer, Air Compressor Control Air
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COURSE CONTENT
Training Methods
Lecture/Discussion (.75 hr)
Performance (.75 hr)

Instructional Gu:lance
Stress safety around electrical and mechanical equipment.

POI J3ABR54530 001
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N5TRU TOR

r-

PLANOF INSTRUCT1ON/LESSON PLAN PARTI
COURSE TITLE

BLO CK TI TI- E

Refrigeration and
('ryngpnies Speeiali^t

Air Conditioning Controls
COURSE CONTENT

I.

.

2. 111AE

Pneumatic Controls

9./3

a.

Given the information, explain the purpose, use, and operating
principle of pneumatic controls with 80% accuracy.
STS:
15e(1), 15e(2)
Meas: 4r; PC
(1)

C4.5/1)

Terms
.

(2)

Types, purpose and use of pneumatic controls

(3)

Operating principle of pneumatic controls

b.

Working as a memher of a team and using a refrigeration controls
trainer, calibrate the pneumatic thernostat to maintain a temperature
specified by the instructor + 4°F. STS:
15e(3)
Meas: ..4f; PC
(1)

Calibration procedures

c.
Working as a team member and using a refrigeration controls,
locate two of three instructor induct:xi malfunctions. Maintain the pneumatic equipment by repairing the malfunctions with instructor
assistance.
STS:
15e(4), 15e(5)
Ileas:A; PC

(1)

Troubleshooting pneumatic equipment

(2)

Maintaining pneumatic equipment

d.
Given the information, state the operating principles of mechanical air dryers with no more than two errors. STS: 15e(6)
Meas: .*; PC

(1)

(2/1)

(21.5)

C.5/.51

Mechanical dryers
_

SUPPORT MATERIALS AND GUIDANCE
.

Student Instructional Materials
SW J3ABR54530 001-V-2, Pneumatic Controls(PS)
WB J3ABR54530 001-V-2, Pneumatic Controls
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Transparencies, Set, Pneumatic Controls
Chart, Set, Pneumatic Controls
SUPERVISOR APPROVAL OF LESSON PLAN
SIGNATURE AND DATE
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COURSE CONTE1T
Training Equipment
Trainer, Refrigeration Controls
Trainer, Dehydrator
Bench Items- Room Thermostat
Room Humidistat
Heating-Cooling Thermostat
Pneumatic Valve
Pneumatic Damper OperatoPilot Positioner

Training Methods
Lecture/Discussion (4 hrs)
Demonstration (1 hr)
Performance (4 hrs)
Directed Study (3 hrs)
Instructional Guidance
As a safety precaution, students will remwe all jewelry while completing
performance.
Use ATC Form 98 to appraise accomplishment of criterion
objectives.
Directed Study assignments will be accomplished outside the
classroom, and will be verified the following day by a written directe.:
study examination.
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NAMEOF INSTRUCTOR

BLOCK TITLE

PLAN OF INSTRUCTION/LESSON PLAN PART I
cpuRSETITLE Refrigeration and
Cryogenics Specialist

Air Conditionin: Controls
L
.

COURSE CONTENT

2. 11ME

Electrical Controls

9/2

a.
Given the information, explain the purpose, use, and operating
principle of electrical controls with 80% accuracy.
STS:
15c(1)(a),
15c(l)(b), 15c(2)
Meas: AK

(1)

Purpose

(2)

Use

(3)

Operating principle of two-position controls

(4)

Operating principle of modulating controls

(4/1)

b.
Working as a member of a team and using a refrigeration controls
trainer, calibrate a series 90 electrical contiol loop with instructor
assistance.
STS:
15c(3)
Meas: Af; pC
(1)

Calibration procedures

c.

Working as a member of a team and using a refrigeration controls
trainer, isolate two instructor induced electrical controls malfunctions
with instructor assistance. STS: 15c(4)
Meas: ....X/ pc
(1)

(2/.5)

(2/.5) I

Troubleshooting electrical controls

d.

Given a disordered list of steps for replacing electrical controls,(1/0)
place them in logical order with 70% accuracy. STS:- 15c(5) Meas: Ae
(1)

Safety considerations

(2)

Sequence

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SW J3ABR54530 001-V-3, Electrical Contro1s(P)
UB J3ABR54530 001-V-3, Electrical Controls
Audiovisual Aids
Transparencies, Set, Electrical Controls
Charts, Set, Electrical Controls
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... ...

SIGNATURE AND DATE

POI NUMBER

1 BLOCK

J3ABR54530 001

A

V
f

N

133

.

SIGNATURE ANO D4TE

I

PREVIOUS

UNIT
3

onsoLgrt

DATE

20 Sep 1982

[PACE NO.
65

COURSE CONTENT

Training Evioment
Trainer, Refrigeration Controls
Multimeter
Bench Items: Electrical Controller Series 40
Pressuretrol Series 90
Series 90 Control Motor
Series 80 Control Motor
Training Methods
Lecture/Discussion (4 hrs)
Demonstration (1 hr)
Performance (4 hrs)
Directed Study (2 hrs)
Instructional Guidance
Use ATC Form 98 to appraise accomplishment of criterion obiectives. Directed Study
assignments will be accomplished outside the classroom, and will be verified the
following day by a written directed study examination.
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PLAN OF 1NSTRUCVA/LkStON ?LAM PART 1
17-n7W-7.7.771efrigeration and

Cryogenics Specialist

BLOar. Tin 3

Air ConditioniAg Controls
i.

4.

COURSE COATENT

2. TIME

Electronic Controls

9/3

a.
Given five basic electronic diagrams, draw lines to indicate
cur- (31.25)
rent flow through_ the circuits. Three of the five
circuits must be correct.
STS:
15d(1)
Mess: Ar; PC
(1)

Current flow -...... 2-type material

(2)

Current flaw in N-type material

(3)

A P-N junction

(4)

Forward and reverse - BIAS

(5)

Junction transistors (Triode)

(6)

NPN transistors

(7)

PNP transistors

b.
Given a schematic of a bridge circuit describe its function and
draw lines to indicate current flow through the device
for one cycle.
Two errors permitted.
STS:
8f(1)(d), 15d(3)
neas: ,41 PC
(1)

Function of tz-idge circuits

(2)

Operation of bridge rectifiers

(3)

Operation of bridge control circuits

(1/0.5)

c.

Given a list of five electronic components, state their application to electronic controls.
Four of the five must be correct.
STS:
15d(2)
Meas: AR; PC
(1)

Diode

(2)

PNP transistor

(3)

NPN transistor

(4)

Capacitor

5

Inductor

'(11.25)

choke coil
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COURSE CONTENT
d.
Given the information, trace the current flow through
a simple
amplifier circuit and state its purpose.
Two errors permitted..

STS:

15d(4)

Meas: ,111-PC

(1)

Purpose of amplifiers

(2)

Principle of operation

e.
Given the information, state the purpose, use and operating
principle of electronic control circuits with no more than
two errors.
STS:
15d(5), 15d(7)
Meas:
PC
(1)

Purpose

(2)

Use

(3)

Operating principle

f.
Given the information, state the operating principle of
modulating
electronic controls. Only one erre'r permitted. STS: 15d(6)
4eas: .A.;;' PC

(1)

(1/0.5)

(1/1)

(1/0.25)

Operating principle

g: Given the information, state the procedure for troubl:sooting
electronic controls and replacing the controls with no more r:/an two
errors.
STS: 15d(9), 15d(10)
Meas:
h,
Using a modified Wheatstone Bridge Trainer, adji.sf, the control
point + 1 microamp.
STS:
15d(8)
"eas: Al PC
(1)

Circuit analysis

(2)

Adjustment procedures

(.5/.25)

(.5/0

SUPPORT MATERIALS AND GUIDANCE
Student Instructional Maticials
SW J3ABR54530 001-V-4, Electronic Controls (00
WB J3A3R54530 001-V-4, Electronic Controls
Audiovisual Aids
Transparencies, Set, Electronic Controls
Training Film: TF1-5250-A, Transistors - PN Junction Fundamentals
Training Equipment
Trainer, Modified Wheatstone Bridge
Trainer, Refrigeration Controls

POI J3ABR54530 001
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COURSE CONTENT
Training Methods
Lecture/Discussion (5 hrs)
Demonstration (1 hr)
Performance (3 hrs)
Directed Study (3 hrs)
Instructional Guidance
As a safety precaution, students will remove all jewelry while completing
performance. Use ATC Form 98 to appraise accamplishment of criterion
objectives.
Directed Study assignments will be accomplished outside the
classroom, and will be verified the follawIng day by a written directed
study examination.
5.

Written Test and Test Critique

6.

Physical Conditioning - Days 43 and 45

POI J3ABR54530 001
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NAME 0 F INSTRUCTOR

BLOCK TITLE

nAti OF INSTRUCTION/LESSON PLAN PART I
COU RSE T L E
Refrigeration and
Cryogenics Specialist

Commercial Air Conditioning
1.
.

COURSE CONTENT

2. TIME

Air Handlers

1.5/0.5

a.
Given a disordered list of steps required to replace air handler
bearings, shafts, belts and pulleys; and djustment of damper linkage,
place the steps in order with no more than four errors.
STS: 22f(3),
22f(4), 22f(5)
Meas: AV
(1)

Construction features

(2)

Replacement of components

(3)

Damper adjustment

(1.0425

.

Given the information, s:-..e the steps for lubricating air hand-

b.

(.5/.25

ler bearings and checking thcf ',):,arings, belts and pulley alignment with

no more than three errors.

,iii-t.

22f(1), 22f(2)

(1)

Lubrication

(2)

Bearings and belt checks

(3)

Pulley alignment check

Meas: AIK

SUPPORT MATERIALS AND GUIDANC:
Student Instructional Materials
SW J3ABR54530 001-VI-1, Air Handlers(PS)
WB J3ABR54530 001-VI-1, Air Handlers
Commercial Text, Modern Refrigeration and Air Conditioning
Training Equipment
Trainer, Air Conditioner, 81/2 to1/80 ton
Training Methods
Lecture/Discussion (1.5 hrs)
Directed_Study (.5 hr)
i

InstrucL24,nal Guidance

0

Use workbook to appraise accomplishment of knowledge criterion objectives.
Directed study assigrments will be accomplished outside e-,e c1assroom,and
will be verified the foliowing day by a written directed study examination.
,
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PLAN OF iNsTRucnowLEssom PLAN PART I

NAMEOF INSTRUCTOR

COURSE TITLE

-

Refrigeration and
Cr ozenics Specialist

BLOCK TITLE

Commercial Air Conditioning

.

1.

COURSE CONTENT

2. TIME

Centrifugal Air Conditioning

.

11-.5/2.a.
Select from a list of principles,
those that appl, to the opera- (2/0.25
tion of centrifugal air conditioning system
with no more than two errors.
STS:
21a Meas: At; PC

(1)

Principles of operation

b.
Given a flow diagram of the refrigerant,
chilled water, and
condenser water systems, indicate by designated
colors and arrows the
flow and direction of each system. No more than two errors permitted.
STS:
21c
Meas: ..ii; P C
(1)

Refrigerant flow

(2)

Chilled water flow

(3)

Condenser water flow

Ic.
Given the information, state the
steps in maintaining th'._ chilled
water system with no mor than one error.
STS:
191
Meas: 210 PC

(1)

Evaporator tubes

(2)

Water treatment

d.
Given the information, list the steps requirerl
:,31. pressure
checking the refrigeration systc:ms wizh dry
nitr,igen.
:10 more than t-zo
errors permitted.
STS:
lf.p
Mcie3: A; PC
(1)

Pressure checking systems

(2)

Safety precautions

e.
Given a dr.rdered list of steps required for charging
a centrifu
gal system with refr'7erant, place the steps
in order wi:n no more than
two errors. STS:
4.1.b
Meas: ,Ilr; PC

(1)

(1/0.25)

(1/0)

(1/0)

(1/0,5)

Charging centrifugal systems
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COURSE CONTENT

f.
Working as a member of a team and using a centrifugal
system trainer, check, adjust and perform maintenance on the
compressor and system controls with instructor assistance.
STS:
21e, 21f, 21g
Meas: 41-P C
(1)

Checks

(2)

Adjustments

(3)

Maintenance

g.
Working as a member of a team and using a centrifugal
system trainer, operate the purge recovery unit with instructor
assistance. STS: 21h
Meas: .1KP C

(1)

(1.5/0.5)

Purge unit operation

h.

Working as a member of a team and using a centrifugal
system trainer, operate the compressor and perform the operational
checks on the system while applying safety precautions pertaining to
high intensity sound with instructor assistance. STS: 3a(3), 21d, 22e
Meas:

(2/0.5)

(2/0.5)

P C
(1)

Operation of centrifugal Lompressor

(2)

Operational checks

(3)

Safety precautions
SUPPORT MATERIALS AND GUIPS:NCE

Student Instructional Materials
SW J3ABR54530 001-VI-2, Centri!ugal Air Conditioning (DO
WB J3ABR54530 001-VI-2, Centrifugal Air Conditioning
Commercial Text, Modern Refrigeration and Air Conditioning
Audiovisual Aids
Chart Set, Centrifugal Air Conditioning
Transparencies, Set, Centrifugal Air Conditioning
Training_ Equipment

Trainer, Air Conditioner, Centrifugal
Training Methods
Lecture/Discussion (6 hrs)
Demonstration (1 hr)
Performance (4.5 hrs)
Directed Study (2.5 hrs)

POI J3ABR54530 001
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ODURSE CONTENT

Instructional Guidance
Use workbook to appraise accomplishment of criterion objectives.
Criterion
objective task performance may be practiced before the performance
measurement
activity begins. Instructor assistance may be given
on criterion objectives
3f, 3g and 3h as indicated by the workbook.
During the task performance measurement activity relating to criterion objectives 3f, 3g, and 3h,
assure that each
student accomplishes a representative portion of the task.
Directed STudy
assignments will be accomplished outside the classroom and will be
verified the
following day by a written directed study examination.
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NAME OF INSTRUCTOR

BLOCX TITL E

PLAN OF INSTRUCTION/LESSON PLAN PART I
COU RSE T1 TL E
Refrigeration and
Cryogenics Sperip1icr

Commercial Air Conditioning
L
.
Ahsorption Air Conditioning

COURSE CONTENT

2.

TIME

12.5/3.a.

Using an Ahsorption System Trainer and an AEsorption Cycle
Schematic, label the major components and
trace the flow of the solution
and refrigerant. No more than 4 errors permitted.
STS:
20a, 205

Meas:

(2.5/1)

At; PC
(1)

Absorption principles

(2)

Absorption terms

(3)

Major components

(4)

System configuration

(5)

Operating principles

Given the information, state the procedures for leak testing
the
Absorption Air Conditioning System, with
no more than 3 errors.
STS:
20d(1), 20d(2)
?leas: 4PrPC
b.

(1)

Vacuum Test

(2)

Pressure Test

(110)

c.

Working as a team member, using an
Absorption System Trainer and
equipment prwided, operate the system.
While operating the system,
record temperature and pressure readings on the system operation.
No
more than 2 errors permitted. STS: 20c
Meas: .44;-PC
(1)

Preoperational checks

(2)

Starting procedures

(3)

Stopping procedures

(4)

Operating logs

(5)

Equilibrium chart

(6)

Purge operation
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COURSE CONTENT
SUPPORT MATERIALS AND GUIDANCE
Student Instructional Materials
SW J3ABR54530 001-VI-3, Absorption Air Conditioning Systems(DS)
WB J3ABR54530 001-VI-3, Absorption Air Conditioning Systems
Commercial Text: Modern Refrigeration and Air Cunditioning
Audiovisual Aids
Transparencies, Set, Absorption Air Conditioning Systems
Training Equipment
Trainer, Air Conditioner, Absorption
Training Methods
Lecture/Discussion (4.5 hrs)
Demonstration (1 hr)
Performance (7 hrs)
Directed Study (3.5 hrs)

Instructional Guidance
Use ATC Form 98 to appraise accomplishment of criterion ohjectives. Criterion
objective task performance may be practiced before the measurement activity
begins if time permits.
Directed :3tudy assignments will be accomplished outside the classroom, and will be verified te following day by a written
directed study examination.
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F IN TRU CTO R

PLAN OF INSTRUCTION/LESSON PLAN PART I
COU RSE TI TL E
Refrigeration and
cz:z ta:43:3

EILOCK TI TL E

Commercial Air Conditioning
1.
.

COURSE CONTENT

2. TIME

Cylinder Unloaders and Humidity Control

4.5/1.5

a.
Given a list of ten statements; select three of the five which
describe)he operating principle of cylinder unload2rs. STS: 13a!6)

(1.51.5)

Meas: 4 r, PC

.

(1)

Actuator

(2)

Unloader
.

b.
Working as a member of a team and using an air conditioner
trainer, adjust the cylinder unloader to the value specified by the
instructor with instructor assistance. STS: 13a(7)
Meas: Afe; PC

0-1.5)

Adjustment procedure

(1)
c.

Given a list containing ten statements relative to the types and
purpose of humidity control equipment, sedect three of the five which are
correctly stated.
STS:
19r(1)
Meas: .41,37 PC
(1)

Types

(2)

Purpose

Given the information, state the adjustment procedure for
humidity control equipmnt with no more than one errors.
STS: 19r(2)
d.

0-1.5)

(i/O)

Meas: ,JOK PC
(1)

Adjustment procLdure
SUPPORT MATERIALS AND GUZDANCE

Student Instructional Materials
SW 33ABR54530 001-VI-4, Cylinder Unloaders and Humidity Control(DS)
WB 33ABR54530 001-VI-4, Cylinder Unloaders and Humidity Control
Commercial Text, Modern Refrigeration and Air Conditioning

Audiovisual Aids
Transparencies, Set, Cylinder Unloader and Humidity Control
Chart, Set, Cylinder Unloaders and HL.midity Control
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COURSE rONTENT
Training Equipment
Trainer, Air Conditioner
Amprobe
Training Methods
Lecture/Demonstration (2.25 hrs)
Demonstration (0.25 hrs)
Performance (2 hrs)
Directed Study (1.5 hrF)
Instructional Guidance
Place adequate emphasis on safety precautions around operating equipment, and
working with live electrical circuits. Use ATC Form 98 to appraise accomplishment of criterion objectives.
During the task performance measurement activity
relation to criterion objective 4b, assure that each student accomplishes a representative portion of the task.
Instructor assistance may be given on criterion
objective 4b as indicated by the ATC Form 98.
Criterion objective task perf)rmance may be practiced before the performance measurement activity begins.
Directed Study assignments will be accomplished outside the classroom, and will
be verified the following day by a written directed study ecamination.
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OF IN TRUCTOR
BLOCK

CCAM

Dr. -

't ial

PLAN OF INSTRUCTION/LESSON PLAN PART I
COURSETITLE Re rigeration and
Cryogenics Specialist
.

Air Conditioning
COURSE CONTENT

2. TIME

Security
j1.-./.

0/1

a.
Using ATC/SGE3ABR/ORRO0001, determine
classification and methods
of preventing security violations, with
no more than two errors.
STS: 2a(1), 2a(2)
Meas: iie,'PC

(01.5)

b.
Given a source document, identify
the vulnerabilities associated (01.5)
with the refrigeration and cryogenics career
field, with no laore than two
errors.
STS:
Zbal
Meas:

SUPPORT MATERIALS AND GUIDANCE

Student Instructional Materials
ATC SG E3ABR/OBR00001, Communications Security
SW 33ABR54530 001-VI-5, Vulnerabilities of AFSC 545X0 to Operations
Security Violations
Training Methods
Directed Study (1 hr)
Instructional Guidance
Directed Study assignment will be accomplished outside the clast;room and
will be verified the following day by a written directed study
examination.
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NAME 0 17 INSTRUCTOR

ei..oCK

PLAN OF INSTRUCTION/LESSON PLAN PART I
couRsicirrLE Refrigeration and

Cryogvica Specialist

Ti 'ME

Commercial Air Conditioning
1.

6.

COURSE CONTENT

2- TIME

Publications
3/0
a.

Select from a list of five definitions the one which defines
the (1.5/0)
scope and application of technical order systems. STS: 4a
Meas:,,W, PC
(1)

Technical Order System
.

b.
Use the Manufacturer's Manual to
perform an inspection and one
item of maintenance on the Absorption System
Trainer with instructor
assistance.
STS:
4b Meas: AK. PC
(1)

Use of manual

(2)

Inspections

(3)

Maintenance

(1.5/0)

SUPPORT MATERIALS AND GUIDANCE
1

Student Instructional Mareriale
SG AFS 54, 55, 56 Public.itions
WB J3ABR54530 001-VI-6, Publications
Technical Order Files
Training Methods
Lecture/Discussion (1.5 hrs)
Performance (1.5 hrs)
Instructional Guidance
Use ATC'Form 98 to appraise accomplishment
of criterion objective 6a.
Instructor assistance may be given on criterion
objective 6b, as indicated by the ATC Form 98.
7.

Written Test and Test Critique
1.5

8.

9.

Course Critique and Graduation

1.5

Physical Conditioning - Days 48 and 50

,-,

L

10. End of Course Appointments and Predeparture
Safety Briefing

2
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ORIENTATION

OBJECTIVE

This study guide will acquaint you with the course organization, objectives,
instruction and measurement programs, and with the organization
a typical civil
engineering organizaiton.
INTRODUCTION
This entire orientation study guide is an introduction.
In it we will attempt to
introduce you to the contents, policies, and objectives of the course and career field
for which you have been selected.
In our initial introduction we will attempt to cover
the daily schedules, the instruction and measurement policies, the type of training
materials used and other items of particular interest to you as an entering student. We
will also acquaint you with the organization of a typical civil engineering organization.
Above all, we want you to feel welcomed in our course and wo will do everything we can to
make your stay at Sheppard worthwhile and pleasanc for you. The more you put into the
course, the more you will get out of it.
Materials presented in the following page_s will be under the major topic headings as
follows:

Overview of Course Content
ResponsibiALties of Students
Relationship of Graduates Performance to Air Force Mission
Benefits of CCAF
Types & Use of Instructional Materials
Student Progress Policies
Student Relocation Program
Effective s'udy Techniques
Procedures for Shelter Exercises and F4

/Pcuation Plan

Student Critique Program
Conservation of R

lurces

Disposition of Eli&ines
TDY Personnel Processing
Overview of Course Contents
This course to which you have been assigned is organie.ed in a manner to present you
instruction in a progressive sequence.
That is, fundamentals and pt.g.nciples are
presented first and are followed by your practical performance to insure that you acqui;,'
both the knowledges and skills necessary to perform as an apprentice refrigeration and
air-conditioning specialist. Your training begins with this orientation study guide and
will proceed through tie fundamentals of refrigeration fittings and shop equipment;
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electrical fundamentals and circuits; refkigeration principles, controls, and
accessorie,,; domestic and commercial refrigeration units and systems; watet testin
treatment; refrigeration controls and systems; technical publications; communicationa
security; and an introduction tr,
Force management and training programs.
The established sequence of instruction haa proven to be very effective ovIlr a long
period of course conduct. Many students have comp:.eted the course successfu.:- in its
present form.
You can also successfully complete it.
It will require much -;;,:ort on
your part, but then anything worthwhile requires effort, Then, after gradualicn from
this course, some of jou will be selected to go to a follow-on course in cryogenics
taught at Chanute AFB before you.report to your assigned organization.

STUDENT RESPONSIBIL1TIE
Uniform for Attendance and Military Appearance
The uniform worn to school is prescribed by the base commander in accordance with AF
regulations. Your uniform will consist of fatigues (long or short sleeves), fatigue
caps, and brogans.
Your squadron will be notified by the commandant of trocvs on a daily
basis of any change of wearing apparel.
All students will have clean, pressed fatigues,
shined shoes, and be well groomed. Any discrepancies noticed by the instructor will be
reported to the supervisor for corrective action.
Training Schedule
A schedule of the training activities will be explained by your instructor. To provide the best practical learning situation, the minimum instructional period is 30
minutes; the maximum time period for classroom activity wbere you are required to sit
continuously is 60 minutes; and for laboratory (performance) activity, 100 minutes.
Breaks

Break schedules are posted on each classroom bulletin board.
Your instructor will
dismiss you for breaks and deeignate the outside break area.
Your instructor will also
designate an inside break area during inclement weather. All students must leave classrooms for the entire break period.

Facilities are provided enablin5 you to buy gum, candy, beverages, etc. In order to
minimize fire hazaro, your cigeratte butts will be 11.aced in butt cans (painted red) and
trash placed ib proper containers.
Each student is responsible for keeping the break
area clean.
7e sure to stay in the designated break area during break, do not loiter on sidewarA or in front of doors and be certain to obey all posted signs and follow the
directions of the break monitor.
Most of all, be su.:e and take your break--leav the
classroom and relax.
Cleanup Feaponsibilities
All areas of instruction must be kept clean; therefore, i* will be each student's
responsibility to perform the cleanup assigned. During your tour of the course
instructional areas, your in64.ructor will haYe shown you where all cleaning supplies and
utilit:,:s are located. The authorized cleanup time is 10 minutes prior to dismissal. To
do a good job, cooperation and expediency are mandatory of all personnel.
Study Notebook

This very importt item in your continuing education and training must be devel:ped
and maintained by you,
No one else can make an effective notebook for you.
Like almost everything else worthwhile, making a good notebook taket, time and work.
Perhaps you can develop a very good method for yourself.
One effective method is for you
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to study your study guide assignment and make an outline of the major topics and
sUbtopics, jotting down items which look important to you. This should be an informal
form to begin with. After reviewing your study guide assignment and your rough notes,
you uhould be prepared to participate in the classroom diAcussion of the subject.
During the classroom discussion, you should correct.your material as required and
add the importnat items identified by the instructor. You should also add to these notes
during your performance exercises. Make sure you get down all the key elements from the
training literature and from the instructor's discussions. This is the material you need
for good course grades and satisfactory, performance in the field.
RELATIONSHIP OF GRADUATES PERFORMANCE TO AIR FOR6E MISSION
The modern refreigeration and cryogenics technician must be a well-trained and
highly-skilled person.
In civilian life, he or she is a well-paid person.
You have been
fortunate in having been selected to become this type of technician. It is important to
you to study and work hard to take advantage of your opportunity. We will help you as
much as possible; howver, it is up to you to take care of your future. So work with us
and together we will succeed.
BENEFITS OF CCAF
The American Council of Education receives copies of the training control documents
for the course you are in, and all other courses of this type.
They have evaluated these
control documents and have arrivrld at tbe academic credits which can be grantd for
successful ccurse completion. The number of semester hours for your course is now being
established by t-tle Community College of the Air Force.
By the time you leave the
service, you will be able to apply a definite number of semester hours credit to a
related field of study at most educational institutions. As a rough estimate, it appears
you can get somewhere in the neighborhood of 15 semester hours credit for successful
co!:rse completion.

TYPES AND US.: OF INSTRUCTIONAL MATERIAL
in orrle:- for you to participate actively throughout the course, you will be provided
Study GILLY:"7,

These contain detailed information on subjects being covered throughout the course.
You will be givon study assignments to complete outside classroom periods.
W .kbooks

These contain work projects which you will complete in the c1assroo5 or in training
areas where the equipment is iocated.
Programmed Insttaction Packages/Texts
These books are a totally new and scientific approach to learning, Programmed
Iastruction Packages (PIPs) are a coml,ination of study guides and workbooks Which requira
student response throughout. We tICH, you will enjoy this new way of learning.
admix

Study quide/workbook is a combination study guide workbook which will be used to
the directed study in this course.
STUDENT PROGRESS 1.0LIC1ES

The course is based on a series of .1riter1on ...hjactives.
Each criterion objective
is satisfied by completing a series of teaching :-.Leps.
A brief explanation of criterion
objectives and teaching stepa follows:

eriterion Objectives
A criterion_ objective is defined as, "The specification of the behavior Which leads
to or satisfies a job performance requirement or standard." Simply stated, for each
element of training which you must successsfully accomplish in this course, there will be
a criterion objective. You must accomplish all of these criterion objectives.
The
instructor or supervisor will certify your accomplishment of criterion objectives on a
Criterion Checklist as you progress through the course. This is a Progress Check.
He or
she must document all criterion objectives as being satisfactorlly attained prior to
administering a measurement test at the established test point. You cannot be
administered a measurement test for ai-ancement to the next block or unit of instruction
until you have accomplished
the criterion objectives for the unit in which you are
assigned. Additional instruztion will be provided if you need it; hard work and study on
your part are very important.

Measurement Tests

The Measurement Test is an objective type written test designed to measure knowledge
as applied to special tasks.
It is used to provide a permanent record of your progress
and ,e).i..ms.nt in the course.
The measurement tests you are administered may contain
frow
i0 individual test items, usually in multiple-choice form. Remember, your
accov., ....ant of these measurement tests will go on your 12ermanent course attendance
recor::
Do the very best you can to make good grades. 1: is well worth the effol....
Written instructions will be furnished you at the beginning of each test period.
Read these instructions carefully, they affect YOUR future.
Questions missed on each test will be reviewed (critiqued) by the instructor and
class to help you identify mistakes you made during testing. During these critiques, you
will not be permitted to make notes as the rules for protection of measurement tests are
very strict. You will be informed of your test scores as soon am possible after the test
period.
You probably won't fail any tests, but if you should, you will be given
additional instruction anl will be retested, or washed-back to repeat the unit of
instruction.
Special Individualized Assistance
Remedial instruction is provided to give extra help to students in learning course
naterial.
If instruction on a particular subject i-A't clear, you may voluntarily ask
your i4atruotor to be placed on remedial instruction. Remedial instruction may also be
compulsory ,hould you have failing daily quiz s'.:ores or if your instructor thins you
need ext.:a study.

When attending remedial study, your instructor will give you two special idy
assignment forms. A copy of the special study form is presented to your squadron
training NCO. The original is kept by you and given to your instructor when remedial
instruction is completed.
The classroom instructor will inform you of the time, dates, and location of your
remedial instruction. You will be assisted during this study time by an instructor, or
instructors so as to improve your daily quiz scores and block grades.
Proficiency Advancement
This is a program to allow you to be tested on any portion of the course in which
you have already had training or experience.
In other words, it isn't economically sound
to take up your time training you iu a sub:;ect in which you are already proficient.
If
you should identify a block in the course which contains material for which you have had
good training and for which you feel you can pass the tests, you should apply foproficiency advancement. If you pass all the requi!"ed tests, you can bypass these
materials and graduate ahead of your class.
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School Grading
The two types of measurement you wi.3l be subjected to are the C:t .erion Progress
Check and the Measurement Test.
Since you must complete all criterion objectives for a
unit of instruction prior to being administered the measurement teat, the instructor will
perform a continuing assessment of your progress in accomplishing the criterion
objectives. He or she will observe your performance activities, insure that you complete
all workbooks, and may give you short written quizzes to satisfy him or herself that you
have accomplished each criterion objective. Upon the instructor's satisfaction with the
results of these criterion progress checks, he or she will certify on the criterion
thecklist that you have accomplished the criterion objective in question. When you have
cbmpieted all criterion objectives in a given unit or block of instruction, he or she
will certify that you are ready for the measurement test.

If you should fail a test, the instructor or supervisor will discuss the failure
with you and will counsel you on the best action to take. During these counseling
sessions, remember that the instructor or supervisor is interested in your problms. He
or she has nothing against you and is only trying to arrive at the solution to whatever
the problem was that caused you to fail. Be honest with him or her and discuss your
problems. The discussion will benefit both of you.
Once you fail a test, three avenues are open: probationary continuation, washbaek,
or elimination.
If you, the instructor, and the supervisor feel that you are able to
accomplish the materials in which you failed and at the same time acquire the materiels
in the next block, the instructor will recommend you for the probationary continuation.
During this probationary period, you will be given remedial (extra) instruction outside
of normal class hours.
Upon completion of the periods of remedial instruction, you will
be reteated and if you pass you will continue in the new bloPk.

If you should fail your retest, the second option.of washback will most likely be
used.
In this case, you will be washed-back to a class behind you to repeat the block in
which you failed to make passing grades. Upon failing to pass the test after repeating a
block, or upon one or more washbacks, you may be considered for elimination in your best
interest or in the best interest of the Air Force.
Remedial instruction is available to
help you avoid the possibility of washback or elimination.
STUDENT RECOGNITION PROGRAM
The honor graduate is a program designed to reward those students who have
deomonstrated outstanding academic performance. In ehort, it is a program which allows
cor special recognition of those students who really apply themselves to acquiring as
much benefi..., aa possible from technical training.

The program provides that approximately the top 10 percent of graduates from a
evure in a year will be designated as Honor
7.
To qualf.fy for the Honor
4raduate award you must of course come:.ete the
e with a high average course grade.
In addition, you must have maintained ...
llent record of conduct in both the school
and Ole squedron. Students Vo have
Ack, or who have been allowed to continue on
a probationary basis, due to academic .,e.ficieecies, are not eligible to compete for Honor
graduate. Also, personnel who violate the established rules of good conduct will not be
_

considered.

Those studente who earn the Honor Graduate designation are awarded a Honor Graduate
Certificate.
This special recoenition certificate la signed by both the Group Commander
and the School Commander.
It is a certificate you will be proud to receive since it will
reflect your very own efforts.
While the instructors are required to provide vou the
beat possible instruction, the grades required to bec,.1 a Honor Graduate can only be
achieved by you. Your efforts alone are lewrded when .,ou are designated a Honor
Graduate. The certificate will be a visible recognition of the high performance
standards you have maintained; however, your extra efforts in accomplishing the course
objectives to the %,ery best of your ability will also result in your being a better
trained opecialist. These extra offorts will serve you well during your tour or career
in the Air Force, and throughout the rest of your life.
Do your best to maintain ve
very highest of performance standards.
Do this for us and also for you.
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EFFECTIVE STUDY TECHNIQUES
Study Skills

A great amount of study is required to complete any course with a good understanding
of its content. This is usually a problem for
many of us since we really don't know how
to study effectively. To help you overcome this drawback,
a copy of Air Training Command
programmed text will be furnished to you.
This programmed text, ATC Programmed Text
52-11, Study Skills, must be completed by you.
It will do you more good than you can
possibly imagine, so be sure you complete it as assigned by the instructor.
Also have
your instructor check it for correct completion.
PROCEDURES FOR SHELTER EXERCISES
AND FIRE EVACUATION PLAN
Fire evacuation plans and alert procedures are posted in each classroom on the bulletin board. The instructor will brief you on evacuation
procedures and reassembly
location.
The instructor will also brief you on the alert signals used in storm warnings and
for drills required by simulated or actual attacks t. enemy forces. He or she will
inform you of the actual location of your designated fallout shelte): and the evacuation
procedures to be used.
To reinforce What he or she tells you, locate alert warning procedures on your school and squadr,r?
'ooards and become familiar with the requ-red
procedures. Do this before you need to use the procedures.
While we are face to face
with a Texas tornado or an enemy attack is a poor time to have to study the fine
print.
Be prepared.
S1Z1DENT CRITIQUE PROGRAM AND IT'S OBJECTIVE

Air Training Command regulation (ATCR) 52-29, Student Critique Program, provides
the
guidance and instructions for administering ttis progcam.
The regulation lists t%e objeci:ive of this program as, "The student critique program was established to obtai-a from students constructive criticism of training, the
trning environment, and base support facilities and services."

You can see why a program of this type is necessary. We, who work in tl-rc;
in and day out, know how the school looks to us. Unless you tell us on you
form we will not know how it looks to you.
The uverall policies for the cr
are generally ae follows:
Yoty are required to be briefed on the critique proaram.
provide some of this briefing.

This.

1.

day
earn

:Lde will

You will receive specific instructions upon being presented the end of the
course critiyae forms. Generally, critiques are submitted by you on
graduation day; however, you may submit one any time you identify a need to do
so.

You do not absolutely have to identify yourself on the critique form, but you
are encouraged to do so. You can submit a signed critique without fear of
prejudice or reprisal. We are interested in obtaining your constructive
comments, don't hesitate to put them down and put your name on the form.
You may make changes to your critique form before you submit it; however, no
alterations may be made after you submit it.
Your comments are not disclosed to other students.
judgments of the course as well as you.

They are entitled to their

Your clitiques are reviewed by personnel responsible for all aspects of the
training program.
Often we find that students identify things which we may
have overlooked.
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Your critique of the school and training progrnm will include your appraisal as to
the effectiveness ois
Instruction, Individual Assiatance, Training Methods, Training
Literature, Visual Aids, Training Equipment, Written avd Practical Tests, Classroom and
Training Area, and an Overall Evaluation of the Cot.rse. To ';fike wire you are in a position to make worthWhile comments to these elemente
U-o: trainins program, you may want
to keep notes al: the end of each block. If you keep r,,t4.s
every block of instruction, you can simply review your notes and comple
:4i;-af-co1ree c-7itique.
Remember, we L70 concerned with constructive
h
be tssed U.2; improve
training.
In addition to the training critiques, you will JI*;;* c-Jrali;.4te a form dealin.;;

base facilities and services. The base commander review thev:, for ideas in irpz'oving
the base services. This critique will cover such items 7143 rrif.Ag Hall, Club, Recreation,
Base Services, Security Police, Base Transportation, Mail, Aaministration (pay, etc.),
Medical, and again an Overall Evaluation.
So, once again keep in the notes you need as you go thx'ough our coursc and at the
end give us a critique which will be of assistance in improving the tratning for others
who come after you are gone. We will appreciate your help.

CONSERVATION
You will be required to be very saving with the training material,
training equipment and other resourses.
In this time of high prices
and short money, waste cannot be tolerated at any level. If you see
an area wherl waste is occuring, notify your instructor or instructor
supervisor immediately,
DISPOSITION OF ELIMINESS
Elimination is one aspect of your Air Force experience that we don't like to think
Most of us have a strong desire to successfully complete any undertakinq we
The same way with the course in Which you have been enrolled. It ie of course to
your very best interest to work as hard as you can to complete the course. It should
become a matter of pride to be successful in your undertaking.
about.
begin.

If you should fail, after all the eftarts you and the instructors put forth, you
would mc,t likely be reassigned to a career field with lower entrance ,equirements and
one whirl.: is less technical.
Also you probably would not get a chance to attend the
technical school for that career specialtl.
You most likely would re.ieive a direct duty
assignment to the field to learn the specialty by on-the-job training (OJT). All this
is, of ourse, if you fail the course you are now in through nu f&ult of your own.
If you should fail and the eLimination board determirmd it to be your faUlt by your
not applying yourself or by other unsatisfactory action on your part, you could receive
disciplinary action, As we said before, this is an aspect we don't like to talk about, so
just apply yourself and don't fail.
TDY PERSONNEL PROCESSI6U
The instructor will provide the specific procedure for TDY personnel to process in
and wit cf the base.
SUMMARY:

It has been our aim -n this study guide to tell'you a lit-Ue about our school. We
hope we have made a good impression on you and hope that you can understand the importance of your position in the Air Force.
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

S/W J3ABR54530 001-1-2

CIVIL ENGINEERING ORGANIZATION AND SAFETY
OBJECTIVE
This portion of the study guide-workbook will introducl% you to the
mechanical/electrical career field, progression in your career ladder, and duties of your
AFSC's skill level.
You will become acquainted with the AF Occupational Safety and
Health (AFOSH) program, and you will be presented with some first aid procedures y(,i: may
need during the course of your work in Refrigeration and Cryogenics.

INTRODUCTION
Materials prsented in this section will Cover the following topics:
o

Civil Engineering Mission and Organization

o

Mechanical/electrical Career Field
Progression in Career Ladder

o

Duties of the AFSC's Skill Level

o

AFOSH Standards for AFSC 545X0

o

Hazards of AFSC 545X0

o

Occupational Health Training

o

Hazard Reporting and Abatement

o

Mishap reporting and Investigation

o

Individual Responsibilities to the AFOSH Program

o

First Aid F:ocedures for:

Electrical shock
Controlling bleeding
Traumatic shock
Heat exhauetion and heat stroke
CIVIL ENGINEERING MISSION AND ORGANIZATION
The primary mission of civil engineering activities is to acquire, construct and
maintain and operate real property facilities, and provide rslated management,
engineering and other support work and services.
Organizational Structure
Base civil engineering responsibilities are specifically spelled out by Air Force
reiNlattons, but major commands are authorized to make minor changes in the
organizational structure to fit the needs of a particular base. Figure 1 illustrates th,$
organizational structure of a oasis civil engineering unit.
The organization is headed by an officer, usually a professional engineer, who is
designated as the base civil engineer. The BCE is responsible for the overall planning,
directing, supervising and coordinating of all civil engineering activities on the baso
to which he or she is assigned. Next in line is the deputy BCE, whn may be either a
military officer or a civilian.
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The BC'A organization is divided into six divisions anc
:;:iladron section.
The
squadron section and each of the main divisions--financial Tottkaclat., industrial
engineering, family housing management, operations, enginee
-ad environmental
planning, and fire protectionrare directly subordinate to the BCE. The divisions are
sdbdivided into branches and individual shops.
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4. a.

CAREER FIELD

To effectively

ish the miss.'Al of national defenae, the Air Force has grouped
involved into different career fields. Some of these
career fields, or personnel in some of trwse career fields, take care of food service
activities, pay, trai%sportation, personnel records, aircraft maintbnance, communications,
and many other functions necessary to UShF mission accomplishment.
the many jobs and cl,Jt.-

You have been assigned into one of the career fields which support Air Force civil
engineering activities. Air Force civil engineering has the responsibilities for the
procurement, operation, and maintenance of base property in general. This property
includes land (grounds); roads, buildings, water supply, sewage, electrical,
air-conditioning and heating systems, air field runways and runway lighting systems, and
to make it a safe, healthful place to work.
The three career fields which are regarded
as civil engineering career fields are the mechanical/electrical (one you are in) the
construction, and the sanitation career fields.
Mechanical/Electrical Career Field (54)

This career field in which you are now assigned includes Me specialties responsible
for the installation and maintenance of equipment and systets ',4,4h.;.r.11 are considered to be
primarily electrical and mechanical.
The specialtiQJT withia 17,110.s fi,Bld include

electrician, electric powerline, electrical power
:lfrigeration and
cryogenics (yours), liquid fuels, heating, and CE
systums.
The 54 career field
is by far one of the more interestilg career field: 1. wihich to be assigned.
,

The above general summary of civil engineering career fields has been given so that
you will have knowledge of other specialties in civil engineering
The details of your
very own career field will be provided you in a programmed text. You will be issued this
programmed text--2TPT-9039-01., Civil Engineering Mechanical/Electrical Career Field (54),
for your completion. Be sure you complete it and have youx instructor check it for
correctness.
Your success in any field of accomplishment depends upon your undeistandinl
of what that field consists of. The programmed text also outlines the skill levels and
grades you will attain as you progress in your career field: however, we need to go into
some further details of your very own career specialty and the actual mechanics of the
Air Force career progrestion program.
Refrigeration and Cryogenics Specialty
This specialty in which you are assigned is one ladder of the 54 career field as you
will discover whca you accomplish the programmed text. Your specialty requires you to be
proficient in the installation, modification, operation, and maintenance of refrigeration
and cryogenics systems and components. The details of the knowledges and skills required
are contained in a specialty aumir.z.iy contained in Air Fore Regulation 39-1, Airman
Classification Regulation. A copy of tho specialty sumniy :1.0 included here so that you
will understand the full scope of your specialty.
You will note that the specialty
summary is for both the 3- and 5-skill levela. You will serve as an apprentice in these
jobs as a 3 level, then do the entirA job yourself when you reach the 5 level. As a
5-level specialist, you will also t,e responsible for assisting new 3-level personnel,
those who come along after: you.
Help them as much as you can, remembering all the people
who helped you. Study tLe following specialty summary carefully.
It reflects your job
for the next several years: A Very interesting and Important Job.
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AFSC 54550
Semiskilled AFSC 54530
Helper AFSC 54510

AIRMAN AIR FORCE SPECIALTY
REFRIGERATIOU AND CRYOGENICS SPECIALIST
*1. SPECIALTY SUMMARY
Installs, operates, maintains, modifies, and repairs refrigeration, all types of air
conditioning, cryogenic fluid production, storage tanks at production facilities,
evaporative cooling, air compressing, and ventilation equipment, plants, and systems,
including portable units other than Aerospace Ground Equipment (AGE).
*2. DUTIES AND RESPONSIBILITIES
a.
Installs refrigeration, air conditioning, ventilation, ai- handling and
cryogenic fluid production systems and related control systems and equipment. Aligns,
adjusts and serevices components and equipment such as compresors; condensers; electric
motors; gasoline and diesel engines; centrifugal refrigerating machines; steam and gas
absorption refrigeration plants, heat exchangers; heat pumps; expanders; evaporators;
regulators; fans; pumps: tubing; ducts; electrical wiring harnesses; sensing and
switching devices of direct hnd indirect expansion systems; and cryogenic fluids
production systems.
Shapes, sizes, and connects tubing and components, using special
bending, flaring, and coupling tools and oxyacetylene torches for soldering and brazing.
Connects and adjusts refrigeration and cryogenic.fluids production equipment to source of
power.
Conducts tests of installed equipment for proper assembly of components and
compliance with technical orders, manufacturer's handbooks, and local procedures.

b.
Operates and maintains refrigeration, air conditioning, ventilation, cryogenic
fluids production, and storage tanks at production facilities and rela..ed control
systems, and cryogenic plants and associated equipment for production of gaseous and
liquid nitrogen. Actuates mechanical and electrical controls to start and adjust output
of power source engineo and motors and place systems in operation. Observes and
interprets temperature and pressure gauges and recorders.
lAjusts manual and automatic
controls to produce requirea refrigeration and/or flow of refrigeration or cryogenic
fluids.
Services comi.c..nents such as electric motors, compressors, valves, and moving
mechanical parts with appropriate lubrication. Disassembles, cleans, and reassembles
such components as ruptured disks; safety valves; automatic valves; hand-operated valves;
air compresssor valves; pistons; beerings; cylinder heads; connecting rods; pumps;
pressure gauges; liquid level gauges; heater elements; and moisture, oil, and
sedimentation traps, filters, and strainer assemblies.
Performs preventive maintenance
of systems components. Detects scale and corrosion by making tests for pH, phosphates,
and total dissolved solids and applies preventive treatment. Applies precautionary
procedures required in handling refrigerant gases and cryogenic fluids and associated
CtImicals and in maintaining high pressure lines and components. Defrosts, performs blow
downs, and sets cryogenic plant valves for storage.
Cleans, dries, purges, and degreases
charging lines, charging manifolds, storage cylinders and tanks, filling horeT, tank
connections, and all othur cryogenic equipment to insure removal of combustible
materials.
Charges and stores cylinders and storage tanks with gaseous products and/or
cryogenic fluids. Maintains inspection and maintenance records.
Records gauge readings
and other pertinent data in equipment performance lugs. Furnishes information required
for unsatisfactory reports and recommends changes to correct defective equipment or to
iAprove operating procedures.
c.
Identifies problems and troableshoots refrigeration, all tYpes of air
conditioning, and cryogenic ,. fluids production and associated equipment.
Mixes solutions

and maintains quality contrvl of oxygen and nitrogen products. Analyzes and isolates
systems malfunctions.
Tests pressure and temperature of refrigeration and distribution
systems, using pressure gauges, recorders and therAometers. Analyze pressure-temperature
relationship; determines presence of noncondensible gases and removes by purgiag or
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evacuating. Tests systems operation and purity and purging or evacuating. Tests systems
operation and purity and detects component malfunctions using test equipment. Isolates
electrical malfunctions by use of test equipment. Removes, repairs, and/or replaces systems components or component parts.
Performs operator and minor maintenance on engines
and electric motors. Solders joints and repacks or replaces valves.
Cleans, dries,
purges, and recharges components and lines with appropriate refrigerants and fluids.
Checks installed safety devices for operation. Performs inspections and purity control
measures as required by applicable technical orders.
d.
Maintains tools and equipment. Cleans and uses common tools, special tools, and
testing devices used in analysis'and maintenance of refrigeration and cryogenic fluids
production systems.
e.
Supervises refrigeration, air conditioning, and cryogenic fluids production personnel. Conducts on-the-job training. Assigns work and reviews completed repairs for
compliance with local procedures, safety procedures and applicable technical
publications. Instructs sdbordinates in techniquea and procedures for functions such as
installation, operation, inspection, maintenance handling, storage, and repair of
refrigeration, air conditioning, and cryo9enic fluid production equipment and cc7Iling
systems and equipment. Arranges for placement of materials and directs work when serving
as crew/shift leader. Evaluates work performed and informs immediate supervisor of
status of projects.

3. SPECIALTY QUALIFICATIONS
a.
KNOWLEDGE. Knowledge of principles of refrigeration, thermodynamics, psychrometrics, and mathematics that apply to refrigeration; principles of chemistry and
physics that apply to oxygen/nitrogen production; characteristics, chemical properties,
and use of refrigerants; techniques of installation, plant operation, maintenance, and
automation of refrigeration, air conditioning, and equipment cooling and heating systems;
nomenclature, types, and sizes of refrigeration and air conditioning systems and equipment; associated 6lectrical materials such as wire, fuses, and cables; interpretation of
schematic and wiring diagrmas, blueprints, and technical publications; and safety codes,
practices, and fundamentals of oxygen/nitrogen plants and procedures is mandatory.
Possession of mandatory knowledge will be determined according to AFR 35-1.
b.
EDUCATION:
Completion of high school with courses in general science, mathematics, physics, and shop mechanics is desirable.
c.
EXPERIENCE.
Experience in functions such as installing, operating, maintaining, and repairing refrigeration or environmental control equipment, plant opertion; or
in cryogenic fluid production is mandatory.

d.
TRAINING. Completion of a basic refrigeration/air conditioning course or a
cryogenic fluid production course is desirable.
Completion of a cryogenic fluid
production course is 'mandatory prior to assignment to a cryogenic fluid production
facility.
e.

OTHER:
(1)

A minimum aptitude level of Electronic 50 or Mechanical 50 is mandatory.

(2)
Physical qualification for military drivers according to AFR 160-43 is
mandatory for entry into this AFSC.

(3)

A minimum of Grade 1 color vision as defined in AFM 160-17 is mandatory.

AFOSH STANDARDS FOR AFSC 545X0

Background Information
Executive order 11807 'Occupational Safety and Health Programs for Federal
Employees, tasks each federal agency to establish procedures for the adoption of
occupational safety and health standards. AFR 127-12 includes overall policy and
procedures for implementation of the act.
Air Force Occupational Safety and Health (AFOSH) Standard is defined as a special
Air Force publication which prescribes conditions and/or methods necessary to provide a
safe and healthfill work environment in AFSC.545X0.
AFOSH standards are published as specialized publications. These standards are
issued for maintenance in two volumes. Volume I will contain standards which primarily
concern occupational safety. Volume II will contain standards that primarily concern
occupational health.
Read the following paragraphs, and be prepared to discuss them in class.
While working as a Refrigeration and Cryogenics Specialist, you will find this field
to be interesting and rewarding.
There are certain hazards inherent with this career
field that, if caution and responsible work habits are not observed, could cause injury,
and possibly death.
These hazards include, but are not limited to the following:
o

Electric shock

o

High pressure refrigerant lines and cylinders

o

Drive belts

o

Phosgene gas

o

Liquid refrigerant

o

Fans

o

Heavy equipment

Electric Shock
Trouble shooting a refrigeration or airconditioning system is one of -he many jobs
you will encounter, and one that you will spend a considerable amount o_
doing.
If
possible, your first action of troubleshooting an electrical circuit should be to shutoff
the power. Just shutting off the power, and then going to work will not adequately
protect you. While you are busy troubleshooting the unit, taking wires -ff, and putting
wires back together, what is to stop someone from noticing that the system is not
operating, and from noticing that the power switch is turned OFF, and from turning it
back on suddenly making the circuit you are working on hot? To prevent this from
happening to you, always hang a tag or a note on the power switch saying that you turned
it OFF and that you are working on the circuit.
Even when the circuit has been turned OFF and tagged, an apparently dead electric
circuit can still be energized by what is known as feedback.
Electrical feedback is when
parts of an open circuit remain energized from a connecting circuit that has not been
opened.
Always check an open circuit with a voltmeter to be sure it is not energized.
High Pressure Refrigerant Lines and Cylinders
Some of the systems you will be working with operate at very high pressures.
Refrigerant lines could be holding pressures close to 400 PSIG. Nitrogen lines
(Cryogenics) could hold pressures near 3500 PSIG. Be sure to reduce line pressures to a
safe level before working them.
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Pressurized cylinders, such as refrigerant cylinders could become very dangerous if
not handled carefully. If the valve is somehow knocked off the cylinder, possibly by
dropping it, the cylinder could turn into a pressurized miosle, causing destruction and
Never heat a pressurized cylinder with a
injury to anything or anybody in its path.
torch. To do so could cause excessive pressure to build up.inside the cylinder causing a
violent expolsion.
Drive Belts

Much of the machinery you will work With will use drive belts to drive fans,
compressors, and other uses. These drive belts, while operating, Are capable of drawing
loose clothing, or parts of your body into the pulleys, causing extreme injury,
amputation, or even death.
Phosgene Gas

Normally halogen refrigerants are non-toxic, elthough the vapor will displace the
oxygen in a closed environment causing suffocation. When halogen refrigerant vapors come
in contact with an open flame, they form a poisonous gas called Phosgene.
Phosgene gas is used as a chemical warfare agent. Exposure to phosgene gas can make
you very sick. Any time you are applying heat to any part of a refrigeration system, and
the environment contains refrigerant vapor, be sure the area is well ventilated.

Liquid Refrigerant
Mort of the refrigerants that you will be working with have very low boiling
R-13 boils at -22°f, R-22 has a boiling temperature of -410f and
temperatures.
While
(All boiling temperatures are at atmospheric pressure).
R-502 boils at -50 f.
liquid refrigerant is boiling, it is absorbing heat, and making the surface it is boiling
If the stir.' ce the liquid refrigerant is boiling away on happens to be
on very cold.
If liquid refrigerant
your skin, it could cause Ixostbite (Freezing a part of the body).
happens to get in your eye, it could cause blindness. Always wear safety goggles when
working with refrigerants.
Fans

Refrigeration condensing units may be water cooled or air cooled. If the units are
air cooled, they require a fan. Some of the fan blades may be quite large physically,
and they rotate at a high rate of speed. Carelessness or loss of concentration around an
operating fan could cause you to stick a finger or hand into the rapidly rotating fan
blade causing a serious traumatic injury.
Heavy Equipment

Occaionally your job will call for you to move or lift heavy pieces of equipment
such as electric motors, large refrigerant cylinders, compressors, and many more.
Failure to lift properly, or to get enough help to lift could cause injury to your back
or other muscles of your body. If a large piece of equipment should be dropped on part
Be sure heavy items are well secured
of you, that part could be extensively injured.
after setting in place so they won't fall or roll.
High Intensity Noise
During the course of your duties, you may be working in an area that contains
machinery that operates with a noise level that your ears cannot tolerate. Exposure to
this high noise level for an extended period of time can lead to loss of hearing if
appropriate measures are not taken. Wear ear protection devices such as ear muffs or ear
plugs when working in a known high intensity noise area. There are other areas of this
career field that could produce hazardous conditions if you are not wisely cautious with
your working habits.
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Read the following paragraph and be prepared to discurta them in class.

Occupational Health Training
Supervisors will give occupatiional health training to each newly assigned worker
and each worker who has not previously received this training. Additional training will
be given if i-oquired by a change in assigent, equipment, procedures, processes, or
standards.
Occupational health training will be of sufficient length and depth to ensure
that workers know:
o

Hazards of the job tasks they will do

o

Hazards of the work areas

o

AFOSH standards and other AFOSH guidance that apply to their job and workplace

o

Personal protective equipment they will need and how to use it

o

Location and use of emergency and fire protection equipment

o

Emergency procedures that apply to their job and workplace

o

How to identify and report hazards

o

How to repeat work-related injuries and illnesses

Read the following paragraphs and be prepared to discuss them in class.
Hazard Reporting and Abatement
Mishap prevention depends on early identification, reporting, and correction of
hazards.
A hazard may be reported by any person, military or civilian, assigned or
attached to the Air Force, or under contract to the Air Force. A hazard is defined as
any existing or potential condition, act, or procedure that can result in a mishap.
Report hazards first to the supervisor or local agency so that action can be taken.
If the hazard is eliminated on the spot, no further action is required unless it applies
to other similar operations or to other units or agencies.
Reports may be submitted
anonymously. If the response to a hazard is not satisfactory, the originator should
contact the Chief of Safety.
Hazard abatement is defined as the elimination or permanent reduction of a safety,
fire, or ock:upational health deficiency by coming into compliance with I._ ,pplicable
AFOSH standard or other safety or health guidance. The safety staff plays a key role in
the hazard abatement program.
They evaluate each report, assign a risk assessment code,
send the report to the appropriate functional manager for action, give technical
expertise, and monitor corrective action.
The functional manager wil_ take action to
correct the hazard, and keep the safety staff advised of the status of corrective
actions.
The functional manager must also make sure personnel are not exposed to undue
risk during the time required to take action. Where possible, hazards are corrected
through engineering changes to equipment, changes to procedures, or administrative
controls.
Read the following paragraphs and be prepared to discuss them in class.
Mishap reporting and investigation
AFR 127-4 sets up the program for investigating and reporting US Air Force mishaps.
Air Force mishaps are investigated to find their causes and take preventive actions. Air
Force mishaps are reported to all levels of command and to certain other action
agencies.

Air 7orce mishap is defined as an unplanned and unsought event not caused by combat,
which:
o

Results in injury to air Force military and civilian personnel

o

Occupational illness in military or civilian Air Force personnel.

o

Damage to Air Force property or equipment

o

Damage to non Air Force property as a result of Air Force operations

o

High accident potential, even though it did not result in injury, occupational
illness, or reportable damage.

Read the following paragraphs and be prepared to discuss them in class
Individual responsibilities to the AFOSH program
All air force employees, civilian or military, are charged with certain
responsibilities concerning the AFOSH program.
They are as follows:
o

Comply with AFOSH standards and other AFOSH guidance

o

Promptly report safety, fire, and health hazards

o

Promptly report occupational injuries and illnesses to supervisor

o

Wear or use required protective clothing or equipment

o

Take care while doing assigned taska.
Give due consideration to personal
safety and the safety of fellow employees.
SAFETY

Directed Study assignment in preparation for Day 2 instruction.
Read the following paragraphs and answer the questions as indicated.
FIRST AID

Some day you may save someone's life, possibly your own, if you know how to properly
render first aid. As you know, first aid refers to the treatment given the sick or
injured before regular medical or surgical treatment can be administered by trained
personnel.
1.

What is first aid?
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ELECTRICAL HAZARDS AND SAFETY PRACTICES
Almost everyone is required to work on or around electrical circuits as they do
their job in the Air Force.
You cannot see electricity; therefore, you cannot determine
by looking at a conductor if it is energized by voltage.
Also, you cannot determine the
amount of voltage applied to the conductor. .In order to work safely around electrical
equipment, you must understand the following:
Operation principles of ac and dc electricity.

Functions of the electrical circuits you maintain.
Use of electrical safety equipment.
Safety precautions to be obser7ed.
Conditions which cause an electrical shock.
Effects of an electric shock.
o

Can you tell by looking at it if a conductor (wire) is energized or not?

o

List four things you must understand to work safely around electrical

equipment.

A number of people are electrocuted each year because they fail to understand one or
more of the above items.
For example, when a person is electrocuted, death resulted from
which of the following?

Voltage
Current
Resistance

An electrical shock includes all three of these factors.
"killer" in the case of electrical shock.

However, "current" is the

Voltage 1!; an electrical pressure which causes tiny electrically charged particles
(electrons) to flow through a conductive material.

Current is the movement of these tiny electrically charged particles (electrons)
through the conductive material.
Movement of electrons through the human body affects
t.he muscles and nervous system.
When the current exceeds a certain value, the muscles
affected become paralyzed.
This causes the heart to stop beating and the lungs to stop
functioning. If this condition prevails long enough, death results.
Resistance is the factor which opposes the flow of current. The amount of
resistance that the human body has depends on certain conditions. The skin, when dry,
has a high resistance. This skin characteristically acts to protect a person from
electrical shocks by low voltages.
However, when the skin is wet or damp, it has a
smaller amount of resistance. Therefore; a person Whose skin is wet may be e1ectr.3cuted
by low voltage (about 100 volts), while a person with dry skin may not be electrocuted
with voltages of this low value.
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o

What is the "Killer" in the case of electrical shock?

o

What causes electrons to flow through a conductive material?

o

Movement of electrons through the human body affects the

o.

When the skin becomes wet or damp What happens to the resistance?

and

Effects of Electric Shock
Electric shock may cause instant death or unconsciousness, cessation of breathing,
and burns of all degrees. If a 60-cycle alternating current is passed through a person
from hand to hand, or from hand to foot, the effects When current is gradually increased
from zero are as follows:
At about 1 milliampere (0.001 ampere) a slight shock can be felt.
At about 10 milliampere (0.010 ampere) the shock is severe enough to paralyze
muscles so that a person may be unable to release the conductor.
At about 100 milliampere (0.100 ampere) the shock is fatal if it lasts for one
second or more.
Almost all electrical injuries are caused by carelessness or overconfidence in
handling equipment. Most personnel are likely to think in terms of high voltages, but
death lies in the low voltages too. The following facts are presented to illustrate the
hazards of low voltage.
The human skin, through its resistance, acts as a protector against electrical
This resistance to electrical current varies between 100,000 and 600,000 ohms for
dry skin.
It may be as low as 1000 ohms for wet skin.
The resistance of the internal
body, hand to foot, is about 400 to 600 ohms, and from ear to ear, 100 ohms.
shock.

Assume that 120 volts is applied to the perspiring skin of a worker who is standing
on a good electrical ground. Further assuming the worker has a total resistance of 1500
ohms, the current through him or her would be about 0.08 ampere or 80 milliamperes.
This
amount of current is not always fatal, but it is painful.
It causes severe muscular
contractions and makes breathing difficult. If the current absorbed is between 100 and
200 milliamperes, it produces a heart condition, wherein the heart muscle fibers work
independently and without rhythm, causing instant death.
o

What could electric shock cause?

o

'At about

a shock is fatal if it last

for one second or more.
o

Almost all electrical injuries are caused by What?

o

The

acts as a protector against electrical

shock.
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Treatment for Electrical Shock
Immediate action must be taken in cases of electric shock. Seconds count as they
can mean the difference between death and recovery. Artificial respiration is the
flndamental first aid measure for this emergency. A person coming in contact with a
"live wir," is the usual cause of electrical shock. If the switch is nearby, turn it
off, but do not spend time hunting for the switch. Remove the victim from the wire by
using a dry wooden pole, dry clothing, rope, or any nonconductor.
Be sure not to touch
the wire or victim with your bare hands or you will end up in the same condition as the
victim. Artificial respiration should be started immediately
after freeing the victim
from the wire.
o

What is the fundamental first aid measure for electrical shock?

o

How would you remove a victim from a live wire?

HEART-LUNG RESUSCITATION
Resuscitation procedures described herein are in two parts: which, when combined,
constitute heart-lung resuscitation.
These procedures are applicable to victims of
electrical shock, heart failure, drowning, suffocation, and certain other causes:
however, the original consideration here is electrical shock.
Artificial respiration is applicable where respiration has stopped, but there is a
pulse however slight. The easiest place to detect the pulse is not in the wrist, but in
the throat on either side of the windpipe near the collarbone.
In cases where no pulse
is apparent, use closed chest cardiac massage along with artificial respiration.
Closed chest cardiac (heart) massage ia the rhythmical compression of the heart
without opening the chest by surgery.
It is designed to provide an artificial
circulation in order to keep blood flowing to the brain and other organs until the
heartbeat has been reestablished. Closed chest cardiac massage is used in cases where
the heart has stopped beating (cannot detect a pulse).
The primary reason for the heart's ceasing to beat is insufficient oxygen to the
vital centers. This could result from smothering.
Other reasons include electrical
shock, excessive bleeding, shock, heart disease, effects of certain drugs, and even
anxiety.
When the heart stops beating or breathing stops, it is always an emergency. Be
calm; think; actl
Time is of the utmost importance - SECONDS COUNT1 If you are alone,
or there are only two of you to conduct emergency aid, DO NOT TAKE THE TIME TO SEND FOR
HELP. If additional personnel arrive, then send for medical personnel. The great danger
when the heart or breathing stops, is the lack of sufficient oxygen carried in the blood
to feed the brain. The brain is the most sensitive tissue of the body
and the results of
a shortage of oxygen becomes severe within a few minutes (usually about three) after
breathing and circulation are cut off. Thus, while a victim who has had delayed
resuscitation may live, he or she faces the possibility of extensive brain damage - a
human vegetable.
o

Where is the easiest place to detect a pulse?
If there is no pulse what should you do?

What is the danger when the heart or breathing stops?
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Mouth-to-Mouth Method
This method of artificial respiration is accomplished by executing the procedure
listed below.
1.

Place the casualty on his or her back (face up).
Do not put anything under the head
as it may flex the neck, causing the air passages t.) be blocked.

2.

After turning the victims head to the ;side, quickly clear the mouth of any foreign
matter by running your fingers behind his or her lower teeth and over the back of
the tongue. Wipe out any fluid, vomitus, or mucus
This cleaning should not take
more than a second or two since little time should be lost in getting air into the
casualty's lungs.

3.

If available (do not waste time looking for these materials) place a rolled blanket
or some other similar material under the shoulders so that the head will drop
backward. Placing one hand under the victim's neck,
and the other hand on his or her
forhead, tilt the head back so that the neck is stretched and the head is in the
"chin-up" position, see Figure 2. This aligns the air passages so that they do not
become blocked by kinking or pressure.
Using the hand on the patient's forhead,
pinch the nose shut in order to prevent air leakage.

Figure
o

2

When preparing a victim for mouth-to-mouth resuscitation, why would you not place

anything under the victim's head?

o

4.

Why must you pinch the nost shut when giving mouth to mouth resuscitation?

Take a deep breath and open
your mouth wide. Seal your
mouth around the casualty's
mouth and blow forcefully
(except for infants and
small children) into his or
her mouth until you see the
chest rise, see Figure 3.
If the chest does not rise
check to make sure the
victim's neck is hyperextended and try again while
making sure there is no air
leakage around the mouth or
nose.

Figure 3.
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Apply Mouth-to-Mouth Respiration

5.

When the v.ictim's chest rises, stop blowing and quickly remove your mouth from his
or hers.
Take another deep breath While listening for his or her exhalation.

6.

When exhalation is finished, blow in the next deep breath.
The first five to ten
breaths must be deep (except for infants and small children) and given at a rapid
rate in order to provide rapid reoxygenation. Thereafter, continue breathing at a
rate of 12 to 20 times a minute.
CAUTION: Excessively deep and rapid breathing may cause you to become faint, to
tingle, and even to lose consciousness. Therefore, after the first five to ten
breaths, adjust your breathing to a rate of 12 to 20 times a minute with only
moderate increase in normal volume.
In this way rescue breathing can be continued
for long periods without fatigue.

7.

After performing rescue breathing for a period of time, you may notice that the
casualty's stomach is bulging.
This is due to air being blown into the stomach
instead of the lungs. Although an inflation of the stomach is not dangerous, it
makes inflation of the lungs more difficult. Do not attempt to reduce the stomach
bulge as this may cause the victim to aspirate (Force vomitus into the lungs).

8.

As soon as artificial respiration has been started and while it is being continued,
an assistant should loosen any tight clothing about the casulaty's neck, chest, or
waist.

9.

Continue artificial respiration without interruption, until natural breathing is
restored or until a physician declares the patient dead.

10.

To avoid strain on the heart when the patient revives, he or she should be kept
lying down and not allowed to stand or sit up. The patient should be kept warm and
given a warm drink, such as coffee or tea.

11.

A brief return of natural respiration is not a certain indication for stopping the
resuscitation. Not infrequently the patient, after a temporary recovery of
respiration, stops breathing again. The patient must be watched, if natural
breathing stops, artificial respiration should be resumed at once.
o

Why must the first five to ten breaths be deep and at a rapid rate?

o

What should you do if you see the victim's stomach bulging?

o

How long should you continue artificial respiration?

SPECIFIC TYPES OF WOUNDS
The lifesaver steps; Stop the bleeding, prevent shock, and protect the wound,
should be carried out when treating any person who has suffered injury.
Stop the Bleeding.

First apply pressure to the wound with a dressing or any clean article of cloth.
The dressing is placed against the wound and firm pressure should be applied as long as
needed.
If the wound is on an arm or leg, and if bleeding continues, place the patient
in a prone position with the injured limb raised. The limbs should not be raised if
broken bones are suspected.
If blood is gushing from the wound and the previously discussed methods of stopping
the bleeding have failed, a tourniquet should be applied.
The tourniquet should be
tightened only enough to stop arterial bleeding (gushing of blood from the wound).
Always place the tourniquet between the wound and the heart, in most cases just above the
wound; however, in case of bleeding below the knee or elbow, a tourniquet should be
placed above these joints.

The patient ehould be seen by a medical officer as soon as possible after the
tourniquet is applied. The tourniquet should not be loosened by anyone except trained
medical personnel.
o

The three lifesaver steps are
,

and

o

When should you NOT r'ise a victim's limbs to control bleeding?

o

When should a tourniquet be applied?

o

Who should loosen the tourniquet?
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Bleeding can often be reduced or stopped by applying hand or finger pressure at
various pOints on a patient's body as indicted in Figure 4.
The pressure points in the groin
and neck are particularly important.
If the wound is too high on the leg for a
tourniquet to be applied, the pressure
points in the groin can be used.
A
neck pressure point should be used
when the patient has a profueely
fOleeding scalp wound. Use the neck
&ensure point only when other methods
of stopping the bleeding have failed.
Do not apply pressure to both neck
points at the same time or the blood
supply to the brain will be critically
reduced.
Bleeding can be stopped by
applying
or
pressure at varioun points on a
victim's body.
When is the only time you should
use the neck pressure point?
Figure 4.

Pressure Pointtfor
Bleeding Control

Prevent or Treat Shock
Treatment for shock is started as soon as you come upon a casualty.
Shock is a
condition of great weakness of the body. It can, and often does, result in death, and
may be caused by any type of injury.
The more severe the injury, the more likely the
occurrence of shock.
A person in shock may tremble and appear nervous.
His or her pulse becomes rapid
and weak. The patient may be excessively thirsty, and may become quite pale and wet with
perspiration.
He or she may gasp for air and may pass out.

A person may not go into shodk for sometime after an injury; therefore, he or she
should be treated for shock whether there are any shock symptoms or not. To prevent or
treat shock, make the patient comfortable. Remove any bulky items the patient has been
carrying. Loosen the belt and clothing. Handle the patient gently, and do not move him
more than is absolutely necessary.
If he or she is lying in an abnormal position, make
sdre no bones are broken before you attempt to straighten the person out.
if there is no
head wound, lower his or head and shoulders, If possible, raise the legs to increase the
flow of blood to the brain. Patients with head wounds are treated as described in the
section covering head wounds. Use a blanket, coat, etc, to keep him or her from becoming
chilled. Be sure to put something under the patient to protect the body from the cold
ground.
If he or she is unconscious, place the patient face down with the head turned to
one side. This position helps to prevent choking should vomiting occur.
Once you have
the.patient in the proper position, don't move him or her because to do so might cause
the blood pressure to drop.
When should treatment of shock begin?

What is shock?
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o

The pulse of a victim in shock becomes

o

Why it is necessary to raise a patient's legs when treating for shock?

and

o
If the victim is unconscious why do you place him or her face down with the
head to one side?

Heat Exhaustion and Heat Stroke

Heat exhaustion is brought on by extreme physical exertion in a hot environment and
is a state of mild shock. Heat exhaustion is manifested by weakness, faintness,
dizziness, headache, loss of appetite and nausea. Victim's skin will feel cold and
clammy and will be perspiring. The body temperature will be About normal. The first aid
procedure for heat exhaustion is to have the victim lie down in a cool room and be made
comfortable. The victim may be given a drink of salt water, 1/2 teaspoon salt in 1/2
glass of water every 15 minutes for 3 or 4 doses only if conscious. Treat for shock by
loosening victim's belt, and loosening tight clothing.
When treated as indicated above,
heat exhaustion should be promptly reversed and nonfatal.
However, if prompt recovery is
not seen after rest in a relatively cool area, the victim should be transported to a
medical facility.
o

Heat exhaustion is caused by

o

List

o

List the first aid procedures for heat exhaustion.

o

Under what circumstance should you definitely not give the heat exhaustion

the symptoms of heat exhaustion.

victim a drink of salt water?

o

When should the first aid responder determine that a heat exhaustion

victim should be transported to a medical facility?

Heatstroke, sometimes referred to as sunstroke is a failure of the heat regulating
mechanism of the body.
The body cannot rid itself of excess heat, normally accomplished
by sweating. Pater sweating.has ceased, heat will continue to build up in the body
eventually resulting in cell damage in the Central Nervous System (brain and spinal
cord).
It is not necessary for the victim to be exposed to the sun for this very serious
state to occur.
The victim has usually worked in a warm humid environment for a long
period of time. The heatstroke victim will have red or flushed; hot, dry skin, and a
very high body temperature (sometimes reaching 105° or more).
When heatstroke first
occurs, victims pulse will be rapid and bounding. Later the pulse will be rapid and
weak.
The victim may have diminished cerebral functions or the victim may be in a coma
or near coma. Heatstroke is a true emergency. All untreated victims of heat stroke will
die.
They may die even if treated.
Permanent Drain damage may result if the condition
is allowed to persist for a significant period of time.
First aid procedures for heat
atroke are:
a.

Try to reduce the body temperature to below 100° if possible by immersing the
victim in ice water, or by using wet sheets and a fan.

b.

Transport to nearest medical facility as a priority one emergency.

c.

C.oling treatment must be continued while transporting.

o

Heatstroke is also known as

o

Define heatstroke

o

How does the body normally rid itself of excess heat?

o

If excess heat continues to build up in the body, eventually what would result?

o

What has the victim usually done prior to a heat stroke?

o

List the symptoms of heat stroke.

o

List the first aid procedures for heat stroke.
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HAND TOOLS
OBJECTIVE

To help you in identifying and selecting hand tools and special tools as used in
refrigeration.
INTRODUCTION
Few words have so many meanings as the word "tools".
Each workman has certain tools
whidh are common to his or hsr job.
In this lesson, only those tools you will be using
in this career field will be discussed, since these will be most important to you.

INFORMATION
The following assignments will be referenced from various chapters in the Modern
Refrigeration and Air Conditioning textbook.
Complete the questions before day 2 class.
Answer these questions on a separate sheet of paper and be prepared to hand them in.
o

On page page 52, which two tools are used to cut copper tubing?

o

In paragraph 2-30, which wrendh is most desirable when working with nuts and

bolts?
o
o

socket?

Which wrench is least desirable?

Under what conditions would a 6-point socket be preferred over a 12-point
(Para 2-31)

o
If a bolt has a nominal size of 5/16, then it takes what size wrench for the
head and nut? (Figure 2-45)
o

This wrench looks like a box wrench but it has an opening in it; what is it?

(Para 2-33)
o
When using open end wrenches on refrigeration fittings, why is a thick jaw the
better wrench? (Para 2-34)
o

Is there a proper way to use an adjustable jaw wrench?

If so, how? (Para

2-35)
o
The service valve wrench has a square hole on the fixed end and what on the
other? (Para 2-37)
o

What is the fixed end of the service wrench used for?

(

Para 2-37)

If you have a service wrench but it dols not fit the valve stem on your
equipment, then according to paragraph 2-38 what kase do you need?
o

16-ounce

In normal refrigeration work the type hammer you will.use most is the 12- or
hammer. (Para 2-40)

o
To prevent surface injury to parts while hammering on them, you should use a
mallet made of
or
,

.

(Para 2-41)

Y=vragraph 2-42 lists two types of wire cutting pliers; they are the
and
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o

What part of a screwdriver is not included in its length? (Para 2-43)

o
The size of a drill bit is usually found on the
drill. (Para 2-46)

of the

o

The double cut file is used for what purpose? (Para 2-64)

o

Which hacksaw blade would be best for cutting copper tubing? (para 2-65)
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ELECTRICAL PRINCIPLES AND CIRCUITS
OBJECTIVE

To help you attain a working knowledge of Electrical Principles and Circuits.

kNTRODUCTION
You may question why a refrigeration mechanic needs tp know electricity. The answer
is simple.
By far the largest amount of refrigeration troables are in the electrical
system.
In order to train you in the most effective manner, we begin with simple
fundamentals and increase your knowledge each day.
INFORMATION

The following assignments will be completed as indicated for days 2 thru 5. You
will be given a quiz at the beginning of each day which val measure information from the
designated section of this Study Guide Workbook.
Part 1

Read the following paragraphs and answer the questions prior to day 2 class.

MATTER
Matter is made of particles in motion.
This moving-particle theory explains
many common facts such as evaporation
of liquids, diffusion of gases, and the
flow of electrical current.
Howeve::,
before you can use the moving-particle
theory to explain current flow, or why
some materials such as copper, silver,
and gold make good conductors of electricity and other materials very poor
conductors, you must idfentify the particles of matter that do the moving.

To obtain the answer to these questions
is the reason you are starting the study
of electricity with a basic lesson on
the structure of matter.
Structure of Matter

The earth and the planets, or anything found on, around, or in them are states of
It exists in millions of forms, from the clouds in the sky and our food and
clothes, to the soils, liquids, metals, woods, and rocks of the earth.
matter.

These many forms of matter exist in three states - liquid, solid, and gas. As you
know, liquids, solids, and gases occupy space and have weight; otherwise, we could not
identify these states of matter. Therefore, everything around us is an example of matter
in one form or another.
o
space.
o

True or false

(Circle one).

Matter is anything that has weight and occupies

The three states of matter are

and
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Long ago scientists discovered that the many forms of matter could be broken into
smaller particles. One of the smallest particles to which matter can be broken down is
the molecule.
Scientists call the smallest part of any common substance (matter) that still has
the properties of the substance, a molecule.
The very smallest bit of glass that can
still be identifed as glass is a glass molecule.
The smallest bit of water that can be
identified as water is a water molecule. Chemical methods can break down most molecules
into still smaller particles. However, when the molecule is broken down into smaller
particles, the characteristics of the original substance are destroyed.
o
What is the smallebi. part of any common substance that still has the properties
of the substance called?

o

What happens to a molecule when it is broken down into smaller particles?

A substance which contains atoms of only one kind is called an element. By chemical
action, we can combine elements to form completely new substances called compounds. If
we break down water, we would have two atoms of hydrogen and one atom of oxygen. Water,
then, is a compound formed by combining the atoms of oxygen and hydrogen. Rust is another
compound, it is produced when the atoms of the iron element and the atoms of the oxygen
element combine. Sugar, which is a compound, is composed of the elements of carbon,
hydrogen, and oxygen. In other words, the atoms of most elements will combine with other
kinds of atoms to form compounds. Salt, sugar, paper and water are all examples of
compounds formed by a combination of elements.
What is an element?

What is a compound?
We have discovered that molecules are composed of very small particles known as
An atom is the smallest particle that retains its identity as a part of the
element from which it ir divided. A further division of the atom would yield particles
that bear no relationship to the original element from which they came. Now let us break
down some matter and identify the atom.
atoms.

Match the definitions with the list of terms by placing the number of the definition
in the appropriate blank.
Matter

1.

The smallest particle of an element that can take part
in ordinary chemical change.

Molecule

2.

A substance which is made up of different kinds of
atoms in chemical combinations.

Atom

3.

A substance which is made up of the same kind of
atoms.

Element

4.

The smallest particle into which a substance can be
reduced aria still retain the characteristics of the
substance.

Compound

5.

Anything which occupies space and has weight.
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All atoms are composed of tiny particles. The centermost part is known as the
The nucleus of an atom may be compared to the sun in our solar system around
which planets revolve. The nucleus accounts for almost all the weight (ma*:a) of the
atom, and furnishes the force that causes other particles of the atom to spin around the
nucleus in the same manner as the planets move in orbits around the sun. In the sketch
below, notice the resemblance of an atom to our solar system.
nucleus.
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o

The center most part of the atom is known as the

o

The nucleus accounts for almost all the

of the atom.

The nucleus contains two of the three parts of the atom.
These two parts are known
as the proton and the neutron. The proton will always have a positive charge and every
atom must have at least one proton in its nucleus.
The symbol used to represent the
+
proton is
The neutron is a sub atomic particle found in the nucleus of the atom.
Althouogh it has a diameter and m-Iss approximately equal to the proton, it has no
electrical charge.
Hence, it can be thought of as one proton and one electron.
The
neutron is required to stabilize the atomic structure of the more complex type atoms.
Its symbol is N
The protons and the neutrons are packed closely together to form the
nucleus of the atom. Since the Leutron has no electrical charge and the proton has a
positive charge, the nucleus of an atom will always have a positive
+
)
charge and
is the particle that maintains the stability of the atom.
.

(

NUCLEUS

®
o

The atom contains the

and the
o

What type charge does the proton have?.

o
True or false (circle one).
The neutron
dOes not affect the stability of the nucleus.

What type charge will the nucleus always have?

®
e(DO

Read the paragraph below and answer the following questions.

The third part of the atom is the electron. Electrons are the particles that circle
about the nucleus of an atom in paths called shells. There can be as many as seven (7)
shells around the nucleus of an atom. Each shell will have a number of electrons
orbiting in it.
The number of electrons that each shell can hold depends upon the
distance of the shell from the nucleus. However, the total nuMber of electrons orbiting
in the shells will be the same as the number of protons in the nucleus.
The electron has
a negative charge and the symbol is ( - )
It is this negative charge that helps hold
the electrons in orbit around the nucleus.
.

What is an electron?

o

What type charge does an electron hold?

In the sketch of an atom shown below, identify the three parts of the atom by
writing the word Electron, Proton, and Neutron in the appropriate blank.

®

One of the fundamental laws of electricity is that like charges repel each other,
and unlike charges attract each other.
This law explains the bond that exists in the
atom between the positively ( + ) charged protons of the nucleus and the negatively
- )
charged electrons orbiting around the nucleus.
Since the two particles (electrons and
protons) have unlike charges, they will be drawn toward each other until the positive
charge exactly balances the negative charge.
This balanced or neutral condition holds
the electrons in the various orbits around the nucleus.
Under normal conditions the
number of electrons in the orbital shells of an atom will be the same as the number of
protons in the nucleus. Therefore, if the sum of the positive charges exactly equals the
sum of the negative charges, the atom wil.. be neutral.
(

o

Like chatIges

each other and unlike charges

each other.
o

Under normal conditions what does the number of electrons in the orbital shell

equal?
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In the normal atom the sum of the positive charges of the protons in the nucleus
exactly equals the sum of the negative charges of the electrons - such an atom is
neutral.
/f for some reason a few electrons are torn away from the neutral atom, the
atom becomes charged and is called a pouitive ion.
Therefore, atoms having a positive
charge are the result of an atom losing one or more of the orbiting electrons. In other
words, a positively charged atom will have more protons in its nucleus than there are
orbiting electrons.
o

o

What is a positive ion?

Does a positively charged atom have more protons in it's nucleus than there are

orbiting electrons?

If the electrons that are torn away from the neutral atom (as explained in the
previous paragraph) gather on some other neutral atom, that atom becomes negatively
charged, and is called a negative ion. If an electron moved to an already neutral atom,
the atom would then have an excess of electrons.
The result would be the atom having a
negative charge.
what happens to the'atom if it has an excess of electrons?

Now let us review the information on the electrical charges an atom may contain. We
know that an atom may have a number of shells with a number of electrons orbiting in each
shell, and normally there is one orbiting electron for each proton in the nucleus.
The
sum of the positive charges of the protons exactly equals the sum of the negative charges
of the electrons.
In other words, under normal conditions atoms are neutral; all atoms
strive to remain electrically neutral. However, if for some reason a few electrons are
torn away from a neutral atom, it has an excess of protons and is now a positively
charged atom.
If the electrons that Lre torn away from the neutral atom gather on some
other neutral atom, it now has an excess of electrons and is a negatively charged atom.
Identify the electrical charge of each illustrated atom by writing the word
Positive, Negative, or Neutral in the appropriate blank.

A
We observed that some electrons are close to the nucleus and others are farther
The number of shells and the number of electrons in each shell depends upon the
complexity of the atom. The shell closest to the nucleus can hold only two electrons.
The next orbital shell can hold from one to eight electrons.
The first shell must be
filled with two electrons before any electrons can move into the second shell. Likewise,
the second shell must be filled with its eight electrons before any electrons appear in
the third shell. Therefore, if there are more than 10 electrons in the atom, an
additional orbital shell farther away from the nucleus is required.
away.
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How many electrons can the shell closest to the atom hold?
It is now apparent that the first shell can hold up to two electrons and the second
shell can hold up to eight electrons. Also, eadh shell (first and second) must be filled
completely before the third shell is formed. The requirement to fill the shell
completely before the next shell is formed aprlies cnly to the first and second shells.
Continuing outward from the nucleus, the third shell can hold up to 18 electrons,
the fourth shell up to 32 electrons, etc. However, the outer shell can hold only up to
eight electrons.
The next to the outer shell can hold only up to 18 electrons.
When the
outer shell is filled (8 electrons), and the next to the outer shell is filled (18
electrons), a new shell will be formed when another electron is addded to the atom.
o
True or False (circle one). The requirement to fill the shell completely
before the next shell is formed applies to all the shells.

How many electrons can the next to the outer shell hold?
It is possible to determine whether a given substance will easily release electrons
by noting the distance the shell is from the nucleus and the number of electrons in each
shell.
The first shell (the dhell next to the nucleus) is complete and chemically stable
when it has two electrons. The electrons, in this case, are bound tightly around the
nucleus, and a great force is required to dislodge the electrons. The second shell must
have eight electrons before it is complete or dhemically stable. If the shell in
question is complete, a superior force would also be required to remove the electrons.
Now, if there are only two electrons in this second shell, it would surrender the
electrons with relative ease.
The unstable condition and distance the shell is from the
nucleus permit the electrons to be easily dislodged from the atom.
True or False (circle one).
when it has one electron.

The first shell is complete and chemically stable

o
Will an atom that has two electrons in the second shell surrender these
electrons easily?

In other words, when the outermost shell of an atom has eight (8) electrons, the
shell is stable and it will refuse to give up or take on additional electrons. We know
that the other shells closer to the nucleus are also stable and will not give up
electrons. Therefore, it is this outermost shell that determines if electrons can be
drawn away from the atom by a small outside force. The outermost shell is called the
valence shell and the electrons in this ehell are called valence electrons. When the
valence shell of an atom is more than half full (5 or more electrons) the atom tends to
take on electrons to complete its shell and will refuse to give them up. If the valence
ehell is less than half full (3 or less) the atom tends to give up electrons. The fewer
valence electrons there are in the valence shell, the easier it is to free them.
What is the outermost shell called?
True or False (circle one). The fewer valence electrons there are in the
valence shell, the easier it is to free them.

The outermost shell is stable when it contains

electrons.

Once an orbital electron is removed from an atom, it is called a free electron. The
valence electrons of certain metals are so looseiy bound to the nucleus that a small
outside force can move the electron from the atom.
The small amount of energy created by
room temperature can cause an electron to be moved from the atom and become a free
electron.
This free electron may move in any direction through the metal in search of a
positively charged atom.
In other words, there is a random movement of electrons among
the atoms within the metal.
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o

Once an orbital electron is removed from an atom what is it called?

It is apparent that the free electrons moving about the interior of the metal may
again recombine with atoms. There is still an interchange of free electrons between
atoms, but there is no general trend in either one direction or the other. The electrons
do not actually flow from one end of the material to the other, unless they are forced to
do so by the application of some external force.
They are not considered as flowing in
the sense that an electric current flows.
In other words, to have a current flow, there
must be a constant pressure to maintain a steady drift of electrons and a suitable path
through which the electrons may flow.
o
a.

Name two requirements necessary to have current flow.
b.

If a positively charged body (having too few electrons) and a negatively charged
body (having an excess of electrons) are placed at opposite ends of the copper wire, the
free electrons in the copper wire will be attached to the positively charged body. The
force caused by the two differently charged bodies cause all of the free electrons to
move in the same direction through the wire. The random movement of electrons no longer
prevails.
The movement of these free electrons through the conducting copper wire toward
the positively charged body constitutes an electric current.
What will happen if you place two differently charged bodies at opposite ends
of the wire.

When a battery is applied to the wire, an excess of electrons is applied to one end
of the wire and a deficiency of electrons at the other end. The free electrons are
caused to flow or drift toward the end with a deficiency of electrons. This is the same
condition explained in the previous paragraph - two unlike charges. In the general drift
of electrons along a wire carrying an electric current, each electron travels only a
short distance before colliding with and becoming attached to an atom.
However, this
collision knocks off one or more electrons from the atom which become free electrons. In
this manner the general drift continues throughout the entire length of the wire. This
drift of electrons through the wire is referred to as a "FLOW OF CURRENT."
What is the flow of electron referred to?
Now let us review the information on the theory of current flow.
The tendency of an
atom to give up its electrons depends upon a characteristic called "Chemical Stability."
An atom is said to be stable if its valence shell is full; that is, when the valence
shell contains eight valence electrons. A great amount of force is required to dislodge
the electrons of a chemically stable atm.. When the valence shell of an atom is more
than half full, the atom tends to take on electrons. When an atom's valence shell is
less than half full, the atom will give up electrons.
When a small amount of force is
added to a valence electron, it will move out of the valence shell and become a free
electron.
If the movement of electrons is controlled so that the free electrons move in
the same direciton at the same time through a conducting material, we have a flow of
electrons which is called electric current.

The atom is said to be stable if its
o

STOPI

What is the flow of electrons called?
You have completed the material to be studied before day 2 class.
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Start here for material to be accomplished prior to day 3 class.
Now that we know free electrons in the form of electrical current can be moved from
point to point in a conducting material, the unit of measurement for electrical
current
can be presented. The negative charge of an electron is called
an elemental charge, and
it is the smallest electrical charge which has been discovered.
The positive charge of a
proton is also called an elemental charge. These charges are equal and opposite in
electrical strength. Since the mobile member of the atom is the
electron, it moves this
charge through the conducting material.
The rate at which the electrons move this charge
through the material determines the amount of current flow.
What determines the amount of current flow?

The number of elemental charges that pass any point in a conducting material each
second is the rate of flow of electrical current. However, the elemental charge is too
small for practical use.
This charge is so small that it would require several sheets of
paper to record the amount of current used in your home in one day. We must have a
number of elemental charges Measured as a unit of current. This unit is called a
coulomb. It takes 6,.7.50 million billion elemental charges
to make one coulomb.
The
coulomb is the unit quantity, or unit charge that is computed when determing the flow
rate of current.
o

How many elemental charges does it take to make one coulomb?

The rate at which a current of water flows through a pipe is expressed as a certain
number of gallons or cubic feet per second.
In the same way, a current of electricity
may be expressed as a certain quantity of charge flowing per second past a certain point
in the conducting material.
As you know, we use the coulomb as the quantity of charge
that goes by per second.
The rate at which the unit charge flow is measured is amperes.
If one coulomb passes a point each second, the current flow would be one ampere.
Therefore, ampere is the number of coulombs passing a point per second in a conducting
material.
The unit of measure used to express the rate at which current flows is the
ampere.
o

What is a coulomb?

o

What is the unit of measure used to express the rate of current flow?

