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FOREWORD

Both the development and revision of instructional materials in diesel mechanics have been
rewarding efforts because of the talented people who planned and wrote the materials. From
the team of teachers, industry representatives, and trade and industrial staff members has
come a serlas of texts which should offer diesel mechanics students an excellent opportunity
for learning required skills.

Thr 'le of this introductory of the series, Diesel Fundamentals indicates that this book is
dedicated to teaching the basic concepts related to employment in a diesel trade. Naturally,
this book is designed to be used with other MAVCC books related to diesel. These include Die-
sel Mechanics: Fuel Systems; Diesel Mechanics: Electrical Systems; Power Trains; and
Hydraulics.

As complex as some mechanical activities are, the MAVCC format presents the procedures in
logically ordered objectives that facilitate a comfortable learning rate. The format also frees
the instructor to concentrate on reinforcing classroom instruction with films, field trips, and
other activities that serve to maintain student interest at a high level and motivate students to
learn and do.

Despite careful planning and editing, we know that the text may perhaps contain a typographi-
cal error or two. Letting us know when you find such items will be a great help in improving the
product before reprint time. But most of all, your input about the major elements in the book
will be valuable help for changing or adding objectives when the materials are again revised
and updated.

We respond to your suggestions, and we hope the quality of the materials in Diesel Funda-
mentals will serve a positive role in the classroom and provide industry with the skilled people
that are so needed.

Harley Schlichting, Chairman
Board of Directors
Mid-America Vocational

Curriculum Consortium

Greg Pierce
Executive Director
Mid-America Vocational

Curriculum Consortium
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USE OF THIS PUBLICATION

instructional Units

Diesel Fundamentals contains 19 units of instruction. Each instructional unit includes
some or all of the basic components of a unit of instruction; performance objectives, sug-
gested activities for teachers and students, information sheets, assignment sheets, job
sheets, visual aids, tests, and answers to the tests. Units are planned for more than one les-
son or class period of instruction.

Careful study of each instructional unit by the teacher will help to determine:

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

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

C. Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource people who must be contacted

Objectives

Each unit of instruction is based on performance objectives. These objectives state the
goals of the course, thus providing a sense of direction and accomplishment 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 direction for the teaching-learning process, it is
important for the teacher and students to have a common understanding "f the intent of the
objectives. A limited number of performance terms have been used in the objectives for this
curriculum to assist In promoting the effectiveness of the communication among all individ-
uals using the materials.

Following is a list of the performance terms and their synonyms which may have been
used in this material:

Name Identify Describe

Label Select Define
List in writing Mark Discuss in writing
List orally Point out Discuss orally
Letter Pick out Interpret
Record Choose Tell how
Repeat Locate Tell what
Giv:, Label Explain



Order Distinguish Construot
Arrange Discriminate Draw
Sequence Make
List in order Build
Classify 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 foreach instructional unit.

Teachers should feel free to add objectives to meet the needs of the students and commu-
nity. When teachers add objectives, they should remember to supply the needed Information,
assignment and/or job sheets, and criterion tests.

Suggested Activities for the Instructor

Each unit of instruction has a suggested activities sheet outlining steps to follow in accom-
plishing specific objectives. Duties of instructor,; will vary according to the particular unit;
however, for best use of the material they should include the following: provide students with
objective sheet, information sheet, assignment sheets, and job sheets; preview filmstrips,
make transparencies, and arrange for resource materials and people; discuss unit and spe-
cific objectives and information sheet; give test. Teachers are encouraged to use any addi-
tional Instructional activities and teaching methods to aid students in accomplishing the
objectives.

Information Sheets

Information shoots provide content essential for meeting the cognitive (knowledge) objec-
tives in the unit. The teacher will find that the information sheets serve as an excellent guide
for presenting the background knowledge necessary to develop the skill specified in the unit
objective.

Students should read the nformation sheets before the Information is discussed in class.
Students may take additional notes on the information sheets.

x

0



Transparency Masters

Transparency masters provide information in a special way. The students may see Ps well
as hear the material being presented, thus reinforcing the learning process. Transparencies
may present new information or they may reinforce information presented in the information
sheets. They are particularly effective when identification is necessary.

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 discussion. They
should be left on the screen only when topics shown are under discussion.

Job Sheets

Job sheets are an important segment of each unit. The instructor should be able to demon-
strate the skills outlined in the job sheets. Procedures out!ined 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 a ready outline for students to follow if
they have missed a demonstration. Job sheets also furnish potential employers with a picture
of the skills being taught and the performances which might reasonably be expected from a
person who has had this training.

Assignment Sheets

Assignment sheets give direction to study and furnish practice for paper and pencil activi-
ties to develop the knowledge which is a necessary prerequisite 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 checking
student progress.

Test and Evaluation

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

Test Answeio

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

xi



DIESEL FUNDAMENTALS

INSTRUCTIONAL TASK ANALYSIS

JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Shouid Know

(Psychomotor) (Cognitive)

SECTION A ORIENTATION
UNIT I: INTRODUCTION TO DIESEL MECHANICS AND SHOP SAFETY

12. Compile a list of employment opportu-
nities in diesel mechanics in your com-
munity.

13. Write a resume.

14. Complete an employment application
form.

1. Terms and definitions

2. Occupational outlook for diesel
mechanics

3. Places that employ diesel mechanics

4. Requirements for entry into the diesel
program

5. Diesel engine applications

6. Colors of the safety color code and
their applications

7. Personal safety rules

8. Statements concerning personal
safety

9. Sources of accidents with the injury

1G. Four classes of fire

11. Types of fire extinguishers and the
classes of fire they are used on



JOB TRAINING: What the RELATED INFORMATION: What
VVork9r Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

15. Complete a safety pledge form.

16. Complete an Individual student shop
safety inspection.

UNIT II: BASIC SHOP TOOLS

1. Basic shop took:

2. Types of screwdrivers

3. Types of hammers

4. Types of pliers

5. Types of wrenches

6. Types of cold chisels

7. Types of punches

8. Types of file teeth

9. Types of pullers

10. Types of feeler gauges

11. Types of taps and functions

12. Types of micrometers

13. Ways to extract a screw

14. Principal parts of a twist drill

15. Shop tools used for measuring shaft
speed

16. Correct and incorrect methods of
using and maintaining basic shop
tools

17. Precautions for correct use of the
hacksaw

xiv
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

18. Read micrometer settings.

19. Read vernier micrometer settings.

20. Sharpen a twist drill.

21. Drill holes with a drill press.

22. Sharpen a cold chisel.

23. Dress a grinding wheel.

24. Check a torque wrench for accuracy.

25. Tin a soldering gun.

26. Use a file.

27. Use the outside micrometer.

28. Use the vernier calliper to take inside,
outside, and depth measurements.

29. Use the depth micrometer.

30. Use a dial indicator.

31. Use a cylinder bore gauge.

32. Usa the telescoping gauge.

UNIT III: TEST EQUIPMENT AND SERVICE TOOLS

1. Terms and definitions

2. Differences in test equipment and ser-
vice tools

3. Types of test equipment

4. Types of service tools

5. Test equipment and its function

6. Service tools and their functions

xv
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

7. Check compression with a compres-
sion gauge.

8. Check bearing clearance with Plasti-
gages.

9. Test radiator with raciiator tester.

10. Test a thermostat.

UNIT IV: FASTENERS

1. Terms and definitions

2. Qualities of fasteners

3. Typical fasteners

4. Typical bolt head styles

5. Bolt and thread measuring terms and
their locations

6. SAE grade of metric bolts and nuts

7. Typical nuts

8. Special purpose nuts with locking or
self-locking features

9. Methods used to remove a seized nut

10. Types of washers

11. Tools used to restore bolt threads

12. iools used to restore internal threads

13. Devices for locking nuts or bolts

14. Types of machine screw head designs

15. Types of snap rings

xvi
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

16. Match wrench with the correct size bolt
(standard).

17. Match wrench with the correct size bolt
(standard).

18. Measure bolt and threads.

19. Match wrench with the correct size bolt
(metric).

20. Match wrench with the correct size bolt
(metric).

21. Draw a twist drill to correct center, and
extract a broken bolt, stud, or screw.

22. Cut external threads.

23. Cut internal threads.

UNIT V: BEARINGS

1. Terms and definitions

2. Functions of bearings

3. Basic types of bearings

4. Axial and radial load forces on bear-
ings

5. Types of bearings and ths advantages
and disadvantages of each type

6. Names of plain bearings

7. Materials from which bearings may be
constructed

8. Factors Influencing the distribution of
lubricant to the bearings

9. Common methods of lubricating bear-
ings

xvil



JOB TRAINING: What the RaATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

10. Causes of bearing failure in plain bear-
ings

11. Reasons for bearing crush

12. Types of anti-friction bearings

13. Conditions that determine the load car-
rying capacity of anti-friction bearings

14. Ball bearing races and ball bearings

15. Ball bearings and their design

16. Types of roller bearings

17. Types of needle bearings

18. Mountings for anti-friction bearings

19. Bearing maintenance tips

20. Remove and install camshaft bearings
(friction).

21. Remove and install an anti-friction
bearing.

22. Check Detroit diesel idler gear bearing
pre-load, spring scale method.

23. Clean and lubricate (pack) an anti-frit>
tion bearing.

UNIT VI: SEALS

1. Terms and definitions

2. Uses of seals

3. Types of seals and their uses

4. Places where dynamic seals are used

5. Places where static seals are used

17



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

6. Dynamic seals and their functions

i. Static seals and their functional loca-
tion

8. Sealants and related terms

9. Install a radial lip type seal.

10. Remove rear main seal and wear
sleeve.

11. Install rear main seal and wear sleeve.

SECTION B ENGINE PRINCIPLES AND COMPONENTS
UNIT 1,, ENGINE OPERATING PRINCIPLES

1. Terms and definitions

2. Basic parts of a diesel engine

3. Basic diesel engine parts and their
functions

4. The sequence of operation of the die-
sel engine

5. What happens during each stroke of a
four-stroke cycle engine

6. Differences between two-stroke and
four-stroke cycle engines

7. The characteristics of two-stroke cycle
and four-stroke cycle engines

8. Differences between diesel engines
and gasoline engines

9. Locate intake and exhaust valves on
an engine.

10. Locate TDC #1 cylinder on compres-
sion stroke of an engine.

xix



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT II: CYLINDER HEAD ASSEMBLY

10. Remove, inspect, and install a cylinder
head.

11. Disassemble and service a valve train.

12. Service valve guides.

13. Grind valve seats.

14. Replace valve seat inserts.

15. Assemble a cylinder head.

xx

1. Terms and definitions

2. Major parts in a cylinder head assem-
bly

3. Forms of cylinder head castings that
may be found on a diesel engine

4. Primary parts of a valve assembly

5. Types of valve rotators

6. Types of valve arrangement

7. Locations of turbulence chambers in
an engine

8. Forms of engine valves

9. Factors determining cylinder head size

19



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT PISTON AND CONNECTING ROD ASSEMBLIES

12. Remove piston and connecting rod
assembly.

13. Remove piston rings and piston from
rod.

14. Clean pistons.

15. Inspect and measure pistons for wear.

16. Inspect connecting rod.

S
xxl

1. Terms and definitions

Primary parts of a piston and connect-
Inn rod assembly

3. Functions of the piston

4. Parts of a piston

5. Functions of Maton rings

6. Types of piston rings

7. Common types of ring end gaps

8. Possible causes of high oil consump-
tion and blow-by

9. Types of piston pins

10. Types of construction for the cap end
of a connecting rod

11. Reasons for markings on the connect-
ing rod, piston, and bearing cap

3



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

17. Assemble piston to rod and install
rings.

18. Install piston and connecting rod
assembly into cylinder.

UNIT IV: CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING

10. Remove a camshaft.

11. Remove camshaft gear.

12. Inspcot camshaft and bearings.

13. Inspect camshaft lobo lift.

14. Install a camshaft gear, and install
camshaft into engine.

15. Adjust valve clearance on a valve-in-
head six-cylinder four-cycle engine.

1. Terms and definitions

2. Parts on some diesel engines that are
actuated by the camshaft

3. Parts of a camshaft

4. Parts in a valve train

5. Valve timing on a four-cycle engine

6. Valve timing on a two-cycle engine

7. Gears found in a typical gear train

8. Gears which are marked in the gear
train to insure correct valve timing

9. Methods of driving the camshaft

21



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

16. Remove camshaft from a Detroit diesel
engine.

17. Inspect camshaft on a Detroit diesel
engine.

18. Install camshaft in a Detroit diesel
engine.

UNIT V: CYLINDER BLOCKS AND LINERS

1. Terms and definitions

2. Types of cylinder block construction

3. Advantages a removable liner has over
an integral cylinder bore

4. Types of wet and dry liners

5. Remove a cylinder liner.

6. Clean and inspect a cylinder liner.

7. Clean and inspect a cylinder block.

8. Install cylinder liner into cylinder block
and check liner protrusion.

UNIT VI: CRANKSHAFTS AND BEARINGS

1. Terms and definitions

2. Parts of a crankshaft

3. Arrangement of crankcase throws end
the number of cylinders In the engine

4. Steps in determining corresponding
cylinders of a four-cycle engine



JOB TRAINING: What the RELATED INFORMATION: What
Worker Shou!c; Be Able to Do the Worker Should Know

(sychomotor) (Cognitive)

5. Ways crankshaft balance is main-
tained

6. Lubrication of the crankshaft and sur-
rounding parts

7. Difference between a bushing and a
bearing

8. Materials used in making bearing lin-
ings

9. Types of bearing locks

10. Definition of bearing crush

11. Purpose of oil grooves in the bearing

12. Types of thrust bearings

13. Engine indications of bearing failure

14. Percentages of bearing failure and the
causes of bearing failure

15. Functions of the flywheel

16. Types of vibration dampers

17. Determine piston !ocation, stroke posi-
tion, and valve adjustment of a four-
cycle four cylinder engine.

18. Determine piston location, stroke posi-
tion, and valve adjustment of a four-
cycle six cylinder engine.

19. Determine piston location, stroke pis-
ton, and valve adjustment of a four-
cycle eight cylinder engine,



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

20. Remove a crankshaft.

21. Inspect and measure a crankshaft and
bearings.

22. Install bearings arid crankshaft.

SECTION C AUXILIARY SYSTEMS
UNIT I: LUBRICANTS AND LUBRICATION SYSTEMS

1. Terms and definitions

2. Characteristics of a good engine oil

3. SAE; viscosity number

4. API classification system

5. Facts about engine oil

6. Rules for selection and use of engine
oil

7. Facts about oil contamination

8. Diagnostic tests related to oil analysis

9. Types of oil filters

10. Functions of the lubrication system

11. Components of the lubrication system

12. Components related to lubrication sys-
tems and their purposes

13. Lubricating valves and their purposes

14. Types of oil pumps



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

15. Differences between internally and
externally mounted oil coolers

16. Facts about mechanical and electrical
oil pressure indicating systems

17. Facts about oil temperature indicating
systems

18. Components of an oil pressure shut-
down or alarm circuit

19. Steps of operation of the oil pressure
shutdown or alarm circuit

20. Check oil pressure on a live engine.

21. Change an oil filter.

UNIT II: COOLANTS AND COOLING SYSTEMS

1. Terms and definitions

2. Types of cooling systems used on
modern enginils

3. Parts of a cooling aystem and their
functions

4. Parts of an al. cooled engine and their
functions

5. Requirements of a good antifreeze

6. Preventive maintenance procedures
for maintaining a cooling system

7. Functions of the cooling system

8. Effects of an engine running too hot

xxvi
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Works Should Know

(Psychomotor) (Cognitive)

9. Effects of an eng:ne running too cold

10. Parts in a liquid cooling system

11. Types of radiators

12. Functions of the radiator cap

13. Types of fans used in cooling systems

14. Types of fan controls

15. Types of temperature gauges

16. Purposes for using a coolant filter or
conditioner in' the cooling system

17. Functions of the thermostat

18. Types of thermostats

19. Common materials that may restrict
radiator coolant flow

20. Primary parts of a water pump

21. Test for combustion leakage into the
cooling system.

22. Test for air in cooling system.

23. Clean the cooling system.

UNIT AIR "WAKE AND EXHAUST SYSTRAG

1. Terms and definitions

2. Parts of an air Intake system

3. Parts of an exhaust system

4. Types of air cleaners and their pro-
cesses

xxvii (-)



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

5. Difference between scavenging for a
two-stroke cycle engine and a four-
stroke cycle engine

6. Types of aIr induction systems

7. Difference between positive displace-
ment and centrifugal superchargers

8. Advantages of a turbocharged engine

9. Test an engine for air flow rest 'Mon.

10. Remove and install a turbocharger.

11. Test a turbocharger.

12. Inspect, remove, and Install a roots-
type blower.

UNIT IV: ENGINE BRAKES AND RETARDERS

1. Terms and definitions

2. Operation of Jacobs engine brake

3. Troubleshooting procedures for the
Jacobs engine brake

4. Advantages of the Jacobs engine
brake

5. Operation of the Brake Saver

6. Adjust a Jacobs engine brake on a
Detroit diesel.

7. Troubleshoot a Caterpillar Brake Saver.

8. Remove a Brake Saver on a Caterpillar
diesel engine.

9. Disassemble a Brake Saver.

2
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

10. Assemble a Brake Saver.

11. Install a Brake Saver.

12. Install a Jacobs engine brake on a
Mack diesel.

13. Adjust slave piston of a. Jacobs angine
brake on a Mack diesel.

SECTION D MAINTENANCE
UNIT I: PREVENTIVE MAINTENANCE

1. Terms and definitions

2. Facts about daily PM's

3. Facts about weekly PM's

4. Facts about hourly, mileage, or "as
required" PM's

5. Perform a daily PM service.

6. Perform a weekly PM service.

7. Perform a mileage, hourly, or "as
required" PM service.

UNIT II: TROUBLESHOOTING AND TESTING OF ENGINES

1. Terms and definitions

2. Steps In troubleshooting and testing
an engine

3. Major checkpoints when inspecting a
diesel engine

4. Major check to make when operating
an engine



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

16. CrNmplete a diesel troubleshooting
guide.

17. Load test an engine with a dynamome
ter.

18. Test engine cylinder compression.

19. Check air Intake system for restric-
tions.

20. Check crankcase pressure, exhaust
back pressure, and air box pressure.

5. Tests made with a dynamometer

6. Factors necessary for an engine to pro-
duce horsepower

7. Possible causes of a diesel engine
being hard to start or not starting

8. Possible causes of a diesel engine
starting but not running

9. Items which would cause a diesel
engine to misfire

10. Items which would cause a diesel
engine to knock

11. Items which would cause a diesel
engine to overheat

12. Items which would cause a diesel
engine to have lack of power

13. Items which would cause a diesel
engine to use too much oil

14. Causes of high pressure

15. Causes of low oil pressure

xxx



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

(Psychomotor) (Cognitive)

UNIT III: TUNUP AND ADJUSTMENT

1. Terms and definitions

2. Major Items to include in a visual
inspection checklist

3. Tuneup and service a diesel engine.

4. Tuneup a Cummins diesel engine
(Torque Method).

5. Timeup a Cummins diesel engine (Dial
Indicator Method).

6. Tuneup a Detroit diem)! engine.

7. Tune-up a 3400 series Caterpillar diesel
engine.



INTRODUCTION TO DIESEL MECHANICS

AND SHOP SAFETY
UNIT I-A

UNIT OBJECTIVE

After completion of this unit, the student should be able to compile a list of employment
opportunities in diesel mechanics in the communly, write a resume, and complete an applica.
tion form. The student should also be able to complete a safety pledge form, and complete an
individual shop safety inspection. Competencies will be demonstrated by completing the
assignment sheets and unit test with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to diesel mechanics and shop safety with the correct defini-
tions.

2. Complete statements concerning the occupational outlook for diesel mechanics.

3. Select places that employ diesel mechanics.

4. Complete requirements for entry into the diesel program.

5. List diesel engine applications.

6. Match the colors of the safety color code with the correct applications.

7. Complete a list of personal safety rules.

8. Select true statements concerning personal safety.

9. Match possible sources of accidents with the Injury which may occur.

D-1-A
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OBJECTIVE SHEET

10. Match the four classes of fire with the correct statements defining each class.

11. Match the type or types of fire extinguishers with the class of fire they are used on.

12. Compile a list of employment opportunities in diesel mechanics in your commu-
nity. (Assignment Sheet #1)

13. Write a resume. (Assignment Sheet #2)

14. Complete an employment application form, (Assignment Sheet #3)

15. Complete a safety pledge form. (Assignment Sheet #4)

16. Complete an individual student shop safety inspection. (Assignment Sheet #5)
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INTRODUCTION TO DIESEL MECHANICS AND
SHOP SAFETY

UNIT 14

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Integrate the following activities throughout the teaching of this unit:

1. Demonstrate the use of fire extinguishers.

2. Take students on tour of shop prior to completion of Assignment Sheet #5.

3. Have speaker from the local fire department demonstrate the correct use of fire
extinguishers.

4. Show films dealing with diesel mechanics and shop safety. Possible films are
listed on the following page as Suggested Supplemental Resources.

5. Meet Individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

H. Give test.

I. Evaluate test.

J. Reteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. The ABC's of Fire Protection. Belleville, NJ: Walter Kidde and Company.

B. An Accident Prevention Program for School Shops and Laboratories. Office of Educa-
tion/U.S. Department of Health, Education, and Welfare.
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REFERENCES USED IN DEVELOPING THIS UNIT

C. Dagel, John F. Dieu! Engine Repair. New York: John Wiley and Sons, Inc., 1982.

D. Making Safety Work. Chicago, IL: National Safety Council, 1976.

E. Safety Practices and Procedures in School Shops. New Jersey: Division of Vocational
Education/Department of Education.

F. Schulz, Eric. Diesel Mechanic. 2nd ed. Gregg Division /McGraw -Hill Book Company,
1983.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Safety films

1. Safety in The Shop: Basic Practices
Coronet Films
65 E. South Water Street
Chicago, IL 60601
1 800 621.2131

2. Shake Hands With Danger
Calvin Productions
1105 Truman Road
Kansas City, MO 64106
(816) 4714800

B. Films for the diesel engine

1. ABC's of the Diesel Engine
General Motors Corp.
3044 W. Grand Boulevard
Detroit, MI 48238

2. Introduction to Diesel Engines
Caterpillar Tractor Company
Building JJ Service Training
600 W. Washington Street
East Peoria, IL 61630

(NOTE: Call the local distributor in your area for more information on available
films on proper shop procedures.)

C. Safety signs and posters

National Safety Council
444 North Michigan Avenue
Chicago, IL 60611
1 800 621.7619 (toll free outside Illinois)

r
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INTRODUCTION TO DIESEL MECHANICS AND
SHOP SAFETY

UNIT I-A

INFORMATION SHEET

I. Terms and definitions

A. Accident Any suddenly occurring, unintentional event which causes
injury or property damage

B. Adjustments To regulate clearances and pressures within tolerance to
manufacturer's specifications

C. Disassemble To take apart in a clean, correct orderly manner

D. First aid Immediate, temporary care given the victim of an accident or
sudden illness until the services of a physician can be obtained

E. Hazardous waste Leftover by-products that contain dangerous chemi-
cals that could be harmful to the environment or to living things coming in
contact with them

F. Liability Legal responsibility which binds an individual in law and justice
to do something which may be enforced by action

G. Measure To determine the size of an object and compare with a standard
size to determine if the object shows signs of wear

H. Reassemble To put back together now or rebuilt parts in a clean, correct
orderly manner

I. Repair To put back in good condition after damage

J. Safety State or condition of being free from danger, risk, or injury

K. Test To operate equipment or engine to check performance and
adjustment

L. Troubleshooting The act of analyzing, testing, and measuring the engine
to remedy the cause of trouble

II. Occupational outlook

A. Job opportunities result each year from the need to replace experienced
mechanics who are promoted, retired, or transferred to related fields of
work.

Number of diesel engine applications increases each year requiring more
mechanics to service them.

C. Demand for diesel power has increased due to the added economy, endur-
ance, and high efficiency of the diesel engine as Goo spared to other power
units.

U 3

D-5-A



6

INFORMATION SHEET

Places of employment for diesel mechanics

A. Independent repair shops

B. Service departments of deaiurs and distributors

C. Sales agencies and manufacturers of diesel engines

D. Truck leasing companies

E. Federal, state, and local government vehicle maintenance depots

F. Electric power plants

G. Railroad locomotive shops

H. Fuel injection repair station

(NOTE: This has limited or low employment.)

I. Mark

J. Oil fields

K. Mining

L. Agriculture

M. Heavy equipment

N. Bus garage

0. Electrical repair shop

R Remanufacture shop

11/. Student requirements for the diesel mechanics program

A. Operate the shop equipment correctly.

B. Be safety conscious; follow safety regulations.

C. Take instructions readily; follow directions.

D. Be a good citizen.

E. Control temper.

F. Have enthusiasm about work.
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INFORMATION SHEET

G. Have pride in the trade and workmanship.

H. Be conscious of waste in mateals and man-hours.

I. Be punctual.

J. Practice good housekeeping. (Transparency 1 and Figure 1)

FIGURE 1

/-"\ f~). I %. 1

. I iliketr I itfte 1 804,

V. Diesel engine applications

A. Electric power plants

B. Automotive vehicles (trucks, buses, and automobiles)

C. Farm tractors and equipment

D. Rail locomotives

E. Construction equipment (such as rock cruk3hers, cranes, and loaders)

F. Road building equipment

G. Marine engines



INFORMATION SHEET

VI. Colors and applications of the safety color code

A. Green Designates safety and the location of first aid equipment

B. Yellow Designates caution and marks physical hazards

C. Orange Designates dangerous parts of equipment which may cut, crush,
shock, or otherwise injure

D. Red Identifies the location of fire fighting equipment and apparatus

(NOTE: Emergency fire exits shall be designated in red. Buttons or levers
for electrical switches used for the stopping of machinery should be desig-
nated in red. Gasoline cans should be painted red with additional identifica-
tion in the form of a yellow band around the can)

E. Blue Designates caution against starting equipment while it is being
worked upon, or against the use of defective equipment

(NOTE: A blue tag should be lettered "Out of Order.")

F. Black, white, or combinations of black and white Designates traffic and
housekeeping markings

G. Purple Designates radioactive material

VII. Personal safety rules

A. Wear shop clothing and work shoes appropriate to the activity being per-
formed.

B. Confine long hair at all times.

C. Always wear eye protection when in the shop area, and as required by
school policy.

D. Confine loose clothing such as ties or scarves when working around
machine tools or rotating equipment.

E. Remove all jewelry such as rings, earrings, and neck;aces when working in
the shop.

F. Conduct yourself in a manner conducive to safe shop practices.

G. Keep mentally alert to shop hazards.

r
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INFORMATION SHEET

VIII. General shop safety rules

A, Keep all hand tools clean and the work area in safe working order. (Figure 2)

FIGURE 2

Right

D9-A

B. Report defective tools, machines, and equipment to the instructor. (Figure
3)

FIGURE 3

C. Retain all guards and safety devices except with the specific authoriration
of the instructor.
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INFORMATION SHEET

D. Operate powered equipment only after receiving instruction on how to oper-ate the machine safely.

E. Report all accidents to the instructor regardless of nature or severity.
F. Turn off the power before leaving a machine tool.

G. Make sure all guards and barriers are in place and adjusted properly beforestarting a machine tool.

H. Disconnect the power from machine tools before performing any mainte-nanoA task.

I. Use a solvent only after determining its properties, what kind of work it hasto do, and how to use it.

J. Use correct type and proper size of wrenches for nuts, bolts, and objects tobe turned or held. (Figure 4)

(NOTE: The type refers to metric or standard.)

FIGURE 4

Correct size Too large

K. Keep the shop or laboratory floor clear of tools, scraps, and litter. (Figure 5)

FIGURE 5

O

40



INFORMATION SHEET

L. Clean up any spilled liquids immediately.

M. Store oily rags or oily waste in metal containers.

N. Clean the chips from a machine with a brush. Do not use a rag or bare
hands.

0. Use proper support for all heavy objects. (Figure 6)

FIGURE 6

P. Practice tool motto: "Get, use, and put away:'

IX. Sources of accidents and injuries which may occur

A. Horseplay May cause others to fall against sharp objects or moving
machinery.

B. Air hose One blast may rip clothing or skin.

C. Grinder May cause eye or face injury from flying sparks or metal chips

D. Batteries May explode when near open flame or electrical spark

E. Moving parts May catch fingers or clothing

F. Loose clothing May catch in rotating parts

G. Tools Sharp edges may puncture skin

H. Electrical power tools May cause shock if not grounded

I. Lack of or improper supporting device under heavy objects A fall may
cause a fatal injury.

e;
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INFORMATION SHEET

J. Lifting heavy objects May cause severe back injury (Figure 7)

FIGURE 7

Lift this way Not this way

K. Welding Can cause injury to eyes and to skin if protective equipment is
not worn

L. Pneumatic tools High air pressure may seriously damage eyes and skin.

X. Classes of fire

A. Class A Fires that occur in ordinary combustible materials

Examples: Wood, rags, and rubbish

B. Class B Fires that occur with flammable liquids

Examples: Gaso:ine, oil, grease, paints, and thinners

C. Class C Fires that occur in or near electrical equipment

Examples: Motors, switchboards, and electrical wiring

D. Class D Fires that occur in combustible metals

Examples: Magnesium, titanium, zirconiur,"., :;inium, and sodium potas-
sium

XL Types of fire extinguishers (Transparency 2)

(NOTE: Other types of fire extinguishers are available for specific applications.
The ones listed here are the most common types.)

A. Pressurized water Used on Class A fires

B. Carbon dioxide Used on Class B and C fires

C. Multi-purpose dry chemical Used on Class . ., B, and C fires

41; 2



Poor Housekeeping indicators

1. Objects and Materials on Floors

2, Equipment Out of Place

3, Poor Storage Practice

4, Poor Waste Disposal System

5, Dirty Walls, Windows, and Lights

6, Fire Hazards

D-13-A

TM 1



Types of Fire Extinguishers

Type of Fire Approved Type of Extinguisher

Pressurized

Water

Carbon

Dioxide

MuM-Purpose
Dry Chemical

Dry

Powder

Class A Fires

ORDINARY COMBUSTIBLES

Wood Paper Cloth, etc.

Class B Fires

FLAMMABLE LIQUIDS, GREASE

GssoNne Paints 2 Otis, etc.

211

I
P

Class C Fires

ELECTRICAL EQUIPMENT

Motors Switches, etc.

.

Class D Fires

COMBUSTIBLE METALS

Iron Magnesium



e INTRODUCTION TO DIESEL MECHANICS AND
SHOP SAFETY

UNIT IA

ASSIGNMENT SHEET #1 - COMPILE A LIST OF EMPLOYMENT
OPPORTUNITIES IN DIESEL MECHANICS IN YOUR COMMUNITY

NAME , SCORE ......._

Directions: Make a list of diesel mechanic shops in your community, and state the services
that are offered.

1.

2.

3.

4.

5.

6,

MECHANICS
SHOP SERVICES

..._W2.11111Mmr. ........maa....saaw.

D17A
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1.

8.

9.

10.

ASSIGNMENT SHEET #1

MECHANICS
SHOP SERVICES



INTRODUCTION TO DIESEL MECHANICS AND
SHOP SAFETY

UNIT IA

ASSIGNMENT SHEET #2 WRITE A RESUME

NAME SCORE

Directions: Write a resume using accurate facts about yourself. Use the information below
and the sample resume included in this assignment sheet as guides. A good resume should
immediately give prospective employers a brief summary of your accomplishments, educa-
tional background, work experience (paid, unpaid employment), skills, and job objective. It is
not necessary to use the exact wording and outline form used on the sample resume, but it is
necessary that your resume be neat and balanced and contain all the information which might
help you get a job. Keep a current copy of the resume and use it to apply for johs.

1. Inspect several resume formats and choose one that best fits your needs, or use the
example included in this assignment sheet as a guide.

2. Type your resume on 81/2" x 11" white paper; try to limit the number of pages.

3. Keep the resume error free.

(NOTE: Many employers will not consider persons who have resumes that include mis-
spelled words and typographical errors.)

4. Use an outline form.

5. Put your name prominently at the top In the upper left-hand corner; beneath your name,
give full street address, city, state, zip code, telephone number with area code, and a
number where messages can be accepted.

(NOTE: Do not print a photo on the resurr16. If a photo is requested, attach it to the
resume.)

6. Under Personal Data include your birthdate, height, weight, health, and marital status;
do not include religious and political affiliations.

(NOTE: The above information is optional.)

7. Describe your job objective or career goal briefly.

8. Describe your educational background, giving names of schools, dates of enrollment,
and diploma or degrees received.

9. List related subjects studied; include grade averages, If favorable.

10. List student activities and awards.

D-19-A



ASSIGNMENT SHEET #2

11. List hobbies and extracurricular activities if they are relevant.

12. List your past employment, starting with your most recent job; include name of firm,
mailing address, job title, starting and ending dates of employment, name of immediate
supervisor, and phone number.

(NOTE: Always maintain chronological order on events.)

13. List duties of your last job.

(NOTE: Concentrate on skills you have used; let the employer know what you can do.
Remember, you have to prove your value to the business, especially if you have little
experience.)

14. List three people as character references; include their complete mailing addresses and
phone numbers.

(NOTE: Ask permission before you use anyone as a reference.)

15. List one or more work references; include people that you have actually worked for.

(NOTE: Avoid listing relatives as a reference unless you have actually worked for them
on a salary basis.)

16. Write "Confidential" at the top of the resume if you don't want your current employer to
know you are lookina for other employment.

17. Proofread your resume carefully and retype if necessary; reproduce snveral copies on
white bond paper.

(NOTE: Your resume's physical appearance is VERY IMPORTANT. Avoid using ditto or
carbon copies. Be sure to proofread the printer's work. Always bring extra copies to the
interview. Leave one copy of the resume with the interviewer and use one as a reference
when filling out the application form. You should also mail one resume with your letter
of application.)



TERRY McKRACKEN

ADDRESS:

Present:

ASSIGNMENT SHEET #2

SAMPLE RESUME

774 E. Adams Street
Your Town, Your State 77704
(405) 555-7779

PERSONAL DATA:

Age: 17

Birthdate: Jan. 21, 1970
Height: 5'7"
Weight: 160 lbs.

JOB OBJECTIVE:

Assistant Manager

ULTIMATE GOAL:

Truck Garage Manager

EDUCATION:

AnyTown High School, AnyTown, YourState 1983.87
Grade Average: 3.5 on a 4.0 scale

RELATED SUBJECTS STUDIED:

High School

Diesel Mechanics 4 semesters
Typing 1 semester
Bookkeeping 1 semester
Ag 2 2 semesters

STUDENT ACTIVITIES:

President, Senior Class
President, Diesel Mechanics Group
Treasurer, Baptist Youth Fellowship Organization
Reporter, VICA

Permanent: Route #3
AnyTown, YourState 77704
(405) 5554433

Health: Excellent
Marital Status: Single

D21-A
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ASSIGNMENT SHEET #2

WORK EXPERIENCE:

Name: Ken's Truck Garage
612 W. Oak
Your Town, Your State 77704
(405) 5554212

Job Title: Mechanics Helper
Dates: June 1, 1985 to Present

Supervisor: Mr. Ken Bates

Duties: Helping other mechanic
Keeping shop clean
Cleaning parts

CHARACTER REFERENCES:

1. Mr. Sammy Davis (918) 555-2442
Vocational Agriculture Instructor
AnyTown High School
AnyTown, YourState 77703

2. Mr. John Hammer (918) 555-3833
Friend and Neighbor
772 E. Adams Street
YourTown, YourState 77703

3. Mrs. Jerri Smith (918) 555-1000
Youth Director, Parkiiew Baptist Church
711 Fellowship Circle
AnyTown, YourState 77702

WORK REFERENCE: (with permission)

Mr. Ken Bates (405) 555-7212
Owner/Manager
Ken's Truck Garage
612 W. Oak
YourTown, YourState 77704

Name: John Farmer
R.R. #2
YourTown, YourState 77704
(405) 555-2000

Job Title: Farm Worker
Dates: Jan. 1, 1981 to May 15, 1985

Supervisor: Mr. John Farmer

Duties: Feeding livestock
t'achinery operation
F. iy hauling

r;



ASSIGNMENT SHEET #2

RESUME

NAME:

ADDRESS:

Present: Permanent:

PERSONAL DATA:

Age: Health:
Birthdate: Marital Status:
Height:
Weight:

JOB OBJECTIVE:

ULTIMATE GOAL:

EDUCATION:

RELATED SUBJECTS STUDIED:

STUDENT ACTIVITIES:

D-23-A



ASSIGNMENT SHEET #2

WORK EXPERIENCE:

Name: Name:

Job Title: Job Title:
Dates: Dates:

Supervisor: Supervisor:

Duties: Duties:

CHARACTER REFERENCES:

1.

2.

3.

WORK REFERENCES: (with permission)



ASSIGNMENT SHEET #3

WE ARE AN EQUAL OPPORTUNITY EMPLOYMENT COMPANY, WE ARE DEDICATED TO A POLICY OF
NON-DISCRIMINATION IN EMPLOYMENT nN ANY BASIS INCLUDING RACE, CREED, COLON, AGE,
SEX, RELIGION OR NATIONAL ORIGIN OR PHYSICAL DEFECTS."

APPLICATION FOR EMPLOYMENT

PERSONAL INFORMATION

NAME

PRESENT ADDRESS

PERMANENT ADDRESS

LAST

Qat;

FIRST MIDDLE

PHONE NO.

STREET

STREET

CITY STATE ZIP

CITY

SOCIAL SECURITY NUMBER

STATE ZIP

REFERREL Jv

EMPLOYMENT DESIRED

POSITION

ARE YOU EMPLOYED NOW?

DATE YOU

CAN START

SALARY

DESIRED

HAVE YOU EVER APPLIED TO THIS COMPANY BEFORE?

IF SO MAY WE INQUIRE

OF YOUR PRESENT EMPLOYER?

WHERE WHEN

EDUCATION

GRAMMAR SCHOOL

NAME AND LOCATION OF SCHCOL
YEARS DATE

ATTENDED GRADUATED
SUBJECTS STUDIED

HIGH SCHOOL

COLLEGE

TRADE, BUSINESS, OR

CORRESPONDENCE

SCHOOL

SUBJECTS OF SPECIAL STUDY OR RESEARCH WORK

U.S. MILITARY OR

NAVAL SERVICE RANK

PRESENT MEMBERSHIP IN

NATIONAL GUARD OR RESERVES

ACTIVITIES OTHER TI:AN RELIGIOUS

(CIVIL, ATHLETIC, FRATERNAL, ETC.)

Exclude organizations, the name or character of which Indicates the race, creed, color, or national origin of its members.

(CONTINUED ON OTHER SIDE)

D-25-11
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ASSIGNMENT SHEET #3

FORMER EMPLOYERS (LIST BELOW LAST FOUR EMPLOYERS, STARTING WITH LAST ONE FIRST)

DATE
NAME AND ADDRESC OF EMPLOYER SALARY POSITION REASON FOR LEAVING

MONTH & YEAR

FROM

TO

FROM

TO

FROM

TO

FROM

TO

REFERENCES: Give below the names of two persons not related to you, whom you have known at least one year.

NAME ADDRESS BUSINESS
YEARS

ACQUAINTED

1.

2.

PHYSICAL RECORD:
Llst any physical defects

WERE YOU EVER INJURED?

HAVE YOUR ANY DEFECTS IN HEARING?

GIVE DETAILS

IN VISION? IN 7"EECH?

IN CASE OF

EMERGENCY NOTIFY

NAME ADDRESS PHONE NO.

I AUTHORIZE INVESTIGATION OF ALL STATEMENTS CONTAINED IN THIS APPLICATION. I UNDERSTAND THAT MISREPRESENTATION OR OMISSION OF FACTS
CALLED FOR IS CAUSE FOR DISMISSAL. FURTHER, I UNDERSTAND AND AGREE THAT MY EMPLOYMENT IS FOR NO DEFINITE PERIOD AND MAY, REGARDLESS
OF THE DATE OF PAYMENT OF MY WAGES AND SALARY, BE TERMINATED AT ANY TIME WITHOUT ANY PREVIGJS NOTICE.

DATE SIGNATURE

DO NOT WRITE BELOW THIS LINE

TO BE COMPLETED DAY EMPLOYMENT BEGINS

HEIGHT WEIGHT AGE DATE OF BIRTH

DATA

SINGLE MARRIED WIDOWED CITIZEN U.S.A. SEX

THE ABOVE INFORMATION NEEDED FOR PENSION, HOSPITALIZATION, INSURANCE, ETC., AND NOT FOR HIRING PURPOSES

INTERVILWED BY DATE REMARKS

NEATNESS

PERSONALITY

CHARACTER

ABILITY

HIRED FOR DEPT. POSITION WILL REPORT
SALARY

WAGES

APPROVED: 1. 2. 3,

EMPLOYMENT MANAGER DEPT. HEAD GENERAL MANAGER
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INTRODUCTION TO DIESEL MECHANICS AND
SHOP SAFETY

UNIT INA

ASSIGNMENT SHEET #4 - COMPLETE A SAFETY PLEDGE FORM

NAME. SCORE

Directions: Read and complete the student safety pledge form by filling in the blanks. Return
form to instructor no later than

STUDENT SAFETY PLEDGE FORM

, who is enrolled in Vocational
, will as a part of the shop experience, operate machines, providing that the

parent or guardian gives written permission.

it is understood that each student will be given proper instruction, both in the use of the equip-
ment and in correct safety procedures concerning it, before being allowed to operate the
machines. The student must assume responsibility for following safe practices; therefore, we
ask that the student subscribe to the following safety pledge.

1. 1 PROMISE TO FOLLOW ALL SAFETY RULES FOR THE SHOP.

2. I PROMISE NEVER TO USE A MACHINE WITHOUT FIRST HAVING PERMISSION FROM
THE INSTRUCTOR.

3. I WILL NOT ASK PERMISSION TO USE A PARTICULAR MACHINE UNLESS I HAVE
BEEN INSTRUCTED IN ITS USE, AND HAVE MADE 100% ON THE SAFETY TEST FOR
THAT MACHINE.

4. I WILL REPORT ANY ACCIDENT OR INJURY TO THE INSTRUCTOR IMMEDIATELY.

DATE STUDENT'S SIGNATURE

I hereby give my consent to allow my son or daughter to operate all the machines and equip-
ment necessary in carrying out the requirements of the course in which he/she is enrolled.

DATE PARENT'S SIGNATURE
(If required)

Parents are cordially invited to visit the shop to inspect the macl les and to see them in oper-
ation.



INTRODUCTION TO DIESEL MECHANICS AND
SNOP SAFETY

UNIT IA

ASSIGNMENT SHEET #5 - COMPLETE AN INDIVIDUAL STUDENT
SHOP SAFETY INSPECTION

NAME SCORE

Directions: Complete the safety inspection checklist by physically conducting an inspection
of the shop area.

CHECKING PROCEDURE

Draw a circle around the appropriate letter, using the following letter scheme:

S Satisfactory (needs no attention)
A Acceptable (needs some attention)
U Unsatisfactory (needs immediate attention)

Recommendations should be made in all cases where a "U" is circled. Space is provided at
the end of the form for such comments.

A. GENERAL PHYSICAL CONDITION

1. Machines, benches, and other equipment are
arranged to conform to good safety practices. S A U

2. Condition of stairways and ramps S A U

3. Condition of aisles S A U

4. Condition of floors S A U

5. Condition of walls, windows, and ceiling S A U

6. Illumination is safe, sufficient, and well placed. S A U

7. Ventilation is adequate and proper for conditions. S A U

8. Temperature control S A U

9. Fire extinguishers are of proper type, adequately
supplied, properly located, and maintained. S A U

10. Teacher and pupils know location of and how to use
proper type for various fires. S A U

11. Number and location of exits is adequate and prop-
erly identified. S A U

D-294%
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ASSIGNMENT SHEET #5

12. Walls are clear of objects that might fall. S A U

13. Utility lines are properly identified. S A U

14. Air in shop is free from excessive dust and smoke. S A U

15. Evaluation for the total rating of GENERAL PHYSI-
CAL CONDITION S A U

B. HOUSEKEEPING

1. General appearance as to orderliness S A U

2. Adequate and proper storage space for tools and
materials S A U

3. Benches are kept orderly. S A U

4. Corners are clean and clear. S A U

5. Special tool racks, in orderly condition, are provided
at benches and machines. S A U

6. Tool, supply, and/or material room is orderly. S A U

7. Sufficient scrap boxes are provided. S A U

8. Scrap stock is put in scrap boxes promptly. S A U

9. Materials are stored in an orderly and safe condi-
tion. S A U

10. A spring lid metal container is provided for waste
and oily rags. S A U

11. Dangerous materials have been stored in metal cab-

bets. S A U

12. Machines have been color coded. S A U

13. Safety cans are provided for flammable liquids. S A U

14. Floors are free of oil, water, and foreign material. S A U

15. Evaluation for the total rating for HOUSEKEEPING S A U



ASSIGNMENT SHEET #5

C. EQUIPMENT

1. Machines are arranged so that workers are pro-
tected from hazards of other machines and passing
students. S A U

2. Danger zones are properly indicated and guarded. S A U

3. All gears and moving belts are protected by perma-
nent enclosure guards. S A U

4. All equipment control switches are easily available
to operator. S A U

5. Nonskid areas are provided around machines. S A U

6. Tools are kept sharp, clean, and in safe working
order. S A U

7. Evaluation for the total rating for EQUIPMENT S A U

D. ELECTRICAL INSTALLATION

1. All switches are enclosed. S A U

2. There is a master control switch for all of the electri-
cal installations. S A U

3. All electrical extension cords are in safe condition
and are not carrying excessive loads. A U

4. AD machine switches are within easy reach of the
operators. S A U

5. Individual cut-off switches are provided for each
machine. S A U

6. No temporary wiring is in evidence. S A U

7. Evaluation for the total rating for ELECTRICAL
INSTALLATION S A U

E. PERSONAL PROTECTION (Read only)

1. Safety glasses, goggles, or protective shields are provided and required for all work
where eye hazards e,, at.

2. Shields and goggles are provided for welding.
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ASSIGNMENT SHEET #5

3. Rings and other jewelry are removed by pupils when working in the shop.

4. Proper kind of wearing apparel is worn and worn properly for the job being done.

5. Leggings and safety shoes are worn in special classes.

6. Students are tested for safety knowledge ability.

7. Sleeves are rolled above elbows when operating machines.

8. Loose clothing of students such as ties, scarves, and loose sleeves are secured.

RECOMMENDATIONS



NAME

INTRODUCTION TO DIESEL MECHANICS AND
SHOP SAFETY

UNIT I-A

TEST

SCORE

1. Match the terms on the right with the correct definitions.

To take apart in a clean correct orderly man-
ner

Leftover by-products that contain danger-
ous chemicals that could be harmful to the
environment or to living things coming in
contact with them

_c. To determine the size of an object and com-
pare with a standard size to determine if the
object shows signs of wear

d. To put back in good condition after damage

f

To put back together new or rebuilt parts in a
clean correct orderly manner

To regulate cleaances and pressures within
tolerance to manufacturer's specification

To operate equipment or engine to check
performance and adjustments

h. The act of analyzing, testing, and measuring
the engine to remedy the cause of trouble

i. State or condition of being free from danger,
risk, or injury

j. Any suddenly occurring, unintentional event
which causes injury or property damage

_It Immediate, temporary care given the victim
of an accident or sudden illness until the
services of s physician can be obtained

I. Legal rasponslblity which binds an individ-
ual in law and justice to do something which
may be enforced by action

1. Accident

2. Adjustment

3. Disassemble

4. First aid

5. Hazardous waste

6. Liability

7. Measure

8. Reassemble

9. Repair

10. Safety

11. Test

12. Troubleshooting
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TEST

Complete statements concerning the occupational outlook for diesel mechanics by cir-
cling the correct answers.

a. Job opportunities result each year from the need to replace (inexperienced, expe-
rienced) mechanics who are promoted, retired, or transferred to related fields of
work.

u. The number of diesel engine applications (increases, decreases) each year.

c. Demand for diesel power has increased due to the added economy, endurance,
and (low, high) efficiency of the diesel engine as compared to other power units.

3. Select the places that employ diesel mechanics by placing an "X" in the appropriate
blanks.

Sales agencies and manufacturers of diesel engines

_b. Motorcycle sales agencies

c. Lawnmower repair shop

d Independent repair shops

e. Electric power plants

f. Service departments of dealers and distributors

g. Railroad locomotive shops

h Fuel injection repair station

__J. Oil fields

Agriculture

4. Complete requirements for entry into the diesel mechanics program by circling the cor-
rect answer.

a. Operate the shop equipment (correctly, incorrectly).

b. Be safety conscious; follow (safety, hunting) regulations.

c. Take (instructions, breaks) readily; follow directions.

d. I lave (enthusiasm, no enthusiasm) about work.

o. Be ;conscious, unconscious) of waste in ma:Jriais and man- hours.
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5. List five diesel engine applications.

a.

b.

c.

d.

e.

TEST

6. Match the colors of the safety color code on the right with the correct applications.

Designates caution and marks physical haz- 1. Black, white, or corn-
ards binations of black

and white
itifies the location of fire fighting equip-

ment and apparatus

c. Designates safety and the location of first
aid equipment

__A. Designates dangerous parts of equipment
which may cut, crush, shock, or otherwise
injure

e. Designates caution against starting equip-
ment while it is being worked upon, or
against the use of defective equipment

f. Designates traffic and housekeeping mark-
ings

2. Blue

3. Green

4. Orange

5. Purple

6. Red

7. Yellow

g. Designates radioactive material

7. Complete a list of personal safety rules by cirCing the correct answer.

a. Wear shop clothing and (work, tennis) shoes appropriate to the activity being per-
formed.

b. Confine (short; long) hair at all times.

c. Always wear (respirators, eye protection) when in the shop area, and as required
by school policy.

Confine loose clothing such as ties when working around (machine, hind) tools
or rotating equipment.



TEST

e. Remove jewelry, rings, earrings, necklaces when working in the (shop, class-
room).

f. Conduct yourself In a manner conducive to (safe, unsafe) shop practices.

8. Select true statements concerning personal safety rules by placing an "X" beside the
true statements.

a. Keep all hand tools clean and work area in safe working order.

b. Report any defective tools, machines, and equipment to your best friend.

c. Remove all guards and safety devices.

d Operate powered equipment only after receiving instruction on how to
operate the machine safely.

Report all accidents to the superintendent.

Turn off the power before leaving a machine tool.

Make sure all guards and barriers are removed or misadjusted before start-
ing a machine tool

__h. Disconnect the power from machine tools before performing any mainte-
nance task.

_I. Use a solvent only after determining its properties, what kind of work it
has to do, and how to use it.

_J. Use correct type and proper size of files for nuts, bolts, and objects to be
turned or held.

_k. Keep the shop or laboratory floor clear of tools, scraps, and litter.

_____I. Clean up any spilled liquids at the end of the day.

Store oily rags or oily waste in paper containers.

n. Clean the chips from a machine with a brush; do not use a rag or bare
hands.

o. Use proper support for all heavy objects.

p Practice tool motto: "Get, use, and put away."

op



TEST

9. Match possible sources of accidents on the right with the injury which may occur.

a. Serious injuries to eyes and skin may be
caused by high air pressure

__b. One blast may rip clothing or skin

May cause eye or face injury from flying
sparks or metal chips

May explode when near open flame or elec-
trical spark

Can cause injury to eyes and to skin if pro-
tective equipment is not worn

f. May catch in rotating parts

g. Sharp edges may puncture skin

h. May cause shock if not grounded

_I. A fall may cause a fatal Injury

May cause severe back injury

May cause others to fall against sharp
objects or moving machinery

I. May catch fingers or clothing

10. Match the four classes of fire on the right with the correct statements defining aach
class.

_a. Fires that occur in ordinary combustible
materials

Fires that occur with flammable liquids

c Fires that occur in or near electrical equip-
ment

d. Fires that occur in combustible metals

1. Air hose

2. Batteries

3. Electrical power tools

4. Grinder

5. Horseplay

6. Lack of or improper
supporting device
under heavy objects

7. Lifting heavy objects

8. Loose clothing

9. Moving parts

10. Pneumatic tools

11. Tools

12. Welding

1. Class A

2. Class B

3. Glass C

4. Class D
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Tyr

11. Match the types of fire extinguishers on the right with the class of fire theyare used on.

_a. Class A 1. Carbon dioxide

b Class B 2. Dry chemical

c. Class C 3. Pressurized water

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

12. Compile a list of er Iployment opportunities in diesel mechanics in your community.
(Assignment Sheet #1)

13. Write a resume. (Assignment Sheet #2)

14. Complete an employment application form. (Assignment Sheet #3)

15. Complete a safety pledge form. (Assignment Sheet #4)

16, Complete an individual student shop safety inspection. (Assignment Sheet #5)

&Li

git



1.

2.

INTRODUCTION TO DIESEL MECHANICS AND
SHOP SAFETY

UNIT I-A

ANSWERS TO TEST

a. 3 g. 11

b. 5 h. 12

c. 7 i. 10
d. 9 J.

e. 8 k. 4
f.

a.
b.
c.

2

Experienced
Increases
High

I. 6

3. a, d, e, f, g, h,i,j

4. a. Correctly
b. Safety
c. Instructions
d. Enthusiasm
e. Conscious

5. Any five of the following:

a. Electric power plant
b. Marine engines
c. Farm tractors and equipment
d. Road building equipment
e. Automotive vehicles
f. Rail locomotives
g. Construction equipment

6. a. 7
b. 6
c. 3
d. 4
e. 2
f. 1

g. 5
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7. a. Work
b. Long
c. Eye protection
d. Machine
e. Shop
f. Safe

8. a, d, f, h,

9. a. 10
b. 1

c. 4
d. 2
e. 12

f. 8

10. a. 1

b. 2
u. 3
d. 4

ANSWERS TO TEST

k, n, o, p

g.
h.

11

I. 6
j. 7
k. 5
I. 9

11. a. 3, 2
b. 1, 2
c. 1, 2

12.16. Evaluated to the satisfaction of the instructor

171U

110



BASIC SHOP TOOLS
UNIT II-A

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify and choose the right tool
for the job and maintain tools in a safe condition. The student should also be able to repair
and sharpen certain tools and to accurately read measuring instruments. Competencies will
be demonstrated by completing the assignment sheets, job sheets, and the unit tests with a
minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Identify basic shop tools.

2. Identify types of screwdrivers.

3. Name two types of hammers.

4. Identify types of pliers.

5. Identify types of wrenches.

6. Identify types of cold chisels.

7. Identify types of punches.

8. Identify types of file teeth.

9. Identify typos of pullers.

10, Identify typos of feeler gauges.

11. Match types of taps with their functions.

C; I
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OBJECTIVE SHEET

12. Identify types of micrometers.

13. Ident liy ways to extract a screw.

14. lojntify principal parts of a twist drill.

15. Name shop tools used for measuring shaft speed.

16. Distinguish between correct and incorrect methods of using and maintaining
basic shop tools.

17. Name precautions for correct use of the hacksaw.

18. Read micrometer settings. (Assignment Sheet #1)

19. Read vernier micrometer settings. (Assignment Sheet #2)

20. Demonstrate the ability to:

a. Sharpen a twist drill. (Job Sheet #1)

b. Drill holes with a drill press. (Job Sheet #2)

c. Sharpen a cold chisel. (Job Sheet #3)

d. Dross a grinding wheel. (Job Sheet #4)

e. Check a torque wrench for accuracy. (Job Sheet #5)

f. Tin a soldering gun. (Job Sheet #6)

g. Use a file. (Job Sheet #7)

h. Use the outside micrometer. (Job Sheet #8)

I. Use the vernier caliper to take inside, outside, and depth measurements.
(Job Sheet #9)

J. Use the depth mIcrumeter. (Job Sheet #10)

k. Use a dial indicator. (Job Sheet #11)

I. Use a cylinder bore gauge. (Job Sheet #12)

m. Use the telescoping gauge. (Job Sheet #13)

L )



BASIC SHOP TOOLS
UNIT

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to suppiement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with Information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparencies enhance the information as needed.)

