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FOREWORD"

.

The Mid-America Vocational Curriculum Consortium (MAVCC) is an organization
which consists of twelve states striving to develop needed instructional materials. As
member states, Arizona, New Mexico, Colorado, Louisiana, Missouri, Arkansas, Texas,
Oklahoma, Kansas, Nebraska, South Dakota and North Dakota selected Air Conditioning
and Refrigeration as one of the early priorities.

The success of this publication is due, in large part, to the capabilities of the personnel
who worked with its development. Gary Wantiez, the technical writer, has numerous years
of industry as welt as teaching experience. Joining him were representatives of each of
the states, all of whom having experiences ir oducation and the trace. And, to be sure
all of the materials were technically accurate, many organizations were involved. Special
appreciation is extended to the National Environmental Systems Contractors Association
(NESCA), Assorizted Builders and Contractors (ABC), Refrigeration Service Engineers
Society (RSES), and The Coleman Company.

This publication is designed to assist teachers in improving instruction. As this
publication and the three other volumes are used, it is hoped that student performance
will improve and that students wil! be better able to assume a role in an Air-Conditioning
and Refrigeration ogcupation. ’

Instructional material in this publication is written in terms of student performance
using measureable objectives. This is an innovative approach to teaching that accents and
augments the teaching-learning process. Criterion referenced evaluation instruments are

.provided for a uniform measurement of s.udent progress. In addition to evaluating recall

information, teachers are encouraged to evaluate the other areas including process and
product .. .ndicated at the end of each instructional umit.

t 1s our belief that the teaching of this area should become more effective with
its use '

Amon Herd, Chairman

Board of Directors

Mid-America Vocational
Curnculum Consortium
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PREFACE

The importance of providing every student who Is enrolled in an Air-Conditioning
and Refrgeration tra.wng piogram with the very best and most complete basic training
possible cannot be over emiphasized. This fitst publication of the Air- -Conditioning and
Refrigeration curriculum was developed with the intent of providing the basic skills and
knowledge that the student will need as 2 good foundation from which to build.

As our nation moves into an era of energy conservation and environmental protection,
the demands placed upon the air-conditioning and reirigeration specialist become even
greater. Indoor environmental control requires an individual who has @ very strong
foundation in the basics, in order to obtain maximum efficiency from the climate control
equipment with @ minimum of energy use.

This publication was developed with the assistance of many individuals very
knowledgeable in the trade. Some of these individuals represent professional associations
and industry. Their assistance and devotion to this project is greatly appreciated. It should
be emphasized that the student needs to be made aware of professiona! trade associations
and take an active part in them as much as possible. The professional trade associations
are an excellent avenue for continuing education within the trade. Every student, instructor,
and all other individuals associated with this trade should develop the attitude of
"professionalism” in t .r endeavors.

Every effort has been made to make this publication basic, readable, and by all means,
usable Three wvital parts of instruction have been intentionally omitted from this
publication: motivation, personalization, and localization. These areas are left fe the
individual instructors and the instructors should capitalize on them. Only then will this
pubiication really become & vital part of the teaching-learning process.

Gary W. Wantiez
Writer

Ann Benson
Executive Director

Vil
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USE OF THIS PUBLICATION

Instructional Units

The Air Conditioning and Refrigeration, Book | curriculum inclddes seven areas. Each
area consists of one or more units of instruction. Each instructional unit includes some
or all of the basic components of a unit of instruction: performance objectivcs, suggested
activities for teacher and students, information sheets, assignment sheets, job sneets, visual
aids, tests, and answers to the test. Units are ’E)ianned “or more than one lesson or class
period of instruction. “

Careful study of each irsiructional unit by the teacher will help him determine:

A. The amount of material that can be covered in -each class period.
B. The skills whicn must be demonstrated.

1. Supplies needed
. -2, Equipment needed
3. Amount of practice needed
4. Amount o class time needed for demonstrations

C. Supplementary materials such_as pamphlets and filmstrips that must be ordered.
D. Resource people that must be contacted.

Objcctives .

Each unit of instruction is based onlper rmance objectives. These objectives state
the goals of the course thus providing a sens¢ of direction and accqggplishment for the
student.

Performance objectives are stated in two forms: unit objectives, stating the subject
matter to be covered in a unit of instruction and specific objectives, stating the student
performance necessary to reach the unit objective.

Since the objectives of the unit provide directign for th? teaching-learning process,
it is important for the teacher and students to have a common rstanding of the intent
of the objectives. A limited number of performance terms have peen used in the objectives
for this curriculum to assist in promoting the effectiveness of the communication among
all.indviduals using the matenals. Y

Following s a list of performance terms and their synonyms which may have been
used 1n this material

Name Identify Describe
Labe! Select ) Define
List in wnting Mark Discuss in writing
List orally Point out Discuss orally
Letter Pick out Interpret
Record Choose Tell how
Repeat Locate Tell what
Give Explain
<]
G
w
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Order Distinguish Construct
Arrange Discriminate Draw .
Sequence ) Make
List n order, Build
Ciassify Design
Divide Formulate
Isolate Reproduce )
Sort Transcribe
Reduce
Increase
Figure .
Demonstrate Additional Terms Used’
Show your work Evaluate * Prepare
Show procedure Complete Make
Perform an experiment Analyze Read
Perform the steps Calculate . Tell
Operate Estimate Teach
Remove Plan Converse
Replace Observe Lead
Turn off/on Compare State
(Dis} assemble Determine Write
(Dis) connect Perform
Reading of the objectives by the student should be followed by a class discussion ‘
to answer any questions concerning performance requirements for each instru.tional unit. o!

Teachers should feel free to add objectives which will fit the material to the needs
of his students and community. When a teacher adds objectives, he should-remember to
supply the needed information, assignment and/or job sheets, and sriterion tests.

Suggésted Activities

Each urit of instruction has a suggested activities sheet outlining steps to follow
in accomplishing specific objectives. The activities are listed according to whether they
are the responsibiity of the instructor or the student.

Instructor - Duties of the instructor will vary according to the particular unit, however,
for best use of the material they should include i~ following. provide students with
sheet, assignment sheets, and job sheets; preview
filmstrips, make transparencies, and arrange for resource matenals and people; discuss
unit and specific objectives and information sheet; give test. Teachers are encouraged
to use any additional instructional activities and teaching methods to aid students
in accomplishing the objectives

objective sheet, information

Students: Stucdent activities are hsted which will help the student to achieve the

objectives for the unit.

X1 1{J




. Information Sheets’ .

Information sheets provide vontent essential for meeting the cognitive (knowledge)
objectiyes 6f the unit. The teacher will find that information sheets serve as an excellent
guide for presenting the bsckground knowledge necessary to develop the skills specified
in the unit objective. :

Students “should cea‘d the information sheets before the information Is discussed in
class. Students may take additional notes on the information sheets.

Transparency Mastérs

\

Transparency masters provide information in a special way. The students may see
® as well as hear the material being presented, thus reinforcing the learming process.

Transparencies may present new information or t%y may reinforce information presented
in the information sheets. They are particularly eTtective when identification is necessary.

s Transparencies should be made and placed in the notebook where they will be
immediately available for use. Transparencies direct the class's attention to the topic of
discusﬂog. They should be left on the screen only when topics shown are under discussion.

T Job Sheets . '

¢

. Job sheets are an important segment of each unit. The instructor shoula be able

. to and in most situations should demonstrate the skills outliined in the job sheets.

Procedures outlined in the job sheets give direction to the skill being taught and allow

both student and teacher to check student progress toward the accomplishment of the

skill. Job sheets provide 2 ready outline for a student to follow if he has missed a

demonstration. Job sheets also furnish potential emgloyers with a picture of the skills

‘ being taught and the performances he might reasonably expect from a person who has
had this training. : ’

Assignment Sheets

Assignment sheeis give direction to study and furnish practice for paper and pencil
activities to develop the knowledges which aie necessary prerequisites to skill development.
These may be given to the student for completion in class or used for homework
assignments. Answer sheets are provided which may be used by the student and/or teacher
for cnecking studen: progress.

3
N

Test and Evaluation

Paper-pencil and performance tests have been constructed to measure student
achievement of each objective listed in the unit of instruction. Individual test items may
be pulled out arg used as a short test to determine student achievement Jf a particular
objective. This Kind of testing may be used as a daily quiz.and will help the teaCher
spot difficulties being encountered by students in their efforts to accomplish the terminal
objective. Test items for objectives added hy the teacher should be constructed and added
to the test.

Test Answers

Test answers are provided for each unit. These may be used by the teacher and/or
student for checking student achievement of the objectives.

xiil
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AIR CONDITIONING AND REFRIGERATION B 'Y
. ) BOOK ONE : .
iNSTRUCTIONAL ANALYSiS - '
JOB TRAINING: What the’ RPELATED INFORMATION: What .
Worker Should Be Able to Do the Warker Should Know
(Psychomotor) ’ _ ' (Cognitve)
' SECTION A--UNIT I EHSTORY AND DEVELQPMENT n
’ 1. Important events in the
. development of mechanical
~ ‘ refrigeration
. 2. important events in the
development. of air conditior.ing
UNIT 1. JOB OPPORTUNITIES ;
1. Job titles
2. Lemand for workers
.‘ . SECTION B--UNIT I: GEMERAL SAFETY - ) \
5 .
1. Safety color code d
2, Rules; for pefsonal safety,
P /
3. Rules for general shop safety “
4, Classes of fires
5. - Tupes of fire extinquushers; ’
6. Procedure to follow in case
of an gccident "
7. Demonstrate the praocedure for 7
.. lifting heavy objects

UNIT II: SPECIFIC SAFETY

1. Classification of accidents
in“the refrigeration shop

2. Rules for electrical safety




JUB TRAINING. What the RELATED INFORMATION: What '

Worker Should Be Able to Do the Worker Should Know
{(Psychomotor) (Cogmitive)
3. Refrigerant related safety
tules

4 Highly fla~ymable gases

- 5. Satety rules fnr pressurizing ..
6. Safety - 2 .ags
SECTION C-UNIT | HAND TOOLS |
x 1. Basic hand tools I
2 Proper use and care of hand
* . A tools -
. 3. Grind a flat tp screwdriver
) 4, Grind trne head of a chisel or
punch
5 Sharpen a chisel
6. Cut threac,
UNIT I ZPECIAL TOOLS t
' 1.7 Speciahized tools
2 Use and carc of specialized
tools
3 Sharpen a twist dnll bit

UMIT Il MEASURING

- 1 Measuring instruments
. 2 Read a rule
3 Use and care of measuring
instruments

Measure hnes
5 Measure diameters

6 * Read a circumference rule

7. Use calipers

8 Use a micrometer ‘




Worker Should Be Able to Do
{Psychomotor}

. JOB TRAINING What the

RELATED INFORMATION What
the Worker Should Kncw
{Cognitive)

SECTION D UNIT | TUBING

UNIT Il TUBING
2 Flare tubing
3 Make a swage joint
4 Make a 90° and 180° bend
5 Make a 45" bend
6 Construct a tubing project
UNIT 11
5 Read fitting sizes
&) Determine lengths of pipe
necessary for a given job
SECTICN E UNIT | SOLDERING
A
4 Lot anid adjust torches

XVit

1 Types of tubing
2. Applications of tubing

2 Tubing and refrigerant
hose fittings

OP. RATIONS

1. Tubing tools

PIPE

1 Iron, brass, flexible plastic
and p.vc ppe fittings

2. Black pipe and galvanized
pipe
3 Advantages and disadvantages

of plastic pipe

4 Pipe applications

AND WELDING EQUIPMENT

—_

Safety rules
2 Equipment components

3 Use and care of equipment




JOB TRAINING What the
Worker Should Be Able to Do

{Psychomotor)
UNIT 1l SOFT SOLDERING
1
2.
3 Clean, assemble, and solder a
swage joint
4 SolQer an upright inverted

and horizontal joint

5 Soider with different types
of torches

RELATED INFORMATION: What
the Worker Should Know
{Cognitive)

Types of soft solder
and fluxes

Steps 1n making a solder
joint v

Types of silver brazing
alloy and flux

Steps for silver brazing /

Torches to be used for
aluminum soldering

Procedures for aluminum
soldering

UNIT 11l SILVER BRAZING

1.

-« 2

3. S.dver hraze various types

ob joimnts
UNLT 1V ALUMINUM SOLDERING

1
2

3 Atuminum solder

4 turmnum braze N

UNIT V OXYACETYLENE CUTTING, WELDING, AND BRAZING

- 1
2
) 3.
a.
5
XVHI

& «/

Torch parts

Tip sizes

Properties of a weld
Flame charactenstics

Purposes of flux




JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know
(Psychot..ctor) (Cognitive)

6. Set up and adjust equipment
7. Use cutting and welding equipment

UNIT Vi: ELECTRIC WELDING

1. Types of welding machines

2 Types and sizes of electrodes

3. arts of electric_ welders

4 Correct le.

5 Factors determiring weld guality

a

6. Use the electric welder
SECTION F--UNIT |: BASIC MECHANICAL REFRIGERATION
i Types of compressors,
evaporators, condensers,
and metering devices

2. State of refrigerant

3 Assemble a basic refrigeration
system

UNIT II: REFRIGERANT SYSTEM ACCESSORIES
1. Refrigerant system accessories

2. Purpose of refrigerant system
accessories

3. Install filter-driers
4. Use service valves
UNIT Il REFRIGERANTS
1. Common refrigerants
2. Cylinder color codes
3. Use of pressure-temperature
chart
4. Methods of leak detection
5. Safety precautions fo.
refrigerant handling
Xix
. 1,




JOB TRAINING: What the RELATED INFORMATION: What

Worker Should Be Able to Do the Worker Should Know
(Psychomotor) !Cognitive)
6. Use refrigerant gauges
7. Use the pressure temperature
chart

UNIT V. EVA(;UATION

o
1.
2.
3.
4, Evacuate a refrigeration
system

Reasons for evacuating

Effects of air and moisture
in a refrigeration systen:

Types of vacuum pumps and
vacuum indicators

SECTION G -UNIT I: PRESSURIZING AND LEAK TESTING

1.
2
3

4. Demonstrate the drfferent
methods of leak checking

UNIT I1I: CHARGING

1. -

3 Vapor charge a system

4, Liguid charge a system

XX

Safety rules for pressurizing
Methods of leak testing

Procedure for pressurizing

Safety rules for handling
refrigerants

Advantages and disadvantages
of liquid and vapor charging




TOOLS

(NOTE" These are the recommended tools and equipment necessary for an air-conditioning

and refrigeration training program.)

Screwdrivers

1. Standard slot
Phillips
Clutch head
Stubby
Offset

RN

Wrenches

Open end

Box end
Combination
Adjustable open end
Pipe

Flare nut

o0 kLN =

Pliers

1 Slip joint
Ship groove
Long nose
Diagonal cutters
Plier wrench
Pinch-oft

og b LN

Hammers
1. Bal! peen
2. Soft face
3 Sledge
4 Ciaw

Punches, Chisels, and Bars
Pin pun-h
Center punch
Flat chisel

Pry bar

Scratch awl

S N N

Fiie

w

Fiat

Half round
Round
Point

Stim taper
Handle

A

Socket sets

1.

Noobkhwn

Ratchet handle
Socket

Deep socket
Hinge handle
Extension
Speed handle
Universal joint

Tubing tools

R

Flaring tool
Tubing reamer
Flaring block
Cutter

Double fiare punch
Swage punch

Lever type bender
Bending Spring

Accessory hand tools

PXNOT LN =

Wire strippers
Drop light

Oil can

Hack saw

Screw starter
Safety glasses
Nut drivers

Leve!

Hex-key wrenches

Threading tools

SCERESES

Tap

Die

Die stock

T-Handle tap wrench
Hand tap wrench

Refrigeration gauge set

Leak detectors

1
2
3

Soap solution
Halide torch
Electronic




Drill motors Service valves
1. Straight 1. Hermetic service valve kit
2. Offset 2 Access valves (core type)
3. Process tube adapters
Drill bits 4. Line piercing valves
1. Twist
2. Wood Scales.
3. Masonry Fin combs
Bench grinders O.! oump
Viens Combustion testing kit
1. Bench B
2. Pipe Air meters i
1. Aneonfeter \
Pullers 2. Pitot tube
1. Wheel 3. Inclined manometer
2. Bearing & A
3 Gear Appllarize ‘trisck
Knock:out cutter
Thermometers
1. Pocket ‘ Combination pattern snips
2. Remotc bulb
3. Fiue and stack . Hand notcher
4. Therma! electric ’
: Hand seamer
Recording thermomet;g; i
1. Manual win Riveter
2. Electri
i “ re Rivetiny hammer
Hygrometers Aviauon snips ,
1 Shng-psychrometers 1 Right hand
2. Dial type 2. Left hand
3. Humidity recorders

Dauble cut snips
Vacuum pumps
1. Low vacuum Hand crimper
2. Deep vacuum

Refrigeration ratchet
Vacuum indicators

1. Compound gauge
2. Mercury manometer
3. Thermocouple mi.cron gauge
Capillary tube cleaner 7
1. Manual type

2. Hydraulic type

Charging cylinders

XM,
(V)




Air-propane torch
Torch handle
Regulator
High tempeicture wraparound flame tip
Standard tips

1. Small 9
2. Medium
3. Large

Halide leak detector
Soldering copper
Liquified petroleum cylinders
1. 2 1/2 Ib capacity
2. 20 Ib capacitv
Hose-B size with left hand nuts
Striker

Air-acetylene torch
Torch handle

Regulator
Hose
Tips
1. No. 1-Very fine pointed flame
2. No. 2--Fine
3. No. 3-Medium
4, No. 4--Medium large
5. No. b--Large

6. No. 6-Extra ldarge
High temperature wraparound flame tip
Halide feak detectors
Soldering copper
Acetylene tanks

11.  "B" tank, 40 cubic foot

2. "MC" tank, 10 cubic foot
Striker
Cylinder wrench

Oxyacetylene torch
1 Oxygen regulator
2 Acetylene regulator
3 Torch handle

4 Cutting attachment
5. Welding tip

6 Cutting tip

7 Twin hose

8 Goggles

9. Striker

10. Cart

11. Oxygen cylinder
12. Acetylene cylinder

-

Electric welder and equipment

CoNOOAR~WN -

Electrical

XN W=

Electric welder
Electrode holder
Ground clanyp
Shield

Gloves

Chipping hammer
Safety goggles
Wire brush
Electrode

test instruments
Voltmeter
Ohmmeter
Multimeter
Wattmeter
Ammeter
Millivoltmeter
Hermetic analyzer
Capacitor analyzer

Aol
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HISTORY AND DEVELOPMENT

. UNIT |

UNIT OBJECTIVE

After completion of this unit, the student should be able to match air-conditioning and
refrigeration terms to the correct definitions. The student should also be able to state
important developments in air conditioning and in mechanical refrigeration. This knowledge
will be evid2nced by scoring ‘eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms associated vvith air conditioning and refrigeration to the correct
definitions.
2. List the six conditions of conditioned air.
‘ 3. State three important events in the development of mecha;ical refrigeration.
4, State three important events in the development of air conditioning.
m-' 5. Distinguish between compression refrigeration components and absorption

refrigeration components.
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HISTORY AND DEVELOPMENT
UNIT |

SUGGESTED ACTIVITIES
S

Instructor: <
A. Provide student with objective sheet.

Provide student with information sheet.

Make transparencies.

o 0 w

Discuss unit and specific. objectives.
E. Discuss information sheet.

F. Tour shop and take field trip to a local air-conditioning and ref igeration

shop.
G. Give test.
Student:

A. Read objective sheet.
B. Study information sheet.

C. Take test.
iNSTRUCTIONAL MATERIALS

Included in this unit:
A. Objective sheet .
B. Information sheet
C. Transparency masters
1. TM 1--Compression Refrigeration System
2. TM 2--Absorption Refrigeration System

D. . Test

f- Al

E. Answers to test
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Il. References:

A. Althouse, Andrew D.; Turnquist, Car! H/ and Bracciano, Alfred F. Modern
Refrigeration and Air Conditioning. Homewood, lllinois: Goodheart-Willcox
Co., 1975.

B. Refrigeration Service and Contracting. Vol. 44, No. 2, February, 1976,
p. 14-18.

C Ingels, Margaret. Father of Air Conditioning. Garden City, New York:
Country Life Press/Doubleday and Co., Inc., 1952,

D. A to Zero of Refrigeration. Detrcit, Michigan: General Motors, 1961.




HISTORY AND DEVELOPMENT

UNIT !
/ INFORMATION SHEET
. 1. Terms .and defnmt;ons
- g ‘
A Cool Heat extracted condition of a substa e
B Heat--Form of erergy ) . “n
. . C. Fiiter--Device: that removes unwanted particles from a substance
’ D Humidify-Addition f moisture to the an("
-~
E D\ehumldufy- éxtracnén cf moisture from"{the air
F Distribution of air -Method 1in which certain quantities of air are supplied
G. Absorption refrugerat:on--Refrlgerétlon‘ process that occurs when a ‘
refrigerant s absorbed hy a chemical substahce
H Compression reirigeration-Refrigeration process that Iincreases the pressure

.

if. Conditions of conditioned air

E.

F

of a refrigerant by mechanical means

“
Cooled

Heated™ -
Filtered |

HumldmeJ

Dehumidified »

Dsstributed ' ‘ /

i1l important events in the deveiopment of mechanical refrigeration

A

1834 Jacob Ferkins patented first refrigeration machine in America

(NOTE This machine was a closed compression systerh and it was not
a commercial success )

1918- Kelvinator sold first domestic refigerator to U.S. markets
g

1930 Retngerant =12 was developad -

(NOTE  Refrigerant =12 was cne of the first fluorecarbon refrigerants.)
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INFORMATION SHEET |

Important events 1 the deselopment of air conditioning
A 1908 Carrier Aur Conditioming Company was founded

(INOTE Witss B Carner, & mioneer i refrigerated air conditioring, s
reterred to as the "fath  o* an conditioning.")

B 1934 Frigidaire air conditiored » complete house
C. 1935 Gereral Electric instalied a heat-pump system
Comnonents of refriger-tinn systems

A Comopressien (Transparency 1)

1 Compressor

2 Discharge hne

3 Condenser

. Ligud hine

5 Metering device x

& Evaporator

7 Stection hine .

"8 Absorption (Transparency 2)

1 Hout source (flame)

? Generator .
3 Separator
Condensut
5 Coaperdtor
B ADSorter R

oo




— Evaporator

ACR ! T7A

Compression Refrigeration System

l

Metering Device

Fefrigerant Flow

Expansion Line

N\

Liquid Line

Liquid

High Side

Condenser —

Low Side

f

Suction Line Discharge Line

Compressor

™ -1
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Absorption Refrigeration System

Condenser —___

:: . Ammonia Vapor ™

Absorber —

| Ammonia Liquid

-+ .. Ammonia Vapor
SR Heat Source

—~—-| Hydrogen (flame)
Water
Dissolved Ammonia

™ 2




Match the terms on the right to the correct definitions.

a.

HISTORY AND DEVELOPMENT

UNIT |

TEST

Heat extracted condition of a substance
Extraction of moisture from the air

Method in which certain guantities of air
are supplied

Refrigeration process that occurs when
a refrgerant is absorbed by a chemical
substance

Addition of moisture to the air
Form of energy

Device_th.ot removes unwanted particles
from a substance

®
Refrigeration process that increases the
pressure of a refrigerant by mechanical
means

List the six conditions of conditioned aii

e

£
[

State three important events in the development ot mechanical refrigeration.

a. 1834
b. 1918
c. 1930

1.

2.

ACR - 11-A

Filter }
Dehumidify

Absorption
reirigeration

Cool
Humidify
Heat

Compression
refrigeration

Distribution
of air
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4, State three important évents in the development of air conditioning.
a 1908 ‘
b. 1934
’ ¢ 1935
) Distinguish  between compression refrigeratton components and absorption

refrigeration components by placing a "C" by the compression components and
an "A" by the absorption components.

_a. Lquid hne

b GSeparator
¢ Absorber
d  Compressor
o, Heat source {flame)

f. Metering device

g Suction line

O

ERIC

Aruitoxt provided by Eic:




ACR | - 13A

HISTORY AND DEVELOPMENT
. UNIT |

ANSWERS TO TEST

1 a 4 e 5

b, 2 6
c. 8 g 1

d 3 h. 7

2 d. Cooled
! b Heated
c Filtered
d Humidified
e Dehumidified
t Distributed
. 3 a 1834 Jacob Perkins patented first refrigeration machine v America

b 1918--Kelvinator sold first domestic refrigerator to U S markets
c 1930- Refrigerant #12 was developed

4 a 1908 Carrier Air Conditioning Company was founded

b 1934-Frigidaire air-conditioned a complete house

~

1935-General Efectriz instalied a heat pump system

3 d C e. A
N A f C
c A g C
] C
‘)

L P
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JOB OPPORTUNITIES
. UNIT Il

UNIT OBJECTIVE

After completion of this unit, the student should be able to select job tit|e§ within phases /]
of air conditioning and list two job titles for each level of training. This knowledge will '
be evidenced through demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

» ) K )

& After completion of this unit, the student should be able to:

1. Match terms associated with job opb\‘dr!unj&'r{to the corr?a!;{definitions
or descriptions.

2. Select job titles within phases of air conditioning.
3. List two job titles for each level of training.
4 Discuss past and predicted future demands for workers with skills in air
conditioning and refrigeration.
. 5. Sele(;t employers of refrigeration or air-conditioning personnel.
’
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o ) JOB OPPORTUNITIES
. UNIT I

SUGGESTED ACTIVITIES

. instructor:
A. Provide student with objective sheet.

B. Provide student with information and assignment S\Héets.

- C. Discuss unit and specific objectives. * -
) “(4 D. Discuss information and assignmer:t sheets.‘ L B
’ E. Give test.
1. Student:

A. Read objective sheet.

9]

Study information sheet.

O

Complete assignment sheet.

. ’ Take test.

o

INSTRUCTIONAL MATERIALS

. !ncluded in this unit;
° .
A. Objective sheet
B. Information sheet

C. Assignment Sheet #1--Select Employers of Refrigeration or Air-Conditioning
_ Personnel

D. Test
E. Answers to test
1. References.

A Occupational Qutlook Handbooi. Washington, D.C.: U.S. Government
Printing Office, 1975. '

B. Daly, Donald F. Your Future in Air Conditioning and Refrigeration. New
York, New Yeork. Arco Publishing Co., 1971. -
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JOB OPPORTUNITIES
UNIT I

INFORMATION SHEET

')

Terms and defimtions or descriptions

A

|99)

Air conditioning -Conditioning ot the air including cooling, heating,
cehumidifying, humidifying, filtering, and distribution

Mechanic--Individual that performs a service or installation function

Wholesaler--Individual or company that sells equipment, parts, and suppiles
to retailers

Retailer--Individual or company that sells and services equiprnent to the
retail customer t

Instalier Mechanic that instalis the equipmenr the retailer selis

Service mari -Mechanic that repairs and maintains (e equivment the retailer
sells

Salesman- Individuai that sells the equipment

Estimator--Individual that + . mimends what size and type of equipment
the customer needs

/ .
INOTE In many organizations the saesman 1is also the estimator | \
Manufacturer--Company that makes a particular brand of equipment

(NOTE Trus term s generally referred to as O.E.M., which stands for
onginal equiprient manufacturer.)

Manufacturer's representative--Individual that serves as a hason between the
manufacturer and the retailer

Service representative- Individual that s emoloyed by a manufacturer to
ard retatlers 1n the proper 1nstallation and repair of a particular brand of
equipnment

Job titles

A

Manufactuning
1 Cesigner

2. Enuineer

.

e Vs

19-A
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B Wholisahna

¢ Retailing

IMFORMATION SHEET

Lasnbly M
Stappg cletk
1 \\]

Manufacturer's cepresantative

St e resentative

Saicaman
Counterman

Shinping clerk

Service manager
Delivery person
fnstalier

Coolirag mechanic
Heatow mectarc

Reir jiratton mechamnce

0 dardig ranienancs

St viso!
Coat g mechance
Hleatr g oo cname .

Lo g

Spoc.al liceases May he required in some cpaqraptacal areas )

A ARETHVERTR (VLTI

Dhsener Usuar s reauires o four yvear callege proyram

bt \\
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INFORMATION SHEET

Erameer Colleye deyree in mechanical or electrical engineering

Assembly  man -High  school  diploma  with @  mechanical
background

Shipping clerk -High schoo! dipfoma vnth a background in record
keeping

Manufacturer's representative--High school diploma and some
college work with a background in sales

Serv.ce representative Technical school training with experience
as a cooling, heatina and refrigeration mechanic

Wholesaling

(Y}

Retalling

[#8]

)]

Salesman -Technical school training with some business training

Counterman--Techrnical  school training  with  bookkeeping
experience S

Shipping clerk High school diploma, with some hookkeening
experience -

Salesman- Techmcal school training with sorne business traiging

Estimator- Technical school traiming with emphas,s on math and
drafting

Senvice  manager Techn. M <chgol  training  with  extensive
eXPErence as a Service Mmeciian'c :

Delivery person High school diptoma

Instalier Technical school or apprenticeship trainino and sheet
metal  witing, and pimng experience

Cooling mechanic Technical schoo! or apprenticehip traming and
job experience

Heating mechane Technieal school or apprenticeship tramning and
job oxpenernce '

Refrigeration mechan- Techmimo! school  or  appronticechip
training and job expercenue

21-A
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INFORMATION SHEET

BU!:(‘IIH; MiinienanTe

i Supervisor Techimical  school or  apprenticeship  traiming  and
expErIence N servicing commercial heating and cooling equipment
cooling mechame -Technical school or appranticeship training and
EXDETICNC? i SLrVICINg commerctal cooiing equipment

N

3 Heatiniy machanic- Technical scheol or apprenticeship training and
experience I servicing commercial heating equipment

and predinted future demands *
Pt
! Ectiimated 227 G0Q atr(':onditnomng and refrigeration mechames™
1975 R - T
2 © Work 7a\;al.?7dbiei mf ait parts ot tre country

Fladiar-
e

i Cstivated need for 304,000 arr conditoning and refrigeration
swchanics by 1980
"NOTE [rese frgures are based on A Conditioning and
Re ot l tpti ”’\/‘ S ar " f\/1 I
fergeratton Institute s Manpower Survey Report’, March,
9730

N eepased demiand due to

.

a Central Mogting and cooling in more new homes

b tnergse e standard of dving [

" Worker somotions, transters, retirement, ana rleath

S——

I)‘

L AR
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JOB OPPORTUNITIES
‘ UNIT 11

. : ASSIGNMENT SHEET #1--SEl_.ECT EMPLOYERS
OF REFRIGERATION OR AIR-CONDITIONING PERSONNEL

2

Lsmg the city directory, telephone Jirectory, or area newspapers list employers of
refrigeration or air-cenditioning personnel.

1. Manufacturing

2. Wholesaling

2.

s

23-A
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ASSIGNMENT SHEET #1 '
N 1
3. Retailing '
4. Building maintenance
4
¢
" -3
iy
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JOB OPPORTUNITIES
UNIT I

TEST

Match the terms on the night to th2 correct definitions or descriptions.

a. Individual or company that sells 1. Mechanic
guipment, parts, and suprlies to retailers )
Retailer
__ b, individual that recommends ‘vhat size 3. . Estimator

and type of equipment the customer |

needs 4. Service
representative

c. Mech ic that repairs and maintains the 5 Service man
equiprhent the retailer sells i |
. . |
.. ) ) 6. Manufacturer |
d. Individual that sells the equipment
- . 7 Installer
e. Individua' that performs a service or
installation® function 8 Salesman
\ . !
f. Conditioning of the ar inclgthng Air conditioning
cooling, ~.heating, dehu,ic fying,
humidifying, filtering, and distribution 10 Wholesaler .
) _9. Company that makes a particular brand 11 Manufacturer's
of equipment , representative

h. Mechanic that installs the equipment th
retailer sells -

i. Individual or company that sel.s and
services equipment to the retail customer ' »

_____j. Individual€3hat is employed by a
manufactu ¥ to aid retailers in the "’
proper installation and repair of a
particular brand of equipment

k Individual that serves as a haison
between the manufacturer and the
retailer 4




2. Select the job titles within the phases of air conditioning by placing an "X"

in the appropriate biank

<4
d
/
ERIC

NMangfacturning

1)

Delivery person
Decryner

Assembly man
Instatier

Service representative

Counterman

Whaoiesaling

1)
2

3i
.

R"tt!lll’/g

Buneir g

1)

[N

Engineer
Salesman
Estimator

Shipping clerk

Salesman

Coniing mechanic
Shipping clerk
Heating mechan:c
Refrigeration mechanic
D(’SI[,T’.F’T
Assembly  men
Eettmator
maintenance
Super ssor
Salesman

Cocling machanic
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JOB OPPORTUNITIES
UNIT 11

ANSWERS TO TEST

10 g 6
3 h 7
5 [ 2
8 ] 4
1 k. 11
9
2.3, 5
2, 4
1,2 4,5, 8
1,3
two of the following under each level of training
Collzge &
15 Manutactuaring aestgnet
2) Manufacturing enginiec
Techrical
I Manufacturing service representative
2! Wholesate salesman
3 Wholesale counterman
4) etai salecman
5) Retall estimator
6 Retail «ervice manager
7 Retal installer
8 Retail coo'ing mechanic
A,

ACR |
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"P‘\‘ s

10)
1)
12)

13)

Retail heating mechanic '

Retail refrigeration mechanic
Building maintenance Supervisor
Building maintenance cooling mechanic

Bulding maintenance heating mechanic

c. High school

1)

5)

Manufacturing assembly man
Manufacturing shipping clerk,
Manufacturer's representative
Wholesale shipping clerk

Retail dehvery person

Discusston should include

a Past

1)

2)
h. Future

B

Estimated 227,000 air conditioning and refrigeration mechanics -
n 1975

Work‘ availabie in all parts of the country

Estimated need for 304,000 arr-condnioning and refrigeration
mechanics by 1980

-

Increased demand due to
a) Central heating and cooling in more new homes
HY increase in standard of iiving

c)  Worker promotions, transfers, returement, and death

Evaluated to the satisiwtion of the mstructor
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GENERAL SAFETY
UNIT |

UNIT OBJECTIVE

After completion of this unit, the student should be able to recognize unsafe situations
and hst rules for shop and personal safety. He should also be able to select the correct
fire extinguisher for the classes of fire and match the safety color code with statements
of its use. This knowledge will be evidenced through demonstration and by scoring one
hundred percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

Match terms associated with general safety to the correct definitions.

Match the seven colors of the safety color code to the correct appl-cations
of their use.

List rules for personal safety.

List rules for general shop safety.

List steps in maintaining a clean and orderly shop
Match the classes of fire to the correct statements defining each class.
Labe! the three components of the fire triangle

‘Natch the type or types of fire extinguishers to the class of fire they are
used on.

Select steps to be followed in case of an accident in the refrigeration shop.
Select the proper steps for hfting heavy objects

Discuss the steps tc be followed in case of an accident.




Instructor:
A Provide student with objective sheet.
B. Provide student with information and assignment sheets.
C. Make ~nsparencies > “
D. Duscuss unit and specific objectives.
E. DISCL;SS informati‘on and assignment sheets.
F. Show a saf'ety film 1f available. i
i
G. Invite fire chief to give a talk on fire safety.
H. Demonstrate the procedure ;or lifting a heavy object.
I. Give test. .
Student:
A. Read objective sheet.
B. Study information sheet.
C. Complete assignment sheet.
D. Complete activities assigned by instructor.
E  Take test.

GENERAL SAFETY
UNIT |

SUGGESTED ACTIVITIES

INSTRUCTIONAL MATERIALS

Included in this unit

A

B

Objective sheet
information sheet
Transparency masters

1 TM 1-The Fire Triangle

-\
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i

2. TM 2 Types of Fire Extinguishers .

3 ™™ 3 Lifting

(o)

Assignment Sheet #1 Discuss the Steps to be Followed in Case of an
Accident o

E  Answers to assignment sheet
F Test

G  Answers to test

References

A The ABC's of Fire Protection Belleville, New Jersey: Kidde Portable
Extinguishers/Walter Kidde and Co., Inc.

B An Accident Prevention Program for School Shops and Laboratories.
Washington, DC  Office of Education/U.S. Department of Health,
Education, and Welfare

C  Federa! Register Vol 36 Number 105 Part 11. Department of Labor. May
29, 1971 .

o

Safety Practices and Procedures in School Shops Division of Vocational
Education'New Jersey Department of Education. .

E A Look at Service Safety Tecumseh, Michigan: Tecumseh Products Co.
Add-tional matenals

A Fue "Housekeeping Means Safekeeping.” 146-009, Journa! Films Inc, 930
Punter Avenue, Evanston, llinois 60202

B Fium "Stop a Fire Before 1t Starts " 145024, Journal Films, 909 West
Diversey Parkway. Chicago, llhinois 60614
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GENERAL SAFETY
' UNIT |
Ry
INFORMATION SHEET
I Terms and definitions
A Safety- State or condttion of be:1g safe, freedom from danger, "isk, or .njury
B Accident Includes any sudden'y occurring, unintentional event which causes
injury or property damayge
C. First aid--lmmediate, temnorary care given the victim of an accident or
sudden iliness until the services of a physician can be obtaned.
D O SHA-Occupational Safety and Heaith Act, federal legistauon designed
to mnsure safe and sanitary working conditions for empioyees '
. Colors and application of the safety colcr code
A. Federa! safety red
. 1 Location of fire fighting equipment
2. Portabie contaners of flammable licuids
3 Emerqency stop hars. stop buttons, and emergency eiectrical stop
' switches on machinery
B Federal safety yellow
1 Caution and for marking physical hazards
2 Waste containers for explosive or combustible materials
3 Caution against starting, using. or moving equipmert u-der repar
4 fdentification of the starting point or power sourcs ~ 7 mdchmery
C  Federal safety orange
1~ Dangerous parts of machines
7 Safetv starter buttons and parte of compmenc 1ot gy ouse
elect” ~al shock
3 Exposet paris fpdges arays of ca't e aeare e cuttiney
. deviens, and power faws
o A
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INFORMATION SHEET

Retarn all guards o af safeuy devices excets with the spectfic authorization
of the instructor

QOperate a hazardous machine only after receiving instruction on how to
operate the macnhine Safely

Renort all accidents to the instructor regardless of nature or seventy

I

Turr off the power before leaving a machine tool

Make sure al! quards and barriers are 1n place and adjusted properly before
starting a machine tooi

Disconnect  the oower from machine tools before performing 1he
mamntenance task of oding or cleaning

Use a solvent only after determining 'ts properties, what kind of work 1t
has to do, ard hew to use 1t

Use correct, oroperly fitting wrenches for nuts, bolts, and objects to be
turned o©r held

¥ ep the sheo or laboratory floor clear of scraps and litter
Clean up any spilied bquids immediately
Stor> o'y shop towess o1 oily waste 1in metal containers

Clean the chips from o machine with a brush, do not use a towel, bare hands,
ar compressed aiv

Always wear safety qlasses wien grinding, buffing, and hammering

P not work ovartime 0 the snop without the instructor being present

At

We sdtety Gotming such as goaules, gloves, shoes, and aprons when welding

i

Lot -ler the safety of others wher working 1in the shop

Report any conditon that may lead to an accident
Watch the hu''cy o board tor safety informration and notices

Condiuct vaure* anoa safe bke manner at all times

L0 o et oect
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INFORMATION SHEET ’

Control yeur temnee and on't take chances
Use proper tools and equipment for the proper job

Wear qloves when handinn material with sharp edges

N

»

Operiat equipment and machines only when permutted by instructor

Do rot distract the atterntion of a machine operator while working

i
Make sure everyorie 1s clear when using compressed ait 10 clean

Do onty approved work 1n shep
Chark il equipment before turning on switch

Do aot wotk oo the dark, us plenty of light

;

A revoly g machowe parts shpuld be well guarded

Do nol rn over extension or drop cords with apphance doily or

ait Lond troner cart '

- ’

d be recorded i writing

i

Al accidens st ou
addpurnes must e given prompt attention

Y et heewe tools on the floor

308 o rantanng a clean-and orderly shop

<
T nery and equipment arrarged to permit safe, effislent work pract-ces
il Late 1 clearing
Uoteriatsond supolis safely stacked or stored in proper plate
Tt md aceessortes safely stored 1n cabinets, on racks. or other suitabie
?\ WS
Wt ey ane work benches ciear and tiee of debrs and other hazrds
Fionos slnm and tiee from obstructions and slippery substances
Ay, afh, woas, and exats free of materials an-d other ebns

1

Crvv e enials property disposed of ot storean apprrovad containers ‘

"~

L]
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>

Oy towelsstorea o approved metal containes

Studenits working in the area nstructed en the proper procedures to follow
in keeping the drea ciean and orderly

Suffictent brooms, trushes, and other housekeeping equinment readily
avarlable

Drinking fouotan and wash facritties should be kept clean and neat at all
times

Vi Classes of fires

A

VIl Comuponents of tie fire triangle (Transparercy 1)

-

Class A- Fires that occur in ordinary combustible materials

Example Wood, rags, and ruobish
Class B Fires that occur with flammable hiquids .
L)
Example - Gasoline, otl, grease, paints, and thinners
o

Class C-Fires that occur in or near electrical equipment
. ?
Exampie Mctors, switchboards, and electrical winng

Ciass D -Fires” that occur with combustible metals

Examyie Magnesium

A Fuel--Any combustible matenal

B Heat knough to raise the fuel to its 1gnittan temperature

C  Oxygen- Necessarv t¢ sustain combustion

&
{(NCTE To produce fire these three elements are necessary ard must be
present at the same time 1f any one of the three 1s missing, a fire- cannot
be started With he remeval of any one of them, the fae wili be
extinguished )
VI Types of fire extingishers And class of fres (Transparer + 20

A Prossurizedd water Onerates usually by sgueezing a handle ot tnigaer, used
on Clate A fpreg

B Seety aeat Querytec by tierar g axct aainsher upside down usea on Clse

A tires




iNFORMATION SHEET .

C Carbon aroxide (CO25 Uperates usually by squeezing handle or tnigger, used
o Clasy 3 and C fires

D Dryv ch mucal Operates usually by squeezing a bandle, trigger, or lever, used
oiv Class B C, and D fires

({NOTE On Class D fires, drv sand s as effective as any dry chemical other
than Purple X The cost ot the Purple X chemical places it out of reach

of most shops.)

£ Foam Operates by turning exunguisrer upside down, used on Class A and
B fires

D Steps to be foowed 0 case of an accident in the refrigeration shop

A Reoort ol acendents aod inpuries (o the instructor no matter hew miner
‘hey May seer ‘

.
B Forst md vt be adimemsterea 1 f needed i\
A Student will be taken to school nurse
. )
1 .
D Student's paent or quarchan, will be notified tf school nurse requires student
10 see a physician -~ ! .
\ . . }
E Acoident repart formh will be filled out by nstructor
r :nvesu(;a\mr. of the accident will take place to determine the cause of the
ancident and deterpiine ways to prevent the same accrdent from happening
Jqain ' .
X Stens tor efrng neayy objects (Transparency 3)
/\ Bend knens *
5 Keap bhack strangb
- ¢
Oy gifdually wath leg ascles . ¥
- 1 a ~
. - i
|
O
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_The Fire Triangle

To produce fire, three things must be present at the same time.

| g % |
%\"* ’

OXYGEN

If any one of the three is missing, a fire cannot be started or, with the removal
of any ore , the fire will be extinguished.

% " N e
1 % & & %
) OXYGEN \ - OXYGEN \

| HOV

a-it -




Pressurized
Water

@
(92

Types of Fire Extinguishers

Soda-Acid Carbon

Dry
Dioxide Chemical

g€l - | HOV
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GENERAL SAJETY - -
UNIT |

ASSIGNMENT SHEET #1--DISCUSS THE STEPS TO BE FOLLOWED
' IN CASE OF AN ACCIDENT

Given the accident below discuss the steps to be followed, and state the safety rule that
would have prevented the accident from occurring.

A siwdent 1s removing a sheet metal panel and cuts the palm of his hand to the bone.




GE.VERAL SAFETY
UNIT |
ANSWERS TO ASSIGNMENT SHEET

Discussion should include

B

1 Report all acciderts and injuries to the instructor no matter how minor they
may seem

2 First aid will be admimstered 1f needed
3 Student will be takern to schoo!l nurse
4 Student's parent or guardian will be notified 1f schooi nurse requires student

to see a physican
5 Accident report form will be filled out by instructor

6 Investigation of the accident wil! take place to determine the cause of the
accident and detvrmine ways to prevent the same accident from happening again

The safety rule shouid pe stated as follows

‘“ Weadr gloves when handling matenial with sharo edges

ERIC m
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GENERAL SAFETY
UNIT |
TEST
1 Match the terms on the nght to the correct definitions.
a. Immediate, temporary care given the 1. Safety
victim of an accident or sudden illness
until the services of a physician can be 2. Accident
N obtained
3 First aid
b. State or condition of being safe, freedom
4. O S H.A.

from danger, risk, or injury

¢ Includes any suddenly occurring,
unintentional event which causes injury
or property damage

d. Occupdtional Safety and Health Act;
federal legislation designed to insure safe
and sanitary working conditions for

k ‘ employees

2 Match the colors of the safety color code on the right to the correct applications
of their use

a. Caution and for marking physical 1. Federal safety

nazard grean
b Location of fire fighting equipment 2. Federal safety
white
¢ Location of first aid equipment
— s . 3. Federal safety
____d Dangerous perts of machines orange
!
2 Housekeeping purposes 4 Federal safety
— purple
f  Traffic flow
— 5. Federal safety
__g. Radiation hazards black
6. Federal safety
LI red
7. Federal safety
vellow

o

‘.
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List five rules for personal safety.

w

List twenty five rules for ereral shop safety.
Y

a.

4
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\

u.

5. List five steps in maintaining a clean and orderly shop. i

a.

D

(\
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6. Match the classes of fire on the nght to the correct statements defining eacn " .
€1ass
& Funes that occur with flammable hiquids 1. Class A
___ b, Fures that occur in ordinary combustible 2 Class 3
materials D]
3 Class C
¢ Fires that occur «n or near electrical
2qauipment 4, Class D
_d  Fures that occur with combustible metals
7 Lubel the three components of the fire triangle.
3 Llaten the tvee or tyoes of fire extingushers on the nalit to the ctass of fire

they are used on

__a Closs B

b Class C

¢ Ciass A
ot Cisss D ‘

O

ERIC
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.' ; ¢ Select the steps to be followed in case of an accident in the refrigeration shop
by placL:ing an "X" in the appropriate ‘blank.
. s a. Investigation of the accident will take place to determine the cause -
L [e=; . . .
of the accident and determine ways to prevent the same accident from 7
happening again '
x b. Apply a tourniguet
\

c. Student's parent or guardian will be notjfied if school nurse requires
student to see a physician

d. First aid will be administered if needed

-

-
e. Mouth to mouth resuscitation will be administered in all cases

f. Student will be taken to school nurse

g. Student wil] be required to sign an insurance release form before he*
can be attended to

h. Report all accidents and injuries to the instructor no matter how minor
they may seera

' i. First mop up blood to prevent a slick spot on the ftoor
i Accident report form will be filled out by instructor
1] AN
~>
10. Select the proper steps for lifting heavy objects by placing an "X" in the
[ - appropriate blank. , .
)

_a. Bend at waist and iift straight up
b. Keep bacn straight

¢ Straddle heavy objects before trying tu lift

’

. d. Bend knees

e. Lift in a quick jerking motion

f. Lift gradually with leg muscles

1. Discuss the steps to be followed in case of an accident.

(NOTE: If this activity has not been accomplished prior to fhe test, ask your
instructor when it should be comgieted.) )

@ | |
~ b :

erfc . 8
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GENERAL SAFETY
UNIT |

ANSWEKS TGO TEST

/

3 .

' ‘ 4
1
2
4
7 e 2 and/or 5 .
8 f 2 and/or 5
1 ‘g 4
3

five of the followirg

Wear shop clothing aporopriate to the instructional activity being performed
Confine long hair before operating rotating equipment

Always wear safety glasses, use suitable helmets and go’ gles for welding
Fomove des wken wvorking around macinine tools or rotating equinimant
v ah o mets! jewelry whon veorling in the shop

Conduct yourself '1n a mauner cunducive tv sufe shop practices

Use =pac and water frenuentlv as a methad of praventng s™in irritation
teenty five of th» following

Keep al! hénn tools sharp, clean, a'nﬁ in safe working order

Renort iy defective tools machines, or other equipment to the instructor

Retain 4l quards and safety devices except with the specific authornzation
ot beoinstructor

Coerite a hazardous maerane

only after receiving instruction o how 1o
conerate the mackine safely .

27-8




o Report b accident 1o e instructor reqaraless of nature or severity '
f Tur oft 1w power hefore leaving a machine tool

: Ao sure gl quards and varners are e piace and adjissted properly before
strting a macnine 1ol

n Discninectr the  power from machine  tools before performing the
Spatenanee of othing or cleaning
U s oavens only ahicr determining s properties, what kina of work 1t

has to ao o and how to use it

Use correct properly Ottng wrenches for nuts, boits, and objects to be

Sened or bl

i

i mav o e shop ot labortory floor clear of scraps and litter
Croan woamy spiled Tanids nmmedrately

S, i Drvets G oy waste v raetal containers

A O P T T Mo wath @ brush, do not use @ towe:, bare hands,

or e S
; a0 0o et dy shises when gandirg, bufing, and haminering
. cE e oyertiee ty the shop without the instructor Deing present
s seen as ot gloves, snees, and aprons when welding
ey of ortors when syvorking an the shop
b e eyt ihat aad 1o dan acsident
e e bt b L fgr sabety infurmation and notites
«
o Coocelet Loer ot g safe ke man er agall thioes
qor Py ey obaodg

Cortrod vons temogr are don't take chgnees

woo e och and e tent Tor the proger job

“
. oy oeos A tanebie g naeonal winth sharp edaes
, v e I VAN R SRS T f)l‘,l"/ Vi sormitteq i)\/ Astracton .
) ¥
Q o
ERIC v
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3a Do not distract the attention of a machine operator while workitg
bty Voke sure everyone S clear when using Ll‘omy-'esﬁed air to crean
co. D ooniv approved work in shop

d¢  check all equipment before turning on switch

ee Do not work 0 the dark, use plerty of hight

f

ff  Au revolving machine parts shouid be weil guarded

4 Do not run over extension or drop cords w.th apnhance dolly or
at vonditioner cart

Lo Al acaidents should be recorded 10 writing

¥ All 1ajuries must be gwen pre bt attention

il Du not leave tools on the floor ,

Any five of the following

3 Mactinery and equip went arranged to permit safe, efficient werk practices

¢na ease 1 cleaning

b Materals and sunpnes safely stacked or stored in proper plack—__

¢ Tools and accessorias sa‘ely stored 1n cabinets on racks, ur other suitable
eV ICES
.

Pl

Norking arsas and work banches clear and free of debrnis anc othr i7rds

P Fooos cwean and free from obstructions and shppery substances
Niy'eo, treffo areas, ard oxats free of matenals und other cebrns
: Compbustibie materials peooperly dissosed of or stored in apuro fed containers
5 ooyt ais atore 1o soproved metal coataners
Stoadent working iy the area instiucted on the prover procecd ey to fotow
veeping oo area olear ardd orderly
; Lofteent braoms hroashes  ond other Bogselenpang ecr e toreadily

ALandtie

o fourieey aned wast Factities shiould be keept cle ey ood e T at

~

Z

9B
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SPECIFIC SAFETY
' UNIT 1l

UNIT OBJECTIVE

After completion of this unit, the student should be able o list specific safety rules

pertaining to the refrigeration trade The student should also be able to match ampere

figures to their effects on the human body, discuss rescue procedures, and identify color

coding on safety signs or tags This know'edge wiil be evidenced by scoring one-hundred
. percent on the unil test

SPECIFIC OBJECTIVES

After completion of this urat, the student should be able to

1 WMo 1 terms associated with safety to the correct definitions or descriptions.
2 List the six classifications of ~_cidents in the refrigeration s..op
. 3 List electrical safety rules
4 fst refrigerant related safety rules
5 Lie* the seven highly flammable gases used In this trade
9] List safety rules for using the air acetylene torch
7 List safety ruies for charging or discharging fluorinated * vdrocarbon

refrigerants

8 List safety rules for pressurizing a refrigeration system.
9 List safety rules for handling refrigerant cylinders.
10 List the two mdjor causes of electrical accidents.

il List six safety rules for using electrical tools

12 Match ampere fiqures to their effects on the human body
13 Discuss rescue procedures = case of electrical accidents
11 ldentify color coding o safety tags or sIgns

Q v

ERIC
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SPECIFIC SAFETY
UrIT N

SUGGESTED ACTIVITIES

Instructor

A Provide student with objective sheet.

3 Provide student with information sheet.
C Make trarsparoncies

D Discuss unit and specific objectives

E Discuss information sheet

£ Invite resource people to talk to class
Examples Elestric company reoresentative or an air-conditioning
cartractor

G Have students simulate an accident and the proper procedure for handling
H  Guwe test

St. a2nt

A Read objective sheet

B Study information sheet

C Tak» test

INSTRUCTIONAL MATERIALS

includen i this unit

A Objective sheet

B8 information sheet

C Transparency masters

TV 1 Rescue Procedure

~O

TV 2 "Dou Not Start” Tag




ERI
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D

I

.

3 TN 3 "Danger” Tag

4 ™ 4 "Caution” Tac

5 ™ 5 "Out or Order” Tag
Test

Arswers 1o test

References

A

B

C

Liebermarn "1 "Be Aware of Electrical Safety " Refrigeration Service and
Contracting, iy 1971

Faderai Reqister 37 22239 22742, October 18, 1972

Deawvnne, B C 0 Retrogeraiats and Service Pomter Manua! Wilmington,
Delanare Freon Products Division £ 1 Dupont DeNemours and Co , 1970
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SPECIFIC SAFLTY
UNIT 1

INFORMATIOM SHEET

Terms and dehinitions

A Speatic safety rules Safety rules that pertain to a particular trade or
operation

B Hvdrostatic pressure- Pressure created in a vessel by overfiliing, which could
result in the vessel exploding

C Eigonrated hydrocarbons--Grggp of refrigerants which are nontoxic,
ronidammable, nonexplosive, and norncorrosive

U Tag -Sa‘ety sign that can be affixed to a4 particular ntece of equpment
£,  Ampere -Unit of electrical current fiow

‘NOTE A miinampere wouid be one thousandth of an ampere. The

Jbbreviation for ampere 's amp.)

F Tox o Polsonous

h

Coassifications of accdents 1« the refrigeration shop

A Inpuries dus (¢ mechamical causes
B fnpures due tao »lectrical shocks

C Pounes Jue to nigh pressure

O fits gue to burns and scalds
E Manes dug to explosions

F o lmures

due

tiectricg’ safety

10 breathing toxic gases

riies

bl Do ot underestimate the potentiol danger of a 110 VAC circunt

B Be gtk oroand electric es because they can cause bad burns to skin
(IR A VRN

P RIS S P e ovoiuntary regction to electrio shock an ause you

R

¢

[

corrs=foant passibiy others

‘ iy Oy W chLoru ey negessar
! y




| 368

ERIC

Aruitoxt provided by Eic:

N

Botae AU cpaprent taat o overtond a it
"
.
S s et o0 proteclive devige
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o e s e e s, b condont betore runming them over refniaerant

T N N PR L FA ILR T S L LN SR Y|

S e, e cehaorve sirfaces when working onofive Corcnits
e 0 ot toe watte hetore doiag any service work

W e bt g et oo fiseonnects when working on live circurts

.
T I P L Lo
T a0 b entering
. . A [ opr th » VYT e qoert tove on
i . R L S S AR F IR AT 4 Soalise s May Caoase o 200

b toL o e ant s CampIEessor eeause this tnay cause
. T Caevgy o

o AR TR SN et ot hinder
- 1
I pot e o e prant Ly endet

L s T e g elgerghior systen: due Lo rmaosere o1

[ PG i,
I AT COs T ) Sy stem)

CRD e e s rde s hien gt gy TG sedny 1o salder o e
o Lo L ot ot ede ot g hne while there s presse
' Vot ant e ulbarts

Wb N vt N (e Yt MBI St
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o
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INFORMATION SHEET

M Back seat valve stems before removing gauge port caps

N Never use carbon tetrachloride as a cleaning solvent because 1t is extremely
toxic

O Use naptha with o high flash point of 100°F or more for cleaning

P Fluorinated hydrocarbons are nontoxic 1n moderate amounts unless in the
presence of a flame or high temperature surface

Q Do not inhale refrigerants

R Always remove the door from discarded refrigerators
S Never discharye compressed gases toward amv perion
Hichly flammable gases used in the trade

A Propane

B Proupylene

C Ethane

D Etnylew

E Lethane
s !‘)l)hl.’tdh“
{3 Acety lope .

Setety ndes for using the ar actvione torch

A A mays use a requlator

[Sal

Wour colored satety glasses
C et sy stk strike

D CyperooyLnder by ane quarter of g turn

f A s st aer G agdmst something to prevent it from being accidently
e e

v Doont Lse o torch o g vressyrized system

st A ate toens torches e commonly refeired to as presioiite torches )
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INFORMATION SHEFT

Safety rules tor charging or discharging fluorinated hydrocarbon refrigerants

.

A Be aware that any gas under pressure can be hazardous
Do not refitl disposable refrigerant cylinders
Have adeqguale ventuation when purging refrigerants

Do not discharge fivonneted hydrocarbon refrigerants into an open flame
pecause this will create harmful phosgene gas

Never spray higuid refrigerant directly on the skin because this will cause
a bad burn

INOTE 1 nawd refrigerant s sprayed- directly on the skin or it the eyes,
thush the area with could water and get treatment)

Never apply o toich to ¢ refrigeranc cylinder

e g cloth around the hose fittings woen ramoving them from a pressurized

syotem Grocyander
rutes for piessanzing o refngeration system
MNever s DX 4Jen or arelylene to pressuriZe a svstem

MOTE Oxygen will exnlode on contact with o1l Acetylene will explorie
drcer pressare gnless dissolved inoacetone.)

Vleser tse Py mitraoen without g regulator

(TOTE Maroagen cviinders contermn pressures i excess of 2000 pounds per
53U e DSy

Poower anpdy et looa pressyrized cyhinder which could cause a rise in
prossure resithting mnoan explosion

Sewwr pressanze tefngerant systems over 150 pounds per square inch gauge

(
s

TS g hg g ax test
Sofet, rules tor Sardling cefrigetart cynnders
nat cdrop aynnders
rot b dhspgsabie refrigarant oyhoaars
Pttty aders aatha toreh

-
cre Oy e s 1 ooy welacle
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INFORMATION SHEET

skin

tofrigerant

m
-

SO 1y 0N

r Do not umaie retnigeirant
G Do not spray refrigerant into open flame

H Do not

i retrigerants
i Repie o cylinder cap when not in use to protect valve

J. Do not Lft or carty cylinder by valve
K Serure large cylinders tc wall or bench
L Have adecuate ventilation

M Remove valve or puncture cyhinder when discarding disposable refrigerant
cyhinders

Maror causes of elect.cal sccrdents

A Carelessress

B Micuse

Sarety rules for usng electrcal tools
A bave g grourd on ozl Dower tools
size electrical cord

R Lise aroneq

' Hger proper quards on tonls

O Do not use tools with fraved or damaged cord-

T Stang gn dry nonconduciive strfaces when using electrical tools
F Waar eye protection

Amperes and ther effects on the human body

AOTE Current 5o eadhamperes One ampere is egual to 1,000 mitliamperes.)