Now that we know that current is the movement of electrons through a conducting
material, and the total amount of charge transferred by the moving electrons is measured
in amperes, let us discuss the force that causes the movement of the electrons. You
should remember that when a wire is connected between a point with
an excessive number of
electrons and another point with a deficiency of electrons, there will be a movement of
the free electrons. This movement is explained by the fact that
an electrical ressure
exists whenever there are more electrons at one point than at the other.
The greater the
difference in the number of electrons, the greater the electrical pressure and the
greater the amount of electron flow.
This electrical pressure between the two points is
known as a difference of potential.
o

What will happen when you connect a wire between a point with an excess of

electrons and a point with a deficiency of electrons?

o

What is the electrical pressure between two points known as?
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When two bodies have unequal charges, a difference of potential exists between them.
This difference of potential causes a current to flow. However, the drift, of the
electrons will tend to neutralize the unequal charge of the two bodies and no difference
of potential will exist. Therefore, we must have a force that will maintain the
difference of potential between the two bodies. In other words, we must have a force
that will remove electrons from one point and pile up electrons on the other. This force
is known as electromotive force. Now, if a device that causes a continuous electromotive
force in connected between tWo points, a difference of potential is maintained and a
Continuous current will flow.
Difference of potential causes
True or False (circle one). The force that will remove electrons from one
point and pile up electrons on another point is known as electromotive force.
In order to maintain a steady flow of current, we must have a continuous electromotive force. That is, one end of the wire must have an excess of electrons and the
other end a deficiency of electrons.
Note in the illustration o the right
that the electrons flow away from
one post of the battery and toward
the other post. The reason for
this is that a battery creates an
excess of electrons at one post
and it has a deficiency of electrons at the other post. The
battery then is a constant source
of electromotive force.

o

The battery is a constant source of

o

What is required to maintain a steady flow of current?

This electromotive force, or pressure, is usually abbreviated "E. M. F." This EMF
is expressed in units called "volts". The volt is a unit of electromotive force and is
measured with a device called a voltmeter. When the EMF of a battery is mentioned, it is
referred to as having a certain number of volts. The same is true of the wall plug in
your house. When we measure the EMF of the plug, we say that there are 110 volts
available.
o

What is the abbreviation for electromotive force?

o

What is the un_t of measure Dor electromotive force?

o

What device do wz use to measure electromotive force?

To summarize: When two bodies have unequal charges, a difference of potential
exists between them. This potential difference causes a current to flow.
The two bodies
are maintained at a continuous difference of potential because of a constant source of
electromotive force which creates an excess of electrons at one point and a deficiency of
electrons at the other point.
This electromotive force driving the current is measured
in volts. One volt, when steadily applied to a conducting material that has one unit of
resistance, will produce a current of one ampere.
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One

, when steadily applied to a conducting material that

has one unit of reeistanca, will produce a current of
In order to cause electrons to move in the same direction thrcugh a conducting
material, an electromotive force must be available.
Several methods can be used to
supply the electromotive force. The voltaic cell is one way in Which an electromotive
force can be produced. The cell consists of two metals, such as zinc and copper, placed
in a solution of acid and water. The resulting chemical reaction produces an
electromotive force between the two metals. The zinc takes on a negative charge and the
copper metal takes on a positive charge. The metale thus become positively and
negatively charged respectively and in this case an electromotive force of about.5 volts
is produced. The same action takes place in the common flashlight battery or autnmobile
battery.
o

What does the voltaic cell consist of?

o

Does the zinc plate take on a positive or negative charge?

o

What produces an electromotive force between the two metals?

Another method used to produce EMF is by heat. For example, a thermocouple is a
device which converts heat directly into electromotive force. The thermocouple consists
of two dissimilar metals in contact. The metals can be copper and iron or any other
dissimilar metals. When a conducting material connects the dissimilar metals and the
point of contact of the two is heated, an EMF is developed which causes current to flow
in the connecting wire. Note that the copper gives up its free electrons Which flow
through the connecting wire to the iron. This gives a negative and positively charged
body Which causes current flow.
is another method used to produce EMF.
o

What is a thermocouple?

The third method used to produce EMF is by magnetism. When a current flows through
a conducting material a magnetic field is set up around the material. If we take a
copper wire and form it into a coil, the magnetic field will be very strong. Now if we
take another copper wire and move it through the magnetic field we will produce an
electromotive force in the moving wire.
In order to produce EMF by magnetism, we must
have three necessary factors:
a magnetic field, a conducting material, and relative
motion.
The third
o

method used to produce EMF is by

What happens when current flows through a conducting material?
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o

The three necessary factors to produce EMF by magnetism are:
I.

2.
3.

Now let us review. Current is the movement of free electrons through a conducting
material. The unit charge transferred by moving electrons is expressed in coulombs. The
rate at which the unit charge flow is measured in amperes.
The external force or
electrical pressure that cause a continuous current flow is known as electromotive force,
and the unit of measurement for it is the volt.
There are three methods of producing
this EMF.
One method utilizes chemical action between two different metals in a solution
of acid and water. Another method utilizes two different metals and heat.
The third
method involves rotating conductors (wire) through a magnetic field. Each method creates
more electrons at one point than at the other -- thus current flow.

What is current?
o

What is electromotive force?

o

Two methods of producing EMF are chemical and

o

What does the third method involve?

The drift of free electrons through a conducting material is called current flaw.
To set this stream of electrons in motion, we must have an electrical pressure Which we
call the electromotive force.
Since an electrical current is dependent on moving
electrons, any collision with other electrons or recombining with other atoms for a short
period of time will tend to oppose or resist current flow in the conducting material. In
other words, when electrons are forced through a conducting material, the friction
between the electrons and atoms which form the material holds back the electron flow and
this restriction is called opposition to current flow.
What is needed to set electrons in motion?

o

When electrons are forced through a conducting material, the restriction

created is called
The opposition to the flow of current offered by a conducting material is called
resistance.
All conducting material has a certain amount of resistance. The amount of
resistance in a material depends on the number of valence electrons that can be detached
ffcz the atom and become free electrons. Materials which offer the greatest opposition
to current flow are those that will not easily give up the valence electrons around its
atom. We say that these materials have high resistance.
o

W. is the opposition to current flow called?

o
True or False (circle one). Materials that do not easily give up the valence
electrons around its atoms are said to have high resistance.
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The three necessary factors to produce EMF by magnetism are:
1.

2.
3.

The opposition of a material to a steady electron flow is called its resistance.
The flow of current in a.material depends upon its molecular strtIcture and the ease with
which electrons can be detached from the atom of the material. jae easier it is to
detach electrons from the atom, tHe more free electrons there are to contribute to the
flow of current. The more electrons flowing the less rlsistance there is in the
material.
The opposition of a material to steady electron flow is called

The more electrons flowing, the
there is in the material.
o

resistance

The flow of current in a material is dependent upon
1.
2.

The unit of measurement for resistance is called an ohm, and the ihstrument by which
resistance is measured is called an ohmmeter. Just as the volt and ampere are units of
measurement, the ohm is a unit of measurement for resistance. When we measure the
opposition of current flow of a material, we express the results in ohms of resistance.
o

What is the unit of measure for resistance?

o

What is the instrument used to measure resistance?

The opposition to the flow of current offered by a conducting material is called
resistance. Now let's talk about some of the things that affect resistance. Different
materials have a different resistance to the flow of electrons. Our lesson on Atomic
Structure pointed out that some materials gave up electrons easier than others.
Materials such as gold, silver, copper, and aluminum which have one, two, or three
valence electrons make the best conducting material.
The valence electrons of these
materials can be easily removed from their atoms and become free electrons. If we apply
an external force, we can move these electrons in a desired direction with very little
opposition.
Other materials such as wood, glass, and rubber, are composed of atoms with
tightly held electrons. These materials offer considerable resistance to the transfer of
electrons.
o

Materials such as

and

make the best conducting material.
o

Materials such as

,

and

offer considerable resistance to current flow.

The type of material is probably the most important factor affecting the resistance
of a material. However, there are other factors.
The longer the conducting material,
the higher the resistance is going to be.
The resistance to moving electrons depends on
the number of collisions with other electrons and atoms. Therefore, the greter the
length of the material, the greater will be the number of collisions, and, consequently,
the more resistance.
If a conductor one foot long has a resistance of 5 ohms, then a
conductor made of the same material two feet long would have 10 ohms resistance.
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Study the illustration.

one foo

long

1

1

5 ohms

1

1

1

1

CO

er wire

same material

10 ohms

two feet long
o

Name two factors affecting the resistance of a conductor
1.
2.

The next factor is the cross-sectional area (how big around it is) of the material.
The effect of the cross-sectional area is opposite the effect caused by the length of the
material. A material one foot long and 1/4 inch in diameter has a resistance of 10 ohms.
A conductor made of the same material, one foot long but 1/2 inch in diameter, would
have 2.5 ohms of resistance. The.greater the cross-sectional area, the greater space the
electrons will have to move before bumping into other electrons or atoms.
Reduce the
collisions between electrons and resistance is reduced. The resistance of a material is
directly proportional to the length and inversely proportional to the cross-sectional
area of the material.
Study the illustration.
one foot long
1

1/4 inch in diameter
1

10 ohms

1

1

1/4 inch in diameter

10

ohms

1

1

- SAME MATERIAL two feet lon
1

1

20 ohms

1

1

1/4 inch in
diameter

2.5
ohms

1/2 inch in diameter

1
1

o

The cross-sectional area is another factor that affects

The resistance of a material is
and inversely proportional to the cross-sectional area.

proportional to the length

We have covered three of the factors affecting the resistance of a material. They
are the type, length, and cross-sectional area of the material.
The fourth and last
factor is the temperature. As heat is appliedto a material, movement of electrons
increases.
This increase in electron movement causes more collisions between the
electrons and these collisions cause the resistance to increase. If current is forced
through a material that offers considerable opposition to the transfer of electrons, the
temperature will be high.
Current flow in any conductiong material will produce some
heat.
However, it is the increase of the external temperature that will cause the
increase of resistance in a material.
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o

What is the fourth factor that affects resistance?

o

Current flow in any conducting material will produce some

In order to have current flow, the electrons must have a path to move through. An
electrical circuit is a closed path for the flow of electrons.
The starting point is
some type of device to create electromotive force, such as a battery. The circuit is not
complete until the conducting path can be traced back to the starting point where the
electromotive force originates. This ccinducting path is known as.a conductor.
What is an electrical circuit?
The conducting path is known as a
Metal the letter of each term to the appropriate definition in the left hand column.
Definition

Term

1.

A unit of measurement for
electromotive force

a.

Volt

2.

A unit of measurement for
current flow

b.

Ohm

3.

A unit of measurement for
resistance

c.

Amperes

4.

A path through which
electrons can move

5.

opposition to current
flow

A conductor is constructed of material that offers small opposition to the flow of
Material of this type has valence electrons that easily become free electrons
when an electromotive force is applied. In contrast to good conductors, some materials
are composed of atoms with tightly held valence electrons. The valence shell is almost
complete, and few electrons eocape.to become free electrons. Such materials offer great
opposition to the movement of electrons between atoms. Materials which offer the
greatest resistance to current flow are used as insulators.
electrons.

o

What is a conductor made of?

o

Materials Which offer the greatest resistance to current flow are used as

Now let's review the conductor - insulator area.
Substances that permit the
movement of a large number of free electrons are called conductors. The greater the
number of electrons that can be made to move in a material under the application of a
given electromotive force, the better are the conductive qualities of that material. An
insulator is a substance thaL has few free electrons.
Since current flow depends upon
the movement of free electrons, the lack of free electrons in an insulator will prevent
the flow of current.
The insulation on the electrical wiring prevents the current from
jumping to other devices or being knocked into space.
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What is a conductor?

o

What is an insulator?

We said that a good conductor is a material that offers small opposition to the flow
of electrons (current).
Actually, what we are saying is that a good conductor will
readily accept or give up its valence electrons.
Thus, a very small force or amount of
energy (electromotive force) will cause such electrons to be moved from the atom and
become free electrons to contribute .:43 the flow of currant. Same of the materials that
will do this for us are copper, aluminum, iron, platinum, and silver. In general all
metals are good conductors.
o

Will a good conductor readily accept or give up its valence electrons?

o

List 4 materials that make good conductors (1)

(2)

(3)

(4)

We said that an insulator is a material that offers great opposition to the movement
of electrons. An insulator has electrons just as all materials have, but it has
practically no free electrons. The valance electrons have combined with other ye:fence
electrons to complete the valence shell, leaving no free electrons available for current
flow.
Rubber, glass, paper, dry air, mica, and bakelit are examples of good insulating
materials.
o

Does an insulator havc many free electrons?

o

Write the names of four good insulators.
1.
2.

3.

4.

It is incorrect to say that all materials are either conductors or insulators
because there is no sharp dividing line. The best conductors are used to carry current
and the poorest conductors are used as insulators to prevent current flow. All substance
offers some opposition to current flow.
This opposition is called resistance.
Insulators have great resistance, while conductors have little resistance.
The best
insulators - that is, the poorest conductors are rubber, glass, paper, dry air, gas,
mica, and bakelite.
The best conductors are the metals and acids.
Identify the materials that are used as insulators and the materials used as
conductors by placing an °I° or "C° in the appro9riate blank.
Rubber

Mica

Glass

Iron

Paper

Platinum

Copper

Silver

Aluminum

Bakelite

Dry air

Gas
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Ey now you should be familiar with the terms - electramotive force Which is measured
in volts, current Which is measured in amperes, and resistance which is measured in ohms.
When we speak of electromotive force, we will call it voltage. Voltage by itself does
not contain energy, and voltage by itself can do no work.
The same is true of current
alone.
To transmit energy and to do work, veltage and current must act together. If
voltage and current are to act together, there must be a conductor for the current to
move through, and some device to be acted upon. The conductor must start at the source
of voltage, go to the device acted upon, and return to the source of voltage. We have
described
what is called an electrical circuit.
A
What is voltage?
o
To transmit energy and to do work,
must act together.

and

Now let's discuss the effects of current flow on the circuit and electrical devices.
One effect of current flow is heat. The heating effect of current is produced when
electrons are forced to move in a material which has high reeistance.
The movement of
electrons in high resistance material produces high internal friction and results in the
production of heat.
The filament in lamp bulbs has such high resistance that when
electrons move through this filament it heats to a White hot condition and gives off
light.
Current flow in any conductor will produce some heat, but to take advantage of
the heating effect, high resistance materials are used.
Thie heating effect is used in
many places including electric stoves, heating pads, soldering irons, etc.
o

What is one effect of current flow?

o

Why are high resistance materials used on electric stoves?

Current produces chemicai action when it flows through a liquid.
Example of this
effect are the charging of a battery. The chemical reaction causes the acid to remove
electrons from one plate and store them on the other plate.
When an outside circuit is
connected between the terminals of the plate, a current will flow until the solution of
acid is neutralized by the mater:Iels of the battery plate. In this state, the battery is
completely discharged and will not produce electromotive force. If a current is forced
through the battery in an opposite direction, the chemical effect of the current will
separate the acid elements from the plate material.
The battery will be restored to its
former charged condition.
Other uses of the chemical effects of current flow include
electroplating of metals, and commereial production of hydrogen, oxygen, and chlorine
gases.
o

Current produces

action when it flows through a liquid.

.Give one example where chemical action occurs?

The magnetic effect of current flow gives us the operation of telephones, telegraph,
lifting magnets, electrical meters, motors, and transformers. This is perhaps the most
used of the various effects of current flow.
When current flows through a wire, a
magnetic field is set up around the wire. The direction and strength of the magnetic
field will be determined by the direction and strength of the current producing it.
The
magnetic field around a current carrying wire is composed of circular lines of magnetic
force.
As you know, electromotive force is produced by rotating a conductor through the
field of force.
Th- above named devices also operate in a similar manner because of the
magnetic effect caused by current flow.
o

What will the strength of a magnetic field around a conductor be determined by7

o

How is electromotive force produced?
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The shock effect of current is a very undesirable effect.
This shock is caused by
the passage of current through the body or a portion of the body and is caused by contact
with a current-carrying conductor. The results are burns and a paralyzing effect on the
heart and chest muscles. A current of only a fraction of an ampere flowing through the
human body is usually fatal.
o

The most undesirable effect of current is

o

What are the results of shock?

Current Which flows steadily in the same direction such as the current flow caused
by a battery is called direct current, and is abbreviated as DC. The current used in
most appliances in your home, such as irons, lights, or refrigerators, does not flow
steadily in the same direction but flows first in one direction and then in the opposite
direction at regular intervals.
It is produced by the megnetic field of a generator.
This kind of current is called alternating current, and it is abbreviated as AC.
o

Current that flows in one direction is called

o

What is current that flows first in one direction and then in the opposite

direction called?

MAGNETISM
Magnets

A magnet is of metal, usually iron or steel that has the characteristic of the
capacity for becoming magnetized. Magnets have certain properties such as the ability to
attract other magnetic materials. Studies show that all magnets are governed by certain
natural laws.
Types of Magnets
A natural magnet as mentioned is a piece of magnetite, a kind of iron ore. The
ancients knew the properties of this ore and called it lodestone, which means "leading
stone".
The only use found for it was in making magnetic comnasses for telling
direction. In modern times, scientists have discovered more about magnets and the
relation of magnetism to electricity.

.

Artificial magnets ate man-made magnets.
Scientists have found ways
magnetize
certain materials. Magnetic substances such as iron, steel, and nickel
oe
magnetized by using nagnetic induction. Nonmagnetic materials such as glass, wood, etc.,
cannot be magnetized by any means.

If the head of.an iron nail is placed under a magnet so that its head touches the
magnet, the lower end of the nail will hold up several tacks.
The nail has been made
into a magnet by touching the magnet. We say that the magnetism is induced into the
nail.
This is commonly called magnetic induction. Curiously enough, the nail does not
need to be in contact with the magnet in order for magnetism to be induced. If you will
bring the nail directly under the magnet but not touching it, the nail will still hold
one or more tacks, showing that magnetism has been induced into it. However, in, both
cases, as soon as the magnet is removed, the nail will lose its magnetism.
Thus, the
magnetism induced in an iron nail makes it only a temporary magnet, because it loses its
magnetism soon after it is removed from the magnetic field.
o

What type of materials are natural magnets made of?

o

What is magnetic induction?

o

What is a temporary magnet?
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Magnets that keep their magnetism for a long period of time after being removed from
a magnetic field are called permanent magnets.
Magnets of this kind are usually made by
an electric method.
If you put a piece of iron and a piece of steel in a wire coil and
pass dc current through the coil magnetizing them, they would both pick up about the same
number of tacks While the (urrent is on. But, when the current is turned off and the
pieces are taken out of the coil of wire, you will find that the piece of steel will be
able to pick up more tacks than the piece of iron.
In fact, the iron usually loses most
of its magnetism as soon as the current stops flowing through the coil of wire. One of
the best permanent magnets made today is called Alnico.
This is an alloy or a
combination of metals.
It is made of aluminum, nickel, iron,.and cobalt.
Steel is an
alloy and, of course, is a good magnetic material.
The induced magnetism that remains in a magnet substance after the magnetizing force
has been removed is called residual magnetism.
Because steel and certain alloys hold
magnetism for a long period of time, they are used to make permanent magnets.
Iron, on
the other hand, is used to make temporary magnets and is a temporary magnet.
Magnets are made in many shapes,
according to their use. Common
shapes are the bar and horsehoe
magnets. A keeper ;a piece of soft
iron connecting the poles), should
be kept on the magnet to enable it
to maintain its strength.
See Figure 5 for illustration of a keeper.
Magnets are usually labeled Nor'..h
or South but, if they are not,
there are ways of finding the
polarity: bring it near a magnet
of known polarity, suspend it from
a string allowing it to point North
and South, or use a compass.

SOFT IRON KEEPER

A
Figure 5
o

What are'permanent magnets?

o

The induced magnetism that remains in a magnetic substance after the magnetism

has been removed is called
o

and

Name 3 methods to find the polarity of an unmarked magnet.

Theory of Magnetism
In the theory of magnetism, it is usually assumed that all matter is made up of
small molecules that act as though they were very small magnets.
For magnetic materials
like iron or steel, these magnets are strong; in all other materials, the magnets are
weak.
In a material not magnetized, the molecules align in no particular position and
extend in every direction as sYkown in Figure 6A.
Vr,en magnetized, all of the molecules
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will line up, with their north poles pointing in one direction, as in Figure 6B. In soft
iron, the molecules tend to return to their original position when the magnetizing force
is removed, so the magnetism is temporary and the magnet is called a temporary magnet.
In hard steel, the molecules tend to retain their magnetic position, and the magnet
remains magnetized after the magnetism force is removed.
The hard steel, therefore,
becomes a permanent magnet. The magnetism that remains after the magnetic force is
removed is known as RESIDUAL MAGNETISM, as previously mentioned.
Heat and shock will
destroy magnetism because they give the molecules and opportunity to return to their
original position. If a magnet is broken, it will become as many small magnets as there
are pieces.
All combined will have the strength of the original.
(See Figure 7.)
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Figure 6

o

Figure 7.

Effects of Breaking a Magnet

What do the molecules do when a material is ma9netized?

.

What will heat and shock do to a magnet?

Magnetic Fields
When a sheet of paper is placed over a bar magnet and iron filings are scattered
over the paper, the filings will arrange themselves in definite paths or lines from one
pole around to another.
(See Figure 8.)
This fact shows that magnetism acts as a force
and arranges the particles in lines, which indicate the direction of magnetic attraction.
These lines along which the magnetic forces act are called lines of magnetic force, lines
of flux, and simply lines of force.
The space around a magnet througn which these forces
act, and in which other magnetic material is affected, is called a magnetic field or
simply the field of a magnet.
If the bar magnet, as shown in Figure 8, is held endwise to the paper, the filings
will arrange themsleves as shown in Figure 9. The positions taken by these filings
indicate that the lines of force radiate from the north poles in all directions and enter
the south pole.

4-19

BAR MAGNET

END OF BAR MAGNET

LONGITUDINAL VIEW

CROSS-SECTIONAL VIEW

Figure 8

Figure 9

What are the lines called alorg which the magnetic forces act?

o

What is the space around a magnet called?

It should be understood that these lines of force, as shown by the filings arise
purely imaginary; therefore, it must not be assumed that the magnetic forces act along
these lines only and nowhere else, such as between the lines.
The strength of the
magnetic field at any point decreases as the distance of the point from the magnet or
other sources of magnetism increases.
DIRECTION OF LINES OF FORCE.
Every line of force af a magnet is
assumed to pass out from the north
through the surrounding medium,
and return into the south pole;
from there it passes through the
magnet to the north pole again, as
shown in Figure 10.
The direction
of the lines of force is indicated
in this way, and the path that
they take is called the magnetic
circuit.
Figure 11 alio illustrates the above statement very
well.

Although a line of force may
apparently leave the end of a magnet and disappear into space as
indicated by the arrangement of
the iron filings shown in Figure
9, it must eventually return to
the opposite pole of the same
magnet.
7igure 10

The direction of the lines of force in any magnetic field can be traced by several
compasses as shown in Figure 12. The north pole of the needle will always point in the
direction of the lines of force, or, in other words, the needle always turns so that its
axis is parallel to the lines of force at that place.
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Figure 11

o

What happens to the strength of the magnetic field as the distance from the

magnet increases?

if the lines of' force leave the ends of a magnet must they return to the

magnet?

COMPASS
N

3

A

Figure 12.

Effects of Magnetic Field on Complss Needle
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ATTRACTION AND REPULSION. When a north pole of one magnet is placed near the south
pole of another, the magnets will attract each Other.
The lines of force that come from
the north pole of the first magnet move through air to the south pole of the second
magnet, as shown by the iron filings in Figure 13.
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Figure 13

Figure 14

The lines of force continue through the second magnet, pass out to the air, and
finally return to the south pole of the first magnet. The lines of force thus pass
through both magnets, and the tension in these lines tends to pull the magnets together.
The acv.ion is similar to that which would be experienced if the linee of force were
replaced by strctched rubber bands.

When a north pole of one magnet is placed near the north pole of another, the
magnets will repel each other. The lines of force may be represented by the iron filings
above the magnets as before, but this time they will appear as shown in Figure 14.
There will be a crowding together of these lines of force as indicated, which
explains the repelling action. Again these lines of force may be considered as rubber
bands which, when crowded into a small space, exert a sidewise pressure on one another,
thereby tending to separate the magnets. Note that the lines of force in this diagram do
not intersect or the lines of force do not cross each other.
From the facts which have been stated and illustrated, the fundamental law of
magnets is established: like poles repel each other, whereas unlike magnetic poles
attract each other.
o

What will happen if you place a north pole of a magnet near a south pole of

another magnet?
o

What is the fundamental law of magnets?

MAGNETIC INDUCTION. When a magnetic substance such as iron is brought into a
magnetic field so that the magnetic lines of force pass through it, the substance
immediately becomes magnetic. The lines of force are assumed to crowd together and tend
to pass through the magnetic substance as inoicated in figure 27 because it is a better
conductor for lines of force than the surrounding air.
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Figure 15

In this illustration, a small rectangular piece of iron is placed in the magnetic
field of a bar magnet. The substance so magnetized is usually, however, only a temporary
magnet.
When it is removed from the magnetic field, its magnetism usually disappears.
While under the influence of the magnetic field, the substance behaves as does any magnet
and has polarity which is so distributed that its south pole is the one where the
magnetic lines enter it; whereas its north pole is in that portion of substance Where the
magnetic lines leave it.
This method of producing magnetism in a magnetic substance is
called magnetic induction as previously mentioned.
o

What is magnetic induction?

o
Will the piece of soft iron in Figure 15 retain its magnetism when removed
from the magnetic field?

MAGNETIC SCREEN. When a magnetic material such as soft iron
is placed near a magnetic field,
the lines of force of the field
will tend to pass through the iron
instead of the surrounding air, as
the iron provides an easier path
FLUX:and is said to have high permeability.
(See Figure 15.) This
principle is used in the magnetic
screen, which provides a space in
the magnetic field that is free
from the lines of force as indicated in Figure 16. The iron at
(a) is rectangular in shape and
Figure 16
the air space free from the flux
(b) is shown at (c).
This condition could not be obtained by surrounding the space by
glass, procelain, copper, or other nonmagnetic material, since the reluctance
(opposition) to lines of force of these is about the same as that of air.
The magnetic
screen is sometimes used to shield delicate measuring instruments from stray fields and
thclreby increase their efficiency.
o

What happens when soft iron is placed near a magnetic field?

o

Why is a magnetic screen sometimes used with delicate measuring instruments?

Electromagnetism
You have studied both electricity and magnetism.
electricity and electricity is a result of magnetism.

Magnetism is a result of

The production of magnetism is accomplished by the fact that a current carrying
conductor is surrounded by a magnetic field. Electricity is generated by a mechanical
means (generator) and is created by electro-motive induction.
Electromagnets come in all shapes and sizes.
Some are so small they will fit in the
top of your pen and some are so large they can lift tens of iron.
For example, a very
powerful electromagnet has been invented.
It is the size of a donut and weighs one
pound, yet it has 33 times the strength of an old-type electromagnet weighing 20 tons.
For every size and shape of electromagnet, there are many jobs such as doorbells,
buzzers, relays, solenoids, meters, telephones, generators, motors, transformers, and so
forth (see Figure 17).
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Figure 17.
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Uses of Electromagnetism
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What are some uses of electromagnets?

caectramagnets are like permanent magnets in their attraction but unlike in their
control. Their attraction may be tremendous. They can, When properly constructed, hold
tons of iron, but because these magnets are controlled by an electric current, the
magnetism can be turned on and off with the flick of a switch.
Electromagnets are usually constructed with a coil of wire surrounding a soft iron
To understand how electromagnetism works, you must understard the characteristics
of conductors when they are carrying.current.
core.

o

How are electromagnets usually constructed?

THE MAGNETIC FIELD AROUND A CONDUCTOR.
All conductors carrying current are
surrounded by a field of flux. This was discovered by Hans C. Oersted in 1820. This can
be proven by connecting a wire to a battery and, as in Figure 18, dip the wire in iron
filings. The filings are attracted and held to the wire.
Now disconnect the wire--the
filings will drop off. This is proof that the FIELD EXISTS ONLY WHEN CURRENT IS FLOWING.
o

Figure 18.

When does a magnetic field occur around a
w4re?

Magnetism Produced
by Current

Visualize passing the conductor through a hole in a piece of cardboard as shown in
Figure 19.
Connect the wire to a battery and sprinkle iron filings on tne cardboard.
The filings outline the exact shape of the field.
Two characteristics stand Gilt:
(2) no lines cross.

(1) the field is circular around the conductor and

Figure 19.
o

Magnetic Field Around a Conductor

What are two characteristics that stand out about current carrying conductors?

TAIL Or AN ARROW

CONDUCTOR

DIRECTION Or CURRENT

HEAD Or AN ARROW

a la Ail OA AEN AN

aminmElinmNII=1111111Mnac
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MAGNETIC Taal ABOVT A CONDUCTOR

CONDUCTOR AND

MAGNETIC FIELD

SNOWING CURRENT
r LOWING AWAY

SHOWING CURRENT
FLOWING TOWARD

Mil OBSERVER

Figure 20.

CROSS-SECTION Of
CONDUCTOR AND

MAGNETIC MED

015Env(11

Magnetic Field About a Conductor

The magnetic field around a current-carrying conductor surrounds the wire for its
entire length.
(See Figure 20.) The field is strongest near the conductor and gets
weaker the further you get away from the conductor. The magnetic circles around a
conductor are in the same direction.
o

The magnetic field around a conductor is

near

the conductor.

Place compasses around the conductor as shown in Figure 21.
compasses point in the direction of the magnetic lines of force.
magentic lines of force are circular around the wIre.
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The "N" end of all
This shows that the

DIRECTION OF CURRENT
IN A CONDUCTOR
HAVING A CLOCKWISE
MAGNETIC FIELD

DIRECTION OF CURRENT
IN A CONDUCTOR
HAVING A COUNTERCLOCKWISE MAGNETIC
FIELD

FLUX IN A MAGNETIC FIELD

Figure 21.

Direction of Magnetic Field Around a Conductor

Leave the compasses in place and reverse the current direction (switch battery
connections).
All the compass points now reverse. This shows that the direction of the
magnetic lines of force are determined by the direction of current flow. This is
commonly called the left-hand rule.
o

Direction of magnetic lines of force are determined by the direction of

The magnetic field around a single conductor is of little use since it is normally
too weak to exercise much attraction. If you form a number of loops close together,
you
can concentrate the strength of the magnetic field and create polarity.
It is important
to have polarity since these are the points of greatest magnetic concentration (Figure
2234).

The strength of an electromagnet is determined principally
by three things:
(1)
the number
of turns in a coil, (2) the amount
of current flowing in the conductor,
and (3)
the type of material in the
core.

Figure 22.
o

Conductor Formed Into Loop

List the factors that determine the strength of an electromagnet.
a.

b.
C.
,ELECTRUMAGNETIC INDUCTION. A magnetic field can be made to create an EMF
(electromotive force, voltage), and thereby cause a current to flow in a closed loop.
This creation of an NMF is accomplished by moving a conductor so that it cuts across
lines of force, or by moving the lines of force so that they cut across the conductor.
The relative motion is illustrated in figure 35.

NOTION OF
CONDUCTOR

mriamor
=mom

FLUX

CURRENT DIRECTION

NAM

CALVANOXIETER

Figure 23

In Figure 23, if the conductor is moved back and forth between the pole faces so
that its motion is parallel to the direction of the magnetic lines of force and therefore
not cutting them, there will be no deflection on a meter connected to the conductor.
This demonstrates that there is no induced voltage.
As the angle between the lines of
force and the path of the conductor is increased, the deflection on a meter increases
until the maximum deflection is reached when the conductor is moving at right angles to
the field.
It may be stated, therefore, that a conductor moving parallel to magnetic
lines of force will have no EMF induced in it, while one moving at right angles to the
field will have a maximum EMF inducted in it. This action leaves an excess of electrons
at one end and a deficiency of electrons at the other end. This is voltage or difference
in potential.
o

How is an EMF created using a magnetic field?

o

Will an EMF be induced when a conductor is moved parallel to the magnetic

lines of force?
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STANDARD ELECTRICAL SYMBOLS
Switches: A switch is a device used to control the circuit by making or changing
connections.
Many different types of switches may be used to control a circuit.
For Example:

SINGLE-POLE
SINGLE-THROW SWITCH

JAW'

SINGLE-POLE
DOUBLE-THROW SWITCH

..

I

emommir

DOUBLE-POLE SINGLE-THROW

DOUBLE-POLE DOUBLE-THROW

o

What is the purpose of a switch?

Overcurrent Devices
It is impossible for an electric current to flow through a conductor without heating
the wire. As the temperature of the conductor increases, the insulation may become
overheated and lead to insulation breakdown.
Overheating of Conductors may become a serious fire hazard.
To protect conductors
and their insulation an overcurrent device is installed.
Any device that limits the
current in a conductor to a predetermined amperge is termed an overcurrent device.
o

What occurs when electric current flows through a conductor?

o

Why is overheating of a conductor dangerous?

There are many different types of overcurrent devices.
are fuses and circuit breakers.

The two most common types

Fuses (Plug Type)

There are several different types of fuses.
The most common type fuse is called a
"Plug Fuse". A piug fuse consists of a fusible link enclosed within a housing which is
screwed into a socket similar to a lamp socket. The fusible link ls a short length of
metal ribbon or wire made to carry a predetermined amperage, but melts quickly when the
current is to high.
There is a window through which you can see if the fuse is melted or
"Blown".
Plug type fuses range from 1 to 30 amperes.
The maximum voltage rating for the
plug-type fuse is 125 volts. Voltages exceeding 125 volts may "ARC" (jump) across the
melted points and by-pass the overcurrent protection.
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Plug-Type Fuse
o

What is the most common type fuse?

o

What happens to the fusible link if the current becomes to high?

o

Plug type fuses range from

to

amperes.

Fuses (Cartridge Type)

The cartridge fuse is not commonly used in the home because of the high current
rating. Most cartridge fuses are used in industrial areas and are the only type that can
be used wher current of more than 30 amperes is involved.
Cartridge fuses are divided into two types, the ferrule type and the knife-blade
The ferrule type is used only on fuses rated from 1-60 amperes. The knife-blade
type is used from 1-6000 amperes.
type.

3101:1
CARTRIDGE FUSE WITH
FERRULE CONTACTS

CARTRIDGE FUSE WITH
KNIFE-BLADE CONTACTS

Cartridge Fuses

Cartridge fuses are further divided into renewable and nonrenewable types. Since
only the fusible link is destroyed when a fuse blows, renewable fuse links are available
for replacement. The nonrenewable types, once blown, are of no further value, and the
entire cartridge is replaced.
The diagrams below show standard electrical symbols for fuses.

-11 AFuse

Fuse
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o

Why are cartridge fuses not commonly used in homes?

o

The two main types of cartridge fuses are the

and the

type

type.

Circtat Breakers

Circuit breakers are overcurrent
devices designed to automatically trip
or open the circuit on a predetermined
overcurrent without injury to itself.
When it opens a circuit, moving a handle,
pushing a button, etc., closes the circuit again -- there is nothing to
replace.
The diagrams below are the
standard electrical symbol for circuit
breakers.

Internal View of a Common Type of
Circuit Breaker

STANDARD CIRCUIT BREAKER

4111

410-.000...

THERMAL CIRCUIT BREAKER

e.-.%

MAGNETIC CIRCUIT BREAKER
o

What are circuit breakers designed to do?

o

What must be replaced when a circuit breaker trips?

Much of your time will be spent troubleshooting equipment you are required to
maintain.
In order to understand how a system or a component operates, you must be able
to igentify the following electrical symbols:

1.

BATTERY

D. C. Source of Power

2.

D. C. GENERATOR

D. C. Source of Power

.3.

THERMOCOUPLE

A device that generates
electricity by joining two
dissimilar metals and
heating their junction (D.C.
Power)
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4.

ALTERNATOR

A. C. Source of Power

Transformer

A device used to step-up or
step-down voltage

6.

Motor

A device that transforms
electrical ":,ergy into
mechanical motion

7.

Lamp, light bulb

A device used to change
electrical energy into
light

Coil

An electromagnetic device
used in motors and controls

9.

Fixed Resistor

Devices used to control
current in an electric
circuit

10.

Variable Resistor
or Rheostat

11.

Normally open contacts

12.

Normally closed contacts

13.

Capacitor

An electrical storage device
used in starting and/or
running circuits of many
electric motors.

Diode

A solid state device which
will allow more current flow
in one direction in the
circuit than in the other
direction.

Ground Connection

A conductor connected
between a circuit and the

jilE

8.

rf"rn

15.

ri

MEI

.1

14

II

Conducting parts which
employ a junction that is
opened or closed to interrupt or complete a circuit.

II

ground.
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or

16.

Conductors crossed,
not joined

Paths through Which
current can flow

17.

Conductors joined

Path for current flow.

18.

Re lays

Electromagnetic
mechanism in the central
circuit which operates a
valve or switch in an
operating circuit.

SOLENOIDS

Electromagnetic with a
moving core; operates a
valve.

19.

AMMETER

20.

VOLTMETER

21.

OHMMETER

TEST INSTRUMENTS

Match each electrical device with its symbol by placing the number u
the appropriate blank.
1.

D. C. Generator

2.

Ammeter

3.

Transformer

4.

Battery

5.

Ground

6.

Motor

7.

Draw a

symbol for a coil.

the device in

8.

What is a capacitor?

9.

Draw the symbol for a ground connection.

10.

A resistor is a device used to control

STOP!

in an electric circuit.

You have completed the directed Study to be completed prior to day 3 class.

Start here for material to be accomplished prior to day 4 class.
Electric circuits are represented by circuit diagrams where symbols are used to
identify specific electrical units.
Symbols can be combined in various ways to prepare
diffearent types of diagrams. Diagrams of various comploxity are required, depending on
the detail required for the task being performed.
o
Electric circuits are represented by circuit diagram where
used to identify specific electrical units.

The relationships of current, voltage, and
electric circuit.
Electrical current will flow
continuous conducting path from the negative
source.
As discussed in this lesson, Ohm's law
current, and resistance in electrical circuits.

are

resistance must be considered in every
only in a closed circuit which provides a
the positive terminal of the voltage
shows the relationship of voltage,

ELECTRICAL CIRCUITS
All circuits must have at least three parts.
Source of voltage
Conductors

These parts are:

Unit of Resistance

ePOSITIVE CONDUCTOR

Source
of
voltage

Unit of
resistance

NEGATIVE CONDUCTOR"7
The diagram above is a simple circuit.
A simple circuit is a circuit with only one
path for current to flow with one unit of resistance.
o

Name the three basic parts of electrical circuits.
1.

2.
3.

Define a simple circuit.

Series Circuits

A series circuit is defined as a circuit Which has.one path for current to flow with
two or more units of resistance as shown in the figure below.

rie<
1.1=.

Note that the path of current flow is from the negative side of the battery through
the switch, lamps L1 and L2 and back to the positive side of the battery.
It is
apparent that if the filament of any one lamp burns out (opens), the current path is no
longer complete and the other lamps must also go out. Each unit of resistance is
dependent on the other'units.
o

Define a series circuit.

What happens to the series circuit if a lamp burns out?

You have seen that an electrical circuit consists of a source of potential connected
to an electrical device Which has resistance. When the circuit is completed, current
flows in a closed path.
In 1827, George Simon Ohm discovered that the amount of curzent which flows in a
circuit increases if the potential (voltage applied is increased), and decreases if the
resistance of the circuit is increased. He also found that the current decreased when he
decreased the potential applied, and increased if the resistance were decreased.
These
findings are known as Ohm's law which states that the current in a circuit is directly
proportional to the applied voltage and inversely proportional to the resistance.
.

o

What did George Simon Ohm discover about the relationship of voltage and

current in a circuit?

o

What did he discover about current when resistance is decreased?

Ohm's Law is expressed in formulas. These formulas are used to solve for values of
current, voltage, and resistance in circuits. Before you can use these formulas you must
learn the symbols for current, voltage, and resistance.
The electrical symbol for current is the letter "I".
The electrical symbol for voltage or electromotive force is "E".
The electrical symbol for resistance is "R".
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a.

E is the electrical symbol for

b.

I is the electrical symbol for

c.

R is the electrical symbol for

or

The Ohm's Law triangle will help you understand the relationship of current,
voltage, and resistance.
It will also aid you in determining the correct formulas for
solving problems of electrical values.

The letters of this triangle are arranged into the following formulas to show the
relationship of current, voltage, and resistance.
The formula for computing voltage is E = I x R.
The formula for computing resistance is R = E/I.
Now you use the Ohm's Law triangle to determine the formula for current.
answer in the space provided.

Write your

In the incomplete Ohm's Law triangles below, fill in the missing letters.

a.

b.

The three equations will enable you to find any one of the three factors (current,
voltage, or resistance) if you know the other two. An easy way to remember the three
relationships is to use the Ohm's Law triangle as shown in the diagram.

To find I (amperes), place
thumb over 1 and divide E
oy R as indicated
I = E

To find R ,ohms), place
thumb over R and divide
as indicated

To find E (volts), place
thumb over E and multiply
as indicated

E =IxR

R = E
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Ay placing your finger over the unknown factor, the relative positions of the other
two known factorp will tell you what to do.
If one is above the other, divide.
then multiply.

If they are beside each other, such as I and R,

In the blank Ohm's Law triangle below, fill in all the symbols for current, voltage,
and resistance.

Using the letters you inserted in the triangle - complete tLe formula for computing
voltage.
E

Again, using the letters in the triangle, complete the formula
current.
I =

Complete the formula for resistance.
R =

The formula for computing current in a circuit is

I =ExR
I = E/R
R = E/1

I = R/E

The formula for computing voltage in a circuit is

E = I/R
R = E/1
E = 11/1

E = I x R
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for computing

The CHAMCIERISTICS concerning the VOLTAGE, CURRENT, and RESISTANCE of a SERIES
circuit are as follows:
VOLTAGE
The SUM of the voltage drops equal the TOTAL VOLTAGE.
In other words, if you were
to measure the voltage across each resistor with a voltmeter and add these voltages they
would equal the total voltage or source voltage.
Expressed mathematically,
ET = El + E2 + E3 + Etc. As shown in the diagram below.

E T-4 I by

ET = El + E2
120v = 70v + 50v
o

In a series circuit the

of the voltage drops equal the

voltage.

CURRENT
The current is the SAME in each part of a series circuit.
IT = Il = 12. etc.

Explained mathematically,

IT = lA
= lA

IT = Il + 12
LA

= lA =

lA

The current in a series circuit stays the

throughwIt the

circuit.

RESISTANCE

The current Which flows in tne series circuit meets opposition form each unit of
resistance in turn.
If the units of resistance R1 Imd R2 were 70 and 50 ohms,
respectively, the current in the circuit would meet a total opposition of 120 ohms. The
three units of resistance would then offer the same opposition to the current in t1' 4,
circuit as one unit of resistance of 120 ohms. In a series circuit, the TOTAL RESISTANCE
is equal to the SUM of the individual resistances.
Expressed mathematically,
RT = R1 = R2 + R3, etc.
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Where RT is the total resistance and R1 and R2 are the resistance in series,
see the diagram below.

=

RT + R1
RT + 70

o

R2
+ 50

70

= 120

In a series circuit, the total resistance is equal to the

the

to

of the individual resistances.

Pox a. Ile.1 Circ. u al

t is often necessary to connect electrical devices so that the entire source of
voltage is across each device- h_circuit in which two or more resistors
are connected
across the same source of EMF is a PARALLEL circuit. As in other types of circuits,
there are characteristics that pertain only to parallel circuits. Parallel circuits are
found in homes, barracks, hangars, etc.
Below is a parallel circuit, it consiets of a battery and three electric lamps
connected in parallel. Note that the current which leaves one terminal of
the battery
breaks up into three parts and then returns to the other terminal of the battery.
Parallel circuits have more than one current path.
(The other diagram is a series
circuit for comparison.)

Parallel Circuit

Series Circuit

VOLTAGE

In the parallel circuit shown, note that points A, B, C and D are connected
together and are one point electrically. Similarly points E, F, G and H, make up
another electrical point.
Since the applied voltage appears between points A and E, the
same voltage appears between points B and F, becween points C and G, as well as between
points D and H.
Thus. a rule or CHARACTERISTICrparallel circuits would be that the
VOLTAGE is the SAME or equal throughout the circuit. Expressed mathematically, ET =
El = E2 = E3 where ET is the applied voltage, El is the voltage across R1,
E2 is the voltage across R2 and E3 is the voltage across R3. The VOLTAGE
POTENTIAL across a resistor is commonly referred to as VOLTAGE drop.
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Computing Voltage in a Parallel Circuit
CURRENT
Another CHARACTERISTIC or rule of a parallel circuit is that the current flowing
toward a point is equal to the current flowing away from the point.
Therefore,
IT = Il + 12 + 13 etc., where IT is the total current and Il, 12, and 13
are the currents through R1, R2, and R3, respectively.
In other words, the TOTAL CURRENT
in a PARALLEL circuit is equal to the
SUM of currents passing through
each individual branch as dhown.

ITsWA

Computing Current in a Parallel Circuit
IT = Ii + 12 + 13
IT = 6A. + 3A. + 1A. = 10A.
Problem:

Find IT
Given:

Solution:

ET = 6v
Ri = 15 ohm
R2 = 25 ohm

Il
12
IT
IT

=
=
=
=

El/R1 = .4A
E2/R2 = .24 A
Il = 12
.64 A

RESISTANCE

There is a basic rule or CHARACTERISTIC
concerning PARALLEL circuits that states
"The TOTAL RESISTANCE in a parallel circuit
is always SMALLER than the smallest branch
resistance." In the figure, the parallel
circuit has a 2-ohm. 3-ohm
and a 6-ohm
resistor. The total equivalent resistance
must be less than 2-ohms since it is the
smallest branch resistor.
RT is less
than 2-ohms.

iR22312

,

Parallel Circuit
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R3=6 f1

One of the simpler ways of determining the total resistance of a parallel circuit
involves making a matrix using the circuit valves.

al

I2

Voltage

12v

12v

Current

6A

4A

Resistance

2

1

1

1

R3

Total

12v

12v

2A

12A

6
i

1

3

Notice that the voltage is constant throughout the circuit. Current thru each
branch is computed and the total amperage divided into the applied voltage to obtain the
total resistance.
(RT = EA
1T)

Solve for total resistance in the following circuit.

L2

1J1

1J3

Total

Voltage

120

120

120

120

Current

lA

lA

lA

3A

Resistance

120

120

120

Solve for total resistance in the following circuit.
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RT
S UMMARY

A parallel circuit has twO or more units of resistance, or other electrical devices,
connected across the same source of power and the current devices among the various
branches. Each unit of resistance can be made independent of the other units. The
voltage is equal in a parallel circuit or ET = El = E2, etc.
The total current
equals the sum of the current passing through each branch or IT = El = E2, etc.
The total resistance in a parallel circuit is always less than the smallest branch
resistance.
STOP1

You have completed the assignment to be completed before day 4 class.

Start here for material to be accomplished prior to Day 5 class.
Directed study in preparation for Day 5
Read paragraph 6-11 (Modern Refr. and Air Conditioning textbook) and answer the
following questions.
o

Volts are units of

o

What type of meter has been developed to measure electromotive force?

The force needed to move one ampere through a one ohm resistance is called a

o

o

Now many types of voltmeters are therel

Voltmeters are always connected in

. What are they?

with the circuit.

o

What are the advantages of using a meter with electronic circuits instead of
electromagnetic effects.
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Familiarisation of Multi-Meter Operation

WTPLIT

.c

MANGE SWITCH
500MA
100mA
5V

I0m

10y

41.6.
FUNCTIOH
SWITCH
CONON

50v
250v
1000v

E.

Figure 24
4-45

Refer to Figure 24 for proper location

1.

Ohm scale. - used to measure circuit resistance the more the needle moves to the right, the less
resistance.

2.

3.

AC volt scale - a multi-range scale used to read
alternating current.

Reset button - This is a manual
reset switch to protect the meter
in a overloaded condition.

RESET

Function switch - This decides what
mode of operation or types of voltage

4.

to be read.

s.

6

Test lead jacks. This is the location
of the test lead for low voltage (under
5000 volts)

6.

D.C. Volt scale = scale shows the value of D.C. Voltage

7.

Zero OHMS Control
MUM OHM

8.

500 M A

2 5V
0011

SOY

The zero ohms control is located on the right side of the
panel.
This variable resistance in the ohmmeter circuit
will be used to compensate for the aging of the interanl
batteries. Use it to adjust the meter indication to zero,
at the right end of the scale, with the test leads shorted
together. Whenever the ohmmeter circuit is used, make sure
the leads are not left shorted.

100MA

Range Switch

10M A
1MA

RAI

250V

PM100

i000V

10110.000

This determines the scale & the mode in which
the meter will function.

Using Figure 25, list the names and purposes of the numbered elements in the spaces
provided on p.

-I0A.

0

SON AMPS

OUPUT

0

410A.

500 M.A
ZERO OHMS

2 5V
10V

50V

250V
i0001/

Flgure 25
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1.

2.

3.

4.

5.

6.

7.

8.
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Homework
Read and be able to discuss prior to Day
Paragraphs 6-14 through 6-22.

STOP1

5

lecture in class,

you have accomplished the assignment to be accomplished prior to Day 5 class.

3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

SGT.'S J3ABR54530 001-1-6

WIRING SYSTEMS, MOTORS, MOTOR STARTERS AND

OVERLOADS

OBJECTIVE
To help you in learning the:
-

purpose

-

the general construction features of single and three phase motors.

and function of two, three, and four wire electrical systems.

steps for installing and servicing electric motors.

start and run windings of and electric motor, how to connect the motor and
reverse its rotation.
servicing procedure for motor starters
-

types and function of electrical overload protectors.

INTRODUCTION
This study guide/we .kbook will prepare you for the instruction to be conducted in
days 6, 7, and 8.
You muut accomplish the sections assigned for each day and be prepared

for a test over the material when you come to class.
INFORMATION:

The follouing assignments will be referenced from various chapters in the Modern
Refrigeration and Air Conditioning textbook.
1.

Complete the following section during directed study time,
instruction.
a.

in preparation for day 6

Two, three, and four wire electrical systems

A basic electrical service will consist of three main parts:
generation,
transmission, and distribution. You must become familiar with each of f),ese parts in
order to fully understand electrical services.
Generation

At every generating plant, some form of mechanical energy is userl to produce
electricity. The electricity generated at the plant is approximatel
i200 volts, three
phase.
This 1200 volts leaves the generating plant and enters a step-up transformer.
Transmission

At C'e step-up transformer, the voltage is stepped up approximately one thousand
volts for every mile it must be transmitted. Once the voltage reaches the general arca
to be served, it enters a substation. This substation contains step-down transformers
which step the voltage down to a safer voltage (to approximately 13,000 volts).
Distribution
The voltage is taken from the substation and is run in all directions necessary to
supply the general area. At the local area being served, the voltage is run through a
distribution transformer which steps the voltage down to a usable voltage.
(One
distribution transformer may serve more than one building or other structure.) The
voltage on the secondary side of the distribution transformer may be one of several
types, depending on what is required within the building.
Residential homes, for
instance, may require 120/240 volt, single phase, while industrial plants may require
120/240 volt, three phase, or 277/480 volt, three phase.
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Read paragraph 6-68 and answer the following questions.
o

List the three motor properties that must match the power source.
1.

2.
3.

List four standard voltages
1.

2.
3.
4.

o

List the three frequencies (Hertz)
1.
2.
3.

o

List the four phases
1.
2.
3.

4.

List four popular power electriral sources
1.
2.
3.
4.

Some common electrical systems are:
Two wire - this system supplies only 110v AC.

If you see only two electrical wires going to a builAJng, you know it has a two wire
supply system and the only voltage is 110v.
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Two Wire Electrical System
o

What voltage(s) can be Obtained from a two wire system?

- Three wire electrical systems siipply 110v or 220v AC.

If you see three wires going to a building you know that two voltages are preelmt
110v and 220v.

1,411111.--
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Three Wire Electrical System

Here's how it looks in use
Ground
120v

120v

amp

amp

240v
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o

-

What voltage(s) can be obtained from this wire system?

Four wire electrical systems supply 110v, 220volt single or th4e phase AC.

14,

11

Here's how it looks in use.

These are simplified illustrations to help you understand the ccncepts of
two,
three and four wire systems. Now refer to paragraph 6-69 and
state the unit that
supplies power to the st--ondary circuit(Homes, business and industries.) (Figure 6-76)

o

Refer to paragraph 6-70 and state the common types of transformers.

o

What are the voltages that can be obtained from the circuit shown in figure 6-77.

o

How many wire systems is this?

o

What would be the results of connecting a 2400 motor to wires A and C?

o

How many wires are used in the schematic shown in Figure 6-79?

o

To operate a 240v air conditioner from this source, you would connect which leads

to the ai'r conditioner?

Read the following paragraphs and answer the questions.
SINGLE PHASE INDUCTION MOTORS
Single-Phase Induction Motors
SPLIT-PHASE MOTORS.
Split-phase motors are usually just fractional horsepower and
are used to operate such devices as washing machines, small pumps, dryers and blowers.

Basically, a split-phase motor is constructed the same as a three-phase motor. It
has a stator, rotor and two endbells.
The windings are loccued and connected differently
than they are in a three-phase motor. A centrifugal switch as been added to the rotor
and one endbell. See Figure 26 below. A rotating part of the centrifugal switch is
located on the rotor and a stationary part (containing a set of contacts) is located in
the endbell. The purpose of this switch will be explained later in this study guide.

CENTRIFUGAL MECHANISM (ROY.,/ UN.; ELEMENT)

CENTRIFV?Ak 701",CH (STATIONARY ELEMENT)

Figure 26 - Components of Centrifugal
WINDINGS.
The split-phase motor has two windings. One windin :.t1 of heav/
insulated copper wire, which is generally located at the bottom of tiOts in the stator
and are called "Run Wincling4 or "Main Windings." The other winding is called the "Start
Winding"and is generally located in the stator on top of the run winding. The start
winding and the run winding are connected to power until the motor reaches 75 percent of
its maximum RPM. The centrifugal switch then disconnects the start winding from the
power.
The run winding is made up of many turns of heavy cori)per wire and the start
winding is made up of fewer turns of small wire.
if the stal,-t winding were not
disconnected after a short period of time, it would burn up.

CENTRIFUGAL SWITCH.
The rotating part of P centrifuga.. switc.... is a mechanical
mechanism that relies on motion and flyweights to operate. As the rotor turns, the
flyweights are pulled out by centrifugal force. This applies pressure to the closed
contacts of the switch causing them to open. These contacts are in series with the start
winding. The opening of the contacts will de-energize the start winding. See Figure 27
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CONTACTS CLOSED

111114
114
FLYWEIGHTS AT REST

CENTRIFUGAL SWITCH IN STARTING POSITION

COIVACTS OPEN

TWEIGwTS HAW: OVERCOME
SPRING TENSION

CENV.AP,GA: SwItLH IN RUNNING POSITION

Figure 27 - Centrifugal Switch
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OPERATION. When a split-phase motor is started, current flows through both the run
and the start windings. This causas a magnetic field to be formed inside the motor
stator. This magnetic field induces a current into the rotor, which, in turn, causes
a
magnetic field in the rotor. The magnetic fields in the stator and
rotor combine in such
a manner as to cause rotation of the rotor.
The start winding is necessary at the start
in order to produce the rotating field effect. After the motor is running, the start
winding is no longer needed and is cut out of the circuit by means of the centrifugal
switch. After the start windings are cut out, the
motor operates on a shifting magnetic
field.

Capacitor Motors

Capacitor motors are made in sizes ranging from 1/20 to 10 horsepower.
They are
widely used to operate refrigerators, washing machines, air compressors, air conditioners
and fans.
CAPACITOR-START MOTOR. A capacitor-start motor is an improved version of the basic
split-phase type motor. An intermittent type of capacitor is connected in series with
the start winding. When the motor reaches 75 percent of full speed, the centrifugal
switch cuts out the start windings and the capacitor.
The capacitor added in the start
windings gives the motor a greater starting torque than a basic split-phase motor.

To create a starting torque in a capacitor motor, A better rotating magnetic field
has to be established inside the motor.
This is accomplished by placing the start
winding-out-of-phase with the run windings by more electrical degrees. A capacitor is
used to cause the current in the start winding to reach its maximum value before the
current in the run winding becomes maximum.
Actually, the capacitor causes the current
in the start winding to lead the current in the run winding. This causes a revolving
magnetic field in the stator which induces a current in the rotor and causes it to
rotate.

PERMANENT-SPLIT CAPACITOR MOTOR.
The permanent-split capacitor consists of a
standard split-phase type stator, a squirrel-cage rotor, a capacitor and endbells.
This
is another version of the basic split-phase motor. A permanent type capacitor is
connected in series with the starting windings and left in the circuit at all times. The
starting windings in this motor are not a high resistance winding and have the same
number of turns and wire size as the run windings. The capacitor is used instead of
resistance to give the split-phase effect. This eliminates the need for
a centrifugal
switch in this motor. The capacitor is continuously rated and is
selected to give best
operation at full speed while sacrificing starting torque. The permanent-split capacitor
motor has the operating characteristics of poor starting torque wit.h a high current draw,
but runs with a good torque under load, at a constant speed.

o On split-phase motor motors, When is the start windings disconnected from the
circuit?

o

What is the purpose of the centrifugal switch?

o

What is the purpose of the capacitor on a capacitor-start motor?

Explain.

o The capacitor causes current to do what in relation of the start and run
windings?

o

STOP1

What is the operating characteristics of a permanent-split capacitor motor?

You have completed the assignment to be done prior to Day 6 class.

Start here for material to be accomplished prior to Day 7 Class
Read the following paragraphs and answer the questions.
THREE-PHASE INDUCTION MOTORS
Three-Phase Induction Motors
Three-phase motors are simple in construction and relatively low in initial cost.
The most comnon types of 30 motors are the squirrel-cage induction motors and the
wound-rotor induction motor. Theie two types of motors vary only in the construction of
the rotor. Three-phase motors are also broken down into three bas ic parts:
(1)
stator,
(2) rotor and (3) end-bells.
Stator

The frame is made of cast iron
or cast steel into which is pressed
a laminated silicon steel core.
The
steel core is laminated to reduce
"Eddy Currentsu, which is a loas due
to stray currents. This steel core
is constructed with semi-closed slots
Which hold the field windings. The
field windings are made up of a
nuMber of varnished insulated coils,
which are 120. (electrical) apart.
These coils are insulated from the
core with treated paper called
fish paper. The coils are connected to form three separate
windings.

Figure 28 - Three-Phase Stator
The field windings and the steel core together make up the stator or stationary part
of the motor. Figure 28 above 1.,hows the parts of a stator.
The kind of rotor used
inside of the three-phase stator determines the type of motor.
There are two types of
rotors, the squirrel-cage rotor and the wound rotor.
Squirrel-Cace Rotor
The squAxrel-cage rotor consists of a laminated silicon steel core, rotor bars and
end rings, mounted on a shaft.
In the most recent types, the rotor bars are cast into
place on an angle called skew. The skew effect increases the torque of the motor. The
end rings short circuit or connect the rotor bars together. When one rotor bar is
energized, all of them are energized.
The rotor bars and end rings together make, up a
squirrel-cage winding. Fan blades are added on the end of the rotor to assist in
providing adequate ventilation for cooling. See figure 29.

Figure 29.

Squirrel-Cage Rotor
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Wound Rotors
The wound rotor has a laminated silicon steel core mounted on a shaft. A rotor
winding is wound around the core. The rotor windings are made of coils similar to those
used in a stator. Each coil is made up of a nuMber of turns of insulated copper wire.
The windings are connected like those of the stator, wye or delta. When the rotOr is
connected for wye operation. one end of the windings are connected together in the .center
and the other end connected to slip rings mounted on the shaft. Brushes ride on the slip
rings and.are connected externaly to resistors for variable speed control. When
connectedfor delta operation, the windings are internally connected into a delta
configuration and three leads are connected to the slip rings.
Wound-rotor types of
three-phase motors are used where a low starting current is desired with an external
starting device. See Figure 30.

Figure 30. Three-Phase Wound Rotor
Endbells

The endbells serve three functions:
(1) house the bearings, (2) support and aliyn
the rotor and shaft, and (3) complete the frame of the motor.

Principles of Operation
The effects of a rotating magnetic field around the stator are required to cause a
three-phase motor to operate. This magnetic field is caused by three factors:
The difference in amount of current flow in the 30 power caused by the
characteristics of 30 voltage generation.
Reversal in direction of current flow caused by the characteristics of ac
voltage.

The arrangement of the field windings in the stator core to accomplish an
even spread of magnetic field around the stator.
The rotating magnetic field is set up by the rising and falling current in the
stator windings. When the current reaches its maximum value in one winding, a strong
magnetic field is produced by the winding
As the current in the first winding
decreases, the current in the next winding Increases, causing the magnetic field to move
to that winding. As th- current decreases in the ,econd winding, it increases in the
third winding, causing the magnetic fiel.d to move again. The windings are distrubuted so
that this rotation of the magnetic field is uniform and continuous.
See figure 31.

A

Figure 31.

Rotating Magnetic Field
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o

What are two most common types of three-phase motors?
1.

2.

o

What are the three basic parts of a three-phase motor?
1.
2.
3.

4.

o

Why is the steel core of the stator laminated?

o

What two components make up the stator?

o

What determines the type of motor?

o

What are two types of rotors?
1.

2.

o

On a squirrel-cage rotor, what is

a

When is the wound rotor type of three-phase motor used?

o

What are 3 functions of endbells?

le purpose of the sksw effe,:t?

1.
2.
3.

o

What is required for a three-phase motor to operate?
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Start here for the assignment to be completed prior to Day 7 class.
SERVICING ELECTRIC MOTORS
a.

Read paragraphs 14-87 and 14-89, then answer the following questions.
o What is the first step to remove an electric motor?

o Why would you lable the terminals and wires?

o How many hold-down bolts are normally used to secure the motor?
o What instrunent is required to check the alignment of the motor?

o Why would you turn the motor by hand before turning the power on?

b.

Read paragraphs 7-34 and 7-39, then answer the following questions.
o What will be the major portion of your job?

o What are the two classifications of troubles found in motors?
1.

2.

o What effect would frequent starting of a motor have?

o What is indicated if the motor will not start until the pulley is spun?

Excessive vibration is an example of what category of trouble?
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c.

Read paragraphs 7-40 and 7-41, then answer the following questions.

o
What are the 'Z'Aebushings.?

methods of bearing lUbrication on open motors with bronze

When using the ring lubricating method, what is the specifications of the oil
to be used?

d.

e.

o

How often should motors be greased?

o

What is the possible cause if the rotor is hitting the stator?

o

What effect would too heavy oil have on a bearing?

Read paragraph 7-42 and answer the following questions.
o.

How often should motors be cleaned?

o

What precautions should be observ

Why?

using cleaning fluids?

Read paragraphs 7-47, 7-48, and 7-49, then answer the following questions.
o

What are two major operations involved in servicing hermeti.: motors?
1.

2.

o

Majority of trouble found in hermetic motors falls in what category?

o

What test instrument would be used to check the resistance of a coil?

DETERMINING START AND RUN WINDINGS OF ELECTRIC MOTOR
a.

Read paragraph 7-10 and answer the following questions.
o

windings?

b.

What major component of an electric motor contains the start and run

o

During starting, current goes through what windings?

o

Which of the windings has the heavier wires?

Refer to Fig 7-73 and answer the following questions.

What should th

ohmaeter reading be on the run winding of a 1/8 HP motor?

What should the ohmmeter reading be on the start winding of a 1/8 HP Motor?

c.

Read the following paragraphs and answer me questions.

Motor Connections

A three-phase motor has both i:,ernal and external connections. The internal
connections determine whether the three sets of stator windings are connected delta or
wye.
The external connections are made with leads which are brought out to the terminal
box of the motor.
These leads provide a means of connecting the motor to a source of
power.
Internal Connections

The two main types of internal connections used in three-phase motors are the wye
and the delta.

The symbol for a wye connected motor is the symbol Y
schematic diagram of a wye-connected motor for high voltage.

1.Aure 32 is a

Figu:e 32 - 440-Volt Circuit Diagram
NOTE:

The schematic diagrams shown do not illustrate the true position of the coils in
the stator.
Figure 33 shows a schematic diagram of a wye-connected motor for low voltage.

Figure 33 - 220-Volt Circuit Diagram

The symbol for a delta-connected motor is the Greek letter delta

L.

Figure 34 shows a schematic diagram of delta-connected motor for high voltage.

440V

220 V

A

DC-040A

Figure 34 - 440-Volt Circuit .Lagram
Below Figure 35 shows a schematic diagram of a delta-connected motor for low
voltage.

GRD

DC-OCA

Figure 35 - 220 Volt Circuit Diagram
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o

What are two types of connections that are used on three-phase motors?
1.
2.

o

What are two main types of internal connections used in three-phase motors?
1.
2.

o

Why are the leads brought out of the terminal box of the motor

o

What is the symbol for a wye-connected motor?

o

What is the symbol for a wye-connected motor?
What is the symbol for a Delta-connected motor?

d.

e.

Read paragraph 7-21 and answer the following questions.
o

How many terminals does a thr..?.e-phase motor usually have?

o

What are the common voltages used on three-phase motors?

o

What does a three-phase

_tor require in place of thc

Read the following paragraphs and ans.

al starting relays?

r the questions

Single-Phase Motor Connections

Split-phase and capacitor start motors are made for either single or dual voltage
operaticL. The single voltage, non-reversible type will have only two leads-- 1 and 2.
The single voltage reversible motor will has:e four leads numbered 1. 2, 5, and 8.
A dual
voltage non-reversible motor will have four leads numbered 1, 2, 3, and 4. Th t. dual
voltage zeversible motor leads will be naml..)ered 1, 7, 3, 4, 5, and 8.
Leads numbered 6
and 7 e.,:e terminals of coils which are connected internally.
In order to operate a dual voltage motor on the high voltage, the running winding
must be connected in series as -hown in 2igure 36.
Leads 2, 3, and 8 are connected and
taped, leads 1 and 5 connect together avd goes to power.
Lead 4 goes to power, see
Figure 36..
TO operate on the lower voltage, the running windings are connected in parallel.
3, 4. and 8 connect

Leads 1, 3, and 5 are connected together, then to power leads 2,
together, then on to ground.
See Figure 37.
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Figure 36 - Schematic of Single-Phase MoLor Windings
Connected for High Voltage--220 Volts

Figure 37. Sch.matic &i Single-Phase Motor Windings
Connected tc.a- low Voltage -- 110 Volts
The starting winding is always cc.nnected in parallel with the running winding,
regardless of which voltge (high or low) i connected to the motor. The starting winding
cannot at any time have noL-e than 120 volts across it.

o

How many leads will the single voltage, non-reversible type motor have?

o

How many leads will the single voltage reversible motor have and how are they

nuMbered?

o

Explain how to connect the leads, in order to operate a dual voltage motor on

the high voltage.

o

What is the maximum voltage 4.411;')wed across the start windings a: any given

time?

fRead the following paragraphs and ,!inswer the questions concerning reversing the
rotation of single and three-phase motors.

To determe the direction of rotation of a three-phase motor, it is noimally
started before the load ie connoted.
If the rotation is incorrect, you can change any
two power leads to reverse tIle rotation of the mov.or.
Figure 38 shows the schematic
representation.
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Figure 38. 440-Volt Circuit Diagram for Reversing Direction of Rotation

To reverse direction of rotatior of a single-phase induction motor, the start
winding leads must be interchanged. Leads 5 and 8 are the start winding leads.
F'-h
voltage would be leads 2, 3, and 5 connected together and taped. Leads 1 and 8 Zit:
connected together, then to power, and lead 4 connects to power. Figure 39 shows these
connections. The same method is used for low voltage. Leads 1, 3, and 8 connect to
power, and 2, 4, and 5 to ground.

RUNNING
WINDING

STARTING
WINDING

220V

Figure 39. ReverFind Direction of Rotation of a singlePhase Motor Connected for High Voltage

o

STOP1

How is the rotation reversed of a three-phase motor2

You have completed the assignment to be accomplished prior to Day 7 class.

Start here for the assignment to be completed prior to Day 8 class.
SERVICING MOTOR STARTERS
a.

Read paragraph 12-41 and answer the following questions.
o

What sets the limitations in the amount of current that a control contacts can

carry safely?

Controlc can handle larger motors with the help of what device?

What is a magnetic starter?

Magnetic Line Voltage Starter
Electromagnetic energy can be used to close switches.
Line voltage starters provide
a safe, convenient and economic means for controlling electrLc motors. They are used to
start and stop electric motors. MagAetic line starters are widely used because they are
economical and safe and they can alco be controlled remotely.
are normally used
where full voltage starting torque is needed and where current surge is not a vajor
factor. Magnetic starters may be as simple as the type shown in Figure 40, having only
one set of contacts. The contacts called "main contacts" would Ile connected in series
with the coaductor carrying power to the motor.
When the elect_omagnetic
is
energized, it sets up a magnetic field a..tracting the armature. When the armature moves
toward the electromagnet, the movable contact (located on the armature) connects with the
stationary contact.
This completes the circuit to :.he motor and the motor starts. When
the switch in the circuit which supplies power for the electromagnetic coil is opencd,
the coil is de-energized, causing a loss of the magnetic force.
The spring will then
pull the contacts apart.
This is a simple magnetic line startr.
Other magnetic line
starters will have more contacts, motor over-current protector ielaye (heaters), and ma).
depend on gravity to open the contacts. Heaters will be explained later in.this study
guide.
Figure 41 will help you identify the different parts of a magnetic
acroemthe-line starter. Tnis figure shows a three-phase across-the-line starter,
contning three sets of main contacts, one set of holding contacts, a coil, two reset
cnntar-:s, and two heaters.
It As designed so gravity will cause the contacts to open
when the co3.1 is denerczed. Pressure springs have been added to the contacts to allow
them to seat evenl. This prevents hending of the contacts and arcing, thus prolonging
their life.
Shaded rini's are placed on the stationary core to provide a time delay in
tbe loss of flur, thus preventing contact chatter and wear in the moving parts of ac
magnetic starters.
.

70 HOION POWIN

CONTACTS

APNATURE
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I

PIVOT

CONTWOI SWITCH

SPRING

Figu:e 40.

Magnetic Starter
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Figure 41. Three-Phaee Magnetic Line Voltage Starter
Figure 41 shows how this starter will appear on ar electrical diagram. Elctrical
symbols are used to represent the parts of the starter
Magnetic starters are often
called contactors.

Clantocn

MIXT
WAT3.3

0
Ts

Figure 42.

Elecixical Diagram of a Magnetic Starter
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o

What is the purpose of a magnetic line atarter?
mtV

do the main contacts of a line starter connect in a circuit?

o

How many sets of contacts does three-phase line starters have?
What

c.

3 the pY.se of the pressure springs in the line starter?

Read the following paragraphs and answer the following questions?

Connecting Three- Phase Controllers
Connecting three-phase controllers vary only in the location of the terminals and
when the controllers are to serve different duties. Fi9ure 43 shows a square D magnetic
starter and a start-stop station controlling a three-phase motor.
LI

Figure 43.

L2

Wiring liAgram of a Square-D Magnetic Starter
Connected to a Start-Stop Station

Power is supplied to the controller at terminals marked Ll, L2 and L3. The
motor is connected to three terminals marked T1, T2. amd T3.
The identification of
these terminals will normally be the Same regardlesc of the manufacturer.
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In order for the motor to operate, three sets of normally open contacts (main
contacts) must close. These contacts are located between the line and the load (L1 &
T1, L2 & T2, and L3 & T3). To close these contacts, the coil must be
energized.
This is done through a circuit known as the'control circuit. The control circuit runs
from terminal L2 through the two reset contacts (normally closed contacts) through the
coil and to terminal three (3) on a set of holding contacts. To have a complete circuit
to energize the coil, the control circuit must make connection to Ll. Thin point is
where the different types of controlling takes place. As in Figure 43, terminal three
(3) of the magnetic starter is connected to terminal three (3) of the
start-stop station.
When the start button is pushed, a'circuit is completed from terminal three (3) through
the start contacts to terminal two of the start-stop station, through the stop
terminal one (1) and to terminal L1 of the magnetic starter. A circuit is now button to
completed between L1 and L2, and the coil becomes energized. When the coil
energizes, the armature is iifted causing all normally open contacts to close.
The
circuit is now complete to the motor. The circut from terminal three (3) of the
magnetic
starter to L1 is known as the start circuit.
The start button on a start-stop is a
constant pressure ewitch, meaning it must be held in to keep the contacts closed.
If
pressure s removed, the circuit would be broken and the coil
would become de-energized.
To prevent this from happening, another circuit called a holding
is added. The
holding circuit is connected from terminal two (2) of the magnetic
to terminal
two (2) of the start-,tnp station. When the coil becomes energize:.
:.Loses all
normally open contac.,.., including a set of holding contacts locate
terminals two
(2) and three (3) of the magnetic starter. When these contacts clt,d, ` circuit
is
completed from terminal three (3) through the holding contacts to t::',A'.41 two (2), to
terminal two (2) of the start-stop station, through the stop button contacts to terminal
one (1) to 1.1.
'"en the start button is released, this circuit
used to keep the
coil energized. To de-energize the coil, pressure is applied tois
the stop button Which
causes its normally closed contacts to open breaking t!l'i circuit, de-energizing the coil.
Should the motor draw more current than is specified
the data plate, the overcurrent
relays will heat and open the normally closed contact.s (reset contacts) in the control
circuit, which will de-energize the coil.
This provides motor protection.
Figure 44 shows a wiring diagram of Arrow-Hart magnetic starter. As you can see,
the terminals are marked the same as the Square D, but they are in different locations;
even though the wiring remains the same. On some starters, terminals 2 and 3 may be
marked C2 and C3.
When a motor system requires cortrolling from more than one location, additional
start-stop stations can be added.
Some conveyor belts require this type f control
system to allow starting and stopping from either end of the conveyor.

LI

L3

r--

r .

Figure 44.

o

r nnecting

Wiring Diagram of an Arrow-Hart Magnetic Starter
Connected to e Start-Stop Station

,hree-phase line starter, where is the power supplied to?

o

Where are the leads trom the motor connected?

o

What occurs when the coil is energized?

d.

Read the following paragraphs and answer the questions.

Single-Phase Motor ':ontrollers

Single-phase motor controllers are constructed and operate similarly to three-phase
motor controllers. Where switching in three conductorS is required in three-phase motor
systems, only one or two c-inductors require switching in single-phase motor systems.
Magnetic Line Voltage Starters
Single-phase magnetic staiters have the same circuits as.the three-phase starters
(Power, Control, Load, Start and Holding).
They have only two main or load contac-la and
one overload protective relay. The coil in the starter is usually wound for dual voltage
(120/240) and is labeled or color coded.
The red lead is the commOn and is used with
either 120 or 240 volt power connections.
The white lead is used when low voltage (120
volts) connections are required. The black lead is used when high voltage (240 volts)
power is required.
Figure 45 shows a single-phase magnetic starter and motor with low voltage
connections.

Figure 45. Connecting a Single-Phase Magnetic Starter
o

What are the five circuits within the single-phase magnet4c starters?
1.

2.
3.

4.
5.

o

How many contacts does a single-phase line starter have?
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Read the following paragra:

answer the querions.

Maintenance of Motor Starters
The most frequent trodble enc:zontered with motor starters is contact trouble.
Contacts should be inspected for excessive burning or Fitting and for proper alignment.
If they are pitted, copper contacts may be filed, but care must be exercised not to
remove too much Contact surface or to change their shlpe appreciably.
Copper contacts
are sdbject to heat and oxygen on closing and opening, of the circuit, and copper oxide
may be formed on the surface of the contact. This oxide is an insulator which mnst be
removed if it covers a large part of the contact.surface. Most contacts made of copper
are arranged to be of the wipin7, type, which allow the mechanical closing of the
contacts to remove this oxide as it forms.
If the contacts are silverplated, the silver
oxide is e good conductor and need not.be removed; in fact, silver contacts should never
be filed.
The contacts should be inspected not only for pitting but for proper alignment
and for proper contact pressure. Improper alignment or lack of contact pressure will
cause excessive arcing and pitting of the contacts.

General Procedure
The first procedure in any organized manintenance of equipmeW; should be 'periodic
inspection to prevent serious trodble from arising. This inspect..;;
ahoulI :,clude not
only electrical equipment but the machine as well, should point
wear ard t.nar on
the electrical equipment, and should provide a basis on which rer...lent of parts and
correction of danger spots can be taken care ot: before they cause serious trouble.
One of the greatest causes of failure of control systems is the presence of dust,
grease, oil, and dirt, which must be removed periodically in order that the equipment may
function properly. The removal of dust and dirt may be accomplished by dusting or wiping
with rags, but this is not always effective with oil and grease.
These sUbstances
generaly should be removed by the use of a solvent such as carbon tetrachloride. Care
should be exercised whenever these solvents are used, because the inhaling of any
appreciable quantity of their fumes is quite likely to be very harmful. Therefore,
adequate ventilation should always be provided.
Periodic inspection should always include a check for overheating of electrical
equipment and mechanical parts, because excess heat is a...ways an indication of troUble to
come. The value of checking for excess heat depends upon your knowledge of tile proper
operating temperature cf coils, contacts, transformers, and the many other pieces of
equipment associated with mach!nery, motors, and control.
Another frequent cause of failure of control equipment is electrical connections.
Each connection should be periodically checked fr,r tightness, and the inspection should
include the checking of possible loose bolts and nuts cn the equipment.
Short circuits and grounds in the electri;cal wiving may be prevented by proper
inspection of insulation and by using a Megger insulation tester on motors and cables in
associated equipment.

If you are to maintain the same eruipment over a period of time, the first law to
follow is to be familiar with your tquipment. Know your equipment mech4nically and
electrically so that you will sense trouble before it develops.
The second law is to be observant.
Whenever you pass a piece of equipment for wt
you are responsible, listen and look.
Quite often this is all that ie necessnry to tel
you that trouble is on its way.
Good maintenance procedure can re summed up in a very
few words: Keep it tight, keep it clean, keep it lubricator!, and inspect it frequently.

Should the contactor be equipped with flexible leads, they n'aould be ,checked for
fraying and broken strands and should be replaced if these conditio,is exist. Should the
starter be equipped with arc shields, they should be inspected for proper alignment
around the contacts. They should be checked for accumulations ot dust and dirt, and if
carbon deposits have built up en the inside of these shields, these deposits should be
carefully removed, since carbon reduces the arc path and can be the cause of serious arc
overs, particularly under high-voltage conditions.
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Spring tension for proper contact pressure is very important in a starter and shoula
be checked against manufacturer's standards if they are available. They should at least
be chscked to see that each contact has approximately the same spring tension so that the
contact pressure will be equal on each contact.
Improper or unequal spring tension is
one of the most common causes of contact chatter and starter hum, so be sure that When
these conditions exist, you cheCk the gyring tension on every contact to determine if it
is sufficient and that they are all equal.
What is the most frequent trodble encountered with motor starters?

What is the first procedure in any organized maintenance of equipment?

How can good maintenance procedures be 3ummed up?

TYPES AND FUNCTIONS OF ELECTRICAL OVERLOAD PROTECTOR.
a.

Read the following paragraphs and be prepared to discuss the material in class.

Overload Protection
Electric motors require overload protection to prevent burnout, if permitted,
electric motors will operate at a higher current than their rated capacity. This may be
caused by low line voltage, by an open line in a three-phase syetem, and by an overload
of the driven machinery. The overload on an electric motor causes it to draw excessive
current that causes overheating. The overheating will eventually result in a burnout.
to prevent this, overload relays are employed on a starter to limit the amount of current
a motor can draw, This is overload protection, or running protection.
An overload relay
consists of a current sensitive element and a set of normally closed reset contacts. The
overload relays of a starter function to protect a motor from excessive current that is
dfestructive to motors. Current sensitive (thermal or magnetic) elements of overload
relays are connected either directly or indirectly in the motor lines through current
transformert.
The overload relays act to de-energize the starter and stop the motor when
excessive current is drawn.
Thermal Cutouts
Thermal cutouts are usually of the bimetallic or melting alloy types. The
bimetallic type is constructed of two dissimilar metals which, when heated, bend due to
the different rate of expansion of the two metals.
A heating element in the motor line
circuit generates the heat necessary to activate the strip.
Current in excess of the
desired amount causes deflection of the bimetallic strip to the extent that the contacts
spring apart, thus opening the holding coil circuit as shown in Figure 46.
A reset
button is depressed to reactivate the mechanism when the strip has cooled to operating
tolerance.

TO HOLDING COIL

Figure 46.

Bimetallic Overlaod Relay

The melting alloy overload relay emoloys a heating coil connected in the motor line
circuit.
See Figure 47.

Figure 47. Melting Alloy Thermal Overload Relay
The heat caused by excessive current in thc; motor circuit melts the metal alloy
(similar to solder) releasing the spring-loaded shaft. The shaft is then capable of
turning which permits the reset contacts to open, thereby disrupting service to the
When the alloy has cooled and solidified sufficiently, the motor may be restarted
motor.
by depressing the reset button. A laboratory example of the melting alloy principle is
shown in the figure
The main advantage of the meltit.q alloy over the bimetallic type is its amperage
rating doesn't vary after repeated he&tings.

Magnetic Overloads
The magnetic overload relay consists of a coil, a plunger, a dashpot, and a set of
The coil is connected in series with the motor. When a detcontacts. See figure 48.
ermined amount of current passes through the coil, the magnetic field will pull the
By adjusting the length of the plunger, the
plunger up causing the contacts to open.
amount of current required to pull the plunger up can be varied. An oil-filled dashpot
added to provide a time delay. A plate on the bottom of the plunger is submerged in the
oil and acts as a piston. The plate has holes in it that can be adjusted in size to
When the coil pulls the plunger up, the oil must flow through the
change the time delay.
hole in the plate as the plunger rises. By changing the size of the hole, the time delay
can be increased or decreased. Quick tripping is obtained through the use of a light
grade dashpot oil.

Figure 48. Magnetic Overload Relay
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Selecting Heaters

k

The overload relay size is determined by the full load current of the motor it
protects. When selecting the heaters to protect a motor, you ahould check the motor data
plate to find the full load current.
Each manufacturer normally puts a heater selection
table in the controller cover. Heaters are not identified by amperage, but by the
manufacturer's catalog number. Sy using the full load current of the motor to be
protected and referring to the manufacturer's table, the proper heator can be selected.
Figure 49 is a Cutler-Hammer heater table. If the full load current of a 2 hp motor at
230V is 6.8 amps, the heater required would be an H1033.
SUTER C01. SELECTION TABLES

For Size 1 Starter
Ampere
Range
. 157.. 177
. 178.. 198

Catalog

Ampere

Catalog

No.

MM66

No.

. 224.. 249

141101
141102
141103
141104

.149.. 223

2. 20-2. 45
2. 46-2. 74
2. 75-3. 07
3.98-3. 42
3. 43-3. 81

141024

141025

01026
141066
141027

For Size 2 Starter

For Size 3 Starter

For Size 4 Starter

Ampere
Range

Catalog

Ampere

Catalog

Ampere

No.

Range

No.

Rznge

3. 89-4. 35
4. 36-4. 81
4. 82-5. 35
5. 36-5. 96
5. 97-6. 63

141028
141029
141030

01035

9. 68-10. 8
10. 9-12. 0
12. 1-13. 5
13. 6-15. 0

141033
141034
141035
141036
141037

15. 1-16. 8
18. 9-19. 1

141031
141032

250 -. 280

141105

. 281.. 313
. 314.. 353
. 354-. 395
. 396-. 445
. 446.. 499

141106
141107
141108
141109
141110

3. 82-4. 27

141028
141029
141030
141031
141032

6. 64-7. 41
7. 42-8. 23

4. 72-5. 24
5. 25-5. 87
5. 88-6. 48

500-. 582
. 563.. 631
. 632.. 711
. 712-. 799
. 800.. 903

HIll 1

6. 49-7. 27

141033

141112
141113
141114
141115

7. 28-8.14

141034

8. 15-9. 03
9. 04-10. 0

141035
141036
141037

11. 5-12. 8
12. 9-H. 1
14. 2-15. 9
16. 0-18.1
18. 2-20.4

141038
141039
141040
141041
141042

27. 9-31. 5
31. 6-35. 5
35. 6-40. 3
40. 4-45. 6
45. 7-51. 8

. 904-1. 01
1. 02-1. 13
I. 14-1. 27
I. 28 -I. 43
1. 44-1. 60

141116
141117
141018
141019
141020

II. 3-12. 5

20. 5-23. 3
23. 4-26. 5
26. 6-30. 3
30.4-34. 7
34. 8-39. 6

141043

51. 9-58. 6

01044
01045

58.7-65. 2

17. 8-19. 9

141036
141039
141040
141041
141042

1. 61-1. 79
1. 80-1. 98
I. 99-2. 19

141021
141022
141023

20. 0-22. 5
22. 6-25. 3
25. 4-27. 0

141043
141044
141045

39. 7-45. 0

141048

4. 28-4.71

10. 1 -11. 2

12. 6-13. 8
13. 9-15. 6

15. 7-17.7

8. 24-9.19
9. 20-10. 2
10. 3-11. 4

Figure 49.
b.

8.72-9. 67

141048
141047

19.2-21. 6
21. 7-24. 5
24. 6-27. 8

65. 3-74. 3
74. 4-86. 3
86. 4-90. 0

Catalog
No.

141036
141037
141038
141039

19. 5-21. 9
22. 0-24. 7
24. 8-29. 0
29. 1-31. 9
32. 0-36. 1

111042
141043
141044
141045
141046

141040
141041
141042
141043
111044

36. 2-40. 7
40. 8-46. 2
46. 3-52. 4
52. 5-59. 2
59. 3-68. 3

141047
141048
141049
141050
141051

01045

66. 4-75. 1
75. 2-87. 1
87. 2-99. 9
100. -113.
114. -129.

141052
141054
141055
141056
141057

141050
141051
141052
141054
141055

130. -135.

141058

141048
141047
111048

01049

----

Heater Table

Read paragraphs 7-28 and 8-22 in the Modern Refrigeration textbook.
to discuss and answer questions in class over the assigned material.

Be preprared

3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air FO7Ce Base, Texas

SGWB J3ABR54530 001-1-7

SCHEMATIC INTERPRETATION AND ELECTRICAL TIOUBLESHOOTING
OBJECTIVE

To help you learn to interpret schematic diagrams and to perform electrical
troUbleshooting.
INTRODUCTION
This studyguide/workbook will prepare you for the instruction to be conducted in
days 8, 9 and 10. You must accomplish the sections assigned for each day and be prepared
for a test over the material when you come to class.
INFORMATION

Read the following paragraphs and answer the questions.

At first glance, a detailed wiring diagram may seem difficult to understand. It may
help to think of a wiring diagram as a type of road map.
You should have some kind of
idea of where you are and where you want to go.
It would be foolish to study a road map
of California if you were planning a trip in Texas.
The same is true of wiring diagrams.
Identify the area that immediately concerns you.
It is unlikely that you will need to
consider more than one circuit at a time.
o

When studying a wire diagram it may help to think of it as a type of

Observe Figure 50. Probably the first thing you uould need to know about any
electrical circuit is if it has power to the circuit.
Let's look at the power source as
indicated on the left side of the drawing. A voltmeter check at the power source will
show if the system is receiving proper voltage (120 volts).

What is the first thing you would need to know about an electric circuit?

o

The supply voltage for Figure 50 is

volts.

Read the paragraph below and answere the following questions.
Now let us look at the lighting circuit. What type of circuit is it? It has more
than one path for current to flow with one unit of resistance in each path, so it must be
a parallel circuit.
In tracing any circuit, the best place to start is at the power
source.
Usually the negative side of the power source is used.
It should be determined
if the circuit is drawn "Power On" or "Power Off". A circuit that is drawn "Power On"
will show the relay contacts in the position they will normally be when the circuit is
operating. Figure A is drawn with the "Power On".
If the circuit is drawn with the
"Power Off" it may be necessary to change the circuit as you trace current flow.
Sometimes you may desire to use colored pencils to trace out circuits.
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Figure 50. Lighting Circuit

o

Where is the best'place to start tracing a circuit?

o

When tracing a circuit should you start at the positive or negative side of

power?
o

Figure A is drawn with the."Power

o

When the circuit is drawn with the "Power Off" it may be necessary to
the circuit as you trace it.

Read the paragraph below and answer the following questions.
Let's take a look at figure A again. We have already determined that the circuit is
drawn with "Power On". Now let's trace the current flow through the various components.
First we'll trace current flow through the receptacle C. Starting at neutral N1 we see
that the current will flow first to the receptacle, thm bypass the transformer I and on
to Fuse (T). That is the complete circuit for receptacle C.
o

The voltage at receptacle C is

volts.

Read the paragraph below and answer the following questions.
The next circuit we'll trace out is for transformer I.
Begin at N2 and trace the
current flow through the primary coil of transformer I and back to fuse T). This is the
circuit for the primary coil of transformer I.
If we take a closer look at transformer I
we'll see that it is a step-down transformer.
The voltage is stepped down to 24 volts in
the secondary coil.
This secondary coil supplies power for components F and H. By
starting at the bottom of the secondary coil we can trace current flow through push
button switch E to buzzer F and back to the secondary coil. When pushbutton E is pressed
it completes the circuit and buzzer F operates.

Starting once again at the bottom of the secondary coil we can trace current flow
through switch D to the coil in relay H. When switch D is closed the coil in relay H
energizes closing the contacts in the motor circuit. The current then flows back to the
secondary coil.
Since there are two paths for current to flow with, one unit of
resistance in each path, we can say that buzzer F and relay H are in parallel.

o
o

at

Transformer I steps down voltage from 120 volts to

volts.

Since buzzer F and relay H are in parallel, we can say bott components operate
volts.

Read the paragraph below and answer the following questions.
Now let's take a look at lights J and K. If we start by tracing our circuit from
N3, we can trace our current flow to light K. Here our current branches off and flows
through both lights J and K. Current will flow through light J to switch B and also
through Light K to switch A. Both circuits tie in at switch B and current flows on past
receptacle C and transformer I to fuse (T).
Switches A and B control the lights.
Switch
A controls light K and switch B controls light J.
If we take another look at the
circuit, we can see that we have two complete paths for current to flow with one unit of
resistance in each path. Therefore, we can say lights J and K are in parallel.
o

Which light does switch A control?

o

The voltage for lights J and K is
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Read the paragraph and answer the following question.

The last component to trace current flow throuogh in this diagram is the motor. If
we begin tracing our current flow at N4, we can see that our current will f-ow first to
our motor G and then on through the contacts of Relay H. (RemeMber that the contacts in
the relay close When the coil is energized by closing switch D.) From relay H our
current flows to fuse (M). That is our complete circuit for Motor G.
o

Which component does switch D control to operate the motor.

Though figure A may have seemed complicated at first, by breaking it down and
tracing out the separate components, we greatly simplified it. In time, with practice
and patience, you will be able to interpret schematic diagrams with little difficulty.

STOP1

You have completed the assignment to be accomplished prior to Day 8 class.
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Accomplish the following cesignment prior to Day 9 class.
TROUBLESHOOTING ELECTRICAL CIRCUITS
Read the following paragraphs and answer the questions.
Trodble with a refrigeration unit often involves electrical problems. The
refrigeration technician should be able to troubleshoot electrical circuits. Trying to
correct electrical troubles before knowing the type Ind location is a waste of time and
effort. The efficient trodbleshooter analyzes the symptoms first and then locates the
trouble before any corrective action is taken.
Electrical trodbleshooting is a systematic process of analyzing, locating, and
correcting electrical trodbles.
The fundamental steps of electrical trodbleshooting are:
o

Perform Operational Check

o

Determine type of trodble

o

Locate Trodble

o

Perform corrective action

A wiring diagram of the electrical system that is being worked on should be obtained
so that the types of circuits and units involved can be understood. A picture of the
circuit will aid in troubleshooting and making operational checks of the units.
o

Define troubleshooting.

o

The fundamental steps of electrical trodbleshooting are:
1.