G. Provide students with job sheets,

H. Discuss and demonstrate the pmeduree outilred in the job sheets.

I. Integrate the following activities tt roughout the teaching of this unit:

1. Take students into &hop and show hand tools.

2. Have students inventory the tool box they will use.

3. Have students make a list of beginning tools.

4. Have students make a list of special tools.

5. Show film on tool safety.

6. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L Reteach if necessary.

riEFERENCES USED IN DEVELOPING THIS UNIT

A. Dagei, John F. Diesel Engine Repairs. New York John Wiley and Sons, Inc., 1982.

B. Fundamentals of Sevice: Shop Tools. 3r1 ed. Moline, IL Deere and Company, 1980.

C. Krar, Stephen F. Technology of Machine ';cols. New York: Gregg Divis ion/McGraw-Hill
Book Company, 1977.
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REFERENCES USED IN DEVELOPING THIS UNIT

D. Schulz, Erich J. Diesel Mechanics. 2nd ed. New York: Gregg Division/McGraw-Hill Book
Company, 1983.

E. Snap-on Catalog. Kenosha, WI: Snap-on Tools Corps 1985.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Filmstrips

1. Shop Tools (3rd edition)

John Deere Service Training
John Deere Road
Moline, IL 61265

Contains 36 pages with 8 two-color illustrations (F05-51038)
Slide set: 47 slides in 35mm color in standard 2x2 -inch frames (F05-51035)

2. Safety In The Shop: Hand Tools, color, 14 minutes

(NOTE: This f!Im shows how to safely handle and properly maintain the following
tools: saws, chisels, screwdrivers, wrenches, and welding torch.)

Coronet Films
65 E. South Water Street
Chicago, IL 60601
1 800 621-2131

B. Texts

1. Automotive Tools and Equipment

Brodhead-Garrett Company
4560 East list Street
Cl- .and, OH 44105
1 80J 321-87'0

2. Equipment Shop Supplies

M & L Motor Supply Compan
1493 University Avenue
St. Paul, MN 55104
(612) 645.8661

3. Common tools

Caterpillar Service Training
600 W. Washington Street
East Peoria, IL 51630

f



BASIC SHOP TOOLS
UNIT IIA

INFORMATION SHEET

I. Bash; shop tools

A. Combination box and
open end wrench

C. Slip Joint pliers

E. Flat cold chisel

G. Flat file

B. Common screwdriver

^7M171777r/777,1,4".%.

D. Ball peen hammer

F. Center punch

H. Hacksaw

I. Vise J. 'tubing cutter
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INFORMATION SHEET

K. "C" clamp

64lItIt$MIl111111)1 %11,lt

M. Twist drill

lerWin M :MEJ

0. Pressure gauge (all pressure)

0. Dial indicator

L. External puller

N. Magnetic pick -up tool

ipmacEIE:=1:11111

P. Outside micrometer

R. Spring tester

t
0



INFORMATION SHEET

S. Soldering gun

U. Screw extractor

C
(square)

ii-421mErsonsi 0Orrafe.eco

(spiral flute)

W. Tachometer

IL Types of screwdrivers

A. Common

(St -1110

T. Multimeter

V. Feelor gauge

(straight wire)

I/O

(offset)

B. Phillips head
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C. Clutch head

INFORMATION SHEET

E. Impact screwdriver

G. Torx

D. Offset

F. Starting screwdriver

HI. Types of hammers

(NOTE: There are many sizes and weights of hammers.)

A. Ball peen
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INFORMATION SHEET

B. Soft face

Examples:

(rubber mallet) (dead blow)

(NOTE: Dead blew hammers are usually a one-piece plastic hammer with
snot in the head.)

IV. Types of pliers

A. Slip joint

.....M41.7

C. Needle nose

E. Side cutters

B. Diagonal cutters

D. Lock grip

r.

Snap ring
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INFORMATION SHEET

G. Channel lock

(NOTE There are other specialized pliers that are used on certain applica-
tions, and you will become familiar with them later.)

V. Types of wrenches

A, Open end

C. Combination

E. Tubing (line)

G. Adjustable hook spanner

B. Box

D. Adjustable

F. Hook spanner

C.; -.ffressiging



INFORMATION SHEET

H. Socket wrenches and handles

1. Ratchet handle

2. Flex handle (breakover)

,.....1....J:. .......A114$4.40tl.aoad="gaffl

3. Extension

c!AgenWil

4. Universal joint

5. Socket

(NOTE: The sockets may be six point, twelve point, or deepweli.)

6. Sliding "T" handle

I. Torque

D.51-A



INFORMATI!ON SHEET

K. Allen

(socket ellen)

(NOTE: Allen wrenches are available in standard and metric sizes.)

L. Air impact

VI. Types of cold chisels

A. Flat B. Cape

C. Round nose D. Diamond point



INFORMATION SHEET

VII. Types of punches

A. Starting B. Pin

C. Aligning

'Vsisrvaviswmamnwmffsiwsnmgmmj;__.________;j

D. Center

VIII. Types of file teeth

A. Single cut B. Double cut

D-53-A
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C. Curved tooth

INFORMATION SHEET

D. Rasp cut

(NOTE: Files are made in numerous sizes and shapes. Common shapes are
round, half round, flat, and triangle.)

IX. Types of pullers

A. External

PIIII!ng a Gcar
From a Shaft

4-
LI

B.
yemomeM11111.

Internal
41.

XiAglitIPO

Pulling a Bearing
From a Bore



C. Press
10

INFORMATION SHEET

si+

Pushing a Shaft
From a Bore

E. Slide hammer

D. Hydraulic

X. Types of feeler gauges

A. Standard B. Stepped

(NOTE: This is also
known as go-no-go
gauge.)

1 IF11171:%7
.017 .015

Example
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INFOLIMMION SHEET

C. Bent D. Wire

Example

XI. Types of taps and their functions

(NOTE: Taps are used for cutting Internal threads.)

A.

B.

TaperUsed to start the thread

iiiimimienTwormets
IVVVVVVVVVvVVVVvvsn

PlugUsed after taper tap has cut the threads as far as possible

C. BottomingUsed last to cut the thread to the bottom of the hole (if neces-
sary)

(NOTE: Taps are also available in metric and national pipe thread sizes.)



INFORMATION SHEET

XII. Types of micrometers

A, Outside

Anvil Spindle Thimble

Barrel Ratchet
Stop

C. Depth

D.. Vernier

B. Inside

Small Inside

Large Inside

THIMBLE

10 5

SUMER

SCALE

0 9 8 7 5 5 4 3 2 1 0

SLEEVE

D-57-A
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INFORMATION SHEET

E. Vernier caliper

azlar":&

XIII. Ways to extract a screw

A. Screw extractor ("easy-out")

Fine
Left-Hand

'TWist

Square

Coarse
Left-Hand

Twist



B. Stud puller

(collettype)

INFORMATION SHEET

C. Diamond point chisel

(wedgetype)

XIV. Principal parts of twist &IL

A. Shani/

B. Flute

C. Cutting edge

Cutting edge ,"'-

XV. Tools used for measuring shaft speed

A. Tachometer

Flute

Shank

n
t
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B. Timing light

Power source clips

INFORMATION SHEET

-Timing light

Clampon transducer
Transducer connecting cable

XVI. Correct and incorroct methods of using and maintaining basic shop tools

A. Hammer

Right

B. Hacksaw blade

Right Blade

Wrong

Wrong Blade



INFMMATION SHEET

C. Pliers

Don't Use Pliers on Nuts

D. Cold chisel

Right

E. Screwdriver

Right

F. Grinding flat cold chisel

Correct Angle
600

Use Side Cutters to Cut Wire

Wrong

Wrong

Round Edge Slightly
Rounded
and Dull

Angle is
too Small

Angle Is
too Large

161-A



G. End wi h

Right

INFORMATION SHEET

Wrong

WrongNever Use a Bar
or a Pipe on a Wrench

Correct Method
of DrawFIling

Right
Pull, Don't
Push

It Is Dangerous to Use
of File Without Handle

Correa .Method
of Cleaning a File
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INFORMATION SHEET

I. File and hammer handles

Correct Met-od of
Tightening File Handle

Incorrect Use of
a Hammer

XVII. Precautions for correct use of hacksaw

A. Teeth must point away from handle.

B. Blade must be tightly stretched.

C. Select blade with correct number of teeth per inch for metP,rial boing cut.

(NOTE: Two teeth should always be co..tacting the matcarial being cut.)

n. Use sufficient pressure on the forward stroke.

E. Use full length of blade on each stroke.

(CAUTION: Do not operate saw with excessive amoint of pressure or
speed.)

XVIII. Reading the micrometer (Transparencies 1, 2, and Overlay 2A)

A. Number on sleeve (0.200)

Thimble graduation (0.013)

Small graduation on sleeve (0.075)

D. Total Reading Is 0.291
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INFORMATION SHEET

A. Each numbered graduation on the sleeve represents one hundred thousandths of an
inch (0.1001.

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

C. Each graduation found on the thimble represents one thousandth of an inch (0.0011.

D. Total reading is found by adding the three values.

Example: 0.200 Number on the sleeve
0.075 Small graduations on the sleeve
0.016 Graduations on the thimble

0.291 Micrometer reading

XIX. Reading the vernier micrometer (Transparencies 2, 3, and Overlays 2A and 3A)

D. Vernier Scale Graduation on top
of sleeve (0.0002)

Small graduation sleeve (0.0750)

E. Total reading is 0.2862

Number on sleeve (0.2000)

Thimble graduation
(0.0110)

0

CO

J 10

W `mow
N

5

0 1

0

0.2507"

A. Each numbered graduation on the sleeve represents one hundred thou-
sands of an inch (0.100').

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

C. Each graduation found on the thimble represents one thousandth of an
inch (0.001').

D. Each line graduation found on top of the sleeve represents one ten-thou-
sandth of an inch (0.0011.

ito
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INFORMATION SHEET

E. Total reading is fnund by adding the four values.

Example: 0.2000 Number on the sleeve
0.0750 Small graduations on the sleeve
0.0110 Graduations on the thimble
0.0002 Vernier scale on top of sleeve

0.2862 Vernier micrometer reading



0 Reading a Micrometer
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Sleeve Readings

0 1 2



Thimble Sleeve Readings

0

20

IIMN.111

Yonmi Imam

.011111111

4011.1111MIIMPMOMI

15

10



Vernier Micrometer Readings

to

cp
co
co
...,
c7)

Sleeve cyi
4tab
CA)
NI
=A

NOMIIMOIMINO

----10
MINIMMINIIIII

Thimble

CD *
0 1 2 3 4

TT1111-7111--

0.4690

ellMIMMIIIIP111.

0
CC03- 5
wai ai

Sleeve Thimble
41b
to -----,= 0
h.)

20

INDON411111

IMMIIMIIIINIIII.

.../INIMINMII

10

era
MIINM=EnlIM11/1.11111111M

0.4697

20



Vernier Sleeve Readings

CO

03

a)
114.41

UI

h3

41111111111MMI .11011=IMEMM1



BASIC SHOP TOOLS
UNIT IIA

ASSIGNMENT SHEET #1 - READ THE MICROMETER SETTINGS

NAME SCORE

Directions: Read the micrometer settings below and write the correct answers in the blanks
provided.

0 3 3 4 5 St
HIM

0

n

WEI=1.

7, 8. *=111111111111NOMI
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BASIC SHOP TOOLS
UNIT IIA

ASSIGNMENT SHEET #2 -- READ THE VERNIER MICROMETER
SETTINGS

NAME __ SCORE

Directions: Read the vernier micrometer settings below and write the correct answers in the
blanks provided.

1.

2.

3.

4.

Answers

Milli. ,a.MMI.111110/1

O 5.

6.

7.

8.

9.

10.

11=1=1....

7.

1-717 T I T7--
1 4 1 5 --

1.

O

0

III1111111
2 3 4

3.

20

ts

0

11111 lilt FITTs--__

2 3 4

5.

8. 9.

irrriri
9 1 2

.4
a
WI

444

CI

O

2.

4.

0

20

11111 itE
0 1 2 2

10.

D79A



Assignment Sheet #1

1. 0.750
2. 0.201
3. 0.655
4. 0.075
5. 0.527
6. 0.009
7. 0.662
8. 0.048

Assignment Sheet #2

1. 0.4676
2. 0.8388
3. 0.4715
4. 0.9453
5. 0.2928
6. 0.3101
7. 0.6383
8. 0.3107
9. 0.3128

10. 0.5270

BASIC SHOP TOOLS
UNIT

ANSWERS TO ASSIGNMENT SHEETS

G
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BASIC SHOP TOOLS
UNIT II-A

JOB SHEET #1 - SHARPEN A TWIST DRILL

A. Tools and materials

1. Safety goggles or eye protactioni

2. Grinder

3. Twist drill

4. Container of water

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Place the drill point against the, grinding wheel at approximately a 59° angle. (Fig-
ure 1)

FIGURE 1

D-83-A
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JOB SHEET #1

2. Using both hands, lower the shank, and raise the bit cutting point against the
wheel. (Figure 2)

FIGURE 2

Side view

3. Rotate the bit in a clockwise manner while grinding.

4. Grind both lips In the same manner.

5. Dip the point In water frequently to keep it cool.

(CAUTION: Watch for coloration on tip of drill; If tip starts to turn blue, it Is too
hot)

(NOTE: Do not force drill bit too fast.)

411
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BASIC SHOP TOOLS
UNIT II.A

JOB SHEET #2 - DRILL HOLES WITH A DRILL PRESS

A. Tools and materials

1. :3ty goggles

2. Small piece of flat metal

3. Drill press

4. Center punch

5. Hammer

6. Wooden block

7. Cutting oil

8. Clamp

9. Measuring tool

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Measure to mark the holy with a center punch. (Figure 1)

FIGURE 1

Mark hole

2. Place the metal on a wooden block.
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JOB SHEET #2

3. Clamp the metal being drilled securely to prevent it from spinning. (Figure 2)

FIGURE 2

Push button twitch
Belt tenslon knob

Drill bit

Cpciamp

Wooden block

Pilot wheel feed

Table locking clamp

4. Select the correct drilling speed for the material. Feed the bit down to the metal
and start drilling.

(CAdTION: Select proper dea speed, If aallable.)

5. Raise the bit to see if you are drilling in the proper place.

6. Continue drilling, using cutting oil on the drill bit two or three inches above the
work.



BASIC SHOP TOOLS
UNIT II-A

JOB SHEET #3 - SHARPEN A COLD CHISEL

A. Tools and materials

P.

1. Eye protection

2. Cold chisel

3. Grinder

4. Container of water

Procedure

(CAUTION: Follow all shop safety procedures.)

1. Hold the chisel at a 65° to 70° angle with the handle pointing down. (Figure 1)

(CAUTION: Check tool reel for proper adjustment.)

FIGURE 1

Side view

D-87-A
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JOB SHEET #3

2. Move the point from side to side across the grinding wheel. (Figure 2)

FIGURE 2

Top view

(NOTE: Dip the point in water frequently to keep it cool.)

3. Grind both sides of the cutting edge in the same manner. (Figure 3)

FIGURE 3

60° to 70°

4. Dip the point in water frequently to keep It cool.

(NOTE: Do not allow tip to turn Nue; it will be too hot.)

5. If the hem had become mushroomed, it should be ground back into shape.

(NOTE: The head should be square with the shank, and the crown radius should
taper away from the head. See Figure 4.)

Head

FIGURE 4 Crown radius

Incorrect Correct

.4.- Shank
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BASIC SHOP TOOLS
UNIT II-A

JOB SHEET #4 - DRESS A GRINDING WHEEL

A. and materials

1. Eye protection

2. Grinding wheel op grinder

3. Dressing tool

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Select the proper dressing tool.

2. Set the dressing tool on the grinder tool rest, and press it firmly against tie
wheel. (Figure 1)

(NOTE: Use enough pressure on the tool to prevent sparks.)

Dress !rig tool

3. Dress the grinder wheel with the tool until the edges are square with the sides.

4. Readjust tool rest to no more than 1/e" from grinding wheel.



BASIC SHOP TOOLS
UNIT II-A

JOB SHEET #5 - CHECK A TORQUE WRENCH FOR ACCURACY

A. Tools and materials

1. Torque wrench

2. Vise

3. "Known" weight

4. Strong cord

B. Procedure

(CAUTION: Follow all shop safety procedure3.)

1. Hang torque wrench on a fixed nut or secure in a vise. (Figure 1)

FIGURE 1 "A"

A=Center Line of Nut

B=Point of Suspension

2 ft. "B"

Horizontal

50 ibs;

2. Set the Indicator to "0".

3. Hang a known weight from the wrench handle at any known distance from the
center of the nut. (Figure 1)

4. Multiply the weight times the distance from A to B. (Figure 1)

5. Compare the answer , the indicator reading.

Example: In Figure 1, 50 pounds x 2 feet = 100 foot pounds



BASIC SHOP TOOLS
UNIT IIA

JOB SHEET #6 - TIN A SOLDERING GUN

A. Tools and materials

1. Seety glasses

2. Soldering gun

(NOTE: The gun should have replaceable tips for use on different kinds of
metals.)

3. Solder

4. Clean cloth

B. Procedure

(NOTE: Before a tip is useo, it must be tinned coated with a very thin film of solder.)

(CAUTION: Follow all shop safety procedures.)

1. Heat tip of gun to operating temperature.

2. Apply small amount of solder directly to the tip. (Figure 1)

FIGURE 1

Tinned Portion

Solder

Salammonlac block

3. Shake the tip slightly to remove excess solder.

4. Use a ciean damp cloth to wipe off the soldering gun after use.

(NOTE: This will aid in cleaning and tinning.)

D93-A



BASIC SHOP TOOLS
UNIT 11

JOB SHEET #7 - USE A FILE

A. Tools and materials

1. Safety glasses

2. File with handle

3. Vise

4. Stock to be filed

B. Procedure

(CAUTION: Follow all shop safety procedure.

1. Secure material being filed In a vise.

(NOTE: Material being worked on should not extend very far above or beyond the
Jaws of the vise.)

2. Hold file firmly In both hands while filing.

3. Use long, even strokes with the file.

4. Apply pressure only on the forward stroke of the file. (Figure 1)

FIGURE 1

(NOTE: Light pressure Is usually sufficient when the right file Is being used for
the Job.)

110
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JOB SHEET #7

5. Lift file up slightly on the backward stroke to prevent damage to file.

6. Clean small particles of metal from file with a wire brush or file card.

,



BASIC SHOP TOOLS
UNIT II-A

JOB SHEET #8 - USE THE OUTSIDE MICROMETER

A. Tools and materials

1. 0 "-1.000" outside micrometer

2. 1.00V-2.000" outside micrometer

3. Lathe or vise

4. New fractional drill bits, assortment of 5

5. New letter size drill bits, assormient of 5

6. Pieces of metal such as cold rolled stock, machined parts, hardened dowels,
assortment of 5

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

B. Procedure

1. Select workpieces that are clean and free of burrs, nicks, or dents.

2. Select the proper size micrometer for the workpiece.

3. Clean the spindle and anvil of the micrometer. (Figure 1)

FIGURE 1

Clean spindle and anvil

Cloth or paper

A

1).97-A
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JOB SHEET #8

4. Check the micrometer at zero reference.

5. Hold the micrometer according to the type of workpiece.

a. Hold the micrometer in the right hand and the workpiece in the left hand to
measure a nonstationary object. (Figure 2)

FIGURE 2

Nonstationary object

b. Held the micrometer in both hands to measure a stationary object. (Figure
3)

FIGURE 3

Stationary object

110
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JOB SHEET 08

(NOTE: Roll micrometer along palm of hand or forearm for quick adjust-
ment. See Figure 4.)

FIGURE 4

Roll for quick adjustment

6. Place the micrometer directly over the center of the workpiece to be measured.
(Figure 5)

FIGURE 5
Ratchet stop

Work back and forth to find true diameter

(NOTE: Use the ratchet stop to ensure proper force on the object to be mea-
sured.)



JOB SHEET #8

7. Turn the thimble of the micrometer until the anvil and spindle contact the work-
piece.

8. Hold the anvil steady and move the spindle lightly over the workpiece to locate
the true centerline. (Figure 5)

9. Use ratchet stop or light sense of feel to determine exact measurement.

10. Observe micrometer readings.

(NOTE: Spindle lock can be turned to hold measurement if micrometer must be
removed from workpiece. Spindle must be unlocked before resetting to a new
measurement.)

11. List the readings according to the letter or number on the workplece.

12. Return the micrometer to Its correct storage.

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

13. Hand In the listed readings t, the instructor for evaluation.



BASIC SHOP TOOLS
UNIT II-A

D-101-A

JOB SHEET #9 - USE VERNIER CALIPER TO TAKE INSIDE,
OUTSIDE, MID DEPTH MEASUREMENTS

A. Tools and materials

1. 6 or 8" universal vernier cailper

2. Pre-machined steel bar turned with four dimensioh.

3. Pre-machined steel, drilled and bored

4. Clean shop towel

B. Procedure for taking inside measurements

1. Grasp the vernier caliper in the right hand with vernier scale up.

2. Grasp part with left hand.

3. Use tho thumb of the right hand to adjust caliper so inside portion of vernier will
slide in bore, then open the jaw by sliding the slide toward your right until you
feel a slight amount of pressure; take reading before removing from Dart. (Fig-
ures 1 and 2)

FIGURE 1 FIGURE 2

(NOTE: Be careful not to apply too much pressure, but keep the jaws squarely in
the bore. See Figures 3 and 4 for example.)

FIGURE 3

Wrong

FIGURE 4

Right
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JOB SHEET #9

4. Measure each of the inside bores and record your readings. (Figure 5)

FIGURE 5

A

"L. -
- - - 4

A

C. Procedure for taking outside measurements

1. Pick up the ernier caliper with your right hand so you are looking at the vernier
scale.

2. Grasp the part to be measured in the left hand parallel to your body. (Figure 6)

FIGURE 6

(NOTE: The thumb of the right hand can slide the sliding member along the beam
of the vernier.)

3. Place the part between the two jaws close to beam, if possible; move the sliding
member against the part by applying slight pressure with the thumb; take read-
ing before removing part. (Figure 7)

FIGURE 7

(CAUTION: Do not apply so much pressure that you spring the caliper.)



JOB SHEET #9

4. Start measuring at one end and work toward the other. Write each dimension in
the spaces provided. (Figure 8)

FIGURE 8

D. Procedure for taking depth measurements

A

1. Place the part to be measured on the bench with the deeper bore resting on the
table.

2. Grasp the vernier caliper and place the base of the beam on the reference sur-
face.

3. Using one hand to hold the caliper perpendicular to the reference surface, use
tho free hand to move the slide down until you feel the blade make contact with
the lip or surface to be measured; take measurement before removing part. (Fig-
ure 9)

FIGURE 9

Reference Surface

4. Record your reading

Depth Measured

D-103-A



JOB SHEET #9

5. 'Aim part end for end and measure the depth of the bore on the other end; record
your reading

(NOTE: Some vernier calipers have a dial. The application and Ise Is the same as
the universal vernier caliper, but the dial makes it easier and faster to read. [Fig-
ure 10D

FIGURE 10

Used with permission of The L. S. Starrett Company



BASIC SHOP TOOLS
UNIT II-A

JOB SHEET #10 - USE THE DEPTH MICROMETER

A. Tools and materials

1. A depth micrometer set which Includes extension rods

2. Assortment of machined workpleces with grooves, slots, or shoulders

3. Clean shop towel

B. Procedure

1. Select workpieces that are clean and free of burrs, nicks, or dents.

2. Clean the depth micrometer base and measuring rod with a clean cloth.

3. Select the correct extension rod.

4. Install the extension rod.

5. Check zero reference.

6. Place the base of the depth micrometer firmly against the surface of the work-
piece. (Figure 1)

FIGURE 1

11.105A



JOB SHEET #10

7. TUrn the thimble of the depth micrometer until the measuring rod lightly contacts
the bottom of the slot or groove.

8. Read the micrometer measurement.

(NOTE: The thimble and sleeve are numbered in reverse order from those of a
standard micrometer. Read the measurement on the micrometer covered by the
thimble.)

9. Record your reading

r



D-107-A

BASIC SHOP `I OOLS
UNIT 11

JOB SHEET #11 - USE A DIAL INDICATOR

A. Tools and materials

1. Dial indicator

2. Dial indicator holder

3. Magnetic base

4. V blocks -

5. Appropriate assortment of machined parts

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

B. Procedure

1. Select workpieces that are clean and free of burrs, nicks, or dents.

2. Attach dial indicator to holder.

3. Secure holder to work surface.

4. Mount workpiece according to type of measurement to be made. (Figure 1)

FIGURE 1
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JOB SHEET #11

5. Position holder so that dial indicator plunger contacts workpiece.

6. Adjust holder so that plunger is depressed two revolutions of pointer and tighten
holder.

7. Rotate bezel until the zero marking is In line with pointer.

8. Measure workpiece for taper, concentricity, and run-out.

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

10. Pmcord your reading

11. Disassemble dial indicator and holder and return to the correct storage.

12. Hand in the listed readings to the instructor for evaluation.

ri



BASIC SHOP TOOLS
UNIT II-A

JOB SHEET #12 - USE A CYLINDER BORE GAUGE

A. Tools and materials

1. Cylinder bore gauge

2. Master gauge for appropriate cylinder

3. Cylinder sleeve

4. Clean shop towels

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Clean all tools and cylinder sleeve.

2. Look in appropriate manual and record specification

3. Place cylinder bore gauge Into the master gauge. (Figure 1)

FIGURE 1

Cylinder bore gauge

4. Adjust face of dial indicator to zero.

.1. 4,-,n

Master gauge for

appropriate sleeve

D-109-A
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JOB SHEET #12

5. Remove bore gauge from master gauge.

6. Insert the bore gauge into the cylinder bore. (Figure 2)

FIGURE 2

I i H11111111111111'11111111

MIIMIelemsm.

7. Record your measurement

(NOTE: If the pointer moves to the left of the zero mark, the cylinder bore's diame-
ter is larger than maximum allowable wear. If the pointer moves to the right of the
zero mark, the diameter is less than the allowable wear.)

8. Repeat the measurement at each point recommended in the service manual.

9. Place tools and equipment back In storage area.

10. Have instructor initial here
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BASIC SHOP TOOLS
UNIT II-A

JOB SHEET #13 - USE THE TELESCOPING GAUGE

A. Tools and materials

1. Set of telescoping gauges

2. Outside micrometer

3. Cylinder block with camshaft removed

4. Clean shop towels

B. Procedures

(CAUTION: Follow all shop safety procedures.)

1. Measure the hole size and select the proper gauge from the telescoping gauges.
(Figuee 1)

FIGURE 1

2. Clean the gauge and the hole.

Knurled knob

Plunger

3. Depress the plungers until slightly smaller than hole diameter and clamp In this
position.

lc' 7I., 0
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JOB SHEET #13

4. Insert gauge Into the hole, and with the handle tilted upwards slightly, release the
plungers. (Figure 2)

FIGURE 2

Cylinder bore

OP

-?"#°#" Inside gauge

5. Lightly "snug up" the knurled knob.

6. Hold the bottom leg of the telescoping gauge in position with one hand.

7. Move the handlo downwards through the center while slightly moving the top leg
from side to side.

8. Tighten the plungers in position.

9. Recheck the "feel" on the gauge by testing it in the hole again.

10. Check the gauge size with outside micrometers, maintaining the same "feel" as
in the hole.

11. Record your measurements

12. Place tools and equipment back in storage area.

13. Have Instructor initial here

AN, I;



BASIC SHOP TOOLS
UNIT II-A

PRACTICAL TEST
JOB SHEET #1 SHARPEN A TWIST DRILL

STUDENT'S NAME Imm DATE

EVALUATOR'S NAME ATTEMPT NO.

D-113-A

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step In this procedure. If the student Is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Put on safety glasses.
3. Held drill bit at proper angle.
4. Rotated bit In correct manner.
5. Ground both lips the same.
6. Watched that tip didn't get too hut.
7. Checked In/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner (_hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

..=1
10Ma=a11

1.1=1

611MMil
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Drill bit Is sharp.

Both lips have same
angle.

EVALUATOR'S COMMENTS;

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



BASIC SHOP TOOLS
UNIT IIA

PRACTICAL TEST
JOB SHEET #2 - DRILL HOLES WITH A DRILL PRESS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Put on safety glasses.
3. Used all safety precautions.

YES NO

alNolmmi,./

4. Measured material to find center.
5. Used hammer and center punch correctly.

.1114.

6. Secured material onto drill press.
7. Selected correct speed for material.
8. Checked for alignment.
9. Used cutting oil on drill bit.

waNmrima.m

10. Operated equipment correctly.
11. Checked in/put away tools and materiats.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps in a timely manner ( hrs. sec.)
15.

_min.
Practiced safety rules throughout procedure.

16. eh:Aided satisfactory responses to questions asked. 111
EVALUATOR'S COMMENTS:

D-115-A
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Hole 13 straight.

2

4

Hole is smooth.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed Job during training program: limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but Is unable to perform Job.

(EVALUATOR NOTE: If an average score Is needed to coincide with a compete. icy profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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BASIC SHOP TOOLS
UNIT HA

PRACTICAL TEST
JOB SHEET #3 - SHARPEN A COLD CHISEL

STUDENT'S NAME

EVALUATOR'S NAME

DATE

ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your Instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this cumpetency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Put on safety glasses.
3. Used all safety precautions.
4. Checked grinder and tool rest adjustment.
5. Held chisel at correct angle.
6. Moved chisel across grinding wheel.
7. Kept tip cool.
8. Ground both sides equally.
9. Reshaped head correctly.

10. Checked In /put away tools and materials.
11. Cleaned the work area.

011*.11

12. Used proper tools correctly.
13. Performed steps in a timely manner (_hrs.
14.

_min. _sec.)
Practiced safety rules throughout procedure.

15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Chisel is sharpened and
reshaped appropriately.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled -- Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform Job.

(EVALUATOR NOTE: If an average score is needed to coincide ci competency profile, total
the designated points In "Product Evaluation" and divide by tal number of criteria.)

Li k1



BASIC SHOP TOOLS
UNIT II-A

PRACTICAL TEST
JOB SHEET #4 - DRESS A GRINDING WHEEL

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "Nc" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Put on safety glasses.
3. Selected proper dressing tool.
4. Used correct procedure.
5. Readjusted tool rest.
B. Used all safety precautions.
7. Checked In/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps In a timely manner (_hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

D-119-A
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria bycircling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) if the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Grinding wheel edges are
square with side.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has porformed job during training program; additional

training Is required to devel,p skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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BASIC SHOP TOOLS
UNIT IIA

PRACTICAL TEST
JOB SHEET #5 CHECK TORQUE WRENCH FOR ACCURACY

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety precautions.
3. Secured torque wrench.
4. Zeroed indicator.
5. Plamd weight on handle.
6. CalJulated answer.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner ( hrs. min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

=MOM ==111

111=1111=11.



JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Torque wrench accuracy
.111211=1MIIMMI

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training Is required to develop skill.
1 Unskilled !s familiar with process, but Is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



BASIC SHOP TOOLS
UNIT 11

PRACTICAL TEST
JOB SHEET #6 - TIN A SOLDERING GUN

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO._
Instructions: When you are ready to perform this task, ask your instntctor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designatc whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety precautions.

411=0.

3. Operated equipment properly.
ILIMMVIVIM =1,

4. Applied solder correctly.
5. Cleaned excess solder off gun.
6. Cleaned equipment.
7. Checked in/put away tools and materials.

IMIN=1

8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner (__hrs. _sec.)
IwIrlwINDIm 111111

11.
_min.

Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATORS COMMENTS:

D-123-A
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JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) if the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:
...,-.0.-1-!--11111011=11

4

Appearance of tinned tip

3

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled is familiar with process, but Is unable to perform Job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

tio



BASIC SHOP TOOLS
UNIT 11

PRACTICAL TEST
JOB SHEET #7 - USE A FILE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety precautions.
3. Secured material correctly.

Orla
4. Held file correctly.
5. Used correct stroke.
6. Used right amount of pressure.
7. Held file correctly on backward stroke.
8. Cleaned file correctly.
9. Checked in/put away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.

M M 11. W.1111110 e 11,

12. Performed steps in a timely manner (__hrs. min. sec.)
IMMIAIMM

13. Practiced safety rules throughout procedure.
14. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

D-125A
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JOB SHEET #7 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) if the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

1

Material was filed cor-
rectly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

ezi
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BASIC SHOP TOOLS
UNIT II-A

PRACTICAL TEST
JOB SHEET #8 - USE THE OUTSIDE MICROMETER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your Instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety procedures.

YES NO

3. Selected proper size micrometer.
161111111011=4,

4. Cleaned the micrometer.
5. Checked the micrometer for zero.
6. Held micrometer correctly.
7, Used micrometer correctly.

tamml.=

8. Read micrometer correctly. miumblimis

9. Wrote down micrometer reading correctly. owl
10. Replaced micrometer in storage case.
11. Checked In/put away tools and materials.

m111

12. Cleaned the work area.
IM

13. Used proper tools correctly. Mli11,
14. Performed steps in a timely manner (_hrs. _min. _sec.) 111
15. Practiced oafety rules throughout procedure.
16. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS: eimil/1

.11.0110111.111
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JOB SHEET #8 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Outside micrometer mea-
surement is correct.

EVALUATOR'S COMMENTS:

IMMIN.1.a
PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but Is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points In "Product Evaluation" and divide by the total number of criteria.)

3
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BASIC SHOP TOOLS
UNIT II-A

PRACTICAL TEST
JOB SHEET #9 - USE VERNIER CALIPER TO TAKE INSIDE,

OUTSIDE, AND DEPTH MEASUREMENTS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO. __
Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark In the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety procedures.
3. Held caliper correctly.
4. Measured inside bore.
5. Measured outside diameter.
6. Measured bore depth.
7. Took caliper readings.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner (_hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

YES NO

siM11.1mMill

011==711IMM1.111

EVALUATOR'S COMMENTS:
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JOB SHEET #9 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Inside caliper measure-
ment is correct.

3 2

Out...ide caliper measure-
ment is correct.

2

Depth caliper measure-
ment Is correct.

1

EVALUATOR'S COMMENTS:

=1.L PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform lob.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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BASIC SHOP TOOLS
UNIT II-A

PRACTICAL TEST
JOB SHEET #10 - USE THE DEPTH MICROMETER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety precautions.
3. Cleaned material being measured.
4. Selected correct extension rod.
5. Zeroed micrometer.
6. Measured depot
7. Recorded reading of micrometer.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner (_hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

111NOMMIE11.1

le;
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JOB SHEET #10 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteriaby circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

2 1

Depth micrometer mea-
surements are correct.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform Job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



BASIC SHOP TOOLS
UNIT IIA

PRACTICAL TEST
JOB SHEET #11 USE A DIAL INDICATOR

STUDENT'S NAME

EVALUATOR'S NAME

DATE

D-133-A

ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and nplete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety precautions.
3. Attached indicator correctly.
4. Zeroed dial indicator.
5. Measured workpiece correctly.
6. Recorded reading.
7. Checked in/put away tools and materials.
8. Cleaned the work .:rea.
9. Used proper tools correctly.

10. Performed steps In a timely manner ( hrs. _min.
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #11 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must he submitted for evaluation.)

Criteria:

Died indicator measure-
ments are correct.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an averace score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

1') itt



BASIC SHOP TOOLS
UNIT II-A

PRACTICAL TEST
JOB SHEET #12 - USE A CYLINDER BORE GAUGE

STUDENT'S NAME DATE

D-135-A

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety procedures.
3. Cleaned tools before measuring.
4. Used master gauge correctly.
5. Zeroed dial Indicator.
t Measured cylinder bore.
7 Recorded readings.
8. Checked in /put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps In a timely manner (___hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

wwI

IMMEM.111!

./In...MIMIMIN
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JOB SHEET #12 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NO E: Rate the student on the following (Jriteria by cirr ling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be 61mom...rated. (See performanci
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Cylinder bore gauge mea-
surements are correct.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training Is required to develop skill.
1 Unskilled Is familiar with process, but is unable 'o perform Job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

to



BASIC SHOP TOOLS
UNIT II-A

PRACTICAL TEST
JOB SHEET #13 - USE THE TELESCOPING GAUGE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your Instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step In this procedure. If the student Is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety procedures.
3. Selected proper telescoping gauge.
4. Used telescoping gauge correctly.

IMMINIMMEIMII1

5. Used outside micrometer correctly.
6. Recorded measurements.
7. Checked in/put away tools and materials.
8. Cleaned the work area. *
9. Used proper tools correctly.

10. Performed steps in a timely manner (_hrs.
11.

_min. _sec.)
Practiced safety rules throughout procedure.

12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

111

D-137A



138

JOB SHEET #13 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Measurements with tele-
scoping gauge are cor-
rect.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional (raining may be required.
2 Limited skill Has performed job during training program; additional

training Is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the desiouted points In "Product Evaluation" and divide by the total number of criteria.)



NAME

BASIC SHOP TOOLS
UNIT II.A

1. Identity the basic shop tools.

rr/77777170,77,-/Mr6r,

a.

SCORE

TEST

D-139-A

b.

C. d.

o. 1.
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TEST
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M.

0.

n

P.



TEST
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w.

2. Identify types of screwdrivers.

-17777,117, 717. 1.7

TEST

C.

e.

b.

d.

f. g.



3. Name two types of hammers.

a.

b.

4. Identify the types of pliers.

a.

c.

e.

TEST

f.

b.

d.

0.143-A
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TEST

5. Identify the types of wrenches.

b.

d.

e. f.



TEST

k.

m.

1G

D-145-A

I.

h.

j.

n

k.
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421127(0.14a7/Z7/nOri..........

TEST

o.

6. Identify the types of cold chisels.

a.

C.

7. Identify the types of punches.

romamMENIIIm

a.

P.

b.



c.

TEST

tftans.....ummignummumiumemear7

8. Identify types of file teeth.

a.

c.

. Identify five types of pullers.

IN*

d.

b.

d.

D-147-A
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TEST

c. d.

e.

10. Identify the following types of feeler gauges.

a.

c.

b.

d



TEST

D-149-A

11. Match the three types of taps on the right with their correct functions.

Used last to wit the thread to the bottom of
the hole (if necessary)

_b. Used to start the thread

c. Used after taper tap has cut the threads as
far as possible

12. Identify the following five types of micrometers.

a. b.

c.

gial.:144111

EfiiNOMMINOOMIMlaiShr0tg'

1. Bottoming

2. Plug

3. Taper
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TEST

e.

13. Identify three ways to extract a screw.

a.

C.

)



TEST

14. Identify three principal parts of a twist drill.

c.

a.

15. Name two shop tools used for measuring shaft speed.

a.

b.

16. Distinguish between correct and ilicorrect methods of using and maintaining basic
shop tools by placing an "X" beside the illustration of correct methods.

a.

c.

D-151-A
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-B.

k.

TEST

_J.

J.



TEST

m.

q r.

t

D53A
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TEST

_.u. _ v
17. Name three precautions for correct use of the hacksaw.

a.

b.

n.

18. Read the micrometer setting.

Answer

19. Read the vernier micrometer setting.

I0

t

0 20

][11[111

987654321

Answer
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TL ST

(NOTE: if the following activities have not been accomplished prier to the test, ask your
instructor when they should be completed.)

20. Demonstrate the ohl!ltv to:

a. Sharpen a twist drill. (Job Sheet #1)

b. Drill holes wi.h a drill press. (Job Sheet #2)

c. Sharpen a cold chisel. (Job Sheet #3)

d. Dress a grinding wheel. (Job Sheet #4)

e. Check a torque wrench for accuracy. (Job Sheet #5)

f. Tin a soldering gun. (Job Sheet #6)

g. Use a file. (Job Sheet #7)

h. Use the outside micrometer. (Job Sheet #8)

I. Use the vernier caliper to take inside, outside, and depth measurements. (Job
Sheet #9)

J. Use the depth micrometer. (Job Sheet #10)

k. Use a dial indicator. (Job Sheet #11)

I. Use a cylinder bore gauge. (Job Sheet #12)

m. Use the telescoping gauge. (Job Sheet #13)



BASIC SHOP TOOLS
UNIT II-A

ANSWERS TO TEST

t a. Common screwdriver
b. Flat file
c. Magnetic pick-up toot
d. Combination box and open-end wrench
e. Slip joint pliers
f. Flat cold chisel
g. Avist drill
h. Center punch
I. Ball peen hammer
J. Screw extractor
k. "C" clamp
I. Hacksaw
m. Tubing cutter
n. Feeler gauge
o. Soldering gun
p. Outside micrometer
q. Vise
r. Pressure gauge
s. Tachometer
t. Dial indicator
u. External puller
v. Spring tester
w. Multimeter

2. a. Common
b. Phillips head
c. Clutch head
d. Starting
e. Offset
f. Torx
g. Impact screwdriver

v. a. Ball peen
b. Soft face

4. a. Diagonal cutters
b. Side cutters
c. Slip Joint
d. Needle nose
e. Lock grip
f. Snap ring
g. Channel lock

D-157 -A



ANSWERS TO TEST

5. a. Open end
b. Adjustable
c. Box
d. Tubing
e. Hook spanner
f. Adjustable hook spanner
g. Sliding "T" handle
h. Extension
I. Socket
J. Ratchet handle
k. Flex handle
I. Universal joint
m. Torque
n. Pipe
o. Allen
p. Air impact wrench

6. a. Flat
b. Cape
c. Round nose
d. Diamond point

7. a. Starting
b. Pin
c. Center
d. Aligning

8. a. Single cut
b. Double cut
c. Rasp cut
d. Curved tooth

9. a. Emonal
b. Press
c. Internal
d. Hydraulic puller
e. Slide hammer

10. a. Wire
b. Standard
c. Bent
d. Stepped

11. a. 1

b. 3
c. 2



ANSWERS TO TEST

12. a. Depth
b. Outside
c. Inside
d. Vernier
e. Calipers

13. a. Diamond point chisel
b. Screw extractor
c. Stud puller

14. a. Shank
b. Flute
c. Cutting edge

15. a. Tachometer
b. Timing light (Stroboscope)

16. a, c, d, f, g, I, I, o, q, s, t, u

17. Any three of the following:
a. Teeth must point away from handle
b. Blade must be tightly stretched
c. Select blade with correct number of teeth per inch for material being cut
d. Use sufficient pressure on the forward Stroke
e. Use full length of blade on each stroke

18. 0.159

19. 0.4697

20. Performance skills evaluated to the satisfaction of the Instructor

1 ' I a )

D-159-A



TEST EQUIPMENT AND SERVICE TOOLS
UNIT Ili-A

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify test equipment and service
tools and match them to the correct functions. Competencies will be demonstrated by com-
pleting the job sheets and the unit tests with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to test equipment and service tools with the correct defini-
tions.

2. Distinguish between test equipment and service tools.

3. Identify types of test equipment.

4. Identify types of service tools.

5. Match test equipment with the correct functions,

6. Match service tools with the correct functions.

7. Demonstrate the ability to:

a. Check compression with a compression gauge. (Job Sheet #1)

b. Ccreck bearing clearance with Plastigage®. (Job Sheet #2)

lest radiator with radiator tester. (Jab Sheet #3)

d. Test a thermostat. (Job Sheet #4)

fr'

D-161-A
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TEST EQUIPMENT ANC' SERVICE TOOLS
UNIT IIIA

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information sheet.

E. Discuss information sheet.

F. Provide students with job meets.

G. Discuss and demonstrate the procedures outlined In the job sheets.

H. Integrate the following activities throughout the teaching of this unit:

1. Demonstrate the use of equipment.

2. Demonstrate the use of service tools.

3 Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Dagel, John F. Diesel Engine Repairs. New York: John Wiley and Sons, Inc., 1982.

B. Detroit Diesel Engines: Service Manual. Detroit, MI, 1985.

C. Fundamentals of Service: Engines. 5th ed. Moline, IL: Deere and Company, 1980.

D. Schulz, Erich J. Diesel Mechanics. 2nd ed. Dallas, TX: Gregg Division/McGraw-Hill Book
Company, 1983.



SUGGESTED SUPPLEMENTAL RESOURCES

1. Educational Materials
John Deere Distribution Service Center
Service Training, Dept. 333
1400 3rd Avenue
Moline, IL 61265
(309) 757-5903

2. Caterpillar Service Training Materials Catalog
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602

3. Mack Service Training Aids
Educational Communications, Inc.
Dept. M
761 Fifth Avenue
King of Prussia, PA 19406

(NOTE: Check with the local distributor in your community for more Information.)

1. How To Use Cooling Systems Diagnostic Tools Pressuring Pump
Video Tape 96, 13 minutes
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602

2. Valve Service: Seating and Assembly Procedure
1 filmstrip (33 frames)
leaching Aids incorporated
P.O. Box 1798
Costa Mesa, CA 92628-0798
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TEST EQUIPMENT AND SERVICE TOOLS
UNIT III.A

INFORMATION SHEET

I. .ins and definitions

A. Diagnose To recognize by signs or symptoms

B. Ream To enlarge or dress out a hole or bore

C. Thermocouple -- Two dissimilar wires Joined at one end and used to mea-
sure temperature differences

D. Troubleshooting The act of analyzing, testing, and measuring the engine
to remedy the cause of trouble

II. Function of test equipment and service tools

A. Test equipment To diagnose the engir

B. Service tools To repair the engine

III. Test equipment

A. Cylinder compresslun gauge
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INFORMATION SHEET

B. Cylinder bore gauge

C. Ring groove wear gauge

D. Piston pin bore gauges

Telescoping gauges

t

Small bore gauges



E. Plastigage®

INFORMATION SHEET

Graduated scale

Plastic thread

F. Valve spring tester

G. Manometer

Open to
atmosphere

(NOTE: Connecting tube could be
filled with mercury or water,

Connecting tube (clear plastic)

Intake manifold or
Intake air pipe or

to crankcase

D167-A
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INFORMATION SHEET

H. Injection nozzle tester (diesel)

Nozzle tester

I, Injection pump test stand

J. Thermostat tester

Injection nozzle

.4Thermometer

Thermostat

Electrical plug end



D-169A

INFORMATION SHEET

K. Radiator and cap tester

L. Multimeter

M. Battery hydrometer
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INFORMATION SHEET

N. Pyrometer

0. Dynamometer

IV. Service tools

A. Valve refacer

(Courtesy rf AW Dynamometer, Inc.)



INFORMATION SHEET

B. Valve seat grinder

C. Valve guide reamer

eelt---'011

.4 0
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D. Valve spring compressor
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INFORMATION SHEET

E. Cylinder liner puller-installer

F. Cylinder ridge reamer

G. Cylinder degiazer

Stone

Bead



INFORMATION SHEET

H. Piston ig co.npressor

Tapered sleeve

i. Piston ring expander

Band

I' 173-A
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J.

INFORMATION SHEET

Injection nozzle removal tools (diesel)

K. Injection nozzle cleaning kit (diesel)

L Valve seat remover

Positioning valve seat
Insert pullr

Exhaust valve Insert
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INFORMATION SHEET

M. Valve seat installer

Installing tool

Guide

Insert

N. Carbide valve seat cutter

Seat cutter

V. Test equipment and functions

A. Cylinder compression gauge Measures cylinder pressure

B. Cylinder bore gauge Checks the roundness or taper of a cylinder

C. Ring groove wear gauge Measures the amount of wear in the piston ring
grooves

D. Elston pin bore gauges Measure piston pin bore for precision fit

E. Plastigageo Determines engine bearing clearance

F. Valve spring tester Checks the strength of valve springs

G. Injector nozzle tester Checks the condition of needle valve and seat,
spray pattern, cracking pressure of nozzle, leak off through nozzle, and noz-
zle valve lift
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INFORMATION SHEET

H. Injection pump test stand TE, As and checks calibration of diesel fuel
injection pump

(NOTE: An injection pump tester tests leakage, vacuum, pressure, and
delivery used to make idle and torque control adjustments.)

I. Dynamometer Applies a load to engine to measure engine horsepower
and fuel consumption

J. Manometer Checks very low pressures and vacuum

K. Battery hydrometer Checks the specific gravity of a battery

L. Thermostat tester Checks the temperature at which the thermostat
starts to open

M. Radiator and cap tester Checks the radiator and cap for leaks and cor-
rect opening pressure

N. Pyrometer instrument for measuring high temperatures beyond the
range of a mercurial thermometer

0. Multimeter A tester that combines voltmeter, ampmeter and ohmmeter
into one unit

(NOTE: The voltmeter on some units can check AC and DC volts.)

VI. Service tools and functions

A. Valve refacer Grinds an exact angle on the face of a valve

B. Valve seat grinder Used to reseat vals es with both rough and finishing
grinding stones

C. Valve spring compressor Compresses the spring when removing or
installing the valve

D. Valve guide reamer Removes small amount of metal from valve guides,
so a valve guide Insert can be installed

(NOTE: A valve guide reamer is ideal for cleaning carbon from used guides.)

E. Cylinder liner puller-installer Hydraulic or manual tool used to remove or
install cylinder liners

F. Cylinder ridge reamer Removes the ring ridges found at the top of a cylin-
der or liner

to
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INFORMATION SHEET

G. Cylinder deglazer Used to deglaze and finish the cylinder or cylinder liner
bore

(NOTE: Stone, pad, and brush types of cylinder deglazers are available.)

H. Piston ring expander Used to remove or install piston rings without dam-
age

I. Piston ring compressor Used to compress the piston rings when install-
ing pistons into the cylinder

J. Injection nc mle removal tools Removal and installation kit for some
Injection nozzles

(NOTE: A typical kit includes hose clamp pliers, nozzle puller, bore cleaning
tool, and a guide.)

K. Injection nozzle cleaning kit Kit of tools designed to service one particu-
lar make of nozzle

(NOTE: Kits usually include cleaning wires, brushes, drills, and lapping
compounds.)

L. Carbide valve seat cutter Tool used to cut new angles, or dress up valve
seat

M. Valve seat remover Tool used to remove valve seat inserts from the cylin-
der head

N. Valve seat installer Tool used to install valve scat inserts in the cylinder
head



TEST EQUIPMENT AND SERVICE TOOLS
UNIT III-A

JOB SHEET #1 - CHECK COMPRESSION WITH A CYLINDER
COMPRESSION GAUGE

A. Tools and materials

1. Safety glasses

2. Clean shop towels

3. Appropriate hand tools

4. Cylinder compression gauge

5. Compression adapter for engine to be tested

6. Shop engine that can be operated

7. Service manual for engine to be tested

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Put on safety glasses.

2. Start engine and bring the engine up to operating temperature.

3. Shut engine off.

4. Remove the injection line and the injector from the first cylinder to be tested.

5. Clean the injector bore or sleeve with the recommended tool.

(CAUTION: Keep as much foreign material from going Into cylinder as possible.)

6. Crank the engine a few revolutions to blow out the carbon.

(NOTE: Put the engine in the no-fuel position while cranking to prevent engine
from starting.)

Obtain instructor's initials here before proceeding to next step.

7. Place a new gasket In the bore (if used).

8. Put manufacturer's specification for correct torque of injector Into cylinder head
here

190
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JOB SHEET #1

9. Install and tighten the correct adapter into cylinder head.

10. Install compressien gauge to the adapter as shown. (Figure 1)

FIGURE 1

Original threaded
adapter plate with
sides ground off
to clear bosses

Vent button

Adapter

Compretision gauge

(Courtesy of J.I. Case Co., Components Division)

11. Put manufacturer's specifications for amount of compression of the engine
being tested here

12. Operate the engine at recommended speed until the compression gauge stabi-
lizes.

13. Read and compare the compression pressure with the specification shown in
your service manual.

14. Record the pressure from the engine are

Obtain Instructor's initials here before proceeding to next step.

15. Remove compression gauge and adapter from engine.

16. Install injector and injection line.

17. Check the remaining cylinder as outlined above.



oir TEST EQUIPMENT AND SERVICE TOOLS
UNIT 11141

JOB SHEET #2 - CHECK BEARING CLEARANCE WITH PLASTIGAGE®

A. Tools and materials

1. Safety glasses

2. Clean shop towels

3. Appropriate hand tools

4. Torque wrench

5. Strip of Plastigage®

6. Shop engine block with crankshaft (not installed)

7. Service manual for engine to be worked on

8. Air hose

9. Air blow gun

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Put ,Rfety glasses on.

2. Place engine to be worked on upside down (with crankcase up) on engine stand
or. blocks.

3. Remove main bearing caps from engine block.

(NOTE: If caps are not numbered, mark caps and side of engine block for proper
replacement.)

Obtain instructor's initials here before proceeding to next step.

4. Place main bearing caps on work bench In order of removal.

5. Blow out crankcase and oil hole passages with a blow gun.

6. Clean main bearing saddles and caps with a clean shop towel.

7. Clean main bearing shells of any dirt or lubricant.

8. Check service manual for correct sequence for Installing main bearing Into block
and caps.

(NOTE: Check thrust bearing location.)

102
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JOB SHEET #2

9. Install main bearing shells Into engine block and caps, and thrust bearing in cor
rect location. (Figure 1)

FIGURE 1

Rear bearing cap

Lower bearing

Lower thrust washers

Upper bearing

Upper thrust washers

10. Clean crankshaft with compressed air and a clean shop towel.

11. Install crankshaft into engine block as outlined in service manual.

(NOTE: Clean crankshaft and Journals.)

12. Look In service manual for torque specification, and write the amount of torque
for main bearings here

13. Torque all main bearing caps to specification in sequence.

14. Check crankshaft for freeness after torquing.

Obtain instructor's initials here before proceeding to next step.

15. Look in service manual for bearing clearance specification and record here

16. Remove only one main bearing cap.

17. Placa a suitable length of Piastigagee across the bearing surface.

18. Install main bearing cap and torque to specifications.

19. Remove the same main bearing cap that was torqued into place in step 18.
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JOB SHEET #2

20. Measure the flattened Plastigage® with the scale on the original Plastigage®
envelope. (Figure 2)

FIGURE 2

Plastigage® strip

21. Record measurement here

22. Compare your measurements with specification.

Obtair lnPtructor's initials here before proceeding to next step.

23. Remove Plastigage® from bearing.

(CAUTION: Do not damage bearing surface when removing Plastlgageo.)

24. Clean bearing and crankshaft journal again.

25. Lubricate bearing shell ano crankshaft journal.

26. Install main bearing cap onto engine block.

27. Torque to specification in sequence.

28. Check crankshaft for freeness at this point.

29. Measure remaining main bearings in the method mentioned above.

Obtain instructor's initials here before proceeding to next

194
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TEST EQUIPMENT AND SERVICE TOOLS
UNIT 1114

JOB SHEET #3 - TEST RADIATOR WITH A RADIATOR TESTER

A. Tools and materials

1. Safety glasses

2. Clean shop towels

3. Radiator and cap tester

4. Shop equipment with a radiator

B. Procedure

(CAUTION: Follow all shop safety precautions.)

1. Put safety glasses on.

2. Fill radiator with coolant.

3. Install radiator tester onto radiator. (Figure 1)

FIGURE 1



1'36

JOB SHEET #3

4. Check service manual for coolant operating pressure before proceeding.

5. Pressurize the system about 10 percent over normal operating pressure.

(CAUTION: Take care not to overpressurize the system.)

(NOTE: Excessive pressure can swell the radiator corn tubes, which would
restrict airflow through radiator.)

6. Check the radiator for any leaks.

7. Mark the holes or area of the leak with chalk.

8. If radiator is attached to a piece of equipment, check the rest of the cooling sys-
tem for leaks.

9. Relieve pressure from the radiator.

10. Remove radiator tester from radiator.

Obtain instructor's initials here



TEST EQUIPMENT AND SERVICE TOOLS
UNIT IIIA

JOB SHEET #4 TEST A THERMOSTAT

A. Tools and materials

1. Safety glasses

2. Clean shop towels

3. Container for water

4. Hot plate

5. Thermometer

6. Thermostat

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Put safety glasses on.

2. Place container of water onto hot plate.

3. Turn hot plate on.

4. Place the thermometer into the container.

(NOTE: Do not allow thermometer to touch bottom of container or a false rear Ong
will result.)

5. Tie a piece of string onto the thermostat.

D-187A
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JOB SHEET #4

6. Suspend the thermostat in the water. (Figure 1)

FIGURE 1

Thoi mostat

Thermometer

7. Stir the water to maintain an even temperature throughout the container:

8. Watch thermometer closely.

9. Watch the thermostat.

10. Check temperature at which the thermostat starts to open, and record tempera-
ture here

11. Check temperature at which the thermostat is fully open, and record temperature
here

12. Check service specification for correct operating temperatures and record them
here

(NOTE: If thermostat is bad, replace it. If the thermostat is good, follow service
manual procedure for cleaning and install.)

13. Put all materials away after they have cooled off.

Obtain instructor's initials here

410



TEST EQUIPMENT AND SERVICE TOOLS
UNIT III-A

JOB SHEET #1

STUDENT'' "lAME

EVALUATOR'S NAME

PRACTICAL TEST
- CHECK COMPRESSION WITH A CYLINDER

COMPRESSION GAUGE

DATE

ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instalctor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Put on safety glasses.
3. Brought engine to operating temperature.
4. Shut engine down.
5. Removed injector.
6. Cleaned injector bore.
7. Cleaned carbon out of cylinder.
8. Recorded manufacturer's specifications.
9. Installed adapter.

10. Installed compression gauge.
11. Recorded manufacturjr's specification for compression.
12. Operated engine to recommended speed.
13. Read and compared pressure.
14. Recorded pressure reading.
15. Removed gauge and adapter.
16. Installed injector and lines.
17. Checked remaining cylinder.
18. Checked in/put away tools and materials.
19. Cleaned the work area.
20. Used proper tools correctly.
21. Performed steps in a timely manner (_hrs. _min. _sec.)
22. Practiced safety rules throughout procedure.
23. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See pertormance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product mist be submitted for evaluation.)