A cess than & ophamps Moo osensation
3 Dot 10 v aeaps MNiscular o oontraction
- 5oto 08 ey e Painie!l shock, nabduy to et eo
VoL e e ML e b snuseLial contrasiion
-y

~
-

98




INFORMATION SHEET

E 00 o 200 by, Heart convilsions, death
i Over 100 muthanaps Paralysis of breathing, burns
il Rageue o cedure o clecinical accidents (Transpatency 1)
A U cate hve ware and disconnect if possible
o] Decide F it wyonla be awer to move the person or the cenductor
(CAUTION 1 conducter 1s to be moved use dry iimb or some other
nonconductive dJevice, 1f the mdiadual 1s to be moved use scveral
nacknesses of paser or cloth as an insulator. Do not take hold of person
with voutr bare hard.
¢ Separate vichim and conductor

IV Ceior codon of Oifety wags ¢ signs

L0 Do oror stari’ tag or sign (Transparency 2)

1 White tay of sign
7 White lelters on rea sguare
It "oanger” tag or sign (Trensparency 3
\ ! White tay or sign
2 Shite lettare on red oval wit, a black squar.
{ Cauton' tar o osign (Transparency 4)
1 Yeollow g or shan
| 2 vollow letters on black st uare
i
o of oreer ' tag or osign (Transparency 9)
i White tag o siqn
,
2 Wit errers _a black square

NOTE S The color coe ey ot o permanent signo s the came as that for ¢ taq )

ERIC 3
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Rescue. Procedure -

To move a victim away from a live \ -
electrical circuit use a nonconductor ™~
such as a lony dry wooden or plastic polr >
. or a very dry tree branch. W2
= ’ :
Fuy
Q -




“Dc Not Start” Tag

White Letters

Red Square —

White Tag

(7

gty - | 4OV




“Danger” Tag

White Letters \\

Red Oval

]

lack Square —

White Tag —

3-G¢ - | d0v




“Caution” 'Ta;g

Yellow Letters

Black Square.—

~ Yellow Tag-

g/t 1| 4OV
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“0Out of Order” Tag

White Letters —

Black Square

White Tag

g6y - | OV
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. SPECIFIC SAFETY
UNIT if
TEST
1 Match the terms on the nght to the correct definitions. -
’ 4 Umit of electrical cusrent flow 1. Toxic
b Group of ‘refngerants wnuch are 2 Tag
nontox:c, nonflammable, nonexpiosive,
and noncorrosive 3. Fiuornnated

hydrocarbons
¢. Poisonous
4, Specific safety

_ _d. Pressure created in a vessel by ove. filling, ru'es
which couid result in. the vessel
exploding . 5 Hydrcstatic
pressure
e, Safety sgn that can be affixed to a
particular piece of equipment 6. Ampere
' £ Safety rules that pertain to a particuiar
trade or operation
Z List the six ciassifications of accidents in the refrigeration shop
a
D
N
a.
f
- . . a
3 List ten 2'ectrical sadety ruies

by
([ o ’ :
ERIC ., |
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E-4
List four safety rules for using the air-acetylene torch.

d. <

List five safety rules for charging or discharging fluorinated hydrocarbon
refrigerants.

Ca

List three safety rules for pressunzing a refrigeration system.

a.

List eight safety «es for hendhng, refrigerant cylinders.
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List tne two maior causes of elestrical acmdenks.

d
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List six safety rules for( using electrical tools.
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Identify colar coding on safety tags or signs.
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SPECIFIC SAFETY
UNET 1

ANSWERS TO TEST

[N

fojuries due to roecharica’ cduses
Imurnies die to electrical shocks
i~wres dun o high pressure

inproies due to barns are scatls

ceunes due to explosions

s d 10 breatiing toxre gases \
ten of the fornovanyg .
o ot uodderestitaate the poter tal danger of o 110 VAC circuit

Be rare b around electric ares becacse they can cause bad burns to skin
ELRTS BN

Popeeeater that the mvoltntary meaction to electrie shock can cause you
1 e Jourserf ane poessibly uthers

Soorkoon e e Cnts ondy ke absa'dtely nocessery
Y

Pof e to s b caquipment that vl overload « cirnuant

{

Taeer bypass dn o ehcioeal o testive dovier

Frogen . Fuse il e tiieal oy

'

Doner anooe Jhoce weron aah condnat before pag nieg the ey over etirerant
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Stand on dry nonconductive surfaces when working on live circuits
Y

Check afl circunts for voltage before doing any service work '

Yag and lock all electrical disconnects when working on live circuits
»

ten of the following:
Ventlate a gas filled room before entering
Do not-overfili & container because this may cause an explosiorn

Do not pump haquid refrigerant in a compressor bec.use this may cause
the compressor to explode

Never retdl a disposable refrigerant cylinder
Never put a fame on 4 refrigerant cylinder

o careful of dcrds created 1 a refrigeration system due to moisture or
compressor burnout

Never oply g torch to a pressurized system
Do net use retrigerant hnes as supports

Hosbeet refrigerant hine flares before using

fenect ad pnessure gadqe hoses and connections before using
Yo safeny glassos when working with refrigerants -

C o woan acfnaerant cyiinder above 125°F

\

Cove stemyy before removing gauge port caps

Never Lo Cathion tetrachionde as a cleanimg solvent because it 1s extremelb
toxag

e ngpitt, awithoa high tlash point of 100 F or more for cleaning
Fhiotented hydrocarbons are nontoxic in moderate amounts unless in the
presence of a4 flame or high temperature surface

Do nat m'ale refningerants

Alwiys temove the door from discarded refrigerators

fdever Gchaoge compie ssed qases toward any  person

[+




ACR I -

a. Propane
b. Propylene
c. Ethane

d. Ethylene

e. Methane

-

lsobutane
g. Acetylene
Any four of the following:
a. Always use a regulator

b. Wear colored safefy glasses

c Light torch with striker
d. Open cylindér only one-quarter of a turn
e. Always set cylinder up against something to prevent it from being accidently

knocked over \ \
f. Do not use a torch on a pnressmized system
Any five of the following: .
a. Be aware that any gas under pressure_can be hazard.ous
b. “Do not refill disposable refrigerant cylinders
c. Have adequate ventilation when purging refrigerants

d. Do not discharge fiuorinated hydrocarbon refrigerants into &1 open flame
because this will create harmful phosdene gas

e Never spray liquid refrigerant directly on the skin because this will cause
a bad bum

f Never apply a torch to a refrigerant cylinder

Use a cloth around the hose fittings when rernoving them from a pressurized
systern or cyhinder

7o)
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‘8. ‘Any three of the following: _ .
"~. --a. Never use oxygen or acetylene to pressurize a system .

b. Never use dry nitrogen without a regulator

c. Never apply heat to a pressurized cylinder which, could cause a rise in
pressufe resulting in an explosion

d. Never pressurize refrigerant systems over 150 pounds per square inch gauge
(p.s.i.g.) during a leak test

t
9. Any ‘eight of the following:

3 a. Do not drop cvlinders
N b. ~ Do nci refill disposable refrigerant cylinders

¢. Do not heat cylinders with a torch

b
v

a

Secure cylinders in a moving vehicle

Do not spray refrigerant on skin

3 A
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Do not inhale refrigerant

il

g. Do not spray refrigerant into open flame

- h. Do not mix refrigerants .

Repiace cyhnder cap when not in use to protect valve

|. Do not lift or carry cylinder by valve
k. Secure large cylinders to wall or bench
7 . 2

l. Have adequate ventilation . '

m. Remove valve or puncture cylinder when discarding disposable refrigerant

3 cylinders
. 10. a. Carelessness ‘
] b. Misuse ’ .
* 11. a. Have a ground on all power tools

b. Use proper size electrical cord, .

- ¢. Have proper guards on all tools :

[y

d. Do not use tools with frayed or damaged cords .

v

e. Stand on dry nonconductive surfaces when using electrical tools

f. Wear eye protection ~ .

r
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14.
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a. 2 d 4

b. 1 e.* 5 \

c. 6 f. 3 '

Discussion should include: < = \ T §
a. Locate live wire and gﬁsconnect if possible .

b. Decide if it would be easier’t‘o move the person or the conductor

P

c. Separate victim and conductor . -
a. 1) White tag | °
2) , White letters
3) Red square ;
b. 1)  Red ol .’ ' -
2) White tag
3) White letters -
4)  Black square e
c. 1) ‘Yellow tag .
e.2) . Yeliow letters
3) Black squaﬁ ,
. d. 1) . White tag

>

2) White letters

3) Black square

IAE
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HAND TOOLS : ¢
UNIT |

. UNIT OBJECTIVE

»
After completion of this unit, the student should be able to identify the basic hand tools
used in the trade. The student should also be able to demonstrate the proper use and

care of these tools. This knowledge will be evidenced through demponstration and by scoring
eighty-five percent on the unit test.

*

SPECIFIC OBJECTIVES

Afier completion of this unit, the student should be able to:

1. Match terms associated with tools to the correct definitions or descriptions.
2. Identify the basic hand tools.
3. Select the dppropriate tool from similar groups.
4. Discuss the proper care of hand tools.
5. Demonstrate the ability to:
\ .
a. Grind a flat tip screwdriver. ‘ ,

b. Grind the- head of chisel or punch.
T—

c. Sharpen a chisel.

d. Cut external threads.

e. Cut internal threads.

10..




HAND TOOLS
¢ UNIT |

SUGGESTED ACTIVITIES

Instructor:

. .
A. Provide student with objective sheet.
B. Provide student with information and |ob sheets.
C. Make transparencies.
D. Discuss unit and specific objectives.
E. Discuss information sheet.
F. Demonstrate and® discuss the procedures outlined in the job sheets.
G. Show students actual tools.
H  Demonstrate use of the grinder.
1 Demonstrate gr.:ndmg a bevel.
J Sive test, ‘
Student:

Read objective sheet )
\.

B. Study information sheet.
C Complete job sheets.
D. Complete actwities assigned by instructor.
E. Take test :

INSTRUCTIONAL MATERIALS .

Included in this unit

A.

B.

Objective sheet

Information sheet

102
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1

2.

9.

10.

™

™

™

™

™

™

™

™

™

™

D Job sheets

1

5

E Test

Job
Job
Job
Job

Job

~ C. Transparency masters

1 Screwdrivers

2 Wrenches ’

3- Phers

4~Hlammers

5- Punches, Chisels, and Bars
6--Files

7--Socket Sets

[0¢]

-Tubing Tools

[{e]

--Accessory Hand Tools

10--Threading Tools

Sheet #1--Grind a Flat Tip Screwdriver

Sheet #2--Grind the Head of Chisel or Punch
Sheet #3--Sharpen a Chisel

Sheet #4 -Cut External Threads

Sheet #5- Cut Internal Threads

F- Answers to test

References

A. Althouse, Ahdrew O |, Turnquist, Carl H.; and Bracciano, Alfred F. Modern
Refrigeration and Air Condittoning Homewood, I1linois: Goodheart-Willcox

Co, 1975

B Krar, S. F, Oswald, J. W., and St. Amand, |. E. Machine Shop Operations.
New York, New York McGraw-Hill Ryerson Limited, 1975.
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HAND TOOLS
UNIT |

1

—

INFORMATION SHEET

I. Terms and definitions . ) ‘

% A.

J.

Hand tool-Tool which is hand held and is not electrical or specialized

(NOTE: The majority of the repair work done in this trade is done with
hand tools.)

-

Specialized tool-Tool designed for a particular use

Screwdriver--Tool designed for tightening or loosening a screw or bolt with
a recass opening in the head

X

" Wrench-Tool designed to tighten or loosen a hex head bolt or nut

(NOTE: Pipe wrenches are in this group and they will fit shaped surfaces
other than hex.)

Pliers--Tenl with adjustable jaws used for gripping
Hammer--Tool designed to drive, pound, flatten, or shape an object

Files--Cutting tools consisting of various sizes and shapes which are pushed
across a piece of metal to bring it to the proper dimension

(NOTE: Single cut files are sometimes referred to as mill fiies, Single cut
and double cut files are both divided into three grades of coarseness referred
to as bastard, second cut, and smooth.)

Swage--Enlarging of one end of a tuwe so that the end of another tube
of the same size will fit into it

National Fine-Type of thread used for precision work

National Coarsee-Type of thread used for general purpose work

1. Basic hand tcols

A.

Screwdrivers {Transparency 1)

1.+ Standard slot

2. Phillips

104




B.

C.

D.

E.

INFORMATION SHEET

3. Clutch head
4. Stubby
5. Offset
Wrenches (Transparency 2)

1. Open end

2. Box end

3. ’ Combination

4. Adjustfable open end
5. Pipg

8. " Flare nut

Pliers {Transparency 3)
1. Shp joint

2. Slip groove

3. Long nose
4, Diagonal cutters
5. Plier wrench

6. Pinch-off

Hammers, {Transparency 4)

1. Ball peen
2. Soft face
3. Sledge

4. Claw

Punches, Chisels, and Bars {Transparency 5)

1. Pin punch
L

2. Center punch

105




4,

5.  Scratch awl

-

™

INFORMATION SHEET

?*

Flat “chisel

Pry. bar

4

F. Files”(Transparency 6)

1.

-

2.

[5)

5.

6.

\
Flat

Half round

Round

Point '
Slim taper

Handle

G. Socket sets (T'ransparenéy 7)

1.

2.

3.

6.

7.

Ratchet handle
éocket

Dee’p socket
Hinge handle
Extension
Sbeed handle

Universal joint

H. Tubing tools (Transparency 8)

1.

2.

Fiaring tool
Tubing reamer
Flare block
Cutter

Dauble flare punch

10¢
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E‘ VL, T, T INFORMATION SHERT
3

. N
L , -t e Swage punch L\/ ,
A T y -
. ' 7. Lever type bender
] ! 3 bt - J,
ST ’ 8. Bending spring ' .
;- . » * «*l.7 Accessory hand tools (Transparency 9)
4 - | I
SRR A r 1. Wire strippers .
M, ' - " *- -
‘ 2. Drop light . ) . .,
3 Qil can ' hat
L 4 . 7 ~
T 4. . Hack saw - )
.. R -~ ~
— .
5. Screw starter
Pl -
. 6. Safety glasses )
T Nut drivers .
» .. ,
‘ 8. Level »
* 9, Hex key wrenches .
’ . ) _J  Threading tools (Transparency 10) 3
1. Tap .
’ ~
2 Die ’
. ' 3. Die stock -
’ v
4, T-Handle tap wrench
5. Hand tap wrench
Itl. Hand tool use o !
A Screwdrivers
1. Standard slot-For tightening or loosening bolts and screws with
a slot type head
2. Phillips--For tightening or loosening bolts and scr~ ws witi a
ahijlips type head
(NOTE. Use proper size to prevent rounding out screw slots.)

107




. INFORMATION SHEET , -

“

3. Clutct, head--For tightening or loosening a clutch head 'bolt or
screw - ‘ S .

Bt} 2,

{NQTE. The blade must fit the sqr'ew%ot in order to function

prooerly.) .

4. Stubby--For working in close places where a jonger blade would
not fit

5. Offset--For working n extrernely close places

- = v
B. Wrenches
\ . .

1. Open end--For tightering or loosening hex head bolts, nuts, or

screws - ¥ ) -

r

2, -Box end--Fo tigrtening or ioosening_hex head bolts, nuts, or
screws, bu is less likely to slip off -

t

3. Combtnation--FJr- tighteping or. loosening hex head bolts, nuts:
Or SCrews .
(NOTE: This wrench has-both an ppen. end-and a box end and .

it enab.es you to-carry a fewer number of wrenches.)

. . u

4. Adjustable open end--For tightening or loosening various sizes of
hex and square head nuts, bolts, and screws

5. Pipe-‘Prirﬁarin for tightening or loosening rouqd pipe or other
rounded surfaces ’ -

(NOTE: This wrench will adjust to fit various size surfaces and s
it also has teeth to prevent slipping.) X o - }

6. Flare nut--For tightening or loosening a flare nuat; it has a box
- &nd with a notch cut out so that it can be slipped over the tubing

C. Pliers
1. Slip joint--For holdimy or turni.ng a part where marring of the
suriace is not a problem
(NOTE: Pliers shouid never be used in place of a wrench.)
' 2. Slip groove--For the same purpose as slip joint but the jaws will
generally open wider and the handles provide more leverage
R /.
L
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INFORMATION SHEET
? Al
3. Lonyg nose--For holding or reaching small items
o ~ Example: Holding a wire terminal while soldering a piece of
"o wire onto- it .
. L : -4, Diagonal cutiurs--For cutting wire
. (NOTE: These should not be used for tin snips.)”
. . 5. Plier wrench -For an excessively tight grip; it has a locking lever
. ’ to prevent slipping
. "o \ R
T, (NOTE: These are commonly: (eferred to s vige-\g(ips.) 4
s, . . ~ P Y
) A B 6. Pinch-off--For crimping refrigerétion tubing to .prevent the lass
- s ' of refrigerant while it is being soldered or brazed : T
. , )
D. ‘Hammers = - - i
.. . . f . ' [
_ . Ball peen--ror L1ammermg on metal tools such as punches and
. . chiseis - L
Y \ ' ¢ ! - °
-\;—\' . —‘r 2. Soft face--For hammermg on or dnvang materiais that a steel face
hammer would mar or break .
N - (NOTE: Soft face hammer faces are made of plastic, rubber,
' rawhide, copper, lead, or wood.)
3 3. Sledge--Fcr breaking and pouncding; it is heavy, long handled, and
has a steel face ’
S ' 4. Claw- Géneraily for driving and pulling nails
E. “Punches, Chisels, and Barsi .
B Pin punch--For driving both stratght add tapered pins in or out
of hubs and shafts ) .
- . [
i‘ 2 : ~2. Center punch- For making indenta{ions in metal for starting a dnll
3. _ Flat chisel-For cu'tting off bolt heads or splitting nuts
C (NOTE: A flat chisel 1s sometimes referred 1o as a cold chisel.} .

108 -



. INFORMATION SHEET

4, Pry bar-Generally for jobs that require prying an object into
alignment )
B. Scratch awl--Generally for scratching a line on metal, making

screw holes in sheet metai, and for aligning screw holes

I F. Files .
- 1. Flat--For smoothing metal uJrfaces; it is a double cut file
‘ 2. Half round--For filing rounded surfaces on metals
3. Round--Generally for enlarging holes in metal .

[ \ JESEE
(NOTE: Round files taperto-a point and are sometimes referred
‘to as "rat tail" files.) : e -

4, Point--For f_ijipgfdh/ta/c‘t points; it is a small, thin file
_// *
- _/5,.//'Sﬁr‘n taper--Generally for cleaning up damaged threads

(NOTE: Slim taper files are sometimes called saw files.)

6. File handle-Wooden handle placed on the end of the file to
prevent it from gouging one's hand ~
B G. Socket sets ¢
1. Ratchet--Fermits fightening or loosening with very little swinging

room, it is a drive handle that sockets fit onto

2. Socket--For tightening or loosening a hex head bolt—oronut; used
in conjunction with a drive handle

3. Deep socket--Socket with an extended wall for reaching recessed
bolts and nuts or nuts that have the bolt extending through them

so far that the standard socket wil' not fit over them

' 4, Hinge handle--Drive handle that is"used with sockets when more
: force is needed to break loose or tighten a nut-or bolt

(NOTE: These handles are sometimes called break overs.) -

e 5. Extension--Rod that fits between the socket and the drive handle
to extend the socket into hard to reach places

11D
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INFORMATION SHEET

Speed handle--Drive handle used with a socket to tighten or loosen
bolts and nuts quickly that are. easy to reach

Uniyersal joint--Fits between the drive handle and the socket and
bends in any direction enabling the socket to get to hard to reach
nuts or bolts

¥

H. Tubing tools

Flaring tool--For foicing a 45° cone into the end of a piece of
tubing being held by a flaring block which creates a flare on the
tubing Tha”

. o

Tubing reamer--For removing the burr from the inside of tubing
after it has been cut °

(NOTE: This is usually attached to the tubing cutter.)

Flare block--For holding the tubing while it is being flared- or
swaged . v

Tubing cutter--For cutting the tubing by tightening it onto the
tubing and rotating it at the same time

(NOTE* These come in large, medium‘, and small sizes.)
Double flare--Device which is placed in the tubing and forced

down, which causes the erd of the tubing to roll-in, which makes
a flare with .double tubing thickness

Swage punch--Driven into the end of a gube to enlarge it so that

another tube of the same size may be®placed in it and soldered

Lever-type’ bender--Tubing 1s held securely against the bender and
the arm 1s slid over the tubing forcing the tubing into the rounded
erd of the bender

Bending spring--Coil spring which is placed on the outside of

‘

tubing to keep it from collapsing while bending

I.  Accessory hand tools

Wire strippers--Removes the insulation from .electrical wire
without damaging the wire

Drop light--For light.in dark work areas; it has a protective
reflective shield and an electrical outlet in the handle

(NOTE: These lights usually have 25 ft. or longer cord and should
not be used as power cords for high amperage appliances, such
as refrigerators, because they are made of small gauge wire.)
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INFORMATION SHEET

Ol can--Shkould have a flexible spout for reaching difficuit places
and a cap to prevent spillage

Hack saw--Fcr cutting metals in installation and service work

(CAUTION: A hack saw 1s not recommended for cutting
refrigeration tubing because the filings will contaminate the
system.)

Screw starter--For starting smazit slot or phillips head screws in
nard to reach places

L4
(CAUTION: These are not to be used for tightening or loosening
screws.) -

Safety glasses--Eye protection that should be worn on all jobs

Nut drivers--Hollow shaft screwdriver with a permanently attached
socket for tightening or loosening hex head bolts and nuts

Level--For checking the levelness of air-conditioning and
refrigeration units '

(NOTE: Two kinds of levels are the small bubble level and the
torpedo level.;

Hex key wrenches- For loosening or tightening socket type set
screws

J. Threading touls

1.

Taps--For cutting threads inside of ho!eA

(NOTE: These are available in all types and sizes of threads.)
Dies--For cutting external threads on round stock

{NO',E: These are available in all types and sizes of threads.)
Handles--For holding taps and dies during the threading process

(NOTE: These include T-handles and hand tap wrenches that hold
:aps and die stocks for holding dies.)




V. Hand tocl care

INFORMATION SHEET " .

A. Screwdrivers .

1. Grind flat tip square

Ground Right

2.

B. Wrenches

1

2.

Discard waorn phillips tips

Do not hammer on screwdrivers.
)

Turn adjustables i proper direction

Do not hammer on wrenches

1
1
1
I
E
Do net hammer with wrenches . , . 1
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ACR |

C. Pliers
1. Do not use in place of wrench
2. Have handies insulated when working on electrical circuits

D. Hammers

1. Keep handles tight i

2. Use the proper ty;;e for the job

- E. Punches, chisels, and bars

\

1. Keep cutting edges and.points sharp

Before and After Dressing

2. Keep head ground to.prevent mushrooming

r

S
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INFORMATION SHEET ‘
F. Files
. by
1. Keep files on a wall rack
(NOTE: They will become duil if stacked in a drawer.)
Lol |
|
= ‘ N
[
. . ‘ {4?5
N . 2. Do not hammer or oty with a file
S -~ t =~
(NOTE: They are very brittle and wsill break.)
G Socket sets
' 1! Do not use an ex'tensnon pipe or cheater bar on tne handle of

a raichet

(NOTE Too rnuch force will strip the gears in the ratcheting
mechansm ) -
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INFORMATION SHEET
2. Do not use a handle and extension pipe with thin wall sockets
(NOTE: Thir wall sockets will break.)
Tubing tools
1. Oil threads on flaring tool (
2. Replace cutting wneel on cu;ter when dull
Accessory hand tools
1. Drop light cords should not be run over with appliance dollys
or other carts 2
2. Protect the blade on a hack saw with a piece of cardboard to

prevent dulling of the teeth

Cardboard Sheath

WA

3. Do not use screw starters as a screwdriver
4, Safety glasses should be kept in a case when not in use
5. Nut drivers should only be used on hand tight nuts, bolts, and

screws; do not use pliers for increased leverage

v
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INFORMATION SHEET

Do not apply too much force to hex key wrenches

(NOTE. Too much force will break or round 2out the socket of
the set screw.)

Threading tools

1. Use a few drops of cutting oil when threading
2. Do not keep taus and dies loose in a drawer

(NOTE: This will dull the cutting teeth.)




P A - o T
li - e B -
B S s .
.
. X7
N
. o
.

Screwdrivers

Standard Slot
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4

Open End

Combination

- Wrenches

Flare Nut

S —————— — ——

&

_ Adjustable Open End

121
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Slip Joint

_ A

Long Nose

‘
.
9

PlnCh—Oﬁ

Slip \Groove

Diagonal Cutters

SN
\ -

Plier Wrench
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Soft Face
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Bt

® ‘ ® | '
Punches, Chisels, and Bars

Pin Punch ~ Center Punch

Flat Chisel ‘ ‘ Scratch Awl
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Socket Sets | . -

Socket

hY

. Ratchet
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Tubing "'I-'ools

Bending Spring

Tubing Reamer
and Cutter

= WAL AR

\\\\ r e A iAo S m— —————

Double Flare Punches
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Wire Strippers

Hack Saw -

Accessory Hg'nd Tools .

Screw Starter

‘Driver

I:—— »

" . Hex Key Wrenches

B
N
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-~ Threading Tools

Tap - . -
.
( * Handles ,
T-Handle Tap Wrench-- ’ » Die S*ock

. Hand Tap Wrench -

JLE - | HOV
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Tools and materials

A. Flat tip screwdriver
B. Bench grinder
C. Water tray
D. Safety glasses
Procedure ~
A. Put on safety glasses
B. A Tust clearanse of tool rest
{NOTE: Proper clearance is approximately one-eigh}h inch from grinding
wheel.) B
C. Turn on grinder
D. Grind tip of blade flat (Figure 1)
Blade Tip
FIGURE} 1

ACR | - 39C

HAND TOOLS
UNIT |

JOB SHEET #1--GRIND A FLAT TIP SCREWDRIVER

Bench Grinder

Water Tray




JOB SHEET #1 '

E Grind sides of blade so blade will fit screw slot (Figure 2)

] - Poor Fit Damages Screwdriner and .
! Correct Screwdriver Fit Screw Slot

FIGURE 7

/ Ground Right

F Cool tp 0 tray of water often while ar.nding

INOTE Cooling wiii prevent.softening. of the tn)
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HAND TOOLS
: o. UNIT |
T JOB SHEET #2-GRIND THE HEAD OF CHISEL OR PUNCH

I. Tools and materials
A. Chisel and/or punch
B. Bench grinder
C. Water tray
D. Safety yiasses
Il.  Procedure
A. Put on safety glasses
B. Adjust clearance of tool rest

; (NOTE: Proper clearance is approximately one-eighth inch from grinding
wheel.)

. ) C. Turn on grlngfy
D. Grind a bevel on the head (Figure 1)

(NOTE: When the head of a punch or chisel is mushroomed, chips could
break off during use causing injury to the user.)

Head Mushroomed
FIGURE 1

r.Head Properly Ground\
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HAND TOOLS
UNIT |

JOB SHEET #3-SHARPEN A CHISEL

Tools and materials

g‘
2 A. Chisel

AT,
o

-B. Bench grinder

bt Ml

C. Water tray

D. Gafety glasses

g&f 1. Procedure !
- q; A. Put on safety glasses
W:" B. Adjust clearance of tool rest
E ’ - i.,f,;m . ‘(NI\:S;I;E,: Proper c|earanqe is approximately one-eighth inch from grinding

C. Turn on grinder

D. Hold the chisel's cutting edge against the grinding wheel with very little
pressure

|
i
1
1
1
|
1

(NOTE: This will help to prevent overheating of the chisel's cutting edge.)
E. Dip the chisel in the water frequently to cool
F. Grind the edge on a slight curve (Figure 1)

(CAUTION: Hold the chisel with a firm grip during the grinding process.)

F|GURE1/ﬂ ﬂ

Head

Stock="] W

Cutting Edge
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HAND TOOLS
UNIT |
JOB SHEET #4--CUT EXTERNAL THREADS
Tnols and materials
A. Die
B. Die stock
C. Vis
D. Flat file .
E. Oil can
F. Steel rod

(NOTE: Ask the instructor what type and size of steel rod to use for this
job.)

— ‘- i Kl
Procedu_re .-y

A. Place rod in vise (Figure 1)

FIGURE 1

B. Chamfer end of rod with file

Lubricate end of rod with cutting oil

o o

Place die in die stock and secure
E. Place die on top of rod with taper facing down

F. Start dic

traight on the rod




-
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i

JOB SHEET #4

G. Press down evenly and turn the die (Figure 2)

FIGURE 2

H. Apply a few drops of cutting oil while turning the die

I, Check die often for syuareness

J Turn the die one turn clockwise and then 1/4 to 1/2 a turn coun‘*erclockwise

to break the chip
K. Continue this procedure until the desired amount of threaus have been cut
L. R.nove diec by turming counterclockwise

(NOTE Hold onto the die stock firmly while removing it so as not to
drop 1t when 1t comes to the end of the threads)

M. Clean threads with a brush
(CAUTION Do not use compressed air for cieaning)

N Clean up tools and put them away

0 Hdve nstrctor inspect work
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HAND TOOLS
UNIT |

JOB SHEET #5--CUT INTERNAL THREADS

Tools and materials

G.

Tap

Tap wrench
Drill motor
Tap drill
Vise

Qil can

Piece of steel to be drilled and tapped

Procedure

A.
B.
C.

D.

E.

Place work piece in vise
Drill hole to proper size

Use the chart below to select the proper tap drill

T, 1 Qutnde % Oerimal
b Ttheads 1 Drameter tap D Tquivaient
Sar | Pertmch b eiSwew 1 Sue of Dt
TR VTR U U SESSSRIE S
“ i 273 : 3 o033 .
H ) 5 cee 50 i ¢ o700
3 - 099 a comi0
L S S W ]
! L« ! 7, L o
H ! 40 '3 i » ool
¢ | 32 : 1] ] 33 PR
e = t U e
s ! 2 | ™ I 20 . 01380
" 24 ' L5 , 25 o 493
17 24 | 16 8 01770
e e 2 e ,4‘\_ I
‘e 20 250 4 ! 01200
PRI " ! 3118 : * : 62570
L te ' 373 s e LS 151
1 I ahannie -+ ————r + N ]
Te ‘e , a3rs v : < 3680
H f A ¢ se A Y B Tane
LA 12 : 5625 L B 344}
- 4 B e e
e " ' LT3 R k 03312
3e ) 0 ' o 22 Ca5s2
AR | ° + [ 34 LN Y R0
2

Place tap in tap wrench

Place tap in hole and keep the tap as straight as possible
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JOB SHEET #5 .

F. Apply cutting ol to tap

G. Press down on tap wrench with equal pressure on both sides (Figure 1)

FIGURE 1

"H  Make two complete turns with tap

| Check to see that the tap Is straight

J If tap 1s not straight, remove it and restart

(NOTE" A shght amount of pressure will be required to get the tap to
start straight.)

=

Tap the hole by turming the tap wrench clockwise 1/2 a turn then
counterclockwise 1/4 of a turn

L. After the hele is tapped remove the tap by turning the wrench
counterclockwise

{NOTE. Hold on to the tap wrench to prevent it from falling on the floor !}
M. Clean tools and put them away

Have the instructor tnspect




HAND TOOLS
UNIT |

TEST

3
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Match the terms on the right to the correct definitions or descriptions.

a. Cutting tools consisting of various sizes

and shapes which are pushed across a
piece of metal to bring it to the proper
dimension

. Tool with adjustable jaws used for

gripping

Tool designed to tighten or loosen a hex
head bolt or nut

Tool designed for a particular use
Type of thread used for precision work
Tool designed for tightening or loosening

a screw or bolt with a recess opening in
the head

Tool which i6 hand held and is not
electrical or specialized

. Tool designed to drive, pound, flatten,

or shape an object

.

Enlarging of one end of a tube so that
the end of another tube the same size
will fit into it

Type of thread used for general purpose
work

identify the basic hand tools.

1.
2.

© © @ N o O

Pliers
Files

Specialized
tool

National
Coarse

Hammer
Hand tool
Wrench
Swage
Screwdriver

National Fine

=




e ]

Ve e
Ty Sihd i b L o
TR 0 TS ST Py s SELE RN Py

b
o
rw&.m




‘ACR | - 51-C

-

bk
hon
[ 2




g ———w T YT

¢ o)

”




ACR | - 53-C







ACR | - 55-C

Yy. ‘ . zZ.

aaa. bbb.

eee. T fff.
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1.

Select specific tools from similar groups.

Place an "X" by the screwdriver that would fit th~ screw slot shown.

©

1) Standard slot
2) Phillips

3) Clutch head
4) Stubby

5) Offset




Place an "X" by the wrench that is primarily used ot ,unded surfaces.
1 Open end
2) Box end
3) Combination
4) Adjustable open end
5) Pipe

6) Flare nut

Place an "X" by the pliers that are used to crimp refrigeration tubing.
1) Slip joint

2) Slip groove

3 l.ong nose

4 Diagonal cutters

5 Plier wrench -
6) Pinch-off

Place an "X" by the hammer that would be used on a brass surface and
not mar it.

1 Bali peen
2) Soft face
3)  Sledge

4) Claw

Place an "X" by the item that would be used when aligning drive belts.
N Pin punch
2) Center punch
3) Flat chisei
4) Pry bar

5) Scratch aw!
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Place an "X" by the file used generally for cleaning up damaged threads.
1) Flat
2) Half round
3) Round
4) Point
5) Slim taper
6 File handle
Place an "X" by the items that are not drive handles.
‘1) Ratchet
2) ] Soc.ket
3 Deep socket
4) Hinge handle
5) Extension
6) Speed handle
7) Universal joint

Place an "X" by the items needed to cut a piece of tubing from a roll
and double flare one end and swage the other end.

1) Flaring tool

2) Tubing reamer

3) Flare block

4) Cutter

5) Double flare punch
6) Swage punch

7) Lever type bender

8) Bending spring
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Place an "X" by the item that should be used on all jobs.
1) Wire strippers

T . 2) 6rop light

3) Oil can

4) Hack saw

5) Screw starter .

6) Safety glasses

7) Nut drivers

8) Level

9) Hex key wrenches

j. Place an "X" by the tool that is used for cutting external threads.

N Taps
2 Dies
. ‘ 3) Handles
4. Discuss the proper care of hand tools.

a. Screwdrivers

b. Wrenches

Phers
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Hammers

Punqhes, chisels, and bars

Files

Socket sets

Tubing tools

Accessory hand tools
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. j-  Threading tools

5. Demonstrate the ability to:

. a. Grind a flat tip screwdriver.

)

b. Grind the head of chisel or punch.

[¢]

Sharpen a chisel.
d. Cut external threads. »
Cut internal threads.

(NO™ E: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completed.)
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HAND TOOLS
UNIT |

ANSWERS TO TEST

2 f. ' 9
1 g 6
7 h. 5
3 i 8
10 i. 4

Standard slot screwdriver
Phillips screwdriver
Clutch head screwdriver
Stubby screwdriver
Offset screwdriver

Open end wrench

Box end v/vrench
Combination wrench
Adjustable open end wrench
Pipe wrench

Flare nut wrench

Ship joint pliers

Siip groove “pliers

Long nose pliers
Diagonal cutters

Plier wrench

Pinch-off pliers

Ball peen hammer

! !
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B .

s.  Soft face hammer
f Stedge haminer
0 Claw hammer
% 2ov, anch

w  Center punch
X Flat c¢hrsel

v Pry bar

’ Soatehy awd

e P e

oh Haif roann tile
(¢ Round foe

g0 Som teper Hie
e Vot hile

£+ e handle

gq  tOnitchet handle

to Agbket

bange oeole

ot

RE s
S ced bandie
Sy Lhovotsal joint
nno Frang tool

oo Tuobmg reamwer
e Flanna biock

yiy  Lutter

' Doubie He scnon
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ss. Swage punch

tt. Wire strippers ‘ .
, uu. Drop light
w. Qil can
: - ww. Hack saw
fr i
o xx. Screw starter

yy. Safety glasses
zz. Nut drivers r
aaa. Level -

. bbb. Hex key wrenches

ccc. Tap
ddd. Die
eee. Die stock
fff. Hand tap wrench
" ggg. T-Handle tap wrench
hhh. Lever type bender

iii Bending spring

3. a. 3 f. 5
b. 5 g 2 35 7
c. 6 h. 1,2 3, 4,5,6
d. 2 i. 6
e .4 .4
4, Discussion should include:

a.  Screwdrivers
1) Grind flat tip square
2) Discard worn phillips tips .

3) Do nct hammer on screwdrivers




"
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Aruitoxt provided by Eic:

Wrenches

1) Turn adjtxstab|es in proper direction
2) Do not hammer on wrenches
3) Do not hammer with wrenches
~ _¢c. Pliers. . -
1) Do not use in place of wrench
Y
. 2) Have handles insulated when working on electrical circuits

d. Hammers

1) Keep handles tight

s 2) Use the proper type for the job )
e. Punches, chisels, and bars
© 1) Keep cutting edges and points sharp
: 2) Keep head ground to prevent mushrooming
f.  Files o
. 1) Keep files on a wall rack ‘
/ 2) Dn nc;t hammer o} pry with a file
L9 Socket sets '
° 1) Do not. use an extension pipe or cheater bar on the pandle of
' a ratchet
°
.2) Do not use a handle and extension pipe with thin wall sockets
‘ h.' Tubing tools ‘ R .
1) Oil threads on flaring toc;|
2) Replare cutting wheel 06:1 cutter when dull

“i.  Accessory hand tools

1) Drop light dords should not be run over with appliance, dollys
« or other carts
/ .
2) Protect the blade on a hack saw with a piece of cardboard to
prevent dulling of the teeth




3)

4)

6) -

6)

7)

j.  Threading tools

1) Use a few drops of cutting oil when threading
2} ° De not keep taps and dies loose ip a drawer
5.  Performance skills evaluated to the satisfaction of the instructor A
A
w3 (:\\ - "
< v \\
(j\ ' ’ . .
\
] e
N
EY ! 3
!
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) i )
~
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Levels should never be dropped

ACR

Do not use screw starters a$ a screwdriver

Safety glasses should be kept in a case wihen not in use

Nut drivers should only be used on hand tight nuts, bolts, 2
screws; do not use pliers for increased leverage

[y

Db not apply too much force to hex key wrerches

v
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1.

2.

SPECIAL TOOLS
UNIT I

UNIT OBJECTIVE

SPECIFIC OBJECTIVES

After completion > this unit, the student <hould be ahle to:

Match terms associated with specialized tools to the correct definitions.

Identify specialized tools.

Describe tne use of the speci zed toals.

Describe the care of *he specialized toois.

Identify the components of the refrigeration gauge set.
List when ecch refrigeration gauge set component is used.

Demonstrate the ability to sharpen a twist dnll bit.

164
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After completion cf this unit, the student should be able to identify, use, and * or
the specialized tools used in the air-conditioning and refrigeration trade. This kn«. ige
will be evidenced through demonstration and by scoring eighty-five percent on the unit

-~
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SPECIAL TOOLS
UNIT 1)

SUGGESTED ACTIVITIES

Instructor:

A. Provide student with objective sheet.

B. Provide‘student with information and job sheets.

C. Make transparencies.

D. Discuss unit and specific obj.ctives.

E. Discuss information sheet.

F. Demonstrate and discuss tlhu .rocedure outlined in the job sheet

G. Show students spectal tools.

H. Take field trip to a parts wholrsaler.

| Have students look up tools in cataloge to get an idea of the cost involved
in equipping a shop.

J Give test.

Student:

A. Read objective sheet.

B. Study information sheet.

C. Compiete job sheet.

D. Complete activities assigned by instructor.

E Take test.

INSTRUCTIONAL MATERIALS

Included in this unit.

A.

B.

Objective sheet

Information sheet

- 71-C




C. Transparency masters
1. TM 1 Special Tools
2. TM 2--Special Tools {Continued)
‘ TM 3--Special Tools (Continued)
TM 4--Special Tools (Contu;ued)
TM 5--Special Tools (Continued)
TM 6--Special Tools {Continued;

TM 7--Special Tools (Continued)

8 TM 8--Special Tools {(Continued)

9. TV 9--Refrigeration Gauge Set Components
D  Job Sheet #1 -Sharpen a Twist Drill Bit
E  Test

F Answers to test

Reference- Aithouse, Andrew D., Turnquist, Carl H.; and Bracciano, Alfred F. '

Maodern  Refrigeration  and  Air - Conditioning.  Homewood, Winois:
Goodheart-Willcox Co., 1975.
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SPECIAL TGCOLS
UNIT 11

INCFORMATION SHEET s

Terms and definitions
A. Charging--Replacing or adding refrigerant to a refrigeration system

8. Evacuating--Using a vacuum pump to pull a vacuum on a refrigeration system
for the purpose of removing air and moisturs

C. Conduit--Tubular enclosure for electrical conductors

D. Thermal electric lead--Lead made up of two dissimilar metals which creates
a small amount of voltage upon temperature change

!Tl

Hygrometer--Hurnidity sensing device

F. .gh vacuum--Vacuum of 2000 to .1 microns and requires a two stage
pump; also caled a deep vacuum

(NOTE: One inch of mercury vacuum is equa! to 25,400 microns.)

G. Manometer--Instrurrent consisting of a "U" shaped glass tube with either
mercury or water in it for the measurement of pressure gases

H. ‘dermetic--Sealed system
I.  Combustion--Burning of fuels
Specialized tools (Transparencies 1, 2, 3, 4, 5, 6, 7, and 8)
A. Refrigeration cauge set
B. Leak detectors
1. Soap solution
2. Halide torch
3. Electronic
C. Drill motors
1. Straight

2. Offset

1)




INFORMATION SHEET

D. Drill bits
1. Twist
2. Wood
3. Masonry

E. Bench grinders

F. Vises
1. Bench
2. Pipe
G.  Pullers
1. Wheel
2 Braring
3 Gear

H  Thermometers
i. Pocket

2 Remote bulb

3 Flue and stack
4, Thermal!l electric
L 8
I. Recording thermometers
1. Manual wind
2. Electric

J Hyqrometers
1 Shing psychrometer

2. Qial type

3 Hurridhty reccrder
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INFORMATION SHEET

o K Vacuum pumps
. Low vacuum
2. High vacuum

Vacuum indicators

1. Compound gauge

2. Mercary manometer
L - 3. Thermc;coup-e micron gauge
T M. - Capillary tube cleaners

’ 1.' Manual

2. Hydraulic
N. Charging cylinder

0. Service valves

. 1. Hermetic service valve kit

2. Accass core type valves
3. Process tube adapters s
' 4, Line piercing valves .
P. Scales

Q. Fin combs
R. Ol pumn
S. Combustion testing kit

T. Air meters

1. ° Aneomr~ter
2. Pitot tube
: ) 3. Incline manometer

U. Apphance truck

169




AA.

BB.

INFORMATION SHEET

Knock-out cutter
Combinatiori pattern snips
Hand notcher
Hand seamer
Riveter
Riveting hammer
Aviation snips
1. Righrh:’ind
2 Left-hand

Double cutting 3nips

). Hand crimper

Refrigeration ratchet
of spec.alized tools

Refrigeration gauge set--For charging, evacuating, and checking pressures on
refrigerant systems

leak detectors--For locating refrigerant ieaks

Orill motors

1. Strarght--Fe- drxll-ﬁg holes in metal or wood
2 Offset--For dnilting holes in raetal or wood in limited working
space
Orll bats
1 Twist -Fer driiting metal

2 Wood- For d.dling wood
Masonry Fecr drilling concrete and stone

Bench grinders—For grinding metal edyes

17y
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INFORMATION SHEET

1. Bench--For holding objects secure

Exam, le: An object would need to be held secure while it
: - was being drilled, filed, sawed, or electrically tested

2. Pipe--For holding pipe or conduit secure

Example: Pipe or conduit would rieed to be held secure when
it is being cut, threaded, or reamed \

G. Pullers
1. Wheel--For removing .pulleys and bearings from motor shafts . ,

2. Bearing-For removing or installing bearings and bushings i
motors . "

3. Gear--For removing small pulleys or gears from motor shafts

F. Thermometers

1. Pocket--For checking the temperature of refrigeration components
and systems

2. Remote bulb--For checking temperatures in one area and reading
the temperature on a dial in another area

(NCTE: The pocket and remote bulb thermometers are availabie
in various ranges but the -40°F to +120°F range seems to be tie
most anplicable to refrigeration work.)

3. Flue and stack--For checking the temperatures created in gas flues
and stacks

(NO%&. The temperatire range on these thermometers 1is
generally 200°F to 1000°F.)

4. Thermal electric--For measuring temperatures from -50°F to as
high as +1000°F

(NOTE ‘irus temperature indicating nieter is generally capable

of checking more than one temperatuie through the use of
multiple leads and hy changing the function switch.)

171
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INFORMATION SHEET

Recording thermometers

1. Manual wind -Records temperatures on a time chart
{NOTE This recorder can be equippad with a remote temperature
sensing bulb, and it has a manual wind clock assembly for
advancing the time chart.)

2. Electric--Records temperatures on a strip chart
(NOTE: This recorder uses thermocouple type leads and will
generally record more than one temperature.) )

Hygrometers

1 Sting psychrometer--Wet-bulb and dry-bulb temperatures wili
be obtained by whirling the psychrometer for 16 to 20 seconds
(NOTE: Dry-bulh temperature is the temperat.re of the air as
indicated by an ordinary thermomete:. The wet-bulb temperature
15 the temperature by evaporation.)

2. Dial type--Cc tains human hair that reacts to humidity changes
which gives a meter reading

3. Hurmidity recorder--Records humidity changes on .a time chart

Vacuur pumps

Vacarm

3

Low vacuum -For evacuating a refrigeration system; used tn
conjunction with a gauge manifold

High vacuum- For evacuating a refrigeration system; used in
conjurction with a high vacuun¥ gauge manifold and micren gauge

INOTE These pumps are capab{e of pulling a vacuum below 50
microns and are used on large atr-conditioring and refrigeration
systems.)

mdicarers

Ccmpound gauge- Indicates vacuum accurateiy to 25 inches of
mercury

Tlercury mannmeter indicates an accurate vacuum readityy helow
+5 inches, used with "a vacuum pump

Thermocoupte micron gauge Ar extremely accurate vacuum
imdicatnr, used in conjunction witn a high vacuum pump

177
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‘ INFORMATION SHEET
M Capillary tube cieaner
- 1 Manual -Forces ol or R-11 through a capillary tube when the
pressure handle 1s turned clockwise
¢ 2. Hydraulic--Forces o1l or R-11 through a capillary tube with the R
use - fa hydraulic pump
{NGTE" Remove capillary tubes from system hefore cleaning)
N. Charging cylinder--For charging the proper amount of refnqe'ant into a
system, used with a gauge manifold set
O  Service valves
1 Hermetic service valve kit--Allows the connection of refrigeration
gauges to some hermetic systems
{NOTE. This valve kit is essential when servicing General Electric
or Fr.gidaire domestic refrigerators.)
2 Access core tvpe valves- Allow the refrigerant s“ystem pressures
. to- be checked when the gauge hose depresses the core

{(NOTE These valves are commonly referred to as Schrader valves)

3 P:ocess tube adapters -Provide a gauge conrection by fitting onto
the end of the charging stubs

INOTE These adapters must be removed after the stub has been
pinched off and nnor to soldering end of stuh.)

4 Line prercing valves -Allow a gauge connection by tightening onto
a charging stub and piercing it

(iNOTE  Tnese vatves are commonly ret>rred to as fine taps.)

P Scales For weighirg the amount of refrigerant during the charying process

G Fin combs For straightening the heat transfer fins on condensers and
svapnrators

R O pumn For putting o into a compressor without the danger of

contaminag™oun

ERIC

Aruitoxt provided by Eic:
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INFORMATION SHEET

Combustion testing kit--For servicing gas or oil furnaces to detect CO2
content, draft, stack temperature, and smoke

Air meters

1 Aneometer--Measures the spead of the air being supphed through
a grille

(NOTE: This measurement s expressed in feet per minute.)

2. Pitot tube--Determines ..~ speed by obtaining air pressure through
a grille

(NOTE This instrument 1s used in conjunction with a direct
reading meter or an incline manometer.)

3. Inchine manometer-Used with a pitot tube to determine air
velocity pressure and static pressure

Apphance truck- For moving refrigerators and other heavy equipment
Knock-out cutter -For making holes in sheet imetal

(NCTE. This cutter iz primarily used for making holes in cabinets for
electricel condwit and refrigerant hines )

Combination pattern snips--For ali geneial purpose cutling of sheot mietdl

{(NOTE The blades of the combination snips are designed to permit the
metal to curve up out of the way when making circular cuts.) .

Hand notcher-For cutting notches in the edge of sheer metai

Hand searner--ior forming a seam on a piece of sheet metal, hy hand
Rivetor--For rivetrng preces of sheet metal together

Riveting hammer F(‘)r forming the sheet mety

(NOTE The edges are beveled to prevent ma\\kmq cof the metal)

Aviation smins

1 Right fend For cutting sheet metal m a right handed direction
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INFORMATION SHEET

2 Left hand--For cutting sheet metal 1n a left-handed direction
(NOTE" The nght-hand and left-hand snips can be distinguished
by the position of the-upper biade. When the snips are held In
a position to cut the metal, if the upper blade Is on the operator's

blade is on the left, they are left-hand snips)

CC. Double cutting snips- For cutting sheet metal where both pieces of metal
must lay flat

DD. Hand crimper--For crimping the end of sheet metal pipe so that sections
may be fitted together ‘

EE Refrigeration ratchet--For front seating and back seating service valves and
acetylene cylinder valves

Care of specialized tools

A. Refrigeration gauge set

1. Keep hoses plugged
2 Check gauge calibration
3. Ol manifold hand valve stems twice a year

(NOTE Two drops of o1l on each shaft 15 sufficient)
\ 4 Replace gauge lenses It cracke. or broken

INOTE Do not allow o from refrigeration system to enter
manifold yauge because this will damage the gauge )

8 Leak detectors
1 Clean orifice and hose of halide torch
2 Electronic leak detectors

a po not drop
b Keepy probe ¢f in

G Co ot wse around a heavv concentration of refrigerant

right, then they are right-hand snips. If, in this posit' , the upper |

. 81-




82.C
INFORMATION SHEET
C. Drill motors “
. 1 Check for dzfective cord .
* {
' 2. Do not overload .
D .
. 3. Keep motor coohanJjnmgs clear
4. Do not drop . -
. 3
! 5. Dc not #ift by cord
; } ¢
, D Dntt pits
A 1 Keep sharp ) '
. . 2. Do not force or bend
3 Use a few drops of cutting oif when drill'ng heavy metal
4 Do not use wood bits for sheet metal,
- "5 Use water as a cooiant when drithng concrete or stone\
E. Bench grinders
1 Keep safety Jhield c'ean and in place
~
. 2 Keep tool rest tight
3 Teli instructor when grninding wheel needs 10 be dressed
. F Vises (
A 1 Keep clean
2 Oil c'ampinsg screw
3 Dy not hammer on jaws
4 Do not cvertighten
1 Putiers -
\ 1 Keep tip pointed ‘
) Ol throaderd shatt
3 Do not drop

Q
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. INFORMATION SHEET
. r . . *
\I } - , . & .
g v H. Thermometers s
x ‘ .
S Do not drop < ) -.
- , 2./ Do not kink remdte bulb capillarjes
. PR v . . ‘ . “ .
. 3. Use only in proper temperaturg range
4. Keep pocket thermometers in case when not in use
. 5. Check hatteries on thermal electric :
. -
A ] - . - \
I.  Recording thermometers : . .
- , —
. 4 G‘ -
1. Do not drop
5 P . .
S ’ 2. Do not wind clock too tight on manual wind )
. . ' ‘
.. 3. Place 1. ~rder where it will not be knocked off - ;
J.  Hy_ ometers o : .
. - 1. Do not drop
' - 2. Use distilled water on wet-bulb wick ' -, .
" 3. Keep in case when not In use
- ‘ 4, Change wick frequently
s K. Vaé'uumfumps oo
. 1. Change o1l often
(NOTE. Vacuum pump manufacturers recommend changing the
o1l after every evacuatign.) ) :
e, / 2 Keep clean ~ .
y T A
’ A
L Vacut. v indicators . ® i
. ‘ Y ‘
1, Do not drop ) LT R
o o ) 4
' 2 Keep clean ,
’l . ‘ 3. Store In safe place when not In use .
) - 175 .
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INFORMATION SHFET

Capgithary, tube Qe

Kt‘{'[) (ean

D ot overoressun, e auge on nyunulic puimy tyee
O P oy inaess

Keon cledn

Do not op o kpotk over

ftorefoae-ant as ettt in oy hoder, tag it as o lyoe ob refiigerent

Do net heat w3 woren
RGN EN
Mo ot cvertignten et sonace valves

FeOTE Ouertight. wing will canse the vaive adap.ers that are used
vyt nermetic service velve kit to break )

Ny ot ovestighen vabve cores
NOTE  Overtightening will st cut the valve coies |

Remione tne mercimg valves after systerm ooy Bng s oves

ot Ty teoweigh obects heavier than the iims of the scales

S0ty 1o oweengh ongects with the scale drar o the ek e

T cang, oo eot droen

' I

SAOVTE Orcopan g w2t e preset spacig o the COEh ety

AT AR R TR




INFORMATION SHEET

Combustion testing kit
Read instructions included in kit

2 Store n a safe place when not in use

Atr meters
Do not drop
2. Store in a safe place when not in use
Apphance truck
1 Lubricate wheel hearings
2 Roll strap up on ratchet when not being used
3 Oil ratchet mechanism everv three months
Move only objects the truck can support
Knock-out cutter
Co not drop
2 Use only on proper gauge metal
W Combination pattern snips
Do not throw or drop
2 Keep sharp
3 Ol svavel point
X. Hand notcher

Y

Use only on proper gauge

Keep clean and oiled

Un nst throw or drop

ERI

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

INFORMATION SHEET

recp cloan and otled

Do not throw or aron
Ry b hammer

Yo a9t throw or drop

Keep handle tight
A gtion snps

Do ot throw or drop

Kf‘z‘[) C‘hdf})

Kipp oacd and ciean
Doehle cuttog stips

Du 1ot throw or drop

Koo sharn

Keep oifed and clean
Hod comnor

Do ot tarow or drop

o oried and cleg

[2USE pratinn At het

v extesst force on ratchet mechanism

Sedh A4 harmemeg

oo s Traspatency 9




INFORMATION SHEET

3 Hose ports
4. Gauge ports
Compound gauge
Pressure 0 - 200 ps g

Vacuum 0O - 30 inches of mercury
Recalipraton screw

Lens

Pressure gauge

Pressura 0 500 psig
Recabhration screw
3 Lens
Refrigerant hcse
Neoprene

1,4" female flare ends’

a3

3 Valve core depressors

Hose “older

Fits on mamfold

z 14" maie figre fittings

S

3 Hook
Coof efriqeratior

dawye set componen s

o~ .
Soage manifold

Char oy

Evacuat nn

Checking pressures

LRI

Aruitoxt provided by ERic
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Aruitoxt provided by Eic:

Y

INFORMATION SHEBT

Corn ound gy

| Chia, gy vapor

X%

Ev .cuating

3 Prossunzinmg
b 1
4 Chocking tow stide nDressures

Prissure gau

1 Chargima to high side

? Evacuating thiough hoth s,t‘dns
Freesurizing
4 Check g hagb sude pressures

Potrigerant noses R -

1 Charaing ot
7 Evaruating
3 By i nising

4 Chechiag presse 3
Hiase by der

; hopping hoors clean

Hotding “toses when not in use




»- Drill Motors
Stiaight

Special Tools |

Refrigeration Gauge Set

Electronic

Leak Detectors

E ‘Soap Solution

iosv,qa;;j [} Halide
E g Torch
v

I 4OV

068




Special Tools
~ Drill Bits (Continued)

, Twist
S sSsSSe——)
Masonry
CSSSSS==
———~_ Woud
‘:{:é-ﬁﬂ,,—?é===f‘ f -

Vises

Pipe

Bench Grinder

Wheel

216 - | HOV




-1

. | |

Special Tools |
ecording
Thermometers (Continued) Thermometers

Manual Wind | Electric

Hygrometers
Humidity —__ Sling Psychrometer

. RSN S SR a— P >
Recorder e - —%‘j
."'.";~"" h, | :w .
5 )

1S,

-1 4OV

Jto



Thermocouple
Micron Gauge

Special Taols
(Centinued)

Vacuum Indicators

= Ty Mercury
- Manometer

Compound Gauge

139

I HOV
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Special Tools .

Mnuai (Cohtinued)

Process Tube Adapters

‘ - ; . P TIRTE
e I~ | .y AR
N O 222 x"i 3
,.‘;: ‘l;’,,, ;,?.:' . (‘[ ?.. i
‘17 i - -
e M % ‘ \

A Capillary
n 3 Tube
(\ Cleaners

Line

Hermetic
Service Valve

Charging Cylinder

132

| HOV
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v
A
‘ > l

Special Tools*

(Continued)

Combustion Testing Kit

Oil Pump

133
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E",
K
[

& .

oy -
.
N .~
. ! .
-
.
-

&

Special Tools
(Continued) 4
Aneometer

/ == = \
0;7 777 Z{/ ) ,/j// p

~Air Meters

| 4OV

J°L0L -




w'rg",‘: : ‘
. ' . N |
- |
. L A o
o

Speciél .Tools

(Continued)
Hand Notcher ‘Hand Seamer - Riveter - ApplianceTruck S
Riveting Hammer Aviation Snips Double Chtting Snips

A

Hand Crimper Combination Pattern
’ Snips

-1 HOV

[

Lo

oC
Je0t




.
N M '
* ’ ‘ ® \ @
. @ o .
-

) Compound Gauge fressure Gauge
G Recalibration
B A T Screw
Hose .‘ .
Holder z
.Rgfrigerént
Hose
Hose Port™ &
@ P ‘&
Gauge Manifold Body  Gauge Manifold :
Hand Valves Valve Core Depressor >
: | .
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g " SPECIAL TOOLS

. [N "o,
& ) A * L
e

—

UNIT 11

JOB SHEET #1-SHARPEN A TWISY DRILL BIT

«r

3
Tools and materials

-

* k.

Adjust tooi fest to proper clearance v

(NOTE: Proper clearance is approximately one-eighth inch from wheel.)

A, Drill bit
B. Bench grinder

" C. Water trayl‘

- D. Saf’ety glasses
E. Drill bit gauge .
F. Oil stone i
Procedure
A. Put on saf;zty glasses
B.
C. Tum on grinder
D.

© m

Grind each lip of the drill bit to p oper angle of 59° (Figure 1)

FIGURE 1

Grinding the Drill

EN




2 JOB SHEET #1

t

-
-

E. Roll dnll bit tc the rfql‘.t and up to the face of the stone to generate
/ beck clearance angle of 10° to 12° (Figure 2)

. 39° :

>\ [4;/ - 120° 10 135°

_ FIGURE 2

: H
. i
)

h ‘L‘

10° — 12°

T

T Dead Center Angle

|
i
|
!
i ]
: Lip Clearance

F. Dip in water tray occasionally to prevert overheating the dnll bit

1

G. Check correct angle vith a bit gauge (Figure 3) I 7
FIGURE 3 i .
Check Angle | 118° Bit Gauge O ;.

H. Turn 6ff grinder

|, Hone cutting edges ot the drill bit to remove burrs

J.  Recheck all cutting angles )
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o SPECIAL TOOLS
. . . UNIT I
o . TEST
- .
" 1. Match the terms on the right to the correct “afinitions. -
3 '
l . ) ’ a. Humidity sensing device 1. Hygrometer
L b. Instrument consisting of a "U" shaped 2. High vacuum
' glass tube with either mercury or water
in it for the measurement of pressure 2. Conduit
gases .
s - 4, Evacuating
K ——¢. Tubular  enclosure - for electrical '\
g . . _ conductors 5. Charging
- .d. Replacing or adding refrigerant to a 6. + Thermal icctric
_ refrigeration system ’ lead
« '
e. Vacuurn of 2000 to .1 microns and 7. Manometer -
. requires a two stage pump; also called
a deep vacuum 8. Hermetic
____f. Using a vacuum pump to pull a vacuum 9.’ Combustion o
on a refrigeration system for the purpose
. of removing air and moisture
g. Sealed system
. h. Buming of fuels , ’ \

i. Lead made.up of two dissimilar metals
yvhich creates a small amount of voltage
upon temperature .change

3

203. = /
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3 3 Cescribe the use of the specialized tools.

a.- Thermometers

- 1) Flue and‘ stack-
t 2) Thermal electric--
Pocket--

4) Remote bulb--
b. Leak detectors-

c. Vacuum pumps ’ -

1 High vacuum--
- [
N 2) Low vacuum--
¢

d. Capillary tube cleaners

1) Manual-- S

-

2) Hydraulic--

e. Qil pump-- /,_,. .
f.  Service valves )
’ 1 Access core t;pe valves-- ‘
2)  Process tube adapters—
3) Hermeti;: service valve kit
4) - Line piercing valves- .

210




or

R R L
. “

g.

h.

.

j.

K.

m.,

°

©

e

Pullers
1) Gear--
2) Bearing--
3)  Wheel:-
Scale;--

Combination pattern snips--

Refrigeraticn ratchet--

_ Refrigeration gauge set--

Vises
1 Pipe--
2)  Bench-

Hand notcher--
Drill motors
1) Straight--
2)  Offset-
Recording thermometers
1) Mam:al wind--

2) Electric--

Bench grinders--
-

Vacuum indicators

1) Mercury manometer--

213
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2)

3)

Compound gauge--

Thermocouple micron gauge--

Hand crimper--

Drill bits

1)
2)

3)

Twist--
Wood;-

Masonry--

Aviation snips

1),

2)

_Right-hand--

]
Left-hand--

Knock-out cutter--

Hygrométers
I
1) Sling psychrometer--
2) Dial type--
Q
3) Humidity recorder--

Combustion testing Kit--

Charging cylinde: -

Fin combs--

Daouble cutting snips--

214




= 1 Incline minometer--
;“
; 2) Pitot tube--
? o 3) Aneometer--
3 bb. Riveting hammer--
i_ ; cc. Riveter—
- — S
: dd. Appliance truck--
¥
2 . . ee. Hand seamer--
E}_
- 4. Describe the care of the specialized tools.