2.
3.
4.

Read the following paragraphs and answer the questions.
Types of Trodbles

An.important fact to remember is that there are only three types of troubles:
OPENS, SHORTS, and LOW POWER.
OPENS

An open circuit is one that has a break somewhere in it. This break could be
located in the wire, in the switch, fuse, or in the unit of resistance. In fact, it
could exist anywhere. In order to have current flow, you must have a complete path or
continuous circuit.
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Maur:illy, if there is a breUk or open in the circuit there can VA: no current flow;
therefore, the unit or resistance would not operate, see figure

Figure 51.

Open Wire

There are three different meters that can be used to locate an open.
Voltmeter, Ohmmeter, and Continuity Tester.

o

These are the

The three types of troub es are:
1.
2.
3.

o

An open .circuit is one that has a

o

Will there be current flow if there is an open in the circuit?

o

List the meters used to locate opens.

in it.

1.

2.
3.

Read the following paragraphs and answer the questions
Locating Opens

The next location of an open can be found by using the voltmeter. You should first
of all understand what a voltmeter indicates in a normal operating circuit. Figure
illustrates normal voltmeter readings throughout the circuit.

000
28V

28V

28v

Figure 52.

28V

0

28V

Normal Voltmeter Readings

4
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A voltmeter connected positive to negative should always indicate the difference in
voltage across the two points. A voltmeter connected negative-to-negative or
positive-to-positive should not give a difference in electrical pressure, see Figure 53.
The last voltmeter in Figure 53 connected negative-to-negative and therefore is reading 0
volts. Readings other than these are considered abnormal. Exact location of an open can
be found in the positive or negative parts of che circuit between a normal and an
abnormal reading.
o

A voltmeter connected positive-to-positive will read

volts.

Read the following paragraphs and answer the questions.
Figure 53 illustrates a voltmeter being used Lo find an open in wire A-4. The open
is located between the last point of source voltage and the first point of zero voltage.
In Figure 53 the last point of source voltage (28 volts) and the first point of zero
voltage (0 volts) is at A-4. Therefore, the open is at A-4.

A.4

A.3

ABNORMAL

NORMAL
REAOING

REArIG
No.

000 0 0
2By

28V

NV

2BV

8

28V
ce-111110

Figure 53.

Locating an Open in Wire A-4

In Figure 54, a voltmeter is being used to locate an open in the circuit.

28V

0 0 000 0

28V

DIV

211V

UV

28V

NV

ABNCRMAL
READING

Figure 54.

The exact location is wire A-6.

UV

QV

NORMAL
READING

Locating an Open Wire A-6

Study the illustration and complete the sentences below.

The open ia located in wire A With one meter lead on wire A-1 and the other on wire A-6, the
meter will indicate
volts.
Zero/28
With one meter lead on wire A-1 and the other on wire A-3, the
meter will indicate
Zero/28
Read the following paragraphs and answer the questions.

Opens can also be found by using an ohmmeter or a continuity meter. POWER MUST BE
OFF and the circuit ISOLATED when using these meters.
In Figure 55, an ohmmeter is being
used to locate an open in wire A-6.
(Note:

The fuse has been removed to isolate the circuit.)
31:
A.6

A5

A.1

CO

A.7

GO
co 8
co 0

0

n
ABNORMAL
READING

n
NORMAL
READING

Figure 55. Locating an Open with an Ohmmeter
CAUTION:

Connecting an ohmmeter to a live circit will damage the ohmmeter.

In Figure 55, you will notice that the Ohmmeter does not register continuity all the
way through the circuit. The open is found between the first continuity reading (0.11-)
and tbe last infinity reading ( co ).
The ohmmeter indicates continuity (uninterrupted good connection) when registering
zero ohms (0-n- ) and infinity ( c0
unmeasurable) when circuit is open.

Study illustration below and complete sentences.

The open is located in wire A With one meter lead on wire A-2 and the other lead on wire A-5, the meter will
indicate
ohms.
With one meter lead on wire A-2 and the other on wire A-7, the meter will indicate
ohms.

While using an ohmmeter the power must always be
While using a voltmeter the power must always be
Read the following paragraphs and answer the questions.
SHORTS

A short means that there is 1.nntact where there should not be contact; consequently,
there is current flow where there should not be current flow. Indications of shorts are
units operating that should not be operating, blown fuses and tripped circuit breakers.

DIRECT SHORT
In the case of a direct short, a negative lead is in contact with a positive lead,
by passing the unit of resistance.
From Figure 56 you can see that current in this situation will take the path of
least resistance.
The excessive current flow will cause the fuse to blow, or if the
protective device happens to be a circuit breaker will trip, opening the circuit.

Figure 56.

What is a direct short?

Direct Short

Read the following paragraph and answer the questions.

Locating Direct Shorts
Some kind of a continuity test, such as with an ohmmeter, should be used in locating
direct shorts. The positive leads should be isolated and the testing devices conneCted
across the isolated leads. Notice in Figure 57, an ohsimeter is being used to locate
contact between isolated positive leads and the negative lead.
Only the ohmmeter
connected to A-4 lead indicates continuity (0
); therefore, a-4 lead must be touching
the negative side of the circuit, providing a shortcut for current to flow.

AO

Figure 57.

Locating a Direct Short

What type of meter is used to locate direct shorts?
Read the following paragraphs and answer the questions
Cross Shorts

Where as, the direct short is contact between the positive lead of a circuit and the
negative lead of a circuit, the cross short is caused by the positive leads.on
independent circuits coming in contact with each other.
In other words a positi,*e from
one circuit touching a positive in another circuit.
During an operational check, a cross short is indicated by Vd0 independent units
operating from the same switch.
In Figure 58, positive lead A-8 ir touching positive
lead A-::..
Even though the switch which controls L2 is open, there is a complete path
for current flow from A-8 to A-1; consequently L2 burns.

1M-1430

Figure 58.

Cross short

What causes a cross short?
What is an indication of a cross short?

Read the following paragraphs and answer the questions.
Locating Cross Shorts
The seem testing devices and procedures are used in locating cross shorts as were
used in locating direct shorts. Power must be off and the positive leads of both
circuits isolated, see Figure 59.

A.3

A.8

[C-M4A

Figure 59.

Leads Isolated

After both circuits are isolated, the test metei is connected across the probable
leads, such as A-3 to A-7, A-3 to A-8, A-4 to A-8, or A-4 to A-7.
Note that any of these
combinations would have the same effect. In Figure 60, the ohmmeter shows the cross
short to be between A-3 and A-8. In other words, the meter shows continuity between the
two isolated leads (A-3 and A-8) where there should NOT be continuity. This means these
two positive leads are making contact.
A4

Figure 60.

Locating a Cross Short

To locate a cross short, power must be
leadsof both circuits.

and the positive

o
Should there be continuity between two isolated positive leads when checking
for a cross short.

Read the following paragraphs and answer the questions
Low Power

This condition is often found in old buildings or in areas where the electrical load
has been increased without increasing the size or number of electrical circuits. A low
power condition is indicated by dim lights, relay chatter, and sluggish motors.
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If a low power condition is suspected, all the electrical units on the circuit
Voltage drops across the
should be turned on. This should create maximum current flow.
units should be compared with total voltage available. Figure 61 shows a line loss
Here our motor has 90 volts where it should actually be 110 volts. There is a
check.
low power condition in this circuit.
If a low power condition is suspected, all the electrical
should be turned on. This Wilould create maximum current flow.
units should be compared with total voltage available. Figure
Here our motor has 90 volts where it shotld actually be
check.
low power condition in this circuit.

units on the circuit
Voltage drops across the
61 shows a line loss
There is a
110 volts.

If a low power condition is discovered, the electrical lead must be reduced or a new
circuit installed.

[C,41410

Figure 61.

Voltage Drops Should Equal Total Voltage

o

Where are low power conditions often found?

o

List the indications of low power?
1.
2.
3.

o

What should you do if a low power condition is suspected?

o

If a low power condition is discovered what should be done?

Read the following paragraph and answer the questions.
Shorted Switches

Another type of troUble that is common in electrical circuits is shorted switChes.
A shorted switch is one that fails to break contact when it is placed in the OFF
position. The effect of a shorted switch is that the unit operates continuously. Any
test mst:l.r c4in be used to determine whether the switch is defective. In Figure
62, an ohmmeter indicates that the switch is shorted.

on

Figure 62.

Checking for a Shorted Switch

o

Define a shorted switch.

o

What is the effect of a switch?

Read the following paragraphs and answer the questions.
Safety Precautions
The first thing a technician should always think about is safety.
implies several things:
o

Safety to the service technician

o

Safe handling of tools instruments and equipment.

Working safely

Since refrigeration and air conditioning units are usually motor driven, electrical
supply to the system presents some hazard. I. electrical circuits are not properly
insulated and handle, it is possible for the operator to receive a dangerous electrical
shock.

Always disconnect the power or make sure all electrical components are safe before
beginning on a job.
An electrical short across a watch or ring can cause a severe burn.
It is best to remove watches and rings when working on electrical equipment.
Be sure to use all safety precautions when using test equipment. Improper usage can
cause damage to the meters and possible injury to the service technician.
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o

What should you do before working on a unit?

o

Why shoulli you remove watches and rings before working on electrical unit.o?

You have completed

,

to be accomplished prior to Day 9 class.

Accomplish the following assignment prior to day 10 class.
ISOLATION PRODECURES IN TROUBLESHOOTING
Read the following paragraphs and answer the questions.

We have already learned that troubleshooting is a systematic process of analyzing,
locating, and correcting electrical troubles. When troubleshooting a circuit, the
service technician must be able to locate the problem and isolate it down to the smallest
component. Knowing the circuit symptoms that each type of trouble indicates will aid you
greatly in the location and repair of the malfunction.
Location of t'le exact place in
the circuit that is causing the malfunction usually requires some type of test equipment.
You should first identify the type of electrical trouble, and then select the correct
test equipment to locate the exact wire or unit causing the trouble.
It should then be
an easy matter to repair the trodble.
o
A service technician must be able to locate a problem and
down to the smallest component.
o
The first thing a service technician should do is
of electrical problem.

it

the type

Isolation of Electrical Trodbles
Read the following paragraphs and answer the questions.

Look at Figure 63 and note that five individual troubles are indicated. We will
consider them one at a time. The trodble indication will be stated, an analysis will be
given, the meter readings discussed and the trouble identified for each of the five
troubles.
Trouble number one was indicated by an inoperative motor.
A visual check showed
that our relay was still operating. Since no power was reaching the motor, an open
circuit is indicated.
When a voltmeter was placed across the fuse at the power source,
the voltmeter read 120 volts. Normally, a fuse does not offer resistance to a circuit
and therefore should not cause a voltage drop. Since this fuse is using all the voltage
in the circuit, it must be open. When the fuse is replaced, the circuit operates
normally.
o
What was the indication for trouble number one?

o

Should there be a voltage drop at the fuse?

Reai the following paragraphs and answer the questions.

Trouble number two is indicated by no alternating current to the system (nothing
This also indicates an open circuit. By looking at the diagram we see that only
lines that could affect the circuit in this manner are the main hot and neutral lines.
If we check the hot line, we find that there are no problems but the neutral line shows a
voltage drop of 120 volts. The neutral line is not a unit of resistance and should not
cause a voltage drop.
Since the neutral line is using all the voltage, it must be open.
When this line is replaced, the circuit operates normally.
works).

o

o
volts.

What was the indication for troubles number two?

A voltmeter placed negative to negative should get a reading of
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Read the following paragraph and answers the question.
Trouble number three is indicated by light J being continuously lit. Placing switch
B in the OFF position does not turn out the light.
This indicates that switch B is
shorted. By turning.off the power and unscrewing the light
bulb to isolate the circuit,
we cAn use an ohmmeter to check the switch. The ohmmeter shows continuity through the
swit9h in both the ON and OFF position. This indicates that the switch is shorted. When
the EA./itch is replaced the circuit resumes normal operation.
\

6

A switch which fails to break contact is known as a

switch.

Read the following paragraph and answer the questions.

Trouble nuMber four is indicated by an inoperative motor G. Further investigation
reveal* that relay H is not operating, consequently the contacts are not completing the
motor circuit and motor G will not operate. This indicates an open in the relay circuit.
By turning off the power and checking the circuit with an ohmmeter, we find that there is
no continuity in the coil. This means that there is an open in the coil and the relay
muut be replaced. When the relay is replaced, the circuit resumes normal operation.
o

Why wouldn't motor G work?

o

How was trouble four repaired?

Read the following paragraph and arswer the question.
Trouble number five is indicated by light K being inoperative. A meter check at
switch A reveals the switch to be good.
By checking light K with a voltmeter, we find
that we have 120 volts applied.
This indicates that we have an open in light K. When
the light is replaced, the circuit operates normally.
o

What is the indication for trouble nuMber five?
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Figure 63.

Electrical TroUbles
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i3iiady.Figuie .64 an4 read the indications for each trOUble then answer the following
questions.

This
TroUble nuaber one was indicted by condenaation and frost around freezer door.
ildicates a prOblem with the Mullion Drier Circuit. A check with an ohmmeter shows no
continuity through the heater.
o

What is the troUble?

o

What must be done to correct tIlis problem?

o

Could this problem have been found by using a voltmeter?

A check with an
Trouble number two was indicted by the unit running all the time.
ohmmeter shows that the thermostat has continuity whether it is ON or OFF.
What is the problem?

o

How can this problem be corrected?

By checking the
Trodble number three is indicated by an inoperative fan motor.
A voltmeter check between the motor
motor we find that we have no power applied to it.
and the switch gives us a reading of 120 volts.
o

What is the trodble?

o

How can this problem be corrected?

Trodble nuMber four is indicated by the whole system being inoperative. This
problem indicates an open circuit. A voltmeter check shows a reading of 120 volts across
the fuse.
o

Should there by a voltage drop across the fuse?

o

What is the trcdble?

o

How can this problem be correc:.ed?

Trodble number five is indicated by the compressor motor not operating. A
Continuity check shows that the compressor is good. ay checking the relay we find that
We have no continuity through the coil.
o

Should the relay coil have continuity?

o

What is the trodble?

What component must be replaced to make the unit operate?

DOOR SWITCH

RFFRTCFPATOR LAO

I20v

Figure 64.

Electrical Troubles
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Read the folloWing paragraphs and anewr the questira.
Replacement Procedures
Once a unit or component has been identified as the sourte of trouble, it is
necessary to replace the malfunctioning part.
It will be necessary to identify exactly
the unit that you are replacing. Components can look alike without operating the same.
Once you have Obtained the exact replacement part, you are ready to start youn
replacement. You should first make a sketch Of the installed unit prior to removing it.
Identify the nonductor terminals by color, nuMber, and location on the unit. Check the
position of the installed unit since it is possible in some cases for part of the
operation to rely on gravity, as in motor etarters and some relays.
o

It is necessary to

the unit you are replacing.

o
Before remov:mg the component you should make a
is connected.
o

of how it

Why is it necessary to notice the position of some components before replacing

them?

Read the following paragraph and answer the question.
Be sure to shut off all electrical power and tag the circuit breaker that controls
electrical power to the unit to stop anyone from turning the power on to the circuit
while your working on it. It may be necessary to shut off and bleed down pressure in gas
and liquid lines.
If it is necessary to remove components installed in these lines such
as in the case of solenoid valves.
o

Why should you tag the circuit breaker when you are working on a circuit?

Read the following paragraph and answer the questions.
Now you can loosen the conductor terminal connections and move the conductors out of
Loosen the devices used to mount the unit, these could be bolts, screws or
the way.
nuts.
If the unit is attached by soldering, care must be taken in heating the solder
joints to prevent damage to the joints or insulation.
I.
alignment is a factor, check
Remove the component.
Set the replacement
distances and measurements involved.
component in place, align the compoaent if necessary and make the necessary adjustments.
Make the necessary mechanical connections.
Refer to your sketch and make the electrical
connections. Go to the circuit breaker panel, remove the tags, and reset the breakers.
Perform an operational check on the system to make sure it is operating properly.
o

Why should care be taken in heaving a soldered joint?

on the system to make sure

o
Perform an
it operates properly.
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

WB J3ABR54530 001-1-2

CIVIL ENGINEERING ORGANIZATION AND SAFEW
PART 1
DAY 1

OBJECTIVE: Using the material provided, identity the career ladder progression, three
duties of the apprentice refrigeration/cryogenics specialist, mission, and organization
of CE units, with no more than "our errors.
PROCEDURE

Using your Study Guide/Workbook, Programmed Text 2TPT-9039-01, and classroom notes,
complete the following exercises as indieated.
You have approximately 15 minutes V.)
complete this activity.
1.

Enter the appropriate AFSC(s) in the space provided to show career progression.
a.

54550

AB

AMN
b.

54510

AlC
SrA

C.

54530

SGT

SSGT
d.

99000

TSGT
MSGT

2

e.

54570

SMSGT

f.

54599

CMSGT

Select from the following list of duties, three that are performed by the apprentice
refrigeration/cryogenics specialist.
Placa the letter denoting this duty in the
space provided.
a.

Operate and maintain refrigeration, air conditioning, ventilation systems.

b.

Maintain tools and equipment.

c.

Supervise on-the-job training.

d.

Analyze unsatisfactory reports and correct defective equipment.

e.

Install refrigeration, air conditioning, and ventilation equipment.

1.
2.
3.

3.

Complete the following statement of the CE mission by filling in the blanks with the
correct word.

ei b

The primary mission of Civil Engineering activities is to
,

and

and real property facilities, and provide

related
4.

and other support work and services.

Complete the following statement related to the Civil Engineering organizational
structure by filling in the blanks with the correct words.
There are seven branches responsible to the Operations Division.

assigned to the

Branch.
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You will be

PART 2

OBJECTIVL

Using material provided, identify basic facts relating to the AF Occupational Safety
and Health (AFOSH) program with 80% accuracy.
PROCEDURE

Match the statements in the right column to their corresponding AFOSH program in the
Some statements
Some items in the left column may be used more than once.
in the right column may not be used (may be left blank because there is no matching item
You will
You may use Study Guide/Workbook and class notes.
avaifahle in left column).
You must correctly
he allowed approximately 30 minutes to complete this criterion.
answer 12 of the items to pass the criterion.
left column.

a.

AFOSH Standards

b.

Hazards of AFSC

c.

Job Safety

d.

Fire Prevention

e.

Occupational Health Training

f.

Hazard Reporting and Abatement

g.

Mishap Reporting and Investigation

1.

Class A, Class B, Class C, and Class

2.

Infiltration

3.

Reported to all levels of Command

4.

Horseplay

5.

A Security Interest created in
immovable property

6.

A special AF publication which prescribes conditions necessary to provide a safe working environment

7.

A piece of work done as part of the
routine of one's occupation

8.

Electric feedback

9.

High accident potential

10.

Well lighted work areas

11.

Given to newly assigned workers

12.

Elimination of a safety deficiency

13.

Phosgene gas

14.

Volume I and Volume II

lb,

Safety staff plays a key role

PART 3

OBJECTIVE

Using material provided, state three of the rules concerning individual
ities to the AFOSH program. No errors allowed.

responsibil-

PROCEDURE

Using your classroom notes and/or Study Guide/Workbook, list three of the individual's responsibilities to the AFOSH program. You will be allowed approximately three
minutes to complete this criterion.
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PART 4
DAY 2

OBJECTIVE

Given the information, list the first aid procedures for electrical elock, controlling bleedirgs, traumatic shock, and heat exhaustion and heat stroke, with 80% accuracy.
PROCEDURE

List the first aid proredures applicable to the tatuations below.
You must answer 8
of the 10 items correctly to pass. You will be allowed approximately 15 minutes to
complete this criterion.
1.

You come upon a person who has received an electric shock and is not breathing.
is no longer in contact with the live circuit. What should you do?

2.

In the above situation, where would you check for a pulse?

3.

When performing artificial respiration, how is an open airway to the victim's lungs
assured?

4.

Airman Garcia has received a wound to his right arm and he is Insing blood.
the first aid steps you should take.

5.

Define (traumatic) shock.

6.

List the symptoms of (traumatic) shock.

List

He

7.

Airman Garcia has lost enough blood that he has gone into shock.
you should take to treat him for shock.

List the steps

8.

You are working with Airman Oliver outdoors on a hot day.
She first complains of a
headache. A while..later she says she feels sick, dizzy, and that she might faint.
You notice that she is perspiring freely. Using these symptoms, what would you
expect the trouble to be?

9.

List the first aid procedures you would use to help Airman Oliver.

10.

*Extended exposure to a warm, humid environment
*Flushed, hot dry skin
*High body temperature
*Rapid and bounding pulse
*Semi-conscious

The conditions listed above would be symtomatic of what problem?

List the first aid procedures you shluld apply for this problem.
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WB J3ABR54530 001-1-3
HAND TOOLS
PART 1

OBJECTIVE

Given information and randomly selected hand tools, identify them, state their use,
safety precautions, and maintenance procedures with 75°S accuracy.
PROCEDURES

Using the tools displayed on the table (numbered 1 through 25), identify the tools
Also
and state their uee in the columns to the right of the matching numbers below.
answer the questions on page 3-2. You are allowed to miss no more than six of the tool
You have
Questions should he at loast 75% correet/complete.
idvntirteatiow.:.
approximately 20 minutes to complete this criterion.

Tam
NO.

VSE

NAME

1

2
3

4
5
(3

7
8

9
I()

11

12
13
14

15
16

17
18
19

20

21

22

3-2?

TOOL
NO.

NAME

USE

23

24
25

1.

What is the purpose of the 15* angle on the box end wrench?

2.

State the safety precautions to be observed when working with hand tools.

3.

State the maintenance requirements for hand tools.
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PART 2

Drill Press
OBJECTIVE

With tho help of the instructor in familiarization and use of the drill press and
u.pmenl. furnished, select a drill bit and drill a hole Ln a piece of metal. Lubricate
the equipment as necessary and observe safety precautions. The hole must be within 1/8"
of the point designated by the instructor.
PROCEDURES

After completion of "A" below (Familiarization of the Drill Press), use the
equipment assembled for you (drill press, drill bits, metal plate, center punch, ball
peen hammer) and drill a hole in a piece of metal according to the steps outlined in "B"
on page 3-4. You must drill the hole w'.thin 1/8" of the indicated mark.
You will be
allowed approximately 10 minutes to complete this objective.
A.

Familiarization of a Drill Press
1.

Identify the major parts of the drill stand assembly by writing in each circle
the letter opposite the name of the unit.

A

-

LOWER TABLE

B - TABLE
C

D

- CHUCK

FEED LEVER

E - MOTOR
F - BASE
G
H
I

- TABLE CLAMP
COLUVN
- DEPTH STOP

Dr:',11 Stand Assembly

2.

What is the purpose of the key-type geared chuck?

3.

4.

Why should the pressure be eased just before drilling through
a piece of metal?

List two safnty precautions to follnw when using the drill stand.
a.
b.

B.

Using a Drill Press
1.

Install a bit in the chuck; tighten the bit using the chuck key.

2.

Mark an "X" on the metal to be drilled where the Instructor wants the hwe.

3.

Using a center punch and hammer, tap the center punch in the center of
the "X".
Secure the metal to the table of the drill stand with the clamps prcvided.
(ie
sure metal is aligned so the erill bit touches the center of the "X".)

4.

CAUTION:

At this point you will put on safety goggles, as flying chips can
injure your eyes.

5.

Turn on motor.

6.

Using the feed lever, bring down the drill bit to the metal.
steady pressure until the bit goes through.
NOTE:

Apply a firm

Always keep the drill bit cuttirig to prevent overheating of the drill
bit.
Also, too much pressure on the feed lever will c.verheat the bit.
(Lubricate the equipment as necessary.)

CAUTION:

.lust before completing the hole, ease off the fed lever and then
reapply pressure to complete the hcle. (This prevents breakage ol
the blt.)

7.

Let up on the feed lever slowly and turn off motor.

8.

Remove the clamps and metal (being very careful as the newly drilled hole may be
hot).

9.

Have tne instructor inspect your work.
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WB J3ABR54530 001-1-4
DAY 3
ELECTRICAL PRINCIPL.0,S AND CIRCUITS

PART 1

OBJECTIVE
(;IVOII 4 series of Incomplete statements pertaining to elerwatal oiectricity,
current, resistance, voltage, and magnetism, explain the basic principle of each by
completing the statements with 80% accuracy.
PROCEDURE

Complete the following statements pertaining to electricity, current, resistance,
voltage, and magnetism. You are allowed to miss a maximum of 3 of the 13 statements and
will be allnwed approximately 10 minutes to complete the criterion.
1.

Direct current is the continuous flow of electrons in the
direction.

2.

Alternating nurrent is the flow of electrons in first

direction

then in
3.

A volt is the

4.

The ampere is s measure of the
current electricity.

5.

The resistance in a conductor depends upon what four things?

0.

Extremely poor conductors are called

7.

An

of electrical pressure.

is 6le smallest particle of element that can exist

alone or in combination.
B.

A molecule is the smallest portion of a
chemical identity with th,1 substance in mass.

9.

Onn coulomb equals
electrons.

X

10. The lines of force of magnetism are called
11. 1nyth1ng thnt ovonp1es spare and has weight is called

4-1

that retains

or

12.

Anything that consists of atoms of only one kind and that singly or in combination
constitutes all matter is called

13.

What is an electron?

4-2
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PART 2

OBJECTIVE

Given ten military standard symbols to include switches, circuit breakers, and
fuses, identify each and state the type and purpose of 8 of the 10 symbols.
PROCEDURE

You will be assigned one of three groups of 10 symbols below and will be required to
Identify the symbols by
identify 8 of the 10 symbols and give their type and purpose.
Give
placing a number from Column A in the blank to the left of the symbol in Column B.
purpose and/or type in blank to right of symbol in Column B. You are allowed approximately 15 minutes to complete this activity.
GROUP I

Column A
1.

Wires Joined

2.

Ammeter

3.

Solenoid

4.

DPST Switch

5.

Battery

G.

Toggle Circuit Breaker

7.

Fuse

8.

Thermocouple

9.

SPDT Switch

10.

Alternator (AC Power
SourLe)

11.

Coil

12.

Variable Resistor

Column B

GROUP II

Column A
1.

SPST Switch

2.

Solenoid

Column B

:411g

Ohmmeter
4.

Push Button Circuit
Breaker

5.

Fixed Resistor

6.

Fuse

7.

Push/Pull Circuit Breaker

8.

SPDT Switch

9.

Crossed Wires, Not
Joined

10.

Normally Closed
Contacts

11.

Capacitor

12.

Transformer

4-4
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GROUP III

Column A
1.

Voltmeter

2.

Motor

3.

Relay

4.

DPST Switch

5.

Light

6.

Automatic Circuit
Breaker

7.

SPST Switch

8.

Ground Wire

9.

Normally Open Contacts

10.

Solenoid

11.

D.C. Generator

12.

Fuse

Column B

empaIms../*

_L

DAY 4

OBJECTIVE

PART 3

Given the material and information, draw a simple, seri, and parallel circuit.
State the current, voltage, and resistance relationship in each circuit with a total of 41
no more than two errors.
PROCEDURE

Connect the following symbols to construct the type circuit indicated and state
the
current, voltage, and resistance relationship (characteristics) of each circuit.
Yon
are allowed a total of two errors and will be given approximately 20 minutes to complete
the objective.
a.

Simple

V.

Voltage
Cur,?ent

Resistance
h.

Series

11P

Voltage

Current
Resistance
c.

Parallel

4P1

Voltage
Curront

Resistance
4-6
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d.

Simple

Voltage
Current

Resistance
e.

Series

Voltage

Current

Resistance

.

Parallel

Voltage

Current

Resistance

PART 4

Wiring a Series Circuit and a Parallel Circuit
OBJECTIVE
Using an electrical trainer,
instructor assistance.

construct an operative series and parallel circuit wi

PROCEDURE (SERIES CIRCUITS)

To gain practical experience in wiring series
circuits using electrical diagrams,
take the following PRECAUTIONS:
Remove jewelry
Turn electrical power OFF before wiring circuits or removing
units
Be sure of correct multtmeter setting
before making measurements
and proceed with the following numbered steps:
1.

In the space below the units to be included in the
breaker, a SPST switch, an ammeter, and two lamps. series circuit are a circuit
lines on the following
diagram to represent the wires you will place on the Draw
trainer.

111--@-ffl

2.

Have the instructor check your diagram.

3.

Wire the circuit on the trainer using your diagram as a guide.

4.

Have the instructor check your circuit.

5.

In the diagram below, use lines to represent how the
fixed resistor would be wired
in series to your circuit.

Eavvvvvv.A.43

6.

!lave the instructor check your dlagrmn.

7.

Remove the wires you placed on the trainer.
4-8
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R.

Complete the following statements.
a.
b.

A series circuit is a circuit with

path for current flow.

The sum of the voltage drops should equal the
voltage.

c.

Current is the

d.

Total resistance may be found in a series circuit by

throughout a series circuit.

the resistance of all units.
e.

As units of resistance are added in a series circuit, will the current flow
decrease, increase, or remain the same?

f.

As units of resistance are added in a series circuit, will the total resistahce
decrease, increase, or remain the same?

PROCEDURE (PARALLEL CIRCUITS)

To gain practical experience in wiring parallel circuits using electrical diagrams,
take the following PRECAUTIONS
Remove jewelry
Turn electrical power OFF before wiring circuits or removing units
Be sure of correct multimeter setting before making measurements

and proceed with the following numbered steps:
1.

In the space below, the units to be included in the circuit are a circuit breaker, a
SPT switch, an ammeter to indicate total current flow, and two lamps in parallel.
Use lines to represent the wires you will place on the trainer.

+

4.

2.

Have the instructor check your diagram.

3.

Wire the circuit on the trainer using your diagram as a guide.

4.

Have the instructor check your circuit.

4-9n
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5.

In the diagram below, use lines to represent how a third light would be wired in
parallel to your circuit.

r>c

-

6.

Have the instructor check your diagram.

7.

Remove the wires you placed on the trainer.

8.

Complete the followEng statements:
a.

A parallel circuit is one with
current flow.

b.

The voltage drop of a unit in a parallel circuit should be equal to the

or more paths for

voltage.
c.

Total current is the
path in a parallel circuit.

d.

When additional units are added in parallel in a circuit, will the total
resistance increase, decrease, or remain the same?

e.

When units are added in parallel in a circuit, wUl the total current increase,
decrease, or remain the same?

of the currents from each
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DAY 5

PART 5
OBJECTIVE

Using a volt ohmmeter, select the proper mode and determine the eiectrical values of
a designated electrical circuit + 5% of meter scale value with no more than one assist
on safety.
PROCEDURE

Draw on the following meter faces the indicating needle in its proper poFition.
Then fill in the blanks below the meter faces to show the proper setting of the ac/dc
knob and range switch knob for the meter indication given. You are allowed tpproximately 20 minutes to complete the objective.

indicating 1.5 V DC

Indicating 24 V DC

Range Switch Knob

Range Switch Knob

AC/DC Knob

AC/DC Knob

4-11
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In the diagram below, different range switch knob positions are listed below each
meter face. Write what the meter would be indicating on each specific range Ln the
blanks provided for DC voltages.

Range Switch Knob

Range Switch Knob

1000 V

250 V

50 V

50

V

10 V

10

V

Range Switch Knob
250

Rarou Switch Knob

V

2,0 V

2.5 V

50 V

1000 V

1000 V

10

10 V

50 V

2.5 V

Using the Multimeter as an AC Voltmeter
Draw on the following meter faces the indicating needle in Lts i.roper position.
Then fill in the blanks below the meter faces to show the proper setting of the range
switch knob and the ac/dc knob for the meter indication given.

4-12
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Indicating 220 V AC

Indicating 110 V AC

Range Switch Knob

Range Switch Knob

AC/DC Knob

AC/DC Knob

In the diagram below, different range switch knob positions are listed for each
Write what the meter would be indicating on each specific range in the
meter face.
blanks p.-ovided.

Range Switch Knob

Range Switch Knob
250 V

2.5 V

50 V

50 V

10 V

250 V

1000 V

1000 V

Set the trainer switch to AC position.
NOTE:

Red light should burn.

Set the multimeter to measure AC voltages.
4-13

Make the AC voltage measnr.onents between trainer terminals
indicated below.
Trainer Terminals
Voltage

2 to 17
4 to 17
1 to 2

3 to 6

5 to 10

6 to 12
7 to 14
10 to 13
12 to 17
14 to 16
14 to 18
15 to 17

16 to 17
17 to 18

Draw on the following meter faces the indicating needle in
its proper position.
Then fill in the blanks below the meter faces to show the
proper setting of t'le
switch knob for the meter indication given.

Indicating 5 Ohms

Indicating 2000 Ohms

Range Switch Knob

Range Switch Knob
4-14
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In the diagrams below different range switch know positims are listed for each
meter face. Write in the blanks provided what the meter would be indicating for each
specific range.

a

I

IOC

X 10,000

PI I

PI 000
PI

Set the trainer switch to the OHMS position.
Set the multimeter to measure resistance.

lopoo

Make and record resistance measurements between trainer terminals indicated below:
Trainer Terminals

Ohms

1 to 3
1 to 5
1 to 11

2 to 10
2 to 12
3 to 13

4 to 10
5 to 11

5 to 13
7 to 9

8 to 16

9 to 17
10 to 12

11 to 13
16 to 18

Unplug the trainer.

1-1 n
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DAY 6

WIRING SYSTEMS, MOTORS, MOTOR STARTERS, AND OVERLOADS
PART 1

OBJECTIVE

Given the information, state the purpose and function of two, three, and four wire
systons with no more than three errors.

4,11.4.trica1

PROCEDURE

In the spaces provided, state the purpose and function of two, three and four wire
systems. You will be allowed approximately 10 minutes to complete this criterion and

will be allowed no more than 3 erros.
1.

2.

3.

Two wire systems:
a.

Purpose:

b.

Function:

Three wire systems:
a.

Purpose:

b.

Function:

Four wire systems:
a.

Purpose:

b.

Function:

2644

PART 2

OBJECTION

Given the information, state the general construction features of single and threephase motors with no more than two errors.
PROCEDURE:

Using the diagrams, correctly identify the major components of a single and threephase motor as indicated. You will be allowed approximately 10 to 15 minutes to
complete this criterion and are allowed three errors total.
1.

The illustration below shows the major parts of a single-phase motor.
space provided, write the name of tho appropriate component.
A.

D.

B.

E.

C.

F.

Major Parts of a Single-Phase Motor

6-2
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In the blank

Three-Phase Motor Construction

2.

Identify these parts by writing the name of each part in the space provided.

A.

D.

B.

E.

C.

F.

*

Major Parts of a Three-Phase Motor

2,1i1

3.

4.

State the general construction features of a single-phase motor.

State the construction features of a three-phase motor.

6-4
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DAY 7

PART 3

OBJECTIVE

Given the information, list the steps for installing and servicing electric motors
with no more than two errors.
PROCEDURE

Using the information below, list, in logical sequence, the steps for installing and
servicing electric motors. You will be allowed approximately 10 minutes to complete
this criterion and may make a maximum of two errors total.
1.

Installation
Step 1

Step 2
Step 3
Step 4
Step 5
Step 6

Step 7
Step 8
Step 9

Step 10
Install the replace:lent motor.

Remove and label the wires.
Disconnect power.

Mount hold-down bolts or bradkets loosely.
Remove hold-down bolts or brackets.
Remove the bad motor.
Align the replacement motor.
Reconnect the wires.

Turn power on and determine for proper operation.
Secure the replacement motor.

2 4,:tis

2.

Servicing
Step 1

Step 2

Step 3
Step 4
Step 5

Step 6

Visually inspect the motor for defects.
Service motor as required.
Clean the motor.
Disconnect the power.

Operate the motor and observe the operation.
Remove guards.

6-6
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PART 4
1

OBJECTIVE

Given the information and using a motor trainer and a multimeter, determine the
start and run windings of an electric motor, connect the motor and reverse its rotation
with instructor assistance.
PROCEDURES
A.

Determine start and run windings by following the sters below.
approximately 20 minutes to complete this criterion.

You will be allowed

1.

Obtain a multimeter from the tool cabinet.

2.

Select an electric motor as directed by the instructor.

3.

Set up and check the multimeter to read resistance.

4.

Draw a picture of the terminal arrangement.

5.

Number the terminals in your drawing 1, 2, and 3.

6.

Use the multimeter and take reading across each set of terminals.
reading in the spaces provided below:
a.

1 and 2 =

b.

1 and 3 =

c.

2 and 3 =

Record the

7.

The highest reading is the

and

terminals.

8.

The lowest readings are the

and

terminals.

9.

The middle reading is the

and

terminals.

10.

11.

Why must the middle and lowest readings equal the highest reading?

Labol the terminals in your drawing R, S, and C, representing run, start, and
common.

B.

Wiring 10 Induction Motors

1.

Using the data plate informatior and symbols available in figure below, connect the
motor to the power supply using the across-the-line motor starter.

2.

Connect thc ti,otor to rotate clockwise,

625 u

3.

How many hot leads are needed to operate the motor?

4.

Procedures for reversing the rotation of the single phase motor:
a.
b.
c.
d.

Disconnect power.
Reverse the START winding leads or the RUN winding leads.
Connect power.
Check rotation.

_
POWER SUPPLY

L,

r""7,0sTrT1 rNOTOR

STARTER

2011 VOLT 30 GO CV

UNE

c3--°

j

120v

-J
MOTOR DATA FFFFF
SINGLE PHASE INDUCTION 120TOR

CCw LINE

CW LINE

VOLTS IGO
RPM 172S
CYCLE GO
WP

1

RAPS 10
r^PIT OUTY

C.

Wiring 30 Induction Motors

1.

Using the information and symbols available in figure below, connect the motor to
the power supply using the across-the-line motor starter.

9.

How many hot leads are needed to operate the motor?

3.

The direction of rotation can be changed by changing what terminal leads?

POWE R SUPPLY

r

SPA T
L1

101 VOLT 30 60 CY
L2

13

LL

riqz;zzi r
206 VOLT

70,-0-.7T;;;;-

I I

I"-

12
COM.,

TT.

Imv

L

%

....

n TA Pi AT,
MOTOR THREE PHASE

VOLTAGE

A PS

we

440

i I

SS

CYCLE 50/60

I2S/I725

PP41
,1

CONT DUTY
WIRING

0 00 0 0 0

00 0 0 0

HP I/4

WM

-J

D.

Reversing rotation (30)
CAUTION:

Remove jewelry

1.

Connect trainer to power and turn on to observe direction of rotation.

2.

Turn motor off.

3.

DISCONNECT TRAINER FROM POWER

4.

Reverse any two of the leads connecting to the motor (T1, T2, T3) at the
motor
starter or at the motor.

5.

Turn power back on and operate to observe that the rotation has been reversed.

6.

Turn off power, unplug, return equipment to prior position/storage.

DAY 8
PART 5

OBJECTIVE
Using an electrical trainer, service the motor starters with instructor assistance.
PROCEDURE:

service the motor starters using the steps below.
provided.
CAUTION:

Record your findings in the space

Disconnect the trainer from the power source and remove jewelry.

I.

Check for the presence of dust, grease, oil and dirt.

2.

Check for overheating of the electrical components.

3.

Check electrical wires for fraying and broken strands.

4.

Check electrical connections for tightness.

5.

Check for short circuits and grounds in the electrical wiring.

6.

Inspect the contacts for pitting and proper alignment.

7.

Inspect the springs to ensure proper tension.

8.

Have the instructor check your work.

2e5ri

PART 6

OBJECTIVE

Given the information, state the types and function of electrical overload
protectors with no more than two errors.
PROCEDURE
In the spaces provided, state the types and functions of the electrical overload
protectors.
You are allowed two errors total and will be allowed approximately 10
minutes to complete this criterion.
1.
olding Lail.

Contacts

A.

Type:

B.

Function:

6

insulation
Reset
ivot

Spring

2.

Motor

A.

Type:

B.

Function:

Reset

Piv.t

Wheel

ater

,,%114-AS

ater Coil

Coil

Spring

L ne
0.

Contacts

To Coil
To Line E

25
6-12

3.
o

A.

Type:

B.

Function:

iding

Ea:=2:121.Circult

Plunger

ectromagnetic
in series with motor
circuit

Hole in piston

256
6-13
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SCHEMATIC INTERPRETATION AND ELECTRICAL TROUBLESHOOTING
PART 1

OBJECTIVE

Given a schematic diagram, trace the circuit designated by the instructor, with no
more than two errors.
PROCEDURE

Using the figure below and/or the trainer designated by your instructor, trace out
the elreults and complete the following statements. Two errors are allowed. You have
pproximately 30 minutes to complete this criterion.
supplies power to transformer I.

1.

Fuse

2.

The voltage across the primary coil of transformer I is

3.

Buzzer F and Relay H are wired in (series, parallel).

4.

Switch D controls

5.

Fuse

6.

Switch A controls light

7.

Lights J and K are wired in (series, parallel).

8.

Motor G is controlled by

supplies power to lights J and K.

25'1
7-1

volts.

DAY 9

Troubleshooting Single-Phase 120-Volt Circuit
Analyzing Electrical Circuits Using a Diagram
In order to prepare to troubleshoot a 120-Volt Circuit, you will first analyze the
diagram below, working independently.
STUDY THE DIAGRAM CAREFULLY.

The wires
numbered wire
specific wire
When you have

on the diagram in the figure have been numbered 1 through 7. By each
below, list the unit(s) by letter that would be inoperative if that
were open.
DO NOT LIST SWITCHES SINCE THEY ARE NOT UNITS OF RESISTANCE.
completed your list, have the instructor check your work.

120-Volt Single Phase

NUMBER

INGPERATIVE

NUMBER

1

INOPERATIVE

5
6

4

Troubleshooting
Determining Location of Troubles by Use of Meters

OBJECTIVE

PART 2a*

Working as a team and using an electrical trainer and a meter, safely locato fivo of
six instructor induced malfunctions. (*This objective may be completed on this 120V
trainer or on the 30 trainer.)
PROCEDURES

Obtain a meter and trainer assignment. You will work with a classmate.
Take one
copy of this workbook to the trainer area with you. Use only the TOP half, 120-volt
part, of the trainer. You have approximately three hours to complete TErg activity.
Wirdeed in the following manner:
7-2
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1.

Note that the diagram you have been studying is also the diagram of the trainer
assigned to you by the instructor (see top, left of your trainer).

2.

Be sure that all control devices are in the OFF position.

3.

Be sure that the trouble switches at the right end of the trainer are in the normal
position.

4.

Connect the trainer to the wall receptacle.

5.

Turn the switchbox at the end of the trainer ON.

6.

Turn tho 120-volt switchbox ON.

7.

gake an operational check of all the units.

8.

Obtain a multimeter to be used in locating the trouble.

9.

Start your troubleshooting by turning trouble switch No. 1 (on the right end of the
trainer) to the trouble position.
Operate all circuits to determine the defective circuit.

10.

a.

What is the type of trouble? Record your answer in the proper column in the
chart below, to the right of Number 1.

b.

Where is it located?
chart below.

c.

What meter did you use to find its location?
"meter used" column below.

Record your answer in the proper "location" column in the
Record your

.wer in the proper

Operate all
Turn No. 2 to the trouble position.
Turn No. 1 to normal position.
Fill in the blanks below.
Proceed with your troubleshooting.
units.

11.

TROUBLE
SWITCH

LOCATION

TYPE OF TROUBLE

METER
USED

h
1

I

3
4
5

6

12.

Turn all trouble switches to the normal position.

Have your instructor check your

work.

13.

When the instructor has determined that you have a passing score on the objective
(5 out of 6), turn the master switch off and disconnect the trainer from the wall
receptacle.

25
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Troubleshooting Three-Phase Circuits
Analyzing Electrical Circuits Using a Diagram
In order to prepare to troubleshoot a three-phase circuit, you will first
analyze
the diagram below, working independently. STUDY THE DIAGRAM CAREFULLY.
The wires
numbered wire
specific wire
When you have

WIRE
NUMBER

1

on the diagram in the figure have been numbered 1 through 5. By each
below, list the unit(s) by letter that would be inoperative if that
were open.
DO NOT LIST SWITCHES SINCE THEY ARE NOT UNITS OF RESISTANCE.
completed your list, have the instructor check your work.

UNIT(s)
INOPERATIVE

WIRE
NUMBER

1

UNTT(s)
INOPERATIVE

--]

5

2
3

4

--

Troubleshooting
Determining Location of Troubles by Use of Meters

OBJETIVE

PART 2b*

Working as a team and using an electrical trainer and a meter, safety locate five of
six instructor induced malfunctions.
(*This objective may be completed on this threephase trainer or on the 120V trainer.)

2u0
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PROCEJURES

Obtain a meter and trainer assignment. You will work with a classmate.
Take one
copy of this workbook to the trainer area with you.
Use only the BOTTOM half, threephase part, of the trainer. You are allowed approximately 3 hours to complete thts
activity.
Proceed in the following manner.
Note that the trainer assigned to You is the same as the diagram you have been
analyzing INDEPENDENTLY, the three-phase. This diagram is also on your trainer
(top, right) for your use.

1.

no :mi.(' 311 eoutroi devices are in the OPP position.

Be sure all trouble switches at the right end of the trainer ar'e in thF normal

3.

position.
4.

Connect the trainer to the wall receptacle.

5.

Turn the switch box at the end of the trainer O.

6.

Turn the 208-volt switchbox ON.
is to be used.)

7.

Make an operational check of all the units.

(Only the bottom half of the trainer 208--volt part
If there is a malfunction in the

trainer, report it to the inst-_-uctor.
8.

Start your troubleshooting by turning trouble switch No. 7 r,on the right end of the
trainer) to the normal position. Operate all circuits to determine the defective
circuit.
:L.

What Is the type of trouble? Record your answer In the proper column Ln the
ehart below, to the right of Number 7.

h.

Ornere is it located?
onart below.

c.

What meter did you use to find its location?
"meter used" column below.

Record your answer in the proper "location" column in the
Record your answer in the proper

Turn switch No. 7 to the normal position. Turn No. 8 to the trouble position.
Operate all circuits.
Proceed with your troubleshooting. Fill in the blanks below.

9.

TV'InLE
:(:d

:i;

TYPE OF TROUBLE

LOCATION

METER
USED

7
8

9

10
11

12

10.

Turn all trouble switches to the uormal position.
work.

11.

Have your instructor check your

When the instructor has determined that you have a passing score on the objective
(5 and 6), turn the master switch .3ff and disconnect the trainer from the wall and
receptacle.
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Troubleshooting 220-Voit Single-Phase Circuits
Analyzing Electrical Circuits Using a Diagram
In order to prepare to troubleshoot a 220-Volt Single-Phase circuit and to use
electrical test equipment for isolating troubles, you will first analyze the diagram
below, working INDEPENDENTLY. STUDY THE DIAGRAM CAREFULLY.
The wires on the diagram have been numbered 1 through 12. By each numbered wire
below, list the unit(s) by letter that would be inoperative if that specific wire wert!
open.
DO NOT LIST SWITCHES SINCE THEY ARE NOT UNITS OF RESISTANCE. When you have
completed your list, have the instructor check your work.

NUMBER

UNIT(s)
INOPERATIVE

WIRE
NUMBER

8

10
11

12

7-6

UNTT(s)
INOPERATIVE

PART 3a*

OBJECTIVE

Working as a member of a team, using electrical test equipment and an electrical
trainer, isolate three of six instructor induced malfunctions. (*This objective may be
completed using the following assigned 6 troubles OR those assigned for PART 3b.)
PROCEDURES

Obtain a meter and assignment of teammate and trainer from your instructor. Take a
copy of this workb.,ok to the trainer with you.
You are allowed approximately two hours
to complete this activity.
Proceed in the following manner.
1.

Note that the diagram you have been studying INDEPENDENTLY is also filo diagram of
the trailer assigned to you by the instructor (ss at the top of the trainer). Use
only this 220-Volt, Single-Phase trainer assigned to you.

2.

Be sure all control devices are in the OFF position.

3..

1e sure all the trouble switches at the RIGHT end of the trainer are in the normal
position.

4.

Connect the trainer to the wall receptacle, turn the master switch at the END of the
trainer ON, then turn the 220-volt, single-phase SWITCHBOX to ON position.

5.

Make an operational check of all units on the trainer (INFORM THE INSTRUCTOR of any
MALFUNCTION.)

6.

Start your troubleshooting by turning to the TROUBLE ON position the first troubleswitch number listed below.
Proceed with locating and -ecording the TWTOTlation
asked for below as you have in previous exercises. Reflember to turn each troubleswitch to the normal position before turning another on.

8.

When you have completed all troubles, turn v.vitches to the normal positions and have
the instructor check your work.

9.

When the instructor has determined that you have a passiag score on the objective
(3 of 6), turn the master Vwitch and swichbox to OFF position and disconnect the
trainer from the wall receptacle.

TROUBLE
SWITCH

2
3
4

5
6

12

TYPE OF TROUBLE

LOCATION

METER
USED

PART 3b*

OBJECTIVE:

Working as a member of a team, using electrical test equipment and an electrical
trainer, isolate three of six instructor induced malfunctions.
(*This objective may be
completed using the following assigned 6 troubles OR those assigned for PART 3a.)
PROCEDURES
(TIART 3b procedures are identical to PART 3a. Turn to the previous page to use those
then proceed to locate the troubles for the troubleswitches listed below the record the
information as needed in the chart.)

TROUBLE
SWITCH

TYPE OF TROUBLE

LOCATION

METER
USED

1

-

8

9
10
11

,

7-8
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DAY 10
PART 4

OBJECTIVE

Given the informatin, state the basic steps for replacing defective electrical
units and components with no more than two errors.
PROCEDURE
1.

State the basic steps for replacing defective electrical units and components.
will be allowed approximately 10 minutes to complete this objective.

a.

b.

c.

d.

e.
f.

7-9

You

PART

5

OBJECTIVE

Using an electrical trainer given a minor electrical discrepancy
repair the circuit
or unit with no more than one instructor assist.
PROCEDURE
Note that one of the diagrai.1 you --tudied previusly is also the
dia3ram of the
trainer assigned you by the instructor.
Using the steps below, locate and correet the
electrical discrepancy in the unit assigned to you. You will be allowed approximaidTly
60 minutes to complete this objectiye.
1.

Be sure all control devices are Ln the OFF position.

2.

Connect the trainer to the wall receptacle.

3.

Turn the switch box at the end of the trather ON.

4.

Turn the 120-volt single-phase switch box ON.

5.

Obtain a multinieter to ho used in locating the troubles.

6.

Operate all circuits to determine the defective circuit.

7.

a.

What is the type of trouble?

b.

Where is it located?

c.

What meter was used to find the location?

d.

'Plat was done to repair the unit?

When yog have located and repaired your malfunction, have your instructor
check your
work.

7-10
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REFRI:71ERATION LINES AND FITTINGS

OBJECTIVE:

This Study Guide/Workbook will acquaint you with:
o

Identification of tubing/pipe by size and type

o

Measuring, cutting and bending copper tubing

o

Identification of refrigeration fitting by size and type

o

Cutting, flaring and swaging tubing

INTRODUCTION
This Study Guide/Workbook will prepare you for the indicated days of instruction.
You must complete the assignments AA be prepared for evaluation at the beginning of
each day. The following assigment will be referenced from various chapters in the
modern refrigeration and sir conditioning textbook.
DIRECTED STUDY
Assignment in Preparation for Day 11:
I.

Refrigeration tubing, size and type identification
A.

Read Paragraph 2-1 and answer the following questions:
1.

Most tubing used in refrigeration and air conditioning is made of (circle
correct answer)
a.
b.

aluminum
stainless steel

c.
d.

copper
steel

2.

All tubing used in air conditioning and refrigeration work is carefully
processed to be sure that it is

3.

Most tubing used in air conditioning and refrigeration is the
thickness.

4.

Most air conditioning and refrigeration tubing is protected from inside
contamination by two lactory practices; what are they?
and

B.

Read Paragraph 2-2 and answer the following questions:
1.

When soft copper tubing is annealed, that means it is (circle correct
answer)
a.

b.

connected
henttd

c.

d.

sealed
hardened

2.

In what lengths are rolls of soft copper tubing available?

3.

What happens to soft copper tubing When it is bent or hammered on?

111.=

4.

II.

Copper tubing used in refrigeration and air conditioning is measured by

C.

Read Paragraph 2-3 and discuss installation principles as applied to hard
drawn copper.

D.

Read k.-ragraph 2-4 aad explain why steel tubing ONLY should be used ia R-717
(ammonia) systems.

E.

Read Paragraph 2-10 and answer the following questions:
1.

What are some applications where nominal size copper tubing is used?

2.

When is nominal size copper tubing used in connection with refrigerants?

3.

O.D. size is

larger than nominal size.

Cutting and bending copper tubing
A.

Read Paragraph 2-11 and answer the followir.g questions:
1.

What tools are used to cut copper tubing?
IIN.16

2.

Discuss the application of each tool listed in the answer to question #1.

......

3.

Discuss the precautions to be observed when using tne tools listed in
question #2.

Aftrel 4.

How may a full-wall thickness be obtained after cutting a piece of
tubing?

1-2
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B.

C.

D.

Read Paragraph 2-12 and answer the following questions:
1.

How will properly bent tubing affect its installation:

2.

Be very careful when bending tubing to keep it

3.

Why should tubing be bent gradually?

4.

Explain the use of a spring bender and note precautions to be taken.

5.

For mors accurate bending, which type bender is used?

Read PP.,agriph 2-18 and answer the following:
1.

Code No. 3 indicates the fitting fits 3/16" tubing.
would fit 3/8" tubing?

2.

Fittings are usually made of Ohat?

What code number

Read Paragraph 2-14 to answer tt,i? following:
1.

Most flares are made at a

2.

What are the advantages of the double flare?

degree angle.

HOMEWORK fo, Day 11:

Read the following paragraphs from the Modern Refrigeration and Air Conditioning
textbook. Be prepared to discuss material and answer questions on the assigned subject
matter:

Paragraphs 2-15 thru 2-17, 2-19/20, 2-24, 2-26 and 2-27.

4 J3ABR54530 001-11-2
SOLDERING AND BRAZING

/ OBJECTIVE
To familiarize vou with the operation of the hydrocarbon and oxyacetylene
torch,
the various methods used for soldering, and tne different types and
application of
sold2r.
INTRODUCTION
In the air-conditioning and.refrigeration career field, you as the mechanic will
have many opportunities to repair leaks and fabricate tubing which will
require the use
of soldering and good soldering methods. In.this lesson you will learn the
proper way
to prepare tubing, apply solder, and Which solders to use for the
many different jobs.
INFORMATION
The following assignments will be referenced from various chapters
in the Modern
Refrigeration and AirConditioning textbook.

DIRECTED STUDY
Assignment in Preparation for Day 12:
T.

Soldering copper tubing
A.

Read Paragraph 2-21 and complete the following:
1.

'Explain the term "soldering"..

2.

How are the parts to be soldered prepared for assembly?

3.

Explain the procedure used'to insure that flux is spread evenly
over the
Aurfaces that are to be fitted together.

/0111111....1111yYO.Mmill.111101..11.el.

4.

'List four procedural .steps for soldering.
a.

b.
C.

d.
5.

What is the purpose of tlux.to the soldering process?

2-1
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B.

C.

6.

What important fundamental of good soldering is stated in this paragraph?

7.

According t- this paragraph, why should oxygen never be used for testing
for leaks?

Read Paragraph 2-22 and answer the following:
1.

What type soldering can be used for a very strong, leakproof connection?

2.

List precautions to be taken when doing silver solder/brazing.

3.

What is the usual free flow temperature for silver molder?

Read Paragraph 2-28 and complete the following:
1.

What is the most desirable type of epoxy adhesive and of what does it
consist?

2.

What types of materials wi2

3.

In making an epoxy repair, how does one determine: the type of repair to
be made? Explain.

4.

Why is it recommended that epoxy compound be purchased from a
refrigeration wholesaler?

epoxy adhere to?
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5.

What precaution is given to the users of epoxy?

6.

Give procedures for using epoxy compound?
a.

b.
c.

d.

HOMEWORK for Day 12:

Read the following paragraphs from the Modern Refrigeration and Air Conditioning textbook. Be prepared to discuss matcrial and answer questions on the assigned subject
matter:

Paragraphs 2-23, 14-71, 14-22, 28-52
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PRINCIPLES OF PHYSICS
4110BJECTIVE

To help you in learning physics as r-lated to refrigeration, the refrigeration
cycle, and refcigerants and their charact:
INTRODUCTION

Look at the refrigeration industry and the many improvements that have been made
over the last 30 years. In the future, we will continue to use refrigeration in the
preservation of food and medicine, but the greatest strides will be in the fields of
comfort and equipment cooling.
INFORMATION

The following assignments will be referenced from various chapters in the Modern
Refrigeration and Air Conditioning textbook.
DI ECTED STUDY
Assignment in Preparation for Day 13:
I.

Principles oF physirs
A.

Read Paragraph 1-18 and list'the three states in which substances

exist.

2.
3.

B.

Read Paragraph 1-19 and answer the following questions:
1.

Defi.e a r-lid.

2.

Explain how the rate of vibration of molecules of a solid are affected by
temperature.

3.

Read Paragraph 1-20 and define a liquid.

.M.It
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4.

Read Paragraph 1-21 and answer the following:
a.

b.

Define a gas.

List two things that will determine the physical state of a
sobstance.

(2)
5.

Read -,aragraph 1-3O

6.

Read Paragraph 1-31 and 1-32 shci anrwer the following:

i define sensible heat.

a.

Define specific heat.

b.

Define latent heat.

C.

List the types of latent her. reqy:%red to dhange the state of a

substance from a solid to a liçJ and from a liquid to a aolid.
(1)
(2)

d.

All of the basic operativns of the compression refrigeration cycle
are based on two types of ht-Jat.
What are they?
(1)
(2)

State the formula for calculating the amount of sensible heat added
or taken away from a substance.

7.

Read Paragraphs 1-3 and 1-4 and answer the followIng:
a.

What is heat?

L.

What is the U. S. Conventional unit of heat?

c.

Explain how heat flows.

3-2
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8.

Read Paragraphs 1-45 through 1-48 and describe the methods of heat
transfer.
a.

=mme
b.

c.

9.

Read Paragraph 1-29 and define the term British Tbermal Unit.

10.

Read Paragraph 1-15 and euswer the following

11.

a.

Define pressure.

b.

At cea level, the normal pressure of the e.mosphere is

c.

What effect does pressure have on the refrigeration system
operation?

Read Paragraph 1-17, study.figure 1-13, i-14, and answer the following:
a.

Explain the use of the compound gauge, What does it measure?

b.

A pressure reading of 0 psi on the gauge is equal to What absolute
pressure? Why?

c.

Pressures lower than atmospheric pressures are called whr:t?

What is a manometer used for?

12.

Read Paragraphs 1-34 and 1-35 and answer the following:
a.

b.

Explain the effect of pressure on the boiling point of a liquid.

Increasing the pressure would affect the freezing temperature of
Would it lower or raise the temperature at whiCh the water
would freeze?
water.

HOMEWORK for Day 13:

Read the following paragraphs from dhe Modern Refrigeration and Air Conditior.ing textbook. Be prepared to discust material and answer questions on the assigred subject
matter:
Paragraphs:

1-8, 1-28, 1-42, 1-43 through 1-44, 1-56, 2-52 through 2-56, 2-69, 9-82
15-28, 28-20, 28-62, 28-63.

HOMEWORK IN PREPARATION FOR DAY 14
I.

Pressure-temperature relatioLship, refrigerants
A.

Read Paragraph 1-42 and define "refrigerant."

B.

Read Paragraph 2-69 and list at least four facts or precautions concerning
refrigerants and handling of refrigerants.

C.

Read Paragraph 9-28 and answer the following:
1.

The evaporator temperature will be
refrigerant temperature on the low iT3F7

2.

The evriporator stIT-..Ce temperature will depend on

3-4
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REFRIGERATION COMPONENTS AND ACCESSORIES
OBJECTIVE
To help you to learn the purpose, principle of oper..lion, maintenance requirements,
location, and identification of refrigeration accessories.
INTRODUCTION

So far, you have studied te units that make up a basic refrigeration system.
These are several other units that, if used correctly, will materially increase the
efficiency or safety of the system.
These units are called accessories. They are often
advisable but nct definitely required in a system.
Each system must be considered
individually before it can be determined if a given accessory will improve the
efficiency of the system.
INFORMATION

The following assignments will be referenced from various chapters in the Modern
Refrigeration and Air Conditioning *extbook.
DIRECTED STUDY
ASSIGNMENT IN PREPARP.WON FOR DAY 14
I.

Refrigeration Components
A.

B.

C.

Read Paragraph 4-13
1.

What is the purpose: ..)f the condenser?

2.

Where is the heat picked up?

3.

Domestic refrigerators commonly use four types of condensers.
four types.

4.

To properly remove hen. 17;oci the refrigerant vapor what must be
accomplished with tht

Read Paragraph 4-3
1.

There are two pressure conditions in any compression refrigeraticv,
system. 'What are they?

2.

Which components are loated on the low side?

3.

Which components are located on the high side?

Read Paragraph 15-54
1.

The calculation of heat transfer capacity of a condenser is siMilar to
What?

J.

Name the

2.

How fast must the condenser remove heat from the vapor?

3.

Condensers may be divided into WEat 2 main types?

Read Paragraph 12-7
1.

What type condensers are common in commercial systems?

2.

How can the efficiency of an air cooled condenser be increased?

E.

Read Paragraph 12-8
1.

F.

Read Paragraph 12-9
1.

G.

I.

L.

M.

In shell and tube condensers the water is in which unit and the
refrigerant ig in which unit?

1.

In shell and coil condenser Where is the cooling water?

2.

How must this unit be cleaned?

Read Paragraph 12-12

In the tube within a tube condenser where is the water:
refrigerant?

Where is the

Read Payagraph 1-59
1.

K.

Name e*ie three

Read Paragraph 12-11

1.

J.

Water cooled condensers are bt:Ilt in three styles.
styles.

Read Paragraph 12-10
1.

H.

Outdoor air-f.---ded condenser may have what units inside the building?

The word "Evaporator" is used to indicate what?

Read Paragraph 4-5
1.

Evaporators are mainly two types.

2.

Name the four different styles of evaporators.

What are they?

Read Paragraph 12-16
1.

Into What two main groupa are evaporators divided?

2.

Natural convection, air cooled evaporators fall into three clashes or
operating conditions. Name the three conditions.

Read Paragraphs 4-14, 12-15
What is the purpose of the liquid receiver?

N.

0.

2.

According to figure 4-15 what are the two common types of receiver.,;

3.

Most receivers have what to prevent dirt entering the cortrol valve?

4.

Receivers should hai?e What type safety device installed?

Read Paragraph 4-27
1.

The original energy source for a reciprocating compressor is what:?

2.

The rotry motion or the electre motor is Changed to 'Abet?

3.

This change is usually made by what?

Read Paragraph 4-41
1.,

Name the two basic types of rotary compressors.
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P.

O.

Read Paragraph 4-46
1.

The action that moves vapor outward is called what?

2.

The pressure gained is

3.

What is the Chief advantage of the centrifugal ...ompressor?

Read Paragraph 7-13
1.

R.

When the motor and compressor are placed inside a dome or housing it is
called What?

Read Paragraph 4-9
1.

S.

in a centrifugal compressor.

What is the purpose of the suction service valve?

Read Paragraph 4-11
1.

What is to's discharge service valve used for?

2.

According to figure 4-11 what are the three positions for the service
valve?

UOMEWC1K IN PREPARATION ?OR DAY 14
Read !7he folhming paragraphs from the Pl'adern Refrigeration.and,Conditionilln textBe prepated to discuss matarial and answer questions on.the atsigned subject
matter.
Paragraphs 2-71, 2-72, 2-73, 4-24, 4-28, 4-30, 4-31, 4-33 thru 4-37, 4-42,
4-43,, 4-",C, 4-50, 9-1 thru 9-4, 9729, 12-14, 12-0, 12-18, 1219, 14-8
book.

DIRECTED STUDY

ASSIGNMENT IN.PREPARAT1ON FOR DAY 15
I.

Heat ExChangers, Oil Separat'
A.

D.

$rators; Dessicants

Read ParagraPh 14-35.
1.

Name the three adv.
line. .

2.

A heat exchanger provides for,What?

3.

What is flash gas.?

4.

A heat exchanger also helps prevent
on the suction line.

,4 of !a heat exchanger in the sucti.on and liquid

or

Read Paragraph 4-12
1.

Will a small ambunt of oil throughout the gystem harm it?

2.

What happens if too.muth oil is pumped into components such as condenser,
refrigerant controls, and evaporator?

3.

Where is the oil separator installed?

4.

Explain the operation of the oil separator.

41;-3

5.

C.

Where are oil separators most commonly used?

ReAd Paragraph 14-49
1.

'0.'iter rmo7s heat from metal how many times more rapid than air?

2.

A.7e wit*r cooled condensers larger or smaller than air cooled condensers?

ii designed to permit a water temperature rise of how many

"t1

..iegrees
edded to the water temperature t
m7zigerant temperatvt.e?

41.

Jetermine

5.

The t.ret head pressure may now be determined how?

6.

If

7.

To fetermine if the trouble was air in the system or excess refrigerant

èG

pressure is too high what should be done?

what sh'xild be done?

D.

E.

F.

8.

If the pressure does not drop what should you do?

9.

Excessive oil in the system

10.

A common watercooled condenser problem is what?

11.

What are the two operations for cleaning a condenser?

12.

What safety precautions should be taken when working with sulphur..-ic acid?

s ind:icated by what?

Read Paragraph 14-51
1.

When a condenser or
cheaper to do what?

2.

If possible, what should you do to all joints to insure a lasting
leakproof joint?

3.

A welded condenser can be cut open, a new water coil installed 3nd the
shell rewelded. This is done only in an extreme emerc,6ncy. Why?

receiver does not work properly, it is asuaz.l

Read Paragraph 14-52
1.

In addition to mounting the condenser, brazing the lo,./
testing, on a water cooled unit what should be tested?

2.

What should be done to all parts before assembly?

and leak

Read Paragraph 14-44
1.

Which surfaces must be clean to insnce good heat transfer?

2.

If the air temperature or water temperature is above aGrmal, what will
happen to the condenser capacity?

3.

If there is air in the system where will it collect?

4.

High head pressure can be caused by four things.

5.

For an overdharged condition when should the system be purged?

4--4
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Name them.

G.

H.

I.

Read Paragraph 14-45
1.

To find the temperature of the refrigerant what should be added to the
air temperature?

2.

If prEessure is below normal what is the possible cause?

3.

Most commercial air-coolc1J condensers are What type?

Read Paragraph 14-46
1.

If a condenser needs replacing or is leaking 4hat must be done with it?

2.

When removing refrigerant from a condenser what safety precautions should
be taken?

3.

Fans, fan brackets, belts and motors may need to be removA on some units
when removing the condenser, What should be done with these parts?

4.

If electrical connections are removed, what should you do with them?

5.

Why should wood or cardtioard protectors be taped over the corners of the
fins When removing a condenser?

Read Paragraph 2S-35
1.

Name five common dessicants.

2.

Most driers will remove what from the refrigerant?

3.

Why should a drier be insi_alled in a cool place?

4.

Following a burnout, a large capacity drier is usually placed Where?

5.

When should this drier be removed?

HOMEWORK IN PREPARATION FOR DAY 15
Read the following paragraph.; from the Modern Refrigeration and Air Conditioning
Textbook. Be prepared to discuss mtIlrial and answer questions on the assigned
material. Paragr%
9-21, 9-22, 9-23, 9-24, 9-25, 9-26, 11-46, 14-47, 14-53, 15-43

4-5
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BASIC REFRIGERATION
OBJECTIVE
To help you learn the basic operation of a simple refrigeration system; to teach
you to assemble th syetem; and to practice procedures for changing and checking the
system for leaks.
INTRODUCTION
A simple refrigeration system ic
condenser, refrigerant control, and

of four basic components:

compressor

[-71,dorator.

The proper installation of these components is necessary to ,:-.)btain a satisfactory
and trouble-free operation.
INFORMATL,q.

assignments will be refer-Inced from various Chapters in the Modern

The f
Refrigerat

.1.1 Air Conditioning t:Actbook.

DIRECTED STUuY

ASSIGNMENT IN PREPARATION FOR DAY 16
I.

Refrigeration Equipment
A.

B.

Read Paragraph 12-69
1.

Where in the refrigeration system should the sight glass be installed?

2.

When will the sight glass indicate bubblea?

3.

Sight glasses may installed

Read Paragraph 12-70
1.

2.

C.

or

If moisture is presmt in a sysatem charged with R-11, R 1, R-13, Rand R-114, the Chemical substance in a moisture indicat c. w'll turn
What will happen to the moisture indicator if too much
in a system?

is placed

Read Paragraph 14-30
1.

At

, bubbles will appear regardless of the

amount of refrrigaWrin the system.
2.

D.

E.

.

Lack of refrigerant is likely due to a

in the equipment.

Read Paragraph 4-15
1.

In common practice Where is a filter drier installed?

2.

Filters remove what from the system?

Read Paragraph 11-53
1.

A drier-filter should be replaced When?

2.

A filter-drier has an
indicoth the

3.

Filter-driers may be installed how in a system?

stamped or cast on the body to
refilgerant shou:,d flov through it.

6
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Read Paragraph 12-71

F.

1.

Practi,-;..1

and

must be removed or trapped Where

they can d0

G.

H.

I.

2.

One desigt, .2: liquid line driers allcws the
to stay in tne
line.
Only the
need-Eg-aTigjed.

3.

Name the most common dessicants.

Read Paragraph 14-47
1.

When repairing a condensnr,
what is the first thing you

2.

If a tube is cracked What should be ,:;one?

3.

To test a condenuer What should be cone?

usually cheaper to replace it,

Read Paragraph 14-48
1.

What should be protected when installing a condenser?

2.

Why should fittings be aligned?

3.

In installing a condenser, n- leaks are found, what now should be done?

Read Paragraph 14-42
1.

Before installing a compressor What should be done?

2.

Compressor and motor must be carefully

3.

The belt should be tight enough to allow one inch of belt deflection with
how much force?

HOMEWORK IN PREPARATION FOR DAY 16
Read the following paragraphs fromt he Modern Refrigeratior and Air Conditioning
Textbook.
Be prepared to discuss material and answer questions on the assigned
material.
Read Paragraphs 12.46, 12-67, 12-72, 12-74, 143, 14-50, 11-60, 11-61,
14-109

DIRECTED STUDY
ASSIGNMENT IN PREPARATION FOR DAY 17
I.

Leak Checks
A.

Read Paragraph 11-38
1.

All methods of testing for leaks have one procedure in common, what is
it?

B.

2.

Why should a leak check be performed prior to evacuation?

3.

Many companies reCommend using What to test for leaks?

4.

After repairing a leak it is important to recheck the cowdlete unit. Why?

Read Paragraph 11-il
1.

To Check pr,13sure in a system, gauges must be connected to the system
without allowi:',1
or
t6 enter.
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2.

service valve is easiest for attaching

A system with
gauges.

C.

D.

E.

3.

This system also permits one to check what?

4.

When connecting a MGA the lines, gauges and manifold mist be kept free of
what?

5.

he manifold should be purged with what?

Read Paragraph 14-7
1.

A big help to the service tedhnician is what?

2.

This piece of equipment is used to dheck what?

3.

What are the parts of a manifold gauge assembly?

4.

Lines from the manifold are attached to Where on the compressor?

5.

What positions are the manifold valves for dnarging?

Read Paragraph 14-9
1.

After a ..:nrstem is assembled you should do what?

2.

What are two methods for testing for leaks?

3.

Never us- what gases to dheck for leaks?

4.

Leak tec.0:s should include what parts of system?

Read Para9re,
1.

F.

G.

H.

I.

11-40

Name i'e most common type leak detectors.

Read Paragraph 11-41
2.

The 7ypap bubble method of leak detection used what?

3.

What is the weak point of using soap bubbles?

4.

The halide torch and electronic leak detectors are difficult bo use
around what type insulation?

Read Paragraph 11-42
1.

What are the three gases used in a halide dettor?

2.

Explain how the halide torch works.

Read Paragraph 11-43
1.

The dielectric type electronic leak detector measures What?

2.

Which type leak detector is the most senzitive?

3.

The sniffer of electronic leak detector should be placed Where when
checking for leaks?

Read Paragraph 11-44
1.

To repair a leak, what must be done with the refrigerant in the system?

2.

Refrigerant should not be in a system when soldering or brazing why?

6-3
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J.

3.

Leaks may start Where in a system?

4.

Leaks are most often found where?

5.

What is the best procedure to take for a leak at a fitting?

Read Paragraph 2-72
1.

K.

What is meant by purging a system?

Read Paragraph 11-75
1.

What is meant by evacuating a system?

2.

When is a system evacuated?

3.

What are the two different methods of evacuation?

4.

How many inches of mercury is drawn on a triple vacuum?

5.

Which "cype of evacuation will not remove all the moisture?
Th( mt.lt careful

and
win not clean a unit
that waS Qarelessly put together withairt in the system.

L.

Read Paragrar!, 11-76
1.

M.

What are the two main types of vacuum pumps?

Read Paragraph 14-12
1.

What are the two basic methods ilL:ad to Charge a system?

2.

When a system is Charged using the low side, which Ls used vapor or
liquid refrigerant?

3.

What may be used to speed t:

4.

What may happen if low side pressure is too high when charging?

5.

What may happen if low side pressur- is too low?

6.

Why is it important that liquid ref7.gerant not be allowed to reach the
rompressor?

evaporation when charging?

HOMEWORK IN PREPARATION FOR DAY 17
Read the following paragraphs from the Moaern Refrigeration and Air Conditioning
Be prepared to discuss material and answer questions on the assigned
Paragraphs 11-a, 11-29, 11-30, 14-32, 14-10, 11-45, 11-77

textbook.
material.

6-4
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COMPRESSOR CHECKS AND TROUBLE ANALYSIS

OBJECTIVE
To familiarize you with the steps and procedures for refrigeration system
maintenance.
INTRODUCTION

Careful attention to details and good workmanship pay dividends in better
appearance and operation. EaCh installation should be carefully planned and sketched
and a list of materials should be compiled. These steps will save time and prevent
costly changes on the job.
After the refrL9pration system has been assembled, all the air must be removed, the
entire installation
be tested for leaks, and the proper amount of refrigerant must
be added. The succesb or failure of the installation depends on the thoroughness and
the care with whch th.ne things are accomplished.
INFORMATION

The following assignments will be referenced from various chapters in the Modern
Refrigeration and Air.Conditioning textbook.
DIRECTED STUDY
ASSIGNMENT IN PREPARATION FOR DAY 18
I.

Replacement of *Compressor Parts
A.

Read Paragraph 14-31
1.

What are tht:: five general steps to follow when removing any part from a
Aystem?

B.

Read Paragraph 14-34
1.

C.

ail the

2.

To remove a diScharge service Valve or a. liquid receiver, what is done
with the system, refrigerant?

3.

What precaution should be taken wifen a system is opened?,

Read Paragraph 14-:35
1.

D.

When replacing a suction service Valve, you must.
refrigerant from the evaporator.

Why should you never rest the compressor weight on the flywheel?

2.

Why should the flyWheel be removed before removing the.compressor?

3.

What can be used'to remove the flyWKeel?

4.

When lifting A compressor the service.technician should avoid what?

Read Paragraph 14-37
1.

Name the 3 types compressor hearing's?

2.

How are old bearing sleeves removed?

3.

Bushings pressed in a blind hole.can be removed how?

4.

Always:measure

crankshaft'at the 'journals for what?

5.

A common source of noise in a compressor is

6.

Badly scored eccentric connecting rod bearings must be

Read Paragraph 14-38

E.

1.

A leaky crankshaft seal may be caused by what?
How may you detect a leaky seal?

F.

3.

A leaky seal in a system using above atmospheric low-side pressure will
cause What?

4.

The visual symptoms of question 3 are, what?

5.

List the 4 steps for installing a replacement seal.

Read Paragraph 14-39
1.

G.

H.

A defective valve plate is discovered.
would you do?

2.

May discs or reeds be repaired?

3.

What is coking?

4.

What causes coking?

If a new one is available What

Read Paragraph 14-40
1.

Why should new gaskets be used When assemblying a compressor?

2.

If a gasket is too thick what will be the result?

3.

If a gasket is too thin What will result?

4.

When a compressor is overhauled, should new or old oil be used?

5.

What is the maximum amount of crankshaft end play allowable?

Read Paragraph 14-41
1.

After a compressor has been repaired, What should be done with it?

2.

How many methods can be used to test for leaks on repaired compressors?

3.

Exhaust valve leaks can be located in how many ways?

4.

Compressor efficiency is dhecked best by what?

HOMEWORK IN PREPARATION FOR DAY 18
Read the following paragraphs from Modern Refrigeration and Air Conditioning textBe prepared to discuss and answer questions on assigned material. Paragraphs
4-38, 4-39, 4-40, 4-52, 4-53, 4-54, 4-55, 4-56, 4-57, 4-58, 4-59, 4-61, 14-36
book.

DIRECTED STUDY
ASSIGNMENT IN PREPARATION FOR DAY 19
I.

Service compressor, operate trainer, inspect accessories
A.

Read Paragraph 9-31
1.

Oil circulates through the system with the

2.

Why must oil be used in a compressor?
7-2
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B.

3.

What are the five properties of a good oil?

4.

Oil removed from a system should be

S.

When impurities are discovered in oil What action should we take?

6.

Only oil recommended by whom will be used?

Read Paragraph 9-32
1.

Moisture in the system may freeze where in the system?

2.

Moisture in some systems may cause the refrigerant to break down and form
What?

This breakdown may.cause what?
4.

Refrigerants must be kept in a sealed container and kept completely

5.

When servicing., avoid exposing cold internal parts of the Pvstem to what?

6.

When internal pcs are exposed What will happen?

Read Paragraph 11-47

D.

1.

A lack of oil-in a system-will do what-to the mechanidm?

2.

An overcharge of oil will cauSe What?'

3.

On a serVice call add oil only When?'

4.

If the systeM has a low Side leak, What maThappen?

5.

If you had a low side leak; what :should be done with the oil?

6.

How much oil should be replaced?

Read Paragraph 14-84
All the-bil dnd the oil transfer-egliipment must.be

1.

.

E.

,

.

and

2.

When idding oil by a rapid means Why.is it imPortant.that some oil be in
the gldss container?

3.

Using the second method'of adding oil to a crankcase, how, do we add oil?

Read Paragraph 14-33
1.

In cases of refrigeration failure, check.whiCh component first?

2.

What-are two.Most'cOMmon causes'of conipressar failure?

3.:

Noisy valves and worn piston can be detected ny what?

4..

An intake' valve leakis indicated by'vhat?.

5.

"A.seal leak is usually noticeableby.whatl

Why?

HOMEWORK IN PREPARATION FOR.DAY 19
Read.the f011bwing .paragraphi'froM Modern Refrigeration and Air Conditioning textbook. 'Be prepared.to.discuss and answer gnestionson assigned material. Paragraphs
14-20,.14781, 22-26
DIRECTED ETUDY :
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ASSIGNMENT IN PREPARATION FOR DAY 20
I.

Equipment Maintenance and Troubleshooting
A.

Read Paragraph 11-12
1.

B.

C.

Most outside noise in the refrigerator comes from what?

Read Paragraph 11-16
1.

Large amounts of ice build up act as what?

2.

The cause of ice build up is usually caused by what?

3.

What can we check to see if the gasket is tight enough on the door?

Read Paragraph 11-50
1.
'2.

The most costly service repair is what?
The fault of a motor compressor can be two things.

What are they?

3.

If system starts and operates correctly using manually start electrical
connections, the problem is what?

4.

If the electricallsystem operates corectly, then the compressor may not
be

5.

D.

Read Paragraph 11-34
1.

E.

F.

G.

The best dheck of a motor compressor is What?

A sexvice technician should be able to locate the causes of almost every
problem with what?

Read Paragraph 11-35
1.

When moisture forms ice at the refrigerant control the system will
completely

2.

If ice forms at the refrigerant control closing the refrigerant vontrol
the compound gauge will show what?

3.

The moisture may be removed how?

Read Paragraph 11-36
1.

Refrigeration oil has had what done to it?

2.

Some wax may be separated from the oil at what point?

3.

Why does this happen?

4.

When wax separates at the refrigerant contol what occurs with the low
pressure?

5.

The only remedy for this clogging is to do What?

Read Paragraph 11-37
1.

A common source of poor refrigeration is what?

2.

A below normal low side pressure and below normal high side pressure is
an indication of what?
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Read Paragraph 3-42 - 3-43
1.

A defective service cord can cause the unit to do What?

2.

What will be the corrective remedy?

3.

Warm or hot foods placed in the cabinet will cause the unit to do What?

4.

What will be the corrective action?

5.

A fan motor not running will cause what trouble?

6.

What corrective action should be taken?

7..

A poor door sealvill cause the unit.to do What?

8.

You have insufficient oil in the unit, what will be the trouble?

9.

What corrective action should be taken?

10.

A common cause of moisture in the refrigerator is noted.
trouble?

What is the

HOMEWORK IN PREPARATION FOR DAY 20
Read the following paragraphs from Modern Refrigeration and Air Conditioning text-

book. Be prepared to discuss and answer quesitons on assigned material. Paragraphs
1-53, 7-31, 11-13, 11-14, 11-15, 11-17, 11-18, 11-19, 11-20, 11-21, 11-22, 11-23, 11-24

2 92
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REFRIGERATION LINES AND TUBING FABRICATION
PART 1
(Day 11)

OBJECTIVE

Given an assortment of copper tubing/pipe, identify the tubing/pipe by size and
type with 80% accuracy.
You will be allowed approximately 30 minutes to complete this
objective.
PROCEDURE
IDENTIFYING COPPER TUBING
1.

The tubing samples on the bench are numbered. Identify each sample by writing the
type and size opposite the number that corresponds to the tubing sample.
Under
application, list when or where the tubing should be used.

SAMPLE

TYPE

SIZE

APPLICATION

NO.

1

2

3

4

5

2.

Refrigeration tubing is sized by

1-1
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PART 2
OBJECTIVE:

Given a ruler, tubing cutter, tubing bender, and a roll of copper tubing, measure,
cut, and bend tubing to an operational configuration without personal injury or
You
equipment damage. Finished tubing must conform to instructor's template +- 1/8".
will be allowed approximately 30 minutes to complete this criterion.
PROCEDURE

CUTTING AND BENDING TUBING
CUTTING
1.

Select a roll of 3/8-inch copper tubing.

2.

Unroll approximately two feet of the tubing, cut a piece approximately twelve
incues.

3.

From this piece, measure and mark the tubing eight inches from the end.

4.

Install the tubing cutter so that the cutter wheel is over the mark.

5.

If a tube cutter is not available, what may be used to cut the tubing?

6.

Tighten the cutter wheel slightly (1/4 turn) against the tubing and revolve the
cutter slowly around the tubing.

7.

Continue revolving cutter, tightening slightly (approximately 1/4 turn: after each
turn until the tube is cut through.
CAUTION:

Be careful not to drop the cutter and tube when the cut is completed.

8.

Remove the cutter and insert reamer in the end of the tubing.
until the burr is removed from the inside of tbe tubing.

9.

Inspect he tube.

Revolve the reamer

If it is still rough on the end, smooth it very lightly with

reamer.
NOTE:

The reaming procedures should be done with the open end of the tube
pointing down so the filings will not fall into the tube.

BENDING TUBING 180°
1.

Measure, the exact center of the piece you have cut off and mark:
This is known as the "Center Mark".

It should be

RTIY-aches.
2.

To make a 180° bend and have the legs of the bend the same length, measure back to
This is known as the
the left of the center mark 15/16 of an inch and mark.
"Start Mark".

3.

Select the correct tube bender for 3/8-inch tubing.

4.

Find the radius of the mandrel (that part of the bender which the tubing is bent
around). Locate the "R" index mark on the top handle of tube bender and the
index mark on the mandrel.

5.

Insert tubing into bender, making sure long part of the tubing extends to your
right.
Place tubing lock on tubing.

1-2

296

6.

OF.

Align "H" index mark on tube bender handle, start mark on tubing, and "0" index
mark on mandrel.
Bring handle down until "H" index mark and 1800 index mark are aligned.

8.

Remove tubing from bender.

9.

Check the bend for accuracy.

10.

Have the Instructor check your work.

11.

To make a 90° bend, follow above procedures, except step 2.
Measure back 1/4-inch
from center mark and mark your start mark. When making 90° bend, bring nandle
down until "R" and 90° index marks are aligned.

PART 3

OBJECTIVE
Using a ruler and an assortment of refrigeration fittings, identify one of each
type by size and type with no more than one error. You will be allowed approximately 30
minutes to complete this objective.

PROCEDURE
IDENTIFYING REFRIGERATION FITTINGS
1.

Identify the following illustrated fittings by writing in the correct nomenclature
in the spaces provided.
Example:
a.

Fitting, refrigeration, brass,

Half-Union Reducer, 3/8"
Flare to 1/2", !APT
b.

Fitting, refrigeration, copper,
111111111111

I

c.

Uri

I

Fitting, refrigeration, brass,

1/2" ID

ESV
5/8"
d.

Fitting, refrigeration, brass,

e.

Fitting, pipe,

Calv.

4" H
f.

g.

Fitting, refrigeration, brass,

1 / 4"

"ISO

Fitting, refrigeration, brass,

F-1 1/2" ID

h.

Fitting, refrigeration, cooper,

1-4
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3/4" ID

2.

Complete the following statements regarding refrigeration fittings and measurement.
a.

Name the three main types of refrigeration fittings.

b.

Name the two types of flare nuts.

c.

Explain how the following fittings are measured:
Sweat

Flared

Pipe

3.

Identify each of the fittings provided you (numbered 1 through 5) according to type
and size.

NUMBER

TYPE

SIZE

2

3

4
a

1-5
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PART 4
(Day 11)

OBJECTIVE
With instructor assistance and using a ruler, tubing
cutter, flaring kit, and
copper tubing, measure, cut, flare, and swage tubing to
a rough operational
Swage will be suitable for a solder connection.
You will be allowed approximately
hours to complete this objective.
PROCEDURE
FLARING AND SWAGING COPPER TUBING
.

Flaring
1.

Remove the burrs from one end of the 90° bend.

2.

Place a 3/8-inch flare nut on the tubing.

3.

Place the tubing in the flaring block (see figure 1).

Flare Slack

nit FFFFF

Figure 1.
NOTE:

4.
5.

Tube Installed in Flare Block

The tubing should extend above the flaring block
a distance equal to
one-third of the height of the flare.
(Figure 2-17, page 43, Modern
Refrigeratiou textbook).

Tighten the wing nuts on the flare block as tight
as possible with your finger's.
Insert the flaring yoke over the flare block (see figure 2).

Flaring Faso

7.11aralls

Figure 2.

Flaring Yoke

3u

1

6.

Tighten T-handle 3/4 turn moving the flaring face into the end of the tubing and
then loosen. Continue this procedure until the flare is completed.
Remove the flaring yoke.

8.

Loosen the wing nuts and remove the tubing.

9.

Have the Instructor check your work.

10.

To fabricate a ilare on the opposite end of the 90° bend, follow the above
procedures.

Swaging Cooper Tubing
1.

Ream both ends of the 180° copper bend.

2.

Insert one piece of the copper tubing in the swaging block as illustrated in figure
3.

Figure 3.

Swaging Block

3.

Insert the proper size swaging tool in the tubing as illustrated in figure 4.

4.

Use light strokes with a ball-peen
hammer and drive the swaging tool
into the tubing.
NOTE:

The swaging tool should be
turned slightly after each
stroke.

5.

Remove the swaging tool.

6.

Remove the tubing from the swaging
block.

7.

Have the Instructor check your work.

8.

To fabricate a swage on the opposite end of the 180° bend, repeat
steps 2 through 7.

Figure 4.
1-7
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SOLDERING AND BRAZING

410
(Day 12)

OBJECTIVE

With instructor assistance and using the hydrocarbon torch, soft solder a copper
swage joint with at least 75% penetration, with no excess inside of joint, observing
safety precautions for flammables. You will be allowed approximately 1 1/2 hours to
complete this criterion.
PROCEDURE

AIR-ACETYLENE TORCH

SETTING UP AND LIGHTING THE TORCH
1.

Turn the pressure adjusting screw of the regulator assembly (E, Figure 5)
counterclockwise, all the way out, to place the diaphragm-type valve in a closed
position.

2.

Connect regulator (B), with hose assembly (C) and tip (D) attached, to the tank.
Tighten the nut securely with a wrench.

3.

Open the tank valve (A) 1/4 turn. Use
a tank key and leave it on the tank.

4.

Set the pressure adjusting screw for
the approximate pressure desired.
Light the torch (use a friction lighter).

S.
6.

Readjust the regulator pressure adjusting
screw to get the desired flame size.

7.

To shut off the torch, close the tank valve.
Figure 5.

SOFT SOLDERING

PREPARING COPPER FOR SOLDERING
1.

Thoroughly clean both surfaces that are to be joined.
NOTE:

2.

Metal surfaces must be cleaned extremely well before they will soft-solder
The surfaces should be cleaned with steel wool or fine sandcorrectly.
paper or a file may cut into the metal and cause a weak joint.

Apply a noncorrosive/non-acid flux (salve type) to the cleaned area.
CAUTION:
NOTE:

This flux is very irritating to the eyes.
fingers after getting flux on them.

Do not rub your eyes with

Do not apply the flux too thickly as excess flux may form bubbles when
heated and prevent the solder from flowing into the joint.

3.

After the tube has been inserted into the fitting, revolve it once or twice to
spread the flux evenly.

4.

Light the air-acetylene torch and adjust flame for soft soldering.

5

Apply the flame to one side of the fitting.
2-1

6.

Occasionally test the heat by touching the fitting with the solder.
CAUTION:

7.

Do not let the flame touch the solder.

Remove the flame and apply solder to the opposite side of fitting from flame.
NOTE:

Most beginning personnel have a tendency to use too much heat and too much
solder.

8.

Turn off the air-acetylene torch.
CAUTION:

Lift hot tubing with pliers and cool in water bucket on the workbench.

9.

Have the Instructor check your work.

10.

The Instructor will have you cut your completed joint to check the condition of the
soldered surfaces.
PART 2

(Day 12)

OBJECTIVE
With instructor assistance and using a hydrocarbon torch, hard solder a copper
swage with at least 75% penetration, with no excess inside of joint. You will be
allowed approximately 30 minutes for this criterion.
PROCEDURE
HARD SOLDERING USING SIL-FOSS
PREPARING COPPER FOR SOLDERING
1.

Thoroughly clean both surfaces that are to be joined.
NOTE:

Metal surfaces must be cleaned extremely well before they will solder
correctly.
The surfaces should be cleaned with steel wool or fine sandpaper. Rough sandpaper or a file may cut into the metal and cause a weak

joint.
NOTE:

Sil-Foss does not require flux.

2.

After the tube has been inserted into the fitting, light the air-acetylene torch
and adjust flame for hard soldering.

3.

As the copper fitting begins to turn cherry red, touch the hard solder to the
fitting on the opposite side if the flame.
CAUTION:

4.

Do not let the flame touch the solder.
melt the solder.

The metal must be hot enough to

Turn off the air-acetylene torch.
CAUTION:

Lift hot tubing with pliers and cool in water.

5.

Have the Instructor check your work.

6.

The Instructor will have you cut your completed joint to check the condition of ths
soldered surfaces.
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PART 3
(Day 12)
411kBJECTIVE

With instructor assistance and using the hydrocarbon torch and aluminum repair kit
provided, make a simple repair to damaged aluminum tubing. The repair material must
adhere to the aluminum and must be of the approximate color to indicate a leak proof
You will be allowed approximately 30 minutes to complete this criterion.
repair.
PROCEDURES
ALUMINUM REPAIR KIT
HOT PATCH
1.