Criteria:

4

Any cylinder low on com-
pression was located.

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar, with process, but Is unable to perform job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



TEST EQUIPMENT AND SERVICE TOOLS
UNIT IIIA

41)

PRACTICAL TEST
JOB SHEET #2 - CHECK BEARING CLEARANCE WITH PLASTIGAGE®

STUDENT'S NAME

EVALUATOR'S NAME

DATE

ATTEMPT NO. __
Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety glasses.
3. Removed main bearing caps.
4. Cleaned block and crankcase.
5. Cleaned bearing shells.
6. Installed main bearings.
7. Installed crankshaft.
8. Checked service manual for torque.
9. Torqued all main bearing caps.

10. Removed one cap.
11. Installed Plastigage®.
12. Installed cap and torqued.
13. Removed cap.
14. Took Plastigage® measurement.
15. Lubricate.1 and replaced cap.
16. Retorqued ,%gr to specification.
17. Checked clearance on remaining bearings.
18. Checked in/put away tools and mateilais.
19. Cleaned the work area.
20. Used proper tools correctly.
21. Performed steps in a timely manner ( hrs. _min. _sec.)
22. Practiced safety rules throughout procedure.
23. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

ml
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) if the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Bearing clearances are
within specifications.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATIGN KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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TEST EQUIPMENT AND SERVICE TOOLS
UNIT IIIA

PRACTICAL TEST
JOB SHEET #3 - TEST RADIATOR WITH A RADIATOR TESTER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. if the student Is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety glasses.
3. Filled radiator.

119
4. Installed radiator tester.
5. Pressurized radiator.
6. Checked for leaks.
7. Marked leak. 11Ma
8. Removed radiator teeter.
9. Checked inlput away tools and materials.

1
10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner (__hrs.
13. Practiced Safety rules throughout procedure.
14. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

20 )
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria bycircling the appropriate num
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Leaks in radiator were
found.

EVALUATOR'S COMMENTS:

1111

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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TEST EQUIPMENT AND SERVICE TOOLS
UNIT 111

PRACTICAL TEST
JOB SHEET #4 - TEST A THERMOSTAT

STUDENT'S NAME DATE

EVALUK:OR'S NAME ATTEMPT NO._
Instructions: When you are ready to perform this task. ask your instructor tc observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yea" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student Is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials. .11
2. Used safety glasses.
3. Put container of water on hot plate.
4. Turned hot plate on.
5. Put thermometer In water.
6. Suspended thermostat in water.
7. Recorded opening temperature.

Iiimmo

8. Recorded fully open temperature.
611.111

9. Checked temperatures with service manual specification.
10. Checked in/put away tools and materials.

,1111.

11. Cleaned the work area.
.11!

12. Used proper tools correctly.
13. Performed steps In a timely manner (_hrs. sec.)
14.

_min.
Practiced safety rules throughout procedure.

MIMINIMIMMI.I..11111MMI

15. Provided satisfactory responses to questions asked.
N.1101.

EVALUATOR'S COMMENTS:

20_
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student chi the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" fcr mastery to be demonstrated. (See perfurnunJe
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

3

Thermostat is reuseable
or faulty.

1

...=1.111!111

EVALUATOR'S COMMENTS:

IIIIMIN11.0011111111114111

PERFORMANCE EVALUATION KEY
1 ......1NenlyerMaNI Ma*

Ilimmarsamear

011*
4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform Job.

61..104.111111tay.../.1ffaSediefrummlem011ileymmialArms. Oill

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points In "Product Evaluation" and divide by the total number of criteria.)



NAME

TEST EQUIPMENT AND SERVICE TOOLS
UNIT 1114

TEST

SCORE__

1. Match the terms related to test equipment and service tools with the correct definitions.

a. The act of analyzing, testing, and measuring 1. Diagnose
the engine to remedy the cause of trouble

2. Ream
______b. To enlarge or dress out a hole or bore

3. Thermocouple
_____c. To recognize by signs or symptoms

4. Troubleshooting
d. Two dissimilar wires Joined at one end, and

used to measure temperature differences

2. Distinguish between test equipment and service tools by placing an "X" beside the
function of test equipment.

_ _a. To diagnose the engine

_b. To repair the engine

3. Identify the types of test equipment.

a. b

207
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c.

TEST

f.

2.

M11.
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4. Identify the types of service tools.

a.

TEST

b.

c. d.

2 .1' i.
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TEST

5. Match the test equipment on the right with the correct functions.

Measures cylinder pressure

b. Checks the roundness or taper of a cylinder

c. Measures the amount of wear in the piston
ring grooves

d. Measure piston pin bore for precision fit

e. Determines engine bearing clearance

f. Checks the strength of valve springs

Checks the condition of needle valve and
seat, spray pattern, cracking pressure of
nozzle, leak off through nozzle, and nozzle
valve lift

A tester that combines voltmeter, ampmeter
and ohmmeter into one unit

i. Applies a load to engine to measure engine
horsepower and fuel consumption

J. Checks very low pressures and vacuum

_lc Checks the specific gravity of a battery

_J. Checks the temperature at which the ther-
mostat starts to open

_m. Checks the radiator and cap for leaks and
correct opening pressure

Instrument for measuring temperatures
beyond the range of a mercurial thermome-
ter

o. Tests cnd checks calibration of diesel fuel
injection pump

2

1. Battery hydrometer

2. Cylinder bore gauge

3. Cylinder compression
gauge

4. Dynamometer

5. Injection nozzle tester

6. Injection pump test
stand

7. Manometer

8. Multimeter

9. Piston pin bore
gauges

10. Plastigage®

11. Pyrometer

12. Radiator and cap
tester

13. Ring groove wear
gauge

14. Thermostat tester

15. Valve spring tester



TEST

6, Match the service tools on the right with the correct functions.

a. Grinds an exact angle on the face of a valve

b. Used to reseat valves with both rough and
finishing grinding stoles

c. Compresses the spring when removing or
installing the valve

d. Removes small amount of metal from valve
guides, so a valve guide can 'oe installed

e. Tool used to move valve seat inserts from
cylinder head

f. Hydraulic or manual tool used to remove or
install cylinder liners

g. Removes the ring ridges found at the top of
a cylinder or liner

h. Used to degiaze and finish the cylinder or
cylinder liner bore

i. Used to remove or install piston rings with-
out damage

_j. Used to compress the piston rings when
installing pistons into the cylinder

_k. Removal and installation kit for some injec-
tion nozzles

I. Kit of tools designed to service one particu-
lar make of nozzle

_m. Tool used to cut new angles, or dress up
valve seat

1. Carbide valve seat
cutter

2. Cylinder deglazer

3. Cylinder liner puller-
installer

4. Cylinder ridge reamer

5. Injection nozzle clean-
ing kit

6. Injection nozzle
removal tools

7. Piston ring expander

8. Piston ring compres-
sor

9. Valve guide reamer

10. Valve refacer

11. Valve seat grinder

12. Valve seat installer

13. Valve seat remover

14. Valve spring compres-
sor

_n. Tool used to install valve seat !nserts in the
cylinder head

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

7. Demonstrate the ability to:

a. Check compression with a compression gauge. (Job Sheet #1)

b. Check bearing clearance with Plastigagee. (Job Sheet #2)

c. Test radiator with a radiator tester. (Job Sheet #3)

d. Test a thermostat. (Job Sheet #4)
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TEST EQUIPMENT AND SERVICE TOOLS
UNIT III-A

ANSWERS TO TEST

1. a. 4
b. 2
c. 1

d. 3

2. a

3. a. Cylinder compression gauge
b. Cylinder bore gauge
c. (ling groove wear gauge
d. Piston pin bore gauges
e. Plastigage®
f. Valve spring tester
g. injection nozzle tester
h. Injection pump test stand
I. Dynamometer
J. Battery hydrometer
k. Manometer
I. Thermostat tester
m. Radiator and cap tester
n. Pyrometer
o. Multimeter

4. a. Valve refacer
b. Valve seat grinder
c. Valve spring compressor
d. Valve guide reamer
e. Cylinder liner puller-installer
f. Cylinder ridge reamer
g. Cylinder degiazer
h. Piston ring compressor
i. Piston ring expander
J. Injection nozzle removal tools
k. Injection nozzle cleaning kit
I. Valve seat remover
m. Valve seat installer
n. Carbide valve seat cutter

5. a. 3 f. 15 k. 1

b. 2 g. 5 1. 14
c. 13 h 8 m. 12
d. 9 1. 4 n. 11
e. 10 j. 7 o. 6
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ANSWERS TO TEST

6. a. 10 f. 3 k. 6
b. 11 g. 4 I. 5

c. 14 h. 2 m. 1

d. 9 I. 7 rt. 12

e. 13 j. 8

7. Performance skills evaluated to the satisfaction of the inctructor.

A



FASTENERS
UNIT IV-A

UNIT OBJECTIVE

After completion of this unit, the student should t>s able to identify typical fasteners, discuss
how bolts and threads are measured, and select quaiiiies of satisfactory fasteners. The stu-
dent should also be able to select methods used to remove seized nuts and select tools used
to restore threads. Competencies will be demonstrated by completing the assignment sheets,
Job sheets, and the unit tests with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to fasteners with the correct definitions.

2. Select qualities of satisfactory fasteners.

3. Identify typical fasteners.

4. Identify typical bolt head styles.

5. Identify bolt and thread measuring terms with their locations.

6. Select true statements concerning SAE grade and metric bolts and nuts.

7. Identify typical nuts.

8. Identify special purpose nuts with locking or self-locking features.

9. Select methods used to remove a seized nut.

10. Identify types of washers.
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OBJECTIVE SHEET

11. Select tools used to restore bolt threads.

12 Select tools used tc, restore Internal threads.

13. Identify devices for locking nuts or bolts.

14. Identify types of machine screw head designs.

15. Identify types of snap rings.

16. Match wrench with the correct size bolt (standard). (Assignment Sheet #1)

17. Match wrench with the correct size bolt (standard). (Assignment Sheet #2)

18. Measure bolt and threads. (Assignment Sheet #3)

19. Match wrench with the correct size bolt (metric). (Assignment Sheet #4)

20. Match wrench with the correct size bolt (metric). (Assignment Sheet #5)

21. Demonstrate the ability to:

a. Draw a twist drill to correct nPnter, srii extract a broken bolt, stud, or screw.
(Job Sheet #1)

b. Cut external threads. (Job Sheet #2)

c. Cut Interne! threads. (Job Sheet #3)

4.1



FASTENERS
UNIT 11/-A

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or Invite resource people to class to supplement/rein-
force information provided in this unit of Instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters Included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets and handouts.

F. Discuss Information, handouts, and assignment sheets.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with Job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

i. Integrate the following activities throughout the teaching of this unit:

1. Discuss the different grades of bolts with Handout #1 and Handout #2.

2. Discuss using the proper wrench with the 'Jorrect size bolt as outlined in Handout
#1 and Handout #2.

3. Show students the different sizes of bolts and nuts (standard and metric).

4. Have students size different threads (standard and metric).

5. Have a representative of a local distributor provide more information on fasteners.

6. Meet individually with students to evaluate their progress through this unit of
Instruction, and indicate to them possible areas for Improvement.

J. Give test.

K. Evaluate test.

L Reteach if necessary.

220
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REFERENCES USED IN DEVELOPING THIS UNIT

A. Fastener Facts. Dallas, TX: Bowman Distribution, 1985.

B. Identifying Metric Fasteners. East Peoria, IL Caterpillar Tractor Co., 1983.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Introduction to Fasteners and Introduction to Torque
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602

2. Fastener Products
Barnes Group Incorporated
850 East 72nd Street
Cleveland, OH 44103
(216) 3914200

B. Filmstrip

1. Fasteners 130 slides
Deere and Company
Distribution Service Center
1400 Third Avenue
Moline, IL 61265

2. Metrics for Auto Mechanics, 2 cassettes, 2 filmstrips
Teacher's Aids Incorporated
Box 1798
Costa Mesa, CA 92626-0798
(714) 548-9321
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FASTENERS
UNIT IV

INFORMATION SHEET

L Terms and definition

A. Bolt Metal rod or pin that has a head at one end, a screw thread at the
other end, and is secured by a nut; used for fastening objects together

B. Cap screw An externally threaded fastener which must be torqued by its
head into a tapped hole

C. Die Internally threaded screw cutting tool; used for forming external
screw threads

D. Fastener Device used to secure or hold together separate items

E. SAE Society of Automotive Engineers

F. Screw Pointed and headed cylindrical fastener that is threaded and
designed for insertion into material by rotating

G. Stud Steel rod with threads on both ends, to be screwed permanently
into a fixed part at one end and receive a nut on the exposed end

H. Tap Tool for forming an Internal screw thread

IL Qudities of satisfactory fasteners

A. Strength

B. Reusability

C. Easy to remove

D. Withstand vibration

E. Long lasting

F. Corrosion resistant

G. Temperature resistant

f*4... s rev

222
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INFORMATION SHEET

Ill. Typical fasteners

A. Hex head bolt

C. Stud

WERIIIENK

E. Cap screw

Isimmin»»)»h»

G. Socket head bolt

0191)»))»)))))»)

Ton( Spline

I. Rivet

10C;;

Allen

B. Wing nut

D. Woodruff key

F. Tapping screw

01111111 .111677*

H. Toothed lock washer

J. Bolt and nut

223
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INFORMATION SHEET

K. Cott), pin L. Square key

(4stmommts

M. Flat washer N. Plow bolt

0. Carriage bolt

--114)))))))))))))))))

Q. Lock washer

S. Lock pin

224

)7)))))»)»»o»

P. Castle nut

R. Adhesive (Locktight)

T. Snap ring

D215A
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INFORMATION SHEET

U. Machine screw

(0»»»»»»)

W. Spring lock pin

Y. Clevis pin

ozz

IV. Typical bolt head styles

A. Hex head

C. Square head cap screw

litimega

V. Set screw

0))))))))

X. Locking nut

B. Hex socket head (alien)

D. Plow

011)))))»»)»»»»»



E. 12-Point Head

INFORMATION SHEET

F. Askew head

04»»)»»)

G. Carriage

atwo»»))»m»))

I. Torx

V. Measuring bolts and threads (Transparency 1)

H. Hex flange screw

J. Spline

A. Size of bolt is determined by measuring the diameter of the thread end.

111111NO
T
Bolt Size

D-217-A

B. Length of bolt is determined by measuring the distance from bottom of the
head to the end of the threads.

k Bolt Length

(NOTE: Some carriage bolts with round, flat, tapered heads am measured
from the top of the head to the end of the threads.)

226
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INFORMATION SHEET

C. Number of threads per inch is determined by measuring with a ruler or a
thread gauge.

1'111111\111111111111111

IM$111N11

0101
Thread Gauge

(NCTE: American National Standards established the unified screw thread
standard. Coarse threads are U.S. standard and fine threads are S.A.E.
threads.)

VI. SAE grade and metric bolts and nuts (Transparency 2)

A. SAE grade and metric bolts are identified by markings on the heads of the
bolt.

B. SAE grade bolts use slashes for identification.

Example: Grade 1 and 2 No slashes
Grade 5 Three slashes
Grade 7 Five slashes
Grade 8 Six slashes

C. Metric bolts use numbers for identification which correspond to bolt
strength; increasing numbers represent increasing strength.

Grade Markings for Steel Bolts and Screws
Inch-type strength ;rides are shown The numbers before the decimal point The numbers after the decimal point isIS radial /kw. *,N flltlfivtYP prop Indicate ultimate tensile stren9th, a mho of yield strength to ultimatetidy classes are indicated by multipie

tensile strsugth (W% and 90% in thenumerals such as 8.8, 9.8, etc.
chart).

Meth-type

Material
Tensile Strength

Itarttrie.lype

SAS
Grads atarklay Seep let:ellen

Yield
Iltningth
min, Mf la

PrePfti
Clemmin, psi min. Mew

SAE Grade 0 Steel
SAE Grads 1 Low Carbon Steel 55,000
SAE Grade 2 Low Carbon Steel 69,000"

SAE,. Grade 5 Median Carbon Steel,
Quenched and Tempernd 120,000" 830ill

SAE Grade 7 Medium Carbon Steel,
Quenched and Tempered 133,000 900 720

.,.., I / i
/ s.

440,1
SAE Grads 8 Medium Carbon Sleet

Quenched and Tempered 150,000 1040 940 .- -)

11, ',t ,.. 4

Albs Shoel.
Quenched and Tempered 180,000 1220 1100

,el
misfahcal

Smal axe both Loge( bole may any bar law (Courtesy of Caterpillar, Inc.)



INFORMATION SHEET

D. Nuts are also graded so they may be mated with the same grade of fas-
tener.

sg
Grade Grade Wade

2 5 8

14' L:41 nO1(!)
Grads Grade Grade

5 8 5

Bowmalloye Grade
5

Grade

Grad,'
a

(Courtesy of Bowman Distribution, Barnes Group Inc.)

VII. Typical nuts

A. Acorn

C. Spring

E. Hex

G. Lock

B. Castle

D. Wing

F. Flanged

H. Slotted

D-219-A
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I. W d

K. Specialty

M. Single thread

INFORMATION SHEET

J. Panel

L. Serrated

VIII. Special purpose nuts with locking or selflocking features

A. Prevailing torque lock

C. Jam

E. Slotted

B. Plastic insert lock

D. Castle

Nylon insert

F. Wing

22S



INFORMATION SHEET

G. Speed

I. Chamfered (both sides)

K. Flange-lock

IX. Methods used to remove a seized nut

A. Penetrating oll

Seized Threads

Penetrating Oil

H. Anchor

J. Cap

L. Pal

B. Hacksaw

rs

D-221-A



INFORMATION WEE!

C. Nut-splitter D. Chisel

E. Acetylene torch

Seized Threads

Acetylene Torch for Heat
Apply to Nut OnlyUse Carefully!

X. Types of washers

A. Flat

F. Anti -seize compound

B. Lock

Loose Tight (Washer Grips)



INFORMATION SHEET

External toothed lock D. Internal toothed lock

E. Countersunk external toothed

G. Spring

XI. Tools used to restore bolt threads

A. Rethreading tool

F. Wave (spring)

B. Thread file

f 00000000000000 IM1111111=1

D223-A
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INFORMATION SHEET

C. Rethreading die

Ott
zir

XII. Tools to restore internal threads

A. Internal thread chaser

'10hhAPIO

1.

XIII. Devices for locking nuts or bolts

A. Cotter Om

Cotter Pin

B. Hand tap

floilli111111111,1

DoubleHead Cotter Pin In Use

Castle Nut Slotted Nut

Correct: Bend Prongs

Cotter Pin Prongs Properly Bent Around
Castle Nut and a Slotted Nut

233



INFORMATION SHEET

B. Lock wire

D. Lock ears

Lock Ears Properly Bent Into Place

F. Staking nut

Stake Here

C. Flat metal locks

234

Flat Metal Locks Hold Flywheel
Bolts In Plene

E. Lock tight

0-225-A



INFORMATION SHEET

XIV. Types of machine screw head designs

A. Round

C. Truss

E. Oval

G. Flat

I. Hex slotted

B. Minster

D. Pan

235

F. Cross recessed or phillips

H. Clutch

Torx



XV. Types of snap sings

A. External hole

P. Internal hole

C. Lock ring

INFORMATION SHEET

231, ,.

D-227-A
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INFORMATION SHEET

D. Spiro lox ring

E. Internal prong

F. External

Snap Ring

(NOTE: Most snap rings have a flat side and a round side. The rule for
installing a snap ring Is to put round side to the load.)

237



How to Measure Bolts and Threads

Bolt Length

Fine Thread

Measuring Threads Per Inch

Bolt Size

Length Length Length

L111111110111111

Coarse Thread

238

12.4111111111111M

Ruler

Thread Gauge



Head Marking Chart

Grade
Marking Specification Material

Nominal
Size,

Dia. In.

Proof Load
PSI

(MPa)

Tensile
Strength
Min. PSI
(MPa)

-0 SAE

Grade 1
Low carbon steel 1/4 thru 11/2 33,000 60,000

SAE

Grade 2
Low carbon steel 1/4 thru 3/4

over 3/4 to 11/2
55,000
33,000

74,000
60,000

5.8

Property
Class 5.8

Low or medium carbon
steel M5 thru M24

55,100
(380)

75,400
(520)

...

411 SAE

Grade 5
Medium carbon steel,
quenched & tempered

1/4 thru 1
over 1 to 11/2

85,000
74,000

120,000
105,000

.

8.8

Property
Class 8.8

Medium carbon steel,
quenched & tempered thru M36

87,000
(600)

120,350
(830)

9.8

Property
Class 9.8

Medium carbon steel,
quenched & tempered

M1.6 th(u M16
94,250
(650)

130,500
(900)

0 SAE --
Grade 7

Medium carbon alloy
steel, quenched &

tempered, roll threaded
after heat treatment

1/4 thru 11/2 105,000 133,000

1//,
SAE

Grade 82

Low carbon boron
martensite steel, fully

killed, fine grain,
quenched & tempered

1/4 thru 1 120,000 150,000

10.9

Property
Clar 10.9

Medium carbon alloy
steel, quenched &

tempered
M6 thru M36

120,350
(830)

150,800
(1040)

ia9
Property

Class 12.9

Medium carbon alloy
steel, quenched &

tempered
M1.6 thru M36

140,650
(970)

176,900
(1220)

*Manufacturer's identification symbols are required per SAE (per ANSI on metric products)

(Courtesy of Bowman Distribution, Barnes Group Inc.)

239
'444% 0**Y UI i

D-231-A

TM 2



FASTENERS
UNIT 11/..A

HANDOUT #1 - TORQUE SPECIFICATION FOR BOLTS
AND CORRECT (STANDARD) WRENCH SIZE

Elywamsa,.......

CAPSCREW MARKINGS AND TORQUE
(Standard)

Minimum Tensa Strength 64,000 psI 105,000 psi 133,000 psI

Quality of Material Indeterminate

SAE Grade Number 1 or 2

150,000 psi

Minimum Commercial Medium Commercial Best Commercial

5 6 8

Bolt Head Markings

Manufacturer's marks may

vary. These are all SAE

Grade 5 (3- line).

Bolt Body Size

(Inches)
Torque

(Foot pounds)
Torque

(Foot pounds)
Torque

(Foot pounds)
Torque

(Foot pounds)

1/4 5 7 10 10.5

oho 9 14 19 22

318 15 25 34 37

7/ie 24 40 55 60
1/2 37 60 85 92

91le 53 88 120 132

% 74 120 167 180

V4 120 200 280 296

7/8 190 302 440 473

1 282 466 660 714

BOLT SIZE (DIA.)

1/4"

5/ie"
318"

7/18"

1/2"

9/16"

Ns"
11/is"

3/4"

7/a"

1"

240

WRENCH SIZE

7/10"

1/2"

sli e"

5/13 or 11/10"

3/4".

13/ie or 7/8"
15/le

1 or 11/ie"
11/8"

1'14"
11/2ff

D-23314



FASTENERS
UNIT IV-A

HANDOUT #2 - TORQUE SPECIFICATION FOR BOLTS
AND CORRECT (METRIC) WRENCH SIZE

CAPSCREW MARKINGS AND TORQUE
(Metric)

MMa=

Quality of
Material

Tensile

Strength

Property

Class

Bolt

Lead

Markings

Medium Carbon
Steel

Medium Carbon
Steel Tempered

Medium Carbon
Steel Tempered

Medium Carbon
Steel Alloy

Medium Carbon

Steel Alloy

75,400 120,350 130,500 150,800 176,900
(520) (830) (900) (1040) (1220)

5,8 8,8 9.8 10.9 12.9

Bolt Body Size

(millimeters)

M4

M5

M6

MB

M10

M12

M14

M16

M20

M24

M30

Torque

(Foot Pounds)
Torque

(Foot Pounds)

Torque

(Foot Pounds)

Torque

(Foot Pounds)

Torque

(Foot Pounds)

N/A 2 2.5 3,5 4

N/A 4,5 6 6.5 9

6 8 9 11 15

i3 19 21 27 37

33 39 42 53 73

60 67 73 92 127

95 107 116 148 203

150 167 181 230 316

300 325 352 449 617

525 562 609 775 1066

1075 1117 1210 1540 2188

Bolt Size (dla. In millimeters) Wrench Size (millimeters)

6 10
7 11
8 13
10 17
12 19
14 22
16 24

24.1
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NAME

FASTENERS
UNIT IVA

ASSIGNMENT SHEET #1 - MATCH THE WRENCH WITH THE
CORRECT SIZE BOLT (STANDARD)

SCORE

Directions: Use Handout #1 and match the wrenches on the right with the correct bolt size.

Bolt size (dia.)

a._b
c.

1/4"

5/ie"

Ns"

Wrench size

1. 111"
2. 3/4"

3. 13/4e or 7/8"_

d. 7/113" 4. 11/8"_e. 1/2" 5. % or "tie"
f. 9/16" 6. 9/1e"

9. Ns" 7. 1/2"
h. "he" 8. 11/4"
i. 3/4" 9. 7119"

10. 1 or 11/16"

k 1" 11. 15/1e"
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FASTENERS
UNIT IlfA

ASSIGNMENT SHEET #2 - MATCH THE WRENCH WITH THE
CORRECT SI7F. BOLT (STANDARD)

NAME_ SCORE

Directions: Without the use of Handout #1, match the wrenches on the right with the correct
bolt size.

Bolt size (dia.) Wrench size

a 1/2" 1. 7/16"
b. 9116" 2. 1/2"
c. 7/16" 3. Me"

7/e" 4. 5/s or 11/16"

3/8" 5. 3 /4"

f. "he" 6. 13/be or 7/a"

g. 5/ien 7. 15/1e
h. 1" 8. 1 or 'he"_1 1/4" 9. 11/6"

Ns" 10. 11/4"
3/4" 11. 11/2"

243



FASTENERS
UNIT IVA

ASSIGNMENT SHEET #3 - MEASURE BOLT AND THREADS
(STANDARD)

NAME SCORE

Directions: Have your instructor give you a standard bolt and measure the length, bolt diame-
ter, threads per inch, and give the grade and torque specifications for that bolt.

Your measurements:

a. Length

b. Bolt diameter .

c. Threads per inch

d. Grade of bolt

e. Torque specification

Hand in complete assignment to your instructor.

244
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NAME

FASTENERS
UNIT IV-A

ASSIGNMENT SHEET #4 - MATCH THE WRENCH WITH THE
CORRECT SIZE BOLT (METRIC)

SCORE

D-2431

Directions: Use Handout #2 and match the wrenches on the right with the correct bolt size.

Bolt size (dia.)

_a. 6

Metric Metric
Wrench size

1.22
__b. 7 2. 17

c. 8 3. 24
d. 10 4. 10
e. 12 5. 13
f. 14 6. 19
9. 16 7. 11

245
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D-245-A

FASTENERS
UNIT IV-A

ASSIGNMENT SHEET #5 - MATCH THE WRENCH WITH THE
CORRECT SIZE BOLT (METRIC)

SCORE

Directions: Without the use of Handout #2, match the wrenches on the right with the correct
bolt size.

Solt size (dia.)
Metric Metric

Wrench size

a. 12 1. 10
__b. 8 2. 11

c. 16 3. 13_d. 7 4. 17
e. 10 5. 19

6 6. 22
g. 14 7. 24

246



FASTENERS
UNIT 11/

Assignment Sheet #1

ANSWERS TO ASSIGNMENT SHEETS

a. 9 g. 11

b. 7 h. 10

c. 6 I. 4

d. 5 j. 8

e. 2 k. 1

f. 3

Assignment Sheet #2

a. 5 g. 2

b. 6 h. 11

c. 4 I. 1

d. 10 j. 7

e. 3 k. 9

f. 8

Assignment Sheet #3 Evaluated to the satisfaction of the instructor

Assignment Sheet #4

a. 4 e. 6

b.. 7 f. 1

c. 5 9. 3

d. 2

Assignment Sheet #5

a. 5 e. 4

b. 3 f. 1

c. 7 6

d. 2

247
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FASTENERS
UNIT IV-A

JOB SHEET #1 - DRAW A TWIST DRILL TO CORRECT CENTER,
AND EXTRACT A BROKEN BOLT, STUD, OR SCREW

A. Tools and materials

1. Safety glasses

2. Electric drill, 1/2" chuck

3. Twist drill

4. Center punch

5. Screw extractors

6. Ball peen hammer

7. Lubricating oil

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Make a center punch mark close to center of broken bolt.

2. Enlarge the center punch mark slightly with drill bit at slowest speed of electric
drill.

(NOTE: Use lubricating oil on bit while drilling.)

3. Remove before whole point of bit has entered the material.

4. Check to see if hole is at center of bolt; if not, proceed as follows.

5. Make a chisel cut on side to which the drill should be drawn. (Figure 1)

FIGURE 1
Chisel cut

Center punch marks

How to draw the drill back to correct center

248
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JOB SHEET #1

6. Make another punch mark for new center.

7. Repeat step 2 above.

8. After getting to center of bolt, enlarge the hole sufficiently to insert the extractor
tool (Figure 2)

FIGURE 2

(NOTE: Try to drill the hole over the total length of the bolt to reduce stress on the
threads.)

9. Select correct extractor (Figure 3)

FIGURE 3

Fine left-hand twist
Square

Coarse left -hand twist

249
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JOB SHEET #1

10. Tap the extractor lightly Into the drill hole. (Figure 4)
FIGURE 4

11. Turn extractor counterclockwise to remove the bolt, stud, or screw.
(NOTE: After bolt Is extracted, blow out bolt hole with compressed air.)

250



FASTENERS
UNIT 11/4

JOB SHEET #2 - CUT EXTERNAL THREADS

A. Tools and materials

1. Die

2. Die stock (handle)

3. Vise

4. Flat tile

5. Cutting oil

6. Rod or stock to be threaded

7. Shop towel

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Place rod on vise. (Figure 1)

FIGURE 1

2. Chamfer end of rod with file. (To chamfer means to form an end that is cut away
at an angle.)

3. Lubricate end of, rod with cutting oil.

4. Place die in die stock and secure.

251
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JOB SHEET #2

5. Place die on top of rod with tapered side facing down.

6. Start die straight on the rod.

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

FIGURE 2

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

9. Check die often for squareness.

10. Turn the die one turn clockwise and then one quarter to one half of a turn coun-
terclockwise to break the chip.

11. Continue this procedure until the desired amount of threads have been cut.

12. Remove die by turning counterclockwise.

252



JOB SHEET #2

13. Hold onto the die stock firmly while removing it so as not to drop it when It
comes to the end of the threads.

14. Clean threads with a brush.

(CAUTION: Do not use compressed air for cleaning.)

1E' Clean tools and put them away.

.r
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FASTENERS
UNIT IVA

JOB SHEET #3 - CUT INTERNAL THREADS

A. Tools and materials

1. Tap

2. Tap wrench

3. Drill motor

4. Tap drill

5. Vme

6. Cutting oil

7. Stock to be drilled and threaded

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Place workplece In vise.

2. Drill hole to proper size.

254
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JOB SHEET #3

3. Use the charts below to select the proper tap drill.

(NOTE: On some taps the size of drill bit required will be stamped on the shank.)

Coarse Thread Dimensions
Unified and American National Coarse Series, UNC, NC

8110 of
Thread and

Threads
Per Inch

Major
Diameter

In
Inches

Pilch
Diameter

in
lathes

Minor Diameter
of External

Threads
in Inches

Commercial
Tap Drill
for About

75% Thread

Decimal
Equivalent
of Tap Drill
in Indies

5 x 40 0.1260 0.1088 0.0943 No. 38 0.1015
6 x 32 0.1380 0.1177 0.0997 No. 35 0.1065
8 x 32 0.1640 0.1437 0.1257 No. 29 0.1360

10 x 24 0.1100 0.1629 0.1389 No. 25 0.1496
12 x 24 0.2150 0.1889 0.1649 No. 18 0.1770

1/4 x 20 0.2500 0.2175 0.1887 No. 7 0.2010

5/16 x 18 0.3125 0.2764 0.2443 F 0.2570
31 x 16 0.3750 0.3344 0.2983 5/16 0.3125

7/16 x 14 0.4375 0.3911 0.3499 U 0.3680
1/2 x 13 0.6000 0.4600 0.4056 27/64 0.4219

9/16 x 12 0.5625 0.5084 5.4603 31/64 0.4844

5/8 x 11 0.6250 0.5660 0.5135 17/32 0.5312
3/4 x 10 0.7600 0.8850 0.6273 21/32 0.6562
7/5 a 9 0.8730 0.8025 0.7387 42/54 0.7655

1 x 8 1.0000 0.9183 0.8456 7/8 0.8750

Fine Thread Dimensions

Unified and American National Fine Series, UNF, NF

Size of
Thread and

Threads
Per Inch

Major
Diameter

in
Inches

Pitch
Diameter

in
Inches

Minor Diameter
of External

Threads
In Inches

Commercial
Tap Drill
for About

75% Thread

Decimal
Equivalent
of Tap Drill
in Inches

5 x 44 0.1250 0.1102 0.0971 No. 37 0.1040
6 x 40 0.1380 0.1215 0.1073 No. 33 0.1130
6 x 38 0.1640 .1 480 0.299 No. 29 0.1360

10 x 32 0.1900 0.1597 0.1517 No. 21 0.1590
12 x 28 0.2180 0.1928 0.1722 No. 14 0.1820

1/4 x 28 0.2500 0.2288 0.2082 No. 3 0.2130
-rh6 a 24 0.3125 0.2654 0.2614 I 0.2720

3/8 x 24 0.5750 0.3479 0.3239 0 0.3320
7/16 x 20 0.4375 0.4050 0.3762 25/64 0.3906

1/2 x 20 0.5000 0.4675 0.4387 29/64 0.4531
9/16 x 18 0.5825 0.5284 0.4943 33/64 0.51E3
5/8 x 18 0.6250 0.5889 0.5568 37/54 0.5781
3/4 x 16 0.7500 0.7094 0.6733 11/16 0.6875
7/8 x 14 0.8750 0.8286 0.7874 13/16 0.8125

1 x 14 1.0000 0.4538 0.8978 15/16 0.9375

4. Place tap in tap wrench.

5. Place tap in hole keeping the tap as straight as possible.

6. Apply cutting oil to tap.

2rr4.)
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JOB SHEET #3

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

FIGURE 1

8. Make two complete turns with tap.

9. Check to see that the tap is straight.

10. If tap is not straight, remove It and start again.

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

11. Tap the hole by turning the tap wrench clockwise one half of a turn then counter-
clockwise one quarter of a turn.

12. After the hole 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.)

13. Clean tools and put away.

Obtain instructor's Initials here



FASTENERS
UNIT 11/

D-261-A

PRACTICAL TEST
JOB SHEET #1 DRAW A TWIST DRILL TO CORRECT CENTER,

AND EXTRACT A BROKEN BOLT, STUD, OR SCREW

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step In this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Followed safety procedures.
3. Punched center of bolt.
4. Used correct drill speed.
5. Rechecked for center.
6. Drew back to center.
7. Drilled bolt deep enough.
8. Used correct screw extractor.
9. Extracted screw correctly.

10. checked in/put away tools and materials.
11. Cleaned the work Ilea.
12. Used proper tools correctly.
13. Performed steps in a timely manner (___hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

wM...=
.1011i.11410
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

3 2

Bolt was extracted with
no damage to the bolt
hole.

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no ldditional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: if n average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" ana divide by the total number of criteria.)

258

4)



0-263-A

FASTENERS
UNIT IV

PRACTICAL TEST
JOB SHEET #2 - CUT EXTERNAL THREADS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instill "dons: When you are ready to perform tills task, ask your instructor to observe the pro-
cedur 3 and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate ,vhether or
not the student has satisfactorily achieved each step in this procedure. If the student Is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety procedures.
3. Chamfered end of rod.
4. Lubricated with cutting oil.
5. Started die straight.
6. Checked die for squareness.
7. Cut thread to desired length.
8. Removed die.
9. Cleaned threads.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner (_hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

emmINIMINEWIal

2 17 9
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

3

Rod is properly threaded
and straight.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY1.
4 Skilled Can perform js:lb with no additional training.
3 Moderately skilled Hare performed job during training prcgram; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familia: with pincess, but is unable to perform job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

2ro



FASTENERS
UNIT IV-A

PRACTICAL TEST
JOB SHEET #3 - CUT INTERNAL THREADS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVA'_UATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether ur
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety procedures.
3. Drilled holes proper size.
4. Selected correct tap.
5. Started tap correctly.
6. Checked tap for straightness.
7. Removed tap correctly.
8. Checked in/put away tools and materials.
9. Cleaned thG work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner ( hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

261
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALI1ATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) It the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria: ....=1MOar

Threads In bore are
straight and clean.

IY/1

MIIAMII....1111

EVALUATOR'S COMMENTS:

GIIMMEMS

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is famiiiar with process, but Is unable to perform Job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

410
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FASTENERS
UNIT IV' -A

TEST

SCORE

1. Match the terms related to fasteners with the correct definitions.

a. Metal rod or pin that has a head at one end, 1. Bolt
a screw thread at the other end, and is
secured by a nut; used for fastening objects
togetner

2. Cap screw

3. Die
b. An externally threaded fastener which must

be torqued by Its head into a tapped hole 4. Fastener

c. Tool for forming an internal screw thread 5. SAE

6. Screw

7. Stud
e. Society of Automotive Engineers

8. Tap

d. Device used to secure or hold together sepa-
rate items

f. Pointed and headed c lindrical fastener that
is threaded and designed for insertion into
material by rotating

g Steel rod with threads on both ends, to be
screwed permanently into a fixes part at
one end and receive PI nut on the exposed
en0

_h. Internally threaded screw cutting tool; used
for for gyring external screw threads

2. Select qualities of satisfactory fasteners 1.4, placing an "X" next to the quality.

a. Easy to remove

b. Must be used with two washers

Strength

Temperature resistant

Threaded on both ends

f. Reusability

2(3
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TEST

3. Identify the typical fasteners.

a. b.

c.

e. f.

h.

1))))041)

2c4



k.

m.

0.

q.

TEST

illoR))))))))))))))))

8.

2 G

D269A

n.

P.
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r.

t.
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TEST

u. v.

)r

0 )

w. x.

CD=

4. Identify the typical bolt head styles.

a. b.

» » »

01 lionsu

2 U 6



TEST

e. t.

h.

J.

5. Identify bolt and thread measuring terms with the correct location.

2. Bolt length

Measuring thread per inch

_c. Bolt size

267
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TEST

6. Select true statements concerning SAE grade and metric bolts and nuts by placing an
"X" next to the statement(s) that are true.

a. SAE grade and metric bolts are identified by markings on the heads of the
bolt.

_b. Metric bolts use slashes for identification.

c. SAE grade bolts use lumbers for identification which correspond to bolt
strength; increasing numbers represent increasing strength.

Nuts are also graded so they may be mated with the same grade of fas-
tener.

7. !den iffy the typical nuts.

a.

c d.

e. f.

g. h.



I.

TEST

m.

8. Identify the special purpose nuts with locking or self-locking features.

a

c.

Cie

2C9

b.

d.
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TEST

h.

9. Select methods used to remove a seized nut by placing an "X" next to the method(s).

a. Hacksaw

_b. Chisel

c Acetylene torch

_d. Hot water

e Screwdriver

f. Penetrating oil

2'
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10. Identify types of washers.

a. b

c. c.

e.

g.

11. Select tools used to restore bolt threads by placing an "X" next to the tool(s).

Rethreading tap

b. Rethreading die

Rethreading tool

..._.d. Die stock

D-275-A



TEST

12. Select tools used to restore internal threads by placing an "X" beside the tool(s).

a. Threading die

b Chisel

_c. Hand tap

13. Identify four devices for locking nuts or bolts.

a. b.

d.

14. Identify the types of rnacti'ne screw head designs.

a b.

2



e.

g.

TEST

15. IJentify four types of snap rings.

d.

f.

D-277-A

a. b.
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c.

TEST

d.

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

16. Match wrench with the correct size bolt (standard). (Assignment Sheet #1)

17. Match wrench with the correct size bolt (standard). (Assignment Sheet #2)

18. Measure bolt and threads. (Assignment Sheet #3)

19. Match wrench with the correct size bolt (metric). (Assignment Sheet #4)

20. Match wrench with the correct size bolt (metric). (Assignment Sheet #5)

21. Demonstrate the ability to:

a. Draw a twist drill to correct center, and extract a broken bolt, stud, or screw. (Job
Sheet #1)

b. Cut external threads. (Job Sheet #2)

c. Cut internal threads. (Job Sheet #3)

2'



1.

2. a, c, d, f

a. 1 e. 5
b. 2 f. 6
c. 8 g. 7
d. 4 h. 3

3. a. Hex head bolt
b. Wing nut
c. Stud
d. Woodruff key
e. Cap screw
f. Socket head bolt
g. Tapping screw
h. Tooth lock washer
I. Rivet
I. Bolt and nut
k. Cotter pin
I. Square key
m. Fie washer
n. Plow bolt
o. Carriage bolt
p. Castle nut
q. Lock washer
r. Adhesive
s. Lock pin
t. Snap ring
u. Machine screw
v. Set screw
w. Spring lock pin
x. Locking nut
y. Clovis pin

FASTENERS
UNIT IVA

ANSWERS TO TEST

4. a. Hex head bolt
b. Hex socket head bolt
c. Plow bolt
d. Square head cap screw
e. 12-point head bolt
f. Askew head buit
g. Carriage bolt
h. Hex flange screw
I. Torx
I. Spline

5. a. 2
b. 3
C. 1

275
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ANSWERS TO TEST

6. a, d

7. a. Castle
b. Spring
c. Wing
d. Hex
e. Flanged
f. Lock
g. Acorn
h. Slotted
I. Weld
J. Panel
k. Serrated
I. Single thread
m. Specialty

8. a. Prevailing torque lock nut
b. Plastic Insert lock nut
c. Jam nut
d. Castle nut
e. Slotted nut
f. Wing nut
g. Speed nut
h. Anchor nut
i. Chamfered nut
). Cap nut
k. Flangelock nut
I. Pal nut

9. a, b, c, f

10. a. Flat washer
b. Lock washer
c. External toothed lock washer
d. Internal toothed lock washer
e. Countersunk external toothed washer
f. Wave type washer
g. Spring washer

11. b, c

12. c

13. a. Lock ears
b. Lock wire
c. Flat metal locks
d. Cotter pins



D-261-A

ANSWERS TO TEST

14. a. Round
b. Fillister
c. Truss
u. Pan
e. Oval
f. Flat
g. Cross recessed or phillips
h. Clutch
i. Hex slotted
J. Tom

15. a. Internal hole
b. External "E"
c. Internal prong
d. External hole

16.-20. Evaluated to the satisfaction of the instructor

21. Performance skills evaluated to the satisfaction cf the instructor
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BEARINGS
UNIT Ilmik

UNIT OBJECTIVE

After completion of this unit, the student should be able to name types of bearings and their
functions. The student should also be able to list factors Influencing the distribution of lubri-
cant to the bearings, list causes of bearing failure, and demonstrate correct procedures for
remo:si and installation of plain and anti-friction bearings. Competencies will be demon-
strated by completing the job sheets and the unit tests with a minimum of 85 percent.

VECIFIC OBJECTIVES

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

1. Match terms related to bearings with the correct definitions.

2. Select true statements °oncoming the functions of bearings.

3. Name two basic types of bearings.

4. Distinguish between axial and radial load forces on bearings.

5. Match types of bearings with the advantages and disadvantages of each type.

6. Match illustrations of plain bearings with the correct names.

7. List materials from which bearings may be constructed.

8. List factors Influencing the distribution of lubricant to the bearings.

9. Identify common methods of lubricauba bearings.

10. List causes of bearing failure in plain bearings.

278
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OBJECTIVE SHEET

11. Select true statements concerning reasons for bearing crush.

12. identify types of anti-friction bearings.

13. List conditions that determine the load carrying capacity of anti-friction bearings.

14. Match names of ball bearing races with ball bearings.

15. Match names of ball bearings with the design.

16. Match names with the correct type of roller bearing.

17. Identify types of needle bearings.

18. Select true statements concerning mountings for anti-friction bearings.

19. Select bearing maintenance tips.

20. Demonstrate the ability to:

a. Remove and install camshaft bearings (friction). (Job Sheet #1)

b. Remove and install an anti-friction bearing. (Job Sheet #2)

c. Check Detroit Diesel idler gear bearing pre-load, spring scale method. (Job
Sheet #3)

d. Clean and lubricate (pack) an anti-friction bearin( (Job Sheet #4)



BEARINGS
UNIT V.A

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters irluded with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Uso the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the Job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Discuss typical adjusting (preioading) devices for tapered roller bearings to
include slotted hex nut and cotter pin, lock nuts and torqued washer, shims, and
threaded cup follower.

2. Have students show the different layers in a split bearing.

3. Identify different types of bearPngs from a display.

4. Show film on application and/or Installation of bearings.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L Reteach if necessary.

gaming,.
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REFERENCES USED IN DEVELOPING THIS UNIT

A. Cumn ,s Shop Manual. Ct mmins Engine Company, Inc., Columbus, IN: 1981.

B. Dagel, John F. Diesel Engitle Repel,. New York: John Wiley and Sons, Inc., 1982.

C. Fundamentals of Service: Bearings and Seals. 3rd ed Moline, IL: Deere and Company,
1980.

D. Service Manual: Detroit Diesel Engine Series 92. Detroit, MI: Detroit Diesel Allison, 1985.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Diesel Mechanics, 2nd edition
Gregg/McGraw-HIII
Box 996
Norcross, GA 30091
(404) 449-1836

2. Oil and Your Engine
Caterpillar Tractor Company
Building JJ Service Training
600 W. Washington Street
East Peoria, IL 61630

B. Safety films

t Bearing. color, 19 min.
Lucerne Films, Inc.
211 Fig Street
Fairhope, C 1 36532
1 800 633-1858

2. Bearing and Seals 125 slides
John Deere Distribution Service Center
Service Training, Dept. 333
1400 3rd Avenue
Moline, IL 61265
(309) 757-5903

3. Main and Connecting Rod Bearings Worn Parts Evaluation. 65 slides and script
Caterpillar Tractor Co.
Building JJ Service Training
600 West Washington Street
East Peoria, IL 61630



BEARINGS
UNIT V-A

IV FORMATION SHEET

I. Terms and definitions

A. Anti-friction bearing Supporting surface for a wheel or shaft that pro-
vides a rolling contact between mating surfaces

B. Axial load A force directed endways or horizontal to the shaft

C. Babblt A soft metal used to line bearings (an ulloy of lead, tin, antimony,
and other metLis)

D. Bearing crush The distance that each half of the bearing extends beyond
the beetling seat bore, usually one or two thousandths of an inch

E. Friction Resistance to motion between two bodies in contact

E Plain bearin' Supportini surface for a wheel or shaft that provides a
sliding contact between the mating surfaces

(NOTE: Plain bearings are also called bushing.

G. Plastigage® Plastic thread which "crushes" to the exact clearance when
measuring bearing clearance

H. Preloading Adjustment of anti-friction bearing after being secured in the
mounting

I. Races 1Wo hardened steel rings

J. Radial load A force directed sideways or perpendicular to the shaft

II. Functions of bearings

A. Support the moving part

B. Reduce friction

C. Reduce wear

D. Provide a replaceable wear surface

2 r, 0
(j
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INFORMATION SHEET

III. Basic types of bearings

Roller Bearing

A. Friction (plain bearing)

Split Bearing

B. Anti-friction bearing

Needle Bearing

Plain Bearing

Ball Bearing

(Reproduced by permission of Deere & Company, 0 1887 Deere & Company. AD rights
reserved.)

IV. Load forces on bearings

A. Axial load forces are those forces directed endways or iorizontal to the
shaft.

(NOTE: Tirust bearings are used to support the endways force.)

Bearing

Shaft

Radial
Loads

114

Axial
Loads

Bearing

Lnad Furces Acting

On Bearings



INFORMATION SHEET

B. Radial load forces are ti,ose forces directed sideways or perpendiculEr to
the shaft.

Thrust
Load

Thrust Washers Used With

Radial-load-Type Bearings

Support

Shaft
mfr

/4

Radial/
Load

Thrust
Washers

1.1111

Bearing

Bevel
Gears

\ N\ Bearing

Radial
Load

Thrust
Load

V. Advantages and disadvantages of plain bearings and anti-friction bearings

A. Plain bearings (bushings)

1. Advantages

a. Require little space

b. Low in cost

c. Quiet operation

d. Rigid construction

2. Disadvantages

a. High friction operation

b. Require more frequent lubrication because they cannot be
packed

B. Anti-friction bearings

1. Advantages

a. Low friction operation

b. Can be packed to reduce frequency of lubrication

c. More versatile, many designs

2(7, 4
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INFORMATION SHEET

2. Disadvantages

a. Require more space

b. Noisier operatOn

c. Higher cost

d. Less rigidity

VI. Types of plain bearing;

A. Solid or sleeve

B. Split, rolled type

C. Thrust

D. Spilt with steel back lined with bronze or babbit

E. Split, constructed of wood, plastic, or rubber

F. Split, used for engine crankshaft

2 rsf35
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INFORMATION SHEET

G. Solid with fluted rubber structure

VII. Materials from which bearings may be constructed

A. Cast iron

B. Soft steel

C. Hard steel

D. Copper, brass, and bronze

E. Copper, lead

F. Babbit

G. Aluminum

H. Plastic

I. Rubber

VIII. Factors influencing the distribution of lubricant to the bearings

A. Oil grooves

B. Bearing clearance

C. Bearing surface compatibility

(NOTE: Bearing surface compatibility is determined by viscosity of the
lubricant, speed of shaft rotation, and smoothness of the mating surfaces.)

IX. Methods of lubricating bearings (Transparency 1)

A. Grease gun (hand or power)

B. Central grease (manifold)

(NOTE: One plunger lubricates several grease fittings.)

C. Circulating splash

D. Pressure feed

2
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INFORMATION SHEET

X. Causes of bearing failure in plain bearings

A. Dirt

B. Lack of lubrication and improper lubrication

I

'

C. Improper assembly

5

(Uourtesy of Caterpillar, Inc.)

(NOTE: Improper assembly may result in too little or too much bearing
crush, improper bearing clearance, or mislocated oil hole.)

2 cti; 7



INFORMATION SHEET

D. Misalignment

E. Overloading

F. Corrosion

(Courtesy of Caterpillar, Inc.)
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INFORMATION SHEET

Xi. Reasons for bearing crush

A. Greater heat dissipation

B. Insert is forced to seat solidly

C. Insures that the bearings remain round

D. Avoids any possible movement of the bearing in the seat

(NOTE: The amount of crush must not be excessive (.001" or .002') or the insert
will be distorted when the cap is tightened. The bearing will buckle and will result
in increased friction and heat.)

XII. Types of antlfrictIon bearings

A. Ball

OUTER
RACE

INNER
RACE

BORE

FACE

11111.1;

INNER RING
BALL RACE

4414
JAM,

BALL

SHOULDEP.S

BORE CORNER

SEPARATOR
OR CAGE

OUTER RING
BALL RACE

(Reproduced by permission of Deere & Company, © 1987 Deere & Company. All rights
reserved.)

B. Roller

Straight

CUP BACK FACE RADIUS

BORE CONE

SelfAligning

Tapered

ROLLER

CAGE OR
SEPARATOR

CUP

(Reproduced by permission of Deere & Company, 1987 Deere & Company. All rights
reserved.)

2 9
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C. Needle

INFORMATION SHEET

(Reproduced by permission of Deere & Company, 4) 1987 Deere & Company. All rights
reserved.)

XIII. Conditions that determine load carrying capacity of antifriction bearings

A. Size of bearing

B. Number of rolling elements

C. Type of race

XIV. Types of ball bearing races

A. Conrad

Inner Race In Eccentric Position For Loading. Good for Both Radial and
Thrust Loads.

B. Full

Has a Loading Slot. Holds More Balls, Only For Radial Loads.
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INFORMATION SHEET

C. Spilt race

Inner Race !s Center-Cut. Good for Thrust Loads Only.

D. Angular contact

One Shoulder Of Outer Race Removed. Good For Thrust Loads One
Direction

XV. Designs of ball bearings

A. Radial load

Single Row Radial

B. Radial and thrust toad

Single Row Radial -Thy Jet Double Row Rad ialThrust



INFORMATION SHEET

C. Self-aligning, radial load

or 'P.

D. Thrust load

Double Row Self-Aligning Radial

Open Face Ball Thrust

(Separable)

XVI. Types of roller bearings

A. Radial load, straight

4114'"

B. Radial and thrust load, tapered

2 (,:)(2

Self - Aligning Ball Thrust

(Separable)

D-297-A
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INFORMATION SHEET

C. Self-aligning, radial and thrust load, spherical

D. Self-aligning, radial and thrust load, concave

-114:11"*It

E. Thrust load

w/Ar 4 \
I

N g/A

Spherical
Self-Aligning

Tapered

XVII. Typos of needle bearings

A. Radial load
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INFORMATION SHEET

B. Thrust load (Torington)

XVIII. Mountings for antifriction bearings (Transparencies 2, 3, and 4)

A. Shape must not be distorted.

B. Rolling elements must not be bound.

C. Inner and outer races must be aligned.

(NOTE: This is not necessary with self-aligning bearings.)

D. Axis of each bearing must be aligned with the other.

(NOTE: The above condition applies when two or more bearings are
mounted on the same shaft.)

E. Usually mounted with one race a press fit and the other a push fit.

(NOTE: Normally the press fit race is pressed onto or into the rotating part
anc the push fit onto or into the stationary part. This rule of thumb is not
true in every situation. Large bearings, tremendous loads, and high speeds
may require both races to be pressed into place.)

F. Seals are used to retain lubricant and exclude dirt.

XIX. Bearing maintenance tips

A. Work with clean approv'd tools, in clean surroundings.

B. Clean outside of housings before exposing bearings.

C. Handle bearings with clean, dry hands.

D. Work on a metal or metal covered bench.

E. Treat a used bearing as carefully as a new one, until the used one is proven
to be defective.

F. Use clean solvents and flushing oils.

G. Lay bearings out on a clean surface.
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H. Protect disassembled bearings from dirt and moisture.

I. Wipe bearings, if necessary, only with clean, lint-free rags.

J. Keep bearings wrapped in oil-proof paper when not in use,

K. Thoroughly clean the inside of housings before installing bearings.

L. Install new bearings as they come from the package, without washing, if
they are received in a sealed container.

M. Keep lubricants clean when applying them, and cover the containers when
not in use.

N. Don't spin uncleaned or dry bearings.

0. Don't spin any bearing with compressed air.

P. Don't use the same container for both cleaning and final rinse of used bear-
ings.

Q. Don't use gasoline as a cleaning solvent.

(CAUTION: The fumes may be injurious to health, as well as a fire hazard.)

R. Don't use incorrect type or amount of lubricant.



Methods of Bearing Lubrication

Pressure-Feed Oil System

in a Typical Engine

Camshaft
Bearings

Tappet Lever
Shaft Piston Pin

Bearing
1/I

I >c, r ' " Main Oil
GalleryCrankshaft

Main Bearings'
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Oil Pump
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Methods of Bearing Lubrication

Circulating Splash System

Oil Collection
Trough

Camshaft Bearings
'a a

Non
Alis.,

m..,malimmIllala

L flaitik
hory 1frk 4P ill
ATEE Oil Scoop

Rod Bearings
Main Bearings

Splash Pan
Troughs

Oil Strainer
Oil Pump

Oil Supply to
Splash Pan
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Typical Ball Bearing Mountings

Single Row
Radial

208

Nut

Cap

Double Row
Radial-Thrust

Thrust

Cap

Nut

Snap
Ring

Single Row
Snap Ring

Self-Aligning
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Typical Needle Bearing Mountings

Thrust-Load Needle Bearing
(Prevents Axial Movement)

Radial-Load

Needle Bearing

(Prevents Radial Shaft Deflection)



BEARINGS
UNIT VA

JOB SHEET #1 - REMOVE AND INSTALL CAMSHAFT BEARINGS
(FRICTION)

A. Tools and materials

1. Shop safety glasses

2. Clean shop towels

3. Basic hand tools

4. Cam bearing remcver and installer 'ool

5. Shop engine with cam bearings

6. Rockt!cd crush

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Place engine on blocks or engine stand with the crankshaft chamber facing up.

2. Remove camshaft bearings.

(NOTE: Check the appropriate manual of the engine being worked on for the cor-
rect puller and installer because some pull the bearing in while others push the
bearing out.)

a. Select the correct size of puller adapter for each bearing. (Figure 1)

(NOTE: Some engines may have cam bearings with all the same inside
diameter and others muy have different sizes.)