+ 8a.  Thermometers
h
@
- /

b. Leak detectors
. e
» ¢. Vacuum pumps

§ d. Capillary tube cleaners

Air meters




: ,.___, e. Qil pump -

y / f.. Service valves

-~ .

g. Pullers ) ) < . .

™
f

[
.

£
A

Ly

*iiy gl
?
Y
2 J

3
=
.
[

Scales

¢

‘i“iw
.
\
\
.
v
N
”
.
LN
;

-

7 . . . :
£

£ . R

i. C-ombination pattern snips

.
- T - -
» . c-
j. . Refrigeration ratchet .
e ®
. k. Refrigeration gauge set . i
.- -
= 7
r —— L Vises
) -
i B
: R1b
&7 *
. - N

>
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m. Hand notcher

q.

Drill motors !

L -
. 3
Recording thermometers
. e

Beneh grinders ,

¢
Vacuum indicators

< T

Hand crimper ' .
Drill bits
Aviation snips ' «

@




aa.

bb.

ccC.

dd.

ee.

Knock-out cutter

Hygrometers

'

Combustion testing kit

Charging cylinders

Fin combs

Double cutting snips
Air meters

Riveting hammer
" Riveter

Ap,liance truck

Hand seamer

[N

¢
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5, Identify the components of the refrigeration gauge set.

2




Tl

o
% 2

o

6.

x
}

List

a.
1)
2)
3)

b. Compound gauge

1
2)
3)

4)

c. Pressure gauge

1)
2)
3)

4)

d. Refrigérant hoses

1)

2)
3)
a)

|

e. Hose}g holder

!

1

2),

Demonstrate the ability to sharpen a twist drill bit.
1

(NOTE: If this activity has not been accomplished prior to the test, ask your

|

Gauge manifold

instructor when it should be completed.)

when each refrigeration gauge set component is used.




SPECIAL TOOLS
UNIT 1

ANSWERS TO TEST

1 f.
7 g.
3 h
5 ‘ i.
, .

Refrigerati.on ge/:uge set
Soa-;)“somtion leak detector
Halide torch leak detector
Electronic leak detector
Straight driil motor :
Offset driil motor

Twist drill bit

Wood drilt bit

Masonry drill bit

Bench grinder

Bench . vise

Pipe vise

Wheel puller

Bearing puller

- Gear puller

Pocket thermometer
Remote bulb thermometer

Flue and stack thermometer

TO
o
pomt

(=] © W

ACR |
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ERIC

Aruitoxt provided by Eic:

aa.

bb.

cC.

dd.

ee

ff.

g9.

hh.

nn.

00.

PP.

qaq.

rr.

£

¢

Thermal electri,é«'rthermometer
Manua! wind recording thermometer
Electric recording thermome\ter
Sling psychrometer

Dial type hygro‘meter .

Humidity recorder

Low vacuum pump

High \’/acuum pump

Compound gauge

Mercury manometer

Thermocouple micron gauge

Manual capitlary tube cleaner
Hydraulic capillary tube cteaner
Charging cylinder

Hermetic service valve kit

Access core type valves .
rocess tube adapters

Line piercing valves

Scalesi

Fin comb

. Ot pump

~r

Combustion testing kit
-

Aneometer

Pitot tube

Incline manometer

Apphance truck

Py
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ss. Knock-out cutter J o
tt. Combination pattern snips
]
uu. Hand notcher )
. vw. Hand seamer
ww. Riveter .
xx. Riveting hammer
yy. Aviation snips
- > o zz. Double cutting snips
3 aaa. Hand crimper ’
bbb. Refrigeration ratchet :
3. Description should include: -
: . =
' a. THermometers t
1) Flue and stack--For checking the temperatures created in gas flues
3 and stacks
. 2) Thermal electric--For measuring temperatures from -560° to as high
1 o
. as +1000°F
3) Pocket--For checking the temperature of refrigeration components
and systems
. 4) Remote bulb--For checking temperatures in one area and reading
- tte temperature on a dial in another area
‘ b. leak detectors--For locating refrigerant leaks ’
c. Vacuum pumps )
- 1) High vacuum--For evacuating a refrigeration system; used in
conjunction with a high vacuum gauge manifold and micron gauge
e
2) Low vacuum--For evacuating a refrigeration system, used in
conjunction with a gauge manifold
d. Capillary tube cleaners )
1) Manua,- Forces oil or R-11 through a capillary tube when the
pressure handle 1s turned clockwise
2) Hydraulic--Forces oil or R-11 thtough a capitlary *ube with the .
. use of a hydraulic pump .
k. \) .

. ERIC

S A i Toxt Provided by ERIC




P ,
e. Qil pump--For putting oil into a compressor without the danger of
coniamination

.-h

Service valves

-

}

s . ) 1) Access core type valves--Allow the refrigerant system pressures
to be checked when the gauge hose depresses the core

2) Process tube adapters-Provides a gauge connection by fitting onto
the end of charging stubs

3) Hermetic service valve kit--Allows the connection of refrigeration
. gauges to some hermetic systems
. - 4) Line piercing valves--Allow a gauge connection by tightening onto

a charging stub and piercing it .

g. Pullers ;
1) Gear--For removing small pulleys or gears from motor shafis
2) Bearing--For removing or installing bearings and bushings in
motors ]
3) Wheel--For removingnpuileys and bearings from motor shafts

- h. Scales -For weighing the amount of refrigerant during the charging process
} Combination pattern snips--For all general purpose cutting of sheet metal
v
. Refrigeration ratchet -For front seating and back seating service valves and
acetylene cylinder valves

- - k. Refrigeration gauge set- For charging, evacuating, and checking pressures on
refrigeration systeins

B

I.  Vises
' 1). Pipe--For holding pipe or conduit secure
2) Bench--For holding objects secure

’

m. Hand notcher--For cutting notches in the edge of sheet metal

n Drill motors

1 Straight--For drilling holes in metal or wood
. 2) Offset--For d-illing holes in metal or wood in limited working
space .

- eRlC

LA v 7ext provided vy Ric:
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Recording thermometers

1) Manual wind--Records temperatures on a time chart

~

2) Electric--Records temperatures on a strip chart
Bench grinders--For grinding metal edges

Vacuum indicators
1) Mercury manometgr--|ndicétes an accurate vacuum reading below
25 inches; used with a vacuum pump

2) Compound gauge--Indicates vacuum accurately to 25 inches of
mercury . ’ .
3) Thermocouple micron gauge--An extremely accurate vacuum

indicator; used in conjunction with a high vacuum pump

Hand crimper--For crimping the end of sheet metal pipe so that sections
may be fitted together

Drill bits
1) Twist--For drilling metat
2) Wood--For drilling wood
3) Masonry--For drilling concrete and stone
Aviation snips '
1) Right-hand--For cutting sheet metal in a right-handed direction
2) Left-hand--For cutting sheet metal in a lefthanded direction
Knock-out cutter--For making holes in sheet metal

Hygrometers

1) Sling psychrometer--Wet-bulb and dry-bulb temperature will be
obtained by whirling the psychrometer for 15 to 20 seconds

2) Dial type--Contains human heir that reacts to humidity changes
which gives a meter reading

3) Humidity recorder--Records humidity changes on a time chart

Combustion testing kit For servicing gas or oil furnaces to detect CO?2
cuntent, draft, stack temperature, and smoke

R20

131-C
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x.  Charging cylinder For charging the proper amount of refrigerant into a
system, used with a gauge manifold set

) . y. Fin combs -For straightening the heat transfer fins on condensers and
‘evaporators

Zz.  Double cutting snips--For cutting sheet metal where both pieces of metal
must lay flat

aa. Air meters

1} Inchrie manometer--Used with a pitot tube to determine air
i velocity pressure and static pressure
f%:' i
3 2) Pitot tube--Determines air speed by ubtaining air pressure through
a grille <
5 ;
;\ 3) Anepmeter--Measure the speed of the air being supplied through
S ay'le
0 3 -
.
E bb. Riveting hammer- For forming tne sheet metal , ’ .
L cc  Riveter -For nveting pieces of sheet metal together '
< o Z
‘ dd. Apphance truck For moving refrigerators and other heavy equipment
a
i ee. Hand scamer -For forming a seam on a piece of sheet rnetal, by hand N
2 4 PR
», 4, Description should include: - .
, a. Thermometers
,'-‘ 1) Do not drop
- , 2) Do not kink remote bhulb capillaries -
E, 3 Use only in proper teinperature range )
: .4 Keep pocket thermometers in case when not in use s
5) Check batteries on thermal electric
be- )
;- b  Leak detectors AN
5 1) Clean onfice and hose qf halide torch
‘ ; 2) Electronic leak detectors .

,d) Do not drop
bh) Keep probe clean . .

¢) Do not use around a heavy concentration of refrigerant

-
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c. Vacuum pumps
‘ i) Change oil often

2) Keep /clean

d. Capillary tube cleaners

1) Keep clean

()

.2) Do not overpressurize gauge on ‘hydraulic pump type

e. Oii pump
1) Keep clean
2) Put away when not in use T -
3) A_Iways replace cap to prevent (;il contamination
f.  ‘Service valves ' ,
1) Do not overtighten hermetic service valves
2) Do not overtighten valve cores
3) Remove line piercing valves after system servicing is over
g. Pullers .

r

1) Keep tip pointed

2) Qil threaded shaft

3) Co not drop

:g h.  Scales
E 1) Do not try to weigh objects heavier than the limits of the scales
E . 2) ¢ Do‘n.ot try to weigh objects with the scale dial in the locked
P position
i i.  Combination pattern snips
| 1) Do not throw or drop )

- 2) Keep sharp

3) . Oil swivel point




a
LN
T
s
<
i
2

g )
j.  Refrigeration ratchet

1)
2)

3)

Do not apply excessive force on ratchet mechanism

-

Oil

" Do not use as a hammer

k. Refrigeration gauge set

1)
2)
3)
4)
l. Vises
1)
2)
3)

4)

Kéep hoses plugged

Check gauge calibration

~ Oil manifold hand valve stems twice a year

<

Replace gauge lenses if cracked or broke_n

Keep clean
Oil clamping.screw >
Do not hammer on jaws

Do not overtighten 9

m  Hand notcher

Use only on proper gauge metal

1)

2) Oil

3) Do not throw or drop ‘
n. Dnll motors ~ . |

1) Check for defective cord

2) Do not overload

3) , Keep motor cooling openings clear

4) Do not drop

: .
5) Do not lift by cod

o. Recording thermometers

1)

Do not drop . r

‘.

o/




-

/

r.

1) Do not -throw or drop
) 2) Keep oiled and clean
s.  Drill bits

. 1) Keep sharp

2) Do not force or bend

3)
) 4)

5) J

t.

u.

2)

¥ 3

Do not wind clock too tight on manual wind
- L

Place recorder where it will not be knocked off

Bench grinders

1)
2)

3)

~ Keep safety shield ‘clean and in place
Keep tool rest tight

Tell instructor when grinding wheel needs to be dressed

Vacuum indicators

1)
2)
3)

Do not drop

Keep clean

Store in safe place when not in use

Hand crimper

Use a few drops of cutting oil when drilling heavy metal
Do not use wood bits for sheet metal

Use water as a coolant when drilling concrete or stone

Aviation snips

1)
2)
3)

Do not throw or drop

Keep sharp

Keep oiled and c!san

. Knock-out cutter’

‘1)

2) . Use only on proper gauge metal

2

Do not' drop

L

v

~

~

J

'

A

o

.
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_Hygrometers .
1 Do not drop ‘
2) Use distilled water on wet-bulb wick
3) Keep in case when not in use
4) C.hange wick frequently .

Combustion testing kit

"

1)

2)

Read instructions included in kit

Store in a safe place when not in use

Charging cylinders ¢

1)

3)

4)

-

Keep clean

Do not drop or knock over

If refngerant is left in cylinder, tag it as to type of refrigerant

Do not heat with a torch .
" <%,

Fin combs -Do not-drop

‘»

Double cutting snips .

Do not '\th%w or drop

i)
?) Keep sharp .
3) Keep oiled Mean
Air meters
1) Do not drop *
2) Store in a safe place when not in*usé

Riveting hamme,

1)
2)
Riveter
1
2)

Do not throw or droo

f

Keep» handle tight - : ‘

Keep clean and oiled

_Do not throw or drop
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dd. Appliance truck
N Lubricate whee|’bearings
2) Roli s‘wp uo on ratchet when not b+'ng used
3) Oil ratchet mechanism- every _th|:ee months '
4) Move only okjects ;he- truck can ;upport
ee. Hand seamer . L 4
' 1) Keep-clean and oiled )
-.2)” Do not throw - drop
a. P}essure gauge . . ’ )
b. Compound gauge '
c. ’ Hose port / ',
ed. \Hose holde'r
e.! Gaugr .nanifold body
-f. . Gauge marifold hand valves
.
g. Recalibration screw
h. RefFlgerant hose P

i. Valve tore depressor ,
a. Gauge manifold

1) Charging

2) Evacuatirg

3) Checking pres:.sureé
b. Compound geuge

1) Charging vapor

2) Evacuating
3) Pressurizing
4) Checkir g low side pressures

231 ‘e
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7.

c. Pressure gauge {k .
1) Charging into high side ‘
2) Evacuating through both sides
3) - Pressurizing :
4) Checking high side pressures . - .
d. Refngerant hoses
1 ‘ Charging
2) Evacua“ .ng
3) . Pressuriz{ng "
4) Checking pressures
e. Hose holder
. 1 Keeping hoses clzan
2 Holding hoses when not in use
Performance skill evaiuated to the satisfaction of the instructor '

o
(4]




ACR 1 - 139-C ~

MEASURING
UNIT 11l

JNIT OBJECTIVE

After completion of this unit, the stuaent should be able to identify, care for, read, and
use the types of measuring instruments used in the air-conditioning and refrigeration trade.

, This knowledge will be evidenced through demonstration and by scoring eighty-five percent
on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1.

10.
11

Match terms associatea with measuring instruments to the correct
definitions.

ldentify measuring instruments.

Read the sixteenth's rule.

List guideiines for the use and care of rules and steel tapes.
List the procedures for the use of the drill and wire gauges.
Identify the major parts of calipers.

List 1 les for use and care of calipers.

Identify the majpr parts of micrometers.

List seven rules for the care of micrometers.

Read a micromater. ‘

Demonstrate lthe ability to:

a. Measure lines to the nearest quarter, eighth, and sixteenth of an inch.

b. Read a rule.

c. Measure inside and outside diameters.

d. Read the circumference rule.

233
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Use the inside and outside calipers.
Read the micrometer settings.
Use the outside micrometer.

Use the inside micrometer.
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MEASURING
UNIT 1l

SUGGESTED ACTIVITIES

Instructor:

A. Provide student wilth objective sheet. '

B. Provide student with information, assignment, and job sheets.

C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss informatign and assignment sheets.

F.  Demonstrate and discuss the procedures outlined in the iob sheets.

G. Invite outside speakers such as a machinist or the machine shop instructor.
H. Have a speed contest between students on making accurate measurements.
I.  Build a large rule to hang up in front of classroom.

J.  Guwe test.

Student:

A. Read objective sheet.

B. Study information sheet.

C Compiete assignment and job sheets.

D. Complete activities assigned by instructor.

E. Take test.

INSTRUCTIONAL MATERIALS

Ircluded in this uit.

A.

B.

Objective sheet

Information st

o
o
<



\

1.

2
3
4
5
6.
7
8
9
0

G. Test

10.
1.

12.

1.

5.

6.

1.

2.

C. Transparency masters

TM 1--Measuring Instruments
TM 2-Measuring Instruments (Continued)
TM 3--Graduations on a Rule

TM 4--Reading the Eighth's Rule

4

TM 6--Major Parts of Calipers

TM 7--Uses of Inside and Outside Calipers

™

2
3
4
TM 5--Reading the Sixteenth's Rule
6
7
8--Parts of w2 Outside Micrometer
9

TM 9-Parts of the Inside Micrometer
TM 10--Uses of the Inside Micrometer
TM 11--Reading a Micrometer

:TM 12--Sleeve Readings

Overlay A--Thimble

D. Assignment sheets

Assignment Sheet #1--Measure Lines to the Nearest Quarter,
Eighth, and Sixteenth of an Inch

Assignment Sheet #2-Read a Rule

Assignment Sheet #3--Measure Inside and Outside Diameters
Assignment Sheet #4--Read the Circumference Rule
Assignment Sheet #5-Use the Inside and Outside Calipers

Assignment Sheet #6--Read the Micrometer Settings

E. Answers to assignment sheets

F. Job sheets

Job Sheet #1--Use the Outside Micrometer

[

Job Sheet #2--Use the Inside Micrometer

H. Answers to test
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,

. Il. References:

A. Machine Shop Curriculum. Stillwater, Oklahoma: Curriculum and
Instructional Materials Center/ State Department of Vocational and
Technical Education, 1972.

B. Zinngrabe, Claude J. Sheet Metal Blueprint Reading for the Buz/dmg Trades.
Albany, New York: Delmar Publishers, 1971.
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MEASURING
UNIT 111

INFORMATION SHEET

I. Terms and definitions
= A. Measure--Setting of limits or bounds according to a predetermined standard
B. Foot- Unit of measure consisting of twelve equal parts called inches

C. Rule-Measuring instrument that is divided into feet, inches, and fractions
* of inches

D. Diameter--Length of a straight line through the center of a circular object
E. Circumference--Distance around a circle

II.  Measuring instruments (Transparency 1)
A. Rules

1. Combination square

2. Folding rule

S TN,

3. Steel rule
4. Circumference rule
5. Steel tape

B. Gauges (Transparency 2)

1. Drill

2. Wire
&

: C. Calipers (Transparency 2)

1. Slide
2. Outside
3. Inside




D.

INFORMATION SHEET . '

Micrometers (Transparency 2)
1. Outside

2. Inside

Reading a rule (Transparencies 3, 4, and 5)

A.

All rules read similarly
{(NOTE: Some rules are gradu;ated with more divisions per inch than others.)
Procedure for reading l

1. Count the divisions in one inch

2. Determine inches and divisions

a. Count the graduations after the last full inch

e 1 —><9/16"’-i = 1 9/16"

TTTTTTT ".’lrl'l'l'rl'!-lll-r'
2

1/16 1

- PR

b. Add fractions to the last full inch
3 Reduce the fraction if possible

4. Determine the feet and add the inches and fraction of an inch
to obtain a correct measurement

Guidelines for the use and care of rules and steel tapes

A.

o

Use the proper length and graduation
Use finest graduation for accuracy .
Use a good quahty rule

Never bend or distort 3 steel rule ;

Use only for intended purpose

Rewind steel tapes siowly ‘
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VI.

G.
H.

Procedure for the use of dnll and wire gauges

INFORMATION SHEET

ACR - 147-C

Start measurement at one inch graduation for accuracy

Use rule on edge for accurate reading

Use lower edge of circumference rule for figuring circumferences only

Locate hole which drill bit fits

Measuring metal thickness
a. Slide slot over sheet metal

b. Read thickness of metal

A. Dril gauge

1.

2.. Read dnill bit size
B. Wire gauge

1.

2

Major parts of calipers (Traﬁsparency 6)

A.

B.

(NOTE: A wire gauge is only accurate for solid

Measuring wire circumference
a. Insert wire into round opening

L. Read wire size

Shde caliper
1. Scale
2. Fixed jaw
3. Movablg jaw

4.

Clamping screw

Qutside and instde calipers

1.
2.
3.

Spring

Adjusting nut

Leg

o
L 3
Qg

A

conductor wire.)




INFORMATION SHEET

)

VIIl. Rules for use and care of calipers ; ' v,
A. Use of calipers {Transparency 7)

1. Fit part 1o be measured between caliper jaws or legs to measure
outside diameter

LT

(NOTE: Calipers measure both inside and outside diameters of ,
small parts. These measurements will be referred to as i.d. and .

- ' o.d.) )
2. Mark on movable jaw will indicate the~ diameter on the scale
- 3. Use inside and outside calipers to transfer measurement to a scaie “
A or pattern .
- b
% B. Care of calipers : /'"\ ’
1. Do not drop . 3
2 \\ 2. l Keep clean
’ N 3. Do not overtighten clamping screw or adjusting nut
. Vill. I:/]ajor pérts of micrometers - |
‘A.  Qutside micrometer (Transparency 8) ’ j .
1. Frame |
2. Anvil X .
‘ 3. Spindle /
4 Lock nut
5. Sleeve !
6 Thimble |
7. Ratchet stop ‘
B. Inside micrometer {Transparencies 9 and 10) . . »
' 1. Body .
2. | Anvil |

!
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’ ) INFORMATION SHEET
i o 3. Thimble ’ .
E . o ) 4. Hanale ‘
L ' 5.  Rod ) . S
: 6. Lock screw
IX. Rules for the care of micrometers
A. Keep instrument away from heat, abrasive dust, moisture, cil, and grease
B. Occasionally clean and lubricate instrument
C. Check instrument for accuracy before use ' ' .
(NOTE: Observe for worn or loose parts.)
D. Do not overtighten during measurement » )
) ) E. Properly store
F. Handle instrument in correct manner L
; G. Use instrument only for intended use .
% ) X. Reading a micrometer {(Transparencies 11 and 12 and O\;er|ay A)‘
F A.  Each numbered graduation on “the .sleeve represents 0.100"'(one'-hundred
E thousandths of an inch)
5

B. Each small graduation on the sleeve between the numbered graduations
represents 0.025" (twenty-five thousandths of an inch)

C. Each-graduation found on the thimble represents 0.001" (one thousandth

of an inch)
N - D. Totel the reading by addina the three values
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AR
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' Combination Square

—rx'n“lx'v' g rtvppqu;!lf

inch-16ths 1 2

Measuring Instruments - '

LN W FT YT B
ﬂmmmmw“nm.-ﬂ
mmmmmm""nn«—.—.....‘

Circumference Rule

2

Tempered

m”ﬁ i' iﬂlllﬂ ‘B h kX v I 1 v B ? [H

« JSteel Rule

-~ HOV
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Measuring Instruments

(Continued) B

-
c1 2 ‘5
e
& " H

Qutside
Micrometer

Wire Gauge

.

Inside Micrometer
Giitside Calipers  Inside Calipers Slide Calipers

-1 HOV

<

=
=

J-€SL

04" 216




Graduations on a ARuIe

Quarters

BE Eighths
I 1‘ l]T]T]TlI]I}
1
Sixteenths
Thirty- Seconds
Graduations Applied tc a Rule
24/

J-6GL - | HOV




13/8" = 15/8"
8/8" = 1"

7/8"

- 6/8" = 3/4"

5/8"

—4/8" = 1/2"

i 3/8"

2/8" = 1/4"

18"

20U

o = ° o—l

O-LG1 - | HOV
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-

 Reading the Sixteenths Rule

37/16" = 2 5/16"
22/16” = 1 6/16”
16/16" = 1"
15/16"

14/16" = 1/8"

13/16"

12/16° = 3/4”

/16"

10/16” = 5/8"

9/16"

8/16" = 1/2"

116"

L 6/16" = 3/8"

5/16"

4/16" = 1/4"

3/16"

2/6" = 1/8"

1/16"

s .




)

Outside Calipers

3

Maijor Parts of Calipers

Movable Jaw
Spring \/—

”_% |

Fixed .7\ 3
Adjusting Nut ixed Jaw /f?d
Clamping_/ | |
Screw N

| Leg\,/ Scale

\.
'nside Calipers Slide Caliper Rule
25

v M
e

3191 - | HOV
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.
"\

Uses of Inside and OQutside
| Calipers

Either Way

Outside Calipers

5
Circumference lnc:\ . R
4 1los 106'1|07 1!08 1|09x1 |"S'de Cahpers

250

€91 - | HOV



Spindle —

Anvil

Lock Nut

Ratchet stop

2691 - | MOV




Parts of the Inside M ~~ometer

Lock Sc
Screw Body
| ; Anvil
Rod _ s : y
) ‘ o ﬁ‘;:T:;—_‘ - —
= ° 1=
Handle Thimble
g .
. 254
25

J-L9L - | YOV
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® Uses of the Inside Micrometer

0, Measuring Inside Diameters

Measuring Widths
]

- - 5
]
o]

(N .

™ 1C
Q 2“',




0.226

257

J-LLL - | 43V




6 1 8 9 0

BERE ||r'[|||!i‘rj‘r‘1

Sleeve Readings

2-€LlL - 1 HOV

25
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MEASURING
UNIT 111

ASSIGNMENT SHEET #1-MEASURE LINES TO THE NEAREST QUARTER, EIGHTH
AND SIXTEENTH OF AN INCH

- 1. Measure these lines to the nearest quarter of an inch.

d.

Arswers

2. Measure these lines to the nearest eighth of an inch.

a.

b.

C.

d.

Answers

a




ERIC

Aruitoxt provided by Eic:

ASSIGNMENT SHEET #1

Measute these lmes to the nearest sixteenth of an inch

a. —— U
b

Com L

d. . __ N N A »

Answers

a.

b.

c. ;

d.
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MEASURING
UNIT Il

ASSIGNMENT SHEET #2--KREAD A RULE

Determine the correct dimension for each arrow. Place answer on the arrow.

Example- Arrow 1 = 1/2"
1T‘I'IIIIII‘I‘I -r]T-I[]II]II}‘I' l]’l'['!il"lll m[TTrllmlll ll‘IrTTITI']I]I l"lllllll'll" ll
1 2 3 4 5 6
Lo o b bbb b b e b bp bp g e b bt b
1 | -
2. 1
3 |
4 |
5.
6.
7. —o
8. - g
9. -
10. <—
. 11. —
12.
13, ——— ,
14. <
15.<;
16. i
17. <
18. -
19. <
20.
21. -
22.
23. <




MEASURING
UNIT 11l

ASSIGNMENT SHEET #3- MEASURE INSIDE AND OUTSIDE DIAMETERS

Use the rule to measure the o.d. and i.d. of each tube. Indicate tiie correct dimensions
in the space provided. ’

\ i
\ | ‘:
i c.d. b. od c. od
| id. id. id _
\
\\
\\
\
—0O © ®
%// . ‘\//
d (o] q e. od. - f od
T - -
rd. L L 1.d. 1 d o
\ - '
\\
\@ ( /
g ¢ . h. od , od —
i.d 1 d. d ’
_ A e SO !
204
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MEASURING
UNIT 1l : \

ASSIGNMENT SHEET #4--READ THE CIRCUMFERENCE RULE

1. Using the circumference rule ‘shown, determine the circumference for the /
diameters a to e, and the corresponding diameters for the indicated
circumferences f to j. Place answers in the columns below. /

1

(NOTE: Read diameters to closest 1/16" and circumferences to closest 1/8".)

! a. b. c. ~ d. e
2 Diameter ) '
Yll‘l“‘l"Tl]Y Y‘III"I l'l‘lll'l]lll'lll'l[l[] l'l]]‘]‘l'lll'l I'l'l"lTIlIl'] l'l'l'!‘!l"ll['z
. 16#__%.117 e ~_JLz_ e 1{1_.' 2o 2 2]
5lu sh ’2 5(3 5J: s's 5|6 5/7 58 5/9 Sj0 6) si'z 6|3 64 65 67 68 6
] {
' 1hlllx lJLlllll 11111 il llh 111“1 lllllll dninl. nhllln 1[1111‘ lllllll ﬂlllllllllllll RAAANA }dn iy ||h lll M 1[1]1
1 Circumference
f g. i
{
a. = . f. = k. =
b. = g = _ B I =
c = h = :m‘ = b 'y
d_ = o 1. = ’ n. A =;
e. = .= o = .
2. The diameters below are noted on the ircumference rule. Find the corresponding

circumferences for each diameter and place answers iri the column above.
k. 33 1/4" d. m. 34" aa. o. 35 1/16" dia.

A
.1 13/16" dia. n. 34 1/8" da.

o T P e

7[' 'Il 7][ !TT T‘T ]]T ITI IIV T, Y"l T T]' I]T T"ﬁl.r ]'IT l'lf.ll l'l lll[]ll ‘FIIITII
| l i ! I K ! i l | 17 ! |
. I?c‘r\ 16ths 1 . 2 / 313 314 _ 3i5

-y Snbiih ftass e Circumference Inches in 8ths ———| _
1 2 BT 4\7 .5 6 } ?103104 1os5 106 10 ‘08 IOQ Mo 111 1112
Lmj, Al lhlmuhhh il llllllllll Wil lllllh bl nhllh m%mm.lumnlm lllllll lhllli il

200
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MEASURING
UNIT 411

\ >

\ v LN

.~ \ ' L]
.

’ b
ASSIGNMENT SHEET #5-USE THE INSIDE AND OUTSIDE CALIPERS

,}.A Measu;e the i.d. of three pieces of tubing with a pz r of calipers and transfer
/ the measurement to a rule.
2. Measure the o.d. of three pieces of tubing with a pair of calipers and transfer
LT the measurernent to a rule. .
3. Record measurements. N
- (NOTE: Mark tubing for reference.) ' . -
. N
4. 1D A
. . . Tt .
a. 7
b,
c L.
5 o.D

a N
] . - ~
b o NG
* c. - ’ .
L -
1]
\
<
.
[} )
s’ Pal
L]
*
>
Al ~
. / \ - *
{ 27 ;
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MEASURING
UNIT 11l

ASSIGNMENT SHEET #6--READ THE MICROMETER SETTINGS

-—b

w o N O 6 s W N

J 5 -
012345 st? 012 7 s 12
T o 3 i ! 0 ———
S——— b T .
: 13

7
8
AP T !’% T 14, v
Y=Y e —=
T20 21 21
-2 |
L2 B 24 _
25 - |




1

Assignment  Sheet #1

‘a 3 1/4"

b 4 1/2"
c i

d 2"

a 4 3/¢"
b 2 172"
c. 35/8"
d 4 1/4"
a 4 115"
b 1 116"
r 758"
d 3 516"

Assignment Sheet =2

2

3

34"
78
118"
1 516"

1 916"

MEASURING
UNIT HI

ANSWERS TO ASSIGNMENMNT SHEETS

]

o
7/16" 18 4"

5/8" 19 4 3/16"
7/8" 20 45'16"
116" 21. 4 58"
1/4" 22. 4 7/8"
7/16" 335 1/16"
58" %, v 1g"
7/8" 25 3"

N
-3

26.

28.

29

30.

ACR | - 189-C

5 7/16"
5 5/8"

5 3/4"

6 1/8"
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Assignment Sheet =3 .

a  OUD 138" P i OD 58" o 12"
b D' 118" oo ¢ OD 1316" D 11168"
e 0N 78" oo heoo0OD 116" oD 12"
d 0OD 120 Pooos" oD 118" 1D 78"
v OD 538" D 518

Assrquinent Sheet 74

J 51 7 3 3] 56 /7 8" ) 19 i5 18" m 2 3/8"

Hhoo Hu 3 n f 69 n” i 21 12" n 107 1 4"

( 51 G 17 1116”7 K 104 12" 0 110 1’8"
i U, a by 15 9 18" ! h H'y"

Astnpnteal Yoot =

1 NEN 14 0079 .

9006 s 0282
3 ) 184 16 0 100
1 co000 17 0133
L 30560 18 ) 053
A 19 0393
7 (50 ) 0375
8 YRR 71 0049
9 ez 22 0058
10 SRMY 23 0483 ’
11 3613 } 0249
Yz 0250 H 0102
13 Col .
1) Rev

/v‘c EN
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MEASURING
UNIT I

JOB SHEET #1--USE THE OUTSIDE MICROMETER

Tools and materials
A. Micrometer 0-1.000" size

B. Workpieces

1 5 assorted new fractional driil bits
2 5 assorted new letter size drill bits
3 5 assorted pieces of motor shafts or tubing

(NOTE Al workpieces should be numbered or lettered for reference.)

Procedure

(NOTE  Wor pieces to be measured must be clean and free of burrs, nicks,

o dents)

A Clean the spindle and anvil of the mucron “ter (Figure 1)

Figure 1

g Chieck the micrometer at zero reference

’
'
o a0 o 3

191-C
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JOB SHEET #1 ‘

C. Hold the micrometer in the nght hand and the workpiece 1n the left hand
to measure nonstationary objects {Figure 2)

Figure 2

D Holg the nucrometer i both hands to measure o stationary object (Figure

3> - o

Flgure 3 .

7

STATIONARY

hi
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JOB SHEET #1

E.  Roll micrometer along palm of hand or fcrearm tor quick adjustment
(Figure 4) ,

Figure 4

RGLL FOR QUICK ADJUSTMENT

- B -
F Turn the thimble of the-micrometer unti the anvil and spindle contact
the workpiece

s

G Hoid the anvil steady and move the spindle lightly over the workpiece to
locate the true diameter {(Figure 5)

Figure 5

WORK BACK AND FORTH
TO FIND TRUE DIAMETER
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JOB SHEET #1
¢

Use ratchet <wop or light sense of feei to deter~ .ne exact measurement
Observe 'nicrometer readings

(NOTE- Lock nut can be turned to hold measurement if micrometer must
be removed from workpiece. Spindle must be unlocked beforé resetting
to a new measurement.)

List the readings according to the letter or number on the workpiece

Return miciometer to its correct storage area when finished

(NOTE The sbmdie and anvil of the micrometer should be left open when
stored.)

Hand m the ifsted readings to the instructor for evaluation

0=

b 4
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MEASURING
UNIT 1

JOB SHEET #2--USE THE INSIDE MICROMETER

Tools and materials

A. An inside micrometer set

B. 16 -assorted bored workpieces and drilled holes of varying sizes
(NOTE: All workpieces should be numbered or lettered for references.)

Procedure

(NOTE. Workpieces to be measured must be clean and free of burrs, nicks,
or dents.)

a

A. Clean the contact noints and accessories of the inside micrometer

B. Check the inside m|crome.ter for accuracy

C. Select the correct extension rod and collar for the required measurement
1. Observe bas> unit size and range of movement

Example: 2.000" base unit with a 0.500" movement
measures from 2.000" to 2.500"

2. Add extension collar to utilize full range of extension rod

3 Use tools to assemble and disassemble aczessories

195-C
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2

E

JOB SHEET #2 '

Establish a good reference and contact point during measurement (Figure
1)

{(NOTE Support inside micrometer in a comfortable position during use
Add extension handle for small hole or deep hole application )

Figure 1 Contact Point {,

-~

AJSING BASE UNIT ONLY -

Reference Pc,int

Move the contact point from side to side ("centralize") to find the true
diameter of (e workpiece (Figure 1)

{(NCTE Use hight sense of touch on the thimble of the base unit)

l

i

]

|

|

|

o

) ' . !

(NG I
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. JOB SHEET =2

P Juserve the total reading from the basg unit of the insige micrometer

NOTE  Add extension rod and’or extenston collar (+f used) 1o the total

reasureiment See Figuie 2

.

Figure 2
.: .
;
P
T P USING EXTENSION ROD
: ) N::‘"”’ AND EXTENSION COLLAR
et e reardegs according to the letter or number on the workprece
G R o e naeron eter set an orgingl order after use
.
. .
. e )
. brr o .
\ o

Aruitoxt provided by Eic:

o




d. Dist‘-ce around a circle

* e. Measuring instrument that is divided into
feet, inches, and fractions of inches

Identify the measuring instruments.

¢ MEASURING
UNIT 1l
TEST
1. Match the terms on the right to the correct definitions:

a. Length of a straight line through the 1.

center of a circular object
2.

. b. Setting of limits or bounas according to
a predetermined standard 3.
i ¢. Unit of measure consisting of twelve 4,
\} equal parts called inches

J 5.

ACR | - 199-C

Circumference

Foot
Measure
-Diameter
Rule
\
N

‘Y'I'l']'l"'}:}/"']TI'I']"

[ 2 A
lllll;Lilll'lllllJ
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Aruitoxt provided by Eic:
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4
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20 158
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)
SY-\ND-\WW‘
WIRE GALG!
21,,2)2‘
i.
) \
p )
.
*
L d
.
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1 3 3 E3 hd ’ % \
: Tempered .
. -
— ———r
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.
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.
/
,
i/
*
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¢
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Read the sixteenth's rule.

.3

’

1"

P =

Example:

“ v
4 -
- b
. |
. !
o — |
a :
(&)
OLIl.l
NI
1|—,1
K||I.
R :
AY - T
I — o
L
- O —
[ 15 I
E —_—— \04%
AL"..\.;\.
o
) —
BI.I[
. <L —
< ©
K ~
/// .v&

.

q - -

m ..

an

-




4,

5.

List five guidelines for the use and care of rules and steel tapes.

d.
e.
List tne procedures for the use of drill and wire-gauges.

a.

a) -

Drill” gqauge
1)
2)
Wire gauge
‘ )
b)
2)
a)
h)

{
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6. Identify the major ‘parts cof the calipers. . .




LT D L

7.

8.

List the rules for use and care of calipers.

a. Use of calipers

1

2)

-3)

b. Care of calipers
1)
2)
3)

Identify the major parts of the micrometers.

DO

o
C rd

o

ACR 1”-%05.C
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ERIC

Aruitoxt provided by Eic:

10.

~

List seven rules for the care of micrometers.

g

Answer

Q

————— Ty
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F ‘
| LAt .
t . .
] " . * C;y:[ !
| . 11. Demonstrate the ability to: .
- a. Measure lines to the nearest quarter, eighth, and sixteenth of an inch.
- J v °
N b. Read a rule. >
¢. = Measure inside and outside diameters. ’

d. Read the circumference rulé.
. e. Use the inside anc; outside calipers.
f.  Read the micrometer settings. .
g. Use the outside microineter.
h. Use the inside micrometer.

(NOTE: "If these activities have not been accomplished pnor to the test, ask
your instructor when they should be completed.)

(A

ERIC v

Aruitoxt provided by Eic:
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3 . - MEASURING
' UNIT i1l

ANSWERS TO TEST

1 a. 4
b., 3
c. 2
d. 1
e. b5
2. a. Steel tape

b. Combination square

c. Slide caliper

d. Inside micrometer
e.  Drill gauge -
) . f S’tee| tape
. g. Inside caliper

h. OQutside micrometer
i. Wire gauge
j.  Outside caliper

k. Steel rule

I.  Folding rule
3 | m. Circumference rule
. 3. a. 1/16"' ~ g. 7/16" m. 13/16"
b. 1/8" h. 1/2" o /" a
c. 3/16' i 9/16;' ol o. 156/16" ' ‘
d. 1/4" j. b5/8" p. 1" |
e. 5/16" k. 11/18" ' q ! 3/8" ' '

. f. 3/8" I 3/4" ' ‘ -
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4, Any five of the following:
a. Use the proper length and “graduation L
b. Use finest graduation for- accuracy
c. Use a {;ood quality rule
d. Nt;ver bend or distort a steel rule
e. Use only for intended purpose
f.  Rewind steel tapes slowly '
g. Start measurement at cone inch graduation for accuracy
h. Use rule on edge for accurate reading
i. Use lower edge of circumference rule for figuring circumferences only
5. a. Drill gauge
1) Locate hole which drill bit fits
2) Read drd! bit size
b.  Wire gauge
1) Measur ng metal thickness
a) Shide slot over sheet rnetal
b) Read thickness of metal
2) Measuring wire circumference
a) Insert wire into round opening
b}  Read wire size

6. a. Spring
r

\’ °

b. Ad]usnr{g nut
c. Leg

d. Scale

e. Clamping screw
f.  Fixed jaw

g. Movable jaw §

297 .
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Aruitoxt provided by Eic:
.

Use o1 calipers .

1) Fit part to be measured between caliper jaws or legs to measure
outside diameter ‘

2) Mark on movable jaw will indicate the diameter on the scale

3) Use inside and outside calipers to transfer measurement to a scale
or pattern

b. Care of calipers
1 Do not drop
.2) Keep clean

3) Do not--overtighten clamping screw or adjuv‘sting' nut
Lock nut h.  Thimble -
Sleeve i.  Handle
Ratchet stop- ) j. Rc;d
Thimble Lock screw,

Frame . . Body

Anvil . Anvil

Spmd|e

Keep instrument away from heat, abrasive dust, hons“ture, oil, and grease
Occasionally clean and lubricate instrument
Check instrument for accuracy before use
Do not overtighten duriné fleasurement
Prope:ly store
Handle instrument in correct manner
g. Use instrument only for intended use
0.226

Performance skills evaluated to the satisfaction of the instructor
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TUBING
UNIT |

UNIT OBJECTIVE

shfter completion of this unit, the student should be able to distinguish between different

types of tubing and fittings. He should be alle to select the proper size and type of
tubing and fittings needed for a paiticular job. This kr- ~ill be evidenced through
demonstration and by scoring eighty-five percent ¢ 4 .T test.

N

SPECIFIC OBJECTIVES

After completion of this unit, tiie student should Ye able tc.

1.

2.

Match terms associated with tubing to tf 2 coggect definitions or descriotions.
Discuss the kinds of tubing. :

Distinguish between nominal size copper tubing applications and ACR"
copper tubing applications.

Match the color coding of cartons and tags to the type of tubing.
List the app.ications: of aluminum tubing.

List the applicat.ons of steel tubing.

Identify tube and flexible refrigerant hose fittings.

‘Discuss the construction and use of flexible refrigerant hose in this trade.

0.,

Fu s et




. Instructor:
A. Provide student with objective sheet.
B. Provide student with information and assignment sheets.
C. Make transparencies.
D. Discuss unit and specific objectives.
E. Discuss information and assignment sheets.
F. Show students actual fittings and tubing.
G. Have students identify the actqal components.
H. Give test.

1. Student:
A. Réad objective sheet.
B. Study information sheet.
C. Complete assignment sheet.

* D.- Complete activities assigned by instructor,

E.

TUBING
UNIT |

SUGGESTED ACTIVITIES

Take test.

INSTRUCTIONAL MATERIALS

. Included in this unit:

A.
B.
C.

Objective sheet ’
Information sheet
Transparency mas&ers
1. TM 1--Fittings
2. TM 2--Fittings (Continued}

3. TM 3--Fittings (Continued)

-
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4. TM 4--Quick Connect Fittings

5. TM 5--Refrigerant Hose
D. Test
E. Answers to test

References:

A. Althouse, Andrew D., Turnquist, Carl H., and Bracciano, Alfred F.Modern
Refrigeration and Air Conditioning. Homewood, lllinois: Goodheart-Willcox
Co., 1975.

Drawn Coiled Seamless Tube. Pittsbargh, Pennsylvania: Aluminum Company
of America, January 24, 1976,

) ¢
Field Repair of Aluminum. Refrigeration Cails. Des Plaines, lllinois: The
Aluminum Asscciation, 1972.

Copper Tube Handbook. New York, New York: Copper beve|opment
Association.
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5 . TUBING .
a UNIT |
3 INFORMATION SHEET
. - I. Terms and definitions
: o -
2 , A. Tube--Fluid carrying pipe which has a tiin wall
B. Nomiral size tubing--Type of tubing used c- r lines, drains, and in
other applications, but never in connection” v. ... refrigerants
h 4 ? ¢ '
; {NOTE: This tubing is not to be used for air-cenditioning and refrigeration .
. . lines which carry refrigerant.) ’
C. ACR tubing-Tubing manufactured specifically for air conditioning and
refrigeration that s free of contaminants, sealed, and is measured by outside
. ) diameter
. e D. Annealed tubing-Tubing which has been heat treated to soften it for easy
N bending
(NOTE: This tubing is generally supplied.jn 50 ft. rolls.)
/ ' E. Hard drawn--Rigid copper tubing that should not be bent
(NOTE: This tubing is supplied in 20 ft. lengths.)
° F. Flare-Enlargement at the end of a piece of tubing which is made at a

45° angle and enables a. fitting to be p|aceq on the iubing
G. Sweat--Method of ,soldering tubing |

(NOTE: A sweat titting is one that must be soldered onto the line.)
H. Compression fitting--Tubing connector ccnsistiné of a nut, sleeve, and union

I.  Quick connect-Fitting which permits fast and easy connecting and
disconnecting of refrigerant lines

¥
+




INFORMATION SHEET ..

1. Kinds of tubing

A. " Copper

‘

(NOTE: Copper 1s the most widely used tubing in this trade.)

1. Types
a. Nominal size ¥
5. ACR
{ 2. Temper

a. Annealed
b. Hard drawn
3. Wall thickness

(NOTE : These wall thicknesses are in descending order from heavy
wall to thin wall :

a. K
; b. L
' " c. M
d. , DwWv
q. Advantages .

-

a. High thermal conductivity

(NOTE: Silver is the only metal that has a higher rate of
onductivity, but due to expense it is not used very often.)

b. Easy to solder and braze-
c. Easy to‘ bend and flare
d. High resistance to corrosion
B. Aluminum
, 1. Types

a. Coiled seamless tube

b Thin wall .




o

Steel

1.

ACR | - 7-D

INFORMATION SHEET -

Contamination pre;/ention
a. |nternall;y cleaned -
b. Sealed ends
Sizes--5/16" to 3/4" od.
Advantages
a. High thermal conducti;/ity
b. Easy to bend
c. Easy to flare
(NOTE: A double flare is recommended.)
Disadvantages
a. Porous '
b. Eas§|y work hardened
c. Creates corrosive action
Connections
a. Aluminurﬁ flare nuts

(NOTE: The use of any other type of metal flare nuts would
create a corrosive action.)

b. Special solder
c. Inert gas welding
d. Epoxy

(NOTE: When connecting aluminum to copper, care must be used
to prevent a corrosive action.)

Types
a. Thin wall

b. Stainless

307
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INFORMATION SHEET .
2. Connections
b- ’ -
a. Flaring
E> -
t. Brazing
1. Applications of copper tubing for nominal size and ACR
A. Nominal size
! 1. Type M N
a. Undesground water service # -
] b. Water distribution systems
. Chilled v ater systems { 5{’@'5"
(NOTE: This *ype cf tubing is used for this application up
to 1" ld) IN
d.  Hot water heatiré and low pressure steam
(NDTE: This type of tubing is used for this application up
to 1 1/4" id)
2. Type L .
a. Underground water-service where coils are permitted
b  Hydronic heating’where coils are used
. c.l Water heating or ccndensate return
3. Type K
a. Heavy wall tubing where self-support is vital
b. Severe corrosicn conditions -
) 4. Type DWV
a. Drain waste pipes
‘ b. Hot water heating where larger than 1 1/4" is needed
B. ACR
: . 1. \Ai'r cenditioning

a. Suction line

k b Liqu.d hne . .

" 30




1.
2.

1.

)

W

INFORMATION SHEET

c. Evaporator coils

d. Condenser coils

e. Discharge line

Refrigeration

a. Sucticn line

b. Liquid line

c. tvaporator coils

d. Condenser coils

e. Discharge line

(NOTE: Refrigerant carrying tubing is available in "K", "L", and

"M" wall thicknesses. The majority of the ACR tubing is of the
“L" wall thicknsss.)

SR ) IV. Color coding of tubing cartons and tags
~ b A. Green-Type K
] ' B. Blue-Type L
C. Red--Type M
D. Ye||ow-:Type DWV .,
V. Applications of aluminum tubing

A. Domestic refrigerators ' —

Evaporator.

Suction lines o

2 B. Central air-conditioner condenser

€ Automotive air conditioner

Condenser
Liquid line
Receiver

Evaporator

3005




INFORMATION SHEET

VI. Applications of steel tubing

A. Compression refrigeration

i
2.

3

Condensers
Liguid lines

Ol coolers

iNOTE: Steel lines are used often on domestic refrigeration.)

B. Absorption retrigeration--All refrigerant carrying components must be steel

VIil. ~Tube and flexible refrigerant hose fittings (Transparencies 1, 2, dnd 3)

A. Fiared fittings

" 1.

2.

10.

13.

11.

" Seal cap

Flare gask=t

Cross

Union elbow

Female elbow

ReduciAng union elbow

Female swivel elbow

Short nut

(NOTE: This nut is also made with slits or holes to be used in
low temperature applications which prevents the‘ nut from
loosening due to expansion and-contraction. This type of nut
is called a frost free nut.)

Long rut

Cap nut

Flare cap

Nut-heavy pattern

Plug




14,
15.

.

:ﬂ‘,' 16-

2

. * 17.

- 18

- 19

-

- _ 20.
21.
22.
23.

3 C
- .

i . 1.

1.

L T o

2
3
~ 4.
5
6

ACR | - 11-D

INFORMATION SHEET )

Union tee

Reducing tee--Small to large
Reducing tee--Large to small
Union

RS DT o

Female connector
Female union,
Tee--Femalé to male
Reducing union

Reducer ~ .

Swivel

B  Flare to pipe fittings

Male elbow

45° male elbow >

Male branch tee
D

Male run tee

Female coupling

Male connector

Compression fittings

Sleeve
Nut
Union i

Compression to pipe union

Union elbow

Union tee )
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INFORMATION SHEET ‘
7. Female connector
8. Female elbo a
w @ .
(NOTE: Compression fittings are not suitable for refrigerant lines.) -

D. Sweat fittings

1. Coupling -

2. Coupling reducer

3. Return bends h

4. Suction line traps . -

5. 90° elbow - ) ‘ .

6., 45° elbow
) 7. Street elbow -
- i (NOTE: Sweat &lbows are available with either a long or short )

bend radius.) .

8. Cap .

9. “Tee \ L i "

10. Sweat to pipe ~

11 Sweat to flare .

12.  Sweat tp flare swivet

E. Hose fittings " ‘ . )

1. Flare b
a Male f.' , ‘
b. Female ‘

2. Spiice / :7“\\‘ :
a. Tee . .,

- :
© b, Straght : _ | .

* - -1
(NOTE: These fittings are primarily used-on automotive air conditioning.)

' ‘ '
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INFORMATION SHEET

f. Quick connect fittings (Transparency 4)

e
) 1. Cutter type i
. : (NOTE: This type of fitting is used on precharged refrigerant line$
¢ and the refrigerant charge will be lost if the line is removed after

it has once been installed on a system.)
2. Spring loaded seal

(NOTE: This type of fitting is used on precharged refrigerant lines
* and it may be removed from a system without losing the charge.)

VIi. Flexible refrigerant hose (Tran}»parency 5) i

A, Construction

4

. 1. Outer core heat resistant ventilated neoprene
2. Doutle layer rayon cord~ ' _ . S
3 Soft dense refrigeration grade neoprene inner liner
B. Use ) ) 5 T
' 1. Primarily automotive air conditioning‘
2. E:entral air conditioning where complicated benrds [n\ight be 4

encountered

3. Units that have a tendency to vibrate excessively

o
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Fiﬂings e .

) Reducing Union . /
Cross Union Elbow  Female Elbow Elbow | :
Seal Cap Flare Gasket °o .
e 6 ' | @ “
Female Swivel Elbow. Short Nut Long Nut Cap Nut Flare Cap Nut-Heavy Pattern B
, — f
’ ' | Reducing Tee Reducing Tee ,
Union Tee Small “o Large Large to Small Union .
Plug - : )
) prien @ . . ?
Female Connector Female Union Tee Female To Male Reducing Union Reducer Swivel
@ )
)
m »
~ N
S -
. - n
o
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~ “ Hare to Pipe

Male Elbow

=

45° Male Elbow

I3

P

Male Run Tee,
m

o

Mala hranch Tee

i B
L

Male Connector

&0

Female Coupling

Female Connector

. |

Fittiags

(Continued)

Compression

Sleeve Nut

o

Compression To
Union Pipe Union

G O

Union Elbow Union Tee
Female Elbow

g°

]

Sweat

Coupling Coupling Reducer

===

Return Bend

\%

Suction Line Traps

- 1 HOV,




Fittings
- (Continued)
Sweat Hose Fittings

90¢ Elbow 45° Elbow Street Elbow

Female Flare

r ¢ £ o=,

Q Straight Splice

Tee Splice

Sweat To Pipe Sweat To Flare ~ Sweat To Flare Swivel

- I 4OV

a6t
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~ Quick-Connect Fittings
Cutter Type

Coupling Halves Before Connection’

=l

'mufii’f‘.

v wwwwery

a-tg - | "4ov
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Aruitoxt provided by Eic:

~ Heat Resistant Neoprene

ERIC

’
' \ . " ‘ ‘

Refrigerant Hose

Double-Braided Refrigerant Hose

Soft Dense Refrigeration Gradé
Neoprene Inner Liner

4\
g
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Double Layer Rayon Cord

Ventilated Quter Core of Ti)ugh-—T $mooth Mandrelled Interior
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TUBING
UNIT |

TEST

a.” Rigid copper tubipg thai should not be

bent

. Type of tubing used on water lines,

drains, and in other applications, but
never in connection with refrigerants

. Tubiag which has been Heat treated to

sorten it for easy bending °

. Method of soldering tubing

. Tubing connector consisting of a nut,

sleeve, and union

>

Fluid carrying pipe which has a thin wall

Enlargement at the end of a piece of
tubing which is made at a 45° angle and
enables a fitting to be placed on the
tubing

. Fitting which permits fast and easy '

connecting and  disconnecting  of
1efrigerant lines

Tubing manufactured specifically for air
conditioning and refrigeration that is
free of contaminants, sealed, and is
measured by outside diameter

W
<

1.

2.

ACR | - 25-D

Match the terms on the right to the correct definitions or descriptions.

ACR -tubing

Compression
fitting

Nominal size’
tubing

_Quick connect

.
Annealed
tubing
Sweat

Flare

Hard drawn

Tube .

*
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1y hY e

A

N 0"

Distinguish between nominal size copper {ﬁbing applications and ACR copper v -
tubing applications by placing an "X" for nominal size and an "0" for ACR
in the appropriate blank.

a. Chilled water systerns

b. Refrigerant liquid line

- . Un&erground water service where coils are permitted -

d. Hydronic heating where coils are used
e. Air-conditioning suction line _ .
f. Severe corrosion conditions

g. Refrigerant evaporator coils

Match the color coding on the right to the type of tubing cartons .and

tags. -
___a Type M 1. Blue e -
b TypelL 2. Yéllow

¢ Type K 3. Green

—_d. Type DWV \4. Red -

List the applications of aluminum tubing.

a.

1)

2)
b. .
c.

1)

2)

3)

4)

321




6. List the applicationi of steel tubing.

a. Y . Y
e
1) , , .
2)
' 3) . .
b. ‘ .

5

7. identify tube and flexible refrigerant hose fittings.

/

a b c
14
3 ' '
i\
: % . =)
d e . f. -
m B U

1
: g h i

(V)
L gv)
O

(
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TUBING
UNIT !
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e
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B

ANSWERS TO TEST

*
E’ 1 a. 8 f. 9 .
F b. 3 g 7
c. b h. 4
d 6 i
. 2
2. Discussion should incluoe H
a. Copper
1) Types
a} Nomina! size
h) ACR
2) Temper
a) Annealed
b) Hard drawn .
3) \‘all thickness )
a) K
’ b! L
) ci M
' d) DWV

4) Advantages
a) High thermal cnnductivity
b) Easy to so|:1er end braze
c) Easy to bend and flare

d} High resistance to corrosion

32;;«




b. Alummum '

1) Types

L A

a) Coiled seamless tube

? b)  Thin wall
i . 2) Contamination prevention
a} Internally cleaned
i b} Sealed ends
. 3) Sizes--5/16" w0 3/4" o.d.

4) Advantages
a) High thermal conductivity
b) Easy to bend
¢} Easy to flare
5) Disadvantages
a) Porous
b) Easily work hardened ﬁ .
¢) Creates corrosive action V
6) Connections
a)  Aluminum flare nuts

b) Spe al solder

¢} Inert gas welding

d) Epoxy
c. Sceel .
/ " Types
¥ a)  Thin wall
h)  Stainless
2 Connections
a) Flaring .

b} Brazing .
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3. a X e.
b. 0 f.
c. X g
d X
4. a 4
. b. 1
‘ c 3
d. 2
i i 5. a. Domestic refrigerators :
! 1) Evaporators

2) Suctior ‘ines
b. Central air-conditioner condenser
c. Automotive air conditioner

. 1) Condenser

2) Liquid line

3) Receiver ' . ]
4) Evaporator

6. a. Compression refrigeration :
1) Condensers '

X

2) Liquid lines
3) Oil coolers .
b. Absorption rafrigeration--All refrigerant carrying components must be steel
7. a. Flare union =
b. Compression inion elbow

c. rong flare nut

d. 45° sweat elbow

. e. Compression nut
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Aruitoxt provided by Eic:

[ea)

aa.
bb.
cc.
dd.

ee.

ft.

Flare sea! cap
Sweat coupling
Sweat to, flare
Return bend
Flare gasket
Sweat tee
Female union
Male run tee
Flare cap

Hose tee splice
Flare swivel
Suction line trap
S;Neat street elbow
Hose male fiare

Cornpression sleeve

Reducing union

Sweat to flare swivel

Compression female elbow
Flare tee--Female to male
Flare to pipe 45° elbow
Sweat to pipe

Flare cioss

Compression to pipe union
Female flare elbow

Sweat cap

Flare piug

Flare to pipe elbow



Aruitoxt provided by Eic:

L e e

. ERIC

gg. Reducing tee--Small to large
hh. Hose straight splice

i. Female coupling

ji. Compression female connector
kk. Heduéiﬁg union elbow

Il.  Flare cap’

mm. Flare to pipe male connector
nn. Sweat elbow V

oo. Flare union tee

pp. Sweat coupling reducer

qq. Reducing tee--Large to small
. Redu;er

ss. Female elbow

tt. Short flare nut

uu. Compression union tee

w. Heavy pattern short flare nut
ww. Hose female flare fitting

xx. Flare to pipe branch tee

yy. Female connector

zz. Union elbow

aaa. Compression ur;ion

bbb. Quick connect fitting--cutter type

ccc. Quick connect fitting--spring loaded seal

Discussion should include:

a. Construction

1 Outer core heat resistant ventilated neoprene

2) Double layer rayon cord

3) Soft dense refrigeration grade neoprene inner liner
33!
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Aruitoxt provided by Eic:

Use
1)

" 9)

3)

Primarily automotive air conditioning

Central air conditioning where complicated bends might be
encountered .

Units that have a tendency to vibrate excessively

1927
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TUBING OPERATIONS
UNIT 1l

- UNIT OBJECTIVE

After completion of this unit, the student should be able to flare, bend, and swage tubing.
He should also be abfe to perform the tubing operations within the design specifications.
This knowledge will be evidenced through demonstration and by scoring eighty-five percent
on the unit test." -

SPECIFIC OBJECTIVES
After completion of this unit, the student should be able to:

1. Match terms associated with tubing operations to the correct definitions
or de<criptions. ’

2. Select the tools, needed to construct a copper refrigerant line.
3. Identify the types of flaring blocks. *
4, Demonstrate- the ability to:

a. Make a single flare with a compression type flaring block.
b. Make a single flare with a generating type flaring block.
c. Make a double flare.

d. Make a swage joint.

e. Make a 90° bend.

f.  Make a 180° bend.

g. Make a 45° offset bend.

h. Construct a tuuing project.




D. Job sheets

1. Job Sheet #1--Niake.a Single Flare With a Compression Type

- Flaring Block
2. Job Sheet #2-Make a Single Flare With a Generating Type Flaring
Block
3. Job Sheet #3--Make a Double Flare
4, Job Sheet #4--Make a Swage Joint
5. Job Sheet #5--Make a 90° Bend

6. Job Sheet #6--Make a 180° Bend
7. Job Sheet #7--Make a 45° Offset Bend
8. Job Sheet #8--Construct a Tubing Project
E. Test
F. Answers to test
References.
A. Althouse, Andrew D.; Turnquist, Carl H.; and Bracciano, Alfred F. Modern
Refrigeration and Air Conditioning. Homewood, |llinois: Goodheart-Willcox

Co., 1968.

B. Campbell, Cole G.; Whitman, Elliot R.; and Bell, W. J. Good Piping Practice.
Des Plains, lllinois: Nickerson and Collins Co., 1972.
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. TUBING OFERATIONS °
. UNIT 1l -, \
SUGGESTED ACTIVITIES
I. Instructor:
A. Provide student with objective sheet. ‘
k B. Provide student with information sheet.

C. Make transparc-;ncy.

D. Discuss unit and specific objectives.

€. Discuss information sheet. d ,

F. Dermonstrate and digcuss the procedures outlined in the job sheets.

G. Show students where a tubing operation has been performed on an actual
refrigeration system.

H. Give test.

. II. Student:

A. Read objective sheet.

B. Study information sheet.

C. Complete job sheets.

D. Look around and see how many tubing operations you can identify in the
shop and elsewhere.

P E. Take test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

Objective sheet
Information sheet

Transparency master: TM 1--Compression Type and Generating Type Flaring
Blocks
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TUBING OPERATIONS
UNIT I

INFORMATION SHEET

Terms and definitions or descriptions
A. Single flare--Flare consisting of a single thickness of metal

B. Double flare-Flare consisting of a double thickness of metal
(NOTE: Double flares should be used when flaring steel or aluminum.)