Locate leak on tubing.

2.

C.lean damaged area on tubing, using steel wool or sandpaper (and/or aluminum
cleaning solvent).

3.

Mix equal parts of resin and hardener on a disposable item (wood, paper).

4.

When thoroughly mixed, apply to damaged tubing.

5.

Double thickness anplication is advisable.

6.

Light the air-acetylene torch and adjust flame for a soft flame.

7.

Apply the flame to aluminum tubing.
CAUTION:

8

Use touch-and-go method.
epoxy patch.

Do not let the flame come in contact with the

Remove flame when epoxy changes color (or as otherwise directed by manufacturer of
the epoxy).
Allow tubing to cool.

9.

Turn off air-acetylene torch.

10.

Have Instructor check your work.

HEAT STICK
1.

Locate leak on tubing.

2.

Clean area to be repaired, using steel wool or sandpaper.

3.

Using the air-acetylene torch, heat area to be repaired until heat stick will flow.
CAUTION:

Use touch-and-go method.

Do not let the flame come in contact with the

stick.
4.

Cover the area to be repaired with heat stick.

5.

Allow tubing to cool.

6.

Have Instructor check your work.
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PART 4
(Day 13)

OBJECTIVE

With instructor assistance and using the oxyacetylene torch, silver solder/braze a 0
copper swage joint of each type, with at least 75% penetration with no excess inside the
joint. You will be allowed approximately 2 hours to complete this criterion.
PROCEDURE
PREPARING OXYACETYLENE EQUIPMENT FOR USE
REVIEWING SAFETY PRECAUTIONS

Study the following safety precautions and observe them as you progress with the
steps of this workbook.
1.

Refer to oxygen and acetylene by tbeir proper names.

2.

Use cylinders in an upright position only.

3.

Never use oil or grease on oxyacetylene equipment (FIRE HAZARD).

4.

Provide adequate ventilation.

5.

Do not release oxygen or acetylene in a confined space.

6.

Do not use acetylene at pressures higher than 15 psi.

7.

Turn off regulators before turning on gases from cylinders.

8.

Close cylinder valves when leaving for an extended period.

9.

Use a friction lighter to light torch.

10.

Never leave a burning torch unattended.

ASSEMBLY OF EQUIPMENT
1.

Locate the oxygen and the acetylene connections on the manifold.

2.

Check outlet of both connecting valves, for any dust or foreign particles.
present, remove with a nonmetallic brush.

3.

Attach the oxygen and acetylene regulators to their respuctive connections.
NOTE:

4.

If

The oxygen regulator connection has right-hand threads and the acetylene
regulator has left-hand threads.

Secure the nuts with the wrench provided.

TESTING EQUIPMENT FOR LEAKS
1.

Close torch handle valves, open manifold valves, and turn the regulator handles to
the right to allow a little pressure to build up.
NOTE:

2.

Leaks can be detected by using soap solution (see figure 6).

Stop all leaks befoke going any further

2-4
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Figure 6.

Figure 7.

Checking for Leaks

Lighting the Torch

LIGHTING TORCH
1.

Adjust regulaTors to indicate pressures same as tip size.

2.

Open the torch handle acetylene valve approximately 1/4 turn.

3.

Light the gas flowing through the torch tip (see figure 7).

4.

Open torch handle oxygen valve approximately 1/8 turn.

5.

Open the acetylene valve until the base of the flame leaves the tip 1/16 inch.

6.

Slowly open the oxygen valve until a carburizing flame is obtained.

411SHUTTING OFF THE ACETYLENE TORCH
1.

Shut off the acetylene torch valve.

2.

Shut off the oxygen torch valve.

3.

Close the acetylene manifold valy.

4.

Open the acetylene torch valve allowing the acetylene to escape from the regulator
and hose.

5.

Turn the acetylene regulator adjusting screw counterclockwise until it turns
easily.

6.

Close the acetylene torch valve.

7.

Close the oxygen manifold valve.

8.

Open the oxygen torch valve allowing the oxygen to escape from the regulator and
hose.

9.

Turn the oxygen regulator adjusting screw counterclockwise until it turns freely.

10.

Close the oxygen torch valve.

11.

Return hoses and regulators to lockers provided.

2-5
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SILVER BRAZING
1.

Thoroughly clean the contacting surfaces of joints to be soldered.

2.

Apply a silver soldering flux to the male fitting.

3.

Insert the male fitting into the swage and revolve it once or twice to spread the
flux evenly.

4.

Light the oxyacetylene torch and adjust to a carburizing flame.

5.

Apply the flame evenly to one side of the swage bringing it to a cherry red.
NOTE:

6.

Silver solder melts at a temperature of 1000° to 1150°F.

Apply the solder to the top of the fitting on the opposite side from flaLa while
applying heat near the bottom of the swage.
NOTE:

7.

If the heat is applied near the bottom of the swage, the solder will be
drawn to the bottom.

Turn off the oxyacetylene torch.
CAUTION:

8.

9.

(Paste Type)

Use pliers to handle hot metal, cool it in water bucket.

Cut the completed joint with a hacksaw and check for:
a.

Penetration.

b.

Excess flux.

c.

Oxidation.

d.

Excess solder.

Have the Instructor check your work.

2 -ep
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SILVER BRAZING USING SIL-FOSS
.

ill
2.
3.

4.

Insert the male fitting into the swage.
NOTE:

the solder will be
If the heat is applied near the bottom of the swage,
drawn to the bottom.

Turn off the oxyacetylene torch.
CAUTION:

6.

7.

The tubing

flame.
Light the oxyacetylene torch and adjust to a carburizing
it to a cherry red.
Apply the flame evenly to one side of the swage, bringing
1250°F.
Sil-Foss soldering rod melts at a temperature of around
NOTE:
the opposite side from
Apply the silver solder rod to the top of the fitting on
the
bottom
of
the
swage.
flame, while applying heat near

NOTE:

5.

agent.
Sil-Foss soldering rod contains its own flux and cleaning
fluxed.
does not have to be cleaned or

Use pliers to lift hot metal and cool in water bucket.

Cut the completed joint with a hacksaw and check for:
a.

Penetration.

b.

Oxidation.

c.

Excess solder.

Have the Instructor check your work.
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Sheppard Air Force Base, Texas
PRINCIPLES OF PHYSICS
PART 1
(Day 13)

OBJECTIVE

Given a commercial text, complete the assigned factual statements involving the
principles of physics with 80% accuracy. You will be allowed approximately 1 hour to
complete this objective.
PROCEDURE
Answer the following questions from your commercial text.
1.

Paragraphs 1-3, 1-4.

Heat is b form

Heat always flows from

Paragraph 1-5.

2.

A refrigerator gets cold by doing what with the heat?

Boyle's law states that if a pressure is applied to a gas in a
Paragraph 28-62.
cylinder then the volume will increase/decrease.
If an aerosol can is emptied in this classroom, will the volume of the gas leaving
the can increase or decrease?

3.

Paragraph 28-63. Charle's law states that if a bottle of gas is heated the
pressure will increase/decrease.

If a cylinder of gas is emptied rapidly, will the cylinder become hot or cold?

4.

Define sensible heat.

5.

Define latent heat.

6.

Name the three methods of heat transfer.

3-1
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7.

What is superheat?

What is sub-cooling?

8.

Define pressure.

8.

Define a vacuum.

10.

Name the four major components of a refrigeration system.
a.

b.
c.

d.

PART 2
(Day 14)

OBJECTIVE
Given a PT chart, explain the pressure-temperature relationship for different
refrigerants at various temperatures/pressures with 80% accuracy. You will be allowed
approximately 1 hour to complete this objective.
PROCEDURE:
1.

Define refrigerant.

3-2

2.

Name five characteristics of Halo-Carbon refrigerant.

3.

11-12 what should your
The ambient temperature is 85°F, using forced air and
discharge pressure be?

4.

should your
The ambient temperature is 101°F, using forced air and R-11 what
discharge temperature be?

5.

Your MGA indicates 15 pounds pressure.
your refrigerant on the low side?

Using R-12 what would be the temperature of

METRIC CONVERSIOVS
and Air Conditioning
Using the formula shown on page 12 of the Modern Refrigeration
textbook, complete the following problems.
1.

Convert a Fahrenheit temperature of 800 to centigrade (Celsius).

2.

temperature.
Convert a Celsius temperature of 15° to a Fahrenheit

3-3
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REFRIGERATION COMPONENTS AND ACCESSORIES
PART I

OBJECTIVE
Given a list of five principles, select the ones which define the operating
principles of the compression refrigeration cycle. One error permitted. You will be
allowed 10 minutes to complete this objective.
PROCEDURE
In the space provided indicate whether the statement is true or false.
In the compression refrigeration cycle compression takes place on the down
stroke of the piston.
HPHT gas is charged to HPHT liquid ia the condenser by desuperheating,
condensing, and subcooling.
The evaporator removes heat from the refrigerated space.
The refrigerant control meters refrigerant into the evaporator.
The purpose of the condenser is to get rid of heat picked up in the
evaporator.
PART 2
(Day 14)

410bBJECTIVE
Given the names of three refrigeration components, explain the basic types,
purpose, and principle of operation for each component with a total of no more than
three errors. You will be allowed approximately 25 minutes to complete this objective.

PROCEDURE

Using te text references and/or instructor furnished information, answer the
following questions concerning the types, purposes, and principles of operation of the
condenser, evaporator, and receiver.
1.

Condenser
a.

Condensers are typed according to the cooling medium used.
are

4112.

cooled and

The two major types
cooled.

b.

Regardless of type or design, the purpose of the condenser is

c.

Briefly explain the principles of operation of the condenser.

Evaporator

4-1
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a.

The purpose of the evaporator is

b.

The operating conditions (classes) of evaporators are:
(1)
(2)

(3)
c.

3.

Explain the pr:Inciples of operation of the evaporator.

Receiver
a.

Types of receivers are

b.

Purpose of the receiver is

c.

What part of the receiver maintains liquid seal (allows only liquid refrigerant
to go to the liquid line)?

and

of refrigerant.

PART 3
(Day 14)

OBJECTIVE
Given the names of three types of compressors, explain the basic operating
principles of each with no more than two errors. You will be allowed approximately 25
minutes to complete this objective.
PROCEDURE
1.

2.

Reciprocating Compressor
a.

What is meant by reciprocating motion in a reciprocating compressor?

b.

In your own words explain the operating principles of a reciprocating
compressor.

Rotary Compressor
a.

Name the two types rotary compressors.

b.

Where are the check valves in a rotary compressor?

4-2
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c.

Explain how compression takes place in a rotary compressor.

Centrifugal Compressor
a.

What main advantage does a centrifugal compressor have?

b.

Explain how compression takes place in a centrifugal compressor.

PART 4
(Day 15)

OBJECTIVE

Given six basic facts stating the purpose, use, and operating principle of heat
exchangers and oil separators, match the facts with the unit. No more than two errors
permitted. You will be allowed approximately 15 minutes to complete this objective.
PROCEDURE
1.

From the following statements, indicate which one is for heat exchangers and which
one is for oil separators.
a.

It reduces flash gas in the liquid line.

b.

The purpose of this component is to maintain a full crankcase of oil.

c.

Must be used when the condensor is above the evaporator.

d.

Has a counter flow method of heat transfer.

e.

This component increases the efficiency of a refrigeration unit.

f.

Insulated to prevent refrigerant from condensing during off cycle.

4-3
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PART 5
(Day 15)

OBJECTIVE

List the steps required for servicing an evaporator, condenser, and oil separator 0
You will be allowed approximately 1 hour to complete this

with no more than two errors.
objective.

PROCEDURE
1.

A refrigerator is not cooling.
It has been determined that refrigerant is escaping
from the evaporator. List the steps required to service this unit.

2.

An air cooled condenser has been found to be 1Paking.
cracked tube was noted and bent fins were discovered.
service this condenser.

3.

Troubleshooting procedures has indicted a faulty oil separator.
Your supervisor
has instructed you to obtain a serviceable oil separator and instali it on the
unit.
What steps must be followed to service the oil separator before
installation.
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Oa initial inspection a
List the steps required to

PART 6
(Day 15)
1IkBJECTIVE

Given a list of refrigerant equipment accessories and a list of basic facts r'lated
to them, match the facts to the accessories with 80% accuracy. You will be allowed
approximately 30 minutes to complete this objective.
PROCEDURE
Match each accessory with its related characteristic.
(1)

Manifold gauge assembly

(2)

Charging cylinder

(3)

Storage cylinder

(4)

Dolly

a.

Used to evacuate system

b.

Generally positioned upside down
with valve on bottom

c.

Used to move heavy items

d.

Never recharge a disposable one

e.

This cylinder carried by service
technician

f.

Used to move refrigerant
cylinders

g.

Refrigerant transferred from
this cylinder to smaller one

h.

Used to charge and discharge
system
PART 7

(Day 15)

OBJECTIVE
State the types, purpose, and use of desiccants with no more than two errors.
will be allowed 15 minutes to complete this objective.
PROCEDURE
1.

From the most common types dessicants discussed, list three types.
a.
b.
c .

2.

3.

What is the purpose of dessicants?

Dessicants are used where in a refrigeration system?
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BASIC REFRIGERATION
PART 1

(Day 16)

OBJECTIVE

Using a refrigeration trainer, copper tubing/pipe, and common hand tools and
special tools provided, fabricate four refrigerant lines and install them. Three of the
four must not have kinks or leaks. Clean the hand tools and replace them in the tool
Only one error in selection, use, and maintenance of tools allowed. You will be
box.
allowed approximately 3 hours to complete this objective.
PROCEDURE

IDENTIFICATION OF REFRIGERATION SYSTEM COMPONENTS
(INSTRUCTOR)

1.

Connect the trainer to the electrical power source.

9.

Operate the trainer.

3.

During the operation of the trainer, feel of both copper lines that are connected
to the compressor.

4.

The warm line is the

5.

The cool line is the

6.

Feel the air as it leaves the condenser.
IIICAUTION:

(INSTRUCTOR ONLY)

DO NOT get your hand in the fan or drive'telt!

7.

Where did this heat come from originally?

8.

Feel the air near the evaporator.

9.

Why does this air feel cool?

CONNECTING A SYSTEM
1.

Study the arrangement of the components in Figure 8.

2.

Place the name of each item in the numbered space provided.

3.

Have the Instructor check your work.

STEPS FOR INSTALLING A MANIFOLD GAUGE ASSEMBLY
1.

Close both manifold valves.

2.

Remove the dust cover from both compressor service valves.
CAUTION:

3.

S.

Clean the area before removing the dust covers and gauge port caps.

Place both compressor service v-Lves in the back seat position by turning the valve
stems counterclockwise.
Remove service valve gauge port cover caps.
6-1
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5.

Connect the low side gauge line of the manifold gauge assembly to the compressor
suction service gauge port.
All flexible line connections should be finger-tight only.

NOTE:
6.

Connect the high side gauge line of the manifold gauge assembly to the compressor
discharge service valve gauge port.

7.

Place both compressor service valves in the gauge position (1/2 turn from back
seat).

8.

Slightly open each manifold valve momentarily and then close again to purge air and
moisture from the flexible lines prior to operating the unit.
TODAY YOU WILL PURGE ALL REFRIGERANT FROM THE SYSTEM SINCE YOU WILL BE
ASSEMBLING THE SYSTEM UNITS (SEE PROCEDURE BELOW).

NOTE:

9.

Ask the Instructor to check completed steps then proceed with the procedure below.

ASSEMBLING SYSTEM UNITS
1.

2.

Cut a piece of tubing the correct size and length to be used as a suction line
(approximately 4 feet). What would an undersized suction line cause?

Remove the old suction line and install the new lire between the suction service
valve and the evaporator outlet.
(Remove and reuse the same flare nuts if
condition is good).
CAUTION:

Do not over-tighten the flare nuts as the flare might be cut off.

What type of flare nut must be used at the evaporator outlet?

Why?

3.

Why is i+ necessary to always slant the suction line down to the compressor?

4.

Cut a piece of tubing the correct size and length to be used between the receiver
and filter drier.

5.

Fabricate and install this line.

6.

Install filter drier.

7.

Cut a piece of tubing the correct size and length to be used between the filter
drier and sight glass.

8.

Fabricate and install this line.

9.

Install a sight glass between filter drier and evaporator.
NOTE:

10.

SIGHT GLASS SHOULD BE EASILY VIEWED FROM THE FRONT OF THE TRAINER.
SHOULD BE TO THE REAR.

THE DOT

Fabricate the liquid line from the sight glass to the inlet of the refrigerant
control.
NOTE:

Place a loop in this line.
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11.

'Irby is this loop necessary?

12.

Have the Instructor check your work.

13.

Clean common hand tools and return to tool box.
Return special tools to shelf in
tool cabinet.
Using paper towels and a cleaning agent clean your working area. 0
,

PART 2
(Day 1?)

OBJECTIVE
Given three randomly selected items of refrigeration equipment, list the
installing with no more than two errors. You will be allowed approximately 30 steps for
minutes
to complete this objective.

PROCEDURE
1.

Give the procedures for installing a sight glass.

2.

Give the procedures for installing a filter dryer.

3.

Give the procedures for installing a receiver.

4.

Give the procedures for installing a condenser.

5.

Give the procedures for installing a compressor.
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PART 3
(Day 17)
4116JECTIVE

Using a refrigerant trainer, and equipment provided, locate and repair the
refrigerant leaks with no more than one assist from the instructor. You will be allowed
approximately 1 1/2 hours to complete this objective.
PROCEDURE
SERVICE VALVES
1.

How many ports are there on one service valve?

2.

Name each port that is on a service valve.
a.

b.

c.

3.

What are the valve positions for service valves?

4.

With the valve stem turned all the way in, what is the service valve position set
in?

5.

With the valve steam turned all the way out, what is the service valve position set
in?

With the valve steam in the mid-way position between open and closed, what is the
service valve position set in?

7.

What is the backseated position used for?

8.

Should the service valve be left in the backseated position?

9.

What is the valve position for normal operation?

PROCEDURE

CHARGING FOR LEAK TEST
1.

Install the manifold gauge assembly (manifold gauge valves should be closed,
service valves should be back seated).

2.

Place both compressor service valves in the gauge position.
valves be in the gauge position?
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Why should the service

3.

Connect the middle port of the manifold gauge assembly to a refrigerant cylinder
How tight should these connections be?
using a flexible charging line.

4.

Put on safety goggles.

CAUTION:

Why is this step necessary?

Be sure that the refrigerant cylinder is in an upright position.

5.

Opea the refrigerant cylinder valve a minimum of 1/2 turn.

6.

Loosen the middle flexible line connection at the manifold gauge assembly to purge
the air out of the line.

7.

Tighten the flexible line connection.

8.

Open both manifold valves enough to let the refrigerant from the cylinder enter the
system. Observe suction gauge, add refrigerant until a pressure of 15 to 35 psi is
obtained.

9.

Close both manifold gauge valves.

10.

Close the refrigerant cylinder valve.

11.

Have the Instructor check your work.
USING THE HALIDE LEAK DETECTOR

1.

Open the needle valve slightly to start fuel gas flow.

2.

Ignite the.gas at the detector tip.

3.

Using the needle valve, adjust the flame to about an inch above the reactor plate.

4.

Observe the reactor plate until it becomes heated to a cherry red color.

5.

Using the needle valve, readjust the flame to 5/8-inch above the reactor plate.

6.

Explore for leaks by moving the end of the search hose around all joints and
connections.
NOTE:

7.

The search hose must be moved slowly.

Observe the flame for a possible color change. A small leak w.11 be indicated by a
A large Itak will be indicated by a purplish-blue flame.
green flame.
CAUTION:

8.

Be careful of any phosgene gas that may develop.

Have the Instructor check your work.
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SERVICE VALVES AND MGA VALVE POSITIONS

MGA

SV

KV

LOW
1.

Charge for leak oheck

2.

Evacuate system

3.

Charge for operation

4.

Normal operation

5.

Pump down system

6.

Oil check

7.

Suction valve check

8.

Discharge valve check

9.

Operational shaft seal check

10.

Equalizing shaft seal

HIGH

LOW

REMARKS

HIGH

Using compressor for evacuation

Checked by:

Instructor
PART 4
(Day 17)

OBJECTIVE
Using a simple refrigeration trainer and tools provideu, purge, evacuate, charge,
You will bc
ard pump down the system with no more than two assists from the instructor.
allowed approximately 1 hour to complete this objective.
PROCEDURE
EVACUATING PROCEDURES
1.

Install the manifold gauge assembly.

2.

Purge any refrigerant pressure from system.

3.

Plug in the vacuum pump to a 110V outlet.

4.

Remove tht dust covers from BOTH the vecuum and exhaust fittings then connect the
center flexible line to the vacuum pump.
CAUTION:

Be sure to cnnnect the hose to the correct fitting (vacuum) or the vacuum
pump may be damaged.

Position the menifold gauge valves, service valves, and king valve for evacuation
(service valves gauged, king valve open, hand valves open).
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6.

To start the vacuum pump, turn the start switch to the start position and then
The switch will return to the run position.

release.

CAUTION:

IF THIS IS NOT DONE CORRECTLY, DAMAGE TO THE PUMP COULD RESULT.

7.

Operate the vaclum pump until approximately 28" of mercury shows on the /rAw side
gauge

8.

Close both manifold gauge valves, then stop the vacuum pump.
NOTE:

9.

If system has a leak, the vacuum will not hold when the valves are closed.
If the system has a leak, repair it and repeat steps 3, 4, 5, 6, and 7.

Have the Instructor check your work.

CHARGING A SYSTEM FOR OPERATION
Preoperational Check
1.

Insure that trainer is unplugged.

2.

Check for loose or frayed electrical wiring.

3.

Check for loose or broken refrigeration lines.

4.

Check pressure setting on high pressure control to ensure that it is not set above
200 psi.

Operational Check
1.

Wear protective goggles.

2.

Insure that both compressor service valves are in the gauge position.

3.

Insure that the king valve Is in the open position.

4.

Plug trainer into the 110-volt outlet.

5.

Insure tools are not in a position to fall into the condenser Ian and compressor
flywheel while trainer is in opemti3n.

6.

Connect a refrigerant cylinder to the center flexible line of the manifold gauge
assembly.

7.

Open cylinder valve 1/2 turn.

8.

Purge the air from the charging line at the center port of the manifold gauge
as.cfmbly.

9.

Slightly open the low side manifold gauge assembly.

10.

Start the compressor.

11.

Adjust the low side manifold gauge valve to maintain approximately 40 psig on the
compound gauge.

12.

Observe the sight glass.
glass?

CAUTION:

What condition is indicated by bubbles in the sight

DO NOT LEAVE YOUR TRAINER WHILE YOU ARE CHARGING.

13.

As soon as bubbles in the sight glass disappear,
valve to stop the chatging process.

1A.

Let the reirigeration system operate for several minutes.
NOTE:

close the low side manifold gauge

If bubbles do not reappear, the unit is fully charged.
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Poe* Operational Checx
1.

Close the refrigerant cylinder valve.

Remove the charging line from the refrigerant cylinder.
3.

Remove your safety goggles.

4.

Have Instructor check your work.
PUMP DOWN

1.

2.

Position all of valves for system pump down:
a.

Compressor discharge service valve

b.

Compressor suction service valve

c.

Receiver valve (king valve)

d.

High side manifold valve

e.

Low side manifold valve

between 1 to 5 psig.
Operate the system until the ccmpound gauge reading remains
The system is then pumped down.
NOTE:

3.

4.

System may have to be started and stopped a number of times before pressure
remains 1-5 psig.

Shutdown procedures:
a.

Turn off system.

b.

Unplug trainer from 110-volt power supply.

c.

Back seat compressor service valves.

d.

Purge and remove the manifold gauge assembly.

e.

Install dust covers and port caps.

f.

Clean unit.

Have Instructor check your work.
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411
COMPRESSOR CHECKS AND TROUBLE ANALYSIS
PA:"

1

(Day 18)

OBJECTIVE
Given the information, 1!=t the steps required to replace four randomly selected
parts of a compressor with no more than two errors. You will be allowed approximately
1 hour to complete this objective.
PROCEDURE

List replacement steps for four of the following listed
indicated to you by your instructor (randomly siected).

compressor parts as

1.

List the steps required to replace the valves of a compressor.

2.

List the steps required to replace a piston on a compressor.

3.

List the steps required to replace the connecting rod of a compressor.

4.

List the steps required to replace a crankshaft on a compressor.

5.

List the steps required to replace the head on a compressor.
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6.

List the steps required to replace the service valves on a compressor.

7.

List the steps required to replace the wrist pin on a compressor.

8.

List the steps required to replace the shaft seals on a compressor.

PA'AT 2

(Day 19)

OBJECTIVE
Given a small compressor and common hand tools, remove the compressor bead and
inspect and replace the valves with assistance from the instructor. You will be allowed
approximately 30 minutes to complete this objective.

PROCEDURE
DISASSEMBLING A COMPRESSOR
1.

Place the compressor in an upright position and remove the ten compressor head
retaining bolts.

2.

Remove the compressor head by tapping it lightly with a mallet.

3.

Remove the valve plate and suction strainer.

4.

Remove the suction valves.

REASSEMBLY OF COMPRESSOR
1.

Lay out all parts that have been removed.

2.

Inspect each item for evidence of wear, cracks, rough handling, etc.

3.

Have the Instructor check each questionable item.

4.

Discard rejected parts and procure new replacements as required.

5.

Replace suction valves.
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6.

Replace valve plate.
CAUTION:
Exercise extreme care when replacing the valves and valve plate on
compressor.

Hold the valve plate and line up the valve pins on compressor body with the
holes in the valve plate.
After getting everything lined up, tap the valve
plate lightly with a mallet.

NOTE:

7.

Replace compressor head.

8.

Replace the ten compressor head bolts.
CAUTION:

9.

Do not over-tighten.

Have Instructor check your work.
PART 3

(Day 19)

OBJECTIVE

Given the oil and equipment required, service the compressor on a refrigeration
trainer with instructor assistance. You will be allowed approximately 30 minutes to
complete this objective.
PROCEDURE

COMPRESSOR OIL LEVEL CHECK
1.

Install manifold gauge assembly.

2.

Position all valves for normal operation.
Purge air from the manifold gauge assembly and flexible lines.

4.

Operate the compressor until the compressor body is warm or until the refrigerant
has been removed from the oil.

5.

Turn off the compressor.

6.

Front seat the suction service valve.

7.

Pump the compressor crankcase down to between 1 to 5 psig, compound pressure gauge.
CAUTION:

GOGGLES SHOULD HE WORN FOR THE NEXT STEP!

8.

Remove the oil plug slowly.

9.

Satisfactory oil
Check the oil level in the compressor with a clean dip stick.
level should range between 1 1/2 to 2 1/2 in depth of the dip stick.
NOTE:

10.

In the field refer to manufacturer's or Air Force's technical manuals.

Add oil only if necessary.
Do not add excessive oil to compressor. Excess oil will cause the
compressor to pump oil and reduce compressor efficiency.
NOTE:

11.

Replace oil plug loosely in the compressor.

12.

Crack the compressor suction service valve momentarily from the front seat positon
to purge air from the compressor crankcase.

43

Tighten the oil plug.

Use 3/4" box-end wrench.
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14.

Return the nnmpressor suction service valve to the gauge position.

15.

Clean up your work area of any spilled oil.

10.

Have the Instructor chcck your work.
PART 4

(Day 19)

OBJECTIVE
Using a refrigeration trainer, perform a preoperational check, position the king
and service valves, and operate the system, using the MGA to confirm normal operation
with instructor assistance. You will be allowed approximately 30 minutes to complete
this objective.
OPERATIONAL CHECK
1.

Record position of all valves for normal operation:
a.

Compressor discharge service valve

b.

Compressor suction service valve

c.

Receiver valve (king valve)

d.

Low side manifold valve

e.

High side manifold valve

2.

Install the manifold gauge assembly.

3.

Operate the system until pressures and temperatures stabilize before proceeding to
the next step.

4.

Compute system head pressure.

5.

a.

Ambient air temperature is

b.

Head pressure should be

c.

Head pressure is

d.

Is this pressure normal at this ambient temperature?

°F.

psig.

psig.

Note sight glass for refrigerant charge.

Sight glass indicates the system is
6.

Place thermometer on evaporator surface. Wait until temperature stabilizes.
Compare converted thermometer reading with low side gauge.
a.

Reading on thermometer is

b.

Reading on compound gauge is

°F.

psig.

reading for this psig is
c.

7.

Coverted temperature

°F.

If thermometer reading is different from the low side gauge, Lndication of what
it should be, what is possible trouble?

Check the ambient air temperatule at the inlet of the condenser with a thermometer.
Temperature reading is

°F.
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CAUTION:

DO NOT TOUCH CONDENSER FAN BLADE WITH THERMOMETER OR HAND!
the outlet of the condenser with a

Check the ambient air temperature a
thermometer.

Temperature reading is
9.

F.

Is the condenser transferring heat to the cooling medium?

Give reason:

10.

Check the condition of the condenser.
a.

Are the fins straight?

b.

Is the surface clean?

c.

Check security of mounting.
Results:

Check far restricted air flow.

d.

Results:
11.

Remove manifold gauge assembly.

12.

Have the Instructor check your work.
PART 5

Day

19)

OBJECTIVE

Using a refrigeration trainer, inspect the operation of the refrigeration
components and accessories and the compressor for proper operation and rotation with
You will be allowed approximately 3 hours for completion of this
instructor assistance.
objective.
PROCEDURES
A.

SUCTION VALVE CHECK
1.

Install the manifold gauge assembly.

2.

Place all valves in the normal operation position.

3.

Purge air from manifold gauge assembly and flexible lines.

4.

Operate the unit until the compressor body feels warm to the hand or until the
refrigerant has been removed from the oil.

5.

Front seat the suction service valve.

6.

Operate the system until the compressor pulls down to a 20" Hg vacuum.

7.

Record the suction pressure reading.

8.

If the compressor will not pull a minimum of 20" Hg, the suction valves are
probably bad.
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9.

B.

During normal operation, what would indicate a leaky suction valve?

10.

Return the suction service valve to the gauge position.

11.

Stop the compressor.

DISCHARGE VALVE CHECK
1.

Be sure the compressor is NOT operating.

2.

With the manifold gauge installed, front seat the discharge service valve and
gauge the suction service valve.
CAUTION:

C.

EXCESSIVE HEAD PRESSURE CAN BLOW THE COMPRESSOR HEAD OFF IF THE HIGH
PRESSURE SAFETY SWITCH FAILS!

3.

Operate the compressor intermittently (ON and OFF) until a minimum of 150 psig
pressure is indicated on the high pressure gauge.

4.

Watch the high pressure gauge indicator needle closely. A rapid drop in
pressure down to and below normal operational head pressure indicates a leaky
discharge valve. A moderate drop in pressure with the needle stopping at
normal operational head pressure indicates a good discharge valve.

5.

Record your observation:

6.

Your observation in step 5 indicates a

7.

Return the discharge service valve to the gauge position.

8.

Have the Instructor check your work.

discharge valve.

COMPRESSOR SHAFT SEAL CHECKS
1.

OPERATIONAL CTIECK
a.

Install the manifold gauge assembly.

b.

Position all valves for normal operation.

c.

Operate the system for a minimum of five minutes.

d.

Check the shaft seal with a Halide leak detector while the compressor
operates.
CAUTION:

e.

BE CAREFUL OF ALL MOVING PARTS!

Watch color of flame for any change:
(a)

Green -- small leak.

(b)

Purplisn-blue -- large leak.
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f.

2.

D.

Record your observation:

EQUALIZED PRESSURE CHECK
a.

Turn off the compressor.

b.

Remove the center flexible line from the manifold gauge assembly.

c.

Cap the center port of the manifold gauge assembly with a compressor
service valve gauge port cap. Leave this cap loose for purging.

d.

Open the high side manifold gauge assembly valve momemtarily to purge air
from the manifold gauge assembly.

e.

Tighten the cap on the manifold gauge assembly.

f.

Slightly open both manifold gauge assembly valves to bypass pressure from
high to low side of the system.

g.

Note pressure readings on the compound and high pressure gauges.
gauges should read equal pressure.

h.

Check the shaft seal with a Halide leak detector when pressures have
equalized.

i.

Record your observations:

J

Close both manifold gauge assembly valves.

k.

Carefully remove cap from the center manifold gauge assembly port and
install center flexible line in its place.

1.

Have the Instructor check your work.

INSPECTION OF REFRIGERATION ACCESSORIES
1.

Install the MGA.

2.

Operate unit until pressures stabilize.

3.

Check accessories for proper operation:
accumulator.

4.

Both

sight glass, filter drier,

Check high pressure safety switch for proper setting.
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Shutdown procedures:

5.

(a)

Turn off system.

(b)

Unplug trainer from 110-volt power supply.

(c)

Back seat compressor service valves.

(d)

Purge and remove the manifold gaug9 assembly.

(e)

Install port caps.

(f)

Place service valves in gauge position.

(g)

Install dust covers.

(h)

Clean unit.

Have Instructor check your work.

6.

PART 6
(Day 20)

OBJECTIVE

Using a refrigeration trainer, troubleshoot the system and perform equipment
maintenance with instructor assistance. You will be allowed approximately 4 hours to
complete this objective.
PROCEDURE
1.

Install manifold gauge assembly.

2.

Operate system until temperatures and pressures stabilize.

3.

Check system for normal operation.
NOTE:

Correct any malfunction before proceeding.

4.

Inform your Instructor when system is operating normally.

5.

You will be given a project to do while a malfunction is placed in your system.

6.

Operate system noting any abnormal readings.
suspected malfunction is located.
a.

Suspected malfunction

b.

Equipment maintenance to correct malfunction.

7.

Check with Instructor.

8.

Remove MGA.

9.

Shut down equipment.

10.

Troubleshoot your system until

Perform maintenance as directed.

Clean unit.
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METERING DEVICES

OBJECTIVE
This Study Guide/Workbook will acquaint you with:
The operating principle of capillary tubes, automatic and thermostatic expansion
valves, and special metering devices.
The procedures for removing, replacing and adjusting expansion valves.
INTRODUCTION

This Study Guide/Workbook will prepare you for the indicated days of instruction. You
must complete the assignments and be prepared for evaluation at the beginning of each day.
DIRECTED STUDY AND HOMEWORK
Assignment in preparation for day 21:
I

Metering Devices
Head the following paragraphs and answer the questions about them.

Any device used to control the amount of liquid refrigerant to the evaporator is
called a refrigerant control or metering device.
Refrigerant controls are manufactured in two basic types.

Pressure operated
Temperature operated
Capillary tubes, metering orifices and automatic expansion valves are examples of
pressure operated metering devices.
Thermostatic expansion valves are temperature operated meterinr devices.

What are the two types or classifications of refrigerant controls?
and

A.

Pressure operated refrigerant controls
1.

Capillary tubes

Capillary tubes are primarily used in domestic refrigeration, central A/C
This type of control is simple, economical, and allows the
and heat pumps.
use of a low starting torque motor. One end of the capillary tube is
attached to the bottom of the condenser. You may find a strainer installed
between the condenser and capillary tube. The capillary tube is soldered
to the suction line to act as a heat exchanger and gives the capillary tube
added strength, and terminates in an expansion chamber at the top of the
evaporator.
Capillary tubes are primarily used in
and

Capillary tubes are soldered to the suction line for two reasons.
are they?
and

What

PRINCIPLE OF OPERATION OF CAPILLARY TUBE. Liquid refrigerant with a pressure of 120
to 140 psi and a temperature of 90 to 120 F enters the capillary tube.
(Pressures and
temperatures are approximations.) As the liquid travels through the capillary tube, its
pressure is reduced by the resistance of the tubing. At the same time, its temperature
is being reduced by the cold suction line.
These two forces continue to act on the
liquid refrigerant as it proceeds through the capillary tube. However, the pressure is
reduced (romparatively) faster than the temperature. At some point (usually within the
last 1/3 of the tube) the pressure of the liquid refrigerant is reduced below its boiling
point.
Some of the liquid refrigerant "flashes" or boils. The vapor occupies more space
than the liquid so the resistance to flow is increased. The temperature of the refrigerant is decreased by both the flashing of liquid and by the action of the cold suction
line.
The point where the flashing first occurs to the end of the capillary tube is
known as a "vapor lock or bubble point."
All capillary tubes Uave a vapor lock.
combination of the folloalng factors.

The length of the vapor lock depends on a

* Condensing temperature.
* Condensing pressure.

* Amount of subcooling of the liquid in the condenser.
* Temperature of the suction line.

* Pressure difference between the low and high side.
* The length and diameter of the capillary tube.
In your own words, explain the operation of a capillary tube.

Read the following paragraphs from the "Modern Refrigeration and Air Conditioning"
textbook and answer the questions.
Read paragraph 4-18.
o

What is the advantage of using a capillary tube that is longer and larger in
diameter?

Read paragraph 5-26.

The design of a capillary tube depends on the following four variables.

Wlukt kind of r motor control must be used with a capillary tube?

A capillary tube acts as a constant
on the refrigerant.

What is the purpose of the filter-drier at the inlet of the capillary tube?
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What is an indication of an overcharge in a capillary tube system?

What axe the eolimntages of a capillary tube system?

Read the following and answer the questions.
2.

Metering Orifices
Special metering devices are usually designed by a specific company for their
own equipment, and they may not be able to be interchanged with other brands
of equipment.
One of the most popular types is known as an accurater.
There are two types of accuraters, a stationary type and a bypass type.
These are most common in heat pumps and some air comitioning applications.
These have most of the advantages of the capillary tube without the danger
of the tube breaking. The accurater is located in the liquid line and it
normally looks like a flare fitting with a small metering orifice in the
center.

What are the two types of accuraters?
a,ei

Where is the accurater located?

What are accuraters normally used on?

Describe what the accuraters look like.

3.

AuLomatic Expansion Valves (AEV)
Automatic Expansion Valves are commonly referred to as constant pressure
valves due to the fact that they are designed to maintain a constant evaporator pressure while the unit is operating. One of the advantages is that
the valve closes on the OFF cycle. This va've is used on systems that have
a fairly constant heat load.

Read the following paragraphs in the "Modern Refrigeration and Air Conditioning"
textbook and answer the questions.
Read paragraph 3-7.

When does liquid refrigerant flow through the automatic expansion valve?

What stops this system when the proper temperature in the refrigerated space is
obtained?

What would be wrong with the automatic expanaion valve it the suction line frosted
when the unit was started?

Read paragraph 4-19.

What controls the,rate of flow through an automatic expansion valve?

What will be the results of turning the adjusting screw clockwise on an automatic
expansion valve?

How does the amount of refrigerant in the system effect the or.eration of the automatic expansion vavle?

Explain in your own words how an automatic expansion valve contrnls the refrigerant
flow.

B.

Temperature Operated Refrigerant Controls
1.

Thermostatic Expansion Valves (TEV)
The TEV la a metering device that is truly fully automatic.
It has all the
desired operating qualities required tu take the evaporator functional. It
maintains a fully active evaporator under all heat load conditions by striving
to maintain a constant degree of superheat. The power element insures that
the valve opens and closes,metering the correct amount of liquid refrigerant
to the evaporator as the heat load changes. The power element is actually
sensing the superheat and responds to its changes in temperature. The TEVEE
is a TEV that is designed to operate on large evaporator systems that have
excessive pressure drops across them. This valve senses the evaporator outlet pressure and automatically corrects itself for the pressure drop on the
evaporator.
?his causes more refrigerant to flow through the valve to compensate for the pressure drop.
Without the external equalizer, the valve would
operate the system in a starved condition.

To troubleshoot a TEV or TEVEE, system suction pressure (heat load) and superheat are calculated. Adjusting the valve is tht. last thing one should do as
malfunctions are rarely caused by the valve being out of adjustment.
The
TEVs are found on most applications of mechanical-type refrigeration due to
its reliability and operation.
What insures that a TEV opens and closes?

What is the purpose of the TEV?

What is a thermostatic expansion valve externally equalized (TEVEE)?

1-4

Read the following paragraphs in the "Modern Refrigeration and Air Conditioning"
textbook and answer the questions.
Read paragraph 3-8.

What controls the operation of a TEV?

What governs the amount a TEV will open?

What happens in the system when the evaporator reaches the desired temperature?

Read paragraph 4-20.

Where is the TEV sensing bulb located?

What happens as the evaporator becomes colder?

Where is the TEV located in the system?

Read paragraph 5-10
Superheat refers to the difference in temperature between the
and the

What is the result of increasing superheat?
A tendency to
C.

Special Metering Devices

Other types of special metering devices are known as high side and low side
floats.
These are used on flooded evaporator systems and are used with centrifugal compression systems.
Read the following paragraphs in the "Modern Refrigeration and Air Conditioning"
textbook and answer the questions.
Read paragraphs 5-24 and 5-25.

What is the purpose of a low side float?

What is the possible disadvantage of the low side float?

With a high side float where is the liquid refrigerant stored?

Homework to prepare for day 21.

1-5

Read the following paragraphs from the "Modern Refrigeration
Be prepared to discuss and answer questions in class. and Air Conditioning"

textbook.

Read paragraphs 5-1 through 5-18, 5-2'. through 5-23,
11-51 through 11-53, and 11-63.
STOP!
YOU HAVE COMPLETED THE ASSIGNMENT IN PREPARATION FOR DAY
21.
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Assignment in preparation for Day 22.
1.

Using the system below and P.T. chart along with notes, answer questions below.

a.

The AEV is designed to maintain a constant
under all load conditions.

b.

"V" point is where the last drop of liquid refrigerant boils off.
will the "V" point move on an increase of heat load?
Decrease of heat load?

c.

Determine the AEV setting for the following temperatures. (Remember 100 T.D.)

d.

(1)

45°

PSI

(2)

43°

PSI

(3)

200

PSI

(4)

350

PSI

(5)

28°

PSI

Which direction

If the system, using an AEV, cycles OFF on temperature, what does the valve do?

Why?
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e.

2.

List some examples of the t?T,.<.,8 of systems that an AEV would be good on.

Using the diagram above and notes, answer the following quest_eue.
a.

The temperature difference between "V" and "C" point is known as

h.

21 PSI is the pressure at the outlet of the evaporator.
at this point?

Are the temperatures the same?

c.

What is the temperature

Why?

What would the problem be if the temperature were the same?

Listed below are the necessary steps to remove, replace, and adjust the TEV.
paragraph 14-63 to aid in answering questions.
Removal
1.

Observe all possible safety precautions.

2.

Pump down the unit 1-5 psi by cooling king valve.

3.

Close evaporator hand valves to isolate evaporator.
1-8
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Read

4.

Remove the old expansion valve using a proper backup wrench to prevent twisting of
the tubing.

5.

Loosen sensing bulb clamp on outlet of evaporator and remove bulb.

Questions
1.

When you pump down a system, what valve must be closed?

2.

What is the purpose of closing the evaporator hand valves?

3.

Why must you use a backup wrench when removing an expansion valve?

Replacement and Installation
Read paragraph 14-66 and answer the following questions.
NOTE:

Sensing bulbs are installed with a metal clamp using the following rules:
Lines under 7/8" - 12:00 position
Lines 7/8" to 2 1/8" - 4:00 or 8:00
Lines 2 1/8" and up - in a well
Vertical position have the capillary tube facing up.
Evacuate open lines.

Questions
1.

After the expansion valve is mounted, what lines are evacuated?

2.

On multiple systems, dry evaporators using expansion valves should have what accessories installed in liquid and suction line?

Why?

3.

After installing a TEV with a flare fitting, what must be done to the fitting itselfi

Why?

4.

Any place that Trostind'occurs, what kind of flare nuts should you use?

5.

What is the best type of connection in the interior cabinet in a refrigeration
system?

6.

What are the proper positions of a sensing bulb on a horizontal suction line for tho
given diameters?

7.

a.

3/8"

b.

2 1/4"

c.

1 5/8"

d.

7/8"

e.

6"

Where is the proper sensing bulb location on a vertical run suction line?

STOP!

YOU HAVE COMPLETED THE DIRECTED STUDY TO BE COMPLETED PRIOR TO DAY 22.
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MOTOR CONTROLS
Assignment in Preparation for Day 23
Adjustment and Calibration of Motor and Safety Controls
A.
Using the "Dictionary of Technical Terms" in chapter 30 in the "Modern
Refrigeration and Air Conditioning" textbook, define the following terms.
1.

Cut-in (CI)

2.

Cut-out (CO)

3.

Differential (D)

4.

Average Temperature (AT)

B.
Read paragraph 12-38 in the "Modern Refrigeration and Air Conditioning" textbook
and answer the following questions.
1.

The cut-out pressure should be set about how many degrees lower than the
desired evaporator outside surface temperature?

2.

The cut-in pressure should be about the same as what allowable evaporator
temperature.

3.

C.

What is the common pressure difference between cut-in and cut-out point on a
R12 system?

Read the following paragraph and paragraph 12-40 in the "Modern Refrigeration and
Air Conditioning " textbook and answer the following questions.
Sometimes motor controls are used to protect refrigeration systems (primarily
the compressor motor) from operating under hazardous conditions. One of these
safety controls is the High Pressure Safety Switch (HPSSW). The contacts of this
control are set to operate 20% above Normal Operating Pressure (NOP). Normal
operating pressure for a HPSSW can be determined by adding the summer design
temperature (sometimes called average hot season temperature) to the condensing
A rule of thumb for determining condensing factors are as foll8ws:
factor.
Natural Convectio8 Air Cooled = 35".F, Forced Convection Air Cooled = 10 F, and
Water Cooled:= 25 F. Using a pressure temperature chart, convert the Lotal of
To comthese temperatures to pressure for the refrigerant used in the system.
pute pressure settings for a HPSSW, the following formulas may be used:
CI OR NOP = SUMMER DESIGN TEMPERATURE + CONDENSING FACTOR CONVERTED TO PRESSURE
CO = NOP X 1.20

(CO on the HPSSW is 20% above NOP.)
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1.

D.

Where is the high pressure safety switch connected on
a system?

2.

What is the purpose of the HPSSW?

3.

How is the normal operating pressure for a HPSSW determined?

4.

How is the maximum operating pressure for a HPSSW determined?

Read the following paragraphs pertaining to condenser fan controls
and answer
the following questions.

One of the main problems with outdoor units is keeping the
expansion valve operating at full capacity during cold weather. thermostatic
Capacity
depends on the pressure difference across the valve.
If condensing pressure
reduces from 102 PSI, 90F (32C) for R12 to 56 PSI, 30F (-2C) for R12,
the valve
capacity will drop.
(Not enough liquid refrigerant will flow.) The refrigerated
fixture temperatures may then rise too high. Also, a small pressure difference
may cLuse short cycling of the condensing unit.

In order to mintain air cooled condensing pressures at a satisfactory level
during low ambient conditions, a condenser fan pressure control is frequently
used.
The control acts to break th circuit to the condenser fan on a drop in
condensing pressure and makes the circuit on a rise in condensing
pressure. Since
this is the reverse of the action on a normal high pressure control,
this is
often described as a reverse acting pressure control.
The
contacts
of
this control are set to operate 20% below normal operating pressure (NOP).
To
compute
pressure settings for a CFC, the following formulas may be used.
CI OR NOP = Sumen DESIGN TEWERATLRE

+ CONDENSING FACTOR 070MRTED TO PMESWRE

.

CO = NOP MINUS 20% (CO ON THE CFC IS 20% BELOW N3P).
1.

As the condensing pressure drops, what will the valve capacity do?

2.

What control is required to keep the co,,i6ensing pressure at a satisfactory
level?

3.

As the condensing pressure drops, what is the action of the condenser fan
control?
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4.

E.

On a system with a normal operating pressure of 100 PSI, what is the CFC
set to cut-out the condenser fan?

Read the following paragraph and answer the following questions.
Anytime a motor or safety control require replacement, there are certain preThese precautions are as follows:
cautions that should be observed.
CAUTION:

When installing a motor control, observe the following
precautions.
- -- Avoid sharp bends or kinks in the capillary tube.

- -- Insure the control is large enough to handle the
required electrical load.

--- Make sure that the pressure range of the control is capable
of handling the type of refrigerant in the system.
- -- Coil excess capillary to avoid vibration.

- -- Insure that system is disconnected from power source.
1.

What is a precaution that should be observed concerning the pressure range?

2.

What is required with the excess capillary tube and why?

Read paragraph 14-94 in the "Modern Refrigeration and Air Conditioning" textbook
F.
and answer the following questions.
1.

What are the four types of motor controls that are used in commercial
refrigeration?
a.

b.
c.

d.
2.

The six (6) common troubles encountered with the motor controls are:
a.

b.
c.
d.
e.
f.
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3.

How can a pressure control operation be checked?

4.

A thermostatic motor control may be checked by utilizing what method?

5.

What are the two (2) most common troubles associated with high pressure
safety switches?
a.

b.
6.

When will an oil pressure safety switch operate?

STOP!

YOU HAVE COMPLETED THE DIRECTED STUDY ASSIGNMENT FOR DAY 23.
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TROUBLESHOOTING
Assignment in Preparation for Day 2' i}

Troubleshooting Motor and Safety Controls
Read paragraph 14-94 in the "Modern Refrigeration and Air Conditioning" textbook
and answer the following questions.
1.

List four types of motor controls that are used in commercial
refrigeration.
a.

b.

C.
d.
2.

A motor control with corroded contacts should be repaired by

3.

How may corroded contacts be temporarily repaired?

4.

A thermostatic motor control (TMC) with a broken mercury bulb or lost
sensing bulb charge may be repaired.
TRUE/FALSE

5.

An out-of-adjustment motor control is usually a result of

6.

A pressure control's cut-in and cut-out settings may be checked using
what 2 items?

7.

What is the most common trouble with high pressure motor controls?

8.

List the steps to check a high pressure motor control element.

9.

A high pressure motor control is designed to work only under
conditions.

3-1
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10. If a high pressure motor control is short cycling a compressor, what would be the
cause?

11. What would cause rapid deterioration of contacts?

STOP!

YOU HAVE COMPLETED THE DIRZCTED STUDY ASSIGNMENT IN PREPARATION FOR DAY 24.

Assignment in Preparation of Day 25
A.

Read the following paragraph and answer the followiag questions.
Trouble analysis is an organized process of elimination. The first thing to do
is install the manifold gauge assembly and operate the system if possible. While
the unit is operating, it will give you time to listen to the user's complaint
as well as observe the symptoms of the system. In some cases, it is possible to
determine the malfunction immediately, while in other cases, you may have to
check several things before determining the exact trouble. A few minutes spent
in observation and analysis may save hours of work later.
1.

is an organized

process of elimination.

B.

2.

What are the first things that a service specialist should do to analyze a
refrigeration system?

3.

It is possible to determine the system's malfunction immediately, by checking
one thing.
TRUE/FALSE

Read the following paragraph and answer these questions.
To troubleshoot a TEV or TEVEE, system suction pressure (heat load) and superheat
are calculated.
Adjusting the valve is the last thing one should do as malfunctions are rarely caused by the valve being out of adjustment. The TEVs are found
on most applications of mechanical-type refrigeration due to its reliability and
operation.
1.

WhPn does the service specialist adjust the TEV or TEVEE, while checking a
malfunctioning system?

2.

The valve being out of adjustment is usually the problem on a malfunctioning
system.

TRU/FALSE
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C.

Read the following paragraphs and answer these questions.

Trouble analysis is the area of refrigeration that separates the parts changer
from the service specialist. To be successful at troubleshooting, the specialist
must have a thorough knowledge of refrigeration theory and accurate test equipment.
The only way to find out what is wrong, is to know what the correct operation should be.
Refrigeration troubles fall into three major categories: electrical, refrigeration system, and refrigerant controls. Electrical problems consume most of the
troubleshooting time. Some of the most common electrical problems are shorts,
opens and overloads. Most of the problems that occur under the refrigeration system category are restriction (partial or complete), leaks, odors and low capacity.
The best way t:-.) determine these problems is by the use of temperature and pressure
readings along with a person's six basic senses: sight, smell, touch, hearing,
tasting, and most of all, common sense. Since refrigerant controls give very few
troubles, they should be the last step in the analysis process. Thermostatic
Expansion Valves (TEVs) can be analyzed by using the "two symptom method," suction pressure and superheat.
1.

What two (2) things mast a service specialist have to be successful at
troubleshooting?

2.

What must you know to find out what is wrong?

3.

What are the three (3) categories of refrigeration troubles?

4.

Which category consumes most of the service specialist's time?

5.

What are a person's six basic senses9

6.

Since refrigerant controls give most of your troubles, they should be the
first thing you place.
TRUE/FALSE

7.

What two (2) readings comprise the "two symptom method of analyzing a TEV?

STOP!

YOU HAVE. COMPLETED THE DIRECTED STUDY ASSIGNMENT IN PREPARATION FOR DAY 25.
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DOMESTIC AND COMMERCIAL REFRIGERATION
Assignment in preparation for Day 26.
A.

Read the following paragraphs and answer the questions.

Refrigerant Control

All modern domestic refrigerators use a capillary tube refrigerant control.
This
type of control is simple, economical, and allows the use of a low starting torque motor.
One end of the capillary tube is attached to the bottom of the condenser. You may find a
strainer installed between the condenser and capillary tube. The capillary tube is
soldered to the suction line to act as a heat exchanger and give the capillary tube added
strength, and terminates in an expansion chamber at the top of the evaporator.
PRINCIPLE OF OPERATION OF CAPILLARY TUBE. Liquid refrigerant with a pressure of 120
to 140 PSI and a temperature of 90 to 120 F enters the capillary tube.
(Pressures and
temperatures are approximations.) As the liquid travels through the capillary tube, its
pressure is reduced by the resistance of the tubing. At the same time, its temperature
is being reduced by the cold suction line. These two forces continue to act on the
liquid refrigerant as it proceeds through the capillary tube. However, the pressure is
reduced (comparatively) faster than the temperature. At some point (usually within the
last 1/3 of the tube) the pressure of the liquid refrigerant is reduced below its boiling
point.
Some of the liquid refrigerant "flashes" or boils. The vapor occupies more space
than the liquid so the resistance to flow is increased. The temperature of the refrigerant is decreased by both the flashing of the liquid and by the action of the cold suction
line. The point where the flashing first occurs to the end of the capillary tube is
known as a "vapor lock or bubble point."
All capillary tubes have a vapor lock.
combination of the tollowing factors.

The length of the vapor lock depends on a

* Condensing temperature.
* Condensing pressure.

* Amount of subcooling of the liquid in the condenser.
* Temperature of the suction line.

* Pressure difference between the low and high side.
* The length and diameter of the capillary tube.
1.

What does a domestic refrigerator use for a refrigerant control?

2.

Between what two (2) components is the capillary tube installed?

3.

What is meant by "vapor lock or bubble point"?

B.

Read the following paragraphs and answer the questions.

Since most people are more or less familiar with the common household refrigerator,
it will be used in the instruction of hermetically sealed refrigeration units.
DOMESTIC REFRIGERATORS
The term "domestic refrigerators" includes all types of refrigerated boxes normally
used in the kitchen.
It includes refrigerator-cold storage box combinations, but does not
include separate cold storage boxes.
A domestic refrigerator is normally an upright box with one or two doors.
It may be
either free standing or built into a wall. A modern domestic refrigerator is a selfcontained unit as shown below.
It can be placed in operation by removing the shipping
bolts (if they have them), connecting the power source and adjusting the motor control.
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Most domestic refrigerators have at least three different temperature compartments:
a freezing compartment for freezing ice cubes and storing frozen foods, a medium temperature area for foods and beverages, and a high temperature, high humidity compartment for
fresh vegetables and fruits. They may have such accessories as a butter conditioner, egg
shelves, beverage containers, and storage shelves in the door.
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C.

1,

What does the term "domestic refrigerator" refer to?

2.

Most domestic refrigerators have how many temperature compartments, and
what are they?

Read the following paragraphs and answer the questions.

Construction Features
The outer shell is normally made of several piec_s of sheet metal welded together
and covered with appliance enamel. The inner shell is usually formed from one piece of
It may be either porcelain or enamel finished. The space between the two sheets
metal.
is filled with insulating material.
INSULATION. Any substance that will retard the flow of heat may be used for insulatA great number of substances have been used for insulation in domestive
ing purposes.
boxes. Fiberglas and foamed plastic are the most widely used in domestic refrigerators.

used insulating materials. It is made
Fiberglas. This is one of the most
from silicon dioxide (glass sand) and is expanded with refrigerant or carbon dioxide.
When used in domestic refrigerators, it is made in the form of mats and is approximately
If it is necessary to handle Fiberglas, wear a long sleeved shirt
three inches thick.
and rubber gloves as the particles of glass will penetrate the skin and cause a burning,
itching condition.
It is manufactured
This is a relatively new insulating material.
Foamed Plastic.
from plastic that has been foamed or expanded by the use of refrigerant, carbon dioxide
or some other highly volative agent. Foamed plastic is more expensive than Fiberglas,
but you only have to use half as much of it to get the same insulating effect. Foamed
plastic is light in weight, easily worked and may be manufactured in various forms and
Therefore, it makes a very desirable insulating material and is used in the
shapes.
so-called "thin-walled" boxes.

D.

1.

What is insulation?

2.

What are the most common types of insulating materials used in domestic
refrigerators?

Read the following paragraphs and answer the questions.

VAPOR BARRIER. Condensation of moisture will occur on any surface that is at a
temperature below the dewpoint of the surrounding air. Therefore, we must keep moisture
out of the insulated space between the inner and outer shell. This is particularly
important around the freezing section. Several substances are used for this purpose,
but the most important one in domestic boxes is plastic. The plastic is placed in such
The suca way as to stop the water vapor in the air from getting to the cold surface.
tion line is often insulated with a rubber-like substance known as insulation tape. The
holes where the refrigerant or electrical lines go through the box are usually stuffed
full of a soft putty-like substance known as permagum cords. An odorless tar is often
spread over an area or surface to prevent vapor transmission.

These doors are made
DOOR. The late refrigerator may have either one or two doors.
to cover the whole front of the refrigerator. The inside of the door may be recessed
The inside panel is made of plastic. Since
for small shelves or a butter conditioner.
the panel is light it aids in reducing the total weight of the door. The plastic panel
is designed to aid in keeping the door from warping.
5-3
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BREAKER STRIPS.
The breaker strips are
pieces that shield the space between the
inner and outer shells. Each manufacturer
installs the breaker strips in a different
manner.
Some use screws, some use clamps,
while others snap them in.

Breaker strips are made of plastic. When
the strips are cold, they become brittle
and will break very easily. Before attempting to remove a cold breaker strip, run a
towel dipped in warm water over it. Before
installing a cold breaker strip, dip it
in warm (not hot) water. This will make it
soft and pliable and will reduce the possibility of breakage.
MULLION HEATER. The mullion beater is a
strand of high resistance wire attached to a
strip of aluminum foil. The mullion heater
is installed around the doors under the
breaker strips. When the box is plugged in,
electricity is applied to the mullion heater
which gets warm and adds enough heat to the
area around the door to reduce sweating or
freezing.
A mullion heater is particularly
important around the door of the freezer.
If the mullion heater fails, moisture will
condense around the door and the door will
freeze shut.

E.

1.

What is used to insulate the suction line?

2.

What are the breaker strips made of?

3.

What is a mullion heater?

Read the following paragraphs and answer the questions.
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Major Components
Domestic refrigerators use the same basic empone'etts as any other refrigeration
tem; a compreFsor, condenser, reIrigerant control, and evaporator. However, each
these units are designed for a particular application and temperature range.
COMPRESSOR.
Modern domestic refrigerators use a hermetic compressor. These compressors have some outstanding advantages over open type units.
In all instances the
compressor-motor assembly is much lighter and somewhat stronger as a unit. Strong foundations for mounting the heavy open type compressors are completely eliminated. The
faster operating speeds physically reduce the size of the hermetic compressors. The motor
and compressor are connected to the same shaft and are positioned as close together as
possible.
This feature eliminates the bulkiness of the open style ',stem where the motor
and compressor wcre set apart and driven by V-belts.

The most important advantage of the hermetic unit is that the ever troublesome shaft
seal is completely eliminated. The elimination of the shaft seal was the prime reason
for the development of the hermetic type compressor.

The hermetic design allows the motor and compressor to be enclosed in a housing that
is airtight.
Moisture, dust, grease, and all foreign particles are sealed out which
allows the assembly to operate free of these disturbing elements. As a result the unit
functions at full rated capacity for a longer period of time.
Hermetic type compressors operate more quietly than the open style. Any sound originating in the compressor or motor must first pass through the refrigerant vapor within
the housing.
It must then be transmitted through the steel casing before it can reach
the outer area. As a result, the noise is greatly reduced. Vibrations are almost eliminated due to the rapid cycling of the high-speed unit which tends to smooth out larger
pulsations.
The complete assembly is usually mounted on springs or rubber shock
absorbers that dampens out any vibratiens that might originate from the assembly.
As a unit, all of the advantages previously discussed indirectly result in an
efficiency that places the hermetic unit superior to other types.
Hermetic units have two main disadvantages. They are not
serviceable in the
field and in case of motor burnout the complete system becomes contaminated.

F.

1.

What are the basic components of a domestic refrigerator?

2.

What are the disadvAntages of a hermetic unitY

Read the following paragraphs and answer the questions.

Design Characteristics
ileciprocating hermetic compressors have five major design characteristics.
charactertf3tics and some needed information concerning them are listed below.
SHAFT MOUNTING.

These

The crankshaft is mounted either vertically or horizontally.

SEAu USIGN.
yoke.

rTi

There are three shaft designs:
crank, eccentrics, and the scotch
scotch yoke is used only on low t.-que fractional hp compressors.)

NVEMOD OF LUBRICATION. Hermetic compressors are lubricated by one of the following
metllos:
splash, flood, or forced feed system.
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The 5- lash system is used almost
universally in fractional horsepower units. The
bearing clearance must be large so that the oil can enter easily.
The large bearing
clearances aid the splashing effect of the dippers in
to produce a little more noise than the other types. the oil causing these compressors
The splashing at high speed encourages oil foaming and pumping. The flooded system
includes all types of devices that
lift the oil up and allows it to flood (run down)
over the bearings, pins, and surface
areas.
The oil is not agitated as violently as with
the splash system, which results in
quieter operation and less oil pumping. This system is often used
compressors.
The forced feed system uses a pump to force the oil in air-conditioning
through drilled passages to the bearings. The bearings can be closely
fitted resulting in very quiet operation.
This type system is used on large high-speed compressors.
1.

How is the crankshaft mounted?

2.

What are the three methods used in lubricating hermetic
compressors?
a.
b.
c.

G.

Read the following paragraphs and answer the questions.

MOTOR COOLING. The cooler rk.2.1 electric
motor operates, the more power it will proTherefore, it is imperative that the motor in a hermetic
compressor be kept as
cool as possible. Hermetic compressors
are normally cooled by one or more of the following three methods:
suction gas cooling, air cooling, and oil cooling.
The suction gas
is directed around the motor before it goes to
the cylinder. There may be a fan inside
the shell that aids ir forcing the cold gas around the
motor.
To prevent oil or liquid
refrigerant from entering the suction intake these
compressors are designed so that only
refrigerant vapor can enter the suction intake due to
the
must first pass through or around the windings where all fact that suction return vapors
the oil and liquid refrigerant
will be vaporized. This design is commonly
to as an antisluggin device.
Air
is used to cool hermetic compressors by both referred
natural and forced conveccion.
Some compressors have external fins that aid in heat transfer.
a separate oil cooler circuit that cools the oil in the Some 'domestic refrigerators have
compressor.
duce.

SHELL DESIGN. Manufacturers produce hermetic
compressors in a variety of shell
designs.
The mechanics in the field often apply common
names to these compressors
according to their shape or mounting.
These
are
common
names
only and may not be familiar to personnel in different geographic areas
The pancake compressor is the only shell
design that is accepted industry-wide by both manufacturers
wad service personnel.
1.

What are the three methods used in cooling hermetic
compressors?
a.

b.
c.
2.

How are the compressors named in the :Veld?
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H.

Read the following paragraphs and answer the questions.

Condensers

The condensers in domestic refrigerators are usually made of steel and are of the
following construction types: plate finned (forced convection), coiled tubing with a
wire frame, and coiled tubing mounted on the inside of the refrigerator shell.
In the
last few years, several manufacturers have built the condenser as an integral part of the
outside wall.
From a visual standpoint, it appears that the unit does not have a condenser.
However, let the Apit operate for about 30 minutes and then ruy your hand over the
outside of the box. The hot area will indicate the exact location of the condenser. When
these units first came out, it was quite difficult to convince some of the users that the
outside of their refrigerator was supposed to get hot.
OIL COOLER CIRCUIT
Some compressors used on domestic refrigerators require oil cooling. This is usually
accomplished by passing the discharge gas through an oil cooler circuit, desuperheating
it, and then returning it to tte compressor where it picks up heat from the oil belore
going on to the condenser.
The schematic below illustrates the hot gas flow through the oil cooler circuit.

SUCTION LINE

CAPILLARY WOE

CONDI NSEN

COMPRESSOR

(c==D

SUCTION INTAKE
DISCHARGE LINE

Olt COOLE CIRCUIT
CYLINDER AND PISTON

OIL COOUIR

Oil Cooler Circuit

Oil Cooler Circuit
1.

What is the type of -.ondenser construction used on domestic refrigerators?

2.

How is oil cooling accomplished on domestic refrigerators?
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Read the following paragraphs and answer the questions.

I.

EVAPORATORS

The evaporators used in domestic refrigerators must be rugged, functional, and
attractive.
Frosting type refrigerators usually use a flooded type evaporator or a plate with
aluminum tubing attached to the back. Very often you will find a refrigerator that uses
a plate evaporator with a preformed refrigerant coil in the freezer section.
These plate
type evaporators are normally made of aluminum. Home freezers often use an evaporator
that is composed of coiled aluminum tubing crisscrossed with steel or aluminum
4re.

Manufacturers do not recommend attempting to repair aluminum evaporators. When an
aluminum evaporator gets a hole in it, the manufacturer recommends replacing tLe complete
assembly.
Suction Line
The suction line is usually attached at the top of the evaporator on domestic boxes.
There is usually some surplus section line run along one side or else coiled inside the
box.
This extra length is to allow the suntion gas to pick up enough ller!f, (from the
capillary tube) so that the suction line will not sweat outside the box
A sweating suction line usually indicates an overcharge. If the system is correctry
arged and the
:etion line still sweats,
m qt be insulated to keep the condenw.te :k.om dripping on
floor.
Suction lines are
ually made from 5/6 to 3/8 inch
tubing.
Door Gasket

Domestic refrigerators have a synthetic rubber or flexible plastic gasket around the
This gasket or seal is designed to make an airtight seal between the door and
refrigerator body.
Door seals usually last from five to seven years.
It is always best
to replace door seals with an exact like item. However, this is not always possit.'7.
Sometimes you will find it necessary to use a general replacement seal. There are
types of seals in general use. The door should be removed and laid on a flat surface
when replacing the gasket.
This will prevent warping of the door.
door.

1.

What type of evaporator is used on frosting type refrigeraters?

2.

What does a sveating suction line indicate?

3.

What is the purpose of the door gasket?

J.

Read the following paragraphs and answer the questions.

During the initial development of the domstic refrigerator, the freezer
section was small.
It woi,:ld hold two or three ice cube trays and that was about all. The
customer began demanding more and more freezer space until come boxes are one-third
freezer space. -She freezer must be maintained at about 0 F while the refrigerator section
is only 40 to 50 F.
Several methods have been emp7nyed to maintain these two different
temperature ranges within the same box.
Air Spillover Using One Evaporator
This is the oldest method used to maintain two different temperatures.
The eold air
that flows (spills over) the frozen food compartment cools the regular refrigerator
space.
This system has disadvantages. During periods of light usage, the temperatures
of the refrigerator space will become too cold. Dlring periods of heavy usage, Ctie
refrigerator temperature will be too high even if the temperature of the frozen food area
is normal.
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Refrigerant Spillover Using Two Evaporators
In this system the tubing, evaporator size, and refrigerant charge is very critical.
The liquid refrigerant goes to the coldest evaporator first. If this area needs refrigeration, all of the liquid is vaporized and the vapor is superheated in the second evaporator before going to the compressor. When the first evaporator is satisfied, the liquid
will spill.over into the second evaporator and be vaporized there.
An accumulator at the
end of the coldest evaporator aids in keeping the refrigerant from spilling over too soon.
The compressor is cycled by a thermostat on the warmest evaporator.
The evaporator
in the fresh food compartment is much smaller than the one in the freezer section. The
thermostat cycles the unit off when the saturated vapor reaches the outlet of the medium
temperature evaporator.

Air Spillover

Refrigerant Spfflover Systvm

1.

At what temperatures should the freezer and the refrigerator se,:Aion be maintained?

2.

On the refrigerantespillover using two evaporator system, what cycles ti:,,: cmpressor
and what does it sense?

K.

Read the following paragraphs and answer the queF'llns.

Metered Chilled Air System
This system is used on modern "no-frost"
It utilizes a finned,
refrigerators only.
forced convection evaporator that is located
in the frozen food compartment. A fan forces
the air over the evaporator coil and over the
A critfood in the frozen food compartment.
ically sized duct runs from the evaporator to
Therefore, a
the fresh food compartment.
mrqered amount of cold air is forced through
this duct into the fresh food compartment.
This air is very cold and is usually directed
toward the top or sides of the box. If this
cold air is allowed to strike a product
directly the product will be frozen. Small

IMMO II DUCT ,4

Metered Air System
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holes permit the air to return from the fresh food compartment to the freezer compartment.
Since the forced convection evaporator is in a low temperture area, it is necessary to use some form of automatic defrost.
Since the thermal bulb or the thermostat is not attached to the evaporator, it feels
air temperature only.
Most manufacturers place the thermal bulb in the freezer compartment; however, some place it in the fresh food compartment.
AIRFLOW.
The freezer air is drawn into the return air duct at the front of the
freezer.
It passes to the rear between the divider and freozer bottom.
It is then

drawn upward through the evaporator and discharged into the freezer section.
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Airflow iQ a iq,:-Frost Refrigerator

The sensing element of the cold control is located at the rear of the freezer air
return duct, in the refrigerator section the refrigerator air is drawn into the refrigerator air return duct at the top front of the refrigerator section. It passes to the
rear of the section between the styrofoam divider and the top of the refrigerator section.
It is drawn upward through the cooling coil and discharged into the fan covcbr by
the fan.
Part of the air that is discharged into the fan cover is directed into tte
refrigerator air duct, which is mounted on the insulation side of the liner.
The air
then passes down the duct and enters the refrigerator section. The amount of air entering the refrigerator is carefully balanced with the amount of air entering the freezer to
achieve proper temperatures in both sections.

Today modern refrigerators use variations of the refrigerant spillover and metered
air systems on their frost free refrigerators. The evaporators can be located anywhere
such as in the lower portion or either side. The refrigerator operates basically tlw
same as those previously listed.
The side-by-side refrigerators tend to be larger in
size, 20 to 30 cubic feet.
1.

What type of refrigerator uses the metered chilled air system?

2.

Where is the sensing element of the cold control located?

L.

Read the following paragraphs and answer the question.

Domestic Freezers. Domestic freezers were first developed for the storage of frozen
foods in the home.
These boxes may be either the chest or upright type. The chest type

operates more econo,cally and the temperature fluctuations are not as great as with the
upright.
The upright type box was developed so that a large box would not take up too
much floor space. The greatest disadvantage of the upright box is th;,t, each time the
doer is opened, the cold air spills out and is replaced with warm air. This not only
causes the unit te operate longer but also causes a large temperature fluctuation within
the
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These freezers are similar in design and operation to that of the domestic refrigerator, except for the lower temperatures that they maintain.
What is the greatest disadvantage of an upright freezer?

1.

M.

Read the following paragraphs and answer the questions.

Defrost Systems
Two types of
All modern domestic refrigerators have same type of automatic defrost.
In generall, all defrost
hot gas and electrical.
automatic defrost in general use are:
systems have the following major components.
There
DEFROST TIMER. This is an electrical clock that energizes the defrost systems.
are two different methods of operating the clock timer. (1) Clock timing. This is the
simplest and must common method used. An electric clock is wired to the plug-in cord.
Any time the unit is plugged in, the clock is running. Some of these timers are set to
(2) Running time.
defrost once every 12 hours, while others defrost every 6 to 8 hours.
The electrical clock is connected to the compressor circuit. Therefore, the clock runs
After a given number of hours of operation,
only when the compressok° is operating.
usually about 4 to 8, the timer energizes the defrost system.

This unit is located below the evaporator to catch the defrost water as
DRAIN TROUGH.
it drops off the evaporator.
DRAIN TROUGH HEATER. An electrical heater located below the drain trough to keep the
water from freezing before it has a chance to flow put the drain line.

A piece of rubber or plastic tubing runs from the drain trough down to
DRAIN LINE.
If the drain line passes through the freezer area,
the drain pan below the refrigerator.
it must be heated.
A shallow plastic or metal pan located beneath the refrigerator. The
DRAIN PAN.
defrost water from the evaporator collects ;(n this pan and is evaporated by the heat of
the compressor, oil cooler circuit, or condenser.
HEATING MECHANISM. For satisfactory operation, particularly in the freezer section,
the time it takes to defrost the evaporator must be held to a minimum. This is accomplished by rapidly heating the evaporator with the hot condenser gas or an electrical
heating coil.
DEFROST THERMOSTAT. This unit has several different names: defrost thermostat,
termination thermostat, defrost limit switch, and safety control. Regardless of what
these units are called, they all work in the same manner and have the same functions.

The unit is a Small circular (about the she of a quarter and 1/4 to 3/8 inch thick)
It is located on and attached to pie
plastic or bakelite disc with two wires attacnA.
evaporator. The inernal mechanism consists :If a bimetal element that is open at 50-F
It has two purposes:
and is closed at 20 F.
Keeps the defrost heater from getting hot unless the evapoTator is cold.
Stops or terminates the defrost cycle when the evaporator reaches 47
1.

Name the two types of defrost systems used in domestic refrigerators.
a.

b.
2.

Name the two different methods used to operate the clock timer.
a.
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0

to 50

o

F.

3.

At what temperature range is the defrost cycle
terminated?

N.

Read the following paragraphs and answer the questions.

HOT GAS DEFROST SYSTEM.
Figure below illustrates a typical hot gas defrost
The defrost timer opens the solenoid valve allowing
system.
the hot condenser gas to flow through
the bypass (dashed line) into the evaporator.
hot gas gives up its heat and melts
down the drain line to the drain pan. The heat The
from the condenser evaporates the
water.
The drain trough heater keeps the water from freezing
before it flows out the drain line.
Some of the hot gas condenses in the evaporator.
To eliminate a liquid lock in the
compressor, the liquid refrigerant is vaporized by an electrical
heating element on the
suction line.
Advantages.
(1) Cheap operation - by using the heat in the hot
gas, the requirement
for electrical power is reduced. (2) Fast operation
the hot gas is in direct contact
with the tubes in the evaporator. Therefore, the ice-is
melted very rapidly.
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Defrost System
Disadvantages. The hot gas defrost system is more difficult
to troubleshoot than the
electrical. If the box is located in
a low ambient temperature area, there will not be
enough heat in the hot gas to c=pletely defrost the
build up on the evaporator until it must be defrostedevaporator. The ice will continue to
by hand.
1.

2.

List and explain the two advantages of the hot
gas defrost system.

List and explain the two disadvantages of the hot
gas defrost system.

0.

Read the following paragraphs and answer the questions.

SERVICE AND MAINTENANCE.
malfunctions or troubles.

Hot gas defrost systems are subject to the following three

* Solenoid Valve Stuck Open. The symptoms are:
compressor operates all the time,
box temperature high, low side pressure high, high side
pressure low, and by-pass line
warm.
Checking procedures for these symptoms are:
operate the system and tap the valve
with arubber hammer.
IS tapping causes the valve to close, it indicates
the valve is
faulty and should be replaced.
If the valve does not close, unplug the unit and disconnect the electrical wires at the solenoid valve. Operate
the unit. Ir the valve closes,
the trouble is in the defrost timer. If the valve does not
close, replace the valve.
5-12

The system will not defrost. The
* Solenoid Valve Stuck Closed. The symptom is:
checking procedures are: unplug the unit and disconnect the electrical wiring at the
solenoid valve. Connect an external power source to the solenoid. Operate the unit. If
the solenoid valve opens, the trouble is in the defrost timer. If the valve does not
open, the valve must be replaced.
* Solenoid Valve Leaking. The symptoms are:
the low side pressure is high, the high
side pressure is low and there is a high box temperature. Compressor runs all the time
and the bypass line is warm.
The checking procedures are:
the first four could be
caused by a bad compressor. The last symptom indicates that the trouble is in the solenoid valve and not the compressor.
1.

List three malfunctions of a hot gas defrost system.
a.
b.
c.

2.

List the symptoms of each of the malfunctions listed in question 1.
a.

6.
c.

P.

Read the following paragraphs and ansser the questions.

ELECTRICAL DEFROST SYSTEM. This defrost system is very simple. It consists of an
electrical heating element wound around and attached to the evaporator. The defrost
timer turns the compressor off and turns the defrost system on. Electricity flo%,s through
the heating elemeLt and heats it up. The heat melts the ice on thv evaporator. As soon
as the evaporator reaches 50 F, the defrost thermostat turns the defrost system off.
Advantages. Complete or positive defrosting of the evaporator;
easy to troubleshoot.
Disadvantage.

system is simple and

The cost of operation.

SERVICE AND MAINTENANCE.
malfunctions or troubles.

Electrical defrost systems are subjected to the following

* Unit will not defrost. The symptoms are, with the unit operating:
box temperature
high, very little air coming through the evaporator, and the evaporator covered with
frost.
Checking procedures are:
unplug the unit, defrost the evaporator, and disconnect
the electrical wiring at the element.
If the heating element gets hot, it is satisfactory, and the trouble is in the timer.
If the heating element does not get hot, it is
faulty and must be replaced.
The symptoms are:
* Unit on defrost and will not change bek to normal operation.
box temperature high, evaporator completely defrosted, comnressor hot operating, and the
the first three symptoms could be
defrost heating element is hot. Checking procedures:
caused by several different conditions. The fourth symptom indicates that the trouble is
in the defrost timer.
The symptoms are:
unit has a long on-cycle, box
* Unit will not defrost completely.
temperature high, small amount of air coming through the evaporator, and part of the
the symptoms, particularly the
evaporator covered with frost. Checking procedures:
fourth one, indicate that the defrost thermostat is stopping the defrost cycle too soon.
Replace the defrost thermostat.
1.

List two advantages of the electrical defrost system.

31)

2.

List one disadvantage of the electrical defrost system.

3.

List and explain three malfunctions of electrical defrost systems.

Q.

Read the following paragraphs and answer the question.

DEFROST SYSTEM WIRING DIAGRAM. Theze are several types of defrost
timers used on
domestic refrigerators.
The defrost timer is illustrated below. This timer consists
of four major components. They are as follows:
an electric motor that runs continuously, a rotor (with a lobe) that provides two sets
of defrost cycles for each rotation,
a reset solenoid, and two sets of contact points, one set is always
open when the other
set is closed. During normal operation,
as shown below, electrical current is supplied
to the compressor through the closed contact points 2 and 3.
When the rotor moves far
enough, movable contactor 3 moves up to the lobe and opens contact
closes contact points 3 and 4. Current is ngw supplied to both the points 2 and 3 and
defrost and drain
heaters. When the evaporator warms up to 50 F, the defrost thermostat
(defrost limit
switch) opens and stops (terminates) the defrost cycle by energizing
the reset solenoid,
which opens terminals 3 and 4 And closes 3 and 2 to start the
When the evaporator temperature drope to 20"T the defrost thermostat resets compressor.
closed, ready for the next
defrost.

The wiring diagram below is for the electrical defrost system.
timer can also be used with hot gas defrost systems by substituting This same type of
a solenoid valve for
the defrost timer.
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I.

Namv thv four major componvntu of a dofrost timvr,
a.

b.

C.
d.

STOP:

YOU HAVE COMPLETED THE DIRECTED STUDY IN PREPARATION FOR DAY 26.

Ass.ignment in preparation for Day 27.

Charging and Evacuating a Capillary Tube System
It is sometimes difficult to determine when a system is correctly charged. No one
method will work in all applications.
Each system, the units in it, its temperatv.w.e
range, and application, must be considered. The following guidelines will help you, but
experience and trial and error are necessary before you become competent in determining
the correct charge in a refrigeration system.
A.

Read the following paragraph and answer the question.

One method of determining a correct charge it. to use a portable charging station.
A charging station is a charging cylinder mounted on a portable handcart, complete with a
manifold gauge assembly and a vacuum pump. This is illustrated in figure 14-92 in the
"Modern Refrigeration and Air Conditioning" textbook.
The main advantage of using this
type of unit is that it is fast.
A given amount of refrigerant can be put in the system
in a relatively short time.
It removes the guesswork.
If you know exactly how much
refrigerant a unit requires, this amount is automatically placed in the system.
The ease
of operation makes this system quite valuable, because it permits inexperienc.ed personnel
to be used. A qualified service mechanic does not have tu be available when using this
charging station, as long as the operator observes details carefully.
1.

What are the advantages of charging with a charging station?

B.

Read the following paragraph and answer the questions.

Anothf?r manufacturer makes a device called a "chargefaster" which connects directly
to the ccApound side of your manifold assembly. The compound hose connects to the
"chargefLster." It is
calibrated restrictor device designed to convert liquid refrigerant into a vapor. As the liquid refrigerant passes through the device it is converted
into a saturated vapor at a rate below the capacity of the compressor, thus eliminating
the danger of liquid sl.Igging to the compressor. When charging a unit with the "chargefaster," the saturated vapor enters the suction line and frost will form on the line or
service valve. This initial Pi-c,st remains while charging.
When the frost has completely
disappeared, shut off the re"rigerant supply as the unit is properly charged. When
charging refrigerators
freezers use the "chargefaster" in conjunction with a calibrated charging tuhe for accuracy, speed, and to maintain the pressure within the charging tube for the duration of the charging procedure.

"Chargefaster" is a trademark and the name is used herein to give the operation only.
Othc- manufacturers may have other designs to accomplish the same idea, using anohter
name and method.
1.

Where is a "chargefaster" connected?
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2.

3.

As the liquid refrigerant passes through the "chargefaster," what occurs to the
refrigerant?

When charging a unit with a tIchargefast..-."

what does it indicate?

C.

when the frost has completely disappeared,

Read the following paragraph and answer the questions.

IA systems that use accumulator spaces at the outlet of the evaporator, one must be
careful of the amount of refrigerant charged into these systems. A common method is to
slowly charge these systems with refrigerant in the vapor state until the suction line
starts to sweat and/or frost back at the evaporator outlet. Then purge a little at a
time until the "frost back" disappears.
This method is commonly known as the "Direct
Method."
1.

When charging a unit using the Direct Method, what state is the refrigerant in
it enters the suction line?

2.

Explain the procedures of charging a unit using the direct method.

D.

as

Read the following paragraphs and answer the questions.

EVACUATION. Newly installed systems and existing systems that have become contaminated with moisture, dirt, or foreign gases must be evacuated before they will perform
properly.
In existing systems, the refrigerant's characteristics w' change, and it
cannot meet the necessary temperatures and pressures for efficient r fi
When this
happens, we must evacuate the system with a vacuum pump.

Under normal atmospheric preseures, water boils at 212°F., but ii.the pressure is
reduced to about 2.2 inches Hg it will boil and vaporize at about 100°F.
If the pressure
is further reduced the moisture will vaporize at even lower temperatures. We need a high
vacuum (or a deep vacuum pump) to evacuate the system low enough to remove as much of the
contaminants as mechanically possible.
Using an ordinary compressor as a vacuum pump, we
can only pull enough vacuum to rid a system Of water. The two most common :acuum pumps
in the field today are the single-stage and the two-stage. The single-stage pump is normally used with the triple method of evacuation, and the two-stage pump is used to evacuate by the deep vacuum method. Pumps are rated on two characteristics: the blank-off
pressure, or the vacuum level the pump can achieve, and the speed with which it can pump
the system down. There are two designs of pumps - the piston (or vapor) pump and the vane
(or rotary) pump. The rotary-type pump is by far the more efficient.
The rotary type consists of a cylinder with an inclosed, eccentric disk. Movable
vanes run through the disk and seat against the cylinder. These vanes create suction as
they move past the intake valve, thus exhausting the gas. The better rotary pumps are
two-stage, or two rotary units in series. The first stage takes the air from the low
pressure of the refrigeration system and exhausts it to a higher pressure environment.
The second stage sucks in the exhaust gas and exhausts it into the atmosphere.
Much lower
vacuums can be pulled with a two-stage pump over a single-stage.
1.

Why are vacuum pumps needed for a refrigeration system?

2.

What are the types of vacuum pumps?

3.

How does it work?

E.

Which is the most efficieni?

Read the following paragraphs and answer the question.

During the evacuation procedure the water vapor and the pump oil come in contact with
each other.
The oil will absorb the water vToor until the vapor pressure of the water in
the oil is so high that the pump cannot maiin a high vacuum. The oil in small vacuum
pumps should be changed after approximately It, hours of operation.
Oil that contains a
large amount of absorbed moisture loses its lubricating properties. A large number of
vacuum pumps are damaged each year because of the oil not being changed often enough.
When you evacuate a large system or use the vacuum pump in the shop under continuous
conditions, a cold trap between the refrigeration system and the vacuum pump will keep
the water vapor frOM contacting the pump oil.
As the moisture vapor contacts the cold
service, it will turn to ice. We then simply close valves on both sides of the trap,
unbolting it, and remove the ice.
1.

What causes the most damage to vacuum pumps?

Homework in preparation for Day 27.
Read the following paragraphs from the "Modern Refrigeration and Air Conditioning"
Be prepared to discuss material and answer questions in classroom on the
textbook.
assigned material.
Paragraphs 9-35, 11-37, 11-45, 11-46, 11-75, 11-76, 11-77, 14-10, 14-12, 14-30 and 14-32.
STOP!

YOU HAVE COMPLETED THE ASSIGNMENTS IN PREPARATION FOR DAY 27.
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HERMETIC AND SEMI-HERMETIC COMPRESSOR SYSTEMS
Directed Study Assignment in preparation for Day 28.

TERMINAL IDENTIFICATION
A.

Read the following paragraphs and complete the exercise.

When using special test equipment to troubleshoot electrical malfunctions of hermetic
and semi-hermetic compressors, the service technician must be able to identify the common, run, and start terminals. This is required for correct hook-up of various pieces of
equipment.

There is a possibility that they may be marked or that the technician can identify
by use of the schematic.
When the terminals are not identified, it is possible to determine proper identification in the following manner.
Terminal Identification
1.

The first step is to number the terminals, start from TOP to BOTTOM, or LEFT to
RIGHT, depending on your terminal lay-out with 1, 2 and 3.

2.

The second step is to measure the resistance (using R X 1) with three combinations
of numbers:
a.

1 to 2

b.

1 to 3

c.

2 to 3

3.

The highest reading obtained will indicate the start and run windings because it is a
measure of the resistance in both windings.
This will immediately identify the other
terminal as being the common.
The next higher reading will identify the start and
the lower reading will identify the run terminal.

4.

Ucing the figure below, and the ohm readings listed, letter the terminals as Run,
Start, and Common.

"66600

(Won
111,

21

J

Taking Readings Across Terminals
NOTE:

The highest reading obtained was between terminals 1 and 3, so we can say that
these terminals are the start and run terminals.
This means that terminal 2
has to be the common terminal. To determine which is the start and run terminals, observe the readings from the common terminal (terminal 2) to each of
the other terminals. The highest of these two readings indicates terminal 1 is
the start and the lower reading to terminal 3 irdicates it is the run terminal.
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5.

a.

Terminal Readings:

Terminal Identification:

1 and 3 =

1 R

1 and 2 =

2 =

2 and 3 =

3 =

NOTE:

6.

b.

This identification will also determine the motor winding
two lower readings obtained (12 and 14) should equal the conditions. The
larger reading (16).
If they don't, it means the windings are cross-shorted
and the compres14or
motor is no good.

Using the terminals shown to the right and the ohm
values to the left, letter the
terminals as Run, Start at..d Common.
Also draw in the motor windings as they should
be arranged tothe terminal letters.
a.

1 to 2 = 11 Ohms
1 to 3 =

4 Ohms

2 to 3 = 15 Ohms

b.

1 to 2 = 14 Ohms
to 3 =

6 Ohms

2 to 3 =

8 Ohms

I.

B.
Read the following paragraphs on the motor start-analyzer and
answer these
questions.

The motor start-analyzer can be used for servicing hermetic
compressor motors by
checking the continuity of the winding and checking for
the capability for momentarily reversing the rotation of grounded windings. It also has
the compressor motor to free
a unit that is stuck for some internal reason.
The
analyzer
may also be used to start
split-phase and capacitor start motors; however,
you
must
remember
the unit with the analyzer you are bypassing the starting relay,and when you are starting
when starting capacitor start motors you must use the capacitor in the analyzer.
CAUTION:

Do not use the analyzer to reverse a motor
compressor unless the compressor
is stuck and then the rocking operation should
met exceed five times in 15
seconds.

6-2
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Motor Start Analyzer

1.

The motor start analyzer may be used to accomplisn what 2 motor winding checks?

2.

Why would the service specialist want to reverse the rotat

3.

When using the motor start analyzer to start a compressor, you will bypass what
electrical component?

4.

How long may the rocking operation, to unstick the compressor, continue?

.1 of the compressor?

Read the following paragraph on the Pushbutton Starter Cord (Jump Cord) and
C.
answer the questions.
If the motor does not start after checking the motor circuit and motor control, the
The pushbutton starter cord can be used to bypass
trouble may be in the starting relay.
the relay and start the motor. These starter cords zeme equipped with a normal plug-in
on one end and three alligator clips on the other end. The pushbutton switch is
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spring-loaded to the open position.
The alligator clips are color-coded as follows:
White-Common, Black-Run, and Red-Start.
CAUTION:

The start button must not be hel6 down more than a
'4 seconds.
If the
compressor starts, the starting relay is faulty anu must be
replaced.

WHITE

PUSH -BUTTON
swrot (SPRING
LOADED OPEN)

Schematic Pushbutton Starter Cora
1.

What may be the t.-ouble if the motor doe:, -lot start and
you have checked the motor
circuit and T,:.3.tor control?

2.

What may a service technician use to .)57pass the starting relay?

3.

What is the normal position of the pushbutton switch?

4.

What is the color code for the alligator clips?

5.

While using the starter cord, the motor starts.

STOP!

What must be done?

YOU HAVE COMPLETED THE DIRECTED STUDY ASSIGNMENT IN PREPARATION
FOR DAY 28.
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Directed Study Assignment to be completed prior to Day 29.
Proper operation of starting relay, and checking electrical system for shorts and
current flow.
A.

Read the following paragraphs and answer the questions.

Starting Relays
Hermetic .-ompressors normally use an induction motor with two windings: a start winding and a run winding. This requires some type of switch to automatically disconnect the
The autostart winding as soon as the motor reaches approximately 3/4 of its rated rpm.
matic function is performed by a switch known as a starting relay.
Types:

1.

2.

3.

Clirrent
a.

Open Coil

b.

rnclosed Coil

Time Delay
a.

Hot Wire

b.

Thermal

Potentlal

1.

At what rpm is the start widding disconnected from the circuit?

2.

Name the 3 types of starting reQ../.
a.

b.
c.

B.

Read the following paragraph:, and answer the questions.

Cu:'ront Relay

The current relay is used on low torque, fractional horsepower motors.
W.:VANTAGES.