FIGURE 1

Push Type

302

Pull Type

D-311A



JOB SHEET #1

b. Remove the front and rear bearings first; then remove the intermediate
bearings.

(NOTE: Some manufacturers recommend pulling intermediate bearings
first; then the front and rear.)

c. As you remove the bearings, place them in order on a clean work bench.

(NOTE: Keep the old bearing marked for correct positioning in the bore
and for correct location to help install the new bearing.)

d. Clean the camshaft bearing bores.

e. Clean the oil passages in the block with a bristled brush, and blow out
with compressed air.

3. Install new camshaft bearings.

a. Place the new camshaft bearing on a clean shop towel in the order of
installation.

b. Check with the service manual on procedure for installing camshaft bear-
ing.

c. Place the new bearing on the installer adapter. (Figure 2)

(NOTE To ease oil hole alignment, mark the adapter in line with the bear-
ing uil hole and oil passage In blocks.)

FIGURE 2
Remover and Installer

\\.

Bearing Oil Hole

Bearing

Block Oil Hole

Scribe Mark

Obtain instructor's Initials here before proceeding to the next
step.

3C;3
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d. Install the bearing while aligning the ol! hole with the alignment mark.

e. Remove installing tool and adapter, and check oil passage In the bearing.

(NOTE: The bearing oil holes should align with the engine oil holes, and
the bearing should not stick out past the block on either side of bore.)

f. Install the remaining bearings using the same procedure.

Obtain instructor's Initials here



BEARINGS
UNIT VA

JOB SHEET #2 - REMOVE AND INSTALL AN ANTIFRICTION BEARING

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic tool set

4. Appropriate service manual

5. Pullers

6. Press

7. Vise

8. Support blocks

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Remove bearing using pullers.

a. Clean bearing housing and shaft.

b. Study bearing mounting and determine how It can be removed using bear-
ing pullers 1, 2, or 3 shown below.

1) Using a slide hammer puller, slide the hammer against the stop and
force bearing from housing. (Figure 1)

FIGURE 1

Stop

Weighted Handle

SLI DE- HAMMER
INTERNAL PULLER

305
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2) Using a screw type puller, pull bearing from the shaft by force of
screw turning. (Figure 2)

FIGURE 2

Jaw Part To Be Removed

EXTERNAL SCREW-TYPE PULLER

3) Using a hydraulic powered puller, pull bearing from shaft by force.
(Figure 3)

Hose To Cylinder
FIGURE 3 ..._. From Hyd. Pump

Screw

HYDRAULICALLY-POWERED PULLER

Obtain Instructor's initials here before proceeding to next step.
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c. Make the correct puller application using 1, 2, or 3 beicw.

(NOTE: Pullers may be for either internal or external Applications, depend-
ing on the need. Some pullers can be used for both Jobs because they
have reversible jaws with both external and internal ends.)

1) Make puller application using an Internal type with push-puller. (Fig-
ure 4)

FIGURE 4

Bearing Race
Push- Puller

INTERNAL PULLER
Hub Or Housing Cup Puller WITH PUSH-PULLER

(NOTE: The push-puller may also be used for installation. The legs
of the push-puller support the head while the screw Is turned, pull-
ing the bearing cup from the housing.)

2) Make puller application using a knife-edge puller plate with push
puller. (Figure 5)

FIGURE 5

Knife-Edge
Puller Plate

I

1!1:11111111111111111111111

I

I.

Push-Puller

KNIFE-EDGE PULLER PLATE WITH PUSH-PULLER

(NOTE: A knife-edge puller plate Is available to remove bearings
where other pullers would damage the bearing. This plate Is shown
(Figure 5) removing a bearing from a shouldered shaft. If the regular
external-type puller were used to remove this bearing, the force
exerted on the outer race would damage the bearing. Notice that
the knife-edge. plate Is used with a push-puller; the external screw
type puller can also be used with the knife -edge plate.)
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3) Make puller application using an external screw type puller. (Figure
6)

FIGURE 6

illE1111111111111111111111101

Gear

1111

Two-Legged Puller

EXTERNAL SCREW TYPE PULLER

(NOTE: The external screw type puller can be used to remove bear-
ings provided there Is some solid object which allows the jaws of
the puller to force the bearing off.)

d. Force the bearing from the shaft.

Obtain instructor's initials here

2. Remove bearing using a press. (Figure 7)

a. Support inner race with split rings or U-plates as available. (Figure 7)

FIGURE 7

before proceeding to next step.

SPLIT RING SUPPORT

b. Press bearing from shaft.

3 138

Shaft Shoulder

Bearing Inne- Race

U-PLATE SUPPORT
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c. Press bearing cup from housing using a flat bar which transmits ram pres-
sure. (Figure 8)

(NOTE: Housing must be open from opposite side.)

FIGURE 8

Outer Race Flat Bar

BEARING CUP REMOVAL

d. Press outer race from housing using a tub". slightly smaller than the outer
race. (Figure 9)

FIGURE 9

Plate Press Ram

Tube

'Housing

Obtain Instructor's initials hrire

Outer Race

30

before proceeding to next step.

D-319-A
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3. Remove bearing with a hammer and driver using either method below.

a. Method #1

1) Place tube over shaft to drive bearing from the shaft. (Figure 10)

(NOTE: If shaft has obstructions, tube may be spilt and tied.)

FIGURE 10

Tube Around Shaft

2) Strike the welded lug with hammer and punch.

b. Method #2

1) Use support blocks, split rings, or a U -piato to support inner race of
the bearing. (Figure 11)

FIGURE 11

USING VISE AND
SUPPORT BLOCKS Soft Metal

Slug
That Will
Not Chip

FIGURE 11

310
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Obtain instructor's initials here before proceeding to next step.

2) Drive the shaft from the bearing with a soft slug or driver.

4. Install bearings using appropriate method below.

(NOTE: The safest way to install a bearing to a shaft is to heat the bearing to
250°F. This is done in an oven, or bearing can be heated in a container of oil.
Heating the bearing will expand it so that the inner race slides freely onto the
shaft.)

a. Press inner race on shaft by using press method. (Figure 12)

FIGURE 12

Press Ram

Tubing Clears Shaft,
Presses Against Inner Race

(NOTE: No pressure is exerted on outer race.)

b. Press outer race in housing by using press method. (Figure 13)

FIGURE 13

Press Ram

Plate

Tubing

(NOTE: No pressure is exerted on Inner nice.)

311
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c. Drive inner race on shaft with hammer. (Figure 14)

FIGURE 14

(NOTE: No pressure is exerted on outer race.)

d. Press needle bearing into housing with press. (Figure 15)

FIGURE 15
Driver Undercut

Ram

Driver

' Needle
Bearing

Housing

Press Bed

(NOTE: Use special undercut driver to transmit driving force to outer shell,
preventing bearing shell from buckling.)

Obtain instructor's initials here



BEARINGS
UNIT V-A

JOB SHEET #3 - CHECK DETROIT DIESEL IDLER GEAR
BEARING PRELOAD, SPRING SCALE METHOD

A. Tools and materials

1. Safety glasses

2. Basic hand tools

3. Detroit Diesel service manual

4. Spring scale

5. String or cord

6. Shop work bench with vise

7. Detroit Diesel idler gear assembly and holding fixture

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Clamp the idler gear assembly and holding fixture into a vise.

2. Tie one end of a piece of cord around a short piece of wood.

3. Place the cord between two of the gear teeth, and wrap the cord around the
periphery of the gear several times.

4. Attach toe other end of the cord to a spring scale. (Figure 1)

FIGURE 1

313
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5. Check service manual for pre-load specification, and write service manual speci-
fication here

Obtain instructor's initials here before proceeding to next step.

6. Maintain a straight steady pull on the cord and scale, 900 to the axis of the hull

7. Note the pull required to start the gear rotating.

8. Make several checks to obtain an average reading.

9. Record your a' le reading here

(NOTE: If readings are within specification, the assembly is ready to he installed
onto engine. If it is not within specification, the bearings need to be checked
again and retested. if it is still not within specification, replace the bearings.)

10. Remove the spring scale and holding fixture from the bearing assembly.

31 4



BEARINGS
UNIT V-A

JOB SHEET #4 - CLEAN AND LUBRICATE (PACK) AN ANTIFRICTION
BEARING

A. Tools and materials

1. Safety glasses

2. Clean shop towels

3. Basic hand tools

4. Recommended cleaning solvent

5. Recommended bearth, grease

6. Bearing packer

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Place bearings in a basket and let them soak for some time in a recommended
cleaning solution.

2. Agitate the basket several times after bearings have soaked for a period of time.

3. Remove and inspect the bearings one at a time.

4. Use a durable brush to loosen the dirt particles.

5. Complete the cleaning by moving the bearings back and forth in the solvent and
then repeat this procedure in a clean solvent bath.

6. Use compressed air to remove any remaining particles and to remove the sol-
vent.

(CAUTION: Hold both races of the bearing while cleaning with compressed air.
Never allow a race to spin by the force of the air; the ring may explode.)

7. Dip the bearing in light engine oll and gently rotate it a few times.

8. Place bearing on a clean shop towel to drain off excess oil.

9. Check the bearing rollers and races for discoloration, damaged races, seals, sep-
arator, balls or rollers.

Obtain instructor's initials here before proceeding to next step.

315
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10. After inspection, if the bearing appears satisfactory, dip the bearing in clean oil
and store in greaseproof paper until it is to be installed.

(NOTE: Before some bearings are to be installed they have to be lubricated
[packed] with grease.)

11. Place the clean bearing into the bearing packer. (Figure 1)

FIGURE 1

Packer Centering Plate

Outer Cone

4 Inner Cone

Bearing Packer

12. Unscrew the packer centering plate and install bearing.

13. Screw the packer centering plate down and center bearing.

14. Force the grease through the cones slowly enough to observe when the bearing
cage is completely filled with grease.

15. Remove the cones from the packer, and cover the ends of the rollers with grease.

316
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NOTE: If a bearing packer is not available, the bearing will have to be packed by
hand. Place some grease in one hand, and hold bearing in the other hand. (Figure
2) Don't hurry. Forff: the grease into all the spaces in the bearing.

FIGURE 2

16. After the bearings have been packed, keep them in a clean, covered area until
they are needed.

n+)tain instructor's initials here

7"10.1,4
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BEARINGS
UNIT 1/4

PRACTICAL TEST
JOB SHEET #1 - REMOVE AND INSTALL CAMSHAFT BEARING

(FRICTION)

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform tnis task, as your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark :n the "Yes" rir "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Placed engine on stand or blocks.
3. Checked service manual procedure.
4. Selected correct puller adapter.

4
5. Removed bearing in correct order.
6. Placed bearings on work bench in order.
7. Cleaned bearing bores.
8. Cleaned oil passages in engine block.
9. Installed new cam bearings.

10. Checked oil holes after installation.
11. Checked in/put away tools and materials.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps in a timely manner ( hrs.

15.

_min. _sec.)
Practiced safety rules throughout procedure.

16. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

3j 8
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

3

Camshaft bearings are
installed correctly.

1

Oil !tole passages are
aligned.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the totd number of criteria.)
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UNIT VA

PRACTICAL TEST
JOB SHEET #2 - REMOVE AND INSTALL ANTIFRICTION BEARING

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tc ols and materials.
2. Used safety precautions.
3. Removed bearing using slide hammer puller.
4. Removed bearing using screw type puller.
5. Removed bearing using hydraulic puller.
6. Removed bearing using internal type puller.
7. Removed bearing using push type puller.
8. Removed bearing using external type puller.
9. Removed bearing from shaft with a press.

10. Removed bearing from a bore.
11. Removed bearing from a shaft with a hammer and driver.
12. Installed bearing onto shaft with a press.
13, Installed bearing in a bore with a press.
1,4. Installed bearing onto shaft with a hammer and driver.
15. Checked in/put away tools and materials.
16. Cleaned the work area.
17. Used proper tools correctly.
18. Performed steps in a timely manner (____hrs. __min. _sec.)
19. Practiced safety rules throughout procedure.
20. Provided satisfactory responses to questions asked.

YES NO

Imwami

...macw.011, .
EVALUATOR'S COMk.2.NTS:
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Z113 SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation..)

Criteria:

4

Bearing and shaft are in
good condition after
removal.

4

Bearing and bore are in
good condition after
removal.

4

Bearing is installed prop-
erly onto shaft.

2 1

4

Bearing is installed prop-
erly into bore.

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately ekilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform Job.

(EVALUATOR NOTE; If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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BEARINGS
UNIT VA

PRACTICAL TEST
JOB SHEET #3 CHECK DETROIT DIESEL IDLER GEAR

BEARING PRE-LOAD, SPRING SCALE METHOD

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your Instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety precautions. 1..111
3. Placed gear assembly into vise.

*MT?

4. Attached spring scale to bearing assembly.
5. Recorded manual specification.
6. Noted required pull to start gear rotating,
7. Recorded average reading.
8. Removed spring scale and holding fixture.
9. Checked inIput away tools arid materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner (____hrs. min.
13.

_sec.)
Practiced safety rules throughout procedure.

14. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated Fo. least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

1

Pre-load of idler gear is
within specifications.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additions; training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points In "Product Evaluation" and divide by the total number of criteria.)
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BEARINGS
UNIT V-A

PRACTICAL TEST
JOB SHEET #4 - CLEAN AND LUBRICATE (PACK) AN ANTIFRICTION

BEARING

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has ..tisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Used recommended cleaning solvent.
4. Cleaned bearing in cleaning solvent.
5. Cleaned bearing with compressed air.
6. Inspented bearing condition.
7. Stored bearing properly after cleaning.
8. Packed bearing properly in packer.
9. Packed bearing properly by hand.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner (_hrs. _min _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Bearing is cleaned
properly.

4

Bearing is packed
correctly.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled is familiar. with process, but is unable to perform job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by t'' ,tai number of Niteria.)
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BEARINGS
UNIT VA

TEST

SCORE

1. Match the terms related to bearings with the correct definitions.

a. Resistance to motion between two bodies in
contact

b. Force directed sideways or perpendicular to
the shaft

c Force directed endways or horizontal to the
shaft

d Two hardened steel rings

_e. Plastic thread which 'brush 3s" to the exact
clearance when measuring bearing clear-
ance

f. A soft metal used to line bearings (an alloy
of lead, tin, antimony, and other metals)

g Supporting surface for a wheel or shaft that
provides a sliding contact between the mat-
ing surfaces

h. Supporting surface for a wheel or shaft that
provides a rolling contact between mating
surfaces

The distance that each half of the bearing
extends beyond the bearing seat bore, usu-
ally one or two thousandths of an inch

Adjustment of anti-friction bearing after
being maid in the mounting

1. Anti-friction bearing

2. Axial load

3. Babbit

4. Bearing crush

5. Friction

6. Plain bearing

7. Plastigage®

8. Preloading

9. Races

10. Radial load

2. Select true statements concerning he function of bearings by placing an "X" beside
the statement(s) that are true.

_a. Do not reduce friction

_b. Suppori moving parts
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TEST

c. Provide a replaceable wear surface

_d. Do not reduce wear

e. Reduce friction

Will not support moving parts

g. Reduce wear

3. Name two basic types of bearings.

a.

b.

4. Distinguish between axial and radial load forces on bearings by placing an "X" beside
the description of axial load forces.

Those forces directed endways or horizontal to the shaft

b. Those forces directed sideways or perpendicular to the shaft

5. Match the types of bearings on the right with their advantages and disadvantages.

a. Advantages
1. Require little space
2. Low in cost
3. Quiet operation
4. Rigid construction

_b. Advantages
1. Low friction operation
2. Can be packed to reduce frequency of

lubrication
3. More versatile, many designs

c. Disadvantages
1. High friction operation
2. Require more frequent lubrication

because they cannot be packed

__A. Disadvantages
1. Require more :mace
2. Noisier operation
3. Higher cost
4. Less rigidity

327

1. Plain bearings (bush-
ings)

2. Anti-friction bearings
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D-339-A

6. Match the illustratio%' a of plain beatings with the correct names.

a. Solid bearing or sleeve

b. Split bearing, rolled type

..._.c. Thrust bearing

d. Split bearing with steel back lined with bronze or babbit

Split type colistructed of wood, plastic, or rubber

Split bearing used for engine crankshaft

g. Solid bearing with fluted rubber structure

1.

3.

4.

2.

7.

7. List five materials from which bearings may be constructed.

a.

b.

c.

d.

e.

6 Li
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8. List three factors Influencing the distribution of lubricant to the bearings.

9.

a.

b.

c.

Identify the common methods of lubricating bearings.

Tappet Lever
Shaft

Camshaft
Bearings

Piston Pin
Bearing

Main Oil
Gall: lyCrankshaft

Main Bearings t

a.

Oil Pump
and Filters

Oil Collection
Trough

c.

10. List five causes of bearing failure In plain bearings.

a.

Camshaft Bearings
ra a 4 ft._

II-I ilolmialloptililispra

Rod Bearingsil eoilik Main Bearings

III 41/
)11/ r iOil Scoop Splash Pan

Troughs

Oil Strainer
Oil Pump

Oil Supply to
Splash Pan

b.

c.

d.

e.

11111.11N110111101010

rf=/.



TEST

11. Select true statoments concerning the reasons for bearing crush by placing an
beside the statement(s) that are true.

._a. Allows bearing to stay hotter

_b. Insures that the bearing remains round

_c. Lets the bearing move in its bore

Greater heat dissipation

e. Insert is forced to seat solidly

__I. The bearing does not remain round

_g. Avoids any possible movement of the bearing in the seat

12. Identify three types of anti-friction bearings.

0.

13. List three conditions that determine the load carrying capacity of anti-friction bearings.

a.

b.

c.

3 3 o
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TEST

14. Match the names of bal' bearing races with the correct type of ball bearings.

a.

b.

c.

d.

IL

1. Angular contact

2. Conrad

3. Full type

4. Split race



TEST

15. Match the names of ball bearings with the correct design.

a 1. Radial and thrust load

2. Radial load

3. Self-aligning radial
load

4. Thrust load

......-

D3434.
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TEST

16. Match the names with the correct type of roller bearings.

_a.

vim 4 \\N
U H-----jaTwa..w..4

s ita

333

1. Radial load, straight
roller

2. Radial and thrust
load, tapered roller

3. Elelf-aligning, radial
and thrust load,
spherical roller

4. Self-aligning, radial
and thrust load, con-
cave roller

5. Thrust load



TEST

17. Identify types of needle bearings.

a b.

D-345-A

18. Select true statements concerning mountings for anti-friction bearings by placing an
"X" beside the statement(s) that are true.

_____a. Shape must not be distorted.

b. Roiling elements must not be bound.

c. Inner and outer races must be aligned.

d Axis of each bearing must be aligned with the other.

Usually mounted with both races pressed fit.

f. Seals are used to retain bearings.

19. Select bearing maintenance tips by placing an "X" beside the tip(s).

_a. Work with clean, approved tools, in clean surroundings.

b Use clean solvents and flushing oils.

c. Install new bearings as they come from the package, without washing, if
they are received In a sealed container.

d. Use wooden mallets or work on a soft wood bench.

_e. Lay bearings out on a clean surface.

f. Handle bearings with dirty or moist hands.

g Keep bearings wrapped in oh-proof paper when not in use.

_h, Wipe bearings, if necessary, only with clean, lint-free rags.

_1 Expose bearings to moisture and dirt.

Use the same container for both cleaning and final rinse of used bearings.

k. Keep lubricants clean when applyin them, and cover the containers when
not In use.

31
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TEST

(NOTE: If the following activities have not been accomplished prior to the test, ask your
Instructor when they should be completed.)

20. Demonstrate the ability to:

a. Remove and install camshaft bearings (friction). (Job Sheet #1)

b. Remove and install an anti-friction bearing. (Job Sheet #2)

c. Check Detroit Diesel Idler gear bearing pre-load, spring scale method. (Job Sheet
#3)

d. Clean and lubricate (pack) an anti-friction bearing. (Job Sheet #4)



1.

BEARINGS
%Ill V.A

ANSWERS TO TEST

a. 5 f. 3
b. 10 g. 6
c. 2 h. 1

d. 9 I. 4
e. 7 1. 8

2. b, c, e, g

3. a. Friction bearing (plain)
b. Antifriction bearing

4. a

5. a. 1

b. 2

C. 1

d. 2

6. a. 6 e. 7

b. 5 f. 3
c. 4 g. 1

7. Any five of the following:
a. Cast Iron
b. Soft steel
c. Hard steel
d. Copper, brass, and bronze
e. Copper, lead
f. Babbit
g. Aluminum
h. Plastic
I. Rubber

8. a. Oil grooves
b. Bearing clearance
c. Bearing surface compatibility

9. a. Pressure feed system
b. Grease gun
c. Circulating splash
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ANSWERS TO TEST

10. Any five of the following:
a. Dirt
b. Lack of lubrication
c. Improper assembly
d. Misalignment
e. Overloading
f, Corrosion

11. b, el g

12. a. Bali
b. Roller
c. Needle

13. a. Size of bearing
b. Number of rolling elements
c. Type of race

14. a. 1

b. 4
c. 3
d. 2

15. a. 4
b. 3
c. 2
d. 1

16. a. 4
b. 5
c. 1

d. 2
e. 3

3 7



ANSWERS TO TEST

17. a. Radial load
b. Thrust load

18. a, b, c, d

19. a, b, c, e, g, h, k

20. Performance skills evaluated to the satisfaction of the Instructor



SEALS
UNIT VI-A

UNIT OBJECTIVE

After completion of this unit, the student should be able to list uses of seals and name places
where dynamic and static seals are used. The student should also be able to match the names
of the dynamic seals to the functions and install a radial lip type seal. Competencies will be
demonstrated by completing the job sheets and unit tests with a minimum of 85 percent.

410 SPECIFIC OBJECTIVES

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

1. Match terms related to seals with the correct definitions.

2. List uses of seals.

3. Identify types of seals and their uses.

4. Name places where dynamic seals are used.

5. Name places where static seals are used.

6. Match names of dynamic seals with the functions.

7. Match static seals with functional location.

8. Match terms related to sealants with the correct definitions.
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OBJECTIVE SHEET

9. Demonstrate the ability to:

a. Install a radial Ilp type seal. (Job Sheet #1)

b. Remove rear main seal and wear sleeve. (Job Sheet #2)

c. Install rear main seal and wear sleeve. (Job Sheet #3)

3401



SEALS
UNIT VI-A

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or Invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Display several types of dynamic and static seals Including 0-rings, gaskets and
diaphragms.

2. Have students make a list concerning whore different seals are used.

3. Have students identify where the lip faces on different types of seals.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Cummins Shop Manual. Columbus, IN: Cummins Engine Company, Inc., 1981.

B. Fundamentals of Service: Bearings and Seale. 3rd ed. Moline, IL Deere and Company,
1980.

C. Gasket Installation Manual. Skokie, IL: Fel-Pro Inc., 1985.

3 4
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SUGGESTED SUPPLEMENTAL RESOURCES

Filmstrips

A. Cat Maintenance Aids Anaerobic Adhesive Sealants (58 slides and script)
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 91602

B. Bearings and Seals (125 slides)
Deere and Company
Distribution Service Center
1400 Third Avenue
Moline, IL 61265
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SEALS
UNIT VI-A

INFORMATION SHE Sr

I. Terms and definitions

A. Core A chemical process which occurs in see'ant allowing It to set up
firm

B. Dynamic Moving; relating to force

C. Gasket Type of static seal

D. Metallic gasket A gasket made of metal or combinational metal materi-
als; used for higher pressures and temperatures

E. Nonmetallic gasket A gasket made of soft material containing no metal;
used for lower pressures

F. Sealant Similar to gaskets except applied as a liquid or paste

G. Static Without motion; still or fixed

H. Static seal Device which maintains a barrier against the transfer of fluidti
across two mating surfaces which do not move relative to each other

IL Uses of seals

A. To keep in fluids

B. To keep out dirt

C. To hold pressures or vacuums

ill. Basic types of seals and their uses

A. Dynamic To seal moving parts B. Static To seal fixed parts
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INFORMATION SHEET

IV. Places where dynamic seals are used

A. Shafts and rods

B. Compression packings

C. Piston rings

V. Places where static seals are used

A. Gaskets

B. O,rings

C. Packings

VI. Dynamic seals and their functions

A. Radial lip Used on systems which have moving shafts

(NOTE: Lip seals may be bonded or assembled and are classified by lip
types: single lip, double Ilp, and dual lip.)

Assembled

Seal

Single Lip Seal

Not
Sprir a-Loaded

pi"''" Double Lip Seal
One Lip
Spring-Loaded

Dual Lip Seal
Both Lips
Spring-Loaded

Single Lip Seal
Lip
Spring-Loaded

0 1 ei
2e.)

Bonded

Seal



INFORMATION SHEET

B. Exclusion Used to prevent entry of foreign material into the moving parts
of machinery

Sealing Edge

Contact
Pressure\1/4

I I

.1 '

1

!!Bore

(NOTE: Exclusion seals are classified into four general groups: wipers,
scrapers, axial seals, and boots.)

4 Contact
Width

Lip Height

Lip

Contact
Surface

Housing
Shaft

Groove

1-4-Clearance

Radial Exclusion Seal

4

Conical Scraper

Scrapers

Accordian
Boot

Ring Scraper

Mating Ring

Seal Ring

Rotating Shaft

D357A

Rotates
Fixed

Spring Member

Axial Seal

Housing

Proper Operation Lack Of Contact
Pressure

Lips Of Wiper Seals

Bouts Which Protect Reciprocating Shafts

345

Rubber
Flex

Boots
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INFORMATION SHEET

C. Clearance Limit leakage by closely controlling the annular clearance
between a rotating or reciprocating shaft and stationary bushing

(NOTE: Clearance seals are classified as labyrinth seals or bushings [rings],
and some leakage is permitted.)

Tongue And
Groovo Helps
Seal Against
Contamination

Strips Or Knives

D. Ring Depend on surface contact between the seal and the moving part
and the seal and the stations, y part

(NOTE: Ring seals are split-ring type for reciprocating parts and circumfer-
ential for rotary parts.)

Cover Ring

Back Ring Dam

Extension
Springs

Circumferential Seal

Seal Ring

Fluid
Pressure

Seal Ring

Compression
Rings

Oil Control
Rings

Ring Joint

"fir

Now A Split Ring Seals

Split-Ring Seals

On An nine Piston

Cylinder
Wall

Piston



INFORMATION SHEET

E. Face Form a running seal between Vat, precisionfinished surfaces

(NOTE: All face seal3 have a rotating seal ring, stationary seal ring, spring
loaded devices, and static seals.)

Metal Bellows Seal

On Shaft

Spring-Loadiiig Device
(Opposed Washers)

Static
Static Seal

Housing (Stationary)

Stationary Seal Ring

Rotating Seal Ring

Rotating

Face Seal

(Axial Mechanical Seal)

D-359 -A

F. Compression packings Create a seal when squeezed between the throat
of a stuffing box and its gland

(NOTE: Three classes of packings are fabric, metallic, and plastic.)

Braided
Core

Cylinder
Wall

Diagonal
Laminated

Fabric Packings

Rod

Soft Core

Bore

Inside-Packed

Braided
Core

Inside And
Outside-
Packed

Installations

Metallic Packings

Back Support
Ring

Inside
Support

Ring
Outside-Packed



INFORMATION SHEET

G. Molded packings e Fluid being sealed supplies the pressure to seal the
packings against the wearing surface (Transparency 1)

(NOTE: The major types of packing are lip and squeeze. Lip types include
flange, cup, U-cup, U-ring, and V-ring packings. Squeeze types include 0-
rings and related forms, plus felt.)

Squeeze-Type Packings

(0-Rings Shown)

Force 4 Correct:

Incorrect:
Too-Large Ring

Slight Squeeze

4 Force t

Cut
0-Ring Squeeze

Incorrect:
No Rolling Action

Correct:
Rolling Action

0-Ring Rolling Action

H. Diaphragm seal Dividing membrane which spans the gap between a
moving and stationery member

(NOTE: Diaphragm seals may be either roiling or flat. The roiling types are
like long travel bellows.)

k fiA \\ \\
ma 122

.1* /6 \\NA k

Rolling Diaphragm

3 z2 s

mNiirepplor"

Flat Diaphragm



INFORMATION SHEET

VII. Types of static seals

A. Nonmetallic

Nonmetallic
Gasket

Low-Pressure Application

B. Metallic

BOLT

Do'WEL

(Reproduced by permission of Deere & Company, © 1987
Deere & Company. All rights reserved.)

C. Static 0-rings (nonmetallic)

In Flange Joints

(Two Types Of Rectangular

Grooves Shown)

VIII. Categories of sealant3 (Transparency 2)

D. Static 0-rings (metallic)

In Static Use

A. Hardening Some will set up firm while others will remain flexible after
curing.

B. Non-hardening Stay wet after application and never truly dry.

3 4:9
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INFORMATION SHEET

C. Tapes Available in a variety of backings and adhesives usually In pres-
sure sensitive or solvent activated adhesive backs.

(CAUTION: Whun using tape, check on torquing specification.)

D. RTV A sealant which forms a rubber seal by absorbing moisture from the
air

(NOTE: The initials RN stand for "Room Temperature Vulcanizing!')

230
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Swollen 0-Ring:
Use of Wrong Fluid

Cut 0-Ring:

Shaft Damage
or Installed Wrong

351

Dynamic Seals

Flattened 0-Ring:

Use of Low-Grade Rings

0-Ring Failures

Worn 0-Ring:
Lack of Lubrication

Dirty 0-Ring:
Poor Storage or

Contaminated System

Cracked 0-Ring:
Too Much Heat

Twisted 0-Ring:
Installed Wrong

352
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Teflon Tape

Static Seals

\M/
Brush

RTV

Spray

------..7.177
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SEALS
UNIT VI -,A

JOB SHEET #1 - INSTALL A RADIAL LIP TYPE SEAL

A. Tools and materials

1. Safety glasses

2. Appropriate service manual

3. Shop towels (lint free)

4. Basic hand tool assortment

5. Seal installation tools recommended In appropriate service manual

6. Emery cloth

7. Gasket cement

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Clean the shaft or bore area and inspect for damage.

2. File or stone any burrs or bad nicks, and polish with fine emery cloth to a ground
finish.

3. Clean area and remove all metal particles.

4. Lubricate the seal, especially any Ilps, and the shaft to ease Installation, using
the system fluid to lubricate the seal and shaft.

(NOTE: On seals with single lips, the lip should normally face in toward the sys-
tem lubricant. This is usually the garter spring side.)

5. With metal cased seals, coat the seal's outside diameter with a thin film of gas-
ket cement to prevent bore leakage. Do not allow excess cement to run onto seal-
ing lips. (Figure 1)

(NOTE: Precoated seals do not require cement on the bore fit.)

FIGURE 1
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JOB SHEET #1

6. Install the seal. (Figures 2 and 3)

(NOTE: The use of a factory specified installation tool may be required. This Is
very Important with pressed-in seals. If a seal driving tool Is not available, use a
circular ring such as an old bearing race that contacts the seal case near the
outer diameter, or use a square wooden block. Do not use sharp tools, and never
press on the sealing lip; press only the outer metal case.)

FIGURE 2

Housing bore

FIGURE 3

Seal

Installing Tool

INSI1/4

r(/ 1111111

Installing Tool

Seal



JOB SHEET #1

D-360-A

7. Protect the sealing lip when installing the seal over sharp corners of shafts, key-
ways, or spllnes. (Flgures 4 and 5)

(NOTE: Shim stock can also be used to protect seals when installing them over
,harp edges such as shaft spllnes. Place rolled plastic shim stock over the sharp

edge, then pull It out after the seal is In place.)

FIGURE 4 FIGURE 5

Seal Seal
Shaft Shaft

A

Installing Cone Installing Sleeve

8. Drive the seal In evenly to prevent "cocking" of the seal. (Figures 6 and 7)

(NOTE: A cocked seal allows oil to leak out and dirt to enter as shown. Be careful
not to bend or "dish" the flat metal area of metal cased seals. This causes the
Ilps to be distorted.)

FIGURE 6

Dirt
Entry

* Oil
Leakage

I
Cocked Seals Allow Dirt To Enter
And 011 To Leak Out

FIGURE 7
Seal Lips
Facing Inward
Toward System
Lubricant

Seal Fully
Seated In
Bore All
Around

Lip Lubricated
And Not Inverted

Spring Seated
Fully in Groove
Behind Lip

(NOTE: Some seals requim checking for wall runout.)

Shaft
Lubricated

Pressed On
Outer Metal
Case Only
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JOB SHEET #1

9. Always check the unit by hand after assembly for free operation (before starting
up the system, if possible).

(NOTE: Try to prevent dirt and grit from falling on shafts and being carried into
the seal. This material can quickly damage the seal or score the metal surfaces.)

(CAUTION: After seal is Installed, check seal runout with a dial Indicator. Sol Fig.
ure 8.)

FIGURE 8

Magnetic Ban

Dial Indicator

Seal Housing

10. Run in now lip type seal; check for leaks.

(NOTE: When a new lip type seal is installed on a clean shaft, a break in period of
a few hours is required to seat the seal lip with the shaft surface. During this per-
iod, the seal polishes a pattern or the shaft, and the shaft in turn seats the lip
contact, wearing away the knife-sharp lip contact to a narrow band. During this
period, slight seepage may occur. After seating, the seal should perform without
any measurable leakage.)

Obtain Instructor's Initials here
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SEALS
UNIT VIA

JOB SHEET' #2 - REMOVE REAR MAIN SEAL AND WEAR SLEEVE

A. Tools and materials

1. Safety glasses

2. Appropriate service manual

3. Clean shop towels (lint free)

4. Basle hand tools

5. Seal removing tool

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Remove rear main oil seal housing from engine. (Figure 1)

FIGURE 1

Oil Seal Housing

2. Remove and discard seal housing gasket.

3. Support Lousing on wooden Mocks, and press seal from housing with seal
remover tool.

(NOTE: if a seal remover tool Is not available, use a hammer and punch Re care-
ful not to damage housing.)
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JOB SHEET #2

4. Check for nicks or burrs in the housing bore. If they are present, remove with a
file or emery cloth.

5. Remove wear sleeve from the crankshaft; score (cut) lightly with a dull chisel.
(Figure 2)

(CAUTION: DO NOT score (cut) too deeply or the crankshaft rear flange might be
damaged.)

FIGURE 2

6. Inspect the crankshaft flange for burrs e,r nicks. If necessary, clean flange with a
file and fine emery cloth.

Obtain instructor's Initials here

r)
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SEALS
UNIT VI-A

JOB SHEET #3 - INSTALL REAR MAIN SEAL AND WEAR SLEEVE

A. Tools and materials

1. Safety glasses

2. Appropriate service manual

3. Clean shop towels (lint free)

4. Basic hand tools

5. Seal installing toot

6. Wear sleeve installing tool

B. Procedure

(CAUTION: Follow ail shop safety procedures.)

1. Start seal wear sleeve onto the crankshaft flange by hand. (Figure 1)

Wear Sleeve

Installing Tooi
Wear Sleeve

2. Avoid heavy pressure or cocking of the wear sleeve,

3. Place the installing tool against the wear sleeve.

4. Drive the wear sleeve onto the crankshaft to service manual specifications.

Obtain instructor's Initials here before proceeding to next step.
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JOB SHEET 43

5. Clean the crankshaft flange and wear sleeve with a clean shop towel.

6. Install the seal housing and a new gasket onto the cylinder block.

7. Tighten the capscrews only enough to hold the seal housing into position.

8. Check the alignment of the seal housing with the crankshaft using a dial indica-
tor. (Figure Z

FIGURE 2

Magnetic
Base

Dial
Indicator

Seal
Housing

9. Tighten seal housing cap screws to specifications after you have aligned the
housing.

Obtain Instructor's initials here beforQ proceeding to next step.

10. Recheck alignment before renoving &31 indicator.

11. Push the oil seal onto the crankshaft up to the seal housing.

(CAUTION: Check manufacturer's specifications on installation because some
manufacturers require oil on the lip of seal, while others recommend not putting
oil on the lip.)

362
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JOB SHEET #3

12. Drive seal into seal housing using Installation +nol. (Figure 3)

FIGURE 3

Installation Tool

(CAUTION: Check with specification on how far to drive seal into housing.)

Obtain instructor's Initials here

t
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SEALS
UNIT VI.

PRACTICAL TEST
JOB SHEET #1 - INSTALL P. RADIAL LIP TYPE SEAL

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Cleaned the shaft.
3. Cleaned the housing bore.
4. Lubricated the seal lip with oil.
5. Coated the seal's outside diameter with sealant.
6. Used correct tool to drive seal into bore.
7. Used correct tool to drive seal onto shaft.
8. Checked seal runout with bore.
9. Seated the new seal.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner (. _hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

f.; 4
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Seal Is installed In bore
correctly.

Seal is installed onto the
shaft correctly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform Job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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SEALS
UNIT VI-A

PRACTICAL TEST
JOB SHEET #2 REMOVE REAR MAIN SEAL AND WEAR SLEEVE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESt3 EVALUATION

(EVALUATOR NOTE: Place a check mark in tr'e "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved Bach step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used safety precautions.
3. Removed seal housing.
4. Pressed seal out of housing.
5. Removed nicks and burrs from housing.
6. Scored (cut) wear sleeve.
7. Removed wear sleeve.
8. Removed nicks and burrs from crankshaft.
9. Checked in/put away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner (____hrs. _mi a. _sec.)
13. Practiced safety rules throughout procedure.
14. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #2 PRACTTAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Seal Is removed properly
from housing.

1

Wear sleeve is removed
properly.

EVALUATOR'S COMMENTS:

.1111111111MMIMME

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled HZ-43 performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training Is required to develop skill.
1 Unskilled Is familiar with process, but is unable to rrhrm Job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

0 ;'` tt) /
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SEALS
UNIT VI-A

PRACTICAL TEST
JOB SHEET #3 - INSTALL REAR MAIN SEAL AND WEAR SLEEVE

STUDENT'S NAME_ DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cbdure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student Is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used safety precautions.
3. Installed seal housing onto crankshaft.

,I,.111.mal

4. Installed seal housing onto cybder block.
5. Checked housing alignment.

111=11

6. Installed oil seal Into housing.
.

7. Checked Wput away tools and materials.
=111M

8. Cleaned the work area.
fami

9. Used proper tools correctly.
10. Performed steps In a timely manner /4 sec.)

111.111111

11.
_hrs. _min.

Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:



JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each Item r list be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key ...ow.) If the student Is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

1

Wear sleeve is installed
properly.

Rear main seal is
Installed properly.

EVALUATOR'S COMMENTS:

11
PERFORMANCE EVALUATION KEY

ell....M1111

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

training may be required.
2 Limited skill Has performed Job during twining program; aduitionai

training Is required to develop skill.
1 Unskilled Is familiar with prmss6, but is unable to perform job.

(EVALUATOR NOTE: It an aveLvige score Is needed to coincide with a competency profile, total
the designated points in "Prcc:uct Evaluation" and divide by the total number of criteria)



NAME

SEALS
UNIT VIA

TEST

SCORE

1. Match the terms related to sealu with the correct definitions.

a Moving; relating to force 1. Cure

_b. Without motion; still or fixed 2. Dynamic

Similar to gaskets except applied as a liquid 3. Gasket
or paste

4. Metallic vsket
d. Device which maintains a barrier against the

transfer of fluids across two mating sur- 5. Nonmetallic gasket
faces which do not move relative to each
other 6. Sealant

e Type of static seal 7. Static

J. A gasket made of metal or combinational 8. Static seal
metal materials; used for higher pressures
and temperature

A gasket made of soft material containing
no metal; used for lower pressures

A chemical process which occurs in sealant
allowing it to set up firm

2. List three uses of seals.

a.

b.

c.
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TEST

3. Identify the basic types of seals and their uses.

a. To seal fixed parts b. To seal moving parts

4. Name three places where dynamic seals are used.

a.

b.

c.

5. Name three places where static seals are used.

a.

b.

c.



TEST

6, Match the names of dynamic seals with their functions.

__a. Used on systems which have moving shafts

b. Used to prevent entry of foreign material
into the moving parts of machinery

Limit leakage by closely controlling the
annular clearance between a rotating or
reciprocating shaft and stationary bushing

d. Depend on surface contact between the
seal and the moving part and the seal and
the stationary part

e. Form a running seal between flat, precision
finished surfaces

f. Create a seal when equeezed between the
throat of a stuffing box and Its gland

g. Fluid being sealed supplies the pressure to
seal the packings against the wearing sur-
farm

Dividing membrane which spans the gap
between a moving and stationary member

1. Clearance

2. Compression pack-
ings

3. Diaphragm seal

4. Exclusior

5. Face

6. Molded packings

7. Radial lip

8. Ring

7. Match static seals with their funational location by placing the correct number beside
the proper location.

a. 1. Metallic

2. Nonmetallic

3. Static 0-ring (metal-
lic)

4. Static 0-ring (nonmet-
allic)

D-385
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c.

d.

TEST

4

Ala
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TEST

8. Match terms related to sealants with the correct definitions.

_a. A sealant which forms a rubber seal by 1. hardening types
absorbing moisture from the air

2. Non-hardening types_b. Some will net up firm while others will
remain flexible after curing. 3. RTV

Available in a variety of backiiigt.7, and adhe- 4. Tapes
elves usually in pressure sensitive or sol
vent activated adhesive backs

d. Stay wet after application and naver truly
dry

(NOTE: if the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

9. Demonstrate the ability to:

a. Install a radial lip type seal. (Job Sheet #1)

b. Remove rear rrain seal and wear sleeve. (Job Sheet #2)

c. Install rear main seal and wear sleeve. (Job Sheet #3)

4



2 e. 3
7 f. 4
6 g. 5
8 h. 1

SEALS
UNIT VIA

ANSWERS TO TEST

2. a. To keep in fluids
b. To keep out dirt
c. To hold pressures or vacuums

3. a. Static
b. Dynamic

4. a. Shafts and rods
b. Compression packings
c. Piston rings

5. a. Gaskets
b. 0rings
c. Packings

. a. 7
b. 4
c.
d. 8
e. 5
f. 2
g. 6
h. 3

7. a. 1

b. 3
c. 2
d. 4

8. a. 3
b. 1

C. 4
d. 2

9. Performance skills evaluated to the satisfaction of the Instructor

AIIIMISIMMIAMmookAalonin
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ENGINE OPERATING PRINCIPLES
UNIT I-B

UNIT OBJECTIVE

After completion of this unit, the student should be ;Able to identify basic parts of a diesel
engine and match these parts with the functions. the student should also be able to discuss
the operation of the diesel engine, distinguish thk differences in the diesel engine and the gas-
oline engine, and explain the basic difference between a four-stroke cycle and a two-stroke
cycle engine. Competencies will be demonstrated by completing the assignment sheets and
unit test with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms reieted to engine operating principles with the correct definitions.

2. Identify basic parts of a diesel engine.

3. Match basic diesel engine parts with the functions.

4. Arrange in order the sequence of operation of the diesel engine.

5. Complete a list of what happens during each stroke of a four-stroke cycle engine_

6. Differentiate between two-stroke and four-stroke cycle engines.

7. Differentiate between the characteristics of two-stroke cycle and four-stroke cycle
engines.

8. Differentiate between diesel engines end gasoline engines.

9. Locate intake and exhaust valves on an engine. (Assignment Sheet #1)

10. Locate TDC #1 cylinder on compression stroke of an engine. (Assignment Sheet
#2)



ENGINE OPERATING PRINCIPLES
UNIT I-B

SUGGESTED ACTIVITIES

Obtain additional materials and/er invite resource people to class to supplement/rein-
force information provided in this unit of li. ,truction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters Included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with Information and assignment sheets.

F. Discuss information and assignment sheets.

(NOTE: Use the transparencies to enhance the information i as needad.)

G. Integrate the following activities throughout he teaching of this unit:

1. Have students collect Information on different engine types.

2. Have students make a list of different parts suppliers in their area.

3. Have students measure bore and stroke on an engine.

4. Have students rotate an engine in proper direction of engine rotation and v batch
I oker arm operation.

5. Have students use a str,, manual and find valve location of an engine.

6. Meet Individually with students to evaluate their progress through this unit of
Instruction, and indicate to them possible areas for improvement.

H. Give test.

I. Evaluate test.

J. Reteach If necessary.

REFERENCES U3ED IN DEVELOPING THIS UNIT

A. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sons, Inc., 1982.

B. Detroit Diesel Allison, 92 Series Service Manual. Detroit, MI: General Motors Corp.,
1984.
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REFERENCES USED IN DEVELOPING THIS UNIT

C. Fundamentals of Service: Engines. 5th ed. Moline, IL: Deere and Company, 19P0.

D. Schulz, Erich J. Diesel Mechanics. 2nd ed. Dallas, TX: Gregg Division/McGraw-Hill,
1983.

E. Shop Manual. Columbus, IN: Cummins Engine Company, 1"81.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

The Engine Book An Introduction to Diesel Engines. 50 pages.
Caterpillar Tractor Company
Literature Orders Section
1335 W. Washington
Peoria, IL 61602

B. F!!mstrips

1. Basic Diesel Engines. 83 slides
Caterpillar Tractor Co.
Literature Order Secticii
13;15 W. Washington
Peoria, IL 61602

2. Engines. 300 slides
Deere and C^mpany
Distribution Service Center
1400 Third Avenue
Moline, !L 61265

3 I''S



ENGINE OPERATING PRINCIPLES
UNIT 143

INFORMATION SHEET

I. Terms and definitions

A. BDC (Bottom Dead Center) Piston at lowest point of travel

Piston at BDC
(Bottom Dead Center)

B. Clearance volume Total space between the cylinder head and the piston
when the piston is at its highest position in the cylinder

Clearance Volume --="

Piston at TDC
(Top Dead Center)

C. Combustion Action or operation of burning

D. Compression The reduction in volume of gases trapped in the cylinder
caused by the upward motion of the piston

E. Compression ignition Ignition of the fuel by the heat of compression

379
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INFORMATION SHEET

F. Compression ratio Ratio of -tole cylinder volume to least cylinder vol-
ume (Transparency 1)

Example: If cylinder volume is 80 cubic inches and clearance volume is 5
cubic inches, then the compression ratio is 80+5 = 16 or 16:1
ratio

Piston at Top
Dead Center

Piston at
Bottom
Dead Center

Compression Ratio 16:1

G. Cycle Series of events that repeat themselves in a regular sequence

H. Engine speed Crankshaft revolutions per minute

I. Piston crown Surface shape of the top of the piston

J. Power control Controlling the engine power by varying or governing the
amount of fuel injected into the combustion chamber

K. Pre-combustion chamber Cavity in the uylirider head of some diesels
where some burning of fuel first takes place

Fuel Line Assembly

Nozzle

Nut

v \,
`'...\\1 Precombustion Chamber

(Courtesy of Caterpillar Inc.)

fit



INFORMATION SHEET

L. Scavenging The displacement of exhaust gas from the cylinder by fresh
air

M. Stroke Distance the piston moves wher, traveling from TOG to BDC

TDC

Stroke

BDC

TDC

I
Stroke

BDC

D -7 -13
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INFORMATION SHEET

N. TDC (Top Dead Center) Piston at highest point of travel

Piston at Top
Dead Center

0. Temperature Measure of heat intensity

R Valve ()verity Period of crankshaft rotation during which both intake and
exhaust valves are open

Q. Volume Total space between the piston at its lowest position in the cylin-
der and the bottom of the cylinder head (Transparency 1)

II. Bade parts of a diesel engine (Transparencies 2, 3, and 4)

A. Cylinder block

B. Cylinders

C. Pistons

D. Connecting rod

E. Crankshaft

0 t", (*)
ei..) C 4



INFORMATION SHEET

F. Crankshaft gear

G. Camshaft

H. Timing gear

I. Cam lobes

J. Push rods

K. Rocker arm

L. Valves

M. Valve lifter (cam followers)

N. Cylinder head

0. Cooling passageway (including engine oil coolers)

P Piston pin (wrist pin)

0. Flywheel

R. Oil pump

S. Oil pan

T. Intake valve

1'. Exhaust valve

V. Vibration damper (harmonic balancer)

W. Oil cooler

Basic diesel engine parts and their functions (Transparencies 2, 3, and 4)

A. Cylinder block Solid casing which includes the cylinders and water jan1,-
ets

383

D9B



10

INFORMATION SHEET

B. Cylinders Holes in the cylinder block containing the pistons

(NOTE: The cylinder can be a sleeve or Urs( that fits into a cylinder block.)

("4/11nder Block

Cylinder Sleeve or Liner

(Courtesy of Cummins Engine Company, Inc.)

C. Pistons Movable plugs open at one end which transfer force of explo-
sion to the connecting rod

D. Connecting rod Connecting link between the piston and crankshaft

E. Piston pin Serves as floating connecting piece for piston and connecting
roo

(NOTE: Piston pin is also known as wrist pin.)

Piston

Connecting Rod

Connecting Rod Cap

Piston Pin (Wrist Pin)

r 4i?SlY
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INFORMATION SHEET

F. Crankshaft Main shaft of an engine which, turned by connecting rods,
changes the reciprocating motion of the piston to rotary motion in the
power train

(NOTE: Portions are offset to form throws to .../hich the connecting rods are
attached.)

G. Crankshaft gear Drives the camshaft or idler gear

H. Flywheel Attaches to the end of the crankshaft and provides inertia to
carry the crankshaft around from one firing impulse to the other

I. Vibration damper A specially designed device mounted to the front of
the crankshaft to reduce torsional vibration; also known as harmonic
balancer

Vibration
Damper

Connecting Rod
Counterbalances

Crankshaft
Gear 011 Holes

Flywheel

J. Camshaft Shaft with cam lobes used to operate the valves

K. Timing gear A gear attached tc the crankshaft that drives the camshaft;
regulates speed and performance

Timing Gear (Drive Gear)

Camshaft

Bearing Journal

L. Cam lobes Eccentrics on the camshaft that operate the valves

M. Push rods (tubes) Rod links that transfer motion fro, ri the lifter to the
rocker arm
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INFORMATION SHEET

N. Rocker arm Transfers motion from push rod to valve to open the valve

O. Valve lifter (cam follower) Rides on the camshaft so that the cam lobe
raises it to operate the valve

(NOTE: Cam rollers on valve lifter help reduce engine load.)

Cam Lobe

-4--.- Valve Lifter (Cam Follower)
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INFORMATION SHEET

R Valves Open and close the cylinder to allow air to enter or gases to leave
the cylinder

O. Intake valve Permits air to enter the cylinder

Intake
Valve
Open

Intake

(Reproduced by permission of Deere & Company, 0 1980 Deere & Company. All rights reserved.)

R. Exhaust valve Opens and allows exhaust gases to be forced from engine
cylinder

Exhaust

Exhaust
Valve
Open

(Reproduced by permission of Deere & Cordpany, 0 1980 Deere & Company. All rights reserved.)

387
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INFORMATION SHEET

S. Cylinder heat' Metal section bolted to the block to close one end of the
cylinder, which usually contains the valves

Cylinder Head

(Courtesy of Cummins Engine Company, Inc.)

T. Cooling passageway Hollow space in block through which coolant circu-
lates

U. Oil cooler Heat exchanger for lowering the temperatures of oil

V. Oil pump Provides pressure that circulates oil to rotating or reciprocat-
ing engine parts to minimize friction

W. Oil pan -- Reservoir for engine oil

IV Operation of the diesel engine (Transparency 5)

A. Piston moves , p on compression stroke.

1. Air is trapped in the cylinder causing pressure to rise.

2. Pressure rise causes high temperature.

B. Piston reaches top dead center.

1. Fuel is injected into the cylinder.

2. Hot compressed air ignites the fuel.

3. Combustion occurs.

C. Combustion creates energy to force the piston down on the power stroke.

(NOTE: Power is controlled by amount of fuel injected into the cylinder.)

I

e



INFORMATION SHEET

V. Strokes In a four-stroke cycle engine (Transparency 6)

A. First stroke: Intake

1. Piston moves down.

2. Exhaust valve closes.

3. Intake valve opens.

Piston

Air

Intake Valve

Fuel Injector

9,..,...Exhaust Valve

Combustion Chamber

Intake Stroke
As piston moves down, the
intake valve opens and draws
air into the combustion cham-
ber.

B. Second stroke: Compression

1. Piston moves up.

2. Intake and exhaust valve close.

Combustion
Chamber
Filled With Air

Compresskri Stroke
Intake and exhaust valves
close and seal combustion
chamber. Piston moves up and
compresses air inside. Air tem-
perature rises.

D-15-B
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INFORMATION SHEET

C. Third stroke: Power (ignition)

1. Piston moves down.

2. Intake and exhaust valve close.

Injector

Fuel Ignites

D. Fourth stroke: Exhaust

1. Piston moves up.

2. Intake valve c'oses.

3. Exhaust valve opens.

Power Stroke
Fuel Injects into combustion
chamber and ignites due to
high air temperature. Expand-
ing gases force piston down-
ward. Valves remain closed.

Exhaust Valve

Burned Gases

Exhaust Stroke
Exhaust valve opens. Piston
moves up and pushes burned
gases out of combustion
chamber.



INFORMATION SHEET

VI. Difference between two-stroke cycle and four-stroke cycle engines

A. Four-stroke cycle Fires every other time piston reaches top dead center.
(Transparency 6)

(NOTE: Crankshaft makes two revolutions and piston makes four strokes.)

B. Two-stroke cycle Fires each time piston reaches top dead center. (Trans-
parency 7)

(NOTE: Crankshaft makes one revolution and piston makes two strokes but
cumpletes all four events in the cycle. Cylinder has been charged by a
blower forcing air through ports near the tottom of the cylinder.)

VII. Characteristics of two-stroke cycle and four-stroke cycle engines

A. Two-stroke cycle

1. Produces a power stroke for each revolution of the crankshaft.

2. Theoretically produces twice the power for the same size engine.

3. Runs smoother since power strokes occur at shorter intervals.

B. Four-stroke cycle

1. Has fewer heat problems since each cylinder fires half as often.

2. Does not use engine power to drive a blower to force air charge into
the cylinder under pressure.

3. Completely clears burned gases from the cylinder, which results In
more power per power stroke.

4. Exhaust valves or ports open later; which creates some gain in effec-
tive power.

VIII. Differences between diesel and gasoline engines

A. Fuel ignition

1. Diesel Ignition by compression

2. Gasoline Ignition by electrical spark

B. Intake air

1. Diesel Takes fresh air directly to combustion chamber

2. Gasoline Takes fresh air and fuel through carburetor, then to com-
bustion chamber

391
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INFORMATION SHEET

C. Compression

1. Diesel High compression ratio (16-22:1)

2. Gasoline Low compression ratio (7-11:1)

D. Fuel

1. Diesel Burns low grade fuel oil

2. Gasoline Burns gaspline

E. Fuel delivery system

1. Diesel Fuel injected directly into combustion chamber

2. Gasoline Fuel and air mixture drawn through carburetor and
intake manifold into ..ombustion chamber

F. Construction

1. Diesel Heavier construction

(NOTE: Heavy construction is required to handle the high pressure
and temperature generated in a diesel erline.)

2. Gasoline Lighter construction



Compression Ratio

12 Units -41.-

Cylinder Flead.-

Total Volume

Piston '.°49r

11

3,93

11:1

Compression

Ratio

Clearance

Volume

Piston

11 B

1'M 1



Basic Parts of a

Exhaust Valves

Cylinder Head

Open Combustion
Chamber

Cylinder Block

Cooling Passageway

Wet Type Sleeve

Piston Pin
(Wrist Pin)

Four -Cycle Diesel Engine
Intake Valves

Rocker Arm

Push Rod

Crankshaft

-I

" 394

6-Cylinder

Crankshaft

Firing Order

(1-5-3-6-2-4)

Valve Lifters (Cam Followers)

Cam Lobe

Camshaft

Connecting Rod and

GearCrankshaft
Connecting Rod Bearings

395



Basic Internal Engine Parts
Valves Cylinders

/
I C\

Cylinder Head

Piston Rings

Pistons

Connecting Rods

Timing Gear

Vibration Damper

396

Oil Pump

Crankshaft
Cylinder Block

Main Bearings

357



Basic Parts of a Two-Cycle Diesel Engine

Rocker Arms

Coolant

Manifold
I 4'.

Exhaust , 46c,
Valve

Air Box

Injector

Oil Cooler

Oil Pan

Ports

Piston

Connecting

Rod

Crankshaft

Oil Pump

(Courtesy of Detroit Diesel Corporation)

398
3



Piston moves up
on compression
stroke

40()

Mese; Engine Combustion

Injection of Fuel

Air is trapped in
the cylinder
causing pressure
to rise

Piston reaches
T DC and fuel is
injected into the
cylinder

Combustion

Hot compressed
air ignites the fuel,
combustion occurs,
and this creates
energy to force the
piston down on
the power stroke

401



Intake Stroke
Air mixture is
drawn or forced in-
to combustion
chambar. Intake
valve is open.

402

Four-Stroke-Cycle
Diesel Engine

Lot

I.1:-..