C. Ream--Process of removing the burr inside a piece of tubing after it has
been cut ) :

D. Offset--Portion of the refrigerant line that is set apart from the rest of
the refrigerant line

E. Radius--Distance from the center of an arc or circle to the outside

o
¢

F. Wash-o:t--Thinning of the metal of a flare by overtightening the flaring
tool
(NOTE: This condition wil! gencrally resutt in the flare splitting.)
Tools needed to construct a copper refrigerant line
A. Tabing cutter
B. Reamér
C. Flaring block
D. Flaring tc?o|
Types of flaring blocks (Transparency 1)
A Compression type
1. Flare 1s made down against the chamfer of the block
2. Overtightening will cause the flare to:
a. Be oversized
b. Split
c. Become work hardened

3. Score marks will appear at the base of the flare

330
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- INFORMATION SHEET ' '

B. Generating type

1. Flare is made above the biock
. 2. Flare should not split due to wash-out ' .
3. No score marks on tubing !

Erd




~

Compmsmn Type and Generating Type
| Flaring Blocks -

Compression Type F laring Block Generating Type Flaring Block

-Gt - .1 HOV
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TUBING OPERATIONS
UNIT 1l

JOB SHEET #1-MAKE A SINGLE FLARE
WITH A COMPRESSION TYPE FLARING ZLOCK
Tools and mater.als
1 :bing cutter
B. Reamer
C. Compression type flaring block
D. Flaring tool.
E. Tape measuix or rule
F. Refrigeration oil
G. 3/8" copper tubing (soft rol'ed)
H. One 3/8" flare nut
Procedure -
A. Unroll a piece of tubing

B. Measure a 6" piece of copper tubing

C. Cut tubing

1. Place cutter on tubing; do not overtighten
2. Turn a few revolutions and then tighten a tittle more
3. Continue to tichten a little bit at a time waile turning the cutter

(NOTE: Cutter should not be so tight that it bends the end of
the tubing. See Figure 1.)

L
!
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JOB SHEET #1

D. Reseal the cnd of the roll of tubing

E. Ream the cut piece of tubing (Figure 2,
FIGURE 2

1. Don't overream; just remeve the burr
2. Point end of tubing slizhtlv downward while reaming to let chips
fall out

F. Place tubing in flaring block

-43: Extend tubing above the block 1/3 the depth of the block chamfer (Figure
3> °

FIGURE 3

Flaring Block

H. Place flaring tool on hiock
I.  Put a drop of refrigeration oil on the thres.!~ and a cdrop on the cone

{Note: Refrigerationn oil should always be used when working with
refrigeration system components.)

J. Tighten cone irto tubing a few turns ard then back it out
K. Continue the tightening and then loosening process until the flarv is made

. (NOTE. This process will tend to make a smooth, polisted flare and will
lessen the chances of work hardening the tubing.)

Q '}‘“
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JOB SHEET #1

Do not overtighten the flaring tool

(NOTE. This will cause the tubing to wash-out and possibly cause the flare
to spht.)

M. Remove wbing from flaring block

Piace flare nut on the tubing
O. Check fit of flare  the seat of the flare nut (Figure 4)
P. Have instructor inspect

Q. ’ Keep tubing for next job sheet

FIGURE 4

EBe———

INANAN \\\X§ AW ~
T J\/I_h- f
~

Properly Made Flare

g

Flare s Uneven Tubing was Not Reamed Before Flaring

Lo
[P N
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TUBING OPERATIONS
UNIT 1

JOB SHEET #2--MAFE A SINGLE FLARE
WITH A GENERATING TYPE FLARING BLOCK

Tools and materials

A. Tubing cutter

B. Reamer

C. Generating type flaring block

D. Flaring 160|

E. Refrigeration oil

F. 3/8" copper tubing used on Job Sheet #1
G. 3/8" flare nut used on Job Sheet #1
Procedure

A. Cut off previously made flare

1. Place flare in slot cutter rollers (Figure 1)

FIGURE 1

2. Tighten cutt2r wheel against the tubing

3 Turn ¢ ow revolutions and then tighten again

4 Continue this procedure until old flare ts cut off
r ry
'31 K
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JOB SHEET #2

Ream cut piece of tubing (Figure 2)

FIGURE ¢
1. Don't overream; just remove the burr
2. Point end of tubing slightly downward while reaming to let chips
fall out

Place tubing in flaring block

(NOTE: Use the portion of the flaring tool below the slot as a height gauge.
See Figure 3.)

FIGURE 3

Place flaring tuol on block

Put 2 drop of refrigeration oil on the threads and a drop on the cone
Tighten the cone into the tubing a few turns and then back it out
Continue this process until the tlare is made

(NOTE* This process will tend to make a smooth polished flare.)
Remove tubing from block

Place flare nut on tubing

Check fit of fiare in the seat of the'ﬂare nut

Have instructor inspect

Keer tubing for next job sheet
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TUBING OPERATIONS
UNIT 1
. JOB SHEET #3-MAKE A DOUBLE FLARE :

I. Tools and materials

A. Tubing cutter

B. Reamer

C. Double flare kit

D. Tape measure

. E. 3/8" o.d. copper tubing
(NOTE: Use the tubing from Job Sheet #2 if possible.)

Il.  Procedure

A. Cut a straight piece of 3/8" o.d. tubing 4" long

3 1. Place cutter on tubing; do -not overtighten
. 2. Turn a few ravolutions and then tighten a little more
3. Continue to tighten a little bit at a time while turning the cutier

(NOTE: Cutter should not be so tight that it bends the end of
the tubing.)

8. Ream the cut piece of tubing

1. Don't overream; just remove the burr
2. Point end of tubirqg slightly downward while reaming to let chips
fall out

C. Place tubing in flaring block




JOB SHEET #3

D. Use the double flare adapter as a gauge for the amount of tubing to extend
; above the block (Figure 1)

Adapter
FIGURE 1 : %

E. Insert adapter into the end cf the tubing

F. Tighten flaring cone down on adapter (Figure 1)

G. Loosen flaring cone

H. Remove adapter

I.  Tighten flaring cone into the tubing again (Figure 1)

J.  Remove tubing from flaring bicck ‘
K. Have instructor inspect

I.. Keep tubing for next job sheet

b
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TUBING OPERATIONS
UNIT 1l

JOB SHEET #4-M KE A SWAGE JOINT

Tools and materials

A. Tubw 1 cutter

B. Reamer
C. Flaring block
D. 3/8" swage punch

E. Ball peen hammer
Procedure
A. Place tubing in block
. (NQTE: Tubing must extend above the block the distance of part "A".

See Figure 1.)

FIGURE 1

Swage Tool

Swage Tubing
l _'X_

1

F|armg Block

i Copper Tube

B. Check the distance by placing the punch adjacent to the tubing {Figure
1)

C. Hold block and tubing in hand

1 Have last two fingers underneath the block
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JOB SHEET #4

2. Tuhing should be between second and third finger

3. Hold swage punch with thumb and index finger of same hand
(Figure 2)

FiGURE 2

D. Lightly tap punch to start it into the tubing
E. Hammer punch on into the tubing
(NOTE: This will create a cup on the end of the tubing.)

f

(CAUTION: Never hit the punch sideways because this will cause it to
break-off.)

F. Remove punich, twisting may be necessary in order to remove it
G. Check to see if 3/8" o.d. tubing will fit into the cup with a close fit

H. Have instructor inspect

. Keep tubing for use in a later unit
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. TUBING OPERATIONS
UNIT 1l

JOB SHEET #5-MAKE A 90° BEND

I. Tools and materials
A. Tubing cutter
B. 3/0" lever type tubing bender
C. 3/8" o.d. copper tubing
It Procedure
A. Unroll a straight piece of c}aper tuoing

B. Measure in 17"

C. Cut off tubing
D. Place bender on tubing
‘ » E. Measure in 7" on tub?ng and make a mark

F.  Aign "R" mark on bender with mark on tubing (Figure 1)

FIGURE 1

[ ,

G Observe in figure 1 how the bender fits on the tubing

H. Pull lever until "R" mark aligns with 99° mark on bender
. Remuve bender

J Have mstrictor inspect

) . K. Keep tuhing for next jcb sheet

) ’ .
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TUBING OPERATIONS
UNIT 1l

JOB SHEET #6-MAKE A 180° BEND

Tools and materials
A. Tubing cutterp
3/8" lever type tubing bender

Steel tape

\

3/8" n.d. copper tubing

Procedure
Unroll a piece of 3/8" o.d. copper tubing and straighten it
Measure a 12" piece of tubing and cut off
Measure in 4" on tubing and make a mark
Place bender on tube
Align "R" mark on bender with mark on tubing
Pull lever until "R" mark aligns with the 180° mark on bender (Figure

1)
Operating Lever

FIGURE 1

Degrees of Bend

Mark the spot on the tubing that aligns with 180° on the bender
Remove bender

Have instructor inspect
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TUBING OPERATIONS

JOB SHEET #7-MAKE A 45° OFFSET BEND

. Tools and materials
\ A. Tubing cutter
\ B. 3/8" lever type tubing bender

C. 3/8" o.d. copper tubing

. Procedure

) A. Unroll enough 3/8" o.d. copper tubing to obtain a straight pizce 19 174" ~
long and cut off

B. Measure in 6" and make a mark on tubing
C. Align "R" mark of bender with mark on tubing

D. 'Pull lever until "R" mark aligns with 45° mark on bender (Figure 1)

FIGURE T

——

E. Remove bender from tubing

N F.  Measure 4 1/4" from first mark and mark the tubing again




JOB SHEET #7 ~_ S .

y . . G. Align "R" mark on bender with mark on tubing

(NOTE: Bender must be on opposite side of the t‘ut;ing from the previous
bend. See Figure 2.) :

.

»

K \

- B * " ‘

Lo FIGURE 2 . /(4 ‘ -

H. Pull lever until "R" mark aligns with 45° mark*on bender ,
I.  Remove bender from tubing : .
J. Have instructor insoect

K. Keep tubing for next job sheet ° ) ' ) .
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TUBING OPERATIONS

- JOBQS-HEET #8--CONSTRUCT A TUBING PROJECT

¥

I.2 Tools and ma*teri.a|s" .
A. Tubing cutter
B. Reamer
C: Flaring block .
. D. Flaring tool .
k E. SwaE;e punch
~ F. 3/8" |ev;zr‘tyape iu’bing bender
G. 3/8" o.d. soft copper, tubing
. H. 1/4" od. scft. copper tubing
’ ' 1. Two 1/4" flare nuts
J. Cne 3/8" sweat*’tee‘
¢ , K. One 1/4" sweat tee
' | I1. Procsdure
A. Unroll and measure a piece of 1/4" o.d. copper tubing 6" .ong
B. c;u off tubing ' ' ' :
C. Rt,/am tubing |
D. Ffare one end
E. Place flare nut on tubing

‘ . . N .“’j}
F. Measure down 3" from flare nut and mark tubing

G. {lace bender on tubing \

I H. Make a 90° bend . .

: UNIT 11 . ’ .




I.  insert 1/4" tubing into the 3/8" tubing project from Job Sheet #4 (Figure

JOB SHEET #8

1)
COPPER TUBING PROJECT
FIGURE 1
Scate: 1/4" = 1" :i
f r; — * B ﬂ “
¢~ Tubing From Job Sheet #4 1/4" Copper Tubing=——p-{
1
{<=3/8" Copper Tubing Swage Joint
_(; N Tubing Fro'n Job Sheet #7
24“
le—3/8" Copper Tubing |
\ .|
1/4" Copper, Tubing ==
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JOB SHEET #8

Insert the other end of 3/8" into a 3/8" - sweat tee
Cut a straight piece of 3/8" ¢.d. tubing 8' long
insert one enrd into tee (Figure 1)

Cut a straight piece of 1/4" o.d. tubing 36" long

Measure i 9" from both ends and make 99° bend (F.gure 1)
Cut a piece of strarght 3/8" o.d. tubing 5" long K
Insert one end of the 3/8" x 5" tubing into a sweat tee
Cut a ciece of straght 3/8" o.d. tubing 3 1/2" long

Insert one end of the 3/8" x 3 1/2" tubing into the sweat tee (Figure
1

Cut a straigh’ piece of /4" o.d. tubing 6" long

Ream one end

Swwage th  reaned end

Cut 3 straight piece of 1/4" o.d. tubing 14 1/4" long

Ream one end

Fiare the reamed end

Pigce flare nut on tubng

Miagsu 2 down 3" from flare rut and mark tuoing

Measure down 4 172" fiom the first mevk and moke another mark
fake too 907 bends (rigure 1)

Plyce tne 137 offset made on Job Sheet #7 hetween the two tees
Asse hile the tubing project

Theek thwe dunensioos

Have etraciar anspedt

e Loty eorect o 2 later une
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E TUBING OPERATIONS
: . ~. UNIT I
- \\
1 N\ . TEST
1. Match the terms on the right to the correct definitions or descriptions.
a. Thinning of the metal of a flare by 1. Offset

overtightening the flaring tool
2. Doubie ftare

b. Process of removing the burr inside a

—_ piece of tubing after it has been cut - 3. Wash-out |
c. Flare consisting of a double thickness of 4. Radius
metal

5. Singlz flare
d. Distance from the center of &n arc or
circle to the outside 6. Ream

e. Flare consisting of a single thickness of

metal
o f. Portion of the refrigerant line that is set
. apart from the rest of the refrigerant line

2. Select the tools needed to construct a copper refrigerant line by placing an "X"
in the appropriate blank.

a. Swage punch

__b. Flaring block
c. Hen-way
d. Leve: type bender

e. Flaring tool

f. Reamer .

g. Tubing crimper

h. Tubing cutter
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3.

Iden.fy the types of flaring blocks.

sin§|e flare with a compression type flaring block.

single flare with a generating type flaring block.

a.

Demonstrate the ability to:
a. Make a

b. Maxe a

c. Make a double flare.
d. Make a swage joint.
e. Make a 90° bend.

f. Make a 180° bend.

g. Make a 45° offset bend.
h. Construct a tubing project.

(NOTE: If these activities have not been accomplished prior to the test, ask

your nstructor when they should be completed.)
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TUBING OPERATIONS
UNIT 1l

ANSWERS TO TEST

a. 3 d 4
b. 6 e. b
c. 2 f.od
b, e f, 2

a. Compression type
n. Generating type

Performance skills evaluated to the satisfaction of the instructor

o
Ut
w
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PIPE
UNIT (I

UNIT OBJECTIVE

After completion of this unit, the stucent should be able to discuss the difference between
black iron pipe and galvanized iron pipe. He should also be able to list the advantages
and disadvantages of plastic pipe and identify fittings for iron, copper, and P.V.C. pipe.
This knowledge will be evidenced through demonstration and by scoring eighty-five percent
on the unit test.

SPECIFIC OBJECTIVES

After comcletion of this unit, the student should be able to:

1.

2.

1.
12.

Match te ms associated with cipe to the correct definitions or descriptions.
List the types of pipe used in air conditioning and refrigeration.

List applications for * oes ot pipe to be used In the air-conditioning and
refrigeration trade.

Identsfy iron, brass, tlexible plastic, and P.V.C. pipe fittings.
Discuss the difference between black iron pipe and galvanized iron pipe.
List fou: advantages and two disadvantages of plastic pipe.

Discuss the three common methods of measuring pipe.
Select the tools necessary to cut and thread iron pipe.
List fourteen steps in cutting and threading iron pipe.
Select t'ie tools necessary to make proper P.V.C. joints.
List rine steps necessary for installing P.V.C. pipe.
Demonstrace the abihity to.

a. Read fitting sizes.

b Determine iron snpe lengths and fittings necessary to connect a gas
furnace.

c. Determine lengths of P V.C. and **tings necessary to construct 3
condensate line.

71-D




PIPE
UNIT I

SUGGESTED ACTIVITIES

ACR | - 73-D

Instructoi:

A. Provide student with objective shee*

B. Provide student with information and assignment sheets.
C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss information and assignment sheets.

F. Oemonstrat. cuttir;g and threading pipe.

G. Demonstrate cutting and glueing P.V.C.

H. Demonstrate making a flexible plastic pipe cunnection.
. Have students lock up parts in a catalog.

J.  Give test.

Student:

A. Read objective sheet

B. Study information sheet.

C. Compleie assignment sheets,

D. Look up parts in a catalog to become familisr with how to order parts
E. Take test.

INSTRUCTIONAL MATERIALS

Included in this unit:

A.

B

Chojective sheet

Intormation sheet
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C. Transparency masters .

1. TM 1--lron Pipe Fittings

2. TM 2--Brass Fittings

3. TM 3-1 exible Plastic Pipe Fittings

4, TM 4--P.V.C. Fittings

5. TM 5--T ,ols for Cutting and Threading Iron Pipe
6. TM 6--Tools for Making P.V.C. Joints

7. TM 7--Drying Time of P.V.C. Cement

D. Assignment sheets

1. Assignment Sheet #1--Read Fitting Sizes

2. Assignment Sheet #2--Determine Iron Pipe Lengths and Fittings
Necessary to Connect a Gas Furnace

3. Assignment Sheet #3--Determine Lengths of P.V.C. and Fittings
Necessary to Construct a Condensate Line

E. Answers to assignment sheets .
F. Test

G Answers to tust

Il.  Reference--Slater, Harry. Related Information Plumbing. Volume 1 and 2.
Albany, New York Delmar Publishers, 1958.
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PIPE
UNIT 1

INFORMATION SHEET

Terms and definitions or descriptions

A.

Pipe

Galvanize-To coat metal with zinc in order to prevent rusting
{NOTE: Galvanized pipe is not to be used as a natural gas line.)
P.V.C.--Rigid piastic pipe

(NOTE This pipe 1s generally white in color and P.V.C. is the abbreviation
for polyvinyl chlonde.)

<

Nipple--Short piece of pipe twelve inche, or less in length
Gas cock -Manually operated in-line gas valve -

Flexible plastic pipe--Plastic pipe which comes in a roll and uses slip-in
fittings with clamps

(NOTE. This pipe is black in color.)
Long pipe--Refers to wrought iron or steel pipe

Dope--Thick lead base substance which is applied to pipe threads to help
seal the joint

F.P.T.--Female pipe taper
M P.T.--Male pipe taper
Cast fittings--Heavy steel pipe fittings that are formed in a mold

(NOTE These fittings are generally referred to as malleable iron fittings.)

used n air conditioning and refrigeration
fron

1 Black

2. Galvanizea

Flexible nlastic

362
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INFORMATION SHEET

C. PVC
5. Copper
{NOTE" Copper pipe is usually referred to as tubing.)
i1} Pioe applications in the air-conditioning and refrigeration trade
A Black iron pipe
1. Natural gas hnes to furnaces
2. t1oaified petroleum gas lines to furnaces
3 Ammonia lines
8. Galvanized iron pipe
1 ice maker water lines
Chilled water lines
Water cooied condenser supply and return lines
4, Condensate hines
C Piasuc pipe
{NOTE  Thus mciudes both PV.C and flexible plastic pipe )
1 Water supply lines
Underground gas iines
3 Condensate lines
4 Chiled water <upply and return linés
(NOTr  Local codes shoubi »e checked before using plastic pipe )
IV Ppe qtungs (Transparency 1)
A dron Bittings
{NOTE tron Bittings are used on black ron and galvanized iron pipe )

0 eil

-
[

ERI

Aruitoxt provided by Eic:




. INFORMATION SHEET
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INFORMATION SHEET

10 Two-way shut-off valve
11 Three-way shut-off valve
12 Saddle valve
Flexibie piastic fittings (Transparency 3)
(NOTE- Flexible piastic pipe fittings are - sed on flexible plastc pipe.)

1, insert tee

2. Insert 90° eli

3. inseit male adapter
4 insart male steel adapter
5 irsert coupling

6. Ciamp

PV (. fittings (Transparency 4)

NOTE PV.C. fittings ate used on P.V.C. pipe.)

1 80 el
\

2. 45" ell
3 Tee

\

\
4 Male acapter
5 Fema. . adapter
6 Coupunyg
7, Bushmy
2 un

L

90 e (PVC 0 pipel
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INFORMATION SHEET

V. Black iron pipe and galvanized iron pipe . T
A. Black i1ron pipe &
1. Painted black ’/’/
. /
{(NOTE. The black paint aids in the prevention of rust and Kelps /
to distinguish 1t from galvanized pipe.) /
/
2 Uses : / . .
a Gas hnes . } ' I
b  Compressed air lines .
c. Chilied liquid tines
)
d Hvdronic heat
e. Steam lines (
B Galvanized iron pipe
1. Coe*rd o revist rusting ‘
2 Uses
a Water pipe
b  Con--nsate dratns : |
VI Advantages and disadvantages cf piastic pipe ’
A Advantages
i
T Lightweight :
2 Resists corrosior ind electrolysis ;
3 Good for long runs underground ;
4 May be bent . S l
B Disadvantages it ' . 1
1. Will rot withstand temperaturas over 150°F . L

2. Nmi ctable at pressures over 100 lbs ps.i
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INFORMATION SHEET- L ' ’

VIL. Methods of 1aeasuring pipe

A. End to end

u‘\ 1/ Straight length of pipe

2. Measure pipe without fittings {Figure 1)

FIGURE 1 )

T T T

e 2'—1 12" E-E ?i

| .

B. End to center J
. 1. Straight length- of pipe ‘ e
P Tighten a *fing on one end .
¢

W

Measure from end to center of fitting (Figure 2)

v

»

FIGURE 2 Center , '
| ‘\:'
——— |

I — i T

|————=3'-6 1/2" E € ——

C  Center Yo center

1 Straght length of pipe . .
R

2 Tiyhtened fitting on each end

3 Measure from center of one hitung to the center of the other

(Figure 3)

B N {E
- E) FIGURE 3
i _ | | ' ban
et - i S e n i A o 1§ + 1
N . | \\‘\\ P, T‘
_}-‘ R t s TErT - ! L“; \ - A 14 |.!
! 1 ) .
J o, Center 77 Ve s Center |
€
————1' 4 14" L C NSS4 2'=1/2" - C————
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INFORMATION SHEET L ‘

TABLD 1

SPECIFICATIONS FOR THREADING PIPE

- . S e
NOoTTal Size of Apprex Length of Approx Nurnber of |
Pom o foaches “reads 0o inches Threads To Be Cut

12 34 10 f

R . S - . . e

34 24 10 f
- B [T . L e
1 7.8 10 |

|
'
'
i
i

L

|

RIS 112 ’ 12 :

| .
t -

[R%]
—a
-
)
-
|
—
N
I
,
,
!

a | 1 2:3 ! 13

L Revvove dhe by urming countercroc’ 52
N (oo chye fram threads
X .
; Croar »nne Siom dees

CTAITION o ol remove chpys w Yy compressed air,)

AN cans naeessary tor proper PV O poimts (Troosparercy 61
N AT s
\ [ AL O T
'r‘; ‘,:"‘,' Y
R
P
L Chean tony ey

AV S TR

i Kt

03 Coliira D the e vl o hirash ‘
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INFORMATION SHEET

Steps for installing P.V.C. pipe
A. Cut pipe square
B. Remove burrs inside and out

Clean nipe with clean towel

o ©

Check fit of pipe into fitting

E. Clean pipe with P.V.C. cleaner

F. Apply a coat of cement with brush

G. Put fitting on ptpe tmmediately after applying cement
(NOTE: Fitting must be turned in the proper direction when it is placed
on the mipe because it can not be moved once it comes into contact with
the cement.)

H  Hold pressure dgainst fitting momentarily

! Don't distuib pipe until dry (Transparency 7,

(NCTE: Drying time 1s dependent on the ambient temperature.)




Iron Pipe Fittings

D

Coupling Reducer

=)

90 Street Ell

. =
= S==

Buing
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Brass Fittings
90 &I Street Ell
5 1
Plug Bushing S=
Two-Way |
Shut-Off Valve Sghtf%ef-f\"\’laz
ut- alve
* Female Pipe To Male ‘Pipe To
Male Flare - Male Flare -

R ) -

: Saddle Vaive
z .Fiexible Gas Connector : ‘

Q-{8 - | HOV

3%4




- Flexible Plastic Pipe Fittings

Insert Tee

Insert Male
Steel Adapter

Insert 90° Ell Insert Male Adr~ter

"~ Insert Coupling Clamp

. 3 376
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Bushing

P.V.C. Fittings

C T Ay

[ l}|:|‘qt‘t:lm
' ! ',ﬂ' M[;
N

90" EL
P.V.C. to Pipe
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Tools For Cutting
and Threading lron Pipe

Die

0il Can

1

Qg6 - 1 HOV




4I

. Natural Bristle or
Nylon Brush

Clean Towels

381
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- Drying Time of P.V. C Cement'

A100(—
o] 90
30 Minutes< 80 .
70
60
1 Hour 50
| 40
2 Hours< 30
20
4 Hours 10
Degrees 0

Fahrenheit ()

383
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PIPE
, UNIT 11l

ASSIGNMENT SHEET #1-REAC FITTING SIZES

.
7 .~

Ells, street ells, and tees are avaiiable in reducing sizes. When ordering a reducing fitting,
“give the larger size first. ‘ . '

Loyl

Example: To connect two pieces,of 1/2" pipe to a 3/4" line it would take a 3/4"
x 1/2" x 1/2" tee

-

k4
i

Give the fitting type and size in proper order for the following. .

1, A 3/4" line must make a 90° turn and then ~onnect into a.1/2" line.

L

4
3/4" —

1/2”
L J - . .
A 1/2" gas line needs to be connected to a 3/4" gas line and 3/4" line will
go on straight. The 1/2" line will be perpendicular to the 3/4" line.

B l 3}4"

3/2" i"

-

1/2" ]

A 1" water line needs to make a 90° turn>and,connect into a 3/4" female
fitting.

3/4"

A 1/2" supply air line needs to branch off to two 3/8" air lines.

+ : \
1/2"” : / 3/8”

3/8" ™

@

A 3/4" water line’ must make a sharp 180° turn and connect onto a 3/8" line.

3/4'"*| 3/8"~| ~ &
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PIPE
UNIT 111

ASSIGNMENT SHEET #2-DETERMINE IRON PAPE LENGTHS AND FITTINGS
‘NECESSARY TO CONNECT A GAS FURNACE _

Make a list of the pipe length and the fittings necessery to"connect the gas furnace below
to' the supply gas line. Place a gas cock in the line prior to where the line enters the
—-- furnace cabinet. Gas valve has 1/2" female- pipe inlet.
L

Furnace Gas
Valve

Scale: 1/4"'=1' b\

3/4" Supply Gas Line

Return Air
Platform




-,éf?:v"_ "
EW
¥,

:

Rk

S A IR R i '
L EE R R M

1020

f

g
Fitting
aa

bb

ff

99

ASSIGNMENT SHEET #2

Size

386
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Te
PIPE
UNIT It

ASSIGNMENT SHEET #3--6ETERMINE LENGTHS OF P.V.C. AND FITTINGS
’ NECESSARY TO CONSTRUCT A CONDENSATE LINE

.

Make a list of the Iehgths of P.V.C. and fittir;gs necessary to construct the condensate
line on the system below. Condensate drain on coil is 3/4" male pipe and comes straight

3 ‘ out of coil box. Front of coil box sets back six inches which allows room for making
2 ' connections. ‘ . - .
b o Y
- - -
E: . ’ Front View Inset 3" L
: : Coil Box .
S ‘ /cc
5 D - Top View
N
" .
: aa 3/4" Male Pipe
urnace " :
te—1/2" P.V.C. bb -
dd -
Scale: 1/4''=1'
b
ee -
c
&
Return Air #f i
Platform
d L3

\_\

Floor Drain
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ASSIGNMENT SHEET #3

P.V.C. lengths

]

- b ‘ .

c

« d

Fittings

Fitting (aa) cclmnects to coil condensate du:ai'\.

Fitting (bb) enabies the drain line to turn in a direction parallel to the top of the furnace.
aa

bb

cc

dd

ee
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* PIPE

UNIT Il

ANsyvens’ TO ASSIGNMENT SHEETS

I

2

Assignment Sheet #1
1. Black iron pipe, 3/4", x 1/2" ell
2. Black iron pipe, 3/4" x 3/4" x 1/2" tee.
3.  .Galvanized iron pipe, 1" x 3/4" street ell
4, Black iron p.ipe, 1/2" x 3/8" x 3/8" tee

5.  Galvanized iron pipe, 3/4" x 1/2" street el[,.172"‘x 3/8" ell

-~

Assignment Sheet #2

a. 13 aa. 3/4" x 1/2" reducer
b. 106" . ° bb. 1/2" ell - )
e 6 - cc. 1/2" ell
d. 6" gd. 172" ell
e. 6" se. 1/2" gas cock
f. 6" e ff. 1/2" tee
g. .9" _ ag. 1/2" cap
Assignment Sheet #3 .
Lo " as. 3/4" FP.T. to 1/2"
b. 6" bb. 1/2" ell i )
c. 36" cc. 1/2" tee -
d 13" dd. 1/2" ell
ee. 172" ell

ff. 1/2" 45° ell

389
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Match the terms on the right to the correct definitions or de§qri&ptions.
< .

¢

a
a.
et et

b.

/-
___h
i

-

-~

PIPE
UNIT 1l

TEST
.v '

Rigid plastic -pipe

Manually operated in-line gas valve
’0

To coat metal- with zinc in order to
prevent rusting

Short piece of pipe twelve inches or less
in length '

uses slip-in fittings with clamps

Heavy steel pipe fittings that are formed
in a mold

Thick lead base substance which is
applied to pipe t!rreads to help seal the
joint

. Female pipe tape;

Refers to wrought iron or steel pipe

x

Male pipe taper

Plastic pipe which ‘comes, in a roll and -

Y

1.

e o & W N

.

-

Long pipe
Gas "cock
Nipple

Dope

PV.C.

Galvanize

Flexible
plastic pipe

M.P.T.’
F.P.T.

Cast fittings

-

List the types of pipe used in- air conditioning and re.rigeration.

a.

1)
2)




» ) . - * 2
< - j )
A b N » ) .
‘ < * ’ * -
List two applications for each type of pipe to be used in the air-condftioning“ .
and refrigeration, trade. A ‘ ‘ .
AY . N . -
e . . v . Pl ’
- . : a.  Black iron -pipe . Y
e ' o
) . 1) . . . R ] :
‘;:‘_ -~ ¢ ) “ A e, . .
5 . . by 2)_ .. ) - ‘ . & ,
\ p -~ ‘. '- .‘ ’ )
~ b. Galvanized iron pipe .
XS : .

1) N .
/ 7.1 . & ot : .
ce i 2) . . i ' . * ’ - ' ¢
7 . . . &
€. Plastic pipe . . . )

.
2 . ’

1) ;

\ ’ ’ Y
? ’ A 4 * . .

'f'f':"f —— r”m,"
!

0
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e
b

-
5
“

BN Sack 4411

HIE# it bt Y i s
i o~ N

ki

e 1
s
.

!

aa. : T bb.

ok

< B, Discuss the diffetence between black iron pipe and galvanized iron pipe.

»

]

AY
6. List \four advantages and twq disadvantages of plastic pipe.

»

¢. Advantages /
. TN
1)
2)
# 3) 2 : .
o 9

3939
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ACR | - 111D

b. Disadvantages
1)
2)

o«

Discuss the three common methods of measuring pipe.

Select the tools necessary to cut and thread iron pipe by placing an "X" in
the appropriate blank.

__a. Pipe vise

_b. Oil ean

c. Pipe wrench

d. Reamer

e. Cutter

f. Die stock

g. Flaring tool

h. Dies
List fourteen steps in cutting and threading iron pipe.

a.

b.




R

112'0 ES

- m. . 7
n.

10. Select the. tools necessary to make proper P.V.C. joints by placing an "X" in
the appropriate blank.

. a. Pipe vise

b. Knife '

c. Miter saw

d. P.V.C. cement

e. Hammer

f. Natural bristle or nylon brush

g. Pipe wrench

k. Miter box

i. Clean towels

11. List nine steps necessary for installing P.V.C. pipe.

d.

b.




12.

. : ACR | - 113D

~

h.

i

Demonstrate the ability to:

a. Read fitting sizes.

b. Determine iron pipe lengths and fittings necessary to connect a gas furnace.

c. Determine lengths of P.V.C. and fittings necessary to construct a condensate
line.
- . ¢

(NOTE: If these activities have not been accomplished . 2 the test, ask
your instructor when they snould be completed.)
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PIPE
UNIT 111

ANSWERS TO TEST

a. 5 f. 10
b. 2 g 4 -
c. 6 h. 9
d 3 i 1
e. 7 i 8
a. lron
1 Black
2) Galvanized !

b. Flexible plastic

c. PV.C.

d. Copper

Any two of the following under each type of pipe:

a. Black iron pipe

1) Natural gas lines to furnaces
2) Liquified petroleum gas lines to furnaces
3) Ammonia lines

b. Galvanized iron pipe

1y Ice maker water lines

2) Chilled water lines

3) Water cooled condenser supply and return lines
- 4) Condensate lines

c. Plastic pipe

1) Water Supply lines .

397
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Aruitoxt provided by Eic:

-

d

b

W

-

u.

2 Underground gas lines

3! Condensate iines

4; Chilted water supply and return lines

Plug

Gas cock

20” el

Cap

-lange

ir‘sert tee

Peduc:-ru_l

ins&,"f’mme adapter
Hipple

Coupling

Bushing

Male pipe to male flar?
Street ell

':éert 90" el

rast ot coupling

oaddie valve

rlexinle gas connectoré
Tee

Female pipe to male flare
iwo way shut off \;a|ve
i

Male adapter

90 street elis

Jnon

r

3193

L

“
At
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r
x. 45° 13l

y. Three-way shut-off valve

z. Insert male stpg| adapter A -
aa. Female adapter
bb. Clamp
5. Discussion should include:
a. Black iron pipe ' ~
1 Painted black A
-
2) Uses
a} Gas lines ] i
b) Compressed air lines
¢} Chilled liquid lines
d) - Hydronic heat |
e} Steam lines
b. Galvanized iron pipe
\ i) Coated to resist rusting “ )
2) Uses . . .
a) © Water pipe '
b) Condensate drains
6. a.  Advantages
1) Lightweight
2) Resists corrosion and e|ec{trclysi§
3) Good for long runs underground
4) May be benrt
b. Di;advantages .
1) Will not withstand temperatures over 150°F
'2) Not stable at pressures over 100 Ibs. p.s.i.

399 .
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Discussion should include

a. End to end
1) Straight length of pipe
2) Measure pipe without fittings :
b. End to center
- 1) Straight length of pipe
2)  Tighten a fitting on one end
3) Measure from end to center of fitting
c. Center to center
1) Straight length of pipe
2) Tightened fitting on each end
3) Measure from center of one fitting to the center of the other
a, b ,d e f h )
a. Secure pipe in vise
b. ‘Cut the pipe
¢. Ream nside of pipe to remove burrs
d. Lu:;ht!y file outside cut edge-
e. Inspect and clean dies before threading
f.  Check cutting edges for sharpness
g. Be sure dies are in the die stock properly
h. Center die on pipe i
i=  Turn die slowly in a clockwise dﬁ'ection
j.  Apply cutting ol whi|§e threading \
k. Determine length of the threaded portion
I.  Remove die by—turning counterclockwise
m: Clean chips from threads
n. Clean chips from dies




10.
1.

b, c,d f h,i

a.  Cut pipe square

b. Remove burrs inside and out

c. Clean pipe with clean towel

d. Check fit of pipe into fitting

»  Clean pipe with P.V.C. cleaner

f.  Apply a coat of cement with brush

g. Put fitting on pipe immediate|y‘after applying cement
h.

Hold pressure against fitting momentarily :

Don't disturb pipe until dry

Evaluated to the satisfaction of the instructor*

ACR | - 119D
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SOI.DERING AND WELDING ECUIPMENT
UNIT |

/ : UNIT OBJECTIVE

-~

After completion of this unit, the student should be able to use and care for the
air-acetylene®torch, oxyacetylene torch, and the electric welder. He should also be able
to idertify the components of the air-propane torch and select safety rules pertaining
to soldering and welding. This knowledge wili be evidenced through demonstration and
by scoring eighty-five percent on the unit test.

1

SPECIFIC OBJECTIVES
. ' 1 ,

After completion of this unit, the *u’dént should be able to:

1. Match terms associated with soldering and welding equipment to'the correct
definitions. .
’ 2. Select safety n£|es for usin'g séldering and welding equipment.
3. ‘Identify the components of the air-a')cety|ene torch outfit. .
q. . Ideptify the component§ of the air-propane tgrch outfit. ‘
5. Discuss |ighti'|9/, adjusting, and extinguishing the air-acetylene torch.: -
6. . List four s.teps for proper care of the air-acéty|ene .torr.:h'.
7. Identify the components of the oxyacetylene torch outfit. - @
g Arrange in order the steps for setting up the oxyacetylene torch..
9. Arrange in order the steps for lighting, adjusting, and extinguishing the

oxyacetylene torth.

v

10. List five steps for proper ®dre of oxyacetylene welding equipment.
11. Identify electric w‘e|dir:g equipment.
b J12. List three uses of the electric welder in the air-c0nditi'0ning and gefrigeration
_ “trade. ) -
13. List steps used foi proper car;z of the electric welder.
14. Dem‘onstrate the ability to:

a. Light and adjust the air-acetylene torch.
b. lLight and a&just the halide torch leak detector.

c. Light and adjust the oxyacety'ene torch. , ' .

406
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) SOLDERING AND WELDING EQUIPMENT
UNIT |

“SUGGESTED ACTIVITIES

t
K I. Instructor:
? . ‘ A. Provide student with objective sheet.
L.
3 B. Provide student \ .th information and 16b sheets.
) C. Make transparencies.
D. Discuss unit and specific objectives.
E. Discuss information sheet.
F. Demonstrate and discuss the procedures outlined in the job sheets.
G- Demonsfrate the proper use of soldering and welding equipment.
H. [Invite an cutside resource person to t;Ik to class about welding equipment.
»
‘ I Demonstrate the explosiveness of welding gas.
N J. Give test.
il ~Student:
\ A. Read objective sheet.
O o
& B. Study information sheet. ' i
. C. Complete job sheets. @

D. Take test.

-

. "INSTRUCTIONAL MATERIALS .

_I. Ancluded in this unit: ' b (

A. Objective sheet | .

B. Information sheet

407
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’ C. Transparency masters .

1. TM 1--Air-Acetylene Torch Outfit
2. TM 2--Air-Acetylene Torch Outfit (Continued)

3. TM 3--Air-Propane Torch Outfit

4. TM 4--Air-Propane Tor~h Outfit (Continued)
5. TM 5--Oxyacetylene Torch Outfit

6. TM 3-Oxyacetylene Torch Outfit (Continued)

7. TM 7--Electric Welding Equipment

8. TM 8--Electric Weldinn Equipment (Continued)

D. Job sheets
1. Job Sheet #1--Light and Adjust the Air-Acetylene Torch
2. Job Sheet #2--_ight and Adjust the‘ Halide Torch Leak Detector .
;3. Job Sheet #3--Light and Adjust the Oxyacetylene Torch

E  Test —

F. Answers to test

Il.n/ References:

A. The Oxy-Acetylenr Handbook New York, New York: Linde Division/Union -
Carbide Corp., 1968. :

8. Sosnin, H. A. Arc Welding Instructions for the Beginner. Cleveland, Ohio:
The James F Lincoln Arc Welding Foundation, 1973.

C. Welding Curriculum. Stillwater, Oklahoma: State Department of Vocational
and Technical Education, 1974. '




SOLDERING AND WELDING EQUIPMENT
UNIT | ‘

- INFORMATION SHEET

<}, Terms and defimitions

A Regulator--Device for reducing high cylinder pressure to a low working
pressure

B. Flashback--Fire inside the torch

i

C. Flashback valve--Une-way valve which prevents a flashback from going up
the hoses and to the regulators

D. Air-acetylene torch--Torch which uses an acetylene cylinder only and gets
the oxygen to support the fiame from the sutrounding air

- E Arc--Flow of electic current from the tip of the electrode holdgr to the
metal being weldeu

F. Electrodes- Metal rods which conduct a ctirrent from the electrode holder

‘ - to the meta! being welded

G. Inner cone--Inner white part of a neutral flame

H  Neutral flame--Burning of equal parts of oxygen and acetylene {(Figure 1)

Frigure 1

No Acetytene

e Inner Cone
Feather

j Soldering--Joining two metals by adhesion of a low melting temperature ~
metal

NOTE Low melting temperature 1s usually considered 800°F or less.)

* J Sitver brazing Jomming two metals by adhesion of a high temperature
soldering alloy which contains some percentage of silver
. INOTE  Temperature in silver brazing 1s usually around 900° to 1400°F.)

o 409
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INFORMATION SHERT

11, Safety rules 1or using soldering and welding equipment

A Gas welding and soldernng

'G/

~1

O

10

1 1

10

Alway: wear suitable protective clothing

Alway. teep a safe, clean work area

Make sure there are no flammable materials near

Do not weld in the vicimity of explosive materials or near carbon

tetrachlonicie .

Always make sure you have enough ventilation to give three or
four complete changes of air per hour

se atr exhaust at the weld whenever welding lead, cadmium,
chromiwn  manganese, brass, bronze, zinc, or gatvanized metals

(NOTE Some silver soldering alioys contain cadmium. Cadmium
free alloys should be purchased whenever posstble.},

Never weld or cut in a confined area without protection
Handle all pressure cyhinders with care
Keep al' welding cquipment 1n good candition

.Do not use ol or grease on any oxygen or acetylene connections

Never open tank valves untif you are certain that regulator valves
are closed

Nover open the valves on the cyhnders with a hammer
Never hammer on oxygen 0: acetylene reguiators

Do not hght a torch with a match or open flame; use striker
nrovided

Before lighting torch, be positive that hose, tanks, or any
inflammable matena' will not be exposed to heat, flane, or sparks

Beware of hiah acetylene pressure, never use acetylene gas when
the presswie s greater than 15 Ihe psi

WNOTE  Acetylene gas when compressed to more than 15 Ihs.
Lecomes a very high explosive.) ‘

419
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17.

18.

. 19.

20.
21.
22.
23.

24,

25.

26.

27.

28.

29.
30.

31.

ACR | - 7-E

INFORMATION SHEET

Never screw the regulator screw in tight against the regulator as
this spoils the diaphragm
{NOTE: If hase pressure drops, check tank pressure at regulator;
tank is probably empty.)

Do not hold welding or cutting tip too close to your work; this
ray cause a flashback in your torch

Never use a tip that gets hot

4

(NOTE: A hot tip or handle is caused by the bur[ning of oxyge‘n
and acetylene inside of the tip or handle. This is a dangerous
situation which should be repaired immediately.)

Never use a torch that leaks

Never leave your torch burning unattended

Never leave torch valve open

Do not use the torch for a hammer, crowbar, wedge, or forany

purpose other than welding; do not use a cylinder, even when
empty, as a roller

Do not store cyiinders in a room where the temperature is more
" than 80°

Do not adjust, alter, change, build, or do any experimental work
on cylinders, regulators, torches, or any other gas equipment

Never attempt to weld a closed or jacketed tank, vessei, or
container withcut a vent for air

(NOTE: Even with a vent, great care should be used not to get
gas in tank. If for any reason you should get gas in the tank,
be sure to aerate the tank.)

Use a regulator on air-acetylene torches

Stand to one side of regulator while slowly opening the cylinder
valve

Purge oxygen and acetylene passages before lighting torch
Secure all cylinders to prevent them from being knocked over

Purge cylinder valve before attaching regulators

411
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32

INFORMATION SHEET

Release adjusting screws or regulator before opening cyhnder
valve

Do not use a torch on a pressunzed system
Light acetvlene before opening oxygen valve on torch
Install flashback valves on all oxyacetylene welding equaipment

Do not use uxyger as a supstitute for compressed air

Keep heat, flames, and sparks away ‘rom combustibles

’

B8  Electric welding

i

10

1.

12

I¥ 1t 1, necessary to coupie lengths of cable together, make sure
joints are insulated and all electrical connections are tight, use
no cable, with frayed, cracked, or bare spots

When electrode holder 1s not in use, hang it on welding machine
or special holder; never let it touch a gas cyhinder

Always have welding machine properly grounded
Make sute pedal controis are guarded to rrevent accidental starts °
]

If need anses to weld in damp or wet conditions, wear rubber
boots and/or stand on dry cardboard or wood

Stand only on sohid ttems, floor or around <,

When welding in high places without railings, use safety beit or
lifeline

Always wear proper eye protection, especially when grinding or
cutting

Keep your booth curtains closed to protect the eyes of others
Never weld or cut directly or a concrete floor
Do not look at the arc with the naked“eye

Wear 4 head or face shield that 1s in good condition

Always wear stittable protective clothing

Examples Long sleeved shirt, leather gloves, turned down
cuffs, high top shoes or boots, buttoned down
collar
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INFORMATION SHEET

Do not strike an arc or weld until you are sure those in the
vicinity have protective equipment or will look in the other

direction

(NOTE: Shout "COVER" before striking the arc.)

15. Do not pick up hot metal

?; ) 16. Do not weld in confined places without proper ventilation
: ’ ‘ * 17. Open main switch or disconnect plug when checking a welder
h S 18. Do not leave electrode holder on welding table or in direct contact
= with grounded metal :
E 7 19 Do not use worn or frayed cables
ié I1l. Components of the air-acetylene torch outfit (Transparencies 1 and 2y
E A. Torch handle
% B.. Regulator
g > C. Hose
E ‘ D. Tips ‘ o

1. No. 1--Very fipe pointed flame

‘ 2. No. 2-Fine '

3. No. 3--Medium

q. No. 4 -Medium large

5. No. 5--Lirge |

6. No. 6--Extrz large

- E. High temperature wraparound flame tip
F. Halide torch leak detectors
G. Soldering copper

‘ : H. Acetylene tanks
IlBll

' 1.

tank

(NOTE: This has a capacity of 40 cupic feet.)

-
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INFORMATION "SHEET

L tank

.

(NOTE  This has a capacity of 10 cubne feet)
Stetket
Cyhinger wrench

.

omponents ot he air probane torch outht (Transparencies 3 and

A, Torch handie

Reauliator
Higre temberature wraparound flame tp

Stanvdarar s

Medium
3 LArge.

Halile torch leak detecto

Soldenng .coppet .

Lic o fingd petroteum cylinders
012 i capdcity
20 b capacn\)

fo e osrze with lefthand nuts

c
CJ"” "r

V. Lighting, adjusting and extinguishing the air acetylene torch

A

B

C

e

Open tank valve 1,2 of a turr

INGTE U~ a tank key ora refrigeration ratchet handle to open the tank
vatve )

Open vade 90 boandie

‘,Qn:iil AN Lathoa aindber
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INFORMATION SHEET

Turn handle valve to adjust flame -

Adjust flame so that the inner blue cone is about 1 1/2" long (Figure

2) '

s

(NOTE: The hottest part of the flame is 1/8" from the inner blue cone.)

Bright » Pale Blue
|nnergF|ame Quter Flame

F. Extinguish the flame

1. Close tank valve
- .
2. Let flame burn itself out B
3. Close valve :Jn handle ~
Vi. Care of the-air-acetylene torch
- A. Secure tank from falling over
2 ’ ) B. Don't overtighten regulator adjustment ‘
‘ |
C. Keep tips clean - oo . w
D. Check for acetylene leaks before using
VIl.  Components of the oxyacetylene torch outfit (Transparencies 5 and 6) -
. A. Oxygen regulator
° | B. Acetylene regulator )

Torch handle

o o

Cutting attachment .
E. Welding tip

F. Cutting tip
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INFORMATION SHEET .

Twin hose

Safety goggles ‘ ~

Striker

Cart ,_
Oxygen cylinder

Acetylene cylinder

ViIl. Steps for setting up the oxyacetylene torch _
P4

A

B."

"Connect agetylene hose (red) \fQ\ acetylene regulator and purge hose
1

Fasten cylinders in a vertical position

-~

Remove caps from cylinders

Crack vaives of each cylinder, then closel valves
Connect oxygen regulator to oxygen cylinder
(CA‘UTION: Do not lubricate.)

1. Turn pressure adjusting screw on requlator counterclockwise until
tension on spring is released

2. Siowly open cylinder and tighten in open position
LI
Connect acetylene regulator to acetylene cylinder

1. Turn pressure adjusting screw on regulator counterclockwise antil
tension on spring is released

2. Open cylinder valve 1/2 to 3/4 of a turn

(NOTE: Never open more than 1 1/2 turns.)

N |
(NOTE: All acetylene fittings have.a grooved nut to indicate left-hand
ihreads.)
Connect oxygen hose (green) to oxygen regulator and purge hose

(NOTE Al oxygen fittings have right-hand threads.)

Connect torch body to” oxygen and acetylene hose and close both vaives

on torch body .
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INFORMATION SHEET

- €

Attach welding tip to torch body

(NOTE: Size of ti/p is determined by thickness of metal to be welded. Use
manufacturer's recommendations for tip size and working pressures.)

Turn pressure adjusting screw on oxygen regulator clockwise until working
pressure is reached L
Turn pressure adjusting screw on acetylene regulator clockwise until working
pressure is reached

¢

Test all connections for leaks with soappsuds and water

(NOTE: Apply soap suds with a clear paint brush.)

Steps for lighting, adjusting, and extinguishing the oxyacetylene torch

-

\-

A. Ligh.ing

1. Check all cylinder, regulator, and torch valves to make sure they
are turned off

Open acetylene cylinder valve 1/2 to 3/4 of a turn
(CAUTION: Never open more than 1 1/2 turns.)
To purge line, open acetylene valve on torch one turn

Tum acetylene regulator pressure adjusting screw clockwise until
desired working pressure is reached

Close acetylene valve on torch

Open oxygen cylinder valve all the way and tighten in open
position -

Open oxygen torch valve one turn

Turn oxygen regulator pressure adjusting screw clockwise until
desired pressure is reached

Close oxygen valve on torch

Open acetytene—vatve on torch1/4 turm— — - -

Light the torch with flint lighter

-
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INFORMATION SHEET

B. Adjusting
‘ 1. Adjust until smoke on flame clears )
2. Open oxygen torch valve L
3. Adjust to a neutral flame with a tiny trace of feat‘her on the
inner conhe )
(NOTE: The working pressure is d(-;termined by the size of the .
N tip.)

C. Extinguishing

1. Close acetylene torch valve ’
2. Close oxygen torch valve
- \
3. Close acetylene cylinder valve o
3
-
’ q. Close oxygen cylinger valve )
5. Open acetylene torch valve \
(NOTE: When gauges reach O, release acetylene regulator pressure
-adjusting screw and close torch valve.)
6. Open oxygen valve on-torch
(NOTE: When gauges reach O, release oxygen regulator pressure
- adjusting screw and close torch valve.) ‘
7. Place: torch and hoses on hanger or brackets ’

X. Care of oxyacetylene welding equipment
A. Use no oil around the equipment
B. ~ Do not leave pressure on regulators
. - ' : .
C. Keep tips clean .

D. Check for loose or leaky fittings

E. Keep hose off of the floor as much as possible

/
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INFORMATION SHEET

'Equipment for electric welding (T¥ansparencies 7 and 8)

A. Electric welder

B. Electrode holder

C. Ground clamp

D. Shield

E. Gloves . ’
E. Chipping hammer '

G. Safety goggles

H. Wire brush ‘ p
. Electrode

Uses .of the electric welder in the air-conditioning and refrigeration trade

_\ A. Constructing angle iron equipment racks “«

4

é. Fabricating compressos mounting plates

C. Repaiv‘ing bro|:er— Liraces and supports

Care qf the electric welder

A. Cables shou|d‘be currect size

B. Cables should be well insulated

C. Check cables for defective insulation periodically (
D. Keep all cable connections tight

Check the insulation on the electrode holder . ,

m

F. Holder 'should grip the electrode tightly

4
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“MC” Acetylene Tank
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Air-Acetylene Torch Jutfit
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Torch Handle

High Temperature
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Air-Propane Torch Qutfit

(Continued)

i

o

Halide Torch Leak Detector

Liquified Petroleum Cylinder
2 1/2 Ib. Capacity

Liquified Petroleum Cylinder
20 Ib. Capacity

Striker
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Safety Goggles
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Oxyacetylene Torch Outfit

{Continued)
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SOLDERING AND WELDING EQUIPMENT
UNIT |

JOB SHEET #1--LIGHT AND ADJUST THE
AIR-ACETYLENE TORCH

Tools and materials

A Air-acetylene torch outfit

B Acetylene tank valve wrench )

C. Striker

D. Colored safety glasses

Procedure

A. Put on colored safety glasses

B. Open tank valve 1/2 of a turn

C Check system for leaks with soap bubbles
(CAUTION Never check for a gas leak with a flame.)

D. Open torch handie valve 1/4 of a tumn

E  Sunke strker immediotely

F  Upon i1gution of flamre, open torch velve another 1/2 of a turn
(CAUTION. If flame does not ignite immedhately, shut off valve on handle.
Ceiayed 1gnition could cause an explosion.) )

G Adjust flame >0 that inner blue cone 1s abo. ° 1/2" long
(NOTE 1f there 1s an air gap between the inner hlue cone and the torch
tip, the regulator adjusting screw may need to be turned counterclockwise
mn order to decrease ihe pressure )

H  Extinguish by closing tank valve first

| Let flame burn 1tself out

J Close torch handte valve

K Rolt up hose

L Put awav emupment

136
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SOLDERING AND WELDING EQUIPMENT
UNIT |

JOB SHEET #2--LIGHT AND ADJUST THE HALIDE TORCH LEAK DETECTOR

Tools and materials

A. Air-acetylene torch outfit
B. Halide torch leak detector
C Acetylene tank valve wrench
D. Striker
E. Safety glasses
Procedure
A. Put on safety glasses
B. Remove tip from torch handle by tuming tip counterclockwise
C. Install the halide torch leak detector in the torch handle
D. Open tank valve 1/2 of a turn
E. Check system for leaks with soap bubbles
(CAUTION. Never check for a gas leak with a flame.)
F. Open torch handie valve 1/4 of a turn
G.  Hold striker over end of leak detector while striking K
4. Place thumb over end of sniffer hose while lighting detector flame

Remove thumb as soon as flame is lit




SR

JOB SHEET #2

J.  Adjust flame so that inner blue cone just barely touches the reac .. - plate

(Figure 1)

Figure 1

Reactor Plate

K  E.tinguish by closing tank valve first

I.  Let flame burn itseif out

M. Close torch randle valve

N  Remove leak detector from torch handle
O. Replace tip in torcn handle

P. Roll up hose

Q. Put away equipment
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. SOLDERING AND WELDING EQUIPMENT
UNIT |

JOB SHEET #3--LIGHT AND ADJUST THE OXYACETYLENE TORCH

. Tools and materials
A.  Oxyacetylene welding outfit

B. Weldiyg goggles
C. Striker
Il.  Procedure

ey A. Check all cylinder, regulater, and torch valves to make sure they are turned
© off

B. Open acetylene cylinder valve 1/2 to 3/4 of a turn
(CAUTION. Never open more than 1 1/Z turns.)
C. To purge line, open acetylene valve on torch one turn

D. Turn acetylene regulator pressure adjusting screw clockwise until desired

. working pressure is reached

E. Clo.e acetylene valve on torch

F. Open oxygen cylinder valve all the way and tighten in cpen position

G. Open oxygen torch valve one turn
<7 .
H. Turn uxygen regulator pressure adjusting :jrew clockwise until desited
pressure 1s reached

| Close oxygen valve on torch.
J Open acetylene valve on iurch 1/4 turn
K. Light the torch with striker and adjust until smoke on flame clears

L. Open oxygen torch valve and adjust tc a neutral flame with a tiny trace
of feather on the inner cone

M. Turn off the torch and oxyacetylene welding cutfit using the following
procedure

1. Close acetylene torch valve

I 2. Ciose oxygen torch valve

(SN
o
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JOB SHEET #3

Close acetylenz cylinder vaive
Close oxygen cylinder valve
Open acetylene torch valve

(NOTE: When gauges reach O, release acetylene regulator pressure
adjusting screw and close torch valve.)

Open oxygen valve on torch

(NOTE: When gauges reach O, release oxygen regulator pressure
adjusting screw and close torch valve.)

Place torch and hoses on hanger or brackets

vy
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Match the terms on the right to the correct definitions.

SOLDERING AND WELDING EQUIPMENT

TEST

%_

a. Joining two metals by adhesion of a high

temperature soldering alloy which
contai °s some percentage of silver

Fire inside the torch

Device for reducing high cylinder
pressure to a low working pressure

Joining two metals by adhesion of a low
melting temperature metal

Flow of electric current from the tip of
the electrode holder to the metal being
welded

Inner white part of a neutra! flame

Buming of equal parts of oxygen and
acetylene

. Metal rods which conduct a current from

the electrode holder to the metal being
welded

Torch which uses an acetylene cylinder
anly and gets the oxygen to su.pOrt the
flame from the surrounding air

Cne-way valve which prevents a
flashback from goirig up the hoses and
to the regulators

1441

1.

2.

10.
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Inner cone

Air-acetylene
torch

Regu|étor

Arc

Neutral flame
Silver brazing
Soldering
Electrodes

Flashback
valve

Flashback
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Select safety rules for using soldering and welding equipment by placing an " X"
in the appropriate blank.

a. Do not weld in the vicinity of explosive materials or near carbon
tetrachloride

b. Always make sure you have enough ventilation to give three or four
complete changes of air per day

3

c. Use air exhaust at the weld whenever welding lead, cadmium,
chromium, manganese, brass, bronze, zinc, or galvanized metals

d. Never use a torch that leaks

e. Never leave your torch burning unattended

f. Never leave torch valve open

g. Do not use the torch for a hammer, crowbar, wedge, or for any purpose
other than.we|ding; do not use a cylinder, even when empty, as a
roller .

h. Do not use oil or grease on any pxygen or acetylene connections

i. Never open tank valves until you are certain that regulator valves are
cpen :

_____j- Open the valves on the cylinders with a hammer
k. A|way§ wear suitable protective clothing

I. Always keep a safe, c|ear3 work area

m. Make sure there are no flammable materials near

n. Before lighting torch, be positive that hose, tanks, or any inflammable
matertal will not be exposed to heat, f|’ame, or sparks

o. Beware of high acetylene pressure; never use acetylene gas when the
pressure is greater than 15 Ibs. pas.i. ,

p. Do not sture cylinders in a room where the .temperature is less than
80°

g. Do not adjust, alter, change, build, or do any experimental work on
cylinders, regulators, torches, or any other gas equipment

r. Always weld & closed or jacketed tank, vesse!, or container without
a vent for air

s. Never hammer on oXygen or acetylene regulators

t. Do not light a torch with a match or open flame; use striker provided

4472




3.

Identify the components of the air-acetylene torch outfit.




e 4

ety

4,

Identify the components of the air-propane torch outfit.

444
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5. Discuss lighting, adjusting, and extinguishing the air-acetylene torch.

W

6. List four steps’ for proper care of the air-acetylene torch.
) a.
. b.
c.
d.
7. Identify the components of the oxyacetylene torch outfit.
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8. Arrange in order the followmg steps by piac*ng the correct sequence number
. in the -appropriate blank. .

-

a. Connect acetylene hose (red) to acetylene regulator ar1 purge hose

vt b. Remove caps from cylinders ’

-
¢. Turn pressure adjusting screw on oxygen regulator clockwnse until
working pressure is reached - ] .

d. Test alf connections for leaks with soap suds and water .

‘

-

e. Fasten cylinders in a vertical position ' )

f. Connect acetylene regulator to acetylene cylinder

& ’ 1) Tum presure adjusting screw on regulator counterclockwise '
until tension on spring is released

; Sz Open cylinder valve 1/2 to 3/4 of a turn
g. Attach weltling tip to torch body ) .

h. Connect oxygen regulater to oxygen cylinder

i . 1) Turn pressure adjusting screw on regulator, counterclockwise
,(// until tension on spring is released
1 3
) 2) Slowly open cylinder and tighten in open position ’

i. Crack valves of each cylinder, then close valves

. j. Connect oxygen r(ose (green) to oXygen regulator and purge ‘hose

’ k. Tumn pressure adjustmg screw on acetyfene regulator clockwise unt|! :
working pressure is reached :

' I.. Connect torch body to oxygen and acetylene hose and close both valve.»
on torch body .

E ’ 9. Arrange in order the followmg steps by placing the correct sequence 1etter in
the appropriate blank. ‘

. a. Lighting

- 1) To purge line, open acetylene valve on torch one turn

) 2) Turn oxygen regulator pressure adjusting screw clockwise until |
- desrred pressure is reached
! &

‘ 3) Check all c-ylmder regulator and torch valves to make sure they

. . are turned off :
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10.