Baller and cheaper.

DISADVANTAGES.
points.

Points open during high current draw resulting in -oreing of its

This relay operates on 4-hc. ptinciple that current draw is highest when the
OPERATION.
motor is starting than at any other time. The points of the relay are normally open when
When the thermostat closes, the current rushes in and
the compresso: is not operating.
This causes the relay points to close. After the moter
m.:,.gnetizes th.: relay coil.
reaches two-thirds to three-fourths of its rated rpm, the current flow will drop apd the
The points will then be ope,.: by
magnetic field around the relay coil will decrease.
The run winaing takes
Open contacts cut the start windings out of the cir,luit.
gravity.
Thls
The current relays have three terminals usually identified as L, S, and M.
over.
relay can be used with a starting capacitor. If a start capacitor is used, it will be
located in the start lead between the compressor and the relay.

-- Open Coil Relay (Current). The wiring diagram for this relay is illustrated on
The dash lines are electrical wiring connections. The solid lines are internal connections between the compressor terminals and motor windings.
next page.
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CONDE NSE R FAN
COMPRESSOR

WINDINGS

..OMPRESSOR TERMINAL 5

FL UG IN CORD

J

1- MEI
COL D

CONTROL

STARTING
CAPACITOR

CURRENT RELAY

Current Relay (Open Coil)
Enclosed Coll Relay. An enclosed coil relay is illustrated in figure below. The
operation of this relay is the same as the open coil type. However, in this case the
coil is not seen.
It is enclosed in a housing with the points.
If you study both diagrams, you will see that nothing but the compressor wires go through the thermal ovcrloaa.
The thermal overload is sized only for the compressor amperage.

COMPRI SSOR
WINDINGS
CONDENSE R
FAN

COLD
CONEROL

STEEL CORE

Current Relay (Enclosed Coil)
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1.

What type of motor is a current relay used on?

2.

Name the two types of current relays.
a.

b.
3.

Name the disadvantage(s) of the current relay.

C.

Read the following paragraphs and answer the questions.

Time Delay Relay
Thermal and hot wire are both used on low torque, fractional horsepower motors.
relays have their own built-in safety device and do not require thermal overloads.

These

--- Hot Wire Relay.
This relay operates on the principle that electricity passing
through a conductor produces heat, and heat makes metals expand. Figure below illustrates
a typical hot wire relay installation.

PLUGIN CORO

Hot Wire Relay
The contact points, see figure above, at M and S are normally closed. When the motor
control eloses, current flows from the lin to terminal 1 and up
terminal L.
The current flews from the terminal L down;the hot wire and through the internal mechanism, to
the M and S contact points. 14'om there it flows through both the run and start winding
and oul the common terminal to the line. At this moment, current is running throligh both
the run and start windings and the motor starts. At stRrtup, there is a large cu'rrent
flow through the hot wire. The hot wire gets hot and expands.
This small increase ir
length allows the internal mechanisms to move enough to open the start contact points.
This stops the flow of current through the start windings but the motor continues to operate on the run windings.
If tbs current flow through the run windings becomes excessi7e,
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the hot wire will again increase in length and the internal mechanism will move enough to
open the M contact points and stop the motor.
It is obvious that the amount the hot wire will expand at a givea temperature is very
critical.
DISADVANTAGES. The hot wire relay is not as reliable as the current relay because the
tensior on the wire is affected by ambient temperature.
It is difficult to troubleshoot.
These units will operate just porfectly as long as you are watching or checking them.
However, at the most inopportune time, such as nights, holidays, or weekends, the start
contact points will fail to close on the "off" cycle.

Hot wire relays have been used on a great number of domestic refrigerators in the

past.
However, at the present time most manufacturers are using the current relays which
is smaller and lf-ss troublesome.

When the box temperature increases and the motor control closes, the compressor will
fail to start, because the start contact points: are open. The unit continues to warm up
and defrost. When the user comes in and opens the door, he finds the box warm and the
evaporator defrosted. He calls a serviceman, but the opening and closing of the door has
"jarriA" the unit enough so that the contact points close.
When the serviceman gets
there, the unit is operating '0-srfectly. Troubles like these can cause refrigeration
servicemen many headaches.

Hot Wire Relay
1.

Name the two types of time delay relays.
a.

2.

Thene relays do not require What safety device?
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3.

Name the three disadvantages of the hot wire relay.
a.
b.

C.

D.

Read the following paragraph

and answer the questions.

Thermal Relay (see figure nelow).

This relay operates on the principle that a bimetallic element will bend when heatel.
With the cold control open, both contact points are closed, as illustrated in figure
below.
When the cold control closes, current comes in termial "L" and goes out both
terminals "M" and "S." The compressor is at rest so there is a large current flow
through the heater and the left-hand himetal strip. The bimetal strip gets hot and moves
to the right, opening the contact poluts.
The start windings are cut out of the circuit
and the compressor continues to operate on the run winding. There is enough current
going through the run winding te keep the heater hot enought to keep the bimetal strip
from returning to its original position.
When the cold control opens, the heater will
cool off, and the bimetal strip will return to its original position.

COMPRESSOR

COLD
CONTROL

ADJUSING St PI

PLMG-Mi CORD

T

Thermal Relay

The overload protection is provided by the right-hand bimetal 6trtp. During normal
operation, the right-hand contact points are closed. High current flow will heat the
aimetal strip, and it will move to the left, opening the contact points. As soon as the
bimetal strip cools off, it will return te its original position.
I.

The thermal relay operates on what principle?

2.

Row is the overload protection provided?

E.

Read the following paragraphs and answer the quezitions.

Solid State Relay

Solid state relays are relatively new just being introduced
They are primarily used to replace tbe current, hot
which are used on fractional horsepower and low torque motors.
relay would fit every refrigerator and most small watc-- coolers
few years.

to the field in the past
wire and thermal relays
It is possible that one
on an Air Forc9 base.

The major a&vantages that the solid state relay has over the other rei .:ty:-. are:
a.

Cost.

Its cost is about one-fourth that of other relays.

b.
Reliability.
Other relays have a fail-safe factor o' ten tbousand to fifteen
thousand trouble-free star,s, whereas the solid state is rated over fifty thousand
trouble-free starts.

***** THEY DO NOT USE CONTACTS *****

Motur

0'74:

ro 1

Therma

Filter Grid (Bias of Triode Tube)

Overload

CompressoMotor

Wire Nut

spade Connectors
rmr Start Capacitor

S(../id State Starting Relay
1.

When aro solid state sta.'.int, relays used?

2.

Name the two advantages of a solid state relay.
a.
b.

F.

Read the following paragraphs and answer the questions.

Potential Relay
ADVANTAGES.

The points open during low current, thus reducing electrical arcing.

DISADVANTAGES.

Potential relays are larger and cost more than the current relays.

APPLICATION.
Systems use high-torque motors and automatic or thermostatAs expansion
This relay is position sensitive to the extent that it must be mounted in the
sane position as thy original factory application.
valves.

TYPICAL POTENTIAL RELAY WIRING CIRCUIT. A typical potential relay wiring circuit
illustrated c
the next page. This is the wiring diauram of a glass filter type water
cooler.
After thoroughly studying this circuit, locata and identify each of the major
components, terminals and electrical conductors.
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Potential Relay
1.

2.

Name the advantage of a potential relay.

Name the disadvantage of a potential relay.

G.

Read the following paragraphs and answer the questions.

OPERATION
The freezestat is for safety purposes only And is normally closed.
It only opens if
the temperature of the water drops down near 33 F (see figure aLove). When the thermostat closes, current can flow from the plug-in cord, through the freezestat and thermostat to terminal 1.
At this moment three circuits are completed.
Condenser Fan Circuit. Current flows from terminal _ through the condenser fan
motor to terminal L and back to the plug-in cord.
Run Circuit.
Current flows from terminal 1 through the conductor strip to terminal
From terminal R, the current flows through the conductor strip to the compressor
terminal.
From this point it flows through the run winding (in the compressor), out the
common terminal, through the overload, and back to the plug-in cord.
R.

Start Circuit. Current flows from terminal 1 on the compressor terminal box to
terminal 4 on the relay. From terminal 4 it flows through the start capacitor to terminal I.
From terminal 1 it flows through the contact points (which are normally closed)
to terminal 2.
The applied voltage is not strong enough to force eurrent through the
small high resistance wire in the coil. Therefore, at this moment there will be no current flow from term-nal 1 to terminal 5.
Current flows from termir.al 2 to terminal S
and then through the start wirdings (in the compressor) to terminal C. From this point
it flows through the overload and out to the plug-in cord.

At ths moment,the compressor motor starts. As the motor comes up to about two-thirds
of its rated rpm, the run winding induces, a voltage into the start windings. This
induced voltage is high enough to force clurrent to flow from terminal C to terminal 5 and
through the coil to terminal 2. From terminal 2 the current rows to terminal S and back
to the start winding contact points in the relay. The motor is now operating on the run
winding only. The contact points Lre kept open by the voltage that the run winding
induces into the start winding.
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1.

What is the purpose of the freezestat?

2.

Name the three circuits that are completed when the thermostat closes.
a.

b.

C.
Ho.i4.rk in preparation for Day 29
Tiesd the following paragraphs from the "Mc
't-,ttook.
Be prepared to discuss material a
.:-.;:,gned material.

an

,efrigerAion and Air Conditioning( questions in classroom on the
.

Paragraphs 6-8, 6-9, 6-11, 6-13, 6-14, 6-19, 6-20 and '3-21.
STOP!

YOU HAVE COMPLETED THE ASSIGNMENTS TN PREPARATION FOR DAY 29.

Directed Study Assignment to be Completed Prior to Day 30
Operation and Construction Features of Icemakers
A.

Read the following paragraphs and answer the questions.

Ice-Making Machines

Several types of machines are manufactured for making ice cubes or flakes.
Ice-cube makers are classed according to the evaporator as of the (1) tray type,
(2) tube type, (3) cell type, or (4) plate type.
In comparison, machines for making ice
flakes are classed as of the (1) plate type, (2) rotating-cylinder type, and (3) flexibleimembrane type. These latter types of machines all
have the same purpose, but they employ:
different types of evaporators.
Components. Whatever the typ :..
the parts
dnarily found in most ice-making machines
are a hermetic or smiihermetic comerv?s,,r; a co. 7ienser cooled by air, water, or a combination of both; and a receiver-dr-s1.7ainer. The ref.igerant control can be (1)
a capillary tube, (2) an automatic expans7or valve, or (3) a thermostatic expansion valve.
Of
these, a system using a thermostatic expansion valve will require a receiver. Where
evaporator heat is used to loosen the ice, you will find a hot-gas soenoid valve.
The
water-handling system will be continuous-flow or intIrmittent.
Also, the control or the
ice-forming and harvest cycle will be on a continuous basis in the rotating-cylinder type,
with the starting and stopping of the unit being the main control function.
An Lutomatictray type will follow a cycle which is timed in the manner which we have already etescribed
for an automatic ice-cube maker in a refrigerator.
1.

How are icemakers classified?

2.

What is required on icemakers using thermostatic expansion valves?

3.

Where evaporator heat is required to loosen the ice, you will find a
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B.

Read the following paragraphs and answer the questions.

Ice-Cube Evaporators
The biggest difff:rence found among ice-making machines lies in the e-iaporator used.
Because the tray-type evaporator has already been described, it should give you no difficulty. Since the main difference among such machines lies in the methods of ejecting the
cubes from the tray used, we will not discuss ;1; here; tube-type evaporators will be taken
up first. inRtead.

In this arrangement, the evaporator is a tube within a tube.
Evaporators.
through the inside tube, and refrigerant flows through the outside tube surrounding
ie inner tube. As more ice is formed, the hole in the center becomes smaller
and resti5.cts the flow of water until finally tne excess water or water pressure triggers
A hot-gas solenoid valve operates first, to allow the evaporator to
the h:Arvest cycle.
In one machine, the long rods are cut into suitable lengths. In another
release ale ice.
machine, the evaporator tubes are chilled in sections so that rods of the desired length
Still another method uses accumulated water pressure
are formed between the warm spots.
to eject the ice rod with enough force to break it.
Cell-Type Evaporators. There are two major variations of the cell-type evaporator.
In one, the cell operates under water, and when the ice is released, it floats to the
In the other type,
surface, where it is forced from the tank by a current of water.
The ice-forming period is
.,..erted cells are used which have water sprayed against them.
set by a timer, which then frees the ice by hot gas.
Plate-Type Evaporators. Among the variations of the flat-plate type, there is one
For iF)stance, in one
the plate may be either horizont..l or vertical.
main distinction:
type of machine, the horizontal plate produces a slab of ice, which is then moved on to a
hot-wire grid which is heated electrically. Here the slab melts into individual cubes,
which then fall through into a storage bin.

Another such machine uses a grid which is moved into position against a vertical

After the cube is formed, the grid is moved against a Imockout Wate which ejects
plate.
In one design, two vertical plates have :'.0..ching cold spots which face each
the cubes.
A unique feature of this model is a variable -,:ontrol over the length of the period
other.
for forming ice. Within a short period, the ice prodoced will be like a lens. If the
period is long enough, the two opposite lenses will wild a bridge to each other and produce a piece of ice which looks like a yo-yo.
1.

What is the biggest difference foand in ice-makiv,:; r etInes?

2.

In the cell-type icemakers, iCe-forming period is set by a
then frees the ice by

3.

What is on( main distinction using plate-type evaporators?

C.

which

Read the following paragraphs and answer the questions.

Flake-Ice Machines
These units use some evaporators which are s it.Par to those of the ice-cube makers,
but: the harvesting method employed is different.
Plate-Type Evaporator. In this type of evaporator, a thin ghppt nf ien is formed on
When the desired thickness is remchzd, not gas is directed to the plate to
the plate.
loosen the ice, which then pasiies through a crusher or grinder. Another arrangement
After it is free of the plate, the flexible grid
freezes the slab in a spring-mmtal grid.

is drawn over a sharp beud, causing the ice to fracture into small pieces. A variation of
this last method uses a flexible belt or membrane which passes over a plate or a refrigerated roller. The belt breaks iv its cargo by passing around a sharp bend.
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Cylinder-Type Evaporator. Again, in this type, thr
'any variations but the
essential items are a refrigerated cylinder and a cuti,r for :tarvesting.
Water
may be flowed or spray&d on the cylinder continuously.
ting occurs wh,n the ice
becomes thick enough to contact the cutters. The machib.
continue to ir-ke ice until
a level is reached in the storage bia, where the ice cobtat.
a feeler whic'
in turn,
will stop the machine. The operatioL of the feeler is the same as that in tlict storage bin
of an automatic ice-cube maker.
The position of the feeler deteilmines the amount of ice
which will be stored in the bin before the machine is stopped.
1.

Some of the evaporators are similar to those of the ice-cube makers, but the
method is different.

2.

On the cylinder-type evaporators, when does the harvesting occur?

3.

What will cycle (stop and start) a flake-maker ice machine?

4.

What determines the amount of ice which will be stored in the storage bin?

D.

Read the following paragraph and answer the question.

Troubles in Ice Makers

With so many different types of ice-making machines being used, you will find that it
is necessary to have the right service manual for the equipment on hand when you are dealing with mechanical troubles or needed adjustments. You will find, too, that after mechanical problems, the water supply is probably the next greatest source of trouble.
Sediment, scale, and salt formation are problems which vary widely from one locality to
another.
In fact, under severe conditions, water treatment may be th2 only means of keeping an automatic ice maker in satisfactory operation. Jn the other hand, in scale localities, the domestic water supply contains so much salt that crystals lodge in the seat of a
faucet, causing it to drip. Thus, such faucel..s in everyday use require that incrustation
be removed from the stem and gasket every 2 or 3 monthrz.
1.

Besides mechanical problems, what is the next greatest source of trouble?
Explain

E.
Read paragraph 12-25 in the "Modern Refrigeration and Air Conditioning" textbool:
and answer the questions.
1.

The surface of the evaporator is cold (
water is

2.

How is ice formed in a tube-within-a-tube-type icemaker?

), so that the

Explain
3.

What is the purpose of a cube-size control?

4.

Why is it very important that the drain water be piped to a drain with an air break?
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F.
Read paragraph 13-17 in the "Modern Refrigeration and Air Conditioning" textbook
and answer the questions.

1.

What does cloudy ice cuties indicate?

2.

What controls the water flow?

3.

How often should ice cube makers water circuit and ice freezing parts be cleaned?

G.
Read paragraph 14-54 in the "Modern Refrigeration and Air Conditioning" textbook
and answer the question.
1.

How often should the parts of the ice maker which are in contact with water be
cleaned?

STOP'

YOU HAVE COMPLETED THE DIRECTED 01.1DY ASS/GNMENT IN PREPARATION FOR DAY 30.
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LARGE COMMERCIAL REFRIGERATION SYSTEMS
Directed Study Assignment to be Completed prior to Day 31.
Construction Features and Operating Principles of Walk-in Boxes and Cold Storage Plants
Read the following paragraphs from the "Modern Refrigeration and Air Conditioning"
textbook and answer these questions.
Paragraphs 13-1, 13-3, 12-27 through 12-29, 12-31 through 12-33, 12-44.

1.

or

Cabinet surfaces are either
and finishes are formulated for easy

or

2.

The insulation, in new units, is usually

3.

Can one (1) remote condensing unit be connected to more than 1 unit of different
temperatures?

4.

What does the term "knockdown" mean when referring to walk-in boxes?

5.

Cabinet doors are gasketed to make the box watertight.

TRUE/FALSE

Why?

6.

The hot gas defrost system has a direct refrigerant line running directly from the
to the
compressor

Why?

a

7.

The line is opened and closed by

8.

Explain the purpose of the "pump down system" and how it accomplishes this.

9.

Defrost timers are not needed to start and stop the automatic defrost cycle.
TRUE/FALSE.

10. The timers are either I day, 1 week, or 1 month design.
STOP!

TRUE/FALSE

YOU HAVE COMPLETED THE DIRECTED STUDY ASSIGNMENT IN PREPARATION FOR DAY 31.
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Directed Study Assignment for Day 32
Construction Features and Operating Principles of large Reach-In Boxes, Display Cases,
and Ice Cream Cabinets
Read the following paragraphs from the "Modern Refrigeration and Air Conditioning"
textbook and answer these questions.
Paragraphs 13-2, 13-5 through 13-12.
1.

What type of evaporator is used in reach-in cabinets, usually?

2.

The exterior of the reach-in is constructed of
,

and

3.

What is the purpose of the blower?

4.

Temperature in the display case is determined by

5.

Why are electric lights for the display case usually installed outside the case?

6.

The three (3) types of display cases are:
a.

b.
c.
7.

Where may the evaporator be located in a display case?
a.
b.

c.
8.

If bulk ice cream is kept at -20°F., what problems might be encountered?

9.

Ice cream cabinets may be either self-contained or remote.

10. What temperature should packaged ice cream be kept at?
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TRUE/FALSE

Construction Features and Operating Principles of Multiple-Evaporators and MultipleCompressor Systems
A.

Read the following paragraphs and answer the questions.
Multiple Evaporator Systems

Multiple evaporator systems are installed for economy and to save space. It is
cheaper to operate one compressor to control the temperature of two or more evaporators
Also, having one unit that has two or
than to operate a compressor for each evaporator.
more temperature Lreas takes less space than a compressor for each temperature area.
Classifications of Multiple Evaporator Systems
Generally, multiple evaporator systems fall in one of two groups. First, where all
evaporators have the same temperature. This is the simplest, although not the most common in use. Second, where each evaporator has a different temperature. This application
is found in most multiple installations.
Applications of Multiple Evaporator Systems
Multiple evaporator units are often installed in restaurants, soda fountains, bars,
meat and produce markets, and other places where the use of more than one refrigeration
fixture is a necessity.
It must not be assumed that any two or more evaporators may be connected in multiple
without regard to size, usage, humidity requirement, temperature, and similar conditions.
There are some combinations that will not give satisfactory service and must be avoided.
However, there is no concrete information that will apply in all cases, but there are
certain conditions and rules that must be followed to insure a servicable installation.
I.

What are the classifications of multiple evaporator systems?
a.

b.
2.

Where might you find multiple evaporator units installed?

B.

Read the following paragraph and answer the questions.

Single Temperature Evaporator System
This
A multiple evaporator system may be operated as a single-temperature system.
means that all evaporators will have the same temperature range. In this case, the needs
When
of each evaporator will be controlled by a single-pressure control or thermostat.
all evaporators have been satisfied, the compressor will pull the pressure in the common
The pressure control consuction line down to the cutout point of the pressure control.
tacts then open, stopping the operation of the system. As the pressure builds up in the
evaporators, it also builds up in the common suctiou line. When the pressure in the common suction line reaches the "cut-in" setting on the pressure control, the pressure
control contacts close and the compressor starts. When all evaporators are satisfied,
the compressor shnts off after the common suction line pressure drops to the cutout
point set on the pressure control. This is a continuous process.

EVAPORATOR

TEV

EVAPORATOR

TV

EVAPORATOR

TEV

RECEIVER

CONDENSER

DUAL PRESSURE

FAN CONTROL

CONTROL

CONDENSER

Single Temperature Evaporator System
1.

On a single temperature system, what controls the box temperature?

How?
2.

What cycles the compressor?
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C.

Read the following paragraphs and answer the questions.
Multi-Temperature Evaporator Systems

The successful installation and operation of multiple systems requires the consideration of each application. The units give more efficient operation when installed close
The following suggestions will be found useful as a guide. Due to the
to each other.
large number of possible multiple combinations, it is impossible to give a specific set
of rules and expect them to apply in all cases; therefore, it must be understood that
there will be exceptions to the following rules:
1

2.

3.

if the
The coldest evaporator must comprise more than half the total heat load.
warmer evaporator comprised the largest part of the load, the condensing unit would
be operating at the higher suction pressure most of the time. The condensing unit
would not be able to bring the colder box down to the correct temperature.

The condensing unit must
the coldest evaporator.
the load, the compressor
is another case where it
decriases as the suction

be selected to operate at the lowest suction pressure of
Since the colder evaporator constitutes the major part of
will be operating at that pressure most of the time. This
must be remembered that the efficiency of a compressor
pressure decreases.

Each evaporator must be selected for a given temperature and humidity. The selection is made just as if each evaporator is connected to its own compressor.

4.

A special control is necessary where the temperature difference between the coldeet
This control must be either an evaporator
and warmest evaporator is more than 5°F.
pressure regulator or solenoid valve. If the evaporator temperature is the same,
but one refrigerator is used more than the other, a control should be placed in the
suction line of the refrigerator with the least usage.

5.

A snap-action control must be used if defrosting on the "off" cycle is desired.

6.

Connect the coldest evaporator closest to the compressor.

7.

A check valve should be located in the suction line between the outlet of the evaporator and the common suction line on all but the warmest evaporator. Check valve
will prevent warm refrigerant gas from flowing into a colder evaporator coil.

8.

Thermostatic expansion valves should be used when direct expansion evaporators are
installed.

9.

The liquid and suction lines must be sized according to the need as if all evaporators were demanding refrigerant at the same time.

10. A multiple system will operate more efficiently when the temperature differRnce
between the coldest and warmest temperature evaporators is not more than 25''F.
Why is it not recommended that on a multi-temperature multi-evaporator system the
warmest box be the largest portion of the total heat load?

What is the recommended distribution of the multi-temperature multi-evaporators
in percentage of heat load capacities?

Where should the coldest evaporator be located on a multi-temperature system?

Why?
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Where should check valves be installed on multiple temperature multiple evaporator
systems?

What is their function?

D.

Read the following paragraph and answer the question.

Solenoid Valves
Solenoid valves are used extersively in multiple installations in place of/or with
evaporator pressure regulating valves. As you remember, evaporator pressure regulating
valves can keep the temperature in a refrigerated space from dropping too low by maintaining a constant pressure in the evaporator. The operation of a liquid line solenoid
valve is as follows. Assume that the thermostats call for cooling, and that the compressor is operating on all of the evaporators. When one thermostat is satisfied, its contacts open and that solenoid closes the liquid line to that evaporator. The compressor
pumps the refrigerant from that evaporator and continues to operate on the others. As
each thermostat is satisfied, its solenoid closes and finally when all valves are closed
the compressor is stopped by the low pressure motor control.
1.

Where are solenoid valves used extensively?

E.

Read the following paragraphs and answer the questions.

Solenoid Valve Selection
The type of control application requires definite information concerning the valve
selection. The fluid to be controlled, capacity needed, maximum working pressure, maximum operating pressure differential (MOPD), and electrical characteristics are factors
that must be known.
The selection of a valve depends on whether it is used on liquid or gas, as the
sp.7cific volume of a gas varies with pressure and temperature.
The capacity of a valve
is given in tons of refrigeration with a 2-4 psi pressure drop across the valve for
liquid and 1 psi for gas.
The MPOD is the pressure against which the solenoid will operate the valve. This
pressure is measured between the inlet and outlet of the valve when it is closed.
The
valve rating must be equal to or better than the maximum operating pressure of the system.
The electrical characteristics include voltage, phasing and cycles.
1.

What is MOPD?
Explain.

2.

How is MOPD measured?

F.

Read the following paragraph and answer the question.

Multi-Compressor
Multiple refrigeration systems cover a lot of territory and can include a simple
multiple evaporator system to a multiple temperature, multiple compressor cold storage
plant system. These systems will be found at nearly every USAF installation in the
world. These types of systems may also be found in air conditioning applications, but
are being replaced with more economical forms of air conditioning, such as absorption
and centrifugal systems. The advantages of multiple-type systems are numerous.
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- -- Economy of operation at low levels.

--- Partial operation in case of unit breakdown.
- -- Greater capacity control.
- -- Universal parts replacement.

Longer life span of the system.

1.

Name five (5) advantages of multi-compressor systems.
a.
b.

C.
d.

e.
G.

Read the following paragraphs and answer the questions.

Of course, there are some disadvantages:
--- Initial cost of installation.
- -- Complexity of operation and servicing.
- -- Refrigerant gas and oil complications.

As a service specialist, these problems can be overcome if you follow the basic
refrigeration cycle and remember the special requirements for these types of systems.
The most common is that the oil equalizer line must be located below the minimum oil
level and the gas (crankcase pressure) equalizer line MUST BE LOCATED ABOVE THE MAXIMUM
OIL LEVEL. Ultra low temperatures can be achieved with special refrigeration systems,
such as Direct Compounding (Staging Compressors). This overcomes the volumetric deficiency that is a problem with ultra low temperature systems. Another way of achieving
ultra low temperatures is the Cascade System which is two separate refrigeration systems,
where the compound system is two or more compressors piped in series (discharging directThe Cascade System involves a refrigly into a second compressor or even into a third).
eration system that uses an evaporator to act as the conaenser (condenser-evaporator)
for the primary system. These systems are independent of each other and use different
refrigerants such as R-12 in the secondary system and R-13 or some other azeotropic
refrigerant in the primary system.
These types of systems are being used more and more today. The Air Force has them
at research bases for testing new weapons systems and the civilian industry is using
these systems not only in the freeze-dried industry but also in special manufacturing
processes.
1.

Name three disadvantages of multi-compressor systems.
a.

b.
c.
2.

What are the requirements one must keep in mind when installing the oil equalization
line and the crankcase pressure equalizer?
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Homework in preparation for Day 32.

Read the following paragraphs from the "Modern Refrigeration and Air Conditioning"
textbook.
Be prepared to discuss material and answer questions in classroom on the
assigned material.

Paragraphs 5-19, 5-20, 5-30, 5-31, 12-2, 12-3, 12-45 thru 12-54.

STOP!

YOU HAVE COMPLETED THE ASSIGNMENTS IN PREPARATION FOR DAY 32.

Directed Study Assignment in Preparation for Day 33

Procedures for Installing
Systems

Multiple Compressor and Installing Multiple Evaporator

A.
Read the following paragraphs from the "Modern Refrigeration and Air
Conditioning" textbook and answer these questions.

Paragraphs 14-1, 14-3, 14-9 through 14-13.
1.

What should the 2 major concerns be on a commercial installation?

2.

List the 10 basic installation steps for a commercial unit.
a.

b.
c.

d.

e.
f.

g.

h.

j.
3.

What are the 4 methods to check for leaks in a system?
a.

b.

C.
d.

4.

What are the 2 basic methods of charging a multiple commercial system?
a.

b.
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Purpose and Principle of Operation of the Evaporator Pressure Regulator Valve (EPR)
A.

Read the following paragraphs and answer the questions.
EVAPORATOR PRESSURE REGULATOR MULTI-TEMPERATURE SYSTEM

The refrigerant flow is controlled by evaporator pressure regulators in this system.
The evaporator pressure regulator (EPR) valve is the oldest and perhaps best known of
these suction line controls. Its sole function is to prevent the evaporator pressure
from falling below a predetermined pressure for which the regulator has been set. The
EPR maintains a constant pressure in the evaporator coil. It may be used on a multiple
system to maintain certain minimum pressures on individual evaporators.
Operation of the EPR
When the cutout temperature of an evaporator is determined, the EPR valve is adjusted.
As the compressor operates the pressure in the evaporator is lowered. When it reaches
the cutout point of the evaporator, the valve will close. This stops the flow of
refrigerant through this evaporator. As the temperature and pressure rises in the
evaporator, (it tends to force the valve off its seat). This will hold the
evaporator pressure constant because of the gradual movement of refrigerant. If the
gradual flow of refrigerant is sufficient to make the pressure in the common suction line
increase to the cut-in point of the motor control, the compressor will operate. This will
pull the pressure down to the cutout point. If there is a rapid evaporator pressure
increase because of the addition of a high heat load, the valve will open all the way.
This directs the evaporator pressure to the common suction line where it is pulled down
The valve will close when the evaporator is cold
to the cutout point of the compressor.
enough.
1.

What is the sole function of an EPR valve?

2.

The EPR maintains a
in the evaporator coil.

3.

What must be determined to adjust the EPR?

Read the follow,ng paragraphs from the "Modern Refrigeration and Air Conditioning"
B.
textbook and answer these questions.
Paragraphs 12-45 thru 12-54; 12-56
I.

What is another name for a two-temperature valve?
or

Operation of Multi Evaporator Systems
Read ttie following paragraphs and answer the questions.

Single Temperature System. Since all the refrigerated compartments in this system
operate at the same temperature, the compressor must be cycled by a low pressure motor
control rather than a thermostat. The low pressure motor control will sense the pressure
in the common suction line that is connected to all the evaporators in the system, cut in
the compressor when the evaporators reach the highest desired temperature, and cut out
the compressor when the evaporators reach the lowest desired temperature. Using the
pressure of the common suction line to cycle the compressor, the system acts like a single
evaporator system.
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How is the compressor cycled on a multi-evaporator, single temperature system?

1.

To set the low pressure motor control to operate a single temperature multi evaporator
system, you could simply convert the desired cut-in and cut-out evaporator temperatures
to pressure and adjust the pressure Rontrol to the correct settings. (Example:
If your
desired cut-in box tRmperature is 45'F, and your desried cut-out box temperature is 350
you would convert 45'F to 42 psig and adjust the low Rressure motor control cut-in to that
pressure.
While the unit is operating, there is a 10'F temperature_difference between the
box temperature and evaporator temperature, so you would convert 25' evaporator temperature to 25psig, and adjust the pressure control cut out to that pressure, using R-12.
,

A drawback to using this quick method of setting the low pressure motor control is the
possibility of a pressure drop between the evaporator and the pressure control.
If your
sxstem has a 3 psi pressure drop, the box temperatures would operate too warm by about
5'F.
1.

What is a disadvantage to using the quick pressure/evaporator temperature conversion
method to adjust a low pressure motor control?

A more time consuming, but more exacting method of adjusting the low pressure motor
control is to operate the system, and using a thermometer located inside the refrigerated
space, allow the unit to warm up to the cut-in box temperature, and adjust the pressure
control to cut the unit in at that temperature. Allow the system to cool down to the
desired cut out box temperature and adjust the pressure control again to cut the unit out
at that temperature.
1.

What is the advantage to using the operational method to adjust a low pressure motor
control?

The expansion valve'on each evaporator in this system. must be balanced with each
other, that is, they all must operate at the same superheat setting. The best way to
adjust the superheat setting of the valves so that they are identical is to remove each
of them from the system and calibrate them on an ice bath test stand.
1.

Why should the thermostatic expausion valves on a single temperature, multi evaporator
system be calibrated on an ice bath test stand?

STOP:

YOU HAVE COMPLETED DIRECTED STUDY ASSIGNMENT IN PREPARATION FOR DAY 33.
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Directed Study Assignment in Preparation for Day 34

Read the following paragraphs and answer the questions.
information in class.

Ile prep:tied to discuss this

Evaporator Pressure Regulator Adjustment
It was explained in an earlier lesson that evaporator pressure regulator valves are
installed in the suction line of the warmer evaporators and thereby, increasing its
When adjusting an EPR valve, turning the adjustment clockwise will increase
temperature.
A counter-clockwise adjustment will result in
the evaporator pressure and temperature.
a lower evaporator pressure and temperature. Modulating type EPR valves are adjusted to
ths lowest desired evaporator temperature converted to pressure. Remember, there is a
10 F temperature difference between box temperature and evaporator temperature.
1.

How is an EPR valve adjusted to lower the evaporator pressure?

Therg are two methods used to adjust an EPR valve. The quick method is where you subtract l0'"F from the lowest desired box temperature, convert to pressure, and adjust the
EPR valve to that pressure.
The other method which is slower, but more accurate is to use the refrigerated space
thermometer and adjust the EPR valve as required to prevent the box temperature from
dropping below the desired value.
1.

When using the quick method to adjust an EPR valve, why is 10°F subtracted from the
lowest desired box temperature?

While operating a multi-temperature system, you may encounter a stuck EPR. It may
If the EPR is stuck closed, you will notice the box temperabe stuck open or closed.
A stuck
ture is too high, and the suction pressure will be below normal or in a vacuum.
open EPR would be indicated by a too cold box temperature. The suction pressure would be
low this time too, but not in a vacuum. To service a stuck EPR valve, you would clean
or replace it.
1.

How is a stuck closed EPR valve indicated?

2.

How do you service a stuck EPR valve?

Operation of Multi-Compressor Systems
Read chapters 3-13 in;the "Modern Refrigeration and Air Conditioning" textbook, and
answer the following questions.
1.

What is the purpose for using a multi-compressor or modulating system?

2.

Using a modulating, or a multi-compressor system, during operation, describe what
would happen if the heat load increases and the temperature begins to rise.

3.

What is the purpose of the special switching device in the pressure control in
figure 3-13?

Read chapter 12-4 in the "Modern Refrigeration 'and Air Conditioning" textbook.
the types of two-motor compressor designs, and explain each design.

STOP!

List

YOU HAVE ODMPLETED DIRECTED STUDY ASSIGNMENT IN PREPARATION FOR DAY 34.

Directed Study Assignment in :'.eparation for Day 35.

Read the following paragraphs and answer the questions.
information in class.

Be prepared to discuss the

Multi-Temperature System. Because the refrigerated compartments of this system are
operating at different temperatures and are using only one condensing unit, temperature
and pressure control are more complicated and more control devices are required.

11

Control of the various temperature ranges in this system is accomplished by a thermostat liquid line solenoid valve arrangement. Each refrigerated space will have a
thermostat, and the liquid line to each evaporator will have a solenoid valve which, when
deenergized, will block the flow of refrigerant to that evaporator, effectively shutting
that evaporator off. The box thermostat is wired in series with its solenoid valve. When
the thermostat calls for its space to be cooled, the thermostat contacts close, energizing the solenoid valve to that evaporator. Refrigerant is now allowed to be metered to
the evaporator, and the box temperature will reduce until it reaches the temperature at
which the thermostat contacts open, deenergizing the solenoid valve, stopping the flow
of refrigerant to that evaporator. When all the different temperature areas have been
satisfied, the low side pressure will have dropped enough for the condensing unit to
cycle off on the low pressure control.
1.

How is the temperature in the different refrigerated spaces controlled in the multitemperature system?

2.

What component shuts off the evaporator when the refrigerated space is down to
desired cut-out tomperature?
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3.

What happens when all the refrigerated spaces are satisfied?

There are two operational controls that have to be adjusted for proper operation of
the multi-temperature system.
The refrigerated space thermostat must be set to stop refrigerant flow whenthe
lowest desired temperature is reached, and begin refrigerant flow when the highest
thermostat dependdesired temperature is reached. There are different ways to adjust a
and then by
On
some
types,
you
set
the
cut-out
temperature,
ing on the manufacturer.
adjusting the differential you also set the cut-in temperature. Other manufacturers
build a cut-in, and cut-out adjustment on the thermostat.
1.

What does the refrigerant space thermostat control?

2.

Using the cut-out and differential type thermostat, how is the cut-in set?

The other operational control that must be adjusted on the multi-temperature system
system,
is the low pressure motor control. In comparison, on the single temperature
this control is used to control the refrigerated space temperatures. In the multitemperature system, temperature coutrol is accomplished by the thermostat -solenoid
valve circuit, and the low pressure motor control is used to shut off the condensing
should be
unit after all the evaporators have been shut off. The pressure control
It
is normally
into
a
vacuum.
adjusted to shut down the unit before the system goes
drops
to
within
a
range
of 1-5
adjusted to cut out the unit when the suction pressure
The cut-in of the low pressure motor control on this system is adjusted to the
psig.
suction pressure equal to the highest desired temperature of the coldest refrigerated
Remember to adjust the cut-in first. This method of adjusting the low pressure
space.
off cycle.
motor control will prevent the condensing unit from short cycling during the
1.

Compare the use of the low pressure motor contorl on the two multi-evaporator
systems.

2.

On the multi-temperature system, the cut-in is adjusted to what value?

3.

On the same system, the cut-out is adjusted to what value?

4.

cut-in
On the low-pressure motor control which adjustment is always set first, the
or the cut-out?

TUDY GUIDE WORKBOOK
J3ABR54530 001-IV-1 thru IV-5

Technical Training

Refrigeration and Cryogenics Specialist

FUNDAMENTALS OF AIR CONDITIONING

December 1983

3700 TECHNICAL TRAINING WING
3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

RGL:

9.9

DESIGNED FOR ATC COURSE USE
DO NOT USE ON THE JOB

ATC FORM 214 1JAN 711)

398

OBSOLETES ATC FORMS 214. MAY119, 522, NOV 63 AND 523, MAY 71.

STANDARD COVERSHIET

TABLE OF CONTENTS

Study Guide/Workbook J3ABR54530 001-IV-1 thru IV-5
Title

Number

Page

IV-1

Civil Engineering Maintenance Management

1-1

IV-2

Fundamentals

2-1

IV-3

Water Pumps

3-1

IV-4

Air Conditioning Maintenance

4-1

IV-5

Cooling Towers, Water Treatment and Evaporative Condensers

5-1

395

SG/WB J3ABR54530-001-IV-1

3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

CIVIL ENGINEERING MAINTENANCE MANAGEMENT

OBJECTIVE
This study guide/workbook will acquaint you with basic facts and terms related to
Civil Engineering Maintenance Management functions.
INTRODUCTION

The primary mission ot Civil Engineering activities is to acquire, construct,
maintain and operate real property facilities, and provide related management,
engineering and other support work and services.

DIRECTED STUDY AND HOMEWORK
Assignment in preparation for Day 36. Read the following paragraphs, ans-der all
questions and be prepared to discuss the material.

AFR 85-10, Operation and Maintenance of Real Property, states that "...effort
required to carry out the Civil Engineering mission and functions depends on the proper
balance of...military and civilian personnel..."the military element of this force,
which ordinarily acts as an integral part of the total work force, is used with the
civilian element (through established work centers) in doing any authorized base civil
engineer work.
Military personnel are used primarily for direct combat support roles in support of
the Air Force mission under the Prime Base Engineer Emergency Force (Prime BEEF)
The Prime BEEF program is designed to identify, organize, equip, and train the
concept.
Military personnel are used
military element ot base civil engineer personnel resource.
in direct mission support, as well as areas cited for civilians, when not deployed to
satisfy other mission requirements.
Work task of military personnel should be diversified enough to maintain competence
necessary tor these personnel to carry out their direct combat support roles.
Civilian personnel are used primarily to perform maintenance and repair incident to
the maintenance ot real property facilities, structures and equipment, and to operate
Civilians may also be used to perform minor construction, to
the base utility System.
do repairs not incident to maintenance, and to do other related work.
QUESTIONS
1..

The Prime BEEF program is designed to

2.

Civilian personnel are used primarily to perform maintenance and

AFR 85-1, Resource and Work Force Management, identifies work to be done in six
However, at this point you need only be concerned with three
areas of responsibility.
of these areas.
The Job Order System is a fast way to authorize work that does not require detailed
The system indicates emergency, urgent, and routine precedence work calls.
planning.
Also, there is included in this system, Structural Maintenance, Repair Team (SMART), and
Military Family Housing renovation job orders, which will not be discussed here.
Service calls are generated by customer telephone requests which are identified on
AF Form 1879, BCE Job Order Record.
1-1
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AF Form 327
BCE authorized work to be done by BCE work orders and BCE job orders.
It is a way
(BCE Work Orders) is used to authorize work that needs detailed planning.
to control large complex jobs. AF Form 332 (BCE Work Request) is used to request minor
construction work and authorize self-help work (construct sidewalks, install alarm
AF Form 1135 (BCE Real Property Maintenance Request) is used for
systems, etc.).
maintenance and repair of real property equipment which is of a routine priority only
(replace door, repair flooring, repair or replace window, etc.).

QUESTION
How are service calls received by BCE?

When received by telephone, service calls are authorized by Service Call '3pecialist
(SCS) on AF Form 1879, Job Order. Other job order work requests are prepared by the
Customer Service Unit (CSU), also on AF Form 1879.

Emergency or urgent job order precedence is assigned to conditions that require
rapid corrective action.
Any work required to correct a condition that is detrimental to the mission or
When reported
reduces operational effectiveness is deemed to be an emergency situation.
emergency service calls are serviced as soon as possible, ahl must be completed within
forty-eight hours of having been reported.
Urgent job orders identify work that is not emergency in nature, but work must be
accomplished within five work days.
QUESTIONS
1.

What is the criterion used to determine an emergency service call?
hours must an emergency service call be completed?

2.

Urgent service calls must be completed within

Within how many

Routine job orders are accumulated by geographical area and scheduled as work
packages rather than individual job orders, and are serviced within thirty days of
receipt on a first-in, first-out basis.

QUESTION
Routine work orders should be assigned by
Materials required for a particular job are controlled by the BCE Material Control
A material control section within BCE is charged with the responsibility to
process requests for material, monitor the status of requIrements, and provide information on the availability of materials.
Section.

BCE Material Control Section retains job or work order material in a "holding area."
A holding are4 is a storage facility for material or equipment required to accomplish a
All materials for work or job orders are stored in the holding area
particular job.
except items on bench stock or minimum reserve authorization (MRA) list. When job has
been scheduled for accomplishment, materials are released to each appropriate sbop.
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SG/WB J3ABR54530-001-IV-2

3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas
FUNDAMENTALS

OBJECTIVE
To familiarize you with types and purpose of air conditioning equipment, procedures
for installing air conditioning equipment, psychrometrics, insulation, filters, fans,
air flow instruments and maintenance of fresh air systems.
INTRODUCTION

Air conditioning is defined as "that process used for the control of temperatures,
humidity, filtration, and circulation of air." Air conditioning is playing a more
His home, automobile, business and recreational
important part in msn's environment.
locations are air conditioned in order that the maximum comfort may be maintained,
increasing the efficiency of the activity being performed.

Air conditioners are designed to fulfill the definition that "air conditioning is
the control of temperature, humidity, filtration, and circulation of air." There are
several applications for air conditioners, they include:
Types and Purpose of Air Conditioning Equipment
There are four types and purposes of air conditioning equipment.
may be found on the same system.

All four groups

TEMPERATURE CONTROL EQUIPMENT

This portion of air conditioning equipment will add or remove heat to or from the
conditioned space. To remove heat the air conditioner will use the same baste cycle as
The operational evaporator temperature range will run between 40 and
a refrigerator.
There are two methods of picking up heat from the conditioned
50'F (4.4 to 6.5°C).
The first method will place the evaporator in the conditioned space, this method
space.
will be discussed in this block. The second will circulate chilled water through coils
in the conditioned space returning the water to a specially designed evaporator for
cooling and recirculation. This method will be discussed in another block.
First, furnaces
To add heat to the conditioned space, two methods are also used.
will heat the conditioned space directly using natural gas, oil, propane, butane, or
Second, steam or hot water will be circulated through coils in the
electricity.
conditioned space and returned to a boiler to be heated and recirculated.

Humidity Control Equipment
Humidity control equipment has two functions. First, remove humidity. The most
common method of humidity removal is to operate the air conditioner's cooling system.
The low temperature of the evaporator will cause condensation, thus removing humidity.
Second is to add humidity. There are two methods of humidifying. One method is to
The other method passes air over a wetted pad or sprays
inject steam into supply air.
water into ducts.
Air Filtration Equipment
Air filtration equipment may have two purposes. First air filtration equipment is
installed in air circulation equipment to help keep evaporators, fans, and heating coils
Second, special air filtration equipment may be installed to meet special
clean.
requirements of the conditioned space. Some examples of this type equipment are high
efficiency filters designed for use in computer rooms, or ultra violet filters used to
sanitize air for surgery rooms in the base hospital.
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Air Circulation Equipment
Air circulation equipment defined means equipment that moves air.
As you know, fans
move air so this will be the subject of this paragraph. First let's discuss the types
of fans. Centrifugal fans are commonly known as squirrel cage fans due to their
appearance. Axial fans are sometimes called propeller fans because the blades look like
propellers.
Each of these types of fans will be discussed later.
installation

Sometime in the course of your duties, you may be called upon to install, or help
install air conditioning equipment.
You should be aware of some general guidelines
concerning the installation of air conditioning equipment.
Condensing Unit

When installing a condensing unit, be sure that it is installed level, provides
proper air circulation for air cooled condensers, assures that the electric motors
voltage, cycle, and phase are of the same value as the power source.
Evaporator

Tie evaporator should be installed so that it is level, and firmly fastened.
It
aust IA provided with a drip pan to catch condensation formed during the cooling cycle.
Fans

When installing a fan and motor, assure that they are mounted on a common base in
order to insure a permanent alignment. The mtor should be on a sliding mount for belt
adjustment.
Large fans should be installed in a location remote from the conditioned
space if possible.
Filters

Install the filter section so that the air must pass through the filters before
entering -he heating/cooling coils and fan.
Security of Mounting

When installing air conditioning equipment, it is important that securing of
refrigerator, water, electrical lines and system components be assured.
Tubing should
be supported at regular intervals to prevent sagging and vibration.
Vibration will
cause copper tubing to crystallize which in turn causes the tubing to crack or break.
Hard drawn copper lines need fewer clamps or supports than soft drawn lines.
Tubing can
be supported by using regular tubing clamps, or galvanized conduit clamps may be used.
When supporting tubing with clamps, the tubing should be insulated from the clamps to
prevent damage to the tubing from the clamps. A piece of rubber insulation inserted
between the tubing and the clamp is sometimes used. Tubing run through a wall or floor
should be protected by short runs of conduit or flexible metal tubing.
Valves, driers
or other heavy objects should not be supported by tubing, but should have their own
individual supports.
Electrical lines should be supported similar to tubing.
Psychrometrics

The purpose of air conditioning is to control temperature, humidity and the
circulation of the air.
Air is the primary medium that is used to control the conditions in the controlled
Air can be used to control the humidity and temperature for three general uses:
personnel or comfort cooling, equipment cooling, and process cooling.
In the case of
equipment cooling, temperature and humidity must be maintained within close tolerance.
New applications for air conditioning are continually being found.
space.

The field of psychrometric study is a breakdown of the varic,
in the air and a graphic analysis of the air conditions. If the
all he can about the air being used, the understanding of the eq,
becomes more realistic.
2-2
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properties contained
,ecialist understands
,ment operation

As you
Psychrometrics is defined as the study of air and its related properties.
know, air contains some moisture (humidity). However, let us consider the other
Air is a mixture of
properties relating to graphic analysis of moisture-laden air.
highly superheated gases. About 78 percent of the air is nitrogen, 21 percent oxygen,
and the remaining one percent is composed of minute quantities of other gases such as
All of these form the
carbon dioxide, argon, neou, ozone, hydrogen, helium an, krypton.
Ai. exerts a force of 14.7 psia on
air that we breathe and use for air conditioiing.
the surface of the earth at sea level. kir and water vapors are mixed, occupying the
same space and following Dalton's law of partial pressures, "The pressure of a mixture
."
Vapor pressures
is the sum of the partial pressures of the constituent gases
For
are regulated by the movement of the molecules at the surface of the sub,tance.
example, water at a temperature of 212°F has a vapor pressure of 14.7 psia.
.

0

.

QUESTION

What is psychrometrics?

Temperature of the Air

Temperature is the measurable intensity of heat contained in a volume of air, read
It can be expressed as degrees Fahrenheit or Centigrade, depending on the
in degrees.
In the psychrometric analysis such temperatures as dry bulb, wet
scale being used.
bulb, dew point, saturation and apparatus dew point temperatures will be considered.
Humidity of the Air
There is, generally speaking,
Humidity is the moisture vapor contained in the air.
specific humidity is the actual moisture contained in the air
two humidity expressions:
or the grains of moisture content; the relative humidity is an expression of the
specific humidity in relation to the volume.
Heat Content of the Air
It is measured
This term refers to the heat contained in a given condition of air.
Remember, that a
It is also expressed as the enthalpy.
in British thermal units (BTU).
BTU is the amount of heat required to raise the temperature of one pound of water one
degree Fahrenheit. Based on this standard are other standards such as one ton of
refrigeration. We know that it will take one ton of ice 24 hours to change from 32°F
This means
ice to 32°F water, and that it will absorb 288,000 BTUs during that time.
Any of these
that BTUs were absorbed at the rate of 12,000/hr, 200/min, or 3.33/sec.
values means one ton of refrigeration.

Volume of the Air

This space is volume and is expressed in
Air, as any substance, must occupy space.
cubic feet. The volume of air will vary with the heat contained in the air. As the
temperature increases so does the volume, provided room for expansion exists. If there
is no room for expansion, the pressure wtll increase due to the limitations imposed by
the containing device.
The air volume
In the case of unconfined air, the pressure remains constant.
changes with the heat content. A volume of air contracts or expands 1/460 of its volume
If absolute zero (-460°F) was reached,
at 0°F for each degree of temperature change.
the volume would shrink to zero as well. Although this is strictly theoretical and has
never been achieved, it does point out the relationship of temperature to volume.
Specific volume is the number of cubic feet of air that it takes to weigh one pound.
Weight of the Air

If the air has all of the foregoing properties, then it must be concluded that it
The psychrometric chart
has weight. This weight is referred to as specific density.
The weight of the air is dependent on
will provide the basis for computing of dry air.
the amount of moisture divided by the specific volume obtained from the chart. If the
SV is 13.9 cubic feet, then the SD will be .075.
.075
13.5/1

4263
4

it can be noted that as the specific volume increases, the density of the air will

ticrase.

What are the five properties of air?

Psy,:hrrmetric Chart

The chart is the tool used to analyze the relationship of the properties of the air.
The specialist should master at least the meaning of the chart in order to properly
understand the air that is being conditioned.

The relationships of the properties of the air are graphically illustrated on the
psycrometric chart as a series of lines and curves that have been scientifically
formulated to show the whole picture of the air being studied.
The comparison of the lines and curves at intersecting points of the scales on the
chart gives us a very comprehensive analysis of the air being studied.
More than one
condition may appear on the chart to give us more accurate analysis and true operation
4)f
the -;ytem in consideration.
Sling Psychrometer

The psychrometer is the instrument that is most often used to obtain the basic
values needed to work a psychrometric problem. The sling psychrometer (see figure 1) is
an instrument that is very basic in design and operation.
There are two standard
thermometers mounted on a holder with provisions for the device to be whirled in the
air. One of the thermometers has a sock attached to the bulb, which is moistened in
distilled water prior to slinging of the instrument. The slinging of the instrument
will pick up two temperatures.
One is ambient or dry-bulb temperature; the second,
wet-bulb temperature.
The operation of the psychrometer is very simple. The wet-bulb sock is saturated
with distilled water (because there are no mineral deposits in the water that will form
residual scale deposits following evaporation).
Then, the instrument is whirled in
tront of the individual for about one minute, read and then whirled for another minute
and read a second time.
During this process, air passing through the sock causes evaporation. The evaporation will cool the temperature of the wet thermometer below the dry bulb temperature,
tic:pending on the amount of moisture that is in the air being measured. The drier the
air, the higher the evaporation rate, the lower the wet-bulb temperature will be.
The
second reading helps insure that the maximum evaporation rate was attained.

The difference between wet-bulb temperature and dry-bulb temperature is known as
wet-tailb depression.

YET -BULB
THERMOMETER

ORY-RULII
THERMOMETER

SLING
WETTED RACK

,ICHROMETER

Figure 1.

Sling Psychrometer
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Psychrometric Chart Scales
obtained, we can
Once the dry bulb temperature and wet bulb temperature have been
doing, the scales that
In
order
to
know
what
we
are
then begin the plotting procedure.
point of identification on the chart.
are read on the psychrometric chart are the first
lines
and
curves
which
have corresponding scales and
The psychrometric chart contains
are read at intersecting points.
In figure 2, the lines and scales are identified, then the later figures that
of the lines corresponding
accompany the terms and definitions will point out the names
Scales that are used on the
There
are
basically
five
sets
of
to each set of scales.
differential readings.
psychrometric chart. Some of the readings will be scale

POUNDS OF MOISTURE

GRAINS OF MOISTURE

025

.010

1

I.
I 't I 1
I
20 -..-- DRY BULB SCALE

Figure 2.

lilt
60

I

.4

100

Psychrometric Chart Scales

00

TERMS, DEFINITIONS AND PLOTS
Dry-Bulb Temperature (DB)

Dry-bulb temperature is the ambient air temperature read on a standard thermometer.
Dry bulb plots will appear on the vertical lines of the chart which correspond to the
dry bulb scale located along the bottom of the graph. Dry bulb is plotted by locating
the indicated condition on the scale, and drawing a vertical line corresponding to the
temperature value as shown by the heavy line in figure 3.
Figure 3 is a representative sketch of the dry bulb temperature portion of a
psychrometric chart.
A complete psychrometric chart has a vertical line for each
degree of temperature. Usually, every fifth line is numbered with its corresponding
temperature.
The common range for a psychrometric chart is from about 10°F to 105°F.
This type of arrangement makes it simple to plot any dry bulb temperature on the chart
to the nearest degree.
The remaining figures in this series are also sketches and do
not include all the lines on the psychrometric chart.
QUESTION
What is dry bulb temperature?

110

20

30

40

50

60

Figure 3.

70

80

90

100

Dry Bulb Line
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CM -044

Wet Bulb Temperture (WB)

Wet bulb temperature is the temperature at which air ceases to be cooled by the
process of evaporation. Wet bulb temperature is determined by the sling psychrometer
previously described in this section. Keep in mind that the sling psychrometer can only
be used effectively if the ambient temperature is above 32°F because the freezing point
You will notice the slope of the
of water is any temperature below that point.
increments
as temperature values given on the
psychrometric chart changes to smaller
saturation or wet bulb scale. To plot a wet bulb temperature, start with the corresponding temperature reading on the wet bulb scale. The wet bulb temperature is
plotted on the diagonal line that extends to the right and downward from the wet bulb
It is not necessary to
A wet bulb plot is shown by the heavy line in figure 4.
scale.
extend the wet bulb line past its intersection with a previously plotted dry bulb line.
QUESTIONS
1.

What is wet bulb temperature?

2.

Where is the wet bulb plotted?

Figure 4.

Wet Bulb Line

4 q8

Relative Humidity (% RH)

Relative humidity is the ratio of the amount of moisture in the air compared to what
it could hold at the same temperature.
It is a percentage expression of the grains of moisture contained in the air.
Relative humidity is read on or between the curved lines on the psychrometric chart that
corresponds approximately to the saturation curve at the point of intersection of the
wet bulb and dry bulb lines.
They are valued from 0-100 percent.
The saturation curve
is the 100 percent RH line. Relative humidity is read at the point of intersection of
the dry bulb and wet bulb lines.
QUESTION
What is relative humidity?

70

Figure 5.

% Relative Humidity
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Dew Point (DP)

Dew point or saturation temperature, both terms mean the same. Dew point or saturation temperature is the temperature that will allow moisture to condense on a surface.
This is exemplified by the droplets of moisture, called dew founl on the grass in the
warmer months, ue by the frozen dew (frost) in the winter months. WindoWs or containers
that sweat have an extreme of temperature on each side of the surface and are examples
of dew point temperature being reached. Dew point is plotted on the ilorizont%.1 line of
the psychrometric chart that extends from the point of % RH to the saturation curve and
the value is read at the point of intersection with the curve (see figure 6).
QUESTIONS
1.

What is dew point?

2.

How is dew point plotted?

CM-047

Figure 6.

Dew Point Line

4iu

Heat Content or Enthalpy
Both terms mean the same. Heat content is the measure of the BTU contained in one
pound of dry air. Heat content is plotted by extending the wet bulb line through the
saturation curve to the heat content or enthalpy scale located to the left of the
saturation scale. Read the BTU value at the point the extended wet bulb line intersects
the heat content scale as shown in figure 7.

QUESTION
Heat content is the measure of BTU in what?

CM -04Il

Figure 7.

Heat Content Line
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Grains of MAsture (GM)
terms mean the same. Grains of
Grains of moisture or specific humidity--both
measurement expressing the actual amount of
humidity
is
the
unit
of
moisture or specific
Relative humidity can tl determined from
moisture contained in one pound of dry air.
A grain of moisture
of moisture.
this measurement, but you use % RH to determine grains
pint) contains 7,000
A
pound
of
water
(about
one
is about the same as a drop of water.contained per pound, draw a horizontal line from the
To plot grains of moisture
grains.
And zead the intersecting value on the
point of % RH to the grains of moisture scale
chart (see figure 8).

QUESTION
How many grains does a pound of water contain?

50

RH

24 GM

CM-04111

Figure 8.

Grains of Moisture
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Pounds of Moisture

Pounds of moisture per pound of dry air is the weight of the grains of moisture
It is determined by drawing a horizontal line from
contained in one pound of dry air.
the grains of moisture plot to the pounds of moisture scale and reading the corresponding value at the point of intersection with the scale (see figure 9).

.020

.0 15

.0148 PM

.010

CM -050

Figure 9.

Pounds of Moisture Line
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moisture and pounds of
The chart below depicts specific humidity with grains of
pounds of moisture
moisture
values
convert
into
It shows how grains of
moisture.
values.

Co?¶Ny.,

ti

I'OUN1j1, OF 141:.'311.;i0r.

)I,;!
1

f:A

025

1 0.:

7

10 1

C.f....s.ms,r., Near Imssam..t.ammoraN;,..rcr.asa

.010
50.

Specific Volume (SV)
weigh one pound. The
Specific volume is the number of cubic feet of air required to
the saturation
diagonal-paralle/
lines
extending
from
specific volume lines appear as
and they have a
There
are
five
of
these
lines
curve to the dry bulb scale.
left to right (see
corresponding value of 12.5 cu ft through 14.5 cu ft reading from
specific
line
parallel
to
the
established
To plot specific volume, draw a
figure 10).
volume lines from the point of % RH to the dry bulb scale.

the specific volume line to the left of
To read specific volume plots, start with
graduation on the dry bulb scale, add .025
For
every
degree
Fahrenheit
the new plot.
will
until you reach the new line that you drew. Each group of four graduations
will raise the
Five
groups
of
four
graduations
increase the specific volume .1 cu ft.
figure 11).
volume .5 or to the next established line of the chart (see

36

Cht-0113A

Figure 10.

56

76

96
CM-CISZB

Figure 11.

Specific Volume Lines
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Specific Volume Scale

Standard Air

Standard air is one pound cf dry air at
70°F, at atmospheric pressure (14.7 psia)
which occupies 13.34 cu ft and has a
specific density of .075 at sea level
(see figure 12).
This standard is used as a guideline
for the manlfacturers of coils, fans and
other air conditioning equipment. Practically all substances will contract or
expand with temperature variations.
Figure 12 is a graphic illustration of
the conditicns involved when speaking of
standard air.

I

LB. OF AIR

Figure 12.

CU -052C

Standard Air

At this point we have defined the lines and the scales that we will use on the
Figure 13 shows a composite of the lines discussed and the relationship of the
various lines and scales to each other. This figure shows only a single plot, but
psychrometric analysis will involve two to four plots in order to compare all of the
temperatures and properties.
chart.

0"
PM

D6

Figure 13.

SV

cm ass

Psychrometric Plot

To have a good comparative analysis of the air, we must be able to identify the
various names given to the air as it goes through the system. Air at outside conditions
is called Outside Air (0A).
It is introduced into the system through the ducts and
various plenums, taking on other names during its travels.
Supply Air (SA) (air leaving coil) is the air that is cooled to the final desired
condition and supplied to the controlled sp,;;:c_
As it is recirculated into the return
duct, it becomes Return Air (RA) (air ente/Ang the coil).
If the air is to be exhausted
to offset the OA brought in, then the air exhausted is labeled as Exhaust Air (EA).
If

any of the air types are mixed in a mixing plenum, then the name given to the air
following this process is Mixed Air (MA).
All of these situations can be nlotted.
2-14
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REMINDER:

The analysis of air is a valuable tool for the specialist. Psychrometrics give him
an understanding of what the mechanical cooling process must overcome to properly
In order to correctly determine the properties of air, the ref-igeration
perform.
specialist must be able to use the psychrometric chart.
Installation of Insulating Materials
In air
A large number of insulating materials have been developed for buildings.
conditioning, it is absolutely essential that the insulation is designed to reduce heat
In addition, vapor barriers should be
loss by conduction, convection and radiation.
included in the insulation or in the walls to reduce moisture travel through the wall.

Insulation selected for installation should have sufficient strength to support
itself and not shrink or settle. It must not deteriorate in the presence of moisture,
and it must not have any unpleasant odor. The insulation should be vermin proof and
fire resistant.
The type of insulation to use in a building depends, to some extent, on the method
Bulk
of application. For example, there is the bulk type and batt type application.
type, easy flowing insulation can be blown into the space between the studs of a
building already constructed. Batts, flexible insulations, are easy to install and they
Batts of rock wool and blankets of
conform to any irregularities in the construction.
pulverized wood are examples of this practice.
Safety

Care should be taken when handling insulating materials to avoid exposure to skin.
eyes, and intake into the lungs. Severe itching, eye and lung irritation could result.
YOU HAVE COMPLETED THE DIRECTED STUDY AND HOMEWORK ASSIGNMENT IN PREPARATION FOR DAY 36.

START HERE FOR DIRECTED STUDY TO BE COMPLETED PRIOR TO DAY 37.

Read paragraph 22-29, page 792, Modcrn Refrigeration and Air Conditioning and answer
the following questions.
1.

Solid particle air contaminants fall into what three groups?

2.

What are the two most common liquid impurities found in the air?

Read paragraph 22-30/31, page 793/794, Modern Rufrigeration, Air Conditioning '.:ext
and answer tbe following questions.
1.

What are adhesive filters made of?

2.

What is a class 2 adhesive filter?
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Read paragraph 22-32, page 794, Modern Refrigeration, Air Conditioning text .:nd
answer the following questions.
1.

What does ionizing mean?

2.

What are the three ways to ionize the air?

Read paragraph 22-35, page 797, Modern Refrigeration, Air Conditioning text and
answer the following question.
Water does not remove what?

nead paragraph 22-37, page 798, Modern Refrigeration, Air Conditioning text and
answer the following question.
What is the purpose of activated carbon filters?

Filters should be cleaned or replaced when they lose their efficiency or when they
are so clogged that they produce too much pressure drop across the filter, a visual
inspection is one way to determine if a filter needs replacing. When the pressure drop
across the filter is more than 25 percent of the pressure drop across the fan, the
filter should be changed.
The
Always replace filters with the arrows pointing in the direction of air flow.
side toward the blower has more adhesive and must be on the air-out side of the filter.
If this is not done, the filter will quickly load with dirt and clog.

When replacing filters make these two checks:
1.

Inspect filter for tears or holes. Place a strong light on one side of filter
and look through filter from other side.

2.

Use manometer to check pressure drop.

Fans

Air is moved by mechanical means in an air-conditioning system. The fan converts
mechanical energy (fan blade rotation) into gas enk...rgy (airflow). This is accomplished

by means of a wheel or blade, imparting a spin on the air so that it will leave the fan
assembly in a forward motion to the point of destidation.
Fans are classified into two major categories:

AXIAL and CENTRIFUGAL.

Types of Fans
The air will have
AXIAL FANS. These fans move air in a flow parallel to the shaft.
Axial fans have three blade
a spiral motion, but rill be moving in a parallel plane.
classifications.
Propeller Fan Blades. Propeller fan blades are found on the pedestal or table fan
These fans are
common to home use. Fans of the ceiling variety use propeller blades.
used to move air within a given area (circulation). Normally, they have a safety shroud
They can be used only if a low volume of air movement is required and
around them.
normally are used for exhaust or ventilation purposes. They can be direct drive or belt
driven, see figure 14.
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Figure 14.

Figure 15.

Propeller Fan

Tube-Axial Fan

duty air movement. They are built for
Tube-Axial Fans. They are used for heavier is mounted in a wall. Since the air
mounting in ductwork whereas the propeller type
spiral movement will make greater duct
will move at a hiob velocity, the increase of the
For this
of
noise
in a duct system.
pressure losses, and will increase the amount applications where noise is a small
reason they are normally used tor industrial They are direct drive or belt driven. See
consideration, and space is of no concern.
figure 15.

These fans are in
Vane-Axial Fans.
reality nothing but a tube-axial fan with
vanes installed in the ian housing. The
vanes are used to straighten out the
This offers
spiraling motion of the air.
the added factor of less noise and
(See figure 16.)
increased efficiency.

Figure 16.

Vane-Axial Fahs

blower housing parallel to the shaft
CENTRIFUGAL FANS. They move the air into the
figure
17). This means that the air is
shaft (see
but discharge it radially to the
of the fan. The centrifugal fanshaft,
discharged at a 90* angle or plane from the shaft cage)
mounted horizontally on a
consists of a wheel (sometimes called a sqvirrel
Air enters parallel to the axis through the fr,n
the
housing.
which rotates within
of the whPel. The centrifugal
The air may enter at either one or both ends
housing.
power
under maximum air delivery when
fan will operate with less noise, but cunsume more
compared to an axial flow fan.

FORWOD CURVE
RLADE

BACKWARD INCLINED
BLADE

RADIAL

BLADE

Figure li.

Fan Blades
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There are
Air-conditioning specialists often refer to centrifugal fans as blowers.
for a
of
the
fan
type
to
be
used
some factors which will be used in the determination
They include:
particular application.
*

Unit size

*

Drive motor selected

*

Internal layout of the unit

*

Shape of the coil

*

Resistance of systems aucts

air in a system,
Fans are used to ventilate (induce fresh air), circulate the same
ventilation-circulation
process.
or to exhaust odor-laden air which is part of the

QUESTIONS
1.

How is air moved in an air conditioning system?

2.

What are the three types of axial fans?

3.

What are the three types of centrifugal fans?

4.

What is one disadvantage of the centrifugal fan?

Installation

there is duct work
Centrifugal fans ara installed in air conditioning systems where
of their ability to
resistance,
such
as
filters,
because
or other sources of staAc
high efficiency.
handle air at high static pressures, with a minimum of noise and at bottom, ard sides of
top,
Static pressure is the outward pressure of the air against thaAxial
flow fans are
It is the resistance of the duct to air flow.
an air duct.
pressuries.
installed when an application calls for large air volumes at low static

QUESTION
What is static pressure?

the air conditioning
When installing fans, there are some general guidelines that this
study guide that
It
was
previously
mentilned
in
specialist should teep in mind.
space to reduce
large fans should be instAlled in a location remote from the conditioned the duct for two
should
be
located
outside
of
The electric motor driv.!ng the fan
noise.
First, the motor is more easily serviced, and second, if the motor were
reasons.
to the
located inside the duct, the motor noise would travel through the duct syl:tem
conditioned space.
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When the fan and motor are set in place, and the motor is connected to the power
If a three phase motor is turning in
source, assure the proper dIrection of rotation.
the wrong direction of rotation, simply swap any two of the three power leads.
QUESTION
1.

Where should large fans be installed?
Why?

2.

Where should the electric motor driving the fan be located?
Why?

3.

After the fan motor is installed, and connected to power, what checl: should be
made?

For best results, tho spacing between the centers of the fan shaft, and the motor
shaft, should not be less than the diameter of the largest pulley, and not greater than
tin combined diametefs of both pulleys.
Servicing Fans

A rattle of a fan motor may sometimes be nothing more than a loose fan on a shaft.
The noise can be remedied by tighteaing the set screw that fastens the fan hub to the
Smaller fans have either a round shaft, or a flat spot milled on the shaft.
shaft.
If the fan is &bused, the blades may be forced out of position, and one or more
blades may vibrate. The easiest repair is to replace the fan. Any attempt to rebalance
If
the blades is difficult unless special static and dynamic balancers are available.
the fan blades touch the fan housing, the motor may be out of line or the shroud or
housing may be bent. The contact spot is usually easily detected and remedie: by moving
the fan on the shaft or moving the shroud or honsing. Do not try to bend the fan blades
as this will cause the unit to vibrate.

QUESTION
1.

What type of shafts do smaller fans have?

2.

What is the easiest repair for fans w%ich have been abused?

3.

What could poscibly be the trouble witn fan blades that touch the housing?

On belt driven fans it is important that when a belt breaks, or is worn to the point
at which it needs to be replaced, you should replace the whole set of belts, preferrably
with a matched set.
Belt tension is important too. They should be adjusted so that
they are not too tight (you should be able to depress the belts slightly) and not too
loose as to cause slipping.
Belts that are too tight cause overheating and excessive
bearing wear, and may overload the fan motor.
Loose belts will cause squealing due to
slippage, and belt wear will be excessive.
1.

What should the air conditioning specialist do when a belt in a multibelt set
breaks?

2.

Drive belts that are adjusted too tight could cause

3.

What does belt squeal indicate?

Alignment

For efficient operation and reduced maintenance, alignment of belt driven fans must
be considered. Alignment means adjusting the fan pulley and motor pulley so that they
are in a straight line with each other. The fan and motor pulleys must be a close
alignment to prevent excessive belt wear, and motor vibration. To check alignment, use
a belt adjusting and aligning tool, or a straight edge.
1.

What does alignment mean?

2.

What can be used to check fan and motor alignment?

AIR FLOW INSTRUMENTS

One of the functions of an air conditioning system is to deliver the proper amount
of air to an area at a specific time. It is the air conditioning specialist's job to
know if the system is producing properly. There are several instruments on the market
that vill measure the veloclty of the air.
We will measure the velocity of the air
using some of these instruments.
There are two basic factors that determine the amount
of airflow.
The velocity or rate of air movement and the area that it must pass
through.
When talking about velocity, we use the terms "feet per minute (FPM)," and
"cubic feet per minute (CFM)."
AIR MEASURING INSTRUMENTS
There are three types of instruments commonly used in the field. These are the
anemometer, inclined manometer and velometer. All of these instruments are employed to
measure the velocity in FPM of airflow. Readings can be taken at the following locations:
Return air duct, supply air duct, outside air duct or inside the duct system.
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QUESTIONS
1.

What are the two basic factors to consider when determining the amount of airflow?

2.

What are the three types of instruments commonly used in the field for measuring
airflow?

Aneometer

The anemometer is an instrument used to measure air velocity in linear feet. This
meter is composed of the fan housing, three dial faces and the propeller which moves at
the rate of the air speed turning a gear mechanism which operates the dials. There is
an engaging lever and a reset lever on top of the dial face.
To operate the
In using the anemometer, we normally take readings at the duct face.
anemometer, place the instrument into the stream of air being measured. Before
starting, check to be sure that your hands are cupped around the meter in such a way to
prevent obstructing the airflow through the meter. Allow the propeller to reach maximum
speed, then trip the engaging lever and begin moving the meter slowly over the entire
duct opening. The length of time that you take the reading should be determined prior
will
to beginning, remembering that the longer the reading time the more accurate you
be.

In reading the anemometer, suppose you held the instrument in the airstream for two
minutes. The readings on the dials would be read in the following sequence:
Left dial reading.
Right dial reading.
Center dial reading.

If the indicator on the two smaller dials is between any two numbers, take the
reading of the lesser number and read the large dial exactly as indicated (see figure
18).
1.

The anemometer measures air velocity in what?

2.

Why should we cup our hands around the meter?

3.

In what sequence are the dials read?

In figure 18, the left dial reading would be 8000, the right dial reading would be
300, and the center dial reading would be 80. Therefore, combining the numbers into
proper sequence, the resultiug anemometer reading would be 8380.
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Figure IB.
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Anemometer Reading (AR)

The following formula is used to convert the anemometer reading to FPM velocity:
AR

=

ANEMOMETER READING

ET

=

ELAPSED TIME

FPM

=

AR

-ET

To figure the FPM of our sample problem, the answer would be:
FPM

=

AR
--

or

ET

8380

120 (seconds)

8380

=

4190 FPM

2 (minutes)

QUESTIONS
I.

What does AR mean?

1.

What is ET?

3.

What is the formula used to find FPM using the anemometer?

Inclined Manometer

The manometer family of air measuring instruments contains various types and styles;
The
however, we will limit the study of manometers to one type, the inclined manometer.
Within the duct
manometer is used to measure the pressure of air in inches of water.
system we find two predominant pressures, static and total. Static pressure is the
outward pressure of air in all directions. Total pressure is the force exerted by the
movement of air in the direction of flow. Often it is impossible to get the manometer
into the airstream to measure the pressure, so the pitot tube was developed to allow
In reality the
access to the internal sections of the duct in hard to get to areas.
pitot tube is a tube within a tube as indicated in figure 19.
QUESTION
What are the two pressures within the duct system?
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Pitot Tube and Manometer Installed

Figure 19.

The pitot tube is inserted into the airstream and total pressure goes into the
center of the assembly to the manometer, forcing the oil column in the meter downward.
The static pressure enters the small ports surrounding the tube to the manometer forcing
The velocity reading is taken on the
the column of oil in the meter tube upward.
adjustable scale where the oil level stabilizes.
QUESTION

Where does static pressure enter?

It is
The pressure indicated on the manometer is known as pressure of velocity.
represented as PV in the conversion formula used to convert pressure into feet per
minute. To convert pressure of velocity into FPM, the following formulas will be
applied:

FPM =

FPM
minute.

V

V PV x 4050

the number of feet of air which will pass through a duct area in one
symbolizes square root.

PV

pressure of velocity as read on the inclined manometer.

X

multiplied by.

4050

is a constant and is based on the velocity of standard air.

Now, let's see how the formula works.
has been obtained with the manometer.

Assume the velocity pressure reading of .25

FPM = V .25 x 4050 = .5 x 4050 = 2025
QUESTIONS
1.

What is PV?

2172

2.

What is the formula to find FPM when using the manometer?

3.

Define feet per minute.

Velometer

The velometer is a rugged mechanical system, soundly engineered for very concise
readings.
Inside the meter, air impinges on an aluminum vane moving the pointer. This
vane travels in a calibrated air chamber or tunnel constructed to be airtight to provide
a desirable scale distributi-u. The moving system is balanced by counterweights to provide accuracy in all positions.
The moving system is equipped with bronze hairsprings
and moves on monel pivots which ride in sapphire jewel bearings. Some velometers are
equipped with filters to protect them from extreme dust conditions. When a filter is
supplied with the instrument, the filter is an integral part of the instrument and must
be used.
If the filter is left out, the instrument will give a false reading.
To measure velocities at supply openings, attach the proper jet by means of the
appropriate tube and tube fittings. To determine the average velocity, mentally divide
the opening into a number of equal areas.
Take a reading at each of the areas and
average the readings.
There is no exact rule for the exact number of readings that must
be taken, but the more that are taken, the more accurate the average, and it is
recommended that a minimum of six readings be used.
To measure the air velocity at the suction opening, connect the proper jet by means
of the tube and tube fittings to the right-nand port of the meter. While taking the
readings, hold the jet so that it is perpendicular and the tip is in the same plane as
the opening.
This is very important because the velocity changes very fast in front of
a suction opening. To measure velocities inside of ducts, use the duct jet called for
in the manual of instructions. The duct jet should be inserted into the left-hand port.
Read the scale marked with the same number of jet being used.
This instrument is calibrated for use with air being measured at 68°F temperature.
When the temperature of air is not 68°F use the following formula to compensate. Remember this instrument reads directly in FPM.
Formula:

460 + temperature

460 + 68F

x velometer reading

QUESTION
With a velometer, air velocity is measured in what?
Calculating Cubic Feet per Minute (CFM)
After establishing the FPM, the CFM can be established using the formula:
CFM = FPM X DUCT AREA (&QUARE FEET)
REMINDER:

Air velocity can be measured with an anemometer, manometer or velometer.
velocity is known, it is a simple matter to determine the CFM.
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After

BALANCING AIR-CONDITIONING SYSTEMS

Air-conditioning systems are designed to condition the air within the system and
then to distribute this treated air to the proper place, in the proper amounts, and with
the least possible annoyance to the consumer of the conditioned air.
Use of Air

In air-conditioning practice, as air is passed through the unit, it is heated or
cooled, humidified or dehumidified, cleaned, and then distributed to places where it is
An air-conditioning unit, regardless of its efficiency, and its size, would be
needed.
handicapped if the air could not be properly distributed. It is important that the air
distribution be accurately proportioned to the need and adapted to the apparatus in
which it is to be used. The distributed air must be clean, provide the proper amount of
ventilation, and must carry enough heat to keep the conditioned space warm or must be
able to absorb enough heat to cool the conditioned spaces.
Stratification of Air

Air in an occupied space must be kept moving, or stagnation or stratification
In a room where the air is
Warm air tends to rise, cold air tends to settle.
not deliberately moved, the air will assume levels according to temperature.
results.

It is important to locate all automatic thermostats and humidistats at the proper
level because of this stratification. Also, stratification tends to make smoke haze
hover in layers.

Unfortunately, some grilles are so located that the air will be moved only in
certain parts of the room and the air will become stagnant in other parts of thc room.
There is also the problem of the obstruction to the air movement caused by the
furnishings of the room. For this reason, and to enable higher grille velocities, some
grilles are located high in the room (6 feet or more), and some are located in the
These high grille locations necessitate that the grilles be attractive in
ceilings.
appearance or concealed. This is called a diffusion grill because its design promotes
mixing of some of the room air with the entering air.
Air Ducts
These carriers
To deliver air to the conditioned space, air carriers are needed.
The ducts are made of sheet metal or some noncombustible structural
are called ducts.
material.
If a pressure
The ducts work on the principle of air pressure difference.
difference exists, air will move from the higher pressure to the area of lower pressure.
Yhe greater the pressure difference, the faster the air will flow.

(1) round duct, (2) square
Two shapes of ducts commonly used for carrying air are:
or rectangular duct. The round duct is the more efficient based on volume of air
That is, less duct material is needed
handled per perimeter distance (distance around).
to make a large enough duct to carry the necessary air.
QUESTIONS
1.

What happens to air if it is not kept moving?

2.

What are two shapes of ducts commonly used?

a1Q6

The square or rectangular duct harmonizes with building construction and fits into
walls and ceilings better than round ducts.
It is easier to install rectangular ducts
between joists and studs.
Duct Sizes

To determine the size duct that should be used to carry air to a room, it is
necessary to first find the volume of air that is to be delivered to the room.
This volume of air depends on the amount of heat the air must deliver to the room
during the heating season, or the amount of heat to be removed during the cooling
season.

Determining Air Quantities
To determine the proper air quantities to each room there are certaia things that
must be known:
1.

Specific heat of air

2.

Weight of air

3.

Temperature difference between supply and room temperature

4.

Total Btus of the conditioned space

The specific heat of air is the amount of heat required or released to change the
temperature of one pound of air l'F.
The specific heat of air is .24 Btus/Lb/Deg F.
The weight of air is derived from the definition of standard air, which is one
pound of dry air at 70°F, which occupies 13.34 cubic feet, one cubic foot has a specific
density (weight) of .075 at atmospheric pressure of 14.7 psia or 0 gage, at sea level.
Now that we know what the specific heat of air and the specific density or weight
of standard air is, we can compute the CFM required for each room by using the formula:
CFM =

Room Heat Load (Btus/HR)
1.08 X TD

Room load will be found during heat load estimating normally done by engineers.
The temperature difference (TD) would depend on the design conditions.
The 1.08 is
derived from multiplying the weight of one cubic foot of standard air (.075) times the
specific heat of air (.24).
This will give you the amount of heat the air is capable of
absorbing in one minute. We then multiply this times the number of minutes in one hour
(60), which gives us our 1.08, the heat absorbing capability of air in one hour. Then
by multiplying times our design temperature difference then dividing into our room load
will give us our Cubic Feet Per Minute (CFM) required to maintain desired room
temperatures.
QUESTIONS
1.

What must be known to determine the proper air quantities to each room?

2.

What is the formula for computing the CFM required for each room?
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all that
Now that you know something concerning the air distribution system, become a long
Easier
said
than
done,
but
this
could
remains is to balance the system.
room air volume, you can then
and tedious process. By using the formula for determining
Start with that room and work your
highest
heat
load.
start with the room that has the
This process may require repeating more than
way to the room with the lowest heat load.
Remember,
once
you change the air flow in one room, this
times.
one, two, three or more
Continue
the process until the required CFM
will affect the air flow in another room.
per room is reached.

QUESTIONS
1.

Which room do you start with to adjust the CFM air in each room?

2.

How many times is this process repeated?

3.

another room is
What will be the affect of airflow in one room if the airflow in
changed?

Read the
You have completed the directed study in preparation for Day 37.
in class.
to
discuss
the
information
tomorrow
following paragraphs and be prepared
ventilation is
There is a definite need for supplying fresh air where natural
fumes
from
a
building
or
process
and discharge
insufficient; to remove heat, vapors, or
air, providing
and
remove
dust;
and
to
circulate
it into the atomsphere; to collect
these systems which
"comfort" to individuals. You will be responsible for maintaining
supply this fresh air.
This
ducts.
The biggest problem in these systems is excessive leakage in air
trunk lines, or duct
off
of
supply
air
plenums,
main
happens most often when ducts fall
outlets.
deformation; leakage
Inspect ducts periodically for the following conditions:
in ducts (most
doors,
broken
joints,
holes
worn
losses caused by loose clean-out
of material, such
connections
to
fans;
and
accumulations
frequently in elbows), and poor
the interior of ducts. Repair
condensation
of
oil
or
water
vapor,
on
as dirt, lint, and
or replace defective ducts or duct connections. Clean ducts annually.

PREPARATION FOR DAY 37.
YOU RAVE COMPLETED THE DIRECTED STUDY AND HOMEWORK ASSIGNMENT IN
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas
WATER PUMPS

OBJECTIVE
To familiarize you with basic facts about centrifugal water pumps, their installaAlso, to provide you with basic facts related to
tion, operation and maintenance.
cross-connaction/back flow prevention.
INTRODUCTION

The installation and maintenance of centrifugal pumps are your responsibilities.
To properly maintain an enclosed chilled water system, one must be able to service the
The pump moves the chilled water through the system. You will also
,lentrifugal pump.
'oe called upon to service the centrifugal pumps used to circulate water in a cooling
tower condensing system.
Complete directed study, Engineered Performance Standards (pamphlet will be
furnished by your instructor) and be ready to pass a written criterion on this material
on Day 38.
Then begin here for homework study to be completed prior to Day 38.

Centrifugal Pumps
In the single-suction
Centrifugal pumps may be either single- or double-suction.
In the double-suction type,
pump, the water enters from one side of the impeller only.
Centrifugal pumps may also be classified
the water enters the impeller from both sid.3s.
as single or multiple stage. By staging, we mean the number of impellers the water must
In a three-stage pump, the first
go through before it goes to the outlet of the pump.
impeller would pick up the water, put it in motion and discharge it to the inlet of the
The second impeller adds more motion to the water and passes it along
second impeller.
and discharges
to the third impeller. The third impeller adds more motion to the water
By using three or more stages, it is possible to lift
it to the outlet of the pump.
water 100 feet or more.

QUESTION
1.

Where does the water Enter the double-suction type centrifugal water pump?

2.

How high can water be lifted using the three stage centrifugal water pump?

3.

What clos staging mean?

Most centrifugal pumps used in refrigeration work are of the single-suction,
single-stage type.
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Principle of Operation

The centrifugal pump utilizes the
throwing force of a rapidly revolving
impeller. The liquid is pulled in at the
center of the impeller and is discharged
By the
at the outer rim of the impeller.
time the liquid reaches the outer rim of
the impeller, it has acquired a
considerable velocity. The liquid is
then slowed down by being led through a
volute (a gradually widening channel in
the pump casing). See figure 20.
As the
velocity decreases, the pressure
increases.
It is this pressure which
enables the pump to move the liquid.

Figure 20.

Simple Centrifugal Pump

QUESTIONS
1.

How is the water or liquid brought in and discharged in the centrifugal pump
operation?

2.

What is a volute?

Maintenance of Centrifugal Pumps
Never run a centrifugal pump dry, because liquid is necessary to lubricate the
internal surfaces. Never throttle the pump suction to regulate the flow of water,
because cavitation will result.
Do not permit the pump to stand idle for long periods
It should be operated at least once a week. The following paragraphs discuss
of time.
preventive maintenance inspection and pump maintenance reciLirements pertinent to
centrifugal pumps.
DAILY REQUIREMENTS. Each day, you should inspect the centrifugal pump for abnormal
noise and vibration; abnormal pressure and flow cosditions; excessive or inadequate
packing leakage (water-cooled bearing); hot bearings; and hot stuffing box.
SEMIANNUAL REQUIREMENTS. Every six months, you should check alignment of the pump
and driver with the unit at a standstill and normal operating temperature; check shaft
sleeves for scoring; replace packing by cutting the packing diagonally and stagger
pieces installed around the shaft, if required; drain the oil from oil-lubricated
When adding grease, remove the drain plug or
bearings.
Do not overgrease the bearings.
use a safety fitting to prevent overgreasing.
ANNUAL REQUIREMENTS. On a yearly basis, the pump is dismantled, a complete
inspection is performed, and the following requirements are satisfied. Check the
wearing ring clearances according to the manufacturer's instructions; diametral
clearance between 0.005 and 0.025 inch is usual. Examine bearings for wear, check
.qearances according to manufacturer's instructions, and overhaul, if necessary. Check
ahaft for scoring, corrosion, or wear at the seals, and also for proper alignment.
Check impellers for corrosion, erosion, or excessive wear.
Check and calibrate pressure
gages, thermometers, and flowmeters.
Inspect suction and discharge strainers.
QUESTIONS
1.

2.

Why should you never run a centrifugal pump dry?

What should he done when adding grease?
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3.

What should impellers be checked for?

Installation

A concrete fouwdation must be laid before a centrifugal pump can be installed.
Figure 21 shows the concrete foundation that is necessary to provide a strong enough
base to withstand pump vibration and maintain alignment of the pump and motor. A
one-inch clearance should be left between the foundation and the pump base. This is
A washer is
done to allow movement of the bolts and to align the pump and the motor.
The bolts
placed between the head of the bolt and the Ope to hold the bolt in place.
should be long enough to stick up through the nut after the pump has been installed.
Wedges are placec near the center of the motor and pump, sometimes near the middle of
the bedplate. The wedges provide for the leveling of the bedplate and proper clearance
for grouting.
QUESTIONS
1.

Why must the concrete foundation be strong?

What should the clearance be between the foundation and the pump base?

LEAVE

TO 116 UND R BEDPLATE FOR GROUT

GROUT

CONCRETE FOUNDATION

LEAVE TOP OF FOUNDATION ROUGH, AND WET BEFORE GROUTING.

Figure 21.

Pump Foundation

Tighten the foundation bolts evenly and finger-tight after the wedges have been
Final tightening of the foundation
Be sure the bedplate is still level.
bolts is made after the grout has set for 48 hours.
adjusted.

Removal

The pump and motor wasembly may be removed after removing the nuts from the
If only the motor or pump is to
Lift the assembly from the bedplate.
foundation bolts.
be removed, unfasten the hold-down bolts on either one. Disconnect the coupling and
lift the unit out.
QUESTION
flow long should grout be allowed to set before final tightening is accomplished?
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INSTALLATION OF THE FLEXIBLE COUPLING
Steelflex Coupling
Remove the
They are referred to as halves.
The coupling comes in two pieces.
motor hold-down bolts and slide the motor back to increase the distance between the
Slide one of the hslves on the pump shaft and the other on
motor and the pump shafts.
The slot key is used to position the two halves. Tighten the
the motor shaft.
setscrews to hold the halves in place. The halves are pushed together by remounting the
Press the steelflex spring into place around the coupling halves as shown in
motor.
Install the halves in the rubber
The coupling cover comes in two pieces.
Figure 22.
retainers and bolt them together.

Spider Insert type Coupling
Before installing this coupling, the motor hold-down bolts should be removed and
the motor pushed back to make enough clearance to ftstall the coupling halves, one of
A rubber grommet is
each shaft. The halves may he secured on the shafts by setscrews.
placed between the halves as the motor is being installed and the halves arc being
pulled together.
QUESTIONS
1.

What are two types of couplings?

2.

How are the halves secured on the shafts using the spider insert type coupling?

3.

On the steel flex coupling, what is used to position the two halves?

71-173
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Figure 22.

Steelflex Coupling
3-4

432

The motor and pump halves can be
brought into alignment by adjusting the
wedges and tightening the pump and motor
Check the gap and
hold-down bolts.
The
angular alignment on the coupling.
coupling shown in figure 23 is the "spider
The normal gap is
Insert" type.
one-sixteenth of an inch. The gap is the
difference in the space between the
coupling halves and the thickness of the
Angular alignment, a bend
spider insert.
in the coupling, may be checked by using
calipers at four points on the outer ends
of the coupling hubs, at 90° intervals as
shown in figure n3.

Figure 23.

Checking Angular
Alignment

When the measurements show the ends of the coupling hubs to be the same distance
apart at all four points, the unit will be in angular alignment. The motor hold-down
bolts are loosened and the motor shifted or shimmed to obtain gap and angular alignment.
The bolts are tightened down after the adjustments have been made.
Alignment of the pump and motor through the flexible coupling is very Important for
trouble-free mechanical operation. The following steps must be followed to start
alignment of pumping unit:
Tighten the foundation bolts.

Tighten the pump and motor hold-down bolts.
Check the gap and angular adjustment.
QURSTIONS
1.

How is the gap determined?

2.

What is the normal gap?

Stuffing Boxes and Packing
In repacking be sure that sufficient packing is placed back of the lantern ring so
that the liquid for sealing is brought in at the lantern ring and not at the packing
(figure 24).
LANTERN RI NG
PACKING GLAND

r ,

ta6'D4mf.r.".'67.)006.iitotmitmwozormontgov-Re

ZI*010.4:0XleaVt10. ANk`tAVOMANZWA .