Compression Stroke
Air is compressed
by upstroke of
piston. Both intake
and exhaust valves
are closed.

O

Palter Stroke
Temperature of air is
raised due to high com-
pression, which
causes fuel to ignite as
it is sprayed (injected)
into combustion
chamber. Expanding
gases force piston to
bottom of cylinder.
Valves remain closed.

r

Exhaust Stroke
Piston on upstroke
forces burned
gases frcm cylinder
through open ex-
haust valve.

03



Intake Port

Intake and Exhaust

I
1

Two-Stroke-Cycle
Diesel Engine

Compression Stroke Power Stroke

<05



NAME

ENGINE OPERATING PRINCIPLES
UNIT I.B

ASSIGNMENT SHEET #1 LOCATE INTAKE AND EXHAUST
VALVES ON AN ENGINE

SCORE

The best way to locate the position of the valves on an engine is to check with the service
manual. The reason a mechanic needs to know the location of the intake or exhaust valves is
to aid in adjusting a valve, timing an engine, or placing an engine on TDC #1 compression.

The service manual will give the specifications as in the example.

Example:

6 5 4 3 2 1

No. 1 TDC Compression Stroke
Valve Arrangement

(Courtesy of J. I, Case Co.)

(NOTE: This i 3 just an example and may not apply to the engine you are working on.)

Some service manuals may not give the specifications; then the mechanic has to determine
the Intake or exhaust valve. If the service manual does not give the specification tor the engine
you are working on, ask your instructor what method to use to determine intake or exhaust
valve.

Look in a service manual corresponding to the engine you are working on, and write the
arrangement of the valves. Number the valves in order from front to rear and write which valve
is intake or exhaust. Using the illustrations on the next page, write your valve arrangement in
the proper format for the engine you are working on.

06
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ASSIGNMENT SHEET #1

FOUR CYLINDER ENGINE

sFront Rear

SIX CYLINDER ENGINE

4 Front

11

V SERIES ENGINE

Rear lip

(NOTE: This applies to V6, V8, or V12 engines.)

41 Front Rear

4 Front Rear

Obtain instructor's initials here

Right Bank

Lett Bank



NAME

D-35-B

ENGINE OPERATING PRINCIPLES
UNIT I-B

ASSIGNMENT SHEET #2 - LOCATE TDC #1 CYLINDER ON
COMPRESSION STROKE OF AN ENGINE

SCORE

Often a mechanic is required to place an engine on TDC #1 compression to adjust the valves,
install an injection pump, or check the timing of the engine. With all the different types of
engines on the market, it is recommended that you try to obtain the service manual for the
specific engine you work on. Sometimes the correct manual is not available, so it is up to the
mechanic to put #1 cylinder on TDC. There are several general methods to use. This assign-
ment sheet covers two methods; your instructor may have additional ones. These methods
may be used for a six-cylinder in-line engine.

Method #1

1. Locate timing marks on the engine (vibration damper or on the flywheel).

(NOTE: Some engines may not have marks but will have a pin that drops into a slot
when at TDC. The only problem is that you don't know if you are TDC #1 or #6.)

2. Remove valve cover from the engine.

3. Rotate engine in the correct direction of rotation while watching intake valve rocker arm
on #1 cylinder.

(CAUTION: Be sure the fuel system is in the nofuel (kill) position to prevent engine from
starting.)

4. While rotating engi" watch intake valve go down (open), come back up, and stop
(closed).

5. Keep rotating engine and watch for timing mark to align with mark on vibration damper
or flywheel.

(NOTE: The pin drops into the slot.)

6. When the marks align, the engine is at TDC #1.

Method #2

Use this method to arrive at approximate TDC #1 when there is no timing mark or service man-
ual available.

1. Remove valve cover from the engine.

408
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ASSIGNMENT SEZET #2

2. Rotate engine in direction of proper rotation while watching the intake valve rocker arm
on #1 cylinder.

(CAUTION: Keep engine from starting while rotating.)

3. While rotating engine, watch intake valve go down (open), come back up, and stop
(closed).

4. Keep rotating engine and watch #6 exhaust valve (mating cylinder to #1); it will be down
(open).

5. Rotate engine until^ valve comes up and stops (closed).

6. The engine is at approximately TDC #1.

For your assignment, go into the shop and position an engine on TDC #1 compression stroke
by using the method outlined above.

Obtain your instructor's initials here

If your shop has a manual corresponding to the engine you are working on, check to see if the
methods are near the manual specifications.

Ask your instructor to suggest other possible methods of putting an engine on TDC #1 com-
pression stroke.

i) 9



NAME

ENGINE OPERATING PRINCIPLES
UNIT I-B

TEST

SCORE

1. Match the terms related to engine operating principles with the correct definitions.

a. Total space between the piston at its lowest
position in the cylinder and the bottom of
the cylinder head

b Total space between the cylinder head and
Vie piston when the piston is at its highest
r,osItion in the cylinder

c The reduction in voiu re of gases trapped in
the cylinder causer; the upward motion of
the piston

.d. natio of whole cylinder volume to least cyl-
inder volume

e. Ignition of the fuel by the heat of compres-
sion

f. Measure of heat intensity

g. Action or operation of burning

h. Cavity in the cylinder head of some diesels
whe:e some burning of fuel first takes place

_1. Piston at highest point of travel

_J. Piston at lowest point of travel

it Distance the piston moves when traveling
from TDC to BDC

I. Crankshaft revolutions per minute

Controlling the engine power by varying or
governing the amount of fuel injected into
the combustion chamber

n. Surface shape of the top of the piston

_o. Series of events that repeat themselves in a
regular sequence

p. The displacement of exhaust gas from the
cylinder by fresh air

q. Period of crankshaft rotation during which
both intake and exhaust valves are open

410

1. BDC

2. Clearance volume

3. Combustion

4. Compression

5. Compression ignition

6. Compression retie

7. Cycle

8. Engine speed

9. Piston crown

10. Power control

11. Pre-combustion
chamber'

12. Scavenging

13. Stroke

14. TDC

15. Temperature

16. Valve overlap

17. Volume

D-37-B
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TEST

2. Identify any fifteen of the following basic parts of a diesel engine.

I.

a

t.

c.

e

9

o.

q. .

r.

b.

d

f.

h.

r.

s. t

u. v.



TEST

3. Ma 'h the basic diesel engine parts with the correct functions.

Solid casing which includes the cylinders
and water jackets

b Holes in the cylinder block containing the
pistons

c. Movable plugs open at one end which trans-
fer force of explosion to the connecting rod

Connecting link between the piston and
crankshaft

e. Main shaft of an engine which, turned by the
connecting rods, changes the reciprocating
motion of the piston to the rotary motion in
the power train

f. Drives the camshaft or idler gear

g. Shaft with cam lobes used to operate the
valves

_h. A gear attached to the crankshaft that
drives the camshaft; regulates speed and
performance

_I. Eccentrics on the camshaft that operate the
valves

j. Rod links that transfer motion from the lifter
to the rocker arm

__k. Transfers motion from push rod to valve to
open the valve

I. Rides on the camshaft so that the cam lobo
raises it to operate the valve

m. Opens and allows exhaust gases to be
forced from engine cylinder

n. Metal section bolted to the block to close
one end of the cylinder, which usually con-
tains the valves

_____o. Provides pressure that circulates oil to rotat-
ing or reciprocating engine parts to mini-
mize friction

1. Cam lobes

2. Camshaft

a Connecting rod

4. Cooling passageway

5. Crankshaft

6. Crankshaft gear

7. Cylinder block

8. Cylinder head

9. Cylinders

10. Exhaust valve

11 Flywheel

12. Intake valve

13. Oil cooler

14. Oil pan

15. Oil pump

16. Piston pin

17. Pistons

18. Push rods

19. Rocker arm

20. Timing gear

21. Valve lifter

22. Valves

23. Vibration damper

0-39-B
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TEST

p. Serves as floating connecting piece for pis-
ton and connecting rod

Hollow space in block through which cool-
ant circulates

_.r. Reservoir for engine oil

s. Permits air to enter the cylinder

t. Open and close the cylinder to allow air to
enter or gases to leave the cylinder

u. A specially designed device mounted to the
front of the crankshaft to reduce
torsional vibration

v. Attaches to the end of the crankshaft and
provides inertia to carry the crankshaft
around from one firing impulse to the other

w. A heat exchanger for lowering the tempera-
tures of oil

4. Arrange in order the sequence of the operation of the diesel engine ay placing the cor-
rect sequence number in the appropriate blank.

a. Piston reaches top dead canter.

1) Fuel is injected into the cylinder.
2) Hot compressed air ignites the fuel.
3) Combustion occurs.

_b. Combustion creates energy to force the piston down on the power stroke.

c. Piston moves up on compression stroke.

1) Air is trapped in the cylinder causing pressure to rise.
2) Pressure rise causes high temperature.

5. Complete the following list of what happens during each stroke of a four-stroke cycle
engine.

a. First stroke: Intake

1) Piston moves down.

2) Exhaust valve closes.

3)

4



b. Second stroke: Compression

1)

2) Intake and exhaust valve close.

c. Third stroke: Power

1)

2) Intake and exhaust valve close.

d. Fourth stroke: Exhaust

1) Piston moves up.

TEST

2)

3) Exhaust valve opens.

6. Differentiate between two-stroke cycle and four- stroke cycle engines by placing an "X"
next to the description of a four-stroke cycle.

a. Fires every other time piston reaches top dead center

_b. Fires each time piston reaches top dead center

7. Differentiate between the characteristics of two-stroke cycle and four-stroke cycle
engines by placing an "X" next to the characteristics of a two-stroke cycle engine.

_a. Does not use engine power to drive a blower to force air charge into the
cylinder under pressure

_13 Produces a power stroke for each revolution of the crankshaft

Has fewer heat problems since each cylinder fires half as often

d. Exhaust valves or ports open later, which creates some gain in effective
power

e. Theoretically produces twice the power for the same size engine

f. Runs smoother since power strokes occur at shorter Intervals

g. Completely clears burned gases from the cylinder, which results in more
power per power stroke
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TEST

8. Differentiate between diesel engines and gasoline engines by placing an "X" next to the
descriptions of diesel engines.

a Ignition by compression

b. Burns gasoline

c Lighter construction

d High compression ratio

e Heavier construction

Takes fresh air directly to combustion chamber

g. Ignition by electrical spark

h Low compression ratio

Burns low grade fuel oil

j. Fuel and air mixture drawn through carburetor and intake manifold into
combustion chamber

Takes fresh air and fuel through carburetor then to combustion chamber

Fuel injected directly into combustion chamber

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

9. Locate intake and exhaust valves on an engine. (Assignment Sheet #1)

10. Locate TDC #1 cylinder on compression stroke of an engine. (Assignment Sheet #2)

r.
11 Y.)



ENGINE OPERATING PRINCIPLES
UNIT

ANSWERS TO TEST

1. a. 17 g. 3 m. 10
b. 2 h. 11 n. 9
c. 4 i. 14 o. 7
d. 6 j. 1 p. 12
e. 5 k. 13 q. 16
f. 15 I. 8

2. Any fifteen of the following:

a. Cylinder block
b. Cylinders
c. Pistons
d. Connecting rod
e. Crankshaft
f. Crankshaft gear
g. Camshaft
h. Timing gear
i. Cam lobes
1. Push rods
k. Rocker arm
I. Valves
m. Valve lifter
n. Cylinder head
o Wrist pin or piston pin
p. Cooling passageway
q. Flywheel
r. Oil pump
s. Oil pan
t. Intake valve
u. Exhaust valve
v. Vibration damper

3. a. 7 I. 1 q. 4
b. 9 j. 18 r. 14

c. 17 k. 19 s. 12
d. 3 I. 21 t. 22
e. 5 m. 10 u. 23
f. 6 n. 8 v. 11

g. 2 o. 15 w. 13

h. 20 p. 16

4:1
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ANSWERS TO TEST

4. a. 2
b. 3
c. 1

5. a. Intake valve opens
b. Piston moves up
c. Piston moves down
d. Intake valve closes

6. a

7. b, e, f

8. a, d, e, f, i, I

9.10. Evaluated to the satisfaction of the instructor

A



CYLINDER HEAD ASSEMBLY
UNIT II-B

UNIT OBJECTIVE

After completion of this unit, the student should be able to disassemble, inspect, service, and
assemble a cylinder head and its parts. Competencies will be demonstrated by completing
the job sheets and unit tests with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to a cylinder head with the correct definitions.

2. Select major parts usually found in a cylinder head assembly.

3. Identify forms of cylinder head castings that may be found on a diesel engine.

4. Identify the primary parts of a valve assembly.

5. List typd of valve iutators.

6. Identify types of valve arrangement.

7. List locations for turbulence chambers in an engine.

8. Identify forms cf engine valves.

9. Name three factors determining cylinder head size.

10. Demonstrate the ability to:

a. Remove, inspect, and install a cylinder head. (Job Sheet #1)

4 3 8
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OBJECTIVE SHEET

b. Disassemble and service a valve train. (Job Sheet #2)

c. Service valve guides. (Job Sheet #3)

d. Grind valve seats. (Job Shebi #4)

e. Replace valve seat inserts. (Job Sheet #5)

f. Assemble a cylinder head. (Job Sheet #6)



CYLINDER HEAD ASSEMBLY
UNIT IIB

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to suppl'i
information provided in this unit of instruction.

(NOTE: This activity should be complete, prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students wit' job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Have students list the parts in a head assembly.

2. Demonstrate different valve angles.

3. Show various valve designs.

4. Demonstrate testing valves and seats for leaks.

5. Show various types of valve seat inserts.

6. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sons, Inc., 1982.
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REFERENCES USED IN DEVELOPING THIS UNIT

B. Fundamentals of Service: Engines. 5th ed. Moline, IL: Deere and Company, 1980.

C. Highway Vehicle Service Manual. Allentown, PA: Mack Truck, Inc., 1980.

D. Schulz, Erich. Diesel Mechanics. 2nd ed. Dallas, TX: Gregg Division/McGraw-Hill Book
Company, 1983.

E. Sep rice Manual: 92 Series. Detroit, MI: General Motors Corp., 1985.

F. Shop Manual. Columbus, IN: Cummins Engine Company, 1981.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Motor Magazine
Motor Publications
555 West 57th Street
New York, NY 10019
1 800 228-2028

Heads, Valves, and Camshafts
Literature Order Section
P.O. Box 5319
Morton, IL 61550

B. Filmstrips

1. Mack 6 Cylinder Engine Rebuild Part II
Educational Communications, Inc.
Dept. M
761 Fifth Avenue
King of Prussia, PA 19406

2. Head and Valve Train. (Cummins) slides
Literature Control Service
Box 99085
Jeffersontown, KY 40299

3. Valve Service: Seating and Assembly Procedure. (Filmstrip with cassette)
Teaching Aids Incorporated
P.O. Box 1798
Costa Mesa, CA 92626-C4798
(714) 548-9321



CYLINDER HEAD ASSEMBLY
UNIT IIB

INFORMATION SHEET

I. Terms and definitions

A. Cam follower Intermediate contact between camshaft and valve stem

Pivoted Pin Follower with Roller Fl6t or Mushroom Follower Rol erType Follower

B. Foot-pound Unit of measure of torque

C. Fuel injection nozzle Injects fuel under high presJure

D. Fuel injector Meters and sprays fuel into the combustion chamber

(Transparency 1)

Valve Bridge

Valve and Fuel Injector

Rocker Arm
Cam Follower

Exhaust Valve

Valve Seat

Intake Ports
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INFORMATION SHEET

E. Interference angle Permits a narrow leaktree valve seat when the engine
is first started; as the valve gets hot, the valve head curls slightly and
expands to a full seat contact.

Interference Angle

(Reproduced by permissi )n of Deere &
Company, 1980 Deere & Company. All
rights reserved.)

F. Poppet valve Disk with a stem that rises perpendicularly to or from its
seat and is opened by a cam and closed by a spring

Rocker Arm Pushes Here

Spring

Stem

iI

Cylinder Head

Guide-

Seat

Valve Head ----}

4--Face

G. Rocker arm Lever that transmits the action of the cam to the stem of the
valves

H. Rocker arm assembly Shaft, rocker arm, and cam follower

Rocker Arms

/ i Shaft

f
Brackets

Spring

4.23

Plug
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INFORMATION SHEET

I. Rocker arm shaft Serves as a fulcrum for rocker arms

J. Service 'Tc clean, inspect, lubricate, and/or adjust

K. Sodium filled valves Valves which have been hollowed and partially filled
with metallic sodium to reduce valve-head temperature

Solid Valves

Exhaust

Hollow Area

Intake SodiumCooled

(CAUTION: For disposal OT the sodium valve check with your local environ-
mental agency.)

L. Torque A twisting effort

M. Torque wrench Wrench used to draw nuts to a specified tension by mea-
suring the twisting effort in foot-pounds

N. Turbulence High velocity swirling of air within the combustion cry-Amber

0. Valve bridge (crosshead) Permits two valves in the same cylinder to be
opened at the same time

Wear Cap

Crosshead
Adjusting

Screw

Valve Bridge

Rocker Arm
Adjusting Screw

Intake
Valves

(Reproduced by permission of Deere & Company, 1980 Deere & Company. All rights reserved.)
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INFORMATION SHEET

R Valve face angle Angle between the valve face and the valve stem

Q. Valve guide Hole through which the stem of the valve passes

(NOTE: Some guides are pressed into place, and others are drilled into head
metal.)

Cylinder Head

Guide

Seat

Valve Head-----t

Face

R. Valve margin The distance between the edge of the valve and the edge of
the face Head

Margin

Face

Seat

Stem

Valve Guide
S. Valve seat That part in the head upon which the valve face rests to close

the port

Seat

Valve

Face



FORMATION SHEET

T. Valve seat angle Angle between the seat surface and the cylinder head
surface, either 30 or 45 degrees

(NOTE: Some manufacturers recommend interference fit of 29 or 44
degrees.)

Wide Seat Narrow Seat

(Reproduced by permission of Deere & Company, 0 1980 Deere & Company. All rights reserved.)

U. Valve spring Helical spring used to close the valve

V. Valve spring retainers Hold the valve spring on the valve stem

(NOTE: This is sometimes caned valve spring keeper.)

Spring Retainer

Oh Seal

Spring Seat

Valve

Valve Seat
(Integral Type)

Keepers

Valve Guide
(Integral)

D-53.13
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INFORMATION SHEET

W. Valve stem seal Sealing device which prevents excess oil from entering
the area between the stern and the valve guide

Valve Stem Seal

(Courtesy of Detroit Diesel Corporation.)

II. Major parts usually found in a cylinder head assembly (Transparency 1)

A. Intake valve

B. Exhaust valve

C. Rocker arm

D. Fuel injector or nozzle

E. Cam followers (Detroit)

F Fuel injector tube

G. Valve guides

H. Valve seats

I. Crossheads (valve bridge)

J. Crossheai guides



INFORMATION SHEET

Ill. Forms of cylinder head castings

A. Single

(NOTE: This covers one cylinder.)

B. Multiple

(NOTE: This covers two or more cylinders.)
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INFORMATION SHEET

C. One piece

(NOTE: This covers all cylinders.)

IV. Primary parts of a valve assembly (Transparency 2)

A. Split collar retainers (valve keepers)

B. Valve spring can

C. Valve spring

(NOTE: When valve spring has closely-wound coils at one end, place this
end toward the cylinder head.)

D. Valve

E. Valve stem seal

(NOTE: These seals could be an 0-ring or umbrella type.)

Cup or Umbrella

Shield

0-Ring

Keeper

Retainer

Spring

Neoprene eal



INFORMATION SHEET

V. Types of valve rotators (Transparency 3)

A. Release type

B. Positive type

VI. Typical valve arrangements

A. IHead Both valves above cylinder

B. H-Head Both valves above angled cylinders (V-block)

IHead

VII. Locations of turbulence chambers

HHead

A. Chamber in cylinder head B. Chamber in piston

TUrbulence Chamber In Cylinder Head Turbulence Chamber In Top of Piston

Injection Nozzle

430
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VIII. Types of valves

A. Standard

G. Flat-top

Head

INFORMATION SHEET

Margin

Face

Seat

Stem

Valve Guide

B. Tulip

D. Sodium-filled

IX. Factors determining cylinder head size

A. Cylinder block design

B. Number of main bearings

C. Expected thermal stress

D. Cooling and sealing difficulties of the cylinder head

E. The design of the intake and exhaust ports

F. Number and size of cylinders



Valve Bridge

Valve and Fuel Injector

Rocker Arm
Cam Follower

Exhaust Valve

Valve Seat

Intake Ports

Rocker Arm

N
Valve Bridge Assemhy

Bridge Yoke

11111V

sou41100`...di ...i,
......\\ ...aim.

AIL :
II \ -0111

1,,,,, ,

ki

Adjusting Screw

Valve Bridge

Bridge Guide Pin
Valve Stem

42

D59B

TM 1



Primary Parts of a Valve Assembly

Split-Collar Retainers
(Keeper)

Valve Spring

Groove for 0-ring Seal

Valve Stem Steal

Valve Spring Cup Valve

Valve Stem Seal

433

Seal
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Valve Rotators

Valve Guide

Valve Spring

Retainer Lock

Tip Cup

434

Valve

Built-In
Clearance

Spring Cap

Tappet

Spring Washer

Balls

Return Springs

435 g
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CYLINDER HEAD ASSEMBLY
UNIT IIB

JOB SHEET #1 - REMOVE, INSPECT, AND INSTALL A CYLINDER HEAD

A. Tools and materials

1. Eye protection

(NOTE: Valve springs are undcr pressure and wire brush bristles can coma loose
and damage your eyes.)

2. Shop towels

3. Basic hand tool set

4. Appropriate service manual

5. Steam supply

6. Compressed air supply

7. Chain hoist of sufficient capacity

8. Brass hammer

9. Torque wrench

10. Straightedge

11. Feeler gauge

12. Head gasket scraper

13. Wire brush

14. New head gasket

B. Procedure

(CAUTION: Follow all shop saibty procedures.)

1. Remove cylinder head.

a. Check for oil, water, fuel, or compression leaks around cylinder head.

b. Steam clean the engine.

c. Drain coolant from engine.

436
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JOB SHEET #1

d. Remove accessories attached to cylinder head, allowing a clear place to
work.

e. Remove rocker arm cover and rocker arm assembly, if used.

f. Remove cylinder head studs as suggested by manufacturer's specifica-
tions.

g. Attach suitable lifting device to head. (Figure 1)

h. Break head loose using suitable pry bar and location.

(CAUTION: Do not pry on the contact surfaces.)

I. Place cylinder head in head holding fixture or equivalent and reinstall
accessories.)

Obtain instructor's initials here before proceeding to next step.

2. Inspect cylinder head.

a. Clean the cylinder head and contact surfaces.

h. Clean mating surfaces of the block and head thoroughly.

c. Check for damage to the sealing surfaces of the head or block.

d. Check liner protrusion for proper specification.

e. Clean all carbon deposits from the head by scraping or brushing with a
wire brush.

4.'47
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JOB SHEET #1

f. Check for lime deposits in water passages and remove soft plug, if used.

(NOTE: Use a recommended solutlor and dip the head to clean out scale
and lime.)

g. Examine fuse plug for signs of overheating. (Figure 2)

(NOTE: Fuse plugs contain a metal alloy center that melts if engine ever-
I leats.)

FIGURE 2

h. Inspect and replace soft plug as needed.

I. Install new plug if metal alloy has melted.

(NOTE: If fuse plug has melted, check carefully for further damage.)

J. Use a heavy straightedge and feeler gauge to check for warpage at each
end and between all cylinders.

(NOTE: Also check for end-to-end warpage in at least six places. See Fig-
ure 3.)

FIGURE 3

Feeler Gauge

Straight Edge

438
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JOB SHEET #1

k. Decide whether to reinstall head or reface it.

(NOTE: Consult the engine technical manual for refacing limits.)

I. Chock head for leaks or cracks.

1) Water and air pressure method Seal the head and connect to an
air hose. Immerse in hot water (180.200 °F) for fifteen minutes. Leaks
are detected by any air bubbles which appear in the water. (Figure 4)

FIGURE 4

Connect Air Supply
Air Bubbles

Indicate Leak

Cylinder Head Prepared for Pressure Testing

2) Magnetic crack detector method Place magnetic crack detector
over the suspected area, setting up a magnetic field. (Figure 5)

FIGURE 5

Electromagnetic Tester

1

(NOTE: Fine white metallic povider is then sprinkled over the area
and the tool is rotated 90 degrees, After excess powder Is blown off,
any cracks are clearly shown in white.)

Obtain instructor's Initials here before proceeding to next step.

4 9



JOB SHEET #1

3. Install cylinder head.

a. Inspect the cylinder head and contact surfaces.

b. Inspect for scratches or nicks on the sealing surfaces of the head and
block.

c. Inspect and clean cylinder head cap screws and threads.

d. Install new cylinder head gasket.

(NOTE: Follow engine manufacturer's or gasket manufacturer's recom-
mendation for applying a sealing compound to one or both sides of the
head gasket. Check to be sure that water passage holes are aligned with
holes in block. Use aligning dowels if required.)

e. Set head squarely on block without disturbing the head gasket.

f. Clean and lightly oil Lefts or studs.

p. Start the stud nuts or cap screws and tighten down finger tight.

h. "Snug" down in the correct sequence (see manufacturer's manual) from
center of head out. (Figure 6)

FIGURE 6

Start at the Center
Torque Wrench

,/
Tighten Toward .1"

Each End, Alternating
from Side to Side in a Circle as Shown

Cylinder Head

I. Tighten each nut.

(NOTE: Refer to engine manual for torquing procedures. After the engine
has been running a few hours, retighten the stud nuts in the correct
sequence with the torque wrench.)

Obtain instructor's initials here
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CYLINDER HEAD ASSEMBLY
UNIT II.B

JOB SHEET #2 - DISASSEMBLE AND SERVICE A VALVE TRAIN

A. Tools and materials

1. Eye protection

2. Appropriate service manual

3, Shop towels

4. Basic hand tool set

5. Board with set of numbered holes for valves

6. Crocus cloth

7. Valve spring compressor

8. Steam supply

9. Compressed air supply

10. Bench grinder

11. 0-1 inch mic ometer

12. Valve spring tester

13. Dial indicator

B. Procedure

(CALIVION: Follow all shop safety procedures.)

1. Remove valve:

a. Steam clean complete head awembly,

b. Dry with compressed air.

c. Place cylinder head in head holding device or equivalent.

441
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JOB SHEET #2

d. Compress one valve spring at a time with valve compressor. (Figure 1)

FIGURE 1

CClamp Valve
Spring Compressor

e. Tap valve lightly to loosen; then remove split collar retainers. (Figure 2)

FIGURE 2

f. Remove spring cup.

g. Remove spring.

h. Remove valve stem seal (if used).

I. Remove valve from bottom of cylinder head.

4 4
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JOB SHEET #2

Use a board with a set of numbered holes drilled in it, and place valves in holes in
their correct order. (Figure 3)

(CAUTION: Do not mix,)

FIGURE 3

2. Clean valves:

a. Hold each valve firmly against a wire wheel on a bench grinder, or use glass bead
or sandblast method.

b. Remove all carbon from valve head, face, and stem.

c. Polish valve stems with crocus cloth.

(NOTE: Do not use wire bru3h on stem bearing surface.)
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JOB SHEET #2

3. Inspect and test valves.

a. Inspect valve stems:

1) Use 041 inch micrometer to measure the valve stem. (Figure 4)

FIGURE 4

fl t

:4
0 r

(NOTE: Check measurement at various points along the guide bear-
ing surface.)

2) If diameter is less than specified in manufacturer's manual, discard
valve and valve guide.

(NOTE: See Job Sheet #3 for valve guide replacement.)

h. Visually check valves:

1) Check valve for cupped (dished), cracked, or pitted surface.

2) Check valve margin with the specification.
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JOB SHEET #2

3) Check valve stem for nicks, pitting, scuff marks; check keeper
(retainer) grooves for damage. (Figure 5)

FIGURE 5

Left to Right: Nicked, Damaged Retainer Grooves, Cupped (Dished), and Eroded Valve
Stem.

Obtain instructor's initials here before proceeding to next step.
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JOB SHEET #2

4. Reface valves.

a. Dress wheel, if necessary. (Figure 6)

FIGURE 6

r",,Aast

1) Place dressing attachment against stop bar at slight angle on grind-
ing head, and tighten wing nut.

2) Turn on motor and take light, steady cuts across wheel.

(NOTE: Use coolant as required by manufacturer.)

b. Locate chuckhead. (Figure 7)

FIGURE 7

1) Locate chuckhead at the exact angle you wish to refinish valve.

(NOTE: Refer to manufacturer's specifications for valve face angle,
valve seat angle, and interference angle.)

Lt, 6



D-77-B

JOB SHEET #2

2) Lock chuckhead with hex nut.

Obtain instructor's initials here before proceeding to next step.

c. Chuck the valve into valve grinder. (Figure 8)

FIGURE 8

(CAUTION: Special care should be taken when working with sodium-filled
exhaust valves.)

1) Open chuck sleeve and insert valve so rollers touch just above the
worn part of the stem.

2) Set aligner for proper length of valve.

3) Close chuck sleeve to contact stem.

4) Depress lever and close chuck sleeve about 1/a turn.

(NOTE: Use according ,J manufacturer's specifications.)

5) Pre valve firmly back into aligner and release lever.

6) Tighten by hand to desired tension.
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JOB SHEET #2

d. Grind valves. (Figure 9)

FIGURE 9

Chuck Plate

(CAUTION: Adjust stop chuck plate so grinding store will not get into valvestem)

1) Switch on motor.

2) Advance valve in front of grinding wheel until wheel just touches
valve.

(NOTE: Adjust coolant nozzle as required.)

3) Set micrometer on feed screw at zero.

4) Begin grinding at left side of wheel, moving valve slowly and stead-
ily across wheel then back again.

5) Take light cuts by feeding he wheel up to the valve .001 or .002 at a
time.

6) Remove just enough material to make a clean, smooth face.

7) When valve face is trued, advance to right until top edge of valve is
flush with right edge of wheel.

',CAUTION: Do not let valve leave the stone.)

8) Stop a second or two, then back grinding wheel away from valve.

9) Repeat steps above for other valves.

(NOTE: Keep valves in numbered rack to make sure you return them
to the proper guides.)
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JOB SHEET #2

10) Replace any valve that cannot be entirely refaced while keeping a
good valve margin. (Figure 10)

FIGURE 10

Warped Valve
with Knife Edge

erd\Good Margin7.

Knife Edge

(CAUTION: Avoid a knife edge around part or all of the valve head.
See Figure 10.)

(NOTE: Inspect valve stem for nicks. Also check manufacturer's
specifications about grinding valve stem tip; some recommend
grinding the stern and other;; do not.)

5. Inspect valve spring.

a. Inspect for:

1) Wear on the casting where springs rotate.

2) Wear on the spring caps.

3) Wear on end. of spring.

4) Warped springs.
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JOB SHEET #2

b. Test spring tension.

1) Mount valve spring on spring tester. (Figure 11)

FIGURE 11

2) Measure spring length by means of manufacturer's standards.

3) Compress valve spring.

(NOTE: If valve springs compress to dimensions shown in manufac-
turer's table at less than load indicated under "worn limits," valve
spring should be discarded.)

Obtain instructor's initials here



CYLINDER HEAD ASSEMBLY
UNIT 11

JOB SHEET #3 - SERVICE VALVE GUIDES

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Appropriate service manual

4. Basic hand tool set

5. Electric hand drill

8. Rotary wire cleaning brush

7. Valve seat grinding kit

8. 0.1 Inch micrometer

9. Small bore gauge

10. Bluing or lead pencil

B. Procedure

(CAUTION: Follow all shop safety procedures,)

1. Service valve guides.

a. Clean valve guides.

1) Use correct size wire brush in an electric dna.

4i
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JOB SHEET #3

2) Run brush up and down the full length of guide. (Figure 1)

FIGURE 1

3) Apply a few drops of oil.

b. Inspect valve guides.

1) Measure at different points within the guide using ball gauges.
(Figure 2)

FIGURE 2

Valve Guide

Ball Gauge

Measure wilds of
Guide with Gauge

2) Read measurement with micrometer.

3) Measure outside of valve stem. (Figure 2)

4) Compare (2) and (3) for clearanua.

(NOTE If guide to stem clearance is more than 50 percent above
manufacturer's specifications, replace.)

Obtain instructor's Initials here before proceeding to next step.



JOB SHEET #3

c. Replace valve guides.

1) Remove old valve guide.

(NOTE: Check with appropriate service manual for correct valve
guide removal and installing tool.)

2) Install new guides as needed. (Figure 3)

FIGURE 3

Pilot Tool

.,
litrlir".%* Valve Guideir.

(NOTE: Check service manual specifications for valve guide height.)

4i3
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JOij SHEET #3

3) Precisionream to specifications after installation, if required.

Obtain instructor's initials here

.1.,y I



CYLINDER HEAD ASSEMBLY
UNIT 11

JOB SHEET #4 - GRIND VALVE SEATS

A. Tools and materials

1. Safety gimes

2. Shop towels

3. Appropriate service manual

4. Cylinder head holding fixture

5. Basic hand tool set

6. Electric hand drill

7. Rotary wire cleaning brush

8. Valve seat grinding kit

9. 0.1 inch micrometer

10. Small bore gauge

11. Bluing or lead pencil

B. Procedure

(CAUTION: Follow all shop safety prom .s.)
1. Clean valve seats. (Figure 1)

FIGURE 1

1.

455
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JOB SHEET #4

a. Use an electric hand drill with wire brush to remove all carbon.

b. Apply kerosene to loosen carbon.

c. Check for pitted, burned, or worn seat.

2. Dress grinding wheel.

a. Set dressing tool at desired angle. (Figure 2)

FIGURE 2

.1

Drive Motor

Stone Dressing Tool

b. Put a drop of very light oil on dressing pilot.

(CAUTION: Do not get oil on grinding wheel.)

c. Screw grinding wheel on holder and place on pilot.

d. Adjust until wheel just touches diamond.

e. Insert driver and bring up to speed.

f. Move diamond steadily across wheel, taking light cuts.

3. Select tapered pilot. (Figure 3)

r Select largest pilot which will fit snugly into valve guide.



JOB SHIFT #4

b. Place drop of oil on pilot, insert into guide, and twist gently to lock. (Figure
3)

FIGURE 3

(NOTE: There are also expandable pilots available.)

4. Select grinding wheel.

a. Screw proper grinding wheel onto holder and place on pilot. (Figure 4)

(NOTE: Refer to service manual for size and angle.)

FIGURE 4

.>

4t1,,

(CAUTION: Be sure seal Is level or at 900 to grinding wheel.)

4""
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60

JOB SHEET #4

b. Place driver into grinding wheel holder, and operate driver until seat has
been ground to the proper finish, (Figure 5)

FIGURE 5

c. Visually check seat for cracks and seat width.

d. Grind the valve seat so that little of the valve face is exposed to the com-
bustion chamber. (Figure 6)

FIGURE 6
Width of

Contact Surface

D

C

Interference Angle

(Courtesy of Mack Trucks, Inc.)
Valve and Seat Angles

Valve Seat Width

(NOTE: Narrow seat to manufacturer's specifications.)

e. Precautions:

1) Do not crind too long, only a few seconds.

2) Do not use too much pressure.

3) Keep work area clean.

45S



JOB SHEET' #4

4) Check seat width and contact pattern with bluing or lead pencil
marks.

5) Regrind uneven spots.

6) Check the runout (concentricity) of the valve seat with a dial indica-
tor. (Figure 7)

FIGURE 7

Turn Indicator to Chock
Runout of Valve Sea

(NOTE: Reading must be within specifications shown in the engine
technical manual.)

7) Rotate the pilot 90° in the guide and take a second reading.
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CYLINDER PEAD ASSEMBLY
UNIT II-B

JOB SHEET #5 - REPLACE VALVE SEAT INSERTS

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand set

4. Appropriate service manual

5. Valve seat insert puller

6. Rotary wire deal Mg brush

7. Electric hand drill

S. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Clean valve seats. (Figure 1)

FIGURE 1

Use an electric drill with wire brush to remove all carbon.

b. ,.'ply kerosene to locsen carbon.

c. Chb for pitted, burned, or worn seat.

460



JOB SHEET #5

2. Check the valve seat Insert for cracks or looseness by lightly tapping the cOnder
head near the Insert.

(NOTE: If Insert is loose enough to bounce, mark for replacement.)

3. Remove valve seat insert.

a. Use a valve seat insert puller. (Figure 2)

FIGURE 2

Positioning Valve
Seat Insert Puller

Exhaust Valve
Insert

(CAUTION: Do not ut,e a prybar, punch, or chisel because the hardened
materials shatter like glass and serious face or eye injury could result.)

b. Upon removal, check the counterbore for burrs, cracks, or rough edges.

Obtain instructor's initials here

4. Install valve seat insert.

a. Select correct size valve seat Insert.

before proceeding to next step.
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JOB SHEET #5

b. Drive or press the insert down tightly into the counterbore by using an
Insert driver. (Figure 3)

FIGURE 3

c. Check to see that inset is fully seated.

d. Check valve seat runout.

Obtain instructors initials here
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CYLINDER HEAD ASSEMBLY
UNIT Ha

JOB SHEET #6 - ASSEMBLE A MIN/MR HEAD

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tool set

4. Appropriate service manual

5. Straightedge

6. Feeler gauges

7. Valve spring compressor

8. Vacuum tester

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Assemble cylinder head.

a. Apply oil to valve stems and return to same ports from which they were
removed.

(NOTE: Cc ., orcial valve stem lubricants are available.)

b. Work the valves back and forth to make sure they slip through easily and
seat properly.

(NOTE: A properly seated valve will bounce when dropped on its seat.)

c. Install valve seals if required and seat valve springs.

(NOTE Place closely wound end or spring to stationary side or toward
Ned. See Figure 1.)

FIGURE 1

If t) e)
E.

wewPlace closely wound

,../ coils toward head

D95-B
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JOB SHEET #6

d. Install new valve keepers, if necessary, making sure they fit properly. (Fig-
ure 2)

CClamp Valve
Spring Compressor

e. Pop ench spring and valve assembly three or four times by tapping on the
end with a soft mallet.

Obtain instructor's initials here before proceeding to next step.

2. Check valve head height (protrusion).

a. P' ace 3 straight edge across the cylinder head, and use a feeler gauge to
measure distance between the valve head and straightedge.

b. Zero gauge on cylinder head face next to the valve, rAove the gauge over
the valve and check for specified clearance.

3. Cneck valve stem height.

(NOTE: This may affect installed valve spring height and tension. Shims may
have to be added under the sr,,w1g.)

4. Leakage test a valve.

a. Put the vacuum cup over the valve.

b. Open shu,off valve and operate tile vacuum pump until the vacudrn gauge
Indicates, between 18 to 25 inch hg (mercury).



JOB SHEET #6

c. Turn shutoff valve to closed position.

d. Check manufacturer's specifications for the amount of time allowed for
vacuum leakage to be within specification.

Obtain instructor's initials here
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CYLINDER HEAD ASSEMBLY
UNIT

PRACTICAL,TEST
JOB SHEET #1 - REMOVE, INSPECT, AND INSTALL

CYLINDER HEAD

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO._
Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Followed all shop safety procedures.
3. Removed cylinder head correctly.
4. Cleaned cylinder head and block surfaces.
5. Checked fuse plug.
6. Checked cylinder head for warpage.
7. Checked cylinder head for leaks or cracks.
8. Installed cylinder had correctly.
9. Torqued cylinder head in sequence.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the studenic on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student Ls unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Cylinder head is removed
correctly.

3 2 1

Cylinder head is in good
condition.

4

Cylinder head is installed
correctly.

1

3 2

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY10
4 Skilled Can perform job with no additional training.
3 Moderately skilled - Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training 13 required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



CYUNDER HEAD ASSEMBLY
UNIT IIB

PRACTICAL TEST
JOB SHEET #2 - DISASSEMBLE AND SERVICE A VALVE TRAIN

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this tasl, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALIIAON

(EVALUATOR NOTE: Place a check mark in the "Yea" or "No" blanks to der ;gnats whether or
not the student has satisfactorily achieve(' each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Removed valve from cylinder correctly.
4. Cleaned valve correctly.
5. Inspected all valves.
6. Dressed grinding wheel.
7. Refaced valve properly.
8. Rechecked conditions of valve face.
9. Checked valve spring tension.

10. Chacked iniput away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner. ( ..hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the studenton the following criteria by circling the appropriate num-
bers. Erich item must be rateu at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Valve is removed properly.

Valve is refaced properly.

Spring tension is correct.

4 3 2 1

4 3 2 1

4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program, additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: It an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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CYLINDER HEAD ASSEMBLY
UNIT II-B

PRACTICAL TEST
JOB SHEET #3 - SERVICE VALVE GUIDES

STUDENT'S NAME _ DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe th ) pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Cleaned valve guides correctly.
4. Used ball gauge to Inspect guides.
5. Henioved valve guides correctly.
6. Installed valve guides correctly.
7. Checked in/put away tools and materials.
8. Clesned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner. ( hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

Pi o
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastei, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Valve guides are clean.

2 1

4

Valve guides are removed
prop Jr ly.

3 2 1

4

Valve guides are installed
proporly.

3

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
Moderately skilled Has performed job during training program; limited
additional training may be required.

2 Limited skill Has performed job during training program; additional
training is required to develop skill.

1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

471



D-105-6

CYLINDER HEAD ASSEMBLY
UNIT II-B

PRACTICAL TEST
JOB SliEET #4 - GRIND VALVE SEATS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. AI i items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Cleaned valve seats.

ow I 1.1...

4. Dressed grinding wheel.
5. Ground valve seat to proper angle.
6. Checked valve seat for runout.
7. Ch ,ked Inlput away tools and materials.
8. Clbcmed the work aree.
9. Used proper tools correctly.

10. Performed steps in a timely manne.. (....hrs.
11.

_min.
Practiced safety rules throughout procedure.

12. Provided satisfactory responses to questions asked.
giatelImm

M.11

EVALUAl JR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

3 2

Valve seat is properly
ground.

Valve seat runout is
within specification.

4 3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required
2 Limited skill Has performed job during training program; additional

training is required to devdop skill.
1 Unskilled Is familiar with process, but is unable to perform Job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by he total number of criteria.)
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CYLINDER HEAD ASSEMBLY
UNIT II-B

PRACTICAL TEST
JOB SHEET #5 - REPLACE VALVE SEAT INSERTS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

InFkructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Cleaned valve seat area.
4. Removed valve seat insert.
5. Checked counterbore.
6. Installed valve seat insert.
7. Checked valve seat runout.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. User proper tools correctly.
11. Performed steps in a timely manner. ( hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUAT'OR'S COMMENTS:
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

3

Valve seat insert is
removed properly.

1

Valve seat insert is
installed properly.

4

Valve seat insert has
proper runout.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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CYLINDER HEAD ASSEMBLY
UNIT IIB

PRACTICAL TEST
JOB SHEET #6 - ASSEMBLE A CYLINDER HEAD

STUDENT'S NAME
DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When yoL are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether ornot the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:
YES NO

1. Checked out proper tools and materials.
2. Used shop sat :ty precautions.
3. Installed valves into cylinder head correctly.
4. Checked valve head height.
5. Checked valve stem height.
6. Tested valve and seat for leakage.
7. Checked inlput away tools and materials.
8. Cleaned the work irea.
9. Used proper tools correctly.

10. Performed steps in a timely manner. (,__hrs. _min. sec.)
11. Practiced satety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the studer.t on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Valves are installed prop-
erly.

3

4

Valve head height is cor-
rect.

1

4

Valve stem height is cor-
rect.

2 1

4

Valve and seat leakage
test is within specifica-
tion.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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CYLINDER HEAD ASSEMBLY
UNIT II B

TEST

SCORE

1. Match the terms related to a cylinder head with the correct definitions.

_a. To clean, inspect, lubricate, and/or adjust

b. Disk with a stem that rises perpendicularly
to or from its seat and is opened by a cam
and closed by a spring

c. That part in the head upon which the valve
face rests to close the port

d. Hole through which the stem of the valve
passes

e. Helical spring used to close the valve

f. Hold the valve spring on the valve stem

Lever that transmits the action of the cam to
the stom of the valves

_h. Serves as a fulcrum for rocker arms

I. Shaft, rocker arm, and cam follower

j. Intermediate contact between camshaft
and valve stem

k. High velocity swirling of air within the com-
bustion chamber

_I. Angle between the seat surface and the cyl-
inder head surface, either 30 or 45 degrees

m A twisting effort

g.

n. Wrench used to draw nuts to a specified ten-
sion by measuring the twisting effort in foot-
pounds

1. Cam follower

2. Foot-pound

3. Fuel injection nozzle

4. Fuel injector

5. Interference angle

6. Poppet valve

7. Rocker arm

8. Rocker arm assembly

9. Rocker arm shaft

10. Service

11. Sodium filled valves

12. Torque

13. Torque wrench

14. Turbulence

15. Valve bridge

16. Valve face angle

17. Valve guide

D-111.3
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TEST

o. Unit of measure of torque

p Meters and sprays fuel into the combustion
chamber

q. Injects fuel under high pressure

Angle between the valve face and the valve
stem

s. A sealing device which prevents excess oil
from entering the area between the stem
and the valve guide

Valves that have been hollowed and partially
fillec with metallic sodium to reduce valve-
head temperature

u. Permits ; narrow leakfree valve seat when
the engine is first started; as the valve gets
hit. the valve head curls slightly and
expands to a full seat contact.

v The distance between the edge of the valve
and the edge of the face

w Permits two valves in the same cylinder to
be opened at the same time

18. Valve margin

19. Valve seat

20. Valve seat angle

21. Valve spring

22. Valve spring retainers

23. Valve stem seal

2. Select the major parts usually found in a cylinder head assembly by placing an "X" next
to the part.

Rocker arm

b. Wrist pin

_c. Exhaust valve

_d. Valve guides

Main loefaing

f. Valve s cats

g Fuel injector or nozzle

h. Connecting rod

i. Intake valve

_J. Fuel injector tube
479



TEST

3. Identify three forms of cylinder head castings that may be found on a diesel engine.

a. b.

4. Identify the primary parts in a valve assembly.
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5. List two types of vaIve rotators.

a.

b.

6. Identify the types of valve arrangemont.

TEST

0

Both valves above angled cylinders Both valves above cylinder

b.

7. List two locations for turbulence chambers in the engin°,

a.

b.

8. Identify the forms of engine valves.

a.

481



TEST

c. d

9. Name three factors determining cylinder head size.

a.

b.

c.

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

10. Demonstrate the ability to:

a. Remove, inspect, and Install a cylinder head. (Job Sheet #1)

b. Disassemble and service a valve train. (Job Sheet #2)

c. Service valve guides. (Job Sheet #3)

d. Grind valve seats. (Job Sheet #4)

e. Roplace valve seat inserts. (Job Sheet #5)

f. Assemble a cylinder head. (Job Sheet #6)

D-115B
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CYLINDER HEAD ASSEMBLY
UNIT II-B

ANSWERS TO TEST

a. 10 g. 7 m. 12 s. 23
b. 6 h. 9 n. 13 t. 11

c. 19 i. 8 o. 2 u. 5
d. 17 I. 1 p. 4 v. 18
e. 21 k. 14 q. 3 w. 15
f. 22 I. 20 r, 16

2. a, c, d, f, g, 1, j

3. a. ML Itiple
b. One piece

4. a. Split collar retainer (valve keepers)
b. Valve spring cup
c. Valve spring
d. Valve
e. Valve stem seal

5. a. Release type
b. Positive type

6. a. H-head
b. I-head

7. a. Chamber in cylinder head
b. Chamber in piston

8. a. Sodium-filled
b. Standard
c. Tulip
d. Flat-top

9. Any three of the following:
a. Cylinder block design
b. Number of main bearlrgs
c. Expected thermal stress
d. Cooling and sealing difficulties of the cylinder head
e. The design of the intake and exhaust ports
f. Number and size of cylinders

10. Performance skills evaluated to the satisfaction of the instructor
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT III-B

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify the primary parts of a pis-
ton and connecting rod assembly and select the causes of high oil consumption and blow-by.
The student should also be able to inspect and measure pistons and crankshaft for wear.
Competencies will be demonstrated by completing the job sheets and unit tests with a mini-
mum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to piston and connecting rod assemblies with the correct def-
initions.

2. Identify primary parts of ci piston and connecting rod assembly.

3. List functions of the piston.

4. idantlfy main parts of a piston.

5. Select functions of piston rings.

6. Name types of piston rings.

7. Identify common types of ring end gaps.

8. Select possible causes of high oil consumption and blow-by.

9. Name types of piston pins.

484
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OBJECTIVE SHEET

10. Identify types of construction for the cap end of a connecting rod.

11. Complete a list of statements concerning the reasons for markings on the con-
necting rod, piston, and bearing cap.

12. Demonstrate the ability to:

a. Remove piston and connecting rod assembly. (Job Sheet #1)

b. Remove piston rings and piston from rod. (Job Sheet #2)

c. Clean pistons. (Job Sheet #3)

d. Inspect and measure pistons for wear. (Job Sheet #4)

e. inspect connecting rod. (Job Sheet #5)

f. Assemble piston to rod and install rings. (Job Sheet #6)

g. Install piston and connecting rod assembly into cylinder. (Job Sheet #7)
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT IIIB

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein
force information provided in this unit of instruction.

(NOTL. This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet and worksheet.

F. Discuss Information sheet and worksheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Have students list different coatings on rings.

2. Have students make a price list of items necessary to perform job sheets using
their own cars.

3. Have students make a rst of the riIfforent types of piston pin designs and their
uses.

4. Demonstrate removing a id installing piston rings.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L. Re,.aach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Cuinminu Engine Shop Manuel. Coluinbus, IN: Cummins Engine Company, 1974.
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REFERENCES USED IN DEVELOPING THIS UNIT

B. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sons, Inc., 1982.

Detroit Diesel Service Manual. Detroit, MI: General Motors, Inc., 1985.

D. Fundamentals of Fervice: Engines. 5th ed. Moline, IL: Deere and Company, 1980.

E. Kates, Edgar J., and William E. Luck. Diesel and High Compression Gas Engines. 3rd
ed. Chicago: American Technical Society, 1974.

F. Mack Service Manual. Allentown, PA: Mack Educational Communications, Inc., 1984.

G. Schulz, Erich. Diesel Mechanics. 2nd ed. Dallas, TX: Gregg Division/McGraw-Hill Book
Company, 1983.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Oil and Your Engine
Caterpillar Inc.
Service Training, Building JJ
East Peoria, IL 61630

2. Motor Magazine
Motor Publications
555 West 57th Street
New York, NY 10019

B. Filmstrips

1. Mack 6 Cylinder Engine Rebuild Part I
Educational Communications, Inc.
Dept. M
Al Fifth Avenue
King of Prussia, PA 19406

2. Pistons, Rings, and Liners (57 slides and cassette)
Caterpillar, Inc.
Literature Order Section
P.O. Box 5319
Morton, IL 61550
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT III-B

INFORMATION SHEET

1. Terms and definitions

A. Blow-by Combustion gases escaping to the crankcase

B. Cam ground piston A piston that is ground slightly oval but becomes
round when heated

C. Connecting rod A rod which joins the piston with the crankshaft

D. incandescent Glowing or burning

E. Lugging -- Overloading, causing unusual stress

F. Piston oil holes Holes drilled through the piston wall which allow the oil
to escape after the oil - control rings wipe it off the cylinder wall

G. Piston pin Pin that ties the piston and rod together

H. Piston pin boss Hole in piston which supports piston pin

I. Piston, pin retainer A fastening device located in the piston pin boss
which holds the piston pin in place

Piston Ring Lands

Compression Ring Groove

Intermediate Ring Grooves Piston Ring

"'Oil Ring Groove
Grooves

Piston Skirt

Piston Pin Boss (Bore)

J. Piston rings Split rings which are expanded and placed into the grooves
of the piston; the rings seal the space between the cylinder wall and the pis-
ton

D-123-B
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INFORMATION SHEET

K. Piston ring end gap
the piston rings

The amount of clearance between the split ends of

L. Piston ring groove
ton ring

M. Pistor; ring land Area between ring grooves

N. Piston skirt Outside part of piston below ring grooves

II. Primary parts of a piston and connecting rod assembly (Transparency 1)

A groove machined in the piston which holds the pis-

A. Piston

B. Piston rings

C. Piston pin

O. Piston pin bushing

E. Connecting rod

F. Connecting rod cap

G. Bearing shells

H. Piston ring grooves

Piston pin retainer

HI. Functions of a piston

A. Receives the force of combustion

B. transmits this force to the crankshaft

C. Carries the piston rings which seal and wipe the cylinder

IV. Main parts of a piston (Transparency 1)

Piston Rings Piston
Piston Ring

Grooves

Pin

Piston Pin
Retainer

Connecting Rod

Connecting "v
Rod Cap

Piston Pin
Bushing

Bearing Shells

A. Head or crown

B. Skirt

C. Ring grooves

D. Lands

F. Piston pin boss

Lands

Heed or Crown

Ring Grooves

Skirt

4 s 9

Piston Pin
Boss (Bore)



INFORMATION SHEET

V. Functions of piston rings

A. Forms a gas tight seal between the piston and cylinder wall

B. Helps cool the piston by transferring heat

C. Controls lubrication between piston and cylinder wall

VI. Types of piston rings (Transparencies 2 and 3)

A. Compression

1. First compression

a. Plain

b. Taper face

c. Inside bevel

d. Keystone

e. 1/2 keystone

f. Multipiece

2. Second compression

a. Counterbore

b. Scraper

c. Taper face twist

d. Grooved tare

B. Oil control

1. Ventilated

2. Multipiece

3. Spring loaded

4. Abutment

D125-B



INFORMATION SHEET

VII. Common types of ring end gaps

A. Step B. Angle C. Butt

VIII. Causes of high oil consumption and blowby (Transparency 4)

A. Piston rings installed wrong

B. Stuck oil ring

C. Plugged oil ring

D. Top ring broken or top groove worn

E. Overall wear in piston, rings, and cylinder

F. Physical damage to pistons

IX. Types of piston pins

A. Semi-floating Moves in piston, fastened to rod (either pressed into rod or
bolted to rod)

Retainer ---

Bushing

Piston Pin

Rod Assembly
Bolt

Skirt

491



INFORMATION SHEET

B. Full floating Moves in both piston and rod, fastened by spring clips or
retainers

Retainer

Skirt

Piston Pin

Rod Assembly

X. Types of construction for the cap end of a connecting rod (Transparency 5)

A. Square cut

Connecting Rod

Square Cut

Rod Cap

B. Angle cut

Connecting Rod

Angle Cut
Rod Cap

A ")

D127B
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INFORMATION SHEET

C. Tongue and groove

Connecting Rod

()1'
4111

.16"--- Rod Cap

Xl. Reasons for markings (Transparency 5)

A. On the piston To install in same cyiinder and on same side from which
removed

B. On the connecting rod To install in same cylinder and on same side from
which removed

C. On the bearing cap To install on same rod and on same side from which
removed

Tongue & Groove

4 ,93
111



Piston and Connecting Rod Assembly
Piston

Rings

Connecting Rod

Connecting

Rod Cap Bearing Shells

Piston

Piston Pin

''Ir%'Piston Pin

Bushing

Piston Pin Boss
Reinforcement

Top Land

2nd Land \e.:
3rd Land
4th Land

Head Rib

Head

Oil Drain
Holes Behind

Ring

Ring Groove

Complete Piston and Connecting Rod Assembly

494

Skirt

Skirt Reinforcement

Piston

Piston Pin

Boss



Side
Clearance

L-41:Plain
Back
Clearance

Taper
Face

Piston Ring Design

First Compression Rings

11:# Inside
Bevel

/Keystone

Keystone

Second Compression Rings

Taper Face
Reverie

Twist
*ounterbore Scraper

Ventilated

Groove
Slot
Land

Expander (opt.)

4 9

Oil Control Rings

Multipiece

Rail
Spacer

Expander

Spring Loaded

Cast Iron

Spring

Multipiece

Ring
Rail

Expander

Grooved

Face

Abutment
Rail

Circumferential
Expander

7



Compression

Rings 41"tete

Piston Ring Arrangement

Expander

Oil Control Rings
(upper &
lower halves)

Expander----0-32>
Oil Control Rings

(upper &

lower halves)

498

Compression

Rings

Oil Rings

Compression

Rings

Oil Ring Oil

Return



Intake Valve

Connecting Rod

Crankshaft

Blow-By

Injector

Cylinder Head

Exhaust Valve

Piston

4101 Blow-By

Blow-by of Gases in Cylinder

500

Crankcase

D-135-B
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Eye

Shank

Head

Cap

Connecting Rod Markings

Front Mark Upper Bearing

(If Used) Cap

\
Bearing Inserts

Bearing
Cap Marks

Lower
Bearing

Cap

Connecting Rod Angle Cut Connecting Rod Square Cut
9

r n
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT IIIB

JOB SHEET #1 - REMOVE PISTON AND CONNECTING
ROD ASSEMBLY

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Drop light

6. Bench vise

7. Chemical cleaning solution

8. Solvent to remove oil film

9. Water spray supply

10. Compressed alr supply

11. Plastic guide pins

12. "T-handle" pusher

13. Tags

14. Storage container

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Remove cylinder head assembly and secure liner as necessary.