Turn acetylene régu|ator pressure adjusting screw r _ckwise until
desired working pressure is reached

%) QCpen oxygen torch valve one turn

6) Open acetylené cylinder va.wve 1/2 to 3/4 of a turn
7) Close oxygen valve on torch

8) Close acetylene valve on torch

8} Light the turch with flint lighter

10) Ope oxygen cylinder valve all the way and tighten in open
position

____11) Open acetylene valve on torch i/4 turn
Adjusting -
1) >Adjust to a neutral flame with a tiny trace of feather in the cone
2) Adjust until smoke on flame clears
3) Open oxygen torch valve
Extinguishing
1) Close oxygen cylinder valve
2) Place iorch and hoses on hanger or brackets
3) Close acetylene torch valve
4) Open acetylene torch valve
5) Open‘ oxygen valve on torch

6) Close oxygen torch valve

7) Close acetylene cy:.ider valvé

List five stens for proper care of oxyacetylene welding equipment.

a.




11. identity the electric weiding equipment.




J

12 List three uses of the electric welder in the air-conditioning and refrigeration ‘
trade.

C .‘

13. List four steps used for proner care of the electric welder.

9]

d

14. Demonstrate the ability to

a Light and adjust the air-acetylene torch.
h Light and adjust the haiide torch leak detector.
c. Light and adjust the oxyacetylene torch. .

(NOTE If these activities have ot been accomplished pnor to the test, ask
your instructor when they should be completed.)
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SOLDCRING AND WELDING EQUIPMENT
UNIT |

ANSWERS TO TEST

a. 6 f 1
b. 10 g b
c. 3 h. 8
d. 7 i 2
e. 4 i. 9

al cl dl el fl g’ h, kl |I n1l nl OI ql sl t
a. Regulator
b. Halide torch leak detector

¢. Cylinder wrench

d. " iC" acetylene tank
€. "B" acetylene tank
f. Hose

g. Soldering copper

h.  Stitker

1. Tip

). Torch handle

a Regulator

b. Hose

c. Haiide torch leak detector

d. High temperature wraparound flame tip

e. Liquified petroleum cylinder 2 1/2 Ib. capacity

f.  Stnker

g. Solderng copper

ACR |
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h

Liquified petroleum cyhinder 20 Ib. capacity
Torch handle

Discussion should include:

a.

h.

G

[4+]

Open tank valve 1/2 of a tum

Open valve on handle
ignite gas with a striker
Turn handle valve to adjust flame
Adjust flame so that the nner blue cone is about 1 1/2" long
Extinguish the flame
1) Close tank valve
2) et flame burn itself out
3) Close valve on handle
Secure tanic from falling over
Don't overtighten regulator adjustment
Keep tips clean
Check for acetylene leaks before using
Safety goggles
Oxvgen regulator
Acetylene regulator
Cart
Acetylene cyiin-er
C tt.ng tip
Striker
Oxygen cylhinder
Tc;rch handle
Weldina tip
thq attachmenit

Twin nose

4572
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10.

11.

10

12

e
2) h
3) a
4) d
b) g
6) b
1) c
2) a
3 b
1)d
2) g
3) a

4) e

7) i

9) k
10) f
1)

6) b

7) ¢

Use no oil around the equipment

Do not leave pressure on regulators

Keep tips clean

Check for loost or leaky fittings

Keep hose off of the floor as much as possible

Safety goggles
Wire brush
Chipping hammer

Ground clamp

153
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e. Gloves
f.  Shield
g. Electnc welder
h. Electrode holder i
i Electrode
12. a. Constructing angle iron equipment racks

b. Fabricating compressor mounting plates

C Repairing broken braces and supports
13. Any four of the following:
a. Cables should be correct size

b. Cables should be well insulated

o

Check cables for defective insulation period:cally

d Keep all cable connection. tight

e Check the nsulation on the electrode holder .
t.  Holder should grip the electrode tightly

14 Pertormance skilis evaluated to the satisfaction of the mstructor

P
A
-
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SOFT SCLDERING
UNIT I

JNIT OBJECTIVE

After completion of this unit, the student should be able to match terms associated with
soft soldering to the correct definitions and discuss the types of soft solder and fluxes.
The student should also be able to list the steps for making a solder joint and the conditions
for proper capillary action of solders. This knowledge will be evidenced through
demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1.

2.

Match terms associated with soft soldering to the correct definitions.
Discuss the descriptions and uses of types of soft solder.

List the thirteen steps in making a solder joint.

Describe the types of flux used in soft soldering.

List the five conditions for creating capillary action of solders.
Demonstrate the ability to:

a. Clean, flux, and solder a swage Joint.

b. Solder an inverted swage joint.

c. Solder a horizonial swage joint.

d. Soft solder with tne oxyacetylene torch.

N
1
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SOFT SOLDERING
UNIT I

SUGGESTED ACTIVITIES

Instructor:

A. Provide student with objective sheet.

B. Prowide student with information and job sheets.
C. Discuss unit and specific objectives.

D. Discuss information sheet.

E. Demonstrate and discuss the procedures outlined in the job sheets.
F. Give test.

Student:

A. Read ohjective sheet.

B. Study information sheet.

C. Complete job sheets.

D. Take test. \

INSTRUCTIONAL MATERIALS

Included n this unit.

A.

B.

Objective sheet
Information sheet
Job sheets
1. Job Sheet #1--Clean, Flux, and Solder a Swage Joint
2. Job Sheet #2--Solder an !nverted Swage Joint
3. Job Sheet #3--Solder a Horizontal Swage Joint
4 Job Sheet #4 -Soft Solder with the Oxyacetylene Torch
Test

Answers to test




References:

A.

The Oxy-Acetylene Handbook. New York, New York: Linde Division/Union
Carbide Corp., 1968. R

"Soldering and Brazing: The Mark of the Craftsman.” Refrigeration Service
and Contracting. March, 1975, p. 14.




SOFT SOLDERING
UNIT I

INFORMATION SHEET

<

Terms and definitions

A

B.

Antimony--Alloy which 1s added to soft solder for added strength

Capillary action-The manner in wnich the molten solder is drawn into the
joint through the proper application of heat

Soft solder--Selder with a melting temperature of 80C°F or less, that is
used as a filier metal

2
Flux-Mildly corrosive substance that is applied to a joint prior to soldering

to prevent oxidation

Filler metal--Metal which is melted and is used to join two similar or
dissimiiar metals together

Oxidize-To combine with oxygen

(NOTE: This will create the accumulation of a film on the tubing that
prevents the flow} of solder )

Eutectic solder--Solder having a low meiting point

Topped--The process of melting a solder un top of the one that was used
to make the joint to insure a leak proof jomt

Descriptions and uses of types of soft solder

A

50-50 solder

1. All purpose solder for plumbing
2. Easy to use
3. Compeosition
a 50% tin
b 50% lead
95 5 solder
1 Usually used only when specified




Its oot

\ : INFORMATION SHEET '

L 2 Hard to use

(NOTE* Wren used, it should be toppea with 50-50 solder.)

) 3. Composition

‘l\

; a. 95% tin

o) b. % antimony ]

v\ C. 4060 solder
\ 1. Will not flow as well as 50-580
2. Not generally used
' 3. Composition
! a.  40% tn
b 60% lead
D. 63-37 solder
\\ 1 A eutectic solder
‘ a Very strong .
b lLow melting temperature ’
b2 Used where low melting temperatures are hécessary

i 3 Compaosition

\ c 63% tin

b 377 lead
E 97 3\ solder
‘ 1\. A silver beating soft solder
a Good strength
b Excellent flowing quahties
o 2 Used for tood processing eguipment
3. Composﬁt«on
a. 97% un

b, % silver




I
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f
. < INFORMATION SHEET ' . -
I11. Steps for making a solder joint
A Measure length of tube 3 . '
i B. Cut tube square //
C. Ream cut end T //"/
D Clean tube end . o /
E. Clean fitt:ng socket ) . . /
F. Apply flux 10 tube end
G  Assemble v - g .
H. Remove excess f‘|uy ' 3
’ | Vent with dry nitrogen ‘ } ( |
J Apply heat 4 |
N . K. Apply solder .1
. L. Allow joint to cool o
M. Clean the joint ‘ , p i
IV. Types of flux tor soft soider T ) i
A. Mildly corrosive paste flux ) | }
1. Composed of » ,\ i
’ ] Zinc |

b. Ammonr m
2. Aids in easy flowing of solder
(NOTE This flux s recomirended for use with 50-50 and 95-5 soler )

-

B. Ligquid seif-cleaning fluxes

1. Nonuniform cleaning
2. Could create contamination
. : (NOTE This type of flux is not re/commended for refrigeration work.)

464
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INFORMATION SHEET

V. Conditions for creating capillary action of solders

A

B.

s

Proper joint fit

Correct heat “temperature
Even heating
Properly cleaned joint

Correct flux
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SOFT SOLDERING
UNIT I

JOB SHEET #1-CLEAN, FLUX, AND SOLDER A SWAGE JOINT

Tools and materials

A. Tubing cutter
B. Rcamer
C. Fiaring block
D. Swage punch \
E. Ball peen hamme:
F. Scft copper ’tubing
(G. Fine sand cloth or special pads
(NOTE: Do rist use emery cloth when working with refrigerant lines.)
H. Low corrosive paste flux
| Air-acetylene torch outfit
J.  Colored safety glasses
K. Striker
L. 50-50 soluer
(NOTE. If 50-50 solder 1s not available, ask the instructor for a substitute
soft solder.)
M. Wood block
N. Clean damp towel
O  Hacksaw
*Procedure
A Make o swage joint
B Remove tubing from the flaring block
C  Use sand cloth to clean the swage socket

&
462
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JOB SHEET #1

Clean one end of the other piece of tubing
Do not touch cleaned surfaces

(NOT& Oils and moisture from the skin would cause the cleaned surfaces
to oxidize -

Appiy a thin film of fiux to the piece to be inserted with a clean brush

.

(CAUTION. Do not apply flux with fingers. Flux could easily be carried
to the eyes which would be very harmful.) f

insert tube into swage socket

Insert tube until 1t reaches the bottom of the swage socket
Twist the tube while inserting to spread the flux evenly
Clean away excess flux with a clean towel

Place tubing 1n wcod block (Figure 1)

(NOTE A wood block approximately 2" x 4" x 6" with various sizes
of holes provices an adequate holding device for tubing projects Ifawvise
's used to hold the tubing, the swage join: should be well above the vise
jaws The vise jaws will absorb heat and make a successful solder joint
difficult )

FIGURE 1

Inner + @ Cone

Torch

W

Swage Joint-

%%\%ﬁp— Wwond Riock

Put on colorad safer glasses

Light and au,ust torch

App'y heat tn swage jont (Figure 1)

(NOTE The inner blue cone of the flame should be approximately 1/8"
away trom the swage joint)

1673
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JOB SHEET #1

O  Move the torch around heating the entire joint

P Apply solder to the joint
(NOTE Do not melt soider with torch When the tubing nas been heated
to the proper temperature the solder will melt and flow into the swage
joint ) -
(CAUTION Overheating of tubing can cause solder to splash when applied.)

Q. Discontinue heat and solder application when solder flows from the joint
{(NOTE Do not continue to apply solder if 1t 1s not flowig into the joint.
if the solder will not flow into the joint 1t will have to be disassembled,
cleaned and the soldering process repeated.)

K. Turn off torch

S Aliow solder to ¢ .ol

T. Clean the joint with a clean damp towel

U, Have nstructor mspect

. V  Cut swaye joint at a diagonal vath a hacksaw (Figure 2)
FIGURE 2 .
D vy
H
! s §
e e
\\

W Have instructor inspect the cut joint

X. Clean up area and put away tools if this is the last soldering project of
the day

@ i

byt

ERIC

Aruitoxt provided by Eic:
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SOFT SOLDERING
UNIT I

JOB SHEET #2 -SOLDER AN INVFRTED SWAGE JOINT

Tools and materials
A Air-acetylene torch outfit

B. Colored safety glasses
C. Striker

D. Tubing

E 50-50 solder

(NOTE" If 50-50 sclder is not .vatlable, ask the instructor for a substitute
soft solder.}

F. Wood biock

G. Clean damp towel

H. Hacksaw

Procedure

A Prepare and swage tubing

B. Place tubing i wood block (Figure 1)

FIGURE 1

inner tllue Cene

Swage Joint Torch
N
‘} 5){5 ;\\\\3! l<———Wc:od Bloc'
m_&/ (00
C.  Put on safety glisses
D Light and adj st torch
165
4
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JOB SHEET #2 .

Apply heat to swage joint {Figure 1)

(NO™= The nner blue cone of the flame shou'd be: approximately 1/8"
away from the swage joint.)

Move the torch around, hedting the entire joint

(NOTE The heat shouid be applied on the upper part of the swage joint
so that the cap'ilary action wiil pull the solder up into the joint.)

Apply solder to the joint f

(NOTE* Do not me!t solder with torch. When the tubing has been heated
to the proper terperature the solder will melt and flow into the swage
joint.)

(CAUTION. Overheating of tnhe tubing can cause solder to splash when
ape od )

Discontinue heat and solder application when solder flows from the joint

(NOTE* Do not continiue to apply solder if it is not flowing into the joint, .
if the soider w Il not flow into the joint it will have to be disassembled,

cleaned, and the soldering process repeated.)

Turn off torch

Alicw solder o cool

Clean the joint with a ¢ .un damp towel

Have nstructor nspect

Cut swage junt at a diagonal with @ hacksaw (Figure 2)

FIGURE 2

? : i__\_‘., 3 . 3

Hava instructor  nspect the cut joint

Clearr up area and put sway tools f the s the last soldering project of

the day
. LN
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SOFT SOLDERING
UNIT Il
JOB SHEET #3--SOLDER A HORIZONTAL SWAGE JOINT

I. Tools and materials

A. Air-acetylene tcrch outfit

B. Colored safety glasses
C  Striker
D. Tubing
p; . 5050 solder . o

(NOTE" {f 50-60 colder is nct available, ask the instructor for a substitute
soft solder.)

F.  Wood block
G. Clean damp towe!
H. Hacksaw
‘ It Procedure
A. Cut three pieces of tubing 3" long
B  Ream one end of two bieces
C. S 'ge the two reamed pieces

D. Clean, flux, and cssemble the nieces of tubing

m

Place tubmg in block (Figure 1)

FIGURE 1 r\(mr——WOOd Block

W
Ny Swage Joir

)7 S =
\\ /
A\ N

_ v ‘ A
- \4 inner Blue Ccne
- 3 /
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B,

JOB SHEET #3

Put on safety glasses
Light and adjust torch,
Apply heat to swage joint (Figure 1)

(NOTE The mner blue cone of the flame should be approximately 1/8"
away from tne swage joint.)

Move the toich around, heating the entire joint

Apply solder to the joint

{(NOTE' Do not melt solder with torch. When the tubing has been heated
to the proper temperature the solder will melt and flow mnto the swage

joint)

"CAUTION. Overheamg of tire tubing can cause solder to splash when
applied )

Discontinue heat .and solder application when solder flows from the joint
(NOTE: Do not continue to apply solder if it ig not flowing into the joint.
£ the soider wiil not fiow into the toint it will have to be disassemivled,
cteaned, and the solderiig process repeated.)

Turn off torch

Aillow solder to cool

Clean the joint with a clean damp towel

Have nstructor inspect

']
Cut swage joint at a diagonal with a hacksaw (Figure 2)

FIGURE 2 .
AR
] AR 3
N I
AN
N

Have instructor inspect the cut joint

Chlean up area and put away tools if this 1s the last soldering project of
the cay
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SOFT SOLDERING
UNIT 1

JOB SHEET #4 SOFT SOLDER WiTH THE OXYACETYLENE TORCH

Tools and maternials

A. Oxyacetylene torch outfit
B  Colored safety glasses
C. Striker

D. Tubing

E. 50-50 solder

(NOTE: If 50-50 soider is not available, ask the instructor for a substitute
soft solder.) ,

F.  Woou block
G Clean damp towel .
Procedure
A Cut two pieces of tubing 3" long
B Ream one end of one piece . )
C. Swage the reamed end of ‘he tubing
By~ Clean, flux, and assemble the pieces of tubing
I
E  Place tubing in block (Figure 1) °
t {(NOTE. f a vise 1s used to hold the tubing, the swage joint should be

well above the vise jaws The vise jaws will absorb heat and make a successful

solder tomnt difficuit )
¢

FIGURE 1 'V‘l Acetylene Feather
/ é

Swvage JoIntm——, i inner Blue Cone
]

dgg;i\(“mh
l I

}\% ™ 1 ;\ N }i——Wood Block
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JOB SHEET #4

Put on safety glasses

Light and adwist torch for neutral flame

After obtaining neutral flame add more acetylene (Figure 2)

(NOTE: For soft soldering the acetylene feather should be about 4" long.)

Use the acetylene feather for-snldering

FIGURE 2 /

Acetytene Feather

Inner Cone

Apply heat to swage joint

Move the torch around, heating the entire joint

Apply soider to the joint

{NOTE: Do not meit solder.wnh torch. When the tubing has been heated
to the proper temperature, the solder will melt and flow into the swage

joint.)

(CAUTION" Overheating of the tubing can cause solder to splash when
apphed )

Discontinue heat and solder applcation when solder flows from the joint
(NOTE Do not continue to apply solder if 1t is not flowing into the joint.
if the solder wili not fiow into the joint it wili have to be disassembled,
cleaned, and the soldering process repeated.) -

Remove the heat as soon as the solder fiows into the joint

Turn off toren

Allow solder to sool

Clean the jcint with a clean damp towe!

470




JOB SHEET #4

i

Have instructor inspect &

S. Cut swage joint at a diagonal with a hacksaw (Figure 3)

£IGURE 3 -
AN
o
L AN 3
AN

T. Have instructor mspect the cut joint

U. Clean up area and put away tools
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SOFT SOLDERING
UNIT Il

TEST

Match the terms on the right to the correct definitions.

a. The process of melting a solder on top 1. Flux
of the one that was used to make the
joint to insure a leak proof Joint 2. Futectic
suider
. Solder having a low melting point
Soft solder
. To combine with oxygen
; Antimony
. Metal which is melted and is used to ;
join two similar or dissimilar metals . Oxidize
together ’

Topped \
. Mildly corrosive substance that is applied -
to a joint prior to soldering to prevent . Filler metal
~ oXidation \
‘ Capillary action
Solder with a melting temperature of
800°F or less, that is used as a filler
metal

. Alloy which is added to#%oft solder for
added strength )

. The manner in which the molten solder

s drawn into the.joint th cugh the
proper application of .heat

Discuss the descriptions and uses of types of soft solder.

a 5050 .




4
} ! b. 955

, .
/
. ¢ N L4
c. 4060 A
d. 6337
)
N k3 *
e. 973
‘ 5
4
3. List the thirteen steps in making a solder joint.
a. . N |
b.
- C. h o~ - wy ‘
g . -
. . :x' )
. . e.
v f, : N

ERIC - -

Aruitoxt provided by Eic:
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I
m.
Describe the types of flux used in soft solderin-.

a. Mildly corrosive paste flux

.

I

b. Liguid self-cleaning fluxes v
3

List five conditions for creating capillary action of soldgrs.‘

a. ' i

{ s

b. y

c. 3 : .4 -

d. ' s - ) ! iy

e. ! . ’ '

Demonstrate’ the -ability ‘to: . N

P . Ll
a. Clean, flux, and so’ﬁder a swage joint.
. ' .

Lo -
b. Solder pn inverted swage joint. W -

c.  Solder L hori§antal swage joirt. ’ S

|

d Soft so;de( with the oxyacetyle’ne torch.
INOTE: If these activities have not been accomplished prior

your instrucktor when they should be completec(.)

L]
} ~

.
- L]
T -,
X .

ACR |

ihe test, ask’

b~
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' . : - SOFT SOLDERING \
- UNIZ I
: :>/
) ANSWERS TO TEST ’
. /,/ - . , .- - . \ -' .
L ;ﬁ" ., N ‘ PO R v - PR
' 3/ , . a 6 e. 1 - 0
/ / . ) Bl
/ b, 2 ~ f.

c. 5 g.

/ ) d. 7 h.

. Discussion shoulﬁnch:de:

\,
E 3
'
O » oW
ra
1[4

et

N

oo

a. 5050 solder . '
C j .
I
I‘J

1) All purpose solder, for plumbing

i 2) Easy to use

i

. A 3) CT)mposntion ‘ A )
a) 50% tin ‘ '
. . ' b) §0% lead .
- - b. é5-5 solder ‘ ’," ]
. . 1) - Usua|‘|y used o-n|y when specifie ! . | h
2) Hard to use &
3) Composition : .
: S a)  95% tin
*‘ ) a b)’ 5% antimony - . -
) c. 40-60 solder )
\ . 1) Will not flow, as well as 50-50
C2) &N«:t geﬁera!ly used’
3 - 3y Composition ) ‘ E

a)  40% tin

. . b) 60% lead
. o !
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Aruitoxt provided by Eic:
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—

63 37 solder

i A eutectic solder 7l
a)  Very strong

-

b} Low melting temperature

2) Used where low melting temperatures are necessary -

3 Composition
al  63% tin
b)  37% lead
37 3 solder
1 A siiver bearing soft solder
1} Good streng..!
h ,’lExceHer‘.t tlowing aualities
S '.J‘smi for food processing eguipment
A Composition
at 37w up
by 3% silver

“leastie ngth of tobe

Ul tabe sgaare
Pordtty (g erg
Clean tube end

Clean titting socket

Apply flhix to tube end

Remove excess tux
Vent with dry nitrogen

Apply eat

~
auhy

\

-

i



.

. k. Apply- solder .

l. Allow joint to cool
m. Clean the joint
qg. Description should include:
z;. Miidly corrosive paste flux
1) Compcered of
a) Zinc
b)  Ainmonium
2) Aids in easy flowing of soider

b. lpquid self-cleaning fluxes
4

1) Nonuniform cleaning
2) Could create contamination
5. a. Proper joint fit

’ b. Correct heat temperature

* ¢. Even heating
d. Properly cleaned joint
-

2. Correct flux

Performance skills evaluated to the satisfaction of the instructor

477
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SILVER BRAZING
UNIT 11

-~

UNIT OBJECTIVE

After ‘completion of this unit, the student should be able to match terms associated with
silver brazing to the correct definitions. He should also he able to discuss silver solder
and the different types of silver brazing alloys. This knowledge will be evidenced through
demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

» After completion of this unit, the student should be able® to:
1. Match terms arsociated with silver brazing to the correct definitions.
2. Discuss the types of silver brazing alloys.
3. Discuss silver solder flux.
4, List the characteristics of the flux at different temperature ranges.
5. Arrange in order the steps in using the air-acetylene high temperature
wraparound tip for silver brazing.
6. Demonstrate the ability to:

a. Si|vgr braze an upright swage joint.
b. Silver braze a? inverted swage joint.
c. Silver braze a horizontal swage joint.
d. Siiver braze a copper to steel joint.

e. Silver braze a joint while circulating dry nitrogen.

f.  Silver braze the copper tubing project.




SILVER BRAZING
UNIT Il

SUGGESTED ACTIVITIES

Instructor:
A. Provide student with objective sheet.

R. Prowide student with information and job sheets.

o

Make transparencies.

D. Discuss unit and specific objectives.

E Discuss information sheet. ) . N
F. ‘Demonstrate and discuss the procedures outlir;ed .

G. Give test. ~

Student:

A. Read objective sheet.

B Study information sheet.

C. Complete job sheets.

D. Take test.
INSTRUCTIONAL MATERIALS

Included 1 this umit:

A. | Objective sheet

B. }Infornr.atuon sheet

C T-ansparency mastars

1. TM 1--Melting and Brazing Ranges

2.™v  TM 2 -Behavior of Flux During the Brasing Cycle

479
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D. Job sheets

- ‘ 1. Job Sheet #1-Silver Braze an Upright Swage Joint

=) ,
) 2. 9 Job Sheet #2-Silver Braze an inverted ‘§wa§e Joint
3. " Job Sheet #3-Silver Braze a Horizontal Swage Joint ’
4. Job Sheet #4-Silver Braze a Copper to Steel Joint
5 Job Sheet #5-Silver Braze a Jnint While Circulating Dry Nitrugen
T 6. Job Sheet #6-Silver Braze the Copper Tubing Project

E. Test
F. Answers to test

II. References:

A. "Soldering and Brazing: The Mark of the Craftsman." Refrigeration Service
and Contracting. March 1975, p. 14.°

B. Refrigeration Se-vice, Part . Benton Harbor, Michigan: Whirlpool Corp., |
1974. -




SILVER BRAZING
UNIT il

INFORMATION SHEET

Terms and definitions

A. Troy ounce--UUnit of weight based on a pound being twelve ounces
{NOTE Silver brazing alloy 5 sold by the troy ounce.)

B. Siver soluer flux--White borax paste applied to the tubing prior to silver
brazing to prevent oxidation and to aid in the flowing of the silver alloy

C  Silver solder--Designates a brazing alloy that contains some silver

. D. Silver brazing--Process of joining two metals together with silver alloy which
melts in the 1100°F to 1500°F range

E AWS number- Number assigned by the American Welding Society to all

welding materials in order to provide unmiformity between the d:fferent

brands
F. Cadmium--Alloy which s added to siiver solder and creates toxic fumes
- when 1t 1s melted
>
~, , (NQTE: Cadmium free silver brazing alloy s the recommended alloy to

use.) R

G. Alloy--Substance made of two or more metals

H. Sil-phos--Designates the silver brazing alloy which contains 15% silver and
~the AWS number 15 BCuP-5

I.  Phos-copper--Designates the silver brazing alloy which contains 5% silver
and the AWS number is BCuP-3

I Types of silver brazing alloys (Transparency 1)
A. AWS number BAg-1
1. Alloys
a. 45% silver
b. 15% copper
c. 16% zinc

d 24% cadmium

181
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INFORMATION SHEET

2 Characteristics =

a  Melts at 1125°F

b  Flows at 1145°F

c Excellent for siee! to copper joints

B AWS nurnber BCuP-5

1 Alloys

a 15% silver

b.  80% copper

c 5¢ uhosphorus
2 Characteristics

a  Melts at 1185°F

b. Flows at 1300°F

¢ Most popular for copper to copper joints

¢ AWS number BCuP-3 ‘

i | Ailoys

a. 5% siver

b 89% copper

c 6% phosphorus
? Characteristics

a  Melts at 1185°F

b Flows at 1300°F

INOTE BCuP5 and BCuP 2 work at approximately the same terperature.
BCuP 5 's the preferred alloy to use due to the higher silver content which
gives added strength to the solder joint On copper to copper joints these two
alloys may be ased without flux.) Y

48
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INFORMATION SHEET

Silver solder flux

E.

F.

White borax paste

*
Apply thin film to tubing after cleaning
Ciean off immediately after brazing

(NOTE: The silver solder fiux should be cleaned from the joint with warm
water and a rag. If flux is left on the joint it will cause oxidation.)

Don't allow the paste to harden in the jar

(NOTE: If the flux becomes hard in the jar add a small amount of water
and stir. 'This condition can be prevented by keeping a small amount of
water in the jar.) . .

Apply flux with a clean brugh

Flux protects the joint from oxidation during the brazing process

Flux characteristics at different temperature ranges (Transparency 2)

A.

B.

D.

200°F to 500°F--Water boils out of flux
600°F to 800°F--Flux will bubble
1100°F-Flux turns to a clear lquid

{(NOTE: When the f'lux turns to a clear liquid State this indicates that the
brazing range of most alloys has been reached.)

1600°F and above--Flux will burn and no longer protect the joint

Steps in using the air-acetylene high temperature wraparound tip for silver brazing

A,

o O

Place tip in torch handle
. .
Open acetylene cylinder valve half a turn
Open torch handle valve
ignite flame

Immediately upon ignition open torch handle valve all the way

Hold torch so that inner blue flame wraps around the joint

483
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Melting and Brazing Ranges
0 Meiting Ranige
2.000 F 1981, Copper
% 1810-1880 Red Brass

1660-1710 Yellow Brass

~mm Brazing
1500 FBR Temperature Range

§ 1350-1550 BCuP-2 Copper Phos.

1300-1550 BCuP-3 Copper Phos,

1300-1450 BCuP-4- Copper Phos.
1 1300-1500 BCuP-5 Copper Phos.

- 1145-1400 BAg-1 Silver

1000°F — 12051550 BAg-2 Silver

A - 1370-1550 BAg-5 Siiver

1205-1400 BAg-7 Silver

000 = Melting Range-Solders
1 452-464 95/5 Tin-Antimony
361-421 50/50 Tin-Lead

4541
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Behavmr of Flux Durmg Brazmg Cycle

2006 =

1500 F

1000 F

Flux Prgtects to Here -

Brazing Temperature
(varies for different filler metalé)

Flux Clear & Quiet.

500 F -

Flux Begins to- Melt

Flux Bubbles

Water Boils Ouf of Flux

Room Temperature

™ - 2
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SILVER BRAZING

A UNIT 1t '
\ . . s » . \
JOB SHEET #1--SILVER 3RAZE AN UPRIGHT SWAGE JOINT ' !
‘ >
I.  Tocis “4nd materials
A. Tubing cutter
B. Reamer K
~E~Rule @ “
" D. F’\aring block .
- E.. Swage punch . 4 s
L4
F. Ball peen hammer
, .
G. Oxvacetylene torch outfit with tip #51 °
H. Welding goggles R
~I. Stiker
. [
J.  Clean damp towel ‘ ¢
K. Copper tubing ’
r ¢
L. -Sand gloth
M. Silver solder flux ‘ ~
. .
N. Silver solder
11 Procedure
A \
A. Cut two,pieces of copper tubing 3" iong
.B. "Ream one end of one tube ' ~
C. Swage the reamed end
D. Clean tubing and swage socket with sand cloth
E. Apply a thinefilm of flux to tubing
(NOTE: Use a clean brush to apply flux. Do not use your finger. Wash -
flux out of brush after use.)
insert tube into swage socket

48¢;




. JOB SHEET #1 S .

G. Twist tube while inserting to spread the flux

. ' H. Place assembiec swage joint in vise o1 weod block (Figure 1)

(NOTE: If a vise is used do not place the swage socket down against the
,Jaws. The jaws will absorb heat and cause irratic brazing conditions.)

]

FIGURE 1 | - '
i
[
{
|

| |

£ ‘-

S

|. tight the oxyacetylene tarch ’

J.  Adjust torch for a neutral flame
K. 'Heat the socket and the tube

L. Continuously move the flame back and forth until both pieces are evenly
. heated '

M. - Watch the flux for a heat guide

Move the flame to the base of the socket when the fiux turns to a liquid
state

0. Add the brazing alloy at the point the tube enter;s the socket

P. Remove the heat as soon as the silver alloy flows completely around the
’ joint y : ’

Q. Turn off torch
R. Clean the joint with the damp ‘owe' .

(NOTE: If flux has already hardened a wire brush may be needed to remove

it.) .

48"
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’ JOB SHEET #1
S. Have instructor inspect
T. Clean up erea
P U  Put away tools
&
A
T
<+

48§
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SI_VER BRAZING
UNIT 1l

JOB SHEET #2-SILVER BRAZE AN INVERTED SWAGE JOINT

Tools and materials

A. Tubing cutter
B. Reamer
C. Rule
D. Flanng block
E. Swage punch
F. Ball peen hammer
Oxyacetylene torch outfit with tip #51
H. Weiding goggles
. Striker 7 N
J. Clean damp towel
K. Copper tubing
L. Sand choth
M. Silver solder flux
N. Silver soider
Procedure
A. Cut two pieces of copper tubing 3" long .
B. R«am one end of one tube
C. Swage the reamed end
D. Clean tubing and swage socket with sana cloth
E. Apply a thin film of flux to tubing and socket

{NOTE- Use a clean brush to apply flux with. Do not use your finger.

Wash flux out of brush after use.)

189
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JOB SHEET #2

Insert tube into sweage socket
Twist tube while inserting to spread the flux
Place assembled swage joint in vise or wood block (Figure 1)

(NOTE: If a wise is used do not place the swage socket down against the
jaws. The jaws will absorb heat and cause irratic brazing conditions.)

FIGURE 1

S

Light the oxyacetylene torch

Adjust torch for a neutral flame
Heat the socket and the tube

Continuously move the flame back and forth until both pieces dre evenly
heated

Watch the flux for a heat guide

Move the flame to the base of the socket when the flux turns to a hquid
state

Add the brazing alloy at the point the tube enters the socket

-Remove the heat as soon as the silver alioy flows completely around the

joint
Turn off torch

Clean the joint with the damp towel

If flux has already hardened a wire trush may be needed to remove it
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. ’ JOB SHEET #2 .

T Have instructor inspect N

U Clean un area

V  Put away tools
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SILVER BRAZING
‘ ] UNIT 111

JOB SHEET #3--SILVER BRAZE A HORIZONTAL SWAGE JOINT

|. Tools and materials
A. Tubing cutter
B. Reamer T
C. Rule
D. Flaring block
E. Swage punch
F. Ball peen hammer
G. Oxyacetylene torch outfit with tip #51
H. Welding goggles |
I.  Striker
. J. Clean damp towel
| K. Copper htubing
L. Sand cloth
M. Silver solder flux
N. Silver solder
Il.  Procedure
A. Cut two pieces ‘of copper tubing 3" long
B. Ream one end of one tube
C. Swage the reamed end
D. Clean tubing and swage socket with sand cloth
E  Apply a thin film of flux to tubing and socket

(NOTE: Use a clean brush to apply flux. Do not use your finger. Wash
flux out of brush after use.)

Insert the tube into swage socket

T
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JOB SHEET #3

Twist tube while inserting to spread the flux
Place assembled swage joint in vise or wood block (Figure 1)

(NOTE: f a vise is used do not place the swage socket down against the
jaws. The jaws will absorb heat and cause irratic brazing cnrditions.)

. Swage Joint
FIGURE 1 \

Y mmam
i

IS

—

Light the oxyacetylene torch

. -
Adjust torch for a neutral flame Vise Jaws

Heat the socket and the tube

Continuously move the flamg back and forth until both pieces are evenly
heated

Watch the flux for a heat guide

Move the flame to the base of the socket when the flux turns to a liquid
state

Add the brazing alloy at the point the tube enters the socket

Remove the heat as soon as the silver alloy flows completely around the
joint

Turn off torch

¢
Clean the joint with the damp tpwel

(NOTE: If lux has already hardened, a wire brush may be needed to remove
it.)

Have instructor Inspect
Clean up aree

Put away tools
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SILVER BRAZING
UNIT H1

I. Tools and materials
A. Tubing cutter
B. Reamer
: C. Rule i ‘ & -

D. Flanng block

T

E. Swage punch R AN
F. Ball peen hammer

G. Oxyacetylene torch outfit with tip #51

H. Welding goggles
. I.  Striker .
' J. Clean damp towel
K. Copper tubing
L. Steel tubing
M. ) Sand cloth
N. Sitver scider flux
O. Silver scider 3Ag-1

1. Procedure

A pu——

B. Ream one end of the copper tube

Swage the reamed end

tyoe tubing and it will split if you try to swage it.)

Clean tubing and swage socket with sand cioth

194

JOB SHEET #4--SILVER BRAZE A COPPER TO STEEL JOINT
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5

A. Cut a piece of copper tubing 3" fong and a piece of steel tubing 3" long

(NOTE: Swage the copper tube and not the steel tubing. Steel is seam



JOB SHEET #4

Apply a thin film of flux to tubing

(NOTE: Use a clean brush to apply fiux. Do not use your finger. Wash

flux out of brush after use.)

Insert tube into swage socket

Twist tube while inserting to spread the flux
Place assembied swage joint in vise or wood block (Figure 1)

(NOTE: If a vise is used do not place the swage socket down against the
jaws. The jaws will absorb heat and cause irratic brazing conditions.)

FIGURE 1

|

R |

. “‘

Wood Bidck

1
:4—-—-Upright Swage Joint

20

Light the oxyacetylene torch
Adjust torch for a neutral flame

Heat the socket

(NOTE: The ieat should be applied to the copper swage socket and not
to the steel tubing. Steel tubing will overheat before the copper tubing
is hot enough to melt the silver alloy.)

Continuously move the flame back and forth until both pieces are evenly

heated

Watch the flux for a heat guide

Move the flame to the base of the socket when the flux turns to a liquid

state

Add the brazing alloy at the point the tube enters the socket

=~
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JOB SHEET #4
Remove the heat as soon as the silver alloy flows completely around the
jont
Turn off torch
Clean the joint with the damp towel

(NOTE: If flux has already hardened a wire brush may be needed to remove
it.)

Have instructor inspect
Clean up area

Put avay tools




SILVER BRAZING
UNIT 1l

JOB SHEET #5--SILVER BRAZE A JOINT- WHILE

CIRCULATING DRY NITROGEN

Tools and materials

A. Tubing cutter

B Reamer

C. Rule

D. Flaring block

E. Swage punch

F. Ball peen hammer

G. Oxyacetylene torch outfit with tip #51
H. Welding goggles ’
I.  Striker

J. Ciean damp towel

K. Dry nitrogeﬁ'cy|inder with regulator

L. Copper tubing

M. Sand cloth

N  Silver solder flux

0. Silver solder BCuP-5

Procedure

A Cut two pieces of copper tubing 3" long
B. Ream one end of one tube

C. Swage the reamed end-

D. Clean tubing and swage socket with sand cloth
E. Insert tube into swage socket
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JOB SHEET #5

Place assembled swage joint in vise or wood block

(NOTE: If a vise is used do not place the swage socket down against the
jaws. The jaws will absorb heat and cause irratic brazing gom@itions.) -

‘Attach nitrogen cylinder to tubing to be brazed (Figure 1)

(NOTE: A damp towel may need to be wrapped around the hose where
it connects onto the tubing to prevent damage to it from conducted heat.)

Cylinder

Line
Pressure Gauge

Pressure Gauge

FIGURE 1

Tubing Being Brazed

e —

—

. I ;
Swage Joint Cy fnder o
Nitrogen

lLarge Slip-On Insulator
(Test Lead)

Pressure Relief Valve

Set nitrogen regulator at 2 p.s.i.d. and circulate nitrogen through the tubirig
while brazing )

(NOTE: If the use of the nitrogen cylinder has not been explained i)rior
to this ask the instructor for assistance.)

Light the oxyacetylene torch
Adjust torch for a neutral flame
Heat the socket and thé tube

Continuously move the flame back and forth until both pieces are evenly
heated °

Add the brazing alloy at the point the tube enters the socket
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JOB SHEET #5

N. ‘Rt.emove the heat as soon as the silver alloy flows completely around the
joint N

0. Turn off torch

P.  Close nitrogen cylinder valve

Q. RemoveA nitrogen hose from tubing

R. Allow tubing to cool

S.  Cut tubing and tubing from Job Sh st #3 at a diagonal (Figure 2)

v

4
FIGURE 2 N P
‘ D ey
| 4
L RN !
- \_"\\

T. Compare the amount of oxidation formed in the tube from Job Sheet #3
as compared to the one brazed with the nitrogen being circulated

U. Have the instructor inspect
V. Clean up area

W. Put away tools

“y
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E
3 SILVER BRAZING
3 UNIT 1l
: . &
F.::; ﬁ‘?‘- <
- | ; JOB SHEET #6--SILVER BRAZE THE COPPER TUBING PROJeCT
I Too|s; and materials
. A. Oxyacetylene torch
B, Welding goggles
C. © Striker ?
D. Clean damp towel
E. Tubing préject from Tubing Operations unit, Job Sheet #9
F. Sand cloth
G. Silver solder fiux
H. Silver solder BAg-1 and BCuP-5 . )
Il. Procedure
A. Use BAg-1 solder on all tee joints -
B. Clean tee joints
C. Flux the tee joints {
|
D. Assemble the tubing project
E. Place tubing project in vise .
F. Light the oxyacetylene torch
G. Adjust the torch for"a neutral flame
H. Heat the tee and the tubing ’
I. Continuously move the flame back and forth until the tee and the tubing N
are evenly heated
J.  Watch the flux for a heat guide
K. Move the flame to the tee when the flux turns to a liquid state
L. _ Add the brazina allov (BAa-1) at the point where the tube enters the tee
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JOB SHEET #6

. ‘T‘T

( L }
]
1
S||ver Braze/ Co
wuth BAg-1
b \ . .
. h ! >
L -
|
B |
:1_
Silver Braze
with BAg-1
24"
\s“ver Braze /,’f——’q
with BCuP-5
kL - _ o, Y
e 18" ;%
Scale: 1/4"=1"
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. JOB SHEET #6

M. Nove quickly and braze all three points simulta-eously
4 (NOTE® Too much delay will cause the tee to overheat.) !
N. Silver braze the other tee jofnt
0. Braze the other joints wit‘r\l BCuP-5 (Sil-;;hos)
P. Turn off the torch

Q. Remove the flux residue from the tee joints
- R. Allow tubing to cool '

S Install 1/4" flare unions in the flare nuts

T. Pressurize to 50 p.s.i.g. and check for leaks

U. Have the instructor inspect

Clean up area

W. Put away tools
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- SILVER BRAZING

UNIT Il
5 TEST
1. Match the terms on the right to the corréect definitions.
_____a. Designates the silver brazing alloy which 1. Alloy
contains 5" silver and the AWS number
“is BCuP-3 : 2. Phos-copper
~ b, Designates the silver brazing alloy which 3. Siiyer brazing
contains 15% silver and the AWS number
is BCuP-b 4, Trcy ounce
c. Substance made of two or more metals 5. Silver solder
d. Alloy which is added tosilvet solderand 6.  Silver solder
creates toxic fumes when it is melted flux

e. Number assigned by the American 7. AWS number
. Welding Society to all welding materials
. in order to provide uniformity between 8. Cadmium .
the different brands ' :

) ) 9. Sil-phos
f. Process of joining two metals together
with silver alloy which melts in the
T100°F to 1570°F range

g. Designates a brazing alloy that contains
-some silver

h. White borax paste applied to the tubing
prior to silver brazing to ‘prevent
oxidation and to aid in the flowing of
tne silver alloy \

1. Unit of weight based on a pound being
twelve ounces




16E .

- . 2. Discuss the types of silver brazing alloys. . .
a. AWS number BAg-1

b. ’AWS number BCuP-5

c. AWS number BCuP-3

Discuss silver solder flux.
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List the characteristics of the flux at different temperature ranges.

a. 200°F to 500°F-- .

b. 600°F to 800°F-
c. 1100°F-

d. 1600°F and above-

5. Arrange in order the following steps in using the air-acetylene high temperature -

wraparound tip for silver brazing by placing the correct sequence number in
the appropriate blank. ‘

a. Immediately upon ignition open torch handle valve all the way

b. Plac. tip in torch handle

c. Open acetylene cylinder valve half a turn

d. Open torch handle valve

e. ignite flame

f: Hold torch so that inner blue flame wraps around the joint

6. Demonstrate the ability to:

a. Silver braze

(NOTE: If these
your instructor when they should be completed.)

an upright swage joint.

b. Silver braze an inverted swage joint. )
c. Silver braze a horizontal swage joint.

d. Silver braze a copper to steel joint.

e. Silver braze a joint while circulating dry nitrogen.

f.  Silver braze the copper tubing project.

activities have not been accomplished prio} to the test, ask

(1|
O
whg
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SiLVER BRAZING
UNIT

"L'

ANSWERS TO TEST

1 a. (2 f. 3
b. 9 g b
c 1 h. 6
d 8 i 4
e. 7

2. Discussion should inciude:

a. AWS number BAg-1 . “ \
1) Alloys

a) 45% silver

b) 15% copper

c) 16% zinc

d) 24% cadmium

2) Characteristics
a)  Melts at 1125°F

b) Flows at 1145°F

¢} Excellent for stee! to copper joints -
b. AWS number BCuP-5
1) - Alloys
a) 15% silver
b) 80% copper

c) 5% phosphorus

- 2) Characteristics
" a)  Melts at 1185°F
b) Flows at 1300°F

¢) Most popular for copper to copper joints

206




c

Discussion should include:

d

-

f.

Performance skils evaluated to the satisfaction of the instructor

AWS number BCuP-3

White borax paste

Apply thin film to tubing after cleaning

Clean off immediately after brazing

Don't allow the paste to harden in the jar

Apply flux with a clean brush

Flux protects the joint from oxidation during the brazing process
Water boils out of flux
Fiu‘\
Flus turns to a clear lquid

Fiux will burn and no longer protect the joint

5

1

6

b} 89% copper
6% phosphorus
Characteristics

Melts at 1185°F

b)  Flows at 1300°F
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ALUMINUM SOLDERING
UNIT IV

UNIT OBJECTIVE

Aftq/r completion of this unit, the student should be able to match terms associated with
a|u{¢winum soldering to the correct definitions and ust the types of torches and the steps
fof using the aluminum brazing rod and aluminum soft solder. The student should also
be able to select from a group the proper flame to use when aluminum soldering. This
knowledge will be evidenced through demonstration and by scoring eighty-five percent
on the unit test.

!
) SPECIFIC OBJECTIVES
‘ After completion of this unit, the student should be able to:
' 1. Match terms associated with aluminum soldering to the correct definitions.
, 2. - List three torches used in the field for aluminum soldering.

3 Select the proper flame to use when soldering aluminum.

. 4. List eight steps for using the aluminum brazing rod.
5. List nine steps for using aluminum soft sélder.
6. Demonstrate the ability to:

a. Solder aluminum tubing.
b. Solder aluminum tubing to copper tubing.

Aluminum braze a liole in aluminum tubing.
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ALUMINUM SOLDERING
UNIT IV

SUGGESTED ACTIVITIES

. Instructor:
7 A. Provide student with objective sheet.
B. Provide student with information and job sheets.
C. Make transparency.
D. Discuss unit and specific objectives.
E. Discuss information sheet.
F. Demonstrate and discuss the procedures outlined in the job sheets.
G. Demonstrate proper torch flame adjustrﬁem.
H. Install fittings on some old aluminum evaporators so they can be pressurized
. after they are soldered.
) I.  Give test.
Il. Student:
. A.  Read objective sheet.
B. Study information sheet.
C. Complete }ot; sheets.
D. Take test.

INSTRUCTIONAL MATERIALS

I. Included in this unit:

A

B.
C.

Objective sheet
Information sheet

Transparency master: TM 1--Soft Reducing Flame -

009




Job sheets
1. Job Sheet #1--Soider Aluminum Tubing
2. Job Sheet #2--So'|der Aluminum Tubing to Copper ;I'ubing
i . 3. Job Sheet #3--Aluminum Braze a Hole in- Aluminum Tubing
E. Test
F. Answers to test

Il. References:

ap_—.

A. Field Repair of Aluminum Refrigeration Coils. Des Plaines, lllinois: The -
. Aluminum Association, 1972. .
B. Brazing and Soldering Manual, Form No. 22565. White Plains, New York:
All-State Welding Alloys Co., Inc., 1964.
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ALUMINUM SOLDERING
: UNIT IV

INFORMATIO SHEET

. 1. Terms and definitions

A, Aluminum--Bluish-white metal that is soft and easy to form into shapes;
1t has a high conductivity rate and is the earth's most plentiful metal

B Anodize--To coat metal with a protective coating

C. Aluminum brazing--Procedure for repairing aluminum using an aluminum
alloy rod which melts at a temperature around 1050°F

D  Aluminum soldering--Procedure for repairing aluminum using a soft wire .
solder which melts at a temperature around 500°F |

E  Aluminum soldering flux--Mildly corrosive chemical which is different for
each type of aluminum soldering or brazing

Y

1. Torches-used n the field for ‘alumsnum soldering .
' A. Air-propane .
B. Air-acetylene .
C. Oxyacetylene

Ill.  Proper flame to use when soldering aluminum (Transparency 1)

A. Soft reducing flame
B Shght excess of acetylene
C Medium length pointed inner cone
D  Light blue outer envelope
IV Steps for using aluminum brazing rod
. A Clean surface
(NOTE If the aluminum 1s anodized, the anodizing must be removed.)

Warm the rod end




A

V.

D.

INFORMATION SHEET

L

Oip warmed end inwo flux

’

« Melt flux off of rod onto joint or area to be brazed

Keep torch in motion and heat rapidly until flux turns liquid
Melt rod onto the aluminum while keeping the flame on the fluxed area

Allow the solder to cool .
Remove flux residue with warm water and a clean cloth
'NOTE: When working on a refrigeration system have pressure on the system

while cleaning the repaired area. This will prevent water from entering the
system 1f a leak still exists)

Steps for using aluminum soft solder

(NOTE: Aluminum soft solder is generally used when joining two pieces of
aluminum tubing or when joining aluminum to copper tubing.)

A

B

o

Clean the tubing

Apply a small amount of flux to joint area
(NOTE This type of flux will generally be ligud.)
Dip end ot solder n flux

Apply heat above and below joint constantly moving the torch back and
forth

Do not apply flame directly to the flux

Continue to dip the solder in the flux while applying 1t to the joint
-

Continue to move the torch during the entire process

(NOTE If the flux burns, stop, disassemble joint, clean, and start over )

Allow joint to cool

Remove flux residue with hot water and ciean cloth




Soft Reducing‘ Flame

: | l @/f A '. \’ | ‘ LN
',: — ‘4 ' \ .
~ Medium Length B

inner Cone

Light Blue Outer Envelope
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ALUMINUM SOLDERING
UNIT IV

JOB SHEET #1-SOLDER ALUMINUM TUBING

Tools and materials

A. Air-propane torch
B. Airacetylene torch
C. Oxyacetylene torch '
D. Tubing cutter
E. Reamer ’
F. Flaring block
G. Swage punch
H. Ball peen hammer N
I.  Colored safety glasses

Aluminum tubing
K. Sand cloth .
L. Aluminum soft solder
M. Fhux )
N.” Clean towel
0. Hacksaw
Procedure ' -
A.  Cut two pieces of aluminum tubing 3" long
B. Ream one end of one piece .

(NOTE: Be careful not to over-ream and make the tLJbing wall too thin.)
C. Place the reamed piece of tubing in the flaring block
D. Swage the niece of tubing ]
k. Remove the tubing from the flaring block

914
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JOB SHEET #1 N

‘ [}
Clean the swage socket
Clean one end of the piece of tubing

Apply a small amount of flux to the t.ubir_\g end that will be inserted into
the :swage

Insert tubing intq, swage socket

Twist tubing while inserting to aid in the even spreading of the flux

Place assembled tubing in a holding device '

(NOTE: Since heat is very critical when working with aluminum, a wood
block makes an excellent holding device.) '

Light the torch
Adjust for a soft reducing flame '

Dip one end of solder into flux ) .

Apply heat above and below joint constantly moving the torch back and
forth T .

Y \

(CAUTION: Do not amply flame directly to the flux. Fumes that w.il be

emitted from the flux should not be inhaled.)

-

Continue to touch thesolder to the joint until it flows around the joint

Dip the solder in the flux every so often during the soldering process

Continue to (ove the torch from above ‘the swag: joint to below it
Remove heat when solder ha flowed all the way around the joint
Turn off torch

Allow joint to cool for .. moment

Remove flux residue with hot water and a clean towel

Have instructor inspect s




ACR | - 131-E

\

JOB SHEET #1
o
X  Cut swage joint at a diagc..al with a hacksaw (Figure 1)

«

v

. HGUREll

| W

AN

Have instructor inspect the cut joint L

Clear area and put away too's if this 1s the last soldening project of the

dav




ALUMINUM SOLDERING
UNIT IV

JOB SHEET #2--SOLDER _ALUMINUM TUBING
TO CGPPER TUBI

Tools and materials

A. Air prapane torch

B  Air-acetylene torch
C Oxyacetyiene torch »
D. Tuhing witter
E. Reamer
F.  Fianng, bloch
. S —
G Swagég‘punch
H Ball peen hammer
! Colored safety glasses
J.  Aluminum tubeng
K. Copper tubing
- L. Sand cloin
M. Aiuminum brazing rod
N  Flux
0. Clean da;np towel
P.  Hacksaw >

Procedure
A. Cut a piece of aluminum tubing 3" long

B Cu: a piece of copper tubing 3" long

o

Ream one end of the copper tubing
D Place the copper tubing in the flaring block
E  Swage the reamed end

F. Remove tubing from the flaring block
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JOB SHEET #2

G. Clean the swage socket

H Cflean one end of the aluminum tubing

! Apply a small amount of flux to the aluminum tubing

J. Insert tubing into swage socket

K.  Twist tubing while inserting to aid in the even spreading »f the flux
L. Piace assembled tubing in a holding device

M. Light the torch

N Adjust for a soft reducing flame

0. D|p one en” of solder into flux

~,

AN
P Apply heat above and below joint constantly moving the torch back and
forih
AN
{CAUTION: Do not apply flame directly to the flux. Fumes that will be

emitted from the flux should not be inhaled.) ) .
G Continue to touch the solder to the joint until it flows
P; Keep the flame on the ¢~ per swage socketvwhen the solder begins to flow
S Remove the hea* when the solder #as flowed ali the way around the joint
T. Turn off torch
U. Allow solder to cool
V  Ciean the joint with a clean damp towel

W Have instructior inspect

X Cut swage joint at a diagoral with a hacksaw (Fugu\f; 1)

= -
N
+

. N

J S— o

~

| ) @

. FIGURE !
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JOB SHEET #2

Y. Have instructor inspect the cut joim

Z. Clean area and put away tools !f this is the last soldering project of the
day

219
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ALUMINUM SOLDERING
UNIT IV

JOB SHEET #3-ALUMINUM BRAZE A HOLE
IN ALUMINUM TUBING

Tools and materials \

A

Y

Air-acetylene torch ./

B. Oxvar tylene torch
C. Tubing cutter
D. Scratch awl
E. Aluminum tubing or scrap aluminum heat exchanger
F. Sand cloth
Aluminum brazing rod
H. Flux
Procedure
A. Punch a hole with a scratch aw! in the aluminum piece to be brazed
B. Clean the surface ,
(NOTE"- If an aluminum heat exchanger is being brazed, tilt it slightly so
that any traces of oil in it will not collect at the heat area.)
C Warm ore end of the brazing rod
D. Dip warmed end into the flux
E. Melt flux off of rod onto area o be brazed
F.  Keep torch in motion and heat rapidly until flux turns hquid
G. Melt rad onto the alumi.num while keeping the flame on the fluxed area

Vbt |
e
o
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JOB SHEET #3 .

H  Scratch the area with the rod as the solder begins to melt (Figure 1)

FIGURE 1

Solder starting to melt

\

Play flame to
maintain even heat

Solder rod rubbed
across repair area

i

l. Keep the torch in motion until the entire area to be repaired 1s ccvered
J.- Allow the solder to cool
K. Remcve the flux residue with warm water and a clean cloth

{NOTE: If a heat exchanger was used for the project, it might be necessary
to pressurize it and ckheck for leaks.)

{3 . .
L. Have the instructor inspect

M. Clean area and put away tools

ERIC

Aruitoxt provided by Eic:
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ALUMINUM SOLDERING
’ UNIT IV
TEST
1. Match the terms on the right to the correct definitions.
a. Bluish-white metal that is soft and easy 1. Anodize
to form into shapes; it has a high
conductivity rate and is the earth's most 2. Aluminum
plentiful metal brazing
b. .rocedure for repairing aluminum using 3 Ai .
* a soft wire solder which melts at a . uminum
temperature around 500°F )
. 4, Aluminum
c. Mildly corrosive chemical which is soldering
different for each type of aluminum
3 soldering or brazing 5. Aluminum
’ ] i . soldering
. d. To coat metal with a protective coating flux
e. Procedure for repairing aluminum using
an aluminum alloy rod which melts at
a temperature around 1050°F
’ 2. List three torches used in the field for aluminum soldering.
a.
b. ‘ -
c.
3 Select the proper flame to use when soldering aluminum by ¢ ing an "X"
. in the appropriate blank.
Strong
3. Reducing
Flame
Soft
b Reducing
Flame ]
€. Neutral
Flame - ,
Flame O,' ’

927




List eight steps for using the aluminum brazing rod. .

?

g.

h. :
List nine §tep§ for/ming aluminum soft solder.

d.

b.

I

Demonstrate the ability to:

a. Solder aluminum tubing.

b. Solder aluminum tubing to copper tubing.
c. Alummum braze a hole in aluminum tubing.

(NOTE If these activities have not been accomplished prior to the test, ask
your nstructor when they should be completed.)
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ALUMINUM SOLDERING
UNIT IV
-~

ANSWERS TO TEST

1 a. 3
b. 4 -
4
c 5
d 1
- e. 2 . \

2. a.  Air-propane
b. Air-acetylene

c. Oxyacetylene

4. a. Clean surface
b. Warm the rod end
c. Dip warmed end into flux
d. Melt flux off of rod onto joint or area to be brazed
e. Keep torch in motion and heat rapidly until flux turns liquid

f.  Melt rod onto the aluminum while keeping the flame on the fluxed area

g. Allow the solder to cool

h. Remove flux residue with warm wate‘r and a clean cloth
5. a. Clean the tubing

b. Apply a small amount of flux to joint area

c. Dip end of solder in flux

d. Apply heat above and below joint constantly moving the torch back and
forth

e: Do not apply flame directly to the flux

324




f.  Continue to dip the solder in the flux while applying it to the joint
g. Continue to move the torch during the entire process

h. Allow joint to cool

i.  Remove flux residue with hot water and clean cloth

Performance skills evaluated to the satisfaction of the instructor

cn
¢V
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OXYACETYLENE CUTTING, WELDING, AND BRAZING
UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to light, adjust, and turn off
an oxyacetylene cutting outfic. He should also be able to make ninety degree cuts and
cut holes in mild steel. In addition, he should be able to select the proper size welding
tip and to choose the correct filler rod. He should be able to demonstrate the ability
to do fusion welding with or without filler rod. He should be able to list the advantages
and disadvantages of brazing. He should be able to gemonstrate the ability to apply flux
to a filler rod and construct a butt weld using the %ﬁ{zr:ng process. This knowledge will
be evidenced through demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms associated with oxyacetylene cutting, welding, and brazing to

s

the correct definitions.

2. identify the parts of a cutting torch.

3. List reasons for poor cuts.

4. List causes of a backfire.

5. Desc-ibe the resuits of a b:_ackfire.

6. Describe the results of a flashback.

7. L.st in the proper order the steps to follow in case of a flashback.

8. Name five factors that determine fusion weld quality.

9. List five properties of a good weld. ‘

10. ivame two factors that determine tip size selection in oxyacety|er:e fusion
welding.

11. List two factors that determine the filler rod selection in oxyacetylene

fusion welding.

12 State the purpose of the- filler rod. )
13. Identify three types of oxyacetylene fusion welding flames.
14. Discuss the advantages of braze welding.

i
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Aruitoxt provided by Eic:

Discuss the disadvantages of braze welding.

Discuss the characteristics of the elements found in the filler rods used
in braze welding.

List two reasons for having a chemcally clean metal surface in braze
welding.

Name two methods for removing oxides from a clean metal surface.
Name purposes of flux.

Name the color of the base metal when the proper temperature is obtained
in braze welding. .

Describe the reaction of the moltePbronze at different base metal
temperatures.

Select from a list the proper tip size, acetylene pressure, and oxygen pressure
for a given metal thickness.

o
State an acceptable lens shade number for oxyacetylene welding.

s

Demonstrate the ability to:
Set up equipment for oxyacetylene cutting.

Turn on, light, adjust to a neutral flame, and turn off the oxyacetylene
cutting equipment.

Make ninety degree cuts on mild steel and restart a cut.’
Cut "a hole in mild steel.

Lay beads on gauge metal without filler rod.

Lay beads on gauge metal with filler rod.

Weld butt joints with filler rod.

Braze weld a square aroove butt joint
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OXYACETYLENE CUTTING, WELDING, AND BRAZING
UNIT V

SUGGESTED ACTIVITIES

-

. [Instructor:

- A. Provide student with objective sheet.
B. Provide student with information and job sheets.
C. Make transparencies.
D. Discuss unit and specific objectives.
E. Discuss information sheet.
F. Demonstrate and discuss the procedures outlined in the job sheets.
G. Give test.
. S Aent:

-

A. Read objective sheet.

. B. Study information sheet.

C. Complete job sheets,

D. Take test.

t

INSTRUCTIONAL MATERIALS

. Included in this umt.
A& Objective sheet \
B. Information sheet

C. Transparency masters
o Q
1. TM 1--Parts of a Torch Body and Cutting +.:tachment

2 TM 2--Oxvyacetylene Fusion Welding Flames

D. Job sheets

3

1. Job Sheet #1-Set Up Eqguipment for Oxyacetylene Cutting




L4

2. Job Sheet #2--Turn On, Light, Adjust to a Neutral Flame, and
Turn Off the Oxyacetylene Cutting Equipment

3. Job Sheet #3--Make Ninety Degree Cuts on Mild Steel and Restart
a Cut )

4, Job Sheet #4--Cut a Hole in Mild S‘eel

6.  Job Sheet #5-Lay Beads on Gauge Metal Without Filler Rod
6. Job Sheet #6--Lay Béads on Gauée Metal With Filler Rod

7. Job Sheet #7--Weld Butt Joints With Filler Rod

8. Job Sheet #8-Braze Weld a Square Groove Butt Joint

E. Test
F. Answers to test .
II.  References:
A. The Oxy-Acetylene Handbook. New York, New York: Union Carbide
Corporation/Linde Dwision, 1960.
.B.  Welding Curricutum. Stiliwater, Qklahoma: State Department of Vocational

and Technical Education, 1974/

E 4
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OXYACETYLENE CUTTING, WELDING, AND BRAZING
& M/ UNIT V
s’ :

INFORMATION SHEET

~. Terms and definitions

A

B

IS)

%

i

ri

M

ERIC

Aruitoxt provided by Eic:

wdt -Momentary burning back of the flame into the tip

Flame ~utting-Process by which irc or steel is heated to a temperature
wrere 1t can be rapidly oxidized by high purity oxvern flowing under
pressure through a cutting torch

.