NO:na-",M-toe.9*,:

SHAFT
SHAFT
SLEEVE

P ArKING
INGS

Figure 24
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The piping supplying the sealing liquid should be fitted tightly so that no
On suction lifts, a small quantity of air entering the pump at this point
air enters.
may result in loss of suction.
If the liquid pumped is dirty, gritty, or is acidic; sealing liluid should be piped
to the stuffing boxes from a clean outside source of supply in order to prevent damage
to the packing and shaft sleeve.
Packing should not be pressed too tight, as this may t'sult in burning the packing
A stuffing box is not properly packed if friction in the
and scoring the shaft sleeve.
box is so great that the rotor cannot be turned by hand.
Always remove and replace all of the old packing. Do not re-use some of the old
If, for instance, the outermost accessible rings
rings because they "look" all irEHt.
only are replaced, then they will be the only rings compressed when the gland is
Consequently, the new rings will have to do all the work of sealing the box
tightened.
and accelerated packing will result. The old rings, having been previously compressed,
will move as a unit and fail to provide any sealing effect.
It consists
To remove packing, a puller, as illustrated in figure 25, can be used.
of a short corkscrew section, on the end of a piece of flexible wire, attached to a
If the packing should break up while being pulled out, all the broken pieces
handle.
should be removed so as to have a clean and clear box before inserting the new packing.
A small piece left in the box will make it impossible to repack the pump properly.

QUESTION
Why must all of the old packing be removed?

Figure 25

If the new packing is slightly large, never attempt to flatten it with a hammer.
Place the packing on a clean flat surface and roll it with a piece of pipe until the
thickness is such that a slight effort is required to push it into the box.
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When placing a ring over the shaft, do not pull the ends apart.
shaft as shown in figure 26.

Twist it over the

Figure 26

Perferably, this may be done
The rings should be tapped individually into place.
wood which tits over the
with a dummy gland which can be a split sleeve of metal or
that of the stuffing box
be
slightly
smaller
than
The outside diameter should
shaft.
packing gland.
be
pushed
into
place
using
the
The last few rings may
bore.
ring is installed (180° apart
The packing ring joints should be staggered as each
for
three
rings,
etc.).
for two rings, 90° apart
when the packing is compressed it lines
The lantern ring must be installed so that
When
unpacking the box, the arrangement of
Note:
up with the cooling liquid opening.
and
in front of the lantern ring, and
the gland, the number of packing rings behind
repack in the same arrangement.
been firmly tightened with the
When the box is fully packed and the last ring has the
Then back off the
packing.
few
times
by
hand
to
"Glaze"
gland, rotate the shaft a
This
allows
the
packing
to
expand as it
gland nuts and retighten finger-tight only.
warms up.
personnel
Many pump failures occur because inexperienced maintenance
Important.
gland
stop
it
by
tightening
the
observe riquid dripping from a gland and endeavor to
The packing then becomes
leakage
is
stopped.
For a very short period the
bolts.
must be shut down.
overheated and burns or scores the shaft sleeve and the pump
times
packings is that they be lubricated at all
A fundamental requirement of allWhen
adjusted
and
the
packing
the gland is properly
and this requires constant leakage.
minute are necessary, but it is
has been "run in," only a few drops of leakage a
Three
to
six
drops
is
desireable.
essential.

QUESTION
the shaft sleeve?
What causes overheating of packing and burns or scores on

that it remains square to the
Care must be exercised in tightening the gland so
the gland bolts alternately only a slight
This
is
done
by
tightening
shaft sleeve.
amount at a time.
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If this is not done, shaft sleeves may be scored by contact with the inner edge of
the gland bore, and the scored area could lead to rapid packing failure.
Water Pump Operation
Your duties may require you to check pumps for correct operation.
listed items will be helpful to determine the proper operation.

The following

Check for:
o

Proper pump rotation

o

Correct pump water pressure (See manufacturer's specification)

o

Excessive motor and bearing temperatures

o

Excessive vibration due to loose mounts

o

Sealed suction intake

o

Proper drip from packing (3-6 drops per minute)
PUMP DISASSEMBLY/REASSEMBLY

Single Suction Pumps.

Refer to figure 27.

1.

See coupling manual for coupling disassembly.

2.

Drain suction and discharge lines and pump casing.

3.

Remove suction and discharge piping from pump flanges.

4.

Remove bolts and dowel pins from pump feet.
plate for bench work if so desired.

5.

Remove cap screws holding suction cover (Part 9) to casing (Part 1) and pull
If suction cover cannot be removed by hand,
suction cover straight out to remove.
screw in the two square head jack screws in the suction cover flange.

6.

Screw out impeller screw (26).
impeller key (32).

7.

Remove packing gland nuts and pa.Aing gland (17). Packing gland is split type and
can be removed from shaft. Pull out front packing (13)--see STUFFING BOXES AND
PACKING--and slide lantern ring (29) back against deflector (38). Remove balance
of packing.

8.

Remove cap screws holding casing (1) to bearing base (19). Casing is now free to
Take care not to score shaft sleeve (14) when casing is taken off.
be removed.

9.

Slip shaft sleeve (14), lantern ring (29), deflector (40) and shaft sleeve gasket
(38) from shaft.

10.

Remove cap screws from bearing cover--inboard (35 and bearing cover--outboard
Remove bearing covers.
(37).

11.

Shaft (6)
base (19)
SASE.
If
equipment

12.

If bearings do not slip off shaft after removal from bearing base, use same
precautions for removal as mentioned above. BEAR ON INNER RACE ONLY!

13.

Wrap bearings immediately in cl..lan waxed paper or clean lint-free rags.

Pump may now be removed from base-

Remove impeller washer (69), impeller (2) and

and ball bearings (16 & 18) may now be PULLED (or PUSHED) from bearing
in either direction. DO NOT HAMMER SHAFT AND BEARINGS FROM BEARING
difficulty is encountered in removal, use an arbor press or similar
BEAR ON OUTER RACE ONLY!
to obtain larger forces.

3-8
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Figure 27.

1

2
G

9
13
16
17
18
19

Single Suction Centrifugal Pump
26
29
32
35

Casing
Impeller
Shaft*
Suction Cover
Packing*
Bearing-Inboard*
Packing Gland*
Bearing-Outboard*
Bearing Base*

37
38
40
G9
73

Impeller Screw*
Lantern Ring*
Impeller Key*
Bearing Cover Inboard*
Bearing Cover Outboard*
Shaft Sleeve Gasket*
Deflector*
Lockwasher*
Casing Gasicet

*Indicated interchangeability among single suction pumps.
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ASSi..MBLY PROCEDURE

Single Suction Pumps.
The assembly procedure is directly reversed from the
disarsembly procedure, with the following precautions:
1.

The ball bearings should be given an ample coating of grease or oil just prior to
assembly.

2.

Push the bearings onto the shaft, pushing against the inner raceway.
hammer on the bearings!

3.

For best service, use new gaskets (38 & 73).
To prevent casing gasket (73) from
sticking to flanges, coat flanges with mixture of flake graphite and motor oil.

4.

Draw flange bolts up slowly and evenly.

5.

Follow directions in STUFFING BOXES AND PACKING when repacking pump.

6.

Check coupling alignment carefully.

Do not

See COUPLING ALIGNMENT.

Since pumps are subject to malfunction, it is necessary to be familiar with the
commonly encountered types of pumps ard to be able to perform maintenance on them.
You have completed the first part of directed study in preparation for Day 38.
Read the following paragraphs ana be prepared to discuss the information tomorrow in
class.
Directed study continued on page 4-1.
Cross-connection Control Terms.
Understanding various terms Lnd their usage, as related to cross-connection
control, is basic to the understanding of the program and the health of personnel using
Air force facilities and water systems.
AIR GAP (AG) SEPARATION. The unobstructed vertical distance through the free
atmosphere, between the lowest opening from any pipe or faucet supplying water to a
tank, plumbing fixture, or other device at the flood level rim of the receptacle. An
approved air gap separation must be at least double the diameter of the supply pipe,
measured vertically above the top rim of the vessel--in no case less than I inch,
APPROVED SOURCE.
"Approved," as used herein in reference to a water supply, means
a water supply that meets those quality criteria stated in AFR 161-44, or that meets the
State criteria if more stringent.
AUXILIARY SUPPLY. Any source or system other than the primary potable water supply
that must be available in the building or on the premises.
BACKFLOW. The flow of water or other liquids, mixtures, or substances into
di:-.Aributing pipes of a potable supply of water from one or more sources, other than the
intended source.

BACKFLOW PREVENTER.

A device or means to prevent backflow.

BACKPRESSURE.
A positive pressure placed on any Jownstream component of a system
relative to any upstream component.

BACKSIPBONAGE.
of a water system.

Backflow resulting from negative pre:sure in the distributing pipe

CERTIFICATION.
The pregram to identify the training and minimum level necessary
for proper inspecting, testing, monitoring, maintaining, and repairing of blackflow
devices.

CONTAMINATION. Food and/or water aide unfit for consumption by humans or r,nimals
because of the presence of environr.:ntal chemicals, radioactive elements, bacteria or
organisms, the by product of the growth of bacteria or organisms, and the decomposing
material (to include the food substance itself) or waste in the food or water.
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CROSS-CONNECTION. A connection or arrangement of piping or appurtenances through
which a backflow coUld occur.

DOUBLE CHECK (DC) VALVE ASSEMBLY. An assembly composed of two single independently
acting check valves, including positive shutoff valves located at each end of the
assembly and suitable connections for testing the water tightness of each check valve.

Any pipe that carries waste water or water bearing waste in a building
DRAIN.
drainage system.
EXTERNAL PROTECTION.
to a building.
FLOOD LEVEL RIM.
overflows.

A backflow preventer installed on a water service supply line

The edge of the receptacle or lowest level from which water

HEALTH HAZARD. Any condition, Including faulty operating conditions, devices, or
water treatment practices, that may have or create undesirable effects on the user's
health.

The pressure vessel in which air pressure acts upon the
HYDROPNEUkATIC TANK.
surface of the water contained within the vessel, pressurizing the water distribution
piping connected to the vessel.
INTERNAL PROTECTION.
line within the building.

A backflow preventer installed on equipment water service

The open end of a water supply pipe from which the water is discharged
OUTLET.
into the plumbing fixture.
An installed receptacle, device, or appliance supplied with
PLUMBING FIXTURE.
water or that receives or discharges liquids or liquid-borne wastes.
Includes the water supply and distribution pipes; plumbing
PLUMBING SYSTEM.
fixtures and traps; soil waste and vent pipes; building drains and building sewers,
including their respective connection devices and appurtenances; and water treating or
water using equipment.
POLLUTION. The addition of sewage, industrial waste, or other harmful or objecA general term that does not necessarily signify the
tionable material to water.
presence of disease-producing bacteria.

Water from any source that has been investigated by the health
POTABLE WATER.
jurisdiction and that has been approved for human consumption.
An assembly of diffential
REDUCED PRESSURE (RP) PRINCIPLE BAcKFLOW PREVENTER.
valves and check valves, inc/uding an automatically opened spillage port to the atmosphere, designed to prevent backflow.
SANITARY DEFECTS. Conditions that may permit the contamination of a water supply
Examples include connections to water supplies that are not
during or after treatment.
safe, low water by-passes in treatment plants, plumbing fixtures that are not properly
designed and installed, or leaking water and sewer pipes in the same trench.

SUBMERGED WATER PIPES. A water pipe or extension thereto from a public water
supply terminating in a tank, vessel, fixture, or appliance that may contain water of
questionable quality, waste or other contaminant, or that is unprotected against
backflow.

The receiving, nonpressure vessel forming part of the air gap
SURGE TANK.
separation between a potable water supply and an auxiliary supply.
VACUUM.

Any pressure less than that exerted by the atmosphere.

VACUUM BREAKER (ATMOSPHERIC) (AVB).
subjected to static line pressure.
VACUUM BREAKER (PRESSURE TYPE) (PVB).
conditions of static line pressure.

A vacuum breaker designed so as not to be
A vacuum breaker designed to operate under
3-11
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BACKFLOW PREVENTION PROGRAM
Approved Devices
GENERAL INFORMATION. All backflow prevention devices and assemblies used on Air
Force installations must be devices that have been tested and approved by the National
Foundation for Cross-Connection Control and Hydraulic Research, University of Southern
California. The air gap is a device that is an exception to this list; however, all air
gap installations must be as stated within this manual.

Approved Applications
Approved backflow devices must be installed based on
CLASSES OF BACKFLOW DEVICES:
the degree of the hazard. These hazards are divided into three classes, which are
defined below:
If a backflow were to occur, the resulting health
Class I--Low Degree .)f Hazard.
significance would be limited to mincr changes in the esthetic quality, such as taste,
odor, or color. The foreign substance must be nontoxic and nonbacterial in nature, with
no significant health effect.
Class II--Moderate Degree of Hazard. If backflow were to occur, the resulting
The
effect on the water supply would be significant changes in esthetic qualities.
foreign substance must be nontoxic to humans.
If a backflow were to occur, the resulting
Class III--High Degree of Hazard.
The
effect on the water supply could cause illness or death if consumed by humans.
foreign substance may be toxic to humans either from a chemical, bacteriological, or
Effects of these contaminants may result from short- or
radiological standp3int.
long-term exposure.

Devices that protect the potable water supply from these hazards are listed in
The terms contamination, pollution, backpressure, and backsiphonage are
figure 2-28.
explained in earlier paragraphs.
Allowed Approved Devices

Degree of Hazard
Class I

Air Gap
Atmospheric Type Vacuum Breaker
Pressure Type Vacuum Breaker
Double Check Valve Assembly
Reduced Pressure Principle Device

Class II

Air Gap
Double Check Valve Assembly
Reduced Pressure Principle Device

Class III

Air Gap
Reduced Pressure Principle Device

An approved air gap may be used under any and all conditions
Air Gap.
of hazard and pressure conditions.
Pressure and atmospheric vawlum breakers are primarVacuum Breakers.
ily in-plant or end-of-service lL.e solutions to a cross connection.
They are not used in water service connections. They are placed at the
end of a line, and at fixtures or equipment that discharge to atmospheric pressure. These do not protect against backpressure, only
against backsiphonage. There must be no valve downstream from an
atmospheric type vacuum breaker.
Reduced Pressure Principle Device. This device protects against both
backpressure and backsiphonage and can be used for any degree of
hazard.

This device works in a backpressure or
Double Check Valve Assembly.
backsiphonage mode. This device neither discharges water, nor does it
provide a visual sign of backflow or unit malfunction. Therefore, it
does not offer the degree of protection provided by the reduced pressure
principle device.
Figu'- 28.

Allowable Devices
3-12

440

Installation Practices
GENERAL INFORMATION. The selection of proper devices is very important. However,
having the proper device on the connection is not sufficient; the device must be
installed correctly.

Before installing any device, the pipeline should be thoroughly flushed to remove
any foreign material.
If the approved device does not have shutoff valves, valves should be installed on
each side of the device, so the device can be maintained and tested. A 1/4-inch test
cock must be installed on the inlet side of the inlet shutoff valve.
Devices must be installed according to manufacturer's instructions.
Devices must be installed in an accessible location, with ample clearance to aid in
testing and maintaining the device.
Discharge from reduced pressure principle devices' relief valve must not be into
The minimum clearance above floors or grade is needed to insure an
sumps, drains. etc.
air gap between the relief valve and any water that might puddle beneath the device.
The maximum height is needed so that the device can be easily maintained and tested.
Devices should be protected from freezing in a protective insulated enclosure or
In extremely cold areas, some form of heat should be
installed within the guilding.
provided within the enclosure.
REDUCED PRESSURE (RP) PRINCIPLE DEVICES. Figure 29 shows the proper installation
of an RP device on a building service connection. The RP device can also be used for
internal protection.

Side View

Protective
Enclosure

Vww
IPf otettivt..
Endo:an t2

30" Max
12" Min.

30" Max!

Water Mete

12" Mtn

Top View
Tun View

Milt., Mete, 11.22

!"."

24" Min

Mut

TT
P4"Min

_L

Figure 29.

Installation of a Reduced
Pressure Principle Device

Figure 30.

Double Check Valve

Figure 30 reflects a typical installation of a double check
DOUBLE CHECK VALVE.
This device can also be used for internal protection as
valve on a service connection.
Minimum
and
maximum
distances
are the same as that for the RP device.
well.
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PRESSURE VACUUM BREAKER (PVB). The pressure vacuum breaker cannot be installed
where there can be backpressure, only where there can be backsiphonage. The pressure
vacuum breaker can have shutoff valves downstream of the device. The pressure vacuum
breaker must be installed at least 12 inches above the highest outlet or, if it is
feeding an open tank, at least 12 inches above the highest overflow rim of the tank.
Figure 31 reflects a typical installation on a lawn sprinkler system.

Any
Shut-Clt IN,Atnf.ltn.tro 91 II

tJote Unit Cannel I

Pram,.
Vacuum
Braakar

.

i I

E Mn,rnjm Above

I?" Minimum Above
Me I lighcsl Outlet

High,,zt Outlet

Hose Bib -4'

Ltdzii Lit

7f4P

t

I. stardNuialitil keiBIZACJPIaidiAtli iajai

4-..r
Flow

Flow

Figure 31.

Figure 32.

Pressure Vacuum
Breaker

IL'.

it;

;LALA.

rl

r

Atmospheric Vacuum Breaker.

Just as the pressure vacuum breaker, the
ATMOSPHERIC VACUUM BREAKER (AVB).
atmospheric vacuum breaker canlot be installed where there can be backpressure, only
where there is backsiphonage. The AVB cannot have any shutoff valves downstream of it.
It must be installed at least 6 innhes above the highest outlet or the topmost overflow
rim of a nonpressure tank. Figure 32 reflects a cypical installation on a sprinkler
system.

AIR GAP. An air gap shown if figure 33 is the physical separation of a potable
water system supply line and the flood rim of an open receiving tank. The gap must be
at least two times the diameter of the supply pipe, but not less than 1 inch.

SECONDARY
WATER SUPPLY
PUBLIC WATER
SUPPLY SERVICE

ESL__

OVERFLOW

',rtl`

PUMP
Figure 33.

Safe Air GapGround Level Tank
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TO PLANT
SYSTEM

Critical potable water supplies should have
BATTERY PARALLEL INSTALLATION.
Figure 34
parallel installation of the proper approved backflow prevention device.
This
reflects the installation of parallel, reduced pressure principle prevention.
This
avoids interruption to the water service when maintenance or testing is required.
type installation also provides a higher flow capacity than provided by one backflow
preventer.

Typical Cross Connections
Cross connections are possible in all buildings where
GENERAL INFORMATION.
In this
fixtures, devices, and equipment are connected to the potable water supply.
section, some typical cross connections are described; however, there are many
circumstances particular to Air Force operations that lend themselves to this potential
hazard, which are not covered.
SPRAY HOSE IN SINK. This type of cross connection is commonly found in hospitals,
kitchens, and janitor closets. A hose or tube is connected to the faucet on the sink
(figure 35). When the faucet is left running, a loss of pressure of the supply main can
siphon this used fluid back into the potable water system.

Figure 34.

Figure 35.

Parallel Installation

Spray Hose in Sink

At many Air Force installations that use chemically treated
SUBMERGED INLETS.
If there is
baths, the makeup water line runs directly into the tank (figure 36.)
backsiphonage, toxic chemicals can be sucked back into the potable water system.
but it is those things that people do with
HOSE BIBS. A hose bib seems
In figure 37, a man is trying to blow a stoppage out of
the hose that create problems.
a sewer line, but with a sudden drop in the line pressure, this contaminated water can
be back siphoned into the potable wgter system.

On a large number of lawn sprinkler installations, the sprinkler
LAWN SPRINKLER.
head is below the ground surface (figure 30). Water that may have been in contact with
fertilizers and weed killers can then be backsiphoned through a leaky valve into the
potable water system.
The need for cross-connection control may exist anywhere, whether industrial or
residential. Backflow prevention devices help protect personnel, by preventing potable
water contamination or potable water pollution in critical water supply systems.

443
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Submerged Inlet

Figure 37.

Figure 38.
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Hose Bibs

Lawn Sprinkler
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas
AIR CONDITIONING MAINTENANCE
OBJECTIVE

Familiarize you with the maintenance required for air conditioners.
INTRODUCTION

Maintenance of air conditioning systems involves preoperational checks, servicing,
operation and correcting problems that develop.
Preoperational Checks

Preoperational checks should be performed on air conditioning equipment after it
has been shut down for the heating season. Too often air conditioning equipment has
been started before proper checks have been made, resulting in equipment damage.
Check the condenser for cleanliness, condition of fins (air cooled), enough
ventilation (air cooled), and proper amount of water flow (water cooled). The
evaporator should be checked for the same problems.
Check the fan motors for proper lubrication, secure mounting and correct alignment.
The fans should be checked for correct alignment, security on shafts, proper fan clearance and cleanliness.

The condensate drain should be checked very carefully to ensure there is no
When a condensate drain stops up, very serious iroblems to other equipment,
clogging.
within system, could result.
The power supply should be checked to ensure proper voltage is supplied to unit.
Most air conditioning equipment requires its own source of power because this equipment
has high amperage draws. Therefore, it is not safe to install other equipment or
appliances in the same circuit.
QUESTIONS
I.

What could happen to equipment when there is no preoperational check?

2.

What should the condenser be checked for?

3.

The fan motors should be checked for

4.

What could result if a condensate drain was stopped up?

5.

Why should A/C equipment have its own source of power?

Now that the preoperational checks on the unit are completed,
CHARGING PROCEDURES.
your next job may be to charge the unit with refrigerant. Always pressure check the
unit for leaks, and evaluate before attempting to charge the unit. The ambient
temperature method of charging will be discussed here. With this method, you will
To
continue to charge the unit until a predetermined condensing pressure is reached.
calculate the operating condensing pressure at which the unit will be considered to be
The ambient temperature must be known,
fully charged, two factors must be determined.
and the condenser cooling medium (air or water) must also be known.
QUESTIONS
1.

Define the ambient temperature method of charging an air conditioning unit.

2.

What two factors must be known to calculate the operating condensing pressure?

To calculate the operating condensing pressure on a forced air cooled condenser,
first determine the ambient temperature at the condenser (example 90°F). Add the
condensing factor which is 30°F for forced air cooling or 25° for water cooling (90°F +
30°F).
Convert the total temperature to refrigerant pressure. This can be done using a
pressure-temperature chart, or the pressure-temperature scale on the discharge gauge of
your manifold gage assembly (120° = 259.9 psig R-22).
QUESTION

Determine the operating condensing pressure of an R-22 forced air coded unit with an
ambient temperature at the condenser of 85°.
Now that you know what the operating condensing pressure should be you can vapor
charge the unit through the low side, until that pressure is reached.
YOU KAVE COMPLETED THE DIRECTED STUDY AND HOMEWORK ASSIGNMENT IN PREPARATION FOR DAY 38.

START HERE FOR THE DIRECTED STUDY ASSIGNMENT TO BE COMPLETED PRIOR TO DAY 39.
OPERATION OF WINDOW UNIT
Condenser pressure and temperature should be monitored to ensure unit is accurately
charged and functioning properly.
Care should be taken because excessively high
pressures and temperature could result in equipment damage and/or danger to personnel.
The
Evaporator pressures and temperatures should,be monitored perioeically.
biggest problem to consider with evaporators is freeze-up, which is caused by low
temperatures and pressures.

QUESTIONS
1.

What could damage equipment or tnjure personnel when monitoring condenser
operation?
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2.

What is the biggest problem to consider with evaporator pressure?

Air leaving the evaporator must obviously be at a lower temperature than the room
This temperature difference (air entering coil vs
temperature to effect any cooling.
air leaving coil) is usually between 15 and 20 degrees. This is initially a design
problem, in which the objectives are to supply sufficient cool air to take care of the
heat load and to keep air velocities down to the point where objectionable drafts and
noises will be prevented.
QUESTION
What is usually the temperature difference between air leaving and air entering
the evaporator?

When an air conditioning system is operating, the amperage draw of the compressor
should be taken. With the system under a full load, compressor amperage draw should
approximate compressor full load amps. The manufacturer of the unit determines the full
load amp draw of the compressor. This is determined when the unit is placed under the
If the compressor is drawing more than full load amps, there
desired design conditions.
may be a problem in the system.
NOTE:

Remember, while working on the window units in the lab, the units are
not under a full load. The amp reading you get will be 20 to 30
percent less than compressor full load amps. Full load amps (FLA) is
the amp draw of the compressor under full load at design temp.

QUESTION
What is full load amps (FLA)?

After the air conditioning system has been operating for a while (5-10 minutes),
A fully active evaporator is reached when the
the evaporator should be fully active.
entire evaporator surface is obsorbing heat. We can determine this by placing our hand
at different locations on the evaporator and feeling the temperature. This temperature
should be about the same in every location. When there is high humidity and the entire
evaporator is sweating this is another indication of a fully active evaporator.
What is a fully active evaporator?

There are two areas of trouble to consider when troubleshooting an air conditioning
They are the refrigeration system and the electrical system.

system.

The refrigeration system has its problems within the closed portion of the system.
Troubles inside the unit may include:
1.

Lack of refrigerant

2.

Stuck compressor

3.

Inefficient compressor

4.

Clogged refrigerant circuit
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The electrical system includes all the controls and fan motors which are located
externally.
Some of these items are:
1.

Faulty T-stat controls/motor controls

2.

Faulty switches (push button or rotary)

3.

Faulty capacitors (shorted or open)

4.

Bad relays

5.

Bad fan motors (bad motor windings and/or bearings)

In almost all of the above electrical troubles, you would have to remove and
replace each faulty item.
Safety:

Be very cautious when working on
systems when power is applied
because of the electrical shock
hazard.

QUESTIONS
1.

What are the two main areas for troubleshooting air conditioning systems?

2.

Name three problems that can be found within refrigeration systems.

3.

Name one problem an electrical system could have.
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas
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COOLING TOWERS, WATER TREATMENT AND EVAPORATIVE CONDENSERS
OBJECTIVE

Familiarize you with the operating principle of cooling towers, purpose of bleed
off, make-up water and methods of capacity coatrol.
INTRODUCTION

Cooling towers are used to cool water. The recirculated water is in turn, used as
the cooling medium to transfer heat from refyigeration condensers. This then is the
primary function of all cooling towers.
Cooling Towers

The purpose of cooling towers application is to conserve water. This is not too
difficultT5aaerstand if we realize that thousands of gallons of water are circulated
"Once through" water, because of cost or regulation, is
through the condensers each day.
prohibited.

This in turn presents several operating and maintenan.
QUESTION
What is the purpose of a cooling tower?

Principles of Operation
The basic principle that all cooling towers are based on is evaporation, or
How is evaporation effect used to cool water? The principle is based on
vaporization.
the law of heat flow--hot to cold--and the change of state in a substance--a liquid
changing to a vapor is referred to as evaporation. When air mclecules and water
molecules come in contact there is heat transfer (sensible heat), from the water to the
Cooling towers are designed to operate under specific conditions, and the wet bulb
air.
temperature of the air. That is, the tower can only cool the condenser water to within
the approach temperature. For example, a cooling tower has an approach temperature of
10°F and a condenser water temperature set at 70°F. Now on a particular day the wet bulb
temperature increases to 75°F. The tower will only be able to cool the water to 85°F.
The term "approach" is used to indicate cooling tower capacity.
(wet bulb temperature) + (approach temperature) = (water temperature)

75°F + 10°F = 85°F

(85°F return water from cooling tower)

QUESTION

What principles are all water cooling towers operate on?

It is important to gain an understanding of this principle of operation, to allow us
to function as operators and maintenance crews in the Civil Engineering field.
In another section we will learn some of the factors which affect cooling towers
(Troubleshooting)
efficiency.

Types of Cooling Towers

Cooling towers can be grouped in two basic types, natural draft and forced draft.
These basic types can turther be classified on the basis of air flow in relation to water
flow.

A cooling tower is an enclosed device, designed for the evaporative cooling of water
by direct contact with the air.
NATURAL DRAFT. A natural draft cooling tower is lependent on its design features
and atmospheric conditions, wind velocity, wet bulb temperature and other conditions
which can not be controlled, to affect the cooling process.

Natural draft towers must be located in a position where the natural flow of air is
not obstructed. Air flow should be 3 to 5 mileG per hour.
The rate of water flow is
usually set at a rate of 5 gpm per ton of refrigeration.
A basic cooling tower (figure 13)
consists of water spray, a collecting
pan, drain connections, and a structure
of louvers or so!ici panels which fcrm an
enclosure or spra: chamber.
A pump is
provided for the recirculation of the
cooled condenser water. Most cooling
towers are equipped with an adjustable
bleed-off to help reduce scale and
corrosion.

Figure 39.
Schematic Diagram of a
Natural Draft Cooling Tower

QUESTION

What would be the disadvantages of a natural draft cooling tower?

FORCED DRAFT TOWLRS. The terms here are related to the design of these towers.
Fans are used to "force" the flow of air, which can be controlled, to affect both the
quanity and velocity of air, especially when adjustable dampers are used in the air flow
stream.
Two advantages are gained:
1)
smaller systems for a given capacity, 2) closer
control of tower cooling capacity.

Regardless of which type of cooling tower is in use, with air conditioning,
approximately 1.8 gallons of water will be evaporated per hour for each ton of
refrigeration capacity, based on 8.3 pounds per gallon and 900 Btu per pound (average).
QUESTIONS
1.

2.

How many gallons would be evaporated in 24 hours for a 5 ton unit?

List two advantages of forced draft cooling tower.
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Figure 40.

Schematic Diagram of a Forced Draft Cooling Tower

3.

List the primary purpose and function of water cooling tower, condenser and pump.

4.

Calculate the water requirements for a water cooled system
a.

Without a cooling tower, 3 gallons per minute/ton, using a five ton unit, water
used one hour.

b.

Using a cooling tower, water evaporated 1.8 gal/hr/ton.
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Methods of Cooling Tower Capacity Control
Capacity control of cooling towers is a function that is related to two operating
One is the ambient condition of the cooling tower, and the other is the load
condition--heat of process or produce--affecting the refrigerant cycle.
factors.

A sharp drop in temperature at the cooling tower (DB temp) or increase of WB
temperature could affect the cooling capacity of the cooling tower. Requiring a change
in air flow or modulating the water flow.
At the load end, evaporator or condenser, heat added from load or ambient would
require an appropriate response at one or more cooling tower capacity controls.
Methods
1.

Modulating the water flow.
-

Three way valve
Butterfly valve
By-pass valve

9.

3.

Modulating air flow
-

Dampers at the outlet of air flow

-

Multi-speed fans

Cycling the fan
-

On-off

QUESTIONS
1.

2.

What are the two factors which affect the capacity of cooling towers capacity?

List three methods of capacity control and what variable is being sensed.

agent-medium is each affecting?

NOTE:

Refer to Figure 41, Cooling Tower Capacity Control Diagram.
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Figure 41.

Cooling Tower Capacity Control Diagram

A

Principles of Operation of Evaporative

Jndensers

Before you can understand the principles of operation of the evaporative condenser
it is important to know the principles of construction, various components and their
Also the function of each component. See figure 42, page 5-6.
arrangement.
CONSTRUCTION FEATURES. Evaporative condensers are built in much the same manner as
forced-draft cooling towers, with the conden-er tubes replacing the wetted deck and being
used as the wetted deck. The fans draw large volumes of air over the wetted surface.
The evaporated water absorbs heat directly from the condenser tubes at the rate of
approximately 900 Btu for each pound of water evaporated. The evaporative condenser has
a slightly greater heat pickup per pound of water evaporated because the air volume
itself will create some condensing in the evaporator tubes.

Similar to cooling towers, the evaporative condenser must have a sump, water make
up, pump and usually a refrigerant receiver. Capacity control is similar to forced draft
cooling towers.
PRINCIPLES OF OPeRATION. The heat laden gases from the compressor are discharged
into the condenser tubes, in the evaporative condenser, and the condensed liquid is piped
into the receiver. Spray nozzles are used for water distribution over the condenser
tubes in larger droplets as it is not necessary to provide smaller particles as the
condenser itself prws/tdes the heat of evaporation. Air enters at the bottom of the
condenser tubes, then up through the tube bundle carrying with it the vaporized water to
discharge air ductS, which on large systems are provided with modulating dampers for
capacity control. Anoher metrIWI of capacity control used in conjunction with modulated
dampers is cycling the fan.
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Figure 42.

Evaporative Condenser

QUESTION

Why is the evaporative condenser more efficient in heat transfer than other types of
condensers?
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Purpose of Make Up Water

The purpose of make up water is to replace water consumption loss through
evaporation, bleed off, wind drift and other small quantities of water loss in condenser
water circulation.
Cooling towers are designed to provide a source of water to satisfy the cooling,
circulation, and self cleaning requirements through bleed off. There are two basic types
of water sumps--dry type and reservior. The dry sump uses a storage tank located very
near or in an inclosed compartment.
Bleed off,
Losses through evaporation are calculated at 1.8 gal per hour per ton.
used to reduce concentrations of suspended and dissolved solids, can vary between 2-4 gal
Remember, about 970 Btu is required to vaporize one pound of water--one
per lir per ton.
gallon of water weight about 8 pounds.

EXAMPLE

5 ton unit, how many gal/hr?

X 970
X 5/ton
5/ton
9840

=

=
=
=

nds
1.8 gal = 14.4 r
13968 Btu/hr
69640 Btu/hr
=9/gal/hr
60000 Btu
Heat of compression

Figure 43.

Location of Bleed Line

SUMMARY

Cooling towers are an important part of air-conditioning systems, and if taken care
of will give many years of trouble-free service.
The classes of cooling towers are natural draft and forced draft systems.

Cooling tower piping, types of fittings, and types of valves must meet the
requirements for the application of the system.
A capacity control system must be used that will allow the system to handle the
maximum refrigeration load and also operate at reduced loads. Capacity control is
usually provided for by using a modulating water valve that is operated by head pressure.
Cooling towz..r maintenance and service procedures should be followed to insure an
operational system with as little downtime as possible. This can be accomplished by
correct water treatment and keeping the system clean.
5-7

455

QUESTIONS
1.

What are the two types of cooling towers?

9.

At what wind velocity are natural draft towers designed to operate?

What is the evaporation rate?

4.

What is the purpose of the bleed-off?

5.

When using a forced draft tower, how much water must be circulated through the
tower?
You have completed the directed study in preparation for Day 39.

REFERENCES
1.

AFM 85-18, Maintenance and Operation of Refrigeration, Air-Conditioning, Evaporative
Cooling and Mechanical Ventilating Systems
Trane Air-Conditioning Manual
:tead thc following paragraphs and be prepared to discuss the information tomorrow

(Day ,101 i.;) class.
For directed study, prior to Day 40, read the information and answer
all ques-.1.,P,, following.

BleA-Off
The cooling tower water system should have a bleed-off line installed in a position
higher than the water level in the tower sump.
The bleed-off is adjusted to constantly leak or bleed-off a certain amount of water
The purpose of the bleed-off, as was explained earlier, is to
re&uce the concentration of minerals in the cooling tower water, which in turn will
reduce scale build-up in the condenser. The bleed-off line should be manually adjusted
so that -nough water is being bled off to control scale build-up, but not so much that
water i just being wasted. Bleed off should be adjusted to somewhere between 1-4
gal/hr/ton. For most systems, 2 gal/hr/ton works good. To calculate bleed-off rate,
determine the number of second it takes to fill a quart jar (1/4 gal).
Bleei rate in
gallons per hour
900 (number of seconds in 1/4 hr) divided by the number of seconds
required to fill the quart jar. Gallons per hour per ton is computed by dividing gallons
per hour by the tonnage rating of the system.
whis.lh goes down the drain.

Start here for directed study to be completed prior to Day 40.
Operation of Cooling Tower and Evaporative Condenser Capacity Control
There are thro.,e methods used to control the temperature of the water flowing through
the condenser.

MODULATING THE WATER FLOW.
The quantity of water flow through the condenser can be
increased or decreased (modulated) by using a three-way by-pass valve (figure 41).
The
valve will decrease the amount of water flowing throL:gh the condenser when the condensing
pressure/temperature decn,:ases.
This is done by by-passing some of the cooling tower
water around the condenser and back t the water pump. As the condenser pressure/
temperature increases, the three-way modulating valve will by-pass less and less water,
sending a larger quantity through the condenser. The position of the motorized modulating v9lve will be determined by the tk..,perature of the water leaving the col:denser. Some
ovaporattve condensers cycle the water pump off when the sump water temperature
decreases, and on when the sump water temperature increascs.
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QUESTIONS
1.

What effect will a decrease in temperature of water leaving the condenser have on
the three-way modulating valve?

2.

As the temperature of the water leaving the condenser increases, how will the
modulating valve react?

3.

How is evaporative condenser sump water temperature controlled?

MODULAT1N THE AIR FLOW. You know that cooling towers and evaporative condensers
You also know that the evaporation is caused by the
cool by the process of evaporation.
air flowing through the water that is dripping through or being sprayed into the cooling
Increasing the air flow will increase the cooling
tower or evaporative condenser.
effect, and decreasing the airflow will decrease the cooling effect4 Air volume through
the cooling tower, or evaporative condenser can be controlled by the position of moduIwting air dampers located at the air outlet of the tower (figure 41). The dampers would
be positioned automatically (pneumatically or electrically) according to the temperature
of the water in the tower sump. As the temperature of the sump water increasea the modulating dampers will move more toward the open position increasing air flow through the
If the sump water becomes too cool
tower and increasing the evaporative cooling effect.
the dampers will modulate towards the cl.osed pos:tion warming the water flowing through
The signal for the dampers to move comes from a thermostat which senses the
the tower.
sump water temperature.
QUESTIONS
1.

How does increasing the air flow through a cooling tower or evaporative condenser
decrease the water temperature?

2.

If thc sump water becomes too cool, h,rw does moving the dampers toward the closed

position warm the water?
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CYCLING THE FAN. This method of capacity control is similar to the modulating
dampers explained previously in that it involves changing the amount of air flowing
through the tower to change the amount of cooling effect. Where the modulating dampers
change the amount of air flow in proportion to the amount of temperature change needed,
cycling the fan will either supply full cooling when the fan is on, or no cooling when
The tower fan is cycled by a pressurestat that is connected to the
the fan is off.
compressor discharge line (figure 41). When the discharge pressure increases, the
pressurestat will cycle the fan on, cooling the tower water. When the discharge pressure
decreases to the pressurestat cetting, the fan will cycle off.

QUESTION
What refrigeration system pressure causes the tower fan to cycle?

Read the following paragraphs and be ready to discuss the information tomorrow in
class.

Installation of Cooling Towers and Evaporative Condensers

Cooling towers are erected on level structures and most be adequately constructed to
Proper space should be provided so that maintenance
withstand their operating weight.
personnel can readily inspect, service, and repair all components of the cooling toweru
Natural draft towers are usually placed on elevated structures when their location
is too close to a building, or they may be installed on the ground when they can be
Allowance must be
placed far enough away from buildings or other wind obstructions.
given for maximum circulation of air through the louvers. Natural draft towers should be
located so as to obtain the benefit of prevailing winds during the summer months.
They may be installed
Forced draft towers are mounted on structural steel members.
If installed indoors, they are usually placed near the outside wall
indoors or outdoors.
of the building to redace duct work to the outside. The size of the ducts must never be
smaller than the openings of the tower, and square or sharp bends, as well as
restrictions in the ducts and louvers should be avoided in the installation, an they
Usually the cooling tower water pumps are installed indoors on a
redlIce the flow of air.
the pump must always be installed below the level of the
level, solid foundation.
water-collecting pan of the cooling tower. The electric motor starter to the tower pump II
should be interconnected with the compressor motor starter so that the pump motor
operate.z only when the compressor motor is operating.
Usually fittings of cast iron and galvanized steel pipe are used on cooling towers.
The pump must have valves and unions so it may be disconnected easily and without
draining the system. Gate valves are usually used in system piping because they offer
less resistance to water flow. Never install pipe or pipe fittings smaller than the
inlet or outlet connection of the equipment. All cooling towers must have a drain line,
an overflow line, a bleed-off line, and a water supply line.
Evaporative condensers may be located either on the outside or inside of a building.
If located inside, they should be placed next to an outside wall so that a short air
The size of the duet must be
inlet duct will supply sufficient outside air for coolin,;.
the same as the opening to the unit.

Discharge air outlet ducts must be installed to direct the air away from the air
This is done to prevent the warm moist air from returning into the condenser
inlet duct.
The discharge air outlet duct usually terminates in a goosenecV
through the inlet duct.
to prevent rain from entering.
Space must be left on all sides of the condenser for servicing, cleaning, and
Motors, drives, electric switches, and controls must be protected with
maintenance.
metal hoods or guards when installed outside.
Evaporative condensers are usually installed inside in climates where freezing
In freezing climates the only evaporative condensers installed outside
weather exists.
are the units that operate only durinz, the summer months for air conditioning.
5-10

4 5 ts

In freezing climates a means of recirculating the room air through the condenser
must be P rovided for maintaining a proper condensing pressure.
Be sure all evaporative condensers, whether inside or outside installations, are
placed on a solid level foundation.
Maintenance of Cooling Towers and Evaporative Condensers
To assure long life and efficient operation, periodic maintenance of cooling towers
and evaporative coolers is of prime importance.
Clean clogged spray
o Keep the water free of dirt, and circulating at full rate.
Periodically
nozzles and clean slime and foreign matter from the water distribution pan.
Clean
all
screens
and
make
sure
all
lines and
drain and flush the dirt out of the tower.
pipes are unrestricted.
Establish an ongoing water treatment program. Maintain an adequate concentration
o
of phosphates to control the formation of scale and corrosion. Control the growth of
algae by adding appropriate algaecides.
corrective steps can be taken if
o Make a physical inspection for corrosion so that
evidence of corrosion is found.
Determine cleanliness of heat transfer surfaces. Note any abnormal increase in
discharge pressure or temperature which may indicate fouled up heat exchanger surfaces or
water piping.
o

Cooling towers and evaporative condensers are an important part of air conditioning
systems and if taken care of will last a long time.
Application of Evaporative Condensers
Evaporative condensers are used wh're lower condensing temperatures are desi,.ed than
supply may not be
are obtainable with air cooled condenses, and the available water
They were developed originally to alleviate the
adequate for heavy water usage.
overburdened water supply and drainage facilities of communities where many small to
medium sized air conditioning systems were applied. The sizes offered by various
manufacturers will vary, but units are available In a capacity range of 10 cons to 225
is to condense
tons of gross heat rejection. The primary use of evaporative condensers
refrigerants but they may be used to cool engine jacket waters, oil cooled transformers,
or process fluids.
Water Conditioning

This section will help all you future Refrigeration and Cryogenics Specialists to
recognize the value of conditioned water, and its effect on the efficiency of air methods
conditioning systems, the problems encountered in water circulating systems, and
of controlling these problems.
Water impurities can be classified as dissolved solids, liquids or
WATER PROBLEMS.
An example of dissolved solid is sodium chloride (salt), or
gases, and suspended matter.
Dissolved materials cannot be
calcium carbonate (scale forming material) in solution.
An
also dissolved in water.
Oxygen
and
carbon
dioxide
gasses
are
removed by filtration.
clay, or silt.
be
removed
by
filtration
is
mud,
example of suspended matter which can
through
The term "turbidity" refers to the amount of obstruction to the passage of light
of
suspended
matter.
water resulting from the presence
Scale is a white deposit consisting of compounds of calcium and magnesium.
SCALE.
Scale forms from three main activities:
the
Evaporation - As water evaporates, the concentration of dissolved minerals in
remaining water increases.
o

in
Hardness - Hardness refers to the concentration of calcium and magnesium salts
the guantity of calcium
hardness
being
directly
proportional
to
water, with the degree of
and magnesium.

o
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o
Reverse Solubility of Calcium and Magnesium - To explain reverse solubility,
suppose we take a glass of water at 80°F and dissolve sodium chloride (table salt) in the
water.
Soon we would saturate the water with salt. No matter how hard we stirred, we
(ould not got any more salt to go into solution. Now, if the same water is heated to
100°F, by stirring we can get more salt to go into solution until the solution is
saturated at 100°F. More salt was able to be dissolved into the water after it was
heated to 100°F because sodium chloride has direct solubility. A glass of water at 80°F
saturated with dissolved calcium and magnesium, when heated to 100°F will cause the
magnesium and calcium to separate in solid form from the water because calcium and
magnesium have reverse solubility.
In other words, as the temperature of the water
increases, the solubility of calcium and magnesium decrease. When calcium and magnesium
separate from the water onto hot condenser surfaces, it causes scale.

CORROSION.
Corrosion of ferrous metals in distribution systems, cooling tower
systems and water cooled condensers is a serious problem.

Corrosion of metals may be defined broadly as the chemical or electro-chemical
reaction that the metal has with the environment surrounding the metal, often resulting
in its deterioration or destruction.
As pertaining to water problems, the environment
considered will be water.
In many conditions, most metals are unstable, and tend to
revert to a more stable combination, i.e., they tend to go back to the condition of the
metalic ores as found in nature.
When metal comes in contact with water, the rate of the
metal reverting to the oxide form is increased. As the conditions of the water change,
this rate of revertion changes.
Some water conditions increase this rate (rapid
corrosion) and some conditions retard the rate :minimum corrosion).
o
Chemical Corrosion - Corrosion caused by chemical reaction occurs when the water
has an acid content.
During chemical attack, the metal dislves into the acid solution.

Chemical corrosion can be recognized by uniform deterioraan of the metal.
o
Electrochemical Corrcsion - Electrochemical reaction is similar to the reaction
which takes place in a car battery. When two metals of the same type are joined
together, they are relatively safe.
When two dissimilar metals are in contact, such as
brass and steel, a ceil results. Metal will be removed from one and will be depostied
upon the other.
Electrochemical corrosion can be recognized by non-uniform pits and
cavities in the metal.

S1 Ell ripE

ELECTRON FLOW

CORRODING AREA

BRASS VALVE

Figure 44.

Dissimilar Metals - Cell

ALGAE.
Algae are microscopic plants, green or brownish in color which need sunlight
to grow.
Algae thrive in cooling towers where there is abundant sunlight and high

temperatures to carry on their life process.

Slime are bacteria, microscopic animal life, which may or may not require light for
growth, depending on the type.

These growths are very common in condenser water systems and less common in closed
loop systems.
Both types usually enter the cooling water system as airborne particles,
but they can also be brought in by birds or by way of makeup water. Many different types
of algae and slime can be present in a single system.
5-12
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Effects of Water Problems
Scale is an insulator of heat. Insulating materials similar to asbestos are
SCALE.
Such materials will prevent the heat of a blow
made of calcium and magnesium cof;l-pounds.
Tests have shown that some scales, the thickness of a dime
torch from penetrating them.
on condenser suiraces, will reduce the efficiency of the condenser by as much as 50
This causes
percent. Scale causes condensing units to operate at higher head pressures.
the condensing temperature to become higher which causes even more scale to form.
The products of corrosion cause restrictions by plugging small openings,
CORROSION.
These restrictions reduce the carrying capacity of the lies, increase frictional
The cost of line replacement, due to damage by corrosion
resistance and pumping costs.
During repair work, some critical equipment might have to be shut down.
is very high.
etc.

Algae can be extremely troublesome, and is capable of fouling the condenser
ALGAE.
Algae formations will plug nozzles, and prevent proper distribution of
water system.
water, leading to high condensing temperatures. Living algae on metal surfaces can
accelerate corrosion in the form of pitting, and dead algae can be carried into the systm
to cause pitting in heat transfer units. Algae prefer water with high temperatures and a
PH range from 7.0 to 9.0.
This section will deal with the procedure to chemically treat water for scale,
corrosion, and algae.
LABORATORY SAFETY

Before making chemical analysis of water samples, you must be aware of the safety
pl-actices that apply to chemical laboratories.
o

Never mix chemicals haphazardly.

o

Do not taste or drink chemicals.

o

Use smallest amount of chemicals necessary to get desired results.

o

Perform experiments at arm's length.

o

Smell gases slowly.

o

Have plenty of ventilation.

o

Always add acid to water, not water to acid.

o

Use face shields, rubber gloves, and aprons when using scale cleaner.

o

If hands or skin burn,

o

Label all chemicals and tests.

o

Do not close containers that are heating.

h them with plenty of water.

The work of a refrigeration specialist in water treatment can be safe if ti.c
specialist will use a few simple precautions in the nandling and mixing of chemicals, and
Accidents just do not happen; they
the handling of glassware and operating equipment.
The
skilled
operator knows his chemicals, the
conditions.
are caused by unsafe acts
proper method of miT:Lrii; ;:hem, the correct manner of operating his equipment, and the
importance of keepille his mind on his work. The last is very important because many
times after an accident, the victim has remarked, "I wasn't thinking."
Handling Acids and Bases (Alkalies)
Acids and bases (alkalies) can cause severe burns when they come in contact with the

When handling chemicals, never put your hands to your eyes or face without first
skin.
The skin tissure of your face is more sentAtive than that of your hands
washing them.
Rubber gloves must be worn when handling concentrated acid
and is more easily irritated.

to protect your hands. To protect your clothes you must wear a rubber apron. Before
using these protective devices they should be inspected te assure that they will afford
the protection for which they are intended.

When mixing concentrated acids with water, the acid should be slowly poured into the
water and the solution should be constantly stirred with a glass stirring rod to prevent
a concentration of the acid in a small area of the water. Failure to follow this
procedure may result in the acid boiling and splattering the surrounding area, causing
severe burns to the operator. NEVER POUR WATER INTO ACID.
COMMON CUEMICALS ASSOCIATED WITH WATER TREATML,NT

Most of the chemicals that you will be concerned with in this course are listed in
Table of Chemicals, Table 1, The formula, chemical name, and common name or usage that
will be important to you are included. NaC1 for instance, is the chemical formula for
for table salt.
The chemical name for table salt is sodium chloride. Table salt is
sometimes used in refrigeration work as a brine.
FORMULA

CHEMICAL NAME

COMMON NAME OR USAGE

Ca

Calcium

Scale forming element

Ca(HCO3)2

Calcium Bicarbonate

Temporary hardness

CaCO3

Calcium Carbonate

Limestone (scale)

CaC12

Calcium Chloride

Brine

Ca(OH)2

Calcium Hydroxide

Lime (water treatment)

CO2

Carbon Dioxide

Corrosion helper

CI

Chlorine

Algae control

HCL

Hydrochloric Acid

Scale cleaner

1120

Hydrogen Oxide

Water

Mg

Magnesium

Scale forming element

0

Oxygen

Corrosion helper

Na2CO3

Sodium Carbonate

Soda Ash (water treatment)

NaC1

Sodium Cloride

Brine and table Salt

Na011

Sodium Hydroxide

Caustic soda

112504

Sulphuric Acid

pH adji.stment

Na31304

Trisodium Phosphate

:surface active agents

Table 1.

Table of Chemicals

ACIDS, BASES, AND SALTS
Acids, bases, and salts are chemical compounds linked .ith waters used in
refrigeration systems.
The early chemists found that r..ompoudds had distinct tastes.
Vinegar and lemon juice had a seur taste so the chemists named them "a-ids" from the
Latin word "Acidus," meaning sour.
The second group of compounds such as caustic soda and lime had a bitter taste.
This group of compounds would destroy the sourness of acids and would act as a foundation
for the manufacturing or making of the third group.
Since they acted as a foundation
they were called bases.
5-14
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together.
The third group of compounds was obtained by mixing a base and an acid
When
these
salts
are
nix,: with
called
salts.
These compounds had a salty taste and were
Table salt mixed with water produces a sodium chlrr1'f14.
water, we call them brines.
to
Tater ice
Cold brines are used in ice plants to circulate around fre:
brine.
therefore,
co7:rOsion
inhib'T
/r.
are
Brines are very corrosive to metals;
produce ice.
tests
employed to redu,!e corrosion. You will perform antifreeze and clrrosion
on brines.
in chilled
Ethylene glycol, the antifreeze similar to that used in your car, is used
These
solutions
are
called
brines
point
of
water.
water systems to lower the freezing
brine.
However,
chemically
ethylene
glycol
is
not
a
when used for this purpose.

Tests for Acids
These
The acids you will be most concerned with are hydrochloric and sulphuric.
acids are shown in Table 1.
Acids turn blue
A very simple test is to place litmus paper in the acid solution.
solution
with
phenolphthalein
Another test for acids is to check the
litmus paper red.
"P" indicator remains colorless when placed in acids.
("P' indicator).
Concentrated acids such as scale I'leaners are very dangerous and must be handled
You are
covered at a later time.
with extreme care. The use of scale c,eaners will be
to
cautioned, however, never to pour water into acid. There is an urge in most :.i:udents
NEVER
Remember
Rule
One
of
laboratory
safety:
mix chemicals just to see what happens.
MIX CHEMICALS HAPHAZA1DLY.

Tests for Bases
Bases are probably not as well known as acids but they are just as important.
It is soluable in water, bitter to
Sodium hydroxide is a white, crystalline solid.
It is known as lye
the
finc.ers
and
"burns"
the skin.
the taste, feels slippery between
is
probably
the most widely
Next to sulf:ric acid, sLdium hydroxide
or caustic soda,
handled
with
caution.
It
is
a
very
strong
base
and
must
be
used chemical.
Bases turn red litmus paper blue. When the pH is above 7.9, bases turn "P"
indicatcr red. Bases are used to neutralize acids.
TESTING FOR pH
the intensity of
Just as a thermometer measures the intensity of heat, pH measures atom
that has lost
pH
means
potential
hydrogen;
a
hydrogen
an acid or liase in solution.
Where many hydrogen
hydrogen
atom:
a
positive
hydrogenion.
its electron (H+); a positive
ions becomes
atoms lose their electrons, the water solution containing these hydrogen
right oft iron
in
fact,
that
the
water
will
eat
metal
very aggressive; so aggressive,
pipes. This aggrecsive water is acid in nature.
QUESTIONS
1.

What does pH mean?

2.

What does pH measure?
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pH determines the degree of acid or base in solution. As we explaied earlir, with
litmus paper and "P" indicator we can determine whether a solution is acid or F-ase, hut
we cannot determine the degree of intensity.
With pH cmparators, we can determine not
only the nature of the solution but also the intensity of arid or ',ase. Acids contain
pH from 6.0 to zero.
Bases
.71ore hydrogen ions (H=) than hydroxyl ions (OH-) and range
contain more OH- ions than H+ ions and range in pH from 7.1 to 14.
.

QUESTIONS
1.

What range on the pH scale represents acid?

2.

What range on the pH scale represents a base?

Pure watel" is made up of 1120 molecules, but also contains H+ ions and CH- ions in
equal amounts. The pH of pure water is 7.0 which is neutral; neither acid nor base.
When there are impurities in water, usually thir, balance is disturbed and ther- is more
This causes the water to be acid or base. Going a step further, a.: -!s can be
11+ or HO-.
identified as those substances which, when dissolved in water, increased the hydrogen ion'
(H+) concentration bases as those substances which, when dissolved in water, increase the
hydroxyl (OH-) ion concentration.
HCL is an acid.
NaOH is a base.

QUESTIONS
1.

What is the pH of pure water?

2.

What does that pH figure indicate?

It has been found that the hydrogen and hydroxyl ion concentration of pure water is
This is equal to 1/107 grams per !itar and a pH of 7.0.
If
0.0000001 gram per liter.
the hydrog.2n ion (R+) is increasedA say, 10 times, there woulL then be 10 times 0.0000001
gram per liter or 0.0000001 = 1/100 grams.
The pH value of the water would then
expressed as 6.0.
A pH of 5.0 is 10 times more acid than a pH of 6.0.
1)

The relation between H+, OH-, and pH values is shown in figure 45.
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12

13

14'

What is the difference in acid content of water with a pH of 5, and water with a pq
of 6?

At
Note that as the pH value decreases, the H+ increases and the OH- decreases.
zero pH, the H_ is at maximum and OH- at minimum. For basic waters the reverse is true.
As the water becomes more basic, the concentration of OH- increases but the H+ decreases.
At pH 14, OH- is at maximum and H+ is at minimum.

BE SI pH FOR COOLING 101NER
NE DIRAL

1
3

4

BASE OR ALKALINE

/

ACID

a

7

9
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: CORROSION CHEMICAL
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11

12

ii

(SC ALL WHEN HARDNESS
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4

I

CORROSION
ZONE

pH Adjustment

Figure 46.

What is the best pH for cooling A',

water?

The
The pH value of water is commonly determined by two basic methods.
pH VALUE.
This device
simplest and most accurate method, is by means of an electronic "pH meter."
measures pH by determining, with a potentiometer, the voltage developed by two electrodes
which are in contact with the water. The voltage of one electrode known as a calomel
half-cell is fixed, while the voltage of the other electrode varies with the pH of the
sample.

The color comparator method may also be used to measure the pH value of water, but
With this method a suitable indicator (reagent) ic added to
with less accurate results.
the water sample, and the resulting color is compared with fixed color standards for that
particular indicator. In most water test kits, the color standards are available in
A disadvantage of the color
sealed glass glass ampovles, color disks, color strips, etc.
comparator method is that colors resulting from tests usually do not exactly match the
It is
color comparator, but instead have a shade between two adjacent color standaras.
necessary then to estimate the results.

4135
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QUESTIONS
1.

List the two basic methods of determining the pH of a sample of water.
a.
b.

9

Which of the two methods is most accurate?

3.

Explain why the other method is not as accurate.

CHEMICAL TREATMENT OF WATER.
If the water supply is extremely hard, it may be
necessary to soften the make-up water with a zeolite-tvpe softner.
Zeolite softeners
exchange the non-scale forming element, sodium, for the scale forming elements calcium
and magnesium.
Hardness it:.; makeup water may be softened to near zero with this type of
unit.
Zeolite softening does not decrease the alkalinity of the make-up water, however,
and so a bleed-off is still required.
When the softener becomes loaded with calcium and
magnesium, it is regenerated by passing sodium chloride (table salt) through the zeolite
compound, then flushing the zeolite section with fresh water. Occasionally some zeolite
must be added to replace that lost in flushing. This method of treatment is rarely used
on condenser water systems because the large quantity of water going through it results
in frequent regenerating which gets expensive.
1.

2.

Explain how zeolite softeners treat water for scale.

How is the zeolite softener regenerated?
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3.

Explain why this method of water treatment is not often used.

POLYPHOSPHATES.
Some materials inhibit crystal growth and therby prevent scale
formation.
These surface active agents increase the solubility of the scale forming
salts and permit an oversaturated condition to exist without precipitation from solution.
Some of these materials are polyphosphates, tannins, lignins, and starches.
Polyphos-

phates in concentratons of 2 to 5 parts per million (ppm) are commonly used to prevent or
reduce scale formation. At 100°F, scale starts to form in untreated water when the
hardness is 200 ppm.
With the treated water, however, scale does not form until the
hardness reaches 800 ppm.
QUESTION
How does adding polyphosphates to the condenser water system keep scale from forming
in the condenser?

Scale formation may also be controlled by reducing the pH vatue of
SULFURIr ACID.
A
the water. This v...1 be done by adding acid and corrosion inhibitors to the water.
greater concentration of total dissolved solids is possible when acio is added to the
Sulfuric acid reacts with bicarbonates and converts them to the much more
system.
soluble sulfates. Thus, acid reduces the alkalinity, lowers the pH value and permits a
greater concentration of dissoleed solids without scale formation.
Corrosion inhibitors
prevent acid from attackiug the metal surfaces. Acids should be fed into recirculating
water systems by auxomatically controlled systems to prevent excessive acid additons.
1.

How does adding sulfuric acid to the condenser water system keep scale from forming
in the condenser?

2.

What method should be used to add acid to the condensing water?

467
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CHEMICAL TREATMENT OF WATER FOR CORROSION. Polyphosphates are widely used il
condenser water systems for corrosion control. They restrain the corrosion reac'ion,
which is the dissolution of the metal, by forming a protective film on the met:,l.
For
this type of corrosion treatment to be effective, enough polyphosphate inhibitor to
protect the entire area must be added.
QUESTION
How does ptcsphate treatment prevent corrosion?

CHEMICAL TREATMENT FOR ALGAE.
Chemical treatment, rather than removal by mechanical
iAeaning, is a more satisfactory method of combatifq. algae because of their inaccessibility in the system.
If, however, a1wie is allowed
,)77.m an appreciable deposit, it
should be removed where practical by mechanical me.Y
and flushed from the system before
chemical treatment is applied.
,

Frequently, micro-organisms build up an immunity to a particular algaecide.
This
Experience
characteristic makes it necessary to change to other compounds periodically.
has shown that the treatment of algaecides in shock doses is more effective and economical than continuous treatment. Also, alteenattn between different types of chemicals
adds to the effectiveness of the treatment. On, way to control the growth o/ algae is
manual applications of calcium hypochlorite to the cooling tower deck.
Calcium hypochlorite is about 70% chlorine.
It should be added at the rate of ai,out 202/1000 gallons
of cooling system capacity one to three times weekly. Calcf..um hypochlorite is commonly
available in crystalline form. Copper sulfate is an-..ther effective algaecide.
I,. ia
effecitve because as little as 0.5 ppm kills most common forms of algae.
Copper snli-ate,
however is corrosive to steel.
QUESTION
1.

2.

W

Is chemical algae treatment more effective than mechanical cleaning7

How does alternating between different types of algaecides add to the eff<.!-Iiveness

of the treatment?

3.

List two types of algaecides.
a.
b.
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You have completed the di-ered study to be completed prior to Day 40. Read the
following paragraphs and be pr,,r,A to discuss the information tomorrow in class.
Cooling Tower Water Conditioning Equipment
The drip feeder can be either gravity or automatic feed. The autoDRIP FEEDER.
matic foeders are calibrated at the factory to instu-e accurate feeding. The chemical
solution iS placed in a container located above the tower sump. The solution drips into
the tower water through a small line from the solutino container. The rate of flow is
controlled by a needle valve in the feeder line. The automatic feed type use a solenoid
valve actuated by the recirculating pump in the systenJ so thaJ- the valve will open and
close as the pump starts and stops. A constant level reservoir provides a steady head
pressure to an adjustable neeCe valve, which is set to drip at a predetermined rate.
The adjustment of a drip feeder will be the needle valve Wuich is adjusted ot the
chemical manufactures specifications.
POT FEEDER. The pot type feed-Jr is a small cylinder type unit, usually made of
clear plastic, which can be mounted on a wall or a stand next to a receiving tank or
tower sump. Operating pressure is supplied by the water s!:stem from which makeup water
All connections are through acid-resistant plastic tubing. This unit has a
is received.
plastic water operated injector for feeding acid more ezsily and accurately into an open
Makeup water is passed through the injector at a rate not greater than the makep
sump.
water requirements. The feeding of acid into the system is controlled by a graduated
The acid is diluted with water within the plastic body
dial on a valve in the injector.
of the injector before it reaches the circulating water. This inector may be used to
inject diluted acid through the intake side of a circulating water. This njector may be
used to inject diluted acid through the intake side of a circulating pump, if the
presaure is low enough, into a closed system.

The pot type feeder may be used to
add liquid or briquette chemicals (figure
To fill the tank with chemicals,
S9).
Then
close '..he inlet and outlet valves.
open the bleed, fill and drain valves.
When all the water has drained from the
tank, close the drain valve and fill the
To
tank with the desired chemicals.
place feeder into operation, close the
fill aAd bleed valves. Now open the
inlet, outlet and metering valves.
Adjust the metering valve to the desired
chemical flow while observing the slight
Pressure from the circulating
indicator.
pump forces water up through the pump
where a small portion of it goes back
through the chemical feeder. The larger
amount goes to the air conditioning

- ILL VALVE
MLIE1 VALVE
BLEED
VALVE

C HE MICAL

system.

TANK

DRAIN VALVE

.."
ME IEBBID
VALVE

Pot Type
Figure 47.
Chemical Feeder

The main adjustment on the pot feeder is the metering valve which should he adjusted
to the chemical manufactures specifications.
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Maintenance of Evaporative Mechanical Equipment
Evaporation of
All evaporative mechanical equipment operates on the same principle.
moisture ret-oves sensible heat--either from other water, or from air passing through it.
Maintenance of this type of equipment (cooling towers, evaporative condensers,
evaporative coolem, etc.), is aimed for a large part toward the problens caused by the
water that the system is using. Treating the water systems were discussed in the
previous section so this section will be directed toward other maintenance.
o

Remove rust and apply protective paint.

o

Lubricate motors and bearings.

o

Check drive belts for proper tension and wear.

o

Check filter pads (evaporative coolers) for cleanliness and deterioration.

o

Check spray nozzles for obstructions.

o

Remove scale and algae derosits.
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CIVIL ENGINEERING MAINTENANCE MANAGEMENT
Part 1

OBJECTIVE
Using material provided, identify basic facts and terms relating to Civil
EngLieering Maintenance Management functions with SO% accuracy.
PROCEDURE
Match the Civil "r.gineering Maintenance Management function in the left rJlmmn to
the definitinn in the right column.
Each function may be used more than onr,
Sot all
definitions will necessarily be used.
.

a.

b.

c.

10d.

e.

1.

AF Form 332

2.

Work needing deta,led planning

3

Material Control

4.

Request for minor construction
work

5.

Request for work that does
not require detailed planning

Work Request

Sorvice Call

Work Order

Job Order

Hanagemnnt and Utilization -If
Maz.vrial Resources

1-1

6.

Uzed to authorize work that
l'eeds detailed planning

7.

AF Form 732

8.

Work done, authorized by AF
Form 1879

9.

AF Form 327

10.

Request for Real Property
Maintenance

4 73

WB J3ABR54530 001-IV-2
FUNDAMENTALS
Part 1

ties of incomplet

OBJECTIVE:

statements, explain basic facts ccerning the

types tle varpose of air .;:oeditioiling equipment, and state the principles of
air ceLdil;icining fundamentals with 80% accuracy.

PROCEDURE:

Compli,te tne following incomplete statements by filng in th( blanks with a
word cv words chosen from the list below.

Air conditioning -Iv defined as that process used for the control of

J.

,

of air.

and

2.

A

is an example of a self-contained or wit cooler.

3.

A

is ar example of a remote unit.

4.

Equipment cooling is mairtaining
within a close tolerance.

and

5.

Humidity control equipment will either

Or

the air.
1111

Or

G.

Humidity control systems can be either

7.

Air filtration equipment is used to control the

8.

Filters are classified as

9.

Fans are 'Ised for

10.

Tte two main categories of fans are

of the air.

or
and

and

ANSWERS

Central System
Permanent
'.'emperature

Humidify
Ventilation

Window Unit
Radial
Humidity
Circulation
Electric

Purity
Humidity
Dehumidify
Axial
Filtration

2-4 7 4

Pneumatic
Throwaway
Circulation
Temperature

Part 2
OBJECTIVE:

Using material provided, list the procedures for installing air conditioningAl
equipment, and identify the process for assuring the security of mounting oil/
refrigeration, water, electric lines, and sytem components, with 70%
accuracy.

Exercise a.

PROCEDURE:

State installation procedures by answering the following questions.
use your study guide or notes.

1.

The evaporator should be installed so that it is

2.

How is permanent alignment insured when installing a fan and motor?

Where should large fans be installed?

4.

Where should the filtei banX be installed?

470
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You may
and

Exorcise b.
4110CEDURE:

Match the method of security of mounting in the right column below with the
correct item from the left column. Some methods may have more than one
answer.
1.

Support at regular intervals
to prcv-,1ro: sagging and

a.

Conduit

b.

Soft drawn copper lines

c.

Electrical lines

2.

Will cause copper tubing
crystallize and crack.

3.

Should be supported similar
to tubing.

d.

System

e.

Hard dr,:

f.

Water lines

4.

g.

Jpper lines
5.

I.

Should not be supported by
tubing.

Vibration
6.

h.

Inserted between tubing and
clamp to protect tubing.

Insulation

aefrigeration lines

476
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Used to protect tubing run
through a wall or floor.

Part 3
OBJECTIVE:

Us'ri::

' psychrometer, determine the wet and dry bulb temperl':ures of the
in r,rie classroom, and using those temperatures, plot
dewpoint temperature,

relative humidity, sPecific humidity, and heat content
on a psychrometric
chart with instructor assistance.
PROCEDURE:

Record the wet bulb and dry bulb psychremeter readings taken in
a classroom
on the chart below.

DRY BULB
TEMPERATURE

'eE'r BULB

WET

'iEMPERATURE

DEPRESSION

BULB

1

Using the psychrometer readigs previously taken, and a
psychrometrIc chart (F0
J3ABR54530 001-IV) plot the relat17e humidity, dewpoint temperature,
specific humidity,
and heat content of the air in the classroom, and record
those values on the chart
below.

1

DB

B

1

RH

DP

Gr/lh

BC

1

1
1

1
1

exercise h.

PROCEDURE

Match the method of security of 'ounting in the rig,tit column bel
with the corr..left column.
Some methods may have more than one answer.

item from th4

a.

Conduit

b.

Soft drawn copper 11::es

c.

Electrical lines

d.

System components

e.

Hard drawn copper lines

f.

Water lines

g.

Vibration

h.

Insulation

i.

Refrigeratiot1 lines

1.

Support at regular intervals
to prevent sagging and
vibration

2.

Will cause copper tubing to
:rystallize and crack

3.

Should be supported similar to
tubing

4.

Inserted between tubing and
clamp to protect tubing

5.

Should not he supported hv
tuhing.

6.

47/
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Used to pre:feet tuhing run
through a wall or floor

Part 4

OBJECTIVE:

Using material provided, state simple facts relating to installation of
insulating materials with 80% accuracy.

PROCEDURE:

Complete the following sentences with facts chosen from the list below
relating to installation of insulating materiais.

1.

Materials having extremely low heat-conduction capacity are called
materials.

2.

means that the "R" Factor should be high enough to avoid
resorting to great thickenss of material to increase thermal resistance.

3.

The ability to resist absorption either as free water, or water vapor defines

4.

Moisture

5.

No insulation shotT

6.

During installativi, of insulation, failure to fill and seal air pockets and cracks

conductivity of heat.

be used that is not

will cause large 'aeat losses due to

and

7.

In applying insulating material, care should be taken that
does not circulkte through the insulation.

8.

The type of easy flowing insulation that can be blown into the space between the
studs of a building alrehay constructed is called
type.

9.

-

10.

-

type flexible insulation is easy to install.

The two main purposes of insulation are to

and

ANSWERS
Support
Conduction
Batt
Retard heat
Insulation

Deteriorate
Vermine proof
Reduce noise
Air
Installation

Convection
Bulk
Low-beat conducting properties
Increases
Application
Moisture resistant
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Part 5

OBJECTIVE:

Given the information, identify types and state the purpose of air filtrrs
with no more than two errors.

PROCEDURE:

Match the filter type in the left column to its purpose in the right
column.

1.

a.

Adhesive filters

b.

Throwaway filters

c.

used to control odor in the
air.

Electrontc

2.

will

3.

must be changed daily.

4.

coated with adhesive liquid or

bacteria in the air.

oil.
d.

e.

Activa:ed c;:.arcoal

5.

puts a positive static electrical charge on all particles
passing through it.

6.

frame is usually made of
cardboard with wire reinforce-

ravi.iet light

ment.

Part 6

OBJECTIVE

Given the iaformation, state the procedure for cleaning and replacing air filters
with 80% accuracy.
PROCEDURE

Answer the following questions concerning the procedure for cleaning and replacing
air filters.
1.

When are filters considered to be dirty

2.

What is one way to determine if a filter needs to be cleaned or rellaced?

3.

How can you assure the fil'.:ers are not installed backward?

4.

What checks should L.

5.

Ihat is the first step involved with cleaning electronic filters?

.4v,

1ough tu be cleaned or replaced?

.rA replacing filters?

4Th
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FUNDAMENTALS
Part 7
OBJECTIVE:

Given the information, identify the types and state the applications of fans
no more than two errors.

PROCEDURE:

Identify the fcllowing types of tans.

a.

b.

c.

d .

460
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PROCEDURE:

Match the type of fan in the right column to its application(s) in the left
column.

a.

Circulating

1.

propeller

b.

Booster

2.

tube axial

c.

Exhaust

3.

vane axial

d.

Room

4.

centritugal

e.

High Velocity

Part 8
OBJECTIVE:

Given the information, determine the procedure for installing and servicing
fans, and list the methods for aligning drive belts and pulleys, with 80%
accuracy.

PROCEDURE:

Answer the following questions to determine the procedure for installing aid
servicing fans.

1.

Why must the fan and motor pulleys be installed in close alignment?

2.

Which type of fan should be installed in air conditioning systems where th(!re is

ductwork or other sources of static resistance such as filters?

3.

How close together should a belt driven fan and motor be installed?

List the methods for aligning drive belts and pulleys.
4.

5.

481
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Part 9

OBJECTIVE:

Given the information, compare the relationship between the types of
air-flow instruments, state their purpose, and explain their principles of
operation with 70% accuracy.

PROCEDURE:

Complete the following statements by filling in blanks, answering questions,
choosing True or False statements.
of the air.

1.

Air-flow measuring instruments measure the

2.

Air-flow measurements are usually taken at the following locations
,

3.

Or

Which air-flow measuring instrument has a propeller which moves at the rate of thii
air speed?

4.

Which air-flow measuring instrument uses a pitot tube?

5.

Briefly, compare the relationship between the three types of air-flow measnring
instruments.

Circle the correct answer

6.

T_

F

The Anemometer reads directly in F.P.M.

7.

T
-

F

The pitot tube, when inserted into an air duct, senses static pressure and
velocity pressure.

8.

T

F
_

The velometer reads directly in F.P.M.

9.

T

F

The dials on the Anemometer are controlled by levers.

10.

T

F

The manometer measures the velocity pressure of the air in inches of water.

482
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Part 10
OBJECTIVE:

Given the information, explain the procedure for using instruments to
determine the amount of air flow in an air conditioning system with not more
than two errors.

PROCEDURE:

Explain the procedure for using air flow measuring instruments by filling in
the blanks, and answering the questions below.

1.

When using the Anemometer, readings are usually taken at

2.

Briefly explain the procedure for using the Anemometer to measure air flow.

3.

Explain how to read the dials on the Anemometer after the air flow measurement is
taken

4.

How is the Anemometer Reading converted to F.P.M.?

5.

Explain how to convert F.P.M. to C.F.M.

6.

Explain the procedure for using a velometer to determine the amount of C.F.M. of
air flow.

lil.

The pressure ii:dicated on the manometer is known as

8.

How is the manometer indication converted to C.F.M.?

9.

Using the information provided, fill in the missing values in the tables below.

VELOMETER AVERAGE
READING

DUCT SIZE

a

500

12" X 12"

b

750

12" X 18"

ANEMOMETER
READING
a

DUCT AREA

DUCT SIZE

1350

42" X 12"

880

24" X 12"

DUCT AREA

FPM

ELAPSED
TIME

CFM

CFM

FPM

_

VELOCITY PRESSURE

DUCT SIZE

a

.25

12" X 24"

b

.36

24" X 36"

DUCT AREA

FPM

CFM

Part 11
OBJECTIVE:

Given the information, state basic facts concerning balancing the air
distribution in an air conditioning system, with 80% accuracy.

PROCEDURE:

Answer the folowing questions by filling in the blanks, picking True or
False, and using the procedure for determining air flow.

1.

Explain the purpose for balancing an air distribution system.

484
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2.

What does the amount of volume of air to be delivered to a room depend on?

3.

When determining the volume of air to be delivered to a room, the temperature
difference between supply and room air must be known. True
False
(Circle One)

4.

Explain the process involved in Oalancing an air distribution system.

5.

Use the following building plan, and specitic conditions to determine the .:olume of
air needed to condition the rooms.
FORMULA:
NOTE:

CFM =

ROOM HEAT LOAD (Btu)
1.08 X TD

This formula will determine tLe CFM needed to handle the HOURLY HEAT LOAD
_

each room.

DETERMINE THE CFM REQUIREMENT FOR EACH ROOM.
ROOM A.

ROOM B.
ROOM C.

ROOM DBSIGN TEMPERATURE

75° F (DB)

DESIGN SUPPLY AIR TEMPERATURE -- 52° F (DB)
DUCT SIZES -- ALL 8 inches in diameter.

485
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Building Diagram
Part 12
OBJECTIVE;

Given the information, explain the procedures for maintaining fresh air
supply systems, state the methods for checking for excessive leakage in air
ducts, and inspecting ducts with 70% accuracy.

PROCEDURE:

Explain procedures by filling in the blanks with the correct

information.

Explain the needs for supplying fresh (outside) air to an air conditioning system.
1.

2.
3.
4.

What is the biggest problem with fresh air systems?

List the conditions for which you would periodically inspect air ducts.
5.

6
7.

486
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8.

How often should air ducts be cleaned?

State what you can do to renew defective a.1. ducts.
9.

10.

487
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WB J3ABR54530 001-IV-3
WATER PUMPS
Part 1

OBJECTIVE:

Given the information, state basic facts or terms relating to the operating
principles of centrifugal water pumps with no more than three errors.

PROCEDURE:

Complete the following incomplete statements by filling in the blanks with a
word or words chosen from the list below.
Or

1.

Centrifugal water pumps may be either

2.

In the
only.

3.

Centrifugal pumps may also be classified as single or

4.

Most centrifugal pumps used in refrigeration work are of the

suction.

pump, the water enters from one side of the impeller

stage.

type.

5.

The centrifugal pump utilizes the
revolving impeller.

6.

The liquid is pulled in at the

of a rapidly

of the impeller and is

discharged at the outer rim of the

7.

of the impeller,

By the time the liquid reaches the
it has acquired a considerable

8.

The liquid is then slowed down by being led through a
(a gradually widening channel in the pump casing).

ANSWERS
Throwing force
Multiple
Water
Outer rim

Single
Center
Alignment
Operation
Volute
Velocity
single-suction, single stage impeller

Double
Single-suction

Part 2
OBJECTIVE:

Given the information, explain the procedures used to install water pumps,
align flexible couplings, replace pump packing, adjust pump packing, check
the operation of water pumps, and repair water pumps with 60% accuracy.

PROCEDURE:

Refer to the study guide/workbook to answer the following questions.

1.

Why must a water pump be installed on a concrete foundation?

458
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2.

How does the installer know where to position the pump hold down bolts in the wet
foundation?

3.

What is the purpose of the wedges thi...t are placed near the center of the motor and

pump?

:4.

Indicate the tool used, and the procedure for checking the angular alignment of the
motor and pump shafts

5.

How can the motor and pump halves be brought into alignmr-nt?

6.

What condition will indicate that the unit is in angular alignment?

7.

What tool is used to remove old packing from the pump stuffing box?

8.

Explain the proper way to install the new packing ring over the pump shaft.

9.

How are the new packing ring joints positioned?

10.

When the stuffing box is fully packed, how is the packing glazed?

11.

After the new packing has been properly adjusted, what should be thrs rate of water
leakage?

12.

List the checks to be made for proper water pump operation.
a.
b.

13.

When disassembling a water pump assembly, list the steps to be taken before the
pump can be removed from the base plate for bench work.

14.

When reassembling a water pump, what should be done to the ball bearings just prior
to assembly?

15.

What is the proper procedure to install the bearings on the pump shaft?

3-3
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Part 3
OBJECTIVE:

Given the information, state basic facts or terms concerning crossconnection/backflow prevention to protect potable water supplies, with no
more than two errors.

PROCEDURE:

State basic facts or terms concerning cross-connection/backflow prevention
by answering the following questions. You may use study guide or notes.

I.

Define backflow

2.

Define cross connection

3.

List 4 types of backflow prevention devices.
a.

b.

c.
d.

4.

Which type(s) may be used for any degree of hazard?

5.

What should be done prior to installing a backflow prevention device?

491
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WB J3ABR54530 001-IV-4

AIR CONDITIONING MAINTENANCE
Part 1

OBJECTIVE:

PROCEDURE:

Working as a member of a team, and using a window air conditioner, perform
preoperational checks of the unit, with no more than three instructor
assists.
1.

2.
3.

4.
a.

Remove jewelry.
Use the air conditioning unit indicated by the instructor.
Indicate under each component(s) below the type of preoperational check
you made, and the condition you found.
Have your work checked by the instructor when you have finished.

Condenser and evaporator
1.

Check

Condition

2.

Check

Condition

b.

Fan motor and fans
I.

Check

Condition

492
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2.

Check

Condition

c.

Power supply

1.

Check

Condition

Part 2
OBJECTIVE:

Working as a member of a team, and using a window air conditioner, perform
equipment maintenan e by charging the unit using the ambient dry bulb
temperature method. The correct condensing pressure must be reached + 5
PSI.

PROCEDURE:

1.

2.

3.

4.
a.

Determine operating condensing pressure.
1.

b.

Remove jewelry.
Use the air conditioning unit indicated by the instructor.
Have the instructor check your unit after it has been charged with
refrigerant.
Wear safety goggles when installing gauges.

List the steps to determine operating condensing pressure.

Charge the unit with refrigerant (wear safety goggles when working with
refrigerant).
1.

What type refrigerant are you using?

4-24

2.

r.

What part of thf

system are you charging into?

Continue to charge intil your estimated condensing pressure is reached.
What is your evaporator temperature?

2.

d.

is your evaporator temperature within a 40-500 range?

Have the instructor check your unit.
Part 3

OBJECTIVE:

Working as a member of a team, and using a window air conditioner, operate
the unit and determine operating conditions with no more than three
instructor assists.

PlinCE110RF:

1.

2.
3.

4.
5.

a.

Remove jewelry.
Use the air conditioning unit indicated by the instructor.
Indicate by each operating condition, the condition you found.
Have your work checked by the instructor when you have finished.
Remove power from the unit, remove gauges from the unit (wear goggles),
cap access valves, return all equipment to its proper place.

Condenser
Pressure

Temperature
b.

Evaporator

Pressure

Temperature
Return air temperature
Supply air temperature
Temperature difference
% active coil
50%
75%
100%
e.

Compressor amperage draw

d.

Have instructor check your work.
Part 4

OBJECTIVE:

Using the trainer provided, and working as a member of a team, isolate
instructor induced system malfunctions to the smallest replaceable or
reparable part.

4-3
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PROCEDURE:

1.

Use the trainer assigned by the instructor.

2.

Analyze the circuit diagram, system controls, and indicating meters and
gauges.

3.

Notify the instructor when you are ready to troubleshoot the system.

4.

After the instructor has entered the malfunction, troubleshoot 'Cie
system using the meters and gauges provided until you have isolated the
smallest replaceable or repairable part.

5.

Have the instructor check your work.

496
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COOLING TOWERS, WATER TREATMENT,
AND EVAPORATIVE CONDENSERS
Part 1

OBJECTIVE:

Given the information, identify terms and facts relating to the principle of
operation, purpose of bleed off, and make-up water, and methods of capacity
control of cooling towers and evaporative condensers with no more than four
You may reference your notes and study guide.
errors.

PROCEDJRE:

In the following spaces state the principle of operation for cooling towers.
1.

List two basic types of cooling towers.
2.

Types:

Fill in the blanks.
3

Capacity control of cooling towers is accomplished by:
the water flow,
the fan.

the air flow, and
4

Identify terms and facts relating to the operation of evaporative
condensers by matching the items in Column 1 with their operation in
Not all items In Column 2 are correct. You may use notes or
Column 2.
study guide for reference.
COLUMN 2

COLUMN 1

a.

Fan

b.

Condenser tubes

c.

Evaporated moisture

d.

spray nozzles

e.

Air

1.

Directs water to the spray nozzles.

2.

Draws air from the conditioned space.

3.

Replaces and used as wetted deck.

4.

Draws large volumes of air over the
wetted deck.

5.

Absorbs heat directly from the condenser tubes.

B.

Enters at the bottom of the condenser
tubes.

7.

Distributes water over the condenser
tubes.

5.

List three methods of capacity control for evaporktive condensers.

6.

Fill in blanks to complete the following statement.

The purpose of make-up water is to replenish the loss from
and
7.

Select the statement which most correctly defines the purpose of "bleedoff." Place a check mark (
) in box.
a.

1

Li111 b.

Prevents unacceptable concentration of algae-corrosion.
Prevents unacceptable concentration of suspended and dissolved
solids.

Part 2
OBJECTIVE:

Given the information, state the procedures to calculat-. water hleed-o"f,
with no more than one error.

PROCEDURE:

(1)
Given a list of variables in Column 1 below, select those needed to
calculate bleed rate.
Indicate by check mark (
).

a.

550 MM beaker

b.

Watch reading in seconds.

c.

Funnel

d.

Quart bottle

e.

Strainer

f.

Key or wrench to open valve.

(2)

Fill in the blanks in the following statement and select correct gall,m
per hour.
It took 60 seconds to fill
divided into
hour.
Select answer:

a.

1.5

b.

15.

1

c.

15.

1

b.

None of the above.

1

1

which is
to determine

49/
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How many gal/hr/ton would this 1)e for a five-ton system?
Select correct answer with a chock mark (
).

(3)

a.

1.5

I

I

h.

2.5

I

I

C.

3.0

I

I

d.

3.5

Part 3

OBJEcTIVE:

Given the information, state simple facts concerning the operation of
cooling tower and evaporative condenser capacity controls with 80% accuracy.

PROCEDURE:

Refer to cooling tower capacity.
(1)

Diagram.

Fig. 1
Page: 5-4, Items A, B and C are cooling tower
capacity controls - Match descriptive phrases in Column 1 with controls
in Column 2.
These items may be used more than once if applicable.
1.

a.

Two position

h.

Proportional

2.

A

Senses Tower Sump Temp.
d.

Senses Pressure

e.

Series

f.

Senses condenser Water Temp. Leaving

g.

Low voltage

h.

Line Voltage

I.

Pneumatic

j.

Compresser Discharge Pressure

Final Device

(2)

Fill in the blanks with correct terms in the following paragraph.
The evaporative condenser uses
and
as cooling
agents. Capacity control is affected by cycling the tower fan when the
increases or decreases.

cycles off the
temperature drops below a predetermined setting.

5349

A thermostat

when the water sump

DAMPERS

1

DAMPER

OPERATOR

I(

I
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1
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SUCTION LINE

DISCHARGE LINE

MODULATING VALVE
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SERIES 90 MOTOR

GAO
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Figure 1.

Cooling Towellirtpacity Control Diagram

Part 4
IlLECTIVE:

PROCEDURE:

Given thn information, describe the procedures to install and maintain
cooling towers and evaporative condensers wtih 80% accuracy.
Describe the procedures to install and maintain cooling towers and
ou may
evaporative condensers by answering the following questions.
reference notes or your study guide.

1.

When are natural draft cooling towers usually placed on elevated structures?

2.

When may natural draft cooling towers be installed on the ground?

3.

When forced draft cooling towers are installed indoors, why are they usually
placed near the outside wall of the building?

4.

What size air ducts are installed on indoor cooling towers?

5.

What type fittings are usually used when installing a cooling tower?

50
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6.

What precaution should be taken when installing the discharge air outlet on an
evaporative condenser?

7.

In what instance would an evaporative condenser be installed outdoors in a freezing
climate?

8.

How is a proper evaporative condensing pressure maintained in freezing climates?

9.

Briefly describe four procedures to maintain cooling towers and evaporative
condensers.
a.

b.

c.

d.

5-6

Part 5

BJECTIVE:
PROCEDURE:

Given the information, state basic facts or terms relating to the
application of evaporative condensers with 80% accuracy.
State basic facts or terms relating to the application of evaporative
condensers by filling in the blanks below with facts or terms selected from
a list at the end of this project.

Evaporative condensers are used where (1)

condensing temperatures
condensers, and the available $

are desired than are obtainable with (2)

may not be adequate for heavy water usage.

(3)

Units are available

of gross heat rejection.

in a capacity range of (4)

The
)

primary use of evaporative condensers is to (5)
Higher
Water Supply
Cool Condenser Water
10 tons to 225 tons

Air Cooled
2 1/2 tons to 10 tons
Voltage
Condenser Refrigerant
Part 6

OBJECTIVE:

Given the information, state the method to recognize scale, corrosion, and
algae with no more than two errors.

PROCEDURE:

Give a brief description of scale, corrosion, and algae in the spaces
You may reference your notes or study guide.
provided for each.

(a)

Scale:

(b)

Corrosion:

(c)

Algae:

1

5n2

5-7-

Part 7
OBJECTIVE:

Given the information, identify basic facts about the effects of scale,
corrosion, and algae on an air conditiuning system with 80% accuracy.

PROCEDURE:

Match the water problem in the left column with its effects on an air
conditioning system in the right column.
Some items may be used more than
once, some items will not be used at all.

(1)

Scale

(2)

Corrosion

(3)

(a)

Restrictions

(b)

Decreased Costs

(c)

Line Replacement

(d)

Equipment Shutdown

(e)

Insulator or Heat

(f)

High Discharge Pressure

(g)

Increased Condenser
Efficiency

(h)

Lower Operating Discharge
Temperature

Algae

Part 8
OBJECTIVE:

Given the information, state the procedure for chemically treating water for
scale, corrosion, and algae with no more than two errors.

PROCEDURE:

State the procedure for chemically treating water by placing a check mark
next to the proper method.
Sodium Zeolite

Scale

Copper Sulfate
Carbon Oxide
Polyphosphates

Calcium Hypochlorite
Sulfuric Acid

Corrosion

Sodium Zeolite

Copper Sulfate
Carbon Oxide
Polyphosphates
1.

5 (J3

Calcium Hypochlorite

II Sulfuric Acid
5-8

ae

I_

I

I

I

Sodium Zeolite

Copper Sulfate
Carbon Oxide

I 1j

Polyphosphates

r--1

Calcium Hypochlorite

EEl

Sulfuric Acid
Part 9

OBJECTIVE:

Given the information, state simple facts concerning the operation and
adjustment of cooling tower water conditioning equipment with 80% accuracy.

PROCEDURE:

Stets simple facts concerning the operation and adjustment of cooling tower
You may
water conditioning equipment by answering the following questions.
reference notes or your study guide.

1.

List the two types of drip feeders.
a.

b.

2.

Where is the drip feeder located while in use?

3.

How is the rate of flow controlled in the drip feeder?

4.

What is the purpose of the solenoid valve on the automatic drip feeder?

5.

When will the solenoid valve open and close?

504
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6.

What adjustment is on the drip feeder?

What type chemicals may be added to water through a pot feeder?

8.

Where does water -"inter the pot feeder?

9.

What determines the amount of chemicals that enters the water system through the
pot feeder?

10.

What is the adjustment on the pot feeder?

Part 10
OBJECTIVE:

List simple facts relatik4 to the maintenance of evaporative mechanical
equipment with 70% accuracy.

PROCEDURE:

Answer the following questions.

You may reference your notes or study

guide.
1.

Explain the principle that evaporative mechanical equipment operates on..

5 JO
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AIR COMPRESSING EQUIPMENT
OBJECTIVE

To acquaint you with the types, purpose and operating principle of air compressing
equipment used to support air conditioning equipment.
INTRODUCTION

The following assignments will be completed as indicated for days 41 thru 45. You
will be given a quiz at the beginning of each day which will measure information from
the designated section of this Study Guide/Workbook.
Homework in preparation of Day 41:
Read the following paragraphs on the air compressor.
covered.

Answer questions on material

INFORMATION

The air compressor supplies air pressure for the total pneumatic control loop.
Most air compressors used with pneumatic control loops are of the reciprocating type.
In some applications a screw type campressor is used.
The construction differs by application and size. Most compressors are air cooled,
larger sized compressors as used in cryogenics are water cooled. Air compressors may
have one cylinder or many cylinders, depending on where they are used.

"OPERATION
The air compressor has a suction intake filter to clean the air that goes into the
compressor. The compressor pushes the air in the storage tank until the high pressure
motor control stops the electric motor that is turning the compressor. When the
The air leaves the compressor
pressure goes down, the control turns the motor on again.
and goes through a filter and on to the pressure-reducing valve which reduces the high
(See figure 1).
pressure to 15-20 psig as required.
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Air Compressing System
Figure 1
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Operator Service and Maintenance
Suction Intake Filter
a.

Cleaned each 30 days replaced twice a year.

A greater frequency of cleaning and replacement may be required
NOTE:
depending on location and amount of dust and dirt in the air.
Belt Adjustment
a.

Tension and condition checked each 30 days.

b.

Should deflect approximately 1/4" with normal hand pressure.

Oil Level
a.

Check each 30 days changed each 500 operating hours.

b.

Use a paraffin base oil specially designed for compressors.

Oil Filters
a.

Replaced each 90 days.

Draining of Air Tank and Air Line Filter
a.