JOB SHEET #1

2. Clean the carbon ridge from top of cylinder liner by using a 240 grit emery cloth
then wiping with a lint -free cloth.

(NOTE: Soak the emery cloth in a cleaning solvent to prevent the cloth from
becoming saturated with carbon deposit material.)

FIGURE 1

0C- . 0 0 0 0 0 0o e 0o e e 0 o e e
ei 0 45 e M e e c 0

(illustrations for Job Sheet #1 provided courtesy of Cummins Engine Company, Inc.)

(CAUTION: D.. not damage the liner finish.)

3. Remove oil pan. (Figure 2)

FIGURE 2

Oil Pan

(NOTE: Store the pan bolts in a container.)

50 4,t

Engine
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JOB SHEET #1

4. Rotate the crankshaft until two pistons are at bottom dead center. (Figure 3)

(NOTE: Four-cycle engines have two pistons at bottom dead center at the same
time; two-cycle engines have only one piston at bottom dead cents; at a time.)

FIGURE 3

Connecting Rod at
Bottom Dead Center

5. Check connecting rod and rod cap for numbers or marks before removing.

(NOTE: The numbers or marks selp ensure the piston is returned to its original
cylinder.)

Obtain instructor's initials here before proceeding to next step.

6. Remove the connecting rod capscrews, the rod cap, arid lower rod bearing.
(Figure 4)

FIGURE 4

Rod Bearing

Rod Cap

Capscrews

(VOTE: On some engines nuts are removed rather than capscrews.)

r'u
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JOB SHEET #1

7. Place the connecting rod capscrews, rod cap, and rod bearing on a clean work
bench until the piston is removed.

8. Install connecting rod guide pins. (Figure 5)

FIGURE 5

Guide Pins

"T-handle" Piston Pusher

(NOTE: If the connecting rod has nuts instead of capscrews, put a piece of hose
around the bolts in the rod to protect the journals.)

9. Use a "T-handle" piston pusher to push the rod away from the crankshaft. (Figure
5)

(NOTE: If you don't have a special tool to push on the rod, use a small piece of
wood.)

10. Push the rod up until the piston rings are outside the top of the cylinder liner. (Fig-
ure 6)

(CAUTION: Do not damage the cylinder liner while pushing piston out of cylin-
der.)

FIGURE 6

Engine Block

Piston Rings Just
Above Cylinder Liner

11T-handle" Piston Pusher

506



JOB SHEET #1

11. Remove the piston and rod assembly. (Figure 7)

FIGURE 7

(CAUTION: The piston and connecting rod assemblies must be reinstalled into
their original cylinder numbers.)

Obtain instructor's Initials here before proceeding to next step.

12. Tag each piston and rod assembly with the original cylinder number to assure
proper reinstallation. (Figure 8)

FIGURE 8

13. Replace cap on rod after removal.

14. Repeat above steps for remaining pistons.

D-143.8



144

JOB SHEET #1

15. Place the rod and piston assemblies in a container to protect them from damage.
(Figure 9)

FIGURE 9

Obtain instructor's initials here

508
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT IIIB

JOB SHEET #2 - REMOVE PISTON RINGS AND PISTON FROM ROD

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Snap ring pliers

6. Ring expander

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Use a ring expander and remove all rings from piston. (Figure 1)

FIGURE 1

Ring Expander

n
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JOB SHEET #2

2. Remove retainer ring (snap ring) with snap ring pliers, and remove piston pin from
the piston and connecting rod. (Figure 2)

FIGURE 2

Remove Piston Pin

Snap Ring Pliers

(NOTE: Some semi-floating piston pins will require pressing the pin out of the
piston or the rod.)

Obtain Instructor's initials here
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT IIIB

JOB SHEET #3 - CLEAN PISTONS

A. Tools and materials

1. Safety gasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Solvent to remove oil film

6. Chemical cleaning solution

7. Glass bead machine (if used)

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: To clean pistons, use one of the following methods.)

1. Use a chemical solution to soak pistons.

a. Use a solvent to remove oll film from pistons.

b. Mix the cleaner solution and heat as recommended.

c. Soak the pistons in the cleaning solution for specified time. (Figure 1)

FIGURE 1

(Illustrations for Job Sheet #3 provided courtesy of Cummins Engine Company, Inc.)

(CAUTION: Make sure the cleaning solvent is approved for aluminum.)

D147B
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JOB SHEET #3

d. Use a hot, soapy solution and non-metallic brush to remove carbon
deposits. (Figure 2)

FIGURE 2

Soapy
Solution

e. Steam clean the piston. (Figure 3)

FIGURE 3

f. Dry with compressed air. (Figure 4)

FIGURE 4

Nonmetallic
Brush

Piston

Obtain instructor's initials here before proceeding to next step.

5i 2
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JOB SHEET #3

B. Use glass beads to clean pistons.

( CAUTION: Check with the appropriate service manual for your piston; some manufac-
turers do not recommend glass beading.)

1. Wash pistons in solvent to remove grease and oil. (Figure 2)

(CAUTION: Use a stiff brush, not a wire brush.)

2. Dry the pistons using compressed air. (Figure 4)

3. Clean the pistons in the glass bead cleaning machine using the proper size
beads and correct pressure.

4. Keep the blast moving.

(CAUTION: Do net hold bead blast on one area too long or metal may become
eroded.)

5. Hold the nozzle away from the surface; distance will vary depending on recom-
mended pressure.

D-149-B



PISTON AND CONNECTING ROD ASSEMBLIES
UNIT III-B

JOB SHEET #4 - INSPECT AND MEASURE PISTONS FOR WEAR

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Feeler gauges

6. Outside micrometers

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Inspect pistons.

a. Examine for score marks, damaged ring grooves, or signs of overheating.

b. Inspect piston for cracks in head and skirt area and for bent or broken
lands.

(NOTE: Replace if damaged.)

2. Measure ring grooves for wear with feeler gauge. (Figure 1)

FIGURE 1

D-151-B



152

JOB SHEET #4

a. Install a new ring in groove.

b. Insert feeler gauge between upper surface of new ring and the land to
check clearance. (Figure 1)

3. Measure ring grooves with wear gauge.

a. Make sure ring grooves are clean.

b. Place wear gauge in grooves.

c. Check to see if wide part of gauge touches piston. (Figure 2)

(NOTE: If wide pert of gauge touches piston, the groove is worn too much
and piston will have to be replaced.)

FIGURE 2

r

.4/.1v ,

./////////// I

Satisfactory Unsvtisfactory
(Wide part (Wide part touches.

does not touch.) Groove is worn.)

d. Check all ring grooves at several points.

(NOTE: Follow engine manufacturer's recommendation for wear limits.)

Obtain Instructor's initials here before proceeding to next step.

U
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JOB SHEET #4

4. Measure piston for wear.

a. Using outside micrometers, measure the diameter of the piston skirt
across the thrust faces (at right angles to the piston pin bore). (Figure 3)

FIGURE 3

b. Take a real' fg at both top and bottom of skirt.

D-153-B

Place outside micrometer
at right angle (90°) to
piston pin bore

c. Compare these measurements with the new dimensions given in the
engine technical manual. The difference in measurements indicates the
amount of piston wear.



JOB SHEET #4

5. Measure piston to cylinder clearance.

a. Measure the cylinder diameter at right angles to the crankshaft in the
lower or leastwan area of the cylinder, using a cylinder dial gauge, an
inside micrometer, or a telescoping gauge with outside micrometer.
(Figure 4)

FIGURE 4

Cylinder Bore Dial Gauge

b. Measure the diameter of the piston across the thrust faces with an out-
side micrometer. (Figure 3)

c. Compare the measurements. The difference between these two measure-
ments is the piston clearance. Replace pistons if the clearance exceeds
the manufacturer's specifications.

Obtain instructor's initials here

51.7



ENGINE MODEL NO.

SERIAL NO.

WORKSHEET #1 INSPECTION WORKSHEET
PISTON AND CONNECTING ROD ASSEMBLY

PISTONS 1 2 a3 4 5 6 SPECIFICATIONS
MAX PERMISSIBLE

GLEARANCE

Head Condition

Skirt Condition

Ring Groove Top

Middle_,...._........._........,
Bottom

Piston. Skirt Diameter Top
,

Bottom

Cylinder Diameter Top

Bottom

Piston Clearance

CONNECTING ROD

Rod Condition

Rod & Rod Cap Radius

Small Bore Diameter

Large Bore Diameter

111

S,7
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT IIIB

JOB SHEET #5 INSPECT CONNECTING ROD

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate Service manual

5. Cylinder bore gauge

6. Telescoping gauges

7. Set of outside micrometers

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Visually inspect connecting rod.

a. Clean connecting rod with fuel oil, and dry with compressed air.

b. Check the rod for twisting or bending.

c. Check diameter and i.hreads of rod bolts or capscrew,

(NOTE: Discard if any are damaged.)

d. Check the bolt holes of rod and rod cap.

(NOTE: Replace if not within specification.)



JOB SHEET #5

e. Check the radius on the rod and rod cap. (Figure 1)

FIGURE 1

2. Measure the small bore of rod.

a. Place telescoping gauge into the bore.

b. Remove telescoping gauge, and use the outside micrometer to accurately
measure the telescoping gauge size.

c. Check service manual to see if measurements are within manufacturer's
specification.

3. Measure the large bore of rod.

a. Assemble rod and rod cap without bearings, and tighten bolts lightly.

(NOTE: Tap cap lightly with soft hammer to help align rod and cap.)

b. Torque bolts or nuts to manufacturer's specifications.

c. Place an inside micrometer or cylinder bore gauge into the rod bore and
measure. (Figure 2)

521
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JOB SHEET #5

FIGURE 2

d. Check service manual to see if measurements are within manufe.cturer's
specification.

e. Replace the connecting rod if it does not meet specification.

Obtain Instructor's Initials here



PISTON AND CONNECTINi ROD ASSEMBLIES
UNIT III-B

JOB SHEET #6 - ASSEMBLE PISTON TO ROD AND INSTALL RINGS

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Snap ring pliers

6. Ring expander

7. Vise

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Install piston onto connecting rod.

a. Place a rag or other protector over jaws of vise, and clamp the rod securely.

b. Install the piston on the rod by inserting the piston pin through the rod and
piston. (Figure 1)

FIGURE 1

(NOTE: Some manufacturers recommend putting oil on piston pin before
Installing; check appropriate service manual before installing piston pin.)

D-16113
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JOB SHEET #6

2. Install piston pin retainers. (Figure 2)

FIGURE 2

Piston Pin Retainer

Obtain instructor's initials here before proceeding to next step.

3. Install piston rings onto piston.

(NOTE: Refer to appropriate service manual or ring manutacturer for directions
on installing different ring types.)

a. Using a ring expander, Install piston rings onto piston.

b. Stagger the rind ends according to manufacturer's recommendations.
(Figure 3)

FIGURE 3 Stagger Ring Gaps

Expander
Wrist Pin

and Retainer

(CAUTION: Do not twist, expand, or stretch rings too much.)

Obtain Instructor's initials here

524
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT 111-13

JOB SHEET #7 - INSTALL PISTON AND CONNECTING ROD
ASSEMBLY INTO CYLINDER

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Ring compressor (tapered sleeve type)

6. Torque wrench

7. Engine oil or light grease

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Clamp piston and rod assembly in a vise, and remove rod bolts and cap from con-
necting rod.

2. Install correct size rod bearings into connecting rod and cap.

(NOTE: Check to see that oil holes align with bearing and connecting rod.)

3. Lubricate the rod bearing with engine oil or light grease.

4. Lubricate rings and piston with engine oil or light grease.

5. Lubricate the Inside diameter of the cylinder liner.

6. Lubricate inside diameter of the tapered sleeve type ring compressor.

7. Rotate the crankshaft until the rod Journal for the cylinder you are working with is
at bottom dead center.

(NOTE: Check to be sure you install pistons and rods into the correct cylinders.)
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JOB SHEET #7

8. Install tapered sleeve ring compressor over cylinder; install piston and rod
assembly.

Using a firm, steady push, install piston assembly into the cylinder. (Figure 1)

FIGURE 1

V Stop Notches

Wooden Handle Hammer

Ring Compressor

10. Guide the large end of the rod onto the crankshaft journal.

Obtain instructor's initials hare before proceeding to next step.

11. Lubricate bearing in rod cap with engine oil or light grease.

12. Check rod bearing clearance with Plastigage ®.

a. Place Plastigage® on the rod Journal or in rod cap on the bearing.

26
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JOB SHEET #7

b. Install rod cap and torque to specification.

c. Remove the rod cap and compare the width of the Plastigage® with vari-
ous widths on the Plastigage® package. (Figure 2)

FIGURE 2

(NOTE: Check manufacturer's specification for correct bearing clearance.)

Obtain instructor's initials here before proceeding to next step.

13. Reinstall the rod cap onto the connecting rod. (Figure 3)

FIGURE 3
Connecting Rod

Numbers Must Match

Lower
Rod Cap

(NOTE: Make sure the numbers on rod and cap match and appear on the same
side.)

r 9 -1
La
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JOB SHEET #7

14. Torquo rod cap bolts to specifications.

15. Check side clearance between connecting rod and crank journal flange with a
feeler gauge. (Figure 4)

FIGURE 4

Feeler Gauge

16. Rotate crankshaft after each rod and piston assembly h As been installed to
make sure It moves freely.

17. Re heck all torques after all pistons have been installed.

Obtain Instructor's initials here

k88
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT III-B

PRACTICAL TEST
JOB SHEET #1 -- REMOVE PISTON AND CONNECTING

ROD ASSEMBLY

STUDENT'S NAME

EVALUATOR'S NAME

DATE

ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Proces Evaluation" must receive a
"Yes" for you to receive an overall perform:mon evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used all shop safety precautions.
3. Removed cylinder head assembly.
4. Removed carbon ridge from liner.
5. Removed oil pan.
6. Positioned piston at bottom dead center.
7. Removed rod cap and rod bearing.
8. Installed guide pins.
9. Pushed piston out of cylinder.

10. Removed piston and rod assembly.
11. Tagged connecting rod and cap.
12. Placed rod and piston assembly in a container.
13. Checked In/put away tools and materials.
14. Cleaned the work area.
15. Used proper tools correctly.
16. Performed stops in a timely manner. ( hrs. min _sec.)
17. Practiced safety rules througiiout procedure.
18. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

=1.
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Piston and rod assembly
are removed.

3 2

4

Piston and rod assembly
are tagged.

3 2 1

4

Piston and rod assembly
are placed in a container
to protect them.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

0430



PISTON ANO CONNECTING ROD ASSEMBLIES
UNIT 1111

PRACTICAL TEST
JOB SHEET #2 - REMOVE PISTON RINGS AND PISTON

FROM ROD

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used all shop safety precautions.
3. Removed rings from piston.
4. Removed piston from rod.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner. ( hrs.

1
9.

_min _sec.)
Practiced safety rules throughout procedure.

%w.f.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

r 1
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATIO9

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Rings are removed from
piston.

4

Piston is removed from
connecting rod.

3 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop *ill.
1 Unskilled Is iLmiliar with process, but is unable to perform job.

(EVALUATOR NOTE: If an ave, age score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



PISTON AND CONNECTING ROD ASSEMBLIES
UNIT III.B

PRACTICAL TEST
JOB SHEET #3 - CLEAN PISTONS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and compete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. if the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used all shop safety precautions.
3. Ai lowed pistons to soak.
4. Washed pistons in soapy solution.
5. Steam cleaned pistons.
6.. Dried pistons with compressed air.
7. Cleaned pistons with glass bead.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner. ( hrs. _min. sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

r r)
11.1;
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR ROTE: Rate he student on the following criteria by ircling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to La demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Piston Is cleaned prop-
erly

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY,
4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unaole to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

r
t.) ,4,*



PISTON AND CONNECTING ROD ASSEMBLIES
UNIT 1113

D-173-B

PRACTICAL TEST
JOB SHEET #4 - INSPECT AND ICASURE PISTONS FOR WEAR

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used all shop safety precautions.
3. Inspected piston for damage.
4. Measured ring grooves with feeler gauge.
5. Measured ring grooves with wear gauge.
6. Measured piston for wear.
7. Measured piston to cylinder clearance.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner. (_hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory r ;ponses to questions asked.

EVALUATOR'S COMMENTS:

t t)
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Ring grooves are within
specification.

4

Pistons are within specifi-
cation.

2

4

Piston to cylinder clear-
ance is within specifica-
tion.

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has perfoed job during training program; additional

training is required to develop skill.
1 -- Unskilled Is familiar with process, but is unable to perform Job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT IIIB

PRACTICAL TEST
JOB SHEET #5 - INSPECT CONNECTING ROD

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Cleaned connecting rod.
4. Inspected rod for twists or bends.
5. Measured small bore rod diameter.
6. Measured large bore rod diameter.
7. Checked in/put away tools and materials.
8. (,leaned the work area.
9. Used proper tools correctly.

10. Performed steps In a timely manner. (_hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Connecting rod meets
specification.

3

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT III-B

PRACTICAL TEST
JOB SHEET #6 - ASSEMBLE PISTON TO ROD AND INSTALL RINGS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perforn this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfaz:forily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Installed piston onto rod.
4. Installed piston pin retainer.
5. Installed rings onto pistons.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner. ( hrs. _min. _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

2

Piston is installed onto
connecting rod.

4

Piston rings are installed
onto piston.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional 4raining may be required.
2 Limited skill Has performed job during 'raining program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide b / the total number of criteria.)

540



PISTON AND CONNECTING ROD ASSEMBLIES
UNIT Ina

PRACTICAL TEST
JOB SHEET #7 - INSTALL PISTON AND CONNECTING ROD

ASSEMBLY INTO CYLINDER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materiels and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Installed bearing into rod.
4. Lubricated rod bearing.
5. Lubricated rings and piston.
6. Lubricated inside diameter of cylinder liner.
7. Lubricated inside diameter of ring compresoor.
8. Installed piston assembly into cylinder.
9. Checked rod bearing clearance.

10. Reinstalled rod cap and torqued to specification.
11. Checked rod side clearance.
12. Checked in/put away tools and materials.
13. Cleaned the work area.
14. Used proper tools correctly.
15. Performed steps in a timely manner. (____.hrs. min. sec.)
16. Practiced safety rules throughout procedure.
17. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

D-179-B
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JOB SHEET #7 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each itcm must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation kw,. oelow.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Piston is installed cor-
rectly.

4

Rod bearing clearance is
within specification.

1

4

Rod side clearance is
within specification.

3 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform 'job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

5"" 4 2
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PISTON AND CONNECTING ROD ASSEMBLIES
UNIT III-B

TEST

SCORE

1. Match terms related to piston and connecting rod assemblies with the correct defini-
tions.

a. Outside part of piston below ring grooves

b Area between ring grooves

_c. Ties piston and rod together

d Hole in piston which supports piston pin

e Combustion gases escaping to the crank-
case

f. Overloading, causing unusual stress

g.

h.

The amount of clearance between the split
ends of the piston rings

J.

Glowing or burning

A groove machined in the piston which
holds the piston ring

A fastening device located In the piston pin
boss which holds the piston pin in place

k. A piston that Is ground slightly oval but
becomes round when heated

Holes drilled through the piston wall which
allow the oil to escape after the J11-control
rings wipe It off the cylinder wall

rn. A rod which Joins the piston with the crank-
shaft.

n Split rings whi.th are expanded and placed
into the grooves of the piston.

(...) '4 t-L4

1. Blow-by

2. Cam ground pi:. ton

3. Connecting rod

4. Incandescent

5. Lugging

6. Piston oil holes

7. Piston pin

8. Piston pin boss

9. Piston pin retainer

10. Piston rings

11. Ring end gap

12. Piston ring groove

13. Piston ring land

14. Piston skirt

D-181-B



TEST

2. Identify seven primary parts of a piston and connecting rod assembly.

3. List three functions of the piston.

a.

b.

a../.MIII

4. Identify five main parts of a piston.

544



TEST

5. Select tie functions of the piston rings by placing an "X" next to the function(s).

a. Receives the force of combustion

b. Controls lubrication between piston and cylinder wall

c. Helps cool the piston by transferring heat

_d. Transmits this force to the crankshaft

Ff.Nrms a gas tight seal between the piston and cylinder

6. Name the two types of piston rings.

a.

b.

7. Identify three common types of ring end gaps.

a. b. c.

8. Select possible causes of high oil consumption and blow-by by placing an "X" next to
the cause(s).

a. Piston rings installed wrong

b Plugged oil ring

_c. Stuck oil ring

_d. Burned exhaust valve

R. Overall wear in piston, rings, ana cylinder

9. Name two types of piston pins.

a.

b.

D-18343



TEST

10. 'dentify three types of construction for the cap end of a connecting rod.

a. b c.

11. Complete the following list of statements concerning the reasons for markings on the
connecting rod, piston, and bearing cap.

Example: On the piston To install in same cylinder and on same side from which
removed

a. On the connecting rod

b. On the bearing cap

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

12. Demonstrate the ability to:

a. Remove piston and connecting rod assembly. (Job Sheet #1)

b. Remove piston rings and piston from rod. (Job Sheet #2)

c. Clean pistons. (Job Sheet #3)

d. Inspect and measure pistons for wear. (., )b Sheet #4)

e. inspect connecting rod. (Job Sheet #5)

f. Assemble piston to rod and install rings. (Job Sheet #6)

g. Install piston and connecting rod assembly into cylinder. (Job Sheet #7)

546



PISTON AND CONNECTING ROD ASSEMBLIES
UNIT lila

ANSWERS TO TEST

1. a. 14 e. 1 I. 11 m. 3
b. 13 f. 5 I. 9 n. 10
c. 7 g. 4 k. 2
d. 8 h. 12 I. 6

2. a. Piston rings
b. Piston
c. Piston pin
d. Connecting rod
e. Piston pin bushing
f. Connecting rod cap
g. Bearing shells
h. Piston pin retainer
i. Piston ring groove

3. a. Receives force of combustion
b. Transmits this force to the crankshaft
c. Carries the piston rings which seal and wipe the cylinder

4. a. Head or crown
b. Lands
c. Ring grooves
d. Skirt
e. Piston pin boss

5. b, c, e

6. a. Compression
b. Oil control

7. a. Step
b. Angle
c. Butt

8. a, b, c, e

r
Li '4 I
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ANSWERS TO TEST

9. a. Semi-floating
b. Full floating

10. a. Angle cut
b. Square cut
c. Tongue and groove

11. a. To install in same cylinder and on same side from which removed
b. To install on same rod and on same side from which removed

12. Performance skills evaluated to the satisfaction of the instructor
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT 111-B

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify primary parts of a cam-
shaft and parts in a valve train. The student should also be able to remove, service, and install
a camshaft. Competencies will be demonstrated by completing the job sheets and unit tests
with a minimum of 85 percent.

411 SPECIFIC OBJECTIVES

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

1. Match terms related to camshafts and gears with the correct definitions.

2. Name parts on some diesel engines that are actuated by the camshaft.

3. Identify primary parts of a camshaft.

4. Identify parts in a valve train.

5. Complete statements concerning valve timing on a four-cycle engine.

6. Complete statements concerning valve timing on a two-cycle engit

7. identify gears found in a typical gear train.

8. Name gears which are marked in the gear train to insure correct valve timing.

9. Identify methods of driving the camshaft.



OBJECTIVE SHEET

10. Demonstrate the ability to:

a. Remove a camshaft. (Job Sheet #1)

h. Remove camshaft gear. (Job Sheet #2)

c. Inspect camshaft and bearings. (Job Sheet #3)

d. Inspect camshaft lobe lift. (Job Sheet #4)

e. Install a camshaft gear, and install camshaft into engine. (Job Sheet #5)

I. Adjust valvet clearance on a valve-in-head six-cylinder four-cycle engine.
(Job Sheet #6)

g. Remove camshaft from a Detroit diesel engine. (Job Sheet #7)

h. Inspect camshaft on a Detroit diesel engine. (Job Sheet #8)

i. Install camshaft in a Detroit diesel engine. (Job Sheet #9)
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT li

SUGGESTED ACTIVITIES

A. Obtain additional materials arJor invite resource people to class to supplement/rein-
force informatiorf provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheets.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets and worksheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Have students draw different styles of gear set ups.

2. Have students make a list of different types of timing marks.

3. Have students make a drawing of their engine timing.

4. Show different types of camshafts.

5. Meet individually with students to evaluate thr.iir progress through this unit of
instruction, and indicate to them possible area:: for improvement.

J. Give test.

K. Evaluate test.

L. Ruteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

1110

A. Cummins Engine Shop Manual. Columbus, IN: Cummins Engine Company, 1983.

B. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sons, Inc., 1982.
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REFERENCES USED IN DEVELOPING THIS UNIT

C. Detroit Diesel Service Manual, 92 Series. Detroit, MI: General Motors, Inc., 1985.

D. Engine Service Manual. Peoria, IL: Caterpillar Tractor Company, 1982.

E. Fundamentals of Service: Engines. 5th ed. Moline, IL: Deere and Company, 1980.

F. Schulz, Erich. Diesel Mechanics. 2nd ed. Dallas, TX: Gregg Division/McGraw-Hill Book
Company, 1983.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Engine Handbook
Mc Quay-Norrls, Inc.
1201 Mack lind Avenue
St. Louis, MO 63110

2. Motor Magazine
Motor Publications
555 West 57th Street
New York, NY 10019

B. Filmstrips

1. Timing and Timing Gears (33 slides and script)
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602

2. Diesel Mechanics Engine Assembly (5 filmstrips with cassettes)
Teaching Aids Incorporated
P.O. Box 1798
Costa Mesa, CA 92626-0798



CAMSHAFTS, GEAR TRAIN AND ENGINE TIMING
UNIT IV-B

INFORMATION SHEET

I. Terms and definitions

A. Backlash Clearance between meshed gears

LI. Bridge or crosshead Permits a single rocker arm to depre -,ial valves

Crosshead

Dual
Intake
Valves

(Reproduced by permission of Deere & Company, 0 1980 Deere & Company. All rights reserved.)

C. Cam followers Drive the push rods to operate the valves

(NOTE: Cam followers may also be called valve tappets.)
Cam Follower

Exhaust injector Intake

Socket I

Cam Rollers

Cam Follower
Valve Lifter

D-191.8



INFORMATION SHEET

D. Cam lobes Eccentric on the camshaft which changes rotary motion to
linear motion (Transparency 1)

4
Valve Lift

Camshaft
Diameter

E. Dual valves Two valves operated by a single rocker arm

(Reproduced by permission of Deere & Company, 0 1980 Deere & Company, All rights reserved.)

F. Hydraulic valve lifters Noiseless cam followers that automaticz Ily adjust
for valve clearance (Transparency 2)

Plunger Extended,
Maintaining Zero
Clearance

Valve Closed

Oil Flow
7 hrough Push Rod

To Rocker Arms

Valve Open

OH Under
Pressure

Push Rod Presses
Against Cap

OH Flow Dovnward OH Flow Upward
Opens Ball Check 1 Closes Ball Check
Valve Valve

Slight Leakage
Between Plunger
And Body

410



INFORMATION SHEET

G. Overhead cam (OHC) -- Engine with the camshaft mounted on cylinder
head where it actuates valves directly without pushrods or rocker arms

ROCKEROCKER

CAMSHAFT ARMS
EXHAUST
CAMSHAFT

ROLLER

ROCKER
ARM

SHAFT

VALVE
SPRINGS

VALVE
ROTATOR

VALVE
RETAINER

VALVE
GUIDE

INTAKE EXHAUST
VALVE VALVE

D-193-13

(Courtesy of R. L. Little and G. C. Edmondson, Diesel Mechanics: An Introduction. 0 1982. PWS-KENT Publishing
Company, a division of Wadsworth, Inc.)

H. Valve clearance Definite clearance between rocker arm and valve stem

Valve Clearance

Valve Closes and Seals
Gases in Cylinder

No Valve Clearance

Valve Doesn't Seat,
Power is Lost and
Valve Overheats

II. Parts actuated by the camshaft on some diesel engines

A. Intake valve

B. Exhaust valve

C. Unit injector

D. Air starling valves

r
A
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INFORMATION SF f EriT

III. Primary parts of a camshaft

A. Drive gear

B. Cams

C. Bearing journal

Drive Gear Bearing Journal

IV. Parts In a valve train

A. Valve

B. Recker arm

C. Push rod

D. Cam follower

Rocker Arm
0

rti
-4-- Push Rod

Valve

Cam Follower

V. Valve timing on a four-cycle engine

A. Camshaft turns at one-half the speed of crankshaft.

B. Each intake and exhaust valve is opened and closed once during two revo-
lutions of the crankshaft.

VI: Valve timing on a two-cycle engine

A. Camshaft turns at the same speed as crankshaft.

B. Exhaust valve is opened and closed once during one revolution oi the
crankshaft.

(NOTE: Intake port in cylinder liner is uncovered by the piston once during
one revolution of the crankshaft.)

............1.1.........11..1
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INFORMATION SHEET

VII. Gears in a typical gear train

A. Camshaft gear

B. Crankshaft gear

C. Idler gear

D. Fuel injection pump and governor drive gear

Camshaft Gear

Fuel Injection Pump
and Governor Drive Gear

Idler Gear

Crankshaft Gear

VIII. Gears marked to insure correct valve timing (Transparency 3)

A. Crankshaft gear teeth

B. Idler gear teeth

C. Camshaft gear teeth

Camshaft Gear

D195-B

Fuel Injection
Pump an d
Governor Drive Gear

Timing Marks

r

Crankshaft Gear



INFORMATION SHEET

IX. Methods of driving the camshaft (Transparency 4)

A. Chain B. Gear



Parts of the Cam Lobe

Valve Duration in Degrees

Amount of Valve Lift

Opening Rama

Valve Begins
to Open

Nuse

Closing Ramp

Valve Closed

Clearance

D19741
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Operation of a Hydraulic Valve Lifter

Plunger Extended,
Maintaining Zero
Clearance

Valve Closed

Oil Flow Downward
Opens Ball check
Valve

FA)

Oil Flow
Through Push Rod

To Rocker Arms

Oil Under
Presure

Valve Open

Push Rod Presses
Against Cap

Oil Flow Upward
loses Bail Check
calve

Slight Leakage
Between Plunger
And Body

r
Li, 0 I



Timing Marks on Geer Train

Camshaft Gear
Fuel Injection
Pump and
Governor

Drive Gear

Timing Marks

5132

Crankshaft Gear



Chain

Methods of Driving the Camshaft

Gear Belt

1111111111r



CAMSHAFT, GEAR TRAIN, AND ENGINE TIMING
UNIT 11/3

JOB SHEET #1 REMOVE A CAMSHAFT

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: It will be necessary to remove rocker arms, push rods, and cam followers before
removing camshaft. It may be necessary to remove head in some instances, so check
manufacturer's service manual before removing any camshaft.)

1. Remove cam follower housing and gasket from cylinder block. (Figure 1)

FIGURE 1

5 f;c

Cam Follower
Housing

D.205-B
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JOB SHEET #1

2. Remove front cover housing from engine. (Figure 2)

FIGURE 2

Front Cover
Housing

3. Rotate camshaft slowly while pulling the camshaft from the engine. (Figure 3)

(NOTE: Rotating the camshaft during removal permits the lobes of the cam to
pass through the camshaft bushings smoothly without damage to either the
bushings or the lobes.)

FIGURE 3

4. Remove cam from engine and stand on end; secure to work bench.

Obtain instructor's initials here



CAMSHAFT GEAR TRAIN, AND ENGINE TIMING
UNIT 1VEi

JOB SHEET REMOVE CAMSHAFT GEAR

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Gear puller

6. Hydraulic press

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: Follow manufacturer's specifications _afore removing any camshaft gear.)

1. Remove camshaft gear from camshaft with a gear puller. (Figure 1)

FIGUR.: 1

Camsh:
Gear Gear

Puller

a. Install a gear puller as shown In Figure 1.

b. Be careful not to damage camshaft or camshaft gear.

(NOTE: Be sure to use proper size gear puller.)

f ; ca

0.207-B
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JOB SHEET #2

2. Remove camshaft gear from camshaft with a hydraulic press.

a. Mount the camshaf, and gear in a hydraulic press, and support the gear as
close to the hub as possible. (Figure 2)

(NOTE: To press a shaft from a gear when the gear is supported only at its
outer rim may break the gear.)

FIGURE 2

Gear Supports

b. Cheer, alignment cf press to the camshaft while using press, and do not
let camshaft drop to the floor. (Figure 3)

FIGURE 3

Obtain instructor's initials here

Hydraulic
Press

Camshaft

Camshaft
Gear



CAMSHAFT, GEAR TRAIN, AND ENGINE TIMING
UNIT IB

JOB SHEET #3 INSPECT CAMSHAFT AND BEARINGS

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

b. Telescoping gauges

6. Outside micrometer

7. "V" blocks

8. Dial indicator

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: Before measuring a camshaft or bearing, check the service manual for specifi-
cations of camshaft, bearings, and oil clearances; record specificationson Worksheet
#1.)

1. Measure inside diameter of a camshaft bearing.

a. Uie a telescoping gauge to measure the inside diameter of the camshaft
bearing. (Figure 1)

FIGURE 1

ra 7 0
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JOB SHEET #3

b. Align telescoping gauge in nearing and lock the legs into position.

c. Remove telescoping gauge from the camshaft bearing.

d. Use an outside micrometer to measure the width of the telescoping
gauge. (Figure 2)

FIGURE 2

e. Record the measurement in Column A of Worksheet #1.

f. Measure the remaining camshaft bearings and record the measurements
In Column A next to the corresponding camshaft journal.

Obtain Instructor's initials here before proceeding to next step.

2. Measure outside diameter of camshaft bearing journal.

a. Place the camshaft on "V" blocks to measure the camst 1ft joumals.

571



JOB SHEET #3

b. Use an outside micrometer to measure the outside diameter of bearing
journal. (Figure 3)

FIGURE 3

c. Measure camshaft bearing Journal at two locations, and record the mea-
surements in Column B of Worksheet #1.

(NOTE: Ti' -fo a measurement at diameter 1, then measure 90° from mea-
surement 1 to get diameter. See diagram on Worksheet #1.)

d. Subtract the smallest diameter from the largest diameter in Column B to
calculate journal out-of-round; record journal out-of-round in Column C.

e. Subtract the largest diameter in Column B from the bearing measurement
in Column A to calculate bearing clearance; record bearing clearance in
Column D.

f. Write comments about each bearing journal that is inspected (good, bad,
scratched, etc.) in Column E.

g. Measure remaining camshaft bearing Journals; calculate out-of-round and
bearing clearance.

Obtain Instructor's initials here before proceeding to next step.

D-211-B
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JOB SHEET #3

3. Measure camshaft runout.

a. Place camshaft on "V" blocks.

b. Use a dial indicator to measure runout. (Figure 4)

FIGURE 4

c. Put dial indicator on center camshaft journal, and zero dial Indicator.

d. Rotate camshaft by hand one complete revolution; watt h dial indicator.

e. Record measurement at bottom of Worksheet #1.

f. Have instructor initial Worksheet #1 when completed.

5 7 3
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JOB SHEET #3

CAMSHAFT EVALUATION WORKSHEET #1

Dia. 1

SPECIFICATIONS
900

Bearing Journal

Bearing Clearance

Permissible Clearance

Dia. 2
Permissible Camshaft

Engine Model

Serial No.

Diameter _
Runout

Column
A

Column
B

Column
C

Column
D

Column
E

Camshaft

Journal

No.

Bearing

Measurements

(Inside Dia.)

Journal J9urnal

Out-Of

Round

Bearing

Clearance CommentsDia. 1 Dia. 2

1

2

3

4

5

6 .

7-
8

9

10

Camshaft Runout

5'74

instructor's Initials



CAMSHAFT, GEAR TRAIN, AND ENGINE TIMING
UNIT IV-B

JOB SHEET #4 - INSPECT CAMSHAFT LOBE LIFT

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Outside micrometer

6. "V" blocks

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: Before measuring camshaft lobe lift, check in service manual for specifications,
and record on Worksheet #2. Some manufacturers specify maximum lobe and lift wear;
others do not.)

1. Measure camshaft for lobe lift.

a. Measure the camshaft lobe from point A to point B with an outside
micrometer. (Figure 1)

FIGURE 1

b. Record the measurement in Column A of Worksheet #2 with the appropri-
ate intake or exhaust valve.

I

D215B
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JOB SHEET #4

c. Measure the same camshaft lobe from point C to point D with an outside
micrometer. (Figure 2)

FIGURE 2

Record the measurement in Column B of Worksheet #2 with the appropri-
ate intake or exhaust valve.

e. Subtract the measurement in Column B from the measurement in Column
A to calculate the lobe lift.

Record the answer in Column C of Worksheet #2.

Visually inspect the lobe, and write any comments on Worksheet #2.g

Obtain instructor's initials here s before proceeding to next step.

h. Measure remaining cam lobes, and record with the appropriate intake or
exhaust valves.

I. Have instructor initial Worksheet #2 when completed.
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JOB SHEET #4

CAMSHAFT EVALUATION WORKSHEET #2

Engine

Serial

SPECIFICATIONS

Lift

Modei

No.

B

Intake
Lobe

Column A
AB

Column B
CD

Column C
Lobe Lift Comments

1

2

3

4

5

_

6

7

8

Exhaust
Lobe

1

2

3

4

lemma.

5

6

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
7

8 IMO
Instructor's Initials



CAMSHAFT, GEAR TRAIN, AND ENGINE TIMING
UNIT 11/3

JOB SHEET #5 - INSTALL A CAMSHAFT GEAR, AND INSTALL
CAMSHAFT INTO ENGINE

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Hand tools

4. Appropriate service manual

5. Hydraulic press

6. Light grease

7. Dial indicator

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Install camshaft gear on camshaft.

a. Install Woodruff key In the end of the camshaft. (Figure 1)

FIGURE 1

Plastic Hammer

Woodruff Key

(NOTE: Be absolutely certain that you have crdered the correct Woodruff
key for the engine being rebuilt. Some manufacturers require an offset key
for the camshaft.)

tr)P 78
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JOB SHEET #5

b. Install thrust plate (if used) on camshaft. (Figure 2)

FIGURE 2

c. Heat the camshaft gear in an oven or with electric heat lamps. (Figure 3)

FIGURE 3

d. Coat the camshaft gear hub area with light grease.

;79
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JOB SHEET #5

e. Press the camshaft gear onto the camshaft. (Figure 4)

(NOTE: Make sure the gear is the correct gear for the engine, and Oat it is
being installed in the right direction.)

FIGURE 4

(CAUTION: Put light press me on gear with hydraulic press; then check
alignment of the gear and camshaft.)

d. Remove the camshaft and gear from the hydraulic press.

Obtain instructor's initials here before proceeding to next step.

2. Install camshaft into engine.

a. Lubricate the camshaft bearings with a light grease.

b. Lubricate the cam lobes and bearing Journals with a light grease.
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JOB SHEET #5

c. Slip the camshaft into place in the engine block with a turning motion so
that the lobes of the camshaft will pass freely through the camshaft bear-
ings. (Figure 5)

FIGURE 5

....

d. AlignAlign the timing marks on the camshaft gear with the timing marks of the
crankshaft or idler gear as you push In the camshaft the final two or three
inches.

e. Align the camshaft retainer (if used) that holds the camshaft in the cylin-
der block, and tighten bolts.

(NOTE: Some engines have a camshaft retainer while others do not.)

581



JOB SHEET #5

d. Check gear backlash using a dial indicator. (Figure 6)

FIGURE 6

(NOTE: Check with service manual for backlasn specification.)

Obtain instructor's initials here

rr 0
cd 0

D-22343
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CAMSHAFT, GEAR TRAIN, AND ENGINE TIMING
UNIT 1V13

JOB SHEET #6 - ADJUST VALVE CLEARANCE ON A
VALVEINHEAD SIXCYLINDER FOUR-CYCLE ENGINE

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Feeler gauge

6. New valve cover gcsket

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: This job sheet describes valve clearance adjustment for most four-cycle
engines, but there are many different types. Check with the appropriate service manual
before setting the valve.)

1. Clean ail dirt and oil from around valve cover, and remove valve cover.

2. Rotate crankshaft in direction of rotation until #1 cylinder is at top dead center
(TDC) on the compression stroke.

a. Align mark on vibration damper or flywheel with timing indicator. (Figure 1)

FIGURE 1
Timing

Indicator
Front Cover

Crankshaft
Vibration Damper

(Courtesy of DeutzAllis Corporation.)

583



JOB SHEET #6

b. Turn the push rods on #1 cylinder by hand. If both push rods will turn, the
engine is at TDC.

(NOTE: if both push rods do not turn, the engine is not at TDC #1. Rotate
crankshaft one complete revolution, and align pointer with mark.)

3. Check with appropriate service manual for the valve clearance recommendations
for cold setting and hot setting.

4. Record valve settings on lines below:

Intake Exhaust

Cold Cold

Hot Hot

Obtain Instructors Initials here before proceeding to next step.

5. Determine firing order and mating cylinders.

a. Check with service manual for engine firing order, and record the firing
order on the line below:

Firing order

(NOTE: In most four-cycle six-cylinder englnea, the firing order is 1.5-3-6-2-
4.)

b. Write the last three cylinder numbers under the first three on the lines
below:

Example: 1.5-3
6-2-4

(NOTE: Those cylinders are mating cylinders. When #1 is at TDC compres-
sion, #6 Is at 'roc exhaust stroke. The #5 cylinder is 120° before top dead
center (BTDC) on compression stroke and #2 cylinder is also 120° BTDC
except on exhaust stroke. The #3 cylinder is 120° after top dead center
(ATDC) on Its intake stroke and #4 is also 120° ATDC on ifn power stroke.)

6. Adjust the intake and exhaust valves on #1 cylinder, the intake valves of #2 and
#4 cylinders, and the exhaust valves of #3 and #5 cylinders.

(NOTE: Do not adjust any valves on #6 cylinder.)



JOB SHEET #6

7. Check the valve clearance.

a. Insert a feeler gauge of the correct thickness between the valve bridge and
rocker arm, valve stem and rocker arm, camshaft and follower. (Figure 2)

FIGURE 2

Feeler Gauge

Rocker Arm

Adjusting Screw

Push Rod

(Courtesy of DeutzAllis Corporation.)

b. Adjust to manufacturer's recommendation by loosening lock nut and turn-
ing valve adjusting screw up or down with a screwdriver or wrench until
there is a light drag on feeler gauge.

(NOTE: Some manufacturers require the use of go-no-go feeler gauge, so
check with service manual.)

8. Rotate crankshaft ,n direction of rotation one complete revolution until timing
marks align again.

9. Adjust the intake and exhaust valves on #6 cylinder; adjust intake valves on #3
and #5 cylinders, and the exhaust valves on #2 and #4 cylinders.

(NOTE: Do not adjust any valves on #1 cylinder.)

Obtain instructor's initials here before proceeding to next step.

10. Replace valve cover gasket.

11. install valve cover on the engine.

Obtain Instructor's initials here .

0-227-B



CAMSHAFT, GEAR TRAIN, AND ENGINE TIMING
UNIT IV13

JOB SHEET #7 REMOVE CAMSHAFT FROM A DETROIT
DIESEL ENGINE

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Block of wood

6. 3/4" socket

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Drain the engine cooling system.

2. Remove the cylinder head.

3. Remove the flywheel and flywheel housing.

4. Remove the front balance weight cover.

5. Place a wood block between the balance weights and loosen nut on camshaft.
(Figure 1)

Wood

FIGURE 1 Bock
BalanceFront End

Plate Weight

Camshaft
Nut

Camshaft

° General Motors Corporation
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JOB SHEET #7

6. Remove the nut and lock washer from the balance weight end of each shaft.

7. Remove the gear nut retaining plates, and remove the gear retaining nuts on the
gear end of the camshaft and balance shaft.

8. Remove the front balance weights.

9. Remove the lock screws that secure the camshaft intermediate bearings.
(Figure 2)

FIGURE 2

Lock Screw Block

Gen 9ral Motors Corporation

10. Rotate the gears as required to reveal the end bearing retaining bolts, and
remove bolts. (Figure 3)

FIGURE 3

Camshaft Gear t

Balance Shaft
Gear

Bolt

IR\ Bolt

1323

WV,

Gen3ral Motors Corporation

5R7
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JOB SHEET #7

11. Withdraw the camshaft bearing and gear assembly and the balance shaft and
gear from the rear of the cylinder block. (Figure 4)

FIGURE 4

Obtain instructor's initials here

Camshaft Bearing

, Camshaft Gear



CAMSHAFT, GEAR TRAIN, AND ENGINE TIMING
UNIT

JOB SHEET #8 - INSPECT CAMSHAFT ON A
DETROIT DIESEL ENGINE

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Feeler gauges

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Check cam lobe wear.

a. Measure the flat on the injector rise side of cam lobes with a feeler gauge
and a piece of square, hard material. (Figure 1)

Feeler Gauge

(NOTE: If the flats measure loss than .003" In depth and there are no other
defects, the camshaft is satisfactory for service.)

D-233-B
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JOB SHEET #8

2. Check the runout at the center bearing with the camshaft mounted on the end
bearing surfaces; runout should not exceed .002".

3. Examine both faces of the camshaft rear bearing and thrust washer.

4. Examine the surfaces of each camshaft and camshaft gear which contact the
thrust washers.

(NOTE: Replace excessively worn or scored parts.)

Obtain Instructor's Initials here

5U0
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CAMSHAFT, GEAR TRAIN, AND ENGINE TIMING
UNIT 11/3

JOB SHEET #9 - INSTALL CAMSHAFT IN A
DETROIT DIESEL ENGINE

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Torque wrench

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Install cam bearings on the camshaft.

2. Insert the camshaft into the cylinder block until the camshaft gear teeth almost
engage the teeth of the mating gears.

(CAUTION: Use care when Installing the camshaft to avoid damaging the cam
lobes.)

3. Align the timing marks on the mating gears and slide the camshaft gear in place.

(NOTE: Check with service manual for proper timing of the camshaft to the
engine. Some engines require an advanced timing, while others require regulator
timing.)

Obtain instructor's initials here before proceeding to next step.

4. Rotate the camshaft gear, as required, to install the bolts through the hole in the
gear web.
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JOB SHEET #9

5. Secure the camshaft rear bearing to the cylinder block with the bolts and lock
washers, and tighten to specific torque. (Figure 1)

FIGURE 1

'amshaft Gear

re
Balance Shaft

Gear

Bolt

N4iNe- TN AI

Bolt

1323

General Motors Corporation

6. Install balance shall and aligr, timing marks.

7. Anply grease to the steel face of each thrust washer, then place a thrust washer
ag tinst the Inner end of the camshaft and balance shaft front bearing.

8. Install the camshaft and balance shaft front bearings with the bolts and lock
washer, and tighten to specific torque.

(NOTE: Install the Font bearings with care to avoid damaging the thrust washers.
Do not hammer the bearing into the cylinder block.)

9. Turn the camshaft intermediate bearings until the holes in the bearings are in
alignment with the tapped holes in the top of the cylinder block, and tighten to
specific torque.

(NOTE: When the intermediate bearings are locked in position with the lock-
screws, the bearings must have slight movement in the block bore.)

10. Install the front balance weights on the shafts.

11. Place the internal tooth lock washers on the end of each shaft and start the nuts
on both shafts.

092



JOB SHEET #9

12. Use a wood block between the balance weights to prevent turning, and tighten
nuts to specific torque. (Figure 2)

FIGURE 2
Wood
Block

Front End
Plate

Camshaft
Nut "

Camshaft

Balance
Weight

--441111_
0

`44(411116

General Motors Corporation

13. Install the camshaft and balance shaft gear nut retainers with bolts and lock
washers, and tighten to specific torque.

14. Check the clearance between the thrust washer and the thrust shoulder of both
the camshaft and balance shaft.

15. Check the backlash between the mating gears.

(NOTE: The specified backlash between new gears is .003" to .008" or a maxi
mum of .010" between worn gears.)

16. Install the flywheel housing and other parts or assemblies that were removed
from the engine.

17. Install cylinder head and other components.

18. Refill the cooling system.

Obtain instructor's initials here

0-237-B
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT 11/13

STUDENT'S NAME

PRACTICAL TEST
JOB SHEET #1 - REMOVE A CAMSHAFT

DATE

EVALUATOR'S NAME . ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Removed cam follower housing.
4. Removed front cover housing.
5. Removed camshaft.
6. Secured camshaft to work bench.
7. Checked in/put away tools 'nd materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner. (_hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

11113.,

YES NO

11.

r; 94
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at ieast :1"3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Camshaft is removed
from engine.

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 -- Moderately skilled Has performed job during training program; limited

additional training may he required.
2 -- Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

41)



CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT IV-B

PRACTICAL TEST
JOB SHEET #2 REMOVE CAMSHAFT GEAR

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUA roR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the vtudent has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, nave the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Used proper size gear puller.
4. Mounted camshaft in hydraulic press correctly.
5. Supported cam gear properly.
6. Checked alignment while pressing gear from shaft.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner. (_hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

D-241-B
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Cam gear is removed
from camshaft in good
condition.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

.........1.1

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT 1113

PRACTICAL TEST
JOB SHEET #3 INSPECT CAMSHAFT AND BEARINGS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed wider "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Measured inside diameter of camshaft bearings.
4. Recorded bearing measurements.
5. Measured outside diameter of camshaft journal.
6. Recorded journal measurements.
7. Recorded journal out-of-roundness.
8. Recorded bearing clearance.
9. Measured camshaft runout.

10. Recorded camshaft runout.
11. Filled out Worksheet #1.
12. Checked in/put away tools and materials.
13. Cleaned the work area.
14. Used proper tools correctly.
15. Performed steps in a timely manner. (. hrs. _min. _sec.)
16. Practiced safety rules throughout procedure.
17. Provided satisfactory responses to questions asked.

EVALUATOR'S cpmm ENTS:

YES NO

D-243-B



JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student or the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2 1

Camshaft bearings are
within specification.

4 3 2 1

Camshaft bearing Jour-
nals are within specifica-
tion.

4

Camshaft runout is within
specification.

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Vas performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform Job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT IVB

PRACTICAL TEST
JOB SHEET #4 INSPECT CAMSHAFT LOBE LIFT

STUDENT'S NAME

EVALUATOR'S NAME

DATE

ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form Ali items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Measured cam lobe at points A and B.

4. Recorded measurement on Worksheet #2.
moOAD 1

5. Measured cam lobe at points C and D.
6. Recorded measurement on Worksheet #2.
7. Recorded cam lobe lift.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner. ( hrs.
12.

_min. _sec.)
Practiced safety rules throughout procedure.

13. Provided satisfactory responses to questions asked. =101.

EVALUATOR'S COMMENTS:

600
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JOB SHEET #4 PRACTICAL TES's

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Camshaft lobe lift is
within specifications.

EVALUATOR'S COMMENTS:

3 2 1

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divi..d by the total number of criteria.)

GOj



CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT IV-B

PRACTICAL TEST
JOB SHEET = - INSTALL A CAMSHAFT GEAR AND INSTALL

CAMSHAFT INTO ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Installed key in camshaft.
4. Installed camshaft gear onto camshaft.
5. Lubricated camshaft bearings.
6. Lubricated cam lobes and bearinG journals.
7. Installed camshaft into engine.
8. Aligned timing marks on camshaft and crankshatt.
9. Checked gear backlash.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner. (_hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

CO2
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

( EVALUATOR NOTE: Rate the student on the following criteria by cireing the appropriate num-
bers. Each item must be rated at least a "3" for mastery 0 be demonstrated. (See performw ice
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Camshaft gear is
installed properly onto
camshaft.

4

Camshaft gear is
installed In engine prop-
erly.

4 3 2

Gear backlash Is within
specification.

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and div,de by the total number of criteria.)

c 3
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT Da

PRACTICAL TEST
JOB SHEET #6 - ADJUST VALVE CLEARANCE ON A
VALVE-IN-HEAD SIX-CYLINDER FOUR-CYCLE ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Cleaned dirt and oil from valve cover.
4. Aligned timing marks.
5. Recorded valve settings.
6. Recorded engine firing order.
7. Adjusted valves while on TDC compression #1.
8. Adjusted valves to manufacturer's specification.
9. Rotated engine one complete revolution and aligned timing

marks.
10. Adjusted valves while engine was at TDC compression #6.
11. Replaced valve cover gasket.
12. Installed valve cover on engine.
13. Checked in/put away tools and materials.
14. Cleaned the work area.
15. Used proper tools correctly.
16. Performed steps in a timely manner. ( hrs. _m;ri. _sec.)
17. Practiced safety rules throughout procedure.
18. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

1111II
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JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted f's evaluation.)

Criteria:

4

Valves are adjusted on
the engine to specifica-
tions.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competencj profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT 11/43

PRACTICAL TEST
JOB SHEET #7 - REMOVE CAMSHAFT FPOM A DETROIT

DIESEL ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Removed the nuts and washers from the camshaft and balance

shafts.
4. Removed front balance weights.
5. Removed lock screws in camshaft bearings.
6. Removed bearing retainer bolts.
7. Removed camshaft from engine.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner. (_hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

G06
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JOB SHEET #7 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:11111
4

The camshaft is properly
removed from the engine.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 -- Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: if an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT IVES

PRACTICAL TEST
JOB SHEET #8 - INSPECT CAMSHAFT ON A DETROIT

DIESEL ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO._
Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. if the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Checked cam lobes with feeler gauge and square material.
4. Checked camshaft runout.
5. Visually inspected camshaft.
6. Checked In/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner. ( hrs. _min _sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

CO



254

JOB SHEET #8 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Camshaft lobes are
within specifications.

3 2 1

1

Camshaft runout is within
specifications.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of critei ia.)
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT Ili-B

JOB SHEET #9
PRACTICAL TEST
INSTALL CAMSHAFT ON A DETROIT
DIESEL ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step In this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. nstalled cam bearings.
4. nstalled camshaft into the engine.
5. Aligned timing marks of the gears.
6. nstalt Id bearing retainer bolts.
7. nstallt d balance shaft.
8. nstalled camshaft front bearings.
9. nstalled camshaft intermediate bearings.

10. nstalled front balance weights.
11. Torqued nuts on front balance weights.
12. Checked clearance of the thrust washer.
13. Checked mating gear backlash.
14. Installed flywheel.
15. Installed cylinder head.
16. Filled cooling system.
17. Checked in/put away tools and materials.
18. Cleaned the work area.
19. Used proper tools correctly.
21. Performed steps in a timely manner. (___hrs. min. _sec.)
22. Practiced safety rules throughout procedure.
23. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

-I_
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JOB SHEET #9 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Camshaft bearings are
installed properly.

3 2

4

Timing marks on gears
are aligned.

3 2 1

3

Camshaft is installed into
the engine correctly.

2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT IV-B

TEST

SCORE

1. Match the terms related to camshafts and gears with the .3orrect definitions.

_a. Eccentric on the camshaft which changes
rotary motion to linear motion

b Clearance between meshed gears

c. Two valves operated by a single rocker arm

d. Drive the push rods to operate the valves

e. Noiseless cam followers that automatically
adjust for valve clearance

f. Definite clearance stween rocker arm and
valve stem

_g. Permits a single rocker arm to Jepress &al
valves

h. Engine with the camshaft mounted on cylin-
der head where it actuates valves directly
without pushrods or rocker arms

1. Backlash

2. Bridge or crosshead

3. Cam followers

4. Cam lobes

5. Dual valves

6. Hydraulic valve lifters

7. Overhead cam

8. Valve clearance

2. Name three parts on some diesel engines that are actuated by the camshaft.

a.

b.

c.

G ; 4
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TEST

3. Identify three primary parts of a camshaft.

a.

b.

c.

4. Identify four parts in a valve train.

a:

b.

c.

d.

6 13
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TEST

5. Complete statements concerning valve timing on a four-cycle engine by filling in blanks
with the correct word(s).

a. Camshaft turns at the speed of crankshaft.

b. Each intake and exhaust valve is opened and closed once during
revolutions of the crankshaft.

6. Complete statements concerning valve timing on a two-cycle engine by filling in blanks
with the correct word(s).

a. Camshaft turns at speed as crankshaft.

b. Exhaust valve is opened and closed once during revolution of
the crankshaft.

7. Identify four gears found in a typical gear train.

a.

b.

8. Name three gears which are marked in the gear train to insure correct valve timing.

a.

b.

c.
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TEST

9. Identify methods of driving the camshaft.

a. b. c.