(NOTE: As the metal i1s oxidized, the preheat flame maintains the
tempc.ature nec ~rary to keep the oxidation process going in a narrow zone
across the length of the base metal.)

Slag box- Meta! container with a layer of water or sand to catch hot slag

Drag hine--Refers to the situation . which the most distant portion of the
cutting stream lags beh:d the stream nearest the cutting tip

Kerf--Area where the metal was removed In the form of an oxide during
the cutting process

Oxide Term usually apeled to rust, corrosion, coating, him, or scale
(NOTE Oxygen combines with the metal causing oxides )
Oxidizing-Combmmg oxygen with wnother substance

Exampie A metel is oxidized when the metal i cut

Fusion welding- Joining pieces of metal by heating tie adjoinng edges o
the fusion or melting pomnt and allowing them to flow or run together

an:d then coot

Penetration Distance from the origmal surface of the base metal tc the
somt at whioeh usion ceases

Base metal Metal bemg welded

inner cone Inner white part of the neutral flame

Tack weld Short veld used for teinporarily holding material i place
Brase welding Heating the base metal t a aull red color and deponiting

4 bead over the seam {(pant) with a bronze filler rod, the base metal 1s
1ot melter

034
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INFORMATION SHEET
Malleability Property of metals which allows them to by bent or
nermaneat!y distorted without rupture, opposite of brittleness

Ductile -Term describing metal which s capable of being drawn or stretched
out

T operation-Melting a small amount of bronze rod onto the surface
and allowing 1t to spread alony the entire seam {joint)

(NOTE it 15 this flow of thin film of bronze which 1s known as tinning.)

Flux- Chemical usd (o clean metals and to promote fusion during the
weldang process

(NOTE Do not con! se this type of flux with silver brazing flux.)

Pucidle -Tnat portion of a weld that 1s molten at the piace the heat 1s
suppiea

10 Parts of a cutting oreh {Transparency 1)

>

|

O‘(‘y_m‘ﬂ fl‘t‘,m\:
Acetyione Htting
Oxvgen loreh valve
A ety torch vaive
Taren body

Oxygen cuting dever
Oxyger preheat valve
fip ot

Shpyo aip

Drotieat L hice Heats metal ta kindhing point (cherry red) of approxnmately

Catting oo e Regoyes oxadized et

O E Tha cetacsae ot e correct up for the job s detcrmumed by the
i b g aze of T oohiees, and the oxygen cutting pressu es
e gt g e s g o nda bions
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INFORMs TION SHEET

Reasons for noor cuts

(NOTE This 1s a correctly made cut i 1 inch plate, the cdge 1s square and
the draglines are essentially vertical and not too pronounced )

Exemple

Preheat tlames were too small causing cutting speed to be too slow
SJOTE  This resutts m bad gouging at the bottom.)

Evample

Preheat fiames Lo long

(NOTE  The residt s that the wop surface has melted over, the cut edge
i arteadlar, and there s oan excessiva amount of aghering slag.)

E <attple

Os yugen puessure was oo ow

dHOTE S The nosunt ih ve o on edge boss melted over because of the

too slov ot speed

TNt g




INFORMATION SHEET

D Oxyger e too tagh and nozzie size too small
Yy 8]

(NOTE  Tre result i that the entire conuol of the cut has been lost.)

Example

/ ; ,,r‘" 3m\\~ Qhﬁﬂﬁfﬂ‘

alliih

(NOTE The resalt 1s that the irreqularities of the draglines are emphasized )

E Cutting spead too slow

Example

FoooCuttemy s U too tagh

NOTE S T resuldt s mat there 15 « pronounced breax w the draghine and
eoLd! L‘QL‘ (AT SR A tar )

G B vun e avel unteatly

SRINERG Ceotesell s e the cu erhye s owavy and rreguilef

rd Coromst g ot carefaliy o sestarnted

T e N T L A S qonges syere caused at oo restanting point

-
H3n

7
®
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INFORMATION SHEET

Causes of backine
A Insufficient acetylene or oxygen pressure
B  Loose cutting tip
C Dirty tip
D Overheatng of cutting tip
E. Bad O-ring in torch body
(NOTE- The above causes shouid be carefully checked to control backfire.)
Results of a backfire
A Flame burns momentarily back into tip
B A loud snap or pop results
1 Flame may 90 out
2. Flame may continue to burn n normal manner
Resuits of a flashback
A Fire insice torch

B Disappeareonc: of flame followed by

i Sqgueaing or hissing noise inside torch
2 Sparks coming from the torch
3 Smoke coming from the torch

Steps to follow mn case of flashback
A Closwe oxygen preheat valve

B lose oxygen torch valve

C  Close acetylene torch valve

D Release oxygen reg.iiator screw

E Release acetylene reqgulator screw

F Examme acetylene unit

534
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INFORMATION SHEET

G.  Resct requlator pressures

H Light toreh

(NOTE If heavy smoke comes out of the torch tp and the torch body becomes
hot, the flashback has probably traveled past the mixing chamber into the hose.
in this case, shut off the oxygen cylinder valve and the acetylene cylinder valve,
then notify your instructor.)

Factors determining fusion welid quality

A. Proper fiame adjustment

B8  Angle of tip

C.  Distance from work

mM

Movement of tp
Prope 5 of a qood weld
A Consistent wadth

8 Strdgntress

 Shyghtly crowned

el

o Fused omto base metdd
Clear appearance
Coctors JSetenmintg tin size selection

A Rlietagl thickness

o
J
~

Si7e o aelding rord
CLOTE Alwavs use mumnifacturer's recommendations on tip size )
Fooiors Jdores g filler rod selection
A Ko vith el properties as base metal
N

£ Thobney, of metgl

ATE oy el tale i 1o tse a rod with a diameter equal to the thickriess

e g e tat
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INFORMATION SHEET

Purpose of filler rod--To add strength to weld or joint

Oxvyacetylene fusion welding flames (Transparency 2)

A Carbunizing tlame

1.

Contains excess of acetylene

(NOTE An acetylene feather is visible on the inner cone.)
Recommended flame for cutting cast i1ron
Introduces carbon into weld, caustng hardening of the metal

(NOTE. The resultant weld 1s weak.)

B. Neutral flame

1.

2.

3.

Burns equal amounts of oxygen and acetylene
Identified by clear, well defined white cune

Temperature 5950°

C Oxidizing flame

1

2

5

6.

Burns excess of oxygen

Identified by short white inner cone

Oxidizec the meta! causing it to harden and become brittle
Not recommenrded for average cutting

Is the hottest flame

A snghtly oxidizing 1iame 1s recommended for brazing

Advantages oi braze welding

A Less possibihity of destroying main characteristics of hase metal

1

Base metal dors not have to be heated to a moften conditicn
a This creases the speed of joining metals
b Lesy gas 18 consumed for a given job

In reparing m Gleable castings, there 1s less danger of 1ts losing
s ductile proerties

536
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INFORMATION SHEET

B The !ow degree of heat nummiZes expansior and contraction forces
C Less 1eed for extensive preheating
Disadvantages of braze weld ny

A Not recommended for parts which are to be raised to temperatures higher
than the meiting point of bronze, either in service or during heat treatment

B Bronze will lose its strength at temperatures above 500°F

C 1. cannot be used on metil where stress 15 a factor

D  Bronze may have corrosion resistant properties wnich differ from those of
the base metal beng used

Charactenistics of the elements found 1n the filler rods used In braze weldiny

A Consist of copper alloys containing about 60 percent copper and 40 percent
zinc whieh

1 Produce a high tensile strenqgin
2 tnerease ductihily

B Coniain sinall quantitics of N, rron, marnanese, and silicon winch help

to
1 Ceoxidize the weld metat
2 Decrease the tendency to fume
3 increase tie free flowing action of the molten m;étal
4 Increase the hardness of the deposited metal for greater wear

resistance
Rey.on, for having @ chemically clean metal surface i braze welding
A To quarntes the molten bronze will stick to t' e base metal
b To ave a stromger bond on base metal
Plornods tor ranoving oxides

A Whochaore d W brush o rinder

e
o

-~
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INFORMATION SHEET

Chemucal -Flux

(NOTE: Both methods should be employed to completely remove the oxices.)

Purposes of the flux

(NOTE These purposes of flux pertain to fusion brazing and dc not apply to
the purposes of flux for silver brazing)

A

B.

F

G

Chemically cleans the base metal

Prevents oxidation of the filler metal

F,oats and removes the oxides already present

Increases th- ‘low of the fifler metal

Increases the ability of the filler metal to adhere to the base metal
Brings the filler metal into 1mmediate contact with the metals being joined

Permuts the filler metal to penetrate the pores of the base metal

Color of base metal when the proper iemperature i1s obtamned--Dull red

(NOTE Base metal will begin to glow.}

Reaction of moiten bronze at different base metal temperatures

A.

r
-

Not hot enough -The molten bronze will not flow over the surface but
wil form into drops

Medium -The molten bronze will spread out evenly and flow over a
considerable area

Too hot The molten bronze will tend to bhoil and to torm hittle balls

T sizes and gas pressures for different metal thicknesses (Tabie 1)

A

B

Tip swze 2000 to =12
Oxyaen pressure 1°2 psit to 28 pst.

Acciviene pressure 172 psa to 15 psi

[edla Y
‘)s/b




ERI

Aruitoxt provided by Eic:

(INFORMATION SHEET

D Metah thicknese 132" 1o 4"

WELDING TIP SIZE AND APPLICATION

L=llatH e

Al PSS

ACETY . ENc
PRESGHIQE

b oy PGSt

[ LR} SR A

1
"

METAL
THICKNESS

i

32 17 ’ 12
/32

"

tp to
164"
132"
364"
116"
13"
316" -
’,4“ B

f"b_l\)

WW RN = W= —

TABLE 1

LENS SHADE SELECTOR

i e

Types of vperation

Shade number |

Soldering

2

§

i

" Torck brasing
Oygen cutting

3

or 4

———— e

01 ch

3

cr 4

1.6 inches

3

or 5

b mches and over

5

or 6

Canoaekding

018 inch
TE 12 auh
5 AL

2 omeh ang ower

4 or b5
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Parts of a Cutting Torch

Preheat
Orifice
Cutting Orifice %
Acetylene Fitting
Slip-In Ti (Hex-grooved nut
e Oxygen Preheat Valve left-hand threads)
Tip Nut & EDE:I‘JB' Acetylene Torch Valve \
J._: =='| |
LT _Torch Body”
/ Oxygen Torch Valve
Oxygen Cutting Lever Oxygen Fitting

(Right-hand threads)

- WL
3-{Gl - i YOV
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e OXYACZTYLENE CUTTING, WELDING, AND BRAZING
3 UNIT V

JCB SHEET #1-SET UP EQUIPMENT FOR OXYACETYLENE CUTTING

. Tools and materals
A, C en cylinder

B. Acetylene ¢vlinder

)

Oxygen regulator
D. Acetylene regulator
E. Hoses

F. Wre?ch

GC. Cyiu‘qder holder

H. Water container

i
|
|
|
| Soap 1
J Clean paimnibrush }
K. Tcurch body with tips 1
1. Procedure

A Faster cyunders 11 a vertica, position

B . Remove caps from cylinders

C. Crack valves of eacn cylinder, then close valves
D Connect oxygen regulator to oxyaen cylinder

-

1. Tutn adjusting screw on regulator counterclockwise uritil tension
on spring is released

2. Slowly turn cylinder valve wide open
~E. Connect acetylene regulator to acetylene cylinder

1. Turn adjusting screw on regulator counterclockwise until tension
on spring 1s released

2 Open cyl'nder valve 1’2 to 3/4 of a turn (never more than 1
1/2 turns)




|
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H.

JOB SHEET #1

Connect acetylene hose to acetylene regulator and -purge hose
Connect uxvgen hose to oxygen regulator and p.rge hose

Cor t torch boay to oxygen and acetylene hose and close both valves
on torch bodv

Attach cutting attachment to torch body

(NOTE: The tip size 1s determined by the thickness of metal to be cut
and the manufacturer's recommendations.)

Close oxygen preheat valve on cutting attachment

Turn adjusting screw on oxygen regulator clockwise until working pressure
1s reached

Turn adjusting screw on acetylene regulator clockwise until correct working
pressure 15 reached

Test all connections for leak: with soap suds and water

(NOTE Apply soap suds with a clean paintbrush.)

o
o

cn
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. OXYACETYLENE CUTTING, WELDING, ANL BRAZING
UNIT V

JOB SHEET #2-TURN ON, LIGHT, ADJUST TO A NEUTRAL FLAME,
- AND TURN OFF THE OXYACETYLENE CUTTING EQUIPMENT

. Tools and materials
A.  Oxygen cylinder
B. Acetylene cylinder
C Hoses
D. Oxygen and acetylene regulators
E. Torch body
F. Cutting attachment with slip-in tip

G Cylinder holder and hose rack

H. Sirniker
. l. Wrench
J.  Gloves

K. Colored safety glasses
L. Coveralls or protective clothing
1. Procedure
A.  Turn on, hight, and adjust the cutting torch to a neutral flame

1. Check . cyhnder, regulator, and torch valves to make sure they
are off

Open acetytene cylinder valve 1/2 tc 3/4 of a turn (never more
than 1 1/2 turns)

L]

3. Open acetylene valve on torch one tum

4 Turn adusting screw on acetylene regulator clockwise until
desired pressure is reached

(NOTE Oxygen and acet\lene pressures and size of tip depend
upoen the thickness of the metal to be cut. Use pressures and
' tp sizes recommended by the manufacturers.)
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1.
12
13.

14,

B. Turn off

JOB SHEET #2

Close acetylene valve on torch

Open oxygen cylinder valve all the way

Open oxygen torch valve all the way

Open oxygen preheat valve on cutting attachment one turn

Turn adjusting screw on oxygen regulator clockwise unni desired
pressure is reached

Close oxygen preheat valve on cutting attachment

Open acetylene valve on torch 1/4 turn

Light the torun with striker and adjust until smcke on flame clears
Open oxygen preheat valve slowly and adjust to a neutral flame

2press the oxygen cuiting lever and check tc sce that a neutral
flame 15 presernt

(NOTE: If necessary, adjust the oxygen preheat valve with the
oxygen cutting lever depressed until a neutral flame is secured.)

the flame and oxyacetylene unit

Close acetylene valve on torch

Close oxygen preheat valve

Close acetylene cyhnder valve

Close oxygen cylhinder valve

Open acetylene valve on torch

(NOTE: When gauges reach O, close torch \alve and release
adjusting  screw on  acetylene regulator by turning
counterclockwise.)

Open oxygen preheat valve on tcrch

(NOTE When geuges reach O, close oxygen preheat vzlve and
release adjusting screw on oxygen regulato- by turning
counterclockwise.)

Close oxygen valve on torch

Place torc' and hose on hanger or krackets provided

A
> o




OXYACETYLENE CUTTING, WELDING, AND BRAZING

UNIT V

ACR |

JOB SHEET #3-MAKE MINETY DEGREE CUTS ON MII.D STEEL

AND RESTART A CUT

Tools and materials

A. Cutting outfit with tip assembly

B. Mild steel plate 1/4" to 1/2" thick, 4" wide or wider, 8" long or longer

C. Soanstone with a sharp point or edge

D. Straight edge

E. Gloves

F. Colored safety glasses

G. Pliers

H. Frotective cloding

1. Striker

J. Weiding or cutting taile

K. Slag box

L. Can of water

M Cutting tip

Procedure

A Make minety degree cu:

1.

2.

Mark four paralle! lines 27;'7apar't on plate to be cut
Adiust oxygen regulator

Adjust acetylene iegulator

Place plate to be cut over slag box

Light terch

Adjust to neutral flame

PR
i
(@4
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12

13.

14.

5

fa)

1

2

10.

11.

JOB SHEET #3

Assume comfortable position
Place hoses behind ogerator
Maneuver torch with both hands

Hola preheat fl e with tip of inner cone 1/16" to 1/8" above
tc  of plate at right edge until red spot appears

Depress the oxygen cutting lever, and move from right to left

across the plate (for left-handed operators, go from left to right)
(Figure 1)

FIGURE 1

Mild Steei Plate
174" to 1/2" thick

Hold the tip at right angles to work while cutting with inner
cone being 1/16" to 1/8" above work

Make 90 cuts unti! you have developed the proper procedure
Cool metal by placing in can of water with the aid of pliers

Have instructor inspect

B Restart cut

Reiease the oxygen cutting lever

Preheat only the edge where cutting action was stopped

C. Slowly depress oxygen cutting lever and continue cut




ACR |

OXYACETYLENE CUTTING WELDING, AND BRAZING
UNIT V

JOB SHEET #4-CUT A HOLE IN MILD STEEL

Tools and materials

A. Cutting outfit with tip

B. Mild steel plates

C. Soapstone with a sharp point or edge
D. Straight edge

E. Gloves

F. Colored safety gGiasses

.
—-—

G. Pliers

H. Protective clothing

. Striker

J.  Welding or cutting table

K. Slag box

L. Can of water

Procecure

A. Draw two circles on metal
1. Draw one circle 1" in diameter, 1" from edge
2. Ciraw the other circle 1/2" in diameter, 1" from edge

B. Adjust oxygen regulator

C. Adjust acetylene regulator

D. Place metal to be cut over slag box

E. '_'ght torch

- 167-E




JOB SHEET #4

Adjust to neutral flame

Assume comfortable positi~n
Place hoses behind operator
Maneuver torch with both hands

Hold tip of inner cone 1/16" to 1/8" above point to be cut until metal
turns bright red (Figure 1)

FIGURE 1

1" 5" 1" 5"
416 — e

N \l&m\\\\\\

1 Tilt torch 15° from vertical position

(NOTE: This will allow molten metal to be blown away from
operator.)

2. Depress oxygen cutting lever slowly moving torsh backwards (to
the operator's night 1f right handed) until cut pierces plate
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JOB SHEET #4

K. Return cutting torch to vertical posttion
1. Raise cutting tip until tip of inner cone 1s from 1/4" to 1/2"
above the plate \
2. Make cut {Figure 2)
FIGURE 2
4
L. Cut just inwide soapstone mark until circular cut 1s completed
M. Repeat steps K and L untf all holes are cut
N.  Turn off oxydcetylene rig
O Cool metal by placing 1 can of water with the aid of pliers
P Have mstructor mspect

o |
Oy |
>
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OXYACETYLENE CUTTING, WELDING, AND BRAZING

UNIT V

v

ACR |

JOB SHEET #5 -LAY BEADS ON GAUGE METAL WITHOUT FILLER ROD

Tools and materie’,

A C vyacetylene welding unit

B. Weiding up #8

C. Gloves

D. Colored safety glasses

E. Pliers

F «Wire brush

G  Striker

H  Fire brick

I One piece of 16 gauge mild steel, 1 1/4" x 6"
Procedure

A Prepare metal for welding

B. Place metal in welding position .

C Turn on oxyacetylene unit

D. Set working pressure

E Light torch and adjust to a neutral flame

F Place inner cone about 116" to 18" from metal

Do not begin travel untl you have established a moiten puddle

- 171-E
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JOB SHEET #5 .

Hold torch 30° to 45° from center in direction of trarel (Figure 1)

FIGURE 1

J.  Repeat process until instructor gives permission to go on to next job

Slcwly move the torch forward allowing the metal to melt

(NOTE Always turn off oxyacetylene rig when not using i1t)
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OXYACETYLENE CUTTING, WELDING, AND BRAZING
UNIT V .

JOB SHEET #6-LAY BEADS ON GAUGE METAL WITH FILLER ROD

Tools and materials

A. Oxyacetylene welding unit

B. Welding tip (according to manufacturer's recommendations)
C. Gloves

D. Colored safety glasses

E. Pliers \

F. Wire brush

G. Stnker

H. Fire brick

. One piece of nuid steel strip, 16 gauge 1 1/4" bv 6"

J. Filler rod mild steel (according to manufacturer's recommendations)
Procedure

A Prepare metal for welding

B  Place metal in weiding position

C. Turn on oxyacetylene unit

D Set working pressure

E  Light torch and adjust to a neutral flame ’

F. Hold torch 30° to 45° from center

173-E
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JOB SHEET #6

G. Place inner cone about 1/16" to 1/8" from surface of puddle (Figure 1)

-

FIGURE 1

Tack

H Do not begin travel unt! you have established a moiten puddle
! Add filler rod to front edge of DUdQ‘I‘e in front of torch
J Move puddie forward with torch and allow puddle to form 1 base meta!

K  Add rod and withdraw 1od to fron* edge of puddle as you move puddtie
forward

L Keep puddle the same size and shape the entire length of the bead
M. Turn off oxyaceiylene ng

N. Have instructor inspect
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. OXYACETYLENE CUTTING, WELDING, AND BRAZING
S UNIT V :
' )
. ) JOB SHEET #7-WELD BUTT JOINTS WITH FILLER ROD
I. Tools and materials
\';. . C A. . Oxyacetylene welding unit

B. Welding tip (according to manufacturer's recommendations)

C. Gloves

.
D.. Colored: safety glasses } ' ‘ -
) . . E. Pliers "
DR 4 | - F.  Wire prush
! , .
' G. Striker.

‘ " H. Fire brick

I Two pieces of mild steel strips, 16 gauge 1 1/4" hy 6"

) “iller rod mild steel {accordh o manufacturer's recommendations)
J.  Filler rod mild steel ¢{ Aing ro manufacture {

1

1. Procedure

A ‘Prepare metal for welding

'B. Place metal m welding position
%\‘.-—Turn on oxyacetylent; unit
D Set working pressure

E  Light torch and adjust to a neutral flame

o
F. Tack weld metal together at both ‘ends of joint
’ G Hold torch 30” to 457 from center
) H Do not begin travel until you have gstabllshed a molten suddle

bh |
NS |
- T
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JOB SHEET #7

I, Place mner cone about 1/1€" to 1/8" from surface of puddle (Figure 1)

FIGUPE 1

Tack 1/167,

S to 1/8” " ack

T T~
(\\300': 30°- "~ .
\\4501 450/;)&

()

J Add filler rod to front edge of puddie in front of torch
K Meave puddle forwird with torch and allow puddle *> form in base metal

L Add rod aiw. aithdraw rod to front edge of puddle as you mo  pudd'e
forvard

A

Vi Keep puddle the same size, shape, and centered the entire length of the
be ad

N furn off oxyacetylene rig

0 Shawe bBoatd 10 nstouctor when completed




OXYACETYLENE CUTTING, WELDING, AND BRAZING
UNIT V

JOB SHELYT %8 -BRAZE WELD A 5QUARE
GROOVE BUTT JOINT

Tools and materials

A

m

Oxyacetyiene welding untt
Gloves
Colored satety glasses
Goggles
Weiding tip (according to manufacturer's recommendations)
Wire brush
Striker
Fire brick
Two pieces of clean mid steel strips, 1/8" thick, 1 1/4" by 6"
Bronze hiter rod {use accoruing i .nafacturer's reccommendations)
Welding flux
“needure
Prepare metal tor brazing-clean
Place meial in brazng nosition 1/16" to /2" upart
Turn on oxvacetylene unit
Adju.. proper working pressure of oxygen and acety'lene
Piace metal on fire brick
(NGTE Do not lay metal flat on brirk Arrange meta. so a small space
wiil pe betweer the base metal and the hire brick !
Ligh. and adjus* torch to a neutral or shghtly o~ '« tlame
”
Preheat the end of the prazing rod and dip in the o use fluxed rod
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OXYACETYLENE CUTTING, WELDING, AND BRAZING

Match the terms on the right to the correct definitions.

a.

UNIT V

TEST

Chemical used to clean metals and to
promote fusion during the welding
process

Melting a small amount of bronze rod
onto the surface and allowing it to
spread along the entire seam {joint)

. Joining pieces of metal by heating the

adjoining edges to the fusicn or meliting
point and allowing them to flow cr run
together and then cool

* ymentary burning back of the fiame
into the tip

Process by vhich iron or stee! is heated
to a temperature where 1t can be rapidly
oxidized by hink purity oxygen flowing
under pressure through a cutting torch

Inner white part of the reutrai flame
Short weld used for temporarily hoiding
material in place

s

. Metal container with a layer of water o:

sand to catch "hot slag, .

Area where the nretal was removed In
the form of an oxide during the cutting
process

Term usuaily applied to rust, corrosion
coati :g, film, or scale

Heating the base metal to a dull red
coior an® depositing a beésd cver the
seam (jo nt) with a-bronze filer -od; the
base me.al 15 nnt meited

. That portion of a weld that 1s molien

a. the plece the heat 1s supphed

ST
p
- a

1.

2.

10.
1.

12.

13.
14.

15.

16

17

18.

Backfire
Flame cutting
Oxide

Base metal
Malleability
Ductile
Flux

Kerf

Slag box
Oxidizing
Tack weld

Tinning
operation

Penetration
Drag line

Fusion
welding

B ze
welting

Inner cone

Pudde

179-E
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ERIC

»
RO A v et provided by R

(€8]

m Combiming  oxygen with  another
subystance

n Refers to the situation i which the most

distant poiuon of the cutting stream lags
behind the stream nedrest the cutting * »

o Property of metals which al'ows them to
be bent or permanently distorted

without rupture, opposite of brittleness

n. Term describing metal which 1s capable
of being drawn or stretched out

¥
g. Distance from the uriginal surface of the
pase metal to the point at which fusion
ceases

r WMetal being welded

idlentify the parts of the cutting torch

4 o
e T
. 1
N L {__,p_w__ﬂ@r R
i} L oaX
/v
o I -
Lot S easur L for poor cuts
3
b
c
d

?"q"

% RO T
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° 4 List four causes of a backfire

d

5 Describe the results of a backfire

6. Describe the results or a flashback.

7. List in the proper orde: .he steps te follow in case of a filashback.

13

a. ) . «,
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10.

11

12

13.

ERIC

Aruitoxt provided by Eric

Name fwe factors that determine fusion weld quality.

List five properties of a good weld.

(3]

e.

Name two factors that determine tip size s»lection in oxyacetylene fusion
WeLdlng

a.
b

List two factors that determine the filler rod seiection in oxyacetylene fusion
welding

b

State tne purpose of the filler rod.

ldentify the types of oxyacetylene fusion w.elding flames

¢
; B . gt
e L ’ O e ™
‘t_' _ e il L pore &:}:

e b e
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b.
N A Nt

——

-
C —

14. Discuss the ~dvantages of braze welding.

%

. 15. Discuss the disadvantages of braze welding.

ERIC

Aruitoxt provided by Eic:
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e gy

16. Discuss the characteristics of the elements found in the filler rods used in braze O
welding.
17 List two reasors for having a clean mete;l surface in braze welding. .
) .
b
18. Name two methods for removing oxides from a clean metai surface
a
b
19 Naree five purposes of flux
a
“ b
c ‘ .
d _’ A
. .
20. Name he zolor of the base metal when the proper temyperature l;\;bblamed
in braze welding '
ERIC
= 17



21.

T~

22.

23.

2.

ACR | -

Describe the reaction of the molten bronze at different base metal temperatures.

a. Not hot enough-

b. Medium--

c. Too hot-

Select the proper tip siz2, oxygen pressure, and acetylene pressure for weld 3/8"

steel.
Oxygen Acetylene - Metal

Tip Size Pressure Pressure Thickness

000 1/2-2 1/2 2 Up to 1/32"
00 1-2 1-2 1/64" to 3/64"
0 1-3 1-3 1/32" to 5/65"
1 1-4 14 3/64" to 3/32"
2 25 2-5 ' 1/16" to 1/8"
3 37 37 1/8" to 3/16"
4 410 4-10 3/16" to 1/4"
5 5-12 5-15 1/4" to 1/2"
6 6-14 6-15 1/2" to 3/4"
7 76 7-15 3/4" to 1 1/4"
8 9-19 8-15 1 1/4" to 2"
9 10-20 9-1b 2" to 2 1/2"
10 11-22 10-15 2 1/2" 1
1" 13-24 11-15 3" to 3 1/2"
12 14-28 12-15 . 31/2" to 4"

State an acceptable lens shade number for oxyacetylene welding.

Demcnstrate the ability to

a Set up eguipment for oxyacetylene cutiing.

b  Turn on, light, adjust to a neut.di fiame, ana turn off the oxyacetylene

cutting eqmpmem
¢. Make ninety degree cuts on mild steel and restart a cut.

d Cut a hole in m'id steel.

185-E
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e. Lay beads on cauge metal without filler rod.

f.  Lay beads on gauge metal with filler rod.

g. Weld butt joints with filler rod. /
h. Braze weld a square groove butt joint.

(NOTE: If these actities have not been accomplished prior to the test, ask
your nstructor when they should be completed.)




N

*

OXYACETYLENE CUTTING, WELDING, AND BRAZING
UNIT V

ANSWERS TO TEST

a. 7 g 1 m. 10
h. 12 h. 9 n. 14
c. 15 . 8 o. b
d. 1 .3 p. 6
,
e. 2 k. 16 q. 13
f 17 . 18 r. 4
a Oxygen fitting \
b. Acetylene fitting
c. Oxygen torch valve . -
d. Acetylere torch valve
e. Torch body
T f Oxygen cutting lever
g Oxygen preheat valve
h Tip nut
l '*Sl|p~«.n tip
] Preheat orifice ™

k. Zutting orifice
14
Any five of the following:
a Preheat flames too:small causing cutting speed to be too slow

b. Preheat flames too long

c.  Oxygen pressure too low

d Oxygen pressure too high and nozzle size too smail

¥

C Cutting speed too slow

U
[Gp
(‘: -

ACR | - 187-E
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ERIC -

Aruitoxt provided by Eic:

R

f Cutting speed too hugh
g Blowpipe travel unsteady
h Cut lost and not carefully restarted

Any four of the followiny

'

a. Insufficient acetylene or oxygen pressure
b Loose cutting tip

c Dirty tip

d Overheating of cutting Up

-

e Bad O :'ng i torch body L

Description should include
|

a © Flume burns momentarily back into tip

b A lopd snap or pop results

Bl Flaney mdy o out s

Descripron shoald el
I
L3 1
a Fire mside toreh
)
b Drapyeanane e sf tame followed by
]

ol
1, Stpaeatng or tass Wise iny'ce torch

iz Sperkd commg from the toreh

3 Snoke cuming o the torch
.
a4 Chooe oxygen preheat valye

b Chre axygen threh valve .

/ -
a Close acetylone’ torch valve

| Rewedse ax/oen requlaton screw
2 Hobrgte acerylede reguliton sorew
[

f Cxannoe goetyine ant

]

2 Flame may continge to buin in narmal manner
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ERIC

Aruitoxt provided by Eic:

10.

11

V13

14.

. ACR |

g Reset regulator pressures N
h. Light torch .
2 Proper tlame adjustment
b. Ang'e of tip .
c. D|st.;mce fram work
d  Speed of travel
e. Movement of tip 1
a. Consistent width |
b. Straigntness | ,
&. SI ghtty crowned
i Jd Fused into base metal '
:ie. Clean appearance, ‘
a. Metal thicknes. ' . : E\_

b. )Slze of welding rod
a Rod wit* .milar properties as base metal
b  Thickness of metal
To add strength to weld-or joint
a. Carburizing flame
b Neutral flame
c 0. 1zing flame
Discussion sffould :nciude
a.  Less possibility of destroying the main charactenstics of the base me‘tal
1) Base metal does not have to be heated to a molien position
al  This increases the speed of joinina metals '
b) Less gas 1s consumec for a4 given job
, ;

2) In repairing malleable castings, thesz 1s less danger of its los?%ng
its ductile properties

- 18
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. The low degree of lieat miminuzes expansion and contraction forces

7|
C. Less need for extensive preheating

Drscussion should nclude

»
Not rocommended for parts which are to be raised to temperatures higher
than the melting point of bronze, either in service or during heat treatment

Bronze will lote 1ty strenath at temperatures above 500°F

It cannot be usec on metal where stress 1s a factor

8ronze. may have corrosion resistant properties which differ from those of
the base metal being used

Discussion should ‘nciude

Consist of copper alloys containing about 60 percent copper and 40 percent
Zine which :

1) Produce a high tensie strength
2) Increese ductility

Iy Contain small quantittes of tin, wron, manganese, and stlicon which help
to

Droxidize the weld metal

Decrease the tendency to fume

increase the free flowing action of the moiten metal

inerease the hardness of the deposited metal for greater wear
resistance :

P

To quarantee the moiten bronze will stick to the base metal
To have a stronger bond ont base metal
Mechanicai- Wire brush or grinder

h Chenncal -Flux

Any five of the following
Chemically cleans the base metal
Prevents oxidation of the filler metai

Fioats and removes the oxides already present

ERI

Aruitoxt provided by Eic:
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21.

22.

24
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d. Incr;ases the flow of the filler metgl

e. Increases the abiiity of the filler metal to adhere to the base metal

. Brings the filler metal into immediate contact with the metals being joined
g. Permits the filler metal to ;enetlrate the pores of the base metal

Duli red

a. Not hot enough--The molten bronze will ‘not flow over the surface but
will form into drops

b. Medium--The molten bronze will spread out evenly and flow over a
considerable area

¢c. Too hot-Thc molten bronze will tend to boil and to form little balls

A Y
5, 512, 5-16 * \
4 or 5

Performance skills evaluated to the satisfaction of the instructor

572
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ELECTRIC WELDING
UNIT VI '

UNIT OBJECTIVE

A “ter completion of this unit, the student should be able to name the types of arc welding
machines and electrodes. The student should be able to do a vertical butt and "T" or
fillet weld with the electric welder. This knowledge will be evidenced through
demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be sable to:

1.

2.

1.

12.
13.
14.
15.

16.

Match terms associated with electric welding to the correct definitions.
Name four types of arc welding machines.
Distinguish between straight and reverse polarity.

Name the two types of operating adjustments found on arc welding
machines.

Discuss how to test for polarity.

Name types of electrodes.

Name common sizes ’of electrodes.

Select the statemen. which determines electrode size.
»

Seiect the purposes of flux coating on electrodes.

Identify the numbers in the AWS electrode code classification.

Nane factors to be considered when selecting an electrode for a specific
job application.

Select reasons for poor welds.

Identify the parts of the welding process.

Name two methods of striking an arc.

State the correct range of lens shade number for electric welding.

Select reasons for removing slag from weld.

o>
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17.
18.
19.

20.

Name three reasons for fusing one bead in with another. .

Name four factors that determine weld quality. ; f

P
Identify properly and improperly formed beads by telling what causeq each
one. -

Demonstrate the ability to:
a. Start, stop and restart a bead.
b. Make a pad in the flat position.

c. Make a square groove butt weld.

d. Make a multiple pass T-joint fillet weld.

075
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ELECTRIC WELDING
| . . UNIT VI
| .. w
s N .
- . SUGGESTED ACTIV#TIES
- . Instructor:
A. Provide student with objective sheet.
* B. Provide student with information and job sheets.

C. Make transparencies.

D. Discuss unit and specific objectives.

E. Discuss information sheet.

F. Demorstrate and discuss the procedures outlined in the job sheets.

G. Give test.
b Il. Student:

A. Read objective sheet.

B. Study information sheet.
C. Complete job sheets.
D

Take test.
INSTRUCTIONAL MATERIALS

I. Included in this unit:

A Objective sheet
B. Information sheet
C. Transparency malsters‘

1. TM 1-Welding Circuit

2. TM 2--Standardized AWS Classification

3. TM 3--Direction of Travel

4, TM 4--Improperly Formed Beads
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D. Job sheets
1. Job Sheet #1--Start, Stop, and Restart a Bead
2. Job Sheet #2--Make a Pad in the Flat Position
3. Job Sheet #3--Make a Square Groove Butt Weld
. 4 Job Sheet #4-Make a Multiple Pass T-Joint Fillet Weld
. E. Test ,
F.  Answers to test
II. References:
A. Sosnin, H. A. Arc Welding Instructions for the Beginner. Cleveland, Ohio:
The James F. Lincoln Arc Welding Foundation, 1973.
B. Welding Curriculum. Stillwater, Oklahoma: State Department of Vocational

and Technical Education, 1974.

A
3

. 3
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(%S

. » ELECTRIC WELBING/

= UNIT VI
INFORMATION SHEET -

. I. Terms and definitions

A. Shielded metal arc welding--Arc welding process wherein metals are united
by heating with an electric arc between a coated metal electrode and the
metal

B. Base metal--Metal to be welded or cut

C. Arc length--Distance from the end of the electrode to the point where the :
arc makes contact with work surface

D. Crat -Depression at the termination of a weld

E. Face of weld--Exposed surface of a weld, made by an arc or gas welding
process, on the side from which welding was done

F. Fiux--Fusible material or gas used to dissoive and/or prevent the férm .tion
. of oxides, nitrides, or other undesirable inclusions formed in welding

G. Low carbon steel--Steel containing .20% or less carbon -

H. Pass--Single longitudinal progression of a welding operation along a joint
or weld deposit

1. Porosity--Gas pockets or voids in metal

J. Spatter--Metal particles given off during welding which do not form a part
of the weld

&
K. Tack weld-Weld inade to hold parts in proper alignment until the final
o o- welds are made

(NOTE: This type of welding 1s for assembly purposes only.)
L. Puddle-That portion ¢f a weld that is molten at the place the heat is
supplied ‘ )

M. Undercut--Groove melted into the base metal adjacent to the toe of the
weld and left unfilled by weld metal

N. Weaving:-Technique of depositing weld metal in which the electrode is

oscillated
N

. 0. Weld metal--That portion of a weld which has been mel*~d during weldipg

~ g
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INFORMATION SHEET

AN

P, Whipping--Term applied to an inward <xd upward movement of the
electrode which i1s empioyed 1in vertical welding to avoid undercut

Q. AWS -American Welding Souety.

R. Disposition rate--Arnount of filler metal deposited in any welding process;
rated in pounds per hour

Types of arc welding machines

A. AC (alternating current) transformer welder--Current alternating direction
120 times per second

a

B. AC-DC transformer rectifier- Provides either alternating current or direct
current ¢ )

C_ Motor generator- Produces DC current ;

D. Engine generator--Produces DC current

Types ot polarity (Transparency 1)

A Reverse--Current flows from' base metal to electrode

B. Straight- Current flows from glectrode to base meatal

(NOTE Weliding Ie;ids must connect to correct te‘rmmals if machine has a polarity
switch Ctherwise a change in polarnity 1s made by reversing leads on the
terminals.) )

Types of operating machine adjustmenrts

A. Current (amperage) settings

(NOTE. Increasing ar ips producesemore heat ard decreasing amps produces
less heat )

B. Polanty
How to test for polarity

A. Weld a bead using E 6010 reverse polanty electrode

(NOTE" If there is excessive amount of weld spatter and arc 15 very erratic,
machine 15 set on straight polanty, electrode lead negative, work lead
{qigund) positive Reverse polarity should have electrode lead positive, work
lead (ground) negative. The same practice wou!ld apply if machire 1s set
on AC}




‘INFORMATION SHEET

B. Strike arc with cagbon electrode

(NOTE: If arc 1s smooth and quiet, it is set on straight po.arity. | carbon

. . becomes extremely hot and pleces break off and black smudges appear on
work piece, it is set on revérse polarity.) -
. VI. Types of electrodes
\
N . . .
A Mild steel
. . )
B. Low hydrogen-low alloy
.
. C. Nonferrous
-
, .
D. Hard surfacing . ,
.
E£. Cast iron
F. Stainless steel
2 Exam-je: .
.
WELDING CHARACTERISTICS AND OPERATING DATA OF MILD STEEL ELECTRODES
Coating Posttion of Type of Penetration | Rate of Appearance Minimum|{ 3/32° Size | 1/8  Size 532 Size| 3/16° Suze
N Culor Welding Current” Deposition| of wead Tenule
Used Strength
€6010  White Al DC Reverse! Deep Av Rate Rippled 62 000ps 75130 90175, 140 225
1 Positions o) i and Flat N .
E6OTY  wWhite | A AC Deep Av Rate | Rippled 62 000ps: 75120 90-160 120 200
T Pos tuns : DC  PReverse and Flat 70110 80 145 110 180
1o
"
E6012 Tan T an e su Medim | Good Rate| Smooth and | 67 000ps: | 55 80 80135 110180 | 155 250
L Positions i ac 1) Convex 60-90 90 150 120 200 120 218
F6013  Dark Tan ' A0 1 AC Mid & | Good Rate| Srooth Fiat| 67 000p-+ | 65100 90-140 140 200 200 260
1 Pos rons 1 BC St o and Convex 60-90 80 125 125180 18C 235
- ' [ of Reverge
€704 Geav B | Al T AL Mediom | Hgh Rate | Smooth Flat] 70 000 110160 | 150225 | 200 280
! Positons DC Su o i and Convex 100 145 1350200 180 250
I or Reverse
ET016 . Al AC . Mud 1o dood Rate| Smooth and 70 000 70100 80-130 120170 170 250
i Pasrons DC Reverse | Medium Conven B
—t } ot
E7024 Dark Gray . Flat AC ©C Mid Very High | Smooth and )72000 65120 115175 180 240 240 300
- Hor Fuatets ) Spraght R Rare Stightly Cva 60110 100 160 160 15 220 280
E ot Reverse .
£6027 Red Brown; Flat Flat OC AC | Medium Very High | Flat 1o 62 000ps: 190 240 | 250 300
4 Hor Fdies | Hor Filer Rate Concave 175 215 230 270
! OC St AC .
E?018  Gray A AC Mid Hegn Rate | Smooth Flat| 72 000 70-100 90-150 120 190 170 280
Positions DC Reverse 10 Convex 80120 110 120 135 225 200 300
(4}
EI028  Geay Br Fiat AC Mitd Very High ! Smooth and 72 000 180 270 240 3130
Hoe Fillets DC Reaverse Rate Stightty Cyx 170 240 210 300
14y

*DC Heverse means DC  reverse polacity lelectrode positive)
DC Straight means DC  straight poianity lelectrude negative)

o

VIlI. Common electrode sizes
(NOTE: Electrodes range—in size from 1/16" to 5/16".)
A, 3/32"

B_ 1/8”
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. _ " INFORMATION SHEET ‘ . e
2 . \
) i C. 5/32" P ' .' ‘ ..
: ' D. 2/16" - s .
E. 7/32" . . ;-
o , Foo1an o ’ '
e . o "’
G 5/16" <. T
VIll.  Determining electrode size--Determined by diameter of bare end of elect’rode. .
. iX. Purposes of ‘ﬂux coating on electrodes‘ "
i A‘.) Stabilizes arc : 1- . .
B. Shields molten puddle from air »
0
e C. Floats impurities out of puddle
D. Forms slag and slows cooling
N E. Provides deoxidizers and scavengers to prevent porosity of weld zone .
F. l/’,rgvides atloying elements for higher strength, welds - I
G. Provides iron powder to increase the’disposition rate -
}{’J X Numbers in the AWS electrode clas§if|cat|on (Transparency 2)
' A E-Stands for electrode )
B. fFirst twa Jigits--Indicate tensﬂé strength depo;ited in a thousand pounds
per square inch
C  Third number- Indicates weldinn position )
1 All positions
2, Flat and horizontal : \

D. Fourth digits -Represents special characterisitics and usability of the rod
, ]

<

i Current

2. Penetration

3. Type of flux coating ‘

4

"]
e
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Factors for selecting electrodes for a specific job applicatior

INFORMATIJON SHEET, -

A. Base metal strungth properties . ‘
' B. Base fr;eta| composition ‘ . / .
C. Welding position [} ‘ .
D. Weldin‘g cuirent ) -
E. Joint design and fit-up ) <
F.  Thickness and‘ shape of base metal .
G. Service conditions and/or specification A
H. Productign efﬁziency and job conditiqns
Reasons for poor welds
_ ®
"A. Improper machine adjustment
B. Improper electrode and size
C. Imoroper .movement of electrode
- : . 5,
D. . Improper angle of electrode
E. Irproper base metal preparation " .
F. Improper arc “length
‘Parts of'wélding process (Trar‘wsparency 3) ]
A. Slag | : ' ) ‘
B. Weld
C. Electrode ‘
D. Wire core
E. Coating
F  Arc
G. Crater
4
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XV.

XV,

_Reasons for removing slag from a weld

C. Improves tpenetra"tlon

INFORMATION SHEET

1)

H. Penetration

.1, Base metal

J.  Heat iincs ’

K. Gaseous'shneld ”
L. Ten degrees--fifteen degrees

Methods of striking an arc . . s
A.J Tapping
B. Sc'ratchmg

Safety lens iu.:ge for electric welding--9-14 o
(NQTE: A-safety lens within the 9 to 14 range will be adeguate for ali types
of electric welding.) Ny '

“A.  Permits bet'te_r fusion -of ‘beads

B Prevents gas p&ckets.aﬁd sfag inclusions from forming in bead

!

C, !mproves appearance of beac !
¢

Reascns for fusing one bead in with another
L
A. Increases strength of weld

B Improves appearance of bead

Factofs that d\etermme weld quality

A Amper'age "

’B. Length uf Arc ¢
C. Speed of travel

~ »
D. Position of electeode

oy
o
L2
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|NFORM!§TION SHEET

-
s

Causes of improperly formed beads (Transparency 4)
A. Current low--Poot penetration, slow progress, excessive piling of weld metal
Current high--Excessive sputter, under:utting of weld joints .

B
C. Voltage high--Poor penetration with flat - s~ zone not shielded
D

Voltage low--?oor penetration, wide humped bead, electrodg, too close to
crater causing porosity (

E. . Speed slow--Excessive heat, piling up of weid metal leading to unnecessary
distortion of joint

F. Speed fast--Irregular bead, poor penetratior, r.ot enough weld metatl in joint
causing a weak joint

~

91|
o
[N




Welding Circuit

Welding Machine

~ Electrode Holder Current
Carries Welding Current Adjustment —

\ | Amps

Electrode Cable

\ k o~ Work Lead J

Electrode Ground Clamp Polarity-D.C. Current

Diameters: . moletes ,
Compiete Reverse: Straight:

1/16 - /16 x 14’ \wneiding Circuit Electrode (+) Electrode ()

MOSt Common 2. Current flows . Current flows
Length from work to from electrode
electrode to work
. 2/3 heat at {+) . 2/3 heat at ()
electrode work
1/3 heat at {-) 1/3 heat at (+)
work electrode
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Standardized AWS Classification -

@ Special Characteristics

Flectrode , —— current
penetration

/ \ type of flux

coating

/ Welding Positions

o @@ 1. all positions

~~ 2. flat and horizontal
Tensile Strength 1,000 Lbs. Per Sq. Inch at and honzonta

E6010 Mild Steel Electrode

(91

9 o]
at
o
(0 o]
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_ ] . Electrode
Direction of Travel 10° ¢ Wire Core

)

Coating

Gaseous Shield

Sl Weld
. ¢ Crater

/ - Metal Droplets

p : — Arc

i R, — S
—— A ey

e = = Side

| x View

/ VY

Penetration Depth Heat Lines

Base Metal .
9p°
| End View [

290
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Improperly Formed Beads

Current High

e
=X
4

—~

<

MRS

- \( -~ . -
\ -~ )
\ O Jary
S
B ‘e
-

Voltage High

Voltage Low Speed Fast

v

Speed Slow

D. - 'IEj o F.
N\ ~~ A

A. B. . L.
—Ql— LN e T
291
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’ . ELECTRIC WELDING
UNIT VI |
. ] ;
JOB SHEET #1--START, STOP, AND RESTART A BEAD |
|. Tools and materials
A. Metal--1/4" to 3/8", 4" x 4"
B. Welding machine and accessories
C. Welding helmet ' \
N
D. Protective clothing \\
E. E-6010 electrode--1/8" or 5/32" 1

1. 1/8" - 75-130 amps
2. 5/32" - 90-175 amps
F. Current DCRP (+) at the electrode
G. Chipping hammer
H. Wire brush
. Il.  Procedure
A. Start the bead
1. Adjust machine to desired welding current

(NOTE: This desired current will depent on type and size of
electrode, and thickness of metal. Refer to Chart #1)

2. Hold electrode perpendicular to work where weld is to start
{Figure 1)

Fir' »

Start =

FIGURE 1
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B. Stop the

JOB SHEET #1

Slant electrode 10° to 15° in direction of travel

.t

Lower electrode and tap or scratch lightly on edge of plate
(NOTE: This procedure is necessary for establiiging an arc.)

Momentarily raise electrode upon establishment of arc

(NOTE: This preheats the edge of metal and prevents a cold sta:t.)

Lower e|ectrode to correct arc |ength i
Rotate 'el'ectrode

(NOTE: Rotate the electrode to build ur desired heighi of bead

and to obtain desired width of bead. When desired crater develops,

move out slowly using normal manipulation.)
bead

Return electrode to 90° or perpendicular to work
Reverse electrode and hold until crater fills

(NOTE: This causes crater build up, removes impurities from
weld, and prevents crater from cracking.)

Raise electrode quickly when desired width and height of bead
1s formed

C. Restart the bead

1.

2.

FIGURE 2

Bead

Direction of Travel

Start arc about 1/2" to 3/4" in front of crater
With a long arc, move electrode back to wlthm 1/16" of the

crater crown, fill to bead size, and then resume normal travel
(Figure 2)

1/‘2"
Re-Strike Here
%/ '

Plate

Crater

594
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. JOB SHEET #1

3. Fuse new crater into last ripfsle of crater

. 4. Maintain correct width of bead while completing weld
(NOTE: Arc length is correct when it makes a "frying" noise.
The force of the arc determines penetration and bead appearance.)
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ELECTRIC WELDING »
UNIT VI <

JOB SHEET #2-MAKE A PAD IN THE FLAT POSITION

I. Tools and materials

£ Mild steel metal 3/8" thick, 6" by 6"
Welding machine and accessories

" Welding helmet

®

Protective c|o\thing

m o O ®

E-6010 electrodes—-1/8" or 5/32" ]

»

v Wl 1/8"--75-130 amps
2. 5/32"--90-175 amps

‘ ®

F. Current DCRP (+) at the electrode ’
G. Chipping hammer
H. Wire brush
. Pliers
Il. Procedure <

A. Set welding machine
B. Prepare and place metal in flat position
(NOTE- Remove all dirt, grease, and mill scale from surfaces of metal.)

C. Run a straight bead near edge of plate (Figure 1)

FIGURE 1 *
Bead
@ m‘\r \{ \L
/ [
Travel

End View

(NOTE: For the first bead, the electrode should be held almost vertical.
Do not use side angle.)

(CAUTION: Avoid burning off edge of plate.)

596
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/ . JOB SHEET #2 _ .

" D. After laying first bead, chip and brush it clean and check surface

o
X

- - 5 ¢ ) . (WOTE: The surface appearance should be smooth and even. Cheék for
pinholes, crater holes, slag holes, or indications of i 9roper starts and stops..
-’ Also, checking the bead will identify if current needs to be changed.)
! E. Reverse travel and run additfonal beads, remember tp overlap ‘at jeast the,
4 first one-third of the previous bead (Figure 2) - .o )
g ‘ FIGURE 2 :
. . ) Stop and I :
10°-15° Side Angle everse Travel | |

for Remaining Beads

/ Fill Crater

X

3\4 -~

End View

~Electrode Travel >

(NOTE: The electrode, should be held at 10° to 15° to the side for this
bead and all ether beads)

Clean each pass thoroughly before overlapping with another

{(NOTE: This will insure a sound deposit with proper penetration and no
slag holes.)

-

) o . Fuse each pass with base metal as well as with the preceding pass (Figure
3) )

_ (NOTE: Alternate travel direction for each pass.)
FIGURE 3

Proper Overlap ' Too Much Overlap Not Enough Overiap

S W W N

-

End View

PROPER BEAD LAP IMPRCFER BEAD LAP

(NOTE: Thé overlapping beads should produce a comparatnvely smooth
surface without noticeable - "valleys" between passes.)

‘H.  Continue running beads until pad is full

I.  Clean the piece of metal thoroughly and: have instructor inspect
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. v ELECTRIC WELDING
UNIT VI
! o JOB SHEéT #3--MAKE A SQUARE GRCOVE BUTT WELD
- .
I. Tools and materia's /
A. Two pieces of metal 3/16" to 1/4" thick, 2" wide, and 6" long
B. Welding mazhines and accessories ~
.- . C. Welding helmet "
) D. Protective clothing '
" E. E;6010--1/8" or 5/32"
' 1. 1/8"-75-130 amps ‘
\ 2. 5/32"--90-175 amps
¢ F. Current DCRP (+) at the e|e'ctrode ‘
- . G. Safety goggles
‘ H. Chipping hammer ) :
* I.  Wire brush
Il.  Procedure .
4 . A. Adjust welding machine to correct welding current
T B. Prepare metal for welding by removing dirt, grease, or’ mill scale
, ¢ C. Place metal together parallel to each other, leaving a space 3/32"

L
(NOTE: The prdper space can be determined by placing the ‘bare end of
a 3/32" electrode between the’ two pieces of metal.)




JOB SHEET #3 .

D. Tack weld pieces together at both ends (Figure 1)

Tack Weld

E. Weld preces together using a single pass on onecside for 100% penetration
(Figure 2! :

FIGURE 2

-’

Making a Single Pass
Direction of Trj/_e!’/ ////\ .

U

3/32"

F.  Chip slag, brush weld, and check for\complete penetration at the root of
weld
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ELECTRIC WELDING
UNIT VI

JOB SHEET #4--MAKE A MULTIPLE PASS T-JOINT FILLET WELD

I. Tools and materials
A. Arc welding station and required tools
B. Mild steel plate-2 pieces 1/4" to 3/8", 3" x 6"
C. Electrode E-5010 1/8" or 5/32"
1. 1/8" - 75-130 amps
2. 5/32" - 90-175 amps
D Current DCRP (+) at electrode
E. Protective clothing
. Prochure
KAdjust welding machine to correct current and amperage
Position plates on table to form a T-joint

Tack plates on each end and remove slag

For first bead, angle electrode 45° from vertical plate and 510’ in direction
of travel (Figure 1)

Multiple Pass Fillet Weld

FIGURE 1
First Bead
45° Angle

/////

\

i
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JOB SHEET #4

Strike arc at end of plate holding a high arc for 1 or 2 seconds

E.
(NOTE: This allows for the end of the metal plates to heat prior to
depositing the proper beads and prevents cold lap.)
F. Move electrode to opposite side of T-joint and start depositing second bead
using same angle used in bead one
G. Deposit beads about two times wider than electrode diameter
(NOTE: Remember to alternate passes from one side to another of T -joint
to minimize distortion of the plates. See Figure 2.) ;
r FIGURE 2 —
i Not Enough Lapping Equal‘ Leg
6 Dimensions
, 4 2
i ] 3
Avoid This |
. Bead Sequence d Do Tris
Keep Bead Dimensions Constant
H. Remove slag from bead one and two

(NOTE: Keep each bead dimension constant. It is necessary to overlap beads
more than seems necessary to avoid laying too much on bottom by side
of joint.)

Deposit Lead three using a 30° angle from horizontal plate with the electrode
slanting 5° to 10° in direction of travel (Figure 3)

FIGURE 3

Deposit Beads un Alternate Sﬁdes to Mmtmﬁze Dﬁstortion

60!
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' A JOB SHEET #4

J. Deposit bead four using same angle as used in depositing bead three {Figure
4)
30° Angle '
Fourth Bead ‘92‘ !

A

‘ K. Deposit bead five using a 70° degree angle from vertical plate with the

electrode slanting 5° to 10° in direction of trave! (Figure 5)

602




224-E

JOB SHEET #4

.. Deposit bead six using same anglé as used in bg‘ad, five (Figure 6)

e

Sixth Bead s
FIGURE 6

M. Aiter completing required number of passes, have instructor inspect {Figure
7)

FIGURE 7

. Fourth Bead /(

" Nearly Covers First Bead




1. Match the terms on the right to the correct definitions.

- ELECTRIC WELDING
UNIT VI

TEST

a. Exposed surface of a weld, made by an

arc or gas welding process, on the side
from which welding was done

Arc welding process wherein metals are
united by heating with an electric arc
between a coated metal electrode and
the metal

Depression at the terimination of a weld

Distance from the end of the electrode
to the point where the arc makes contact
with work surface

e

Metal to be welded or cut

Fusible material or gas used to dissolve
and/or prevent the formation of oxides,
nitrides, or othar undesirable inclusions
formed in welding

That portion of a-weld that is molten
at the place the heat is supplied

. Weld made to hold parts in proper

aiignment until the final welds are made
Steel containing .,20% or less carbon
s

Metal particles given off during welding
which do not form a part of the weld

Single longitudinal progré‘ssion of a
welding -operation along a joint or weld

deposit

Gas ppckets or voids in metal

604

10.

11.

12.

13.

14.

15.

16.

18.

ACR | - 225-E

Whipping

Shielded metal
arc welding

Weld metal
Weaving
Undercut
Base metal
Puddle
Arc length
Tack weld
Crater
Spatter
Face of-welc‘i
Porosity
Flux

Pass

Low carbon
steel

AWS

Disposition
rate
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r

m. Term applied to an inward and upward

movement of the electrode which is
employed in vertical welding to avoid
undercut

Groove melted into the -base metal
adjacent to the toe of the weld and left
unfitled by weld metal

That portion of a weld which has been
melted during welding ’

. Technique of depositing weld metal in

which the electrode is oscillated
American Welding Society
Amount of filler metal depositad in any

welding process; rate is in pounds per
hour .

Name four types of arc welcing machines.

d.

Distinguish between straight and reverse polarity by placing an "X" before the

statement that signifies reverse polarity.

a. Current flows from electrode to base metal
b. Current flows from base metal to electrode

Name the two types of operating adjustments found on arc welding machines.

b.

Discuss how to test for polarity.

8
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o

Name four common types of electrodes. -

b.
c.
* ’ d.

7. Name four common sizes of electrodes.

c.

.,

. d.
8. Select the statement which determines electrode size by placing an “X" in the
appropriate blank. -

4

. ~ a. Length of electrode’
. b. Diameter of bare end of electrode
\\\
c. Type of flux on electrode

4 o Select the purposes of flux coating on electrodes by placing an "X" in the
appropriate blanks. ’

<

a. Stabilizes arc

b. Makes arc starting difficult

c. Shields molten puddle from air

d. Provides deoxidizers and scavengers to prevent porosity of weld zone

e. Keeps moisture out of filler metal

f. Forms slag and slows cooling

: | ‘ 606




10. hldentify the numbers in the AWS electrode classification.

a.

b.

M
Oy

+ R e
7

o4

e

11. Name five factors to be considered when selecting an electrode for a specific
job application. .

a ” \
b.

C.
- ’

d.

N

e.

12. Select the reasons for poor welds by placing an "X" in the appropriate blanks.

¢

a. Improper angle of electrode

b. Improper electrode and size

t————

c. Improper machine adjustment

d. Imprdper clamping of electrode in holder

e. Welding from left to right with the forehand technique

607
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gn

AN
“+

. . f. Improper base metal prepartian

g. Running a E-6010 electrode on DCRP

o AR R T

L%

h. Improper arc length

gt Y

, 13, Identify the parts of the welding procéss.

a b -
c d.
e . f
f q. h

i. j-
k. l

14. Name the two methods of striking an arc.
a.
b.

15. State the correct range of lens shade number for electric welding.

608
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16..  Select reasons for removing slag from a weld by placing an "X" in the appropriate
*  blanks. : .

] '

-

a. Prevents better fusion 6f beads

b. Prevents penetration

[

~
hd
———

Prevents gas pockets and slag inclusions from forming in bead

d. Improves appearance of bead

vy

e. Capses irregular arc ' - o
17. Name three ‘reasons for fusing one bead in with another. 5
a. | e L i
b.
c.
18. Name four factors that determine welfd quality. °

b.

C.
d o T

197 Identify the following examples of improperly formed beads by telling what
caused each one. )
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E:.

e.

20.

Demonstrate the abili}y to:.
a.
b.
c.
d.

{(NOTE: If these activities have not been accomplished prior to the tést, ask

Start, stop, and. restart a bead.
Make a pad in the flat position.
'ake a square groove butt weld.