Daily.

Reducing Valve Output Pressure
a.

Check Pressure Daily.

Safety Devices and Controls
a.

Checked each month.

The frequency of service and maintenance given, is only to be used as a general
Follow recommendations stated by the manufacturer of the compressor assembly.

guide.

Part of your work in the refrigeration field will be installation and replacement
of defective parts on the air compressor.
Steps for Installation
1.

Select a compressor of proper size and construction.

Select a location free from excessive dust and moisture with ample light and
2.
space for servicing.
3.

Mount the compressor level with a substantial base, 12-18 inches from wall.

4.

Check compressor for security of mounting, and valves for proper operation.

Steps for Replacement of Defective Parts
1.

Remove all jewelry.

2.

Disconnect power to unit.

3.

Replace defective part(s) with replacement part(s).

Also checking equipment operation, and operator service and maintenance will be
part of your job.

2

5

"9

1

Checking Hquipment Operation
1.

Observe compressor for correct direction of rotation.

2.

Check for abnormal noises.

3.

Check for leaks and overheating.

Operator Service and Maintenance
1.

Tanks drained dajly.

2.

Air filter cleaned each 30 days.

3.

Oil changed each 500 operating hours.
QUESTIONS

1.

Name two cooling agents used to cool air compressors.

2.

What is the purpose of an air compressor system when used in a pneumatic control
loop?

3.

Briefly explain the principle of operation of an air coMpressor assembly.

4.

List the four steps in order of installation of an air compressor.
a.
b.
c.
d.

5.

What is the first step to follow when replacing dcfective parts on the air
compressor assembly?

6.

List the three steps in order for checking equipment operation?

7.

Name three operator service and maintenance procedures that should take place on
the air compressor assembly.

SW J3ABR54530 001*-V-2

PNEUMATIC CONTROLS
OBJECTIVE
411

To learn the purpose, principle of operation and adjustmeht of pneumatic controls.
INTRODUCTION

One of the greatest problems in air conditioning is the control of the cooling and
heating effects. Automatic controls are used to solve this problem by sensing and
controlling the amount of heating or cooling.
An automatic control system must have some type of energy for operation. Pneumatic
controls use compressed air for operation, and electric and electronic controls use
electricity for operation. This study guide pertains only to pneumatic controls.
It has been found that the basic control concepts, taken for granted by personnel
working in the control industry, are not generally known or understood by the layman.
This Study Guide/Workbook will prepare you for the indicated days of instruction.
You must complete the assignments and be prepared for evaluation at the beginning of
each day.
DIRECTED STUDY
Assignment in preparation for Day 41.
Read the following pneumatic control terms and refer to Figure 2 to answer the
questions.

Controt ler

Pneumatic Control System
Figure 2
Control System:
Controller:

A group of components that regulate temperature, prassure, humidity.

Thermostats, pressurestat, humidistat.
variable within a conditioned space.

Supply Pressure:

Instrument for controlling the

Compressed air fed to the controller.
4

511

Control Pressure: The output pressure for a controller, it varies with temperature,
pressure, or humidity.
1.

Pressure is the energy source supplied to the controller.

2.

is the output pressure from a controller.

3.

What causes a controller to change control pressure?

Road the following pneumatic control terms and answer the questions.
Control Response
Two Position Response:

Zero or total control pressure.

Proportional Hesponse:

Zero or total control pressure and anywhere in between.

Control Action
Direct Acting: A controller that increases control pressure as temperature,
pressure, or humidity increases.

A controller that increases control pressure as temperature,
Reverse Acting:
pressure, or humidity decreases.

IT

Temp

Control
Press

if
Temp

Temp

Control
Press

Control
Press

Temp

Control
Press

Reverse Acting Controller

Direct Acting Controller
Figure 3

A component which, regulates the flow for water, air, or steam such as
Control Device:
a valve or damper assembly.
Normally Open:
Normally Closed:
removed.

A controlled device that is open when control pressure is removed.
A controlled device that is closed when control pressure is

Water, air, or steam regulated by a controlled device which effents the
Control Agent:
temperature, pressure, or humidity.
1.

What is the 2esponse of a controller, which produces only on and off response?

2.

What is the response of a controller that produces a small chaneo in control
pressure for a small change in variable (temp, pressure, or humidity).

512
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3.

What component in the pneumatic control loop directly controls the control agent?

4.

What is the action of a controller that increases control pressure as the variable
(temp, pressure. or humidity) increases?

Pneumatic Component Identification
Refer to Figure 4 and answer the following questions.
1.

Which lettered component will indicate supply pressure?

2.

Which lettered component will indicate control pressure?

3.

Which lettered component inWcates a controlled device?

4.

Where in the Figure would the control agent be located?

Refer to the following definitions and Figure 5, fill in the blanks with the
numbers in Figure 5 that correspond to the following definitions.
What you want

1.

Desired value

2.

Set Point:

3.

Control Point:

4.

Sensing Element: The part of a controller which measures a change in temp,
pressure, humidi ty, and converts this change to movement.

5.

Sensitivity: A comparison of the amount of change in control pressure for each
change in t^mp, pressure, and humidity.

1.

Set Point
Definition

No.

2.

Desired Value
Definition

No.

3.

Control Point
Definition

No.

4.

Controller
Definition

No.

:

What you set the controller at
What you get

6
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5.

Controlled Device
Definition

6.

Control Agent
Definition

7.

Supply Line
Definition

No.

8.

Control Line
Definition

No.

No.

Space Temp 80
Rel Humidity 507.

4

Mr

.0 Chilled water in

Control Loop.

Figure 5

Read the following paragraphs answer the questions.
PNEUMATIC VALVES

The pneumatic valves are designed for precise regulation of water or steam flow
through heating or cooling equipment in response to demand signals from a nneumatic
controller. Valves are offered in a wide range of standard sizes and capaciti.es tn meet
any requirements, and in a variety of body patterns and connections to ai.ow flexibility
of application. However, there are only three basic body styles and all patterns fall
into one of these styles:
normally-open (Figure 5), normally-closed (Figure 6), and
three-way (Figures 7 and 8). The normally-open valve will close whea air pressure from
the controller is applied to the diaphragm. A normally-closed valve will open when the
air pressure from the controller is applied to the diaphragm.

8
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Figure 7

Figure 6

Normally-Closeo valve

Normally-Open Valve

This may be aalled a mixing, a diverting,
The third type is the three-way valve.
There are three connections on this type, common, normally-open, and
or a bypass valve.
The mixing valve has two inlets and one common outlet. Air pressure
normally-closed.
from the controller regulates the inner valve so that the entire flow is from either one
Bypass or diverting valves have one inlet and
of the two inlets or a portion from both.
The flow is directed to either one of the two outlets when air cressure
two outlets.
Any portion of the flow can be
from the controller is applied to the valve operator.
directed to both outlets by an intermediate air pressure in the operator.

BY-Pass

Valve

Figure 9.

Ficure 8.
9

5

Operation of a Pneumatic Valve
In the operation of the pneumatic valve, air pressure from the controller enters
The pressure rise in the chamber causes the diaphragm to push
the diaphragm chamber.
the plate down against the spring. The spring is compressed, and the valve disk or plug
is moved against or away from the valve seat, depending on whether it is a normally open
or normally closed valve.
411
1.

What are three types of pneumatic valves?

2.

What are two types of three-way valves?

3.

How many inlets and outlets does a by-pass valve have?

4.

What part in the valve holds the valve in its normal position (N.O. or N.C.)?

Read the following paragraphs answer the questions.
DAMPER OPERATORS

Damper operators are used to control dampers blades, which control the flow of air,
its operation is similar to that of the pneumatic valve.
The majority of damper operators (Figure 10) are of the piston type.
has a long powerful straight stroke which requires no lever arrangements.

This operator

Air from the controller is applied to the molded diaphragm which has a positive
seal to prevent leakage, (Figure 11).
This air pressure expands the diaphragm forcing
the piston and stem outward against the force of the spring.
The movement of the piston
varies proportionally with the air pressure applied to the diaphragm.
The spring returns the operator to its normal position when the air pressure is
removed from the diaphragm.

',top screws

Damper Operator
Figure 10
10
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Retracted Position

Extended position

Figure 11

Adjustment

All sizes of piston type operators are provided with adjustable stops for limiting
the stroke of the operator in the retracted position, as well as in the extended
position. The latter is the position which the operator assumes when full air pressure
When a piston type operator is attached to a damper or other
is applied to it.
controlled apparatus, it is very important that these stops be adjusted properly, as the
incorrect adjustment of stops may cause damage to the damper operator or the damper, due
of the great power of the piston type operator.
1.

Dampers are used to control the flow of

2.

What is the position a damper operator assumes when full air pressure is applied?

Read the following paragraphs and answer the questions.
POSITIONER
It will
A positioner is an accessory added to a Controlled Device (CD)(Figure 12).
accurately position the CD in the position demanded by the controller, and keep it in
that position until the controller senses a change in variable.

Various conditions can cause inaccurate positioning of the CD. When these
conditions exist, the controler cannot move the CD to the desired position. The
controller sends the correct amount of pressure, but the resistance to movement keeps
the CD from moving to the position wanted. The positioner will make the pneumatic CD go
to the proper position.
The pneumatic damper can also have corrosion on damper linkages and opposition to
movement due to airflow through the dampers which hamper the correct positioning of the
The positioner insures that the damper moves to the position called for by the
damper.
controller.

11
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1

stop point
adjustment

Damper
Operator

Positioner being used on a Damper
Figure 12

1.

What is the purpose of a positioner?

2.

What are two conditions which hamper the correct positioning of a damper?

3.

What are the two adjustments on a positioner?

STOP!

You have completed the directed study to be completed prior to day 41 class.

12
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Start here for the assignment to be finished in preparation for Day 42.
Illa.

Read the following paragraphs answer the questions.
ROOM THERMOSTATS (T-4002)

A room thermostat is a device that measures the temperature of aL Individual room.
The thermostat converts the temperature changes into an air pressure (control pressure)
that is sent to a controlled device (valve or damper). The controlled device regulates
the flow of the control agent (chill water, hot water, steam, etc.) which will control
the temperature.
The room thermostat can be used to automatically control the temperature for
heating or cooling, but only one at a time. An application for cooling is shown in
The room thermostat is installed on a wall where it will sense the
Figure 13.
temperature of the roam. The room thermostat modulates the chilled water valve to
The room thermostat can be applied for
control the temperature of the supply air.
heating as well as cooling.
The room thermostat has a sensing element (Bi-Metal Strip). When the room
temperature increases, the element bends down and increases control pressure. When the
room temperature goes down, the element bends up and decreases control pressure. The
type of bi-metal strip will determine if the thermostat is direct or reverse acting.

DIRECT

ACTING STRIP

ADJUSTING

-SCREW

LSENsivvrry
SLIDER

CONTROL LINE TEST 64GE

Figure 13

The sensitivfsty should always be as high as possible without
SENSITIVITY.
producing excessive hunting or cycling. The thermostat is factory set for approximately
2 1/2 psi per degree, but the sensitivity is adjustable between 1 and 8 psi per degree.
Change the sensitivity, move the sensitivity slider.
1.

What is the purpose of a thermostat in a pneumatic control system?

2.

What determines the action of the Lhermostat?

3.

What is the action of the thermostat when the sensing element bends down on an
increase in temperature?

544

4.

How is the sensitivity changed on the thermostat?

b.

Read the following paragraphs answer the questions.
ROOM HUMIDISTAT

A room humidistat is a device that senses changes in relative humidity of an
individual room. When a change occurs, the humidistat changes the control air pressure
to the controlled device. The room humidistat can be used to automatically control the
relative humidity for humidification or dehumidification, but only one or the other.
It
is installed on a wall where it will sense the humidity of the room and modulates the
chilled water valve to control the realtive humidity (moisture content) of the supply
air.

Room Humidistat, H-4100 (see Figure 14).

INWOOD
ELEMENT

prilligge
w1.2_:reir
ADJUSTING SCREW

SENSMVITY SLIDER
CONTROL UNE TEST GAGE

Room Humidistat H-4100
Figure 14
Operation.

Direct Acting Humidistat: When the humidistat senses a rise in relative humidity the
bi-wood strip bends down, this causes the control pressure to increase.
Reverse Acting Humidist:
When the humidistat senses a rise in relative humidity the
bi-wood strip bends up, this causes the control pressure to decrease.
1.

The controlled variable of

2.

What type of sensing element is usually found in the H-4100?

3.

When humidity changes the humidistat changes the

is sensed ty the H-4100.

pressure.

Pneumatic Control Theory
c.

Refer to Figures 15, 16, 17, and 18 as necessary to complete the following loops.

1.

AGENT:
Hot Water
N.O. Valve
DEVICE:
ACTION:

2.

AGENT:
Chilled Water
DEVICE:
ACTION:
DA

3.

AGENT:
Steam
hEVICE:
ACTION:
RA

4.

AGENT:
Chilled Water
DEVICE:
N.O. Valve
ACTION:

14
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Figure 18

d.
Refer to Figure 19 to answer fol lowing questions. A DA thermostat
controlled devices. One is a NO Hot Water valve with a spring range of
The other controlled device is a N.C. Chilled Water valve with a spring
The thermostat has a sens itivity of 2 psi/1 degree, and the
to 13 psi.
degrees.

523
15

has two
3 psi to 7 psi.
range of 9 psi
setpoint is 72

1.

When the temperature is at setpoint, what will be the position of the coolingvalve?

The heating valve?
2.

If room temperature increases to 75 degrees
- what will the control pressure be?
what will be the position of the heating valve?
the position of the cooling valve?

3.

At what temperature will the cooling valve be 1/2 open?

4.

At what temperature will the heating valve be 1/2 open?

5.

What is the throttling range of the cooling valve?

6.

What is the throttling range of the heating valve?
a.

T/stat:

DA

psi

76

176-

2 psi/1 degree

b.

Sensitivity:

c.

Heating valve

d.

Temp

15

(1)

Hot Water

14

(2)

NO

13

(3)

Spring Range:

3 psi to 7 psi

74

12

Cooling Valve

11

Chilled Water
(2

(3)
e.

10

c

9

Spr'.tr7 Range 9 psi to 13 psi

Setpoint.

_ _Co o1i

.

Setpoint

72

Ocgrees

7

6
5

0

4
/-

3
2
1

68

d.

Read the following piragraphs answer the questions.

16
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Figure 19

0

_ Jleating

DIRECT

ACTING
STRIP

F:gure 20

T-4752 HEATING-COOLING THERMOSTAT
The heating-cooling thermostat is a controller which measures the temperature of an
The heating-cooling thermostat converts temperature changes into
individual room.
pressure changes in the 6Ame manner as the room thermostat. The heating-cooling
thermostat is a combination of two room thermostats (a direct acting and a reverse
In reality, it is a room thermostat that uses direct
acting) into one thermostat.
acting for control of heating in the winter and reverse acting for control of cooling in
the summer. This controller can also be referred to as a summer-winter thermostat.
The heating-cooling thermostat can be used to automatically control the temperature
or heating and cooling. The heating-cooling thermostat ts installed on a wall where it
sense the temperature of the room. The controller modulates the controlled device
10toillcontrol
the flow of chiled water ln the summer and hot water In the winter.
Operation

The heating-cooling thermostat operates together with another controller sensing
When the outdoor temperature rises, the rise in temp is sensed
the outdoor temperature.
by the outdoor T/Stat which will cause the heating-cooling T/Stat to be reverse acting
A decrease in temp sensed by the outdoor T/Stat wil cause the heattng
for cooling.
cooling T/Stat to be direct acting and control the heating.
1.

What is the action of the T-4752 controller?

2.

The T-4752 uses
cooling.

3.

Th-j T-4752 controls a valve to use
water in the yinter.

4.

Why is it necessary for the T-4752 to change its action?

acting for heating and

acting for

water in the summer and

17526

a.

Read the following pages answer the questions.
LP 914 A (SENSOR)

There are four types of sensors; temperature, humidity, pressure, and dewpoint.
Each can be used with the RP908A nonbleed controller. The temperature sensor, which
will work with, has an invar rod, brass rod, and a stainless steel lid. See Figure 21.
The sensor can be inserted into a duct or large water pipe in a remote area.
connected to the controller by tubing.

It is

On an increase in temperature the brass rod expands, moving the invar
OPERATION.
With the lid closed, the pressure will back up to the input
rod away from the lid.
chamber of the controller.

On a decrease in temperature the brass rod will contract, causing the invar rod to
The movement of the lid is less than one
move the lid away from the seat.
This will allow all pressure above 3 psi to escape
ten-thousandths (.0001) of an inch.
to the atmosphere.
The sensor will operate accurately at a distance of 1000 feet or less.
The minimum signal of LP 914 a sensor is 3 psi at a sensed temperature of -40°F.
The maximum signal is 15 psi at a sensed temperature of +160°. The sensor operating
span is 2000.

STAINLESS

STEEL LID

BRASS TUBE-\

INVAR ROO

RIGID STEM SENSOR
SENSOR LINE
TO CONTROLLER

LP914 Sensor
Figure 21

1.

What are the four variables the RP908/1 is capable of controlling?

2.

How is the sensor connected to a controller?

3.

What is the minimum signal pre%-ure sent to the controller from the sensor?

4.

What is the sensor operating range?

18
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b.

Read the following paragraphs and answer the following questions.
RP-908A (controller)

The controller can be located in a remote equipment room or on a control panel.
is connected to the sensor by tubing and takes a small pressure change from the sensor
and amplifies it through the main lever, secondary lever, and the relay chamber to
See Figure 22.
provide a 0 to max psig branch line pressure.
The controller is equipped with three springs (see Figure 41). Two small springs
are connected to the secondary lever if reverse action is desired or disconnected if
direct action is desired. The large spring is used only when the proportional band
adjastment is set at 15% or above. The action of the controller can be changed by
moving the pivot points of the se!ondary lever.

Li -914

sensor
\-7

Hain

rressure

Pressure

ti

1

I

r-

rr

-I('
f

1

vaive

RP-908A Controller
Figure 22

1.

What type of response does the RP-908A produce?

2.

What i

the action of the RP-908A?

52'i
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3.

Can the action of the RP-908A be changed, if uo how?

4.

When must the propoetional band spring be connected to the main lever?

c.

Read the following paragraphs and service chart #1 and answer the following

quest-Lorw.

Calibrating a Pneumatic Controller
If a pneumatic control system is to work properly, it must be calibrated properly.
Calibration is a procedure of manually setting the control pressure at a specific
variable. Listed are the basic steps for calibration of pneumatic controller.
1.

Determine ambient variable (temp, pressure, humidity).

2.

Set the set point dial to sensed variable.

Adjust calibration screw located on controller to the mid spring range
3.
controlled device.

(M.S.R.) for

Turn set point dial to what you want.

4.

These four steps for calibrating a pneumatic controller, are the basic four steps
for the calibration of all controllers.
Maintaining a Pneumatic Control System
If a complex pneumatic control system is expected to keep on operating correctly,
Since the pneumatic control system is
certain maintenance practices must be performed.
composed of a number of major components we will discuss the maintenance required for
each.

Compressor - was discussed in a previous section, most important maintenance
practice is to open drain values daily to remove moisture.
PRV - Check output pressure daily.
Pneumatic Controller - most times a defective controller, will be removed and
In some
The reason being the complexity and small air passage ways involved.
and
a
plugged
filter
replaced.
cases the pneumatic controller can be taken apart
Isolate the controller make SURE the controller is defective bfore replacing it.
replaced.

Damper Operator - A
In some cases
replaced.
operator until a new one
the same spring range as

damper operator that binds or does not operate should be
graphite can be used to temporarily prevent binding in an
can be obtained. Remember to replace the operator with one of
the one it replaced.

Valve - A valve that will not close or binds during operation should be replaced.
Linkage - should be checked whenever it is suspected of being out of adjustment.
The damper blade should assume the mid position when M.S.R. pressure is applied to the
damper operator.
Once a pneumatic system is "set up" only a small amount of maintenance will be
Unnecessary adjustment "tinkeritus" is the
required to keep it operating correctly.
biggest enemy of a control system.
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Trouble Shooting a Pneumatic Control System

0

Troubleshooting will be a daily task for a refrigerati,n specialist.
imple troubleshooting chart for a pneumatic control system.

Listed is a

Service Charts #1

Compressor won't run.

RDIEDY

POSSIBLE TROUBLE

OBSERVATION
1.

Electrical Trouble
No Power
Blown Fuse
Open Switch
c.

a.
b.

a.
b.

No or Low
Supply Pressure

1.
2.
3.

4.

C.

Check Power
Replace Fuse
Close Switch

Inop Compressor
Plugged Supply Line
Leaking Supply Line
Prv Not Adjusted
Correctly

1.
2.
3.
4.

Repair Compressor
Unplug Line
Fix Leak
Readjust Correctly

Supply Pressure Too High

1.

PRV not Adjusted
Correctly

1.

Readjust Correctly

Control Pressure Not Correct

1.

Controller Out of
Calibration
Defective Controller

1.

2.

Recalibrate controller
to MSR
Repluce Controller

2.

1.

Readjust Positioner

2.

Positioner (if used) out
of adjustment
Control Device Binding

2.

Repair or Replace
Control Device

1.

Linkage out of adjustment

1.

Readjust Linkage

Control device will not go to
position demanded by
controller

1.

lignaccurate position of value
r damper assy.
1.

What is the first step of calibration of any pneumatic controller?

2.

What is the calibration screw adjusted to during calibration?

3.

What would be the possible trouble if the supply pressure was too high?

4.

What is the possible trouble when the compressor won't run?

5.

What should the linkage of pneumatic damper be adjusted to?

MECHANICAL AIR DRIER
The refrigerated air dryer provides continuous operation for supplying dry air for
It does this by simply using a tube-n-tube evaporator. The
The refrigerant coPlq the
efrigerant is in the inner tube and air in the outer tube.
air down, causing the moisture in the air to (condensate) thus removing the
litneumatic Control Systems.
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This is (DEW POINT) important for smooth operation of controls. The unit's
moistUre.
hermetically sealed compressor, using refrigerant, condenser fin
najor components are:
and tube type, condenser fan, filter dryer (refrigerant type installed in liquid line),
Heat Exchanger (tube-in-tube) AEV (automatic expansion valve), evaporator, automatic
drain valve, by-pass valves, oil filter with automatic dr10.n, high and low pressure air
gages, pressure relief valve, high and low pressure outlet lines, and last but not least
an inlet air line from compressor. Also, most units have pressure by-pass valves.
These valves simply isolate the heat exchanger for easy maintenance. These valves are"
Advantage is, it can be done without interrupting the control air
manually operated.
Automatic drain valves bleed off moisture from the system.
supply.

Air out

Air in

A.E.V.

Heat Exchanger

Filter
Dryer

Fan
Hermetic
Compressor

a

Condenser

Mechanical Air Dryer
Figure 23
QUESTIONS:
1.

What is a Refrigerated Air dryer?

2.

How does this unit dry the air?

3.

Why is dry air important?

4.

What ate the major components of the Refrigerated Air dryer?

5.

What type of refrigerant is used?

22
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6.

What type of compressor does this unit have?

7.

Explain the purpose of the heat exchnnger.

8.

Why does this unit need automatic drain valves?

9.

What is used to meter refrigerant into the tube-n-tube counterflow air dryer?

1

STCP!

You have completed assignment to be completed prior to Day 42 class.

Start here for Directed Study Assignment to be completed prior to day 43 class.
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SW J3ABR54530 001-V-3

ELECTRICAL CONTROLS
OBJECTIVE

To develop a knowledge and understanding of electric controls, their use,
advantages, and applications.
*

To develop the skills necessary for the installation, calibration, and maintenance
of series 40, 80, and 90 electric control loops.

INTRODUCTION

To a large degree, the type of energy which is best suited for a particular control
problem determines the kind of control equipment selected. Elect7Acal energy is
commonly used to transmit the controller measurement of a change in a controlled
It also translates that measurement into work at
variable to other parts of the system.
For this purpose electricity has the following advantages:
the final control elements.
o

It is readily available.

o

Electrical wiring is usually simple and easy to install.

o

Electrical energy readily amplifies the relatively small signal received by
the sensing element making it possible to control systems which ordinarily
could not be controlled.

o

The impulse received from the sensing element can be applied directly to
produce one or several combinations or sequences in electrical outputs.

ssignment to be accomplished in preparation for day 43.
Read the following paragraph refer to Figure 13 and Figure 14 to answer the
following questions.
SERIES 40-80 CONTROL CIRCUIT
The purpose of series 40-80 control loop is to control temperature, pressure, or
humidity "Electrically".
Series -40 and -80 controllers include the following: room thermostats, insertion
thermostats, pressure controllers and humidity controllers.
The series -40 control circuit is a line voltage circuit and the series-80 is a
low-voltage circuit. Both are switched directly by the SPST switching action of the
series-40 or -80 controller. These controllers may have either contacts or mercury
switches.
Application

The series 40-80 motor is connected mechanically to be valve or damper (see Figure
26).

5233

Figure 24

ower i n

Seri e

4n/p,,

Motor

Figure 25

Operation

The controller (see Figure 25) contains a sensing element which senses a change in
variable (temp, pressure, or humidity). This change in variable will cause the motor to
be energized (motor runs) and de-energized (motor stops), by opening and closing
contacts located in the controller.
1.

Series 40/80 controllers can sense the variables of
and

2.

What is the purpose of a series 40/80 control circuit?

3.

What is the switching action of the series 40/80 controller?

4.

What voltage is required for a series 40 motor?
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For a series 80 motor?

b.

Read the following paragraphs, and Figure 25 answer the questtons.

peration of Series 40/80 Control Circuit
IIP

Figure 26 shows a simplified series 40-80 control circuit. It includes a
controller, motor, limit switch, and brake solenoid. When the controller senses a
change in variable (becomes unsatisfied), the contacts in controller close, causing the
motor shaft to rotate. The shaft will now rotate slowly from the 0° (retracted)
position, to the 160° (extended) position.
When the shaft reaches the 160° position
the limit switch opens, and the motor stops.
The motor shaft is held in the 160°
position by a brake solenoid. As long as the contacts are closed in the controller the
brake is energized.
When the variable change0 (controller is satisfied), the contacts
in the controller will open. The motor shaft now returns to the 0° position by using a
fatisafe spring.

0*
Power stroke

Limit Switch

Controller
Brake Solenoid

Seri.:

40 and 80 Control Circuit
Figure 26

1.

What causes the coutacts in the series 40/80 controller to open and close?

2.

What is the purpose of a limit switch in the series 40/80 control circuit?

3.

What is the purpose of the brake solenoid in the series 40/80 control circuit?

4.

When is the series 40 and 80 brake solenoid energized?
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Read the following paragraphs and answer the questions.
Series 90 Control Circuit
The purpose of series 90 control circuit is to control temp, pressure, humidity.
Unlike the series 40/80 this circuit operates to position the controlled device at any
point between fully open and fully closed, including fully open and fully closed.
Series 90 Signal Potentiometer

The series 90 controller has a signal potentiometer which is a type of variable
See Figure 27. The signal potentiometer is located in the controller, and
changes its resistance with a change in variable (temp, pressure, or humidity).
resistor.

Potentiometer
FiE;ure 27

Series 90 Balancing Potentiometer
The series 90 uotor has a balancing potentiometer, which is also a type of variab7,
The balanci!:g potentiometer is located in the motor, and changes its
resistance with a change in the position of the motor shaft.
resistor.

1.

nat is the purpose of a series 90 control circuit?

2.

WhicL
.ircuit will give the mo:-A.
40/80, or sc,-.e 90? Explain why.

3.

What causes th

4.

What causes ti. ialanciug pot:ntiometer to .:hange its ..sistance?

c.

:oad the fc.lowing paragra,,,

potentiomot.,

.

ae.

.ito .outrol of a variable series

to change its e. .1stance?

.Lnd using Figure 23 answor the following quetions,
SERIES 90 MUT0R

The series 90 motor will operate in both directions. The motor is started,
stopped, and operated in both directions by a SPDT switch.

28
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Operation
See Figure 28. When power (24 volts) is applied to the signal potentiometer
The current flowing to the balancing
41,urrent flows to the balancing potentiometer.
potentiometer changes with changes in the variable. Refer to Figure 28 changes in
current thru coil #1 and coil #2 will change the magnet strength of these coils and the
The operation of the SPDT switch will determine the
operation of the SPDT switch.

direction of rotation of the motor.
Signal potentiometer

no-Vvvvl

Sensing Element

Ba,ancing Coils 14
c,

!Coil

I
S.P.D.T.
Switch

1

Livvvv\ivt.

Tr

rv Ark ,

IL
Motor Shaft

Balancing Potentiometer

Figure 28
directions.

1.

The series 90 motor will operate in

2.

What does the SPDT switch do in a series 90 circuit?

3.

What causes current flow to change in a series 90 circuit?

4.

What is the voltage required on the series 90 control system?

Read the following paragraphs, and service chart #2 answer the following questions.
Calibration of a electric control system will be an important part of your job.
Listed is the calibration procedure for a electrical control system.
1.

Bring conditioned space to set point.

2.

Center signal wiper arm In,' ated in controller visually.

3.

Center signal wiper arm

4.

Balancing wiper arm located in motor will balance automatically.,

ig ohmmeter (isolate controller).
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Listed is a service chart for troubleshooting. Read service chart #2, for
troubleshooting of a electrical control system and answer the questions.
SERVICE CHART #2
POSSIBLE TROUBLE

OBSERVATION

Motor won't run

a.

Electrical Trouble
No or Low Power
Blown Fuse
Burned Transformer

1.

2.
3.

4.
5.

6.
7.

Loose or Broken Wire

7.

1.

Controller out of
Calibration
Defective Controller

1.

5.

2.

Inaccuracte Position of Valve
or Damper Assy.

1.

2.
3.

Burned Motor
Bad Capacitor
Dirty Potentiometer

4.

Innaccurate Control of Motor

REMEDY

Linkage out of
adjustment

1.

6.

Check Power
Replace Fuse
Replace
Transformer
Replace motor
Replace capacitor
Clean
Potentiometer
Connect or Replace
Wire

2.

Recalibrate
Controller
Replace Controller

1.

Readjust Linkage

1.

What is the first step for calibrating an electrical control system?

2.

What instrument is used to center the signal wiper arm?

3.

Name five possible troubles that would cause the motor not to run?

4.

What is the most probable trouble when inaccurate position of control device is
suspected?

Listed are the seven steps for replacing of an electrical control
replace the electrical control with one of the same resistance.

Remember to

Steps for Replacing an Electrical Control

STOP!

1.

Remove all jewelry, observe all safety precautions.

2.

Remove all power from circuit.

3.

Check for loose, frayed, or corroded connections.

4.

Replace electric control.

5.

Apply Power.

6.

Check for proper operation.

7.

Calibrate only if necessary.
You have completed the Directed Study to be accomplished prior to day 43.
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SW J3ABR54530 001-V-4
ELECTRONIC CONTROLS
OBJECTIVE

This section will aid you in learning electronics as applied to refrigeration and
air-conditioning control systems.
INTRODUCTION

Electronic controls are being used more each day. Temperature, pressure, and
humidity can be controlled electronically. The main components of an electronic circuit
are semiconductors.

You will be required to inspect, adjust, troubleshoot and replace electronic
controls. To do this you must know the construction characteristics, operating
prinitiples, and limitations of solid state semiconductors.

Start here for the Directed Study Assignment to be accomplished prior to day 44
class.

Read the following paragraphs and answer the questions.
to begin this section, a brief review
Current flow through electronic components
of the atom is necessary. An atom consists of a positive charged nucleus around which
These electrons travel around the nucleus in paths
spins negative charged electrons.
called shells. Because of the attraction of the unlike charges of the nucleus and
electrons, the electrons are pulled toward the nucleus. The orbital electron has, as a
result of its motion and velocity, kinetic energy that pulls the electron away from the
nucleus. When the force between the unlike charges is equal to the force of the kinetic
energy, the electron will assume a constant orbit around the nucleus of the atom.
1.

What is the potential charge of the nucleus of an atom?

2.

What .G the potential charge of the orbiting electrons?

3.

Because of their great orbital speed, electrons tend to break away from their
orbit.

4.

What keeps the electrons in their orbit?

The electrons travel around the nucleus in paths.

What are these paths called?

Not all electrons rotate the same orbital shell. The electrons are distributed to
The
different orbital paths or shells according to the energy level of the electron.
outermost shell is called the valance shell, and the electrons in this shell are called
The electrons in the valance shell are influenced the least by the
valance electrons.
attraction of the nucleus so the valance electrons are most easily moved out of their
When a valance electron is free of its shell it is called a free electron. The
shell.
The loss of an electron from the valance
travel of free electrons is called current.
This vacancy is called a hole and causes the parent
shell causes a vacancy in the atom.
atom to become positive. The positive charged atom will attract an electron from the
When the hole in the parent atom is filled with an
valance shell of a neighboring atom.
lectron from a neighboring atom, the hole moved from the parent atom to the neighboring
You can see that current flow is the flow of electrons from negative to positive,
111 tom.
and at the same time, the flow of holes from positive to negative.
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1.

What is the outermost shell of an atom called?

2.

Describ.3 a free electron.

3.

Describe how a hole is formed.

4.

What is the electrical potential of a hole?

5.

What is the electrical potential of an electron?

6.

Describe how holes move.

7.

Explain current as it relates to the flow of electrons and holes

Substances that have a large number of free electrons are called conductors
(copper, gold, silver). Substances with few free electrons are called poor conductors
or insulators (rubber, glass, dry wood).
Substances between conductors and insulators
are called semiconductors (Germanium and silicon).
Most solid state electronic devices
are made from semiconductors.
Give two examples of semiconductors.

Crystals With Impurities
Pure germanium and *silicon crystals are of no use as a semiconductor device because
of the small number of current carriers available. However, when certain impurities are
added to the crystal, the number of carriers can be increased to obtain a useful
current.
This process of adding impurities to the crystal structure is called DOPINO.
The added impurities create either an excess of electrons or an excess of holes,
depending on the type of impurity added.
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When arsenic is added to germanium, the arsenic atom will form bonds with the
The arsenic atom has five valence electrons in its outer shell, but
This
es only four of them to form bonds in the valence band with the germanium atoms.
This impurity donates one electron to
leaves one electron to become a free electron.
Because
increase the number of free electrons without increasing the number of holes.
the impurity donated free electrons to the semiconductor material, it is often referred
to as a DONOR impurity. The resulting material conducts by electron movement and is
called NEGATIVE CARRIER or N-TYPE semiconductor material. The amount of the impurity
added is very small. The more impurity added, the more free electrons in the crystal.
Illtrmanium atoms.

An impurity having three valence electrons can be added to pure germanium to "dope"
Indium has three valence electrons; therefore it has one electron less
the material.
th.al it needs to bond with the neighboring atoms. Therefore, an incomplete bond (hole)
Because this impurity created a hole which will accept one electron to
is created.
complete the bond, it is called an ACCEPTOR IMPURITY. Acceptor impurities are added to
a crystal to increase the number of holes without increasing the number of free
The resulting material conducts by hole movement and is called POSITIVE
electrons.
CARRIER or P-TYPE semiconductor material. Thus, a hole is actually a positive mobile
charge and exists in the valence band.
1.

Explain why pure germanium or silicon crystals are of no use as a semiconductor
device.

2.

Name the process of adding impurities to germanium or silicon crystals.

4110.

Describe how donor impurities changes the germanium or silicon crystal.

4.

Describe how acceptor impurities changes the germanium or silicon crystal.

Current Carriers in N- and P- Type Materials
Both electrons and holes are current carriers in semiconductors. Electrons are
negative current carriers, and holes are positive current carriers. Current carriers
are also referred to as MAJORITY carriers and MINORITY carriers. Majority current
Minority current carriers are produced by applying
carriers are produced by doping.
energy (heat, light, etc.) to the semiconductor. In N-type material, electrons are the
majority carriers. Then energy is applied to N-type material, ELECTRON-HOLE pairs are
The electrons add to the majority current carriers and the holes become the
generated.
minority current carriers. In P-type material, holes are the majority carriers.
The holes add to the majority carriers
Applied energy generates electron hole pairs.
and the electrons become the minority carriers. The number of minority carriers in both
the N- and P-type materials is small when compared to the number of majority current
carriers. As you recall from a previous discussion, this creation of an electron and a
hole (electron-hole pair generation) is due to the amount of energy applied to the
Therefore, the greater the amount of energy, the greater the number of
Ilicystal.
nority and majority carriers. This energy is generally in the form of heat.
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Current Flow in N-Type Material

Current flow in N-type material is illustrated in Figure 29. Conduction in this
The application of voltage across the
type of semiconductor is due to electron flow.
material will cause the electrons to move through the crystal as shown. The positive
potential will attract free electrons which leave the crystal and flow into the positive
terminal of the battery.
As an electron leaves the crystal, an electron from the
negative terminal of the battery will enter the crystal, thus completing the current
(II
path.
The majority current carriers in the N-type material are electrons. They are
repelled by the negative side of the battery and move through the crystal toward the
positive terminal.
Current Flow in P-Type Material

Current flow through P-type material is illustrated in Figure 30. Conduction in
this material is by hole flow.
The holes move from the positive terminal to the
negative terminal of the P-type material.
Electrons from the external circuit enter the
negative terminal and fill holes in the vicinity of the terminal. At the positive
i.eminal, electrons are removed from the covalent bonds, thus creating new holes. This
process continues as the steady stream of holes (hole current) moves toward the negative
terminal.
In both N-type and P-type materials, current flow in the external circuit consists
of electrons moving out of the negative terminal of the battery and into the positive
terminal of the battery.

t1OL f FLOW

1

FLUTRIN Nov

Figure 30.
Current
Flow in P-Type
Material

Figure 29.
Current
Flow in N-Type
Material

1.

Explain how majority and minority carriers are produced.

2.

What are the majority carriers in N-type material?

3.

What are the majority carriers in P-type material?

4.

What is the direction of travel of the majority carriers in N-type material?

5.

What is the direction of travel of the majority carriers in P-type material?
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Read the following paragraphs answer the following questions.
"Junction Transistor

The transistor is another electronic device that makes use of the flow of current
carriers through a semiconductor the junction transistor has three elements and two P-N
the emitter, which gives off or "emit" current
(1)
The three elements are:
JunctioLs.
(3)
the
(2) the base which controls the flow of the current carriers; and
carriers;
collector, which collects the current carriers. A metal lead or contact is attached to
each element or section, to allow the transistor to be connected to external circuitry.

One P-N junction is between the emitter and
Transistors have two P-N junctions.
the base; the other P-N junction is between the collector and the base. Current flow
thru a junction transistor is illustrated in Figure 35.

Figure 35

Since current flows against the
The transistor in Figure 35 contains a diode.
arrow it is easy to trace the flow thru this circuit.
1.

What does a transistor make use of?

2.

Name the three elements of a transistor.

3.

How many P-N junctions does a transistor have?

Read the following paragraphs and answer the following questions.
NPN and PNP Transistors
Transistors are classed as PNP or NPN according to the arrangement of the N and P
materials. A NPN transistor is formed by introducing a thin region of P-type material
between two regions of N-type material in a single crystal of germanium or silicon. By i
introducing a thin region of N-type material between two regions of P-type material a
PNP transistor is formed. Current flow thru i PNP and NPN transistor is illustrated in
Figure 36 and Figure 37.

'

Figure 36.

Current Flow Thru a PNP Transistor

Figure 37.

Current Flow Thru a NPN Transistor

1.

How are transistors classified.

2.

Name two types of transistors.
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3.

What material is the single crystal made of.

4.

This single crystal of material would be known as a
Read the following paragraphs answer the following questions.

Function of Bridge Circuit

The function of a bridge circuit is to sense a change in the controlled variable,
make a motor (S-90) operate, change the position of a valve or damper. This regulates a
control agent, which will change the controlled variable.
Previously this was done pneumatically and electrically.
Whether we like it or not
electronics is the "thing" of the future.
Some of the advantages to electronics when
compared to other methods of controlling a variable are:
Long Life
-

Reliability

Speed of Response
-

Smaller Size

-

Ruggedness

-

Less Heat Generated

-

Reduced Cost of Operation

The term "solid state" is applied to semiconducting &vices because they are
Thej are made of crystalline substances, so they do not contain filaments,
glass enclosures or rare gases, as tubes DO.
"solid".

We first discuss the bridge rectifier since its supplies the source of power for
the bridge circuit.
1.

2.

What is the function of the bridge circuit?

What are four advanages of electronics compared to previous loops?
a.
b.

c.

L

d.
3.

Define solid state.
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Read the following paragraphs and answer the following questions.
Operation of a Bridge Rectifier

A special source of power is needed for a electronic bridge circuit the purpose of
Figure 38
a bridge rectifier is to supply full wave DC current to a bridge circuit.
The operation of the bridge rectifier, uses four P-N
illustrates a bridge rectifier.
junction diodes wired as in Figure 38. Current can flow only in one direction thru a
diode.

Figure 38

Remember:

AC :lows in two directions.
DC flows in only one direction.

Figure 39 and Figure 40 shows the flow of current thru the circuit for each
alternation of the AC cycle with 60 cycle current, this change in direction of current
Remember current flows from - (neg) to + (pos).
will change ea.,711 1/120th of a second.

AC in

1st Alternation
Current flows through
circuit A.

NOTE:

Figure 39

Note the Poles
have changed
DC out
2nd Alternation
Current now flows
NOTE:
through circuit B.

Figure 40
40
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The bridge rectifier has changed AC to full wave DC.

p

1.

What is the purpose of a brIdge rectifier?

2.

How many rectifiers does the bridge rectifier use for each alternation of AC
current?

3.

Could one diode be used to change AC to full wave DC?

Why?

Read the following paragraphs and answer the following questions.

Operation of Bridge Circuits
When two resistors of the same value are wired in parallel and voltage is applied,
This is illustrated in Figure 41.
no current will flow between the two resistors.

R-1

Meter indicates no curent flow
across the bridge.

Figure 41

The brain of most electronic control loops is the bridge circuit. It is made up of
one sensing element (T-1) that changes its resistance with a change in variable. It
will also consist of three resistors (R1, R2, R4) of fixed resistance. See Figure 42.
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Sensing Element
resistance
changes with a change
in variable

1000-n-

??OpErfolewill
c Lnd 3

n

120V

Figure 42

1.

The "brain of" an electronic control loop is the

2.

The bridge circuit consists of sensing element that will change its
with a change in variable.

3.

Is current llowing between points C and D in Figure 42?

Explain.

Read the following paragraphs and refer to Figure 43 to answer following question111
Operation

With a change in temp around the sensing element (T-1) a change in resistance and
voltage will take place between points C and D refer to Figure 49
For each degree of
temp change resistance changes 2.2 OHMS, voltages changes .0085 volts.

T-1
R7

10010i6at 74

Figure 43
42
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1.

Using Figure 44 schematically connect a modified Honeywell Wheatstone Bridge.
with arrows the direction of curreet flow.

11-1.0

0

0

0-0WV%-0

0

0-VVV"--43

II voOr
tAttliMitr4)

Figure 44

2.

In your own words briefly explain how a modified Honeywell Wheatstone Bridge

functions.

Read the following paragraphs and answer tne following questions.
Sensing Elements

To be able to sense these changes in variable special types of sensing elements
These sensing elements will act
will have to be used in the electronic bridge circuit.
like a variable resistor, by changing resistance with a change in variable two of the
sensing elements for sensing temp and humidity are discussed.
The sensing element of an electronic thermostat is a coil of balco wire wound on a
Resistance thru this wire, changes directly with a temp change.
bobbin, see Figure 45.

Sensing Element (Balco Wire)
Figure 45
The sensing element of electronic humidistat is a gold leaf grid enthosset: on a
Resistance thru this grid P,hanges
"plastic base and covered with a special salt.
See Figure 46.
inversely with a humidity change.
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Sensing Element (Gold Leaf Grid)
Figure 46

Like a Pneumatic Control System the electronic control loop, must have a specific
value (voltage, resistance, amperage) at a certain variable. Wien using balco wire the
resistance is 1000 OHMS at 74°F. Resistance changes 2.2 OHMS, voltages changes .0085
volts per degree.
If these specific values vary, inaccurate control of the variable
(temperature) will result.
1.

Sensing elements, sense a change in variable and change

2.

What type of sensing element is used to sense temp?

3.

What type of sensing element is used to sense hund.di?

4.

When using balco wire how much does the resistance ek:irive for each 1°F temprature
change?

Air conditioning controi circuits use a variation of the bridge circuit, to control
temperatlre and humidity in the conditioned space.
The whole electronic control sysLem
now becwes quite complex by adding different circuits.
The meter would be replaced by
an amplifier circuit, which would be electrically connected to a discriminator, a motor,
and a control device. Each of these "sections" of a electronic control loop all work
together to control the final product "variable".
Figure 47 iiiustrates the whole
electronic control system. Each of the sections will be discussed at a later section.
Read the paragraphs that follow, answer the questions, and be prepared to discuss
the information tomorrow in class.
This section deals with the application of electronic components as to electronic
controls.
Five components will SP crwered and you will be responsible to discuss them
tomorrow in class.
Covered in this section will be diodes, PNP transistors, NPN
transistors, capacitors, and inductors.

The impedance (opposition to the flow of current) in an AC circuit may be partially
made up of reactors.
There are two different types of reactors
inductors and
capacitors.
They do not dissipate electric energy in the form of heat as do resistors,
but store energy and then deliver this energy back to the circuit. AC circuits may
consist of various combinations of resistors and reactors.

44
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Variable
Changes
Temp or Press.

Bridge Circuit
Senses a change
in variable,
sends out a
signal

Amplifier
cITErt--TiFFE-i small
signal makes
it large

Discriminator
Circuit - Senses a
change in signal
tells motor which
direction to turn

Motor
UFEEli or closes
valve or damper

Control Device
Controls the
control agent
that controls
the variable

Full Wave Power
Supply

Line Voltage

Figure 47

Operation of an Electronic Control Loo-
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1.

Pefine circuit impedance.

2.

flow are resistors and reactors different?

3.

Pow are resistors and reactors the same?

4.

List the types of reactors.

Inductor - An inductor is an electronic component consistirg of a number of turns
Inductance is
of wire around a core. The core may he hollow or metal (soft iron).
defined as that property of a circuit which opposes any change in the rate of current
Some electronic cuipment requires a source of direct current as well as
flow.
power source is alternating current, some of
the b.vailahl
alternating current.
In the process of convertin
the alternating current mist he changc-d to direct current.
cessary to rectify the alternating
from alternating current to 4irect current, it io
current, resulting in pu7zes of DC current. These pulses must be smoothed out to obtain
Since an inductr)r stores energy when the cnrrent
7turrent.
a constant value of direc
flowing through it is increal,qng, and rturns the eLergy to the circuit when the current
Inductors used for this
is decreasing, tt is used in so.00thing oot these p..11ses.
they vmooth ot r.i choke out the variations in
purpose are called filte.L. choket:
current.
1.

Physically descrihe an inductor.

2.

Define inductance.
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3.

Discuss the value of an inductor in a DC circuit.

4.

What is an inductor called when it is used in a DC circuit?

The second type of reactor is the capacitor. The capacity for storing energy in an
When an alternating voltage is applied
electric field is commonly called capacitance.
across a capacitor, the capacitor charges in one direction, discharges, and charges tu
the other direction, as the polarity of the alternating voltage changes. Even though
electrons do not actually pass through the capacitor, there is a continuous flow of
It
an alternating-current circuit.
alternating current when a capacitor ia eLtnAected
can be said that a capacitor blocks the flow of direct current and is a conductor for
alternating current. The electrolyte capacitor is used in DC filter circuits to help
This type of capacitor has a large amount of
smooth out DC ripples or pulses.
These capacitors Iannot be used as conductors
capacitance for a relitively small size.
for AC since one side of the capacitor must always remain positive in respect to the
Otherwise the capacitor will be destroyed. Just as an Inductor maintains a
other.
clEtant rate of current flow in a DC circuit, capacitors will maintain a constant
vc)tage.
1.

Define Capacitance.

2.

AC can pass through a capacitor, but DC cannot.

3.

What type capacitor is used in DC circuits?

4.

State the purpose of a capac'tor in a DC circuit.

Diode - As you recall, the PN junction is used
It is
It changes, or rectifies AC to pulsating DC.
power, usually a transformer, and the DC load in an
from the diode is constantly changing in amplitude,

True

False (Circle one)

as a solid state diode (rectifier).
installed between an AC source of
electronic circuit. The DC output
being in the form of pulses.

What is the application of a olode in an electronic circuit?
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Transistors - The PNP transistors, and the NPN transistors are current, voltage, or
power amplifying devices. They are used in air conditioning electronic control circuits
to amplify small voltage signals originating from a sensed change in temperature or
humidity. Another application of the transistor is to detect if the voltage signal
coming from the amplifier transistor is in or out of phase with the originating voltage,
and by detecting the phase, rotate a series 90 electronic motor. The series 90 motor
will regulate thil Huy/ of a control agent to bring the temperature or humidity back
within desired limits.

411

1.

In general, how are PNP and NPN transistors used in electronics?

2.

What are the applications of transistors in the eleotronic phase detector control
circuit?

STOP!

You have completed the assignment to be completed prior to day 44.

Start here for the directed study assignment to be completed prior to day 45.

Read the following paragraphs and answer the following questions.
Purpose of Amplifiers
The purpose of amplifier is to make larger the signal that originates in the
This signal that originates in the bridge is very small, and must
"boosted410
up to a signal of sufficient strength to be able to be used.
bridge.

Principles of Operation

When trying to learn the principle of operation of a transistor several principles
must be considered.
First:
A change of resistance will cause a change in voltage
Second:
Amplification depends on the change in the transistors resistance caused by an
input signal.

DC Source Voltage
gure 48
48
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Figure 48 shows a voltage divider consisting of fixed resistor R-1 and variable
wesistor R-2 connected across a DC voltage source. The voltage at point A with respect
o ground is determined by the size of the resistors and the applied voltage.
Increasing
DecreaEing the resistance of R-2 causes the voltage at point A to decrease.
the resistance causes the voltage at point A to increase. The resistance of R-2
provides a control of the voltage at point A.

Figure 49

Figure 49 shows how a transistor then acts like a variable resistor. If base
current is small the resistance of ql would be large, and the voltage at poirt A would
If base current is a large value, the resisbe almost equal to the applied voltage.
tance of ql would be small, and the voltage at point A would be almost equal to zero
The results is that a change in base current controls the voltage at point A.
volts.

Figure 50

Figure 50 shows current flows thru a NPN transistor current always flows against
the arrow of the PN junction diode. It also flows from the emitter to the collector
of the transistor. The base controls the flow of current carriers.
1.

What is the purpose of an amplifier?

2.

Will a change in resistance change voltage?

49
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Explain your answer.

Electronic Control Circuits
The previous section discussed the application of electronic components in an air
Electronic controls are gradually replacing
conditioning electronic control circuit.
some of the mechanical electric controls that are used to control the temperature or
humidity in a conditioned space. This section will concern itself with a typical
electronic control circuit called a phase detector circuit, see Figure 51. This circuit
41
is composed of four main parts .... the bridge circuit, which contains a solid state
thermostat or humidistat, senses a change in variable away from set point and sends a
small corresponding voltage signal to the amplifier circuit. The amplifier circuit
receives the small voltage signal sent from the bridge circuit, and relays a larger
voltage signal to the discriminator circuit which includes two transistors. These
transistors depending on whether the voltage signal received from the amplifier is in or
out of phase with the originating voltage, will determine the rotation of an electronic
series 90 motorized valve, or damper assembly.

R2

1000,,
n4

I000.

D

IS V

WOO.,

-n-TIS1r1

CCM

AMPLMER

DISCRIMINATOR

BRIDGE

Schematic of Bridge, Amplifier and
Di3criminator (Phase Detector) Circuit
Figure 51

For the sake Of simplicity, many of the resistors and condensers are not shown in
these diagrams.
The conditions when the discriminator transistors will conduct are:
-

When collector is positive.

- - When signal on base is positive.
1.

This is, on the positive alternation.

1'..ist the four parts of the phase detector circuit, and state the operating
principle of each part.
a

b.

c.
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d.

2.

What is the purpose of electronic controls?

3.

Electronic controls are used to control
in a conditioned space.

and

Read the following paragraphs and answer the following questions.

Operating Principle of Modulating Electronic Control Loops
A modulating electronic control loop will give like a proportional control loop,
very precise control of the variable. The complete modulating circuit is shown in
The circuit as previously discussed consists of a bridge, amplifier,
Figure 52.
discriminator, and motor circuit.
Operation - the resistance of T-1 (Balco Wire) decreases on a temperature fall,
increases on a temperature rise. This rise or fall in variable, will cause an in or
out phase to originate in the bridge circuit. This small signal will now be sent to
the amplifier circuit, which builds up this small signal and makes it large. The
Notice at the first stage of
praplifier will have two stages of amplification.
mplificatton the signal is 180' out of phase with the signal that originates in the
Depending on the phase (which depends if the temp raised or lowered), will
bridge.
cause transistor T-1 or T-2 to allow current flow to C-1 or C-2. The coils will causa
the motor to be energized :Ind run depending on which coil is engerized and will
Since this is now a modulating
determine the direction of rotation of motor.
electronic control loop, small changes tn variable, will cause small changes in the
position of the motor shaft. TL=3 operation of a electronic control loop is very
similar to a series 90 electric control loop.
1.

on a temp fall, and

The resistance*bf the balco wire (T-1)
on a temp rise.

phase or

2.

A rise or fall in temp will cause a
signal to originate in the bridge.

3.

Why does the amplifier have two stages of amplification.

4.

What will cause the motor to run clockwise or counter clockwise?

51
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phase

T-1

Modulating EI:xcrronic Conitrol Loop

Figure 52
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Read the following paragraphs.
proublesbotc'ting of an Electronic Control Loop

ThJ t:.vAronic control loop rorks of electronical energy, just as an electric
contro: 1nri does. Most of the trouble associated with the series 90 electric control
ilso apply to the e",.ectronic control loop.
loop
!

No Power - Check source of power.
Opens - Ohmmeter would indicate inftnity.
Shorts - Ohmmeter would Indicate zero resistance.
Low Power - Dirty, loose, or corroded connections.

Meter would indicate low

voltage.

Replacing Electronic Controls
Many of the electronic controls, used out in the field, are too complex, and
intricate to be field repairable. Listed below is a general procedure for the
replacement of electronic controls.
Determine the electronic control is defective.
very specific value (resistance) at a certain variable.
1.

Remember it should have a

If it has been determined the electronic control is defective remove all
2.
power from electronic control circuit.
The electronic
Replace the electronic control with an identical controller.
3.
controller must be replaced, with an exact replacement since changes in resistance and
voltages are so small.
4.

Calibrate controller only if necessary.

5.

Check for proper system operation.

11

Circuit an,31y41s
Electronic controls operi-r,

With an exact variable champ
system operate correctly.

J a precise change of resistance and voltage.
values must be exact, to make the electronic

Check the balco wire, it must have a resistance of 1U00 OHMS at 74F.
Check resistance change of balco wire.
temp increase.
Check voltage change of balco wire.

It must increase 2.2 OHMs for each l'F

It must change .0085 volts for each l'F temp

change.

Gold Lead Grid must have a resistance of 2000 OHMS - wet 95% RH 3 millon OHMS - Dry
10% RH.

Adjustment Procedures
Adjusting an electronic control circuit, could become an important part of your
The following steps are listed.
job.
1.

Determine around controller temperature.

2.

Turn set point dial to temperature determined in step number one.

3.

Check meter.

4.

If current flows adjust control point adjuster, until meter zeros.

5.

Current will now flow with a change in temperature, and not flow at set

point.
53
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AIR COMPRESSOR EQUIPMENT
PART 1

OBJECTIVE
Given the information, state the types, purpon:e and operating prim:iple2 of air
compressing equipment used to support Air Conditioning Systems. 80% accuracy must be
attained.

PROCEDURE

Using notes and material given, answer the following questions:
1.

State the types of air compressing equipment used to support Air Conditioning
Systems.

2.

What purpose does the air compressing equipmeni_ serve in a Pneumatic Control
system?

3.

What purpose does the safety relief valve seT..ve in

4.

What purpose does the air compressor serve in the Air Compressing Assembly?

5.

What purpose does the high pressure motor control serve in the Air CompresFing

Air Compressing Assembly?

Assembly?

6.

What purpose does the pressure reducing valve serve in the Air Compresscr Assembly?

7.

At what component does air first enter the system?

8.

What component changes ambient air pressure to high pressure air?

9.

What component determines the pressure in the air storage tank?

10.

State the operating principles of air compressim equipment.

PART 2

OBJECTIVE

Given a disoAered list of steps necessary for the installation, replacement of
74r
defective parts, checking equipment operation, operator service, and maintenance
compressing equipment, select the appropriate steps for each activity and place tnem
logical sequence. List must be completed with 90% accuracy.
PROCEDURE
Select appropriate steps and place them in logical order.
only once.
I.

Installation
1,

2.
3.

4.

II.

Replacement of defective parts
1.

2.
3.

III. Checking equipment operation
1.

2.
3.

1-2
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Each step may be used

IV.

Operator serviee and r:?

itenance

1.

2.
3.

a

-

Tanks drained each day

b

-

Check for abnormal noises

c

-

Remove all jewelry

d

-

Select a location free from excessive dust and moisture with ample light
and space for servicing

e

-

Observe compressor for correct direction of rotation

f

-

Air filter cleaned each 30 days

g

-

Disconnect- power to unit

h

-

Check for leaks and overheating

i

-

Replace defective part with replacement part

j

-

Select a compressor of proper size and cohi,truction

k

-

Check compressor for security of mounting, and valves for proper
operation

1

-

Oil cbanged each 500 operating hours

-

Mount level with a substantial iase, 12-18 inches from wall
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PNEUMATIC CONTROLS
PART

1

OBJECTIVES
Given the information, explain the purpose, use, and operating principle of
pneLmatic controls with 80% accuracy.
PROCEDURE

Using notes and material given, answer the following questions:
1.

What component det-arAines the pressure in the supply line?

2.

What determines the pressure in the control line?

at are three control agents?

1.

,

2.

3.

4.

What term means the difference between set point a:.d control point?

5.

What is throttling range?

6.

What is spring range?

7.

What is sensitivity?

8.

What is the action of a controller that decreases control pressure on a drop in
measurable variable?

9.

What is the action of a controller that decreases control pressure on a rise in
measurable variable?

10.

What is two-position response?

11.

What is the range of control preesure for a proportional responsP controller?

12.

Name three types of pneumatic controls used in air conditioning.
a.
b.
c.

1.

feict is the purpose of pneumatic controls?

14.

What is the use of pneumatic controls?

15.

What type sensing element is bound on the T-4002 thermostat?

2-2

r-

16.

What causes the sensing element on the T-4002 to open or -1,-'se the leakport to

change the control pressure?

17.

What is required to close a normally open pneumatic valve?

18.

What would occur if you lost supply pressure to a controller?

19.

What component determines the pressure in supply line?

20.

What component determines the preaJure in control line?

PART 2

OBJECTIVE

Working as a member of d team, and using refrigeration controls trainer, calibrate
the pneumatic thermostat to maintain a temperature specified by the instructor 4 40 f
PROCEDURE
Calibrate controller to maintaiil terq, specified by instructor

CALIBRATION PROCEW,RES
- CAUTION - remove all jewelry, observe all safety precautions
1.

Connect flexible air line located in trainer to air supply located on wall behin1
trainer.

2.

Turn on air valve located on wall.

3.

Using a T-4002 thermostat, and a refrigeration controls trainer, connect lines As
shown in Fig. 1.

INP11 1

.
[-III_ -III
-a

eigure 1
4.

:apply 20 psi supply air to T-4002 thermostat.

Is the thermostat direct or reverse acting?
5.

Determine ambient temp.

6.

Set set point dial to ambient temp.

7.

Adjust calibration screw to mid sprinF range of controlled device which will he
specified by the instructor.

8.

Turn dial to desired temperature.

9.

turn on fan, heaters, and conditioner, observe response of controller.

1U.

Have instructor Check your work.

2-4
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PART 3

OBJECTIVE

Working as a team member, and using a refr.i.gton -,w..rols trainer, locate Iwo ot
or-qTic equipment by repairing
three instructor induced malfunctions. Maintain
the malfunctions with instructor assistance.
PROCEDURE

Repair the instructor induced malfunctions
service charts supplied.

,.nst-tor assistance, i17.ipq

1.

Notify the instructor when you havc located each milnction.

2.

Be prepared to inform the instructor of the corrective action required to repair
the malfunction.

OBSERVATION

TROUBLE SUSPECTED

REMEDY PERFORMED

#1

#2

#3

SERVICE CHART
When troubleshooting exercise is completed:
a.

shut off air valve located on v.all behind trainer.

b.

disconnect flexible air hose from air supply line located on wall.

c.

disconnect plastic lines from thermostat, put thermostat and plastic lines in
proper place.

5 7-0

PART 4

OBJECTIVE
Given the information, stat o. the operating principles of mechanical air dryers with
no more than two errors.
1.

Where does the mechanical air dryer get the compressed air that it dries?

2.

How does the mechanical air ,:iryer greatly reduce the temperature of the compressed
air?

3.

Why is it necessary to reduce the temperature of the compressed air?

4.

Name the five main components of the mechanical air dryer.
a.
b.
c.

d.
e.

5.

What is the purpose of each of tne five main components?

2-6
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ELECTRICAL CONTROLS
PART 1

OBJECTIVE

Given the information, explain the purpose, use and operating principle
electrical controls with 80% accuracy.
PROCEDURE

Using notes and material given, answer the following questions.
1.

What is the purpose of electrical controi,i

2.

What is the use of electrical controls?

3.

The series 40 control circuit is supplied with

volts.

4.

The series 80 control circuit is supplied with

volts and,

therefore, must use a

to reduce the power supply.

5.

What is the response of a series 40/80 control circuit?

6.

When the series 40/80 motor runs and the shaft rotates a
stops the motor at the 160° position.

7.

Does the series 40/80 motor contain two limit switches?

4:(14

.

Explain.

holds the shaft in the 160° position.

8.

The

9.

When is the brake solenoid energ!.zed?

returns the motor shaft to the Op position.

10.

The

11.

The series 90 control circuit is supplied with

12.

whr::.

13.

A change in
to become unbe.anced.

14.

Wilat.

volts.

is the response of a series 90 control circuit?

circuit

will cause the

are the three electrical circuits in the series - 90 control loop?

a.

b.

C.
Explain the function of each.

15.

Does current flow through a balanced series - 90 bridge?

16.

What type motor is used in the series

-90 control loop?

3-2
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Explain.

17.

What controls the balancing relay in the series - 90 control loop?

18.

Wha

19.

The balancing wiper arm in the balancing potentiometer is directly connectAd to the

20.

If the signal wiper arm in the series 90 controller became insulated from the
resistor, what would be the result?

type switching action does the series 90 balancing relay contain?

PART 2

CALIBRATION PROCEDURES
OBJECTIVE

Working a
a series 90 elect

ber of a team and using a Refrigeration Controls Trainer, calibrate
al control lo, with instruction assistance.

PROCEDURE

Using your workbook notes, calibrate a series 90 motor
CAUTION - Remove all jewelry, observe all safety precautions, and keep hands OFF
hot

terminals.

CAUTION - DON'T apply power, until circuit is checked by instructor.

410

ROYwat
CONTROLLER

--43)
W

RAMO WON

Figure 2. Control Circuit
1.

Connect wires as indicated in Figure 2. (have inetrvctor check your wiring before
continuing en to the next step.)

2.

Apply set point pressure (le psi) to controller (don't change this pressure)

3.

Center signal wiper arm located in controller visually.

4.

Center signal wiper arm, using ohmmeter (isolate the controller)

5.

When the circuit has been checked by instructor, connect a source of power.

6.

Decrease the pressute at controller.

7.

Viewing the motor from the power end, does t
counter clockwise.

5 70
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motor shaft rotate clockwise or

PART 3
1

OBJECTIVE
Working as a member of a team and using a Refricteration Controls Trainor, iSolato
two instructor induced electrical controls malfuncti .ns with two in6tructov
PROCEDURE

Using service analysis chart, and Refrigeration Controls Trainer, isolate twO
instructor induced electrical malfunctions. List your observations, trouble, and
remedies on the blank chart provided.
CAUTION - Remove all jewelry, observe all safety precautions
OBSERVATION

REMEDY PERFORMED

TROUBLE SUSPECTED
---

#1

#2

SERVICE ANALYSIS CHART

576
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PART 4

OBJECTIVE
Given a disordered list of steps for replacing electrical controls, place them in a
logical orde: with 70% accuracy.
PROCEDURE

Place listed steps in logical order.

Each step will be used only once.

Steps for Replacing an Electrical Control

2.
3.

4.
5.

6.
7.

a.

Check for loose, frayed, or corroded connections.

b.

Check for proper operation.

c.

Apply power.

d.

Remove all jewelry, observe all safety

e.

Calibrate if necessary.

f.

Remove all power from circuit.

g.

Replace electric control.

5'7
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precautions.
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ELECTRONIC CONTROLS
PART 1

OBJECTIVE

Given five basic electronic diagrams, draw lines to indicate current flow through
the circuits. Three of the five circuits must be correct.
PROCEDURE

Respond to the following statements/questions by drawing lines and/or arrows to
show the current path and direction of current flow. Answer the questions in the space
provided.
On Figures 3 and 4 below, draw arrows to indicate current flow through the
1.
circuits.

/ HoLE

ELECTR(*S

ELECTRON FLOW

Figure 4

Figure 3
2.

Draw lines on Figure 5 to indicate current flow thru circuit.
direction of current flow.

-1 4-

Figure 5

Draw arrows to show

3.

Indicate how the devices in Figures 6 and 7 are biased by filling in the blanks
Draw lines to indicate current flow.

below.

DEPLETION REGION

BIAS

Figure 6
DEPLETION REGION

BIAS

Figure 7

4.

Using the Junction Transistor in Figure 8, indicate current flow thru the circuit
using arrows.

N./

Figure 8

4-2
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PART 2
OBJECTIVE.

Given a schematic of a Bridge Circuit, describe its function and draw lines to
indicate flow through the device for one cycle. Two errors permitted.
PROCEDURE

Draw arrows to indicate current flow thru the bridge circuit in Fiqure 9, also list
its function in the space provided.

Q.JO

Figure 9

Function -

5S0
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PART 3

OBJECTIVE
Given a list of five electronic components, state their application to electronic
controls.
Four of the five must be correct.
PROCFDURE

List the application to electronic controls of the five electronic components
listed.

APPLICATION
1.

Diode -

2.

PNP Transistor

3.

NPN Transistor

4.

Capacitor

5.

Inductor (choke coil)

4-4
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PART 4

OBJECTIVE

Given the information, trace the flow through a simple amplifier circuit and state
its purpose. Two errors permitted.
PROCEDURE

Draw lines to connect the amplifier in Figure 10, then trace current flow thru the
simple amplifier circuit and state its purpose in the space provided.

Purpose

Figure 10, Simple Amplifier Circuit

MEW

IN

PART 5

OBJECTIVE
Given the information, state the purpose, use and operating principles of
electronic control circuits with no more than two errors.
PROCEDURE

Using notes and material given, answer the following questions.
1.

What is the purpose of an electronic control circuit?

2.

What is the use of an electronic control circuit?

3.

What is the current flow between two resistors of equal value wired in parallel?

4.

This is known as a simple

5.

When the sensing element in the bridge circuit senses a change in variable, the

circuit.

circuit becomes
6.

What type sensing element is used to sense the variable of temp?

7.

What type sensing element is used to sense the variable of humidity?

8.

Will current flow across a balanced electronic bridge circuit?

58 c.4-6

Explain.

9.

10,

What do transistors do in a amplifier circuit?

What do transistors do in a discriminator circuit?

PART 6

OBJECTIVE
Given the information, state the operating principle of modulating electronic
controls. Only one error permitted.
PROCEDURE

Using notes and material given, answer the following questions.
1.

What causes a signal to be sent from the bridge circuit of a modulating electronic
control loop?

2.

Does current flow thru a balanced modulating electronic control loop?
Explain.

3.

Why does a "modulating" electronic control loop provide more accurate control than
two-position eleetronic control loop?

4.

Transistors when used in a modulating electronic control circuit can be used for
and

5.

Small changes in the

will cause a small change in the

position of the

585
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PART 7

OBJECTIVE
Given the information, state the procedure for troubleshooting electronic controls
and replacing the controls with no more than two errors.
PROCEDURE

Using notes and material provided, read the following sentences and fill in the
blanks provided to complete the sentences.
1.

If nothing operates, check the

2.

Check for
infinity.

3.

Check for
resistance.

4.

Check for loose, dirty, or corroded connections which would cause a

first.

with ohmeter which would indicate
with ohmeter which would indicate zero

power condition.

PROCEDURE
Using notes and any material provided, list the five steps for replacing an
electronic control.

2.

3.

4.

5.

586
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Read the following paragraphs.
1.

Pill in the blanks to complete the sentence.

Check the balco wire, it must have a resistance of

ohms at the

74° P.
2.

Check resistance change of balco wire, it must go up
each 1°f. temp change.

3.

Check voltage change of balco wire, it must change
1° f temp. change.

4.

Check resistance of goldleaf grid, it must have a resistance of
a dry relative humidity.

at

5.

Check resistance of goldleaf grid, it must have a resistance of
a wet relative humidity.

at

6.

Remove the
controls.

ohms for
volts for each

from circuit before replacing electronic

581/
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ADJUSTING CONTROL POINT ON A HONEYWELL MODIFIED BRIDGE
CAUTION - Remove all jewelry, observe all safety precautions
1.

2.

Examine the trainer schematic and identify the following:
a.

Stepdown transformer

b.

Bridge rectifier

c.

Modified wheatstone bridge

d.

Balco wire sensing element (remove thermostat cover)

Connect trainer to power source and turn power switch on.
a.

Determine room temperature.

b.

Turn thermostat setpoint dial to ambient temperature.

c.

1.

Is current flowing across the bridge?

2.

Is the bridge balanced or unbalanced?

Adjust the control point adjuster, located on the side of the trainer, to zero
the meter.
Have the instructor check you. work.

d.

Lightly exhale so the thermostat sensing element can sense the heat from your
breath.

e.

(1)

What happened to the current flow across the briele?

(2)

What must happen for the bridge circuit to become unbalanced?

Blow at the thermostat so the sensing element can sense the cool air.
(1)

What happened to the current flow across the bridge?

(2)

If this bridge circuit were part of a phase detector circuit, what
component would take the place of the ammeter?

Have your instructor check your work.
f.

Disconnect the trainer from the power source.
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AIR HANDLERS
OBJECTIVE

Upon completing this unit of instruction, you will be familiar with:
-

The steps required to replace air handler bearings, shafts, belts and pulleys;
and adjustment of damper linkage.

-

The steps for lubricating air handler bearings and checking the bearings, belts
and pulley alignment.

INTRODUCTION

Air conditioning can be defined as control of temperature, humidity, filteration and
To condition the supply air is a function of air handlers.
The
circulation of air.
arrangement of filters, dampers, pre-heat, reheat, chill water coils, air wash or steam
grid and dampers within the air handler make this possible. The larger systems are used
with indirect expansion systems, which normally use a centrifugal or absorption chiller
to supply the chill water.
Assignment in Preparation for Day 46
I.

AIR HANDLERS, CONSTRUCTION FEATURES

a

A.

Read the following paragraphs and answer the questions.

Indirect expansion systems will use two types of air handlers, but only one or the
other, not both as we have here.

First there is the multi-zone air handler which is a system with four separate
supply air ducts. The conditioned air leaving these ducts is heated or cooled depending
on what the controller for that certain zone is calling for. All four ducts could carry
four different supply air temperatures to different areas of a building.
The temperature
is controlled by a set of dampers for each zone which modulate air flow across the heating or cooling coil and then mixing it for proper temperature.
The second air handler is called a single zone type. This type system has only one
supply air duct with one supply air temperature. The temperature of the air being produced by the air handler is controlled by modulating water valves located on the cooling
and heating coils. As the temperature goes up, the chilled water valve will open more
and the hot water valve will close. These two valves are operated by a series-90 control
loop, with the sensing element located on the return air side of the system.
COIL SECTION

ODURINATION
FILTER MIXING
BOX

TAN SECTION

.

DAMPER SECTION

MOUNTING UG

Multi-Zone Air Handler
1-1
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B.

Read the following paragraphs and answer the questions.

Both the multi-zone and single-zone air handlers have damper assemblies
which allow
the system to exhaust all return air and take in all outside air,
or mix return with
outside while still exhausting a portion of the return air.
All large buildings beine
conditioned should exhaust air. The reason for this is to get
rid of unwanted impurities, such as smoke and odors.
The motors for the air handlers are located outside the unit, which allows
the
airflow patterns through the unit from being disrupted.
pressure loss and thus
horsepower are held to a minimum. Proper coil loading is Static
also maintained. Motor and
hearing noises, including 60-ulcle hum, are not carried into the duct
system.
At the
exterior location the motor is not subjected to extreme sir
conditions that exist inside
the unit.
Also, the motors are easily accessible and can be inspected regularly and
given proper maintenance.
1.

What is the purpose of damper assemblies?

2.

What is the purpose of exhausting air?

3.

Where is the motor for the air handler located?

C.

Read the following paragraphs and answer the questions.

Now that you have a basic understanding of air handlers and
the function of the
various components, we will learn some elementary replacement,
repair and adjustments to
maintain the efficiency of air handlers.
Fans

Fans are essential for circulation of air.
is the means of providing
oxygen for people and removal of heat and airborneVentilation
pollutants.
Air movement becomes a critical factor when analysis of
maintenance or adjustment of
air handling systems are considered.

some items to consider when performing maintenance:
slippin:%' belts, proper lubrication, bent fan blades, dirt Worn bearings, hroken or
on fan blades or unbalanced
fans.
Belt pulley alignment, tension of belts, flats on pulley
If there is more than one belt, all belts should be replaced or burned spots on belts.
an a set. Not just one at a
time.
Dirt and grease when exposed to excess heat can catch fire
within the enclosed

space.

Belts can be adjusted by usually moving the motor, or in some instances
adjustment
of variable pitch pulley.
From the preceding statement you can understand the importance
of the fan and its

function of al.r movement.

1-2
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1.

What is the purpose of the fans?

2.

When does air movement become a critical factor?

3.

How may the V-belts be adjusted?

D.

Read the following paragraphs and answer the questions.

Filters

Filters are important in that they are essential in removal of dirt or solid
Other types of filters remove odors, gases or bacteria.

particles.

They come in two classes:

permanent or throw-away.

Filters, as they become saturated with precipitants, begin to restrict air flow,
Usually
this extent of static restriction can be measured on draft gages and manometers.
expressed in MM or inches of water, .05" to .24" is a range sometimes used to indicate
faulty filters.
Normal procedures is to clean or replace filters depending on the class of filter.
1.

What are the two classes of filters?

2.

What is the purpose of the filters?

E.

Read the following paragraphs and answer the questions.

Dampers

Dampers are the final control device for regulating the quantity of air, its
mixture, or direction of flow.
Dampers are used to balance the air flcw to the various
rooms, as mixing air (return, outside, or two different temperatures) for control of
humidity, temperature or ventilation.
There are three basic types:

(1)

Butterfly

(2)

Multiple blade

(3)

Split damper

They can be operated either manual or automatic.

They must be properly fitted and sized for ducts and control of airflow--free from
dragging, jamming or working out of shape in normal usage. Corrosion and accnmulation of
excess dirt can be a problem in some applications.
1-3
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DAMPER MAINTENANCE.
Most damper rods revolve in nylon bushings which do not require
lubrication.
Check linkage, setscrews and blade adjustment periodically for proper
operation or adjustment.

Icontrolling devices should be checked periodically to insnre that the dampers are
tOu.rating from full-open to full-closed position.
1.

Whnt is the purpose of the dampers?

2.

What are the three types of dampers?

3.

How may dampers be operated?

AIR HANDLERS, MAINTENANCE
A.

Read the following paragraphs and answer the questions.

Periodic Maintenance Air Handlers
a.

h.

Monthly-(1)

Inspect the air filters and, if necessary, clean or replace.

(2)

Check spray coil sump, water drain, and check for scale and corrosion.
Adjust float makeup valve.

Every three to six months-(1)

Rearing should be lubricated, if possible, with motor running.
Add grease
until a slight bead appears. Check bearing races for excess wear.

(2)

Adjust belt tension on fans--approximately 1/2 inch flex in each direction.
When replacing belts replace with complete set.

(3)

Motor lubricants should be checked every three to six months. Pependine4on
operating time. Remove bottom plug--install erease fitting at the upper
plug and lubricate until approximately 1/2 inch of old grease is forced
out--run to expel excess grease, replace plugs.
CAUTION:

(4)

Do not UE9 oils containing detergents!

Inspect the unit coils for dirt or damage.
Air jet to clean dirt.

fins.

CAUTION:
(5)

Use "fin comb" to straighten

Do not use steam or hot water to clean
refrigerant coils when charged!

Spray humidifiers for lime deposits. If lime deposits have developed,
clean by soaking nozzles in an oakite solution and then clean thoroughly by
soaking in water.
Inspect the muslin wrap sleeve on the steam grid
humidifier and replace if necessary.

1-4
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1.

What is the proper belt tension?

2.

What is required to straighten the fins on the coils?

B.

Read the folowing paragraphs and answer the questions.
c.

Once a year-(1)

Inspect the unit casing and accessories for paint chipping and corrosion.
Clean and repaint as neeeded.

(2)

Clean fan on fan shaft.
preventive.

(3)

Inspect drain pan for sludge and clean as needed.

(4)

Check condensate drain line to insure it is not blocked.

(5)

Check damper linkage, setscrews, and blade adjustment for proper operation.
It is not necessary to lubricate.

NOTE:
(6)

If rusted, remove rust and recoat with rust

Grease fan bearings.
Steps:

(7)

(a)

Remove bottom plug--clean out old grease.

(b)

Add fresh grease through upper grease plug using low pressure gun.

(c)

Run the motor for a few minutes to expel any excess grease out through
the removed bottom plug.

(d)

Replace bottom plug.

(e)

Wipe off any excess grease.

V-belt drive.
(a)

All v-belt drives should be checked periodically for alignment, proper
belt tension, belt wear and cleanliness.

(b)

Check motor and fan shafts for parallel alignment--use a level.
Adjust motor sheaves for parallel alignments. The use of belt
dressing is not recommended for v-belts.

(c)

Belts should be tight enough to avoid squeal and slippage during
operation. A slight squeal during start up is normal. Excessive belt
tension will increase fan and motor bearing wear as well as shorten
belt life.

1.

List the steps for greasing fan bearings.

2.

List the steps for vligning pulleys and replacing fan belts.

3.

List the major components o! an air handler and define their function.

4.

How does the air handler affect the overall Finction within an air conditioning
system?

SW J3ABR54530-001-VI-2

3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas
CENTRIFUGAL AIR CONDITIONING
OBJECTIVE

Upon completing this unit of instruction, you will be familiar with:
Principles of operation of a centrifugal air conditioning system.
The refrigerant, Chilled water, and condenser water circuit.
The steps required for charging a centrifugal system with refrigerant.
-

The maintenance procedure on a centrifugal air conditioning system.
The purge unit operation.

INTRODUCTION

The centrifugal compressor is a low-pressure machine using impellers for compression
purposes. The refrigeration cycle is accomplished with refrigerants having a compression
range of not over 30 psi. The centrifugal machine can be either motor or turbine driven

and usually runs at high speeds, 3600 to 6900 RPM. They vary in capacity from less than
100 to approximately 3000 tons of refrigeration per unit. Since centrifugal units have a
greater cooling capacity, they are used in larger air conditioning installations.
Centrifugal equipment uses the indirect method of cooling. The equipment cools a
fluid (usually water or brine solution) that is pumped through a cooling coil in the area
The fluid (often called a secondary refrigerant) picks up the unwanted
to be cooled.
heat in the conditioned space and brings it back to the refrigerating equipment where it
is removed and discarded.
Assignment in Preparation for Day 46
I.

CENTRIFUGAL SYSTEM, REFRIGERANT, CHILLED WATER, CONDENSER WATER CIRCUIT

A.

Read the following paragraphs and answer the questions.

The centrifugal system (figure 1) is a compact assembly made up of a condenser,
economizer, refrigerant flow control, evaporator, compressor purge unit and control
panel, shown in figure 1.
Condenser

Condensers on
The condenser is of standard design shell and tube construction.
centrifugal machines serve two functions. The primary, as in all condensers, is to
r,q:eive the hot discharge gas from the second stage of compression and condense it to a
liquid.
Its secondary function is to trap and hold noncondensables.
The
Located inside the condenser shell is a special header chamber and baffle.
pressurized refrigerant vapor from the second stage of compression enters to the top of
the condenser. This pressurized vapor is distributed throughout the full length of the
tube bundle as well as in a downward direction within the condenser shell. The header is
perforated permitting the gas to be broken up into irregular patterns into the tube
bundle area. This provides a combined blowing and wiping effect, which prevents the
formation of an insulating film that would retard the heat transfer.

Condensing water is piped so that the cooler entering water is directed first
through the lower tubes of the bundle to be returned through the upper tubes after making
unly two passes. The net result is a more constant temperature difference between the
downward flowing vapor and the tube surfaces. This achieves a more uniform heat transror
across the tube bundle.
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Water boxes or end plates are removable on both ends of
the condenser. These end
plates can be removed without disturbing the refrigerant
charge since the tubes themselves are soldered into the condenser flanges.
End plates are interchangeable from end
to end to facilitate different installations.
The
flange has a division plate to
provide the required two passes. See figures 1 and inlet
2.

PURGE UNIT

DIVISION PLATE
CONDI' N SE R

ECONOMIZER

FLASH GAS TO SECOND STAGE
ELIMINATO

SECOND
STAGE

COMPRESSOR
DRIVE

maw

INLET

Vzi

FIRST
S TAGE

SUCTION

DIVISION
PL ATE

COMPRESSOR OIL
SUMP HEAD

Figure 1.

REFRIGERANT
FLOW CONTROL

EVAPORATOR

Centrifugal Compressor System

VENTS
VENTS

DIVIS.ON
ATES

crPURGE SOLENOID

aPCOWROL
CONNECTION

VALVE

--10

I

WATER BOX
COVER

DRAINS

..--ECONOMIZER

WATER BOX
COVER

DRAINS

CONTROL
PANEL

LIQUID LINE
MVISION
PLATE

0000
LIQUID LEVEL

CHARGING VA LVE

LIQUID TEMP

WELL--"4/

....LW TEMP CONT BULB

WATER BOX
COVER

Figure 2.

Centrifugal Compressor System

2-2

5 91

WATER BOX
COVER

1.

What are the two functions of the condenser?

2.

What is the purpose of the baffle in the condenser?

3.

Where does the discharge vapors and,condensing water enter the condenser?

B.

Why?

Read the following paragraphs and answer the questions.

Economizer

Once condensed, the refrigerant ieaves the condenser through the liquid line and
enters the economizer (figure 3). The economizer is an intermediate pressure chamber
The second stage suction
vented to the second stage suction side of the compressor.
pressure is lower than the condensing pressure; therefore, a portion of the liquid will
This flashing of liquid cools the remaining refrigerant in the economizer to the
flash.
temperature corresponding to the second stage suction pressure.
Resulting flash gas passes through an eliminator (figure 3) to remove any trapped
It then passes through the vent pipe connecting the economizer to
liquid refrigerant.
the second stage inlet. This cool gas helps to increase the efficiency of the compressor
by cooling the discharge gas coming from the first stage. The remaining 1.1quid in the
economizer, now at inter-stage pressure and temperatare, continues through the liquid
line to the refrigerant metering system at the evaporator.

5-9 8

REFRIGERANT
VAPOR ro
ISECOND
STAGE

ELIMINATOR

7T
_

BOTTOM OF
CONDENSER

LIQUID FROM
CONDENSER

LIQUID TU EVAPORATOR
THRU LIQUID FLOW CONTROL

Figure 3.
1.

2.

3.

Economizer

What is the function of the economizer?

What is the function of the eliminators in the economizer?

Where does the flash gas from the economizer enter the
compressor?

59J
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C.

Read the following paragraphs and answer the questions.

Refrigerant Flow Control

Liquid refrigerant leaving the economizer is metered to the evaporator hy a very
unique refrigerant flow control (figure 4). It has no moving parts. The purpose of this
metering system is to maintain the design refrigerant flow required for each load condition.
No matter if the load is high or low.
As the liquid passes from "C" (figure 4) through the orifice system, it is subject
to successive pressure drops. The first component of the system is a perforated plate
which is designed to meter liquid refrigerant ozly. The next component is a well-rounded
orifice which is designed to meter either liquid or a liquid gas mixture. The wellrounded orifice is a choke which meters almost a constant volume flow of liquid or liquid
gas mixture, regardless of the pressure difference.
For example, at rated full flow (full load), the constant volume metering characteristics of the orifice system limits the flow of liquid until the level rises to point
"A" (figure 4) in the liquid line. Liquid at point "A" is at saturated liquid pressure
(condenser pressure) while the pressure at "C" (figure 4) is at a higher pressure because
of the liquid head H-1.
This liquid head is created by the perforated baffle. By
pressurizing the liquid in this manner, it produces a subcooling effect on the
refrigerant which prevents any flashing of liquid unless the pressure drop across lhe
perforated plate is equal to or greater than the pressure of head H-1.
At full load conditioas, the pressure drop across the perforated plate is less than
head H-1, which means that subcooled liquid is passed to the well-rounded orifice without
flashing.
At this point, the orifice is metering the maximum volume of liquid to the
evaporator.
As the load on the system decreases, the mass flow of refrigerant decreases, causing
the level or liquid head in the liquid line to drop. Subcooled liquid refrigerant
continues to flow through the well-rounded orifice until the pressure drop across the
Figure 4
perforated plate equals the pressure of the liquid head H-2 in the liquid line.
shows this taking place when the level falls to "B." At this point, liquid passing
through the plate is reduced to the saturated liquid pressure (condenser pressAre)
causing it to flash. Once flashing starts, a mixture continues to pass a constant volume
flow.
However, the nature of the flow has changed. It now contains flash gas which
displaces the liquid resulting in a reduction in the net volume flow of liquid.
A further drop in load causes another drop in the liquid head in the liquid line.
Thi3 will cause more liquid refrigerant to flash as it passes through the perforated
plate, again reducing the volume flow of liquid through the well-rounded orifice to the
evaporator.

LIQUID FROM
ECONOMIZER

LIQUID LEVEL

LIOUID WITH
H2

FLASHGAS

LIQUID ond GAS
TO EVAPORATOR

PERFORATED
PLATE

WELL ROUNDED
ORIFICE

a. SYSTEM UNDER LOW LOAD
LIQUID FROM
ECONOMIZER
A

LIQUID LEVEL

HI

LIQUID WITHOUT
FLASHGAS

LIQUID ONLY
TO EVAPORATOR

PERFORATED
PLATE

WELL ROUNDED
ORIFICE

h. SYSTEM UNDER HIGH LOAD

Figure 4.

Refrigerant Metering system
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1.

What is the purpose of the refrigerant flow control?

2.

What is the function of the well-rounded orifice?

3.

Describe the operating principles of the refrigerant flow control?

D.

Read the following paragraphs and answer the questions.

Evaporator

The evaporator located at the bottom of the unit is of standard design shell an0
tube construction.
Similar to the condenser, it is a flooded-type evaporator, which
means the water tubes within its shell are immersed in liquid refrigerant.
The normal
refrigerant charge in the evaporator covers only about 50 percent of the tube bundle us
indicated by the liquid level sight glass. However, during operation, the violent
boiling of the refrigerant usually covers the tube bundle.
A rupture valve with a 10-pound bursting disc is provided on the evaporator to
prevent possible damage to equipment.
Uniform heat transfer throughout the evaporator (figure 5) is promoted by a liquid
distributor which runs the length of the shell. Liquid refrigerant, or a liquid gas
mixture, is metered into the distributor through the orifice system previously described.
The pressure drop across the final component of the orifice system, the well-rounded
orifice is high.
Therefore, the liquid flashes as it passes into the distributor.
This
sensibly cools the remaining liquid to evaporator temperature.
Since flash gas occupies approximately 150 times the volume of an equal weight of
liquid, the presence of flash gas in the confined area of the distributor produces a
pressure drop across the distributor orifices (figure 5).
Because of the pressure drop,
the liquid-gas mixture enters the evaporator as a high velocity jet.
To prevent erosion
of the tubes, resulting from direct impact of the liquid gas on the tube bundle, the
distributor orifices direct the jets against baffles which tends to soften the et spray
in a vertical direction.
The spray creates turbulence within the tube bundle whicb
promotes uniform wetting of the water chilling surfaces.
A large volume collection chamber directly above the heat transfer area (figure 5)
moderates the velocity, of the leaving vapor. This prevents liquid refrigerant from being
carried upward throug
he eliminator and back to the compressor.
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VAPOR COLLECTION CHAMBER

REFRIGERANT VAPOR
TO COMPRESSOR

EL IMINATORS

FIRST STAGE

INLET

))

) ))))))))).

CHILLED

WATER -.a-

II

WATER
-A.
IN

)))))))))))))))))))))))))))))

LIQUID REFRIGERANT

OUT

CHILLED

)

L IOWO REFRIGERANT
,111.11

LIQUID REFRIGOANT

BAFFEL

LIQUID REFRIGERANT
DISTRIBUTOR ORIFICES

FROM FLOW CONTROL

LIQUID DISTRIBUTOR

Figure 5.
1.

2.

3.

Evaporator

Why does the evaporator have a liquid distributor t,nd orifices?

What is the function of the eliminators in the evaporator?

What is the function of the collection chamber in the evaporator?
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E.

Read the following paragraphs and answer the questions.

Centrifugal Compressor (Hermetic Type)
The easiest way to understand the functions of a centrifugal compressor is to think
Like the
of it as a centrifugal fan of the type used for forced and induced air flow.
fan, the compressor akes in gas at the center and whirls it at a high speed, which
compresses the gas by centrifugal force. The high velocity of the gas leaving the
impellers is converted to a pressure exceeding the inlet pressure.
The impellers are arranget. back to
The compressor has two stages of compression.
back on the motor shaft, with the thrust of one impeller balancing the thrust of the
opposing impeller. The impellers are fully shrouded or encased. Both back and face of
each impeller are enclosed. The fully shrouded impellers permit ample clearance between
impellers and volute, materially increasing reliability. The integral motor-impeller
assembly operating at 3600 RPM is the only major moving part. Both twin impellers are
keyed to the motor shaft to form a single rotating assembly. The shaft Itself runs on
two journal bearings.

Capacity of the compressor is regulated, to balance the refrigerant flow with
evaporator load, by pneumatically actuated inlet guide vanes. These vanes are located
immediately ahead of each stage of compression on the inlet side. Using figure 6 as a
guide, refrigerant gas enters the first stage inlet (A), passes through the inlet guide
These vanes not only regulate flow but they also pre-rotate the gas causing
vanes (13).
it to enter the impeller (C) at the optimum angle. The impeller accelerates the gas and
discharges it through a circular diffuser passage (D) into the volute. here the kinetic
energy (energy of motion) imparted or given to the gas by the rotating impellers is
converted to static pressure. Discharge gas from the first stage then enters the
crossover pipe. Before entering the second stage, it is cooled by flash gas coming from
The cooled discharge gas now enters the second stage inlet (E) and
the economizer.
second stage inlet guide vanes (F), where it is compressed again. After this second
compression, the gas is discharged into the condenser.
Each impeller is subjected to forces exerted on its surface hy the pressurized gas.
The net effect of these forces results in thrust. The back to back impeller arrangement
causes the thrust of one impeller to oppose the thrust of the other. The result of these
two opposing forces is a balanced thrust condition. With balanced thrust, only simple
sleeve bearings with thrust collars are required to support and position the impeller
motor shaft.
The
The compressor motor is cooled by the chilled water produced by the system.
water is circulated through a motor jacket by the same pump which supplies chilled water
The whole system is very similar to the cooling SystPm
to the air conditioning system.
on a car.
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Figure 6.
1.