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

10. Demonstrate the ability to:

a. Remove a camshaft. (Job Sheet #1)

b. Remove camshaft gear. (Job Sheet #2)

c. Inspect camshaft and bearings. (Job Sheet #3)

d. Inspect camshaft lobe lift. (Job Sheet #4)

e. Install a camshaft gear, and Install camshaft into engine. (Job Sheet #5)

f. Adjust valve clearance on a valve-in-head six-cylinder four-cycle engine. (Job
Sheet #6)

g. Remove camshaft from a Detroit diesel engine. (Job Sheet #7)

h. Inspect camshrit on a Deirclt diesel engine. (Job Sheet #8)

i. Install camshL it in a Detroit diesel engine. (Job Sheet #9)

5
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CAMSHAFTS, GEAR TRAIN, AND ENGINE TIMING
UNIT IV-13

ANSWERS TO TEST

a. 4 e. 6
b. 1 f. 8
c. 5 g. 2
d. 3 h. 7

2. Any three of the following:

a. Intake valve
b. Exhaust valve
c. Unit injector
d. Air starting valves

3. a. Drive gear
b. Cams
c. Bearing journal

4. a. Rocker arm
b. Valve
c. Push rod
d. Cam follower

5. a. One-half
b. Two

6. a. The same
b. One

7. a. Camshaft gear
b. Crankshaft gear
c. Idler gear
d. Fuel injection pump and governor drive gear

8. a. Crankshaft gear teeth
b. Idler gear teeth
c. Camshaft gear teeth

G ( 3
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ANSWERS TO TEST

9. a. Gear
b. Belt
c. Chain

10. Performance skills evaluated to the satisfaction of the instructor



CYLINDER BLOCKS AND LINERS
UNIT V-B

UNIT OBJECTIVE

After corns ' of this unit, the student should be able to remove, inspect, and install a cylin-
der liner from an engine. The student should also be able to inspect a cylinder block. Compe-
tencies will be demonstrated by completing the job sheets and unit tests with a minimum of
85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to a cylinder block with the correct definitions.

2. Identify types of cylinder block construction.

3. Name two advantages a removable liner has over Lin integral cylinder bore.

4. Match the types of liners with statements on wet and dry liners.

5. Demonstrate the ability to:

a. Remove a cylinder liner. (Job Sheet #1)

b. Clean and Inspect a cylinder liner. (Job Sheet #2)

c. Clean and inspect a cylinder block. (Job Sheet )13)

d. Install cylinder liner into cylinder block and check liner protrusion. (Job
Sheet #4)

8



CYLINDER BLOCKS AND LINERS
UNIT 1/3

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

;NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from tho transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheets and worksheets.

F. Discuss information sheets and worksheets.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Have students list the different types of liners.

2. Have students visit different shops to see the block designs.

3. Show film or, block cleaning.

4. Show various types of damaged cylinder liners.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. test.

K. Evaluate test

L. Roteach if necessary.



REFERENCES USED IN DEVELOPING THIS UNIT

A. Caterpillar 3406 Service Manual. Peoria, IL: Caterpillar Tractor Co., 1982.

B. Cummins Engine Company Shop.Manual. Columbus, IN: Cummins Engine Company,
Inc., 1974.

C. Dagel, John F. Diosel Engine Repair. New York: John Wiley and Sons, Inc., 1982.

D. Detroit Diesel Service Manual, 92 Series. Detroit, MI: General Motors Corp., 1985.

E. Mack Highway Vehicle Service Manual. Allentown, PA: Mack Truck, Inc., 1982.

F. Schulz, Erich. Diesel Mechanics. 2nd ed. Dallas, TX: Gregg Division/McGraw-Hill Book
Company, 1983.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Filmstrip

1. Cylinder Block Counterboring & Cylinder Liner Pulling and Installation
Video tape 43, 45 minutes
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602

2. Mack 6 Cylinder Engine Rebuild Part 1 and 2
Mack Trucks, Inc.
Educational CommunicatiL ic.
Department M
761 Fifth Avenue
King of Prussia, PA 19406
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CYLINDER BLOCKS AND LINERS
UNIT V-B

INFORMATION SHEET

1. Cylinder block terms and definitions

A. Block Stationary part that gives the engine form and shape, and fur-
nishes a foundation for the moving parts

(Courtesy of Cummins Engine Company, Inc.)

B. Counterbo:e Lip cut in top of block into which the cylinder sleeve is fit-
ted.

Counterbore

C. Cylinder liner Sleeve Inserted into the bore of the engine block to form
the cylinder walls

G21
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INFORMATION SHEET

D. Dry liner Cylinder sleeve inserted into a block bore that makes no con-
tact with the coolant system

E. Integral cylinder Cylinder and water jacket cast into the block; does not
use cylinder liners

F. Protrus. Distance the liner stands out or protrudes above the block top
deck surface after installation

I' ',I) 1)vd e..,,



INFORMATION SHEET

G. Wet liner Cylinder sleeve inserted Into a block bore to form part of the
water jacket

II. Cylinder block construction (Transparency 1)

A. Cylinder bore an integral part of block

Cylinder Cast as One Plece

Coolant Passages

Integral

Wet Liner

O-ring Grooves

Block Bore

D-269-B
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INFORMATION SHEET

B. Cylinder bore with removable wet liner

Water
In Contact
With Liner

Liner Forms
the Cylinder
Itself

Wet Cylinder Liner

4



INFORMATION SHEET

C. Cylinder bore with removable dry liner

Coolant Passages

Liner is a Sleeve
Inside the Cylinder

Dry Cylinder Liner

III. Advantages of removable liner over integral cylinder bore

A. Allows room for expansion lengthwise

B. May be replaced separately when worn

IV. Wet and dry liners (Transparency 2)

A. Wet liner

1. Provides better cooling of cylinder

2. May be replaced separately,when worn

B. Dry liner

1. Less expensive

2. Allows room for expansion lengthwise

3. May be replaced separately when worn

D271B



Cooling

Passages

Cylinder Cast as One Piece
With no Cylinder Liner

626

Cylinder Liners

Liner is a Sleeve
Inside the Cylinder

Liner Forms
the Cylinder Itself

Cooling

Passages Cooling

Passages

1
lit

Dry Cylinder Liner
Coolant Does Not Come

in Contact with the Liner

Wet Cylinder
Coolant Contacts Liner
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Cylinder Block and Cylinder Liner

Cylinder Sleev

Cylinder Liner
Counterbore

Cylinder Block
Cylinder Sleeve Shim

and Packing

Camshaft
Bearing Bore

Main
Bearing Core

628
13

(Courtesy of Cummins Engine Company, inc.)
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CYLINDER BLOCKS AND LINERS
UNIT V, .13

JOB SHEET #1 - REMOVE A CYLINDER LINER

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tool set

4. Appropriate service manual

5. Cleaning solvent

6. Engine

7. Screw-type liner pulling tool

8. Hydraulic liner pulling tool

9. Emery cloth

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: Chick appropriate service manual for correct procedure for your particular
engine.)

1. Remove a wet cylinder liner with screw-type puller.

a. Examine the cylinder liner and obtain the proper size adapter plate.

b. Note the identification mark on liner and block for future reference.
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JOB SHEET #1

c. Use screw-type liner pulling tool. (Figure 1)

FIGURE 1

Support Bracket

Through Bolt

.1.1101I

-116MIIMMIMMIPM

d. Fasten the adapter plate to the bottom of through bolt.

(NOTE: Make certain adapter plate Is not bigger than outside diameter of
the cylinder liner and does not touch the cylinder block bore.)

e. Screw the through bolt nut downward until it reaches the support bracket,
holding the through bolt and adapter plate in place.

f. Check adapt& r plate to see that it is not touching the cylinder block.

Obtain instructor's initials here before proceeding to next step.

631
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JOB SHEET #1

g. Continue turning the nut, pulling the wet type liner from the block. Stop
when the packing rings on the liner are above the block. (Figure 2)

FIGURE 2

Through Bolt

Wet Liner Being
Pulled Upward

Support Bracket

h. Remove liner puller and adapter plate from the cylinder.

i. Remove the cylinder liner from the block bore by hand.

Obtain instructor's Initials here before proceeding to next step.

J. Rer Jve the remaining cylinder liners from the block as outlined above.

2. Remove a dry cylinder with a hydraulic liner puller.

a. Examine the cylinder liner and obtain the proper size adapter plate.

b. Assemble through bolt plate and hydraulic ram. (Figure 3)

FIGURE 3

Hydraulic Ram

Through Bolt -

Wet Liner Being
Pulled Upward

C32
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JOB SHEET #1

c. Use the hydraulic hand pump to pull the cylinder liner from the cylinder
be re,

d. Continue using the hydraulic pump until the cylinder liner can be removed
by hand.

e. Remove remaining cylinder liners from block as outlined above.

Obtain Instructor's Initials here

1133
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CYLINDER BLOCKS AND LINERS
UNIT V-B

JOB SHEET #2 - CLEAN AND INSPECT A CYLINDER LINER

A. Tools and materials

1. Safety glasses

2. Shop towels (lint-free)

3. Basic hand tools

4. Appropriate service manual

5. Inside micrometer (bore gauge)

6. Outside micrometer

7. Dial indicator

8. Telescoping gauges

9. Cleaning solvent

10. Worksheets #1 and #2

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: Check with the appropriate service manual before inspecting any cylinder liner
for specification.)

1. Clean cylinder liner.

a. Wash liner in a recommended cleaning solvent, and blow dry with com-
pressed air.

b. Wipe off the cylinder liner using a lint free shop towel.

(NOTE: Use a hand wire brush to clean accumulated scale from the liner
flange. On wet liners, also clean the packing ring grooves with a hand wire
brush.

c. Visually inspect the cylinder liner for cracks, scoring or excessive corro-
sion and scale.

Obtain Instructor's initials here before proceeding to next step.

2. Measure cylinder liner flange.

a. Place the liner in a holding fixture or in an old cylinder block.

(CAUTION: Under no circumstance should a vise of any kind be used.)

C34
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JOB SHEET #2

Measure the thickness of each cylinder liner flange with a micrometer.
(Figure 1)

FIGURE 1

Liner Flange

c. Measure the liner flange at four different points of the liner 90° apart from
each other. (Figure 2)

FIGURE 2

Points of Measurement
in a Cylinder Liner Flange

d. Record the measurements in the appropriate blanks on Worksheet #1.

e. Subtract the smallest measurement of the four measurements from the
largest measurement to get the overall difference. Record overall differ.

.1 on Worksheet #1.

O



D-283-13

JOB SHEET #2

f. Check appropriate service manual for overall difference of cylinder flange
allowed.

g. Record the condition of the liner flange on Worksheet #1.

Obtain instructor's initials here before proceeding to next step.

3. Measure cylinder liner bore.

a. Check appropriate service manual for specification of the cylinder liner
bore.

b. Measure cylinder liner with a cylinder bore gauge. (Figure 3)

FIGURE 3

c. Measure the length of the liner in at least four different points. Measure
each point at two places 00° apart from each other. (Figure 4)



284

FIGURE 4

JOB SHEET #2

Points of Measurement
in a Cylinder Liner Bore

(NOTE: Check service manual since most manufacturers require measur-
ing the liner at more than four points.)

d. Record the measurements in the appropriate blanks on Worksheet #2.

e. Measure liner at points 1-a; record measurement. Then move 90° from first
measurement and measure at points 1-b; record the measurement.

f. Subtract the smallest measurement from the largest to calculate out-of-
'oundness at point 1. Record this on Worksheet #2.

Repeat steps e and f for points 2a and 2b, 3a and 3b, 4a and 4b, and record
the measurements in the appropriate blanks of Worksheet #2.

h. Subtract the smaller measurement at point 3 from the larger measurement
of point 1 to calculate cylinder liner taper.

Obtain instructor's initials here
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CYLINDER LINER FLANGE EVALUATION WORKSHEET #1

Cylinder

x x Flange Thickness

Permissible

3 4

Liner Specification

,0
,i,

. Flange Wear

ro''
del

Cylinder
Liner

Measurement
at point

1

Measurement
at point

2

Measurement
at point

3

Measurement
at point

4
Overall

Difference

Condition

Good Bad

1

2

3

4

5

6

7

8
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CYLINDER LINER BORE EVALUATION WORKSHEET #2

-".\-:''

Cylinder Bore Specification

Bore Diametere!"---,°"---T------'---

. ,
,

a

A - - -1. - .A
1

Allowable Bore Taper

Allowable Bore Out-of-roundness
II rillilimil, 00'.iguripolifil

Cylinder
Measurement 1 2 3 4 5 6 7 8

1-a

1-b

ut-of-roundness
2-a

2-h

Out-of-roundness
3-a

3-b

Out-of-roundness

3a ....r..4
3-b

Out-of-roundness
....__

4-a

4-b

Out-of-roundness

Taper
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CYLINDER BLOCKS AND LINERS
UNIT I

JOB SHEET #3 - CLEAN AND INSPECT A CYLINDER BLOCK

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Telescoping gauges

6. Outside micrometer

7. Depth micrometer

8. Inside micrometer (bore gauge)

9. Dial indicator

10. Worksheets #1, #2, and #3

B. Procedures

(CAUTION: Follow all shop safety procedures.)

1. Visually inspect the block before cleaning.

(NOTE: Check for obvious defects and cracks that indicate the cylinder block
may be unfit for further use.)

2. Clean the block in a hot tank to thoroughly clean all oil and coolant passages.

(CAUTION: Be sure main bearing caps are Installed before putting block In hot
tank. If the main caps are not on the block, the heat will distort the block.)

(NOTE: If the shop doesn't have a hot tank, send the block to a shop that does.
Satisfactory results can not be obtained by cleaning by hand.)

3. Remove block from hot tank; wash with soap and water. Dry with compressed air.

(CAUTION: Be sure to wash and blow out all oil and water passages.)

64o
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JOB SHEET #3

4. Measure main bearing house.

a. Remove the main bearing caps from the block. (Figure 1)

FIGURE 1

11111111M.

Main Bearing
Cap

Main Bearing
Saddle

b. Place main bearing caps on a clean shop towel on a work bench in the
order they were removed from the engine.

c. Clean the main bearing caps and main bearing saddles with compressed
air and a lint-free shop towel.

d. Reinstall the main bearing caps in the order they were removed.

e. Clean main bearing bolts and lubricate threads.

(NOTE: Check with service manual; some manufacturers do not recom-
mend lubricating bolt threads.)

f. Install main bearing bolts and snug the bolts to the main bearing caps.

g. Torque the main bearing bolts to specification. (Figure 2)

(NOTE: Check service manual for torque secluence and amount of torque.)

FIGURE 2

641
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JOB SHEET #3

h. Check service manual for main bearing bore specification, and record
specification on Worksheet #1.

I. Measure main bearing bore with a cylinder bore gauge. (Figure 3)

FIGURE 3

1.

-

wit. gas'

413,

1111110111111111,

P1' I 11111111111W 1111111 171

41111011.

Cylinder Bore Gauge

Main Bearing Bore

D-289-13

Measure the main boring at two locations: 300 above and below the part-
ing line (point A and point B). (Figure 4)

FIGURE 4

k. Measure main bore at point A, and record measurement in the appropriate
blank on Worksheet #1.

I. Measure the bore at point B, and record measurement in the appropriate
blank on Worksheet #1.



JOB SHEET #3

m. Subtract the smaller measurement from the larger to calculate outof-
roundness.

n. Record the out-of-roundness in the appropriate blank on Worksheet #1 and
check whether the bore is within specification.

Obtain instructor's initials here before proceeding to next step.

o. Measure remaining main bearing bores as outaned above and record on
Worksheet #1.

(NOTE: After these measurements, most manufacturers recommend that
the bore be checked for alignment. It is best to send the block to the man-
ufacturer or a machine shop for this procedure.)

5. Measure cylinder liner counterbore.

a. Check service manual for cylinder link counterbore specification and
record on Worksheet #2.

b. Make sure that the liner counterbores are clean and free from scale before
checking depth.

(NOTE: The block head deck has to be very clean to be able to measure
counterbores,)

c. Measure the counterbore ..,rith either (a) dial indicator depth gauge, or (b)
micrometer depth gauge. (Figure 5)

FIGURE 5

Measuring Cylinder Liner Counterbore with Measuring Cylinder Liner Counterbore with
Dial indicator Depth Gauge Micrometer Depth Gauge

43



JOB SHEET #3

d. Measure the counterbore in at least four points 90° apart. (Figure 6)

FIGURE 6

Points of Measurement
of Cylinder Liner Counterbore

(NOTE: Some manufacturers require more measurement so check appro-
priate service manual.)

e. Measure at point 1 and record measurement in the appropriate blank on
Worksheet #2.

f. Measure at points 2, 3, and 4 and record measurements in appropriate
blanks on Worksheet #2.

g. Subtract the smaller measurement from the larger to calculate the differ-
ence in wear.

Obtain instructor's initials here before proceeding to next step.

h. Measure remaining counterbores, and record measurements in the appro-
priate blanks on Worksheet #2.

6. Measure camshaft bearing bores.

(NOTE: it is a common practice to replace the camshaft bearing when a major
overhaul is made. The camshaft bores are rarely distorted, worn, or damaged but
need to be checked.)

a. Check service manual for camshaft bearing bore specification and record
on Worksheet #3.

b. Measure the bores with an inside micrometer or with a telescoping gauge.
(Figure 7)
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FIGURE 7

JOB SHEET #3

Camshaft Bearing Bore

ON&

Telescoping Gauge

C. Measure the legs of the telescoping gauge with an cutside micrometer,
and record the measurement on Worksheet #3.

d. Measure each camshaft bore at two locations 904' apart from each other.
(Figure 8)

FIGURE 6

Points of Measurement
of Camshaft Bearing Bore

a, Measure camshaft bore at point A, and record the measurement in the
appropdate blank on Worksheet #3.

f. Measure camshaft bore at point B, and record the measurement in the
appropriate blank on Worksheet #3.

g. Subtract the smaller measurement from the larger to calculate out-of-
roundness; record In the appropriate blank.

Obtain instrootor's Initials here before proceeding to next step.

h. Measure remaining camshaft bearing bores, and record the measure-
ments in the appropriate blanks on Worksheet #3.
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JOB SHEET #3

CYLINDER BLOCK EVALUATION WORKSHEET #1

, \
. Main Bearing Bore Specification

z a Cylinder Bore' I
I Diameter

Mgaiiim
Hire 0

o

,

;*i

Permissible Bore Out-of-
Roundness

Potalg Unato
c,
..im

Cylinder

Bearing

Bore

Point

A

Measurement

Point

B

Measuremeat

Out-of

Roundness

Bore Within

Specification Comments

Yes No

1

2

3

4

5

6

7

Instructor's 11,113,11s



JOB SHEET #3

CYLINDER BLOCK EVALUATION WORKSHEET #2

1 2 Specification

Counterbore

tNei
Permissible

Depth

Wear _ ___

Cylinder
Counter

Bore
1 2 3 4 5 6 7 8

Measurement
at point 1

Measurement
at point 2

Measurement
at point 3

Measurement
at point 4

Wear

Instructor's Initial
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JOB SHEET #3

CYLINDER BLOCK EVALUATION WORKSHEET #3

,. Specification

Camshaft Bearing
9 Bore

smik.
104 e Permissible Out-of-

Roundness
PA/4' 'Ilk

X
illi

B Ar40,

Camshaft
Bearing

Bore
1 2 3 4 5 6

Measurement
at point A

Measurement
at point B

Out-of-roundness

Instructor's Initial



CYLINDER BLOCKS ANI) LINERS
UNIT V13

JOB SHEET #4 - INSTALL CYLINDER LINER INTO CYLINDER
BLOCK AND CHECK LINER PROTRUSION

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Clean lubricating oil

6. Cylinder liner installation tool

7. Dial indicator and gauge block

B. ProciAur6

(CAUTION: Follow all shop safety precautions.)

1. Install a wet liner into the cylinder block

a. Clean all machined mating surfaces of the cylinder liner and the cylinder
block.

(NOTE: Any dirt or scale on these surfaces can cause distortion of the
liner and even engine failure.)

b. Make certain that the necessary shims (if used) are installed with each
liner in order to ensure liner protrusion. (Figure 1)

I-.GURE 1

Cylinder Liner

Liner Shims

Packing Rings-

649
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JOB SHEET #4

c. Make sure the ring grooves are clean at the bottom of the liner.

(NOTE: Some engines may have ring grooves at the bottom of the cylinder
bore instead of the liner.)

d. Roll the packing rings carefully over the liner and into their grooves to
avoid stretching the rings. (Figure 2)

FIGURE 2

e. Use clean oil to lubricate the packing rings and machined portion of the
block on which the rings seat. (Figure 3)

(NOTE: Check service manual for correct lubricant)

FIGURE 3
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JOB SHEET #4

f. Install proper thickness of shims (if used) on the cylinder liner.

g. Install the liner into the cylinder block bore with a quick push by hand.
(Figure 4)

FIGURE 4

41,

h. Use an installation tool to push the flange of the cylinder liner against the
counterbore ledge. (Figure 5)

FIGURE 5

Obtain Instructor's Initials here before proceeding to next step.
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JOB SHEET #4

I. Recheck cylinder liner bore diameter with a cylinder bore gauge to see if
the liner is distorted.

j. Check cylinder liner protrusion as outlined in Step 3 of this Job sheet.

2. Install a dry liner into the cylinder block.

a. Clean the cylinder block bore and counterbore.

(NOTE: Some manufacturers require honing the cylinder block bore.
Check appropriate service manual.)

b. Install proper thickness of shims (if used) onto the cylinder liner.

c. Inspect the cylinder liner in the cylinder bore; the liner st Duld enter bore
freely half of its length.

(NOTE: If liner does not enter freely for at least half of its length, the cylin-
der bore may have to be rehoned. Check service manual for proper
method.)

d. Install liner with installation tool until liner is one-half inch above the block
der*.

e. Blow out the counterbore with compressed air to remove any foreign
material that may have accumulated. (Figure 6)

FIGURE 6

f. Finish driving liner into block until liner flange is seated into counterbore.

Obtain instructor's Initials here before proceeding to next step.

g. Recheck cylinder bore diameter with a cylinder bore gauge to see if the liner is
distorted.

h. Check cylinder lit.or protrusion as outlined in Step 3 of this job sheet.
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JOB SHEET #4

3. Measure cylinder liner protrusion.

a. Check service manual for cylinder liner protrusion specification and
record on Worksheet #1.

b. Install liner hold down clamps, and check liner protrusion with a dial indi-
cator and gauge block or a micrometer depth gauge. (Figure 7)

FIGURE 7

Measuring Cylinder Liner Protrusion with Measuring Cylinder Liner Protrusion with
Dial indicator Micrometer Depth Gauge

(NOTE: If liner protrusion is not within specification, shims can be placed under
the flange of cylinder liner to bring the liner protrusion within specification.)

c. Measure the liner protrusion at four equal points around the liner. (Figure 8)

FIGURE 8

Points of Measurement of
Cylinder Liner Protrusion

.



JOB SHEET #4

d. Measure liner protrusion at point 1, and record the measurement in the appropri-
ate blank on Worksheet #1.

e. Measure liner protrusion at points 2, 3, and 4, and record measurements in the
appropriate blanks on Worksheet #1.

f. Subtract the smallest measurement from the largest to calculate the difference
in height and record on Worksheet #1.

Obtain instructor's initials here before proceeding to next ste

g. Measure remaining liner protrusion and record in the appropriate blanks
on Worksheet #1.
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JOB SHEET #4

CYLINDER BLOCK EVALUATION WORKSHEET #1

1 2 Specification

90° Liner Protrusion

3x x4

Cylinder
Liner

Point
1

Point
2

Point
3

Point
4

Difference
in Height Comments

1

2

3

4

5

6

7

8

Instructor's Initial
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CYLINDER BLOCKS AND LINERS
UNIT V13

PRACTICAL TEST
JOB SHEET #1 - REMOVE A CYLINDER LINER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to p Iform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" o.' "No" bhnks to designate whether or
not the student has satisfactorily achieves each step in this procedure. If the student is
unable to achieve this competency, have tho student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Selected correct adapter plate for wet liner.
4. Used screw puller.
5. Removed liner puller from he cylinder liner.
6. Removed the wet liner by hand.
7. Removed remaining wet liners.
8. Selected correct ad,...pter plate for dry liners.
9. Used hydraulic liner puller.

10. Pulled liner up enough to remove by hand.
11. Removed remaining dry liner.
12. Checked in/put away tools and materials.
13. Cleaned the work area..
14. Used roper tools correctly.
15. Performed steps in a timely manner. (__Iire. _min.,_sec.)
16. Practiced safety ruies throughout procedure.
17. Provided satisfactory responses to quest;c,tts askaa.

EVALUATOR'S COMMENTS:

-1-

0-305-B



JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Wet cylinder liner is
removed correctly.

3 2 1

4

Dry cylinder liner is
removed correctly.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be requi:ed.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

t)
t
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CYLINDER BLOCKS AND LINERS
UNIT V13

PRACTICAL TEST
JOB SHEET #2 -. CLEAN AND INSPECT A CYLINDER LINER

STUDENT'S NAME DA)

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review 111e materials and try again.)

Tlie student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Cleaned the cylinder liners.
4. Inspected liner visually for damage.
5. Measured liner flange.
6. Recorded liner flange measurements on Worksheet #1.
7. Filled out Worksheet #1.
8. Measured cylinder liner bore for taper.
9. Measured cylinder liner bore for out-of-roundness.

10. Recorded bore measurements on Worksheet #2.
11. Checked in/put away tools and materials.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps in a timely manner. (_._hrs. _min. _sec.)
15. Practir,ed safety rules throughout procedure.
16. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

D-307-B



JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
shodld be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Cylinder liner is cleaned
properly.

3 2 1

Cylinder liner flange is
within specification.

4

Cylinder liner tore taper
is within specification.

3 2

4 3

Cylinder liner bore out-of-
roundness is within speci-
fication.

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training Is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

II ;)



CYLINDER BLOCKS AND LINERS
UNIT 1013

PRACTICAL TEST
JOB SHEET #3 - CLEAN AND INSPECT A CYLINDER BLOCK

STUDENT'S NAME DATE

D-309-B

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate wh- ther or
not the student has satisfactorily achieved each sten in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Visually inspected block for damage.
4. Cleaned block for inspection.
5. Measured block main bearing bores.

.Imw 11.
6. Recorded main bearing bore measurements.
7. Measured cylinder liner counterbores.
8. Recorded counterbore measurements.
9. Measured camshaft bearing bores.

10. Recorded camshaft bearing bore measurement('
11. Checked in /put away tools and materials.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps In a tIme;y manner. (_hrs.
15.

_min. _sec.)
Practiced safety rules throughout procedure.

16. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate he studeat or the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student Is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Cylinder block is cleaned
properly for inspection.

3 2 1

Main bearing bores are
within specification.

4

Cylinder liner counter-
bores are within specifi-
cation.

3

4

Camshaft bearing bores
are within specificatiun.

2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

( EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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CYLINDER BLOCKS AND LINERS
UNIT 1/3

PRACTICAL TEST
JOB SHEET #4 - INSTALL CYLINDER LINER INTO CYLINDER BLOCK

AND CHECK LINER PROTRUSION

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: Whei, you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Installed wet liner into block.
4. Cleaned block and liner before installation.
5. Installed liner shims.
6. Cleaned ptrking ring grooves.
7. Installed packing into liner grooves.
8. Lubricated packing rings.
9. Installed liner into cylinder bore. INMIMMIMI "M

10. Installed dry liner into block.
11. Checked liner protrusion.
12. Recorded protrusion measurement onto worksheet.
13. Checked in/put away toois and materials.
14. Cleaned the work area.
15. Used proper tools correctly.
16. Performed steps in a timely manner. (_hrs.
17. Practiced safety rules throughout procedure.
18. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

( 6 2
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Wet liner is installed cor-
rectly.

1

4

Dry liner is inst, died cor-
rectly.

3 2 1

2 1

Liner protrusion is within
specification.

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training Is required to develop skill.
1 Unskilled Is familiar with process, out is unable to perform Job.

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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CYLINDER BLOCKS AND LINERS
UNIT VB

NAME SCORE

TEST

1. Match the terms related to cylinder block with the correct 6-1finitionu.

_a. Cylinder and water Jacket cast into the 1. Block
block; does not use cylinder liners

2. Counterbore__b. Sleeve inserted into the bores of the engine
block to form the cylinder walls 3. Cylinder liner

c. Stationary part that gives the engine form 4. Dry liner
and shape, and furnishes a foundation for
moving parts 5. Integral cylinder

_A Cylinder sleeve inserted into a block bore to 6. Protrusion
form part of the water jacket

7. Wet liner
Cylinder sleeve inserted into a block be
that makes no contact with the coolant sys-
tem

f. Lip cut in top of block into which the cylin-
der sleevo is fitted

Distance the linFir stands out or protrudes
above the block top deck surface after
installation

2. Identify the types of cylinder block P,oncitruction.

Liner Forms
Itself

Cylinder Cast as On' Piece

Liner Is a Sleeve
Inside the Cylinder

a. b. c.

D-313-B



314

3. Narr.e two advantages a removable liner has over an integral cylinder bore.

a.

b.

4. Match the types of liners with statements on wet and dry liners.

_a. Less expensive

b. Provide better cooling of cylinder

,c May be replaced separately when worn

d. Allow room for expansion lengthwise

1. Wet liners

2. Dry liners

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

5. Demonstrate the ability to:

a. Remove a cylinder liner. (Job Sheet #1)

b. Clean and inspect a cylinder liner. (Job Sheet #2)

c. Clean and inspect P cylinder block. (Job Sheet #3)

d. Install cylinder liner into cylinder block and check liner protrusion. (Job Sheet #4)

F
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CYLINDER BLOCKS AND LINERS
UNIT V13

ANSWERS TO TEST

1. a. 5 e. 4
b. 3 f. 2
c. 1 g. 6
d. 7

2. a. Wet liner
b. lnteg 'al
c. Dry liner

3. a. Allows room for expansion lengthwise
P. May be replaced separately when worn

4. a. 2
b. 1

c. 1 and 2
d. 2

5. Performance skills evaluated to the satisfaction of the instructor



CRANKSHAFT AND BEARINGS
UNIT VI-B

UNIT OBJECTIVE

After completion of this unit, the student should be able to name the parts of a crankshaft and
list engine indications of bearing failure. The student should also be able to remove, inspect,
and replace a crankshaft and bearings. Competencies will be demonstrated by completing the
job sheets and unit tests with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to crankshafts and bearings with the correct definitions.

2. Ident!fy parts of a crankshaft.

3. Match the arrangement of crankcase throws with the number of c, Anders in the
engine.

4. Arrange in order steps in determining corresponding cylinders of a four-cycle
engine.

5. Identify ways crankshaft balance is maintained.

6. Select true state, iients concerning the lubrication of the crankshaft and surround-
ing parts.

7. Distinguish between a bushing and a bearing.

8. Name three materials used in making bearing linings.

9. Identify types of bearing locks.

1 i;
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OBJECTIVE SHEET

10. Define bearing crush.

11. State the purpose of oil grooves in the bearing.

12. Identify types of thrust bearings.

13. List three engine indications of bearing failure.

14. Match they percentages of bearing failure with the causes of bearing failure.

15. Select true tAatements concerning the functions of the flywheel.

16. Identify types of vibration dampers.

17. Determine piston location, stroke position, and valve adjustment of a four-cycle
four cylinder engine. (Assignment Sheet #1)

18. Determine piston location, stroke position, and valve adjustment of a four-cycle
six cylinder engine. (Assignment Sheet #2)

19. Determine piston location, stroke piston, and valve adjustment of a four-cycle
eight cylinder engine. (Assignment Sheet #3)

20. Demonstrate the ability to:

a. Remove a crankshaft. (t. ob Sheet #1)

b. Inspect and measure a crankshaft and bearings. (Job Sheet #2)

c. Install bearings and crankshaft. (Job Sheet #3)
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CRANKSHAFT AND BEARINGS
UNIT VINB

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided In this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information and assignment sheets and handouts.

F. Discuss information and assignment sheets and handouts.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined In the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Display different types of thrust bearings.

2. Show students different engine crankshaft designs.

3. Have students make a list of specifications from a service manual. (Handout #1).

4. Have students make a list of the number of engines that use a rubber element type
vibration damper and how many use a viscous type.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and Indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L. Reteach If necessary.
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REFERENCES USED IN DEVELOPING THIS UNIT

A. Cummins Engine Company Shop Manual. Columbus, IN: Cummins Engine Company,
Inc., 1984.

B. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sons, Inc., 1982.

C. Engine Service Manual. Peoria, li.: Caterpillar Tractor Compaq, 1982.

D. Fundamentals of Service: Engines. 5th ed. Moline, IL: Deere and Company, 1980.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Filmstrips

1. Crankshafts, Balancers, Dampers and Bearings (52 slides and script)
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602

2. Mack 6 Cylinder Engine Rebuild Part 1 and 2
Mack Trucks, Inc.
Educational Communications Inc.
Department M
761 Fifth Avenue
King of Prussia, PA 19406
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CRANKSHAFTS AND BEARINGS
UNIT VI-B

INFORMATION SHEET

I. Te =als and definitions (Transparency 1)

A. Bearing Half round sleeve normally used to support heavy loads

B. Bearing clearance Measured difference between the inside diameter of
the bearing arid the outside diameter of the journal

C. Bushing Full round sleeve normally used to support light loads

D. Corresponding cylinders Two pistons in a four-cycle engine moving in
the same direction but on different strokes

(NOTE: A two -cycle engine does not have corresponding cylinders.)

E. Crankpin -- Outer end of crank throw

(NOTE: The crankpin is also called a connecting rod journal.)

D-321-B
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INFORMATION SHEET

F. Crankshaft throw Two crankshaft webs and one crankpin

Crankshaft Webs

Counterweight

Crankshaft Throw

Crankpin

G. Crankshaft web Forms the crank or throw between the crankpin and
main journal

H. Counterweights Weights mounted on the crankshaft that reduce the
vibration and bearing loads due to internal force

I. Dynamically balanced Balanced against the rotary outward force at high
speed

J. Fillet A curved joint between the jol rnal and the web to add strength

Fillets

.130-.160 Avoid Sharp Corners Insufficient Fillet
(correct) (Incorrect) (Incorrect)

Correct and Incorrect Fillet Angles

K. Firing order 1 .10 order in which the cylinders deliver their power strokes

Example: Six cylinder engine with a firing order of 1-5-3.6-2-4.

L. Integral crankshaft Made from a single billet of steel

672



INFORMATION SHEET

M. Journal The part of a shaft or axle in contact with the bearing

N. Short block Engine block without cylinder head and external accesso-
ries

0. Statically balanced Balanced while at rest

P. Thrust bearing (not always end bearing) Controls crankshaft end play

Example: Flanged main bearing used to control cranksnaft end play

(NOTE: The thrust bearing affects end clearance.)

Thrust Bearing
With Flange

(extra lip)

Q. Vibration damper (harmonic) Reduces torsional stress on the crankshaft
caused by power strokes and the toads on the engine

Vibration
Damper

Crankshaft
Gear Flywi yew

D-323-13
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INFORMATION SHEET

II. Parts of a crankshaft

A. Main bearing journals

B. Connecting rod bearing journals

C. Connecting rod counterweights

D. Flywheel hub or flange

E. Crankshaft gea-

F. Crankshaft throw
Crankshaft

Flywheel Hub Throws

Connectin Rod
Counterweights

Main Bearing
Journal

Connecting Rod
Bearing Journals

III. Arrangement of crankshaft throws (Transparency 2)

Crankshaft
Gear

A. Two anci four cylinder engine crankshaft throw:: are 180° apart

I -4

243

Cylinder Engine Four Cylinder Engine

(Reproduced by permission of Deere & Company, 1980 Deere & Company. All rights reserved.)

(NOTE: Two cylinder engine: #1 cylinder is at TDC; #2 cylinder is at BDC.)

(NOTE: Four cylinder engine: corresponding cylinders #1 and #4 are at TDC;
corresponding cylinders #2 and #3 are at BDC.)

C 74
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INFORMATION SHEET

B. Three and six cylinder engine crankshaft throws are 120° apart

2

1-6

2-5

3-4

Three Cylinder Engine Six Cylinder Engine

(Reproduced by permission of Deere & Company, ° 1980 Deere & Company. All rights reserved.)

(NOTE: Three cylinder engine: only #1 cylinder is at TDC; #3 is at 120°ATDC;
#2 is at 120° E DC.)

(NOTE: Six cylinder engine: corresponding cylinders #1 and #6 are at TDC;
#3 and #4 are at 120° ATDC; #2 and #5 are at 120° BTDC.)

C. Eight cylinder engine crankshaft throws are 90° apart

1-5

3-7

2-6

4-8

Eight Cylinder V-Type Engine

(Reproduced by pern Jslon of Deere & Company, 0 1980 Deere & Company. All rights reserved.)

(NOTE: Corresponding cylinders #1 and #5 are at TDC; #2 and #6 kAre ot 90°
ATDC; #3 and #7 are at 90° B1 DG; #4 and #8 are at BDC.)

Steps in determining the corresponding cylinders of a four-cycle engine ;Assign-
ment Sheets 1, 2, and 3)

A. Find the firing order of the engine.

(.10TE: Look in appropriate service manual for the firing order.)

B. Write the last half of the cylinder numbers of the firing order below the first
half of the numbers.

Example: Assume the firing order is 1-5-3-6-2-4. Place the last three cylin-
der numbers below the first three cylinders, as follows:

1-5-3
6-2-4

The corresponding cylinders are #1 and #6, #2 and #5, #3 and #4.

0-325-B
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INFORMATION SHEET

C. Place the corresponding cylinders on a chart.

Example: TDC

D. Locate #1 cylinder on compression stroke and its corresponding cylinder at
top dead center as shown on chart.

V. Maintaining crankshaft balance (Transparency 3)

VibrationA. Counterweights Damper

B. Vibration damper

C. Flywheel

Coun,rweIghts

Flywheel
VI. Lubrication of crankshaft and surrounding parts (Transparency 4)

A. 011 pressure through crankshaft lubricates rod and main bearing

B. Excess oil from rod and main bearing lubricates surrounding parts

VII. Materials used in bearing linings

A. Tin or lead base babilit

B. Copper or aluminum alloys

C. Multi layers of copper or aluminum alloys and silver combinations
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INFORMATION SHEET

VIII. Types of bearing locks (Transparency 5)

A. Lip slot

Locking Lip

Lip Slot

B. Dowel ring

Dowel Ring

IX. Bearing crush Height of bearing insert above bearing cap to allow for a fully
seated bearing when tightened (Transparency 6)

Crush Height Each
Half of Bearing

Rod

Loose

Bearing
Bearing

Cap Cap

(Reproduced by permission of Deere & Company, 0 1987 Deere & Company. All rights res3rved.)

(CAUTION: When installing bearings into the rods or mains, do not put lubricant
on the back side of bearing because this will affect the cush and bearing clear-
ance.)

Tightened

X. Purpose of bearing oil grooves Bearing oil grooves carry the oil through to the
connecting rod

Annular 011 Groove

"Thumbnail" Grooves

6 77
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INFORMATION SHEET

XI. Types of thrust bearings

A. Separate thrust washers

Case]
Thrust
Washers

Shaft
Journal
loczrzizzin

1- Cap U

Separate Thrust Washers

XII. Engine indications of bearing failure

A. Drop in lubricating oil pressure

B. Excessive oil consumption

C. Engine noise Rhythmic knock

XIII. Major causes of bearing failure (Transparency 7)

A. Dirt 43 percent

B. Lack of lubrication 16 percent

C. Improper assembly 14 percent

D. Misalignment 10 percent

E. Overloading 9 percent

F. Other 8 percent

XIV. Functions of flywheel

A. Stores energy for momentum between power strokes

B. Smooths out speed of crankshaft

C. Transmits power to driven machine

D. Provides a drive for starter via ring gear

E. Serves as a facing for engine clutch

Bearing

B. Thrust flanges on bearings

Case

Shaft
1

(;ap

Flanges

Thrust Flanges on Bearings

678
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INFORMATION SHEET

XV. Types of vibration dampers

A. Rubber-element damper A two-piece housing of metal with a hard rubber
element molded between it to absorb the vibration of the crankshaft.

Rubber
Element

Wel Inner
Flange

Outer
Flange

Crankshaft

(Courtesy of DeutzAllis Corporation.)

B. Viscous damper A two-piece housing containing a special greaselike
fluid that absorbs the vibration of the crankshaft.

Crankshaft

Metal
Housing

Viscous
Fluid

(Courtesy of DeutzAllis Corporation.)

G79



Oil Hole

Counterweight

Crankshaft
Gear

Parts of the
Typical Two-Cycle Crankshaft

Upper Bearing
Halm

Rear Main
Bearing Journal

Front Main
Bearing Journal

C80

Connecting Rod Intermediate Main
Journal (Crankpin) Bearing Journcl

Crankshaft Throw

Counterweight

Flywheel Hub
or Flange

Thrust Bearing
Flange

C81 7



Arrangement of Crankshaft Throws

2-5

1-6

1-4

2-3

4Cylinder Engine

3-7

3-4

6Cylinder Engine

1-5

S

4-8

2-6

D-333-B

8Cylinder VType Engine
(Reproduced by permission of Deere & Company, 1980 Deere & Company. All rights reserved.)
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Counterweights, Vibration Damper
and Flywheel

Connecting Rod
Vibration Counterbalances
Damper

Crankshaft

Gear
0 I Holes Flywheel

A SixCylinder, SevenMain-- Bearing Crankshaft



Crankshaft Lubrication

OH Spray Under
Top of Piston

Oil Spray

brined Passage
in Connecting Rod

Drilled Oil Passage
in Crankshaft

G84
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Lip Slot

Locking Lip

Bearing Locks

ce6

Dowel Ring
Groove in Bearing

Dowel Ring

Dowel Ring
Groove In Cap



Crush Height
Each Half Bearing

Bearing Crush

Rod

Loose

Lack of Crush

Edges of Bearing

Curl in Toward Shaft

Bearing

Cap

Bearing

Cap

Tightened

Too Much Crush

Bearing Buckles
When Cap Tightened

D-34143

(Reproduced by permission of Deere & Company, © 1987 Deere & Company. All rights reserved.)
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Causes of Bearing Failure

Damage From Dirt

Embedded In Bearing Oil Starvation Caused This Damage

Bearing Fatigue Caused By

Overloading and Heat

Corrosion From Acid
Formation In Oil

Wear On One Edge of Bearing

Caused by Tapered Journals

Excessive Wear Caused

by a Befit Connecting Rod

D-343-13
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ENGINE MAKE .1111 STUDENT NAME

Engine

Model

No. Cyls.

& Valve
Location

Bore

&

Stroke

Piston Compression Horse

Disp. Ratio Power

Cu. In. @ R.PM.

Torque

Ft. Lb.
@ R.P.M

GOVERNUR Normal

Oil

Pressure

No-Load
Setting
R P.

Full -Load
Setting
R.P M.

TUNE UP & VALVE SPECIFICATIONS

Engine

Model

,........

Spark Plugs Ignition Timing Valve

Face

Angle

Valve Lash a ve
Spring

Pressure
In, Len thType Gap

Timing
Mark Location Intake Exhaust

ENGINE TIGHTENING SPECIFICATIONS*

* Torque specifications are for clean and lightly lubricated threads only, Dry or dirty threads produce increased friction

which prevents accurate measurement of tightness.

Engine

Model

Cyl.

Head

Ft. Lbs.

Exh.

Man.

Ft. Lbs.

Main

Bear Cap

Ft. Lbs.

lyw ee
to

Crankshaft

Crankshaft

Pulley

Ft. Lbs.

Jamshaft
End Nut
Ft, Lbs.

Conn,

Rod

Ft. Lbs.

Injector

Bolts to

Cyl. Head

Pre-

ombustion

Chamber
F

Glow

Plugs

Ft. Lbs.

1;89
(90



CRANKSHAFT AND BEARINGS
UNIT VI-B

ASSIGNMENT SHEET #1 - DETERMINL PISTON LOCATION,
STROKE POSITION, AND VALVE ADJUSTMENT OF A

FOUR.CYCLE FOUR CYLINDER ENGINE

Assume that you are adjusting the valves on an engine with a firing order of 1-3-4-2. The #1 pis-
ton is at top dead center (TDC) compression stroke.

A. Write the last half of the numbers of the firing order below the first half of the numbers
to find the corresponding cylinders.

B. Draw the location of each of the pistons under the conditions mentioned above on Fig-
ure 1.

FIGURE 1
TDC

BDC 180°

C. Based on the condition of the engine mentioned above, tell which stroke each of the
pistons is occupying.

No. 1 piston

No. 2 piston

No. 3 piston

No. 4 piston

691
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ASSIGNMENT SHEET #1

D. On the engine mentioned above, which valves can oe adjusted when the #1 piston is at
TDC? Face an "X" beside each valve that can be adjusted.

No. 1 cylinder

No. 2 cylinder

No. 3 cylinder

No. 4 cylinder

Intake Exhaust



CRANKSHAFT AND BEARINGS
UNIT VI-13

ASSIGNMENT SHEET #2 - DETERMINE PISTON LOCATION,
STROKE POSITION, AND VALVE ADJUSTMENT OF A

FOURCYCLE SIX CYLINDER ENGINE

Assume that you are adjusting the valves on an engine with a firing order of 1-5-3-6-2-4. The #1
piston is at top dead center (TDC) compression stroke.

A. Write the last hail of the numbers of the firing order below the first half of the numbers
to find the corresponding cylinders.

B. Draw the location of each of the pistons under the conditions mentioned above on Fig-
ure 1.

FIGURE 1
TDC

C. Based on the condition of the engine mentioned above, tell which stroke each of the
pistons Is occupying.

No. 1 piston

No. piston

No. 3 piston

No. 4 piston

No. 5 piston

No. 6 piston

D-349-B

3
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ASSIGNMENT SHEET #2

D. On the engine mentioned above, which valves can be adjusted when the #1 piston is at
TDC? Place an "X" beside each valve that can be adjusted.

No. 1 cylinder

No. 2 cylinder

No. 3 cylinder

No. 4 cylinder

No. 5 cylinder

No. 6 cylinder

Intake Exhaust



CRANKSHAFT AND BEARINGS
UNIT VI-B

ASSIGNMENT SHEET #3 - DETERMINE PISTON LOCATION,
STROKE POSITION, AND VALVE ADJUSTMENT OF A

FOUR-CYCLE EIGHT CYLINDER ENGINE

Assume that you are adjusting the valves on an engine with a firing order of 1-8-6-4-2-7-5-3. The
#2 piston is at top dead center (TDC) compression stroke.

A. Write the last naif cf the numbers of the firing order below the first half of the numbers
to find the corresponding cylinders.

B. Draw the location of each of the pistons under the conditions mentioned above on Fig-
ure 1.

FIGURE 1

90° BTDC

TDC

BDC

90° ATDC

C. Based on the condition of the engine mentioned above, tell which stroke each of the
pistons is occupying.

No. 1 piston

No. 2 piston

No. 3 piston

No. 4 piston

No. 5 piston

No. 6 piston

No. 7 piston

No. 8 piston

D-351-B



ASSIGNMENT SHEET #3

D. On the engine mentioned above, which valves can be adjusted when the #1 piston is at
TDC? Place an "X" beside each valve that can be adjusted.

No. 1 cylinder

No. 2 cylinder

No. 3 cylinder

No. 4 cylinder

No. 5 cylinder

No. 6 cylinder

No. 7 cylinder

No. 8 cylinder

Intake Exhaust

696
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CRANKSHAFT ANL) BEARINGS
UNIT VI-B

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

A. 1-3
4-2

B. TDC

2-3

C. No. 1 piston TDC, finished compression, start power
No. 2 piston BDC, finished power, start exhaust
No. 3 piston BDC, finished intake, start compression
No. 4 piston TDC, finished exhaust, start intake

D. Intake Exhaust

No. 1 cylinder X X

No. 2 cylinder X

No. 3 cylinder

No. 4 cylinder

X

Cannot adjust valves on No. 4 cylin-
der because uoth valves are open
(overlap)

6 7
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Assignment Sheet #2

A. 1-5-3
6-2-4

B. TDC

ANSWERS TO ASSIGNMENT SHEETS

120° BTDC 120° ATDC

C. No. 1 piston TDC, finished compression, start power
No. 2 piston Exhaust
No. 3 piston Intake
No. 4 piston Power
No. 5 piston Compression
No. 6 piston TDC, finished exhaust, start intake

D. Intake Exhaust

No. 1 cylinder X X

No. 2 cylinder X

No. 3 cylinder X

No. 4 cylinder X

No. 5 cylinder X

No. 6 cylinder
Cannot adjust valves on No. 6 cylin-
der because both valves are open
(overlap)



AssIgnmnt Sheet #3

A. 1.8-6-4
2.7-5-3

B. TDC

90° BTDC

ANSWERS TO ASSIGNMENT SHEETS

BDC

90° ATDC

C. No. 1 piston TDC, finished exhaust, start intake
No. 2 piston TDC, finished compression, start power
No. 3 piston Intake
No. 4 piston Power
No. 5 piston BDC, finished intake, start compression
No. 6 piston -- BDC, finished power, start exhaust
No. 7 piston Compression
No. 8 piston Exhaust

D.

No. 1 cylinder

No. 2 cylinder

No. 3 cylinder

No. 4 cylinder

No. 5 cylinder

No. 6 cylinder

No. 7 cylinder

No. 8 cylinder

Intake Exhaust

Valve Overlap

X X

X

X

X

X

X

0-355-B



CRANKSHAFTS AND BEARINGS
UNIT VI-B

JOB SHEET #1 - REMOVE A CRANKSHAFT

A. Tools and materials

1. Safety glasses

2. Clean shop towels

3. Basic hand tool set

4. Appropriate service manual

5. Engine

6. Marking set

Example: Punch, chisel, letter or number marking set

7. Lifting device

8. Worksheets #1 and #2

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: Refer to Unit III-B, Piston and Connecting Rod Assemblies, for piston removal
information.)

1. Place engine in an engine stand. (Figure 1)

700
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JOB SHEET #1

FIGURE 1

2. Mark main bearing caps and side of engine block, if necessary, for proper
replacement.

3. If the main bearing capscrews have locking tangs, bend them back with an
appropriate tool. (Figure 2)

FIGURE 2
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JOB SHEET #1

4. Locate the main bearing capscrews and unscrew them in the proper sequence.
(Figure 3)

FIGURE 3

5. Take the main bearing capscrews «nd lock plates out of the main bearing caps
and place them on a workbench in the proper sequence. (Figure 4)

FIGURE 4

702
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JOB SHEET #1

6. Use a pry bar or large screwdriver to remove the main bearing caps from the
crankshaft main bearing journals; place them on the work bench. (Figures 5 and
6)

FIGURE 5 FIGURE 6

Loosening Main Bearing Using Pry Bar to Loosen Main
Cap from Dowel Pins Bearing Cap from Dowel Ring

7. If the main bearing did not come out with the main bearing cap, remove it from
the main bearing journal. Place with corresponding main bearing cap. (Figure 7)

FIGURE 7

Obtain Instructor's initials here before proceeding to next step.

703
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JOB SHEET #1

8. Install a protective lifting device around the two middle throws of the crankshaft.
(Figure 8)

FIGURE 8

9. Lift the crankshaft from the cylinder block; stand crankshaft on flywheel hub and
secure to wall or work bench.

10. Remove the upper main bearing shells from the cylinder block and place them on
the work bench with their corresponding main bearing caps.

(NOTE: Also remove dowel rings at this time.)

Obtain instructor's initials here
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CRANKSHAFTS AND BEARINGS
UNIT VIB

JOB SHEET #2 CLEAN AND MEASURE A CRANKSHAFT
AND BEARINGS

A. Tools aid materials

1. Safety glasses

2. Clean shop towels

3. Basic hand tool set

4. Appropriate service manual

5. Crankshaft

6. Outside micrometer

7. Inside micrometer

8. Cleaning rod

9. Worksheets #1 and #2

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Clean outside of crankshaft, paying close atilntion to bearing surfaces.

(NOTE: Some crankshafts have pipe plugs in the drillings of the crank. Remove
these and use a cleaning rod and rag to clean them. Then lightly oil the threads
and reinstall. Figures 1 and 2.)

FIGURE 1 FIGURE 2

Cleaning 011 Passages In Crankshaft

705
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JOB SHEET #2

2. Check with appropriate service manual for main and rod bearing Journal dimen-
sions, and record specification in appropriate blanks on Worksheet #1.

3. Measure the crankshaft bearing journals with an outside micrometer. (Figure 3)

FIGURE 3

Outside
Micrometer

Crankshaft
Journal

4. Measure the crankshaft journals In at least two points along length of journal
(taper), and at least two points around diameter of the journal (out-of-roundness).
(Figure 4)

FIGURE 4 Location A Location B

Diameter 1

Measure at
Two Points

Along Length
of Journal

Measure at
1Wo Points

Around Journal
Diameter



JOB SHEET #2

5. Measure journal, main or rod journal, at location A - diameter 1, and record the
measurement in column A of the appropriate worksheet. (Figure 5)

FIGURE 5
Location A Location B

Measure At
This Location

Diameter 1

Measure At
This Diameter

D-365-B

(NOTE: You will take two measurements in location A.)

6. Measure journal at location A diameter 2. Record measurement in column A
of the appropriate worksheet. (Figure 6)

Location A Location B
FIGURE 6 1 1

I I
I

Diameter 1

Measure At
This Location

Measure At
This Diameter

7. Subtract the small3r measurement in column A from the larger to calculate jour-
nal out-of-roundness; record measurement in appropriate blank of worksheet.

8. Measure journal at location B diameter 1, and record measurement in column
B of the appropriate worksheet. (Figure 7)

FIGURE 7 Laotian A Location B

a

I I

Measure At
This Location

(NOTE: You will take two measurements in location p.)

707
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This Diameter
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JOB SHEET #2

9. Measure Journal at location B diameter 2 (90° from diameter 1). Record mea-
surement in column B of the appropriate worksheet. (Figure 8)

Location A Location B
FIGURE 8 Measure At

Diameter 1 This Diameter

Measure At
This Location

Diameter 2

10. Subtract the smaller measurement in column B from the larger to calculate jour-
nal out-of-roundness; record measurement in appropriate blank of worksheet.

11. Subtract the smaller measurement of column A or B from the larger measure-
ment of column A or B to get Journal taper; record measurement in column C of
the appropriate worksheet.

Obtain instructor's initials here before proceeding to next step.

12. Measure remaining journals of the crankshaft, and record the measurements in
the appropriate blanks of the works ,sets.

13. Record journal outside diameter in column E of the appropriate worksheet.

14. Install main bearings into cylinder block and main cap, and instal main caps into
the block.

15. Torque main caps to specifications.

16. Measure inside diameter of the main bearing with an inside micrometer, tele-
scoping gauge, or bore gauge.

17. Record the measurement of the inside diameter in column D of Worksheet #1.

18. Subtract the measurement in column E from the measurement in column D
calculate bearing clearance, and record measurement into column F of Work-
sheet #1.



JOB SHEET #2

19. Measure the thrust bearing flange of the crankshaft with an inside micrometer.
(Figure 9)

FIGURE 9

Inside
Micrometer

Thrust Bearing
Flange

(NOTE: Check with appropriate service manual for permissible wear of the thrust
flange)

20. Record the thrust flange measurement in column H of Worksheet #1.

21. Measure the crankshaft fillet with a fillet gauge. (Figure 10)

(NOTE: Check with appropriate service manual for permissible wear of the fillet.)

FIGURE 10

Fillet Gauge

Fillet Radius

D-367-B
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JOB SHEET #2

22. Record fillet measurement in column G of Worksheet #1.

23. Record rod bearing journal outside diameter in column E of Worksheet #2.

24. Install rod bearings into connecting rod and rod cap.

25. Install rod cap with bearing onto the connecting rod, and torque to specifica-
tions.

26. Measure the rod bearing inside diameter with an inside micrometer, telescoping
gauge, or bore gauge.

27. Record rod bearing inside diameter measurement in column D of Worksheet #2.

28. Subtract measurement of column E from measurement of column D to get rod
bearing clearance.

29. Record rod bearing clearance in column F of Worksheet #2.

30. Comp let,- 1.6:,,iksheets #1 and #2, and have instruct ,r initial when completed.

Obtain instructor's initials here
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CRANKSHAFT AND BEARING EVALUATION WORKSHEET

LOC.

;

A LOC. II

1

DIA. 1

Main Bearing Journal
Measurements

SPECIFICATIONS

Main Journal

Permissible Bearing Clearance

00 Permissible Journal Wear

Permissible Out-of-Round
DIA. 2

Permissible Taper

COLUMN A COLUMN B COLUMN

C

COLUMN

0
COLUMN

E

COLUMN

F

COLUMN

G

COLUMN

H

Journal Location A
Diameter I

Location A
Diameter 2

Out-of.