Make a multiple pass T-joint fillet weld.

your instructor when they should be completed.)
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ELECTRIC WELDING .
UNIT VI

ANSWERS TO TEST °

L}
a. 12 g 7 m. 1
b 4
b. 2 h. 9 n. 65 ‘ .
) ¥ !
c. '10 i. 16 o. 3 :
d 8 . 1N p. 4
. { .
e. 6 k.- 15 q. 17 )
. 14 13 (. 18 S
a. AC (alternating current) transformer welder
b. ACDC transformer rectifier ’
' *
c. Motor generator . '
d. Engine generator - '
b
a. Current (amperage) settings ' o \
-
Polarity

Discussjon should include:

., .
a. Weld a bead using E-6010 reverse polarity electrode
b. Strike arc with carbon electrode

P
Any four of the t 'lowing: : - N
a. Mild steel . . . .
b. Low hydrogen--low alloy ! '
) !

c.  Nonferrous \ )

d. - Hard surfacing

e. Cast iron e

f.  Stainless steel . °*




) 7. 'Any ‘our of the following: — '

a. 3/32"
b. 1/8"

c. 5/32"
d 3 3"
e. 7/32"
o1an
g. 5/16"

8. b

9. a, c d, f
10. a. Electrode
b. Tersile strength deposited in thousand pounds per square inch
¢  Welding position
1) All positions
2) Flat and horizontal

d  Special charactenstics and usability of the rod

. 1) Current ’
2) Penetration Q\
3) Type of flux ccating
1. Any five of the following. '
% a. Base metal strength properties
b Base metal compcsition -~

c. Welding posttion

a.  Welding current

e. Jomnt design and fit-up

f.  Thickress and shape of base metal

g. Service conditions and/or sperification

h. Production efficiency and job conditions

612
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13.

18.

14.

a, b, f, h

a. Base metal
b. Penetration
c. Electrode

d. Coatin g

e. Wire core

f. A B
g. Crater

h. Slag

i. Weld

j-  Gaseous shield

k. Ten degrees--fifteen degrees
Heat lines

a. Tapping

b. Scratching

9-14

c, d

"a. “Increases strength of weld

k. Improves appearance of bead
c. |mp;6ves penetration

a. Amperage

b. Length of arc

c. Soeed of travei

d. P-sition of electrode

ACR |.- 235-E
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19.

20.

f.

Performance skills evaluaied to the satisfaction of the instructor

" Current high

Current low
Speed fast

Voltage high
Voltage low

Speed slow

614
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3 BASIC MECHANICAL REFRIGERATION
. ‘ UNIT |

UNIT OBJECTIVE

: . After completion of this unit, the student should be aole to identify compressors, |
; . evaporators, condensers, and connecting refrigerant lines, select the types of metering |
devices and indicate the state of the refrigerant at various points in the refrigeration system.
The student should be able to draw and assemble a basic refrigeration system, label all |
g * - --components and show direction of refrigerant flow. This knowledge will be evidenced J
through demonstration and by scoring eighty-five percent on the unit test. ‘

SPECIFIC OBJECTIVES

After completion of this unit, the, student should be able to:

1. Match refrigeration terms to the correct definition or description.
, 2. Identify types of compress:)rs.
3. Identify typés of evaporators.
4, Identify types of condensers.
5. Select the types of metering devices commonly in use. \

6. Identify all connecting refrigerant lines,
7. Select the state the refri?erant is in at various points in the refrigeration
‘ system. ) ‘ .

8. Demonstrate' the ability to:

a. Draw a basic refrigeration system.

b. Assembie a basic refrigeration system.




Instructor: N

A,

-~
3

BASIC MECHANICAL REFRIGERATION
’ UNIT |

SUGGESTED ACTIVITIES

~

1

Provide student with objective sheet.

Provide student with informatio'n, assignment, and job sheets.
Make transparencies. '

Discuss unit and specific objectives.

Discuss information, assignment, and job sheets.

Show students actual components such as compressors, evaporators,
metering devices, and line sets.

Give test.

Student:

A

B
C.
D

Read objective sheet.
Study information sheet.
Complete assignment and job sheets.

Make sure you are able to identify the various components by sight,
description, and application.

Take test. -

INSTRUCTIONAL MATERIALS

Included in this unit:

A. Obijective sheet

B.
C.

Information ;sheet
Transparency masters
L]
1. TM 1--Hermetic Reciprocal Compressors

TM 2--Semi-Hermetic and Open Reciprocal Compressors




a

3. TM 3-:Mermetic Rotary Compressors$ . ‘ .
4 TM 4-Evaporators ; ' : ]
y s .
5. TM_§-Air Cooled Condensers ' '
. 6. TM 6--Water Coo_l\ed Condensers
7. TM'7-Metering Devices
S ~’ .
8.  TM 8-Refrigerant Lines
..~ TM 9-Complete Basic Rgfrigeration System i
D. Assignment Sbgét #1-Braw . Basic Refrigeration System ;
o LS ’ ' - . , |
E. Job Sheet #1--Assqmble/:r Basic_Refrigeration System : ’ .
F. Test ‘ e i
G. Answers to test . ' .
1, References:”
. A . ’ l“\
-A. Althouse, Andrew D.; Turnduist, Carl ‘H.; and Bra}\:ciano, Alfred F. Modern
Refrigeration ang.Air Conditioning. Homewood, dllinais: Goodheart-Willcox ,
Company, Inc.; 1975, \ . . ]

f B. Weaver, Michael K., and Kirkpatrick, James M. Env‘f'ronmant Control. New
York: Harper and Row, 1974. ’

I11. Additional references--Laub, Julian M. Air Conditioning and Heating Practice.
San Franqisco, California: Rinehart Pressh 1963.
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BASIC MECHANICAL REFRIGERATION
UNIV | :

INFORMATION SHEET

Terms and definitions

Coun ‘or--Pump of a refrigerating mechanism which draws & vacuum or
low i .ooure on the cooling portion of the refrigerant cycle and compresses
the vap~rized refrigerant into the hi_ pressure side of the system

Reciprocal compresser--Compressor which u<es a piston and cylinder
mechanism to provide pumping action

Rotary compressor ~ompressor which uses vanes, eccentric mechanisms, or
other rotating devices to provide pumping action

Hermetic compressor--Compressor in which the driving motor is sealed in
the same welded dome that conta'ns the compressor

Semi-hbermetic compressor--Compressor in which the driving motor is sealed
in the same bolted housing that contains the compressor

(NOTE: 7his compressor may be disassembled for internal repair by
remcving the boits in the housing.)

Open compressor--Compressor in which the crankshaft extends through the
crankcase and is driven by an outside motor

Evaporatoi--Part of & refrigerating mechanism in which the refrigerant
vaparizes and ap~~rbs heat

Shelf-type evaporator--The rafrigerant flows through a serics of coils formed
to ,make the shelves on which products are stored ,

‘NOTE: Another variation of this evaporator is called a plate, which has
¢ metal plate pressed onto the cotls.)

Shell-type evaporator--The evaporator coils are mounted in the walls of the
f epzer compartment which provides a larger cooling surface

Example Chest type freezer

Fin-type evaporator--These evaporato-s have fins attached to the tubing
which gives a larger cooting surface

(NOTE. These evaporators usually have a “in to circulate the air.)
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INFORMATION SHEET

Condenser Part of a refrigeration system which receves hot, high pressure
refrigerant vaper from the compressor and removes hieat frem the reft.gerant
until 1t feturns te a liquid state .

Natural convection condenser--Condenser which transfers heat to the
surroundr 3 air by means of natural arr flow

(NOTE This 1s also calied a static condenser.)

Forced convect.on condenser -A condenser which transfers heat to the
surrounding air through the use of a fan or blower

(NOTE This 1s also called a forced arr condanser.)

Tube with n a whe co. denser--Condenser which s constructed by plaeing
one tube inside a second tube

INOTE The outer tube circulates refrige, ant while the inner tube circulates
the corhina wa >r in opposite directions, also referred to as counterflow.)

Shell and tube condenser -Hot vaporized refrigerant ts fed into the top o
the shell and coines into contact with the cool water tubes ana condenses
the refrigerant

Fyaporative condenser A device which uses open spray or spliled water to
roat 2 condenser

Metering device Any device that meters or regulates the flow of bgud
rofr qerant tu an 2vapoiator and also aivides the high from the lovf pressure

st1e of the oystem

Capeitars tube- Retrwgerant control ucually consstirg of a predeterminea
fongth, of Jtubing having o small inside drameter

Thernostalic oxpdnsien va've- A metering dev, » operaled by temperature
darad DeessuTn

Automatc pxpansion vinve A pressute controtled metering device which
Operates snoresponse to evaporator pressure

Retrigerant lines Lines required to carry the refrgerant hquid and vapor
bhetween thr systerm romponents

(NOTE These hines are made of copper, steel, aluminum, or rubber.)

Refrigerast A substance used in refrigerating mechanisms to ebsorb heat
it thi cvagporator

627
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INFORMATION SHEET
o
W. Vapor, state--State of refrigerant that has absorbed a maximum amount of

heat

{NOTE: Heat laden refrigerant shou!d be referred to as being vapor rather
than gas.)

X. Liquid state--State of refrigerant that can absorb ar additional amount of
heat

Types of compressors {Tran..arencies 1, 2 and 3)

A. Reciprocal

1 Hermetic
2. Sermi-hermetic
3. Open

B. Rotary

{(NOTE. All rotary comp..ss0's 1n general use are hermetic.)
Tyoes of evaporators {Transparency 4)
A. Shelf-type evaporator

(NOTE" Shelf-type evaporators are found ir domestic and commercial
refrigerators and freezers.)

3. Shell type evaporator

{NOTE. Sneli-type evaporators are found in domestic refrigerators ard
freezers and commercial freezers.)

O3

Fin type evaporator

{(NOTE: Fin-type evaporators are found in domestic and commercial
refrigerators, freezers, and air conditioners.)

Types of condensers (Transparencies 5 and 6)

A. Air cooled
1 Natural convection {static)
2 Forced convection (blower)

62y
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VI.

INFORMATION SHEET

B. Water cocled

1. Tube-within-a-tube

2. Shell and tube

- 3. Evaporative

Metering devices (Transparency 7)
A. Capillary tube
B. Th2rmostatic expansion valve
C. Automatic expansion valve
Refrigerant hines (Transparency 8)
A. Discharge line
B. Liquid line
C. Sucticn I're

State of refrigerant (Transparency 9)

A. Vapor
1. Qutlet of evaporator
2 Compressor dome
3. Suction line

4 Discharge hne

g, Top of conder
B. Ligqud
1 Bottom of condenser

2. Liguid hine

3. Intet of evaporator




Hermetic Reciprocal Compressors

Domestic Refrigerators
and Freezers

Window Air Conditioners Centra! Air Conditioners
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Semi-Hermetic and Open Reciprocal Compressors

Semi-Hermetic Open

-1 4OV
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Hermetic Rotary Compressors

Domestic Refrigerator~ and Freezers

Commercial lce Makers
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Natural Convection (Static)

A

4

| Air Cooled Cdndensérs

Forced Convection

A)

Air Qut--
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Water Cooled Conde

» Shell and Tube

Vaporized Refrigrzrant In

I rrrl
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Water In

+ 72° Water Qut

j« <+ 60° Water In

Tube-Within-a-Tube
Condenser

Refrigerant

~1n
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~~Refrigerant
Out

[
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Capillary Tube

Metering Devices

Thermostatic
Expansion Valve

Automatic
Expansion Valve

-1 4OV
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¢ Refrigerant Lines

Refrigeration Cycle

o o 5' e T B m*‘gﬁa#

Evaporator

Discharge Line

- Vapor-High
Pressure

Vapor+Liquid-Low Pressure
| — Liquid-High Vapor-Low Pressure
. Pressure 0il

\)‘ 8/1[1 TM'8
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Complete Basic Refrigeration System
Refrigeration Cycle

T o 0 p o Ty u
@ _ Evaporator

Liquid Line—"

———

T . PR

|
) |

Condenser

Discharge Lme

Vapor-High
Pressure

=1 Vapor+Liouid-Low Pressure
—1 Liquid-High ~ [__] Vapor-Low Pressure
Pressure 0il




BASIC MECHANICAL REFRIGERATION
UNIT |

ASSIGNMENT SHEET #1--DRAW A BASIC REFRIGERATION SYSTEM

Draw a complete basic refrigeration system. identify the components, and show the
direction of refrigerant flow.

61E
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BASIC MECHANICAL REFRIGERATION
‘ UNIT |

JOB SHEET #1.-ASSEMBLE A BASIC REFRIGERATION SYSTEM

. Tools and materials

A. Tools
1. Tape measure
2. Flare nut wrenches

3. Swage punch

4, Ball peen hammer
5. QOutside calipers
6. Flaring tool and block

7. Tubing benders
8. Torch

' 9. Tubing cutter

B. Materials

1. Compressor

2. Condenser

3. Evaporator

4 Metering device

5. Copper tubtng

6. Flare nuts
7. Solder
8. Sand clc .
9 Flux

1. Procedure

‘ A. Position cornponents
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B. Construct liquid line

1.

o &~ LN

C. Make suction line

1.

D. Make discharge fine

(NOTE D: charge line may be supplied as part of the condensing unit
if so, this step may be eliminated.)

2.

JOB SHEET #1

Measure length and diameter of liguid line
Cut from stock

Ream both ends

Flare one end if needed

Place flare nuts on tubing

Flare other end if needed

Swage ends 1f needed

Bend tubing to fit system if needed

(NOTE- All bends should be made with bender.)

WVieasure length and diameter of suction line

Cut from stock ‘
Ream both ends

Flare one end if needed

Place flare nuis on tubing

Flare other end 1f needed

Swage ends if needed

Bend tubing to fit system f needed

{NOTE All bends shouid be made with bender.)

Measure length and diameter of Jischarge line
Cut from stock

Ream both ends
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JOB SHEET #1

4, Flare one end if needed
5. Place flare nuts on tubing
6. Mare other end 1f needed

7. Swage ends if needed
8. Bend tubing to fit system if needed
(NOTE. All bends should be made with bender.)

Solder swage joints .
{(NOTE. Instu?:tor will designate type of solder to be used.)
Clean solder jorrts
Connect |iqu1d‘I|ne

1. QOutlet of condenser

2. Inlet of metering device
Connect suction line

1. Outlet of evaporator

2. Suction side of compressor
Connect discharge line
(NOTE" If discharge I‘me 1s factory installed this step will be eliminated.)

1. Discharge of compressor

2 Inlet of condenser

Have mstructor check your work

Do not disassemble this system, it will be used in the next unit

- 31-F




: 1.

a.

[¢]

UNIT |

TEST

Any device that meters or regulates the
flow of liguid! refrigerant to an
evaporator and also divides the high
from the low pressure side of the system

Part of a refrigeration system which
receives hot, high pressure refrigerant
vapor from the compressor and removes
heat from the refrigerant until it returns
to a liquid state L

State of refrigerant-that has absorbed a
maximum amount of heat

Compressor which uses vanes, eccentric
mechani,ins, or other rotating devices to
provide pumping action

The refrigerant flows through a series of
coils formed to make the shelves on
which products are stored

Compressor in which the driving motor
is sealed in the same welded dome that
contains the compressor

Lines required to carry the refrigerant
liquid and vapor between the system
components

. Compressor tn which the driving motor

1s sealed in the same bolted housing that
contains the compressor

Condenser which is constructed by
placing one tube tnside a second tube

Refrigerant control usually consisting of
a predetermined length of tubing having
a small 1nside diameter

BASIC MECHANICAL REFRIGERATION

Match the terms on the right to the correct definition.

1.

10.

1.

12.

13.

14.

15.

16.

Automatic
expansion valve

Natural convection
condenser

Refrigerant
lines

Tube-within-a-tube
condenser

Refrigerant

Evaporative
condenser

Vapor state
Capillary tube
Liguid state
Compressor

Fin-type
evaporator

Hermetic
compressor

Reciprocal
compressor

Shell-type
evaporator

Condenser

Rotary compressor

ACR | -
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State of refrigerant that can-absorb an
additional amount of heat

Compressor which uses a piston and
cylinder mechanism to provide pumping
action -

. The evaporator coils are mounted in the

walls of the freezer compartment which
provides a larger cooling surface

. A condenser which transfers heat to the

surrounding air through the use of a fan
or blower

A pressure controlled metering device
which operates in response to evsporator
pressure

. A substance wused in refrigerating

mechanisms to absorb heat in the
evaparator

These evaporators have fins attached to
the tubing which gives a larger cooling
surface

Compressor in which the crankshaft
extends through the crankcase and is
driven by an outside motor,

Part of a retrigerating mechanism in
which the refrigerant vaporizes and
2bsorbs heat

Pump - of a refrigerating mechanism
which draws a vacuum or low pressure
on the cooling portion of the refrigerant
cycle and compresses the vaporized
refrigerant into the high pressure side of
the system

Hot vaporized refrigerant is fed into the
top of the shell and cumes into contact
with the cool water tubes and condenses
the refrigerant

Cendenser which transfers heat to the
surrounding air by means of nat:ral air
flow

. A metering device operated by

temperature and pressure

. A device which uses open spray or

spilled water to cool a condenser

651

17.

18.

19.

20.

21.
22.
23.

24.

Forced convection
condenser

Shelf-type
evaporator

Shell and tube
condenser

Semi-hermetic
compressor

Metering device
Open compressor

Thermostatic
expansion valve

Evaporator




. 2. Identify the types of compressors.

Q . 65?

¥




]
\ »
- 5
Identify the types of evdporators. .
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. 4, Identify the types of condensers

€ e ——————
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6.

Select the types ot metering devices commonly n use by placing an "X" In
the blank.

a Low side float

b. Capillary tube

¢ Thermostatic expansion valve

d Automatic expansion valve

¢ High side float
f. Onfice

g. Hand valve

Identify all connecting refr gerant lines.

f e M s —aaa
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7. Select the state of the refrigerant from the fo'lowing list by olacing "liquid"
‘ or "vapor" in the correct blanks.

a. Discharge line
b. Top of condenser
c. Bottom of condenser
d. Liquid line
e. inlet of evaporator
f. Outlet of evaporator
__g. Suction line
h. Compressor dome
8. Demonstrate the ability to:
a. Draw ¢ basic refrigeration system

b. Assemble a basic refrigeration system

{NOTE if these activities have not been accomplished p ior to the test, ask
‘ the instructor when they should be completed.)

‘. £5¢




BASIC MECHANICAL REFRIGERATION
UNIT |

ANSWERS TO TEST

14

17

1
16 . 5
18 . N
12 . 13

Reciprocal--Hermetic

Reciprocal--Open

Re* vy
Reciprocal--Semi-hermetic
Reciprceal--He metic

Roiary

Fin-type evaporator
Shelf-iype evaporator
Sheli-type evaporator
Forced convection {blower)
Natural convection (static)
Shell and tube
Tube-within-a tube

T Lapotative

od
Suction line

Discharge line

Liguid hine
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' 42°F
7. a. Vapor
b.  Vapor
c Liquid
d Ligind
e. Liguid
f Vapor
q. Vapor
M
h Vapor
8. Pertormance skills evaluated to the satisfaction of the instructor
!
)
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nWEFRIGERANT SYSTEM ACCESSORIES
UNIT 11

UNIT OBJECT!VE

*

After completron of this unit. the student should be able to match terms associated with
refrigerant system accessories tu the correct definitions or descriptions. He should also
be able :0 'dentify the seven common accessories and their lc.ation, select the purpose
of each accessory, and desciibe the types of service valves. This knowledge will be evidenced
through demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC ORJECTIVES

After completion of this unit, the student should be eble to:

1 Match terms associated with retrigerant system accessories to the correct
definitions or descriptions.

2 identifv refrigerant system accessories.
3. Select the purposes of each .2frigerant system accessory.
4 Distinguish petween factors in selecting a hquid hine filter-drier and a suction

line fiiter-drier

“

5 Descrbe the types of service valves
6. Locate and identify the refrigerant system accessories. l .
7 Demonstrate the abihity to

a Install a filter-drier with flare fittings.

o Install a filter-drer with sweat fitting..

Install a capilary tuke into a filter-drier.

¢}

d Install a hquid indicator with fla-» fittings

e Use a stem type service valve.

-

tnstall a line tag service valve.

o

] Install an access core type service valve,




REFRIGERANT SYSTEM ACCESSOR:ES
UNIT H

SUGGESTED ACTIVITIES

instructor

@

A Provide student witn cbjective sheet. }
Provide student with information and job sheets. l
C Make transparencies 1
D. Discuss unic and spectfic objectives.

E Discuss nformation sheet.

F. Demonstrate and discuss the procedures outlined in the Job sheets.

G. Show the students the actual components on refrigeration systems.

H  Locate oid components and make cutaways'.'

! Gwe test ' . .

Student

A. Read objective sheet

o)

Study irformation sheet
C Complete job sheets.

D  Take test

INSTRUCTIONAL MATERIALS

Ircluded o this unit
A,  Objective shec?

B informati.n sheet

(@

Transparency imasters
1 TNV 1- Liguid Line Filter-Dniers

< M 2-Suction Line Filter-Driers

§) 0y




D.

(@]

P

Liquid Indicators and Moisture Indicators
Recewve:s
Service Valves
Soction Line Accumulator and Vibration Elimimator

7 Three Positicns of the Siem Type Service Valve

™

8 TM 8 Access Vulve Core Remover and Replacer |
9 TM 73 -Refrigerant System Accessories ;

Job sheets |
1 Job Sheet =1-Install a Filter-Drier with Flare Fittings
2 Job Sheet #2-Install a Filter-Drier with Sweat Fittings %

:

3 Job Sheet %3 -Install a Capillary Tube mnto a Filter-Drier ‘
4 Job Sheet =4 -Install a 'Ltquud Indicator with Flare Fittings |
5 Job?Sheet =5-Use a Sten Type Service Valve
6 Job Sheet =6-Install a Line Tap Service Valve .
7 Job Stheet =7 Insta'l an Access Core Type Service Valve

o5t

Anc vers to test

eferences

Aithouse, Andrew D, Turnquist, Carl H , and Brageano, Alfred F. Modern
Refrigeration and A Conditioning Homewaod, {inots
Goodbeart Witicox Co, 1975

Filter-Driers  Bulletin 40-15 5t Louis, Missourr

1374

Sictian Line
Vaive Co  Luqust

Moistire and Ligud Incicator - Bulletin 70-10° St Lous, Missourt”

Vatve Co . Noveriber 1972

Fiter Bulletn 8010 St Lows, Missouri, Sparlan Valve Co.,

1973

St tion
QOctober
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REFRIGERANT SYSTEM ACCESSORIES
UNIT 11

INFORMATION SHEET

Terms and definitions or descriptions

A.

B

Absorb--Abitity of a substance to take up another substance

Adsorb--Abtlity of a substance tc hold another substance on its surface
without causing a chemical change

Desiccant--Chemical substance in a fiiter-drier that either adsbrbs or absorbs
contaminants

Drier--Device in refrigeration system which contains dessicant fcr the
removal of moisture from the refrigetant, usually :n the liquid line

(NOTE These driers are generally directional which will ailow the
refrigerant 1o flow in cone direction, but some small capacity driers are
nondirectionel.) .

Front seat-Turning the stem of a stem type valve clockwise until the valve
stern stops

(CAUTION. Never frort seat the discharge service valve when the
compressor 1s ruriing )

Back seat Turning the stem of a stem type valve counterclockwise untit
the vaive stem stops

(NOTE This 1s the position the valvz 1s in for rormal operation )

Cracked- Turning the stem of a stem type valve clockwige one-half to oine
full turn from a bac'. seated position

INOTE This 1s the position normaily used when servicing the refiigeration
system ) .

King valve {recewer service valve)--Stem type valve lucated at the outlet
of the recewver

Liquid tme valve Threeway stem Jrpe service valve focated in the higqud

“hine and used for pump down "or servicing

Puny do.. . Front seating the king valve or hquid line valve to vapture
the refogerant o the tugh “side

657
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INFORMATION SHEET

bed
»

K Pressure stub {process tube)- Short piece of tubing attached to the
refiigeration system for the purpose of pressure readings

(NOTE  These are sometimes called charging stubs.)
L Refrigerarit filter--Device for removing foreign particles from the refrigerant
INCTE  This device s usually an integral part of the drer.)
Refrigerant gysten: dccessories |
A Lwuid hine filter-driers (Transparency 1)
1 Fiare
2 Sweat
INOTE There are two types of sweat filter-driers. One 1s used

sorrerndy on central air conditioning umits and one 1s used on
durneste refrigerators )

B Guctior nne hiter doers (Transparency 2)
1 Flare P
N Svvein '
C Liad sicstors (Traroparerco, 3) )
1 Vlare
Z S.wveat

(NOTE  There are different designs of the sweat hiquid indicator,
andd they are comrmoenty refenred to as sight glasses)

D Meatiare odicators

CUOTE S Thewr are anontegoal part of some hiquid indicators
£ Re¢omers {(Traneg penc, 4)
1 Wit g <ing or cocetver service valve \

With aut o« king or recever service vaelve

3
e T

MR

-
<
«
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Purposes of refrgerant system accessories

A

B

INFORMATION SHEET

2 Access core type
(NOTE These valves are commor.y called Sct «der valves)
3 Line tay
Suction ine accumuldator
Vibration ehminator (Transparency 6)

(NOTE A wvibration .hmmator s always installed «n the refrigerant line
parallel to the crankshaft)

Liquid hine filter drier N
1 Adsorbs and/or absorbs moisture
2 Catches foreign matter

3 Adsorbs acids
Suction hne filter-drer
1 Adsorbs acid
2 Ads i ce ctang foreign matter and sludge

Ligquad indicator

1 Proviies ai. easy method for checking amount of refrigerant .

charge
{NOTE Reirnerant charge s checked by cnecking for a solid
calumn of hathid refnigerant in the glass Vapor bubbles in t?;ﬁ

refrigerant may indicete a shortage of refrigerant )

the moisture mdicator g

2 Provides a conventent nolder tor

Mowture ngicators Chanoe i color wil' indicate that there 1= morsturdgin
the refrigeration wystem

INOTE Deffore v manufacturers use chemncals that will change different
- »

' \ 1" 11 tt
Codors to g ate toor dry o condition )
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INFORMATION SHEET ‘

E  Recewver

1. torage tonk for fhiquid refrigerant
’ 2 Insures that ample hquid refrigetant will be available

3. Not used on captllary tube systems

F Service valves
1 A port for conne. .ing the refrigeration gauge set to the system :
2 Used when checking system pressures L
3 Used when pressunizing the system
4. Useg when evacuating the sysiem e
3] Used when charging the system

- 6 Osed when pumping down the system

'7. Used for system isolation )

G Suction hine accumulator .
1 Holds @xcess hiquid refrigerant from the evaporator
2 Aids in preventing hquid refrigerant from enter . 'ction

side of the compressor
H  Vibravon <hminator
¢ 1 Absorbs refrigerant e vibration
2 Aids prevpn’tnng the lines from becoming lonse or breaking
AV Factors n selecting a hilter dner
A Lo Lne filter driers
“ 1 Moisture removal lapeacity

2 Amuount ot refrigerant flow

rliter ared

[N

: ' 4 Type of bne tennection
' &

~ 5 Size of line connecu:ion
d ' .

ERIC

Aruitoxt provided by Eic:
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B

Service valves

A.

B

r

Suction

2.

3

INFORMATION SHEET

line fitter driers
Type of-refrigerant 1in system
Compressor size in horsepower

Size of suction line

Stem type
1. Permanent part of the system
"2, Three valve positions (Transparency 7,
a. Back seated for normal operation
*b.  Cracked for checking pressures and servu;mg
c Front sea‘ed for isolating the compressor and pump down
(CIAUTION. Never front seat the discharge service valve when
the compressor 1s runming.) .
A)\ccess core tvpe , "/ -
1. No valve stem for shut-orf .
v 2 May wv installed either permanently or temporaruy
é Factory mstallation is permanent
: 3 Field installation may bé either (
3 Pressure 1s present whenever the valve core 1s depressed
. (CAUTION When removing a gauge hose from a core type valve
; use a cloth and wear safely glasses to protect from refrigerant
i burn The cloth will also help to prevent an ol spot‘)
L 4 When evacuating or charging, a spec(lal tool shouid be use(/i to
i remove the core from the valve (Transparency 8) . .
| 5 Cap erves as the primary valve seal /

(NOTE . Always replace the cap an serisce valves.)
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Vi

C

i 1

A Liguad hime filter-drier . d
B 1 Shction ene nilter dnier , .
~ + i .
C \!T:qmd mdicator

+

\ . . ]
n .
D Masture wdicgtor . . v
3 Recever
f Service salves . ‘
- ‘ ; ']

(INOTE Fou, at manufacturers may locate their sewsice vaives .

aitf tont areas, but they should always tz; close to the dompressor )
O Suction e aecdamulator .o :

' :
H Voheation elim nator
4
.
-
.«
t
« .
. . * .
> .
—
’
'd
Al Al :
: 6.

v

‘ ¢
1
4 L
. .
INFORMATION SHEET
L . -
A .
Lo ap .
1 Bhouid be used tor temporary nstatlation only.
- " ‘

2. Install on presdurt stuty for ease in removal .

2 May have a valve seem for closing valve before rem. sal.of gauge

hose

-

station of refrigerant system acessortes (Transparency 9)
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Liquid Lirie Filter-Driers

Sweat

M&EW« ot

Access Core Type Valve

4-€G - | 4OV
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Sweat

Access Core

}
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Liquid Indicators and Moisture Indicators

Moisture Indicators
Flare Type Liquid Indicators

Female to Male "~ Malg to Male

Sweat Type Liquid Indicators

67
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Receivers

With a Valve

Safety Relief

King Valve or Receiver Service Valve -

Without a King or Receiver
Service Valve

Safety Relief Outlet
Inlet \ l
—JL T |

1

i

67
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® - | Line Taps

_ Service Port . Core
Cap
0»
cValv‘e'S'(em
Stem Type Core Type

67u ™ - 56
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uction Line Accumulator and Vibration Eliminator
| | Suction Line :
Accumulator L
. | . , , 675 .




Three Pbs'rtiohé of ,ﬁ,e Stem Type ‘Service‘ Valve

Cracked

Back Seated (=

R %77,

a8 | , )
/ '

) %%
////////)'/////7 777/ 4 ’////// 72

A / Al
; 'z

N

Front Seated

| HOV
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Access Valve Core. Remover and Rep!acer

Access Valve Core Remover and Replacer

Refrigeration
System Core In Place

% Core Type Service Valve

Provides for Removal and Reinstallation of the Core without Refrigerant Loss

ERIC  69: | , 682
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Refrigerant System Accessories

Metering Device

Liquid Indicator
X

Liquid Line

- —— -

i N

C

Evaporator —>

C

N

1

D)
™ r . \
Suction

~-Line Accumulator

Q Service

Valves

Suction Line
Filter-Drier

Compressar

———

Moisture Indicator

\/jbration Eliminator
| Condenser

D)

\
L
i

D)

AR

U ™~

(
a
/ Re§eiver

Safety Relief

/Filter—Drier

King Valve

6S4

4-69 - | BV
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REFRIGERANT SYSTEM ACCESSORIES
UNIT H

JOB SHEET =1 INSTALL A FILTER-DRIER WITH FLARE FITTINGS

Tools and materials

A Tubing cutter

B Flaring block

C. Flanng tool -

D Flare nut wrencn

E  Open end wrench 7

F  Safety glasses

G. Refrigeratior. gauge set

H. Refrigeration ratchet

1. Qil can

J. Refrigeration system

K. Filter-drier with male flare fittings

L  Two flare nuts

Procedure

A. Put or safety glasses

B  Install refrigeration gauge set

C If refrigeration system 15 under pressure, slowly release pressure or pump
down

D Cut hguid hine close to the inlet of the metering device

E Remove a section of hquid hne the length of the filter-drier

F Piace fiare nuts on tubing

QA Flare tubing

685 ’
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JOB SHEET #1 0

Remove the protective cap from one end of the filter-drier
(NOTE Remove only one cap at a t'me but do not remove untl ready
to mstall the filter-dier because the dessicant will become saturated with

moisture from the air 1f the filter-drier 1s left open.)

If using a directional filter drier, be sure to install it with refrigerant flow
toward the metering device

INOTE The directicn of refrigerant flow 1s indicated.en a filter-drier with
an anow or wi*h the words “in" and “cut")

Finger tighten flare nut

Remove protective cap from other erd of filter-dner
Finger tighten flare nut

Place flare nut wrench on fiare put

Place open-end \wrench on adjacent hexagon part of the filter-driers male
flate fitting

Tigivten both flare nuts .
INOTE At tis point the instiuctor may request a leak check.)
Hase mstructor mspect -

Cloan un end put dway tools




ACR | - 73F

REFRIGERANT SYSTEM ACCESSORIES
. UNIT I
JOB SHEET =2 INSTALL A FILTER-DRIER WITH SWEAT FITTINGS

I Tools and materials

A Tubing cutter

B  Torch
C  Striker
D  Colored safety glasses

E  Safety glasses

F. Refrigeiation ratcnet

G. Refrigeration gauge set

H. Refrigeration system

! Filter-drier with sweat fittings
J Silver alloy brazing rod

‘ K Sanu cloth

\ L Siver brazing flux

M Damp shop towel

N Nitrogen cyiinder

i Procedure l\

s
A Put or safery glasses

B Instai! refrigeration gauge set

C if refrigeration system 1s under pressure, slowly release pressure

D  Use the s%cloth and polish the liguid line prior to cutting

B Cut hgud hne close to the inlet of the metering device

T
F Check for proner direction of refrigerant flow

_
oyl

Remove o section of liquid line the lengtli of the filterdrier

Repolish ends after cutting 2 :

(4
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JO8 SHEET #2

Apply flux to the polished enrls
Remove the protective cap from one end of the filter-dreer ’

(NOTE Onr some small filter-driers used for domestic refrigeration, the ends
must be cut-off with a tubing cutter.)

Insert hgquid hine 1nto one end of filter-drier

Twist the filter-drier while nserting the line to insure sufficient coating
of flux

Remove protective cap from the other end of "the filter-drier

Insert the other end of the hquid line

Twist the filter-drier while nserting the line

(NOTE Special precautions are necessary when installing a capillary tube
directly into a filter-drier. This procedure 1s covered tn detall on & separate

1ob sheet )

i1f using a line-drier with an access core type valve, remove the core to
prevent the heat from damaging i1t

Attach mtrogen cylinder to refrigeration gauge set
Adjust nitrogen reqgulator for 2 p.s..g.

Ailow nitrogen to circulate through the system
Put on colored safetv glasses

Light and adjust torch

Apply heat to joint, direct heat away from joint
Apply si'ver brazing alloy

(CAUTION Cadmium free silver brazing alloy 1s the recommended alloy
o use )

Silver braze the other end
Turn off the torch

-3

LClean the flux from both joints wit\ a damp cloth before the joint cools
L3
A}

AL Check boty joints to be sure all pf \he flux 1s removed

AT
-

BB Have instructor nspect 4

CC Clean up and put tools away
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REFRIGERANT SYSTEM ACCESSORIES
. UNIT It

JOB SHEET =3 INSTALL A CAPILLARY TUBE INTO A FILTER-DRIER

| Tocls and materials
A Tubming cutter

B Flat file or taper file

C. Plers
D Torch
-«
E  Striker !

F  Colored safety glasses
G Onfice dnli set
H  Safrt, glasses

. ! Refrigerction quige set

J Refropration system

K Filter drier {domestic refrigeration type) .
L Stiver alloy razong rod
A Sand oty
N Sdver brazing flux
O Dump shop towel
I Procedure
A Put on safety glasses
B install refrigeration gauge set

C If refraeration system s under pressure, slowly release pressure

D Cut twpnd hoe close to the wnlet of the metering device

o 68U
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o

|

ERIC

Aruitoxt provided by Eic:

JOB SHEET =3 .

Score the capittary tube with a file and break 1t off square (Figure 1)

h) T
(NOTE Cuapillary tubing should not be cut with a tubing cutter as this
will reduce the mside diameter of the capiilary tubing.)

FIGURE 1 File

\(
\\ \Capillary Tube '

Straighten the «nd of the capillary tube; thiee inches should, be sufficient

Ream the end of the capillary tube with proper orifice file

One mnch o from end of capillary tube, polish a two inch section {Figure

’ ®

FA\GURE 2

A

o 184
<

e Polished Area —j—1" —|

Capillary Tube

SJOTE  1f one inck of the capilary tube is left uncleaned, the siver alloy
wilh have less tendency to tlow down the tube and restrict the end)

If using a filtes drier with an access core type valve, remove the core 10
prevent the heat from damaging 1t

’
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3
JOB SHELT =3
J insert canptliary tabe nto outiet end of filterduer (Figure 3) 88
N TE S Do not sk the capilary tube,) — .
FIGURL 3
—— A___%T—A — —
K, Crep tubong oF neeessary .

k3
INOTE it may be better to place a solid piece of copper whe of a small

drili bit into the end of the drer while crimping to prevent damage to ’
the captllary tube)
t Apply Hux to jomt
A Tt outler ena of filter doer down (Figure 4)
INOTE Thie will heip to prevent the Silver alloy from qgoing down the
caviliary tube and causing a restriction.) ,
\ | \ \
k// .
FIGURE 4 L
&P Liguid Line
Capiftary  Tube N /
S Q&—/&/—/ i
,AQ gb \\
I

N App'y heat to jont away from drier
DO Apo'y siver alloy
.
P Remave teat s soon as atloy flows around the joint
Q Tion oft tarch
R Clrearnoniex fram vt with g damn cloth
S Recrwck 1ot sure that alt of the flux has been removed

H oy st s anapect

i |G TS ST S O A 122 S EA TR
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REFRIGERANT SYSTEM ACCESSORIES ’
- UNIT I

JCE SHEET =4 INSTALL A LIQUID INDICATCT WITH FLARE FITTINGS

0 &¥ools and materials
A Tubing cutter
v
B  Flaring tool N
C. Flaring block . |
D ‘Fla~re nut wrench ,) |
E - Open end wrench
F  Safeuwy' glasses
G Qil can ‘ e
H. Refrigeration gaug- set
I Refrigeration system with an expansion valve

J Liquid indicator

K. Flare nuts

" >
1. Procedure \
N , .
A. Put on safety glasses -~
B install refrigeratic gauge set
C 'f refrigeration system is under pressure, slowly release pressure or pump

down

D Cut hgud linr between the outlet of the filter-drier and the inlet of the
metering devi, * -

E  Place flare ndts on tubing
r Flare the tubing
G Lightly oni fittings

H install higuid indicator

! Tighten both flare nuts finger tight
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%
JOB SHEET #4
c S
J.  Hold body of liquid indicator with open end wrench
£
’ + K. Tighten flare nyts with the flare nut wrench

L. Have instructor inspect

M. Clean up and put away * 2ls

-




REFRIGERANT SYSTEM ACCESSORIES
O UNIT I
JOB SHEET =5 USE A STEM TYPE SERVICE VALVE
I Tools and mater.ats
A RPefrogeration ratchet
v
B Refrigeration yauge set
C Open ond wrench
D Satety glasses
E Ol can
F Retrigeration system with stern type service valves ) -
G . Clean shop towel
[ Procedure
) A Put on safety giasses
) . i B Remove valve stem covers
C Remove service port caps
(NOTE it :i pressure switch capillary tube 1s connected to the service port,
tack seat the valve stem before removing the flare nut)
D Ciean around gauge ports
E Attach gauge hoses
= Check to be sure gauge manifold valves are closed to center port
G Place two drops of o1l on valve stems at the packing nut
ti  Crack cervice valve stems
! Pur,» hose at gauge manifold connection
J Start systom
K Allow system pressures 1o stabilize

ERIC

Aruitoxt provided by Eic:

It high side gauoe vibrates excessively, back seat the discharge service valve
stern untl vibration stops

N




82-F
JOB SHEET #5
M. Check pressure readings
N. Back seat service valves
O Open refrigeration gauge set valves to i2lease hose pressure
P Remove gauge hoses
(NOTE Gauge hoses should be plugged or nlaced on hose holder when
1ot n use )
O Replace service port caps and tighten
(NOTE If pressure switches are connected to the valve service pOrts, the
valve stems will have to be cracked during normal operation.)
R Check valve stem packing nuts for leaks
S If leak 1s indicated, tighten the packing nuts
T Repiace the valve stern caps
U Clean up and put away tools
o
\\'-()u
O

ERIC

Aruitoxt provided by Eic:
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| REFRIGERANT SYSTEM ACCESSORIES
‘ UNIT i
JOB SHEET =6 INSTALL A LINE TAP'SERVICE VALVE
i Tools and matenals
A Open end wrench
B Phillips screwdriver
C  Pinch off tool t
D Torch
¢ E  Suiker
F Sofety glasses
G Colored safety glasses
H  Refrigeration system

| Line - valve

J Sand cloth

' K Si-phos |

Dry clean shop towel |

r—

M Damp clean shop towel
Il Procedure
A Put on safety glasses
B Clean an area on the pressure stub where the valve will fit

C Place valve on pressure stub (Figure 1)
]

&

FIGURE 1

Straddle
. Tube

D Twhten valve onto the pressure stub

3 Tighton gauge hose onto valve port

34,
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JOB SHEET *“6

Check to be sure gauge manifold valves are closed
Pierce the pressure stub

Purge hose at gauge manifold connection

Start system
Check system pressures
Close line tap valves

(NOTE Some hne taps are equipped with access core type valves, and
cannot be closed manually prior to removing the hoses.)

Remove noses from line taps
Place pinch off tool on pressure stub {Figure 2)

ICAUTION Be sure the line is compietely sealed off before removing the
valve.)

FIGURE 2

Valves

To Condenser

Remove line tap valve
Put on colored safetv glasses

Light and adjust torch

Braze the pierced opening

Turn off torch

Coo! the pressure stub with damp cloth
Remove pinch off tool

Check for leaks

Have nstructor inspect

Clean up and put away toois
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REFRIGERANT SYSTEWM ACCESSORIES
. IUNIT H

JOB SHEET #7-'NSTALL AN ACCESS CORE TYPE SERVICE VALVE

I Tools gnd materials
A. Valve core tool
B. Torch
C. Striker
D. Safety g.asses

E Acress core type service valve

F. Silver alloy
3 Sand cloth
H. Silver brazing flux
[. Clean damp shop towel!
Il Procedure
A Put on safety glasses
B  Clear area cnr tubing where valve s to be placgd
C. Remove the core from the valve

D  Place the valve on the tubing or in the pressure stub (Figure 1)

FIGURE 1

i -
i
i
i
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JOB SHEET #7

E Apply flu< to the joint

F Light and adjust the torch

G  Apply heat to the joint

H  Apply the stlver alloy

I Remove heat as soon as the alloy flows completely around the joint
J Turn off the torch

K Clean the joint with a 'c|ean damp shop towel

(NOTE Be careful that moisture does not enter the refrigeration system
while cleaning and cooling the braze joint)

L Replace the core in the valve

(NOTE If this 1s a line piercing valve, use the manufacturer’s recommended
procedure for piercing the line.)

M Have the instructor inspect

N Clean up and put awav tools .

.(;q‘:

LA
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REFRIGERANT SYSTEM ACCESSCRIES

UNIT I

TEST

ACR

Match the terms on the right to the correct definitions or descriptions,

a

Abitity of a substance to take up another
substance

Front seating the king vaive or liquid line
valve to capture the refrigerant in the
high side

. «Turming the stem of a stem type valve

counterclockwise until the vaive stem
stops

Ability of a substance to hoid another
substance on its surface without causing
a chemical change

Turning the stem of a st i iype valve
clockwise until the valve stem stops

Short piece of tubing attached to the
refrigeration system for the purpose of
pressure readings

Chemical substance in a filter-drier that
either adsorbs or absorbs contaminants

Turning the stem of a stem type valve

clockwise one-half to one fuil turn from
a back seated position

Stem type valve located at the outlet ot
the receiver

Device 1n refrigeration system whicn
contains dessicant for the removal of
moisture from the refrigerant, usually in
the hquid hre

Device for removing forewgn particies
from the refrigerant

Three way stem type service valve
iocated n the liquid line and used for
pump down or servicing

1.

2.

10.

1.

12

Pump down
Abscrb
Back seat
Drier

King valve
(receiver

service valve)

Pressure stub
{(process tube)

Adsorb
Cracked -
Desiccant
Front seat

Ligund hine
valve

Refrigerant
filter

87 F




identify the refrigerant sys.em accessories.
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ERIC

Aruitoxt provided by Eic:

’»

3. Select the purposes of each refrigerant system accessory by placing an
the dppropriate blank or blanks

a.

Recetver

1) Storage tank for system contaminants

2) Insures that ample hguid refrigerant will be available

3} Used on capillary tube systems

4) Two way radiw n a service truck

5} Storage tank for hguid refrigerant

Suction line filter-drier

1) Installed at inlet of metering device

2} Adsorbs. acid

)

____3) Auds n catching foreign matter and sludge

4V installed prior to a compressor burn out

Service valves

1) Cumpressors internal valves

2 Used when charging the system

__4) Conrniections for the suction line accumulator

Vibration elimindtor -.

~ ~

___1) Absorbs refrigerant line vibration

2) Condenser mounting springs

Lignnd Line filter drier
1) Absorbs refrigerant
2) Adsorbs and/or ahsorbs moisture
3V Futers the air bubbles in the refrigerant

41 Catches foreign matter

5) Adsorbs acids

70

lell In

__3) A port for connecting the refrigeration gauge set to the system

__3) Auds in preventing the llhes from becorning loose or breaking
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" ~

1) Separates the water from the refrigerant

P )
f.  Moistureg indicator

-

___2) Change in color will indicate that there 15 moisture n the
refrigeration system

»3) Indicates the amount of wumidity that the refrigeration system : .
1S removing

Suction line accumulator

1) Contains a desiccant for drying the refrigerant

_____2) Holds excess hquid refrigerant from thé evaporator

3) Creates a suction on the liquid line

_____4) Aids in preventing hquid refrigerant from entering the suction

h. Liguid indicator

Iy

side of the compressor

1) Provides a convenient holder for the moisture indicator
2} Used only on capillary tube ssystems

_._3) Provides an easy method for checking amount of refrigerant
= charge »

Distinguish hetween liquid line filter-driers and suction line filter-driers by placing

an "X

in front of the factors in selecting a liquid line filter-drier.

{ B
Type of refrigerant In system ‘

b Amount of refrigerant flow

Fiiter area

d Compressor size \n horsepower

e Size of suction line .

h. Moisture removal capacity

Type of*line conn&ction

g Size of line connection

”~
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5, Descrihe the types of service valves.

’

AN a. Stem type

b. Access core type

c. Line tap
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6. Locate and identify the refrigerant system accessories.

Ao

-

DA

Y
‘
s
A v
A
hd L ]
\
] {
v 1
PN
Y
* » »
700
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PAruitoxt provided by ERIC

7.

Demonstrate the ability to

a. Install

b. Install

c. Install
d. Install
e. Use

f.  Install
g. Install
(NOTE: If

a filter-drier with flare fittings.

a filter-drier with sweat fittings.

a capillary tube into a filter-drier.
a liguid indicator with flare fittings.
stem type service valve.

a hne tap service valve.

an acces’ core type service valve.

these ac vities have not been accomplished prior to the test, ask

your nstructor when they should be completed.)

707
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ha
3 a. 2,5 e 2,4,5 .
b 2,3 f 2
c 2,3 g. 2, 4
d 1, 3 h 1,3
4 b,c, f g h
5. Descrip 1on should include
a Stem
1) Permanent part of the system
i
2) Three valve positions
a)  Back seated for normal operation
b)  Cracked for checking pressure and servicing
¢} Front seated for isolating the compressor and pump down .
b Acces: core type '
K No valve stem fer shut-off
2 M2y be msralled either permanently or temporar:ly
o) Foeclory installation 1s permanent
b)  Fild mstailation may be either
3) Pressure s present whenever the valve core is deprossed
4 W evactiating or - barging, a special tonl shouwld be used to
. remove the core from the valve
5} Cap serves as the primary vaive secl i
i
4
C Lint wan
hH Sould e used for temiporary instatiat.on only
2) Instalt o0 piessure stub for ease 1N removal .
3; May have d valve stem for closing valve before removal of gaune
Hose .
M g
O}
{ Ou
O

ERIC

Aruitoxt provided by Eic:




. REFRIGERANT SYSTEM ACCESSORIES
UNIT I

ANSWERS TO TEST

1 a2 g 9 .
b1 h 8
¢ 3 ! 5
d 7 L 4
e 10 k 12
i 0 ! 1"
2 3 Suction line accumulator

b Sweat type hguwid hne filter-drier

c Sweat type hguid indicator
' ‘ d. Stem type service valve
e. Recewver with a king or receiver service valve
f Sweat © 2e ugquid line filter-drier
g Filare type hguid dicator
h L'ne tap service valve
! Receiver withgut a king or receiver seivice valve
| Access core tvpe service valve
k Fiare tvpe suction hine flter-drier
i Fersate to male flare hiquid indicator
m Flare type hguad ine filter drier
r Sweat type suction fine filter-drier
! Vo branion elimenator

n Sovstare dicator

ERIC

Aruitoxt provided by Eic:
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g.
n.

Performance skills evaluated to the satisfaction of the instructor

Vibration eliminator
Receiver

Service valve

Suction line fiiter-drier
Suction line accumulator
Moisture indicator
Liguid indicator

Liquid line filter-drier

~——

ACR |
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i REFRIGERANTS
. UNIT
UNIT OBJECTIVE

After completion of this unit, the student should be able to rhatch the types of refrigerants
to their applications, name three methods of leak detection, list the safety rules for
refrigerants, and compute temperature-pressure problems. The student should also be able
to pressure check a refrigerator and an air conditioner. This knowledge will be evidenced
through demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be ahble to:

1 Match terms associated with refrigerants to the correct de\fmmons.”
2. Match the common types of refrigerants to thair chemical name
3 Match the cylinder color codes to the types of refrigerants.
. 4. Match the types of refrigerants to their applications.
5 List seven desirable characteristics of a refrigerant.
6 Match sections of the temperature-pressure chart to the name.
7 Name three methods of leak detection.
8. List safety precautions for refrigerant handling.
9 Describe the procedure for obtaiming refrigeratiur system pressures.
10. List three methods of determining what type of refrigerant is in a system.
11 Demonstrate the ability to:

a Ccmpute temperature-pressure problems."
b.  Pressure check a domestic refrigerator.
c. Pressure check an air conditioner.

d Pressure check.a comm.ercial refrigerator.
]

e. Determine type of refrigerant used in a central air conditic er
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REFRIGERANTS
’ UNIT I
SUGGESTED ACTIVITIES

|. Instructor:

A Provide student with objective sheet.

B. Provide student with information, assignment, and job sheets.
C Make transparencies.
D. Discuss unit and specific objectives. |

E. Discuss information and assignment sheets.

F.  Deronstrate and discuss the procedures outlined in the job sheets.
G. Demonstrate how to read an inaccessible data plate using a mirror.
H. Give test.

I, Student:

’ A. Read objective sheet

Study information sheet

9]

C. Complete assignment and job sheets.

o

Take test.

INSTRUCTICINAL MATERIALS

. Included in this unit
A. Objective sheet
B. Information sheet
C Transparency masters
1. TM 1 -Refrigerant Drums
2 TM 2--Temperature-Pressure Chart

TM 3--Temperature-Pressure Chart (Continuec)
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4. ™ 4--Temperature-Pressuré Chart (Continued)

5 TM 5--Leak Detection Using a Soap Solution

6. TM 6 -Leak Detection Using a Halide Torch

7. TM 7--Leak Detection Using an Electronic Leak Detector

8 TM 8--Reading Gauges

D. Assignment sheets
1. Assignment Sheet #1--List Cylinder Color Code
2. Assign™ent Sheet #2-Compute Temperature-Pressure Problems
E. Answers to assignment sheets
F. Job sheets
1. Job Sheet #1--Pressure Check a Domestic Refrigerator
2 Job Sheet #2--Pressure Check an Air Conditioner
3. Job Sheet #3--Pressure Check a Commercial Refrigerator
4. Job Sheet #4--Determine Type of Refrigerant Used in a Central
Air.Conditioner
G Test
H. Answers to test
References:
A Downing, R C Refrigerants and Service Pointers Manual., Wilmington,
Delaware® Freon Products Diviston/Dupont DeNemours and Co., 1970.
E  Althouse, Andrew D : Turnguist, Carl H., and Bracciano, Alfred F. Modern
Refrigeration and Air Conditioning. Homewood, [llinois: Goodheart-Willcox
Co., 1968
C Schweitzer, Gerald, and Ebeling, A Basic Air Conditioning. New York:

Hayden Book Co, 1971.
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REFRIGERANTS
UNIT 1

INFORMATION SHEET

I. Terms and definitions

Refrigerant Any substance which produces a refrigerating effect bv its
absorption of heat while evaporating

Fluorocarbon--Refrigerant compound containing one or more carbon atoms
and fluorine

Halogen--Group of chemicals, of which the mcst active s fluorine
Halide refrigerants--Group of refrigerants contamm;‘; halogen chemicals
(NOTE Freon 4s a trade name for a group of halide refrigerants.)
R-11 -Trichloromonnfluoromethane, CC13F ™. halide refrigerant

R-12--Dichlorodifluoromethane, CC17F5, a halide refrigerant

(NOTE- This 's used primarily in domestic refrigerators, freezers, automobile
air conditioners, and some window air conditioners.)

R-22- Monochlorodifluoromethane, CHCIF9, a halide refrigerant

(NOTE Thus 1s used for freezers and for window and central air
conditioners )

Azeotropic mixtures--Mixtures of halide refrigerants in order 1S make a
single refrigerant

{(NOTE' Common azeotropic mixtures are R-500 and R-502)
R-717 Ammonia, NH3, a nonhahde refrigerant

(NOTE This 1s used for large mdustrial refrigeration and absorption type
refrigeratron and air conditiontng.)

Refrigerant cylinder Container n which refrigerant s purchased and
dispensed

INOTE Cyiinders are sometimes referred to as drums.;

Disposable  refr.gerant cyhinder Refrigerant container which cannot be
refitled

714
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INFORMATION SHEET

L Ambient remperatwe Temperatare of air which surrounds an obgect on all

sides

M Refrigerant oil- Soecis! dehydrated ol used in a refrigeration mechanism

for lubricaticn and cooling

Common types of refrigerants and their chemical name
A R11, Trichloromonofluoromethane (CC13F)
B R 12 Dichlorodifluoromethane {CC17F9)

C R-22, Monochiorodifluoromethane (CHC1F3)

D R 500, Refrigerant 500

E R502 Retrigerant 502

(MOTE Refrigerant 500 and 502 are azeotropic mixtures of two halide

refrigerants )

F R717, Ammonia (NH3)

Retiigerant cyhnder color codes {Transparency 1)

A R 11 Orange cylinder
B R 12 White cylinder
C R 22 Green cyhinder
D £°.00 Yellow eyhnder

R 502 Purpie cylinder

m

= R 717 Gray cylinder
Refrigerant types and applications

A  R11

1 Cleamng agent for contaminated systems
2 Refrigerant for targe arr-conditioning systems

B R 172 Refragrrant for domestic refrigerators, freezers, and automobiie air

cond-tiuners

~

C  RZ2 Relfrgerant tor domastic and commercial arir conditioners and freceers

r~ e

( J
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ACR |

: INFORMATION SHEET

D R 500 Refrigerant for domestic and commercial air conditioners
E R 502 Refrigerant for commercial freezers and refrigerators
(NOTE This 15 yenerally found in low temneratuie equipment )

F R 717 indust 1ai compression and ahsorption type refrigeration ard air
conditioning

V  Desirable characteristics of a refrigerant

A Nontoxic

B Nonflammable

C Nonexplostve

D Noncorrosive

E Low boiling temperature

F  Chemically stable

G Mixes easily with of ¢

VI Temperat.ure»pressure chart {Transparencies 2, 3, and 4) ¢

A Top of chart Refrigerant type

B Left margmn- Temperature

C  Bold numbers Pressurre (|r'1 psia)

D ltahes Vacuum (in "Hg)

VIiE Methods of leak detection

A Soar solution {Transparency 5b)

B Halide torch (Transparency 6)

C  FEieetronie ieak detector (Transparency 7) N

VI Sabty precwtions for refrigerant handhing
A Do not drop ecyhinders
B Do not relit disposable refrigerant cylinders

C Do not beat oyhinders with a torch

105-F
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INFORMATION SHEET

Secure  yhnders m a moving vehicle

Do not spray refrigerant on skin

Do not nhale refrigerant

Do not spray refrigerant into open flame

Do not mix refrigerants

Replace cylhinder cap when not in use to protect valve
Dc not hft or carry cylinder by valve

Secure cyhinder to waii or bench

Have adequate ventilation

IX. Procedure for obtaning refrigeration system pressures {Transparency 8)

Obrain low side pressure or vacuum by connecting gauge set to a

refrigeration system
1 Read pressure on 0250 p.sig. scale

2 Read vacuum on 030" Hg scale

(NOTE Hermetic refrigeration systems should not be allpwed to

run N @ vacuum )

Obtam high sife pressuie- Read pressure on 0-500 ps..g scale

INGTE  The nner circle of numbers on .the refrigeration gauges are
temperatdre scaies and can be read directly by aligning the gauge needie

with the pressure and temperature.)

X Methods of determining the type of refrigere 1t in a system

A

B

O

ERIC

Aruitoxt provided by Eic:

Read manufacturer's data plate
Reart compres o daty plate
Laok at comps vent parts

st gauge oressuares

i Install ganes

/ Reat] 1messures

71

3 Conwert pressiire . to terniferature using temperature pressure chart




*
B .

‘ Refrigetant Drums
Standard -

~ Returnable 50Ib Disposable 25lb Disposable

)

R-12 (white)
R-12 (white) R-22 (green)
R-22 (green) . R-500 (yellow)
R-500 (yellow) R-502 (purple)
R-502 (Purple) R-11 (orange)
L Pres;unzed

R-12 (white) 145 Ibs
R-22 (green! 125 |bs
R-500 (yellow) 125 Ibs
R-502 (purple) 125 Ibs

Disposable ’

R-12 (white) 12 Ibs
R-22 (green) 10 Ibs
R-500 (yellow) 10 Ibs
R-502 (purple) 10 Ibs

4-401L - | YOV
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Vacuum-ftalic Figures Gauge Pressure---Bold Figures
TEMPERATURE ~ REFRIGERANT - |
3
CCisF CCiyFp CHCIFA (Azeot:opic Mixtures) NH4
OF, 1 12 22 500 . 502 717
-60 - 19.0 11.9 - 7.0 18.6
-55 - 17.3 9.1 - 3.6 16.6
-50 - 154 6.0 - 0.0 14.3
45 - 13.3 | 2.6 - 2.1 11.7
.40 284 10.9 0.6 79 43 . 87
' ' Co- -35 28.1 83 2.7 4.8 6.7 54
-30 27.8 54 50 14 94 : 1.6
-25 27.3 2.3 75 1.1 12.3 1.3
! -20 27.0 0.5 10.3 31 15.5 3.6
" ' -18 269 1.3 - 115 ,4.0 16.9 46
i ’ -16 267 20 12.7 - 49 18.3 5.6
' -12 262 3.6 15.2 6.8 212 7.9
-10 26.0 44 16.6 7.8 228 9.0

R Vet
OO JONEWN=ON_OO
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Temperature-Pressure Chart
(Continued)
e
var --ftalic Figures Geuge Pressure---Bold Figures
|
TEMPERATURE REFRIGERANT
, CCI3F CC12F2 CHCIF2 *  {Azeotropic Mixture) NH3
. Of, 11 12 22 500 502 717
11 229 15.2 339 20.5 42.2 24.7
12 | 227 15.8 34.9 21.2 43.2 25.6
13 225 16.5 359 219 443 26.5
14 223 17.1 369 22.6 45.4 275
15 220 17.7 37.9 23.4 46.6 28.4
. 16 21.9 18.4 38.9 24.2 477 29 4
7 217 190 40.0 249 48.9 30.4
18 215 . 197 41.1 25.7 50 1 31.4
19 213 20.4 42.2 265 51.2 325
20 211 210 43.3 273 524 335
2 20.9 21.7 44.4 28.2 53.7 346
22 206 22.4 455 29.0 54.9 35.7
23 204 232 46.7 298 £6 2 36.8
- / 24 202 239 478 20.7 574 37.9
25 200 246 490 316 58.7 39.0
26 197 25.4 50.2 324 60.0 40.2
y 27 195 26.1° 515 33.3 61.4 414
? 28 191 26.9 527 34.3 62.7 476
| 29 189 277 54 0 35.2 64.1 438
30 186 28.5 55.2 36.1 65.4 45.0
31 184 293 56.5 37.0 66.8 46.3
32 181 | 301 57.8 38.0 68.2 47.6
Kk 178 309 59.2 39.0 697 48.9
. 34 175 317 60.5 40.0 711 50.2
35 1.1 32.6 61.9 410 726 51.6
34 1€ 9 33.4 63.3 420 74.1 52.9
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Temperature-Pressure © hart
(Continued)
‘lacuum---ftahic Figures Gauge Pressure---Bold Figures
TEMPERATURE REFRIGERANT
CCigF CClayFy CHCIF, (Azeotropic Mixtures) NH3
Of, | 1 12 22 500 502 717
39 160 36.1 675 45.2 78 6 57.2
40 156 370 va.0 46 2 80.2 58.6
41 153 379 70.5 47.2 818 60.1
42 15.0 388 720 48.4 834 61.6
43 147 397 735 49.6 85.0 531
44 142 407 75.0 50.7 86.6 64.7
45 139 41.7 766 51.8 88.3 66.3
46 136 42.6 78.2 53.0 90.0 67.9
47 132 436 76.8 54.2 917 69.5
48 128 44.6 81.4 55.4 334 711
49 12.5 457 830 56.6 95.2 728
50 120 46.7 84.7 57.8 96.9 74.5
55 100 520 933 64.1 106.0 83.4
60 77 57.7 1025 71.0 115.6 929
65 53 637 112.2 78.1 1258 103.1
70 26 70.1 1225 858 136 € 1141
75 4 76.9 1334 939 1480 125.8
80 1.6 841 145.0 102.5 159.9 138.3
85 3.2 917 187.2 1115 1725 151.7
90 5.0 997 170.1 121.2 185.8 165.9
95 68 108.2 1837 131.3 199.8 181.1
100 89 17.3 197.9 1419 2144 197.2
105 11 126.5 2129 1731 2298 214.2
110 134 136.4 228.7 164.. 2458 232.5
! 158 146 7 245.3 177.4 2627 251.5
120 18.5 157.6 262.6 190.3 280.3 271.7
125 21.2 169.0 280.7 204.0 298.7 293.1
130 243 1810 299.3 218 2 318.0 -
135 274 193.5 316.6 2321 338.1
72
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Leak Detection Using a Soap Solution

5 N
Loy
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Foam is Placed on a Connection That is Suspected of Leaking.
Note the Bubbles Which Indicate a Leak.