2.

Centrifugal Compressor

How is the capacity of the compressor regulated?

How is the compressor motor cooled?

STOP!

You have completed the assignment in preparation for Day 46.
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Assignment in Preparation for Day 47.
II.

PROCEDURES FOR CHARGING A CENTRIFUGAL SYSTEM

A.

Read the following paragraphs and answer the questions.

Checking Refrigerant Level
To obtain an accurate indication of refrigerant charge level, the refrigerant in
the economizer must be returned to the evaporator. The necessary piping arrangements for
this process is illustrated in figure 7.
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Checking Refrigerant Level
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Figure 7.

Charging, Liquid
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Using either vacuum hose or copper tuhing, connect
the lines to the valves, as
When valves are opened, refrigerant will flow by gravity
to the evaporator.
When properly charged, the liruid level will appear
at the center of the evaporator
sight glass. This will be equal to
approximately 300 pounds of
indicated.

R-113.

Adding Refrigerant
Accurately check refrigerant level before attempting to add
ref',igerant.
refrigerant level is low, determine the cause for the
loss before proceeding.

If

Pipe a drum of R-113 to charging valve a, shown in
figure 8.
Elevate drum wbove liquid level in evaporator to
induce a gravity flow.
Charge unti' liquid level appears in center of evaporator
sight glass.
Close charging valve and disconnect refrigerant drum.
I.

What is required to obtain an accurate indication of
a refrigerant charge level?

2.

How does the refrigerant flow from the economizer
or from the refrigerant drum?

3.

How is thy correct charge indicated?

B.

Read the following paragraphs and answer the questions.

Leak Testing

To leak test the unit

effectively, a positive pressure must be developed within
system.
the
The test pressure is developed with oil pumped
dry nitrogen.
within the unit serves as a tracer gas for leak
Refrigerant vapor
detection.
WARNING:

DO NOT use oxygen or acetylene in place of nitrogen
for leak testing.
A
violent 'explosion may result.
Always install a pressure regulating valve

in pressure hookup to prevent unit from being
subjected to excessive
pressure.

Close evaporator gauge connection valve and
remove gauge connection.
Connect a drum of oil pumped dry nitrogen to valve
fitting.

Charge enough nitrogen into the unit to develop
a 10 psi test pressure.
WARNING:
Under no circumstances exceed the 10 psig test
pressure specified.
Pressure in excess of 10 psig will cause evaporator
relief disc to
rupture.

6
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Close evaporator gauge connection and remove nitrogen charging equipment.

Proceed with normal leak checking procedures, using either a Halide or
electronic leak detector.
1.

What is used to pressurize a centrifugal system?

2.

To what pressure is the system pressurized for leak checking?

Connect a line to the oil charging valve.
OIL FILTER AND
RELIEF VALVE

Figure 8.

OIL PUMP
ERMINAL
FLOCK

)*,)

OIL TANK
TEMPERATURE
THERMOMETER

(/)

H.

OIL CHARGING

OIL LEVEL

VALVE

Figure 9.

SINK; GLASS

Compressor Oil Sump Cover

Insert end of line into a container.

Open valve and leave open until oil flow stops.

Close valve.

Filling:

Loosely connect the discharge side of an auxiliary oil pump to the oil charring
valve.

With the charging valve closed, operate pump until oil appears at loosened
connection.
Tighten connection.
Open valve and pump oil into the sump until the required oil charge has entered
the sump.

Remove filler line and close valve.
Energize oil sump beater.
Purge system to remove ntrogen.
Adding Oil

Before adding oil, determine the cause for the loss.
Check condition of oil sump heater and oil temperature control settinr.
To add oil, follow the steps for Filling Oil Sump, as outlined in
change.

2-13
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compressor oil

C.

Read the following paragraphs and answer the questions.

Changing Compressor Oil
The design oil charge for the compressor is seven gallons.
Capella "D" and Mobil Whiterex No. 425.

Approved oils are Texaco
41111

if compressor oil is to be changed at the time the system is to be leak-tested,
pressurize system to a slightly positive pressure and then drain oil from sump.

Pump new oil into sump before developing the full pressure necessary for leak test
WARNING:

De-energize oil sump heater by opening control panel disconnect switch
before draining the sump. Otherwise, heater may burn out.

Draining Oil Sump:
Presr7urize system to a 1 to 2 psig positive pressure.

Figure 9.

-EVAPORATOR GAGE
CONNECTION'

PRESSURE

REGULATING
VALVE

'LOCATED BEHIND CONTROL PANEL

Figure 8.
I.

System Pressurizing

What are two types of oil that is approved for centrifugal compressors?

2.

Why is the oil sump heater de-energized before draining the snmp?

3.

To what pressure is the system pressurized for draining the ot/ sump'

6
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MAINTENANCE OF A CENTRIFUGAL SYSTEM

III.
A.

Read the following paragraphs and answer the questions

Secondary Refrigerant and Condenser Water Systems Maintenance
It is very difficult to set up a definite maintenance schedule since so many
operational factors must be considered. Your supervisor should familiarize you with the
standing operatirg procedures at your installation and you must follow these
recommendations.

The tubes in the condenser and cooler must receive regular attention for efficient
performance and long life.
Special care must be taken during the first year of operation
due to dirt and other foreign materials which may have collected in the system during
installation.
The water treating system must operate effectively to prevent general
uorr:)sion of the tubes and piping system.
Foreign material and corrosive attack can do
extensive damage to the system's piping and water tubes if not effectively treated and
corrected.
The trainer has an expansion tank for the chilled water and one for the heat
transfer unit or hot water.
A coil and shell assembly is used for the heat exchanger.
A cooling tower and a storage tank is provided for the condenser.
The water Is
circulated through the system and into the tank.
If the temperature of the water roaches
a certain degree, a butterfly valve will route the water to the cooling tower and hack to
the tank.
This type of system is commonly called a dry sump cooling tower.

Flow switches are installed in the chilled water lines and the condenser water
lines.
1.

What is the possible effect if the system's piping and water tubes are not
effectively treated and corrected?

2.

What is dry sump cooling tower?

B.

Read the following paragraphs and answer the questions.

CLEANING THE CONDENSER:
Water avallsble for condensing frequently contains minerals
that collect on the condenser tube walls as carbonate sca'e. Scale accumulation rate
will be increased by high condensing temperatures and water with a high mineral content.

Cooling tower may collect dust and foreign material that will deposit in the
condenser tubes forming sludge.
Scale and sludge formation is indicated by decreased
water flow, high condensing temperatures and large differences between condensing and
leaving water temperatures.
To maintain maximum efficiency, the condenser must remain free of scale and sludge.
Even a very thin coating on the tube surface may greatly decrease condom-ivr hest transfer
capacity.
The two methods for cleaning condenser tubes are mechanical and chemtcal.
The mechanical method removes sludge and loose material from condensnr tubes.
Working a round nylon or bristle brush, attached to a rod, in and out of the tubes
loosens the sludge.
After cleaning, flush the tubes with clear water.
2-15
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The chemical method removes scale depoIts.
The standard condenser water circuit
consists of copper, steel and cast iron. Any reliable chemical house in the area,
knowing the chemistry of water, will be able to recommend a cleaning solution for the
job.

A chemical feeder has bcen installed on the chilled water system to aid in scale
removal, while the condenser water system doesn't, due to it being an open system.
1.

2.

What are the two methods for cleaning the condenser tubes?

Hole is the sludge and loose material removed from condenser tubes?

C.

Read the following paragraphs and ansi.er the questions.

Centrifugal Compressor Lubrication System
The two compressor bearings which support the main impeller shaft are lubricated by
a forced-feed system.
Pressurized oil is fed to the bearings by a motor driven oil pump
which is submerged in the oil sump, figure 10. Bearing oil pressure is controlled by
a
regulating valvn located in the pump discharge line.
The regulating valve is adjusted to
maintain a constant 12 psi usable oil pressure.
Usable oil is determined by subtracting
evaporator pressure from indicated oil pressure as shown on the gauge.
The bearing eil
pressure is monitored by an oil pressure control. The purpose of the control Is to
assure proper oil pressure to the compressor bearings at all times during operation. It
measures the net or effective oil pressure at the bearings and is interlocked into the
overall compressor control circuLt.
It will not re-mit the compressor motor to start
until the required oil pressure is built up at the bearings. This is ve-y important
since practically all bearing wear occurs at the time rotation begins.
In the event of
an oil pump failure of a drop below minimum pressure (4 psi), the control will stop the
compressor automatically. On a loa oil pressure shutdown the oil
pump will continue to
operate, supplying oil pressure to the bearings.
Oil temperature within the sump is maintained at approximately 130°F by an oil
temperature control.
This control operates an electrical resistance heater clamped to
the exterior of the sutlip.
Refrigerant 113 (Trichlorotrifluroethane) has a boiling point
of 11R° at atmospheric pressure. To prevent the system's refrigerant from
condensing in
the sump and diluting the oil, it must be maintained above its boiling point;
this is why
the 130°F temperature is required. Oil leaving the sump is cooled to design bearing
temperature by an external oil cooler, figure 10. A temperature operated water
regulating valve meters the flow of water through the cooler, maintaining the oil
temperature at the desired temperature of 110".
The lubricating oil is gravity returned to the sump after use. For this to happen,
pressure must be equalized within the lubricating system to induce the gravity return.
This is accomplished by vent lines (figure 11).
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H
EXTERNAL OIL HEATER
I -- WATER REGULATING VALVE
J -- OIL TEMPERATURE CONTROL BULB

Figure 10.

Ceatrifugal Compressor Lubrication Fystem

LUBRICATION

Figure 11.
1.

Centrifugal Compressor Lubrication system

What temperature is the oil maintained within the surp?

IV.

PURGE UNIT OPERATION

Read the following paragraphs and answer the questions.
Purge Unit

The function of the purge unit (figure 12) is to remove noncondensables
water vapor from the refrigerant system.

(air) and

With practically the entire machine operating under a vacuum, air and
may
enter the system.
If allowed to accumulate, these noncondensable gases willnoisture
increase
condenser pressure.
This will result in increased power consumption, decrease the
cooling capacity and possible compressor surge.
A mlxti:re of refrigerant gas and noncondensables is drawn from
the top of the
condenser and compressed by the purge unit compressor. The compressed
gas
the oil separation tank, where the gas is heated by electrical resistance passes into
heaters
attached to the side. This prevents refrigerant from
condensing and mixing with the oil
from the compressor.

Oil that is separated from the refrigerant will collect in the
bottom of the tank
and will be returned to the compressor crankcase through a float valve
and oil retvrn
line.
Refrigerant and water vapors leaving the separator enters the purge drum.
Located
inside the drum is a tube and fin coil with either chilled water from
the system, or city
water passing through it. This water col/ being at
a lower temperature than the
refrigerant vapor will act as a condenser and liquify
the refrigerant and water.
Air
being lighter than both refrigerant and water will separate and
rise to the top of the
drum. When the pressure within the
drum exceeds the automatic reliet
because of excessive air in the drum, the valve will open, releasing valve setting
the noncondensables
to the atmosphere. The liquid refrigerant laying
in the bottom passes through the float
valve and reenters the system through the evaporator side.
Water beiclg heavier than air but lighte' than the refrigerant,
the liquid refrigerant in the bottom. Any atcumulated water Yloatingwill float on top of
on the refrigerant
will be indicated by a raising level in the sight glass. This
water is removed manually
by opening the blowoff valve located on the end of the purge drum.
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1.

2.

What is the functon of the nurge unit?

Why does the purge oil separator require a heater?

The component of the purge unit that separates water from the refrireraut iR

V.

A.

OPPPAT1ON OF A CENTRIFUGAL SYSTEM
Read the following paragraphs and answer the questions.

Compressor Capacity Control

A sensor-transmitter, receiver-controller type of pneumatic control system is used
to throttle the suction vanes on hoth first and second stage inlet for capacity control
(figure 13).
In operation, a rising supply chilled water temperature causes the direct
acting sensor-transmiter to increase its pressure to the innut port II on the controller.
In turn, the receiver-controller proportionally increases the pressure at "0" supplying
more pressure to the pilot chamber of the pilot positioner located on the vane operator.
At the same time pressure is applied to the pneumatic electric switch Pr I (figure 13a).
When the output pressure from the controller reaches the setting of PP I (close 5 psi,
open 1 psi), the contacts close starting the.centrifugal compressor.
Energizing the compressor starting circuit also energizes the solenoid air valve SAV
after a short time delay, placing the receiver-controller in control of the compressor
vane operator.
From this point on, the chilled water temperature control system
modulates the comrressor inlet vane position, balancing compressor capacity with the
system load.
The unit also has a load limiting mechanism (figure 13h). This mechanism is located
in the unit's control panel and is piped into the pneumatic system between the pilot
positioner and the vane operator.
The load limiting system consists of an electricpneumatic relay and an electrically operated three-way air valve.
The only time the
three-way valve allows air to pass to the vane operator iS when the compressor is
energized.
This in effect allows the compressor to start in an unloaded condition.
When
the compressor is shut down, the three-way valve is de-energized, cutting off control air
from the pilot positioner and exhausting the air from the inlet vane operator, elosing
the vanes.
Keep in mind that there is only one vane operator that operates two inlei
vanes, one on the first stage inlet and the other on the second stave inlet.
1.

What control modulates the compressor inlet vane position, balancing compressor
capacity with the system load?

aic,4
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Figure 13a.
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Figure 13b.
B.

Compressor Capacity Control

Read the following paragraphs and answer the questions.

7h- second item in the load limiting mechanism ir
".tic load limit
The electromagnetic coil is connected to a current tran:teTw.r
is installed
on one leg of the line side of power going to the compressor motor. The clectropneumatic load limit relay allows air pressure to be transmitLel directly tr) tH- inlet
vane operator when the compressor motor current is less than
per,..cnt
full load
rating.
However, should the motor current exceed 98 percent, the magno'i !:11 of the
coil becomes great enough to start opening the bleed port of the relay.
Thir, bleeds
control air pressure from the vane operator causing both lulet vanes to modulate toward
the closed position.
In this manner, the gas flow to the compressor impellers is
throttled, reducing the load on the motor.
A reduction in load will al.t'c reduoe the
motor current until it is stabilized at, or below, its 100 percent of full load.
.

relay.

The load limiting relay remains in control, limiting the load on the motor, until
the motor's load drops below the control range of the relay.
At ti;Is
cInt, thc relay's
bleed port will close and the control of the vane operator wi!) ugai. h.! LI
temperature control system (figure 13a). The load limimerv.
iirl
lso be
called a high limit control or an override circuit.

rr
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A manual demand limiting device is also incorporated into the system (figure 13b).
This is a manual switch located on the front of the control panel.
It provides the
operator a means of taking advantage of any reduced load or demand, such as at night or
during a cold spell. This reduces the amount of power consumed, saving energy and money.
The manual type control can be changed to an automatic control similar to the type used
on the modern energy monitor and control system.

The demand limiting equipment used for manual control are a multi tap, variable
ratio, current transformer and selector switch. This transformer is installed on one leg
of the line side of power to the compressor motor (figure.13b). Through reconnecting of
the load limiting relay coil to the. various taps of the current transformer, the
secondary current through the load limit relay can be varied to limit the load on the
motor to 40, 60, 80 or 100 percent of full load. Reconnection is accomplished through
the adjustment of the manual demand limit switch 34.
:.

C.

What is the function of the manual demand limiting device?

Read the following paragraphs and answer the questions.

Normal Operating Conditions and Control Settings
The normal operating temperatures and pressures are shown in table I.
The normal
settings and adjustments for the various system temperature and pressure controls are
given in table 2.
Pressure-Temperature Curve for Saturated R-113

Actual condensing conditions can be maintained by using the pressure-temperature
curve illustrated in table 3.
This is done by plotting the temperature of liquid
refrigerant leaving the condenser against condensing pressure.
Refrigerant temperature is obtained by placing a thermometer in the liquid
temperature well located in the condenser sump. For well location see figure 7.
If the temperature and pressure lines intersect at a point above the saturation
curve, condensing pressure is excessive, indicating air in the condenser.
If purging
fails to correct this condition, see Trouble Analysis.
If the temperature and pressure lines intersect on the saturation curve, in a normal
manner but at a temperature and pressure higher than specified, either the condenser
water temperature or flow is not correct or the tubes are fouled.
To correct these
conditions, see Trouble Analysis.
Table 1 - Normal Operating Conditions

NORMAL READING

GAGE

EVAPORATOR PRESSURE

23-251/2 INCHES VACUUM

5-15 INCHES VACUUM*
PURGE DRUM PRESSURr. 15 INCHES VACUUM TO 15 PSI
OIL SUMP TEMPERATURE 130-135 F
110 F
COOLED OIL TEMP.
12 PSI ABOVE EVAP. PRESSURE
OIL PRESSURE
CONDENSER PRESSURE

*Condenser pressure is dependent upon the temperature of the condensing water.
The
pressure should be equal to the saturation pressure of R-113 at a temperature 5° to ln'T
above the leaving condenser water temperature.
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Table 2.

Control Settings

TEMPERATURE CONTROLS
DIFFERCUT-IN ENTIAL CUT-OUT

CONTROL

PURGE HEATER TEMP. CONTROL

132 F

8

MOTOR TEMP. CONTROL IMTC)

110 F

10

SUMP OIL TEMP. CONTROL (OTC)

*

140 F
120 F
*

BEARING OIL COOLER
LOW TEMP. CONTROL 1-TC1

42 F

MOTOR COOLING REG. VALVE

I

4-

32 F

10

+

+

I

PRESSURE CONTROLS
HIGH PRESS. CONTROL (HPC)
12° VAC. 10° VAC. 2° VAC.
PURGE PRESS. CONTROL
25 PSI 15 PSI 40 PSI
,01L PRESS. CONTROL (OPC)
8 PSI
4 PSI J 4 PSI
4

An

* The sump oil temperature cyntrol is set to maintain
130-135°F temprature.
differential is fixed at 5°.
**Oil cooler water regulatinr valve is set to maintain
110°P leavinr oil
+ Set to maintain 85°F leaving water temperatui.e.
Table 3,

temperature.
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1.

The high pressure cutout on the centrifugal compressor is set for what psi?

2.

What is the normal pressure reading for the evaporator?

3.

The condenser pressure is dependent upon what temperature?

D.

Read the following paragraph and answer the question.

Purge Drum Water Elimination

Water condensed in the purge drum will float on the surface of the liquid
Normally, a separation line can be seen through the purge drum sight glass.
refrigerant.
When water is observed, use the following steps:
Turn off purge compressor.

Open blow-off valve, located on the right end of purge drum.
Allow valve to remain open until all water has be:q1 drained.

Close valve and return unit to service.
1.

Explain the procedures for purge drum water elimination?

SUMMARY

HirePt expansion refrigeration systems pump refrigerant directly through the pooling
coil, whereas indirect systems pump chilled water or brine through the pooling moil.
Indirect refrigeration may he either of the centrifugal or reciprocating type.
rxeepi for A
There aro several companies that manufacture the centrifugal maphinp.
few engineering differences, these machines are the same. When in doubt About any
maintenance or operational procedure, refer to the manufacturer's manuals or handhe.&N
for specific information.

An itemized checklist and operational log must he used and maintained by the
operator on duty.
Careful inspections will help in correcting malfunctions and 7lvr the
machine long life and efficient operation.
STOP!

You have completed the directed study assignment in preparation for Day 47.
2-23
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.hnical Training Group
3770
(Civil Engine(?riur Training)

Sheppard Air Force Base, Texas
ABSORPTION AIR CONDITTONIFC
OBJECTIVE

To help you learn the scope, application and maintenance of absorption air
conditioning systems.
INTRODUCTIO0

The principle of absorption is more than a century old, hut in the oast 30 to 40
The use of the
years, it has not been completely safe, successful or economical.
aqua-lithium bromide system began in 1945. To date, it is the most economical form of
water is the best refrigerant on the market and thi,,
comfort coolinr for two reasons:
system converts heat (energy) directly to cooling.
This simplest of all refrigerating machines uses the cheapest, safest and most
Water is stable, nontoxic, low cost, re;olily
Its absorbent is
available and has 970 BTUs per pound latent heat of vaporization.
lithium bromide, a salt solution. Most important, larry quantities of water are readily
absorbed by lithium bromide and easily separated.

available of all refrigerantswater.

Assignment in Preparation for Day 4R.
I.

MAJOR COMPONENTS AND PRINCIPLES OF OPERATION OF AN ABSORPTION SYSTT.14

A.

Read the following paragraphs and answer the questions.

The key to understanding the absorption system's operation is to remember the entire
For water to boil in the evaporator at 38°F, n vacuum of
unit operates in a deep vacuum.
approximately 29.65 inches mercury is required. To illustrate thy necessity of
maintaining these pressures, an increase in pressure of only 0.00 psi in the unit will
increase the leaving chilled water temperature 10°F.
This system is used for air conditioning and varies in capacity from three to 500
tons. :The absorption unit is in preat demand at the present time in lnrver installations.
The machines low operating cost, dependability, minimum maintenance and space

requirement, and long life of serviceability, are the major advantages of absorption
systems.
However, hiph initial installation and support equipment costs are a
disadvantare.

Lithium bromide is but one type of absorption system. The other type of absorntion
It is used in both refrigeration
most used today is the aqua (water) ammonia system.
(food storage, (tc.) and air conditioning.
Ammonia is the refrigerant and water the
abF;orbent.
This system operates under high pressures whereas the lithium bromide system
must use a deep vacuum.
1.

What is the pressure required for water to boil at 3R°F?

List the advantages of an absorption system.

6119

B.

Read the following paragru.phs and answer the questions.

Care and Handling of Lithium Bromide
Lithium bromide is nontoxic, nonflammable and nonexplosive.
It can easily be
handled in an open container.
This solution is chemically stable and does not undergo
any noticeable change in properties even after years of use in the absorption
machine.
Lithium bromide solution is corrosive when exposed to air.
If any solution is
spilled on exposed parts or tools, it should be wiped off and
rinsed with fresh water af
soon as possible.
Tools should be coated with a light film of oil after rinsing with
fresh water to prevent rust.
Empty metal containers used for solution should also be rinsed
with fresh water to
prevent corrosion.
Lithium bromide solution may be irritating to the skin and to the
eyes.
It should be washed off with soap and water.
If it gets into the eyes, wash with
fresh water and consult a physician immediately.
Lithium
bromide is a strong salt
solution; do not siphon by mouth.
1.

When does lithium bromide become corrosive?

2.

What is lithium bromide?

3.

What safety precautions should be observed when handling lithium
bromide?

C.

Read the following paragraph and answer the question.

PUMPS.
The pumps that are used with an absorption air conditioner
are usually of
the centrifugal type.
They are equipped with mechanical seals when they are used in
a
vacuum, as they are on an absorption atr conditioner.
These seals require a head of
water for lubrication so that water rather than air enters the unit
in case the seal
leaks.
On the later model units, the pump and pump motor
are hermetically sealed.
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Lithium Bromide Systems

1.

Solution and chilled water pumps are equipped with what type of seals?

D.

Read the following information and answer the questions.

Absorption System Terms
The following terms describe the major elements of the absorption refrigeration
cycle:
1.

Absorbent:

A substance with the ability to take up or absorb another substance.

2.
Concentrated Solution: A solution with a large concentration of lithium bromide and
a smz11 amount of refrigerant (water).
3.
Dilute Solution: A solution with a large concentration of refrigerant and a small
amount of lithium bromide.

4.

Heat of Condensation:

5.
Heat of Dilution:
absorption).

The heat released when a vapor condenses to a liquid.

The heat released when two liquids are mixed (heat of

1.

What is diluted solution?

2.

What is a concentrated solution?
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E.

Read the following paragraphs and answer the questions.

Absorption System Components
Refer to figure 15, Lithium Bromide System.
EVAPORATOR.
Chilled water flows through the evaporator tube bundle.
It is cooled
by the refrigerant being sprayed over the tubes.
The cailled water is then pumped to
where it furnishes cooling. A refrigerant collection
pan, located below the chilled
water coils, collects and stores the refrigerant for further
cycling.
ABSORBER. The water vapor formed in the
evaporator is abslrbed by the lithium
bromide solution that is being circulated in the absorber.
Cooling water from the tower
flows through the tube bundle in the absorber removing the heat
of absorption, heat of
condensation and sensible heat. The lithium bromide must be
kept cool to absorb water.
GENERATOR.
Lithium bromide solution is pumped from the absorber to the
generator
where low-pressure steam, or hot water, provides
the heat
Boiling removes the water that was absorbed in the absorbernecessary to boil the solution.
and makes a strong solutioG
out of the weak solution.
The strong solution then returns to the absorber section.
The
low-pressure steam or hot water comes from a boiler.

CONDENSER.
The water vapor produced in
generator is condensed in the condenser
by the relatively cool condenser water flowingthe
from the absorber.
the condensed water vapor and returns it to the evaporator section. A water pan collects

HEAT EXCHANGER. A shell and tube heat exchanger
in the lines betweeE the absorber
and generator transfers heat from the hot, strong solution
that is leaving the generator
to the weak solution that is entering the generator.
This increases the machine's
efficiency by causing the solution to be in the generator
for a shorter period of time.
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Lithium Bromide System
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1.

What is the purpose of routing the condensing water through the absorber?

2.

What is the function of the '4eat exchanger?

F.

Read the following paragraphs and answer the questions.

We can compare the basic absorption cycle with the mechanical compression cycle
which you have already learned. Refer to figure 16 as you proceed for the comparison.
To simplify the absorption cycle, we will start the cycle at the outlet of the
condenser and not at the compressor as you are accustomed to.
High pressure liquid refrigerant (water) passes from the condenser (1) through an
orifice or restrictor (2) and expands into the lower pressure evaporator (3).
As the
refrigerant (water) is discharged from the orifice into the evaporator (3), the refrigerant (water) is cooled by flash evaporation. The heat will flow from the water
circulating through the conditioned space to the liquid refrigerant, vaporizing the
refrigerant.
The refrigerant, now a vapor, flows to the absorber (4) where the pressure is the
lowest in the system. In the absorber, the vapor is absorbed by the lithium bromide, a
salt solution. A combination of absorbent and refrigerant, now mixed, forms a diluted or
weak solution. This diluted solution being heavier than the strong absorbent settles to
the bottom of the absorber shell where it is pulled out by the solution pump (5).
The
refrigerant is recovered from the absorbent in this component by distillation. Heat is
applied to the solution by means of low pressure steam or hot water boiling out the
refrigerant. The strong absorbent solution returns to the absorber and repeats the
process.
The refrigerant vapor passes to the condenser (1) where it is cooled and
condensed by cooling tower water flowing through a tube bundle.
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Compression-Absorption Comparison
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1.

'4.

3.

G.

How it the primary refrigerant cooled?

Where is the lowest pressure in the absorption
system?

What is the secondary refrigerant on a lithium
bromide system?

Read the following paragraphs and
answer the questions.

ABSORPTION UNIT CONTROLS. The operation of
an absorption air conditioner can be
compared to an expensive airplane.
either one is out of control, they
perform the way they should. It is, Wben
do not
therefore, important that you
circuits of the lithium bromide system.
understand the control
Absorption systems use electric, electronic
and pneum9+ic controls.
the operation of a typical control circuit
as you refer to figure 17.
1.
What type of control would you find on an absorption?

We will explain

CONTROL VOLTAGE
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Ar"
STEAM VALVE

Figure 17.

Lithium Bromide Electrical System
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H.

Read the following paragraphs and answer the questions.

When the main switch is turned on it supplies voltage to the control
OPERATION.
The start-stop switch (S/S) is energized to the start position, startinr
voltage line.
the chilled water pump through LS-2 which is interlocked with a set of auxiliary rotor
In series with the auxiliary contacts is a flow switch (FS). Once
starter contacts.
flow has been established in the chilled water circuit, the flow switch (FS) closes
supplying voltage to the pneumatic electric switch (PE).
Upon a rise in temperature in the chilled water -upply line, the brauch tine
pressure of the chilled water thermostat (T-1) will rise. The rise in branch line
pressure causes the contacts in the pneumatic electric switch (PF) to ciose, which
The
energizes tha condensing water line starter (LS-3) startinp the condenser pump.
cooling tower line starter (LS-4) is energized simultaneously through auxiliary contacts
Once the cooling tower fan is in opera'Oon, the cooling
starting the cooling tower fan.
tower thermostat (T-2) will cycle the fan on and off to maintain designed cooling water
temperature.
Turning the systems on-off switch (S-1) on, energizes the time delay relay (TP).
This supplies control voltage to the unit pump's line starter (LS-1) through the normally
closed low temperature control (LTC), motor temperature control (MTC) and the liqui(4
level switch (LL) starting the pumps.
Energizing the unit pump line starter (LS-1) closes auxiliary contacts to supply
control voltage to the solenoid air valve (SV-1). This opens the solenoid supplyinr
branch pressure to the steam valve.
1.

When the main switch is turned on it supplies voltage to the

I.

Read the following paragraphs and answer the questions.

Systems water temperature changes are sensed by the chilled water thermostat (T-1).
The thermostat responds by varying the branch line pressure to the steam valve.

When lower chilled water temperature is sensed by T-1, indicating that cooling is no
longer needed, the branch line pressure will decrease causing the pneumatic electric
switch (PE) to open. This de-energizes the condenser pump line starter (LS-3) which in
turn de-energizes the time delay relay (TD), solenoid air valve (SV-1), nnd 'he cooling
tower fan line starter (LS-4) stopping the fan. The loss of control voltage to thy
solenoid air valve (SV-1) causes the steam valve to close, stopning steam 17-: the
generator.
Prior to complete shutdown, the unit pumps will continue to operate for
approximately seven minutes, under control of the time delay relay (Tn), allowinr tho
mixture of weak and strong solution. This equalization of the solution throughout tho
solution handling portion of the system eliminates the possibility of crystallization
during shutdown.
The purge pump and purge pump solenoid valve (SV-2) are energized by closing the
purge pump on and off switch (S-2).
1.

How is the possibility of crystallization during shutdown eliminated?
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Assignment in Preparation for Day 49.
II.

OPERATIONAL CHECKS OF AN ABSORPTION SYSTEM

A.

Read the ft:lowing paragraphs and answer the questions.

Cheeks and Servicing
SOLUTION LEVEL. The solution level in
absorber must be checked.
Normal
operating level is approximately one-third ofthe
the absorber sight glass at full load
operation. At partial load operation,
the solution level will vary between one-third and
two-thirds of tee sight glass.
ADD OCTYL-AICOHOL.
With the machine running, add the recommended amount
of
octyl-alcohol to the solution through the alcohol charging
valve
in
the
absorber
discharge line.
pump
The discharge pressure of the absorber solution
pump is approximately 5
to 15 inches of vacuum; therefore, even with
the pump running, it will be possible
draw the alcohol into the machine.
to
This cleans the outside
and absorber and improves their efficiency in transferring of the tubes in the generator
heat.

REFRIGERANT LEVEL.
The refrigerant level is visually checked through
the sight
glass located on the evaporator.
At a high level, the water may spill over the
evaporator tank into the solution in the absorber,
causing a loss of operating
efficiency.
A low level will cause the evaporator water
pump to surge (cavitate) when it
is running. A low refrigerant level
results in less refrigeration
effect.

How is the correct solution level determined?

2.

B.

How is the refrigerant level determined?

Read the following paragraphs and answer the questions.

SOLUTION CONCENTRATION CHECK.
A common characteristic of the lithium bromide
absorption air conditioner s that the lithium bromide
solution will crystallize or
solidify under certain conditions. To solidify or crystallize
means the absorbent
changes from a liquid to a solid state.
Solidification will cause tile unit to stop, but
will not cause permanent damage to the unit.
After the solution is de-solidified, the
'mit may be placed back in operation.
To
de-solidify,
you would dilute the solidified
area with system liquids and, if necessary, apply
heat.
One method used to determine
solution concentration (percent of lithium bromide
to water) is as follows. We will use
some figure to form an example along with the
diagram in figure 18.
Use 100° for the
temperature of the refrigerant leaving the condenser.
Follow the 1000 line upward until
it gets to the diagonal waterline, mark the chart
temperature of the solution leaving the generator. at this point. Use 160° for the
Using the mark that you have already
made on the chart, go horizontally to the right
until you intersect the 160' vertical
line.
At this point, read the solution concentration
from the diagonal lines, it would
be 65 percent.

3-8

62b

REMOVING REFRIGERANT OR SOLUTION. When it is necessary to remove a part or all of
the system charge, you may use one of the two methods below. On some units, the pump
discharge pressure is above atmospheric.
On these units, ju st open a valve on the pump
discharge and drain out the quantity desired. On units that all pressures are below
atmospheric, remove the charge using the following procedure
Refer to figure 17a.
.

Connect vacuum hoses to service
valve, flask and vacuum pump.
EXHAUST

Operate vacuum pump to bring flask
pressure below absorption unit
pressure.

VACUUM LINE

-T
VALV:4 SYSEM

SERVICE

Open service valve and solution or
refrigerant will flow into flask.

VACUUM
PUMP

Still another method of removing solution or
refrigerant is to pressurize system with R-13
or nitrogen above atmospheric pressure and
blow the charge into a suitable container.
Again, refer to manufacturer's procedures

FLASK
C

- OZSC

manuals.

Figure 17a.

Removing Refrigerant
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Lithium Bromide Solution Chart
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1.

What is a common characteristic of the lithium bromide absorntion air conditioner?

0

Explain the procedures for removing refrigerant or solution.

C.

Read the following paragraphs and answer the nuestions.

LEAK CffECK.
Before starting the unit that has the absorbent and refrigerant in it,
the vacuum should be checked.
Air may hay entered the system dlirinr the rharpinp
process or through a leak while it was shut down. To do this, take a manometer readinp
(figure 19a) and the temperature of the machine room. With these knowns, plot the
pressure temperature curve as shown in figure 19b.
If the plotted pressure readinr is
more than .1 inch of mercury higher than the pressure located on the curve, there is air
in the unit.
If this condition recurs on the next twn or three startups, the unit should
be shut down as soon as possible and tested for leaks. Air (oxygen) in the presence of
lithium bromide salt will cause corrosion inside the unit and shorten enuipment life.

DRY VACUUM TEST.
After completing the annual maintenance, the system should be
checked for leaks.
Evacuate the system until an absolute pressure of at least .03 inches
of mercury is read on the manometer. Record this reading. Check the manometer again 24
hours later.
If there Is no loss of vacuum, then charge the system with solution and
refrigerant (water).
If the unit does not meet the vacuum requirements, it should he
tested for leaks with a leak detector.

To test the system in this manner, it is necessary to first charge the unit with
refrirerant R-12 and water pumped nitrogen. Charge the unit with R-12 to 5 psi or In
inches of mercurY, continue charging with nitrogen to about 18 psig.
When the rharpinr
operations are completed, test the system for leaks with a leak detector. Bake permanent
repairs to any leaks found.
On newer systems, pressurize with R-13 is sometimes recommended because P-I3 is not
soluble with water. Leak check the system with an electronic leak detector.
nut in the
field, the service specialist will refer to manufacturer's procedures for the method
recommended for a particular unit.
1.

What is the effect if air is in the lithium bromide salt?

2.

Explain the procedures to do a dry vacuum test on a lithium bromide :-Nrstem.
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Temperature-Pressure Chart
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D.

Read the follow ng paragraphs and answer the questions.

CHARGING WITH REFRIGERANT AND SOLUTION.
system passes a satisfactory vacuum test, the
and refrigerant.
To charge with refrigerant,
connection and let it run for several minutes
system.

After all maintenance is completed and the
unit is ready to be charged with solution
connect a vacuum pump to the purge
to lower the absolute pressure of the

SERVIC

VALVE

FLEEALE NOSE
DRUM

^WATER OR LITHIUM BROMIDE

In- PIPE CUT AT 45 ANGLE
C-114-021

Figure 20.

Charging Refrigerant or Solution

Solution Charging:
1 .

2.
3.

Connect flexible hose to 1/2-inch pipe. Cut end of pipe at a 45' angle
to
prevent pipe from sealing itself on bottom of drum.
(See figure 20) Fill both
pipe and hose with water.
Insert pipe into drum and connect flexible hose to solution
pump service valve.
Open service valve. Charge the system with the amount
specified by the
manufacturer for the particular unit. Caution should be exercised
to never let
the liquid level in the drum drop below the end of the
pipe.
If this should
happen, air would be drawn into the unit.
Refrigerant Charging:

1.

Same procedure as solution charging.

2.

Insert pipe into drum and connect flexible hose to refrigerant
pump service
valve.

3.

Same procedure as solution charging.
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1.

Explain the procedures for charging the lithium bromide system with refrigerant.

2.

Explain the procedures for charging the lithium bromide system with solution.

E.

Read the following paragraphs and answer the questions.

PURGE UNIT. The purge unit is a necessary part of the machine.
It removes, stores
and discharges to the atmosphere, all air and noncondensables accumulated in the machine.
It is composed of three basic sections:

Suction Chamber. Weak lithium bromide solution is supplied to this chamber from
the discharge of the solution pump.
As the solution cools, a low pressure area
is formed.
Noncondensables are then drawn into the chamber from the absorber.
Since the absorber is in the lowest vacuum, all air and noncondensables will
collect there.
Return Chamber. The lithium bromide solution and all noncondensables flow into
the return chamber.
In this chamber, the air and noncondensables bubble up to
the storage chamber. The solution is returned to the absorber through a return
valve.

Storage Chamber. The noncondensables are accumulated in this section until the
exhaust cycle then they are discharged to the atmosphere.
1.

What is the purpose of the purge unit?

2.

What are the three basic sections of the purge unit?

STOP!

You have completed the directed study as-Agnment in preparation for Day 4.
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ABSORPTION MACHINE LOG
Strong Sol Lvg Cone
Strong Sol Lvg HX

-.F

Intermediate Sol Abs Spray

-.F

Dilute Sol Lvg Abs

-.F

Dilute Sol Lvg HX
Condensing
Refrigerant

Chilled Ho in
Chilled 1120 out

-.F

Cooling H20 in Abs

- *F

Cooling H20 out ABS
Cooling 1120 out Cds

- *F

Solution Level

- *F

Refrigerant Level-Spill

Yes/No

Strong Solution Concentration

A

Dilute Solution Concentration

A

Spread

Steam Press in

Lbs

Remarks and Comments:

6 3:4
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OPERATIONAL ANALYSIS CHART
PROBLEMS

CAUSE

Lithium Bromide
Solidifies at
Startup

1.

a.

c.

REMEDY

Condenser water below
designed temperature.

a.

Air in machine.

b.

Purge system.

Steam pressure too high.

c.

Reset pressure regulating

Reset tower water bypass
valve.

valve.

Lithium Bromide
Solidifies During Operation

2.

3.

Low Capacity

a.

Condenser water below
design temperature.

a

Improper purging.

b.

Check purge system.

Salt buildup on absorber
tubes and spray nozzles.

C.

Add octyl-aleohol.

Air in machine.

a.

Reset tower water bypass
valve.

Repair leak and/or purge
system.

.

Scale in condenser tubes.

Remove scale and treat
water.

c.

e.

4.

Machine Shuts
Down on Safety
Controls

.

.

5.

Solidification
During Shutdown

a.

Not enough solution concentration in generator.

.

Refrigerant overflow from
evaporator to absorber.

Remove part of refrigerant
charge.

Capacity control valve
returning too much weak
solution back to absorber.

Reset control to correct
temperature.

Motor overload opens.

a.

No load when diluting.

Dilution cycle not long

7.

8.

Air Leak into
Machine

a.

enough.

Loss of Vacuum
at Shutdown

Failure tc Keep
ne Purged

a.

a.

a.

.

Any connection, fitting or
component exposed to atmosphere may be cause.

a.

Air leakage into machine.

a.

Lengthen dilution cycle
to at least 7 minutes.
Open reclaiming valve to
put load on machine.
(1)

Check for leakage at

(2)

valves.
Check vertical purge.

(1)

Check for leakage at

(2)

valves.
Perform leak check.

Air leakage into machine.

a.

Perform leak cneck.

Vertical purge not removing
noncondensables properly.

b.

(1)
(2)

Me

.

Find reason and reset
overload.

Check temperature controller and reset if needed.

No load when diluting.

6.

Check amount of steam flow
and pressure.
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Check rate of purge.
Purge solution solidified.
De-solidify.

SUMMARY

The absorption system operates on the principle
absorb or take up the vapors of another substance and of one material being able to
thus reduce the pressure.
The absorption refrigeration unit consists of a
generator assembly and
assembly.
The condenser and generator are combined in the generator assembly, an absorber
or upper
sll of the unit; while the evaporator and absorber
are combined in the absorber
assembly, or lower shell of the unit. The control panel
is located on the side of the
absorber assembly. The other minor units, such
as
the
absorber
heat exchanger and the solution pump, are usually mounted betweensight glass, solution
the supporting legs of
the absorption unit.

41
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas
CYLINDER UNLOADFRS AND HUMIDITY CONTROLS
OBJECTIVE

When you have completed this unit of instruction on the 8.5-ton reciprocatinr
trainer, you will be able to:
Locate, identify and state the functions of safety controls and major
components.

Locate operational and capacity controls, state their functions and adjust for
proper operations.
INTRODUCTION

The successful operation of radar equipment, communications networks, missile
guidance, automatic data processing computers, and other applidations required equinment
cooling and ventilation systems which cannot stand wide temperature and humidity
variations.
The control of temperature may be required to within
1°F, and the humidity
tolerance within ! .5 percent. Relative humidity control usually allows a rreater
tolerance hut must he low enough to minimize rust and corrosion whilP hirh enourh te
prevent statie electricity charges from arcing.

To control the temperature, humidity and ventilation in large equipment applications, many controls must be used to effect the desired conditions. Combinations of
electrical, pneumatic and electronic controllers, and controlled devices work as a
unified team to produce the successful system operation.
The checking of system efficiency against designed performance data is just as
important as checking the calibration and adjustment. In fact, it should be a primary
consideration.

Compressor capacity control can be achieved in numerous methods--ranrinr from
pressure switches to complex hydraulic systems, dependinr upon the system in use.
In all fields of air conditioning, the design conditions will have variable lim115:.
The usual extreme conditions exist when the temperature is over R0°F or below 70°P, and
if the humidity is less than 30 percent or more than 50 percent. Maintaininr the exact
range is often difficult but can he achieved with properly operating systems.

Assignment in Preparation for Day 50
I.

CYLINDER UNLOADERS

A.

Read the following paragraph and answer the questL-1.
FUNDAMENTALS OF DIRECT EXPANSION
ATP CONDITIONING EOUTPMENT

Direct expansion is a descriptive term.
It describes the type n refrireratinn
system used.
Evaporators are sometimes called expansion coils. When the evaporator
cools the air, the system is called direct expansion.
If a secondary refrirerant (brine
or chilled water) is used to cool the air, the system is known as indirect expansion.
1.

Explain a direct expansion system.
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B.

Read the following paragraph and answer the question.

Most large air conditioning systems use compressors with
some type of capacity
This capacity control is usually accomplished by holding
one or more of the
suction valves open when operating under reduced load.
Unforxunately,
the capacity of a 41
thermostatic expansion valve cannot be controlled that easily.
With the capacity of the
expansion valve at a relatively constant value, it becomes oversized
when the capacity of
the compressor is lowered.
However, within reasonable limits, a thermostatic expansion
valve will adjust to a loa-load condition and still maintain
the required refrigerant
control.
Actually, smooth valve control is not necessary to reduce
loads because full
evaporator capacity is not required under these conditions.
control.

1.

C.

How is capacity control accomplished?

Read the following paragraphs and answer the questions.

CAPACITY CONTROL
Cylinder Unloaders

This method of compressor capacity control is used almost
universally on large
multiply cylinder compressors driven by alternating
current electrical motors.
A device
installed in the compressor holds the suction valve of
each cylinder open
decreases.
Assume that a 5-ton load is '.2eing cooled with a three-cylinder as the load
compressor.
When the unit starts, there is only one cylinder operating.
Assume the theater is cool.
The other two cylinders have their suction valves
automatically held open. As people
come into the theater, the air conditioning load increases,
number two cylinder is
automatically brought into operation. The same thing happensand
for cylinder three, until
maximum load is reached. After the sun goes down, the
heat load decreases.
Number three
cylinder is then automatically unloaded by holding the suction
valve open again. The
same thing happened for cylinder two.
As the need for refrigeration continues to reJuce,
number one cylinder reduces the low side pressure to
a predetermined point, and the unit
turns off. With this system, there
is very little on-off operation.
The compressor runs
continuously and is producing refrigeration in varying amounts
as required. A system of
this type will maintain very close temperature control.
matter how many cylinders a
compressor has, it will have at least one cylinder loaded No
all the time.
Cylinder unloading may be accomplished electrically,
pneumatically or hydraulically.
Hydraulic unloaders are the most commonly used.
A typical hydraulic unloader mechanism
consists of four main units: unloader sleeve, unloader
power element, hydraulic relay
and capacity control valve.

63b
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Figure 21.

Cylinder Unloader Assembly

1.

How may cylinder unloading be accomplished?

2.

How many cylinders will be loaded at all times?

D.

Read the following paragraphs and answer the questions.

OPERATION:
The operation can be traced in figure 22. The pressure from the
crankcase is fed through a surge chamber which changes the pulsating pressure to a
stabilized oil flow to the capacity control valve (1). As the increase of pressure
enters the valve, an internal bellows is expanded; and the push rods attached to the
needle and seat assembly pull the needle toward the seat. This action increases the
:ontrol oil pressure.
The increase of pressure in the crankcase is also passed throrgh
the oil pump to the hydraulic relay (2).
NOTE:

This pressure is true oil pressure plus suction pressure.

rhe increased oil pressure will bleed through the port in the end of the relay piston and
force the piston to move one notch against the ball and spring assembly for each increase
)f 2 psi.
For each increase of 2 psi, the repositioning opens a port leading to an
inloader power element (3).
NOTE:

There is one less cylinder unloader power element than total number of
cylinders; this means that one cylinder will be fully loaded at all
times.
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As the unloader power element (3) has the
increased power applied, it is forced
against the piston face, opposing the spring
pressure and pushing up on the lifting fork
assembly (4).
The fulcrum action causes the lifting fork to
drop, which allowi5 the
unloader sleeve (5) to drop. The dropping action of
the unloader sleeve allows the push
pins (6) to fall against the face of the unloader sleeve
allowing the suction disc (7) to41/
seat on top of the cylinder and load the cylinder.

As the pressure decreases in the crankcase, the
decrease through the capacity
control valve (1) causes the bellows to contract
and the push pins (9) push the needle
away from the seat, decreasing the control oil
pressure (10). This decreased control oil
pressure will allow the spring pressure to reposition the piston,
closing off feedline
ports to the unloader power elements
one notch against the ball and seat assembly
(11)
for each 2 to 2.5 psi change in pressure.
As the pressure is no longer being applied to
the unloader power element (3), the internal spring
pressure forces the excessive oil to
return by gravity feed to the crankcase.
The fulcrum action of the lifting fork (4)
forces up on the unloader sleeve (5).
This lifting action pushes the lifting pin (6)
against the disc type suction valve (7) raising it off
the seat, unloading the cylinder.

Figure 22.
1.

2.

How many cylinder unloaders'

Cylinder Unloader Circuit

power elements would be found on a system?

What pressure does the unloader power element oppose?

63b
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E.

Read the following paragraphs and answer the questions.

ADJUSTMENT.
The capacity control mechanism must be adjusted to maintain a balance
between the load and compressor capacity. This adjustment is made by turning the
external adjustment stem on the capacity control valve. Turning the adjusting stem
clockwise (in) unloads the cylinders. Turning the adjusting stem counterclockwise (out)
loads the cylinders.

The ideal setting of the capacity control valve is achieved when the first cylinder
unloads at a pressure of 3 psi below the design suction pressure. The capacity control
valve loads and unloads cylinders in steps to balance the compressor capacity with the
heat load.
The compressor must be completely loaded before the capacity control valve
can be correctly set.
If it is impossible to fully load the system before setting the
control valve, adjust the valve to give a minimum of cycling and make the final
adjustment when the system is fully loaded. A step-by-step procedures for adjusting the
sapacity control mechanism is contained in the workbook exercises that are used with this
study guide.
1.

Turning the adjusting screw clockwise does what to the cylinder?

2.

What is the ideal setting of the capacity control valve?

TROUBLE ANALYSIS

Determining the cause of a malfunction in
an air conditioning system is usually much
more difficult than repairing it once the trouble
is located. The following is a trouble
analysis chart which may be an aid to you in finding
possible troubles.

TROUBLE
Low Suction
Pressure

PROBABLE CAUSE
Cylinder unloader out of
adjustment

Adjust

Restricted liquid line

Clear restriction

Insufficient airflow

High Suction
Pressure

High Discharge
Pressure

Clean filter
Tighten air
handler belt

Replace TEV

Cylinder unloader out of
adjustment

Adjust

Outside air temperature too
low

Close doors

Consider possibility
of capacity for
condenser

Fan pressure switch out of
adjustment

Adjust

Fan pressure switch out of
adjustment

Adjust fan switch

High outside temperature
Dirty condenser

Abnormal Noises

(1)
(2)

TEV power assembly lost charge

Excessive load on system
Low Discharge
Pressure

REMEDY

Check condenser for
cleanliness
Clean condenser

Noncondensables in system

Purge

Low compressor oil level

Add oil

Loose belt

Tighten belt

Broken motor mounts

Replace mounts

Vibrating refrigerant lines

Anchor lines

Bearings on fan or motors bad

Replace bearings or
replace complete fan
or motor

Compressor slugging

Install accumulator

Trouble Analysis Chart
4-6
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II.

TEMPERATURE AND HUMIDITY CONTROL

A.

Read the following paragraphs and answer the question.

Application of Series-90 Control
It is often desirable to control the temperature of an equipment conlinfr space by
controlling the amount of air that circulates across a direct expansion (DX) coil.
Figure 23 is a diagram of this application.

When the room temperature cools below the set point, the room thermostat wiper moves
toward the blue lead B. This causes more current to flow in the right circuit of the
resistance bridge, energizing the CCW winding of the face and bypass damper motor.
The
face damper will close and the bypass damper open until the resistance bridge circuits
are again in balance.

1.
SERIES 90

SERIES 90 THERMOSTAT

MOTOR

TA

ROOM
CTM

BYPASS DAMPER

900o E TM
011

Figure 23.
1.

IA(t DAMN. k

Face and Bypass Damper Temperature Control

Explain how the temperature of the cooling space is controlled using a series
control.

n

B.

Read the following paragraphs and answer the
question.

APPLICATION OF TEMPERATURE AND RELATIVE HUMIDITY
CONTROLS
Applications of automatic control systems range from
simple domestic temperature
regulation to precision control of industrial
processes.
Automatic controls can be used
wherever a variable condition must be controlled.
temperature, humidity or rate and volume of flow; That condition may be pressure,
and it may exist in a liquid, a solid
or a gas.
In the following paragraphs, we will see an application
of controls. These controls
are employed to maintain the relative
humidity and temperature in
a space.
Control of Temperature and Relative Humidity (RH)
CONTROL.
The controls used for control of the system
consist primarily of Room
Thermostat T-1 and Humidistat H-1.
The compressor capacity control has been adjusted
that all the cylinders are loaded.
so
The bypass daupers are cloSed as indicated,
reheat coil is closed. The maximum sensible
and the
and latent heat load possible has been
placed on the system to produce a room condition
of 75'F and 50 percent
RH.

CONTROL ADJUSTMENT. Place the normal
room load on the system.
Adjust the set point
of thermostat T-1 to 7510 and high limit
humidistat
H-1 to 50 percent maximum. Adjust
the capacity control (Cylinder Unloaders)
so that one cylinder will be unloaded when the
ADP is 40F. Observe the operation
of
the
system and trim the controls, as
maintain the desired room conditions.
necessary, to
1.

What controls are used for the control of the
system?

C.

Read the following paragraphs and answer the question.
High Limit Humidistat
In most equipment cooling systems, we do
not control humidity at a specified figure,
but are given a high limit such as 50
percent which we must not exceed.
This clui be
accomplished very easily by inserting a series-90 high
limit humidistat in a basic
series-90 circuit (see figure 24).

Support that the maximum humidity allowed
percent, and the thermostat is set with the facein the equipment cooling system is 50
humidity remains below 50 percent, the humidity and bypass half open. As long as the
humidity in the room goes above 50 percent, the pot wiper will remain at 1. When the
causing the humidistat pot wiper to move toward humidistat hair will become longer,
2.
This movement adds more resistance to
the right series-90 circuxt. More current will flow
through the clockwise relay winding;
the damper motor will turn clockwise, opening
the face damper. With more air goini,
the DX coil, more moisture will be removed from
it, and eventually the room humidity over
decrease. The high-limit humidistat
will
will override the thermostat and cause the
damper to open more than the thermostat wants it
face
to.
Naturally, if the face damper is
open more than the thermostat is calling for it to
open, the room temperature will drop
below the desired value. This is corrected by
adding a reheat steam or hot water coil
operating on command of a second pot in the room
thermostat.
in figure 24. This system will
A complete system is
maintain both the temperature and humidity within shown
limits of an equipment cooling system.
the
Figure 24 shows the wiring that would have
accomplished by a refrigeration specialist
to be
in connecting the complete control
system.

644
4-8

41

POT

BELLOW

0610
I

i

to I

2,

I

I

DASHED LINES

I

HIGH LIMIT HUMIDISTAT

E XTERNAL

WIRING

I

111110111

I

I

'

SIGNAL FOR

DUNTE R 0

CL 0:K WISE

SIGNAL
FOR

r

24v

ROTATION 0

CLOCKWISE
ROTATION

CLOSE

OPEN
F AC E DAMPER
MOTOR

FACE' AND BYPASS DAMPER

Series-90 High Limit Humidity Control

REHEAT MOTOR SHAF T

..HIGH LIMIT HUMIENSTAT

OSE

Figure 24.

EACE
DAMPE R

OPE N

Complete Temperature and High Limit Humidity Control

How is moisture removed from the condition space?
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D.

Head the following paragraphs and answer the questions.

A schematic of a typical equipment cooling system is
shown in figure 25. The
thermostat controls the temperature of the air in the equipment
cooling space. This is
done by modulating the face and bypass dampers.
The
face
and
bypass
dampers are so
arranged that they operate opposite each other.
When
the
face
damper
is opening, the
bypass damper is closing. The face damper will be 1/4
open
when
the
bypass
damper is 3/4
open.
When the temperature is at set point, both face and bypass
dampers will be in the
half position. Half position can be called
either half open of half closed. When the
space becomes warmer than the set point of the thermostat (76°F
thermostat will signal the damper motor to open the face damper in this example), the
Opening this damper will cause more air to pass over the direct slightly more than 1/2.
expansion cooling coil.
The supply air will become cooler, thereby lowering the
room temperature back to 75°F.

With the space temperature at 75°F, the thermostat directs
the face damper to he
exactly 1/2 open.
Now let us assume that the humidity in the equipment
cooling space
goes above the high limit set point of 50 percent to 51 percent.
The high limit
humidistat (H-1) will override the thermostat and command
the face damper to open more
than 1/2.
The DX coil, having a mean surface temperature (apparatus
dew point) of about
40°F, will remove more grains of moisture from the
circulating air and in time will lower
the space relative humidity.
Because the humidistat opened the face damper
more than the thermostat wants it to,
the space temperature will drop below 75'F.
In this case the thermostat directs the
reheat coil to furnish heat to the supply air so that the
space will be exactly 75°F.
EOUIPMENT COOLING %PACE

8000

(FOUIPK: NT LOCATED
IN THIS AREA

C FM

SUPPLY AIR

REHEAT

ADJUSTMENT SCREW

/ THERMOSTAT

TI

laF., ...... ..... ...
w ...

--- .

--EL-,

---)-........

....

R

R
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.w w...,". -.. 75 F SET POIN1

B e---...L........4,-.HOT WATER L - - - --)..._tr,_

1

b If
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...1 t +w. 8.-

FAN

la

I

....... , ...... r

i

...I
I

R

BYPASS
DAMPER

.02 "/
5aF

i

ICJ 24 Val I POW/ R
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Z4OF

FILTER

.114

50% H MAX SET POINT

L

HIGH LIMIT HUMIDI5TAT

/ BANK

-_. FACE 75F
DAMPER

8000 CFM RETURN AU4
75F

LEGEND

. - RED WME
WHITE WME
BLUE WME
DX COIL DIRECT EXPANSION
COIL

Figure 25.

1.

2.

Schematic of a Typical Equipment Cooling. System
How does the thermostat control the temperature of
the cooling space?

rxplain the operation of the high limit humidistat
as the 11/71 exceeds 50".
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Read the fol:ow',ng pargraph and answer the question.

F.

In summing up the aons of the thermostat and high limit humidistat, the thermoThe humidistat has more
stat controls the face agd bypass dampers and reheat coil.
authority than the thermostat in controlling the face and bypass dampers and can override
the thermostat in caulatg the face damper to open wider than usual. The humidistat has
In this manner, both temperature and maximum humidity
no control of the reheat coil.
requirements can be maintained in an equipment cooling space.

REHEAT %/ALPE

NuMMISTAT
LIMIT

FRONT

FACF AND BYPASS
DAMP;

NO1k

MOTOR

ALL WIRING SNOWN IS /4v AC

Figure 26.

External Wiring of Temperature and
High Limit Humidity Control System

1.

Which control has more authority?

F.

Read the following paragraphs and answer the questions.

Low Limit Humidi

Control

As mentioneu previously, in some equipment cooling systems we do not control
humidity within a close tolerance.
Now that you are familiar with high limit humidity control and how to accomplish it,
low limit control (below 45 percent) will be discussed.
Low limit humidity is controlled by another humidistat (11-2), which can c!ontrol
either a modulating steam valve or spray nozzles to add moisture to the conditioned
space.

The low limit humidity control loop has its own step down transformer and there is
an airflow switch in series to the lige side of the transformer. With this type setup,
it is impossible for the low limit humidity loop to function unless the air handler is
operating.
The system is designed this way to prevcr.t the injection of steam or spray
water into the air handler while the air handler is i)1.
4-11
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1.

2.

What does the low limit humidistat control when
R/H falls below 45%?

How is moisture added to the air of controlled
space?

STOP1

You have completed the directed study
assignment in preparation for Day 50.
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Assignment in Preparation for Day 51
A.

Study and complete ATC SG E3ABR/OBR 00001.

Given a source document, identify the vulnerabilities associated with the
refrigeration and cryogenics career field with nr more than two errors.

B.

INFORMATION

Being assigned to the refrigeration and air conditioning shop in civil engineering
does not involve too many security precautions. After all, what could be classified
about a water cooler, a household refrigerator or even a commercially-made air
conditioner? But think again! Where are these units located? Or better yet, where
could they be located? If they are in your base dining facility or your office, no
problem; but these units are not always located in an unsecure area.
They could be in a
very sensitive area. Keep in mind that even though these units themselves are not
cla.asified, their physical location might be.
There are those of ymi being assigned to a missile base, Minot, Grand Forks, Little
But you say, my assignment sheet reads Civil
Engineering, I'm not going to be in missiles. Who do you think the missile squadrons
call when they have a problem their people cannot handle? That's right, they are going
to call the Base Civil Engineering Squadron. On most bases, civil engineering provides
direct support for air conditioning and refrigeration equipment.
So, as you can now see,
you may be involved with missiles and the security vuln,
bilities involved with that
type of weapon system.
Rock, Malmstrom or Div7.1s-Monthan.

The first time you are dispatched to a missile complex you will probably be curious,
looking around and asking questions. Maybe your questions will be answered and maybe not.
In any event what You see or hear must be kept to yourself.
This goes as far as:
how
far it is to a specific site, in which direction or how many missiles are located there.
It is easy to say, everyone knows how far it is out there.
The farmers even know because
it is on their land. Maybe they don't know. Or if they do, they might not know the
exact location.
Then there is always the building where they store the missiles and warheads and
these buildings are going to be air-conditioned.
There is Real Property Installed
Equipment (RPIE), and civil engineering personnel must maintain it.
You could make a
slip and mention how critical the temperature and humidity has to be.
All of this could
be information the enemy could use to determine how they could inflict damage to our
missile force during an armed conflict anywhere in the world.
Now, how about those of you who have nothing to do with mssiles or missile bases?
You are still saying what could be classified on my base? Just about eve:':: base will
have a communications center.
All their equipment has to be air-conditioncd.
Granted,
the air conditioning equipment itself is not classified, but to work on it you are going
to be required to be inside the building and around classified equipment.
Have you ever heard of the Command Post on this base?
That's right, every base will
have one.
They will also have the Base Headquarters building and in most cases a Control
Tower and Radar Approach Control (RAPCON) building.
These all have some form of
classified material or equipment.

Then some of you are being assigned to a unit that might require a security
clearance--such as a Mobile Communications Squadron, Radar Squadron or even a Security
Services Base, such as Goodfellow Air Force Base.
In these areas you will constantly be
involved with security precautions and their vulnerabilities.
Keep in mind also, that security precautions cL not just apply while you are working
on the base.
They also apply off base, during your free time.
Getting together with a
group of friends and relating different experiences or troubles encountered on a Job
could relate to classified information to the trained ear.
Remember, "Big Brother" is
watching and, more important, listening.
As you can see, just because you are being assigned to a Civil Engineering Squadron,
you will still be involved with the vulnerabilities of security.
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OPERATIONS SECURITY
Thrms Explained
a.
Operation. For the purpose of this regulation,
operation refers to any
military activity, exercise, function, project, program, an
or event which requires the
protection of information to deny a potential enemy either
a tactical or strategic
advantage.
Specifically included are any support activities (logistics,
research and
development, training, and others) which may contain intelligence
indicators
that would
reveal operational capabilities nr intentions when properly collated
and analyzed.

b.
Operations Security (OPSEC).
The protection of operations resulting from the
identification and subsequent elimination or control of
intelligence indicators
susceptible to hostile exploitation. The purpose of OPSEC
is to prevent the disclosure
of information containing intelligence indicators that
can be used to degrade operational
effectiveness.

C.
intelligence Indicator.
An ltem of possible intelligence value that can provide
information about capabilities and intentions when properly interpreted.

History and Background of OPSEC
The first formal OPSEC program was developed to protect
Asia operations.
The OPSEC survey proved to be a valuable tool in the overallSoutheast
OPSEC program; it provided a
systematized means to identify and eliminate enemy soutces of
information.
Ifrtt
1.

2.

missing word(s) in the blanks below:
T'le first formal OPSEC program was developed to

The

proved to be a

overall MEC program.

in the

The succese or
of most major combat operations
on the element of
surprise.
Before tin opniation can start, personnel must be depends
assembled, equ!pment and
transportation massed,
numerokie other activities completed. Usually, definite
patterns of behavior tan 'f,v-Jcome warning signs to enemy intelligence
collectors.
3.

4.

The success or failure of most major combat operations depends
on the

Usually, definite

and these

or actions are followed,

can become

to enemy

Attempts to gain information about planned operations is
not new, these activities
aro age-old practices. The activities of opposing
forces are constantly monitored to
obtain indications of planned operations, because such
forewarning may provide time to
institute countermeasures to reduoo or eliminate the advantage
of surprise.
5.

Indications of planned operations can be obtained because the

of

are continually
6.

may provide time to institute
eliminate the
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to reduce or

The need for overall security is not limited to major combat operations, but is also
important for any operation, including peacetime maneuvers.
In the case of combat
operations, prior knowledge of the enemy can give him time to take defensive actions
which will cause the operation to be Ineffective or fail completely.
Peacetime
operations which are known to a potential enemy can give him an advantage militarily and
diplomatically.
7.

The need for security is evident concerning major combat operations, however, it Is
also important for

8.

When an enemy has prior knowledge of an operation it gives him

9.

Peacetime operations security is important since disclosure of plans gives an enemy

Studies in intelligence show how information can be gathered by an enemy without the
violation of security rules by our forces. Such actions as posting flight schedules, the
establilshing of flight patterns, or increased observable activities can give an enemy
insight into a pending operation. Finally, unclassified communications, when gathered
and compiled by a trained agent, can be very detrimental to the success of an operation.
Awareness of unclassified leaks of information, and their contribution to the failure of
classified operations, must be maintained constantly if we are to have a good OPSEC
program.

10.

Intelligence studie cz. show how information can be gathered by an enemy

11.

contribute to the
faiiure of

Relationship of GPSEC to Other Sec-:.rIty Programs

Communication Security (COMSEC).
As you learned previously in your study of COMSEC,
communications are absolutely essential to the success of any operation. The need for
communication security cannot be overstressed. The relationship of COMSEC and OPSEC is
very real and cannot be separated.
are absolutely

12.

to the

of

any

Any type of communication can violate OPSEC; official or unofficial, classified or
unclassified, written, transmitted, or face to face communications all require control in
order to have an effective OPSEC program.
13.

What kind of communications are vulnerable to interception or nompromise?
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COMMON OPSEC VULNERABILITIES
Operational Indicators
a.

Sterotyped sequences ot events comprising various
phases of the operation.
b.
Coordination with other agencies that do not
have proper safeguards for sensitive
information.
c.
Submission of unclassified reports at specific intervals
levels of command.
to specific units or
d.

Sterotyped patterns of flight act7:eity at a particular
location.

Write in the letter of the operational indicator
that best fits:
1.
Servicing all the aircraft on a base simultaneously
would be an example of
2.

Requests to FAA for special flight clearances would
be an example of

3.

Increased activity at gunnery or bombing ranges
would indicate

4.

Reports to Civil Engineering,

Security Police, Accounting and Finance, and Supply
concerning an upcoming operation, would fall into
the category of

Procedural Indicators
a.

Public information releases

b.

Posting of operational plan information in
unsecure areas.
c.
Posting of rosters, transportation schedules, and
dining hall schedules in
unsecure areas.
d.

Distinctive emblems or paint on vehicles,
buildings or aircraft.
e.
Markings on supplies which could reveal the
oporations, such as, nicknames, delivery deadlines, location or starting date of the
etc.
f.

Logistics build-up or positioning of support
materials and facilities.
g.
Special hriefings, meetings or religious
services.
h.
The use of nicknames; particularly hazardous
recognizable flag for identification of an operation. since they provide an easily
i.

Exercising or testing portions of a plan.

In the following exercise, place the letter
of the procedural indicator which identifies
the .riQlation in the blank space provided,
if applicable.
5.

Unsecure phone convereations about takeoff schedules.

6.

Duty rosters on squadron bulletin boards.

7.

T.V. coverage of maneuvers.

S.

Stockpiling of supplies in exposed areas.

9.

Sudden appearance of special clothing items
or other equipment.
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10.

Identifying codes or nicknames appearing regularly on correspondence, in communications on supplies and equipment or aircraft.

11.

Personnel restrictions.

12.

More than normal amount of overtime work.

Communications Indicators
a.
Plain language communications associated with a planned operation and conducted
during the planning, preparatory and e-:ecution phases.
b.

Use of unchanging or infrequently changing call signs and/or radio frequencies.

c.
Sterotyped message characteristics which are indicative of particular types of
military activity.

d.

A significant increase or decrease in message traffic volume.

e.

Activities of new communications facilities in support of an operations plan.

In the following exercise, place the letter of the communication indicator which identifies the communications indicator, in the blank space provided:
13.

Mobile communications and control facilities moved into position prior to the
start of an operation.

14.

Increased courier flight into and out of a base.

15.

Unsecured phone conversations concerning an upco-Ang operation.

16.

Changing long used call sign

just prior to the start of an operation.

4-17
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You will now Like an exercise dealing with the Information
from thls study/workbook.
EXERCISE
1.

2.

3.

Servicing all mobile communications equipment on your base would
be an example of

Requesting special spare parts from base supply is an example of

Posting missile support duty standby rosters on squadron
bulletin boards would be
what type of procedural indicator?

4.

Calling your girl/boy friend to tell them you are breaking
your date because of a
special project underway is an example of what type communications
indicator?

5.

Moving all mobile communications equipment to a central l6cation
prior to an
operation would be what type of vulnerability indicator?

6.

Servicing an air conditioner in a Major Command Headquarters building
is a/an
indicator.

7.

Servicing air conditioning equipment in a Major Communications
Center would be a/an
indicator.

INTELLIGENCE INDICATORS:
A.

Operational

B.

Proeedural

C.

Communicational

STOP!

You have completed the direct study assignment In preparation for Day 51.
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(Civil Engineering Training)
Sheppard Air Force Base, Texas

AIR HANDLERS
Part 1

OBJECTIVE
Given a disordered list of steps required to replace air handler bearings, shafts,
belts and pulleys; and adjustment of damper linkage, place the steps in order with no
more than four errors.
PROCEDURES

In the space provided, list the steps required to replace air handler bearings,
shafts, belts and pulleys, and adjustment of damper linkage.
Steps

Install bearings

1.

Remove shaft

2.

Remove pulley

3.

Install belts

4.

Adjust damper linkage

5.

Install shaft

6.

Install pulley

7.

Remove power

8.

Remove bearings

9.

Remove belts

OBJECTIVE

10.

Part 2

Given the information, state the steps for lubricating air handler bearings and
checking the bearings, belts, and pulley alignment with no more than three errors.
PROCEDURE

In the space provided, state the steps for lubricating and checking bearings, belts,
and pulley alignment.
Bearings

Belts

Pulley

656
1-2

3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas

WB J3A13P54530 001-VI-2
January 1983

CENTRIFUGAL AIR CONDITIONING
Part 1

OBJECTIVE
Select from a list of principles, those that apply to the operation of centrifugal
air conditioning system with no more than two errors.
PROCEDURE
Given the list of principles of operation, underline those that apply to the
centrifugal air conditioning system.
1.

Must move a large volume of refrigerant to achieve large cooling capacity.

2.

Must be in a deep vacuum.

3,

Liquid refrigerant flows by gravity from the condenser to the evaporator.

4.

Lithium bromide having the ability to absorb large amounts of water vapors.

5.

Suction dampers is used as capacity control.

c.

Compressor uses two pistons for compression.
Part 2

OBJECTIVE
Given a flow diagram of the refrigerant, chilled water, and condenser water systems,
indicate by designated colors and arrows the flow end direction of each system.
No more
than two errors permitted.
PROCEDURE
Correctly trace the flow (cycle) of refrigerant through the primary refrigerant
system.

Identify operation and maintenance procedures and trar:e the flow of liquid
through the secondary refrigerant system.
Identify and explain the functions of major components of the centrifugal
refrigeration machine.

Using figure

1

and colored pencils, complete the following:

a.

Color with a light green pencil the condenser water circuit, indicate the water
inlet and outlet connections with arrows showing direction of flow.

b.

With a regular lead pencil, darken the chilled water circuit, and indicate,
with arrows, the chilled water inlet and outlet connections.

c.

With a red pencil, color the high pressure refrigerant gas and liquid.

d.

With a blue pencil, color the low pressure refrigerant gas and liquid.

e.

Use arrows to

f.

Describe in y
machine.

*, the direction of refrigerant flow.

.

)rds, the flow of refrigerant through the centrifugal

11IMOIMMI.
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Refrigerant and Water Flow

Using the diagram you have just completed, go to the machine and trace the flow of
refrigerant.

Operation, Maintenance and Flow of Secondary Refrigerants
Proceed to the centrifugal unit and trace the condenser and chilled water circuit
through the chiller. When you have done this, answer the following questions without
error.
1.

What liquid circulating
circuit?

2.

What liquid circulating unit in the centrifugal system is considered to be an open
circuit?

3.

What is the purpose of the butterfly valve?

4.

Where does chilled water enter the evaporator?

in the centrifugal system is considered to be a closed

41)
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5.

Why is there a condenser, cooling tower, and water stcrage tank?

6.

At what point in the centrifugal unit's condenser must condenser water enter first?

Why?

Identification and Function of Major Components
of the Centrifugal Refrigeration Machine
Locate the following components on the machine and explain their function.
1.

2.

3.

Motor
a.

Voltage:

b.

Amperage:

c.

Function:

d.

Horsepooer:

e.

Cooling Means:

Compressor
a.

Type:

b.

Number of Stages:

c.

Purpose:

d.

Speed:

Condenser
a.

Purpose:

b.

Refrigerant Inlet Location:

c.

Refrigerant Outlet Location:

d.

Normal Condenser Pressure and Temperature:

e.

Type of Design:

f.

Purpose of the Baffle:

g.

Secondary Purpose:

Jalim=s,
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4.

5.

6.

7.

Economizer
a.

Purpose:

b.

Approximate Pressure:

c.

What maintains this preasure?

Evaporator
a.

Type:

b.

Inlet Location:

c.

Outlet Location:

d.

Normn1 Refrigerant Temperature:

e.

Refrigerant level:

f.

Purpose of the Baffle:

g.

Purpose of the Distributor:

h.

Purpose of the Eliminator:

Capacity Control
a.

Type:

b.

Purpose:

c.

How is it controlled?

Purge Unit
a.

Purposes

b.

Type of Compressor:

c.

Safety Devices:

66u

Part 3
0117:',7TIVE

Given the information, state the steps in maintaining the chilled
water system with
no more than one error.
PROCEDURE
In the space provided, state the steps in maintaining the chilled
water system.
Evaporator tubes: =.ceCNne

wea.11..

Water treatment:

...-.16
Part 4

OBJECTIVE
Given the information, list the steps required for pressure checking
the
refrigeration systems with dry nitrogen. No more than two errors permitted.
PROCEDURE
In tne space provided, list the steps revired for pressure
checking the
refrigeration systems with dry nitrogen.
Steps

2.

3.

4.

r=111.
5.

11111...

WIRMIIIMIVINB!
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Part 5

OBJECTIVE

Given a disordered list of steps required for charging a centrifugal system with
refrigerant, place the steps in order with no more than two errors.
PROCEDURE

In the space provided, arrange the steps in order required for charging a
centrifugal system with refrigerant.
Accurately check refrigerant level before attempting to add refrigerant. If
refrigerant level is low, determine the cause for the loss before proceeding.
Close charging valve and disconnect refrigerant dram.
Charge until liquid level appears in center of evaporate:: sight glass.

Charge until liquid level appears in center of evaporator sight glass.
Elevate drum above liquid level in evaporator to induce

gravity flow.

Part 6

OBJECTIVE
Working as a member of a team and using a centrifugal system trainer, check, adjust
and perform maintenance on the comp.:essor and system controls with instructor assistance.
EQUIPMENT

Trainer, centrifugal air conditioner system
PROCEDURE
Check :ettings of all controls and safety switches.
NOTE:

Make adjustments as necessary upon instructor approval.

a.

Chilled water control 45'.

b.

Condenser water control 85.

c.

0i) pressure nntrol cut-out 4 p.4, cut-in 8 psi ubable oil pressure.

d.

Oil temperature contro] 130-135

e.

Ww temperature control cut-out 32e, cut-in 42.

f.

Motor temperature control cut-out 120, cut-in 110'.

g.

High pressure control cut-out 2-inch vacuum, cut-in 12-inch vacuum.

h.

Purge histh pressure control cut-out 40 psi, cut-in 25 psi.

i.

differential fixed 5'.

tirge heNtet temperature control cut-o..it 140", cut-in 132%

C6
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Part 7

3JECTIVE

Working as a member of a team and using a centrifugal system trainer, operate the
purge recovery unit with instructor assistance.
EQUIPMENT
Trainer, centrifugal system purge unit.
PROCEDURE

Using the centrifugal unit and figure 2, identify the components and their
purposes by the correslonding numbers.
Operate the purge recovery unit with instructor assistance.

A.

NUMBER

NAME

PURPOSE

1

2

3

4

5

6

7

8

9

10
Al

12

13

14

66,3
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Figure 2.

Purge Recovry Unit

15

16

17

18

B.

Answer the following questions.

1.

What are thP noncondensables that the purge unit must remove from the unit?

2.

How is the purified refrigerant returned to the cooler?

3.

What causes the refrigerant vapor to condense once it is in the purge drum?

4.

How dn.:, the p

5.

Why are thPre two water supply valves going to the purge drum?

6.

For what reason is the oil separator maintained between 132

c.

irun separate the refrigerant, air and water?

amd 140.F?

Qperate purge recovery unl.t.
(1)

Depress the purge compressor switch to mamial (located on the centrifugal
control panel).

(2)

Observe operation/purge drum eightglass.

(3)

Depress th purge comrressor switch to the off position.

(4)

If required, remove the water thru the manual blow-off valve.
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Part 8
I

OBJECTIVE

Working as a member of a team and using a centrifugal system trainer, operate the
compressor and perform the operational checks on the system while applying safety
precautions pertaining to high intensity sound with instructor assistance.
EQUIPMENT
Trliner, centrifugal air-conditioning system
PROCEDURE

Perform preoperational check and operation of cmItrifugal machine to optimum
efficiency and performance.
Preop,,rational Check and Operation
of Centrifugal Machine

Preoperational Check
1.

2.

3.

inoare all power is off
a.

Main circuit breaktsr.

b.

Secondary bleakers.

Check oil levels
a.

Compressor L1 r.ump

b.

Purge compressor

Check evaporator liquid level
a.

Located below and to the right of t*

b.

1/2 bulls eye

4.

Check supply air pressure gauge locatv,d on

5.

Check the position of the following switches:
a.

b.

nanei

.t alde of control panel (20 psi).

Unit Control Panel (see figure 3)
(1)

S-1

Compressor oil pump - AUTO

(2)

S-

Purge oil heater - ON

(3)

5-3

Purge compressor - AUTO

(4)

5-4

Manual demand limiter - 40 PERCENT

(5)

5-5

Reset - RESET

Main Power Panel
(1)

5-10

Condenser uater pump - ON

(2)

8-11

Cooling Tower Fan - AUTO
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LEAVING

OIL

CHILLED WATER

PRESSURE

EVAPORITOR
PRESSuRE

CONDENSER
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CHILLED WATER
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OIL

PRESSURE

PL-I

CONTROL

PURSE
HCATEk

PURSE
CCMPRESSOR
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PL-3

C

LOW
TEMP.

PL-T

S-1

S-L

S-3

S-5

RUK
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AUT5

RESET

MOTOR
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FULL LOAD
60

0

OFF

OFF
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PURSE
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0
40

OIL

PUMP

Figure 3.

Control Panel
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100j

DEMAND LIMITER

6.

Turn on main circuit breaker at this time.
NOTE:

7.

Purge oil heater is now energized.

Check linit control panel indicator lights.
a,

Red lights for low temperature, high pressure, and motor temperature control
should be out.
NOTE:

b.

If any red indicator lights are lit, depress reset switch.

Amber lights
(1)

Purge heat.- lit

(2)

Oil pressure, purg- compressor off

E.

Turn five circuit breakers, located next to main breaker, ON.

9.

Turn on all circuit breakers, located in circuit breaker panel directly above
centrifv-jal electrical panel, ON.

10.

Depress start buttons for both single and multi-zone air handlers.
NOTE:

Air handlers are now operating.

Unit Start Up
NOTE:

Prior to start up, insure all steps have been completed on preoperational
check. Check indicator lights on unit mntrol panel.
Only one light should
be illuminated, the amber light for the purge heater.

1.

Depress start button PB1, located on Main Power control panel.
This will start the
chilled water pump, closing its two sets vf auxiliary contacts.

2.

The following sequence of evewae will occur automatically.
a.

C;.oldenser water pump starts.

b.

Power is applied to the cooling tower fan thermostat and it will now cycle to
maintain temperature.

c.

Power applied to oil pump switch S 1.

d.

Oil pump starts.

e.

Gil presaure control closes, amber light lights.

f.

Compressor starts, starting 30-minute time delay restart cycle.
NOTE:

g

After approximately five seconds, solenoid air valve opens.
NOTE:

h.

3.

Urit cannot be restarted until time delay times out.

This allows unit to start with the suction dampers closed. Allows
^ompressor to start and come up to full speed completely unloaded.

Purge compressor starts, amber light lighta on control panel.
for proper operation.

Check purge unit

Centrifugal machine is now 4-1 full operation under control o1 TC1
and Load Limiting
relay.
NOTE:

At this time, check the control panel for indicator lights.
three amber lights lit, NO red

A67

Should have

Operating Procedures
Let unit operate at 40 percent load for 10 minutes, then make the following
recordings:
1.

Condenser Inlet Temperature:

2.

Condenser Outlet Temperature:

3.

Chilled Water Inlet Temperature:

4.

Chilled Water Outlet Temperature:

5.

Oil Pressure:

6.

Evaporator Pressure:

7.

Condenser Pressure:

8.

Purge Drum Pressure.:

9.

Supply Air Pressurpt

10.

Output Air Pressure:
NOTE:

Items 4 through 10 are located on control panel.

11.

Unit A.uperage Draw, as indicated on ammeter:

12.

Your instructor will determine if the load is sufficient to increase the manual
dlmand limiter switch above 40 percent. If it is, take the previous readings for
increased setting after unit has stabilized.

1.

Centrifugal Machine Operational Control

2.

a.

List the control that operates the centrifugal machine.

b.

List the control which regulates the ,00ling capacity.

c.

How does the demand limiting mechaniem function?

Chilled Water System Control
a.

How is chilled water controlled at the individua2 cooling coils?

b.

The chilled water is modulated to control what variable?

c.

Hot, does the amount of chilled,water flow affect the operatico of the
centrifugal machine?
,A

Mr.
AMP
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Stopping Procedures
1.

Depress stop button TB1, located on Main Power Control Panel.

2.

Turn the following swttches to the indicated position.
a.

b.

Control Panel:
(1)

Oil Pump - OFF

(2)

Purge Heater - ON

(3)

Purge Compressor - OFF

(4)

Reset - RESET

(5)

Demand Limiter - 40 PERCENT

Main Power Panel:
(1)

Condenser Water Pump - OFF

(2)

Cooling Tower Fan - OFF

3.

Turn OFF all remaining circuit breakers, one at a time.

4.

Turn OFF ma6.1..gr breaker.

S.

What is the function of the load liitig mechanism?

6.

How does this unit affect the operation of the centrifugal machine?

7.

Can this unit be run without the purge unit?

..#

Explain your answer.
411.,
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ABSORPTION AIR CONDITIONING
OBJECTIVE

Using an absorption system trainer and an absorption cycle schematic, label the
major componeLze and trace the flow of the solution and refrigerant. No more than 4
errors permitted.
EQUIPMENT

Trainer, air conditioner, absorption
PROCEDURE

Identify the lettered components in figure 4 and write their names after the
corresponding letters in the space provided.
- Locate and trace the flow of r_frigerant
and absorbent in a lithium bromide
system, using a lithium bromide flow 6,trt and an absorption system trainer.
1.

A

V

Figure 4.

Lithium Bromide Absorption System

671
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2.

Refrigerant and Absorbent Flow
1.

Obtain a red and blue pencil from your instructor.

2.

Refer to figure 4.

3.

Color in the flow of weak solution from the bottom of the absorber to the
generator using light red. Draw an arrow to show directi:m of flow.

4.

Color in the flow of strc-g solution from generator to absorber spray nozzles
using heavy, dark red cctrng.
Draw an arrow to show direction of flaw.

5.

Color in primary refr:7erail:: flow from consenser to evaporator using heavy dark
blue coloring. Draw an arrow to show direction of flow.

6.

Color in cooling tower water using light blue coloring.
direction of flow.

7.

Color in chill water flow using a regular pencil.
"Chill Water."

8.

Locate the steam line and label it "Steam Line."

9.

Using the diagram you have just completed, go the machine and trace the flow of

Draw arrow showing

Label the chill water line

refrigerant and soluiAort.

Part 2

OBJECTIVE

Given the information, state the procedures for leak testing the absorption air
conditioning system, with nc more than 3 errors.
PROCEDURE

In the space provided, list the procedures for leak tes:ing the absorption air
conditioning system.
1.

Vacuum Test

2.

Pressure Test

Part 3

OBJECTIVE
Using an absorption system trainer and equipment provided, operate the system.
While operating the aystem, record temperature and pressure readings on the system
operation. No more thaw 2 errors permitted.

EQUIPMENT
Trainer, air conditioner, absorption, mercury thermometers
PROCEDURE
Perform preoperational checks, start-up and shut-down procedures as outlined in the
workbook project when your instructor so indicates.
1.

Insure the machine switch (S-2) is in the off position.

2.

Insure all power is on (motor control panel).
a.

Main breaker

b.

Absorption unit

c.

Air handler

d.

Chilled water pump

e.

Condenser water pump

f.

Cooling tower fan

3.

Perform a standing vacuum test.

4.

Check purge compressor oil level and condition of the oil.

5.

6.

a.

Oil level - Between the two marks on the oil level sight glass.

b.

Oil must be cleared.

Operate purge recovery unit
a.

Turn switch (S-1) on.

b.

Open the manual shutoff valve.

Make certain the pneumatic control system is under 20 psig main air pressure.
a.

Main air gage is located on the absorption unit.

b.

Make certain the refrigerated air dryer located in the centrifugal classroom is
on.

3.4
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7.

8.

Make certain there is hot water undei pressure going to the concentrator.
a.

Hot water temperature - approximately 180°P.

b.

Turn on the hot water converter and select absorption machine with the
electrical switch located in centrifugal classroom.

Check switches in the pneumatic control panel.
a.

Pre-heat coil - manual.

b.

Cooling water - manual.

c.

Heat exchanger for condenser water manual.

d.

Heat exchanger load - manual.

9.

Open access valves "A" and "B," valves "C" and "D" closed (pump motor cooling and
lubrication connections).

10.

Visually inspect the unit and air handler for defects and water leakage.

PURGE PUMP PILOT LIGHT

uNIT PILOT LIGHT

PUMP

UNit

0

0

ON

PURGE

N

OFF

UNIT SWITCH

PURGE SWITCH

Electric Control Panel

Unit Start Up
CAUTION:

Prior to start up, insure all steps have been completed on preoperational
check. Do not start the unit until the instructor says to do so.
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Motor Control Panel
1.

Press start, chilled water pump.

2.

Auto, copienser water pump.

3.

Auto, cooling tower fan.

4.

Press start, air handler.

5.

Depress S-2 to the on position.
NOTE:

(D8-2)

(DS-3)

(DS-4)

(DS-5)

The unit will start at this time: however, if the unit shuts down within 30
seconds to 2 minutes in opeteitiode the unit may have cycled off on a
safety. The instructor will explain the procedures for resolving the
malfunction and restarting the unit.

OPERATING PROCEDURES
Let the unit operate for 15 minutes, then make the following recordings:
Thirty Minute Intervals
1.

Strong sol lvg cone

2.

Strong sol Ivey Kr

3.

Intermediate sol abs spay

4.

Dilute sol lvg abs

5.

Dilute sol lvg RX

6.

Refrigerant
_

7.

Chilled 020 in

8.

Chilled 1120 out

9.

Cooling R20 in abs

v
_

10.

Cooling R20 obt: absf

11.

Cooling 020 out ads

12.

Solution level

13.

Refrig level - spill
.......;..

14.

Rot 020 in

-.4 _----15.

Hot R20 out

Remarks & Comments:
3-6
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Stopping Procedures
1.

Depress S-2 to the off position on the absorption control electric panel and allow
the machine to complete its dilution cycle.

2.

After dilution cycle timer has stopped the machine, position the following switches,
located on the motor control panel.

3.

a.

Press stop, chilled water pump.

b.

Off, condenser water pump.

c.

Off, cooling tower fan.

d.

Press stop, air handler. (DS-5)

(DS-3)

(DS-4)

Turn off the following circuit breakers, located on the motor control panel.
a.

Air handler

b.

Chilled water pump.

c.

Condenser water pump.

d.

Cooling tower fan.
CAUTION:

4.

(DS-2)

Do not turn off the main breaker and absorption unit breaker.

Depress the S-1 to the off position (purge unit), and close the manual shutoff
valve.

5.

Turn off the hot water converter and select the centrifugal machine with the
electrical switch in the centrifugal classroom.
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CYLINDER UNLOADERS AND HUMIDITY CONTROL
Part 1

OBJECTIVE
Given a list of ten statements, select three of the five which describe the
operating principle of cylinder unloaders.
PROCEDURE

Select three of the five statements which describe the operating principle of
cylinder unloaders.
1.

Cylinder unloAders are used universally on large centrifugal compressors.

2.

Capacity control is maintained by holding the suction valves open.

3.

Cylinder unloading may be accomplished electrically, pneumatically or
hydraulically.

4.

When the unit starts, there are two cylinders uperating.

5.

The ideal setting of the capacity control valve is achieved when the first
cylinder unloads at a pressure of 5 psi below the design suction pressure.

6.

Cylinder unloaders use the internal oil pressure to operate.

7.

When the unit shuts down, there is only one cylinder operating.

8.

Cylinder unloaders load the cylinders as the heat load decreases.

9.

A system using cylinder unloaders will maintain a very close temperature
control.

10.

Turning the adjusting stem clockwise (in) loads the cylinders.
Part 2

OBJECTIVE

Working as a member of a team and using an air condition,Jr trainer, adjust the
cylinder unloaders to value specified by the instructor with instructor assistance.
EQUIPMENT
Trainer, Air Conditioner
Amprobe
PROCEDURE
Using an air conditioner trainer, operate and adjust the cylinder's unloaders as
outlined.

677
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Adjustment Procedure
1.

Determine a pressure that is equal to a 40°F coil temperature using a PT chart.

2.

Turn the adjusting stem counterclockwise to load all cylinders.

3.

Throttle the suction service valve until the desired pressure is achievel at the
suction gage.

4.

Turn the adjusting stem clockwise to unload one cylinder.

Part 3

OBJECTIVE

Given a list containing ten statements relative to the types and purpose of humidity
control equipment Which are correctly stated.
1.

The high limit humidistat (H-1) will override the thermostat and command the
face damper to open more than 1/2.

2.

The humidistat has control of the reheat coil.

3.

Relative humidity control usually allows a greater tolerance but must be low
enough to minimize rust and corrosion while high enough to prevent static
electricity charged from arcing.

4.

The DX coil, having a mean surface temperature (apparatus dew point) of about
45°F will remove more grains of Moisture from the circulating air and in time
will lower the space relative humidity.

5.

H-1 is wired in series with T-1.

6.

The low limit humidistat control the reheat coil.

7.

The low limit valve has a failsafe motor.

8.

Low limit humidity is controlled by another humidistat (H-2), which can control
either a modulating steam valve or spray nozzles to add moisture to the
conditioned space.

9.

The air flow switCh is wired parallel with 11-2 circuit.

10.

The purpose of the air flow switch is to shut down the system when there is no
air flow.

Part 4

OBJECTIVE

Given the information, state the adjustment procedure for humidity control equipment
with no more than one error.
PROCEDURE

In the space provided, state the adjustment procedure for humidity control
equipment.

4-2
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3770 Technical Training Group
(Civil Engineering Training)
Sheppard Air Force Base, Texas
PUBLICATIONS
Part 1

OBJECT
Select from a list of five definitions the one which defines the scope and
application of the technical order system.
PROCEDURE

From a list of five definitions, underline the one which defines the scope and
application of technical order system.
1.

General in content and not issued against specific systems or equipment.

2.

Instructions for modifying equipment and performing one time inspections.

3.

Provides technical information, instruction, and safety procedures pretaining to the
operation, installation, maintenance, inspection and modification of all Air Oorce
materials and equipment of a highly technical nature. Applied to all Air Force and
civilian DOD personnel.

4.

A lawful order.

S.

Explains the TO system.
Part 2

OBJECTIVE

Use the manufacturer's manual, perform one of the following maintenance tasks as
designated by the instructor.
1.

Check purge pump and motor pulley alignment.

2.

Check V-belt tension.
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