-1 HOV
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Leak Detection Using a Halide Torch

Cellophane-Enclosed Joint
Suspected of Leaking
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Leak Detector

Use of an Electronic Leak Detector

Leak Detection Using an Electronic




Reading Gauges

Compound _ A= High Pressure

Pressure Gauge—=; W NE 282 ’ ~—(auge

To Suction Service Vasve\ ;:_:~:-:'-.::::- &> To Discharge Service Valve
. To Vacuum Pump or Refrigerant Cylinder
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REFRIGERANITS
UNIT il

ASSIGNMENT SHEET #1--LIST CYLINDER COLOR CODES

Give the cylinder color code for the following refrigerants.

Refrigerant Cylinuer color
1. R-11
2. R-12 L
3. R-22
4. R-500

\I

5. R-502 a
6. R-717
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REFRIGERANTS
UNIT 1

ASSIGNMENT SHEET %2 COMPUTE TEMPERATURE-PRESSURE PROBLEMS

The iow side pressure can be obtained by finding the evaporator temperature and going
straight across to the proper refrigerant column

Example: Air conditioner using R-22, with a 350°F evaporator, low sice pressure
should read 62 pstg.

The fow side temperature can be obtamned by finding the pressure reading and going straight
across to the temperature column The high side pressure can be obtained by finding
the arnbient at the condensor, adding 35 degrees, and going straight across to the proper
refrigerant coiunmn.

Example. Air conditioner using R-12 has an ambient temperature of 55°. Adding 35°
would give an evaporator temperature of 90°. The high side pressure is 100
p s.i.q.

The high side temperature can be ottained by finding the high side pressure reading and
going straight across to the temperature column.

(NOTE To check for proper ambient subtract 35°F from refrigerant temperature. 35°F
is the recommended temperature for proper heat transfer for air-cooled condensers and
20°F for water-cooled condensers.)

Use the temperature-pressure chart to solve the following problems, showing all work.
Round all numbers off to nearest whole number

1 Retrigerator °
A Refrigerant R-12
B. Evaporator -6°F
C  Ambient 75°F
D. Low side pressure L ps.ig
E. Hiwgh side pressure ___Dbsag.
2 Freezer
A Refrigerant R-12
B. Evaporator -10°F
C Ambient 90°F
D Low side oressure ps.g.
E. High side pressure T ps.ag.
F “emperature of condensing vapor _°F
3 Air conditioner
A Reingerant R-12
B Evaporator 38°F -
C  Ambient 95°F .
D Low side pressure PS1g
E High side pressure p5..q.




126-F
ASSIGNMENT SHEET #2 ‘
4 Air Condit:oner
A Refrigerant R 22 )
B Evaporator 38°F
C. Ambient 85°F .
D Low side pressure p.s 1.9.
E. High side pressure T ps.g
5. Commercial refrigerator
\ A Refrigerant R-12
| B. Evaporator 38°F
C Ambient 80°F
D Low side pressure p.s..g.
E High side pressure __psig.
N Water-cooled condenser
2) Add 20°F instead of 35°F
6. Air conditiener
A Refnigerant R 500
B Evaporator 38°F
C  Ambent 100°F .
D Low side pressure p sy
r High side j.iessure _ps.tg
7 Commercid' fregzer
A Refrigerant R-502 ‘
B Evaporator 40°F
C  Anmwbient 70°F
D oy side pressure psiy.
r bagho side pressare _psiyg
g Commercial refrigerator
4 Refrigerant R 500
B Evaporator 40°F
¢ Ambe ot 65 F
o Low side wressure psig
E Hagh sule pressute  Dsig
a Freoser
A Retriqerant R 22 |
B Evanoratar Z0°F — |
¢ Ambent 75°F |
D Love sieby pressure  nsiq ]
t High sude pressure  nsia.
10 At coditioner
A Retnigerant R 22
R Evaporator 40 F
C  Arnent 100 F M .
D wr wde ppepssare o psig
£ Highs side preustne V_Aw:_m_ _psig .
O
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Assignment Sheet #1

1

2

5

6

Orahge

White

Green

Yellow

Purple

Gray

Assignmer t Sheet

169
125

35

=7
- <

REFRIGERANTS
UNIT 11

ANSWERS TO ASSIGNMENT SHEETS

10

44

232

230

46

141

10

279

69

317
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REFRIGERANTS
. UNIT 1
JOB SHEET #1 PRESSURE CHECK A DOMESTIC REFRIGERATOR

|. Tools and materials ,
A Refrigeration .gaugg set
B Open end wrench
C.. Refrigeration ratchet
D. Shop cloth
E  Thermometer
F. Refrigerator
G. Temper_ature-pressure card 4

It Procedure - T
. (NOTE Refrigeraior should run for thirty minutes prior to taking readings.)
A Locate data pigte
(NOTE" Da.a plates are generally located below the door behind the kick

plate,” but they may also be located inside the cabinet or the lower left
hand s'de or on the condenser.)

B Uhtain manufacturer's narne and model number

Obtain type of refrigerant

o o

Place thermometer !n evaporator coinpartment
E. Obtain room temperature.in the area of refrigerator

F Use appropriate wrench to remove cap from low side service valve gauge
port

G Tighien hose from compound éauqe on low side service port
H  Use refrigeration ratchet to crack service valve
B Install pressure gauge on the high side in the same manner as the compound

gauge was installed
5




O
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JOB SHEET #1

oo Record il information 1n spaces provided below

K Have instructor evaluate

L -Back seat service valve

M Place a clnth around hc'2 end and gauge port when removing hoses
N  Replace service  rt caps

O Tighten caps finger tight and then a quarter of a turn with & wrench

o

Clean up and put away tools

Mzanufacturer's name and model number

Type of refrigerant

Evaporator temperature °F
Low side pressure ps.g
High side pressure pPs g
Ambient temperature _______ °F
r’(\ T My
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REFRIGERANTS
UNIT 1

JOB SHEET =2 PRESSURE CHECK AN AR CONDITIONER

Tools ancd matznals

~  Refrigeratior: gauge set

B Qpen end wrench

C  Refrigeration ratchet

D  Shop cloth

E  Thermometer

F Alr conditioner

G. Temperature-pressure card

Procedure ,

(NOTE Air conditioner should run for thirty minutes prior to taking readings )

A Locate data plate
(NOTE Data plates o window air condition s are generally found behind
the front gnil, and data plates on central ar conditioner, are found on
the cide of the condensing umt close to the removable service panel.)

B Obtam manufacturer's name and model number

C  Obtam type of refrigerant

D Place thermometer i supply air

E Optas ambient in the area of the condenser

(NOTE  This temrerature reading should not be of the discharge arr from
the condenser )

F Use open end wrench to remove cop from low side and hieh gide service
valve gauge §oorts

G T:q’\twr\ hose from compoun' uauge on Fowy sude service ot
H U refrrgpration atonet to cnak sepvice vane °
"1,)'
o) L
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JOB SHEET #2

I Install pressure gauge on the high side in the same manner as the compound
gause was instailed

J Record al! mnformation n spaces provided below

K Have instructor evaluate

L  Back seat service valve

M. Place a cloth around hose end and gauge port when remowving hoses
N. Replace service port caps

O  Tighten caps finger tignt and then a quarter of a turn more with a wrench

P  Clean up and put away tools

Manufacturer's name and model number

Type of refrigerant

Evaporator temperature ~
Low side pressure
High sirle pressure:

Ambient temperdture

.ERIC .

Aruitoxt provided by Eic:
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REFRIGERANTS
UNIT 111

JOB SHEET #3 PRESSURE CHECK A CCMMERCIAL REFRIGERATOR

Tools and materials

A Pefrigeration gauge set
B. Open end wrench

C  Refrigeration ratchet

D  Shop cloth

£  Thermometer

F  Cormercial r1efrigerator
G 7T+ erature-pressure card
Procedure

(NOTE Refrigerator showd -un for thirty minutes prior to taking readings.)
A Locate data plate

(NOTE Data plates are generally located in the area of the cordensing
it or inside the refrigerator )

B Obtan manufacturer's name and model number

C Obnhtan type of refrigerant

D  Place thermometer 1n evaporator compartment

E Obtain room temperature 1In the aiea of refrigerator

F  Use a wrench to remove cap from low side service valve gauge port
G Tighten hose from rompound gauze on low side service port

H  Use refrigeration ratche: to crack service valve

! Install pressure gauge on the high side in the sarre manner as the compound
Gqauge was mistatled

133-F
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JOB SHEET #3 7 .

J.  Record ail information in spaces provided below

K. Have instructor evaluate

L. Back seat service valve

M  Place a cloth around hose end and gauge port when removing hoses
N. Replece service port c3aps

0. Tighten caps finger tight and then a quarter of a turn more with a wrench

P. Clean up and put away tools

Manufacturer's name and mode! number

Type of refrigerant

Evaporator temperature °F

Low side pressure p.s.1.g. ‘
High side pressure p.s.t g.

Ambient temperature °F

LAY
s
/
LR
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REFRIGERANTS
UNIT 11

JOH SHEET =4 DETERMINE TYFE OF REFRIGERANT
USED 1M A CENTFAL AIR CONDITIONER

| Tools and materials

A Refrigeration gauqe set
B Opern end wrench
C  Refri,o «tion ratchet
L Yirror
E Contr 7 air condiiorer
F Temperatu » pressu. 2 card
K Procect.re
A Locate manufacturer’'s data plate
‘ (NOTE  Manufacturer's data plates are usually found on outside of
condensing unit )
8 Comy refrigerant type
C Locate compressor data plate
D Remaove inspection panel or case

Ty

ERIC

Aruitoxt provided by Eic:

1™OTE  Compressor dsta plates are generally located on the top of the
COITnTRSSor )

Cone

refrigerant tvpe if qiven
Locate Tow wontrol

NOTE  Expansion valve os at the evaporator iniet and the ligud hioe vaive
ovon Crgaid Lo Capitary tebes will not give refngerant type )

C"!W r;-‘.‘rnxrf | 1\/;‘
O wr ot eatnn press e readings

Conditioner should run fifteen minutes prior to making pressure

~I

L]
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;

refaaerant from compressor data plate

JOB SHEET =4

| Lae o wiench to remove cap from low side secvice valve gauge

port
2 Tighten hose from compound gauge on low side service port
3 Use refrigeration ratchet to crack service valve
4 Install pressure gauge on the htigh side in the same manner as

the compound yauye was rstalled

(82

Record all infurmation in spaces provided below

Have instructor evaluate procedurs and readings

Back seat service valve

Place o cloth around hose end and gauge port ...en removing hoses
Ronlaze service port £aps

Tt ten caps finger tight and then a quarter of a turn more wvvith a wrench
wiean apoand put away tools

sant ntom manufacturer's data plate

ant from e expansion valve or otrer flow control

~I
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Match the terms on the r.ght to the correct definitions.

REFRIGERANTS
UNIT

TEST

Group of chemicais, of which the most
active s fluorine

Monochloredifluocromethane, CHC1F5,
a hanide refiiqgerant

Ammonia, NH3, a nonhahide refrigerant

Contatner in  which
purchased and dispensed

refrigerant s

Mixtures of hahde refrigerants \n order
to make a singie refrigerant
Dichlorodifluoromethane, CClpFo, a
halide ratrigerant

Refrigerant compound containing one or
more carbon atoms and fluorne

Special chydrated ol used mnoa
refrigeration mechamsm for lubrication
and cooling

Groub of refrigerants containing halogen
chemroals
Any  substance  which produces @
rofpigerating etfect by its absorpuon of
Heat whie aev:porating

Tiebinromonofinoromethane CCL3F, a

Bavdo cefrigerant

Terepersture of ar o vbacno Surroreds an

abect onooe g,

Re fger gt cont ey cvbach canpot be

v i
ot

-
~
N

10

M

12

13

ACR

R-11

Halide
refrigerants

Azeotropic
mixtures

Ambient
temperature

R-717
Halogen

R 12
Fluorocarbon
Refrigerant
Disposanle
rotrigerant
cyhnder

Refrigerant odl

Refrigerant
cylinder

R 22

137 F
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A

-

Match the common types of refrigerants on the right to their chemical name.

a Tnchloromonofluoromethane (CC13F) 1. R-500

b. Dichlorodifluoromethane (CC12F2) 2. R-717

¢. Monochlorodifluoromethane (CHC1F2) 3. R-11

d. Refrigerant 500 4. R-12
e Refrigerant 502 5. R-22
f. Ammonia (NH3) 6. R-5602

Match the cylinder color codes on the left to the types of refrigerants.

___a R500 1. Yellow

b, R717 2. Gra:
c. R-b02 3. Green
d. R-12 4. Orange

e. R-22 5. White

f. R-11 6. Purple

Match the types of refrigerants on the right to their applications.

a. Refrigerant for domestic and commercial 1. R-500

air conditioners
2. R-12

b. ~leaning agent forlcontaminated systems
and a refrigerant for large 3. R-502
air-conditioning gystems

R-717

____c. Refrigerant for aomestic and commercial
air condit;oners and freezers 5. R-22

d. Industrial compression and absorption 6. R-11
type refrigeration and air conditioning

e. Refrigerart for commercial freezers and
refrigerators

f. Refrigerant for domestic refrigerators,
freezers, and aucomobile air conditioners
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List seven desirable characteristics of a refrigerant.
a
b
c
d
e.
f,
9
Match sectionc oi the temperature-pressure chart to the name
_____a Bold numbers 1 Vacuum (in "Hg)
- b Top of chart 2 Pressure (in psig)
¢ lahes 3 Temperature

d Left margin 4 Refrigerant type

Name three methods of |eak detection

C

List eight safety precautions for refrigerant handling

d

e

h “

- 139-F
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140-F
' 1
9 Describe the procedure for obtaining refrigeration system pressures
¥

\$

| 4

>
<t
i
3

10 List three methods of determining what type of refrigerant 1s I1n a system
a -
b.
c

. 11 Demonstrate the ability to
a Compute terperature pressure problems
b Pressure check a domestic refrigerator
€ Pressure check an air condittoner
d Pressvre check a4 commercial refrigerator
¢ Determine type ot refrigerant used 1n a central air conditioner
INOTE  If these activities have not been accomphished pnor to the test, ask
Jour strictor when they should be completed )
]
{ v 2
// \)
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b

]

a

6

5

Nontoxic
Nonflammable
Nonexpiosive
NGPCOtrosve

2

Soap solution

Halide torch

REFRIGERANTS

UNIT IH

ANSWERS TO TEST

U

e

{1

Flectronic leak detector

k. 1
| 4
m. 10

Low boiling temperature

Chemically stable

Mixes easily with oil

ACR |
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142 F
8 Any et o of the following
J 00 ot dron evhinders
0 Do not e dal disposable refigerant eylinders
' . o not heat cylnders with g torch
3 Secur oyharers g moving vehi
" Do nal pray retngerant onoskan
' Do net mnae refrigerant
o Do not spray refrigerant nito open Hame
A Do ot o efrigerants -
1 Repdace cyhinder cap when not in use to protect valve
; Teoot Lttoor carny cvander by valve
N Secue o ene g owall o benth
’ Flove ategoate ventifation
= Deserr 0 soonld oaclude
a Obtar 'ov, s.e pressure O vacuum by conneciting gaugde set 16 a
refrorrtion system
1, Read pressure on 0-250 psyg. scale
2 Read vacuum on 030" Hg scale '
= bt cagh side piessure -Read pressure on 0-500 ps.ag scale
1 Ay nrer of the following i
K 350 magnutacturer’'s date taate
D Rl comprss or yata plate
( Lok o ¢ ouient parts
0 Ly e pressures
i coctal o jauges
) I sures
oy Covonr e sherey to toinperature LSING temiperatire pressutn rhar’!
Li Pep 0 ann C L Labea o the satntaction of e instructor
71 o
o N
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EVACUATION
s UNIT IV

UNIT OBJECTIVE

.

After completion of this umit, the student should be able to match terms assoriated with
evacuation to the correct definitions and list the reasons for evacuating. He should also
be able to describe the effects of amhient temperature on evacuation, describe the three
types of vacuum indicators, and use the vacuum steam table. This knowledge will be
evidenced through demonstration and by scoring eighty-five percent on the upit test.

: K
SPECIFIC OBJECTIVES ’ ‘

After completion of this unit, the student shouid be able to:

‘ - 1
1« Match terms associated with evacuation to the correct definitiors.

2 f_ugt three reasovns for vacuating a, refrigeration system.
3 - Select the effgcts of moisture in a refrigeration system.
[

4 Select the effects o air in 4 refrigeration svstem.

. . s
5 . bes:nbe the effects ambient temperature hes on proper e\facuat;on.
6 Distinguish between low and high vacuum numps.
7 List six-steps 1n the care of vacuum purnps.
8 Describe three types of vacuum m.ducators
9 B Demonstrate the ahilty to

/ ’

a Use the vacuum steam table.

b Evacuate a refrigeration systermr and use a mercury manometer.

c Evacuate a refrgeration system and use an electr%wic vacuym gduge.

>

d Triple evacuate

.

’
’

143-F
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EVACUATION
UNIT 1V

SIIGGRSTED ACTIVITIES

Instructor
A Provide student with ohjective sheet

& Provide student with information, assignment, and job sheets

. C  Make transparencies
D

Discuss unit and spec fic ohjectives
E Discuss information and assiqnment sheets
F Demonstrate and discuss the procedures outhned in tre job sheets
G Demonstrate boithing wats: w.th a vacuun pump

H  Demonstrate the use of vactum pumps and vacuum indicarors

! U'se empty refrigerart cyhinder for demonstrating tniple evacuation
J Give test

Studgent

A Read objective sheat

8 Study informatén shest

C Conv lete assiqnne at o ' 1oh sheets

A

~t

T Ji‘\P test

r—y

INSTRUCTIONAL MATERIA' S

.
elyged oty ot

O INRYLRY
A Ot v moeet
LR P ] +
g ot aation sheed
O T e ey tasters
! T varcum Steam Table
J TN D S Stage Low Vacoum Punops

- 145.F
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3 TM 3 Two Stage High Vacuum Pumps .

-,

4 TV 4 Vacuum Indicators

o A iy

D Assignment Sheet #1 Use the Vacuurn Steam Table

E Answers to assignment sheet

v

F Job sheets

1 Job Sheet #1 Evacuate a Refrigeration System and Use a Mercury
Manometer
2 Job Sheet #2 Evacuate a Refrigeration System and Use an

Electromiz Vacuum Gauge
3 Joh Sheet #3 Tuinle Evacuate
G fest
H  Answers to test
I References

A Retregeraton Serviee  Fart 1 Benton Harbor, Michigan Whirlpool Corp
1970

B B.hop, Robert W Fusndimentals of Debydrating a Refr.gerant Svstem .
g lontpelier, Ohio Robmair Manufacturing Corp , 1969

Soodront Wioham Walton Servicing Comfort Cooling Systems  2nd ed
Cor e Wi NHAW Home Study institute 1974

C"J
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EyvaACtaTiON

Junosonerte pressure ot 147 s ndicated

o a0 to 307 scae

arrd moistere fromoa retnigeration system

Noegs rrement o thousandths o F rullimeters of

y

Arrocthy int o the gimosphere and s Capable
AAITRERTATN
g g sorond vactan and s capal e o puihing

. T
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Ettocts of o aae e foomration system

A D st e tore ot epansion pomt stopping refricerant flovy

B Dot et valogen type rengerants ot creates  pydrochlonic and

VR S ATVINI ST AN
C Cominen d v refrigerad o0 and neat, b creates studge
D Cagses wionorator of mood parts made o refrigeration system

L - - -
Frooons of wr a0 o refngeration sysr»m

4 fat mes U chsmhiarge pressura

NOTE Wren coni resced n the retrigecation svstem, arr can ticr,ase the

TN TG AR AT )
£ Neocn st Uy comniped with monsture wil accelerate the formation of

SISO bt coppertiateg a1 siidge
. W e il e cond ey

CTE T cwmen are wilt take o space 0 the condens needed for the

A i o e refrigerant
- Lt e 1t bm ratare o0 proaer wantation (Trangnanaey 1)
o T IS S S 1 O S0 8

cotgr o b cre s s he ey e rlecioases
V ‘ R ey b ddecragse o duada i g Tt
N N e LNt I VTN R T 1L SR =T oy ature o this naradcy orps
‘ A peL b ov st e e atgr o)
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INFORMATION SHEET

Prony anney

3)

o stage

2 Bt or firecr couphing drive
3 Raed 21tV o5 ¢fm
NOTE S The rate of evecuation of any vacuum pump s directly
related T e size 0f the ine connecting 1t to the system as showrn
- . notahie Y
TABLE
. ! . |
i Final Absoluts Pressure
Poor Oan Cora L 100 Lo Vacuum T. High Vacuum
13 - - ,:::,;l;:;_ Bl S S |
{
[EES oD 57 min ‘ 78 min %
. Sees - s '

2 G 431D 39 min 56 mun
P TAD 28 m 43 mun
s ; . ) ] R A S £ 01 LI,

TR Ja b 40 mun 51 min !
D CFEWY 2R 22 min 29 mm |
5 CRY a2 i D 12 mun 16 min
- . . . _tor \
TR 200D 37 45 min
DURT pooorn To min 23 oun
. nooFY DL B 8 min 10 min
i H —d
gt o, s R A ST
: (O S A S Sonut g varaum on el
TOUYE T o e Lo ann B s retorged te e ad et Lt e e
- B e byt . AR A RN AN Y
' 1 ' ' } (v AN
N R T Al oot ot
' i * be T Trigs ¢ Gt it
i - i 1 + N 1
i I i
Y
A

O
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INFORMATION SHEET ’ .

3 Should not bz sole indicator

4 Vactam ¢ read on the 0 to 20" part of the gauge
8  Aurcury raanometer .

1 Accurate neow 25" Hao

2 Keap capped when nou v use

3 Must be kept in vertical positton wnen using
|
4 Jacuum s read duectly |
|
p Exgerr o Add the amount of mercury ahove zer~ on the
eft to the amount helow zero on the and
then subtract from 30 inches
FIGURE 1
1 inch -
b _b
T 1 inen ‘
|
\
;
. |
.
o ] |
" OTT fn o aqure b oihe efr siae reads 1 anch anove zer) and |
ey ght sde Tk perow o Aad these two figures togethe
o 1 oaubtract trom YL The answer would he 298" Ha )
Voo ie a1 g ek o ncestyuce si'him the system after the pumips 1
~ A ¢
‘ vyt
i Crhe e bt ot teates he S st s e
' b et atn 16 prosstire st ates g TIVAN
N vy e o g adheate o oenaee St the syt ‘
O
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. INFORMATION SUEET

C  Sizcrronic »atudm qauyge

s

Accurae beiow 237 Hg

2. Gries accurate readings to 50 mucrons

3 Use with 1agh vacuum pumns
4 Durat'e enougn for, field use

. INOTE Do not allow refrigerant pressure to enter the vacuum
sensor as this would destroy it )

ERIC .
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Vacuum Steam Table

Temperature Inches of
In F. Mercury Microns™
212 . 29.92 759,968
205 25.00 635,000
194 20.69 525,526
176 13.98 355,092
158 9.20 233,680
140 5.88 149,352
122 3.64 92,456
104 2.17 55,118
86 1.25 35,560
g0 . 1.00 25,400
‘ 76 .90 22,860
72 .80 20,320
. 09 .70 17,780
64 60 15,240
59 .50 12,700
53 40 10,160
45 .30 - 7,620
32 18 4,572
21 10 2,54C )
6 05 1,270
_24 01 ¢ o4
—-3b5 .005 127
—60 .001 25,4
-70 .000% 12.7
-90 .0001 2.54

*Remaining pressare 1N system in microns
1.000 inch = 25,400 microns = 2.540 CM = 25.40 MM
.100 inch 2,540 microns = .254 CM = 254 MM

I}

1

039 inch = 1,000 microns = .100 CM = 1.00 MIM
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Single Stage Low Vacuum Pumps
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EVACUATION
UNIT 1V

€

ASSIGNMENT SHEET =1 USE THE VACUUM STEAM TABLE

0
Use the chart below to arrnive at the answers to the problems When using the vacuum
steam table the inches of mercury are subtracted from 30

Example Water would boil at what temperature If there were a vacuum of 29.20"
Hg on the system?

3000
29.20
80 Answer 12°F
f VACUUM STEAM TABLE )
Temperature Inches of
n F Mercury Microns*
122 l 3.64 92,456
104 o 217 55,118
. ' : 86 1.25 35 560
80 1.00 25,400
76 - .9C 22,860 .
72 .80 20,320
69 . .70 17,780 .
64 .60 15,240
59 .50 12,700
1 How much vacuum would have to be pulled on a system when the ambient
s 69 F”
2. A micron reading of 25,400 would be how many inches of raercury on the

mercury manometer?

3. The ambrent temperature at the condensing unit 1s 86°F and the ambient at
the evaporator 1s 64°F. How much vacuum will need to be pulled?




"J162F

- ASSIGNMENT SHEET +

4, To properly ®vacuate a system at 29" Hg what-fust the ambient temperature
he? '
- 5. In a shop with 70°F ambient a vacuum pump that will only pull 28" Hg, 15

sufficient dehydration possible?

V6L




295" Hg
29" Hg
29 4" Hq
80°F

No

AEhR. I - 163-F

EVACUATION
UNIT IV

~

ANSWERS TO ASSIGNMENT SHEET
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EVACUATION
UNIT IV

JOB SHELT =1 EVACUATE A REFRIGERATION SYSTEM
AND USE A MERCURY MANOMETER

Tools and materials

A Retngeratton gauge set
B Retrigeration ratchet
C  Open end wrench

£ Vacuum pump

E Mercury manometer

F . Refrigeration system .
-
Procedure

AN

A Attach refrigeration gauge set to system

B Crack service valves

C  Dissharge any refrigerant pressure that may_exist

D Connect gauge set center hose to vacuum pump inlet port
E Remave cap from vacuum pump outlet port

F o Start the vacuum punmp

G Opeo the high side refrigeration gauge set valve

L4
o Waes the compaund gauge shows a vacuum of 5" Hg or more, open the
ow Lde refrigeration qauge set valve

IMOTE 1 the compound gauge does not show a vacuum in a few minutes
sfter operation, turn off the pump and pressurize the system to check for

restrictions )

! After g vacuum of 25" Hg has bean reached, the mercury manometer should

beoused for accuracy

J Evacuate to 29" Hy

K Foaruate for approximately twenty ounutes after reaching 29" Hyg
Y

76

165-F
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T LS JOB SHEET #1

. -
Close refrigeration gauge set valves

.
Turn oft the vacuam pump §

W

I vacuune indicator returns to atmospheric pressure, there 1s a leak

If vacuum idicator raises 3 to 5" Hg, then stops, moisture 1s still present
i the system

Gheck with the inc uctor before continuing

)
e’

”
N
-

.
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EVACUATION T
’ UNIT IV :

JOB SHEET =2 EVACUATE A REFRIGERATION SYSTEM AND USE AN
JELECTRONIC VACUUM GAUGE

-

I Fools anc matenals,
A Retrrgeration gauyge set
B Refr.geration ratebet
C  Oren end wrench
D Vdacuum pump
E  Electrome vacuum gauge

Refrigeration systém

N

il Procedure

A. Attach refriqeration gauge set to system

B  Crack service valves ' -
C  Discharge any refrigerant pressute that may exist

D  Connect electronic vacuum gauge to system (Figure 1)

FIGURE 1

To Gauge Manifold
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JOB SHEET =2

Connec. wfnqemu-on gauge set center hose to vacuum nump niet port
Remove cap from vacﬁum pumyp: ouatlet port

Start the vacuum pump

Opent the igh sxde«‘#efnqeraﬁon gauge set valve

When the compound gduge shows a vacuum of 5" -Hg or more, open the
low side refrigeration gauge set valve

After a vacuum of 29" Hg has been reached, the electronic vacuum gauge
should be used for accuracy

Evacuate to 500 nucrons

Evacuate for approximately twenty runutes ofter reaching 500 mucrons
Close retnigeration aauge set valves

Turm oft vacuurs ump

Check with anstrn tor befors continuing

P

[

(g
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: . EVACUATION
UNIT IV

JCB SHEET #3-TRIPLE EVACUATE

| Tools, «nd maternals
A Refnigeration gauge set
] B Refrigeration ratchet

C Open end wrench

D Vacuum pump

E Mercury manometer

F Refrigeration system
Il Procedure {

A.~ Attach refrigeration gaugeset to system

N
b . R
: B  Crack service valves '
‘ C Discharge any refrigerant pressure that may exist
. »
D. Connect gauge set center hose to vacuum pump inlet port -
o . E. Remove cap from vacuum pump outlet port !

F  Start the vacuum pump

G. Open the high sige refrigeration gauge set valve

H  \Vhen the compound gauge shows a vacuum of 5" Hg or more, open the
low side refrigeration gauge set valve
After a vacuum of 25" Hg has been reached, the mercury manometer should
he used for accuracy

‘ n
J Evacuate to 29 Hg
[ 4

K Evacuate fur approximately twenty minutes after reaching 29" Hg

L Ciose refrigeration gyauge set valves

o Tum off the vacuum pump

. N Disconnect center hose from vacuum pump
3

Q 7/(1’ )
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"

JOB SHEET #3

Connect conter buse to refrnigerant drum
Purge it trom center hose -
()plen the mgh side refrigeration gauge set valve
Prossurize system to b psig
Allow system to set for 5 minutes
Discharge refrigerant

Repeat steps "'D" through "T" one more tme

Repeat steps D" through "S"

’

~
’

Check with the instructor after the process has been completed three times

bt pay
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- EVACUATION-
UNIT 1V -

TEST

?
Removal ot arr and moisture *from a
refrigeration” system

Pressure measdring tnstrument consisting
of a "U" shaped glass tube arkl mercury

.
Nonfoaming, nonadditive ol designed
for use i ovacuum pumps

Vacuam of 2,000 microns o maore,
obtamnable vith g smgle Stage pump

Suhstances that tematn i d qaseous for,
pefrigeration such as

nitrogen and oxyqgen

IR System,

Discharges into a s2cond vacuum and 1S
capable of puihing down to 1 microns

Pressure bélow the atmospheric pressure
of 14.7 ps.a ., indicated by inches of
mercury ("Hg) on a 0 to 30" .scale

Vacuum of 2000 to 1
requiring a two stage pump

microns,

Unit  of pressure measurement In
thousandths of millimeters of mercury

Discharges directly into the atmosphere
and 1s capahle of putling down to 1,000
nmicrons >
Guge pressure plus the atmospheric
pressure of 147 ps

77

Match the terms on the rnight to theCcorrect definitions

10

1.

ACR |

Vacuum
pump ol

Micron
Evacuation
Noncon(!elnsables
High vacuum
Vacuum

Single
stage pump

Mercury
manometer

Low vacuam

Two stage
pump

Abhsolute
“pressure

»

171 F
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2 List three' reasons for evacuating a refrigeration syster? Yo | : .
‘/ L) ® o - % .
. a. . . : .
\ , - '\ .
?
o, ] .\
c ' : - L
3. Select the effects .of moristure in a réfrigeration system by placing an "X" in -
. . the appropriate blank. i .
® | . .. . .
A a Floods the bowl float . ,
- . *
b Combined with refrigerant oil and heat, it creates sludge ]
4 . . . N . -
c. Causes deterioration of metal parts inside the refrigeration systei®
- . ) . {
~ .. d. Dilutes the refrigerant '
. —_— ‘ ‘ .
& lce cry$tals wilt form at expansion point stopping refrigerant flqw
. f Makes sloshing noise\m compressor !
. ' r
g. Combined with halogen type refrigerants 1t creates hydrochloric and
hydrofiuoric acid . ’
. 4, Select the effects of air in a refrigeration System By placing an, "X" in the- ) ‘
- appropriate blank ° v . .
a. Aids 1in the cooling of valves - :
- . 5 \
b Noncondensables combined with moisture will accelerate the formation -
of corrosion, acid, copperplating, and sludge ,;
. ~
N ¢ Wil take up space in condenser ! : . : .
‘d. Causes bubbles in sight glass L B
—_— 2
e Increases the discharge pressure !
———— : .
5. Describe the effects ambient temperature has on proper evacuation.

o
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Distinguish between low 2nd high vacuum pumps by placing an "L" next to
the characteristics for a low vacuum pump and an "H" next to the cnaracteistics
for a high vacuum pump.

a. Singie stage o° two stage
b 3enerally of the compressor type

¢. Sing.: stage

d. Rated at 1 to B c.f.m.

e. Rated at 1 cubic foot per minute (c.fm.) or less

f. Belt or direct coupiing d-ive

List six steps in the care of vacuum pumps.

Describe the three types of vacuum indicators.

a Compound gauge

~

»>

PN
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(4]

‘b Mersury nignometer

td

L3 -
* ~
c Electromic vacuum gauge .
b3
9, Demonstrate the ability tc
a Use the vacuum st am table
n Fvacuate a refnigeration system and use a mercury manometer
c Evacuate a refngeration system and use an electronic vacuum g-ige
d Triple evacuate
{NOTE (f these activities have not been accomplished prior to the test, ask
youtr Instuctor when they should he completed.)
+
. o
{ iwv
O
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EVACUATION
UNIT I g

ANSW:=RS TO TEST

a. 3 e. 4 ~ i 2
b. 8 f 10 j 7
c. 1 g 6 k. 11
d 9 h. 5

a Towémove noncondensables from the system

b. To remove oil trapped refrigerant

c To remove moisture from the system

b, c e g

b, c, e

Description should include

a

b

Maisture 1s removed in a vapor state
Boiling temperature decreases as the pressufe decreases

Increasing the ambient temperature will decrease evacuation time

H d. H
L e. L
L f H

Check to see 1f the pump will pull a vacuum or itse!f
[-4

Change oil after every extensive evacuation

Kee,s pump clean

Keep caps on the iniet and outlet ports,

Do not discharge refrigerant through the vacuum pumn

Do not operate vacuum pump with a low o1l level

/

(ard?

-
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8. Description should include

a Compound gauge

1) Used i cenjuction sath other vacuum ind.cators

2) Accurate to 25" Hg

31 . Should not be soie indrcator

4) Vacuum 15 read on the O to 30" part of the gauge

b Mercury manomieter

1) Accurate belov 257 Hy

2 Keep capped whrn o i usy

3t Muast He kept i vertical position when using

4 Vacuum 3 read directly

5) Wil idicats g teak or masture stitom the system after the pump

15 st off

- 1) NG chanage i reading idicates the system Is 2kay

Reading retuins to atmosphenc pressure indicates a leak

¢+ Shght change i teading indicates moisture still in the system

¢ Elect opie vicuum  gaudge
1 Accurste beiow 29" Hy
2 Gives acourat eadings to 50 microns
S5 Use with s vacnnm pumps
J Dur e erougy for fietd use
9, Porformance skuts evatuatod to the satsfaction of the mstructor
.
N 3
He ey
i,

O
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ACR |

PRESSURIZING AND LEAK TESTING
UNIT |

UNIT OBJECTIVE

After completion of this unmit, the student should be able to define terms associated with
pressurizing and leak testing, list the safety ru'es for pressurizing a refrigeration system,
and list the steps for determining if a leak exists. He should also be able to arrange the
steps for pressurizing and use soap bubbles, a halide torch, and an electronic leak detector
to find a refrigerant leak. This knowledge will be evidenced thiough demonstration and
by scoring eighty-five percent on the unit test. .

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Define terms associated with pressurizing and leak testing.
2. List five safety rules for pressurizing a refrigeration system.
3. List five steps for deterrining if a refrigerant leak exists.
‘ 4, Arrange in order the steps for pressurizing a refrigeration system.
5. Demonstrate the ability to. ‘

a. Leak check using soap bubbles.
b. Leak check using a halide torch.
' c. Leak check using an electroni¢ detector.

d. Pressurize system with dry nitrogen and leak check.

e. Leak check using refrigerant plus nitrogen.

1-G
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PRESSURIZING AND LEAK TESTING
UNIT |

SUGGESTED ACTIVITIES

Instructor.

A Provide student with objective sheet.

B. Provide student with information and job sheets.

C. Make transparencies.

D. Discuss umt anri specific objectives.

E. Discuss information sheet.

F. Demonstra*e and discuss the procedures outlinec] in the job sheets.
G. Erpphas:ze the precautions to be 'taker? when pressurizing with nitrogen. '
H. Give test. ‘
Student:

A Read obijective sheet.

B. Study information sheet.

C Complete job sheets.

D Do extra projects in order to become proficient in the art of leak testing.

E. Take test.

included 1n this unit

A

. B

C.

INVSTRUCTIONAL MATERIALS

Objective sheet
Information sheet
Transparency masters
1 TM 1--Pressurizing a Refrigeration System

2. TM 2--Dry Nitrogen Cylinder and Regulator

roe

782
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- ACR |

PRESSURIZING AND LEAK TESTING
UNIT |

t

INFORMATION SHEET

Terms and definitions

A

Dry nitrogen--Oil pumped nitrogen tn a pressurized cylinder, used for
piessurizing refrigeraion components and sweeping the system while
soldering or brazing

(NOTE. Specify dry nitrogen when erdering because some nitrogen 1s water
pumped which would contaminate the system )

Regulator--Device for reducing high cylinder pressure to a low working
pressure

(NOTE" Nitrogen regulators have internal pressure relief valves to prevent
cylinder pressure from entering the system In case of reguiator failure.)

Acid brusi-Small, suff bristle brush which is often used for anplying flux
or soap bubbles

Safety rules for pressurizing a refrigeration system

A

B

m

Wear safety glasses
Never use oxygen Or acetylene to press.rize a system

(NOTE Oxygen will explode on contact with oil Acetylene will explode
under pressure above 15 p.s.i.g)

Never use dry nitrogen without a regulator
(CAUTION Nitrogen cylinders contain pressures In excess of 2000 p.st)
Never apply intense heat to a pressdrlzed cylinder or system

Refrigeration Systems must never be pressurized over 15C ps.tg during
a leak test

Determiming 1f a leak exists

A

Check evaporator temperature

Check suct.on pressure

- 5-G
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INFORMATION SHEET

C. Check high side pressure

(NOTE Pressure readings alone should not be the determining factor of
a refrigerant shortage.)

D. Look for ol spots
E. Look for obvious line breaks
IV Steps for pressurizing a refrigeration system (Transparency 1)
A. Connect gauge set to system
Ba Crack service valves
C. Attach gauge set center hose to nitrogen reguilator

D  Turn regulator adjusting screw counterclockwise (Transparency 2)

. (NOTE- Be carefu! not to turn the regulator adjusting screw so far that
it comes out of the threaded portion of the regulator.)

£. Crack the mtrogen cylinder vaive one-quarter of a turn
F Turn reguiator adjusting screw clockwise until desired pressure 1s obtained
(NOTE Generally 100 ps.ig. is sufficient pressure for leak testing.)
G. Open the valve on' the high side of the gauge manifold
H  Allow high side and low side pressures tc equalize
(NOTE The low side gauge manifold valve remains closed during this

operation If the low side gauge pressure does not increase this could indicate
a possible restriction.)

,e
S

¥,
U




Pressurizing a Refrigeration System

Line Pressure Gauge

o ’_;- : ' G
YUY high side \\ Cyllder Pressure Gauge
‘& Service Valve , AN -

Cylinder of

Dry Nitrogen

X Low Side
Service Valve

I A Aot e e Foves

In-Line
Pressure Relief

Service Hose ="

9L - | 4OV
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Dry Nitrogen Cylinder. and Regulator

Cylinoer Pressure Gauge

&

Regulator
Adjusting Screw se,

\.

In-Line
Pressure Relief

Dry Nitrogen Cylinder—-
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PRESSUR'ZING AND LEAK TESTING
UNIT

JOB SHEET =1 LEAK CHECK USING SOAP BUBBLES

£

! . Toois and mate als

A. Refrigeration gauge set l

. 3. Soap bubble solution
C Aad brush (i an)
D. Refrigerattun ratchet
E. Cpen ©nd wrench ‘
¥ Refrigeration system ) ¢ ) .
G. Clean shop towel

il Procedure

A Connect refrigeration gauge set to the refrigeration system

B

(@]

(@]

ERIC

Aruitoxt provided by Eic:

Crack service va'ves
Allow the pressures to equalize

(NOTE" If there i1s not positive pressure on the ent're system, do not apply
the soap solution) :

Locate areas of suspected leaks

Arply the soap soluuon

Look for 4 bubble that would indicate a leak (Figure 1)

+

FIGURE 1

Rerrave soap colution after checking

(NOTE If the scap sciution 1s left an the tubing .t will create a film that
may result in o ocorror ) v

Crecr wnith instructor o fore continuing

-
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PRESSURIZING AND LEAK TESTING
UNIT |

JOB SHEET =2 LEAK CHECK USING A HALIDE TORCH

Tools and materials
A Refrigeration gauge set
B Halide torch
Striker
Satety glasses
‘Refrigeration ratchet
Open end wrench
G  Refrigeration system
Procedure
Connect refrigeration gauge set to the refrigeration system
Crack se:vice valves
Allow the pressures to equahze

(NOTE There should be approximately 50 p.s..g or more of pressure on
the system for effective leak checking)

Locate areas of suspected leaks

Light the halide tcrch
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JOB SHEET =2

F Hotd the ~andrer hose ot dhe tirch s that the hand will trap the refrigerant

{Frgure 1)

FIGURE 1

Voue amnter ose siowiy underneatt, the suspected feak area

(&) P
CLoTE Flaoracarbon cobrgerants are heavier than an o and will collect
’ Cenlae i the ane o sushected area )
HOOOWaten e colkor o the toree flame for an indication of a leak
CCAUTION  Have adequate vertifation when asing the halide torch due
i the Geatinn ol phoage ne gas )
Fyow b v the deak vth Tae wo4p soldtion
Reotow e soap sotution atter checking
Ko Cnect o the ot etor hefore contine g
- ?79 i
O
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PRESSURIZING AND LEAK TESTING
' UNIT |

JOB SHEET #3 -LEAXK CHECK USING AN ELECTRONIC DETECTOR

{. Tools and materials

ACR | - 156G

A Refrigeration gauge set

B  Electronic leak detector

C. Refrigeration ratchet

D Open end wrench

2 / Refrigeration system

Il Procedure

A. Connect refrigeration gauge set to the refrigeration system

B. Crack service valves

C Allow the pressures to equalize

D  Locate areas of suspected leaks

E. Turn on electronic leak detector

= Allow 3 to 5 minutes for detector to warm up
(NOTE- If there 1s a heavy concentration of refrigerant in the area, do
not use the electronic leak detector as it will give false indications. Also,
a heavy concentration of refrigerant will damage the sensing element.)

G  Adjust the leak detector

-

(NOTE. Have the instructor demonstrate the proper adjustmcj procedure

for the leak detector you are using.)

793
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JOB SHEET #3

H Hold the probe underneath the suspected leak area {Figure 1)

FIGURE 1

Watch and/or histen for the detector to indicate a refrigerant leak
J Recheck the leak with the soap solution
Remove the soop solution after checking

l. Chack with the instructor before continuing

ey
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PRESSURIZING AND LEAK TESTING
Ul Ll '

JOB SHEET #4--PRESSURIZE SYSTEM
WITH DRY NITROGEN AND LEAK CHECK

Tools and matenals °

Refrigeraticn gauge sct

<]

8 Dry mitrogen w.th regulator

C. Refrigeration ratchet

D Open end wrench .
E. Refrigeration system

F. Soap solution

Procedure

A. Connect refrigeration gauge set to the refrigeration system

B  Crack service valves

C  Attach gauge set center hose to mtrogenlregulator

D. Turn regulator adjus}ing screw counterclockwise

'NOTE: Be careful not to turn the regulator adjusting screw SO far that
. comes out of the threaded portion of the regulator.)

E  Crack the mitrogen cylinder valve one-quarter of a turn

F Turn regulator adjusting screw clockwise until desired pressure s obtained
(NOTE: Generally 100 ps.i.g. is sufficient pressure for leak testing.)

G Open the valve on the high side of the gauge manifold

H. Allow high side ard low side pressures to equalize

(. Leak check the system with a soap bubble solution

\  (NOTE' A halide torch or electron:c leak detector cannot be used as they
will not react to mitrogen.)

J Check with the instructor after locating the leak

795
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PRESSURIZING AND LEAK TESTING

unttod

: Lot o M LIING REFRIGERANT PLUS NITROGEN

v N Doaan
: Plodrin ma - Wy, wet ,
B itahc et o ganror electroree leak detector
Terger e g rgtehet
R N A (e
sl gabies
3 ot e
TR s g systens
o 2eragerant 12 or 22
T e
. et refrigergcon gauge set to the refrigeration system
o) Cince w2 e yalves

pttacn retnigurant gyhinder to the center hose of the gauge set
woeorefgerant cylinger in the upnqht position
cocoefroqurant oy inder valve

Dew e b oon the bigh osede of the gauge manifold

EUVEREE (SRR L T § 1 RS B f‘(]LidilZF’ at 50 ps. g

T metolg valve
R prart cyleder vave

Lot et hose at cylinder va'v
.
Y Voo g esS e T eaGuae

e oy rebrasant oyl nder

- et et crtor hiogse o nitrogen regutator

faths
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JOB SHEET =5

Check to be su requidtor adiusting screw 18 not tnned 'n
Crack the mitrogen cyhinder valve one quarter of a tumn
Purae center hose

Turn requlator and adjusting screw clockwise’ until desired pressure s
obtained

INOTE  Generally 100 p say s sufficient pressure for leak testing)

Open the valve on the high side-of the gauge manifold
Allaws hagh side and fow <ide pressures o equalize
Leak check the system with a halide torch and/or an electronic leak detector

Check with the instructor after locating the lear




PRESSURIZING AND LEAK TESTING
' UNIT |

TEST
Define terms associated with pressurizing and leak testing.
a. Regulator ;
b. Acid brush

c. Dry nitrogen

List five safety rules for pressurizing a refrigeration system.

d.
e.
List five steps for determining if a refrigerant leak exists.

. /
a. b

b.

ACR |
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4, Arrange in order the following steps by placing the correct sequence number

in the appropriate blank.

a. Crack the mtrogen cylinder valve one-quarter of a turn
b. Open the valve on the high side of the gauge manifold
¢. Connect gauge set to system

d Turn regulator adjusting screw counterclockwise

e. Turn regulator adjusting screw clockwise until desired pressure 1§
obtained

. Attach gauge ‘set center hose to nitrogeq regulator
g. Allow high side and low side pressures to equ~tize ,

h Crack service valves

5. Demonstrate *he ablTnty to
a. Leak check using soap bubbiles. )
b. Leak check using a2 halide torch
¢ Leak check using an electronic detécu‘Jr. :
d Pressurize system with dry nitrogen and leak check.
e Leak check using refrigerant plus mitrogen.

INOTE If these activities have not been accomplished prior io the test, ask

your

ERIC

Aruitoxt provided by Eic:

mnstructor when they should be completed )
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PRESSURIZING A!MND LEAK TESTING
UNIT |

ANSWERS TO TEST
Regulator--Device for reducing high cylinder pressure to a low working

pressure

Acid brush--Small, stiff bristle brush which is often used for applying flux
or scap bubbles

Dry nitrogen--Oil pumped nitrogen in a pressurized cylmd‘er, used for

pressurizing refrigeration components and sweeping the system while
soldering and brazing

Wear safety glasses
Never use Oxygen or acetylene to pressurize a system
Never use dry nitrogen without a regulator

Never apply intense heat to a pressurized cylinder or system

Refrigeration systems must never be pressurized over 150 ps.i.g. during
a leak test

Check evaporator temperature
Check suction pressure
Check high side pressure
Look for oil spots

L.ook for obvious line breaks

5 e. 6
7 f. 3
1 g 8
4 h 2

5 Perforinance skills evaluatec to the satisfaction of the instructor
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CHARGING
UNIT I

UNIT OBJECTIVE

After completion of this unit, the student shou!d be able to match terms associated with
charging to the correct defimitions, list safety precautions, and hst advantages and
disadvantages of low side vapor charging He should also be able to select the advantages
and disadvantages of high side liquid charging. This knowledge will be evidenced through
demonstration and by scoring eighty-five percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unmit, the student shculd be able to

1 Match terms associated with charging to the correct definitions or
descriptions

é

2 List safety precautions for refrigerant.handnng.

3 ‘ List two aavantages and two disadvantages of low side vapor charging.
4. Select the advantages-and disadvantages of high side liquid charging.
5. Demonstrate the ability to

a Vapor charge.

b Liquid charge

o
O
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. . CHARGING
‘ o UNIT 11 -
. SUGGESTED ACTIVITIES

I Instructor.
A. Provide student with objective ‘sheet.
B. Provide student with information and job sheets.
C. Make transparencies.

D. Discuss unit and specific objectives.
1]

£ E. Discuss information sheet.

F. Demonstrate and discuss the procedures cutlined in the job sheets.

o

’ / G. Give test.
! 1. "Student
A. Read objective sheet
B. Study information sheet
v ‘ C Cor. lete job sheets

D Tgke test,

{
[ T INSTRUCTIONAL MATERIALS

b Included in this unit
A Objective sheet
B. Information sheet
o Transparency masters |
1. TM 1--Low Side Vapor Charging

2. TM 2--High Side Liguid Charging at the Discharge Service Valve

3 TAM 3 High Side Liquid Charging at the King Valve

89




Job sheets

1 - Job Sheet f#1--Vapor Charge

.*2/. " Job Sheet #2--Liquid Charge

E. Test

{
F. Answers to test

Reference--Althouse, Andrew D.; Turnquist, Carl H ; and Bracciano, Alfred F.
Modern  Refrigeration and  Air  Conditioning:  Homewood, | [llinois:
Goodheart-Willcox and Co., 1975. '
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CHARG!NG
UNIT +

INFORMATION SHEET

I Terms and defimitions or descriptions

\
Upright- defrigerant cylinder 15 standing up with valve on top and vapor
i 4 g

is dispensed tram the cylinder .

Inverted -Refrigerant cyhnder 1s turned upside down with valve on bottom
and lhiquid is dispensed from the cylinder

H <o purging Releasing some refrigerant to the a1~ to remove contaminants
t n the gauge hoses

Stabihized- Condition rhat shows a constant gauge reading

Static pressure Pressure readings of a system when 1t is not running

Il Sateiy precaut.ons for refrigerant handhing

Do not drop cyhnders

Do not refill Aisposable refrigerant cylinders
Co not heat cyhinders with a torch

Secure cylinders n o+ moving vehicle

Do 1ot spray refrigerant on skin
Do rot nhabe retnaerant
Do not s ray ringerast Into open flame

Ty not mne retrgorants

Rep'-re «,under can when not in use 1o protect valve

Do ot af o carry cyander by vaive

S are f s Ty wal or heneh

Fiave gdegooet s conr gnon

Fooe sy Ve Lo octae o iovder wehen disearding Alanns ahie rofroerant




INFORMATIOR SHEET

. 1 Cow Sode vapee  chagne, iransporency 1)
! '

A Adbrantages

Fasioat minthod of ad ting refngerant te 4 charged system

—

- P el gerant cainnot enter suction side of the compressor

(RE

R D saavantaa-s

! Sioe process fo1 edding large quantities of refrigerant
NOTE  Wren larae atianuties of reftigerant are drewn out of
3 oybnder e cressure an the cyinder wiil drop betow the system
nressare ana e cansfer nf refrigerant vall stop.)

2 Chon choan anessure con sh o L corruessor ol
IV High ~ae Lo harging (T ransparencis Joanc 3
A vt Fost
2 Lrsadvantages

Suster, My havi to be tuencd off

INOTT 1 the system iy equipped with a liourd charging valve
vt e el the systers may not need to be turned ofi )

Y Eaa, 1o ofuoecharnge

IR
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®
Aruitoxt provided by Eic:




Low Side Vapor Chargt .3

A. High Pressure Gauge ‘
B. Compound Gauge G
C. Suction Service Valve
D. Discharge Service valve F. Metering Device
E. King Valve G. Compressor

9-1€ - | 4OV
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High Side Liquid Charging at the Discharge Service Valve

@
D)
C
( D)
-
A. High Pressure Gauge
B. Compound Gauge
C. Suction Service Valve G

D. Discharge Service Valve
E. King Valve F. Metering Device G. Compressor

809
[ 89,
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High Side Liguid Charging at the King Valve

A. High Pressure Gauge )
B. Compound Gauge ;
C. Suction Service Valve

D. Discharge Service Valve
E. King Valve F. Metering Device G. Compressor

811

O-Gg - | HOV




ACR | - 37G

CHARGING
UNIT 11~

JOB SHEET #1-VAPOR CHARGE

[ Tools and materials
A Refrigeration gauge set
B Refrigeration ratchet —

C. Open end wrenches

D Safety glasses
E Pressure-temperature charts
F. Refnigerant scales
G Refrigeration system with service valves
H  Refrigerant
| Shop towe!

. [l Procedure
A Connect refrigeration gauge set to system
B Attach center hose to refrigerant cylinder
C Set cyunder in upright position on scales
D Open cylinder valve
F Op=n refrigeration gauge set valves
- Purge refrigerant hoses at service valve gauge ports

(CAUTION When purging refrigerant wear safety glasses and place a shop
towel around the hose fitting to prevent the refrigerant from <nraying on

Jour skan

G Close refaaeration gauge set valves
Hoo Craclh senvice valves
! Record weight of refrigerant cylinda:

. J Opsn high side refrigeration gauge set valve

ERIC

Aruitoxt provided by Eic:
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AA

JOB SHEET =1

Allow vapor to enter the system until the pressure equalizes

Close high side refrigeration gauge set valve

Start system

Allow systemy to run for the pressures to stabihize

(NOTE If the system 15 equipped with a low pressure safety switch, =
may have to be jumpered electrically during the charging nrocess. Check

with instructor before jumpering any switches.)

Crack low side refrigeration gauge set valve allowing refrigerant to enter
the system

Aftow qauge pressure reading to increase 20 10 30 ps.i.g. above system
pressure .

Use the pressure temperature chart to determine a2pproximate pressure
After these pressures have been reached, stop charging

Allow system to run for pressures to stabihize

Recheck pressures

Adrd mare refrigerant 1f necessary

Have mstiuctcr check

Bat+ seat service valves

Close refrigerant cylinder valve

Reoord eyhindir weight

G OTE Cylinder weight 1s recorded to determine the amount of refrigerant
that bas heen dispensed and to determine what to charge the customer )

Fryee the amoint of refrigerant used
Porge qauae set hoses

Remy oy naae set and plug hoses
Replace and tighten ail valve caps

Crean up and put away tools
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: ' CHARGING .
' : UNIT N A
JOB SHEEYT #2- LIQUID CHARGE :
‘
i Tcols andd materials

A Refrigeration gauge set |
B Refrigeration ratchet
C  Goen end wrenches
O oatety glasses
¢ Snreo towel

AN

\\\ ' i Refrigerant scales :
72 Refrigerabion system with service valves
H  Retrigetant
i Frocedure
. A Connect refrigeration gauge set tc system

8  Aitach center hose to refrigerant cylinder
C  Set cyunder in upright position on scales i
D) Oper cyiinder valve ’
£ Op r refrigeration gauge set valves o
n Purye refrigerant hoses dt service valve gauge ports .

CAUTION  When purging refrigerant wear safety glasses and use a cloth
around the nose fitting to p-ovent the refrigerant from spraying on your
sk )

S Uiew gefreration gauge set valves

re Lok service valves |

! P g weight of refrigerant cyhinder

Invert refnioerant cylinder

Cm

N

Coen hgh side refrigeration gauge set valve

514
ERIC
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JOB SHEET #2

Atlove L refrigerant to enter the system
Watch the e fogerant scales

Close gauge set valve when desired apmount ot refrigerant has eritered the
system .

=
Start system -

Run system for the pressures to stainhize .

Check for the following indications that additional refrigerant 1s needed

1 Bubbles 1 hiquid indicator (mght giass)
? Low pressure readings :
: : 'Y
3 Frust kne on evaporator
’

Aduitional rerngerant will have to be added m the vapor state
INOTE  Vapor charqing s or‘w‘a in Job Sheet #1)

Record cylinder weaght

Hauso structor check

Fgmire the amount of retnaerant used

Hack soab survies vdives

D hases of refrerant by opening the mamifold valves and altowing the
refrigerant to dscharge through center hose

ANOTE Onaystenms usin maceess cote type valves the hoses cannot be purged

Ot efogerant poar to temoving mhem

Rerrove gatge set dnd pluyg hoses
Poplace ard C ogbten all valve aps

Climan u,>,dmi DUT 2ndy o
;
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. CHARGING
UNIT 1!

TEST
1. Match the terms on the right to the correct definitions or descripttons.
?
- ____a. Refrigerant cylinder is turned upside 1. Hose purging
down with valve on bottom and liquid
is dispensed from tne cylinder . 2  Static pressure
_____b. Conaition that shows a constant gauge 3. Upright
reading
. 4. Stabtiized
- ¢ Releasing some refrigerant to the air to
remove contaminants from the gauge 5  Inverted
hoses
d Pressure readings of a system when 't 1s
not running
e. Refrigerant cylinder is standing up with
0 T valve on top and vapor is dispensed from
. the cylinder
2 st eight safety precautions for refrigerant handling
a
b
c.
d [
\ |-
e . N
o
g
g - )

List two advantages and two disadvantayes of fow side vapor charging.

(o8]

3 Advaritages .

-~ ")

o
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¢ .

b. Disadvaptéges
1)
2)

4. Select the advartages and dlsadvantages of high side liquid charging by pla;:mg :
an "X" by the advantages and an "O" by the disadvantages. 3
i __a Fast ’

b. Slow

c. System must be running
d. Easy to overcharge , ) «
e !Impossible to overcharge
i f System may have to be turn’ed off .
5. Demonstrate the ability to: t
a. Vapor charge.

b. Liqud charge.

’ @
(NOTE" If these activities have not been accomplithed prior to the test ask
your instructor when they should be compieted.) -

-

¥ @]
r-‘
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UNIT !
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ANSWE RS TO TEST

4 5
b. 4
C 1 \
d. 7
e 3

Any eiwht of the following

4 Do not drop cyiinders

D Do not refill dispnsable refrigerant cylinders
c Do not heat cylinders with a torch

4 Secure cylinders in a moving venicle

T

Do not spray retrigerant on skin

e

Q0 not inhale refrigerant

q T2 naet spray tefrigerant into oper: fiame

h Do rot mix refrigerants

‘. Reptace cyh i2r cap when not in use to protect valve
Do not it o; carry cyimnder by valve

- Secure larce cyhinders ro wal' or bench

i Have adequate ventidation

o Remgve valve of puncture cylinder when discarding disposatile retragerant
Cylinders -

d Advgntages

[N Eavest method ot adding refrigerant to a  aarged system

VA Liqud  cfrigerant cannot enter suction stde of the compre sor
Y
81 )
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b Disadvarttages

i) Slow process for adding large quantive. of refrigerant

2) High druar pressute could wash out compicaaut ot
3 X
X ¢
{ 0

Prrtoraanes skilis evatuated to the satisfaction of the instructor
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Refrigerant System Servicing
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Refrigerant System Servicing
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