Roundness

Location 13

Diameter I

Location 0
Diameter 2

Outol.
Roundness

Taper
Main

Bearing

I.D.

Main

Bearing

Journal O.D.

Bearing

Clearance

Fillet

Condition

Thrust Flange

Wear

FRONT MAIN G000

INT. #1 Bad

INT. #2

CENTER MAIN

INT. #3

INT. #4

REAR MAIN

Instructor's Initials

11
12



CRANKSHAFT AND BEARING EVALUATION WORKOHEET

Rod Bearing Journal
Measurements

SPECIFICATIONS

LOC.

1

A LOC. B
t

DIA, 1

DIA. k

Journal Diameter

Permissible

Permissible

Permissible

Journal Wear

Permissible

Taper

COLUMN A

.
COLUMN B

COLUMN
C

COLUMN

D

COLUMN

E

COLUMN

F

JOURNAL
Location A

Diameter 1

Location A

Diameter 2

Outof-
Roundness

Location B

Diameter 1

Location B

Diameter 2

Out-ol-
Bearing

Rod

Roundness
I.D.

Rod

Bearing

Journal I.D.

Bearing

Clearance

EMIN 11111111111 IIIIIII MIMal NM II 11111111111611111111111111111111111111111111=MIMI
MalIIIIIIIIIIIIIIIII=.EaEmm.1.,... =ii....... --
Instructor's Initials
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CRANKSHAFTS AND BEARINGS
UNIT VIB

JOB SHEET #3 - INSTALL BEARINGS AND CRANKSHAFT

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tool set

4. Appropriate service manual

5. Engine

6. Pry bar

7. Torque wrench

8. Dial indicator

9. Piastigages

10. Lubripiates

11. New engine bearings

12. New lockplates, if used

13. Lifting device

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: Check appropriate service manual for correct crankshaft installation procedure
for engine being worked on.)

1. Place upper crankshaft bearing halves in engine block and lubricate bearings.
(Figure 1)

7i

D-373-B



374

JOB SHEET #3

FIGURE 1

(CAUTION: Do not put grease on back side of bearing.)

2. Line up oil holes in block and oil holes in bearing; make sure bearing locking
device on bearing lines up with recess block. (Figure 2)

FIGURE 2

7 i 6
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JOB SHEET #3

3. Using a protective lifting device, place crankshaft In block. (Figure 3)

FIGURE 3

(CAUTION: Use care not to damage crankshaft or engine bearings.)

Obtain instructor's initials here before proceeding to next step.

4. Install thrust bearings Into place.

5. Place lower bearing halves in main bearing caps.

6. Place all main bearing caps except #1 in place. (Figure 4)

FIGURE 4

717
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JOB SHEET #3

7. Using the proper size Plastigagee, break off a section long enough to go across
main bearing.

8. Place the Plastigagee off center on the bearing and place on #1 Journal.

9. Torque main bearing caps to specifications.

10. Loosen main bearing cap #1 and remove.

.1. Compare flattened Plastigagee to Plastigage® scale.

12. Repeat for the remaining journals.

(NOTE: You will replace each cap and torque to specifications after Plastigaginge
the journal; then rotate crankshaft to make sure it turns freely.) (Figure 5)

FIGURE 5

Obtain Instructor's Initials here before proceeding to next step.

13. With ail main bearing caps torqued to specifications, take a pry bar and pry the
crankshaft forward until it stops; remove pry bar, set up dial Indicator at the rear
of the block and zero the indicator. (Figure 6)

71 8



JOB SHEET #3

FIGURE 6

14. Pry the crankshaft rearward and note indicator reading.

(NOTE: Refer to manufacturer's specifications for proper end play.)

15. P ,move all lower main bearing halves and apply Lubriplate® to main bearings;
retorque all main bearing capscrews to specifications. (Figure 7)

FIGURE 7

Obtain instructors initials here

7 I 9
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CRANKSHAFT AND BEARINGS
UNIT VI-B

PRACTICAL TEST
JOB SHEET #1 - REMOVE A CRANKSHAFT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Placed engine in an engine stand.
4. Marked main bearing caps, if necessary.
5. Removed main bearing capscrews and caps.
6. Stored main bearing caps and main bearing together,
7. Installed lifting device to crankshaft.
8. Removed crankshaft from cylinder block.
9. Removed upper main bearing from cylinder block.

10. Stored upper main bearings with respective caps.
11. Checked in/put away tools and materials.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps In a timely manner. (_hrs. _min. _sec.)
15. Practiced safety rules throughout procedure.
16. Provided satisfactory responses to Questions asked.

EVALUATOR'S COMMENTS:

D-379-13
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for rwstery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:
11116111.M.IIMEMIMVINMEn.

Crankshaft is removed
from engine properly

4

Main bearings are marked
with respective caps

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform lob with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



CRANKSHAFT AND BEARINGS
UNIT VIB

PRACTICAL TEST
JOB SHEET #2 - CLEAN AND MEASURE A CRANKSHAFT

AND BEARINGS

STUDENT'S NAME

EVALUATOR'S NAME

DATE

ATTEMPT MO.

D 381-B

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

kEVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Cleaned crankshaft journals and bores.
4. Measured main and rod journals with outside micrometer.
5. Measured journals for out-of-roundness.
6. Measured journals for taper.
7. Measured main and rod bearing inside diameter.
8. Subtracted journal outside diameter from bearing inside diame-

ter to calculate bearing clearance.
9. Measured the fillet condition.

10. Measured thrust flange for wear.
11. Recorded out-of-roundness measurements on Worksheet #1 and

#2.
12. Recorded journal taper on Worksheet #1 and #2.
13. Recorded bearing clearance on Worksheet #1 and #2.
14. Recorded bearing inside diameier.
15. Checked In/put away tools and materials.
16. Cleaned the work area.
17. Used proper tools correctly.
18. Performed steps in a timely manner. ( hrs. min. _sec.)
19. Practiced safety rules throughout procedure.
21. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

.
7 2 2
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUMION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

3

Crankshaft is cleaned
properly for measuring

2 1

4

Crankshaft main bearing
journals are within speci-
fication

2 1

3 2

Crankshaft connecting
rod journals are within
specification

1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill -- Has performed job during training program; additional

training is required to devC,p skill.
1 Unskilled is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



CRANKSHAFT AND BEARINGS
UNIT VI-B

PRACTICAL TEST
JOB SHEET #3 - INSTALL BEARINGS AND CRANKSHAFT

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUAI ION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Installed upper main bearing shell i block.
4. Lubricated the upper bearing shells.
5. Installed crankshaft into cylinder block.

. Installed thrust bearings onto crankshaft.

. Lubricated and installed lower main bearing shells.
8. Installed main bearing caps.
9. Torqued main bearing caps to specification.

10. Checked turning freeness of the crankshaft.
11. Checked crankshaft end-play.
12. Checked in/put away tools and materials.
13. Cleaned the work area.
14. Used proper tools correctly.
15. Performed steps in a timely manner. (_hrs. _min. _sec.)
16. Practiced safety rules throughout procedure.
17. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

724
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR N 3TE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to 'pc, demi .strated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Crankshaft is installed
properly

1

4

Crankshaft end play is
within specification

3 2

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with nc additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be o4quired.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



NAME

1.

CRANKSHAFTS AND BEARINGS
UNIT VI-B

TEST

SCORE

Match the terms related to crankshaft and bearings with the correct definitions.

__a. Made from a single billet of steel

b The part of a shaft or axle in contact with
the bearing

c. Two crankshaft webs and one crankpin

Forms the crank or throw between the
crankpin and main journal

Outer end of crank throw

f. Reduces torsional stress on the crankshaft
caused by power strokes and the loads on
the engine

g.

h. Balanced against the rotary outward force
at high speed

Balanced while at rest

k.

Full round sleeve normally used to support
light loads

Half round sleeve normally used to support
heavy loads

Measured "fference between the inside
diameter o, the bearing and the outside
diameter of the journal

I. Engine block without cylinder head and
external accessories

Controls crankshaft end play

n. Two pistons in a four-cycle engine moving in
the same direction but on different strokes

o. The order in which the cylinders deliver their
power strokes

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Bearing

Bearing clearance

Bushing

Corresponding cylin-
ders

Crankpin

Crankshaft throw

Crankshaft web

Counterweight

Dynamically bal-
anced

Fillet

Firing order

Integral crankshaft

Journal

Short block

Statically balanced

Thrust bearing

Vibration damper
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TEST

p. Weights mounted on the crankshaft that
reduce the vibration and bearing loads due
to internal force

q. A curved joint between the journal and the
web to add strength

2. Identify the parts of a crankshaft.

d.

3. Match the arrangement of crankshaft throws on the right with the number of cylinders
in the engine.

_a. Two and four cylinder

Three and six cylinder

c. Eight cylinder

1. Throws 90°apart

2. Throws 180° apart

3. Throws 120° apart

4. Arrange in order the steps in determining the corresponding cylinders of a fourcycle
engine by placing the correct sequence numbers in the appropriate blank.

_a Write the last half of the cylinder numbers of the firing order below the first
half of the numbers.

b Place the corresponding cylinders on a chart.

c. Find the firing order of the engine.

Locate #1 cylinder on compression stroke, and its corresponding cylinder
at top dead center.

7 2.7



TEST

5. Identify ways a crankshaft balance is maintained.

a.

c.

6. Select true statements concerning the lubrication of the crankshaft and surrounding
parts by placing an "X" beside each statement that is true.

_a. Oil pressure through crankshaft lubricates rod and main bearing.

_b. Excess oil from rod and main bearing lubricates surrounding parts.

7. Name three materials used in making bearing linings.

a.

b.

c.

8. Identify types of bearing locks.

a. b.
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TEST

9. Define bearing crush.

10. State the purpose of oil grooves in the bearing.

11. Identify types of thrust bearings.

a. b.

12. List three engine indications of bearing failure.

a.

b.

c.

Shaft

13. Match the percentages of bearing failure with the causes of bearing failure.

_a. Dirt

Lack of lubrication

Improper assembly

d Misalignment

e Overloading

1. 9 percent

2. 14 percent

3. 16 percent

4. 10 percent

5. 43 percent



TEST

14. Select true statements concerning the functions of the flywheel by placing an
beside each statement that is true.

a. Provide a drive for starter via clutch

b. Smooths out speed of crankshaft

c. Serves as P. ;acing for Wyllie cylinder head

cl. Stores energy for momentum between power strokes

Provides a drive for starter via ring gear

Stores ring gear for momentum between power strokes

Transmits power to driven machine

h. Serves as a facing for engine clutch

15. Identify types of vibration dampers.

a. b.

D-389-B

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be Jompleted.)

16. Determine piston location, stroke position and valve adjustment of a four-cycle four cyl-
inder engine. (Assignment Sheet #1)

17. Determine piston loco-on, stroke position and valve adjustment of a four-cycle six cyl-
inder engine. (Assignment Sheet #2)

18. Determine piston location, stroke position and valve adjustment of a four-cycle eight
cylinder engine. (Assignment Sheet #3)

30
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TEST

20. Den onstrate the ability to:

a. Remove a crankshaft. (Job Sheet #1)

b. Inspect and measure a crankshaft and bearings. (job Sheet #2)

c. Install bearings and crankshaft. (Job Sheet #3)
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CRANKSHAFT AND BEARINGS
UNIT VIB

ANSWERS TO TEST

1. a, 12 g. 15 m. 16
b. 13 h. 9 n. 4
c. 6 i. 3 o. 11

d. 7 j. 1 p. 8
e. 5 k. 2 q. 10
f. 17 I. 1.4

2. a. Main bearing journals
b. Connecting rod bearing journals
c. Connecting rod counterweights
d. Flywheel hub or flange
e. Crankshaft gear
f. Crankshaft thr N

3. a. 2
b. 3
c.

4. a. 2
b. 3
c. 1

d. 4

5. a. Counterweights
b. Vibration damper
c. Flywheel

6. a, b

7. a. Tin or lead base babbit
b. Copper or aluminum alloys
c. Multilayers of copper or aluminum alloys and silver combinations

8. a. Dowel ring
b. Lip slot

9. Height of bearing insert above bearing cap to allow for a fully seated bearing wken
tightened
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ANSWERS TO TEST

10. Bearing oil grooves carry the oil through to the connecting rod

11. a. Separate thrust washers
b. Thrust flanges on bearings

12. a. Drop in lubricating oil pressure
b. Excessive oil consumption
c. Engine noise -- Rhythmic knock

13. a. 5
b. 3
c. 2
d. 4
e. 1

14. b, d, e, g, h

15. a. Viscous
b. Rubber-element

16.-18. Evaluated to the satisfaction of the instructor

19. Performance skills evaluated to the satisfaction of the instructor



LUBRICANTS MO LUBRICATION SYSTEMS
UNIT I-C

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify the components of lubrica-
tion systems and match the components with the purposes. The student should also be able
to check oil pressure and change an oil filter. Competencies will be demonstrated by complet-
ing the job sheets and unit tests with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to lubricatiorw systems with the correct definitions.

2. Select statements concerning the characteristics of a good engine oil.

3. Complete statements explaining SAE viscosity number.

4. Select true statements concerning the API classification system.

5. Select true statements concerning engine oil

6. List rules for selection and use of engine oil.

7. Complete statements concerning oil contamination.

8. Match diagnostic tests related to oil analysis with the descriptions.

9. Identify types of oil filters.

1e. List fun. Atom of the lubrication system.

D-1-C
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OBJECTIVE SHEET

11. Identify components of the lubrication system.

12. Match components related to lubrication systems with the purposes.

13. Match lubricating valves with the purposes.

14. Name types of oil pumps.

15. Distinguish between internally and externally mounted oil coolers.

16. Select true statements concerning mechanical and electrical oil pressure indica-
ting systems.

17. Select true statements concerning oil temperature indicating systems.

18. Match terms related to components of an oil pressure shutdown or alarm circuit
with the correct definitions.

19. Arrange in order the steps of operation of the oil pressure shutdown or alarm cir-
cuit.

20. Demonstrate the ability to:

a. Check oil pressure on a live engine. (Job Sheet #1)

b. Change an oil filter. (Job Sheet #2)



LUBRICANTS AND LUBRICATING SYSTEMS
UNIT I-C

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students wita information sheet and Handout #1.

F. Discuss information sheet and Handout #1.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teachilg of this unit:

1. Invite company representative to discuss lubricating oils.

2. Make a display of different oil filter types.

3. Discuss oil analysis and demonstrate taking samples.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

Reteach if necessary.

D-3-C



REFERENCES USED IN DEVELOPING THIS UNIT

A. Fundamentals of Service: Fuels, Lubricants, and Coolants. 4th ed. Moline, IL: Deere and
Co., 1980.

B. Schulz, Erich V. Diesel Mechanics. 2nd ed. Dallas: McGraw-Hill Book Company, 1983.

C. Troubleshooting and Repair Manual-L10 Engines. Columbus, IN: Cummins Engine Com-
pany, Inc., 1985.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Text

1. Oil and Your Engine
Order #SEBD0640
Caterpillar, Inc.
Literature Order Section
P.O. Box 5319
Morton, IL 61550

B. Filmstrips

1. Basic Diesel Engine Operation and Maintenance
Order #B-475
Teaching Aids Incorporated
P.O. Box 1798
Costa Mesa, CA 92628-0798

2. Basic Engine Lubrication
Order #SESV1035
Caterpillar, Inc.
Literature Order Section
PO. Box 5319
Morton, IL 61550



LUBRICANTS AND LUBRICATION SYSTEMS
UNIT I-C

INFORMATION SHEET

I. Terms and definitions

A. Additives Certain properties added to oil to provide extra performance

B. API American Petroleum Institute

C. ASTM American Society for Testing Materials

D. Friction Resistance to movement between any two objects placed in
contact with each other

E. Gallery Pipe or passageway in the engine used to carry engine oil from
one area to another

F. MIL Oil specifications prepared by the Ordinance Depa;tment of the Mili-
tary Forces

G. Multigrade oils Oils compounded to behave as light oils at cold tempera-
tures and heavy oils at warm temperatures

H. SAE Society of Automotive Engineers

I. Viscometer Instrument used to measure the length of time in seconds
required for a specified volume of oil to flow through a small orifice when
the oil is brought to a specified temperature

J. Viscosity A measure of the fluidity of an oil at a given temperature

II. Characteristics of good engine oil

A. Keeps a protective film on moving parts

B. Resists breakdown at high temperatures

C. Resists corrosion and rusting

D. Prevents carbon buildup

E. Prevents sludge formation

F. Flows easily at low temperatures

G. Resists foaming

H. Resists breakdown after long use

8
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INFORMATION SHEET

III. SAE viscosity number

A. Oils vary in viscosity as temperatures change.

(NOTE: Oil becomes more fluid as temperatures increase and less fluid as
temperatures decrease.)

B. Lighter oils for winter use are specified at 0°F and carry a 5w, 10w, or 20w
symbol.

(NOTE: Specifications are determined by time of flow through an instru-
ment, such as a Saybolt viscometer, in seconds.)

C. Heavier oils are specified at 210°F and carry a 20, 30, 40, or 50 viscosity
number.

(NOTE: Compounded oils, called multi-grade oils, behave as light oils in
cold temperatures and heavier oils at high temperatures, for example 15w-
40 can replace four single grade oils.)

SAE OH Viscosity Recommendations

1

1 20W-40

i5VF4-0Ti3f:0)
10W-30 1

[1-01C
SW-30

-1 1- + f I +.- -+-
°C -50 -40 -30 -20 -10 0 10 20 30 40
°F -58 -40 -22 -4 14 32 50 68 86 104

Anticipated Ambient Temperature

MINEM
(Courtesy of Cummins Engine Company, Inc.)

IV. API classification system (Handout #1)

A. Joint effort of API, ASTM, and SAE organizations.

B. Attempts to clarify oil specifications and oil qualities between the engine
manufacturer, the petroleum industry, and the customer.

V. Facts about o;i

A. Oil becomes unfit for further use as id absorbs contaminants and as addi-
tives are depleted.

B. Multi-viscosity oils are not always preferred.

C. Black oil does not mean time for an oil change.

D. Buy quality oil filters as recommended by machine operator's manual. 411



INFORMATION SHEET

E. Oil oxidation results in th;:tker oil.

F. Using a light oil until consumption increases, and then switching to a
heavier oil, is not a good practice.

G. Following operator's manual recommendations Is critical to insure good
performance.

VI Selection and use of oils for Best engine performance

A. Use brands which meet engine manufacturer's specifications.

B. Drain and change at recommended intervals.

A

(Courtesy of Cummins Engine Company, Inc.)

C. Select oils which have been performance tested.

D. Never mix oils of various MIL specifications.

E. Bring engine up to normal operating temperature each the it is used.

F Keep oil containers covered, sealed, and protected to prevent contamina-
tion.

Vii. Common sources of oil contamination

A. Storing and handling

(NOTE: Keep all covers and spouts on containers when not in use.)
WATER AROUND BUNG
MAY BE DRAWN INTO

BARREL. NO WATER AROUND BUNG
TO BE DRAWN
INTO UARREL.

W

(Reproduced by permission of Deere & Company, m 1980 Deere & Company. All rights reserved.)

a 4 0
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INFORMATION SHEET

El. Dust from air that is breathed into engine

(NOTE: Clean or replace air cleaner and breather on oil filter regularly.)

C. Improper engine warm-up

NOTE: Partially burned fuel blows by the piston rings and into the crank-
case.)

D. Antifreeze leaking into oil supply

(NOTE: Antifreeze in crankcase causes sludge.)

E. Oxidation

(NOTE: Hydrocarbons in the oil combine with oxygen in the air to produce
organic acids.)

F. . Carbon particles

(NOTE: Carbon is created when oil around the upper cylinder walls is
burned during combustion.)

G. Engine wear

(NOTE: Tiny metal particles are constantly being worn off bearings and
other parts.)

H. Fuel dilution

VIII. Lubricating oil analysis and diagnostic tests

A. Wear analysis - Detects component wear and dirt contamination

B. Chemical and physical tests Detect water, fuel, and antifreeze

C. Oil condition analysis Detects soot and sulfur, oxidation, and nitration
products
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INFORMATION SHEET

IX. Types of oll filters

(NOTE: The most common measurement used to determine degree of filtration is
a micron, which is approximately 40 millionths of an inch.)

A. Surface

(NOTE: The surface filter Is composed of a specially treated micrometric
cellulose paper. Oil passes straight through tiny holes.)

B. Depth

Cotton

(NOTE: 011 moves in many directions before passing through filter to lubri-
cation system.)

X. Functions of the lubrication system (Transparency 1)

A. Reduces friction between moving parts

3. Absorbs and dissipates heat

C. Seals the piston rings and cylinder walls

D. Cleans and flushes moving partr

E. Helps deaden the noise of the engine by absorbing shock.

742
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INFORMATION SHEET

Xl. Components of the lubrication system (Transparency 2)

A. Oil galleries

B. Oil filter

C. Pressure regulating valve

D. Oil pump

E. Oil pan

F. Pressure gauge

G. Oil cooler

XII. Purp Claes of components of the lubrication system

A. Pressure gauge Indicates oil pressure during engine operation

B. Pressure regulating valve Limits the maximum oil pressure

C. Oil cooler Engine coolant flows through the unit and helps dissipate the
heat in the engine oil

D. Oil filter Strains the engine oil by removing abrasive particles

E. Oil galleries Carry engine oil from one area to another

F. Oil pan Provides a reservoir for the engine oil

G. Oil pump Forces oil under pressure to various parts of the engine for
lubrication

XIII. Purposes of lubricating valves (Transparency 3)

A. Pressure relief Bypasses excess oil when the engine Is cold or when the
pressure exceeds approximately 100 PSI

B. Pressure regulator Limits oil gallery pressure to about 45 to 50 PSI

C. By-p3ss Bypasses lubricating components wher they become restricted

D. Antidvain check Prevents oil from draining from the filter when the
engine is stopped

P..: e-,
i4



INFORMATION SHEET

XIV. Types of oil pumps

(NOTE: All types are positive displacement pumps.)

A. Gear

B. Rotor

Internal Seal
Formed Were

Rotor Ring

Internal Seal
Formed Here

Inner Rotor

Outlet

XV. Oil cooler circulation (Transparency 4)

A. Internally mounted -- Engine coolant is pumped by water pump through oil
cooler mounted In the crankcase and back to the radiator where the heat is
dissipated

B. Externally mounted i3oth water and oil are pumped through the oil cooler

(NOTE: Oil coolers are also known as heat exchangers.)

XVI. 011 pressure indicating systems

A. Mechanical Bourdon tube gauge which tends to straighten out when
pressure is applied (Transparency 5)
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INFORMATION SHEET

B. Electrical (Transparency 6)

1. Sending unit is at pressure source.

2. Indicating gauge is on control panel.

(NOTE: E!ectrical indicating systems may be three types: electro-
magnetic cod, heating cod, or pressure switch system.)

XVII. 011 temperature indicating system

A. Electromagnetic gauge is mounted in control panel

B. Variable resistor sending unit is mounted in oil pan

XVIII. Components of an oil pressure shutdown or alarm circuit

(NOTE: The following covers Murphy's 20 Series pressure gauges. The wiring and
the type of magnetic switch will differ for various applications.)

A. Swichgages® A combination gauge and switch for alarm or shutdown of
equipment

Std. models

Cise
Grnd.



INFORMATION SHEET

B. Magnetic switch Grounds magnetos; energizes relays and actuates
valves

Circuitry

C. Fuel shutoff valve Opens or closes when current is supplied, cutting off
fuel to engine

XIX. Operation of the oil pressure shutdown or alarm circuit

A. A fuel valve holding coil is wired through the magnetic switch.

DIESEL ENUINE

SV Valve
#117

C S B

B. If oil pressure drops during operation, the pointer of the gL'.uge contacts the
low oil pressure adjustment screw, grounding the Swichgagee.

C. Grounding the Swichgage® causes the magnetic switch to open the circuit
to the fuel shutoff solenoid at the injection pump.

DIESEL ENGINE

=11111.,

v.

D-13-C



Functions of the Lubrication System

Seals Piston Rims

Deadens Noise

Cleans Oil

Oil

Filler

Drain To

Cam

Pockets

I

'Cam
Pocket

Drain

011 Line To

Gov mor

(Courtesy of Detroit Diesel Corporation.)

747

Reduces Friction
and Wear

Abaorbs Heat



Components of the Lubrication System

Pressure Gauge

Oil Filter

By-Pass Valve

Oil galleries

Tr
Cylinder Block

Friint Cover
Oil Pump
Assembly

Oil Pan\

Oil Cooler

By-Pass

Pressure

Regulator Valve

Oil Cooler

Oil Filter

74 9

I

(Courtesy of Detroit Diesel Corporation
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Lubricating VarNes

1 CH Pan
2 Screen Oil Pump Intake
3 Oil Pump
4 Valve -- P -Jssure Relief
5 Oil Filer
6 Oil Ccioler
7 Oil Manifold in Cylinder Block
8 By-pass Filter

9 By-pass Valve Cooler
10 Cooler By-pass (in the cooler

adapter)
11 Vertical passage to upper Cylin-

der Bloc' and Head
12 Passage to Main Bearings
13 Pressure Regulator Valve

(Courtesy of Detroit Diesel Corporation.)

TM 3



Water Inlet

Water Flow

OH Coolers
Oil Flow

Out Baffle

I1, /NONNI INIMPWIIMI liMr1 MS..I11 MIS,M 11,1=C MIME IMBNI IN MIMI
10-=111 mom =raw' Imam==

=I= Immi Nomi mug woo m.o.muus. wle
71:7W-wr

POI
Shell

End Casting Tube

Bundle

(Courtesy of Detroit Diesel Corporation.)

Oil Cooler
Crankcase

Operation of Engine Oil Cooler oil coder____r___
Clamp

Bypass

Valve

Housing

Externally

r: I
I q..?

Drain

Plug

Water

Returr
Pipe

Mounted DI Cooler

Packing

Gland

Internally Mounted Oil Cooler

11 r-
k.) Lr



Mechanical Oil Pressure Indicating System

Pointer

Gear Hair Spring

Link

Bourdon Tube

t
Oil Pressure

Sector
and Pinion

Stationary Socket

Bourdon Tube Oil Gauge

Scale (in psi)

Complete Gauge

"
0 4



Electrical Oil Pressure Indicating System,
Electromagnetic Coil System for Indicating Oil Pressure

Pressure (psi)

Ignition
Switch

Battery

Resist

oil No 1 Coil No.

Wiper

Lever
Ground

r Term nal

Wyo./
11161.-1.

ISpring Diaphragm

IIndicating Gauge

Indicator Light Bulb*

Pressure Switch System
for Indicating
Oil Pressure

Ignition
Switch

Oil Pressure Here

Contact
Arm Contacts

Diaphragm

Oil Pr1/4..3sure

Sending Unit (Pressure Switch)

Sending Unit



LUBRICANTS AND LUBRICATING SYSTEMS
UNIT

HANDOUT #1 - API ENGINE OIL CLASSIFICATION

SA (OLD CLASSIFICATION ML) Used under
such mild conditions that the protection
afforded by compounded oils is not
required. (Gasoline and diesel)

SB (OLD CLASSIFICATION MM) Provides
only antisouff capability, and resistance to
oil oxidation, and bearing corrosion. (Mini-
mum duty gasoline)

SC (OLD CLASSIFICATION MS) Provides
control of high- and low-temperature
deposits, wear, rust, and corrosion. (Gaso-
line)

SD (OLD CLASSIFICATION MS) Gives more
protection against high- and low-tempera-
ture engine deposits, wear, rust, and corro-
sion than SC classification. (Gasoline)

SE (NO OLD CLASSIFICATION) Provides
more protection against oil oxidation
deposits, high-temperature engine deposits,
rust, and corrosion than SD or SC classifica-
tion oils. (GwIline, 1972 models-)

SG (OLD CLASSIFICATION SF, SE, SF/CC or
SE/CC) Improves control of engine deposits,
oil oxidation, and engine wear. (Gasoline,
passenger cars, vans, light duty trucks
beginning in 1989.

CA (OLD CLASSIFICATION DG) Provides
protection against bearing corrosion and
from high-temperature deposits in naturally
aspirated diesel engines. (Light duty diesel)

CB (OLD CLASSIFICATION DM) Provides
necessary protection from bearing corro-
sion and from high-temperature deposits in
naturally aspirated diesel engines using sul-
fur fuels. (Moderate duty diesel)

CC (OLD CLASSIFICATION DM) Provides
protection from high-temperature deposits
in lightly supercharged diesel engines and
also from rust, corrosion, and low-tempera-
ture deposits in gasoline engines. (Moder-
ate-to-severe-duty diesel and gasoline
trucks, farm tractors, construction and
industrial equipment)

CD (OLD CLASSIFICATION DS) (SERIES 3
OIL) Provides protection from bearing corro-
sion and from high-temperature deposits in
supercharged engines when utilizing a wide
quality range of fuels. (Severe duty diesel)

CDii !Jsed in two-stroke cycle diese; engines
requiring highly affective controls over wear
and deposits. (Heavy duty trucks and buses,
off-highway equipment including construc-
tion and stationary equipment)

CE Used in turbocharged or supercharged
heavy duty diesel engines. (Diesel, 1983-)

(The API Engine Service Classification Symbol is a registered service mark of the API. It is
licensed to engine oil marketers for use on containers of their certified oils which meet or
exceed the technic; I requirements defined by ASTM. The information above was provided
courtesy of American Petroleum Institute, 1220 L. Street, Washington, D.C. 20005)
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LUBRICANTS AND LUBRICATION SYSTEMS
UNIT IC

JOB SHEET #1 - CHECK OIL PRESSURE ON A LIVE ENGINE

A. Tools and equipment

1. Screwdriver

2. Master pressure gauge

3. End wrench

4. Shop towels

5. Safety glasses

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Check condition of oil filter; replace if dirty.

2. Install a master pressure gauge. (Figure 1)

FIGURE 1

(Courtesy of Cummins Engine Company, Inc.)

3. Start engine ar warm up at fast idle speed.

4. Record pressure reading on the gauge.

5. Compare reading with the engine specifications.

P°1 r- 0.) a

Master Pressure Gauge

D29C



LUBRICANTS AND LUBRICATION SYSTEMS
UNIT 1C

JOB SHEET #2 - CHANGE AN OIL FILTER

A. Tools and equipment

1. Engine

2. Appropriate service manual

3. Shup towels

4. Container to catch waste oil

5. Suitable wrenches to remove oil filter

6. Safety glasses

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Change replaceable, elementtype oil fil, 3r.

a. Position drain pan under oil filter.

b. Remove filter housing drain plug and allow oil to drain.

(CAUTION! Be careful of hot oll which can seriously bum the skin.)

C. Remove oil filter housing bolt.

d. Remove oil filter housing.

e. Remove oil filter element from filter housing. (Figure 1)

FIGURE 1
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JOB SHEET #2

f. Clean the filter housing.

g. Remove old oil filter housing gasket.

h. Install new oil filter housing gasket.

(NOTE: Make sure the new gasket is placed correctly.)

i. Install new oil filter element in filter housing.

j. Install oil filter housing and tighten bolt securely.

k. Add oil or refill crankcase as required.

I. Start engine.

m. Check for leaks.

n. Shut of engine.

o. Check oil level on dipstick. (Figure 2)

(NOTE: When changing oil refill to correct capacity, and check dipstick for
accuracy.)

FIGURE 2

(Courtesy of Cummins Engine Company, Inc.)

p. Make out service sticker indicating date and mileage oil filter was
changed.

2. Change sealed, cartridgetype oil fliter.

a. Race drain pan under oil filter.

b. Remove oil filter cartridge with suitable tool. (Figure 3)

(NOTE: Tan counterclockwise to remove.)

760



c.

JOB SHEET #2

FIGURE 3

Courtesy of Cummins Engine Company, Inc.)

Clean the oil filter head surface. (Figure 4)

FIGURE 4

(Courtesy of Cummins Engine Company, Inc.)

d. Lubricate the sealing gasket on the new oil filter cartridge with clean
motor oil. (Figure 5)

FIGURE 5

(Courtesy of Cummins Engine Company, Inc.)

ti



JOB SHEET #2

e. Fill the filters with clean motor oil.

f. Install the filters on the oil filter head and tighten the filters until the gas-
ket contacts the filter head surface.

g. Use an oil filter wrench to tighten the filters an additional three-fourths to
one turn, or follow the instructions supplied with the filters.

h. Operate the engine and check for leaks.

i. Shut off engine and check oil level.

j. Make out service sticker indicating date and mileage oil filter was
changed.
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LUBRICANTS AND LUBRICATION SYSTEMS
UNIT I-C

PRACTICAL TEST
JOB SHEET #1 -- CHECK OIL PRESSURE ON A LIVE ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Checked oil filter.
3. Installed master gauge.
4. Star ted engine.
5. Recorded pressure reading.
6. Compared reading with specifications.
7. Checked in /put away tools and materials.
8. Cleaned the work are
9. Used proper tools correctly.

10. Performed steps in a timely manner. ( hrs _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

D-35-C
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable in demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Student's evaluation of
engine oil pressure is cor-
rect.

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled -- Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

Pt' L2 A
W-Sr



LUBRICANTS AND LUBRICATION SYSTEMS
UNIT I-C

PRACTICAL TEST
JOB SHEET #2 CHANGE AN OIL FILTER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive 30 overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check marl' in the "Ye3" or "No" blanks to designate whetheror
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materiel's and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Positioned drain under filter.

Drained oil filter.
4. Removed filter.
5. Cleaned all components.
6. Installed new filter.
7. Added oil.
8. Started engine and checked for leaks.
9. Made out service sticker.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner. ( hrs. _min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

D37C
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR ROTE: Rate th, 'int on the following criteria by circling the appropriate num-
bers. Each item must be rate° st a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Filter is installed correctly
with no leaks.

3 2

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during taining program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score Is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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LUBRICANTS AND LUBRICATING SYSTEMS
UNIT IC

NAME SCORE

TEST

1. Match terms related to lubrication systems with the correct definitions.

a Certain properties added to oil to provide 1. Additives
extra performance

2. API
b. Oils compounded to behave as light oils at

cold temperatures and heavy oils at warm 3. ASTM
temperatures

4. Friction
c Society of Automotive Engineers

5. Gallery
d American Petroleum Institute

6. MIL
e Oil specifications prepared by the Ordi-

nance Department of the Military Forces 7. Multi-grade oil

f American Society for Testing Materials 8. SAE

g. A measure of the fluidity of an oil at a given 9. Viscometer
temperature

10. Viscosity
h., Instrument used to measure the length of

time in seconds required for a specified vol-
ume of oil to flow through a small orifice
when the oil is brought to a specified tem-
perature

Resist.ance to movement between any two
objecx placed in contact with each other

Pipe or passageway in the engine used to
carry engine oil from one area to another

2. Select the statements concerning characteristics of a good engine oil by placing an "X"
beside the correct statement(s).

a reps a protective film on moving parts

b. Resists breakdown at high temperatures

c. Resists corrosion and rusting

D39-C
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TEST

d Prevents carbon buildup

e Prevents sludge formation

Flows easily at low temperatures

_g. Flows easily at high temperatures

h Resists foaming

Resists breakdown after long use

3. Complete the list of statements explaining SAE viscosity number by inserting the cor-
rect word(s) that best completes *the sentence.

Example: Oils vary in viscosity as temperatures change.

a. Lighter oils for winter use are specified at 0°F and carry a symbol.

b. Heavier oils are specified at 210°F and carry a viscosity number.

4. Select true statements concerning the API classification system by placing an "X"
beside each statement that is true.

a. Joint effort of API, ASTM, and SAE organizations

_b. Attempts to clarify oil specifications and oil qualities between tie engine
manufacturer, the petroleum industry, and the customer

5. Select true statements concerning engine oil by placing an "X" beside each statement
that is true.

a Oil becomes unfit for further use as it absorbs contaminants and as addi-
tives are depleted.

_b. Multi-viscosity oils are not always preferred.

_c. Black oil does not mean time for an oil change.

d. Buy uality oil filters as recommenc ed by machine operator's manual.

e. Oil oxidation results in thicker oil.

f Using a light oil until consumption increases, and then switching to a
heavier oil, is not a good practice.

Following °aerator's manual recommendations is critical to insure good
performance.
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TEST

6. List five general rules for selection and use of oils for best engine performance,

a.

b.

c.

d.

e.

7. Complete statements concern;ng common sources of oil contamination by filling in the
blanks correctly with the following words: oil, dust fondling, warm-up, fuel, engine.

a. Storing and

b. from air that is breathed into engine

c. Improper engine

d. Antifreeze leaking into supply

e. wear

f. dilution

8. Match the diagnostic tests related to oil analysis with the col rest descriptions.

a Detects component wear and dust contami- 1. Chemical and physi-
nation cal tests

_b. Detect water, fuel, and antifreeze 2. Oil condition analysis

Detects soot, sulfur, oxidation and iiitratit. .1 3. Wear analysis
products



TEST

9. Identify two types of oil filters.

a. b.

10. List five functions of the lubrication system.

a.

b.

c.

d.

e.

770



TEST

11. Identify the components of the lubrication system.

f.

b.

/
I

1 4.17
1 i ,i iii,

N".!`:;-54.17i: --- 1.111
1
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--.

--.. il
11
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7? I //../ li

To Main -7 .7-,
Bearings/I

4

/

4 I

I I

I

Oil Cooler

By-Pass

c.

b.

C.

a.

(0)

d.

e. f.
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TEST

12. Match the components related to lubrication systems with the purposes.

Provides a reservoir for the engine oil

Limits the maximum oil pressure

Carry engine oil from one area to another

d Indicates oil pressure during engine opera-
tion

e Forces oil under pressure to various parts of
the engine for lubrication

f Strains the engine oil by removing abrasive
particles

g Engine coolant flows through the unit and
helps dissipate the heat in the engine oil

13. Match the lubricating valves with the purposes.

,a Bypasses excess oil when the engine is
cold or when the pressure exceeds approxi-
mately 100 PSI

b Limits oil gallery pressure to about 45 to 50
PSI

c. Bypasses lubricating components when
they become restricted

d. Prevents oil from draining fioin the filter
when the engine is stopped

14. Name two types of oil pumps.

a.

b.

1. Oil cooler

2. Oil filter

3. Oil galleries

4. Oil pan

5. Oil pump

6. Pressure gauge

7. Pressure regulating
valve

1. Antidrain check valve

2. By-pass valve

3. Pressure relief valve

4. Pressure regulator
valve

15. Distinguish between internally and externally mounted oil coolers by placing an "X"
next to the description of circulation in an internally mounted oil cooler.

a Both water and oil are pumped through the oil cooler.

b. Engine coolant is pumped by water pump through oil cooler mounted in
the crankcase and back to the radiator where the heat is dissipated.
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TEST

16. Select true statements concerning mechanical and electrical oil pressure indicating
systems by placing an "X" beside the true statement(s).

a Mechanical-Bourdon tube gauge which tends to straighten out when pres-
sure is applied

b. Electrical

17. Ject true statements concerning oil temperature indicating system by placing an "X"
beside the true statement(s).

a Electromagnetic gauge is mounted in control panel

b. Variable resistor sending unit is mounted in the cylinder head

18. Match terms relates to components of an oil pressure shutdown or alarm circuit with
the correct definitions.

a. A combination gauge and switch for alarm
or shutdown or equipment

b. Grounds magnetors; energizes relays and
actuates valves

c. Opens or closes Nhen current is supplied,
cutting off fuel to engine

1. Fuel shutoff valve

2. Magnetic switch

3. Swichgage°

19. Arrange in order the steps of operation of the oil pressure shutdown or alarm circuit by
placing the correct sequence number in the appropriate blank.

a If oil pressure drops during operation the pointer of the gauge contacts
the low oil pressure adjustment screw, grounding the Swichgage®.

b. A fuel valve holding coil is wired through the magnetic switch.

c Grounding I ne Swichgage° causes the magnetic switch to open the circuit
to the fuel Shutoff solenoid at the injection pump.

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

20. Demonstrate the ability to:

a. Check oil pressure on a live engine. (Job Sheet #1)

b. Change an oil filter. (Job Sheet #2)
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LUBRICANTS AND LUBRICATION SYSTEMS
UNIT

ANSWERS TO TEST

1. a. 1 f. 3
b. 7 g. 10
c. 8 h. 9
d. 2 i. 4
e. 6 j. 5

2. a, b, c, d, e, f, h, i

3. a. 5W, 10W, or 20W
b. 20, 30, 40, or 50

4. a, b

5. a, b, c, d, e, f, g

6. Any five of the following:
a. Use brands which meet engine manufacturer's specifications.
b. Drain and change at recommended intervals.
c. Select oils which have been performance tested.
d. Never mix oils of various Mr.. specifications.
e. Bring engine up to normal operating temperature each time it Is used.
f. Keep oil containers covered, sealed, and protected to prevent contamination.

7. a. Handling
b. Dust
c. Warmup
d. Oil
e. Engine
f. Fuel

8. a. 3
b. 1

c. 2

9. a. Depth filter
b. Surface filter
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ANSWERS TO TEST

10. a. Reduces friction between moving parts
b. Absorbs and dissipates heat
c. Seals the piston rings and cylinder walls
d. Cleans and flushes moving parts
e. Helps deaden the noise of the engine by absorbing shock

11. a. Oil pump
b. Oil pan
c. Pressure regulating valve
d. Oil filter
e. Oil galleries
f. Pressure gauge
g. Oil cooler

12. a. 4 e. 5
b. 7 f. 2
c. 3 g. 1

d. 6

13. a. 3
b. 4
c. 2
d. 1

14. a. Gear
b. Rotor

15. b

16. a, b

17. a

18 a. 3
b. 2
c. 1

19. a. 2
b. 1

c. 3

20. Performance skills evaluated to the satisfaction of the instructor
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COOLANTS AND COOLING SYSTEMS
UNIT II-C

UNIT OBJECTIVE

After completion of this unit, the student should be able to test for combustion leakage and air
in the cooling system. The student should also be able to clean the cooling system. Compe-
tencies will be demonstrated by completing the job sheets and unit tests with a minimum of
85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to coolants and cooling systems with the correct definitions.

2. Name types of cooling systems used on modern engines.

3. Match the parts of a cooling system with the correct functions.

4. Complete statements concerning the parts of an air cooled engine and their func-
tions.

5. List requirements of a good antifreeze.

6. List preventive maintenance procedures for maintaining a cooling system.

7. Name functions of the cooling system.

8. List effects of an engine running too hot.

9. List effects of an engine running too cold.

10. Identify parts in a liquid cooling system.

17 7
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OBJECTIVE SHEET

11. Identify types of radiators.

12. Name functions of the radiator cap.

13. Identify types of fans used in cooling systems.

14. Name types of fan controls.

15. Name types of temperature gauges.

16. List purposes for using a coolant filter or conditioner in the cooling system.

17. Select functions of the thermostat.

18. Identify types of thermostats.

19. Select common materials that may restrict radiator coolant flow.

20. Identify primary parts of a water pump.

21. Demonstrate the ability to:

a. Test for combustion leakage into the cooling system. (Job Sheet #1)

b. Test for air in cooling system. (Job Sheet #2)

c. Clean the cooling system. (Job Sheet #3)
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COOLANT AND COOLING SYSTEMS
UNIT IIC

SUGGESTED ACTIVITIES

A. Obtain additionp! materials and/or invite resource petAle to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed./

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Have students trace coolant flow through their engine.

2. Have students define electrolysis.

3. Demonstrate and discuss the procedures for measuring specific gravity in a cool-
ing system.

A Discuss cooling system conditioners.

5. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.
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REFERENCES USED IN DEVELOPING THIS UNIT

A. Cummins Service Bulletin No. 3810245.00, NT 855 Cooling Systems. Columbus, IN:
Cummins Engine Company, Inc., 1985.

B. Dagel, John F. Diesel Engine Repair. New York. John Wiley and Sons, Inc., 1982.

C. Schulz, Erich V. Diesel Mechanics. 2nd ed. Dallas: McGraw-Hill Book Company, 1983.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Filmstrips:

1. Basic Cooiig Systems (40 slides and script)
Order #SESV1031
Caterpillar Inc., Literature Order Section
P.O. Box 5319
Morton, IL 61550

2. Troublesh000ting Cooling Systems (48 slides and script)
Order #SESV1352
Caterpillar Inc., Literature Order Section
P.O. Box 5319
Morton, IL 61550
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COO'LANTS AND COOLING SYSTEMS
UNIT IIC

INFORMATION SHEET

I. Terms and definitions

A. Aeration Mixture of air and water

B. Antifreeze Material added to coolant to prevent freezing

C. Bimetallic Two strips of dissimilar metal welded together, one of which
expands more when heated than the other

D. Coolant Liquid that absort and transfers heat to maintain normal
engine operating temperature

E. inhibiter Chemical which dissolves in water to form a rustproof film on
the metal

F. Permanent antifreeze Liquid solution which contains properties that will
not readily boil away

G. Radiator shutters Device over radiator to maintain temperature varia-
tions of coolant

Shutterstat

Coolant Manifold

Shutter Cylinder

Radiator Shutters

- Shutter Bar

II. Types of cooling systems used on modern engines

A. Air

B. Liquid

p4.; r'N
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INFORMATION SHEET

Ill. Parts of a liquid cooling system and the functions (Transparencies 1 and 2)

A. Radiator Releases heat to atmospnere; reservoir for enough liquid cool-
ant to operate engine

B. Expansion tank Separate tank in cooling system that allows for heat
expansion of coolant

Radiator

Expansion Tank

(Courtesy of Cummins Engine Company; Inc.)

C. Pressure cap Relieves pressure from too much heat; lets in air pressure
as liquid cools

(NOTE: A pressurized cooling system raises the boiling temperatures of
coolants about 2° for each pound of pressure.)

Overflow Tube

D. Fan Forces cooling air through radiator core to more quickly dissipate
heat

E. Fan belt Transmits power from engine crankshaft to drive fan and water
pump

F. Water pump Circulates coolant through the system

G. Thermostat Controls the flow of coolant to radiator to maintain correct
operating temperatures

H. Hoses Flexible connections between engine and other parts of cooling
system

M81
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INFORMATION SHEET

I. Coolant Medium which carries away excess heat from engine

J. Coolant filter Used in some engines to soften the water and remove dirt

Filter Shut Off
Coolant Valve

(Courtesy of Cummins Engine Company, Inc.)

IV. Parts of an air cooled engine and their functions (Transparency 1)

A. Direct cooling system Forces air by the cylinders at all times while
engine is running

B. Fin head and cylinder blocks Allow cool air to go by the head and cylin-
ders to draw heat away

C. Aerodynamic intake port Brings air into chambers in a swirling motion
for more efficient combustion process

V. Requirements of a good antifreeze

A. Prevents freezing

B. Inhibits rust and corro3lon

C. Chemically stable

D. Nonconductor of electricity

E. Flows readily at all temperatures

F. Conducts hoat readily

G. Resists foaming
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INFORMATION SHEET

VI. Preventive maintenance procedures

A. Inspect for system deterioration.

(NOTE: Pressure test the cooling system.)

B. Prevent corrosion and deposits.

C. Flush and clean system periodically.

D. Allow a hot engine to idle a few minutes before shutting it down.

(NOTE: Idle speed allows temperatures of parts to equalize and prevents
after boil of coolant.)

E. Check coolant as recommended in operator's manual.

VII. Functions of the cooling system

A. Prevents engine overheating

B. Regulates engine temperature

VIII. Effects of an engine running too hot

A. Excessive wear

B. Scoring

C. Knock

D. Burned piston and valves
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INFORMATION SHEET

E. Lubrication failure

F. Seizure of moving parts

G. Loss of power

IX. Effects of an engine running too cold

A. Excessive wear

B. Poor fuel economy

C. Accumulation of water and sludge in the crankcase

D. Loss of power

X. Parts in a liquid cooling system (Transparency 2)

A. Water pump

B. Oil cooler

C. Water manifold

D. Temperature sending unit

E. Aftercooler

F. Thermostat

G. Bypass

H. Engine water jacket

Xl. Types of radiators

A. Downflow

./701.MatanIV

B. Crossflow

057C
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INFORMATION SHEET

C. Multi-pass (low) flow

XII. Functions of the radiator cap

(NOTE: There are different ratings of pressure caps.)

A. Allows atmospheric pressure to enter the cooling system

(NOTE: The vacuum valve opens.)

Vacuum Valve Open

B. Prevents coolant from escaping at normal temperatures

(NOTE: The pressure valve permits escape of coolant or steam when pres.
sure reaches a certain point. Pressure rise of one pound will raise the boil-
ing temperature of water about 3 degrees fahrenheit.)

Valves Closed Pressure Valve Open

tio



INFORMATION SHEET

XIII. Types of fans used in cooling systems

A. Suction

Pulls Air
Inward

XIV. Types of fan controls (Transparency 3)

A. Clutch

B. Viscous

C. Air operated

D. Electric

XV. Types of temperature gauges

A. Electrical

B. Blower

Pushes Air
Outward

Sensing unit rests in coolant and
reacts to temperature changes

Ignition
switch

Dial of temperature gauge records
changes in coolant temperature
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B. Mechanical

INFORMATION SHEET

---

Expansion type

XVI. Purposes of a coolant filter or conditioner

A. Softens the water

(NOTE: Chemicals in the filter element remove corrosives and keep the
water jackets free of scale.)

B. Removes dirt

(NOTE: Filter element is replaceable and dirt which settles to bottom may
be drained.)

C. Provides a place for rust inhibitors in the filter element.

(NOTE: Rust inhibitors dissolve to form a rust proof film on the metal sur-
faces of the cooling system.)

XVII. Functions of the thermostat (Transparerwly 4)

A. Provides automatic control of the engine temperature

B. Permits rapid engine warm-up when closed

C. Permits efficient cooling when open



INFORMATION SHEET

XVIII. Types of thermostats

A. Full blocking

Cold Position

In

B. Non-blocking

Cold Position
12====z

C. Partial blocking

Out to Radiator

Hot Position

Hot Position

Out to Radiator

Bypass

t
Out to Radiator

Bypass

(Illustrations A, B, and C courtesy of Detroit Diesel Corporation.)

D.61-C



62

INFORMATION SHEET

XIX. Materials that may restrict radiator coolant flow

A. Rust

B. Scale

C. Oil

D. Lime

E. Silicate jelly

(NOTE: If an antifreeze solution is overconcentrated and/or large amounts
of corrosion inhibitor supplements are used, the excess silicate will "drop
out" of the coolant, and silica gel will build up in the cooling systems.)

XX. Primary parts of a water pump (Transparency 5)

A. Fan hub

B. Pulley

C. Bearing and shaft assembly

D. Water pump housing

E. Impeller

F. Weep hole
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Water Manifold

Water Jacket

Liquid Cooling System

Sending Unit Aftercooler

Thermostat

Bypass

Oil Cooler

Water Pump

!Courtesy of Cummins Engine Company, Inc.)
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Fan Controls

Electric Fan

(RI. Little and G.C. Edmondson, DIESEL MECHANICS: AN INTRODUCTION, Copyright 1982
PWS-KENT Publishing Company, a division of Wadsworth, Inc.)
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Aftercooler

Thermostats

Radiator

Oil Cooler

to+.

Coolant Flow

Thermostat

HOT POSITION

OUT TO RADIATOR

IN

Fi 11 Blocking Type Thermoste

(Courtesy of Detroit Diesel Corporation.)
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Impeller

Weep

Hole

Parts of a Water Pump

IWater Pump
Housin

Pulley

Fan Hub

Bearing and

Shaft

Assembly

(Courtesy of Caterpillar Inc.)
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COOLANTS AND COOLING SYSTEMS
UNIT

JOB SHEET #1 TEST FOR COMBUSTION LEAKAGE INTO
COOLING SYSTEM

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Live engine

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Operate the engine until it reaches operating temperature.

2. Drain enough coolant to allow removal of the upper hose and thermostat.

3. Remove the thermostat, upper radiator hose, and drive belts.

4. Refill system with coolant until it reaches the level of the thermostathousing
neck.

5. Start engine and accelerate five to six times.

6. Watch the outlet opening for bubbles or a rise of liquid.

(NOTE: Appearance of bubbles or a rise of liquid indicates that combustion
gases are entering the cooling system)

(CAUTION: Perform the test as quickly as possible; otherwise the coolant will
boil and steam, and bubbles will rise from the thermostat neck causing mislead.
ing test results.)
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COOLANTS AND COOLING SYSTEMS
UNIT

JOB SHEET #2 - TEST FOR AIR IN COOLING SYSTEM

A. Tools and materials

1. Safety glasses

2. Shop towels

3. Basic hand tools

4. Appropriate service manual

5. Live engine

6. Transparent plastic tube

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: There are two methods used to check for air circulating within the cooling sys-
tem. One method is to pressure test the cooling system as previously outlined in Unit
III-A.)

1. Drain enough coolant from the system to remove top radiator hose from thermo-
stat housing and radiator top tank.

2. Place a transparent plastic tube between the thermostat housing and radiator
top tank.

3. Refill the system and start the engine.

4. Run engine until it reaches normal operating temperature.

5. Observe the coolant flow.

6. Check for white round particles passing out of the cylinder head into the radiator
through the plastic hose.



COOLANTS AND COOLING SYSTEMS
UNIT IIC

JOB SHEET #3 - CLEAN THE COOLING SYSTEM

A. Tools and materials

1. Live engine

2. Basic hand tools

3. Sodium carbonate

4. Shop towels

5. Safety glasses

6. Appropriate serviue manual

B. Procedure

(CAUTION: Follow all shop safety procedwes.)

1. Remove the radiator cap after the engine has cooled.

(CAUTION: Wait until the coolant temperature is below 160°F before removing
the radiator cap.)

2. Open the radiator draincock and remove the lower radiator hose and drain cool-
ing system. (Figure 1)

(NOTE: Do not remove the coolant filters.)

FIGURE 1

3. Install bottom radiator hose and close draincock.

(Figures 1.5 provided courtesy of Cummins Engine Company, Inc.)
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JOB SHEET #3

4. Fill the system with a mixture of sodium carbonate and water, or a commerclady
available equivalent (Figure 2)

(NOTE: Use 1.0 lercent of sodium carbonate for every 6 gallons of water.)

FIGURE 2

(CAUTION: Do not install the radiator cap or new coolant filters.)

5. Operate the engine for 5 minutes with the coolant temperature above 180°F. (Fig-
ure 3)

FIGURE 3

6. Shut off the engine and drain the cooling system. (Figure 3)

7. Fill the cooling system with clean water.

8. Overate the engine for 5 minutes with the coolant temperature above 180°F.

9. Shut off the engine and drain the cooling system.

(NOTE: If the water being drained is still dirty, the system must be flushed again
until the water is clean.)
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JOB SHEET #3

10. Install a new coolant filter, and fill the cooling system with a mixture of 50% anti-
freeze and 50% water. (Figure 4)

11. Install the pressure cap and operate the engine; check for coolant leaks. (Figure
5)

FIGUF .2 5
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COOLANTS AND COOLING SYSTEMS
UNIT II-C

PRACTICAL TEST
JOB SHEET #1 - TEST FOR COMBUSTION LEAKAGE

INTO THE COOLING SYSTEM

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Operated engine to reach operating temperature.
4. Drained coolant from system.
5. Removed thermostat from the system.
6. Refilled system with coolant.
7. Operated engine and observed for air bubbles.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner. ( hrs. __min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Evaluation of the cooling
system

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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COOLANTS AND COOLING SYSTEMS
UNIT II-C

PRACTICAL TEST
JOB SHEET #2 - TEST FOR AIR IN COOLING SYSTEM

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVAL klATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Used shop safety precautions.
3. Drained coolant from system.
4. Removed top radiator hose.
5. Installed transparent plastic tube.
6. Refilled coolant system with coolant.
7. Operated engine to reach operating temperature.
8. Observed plastic tube for air bubbles.
9. Checked in/put away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner. hrs. _min. sec.)
13. Practiced safety rules throughout procedure.
14. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling .he appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable ,o demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Evaluation of the cooling
system

2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training Is required to develop skill.
1 Unskilled is Familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average swre is needed to coincide with a competency profile, total
the designated po'nts in "Product Evaluation" anti divide by the total number of criteria.)
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COOLANTS AND COOLING SYSTEMS
UNIT II-C

PRACTICAL TEST
JOB SHEET #3 - CLEAN THE COOLING SYSTEM

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Drained the cooling system.
3. Filled the cooling system with acid and water.
4. Operated engine ane drained cooling system.
5. Filled engine with clean water and operated.
6. Drained nooling system and installed coolant filter and filled radi-

ator with a mixture of water and antifreeze.
7. Operated engine and checked for leaks.
8. Checked iniput away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner. ( hrs. _min. _sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

mal

SOG

D-85-C



JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation Re, below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

2

Cooling system is prop-
erly cleaned

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed Job during training program; limited

additional training may be required.
2 Limited skill Hat, performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designatea points in "Product Evaluation" and divide by the total number of criteria.)
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COOLANTS AND COOLING SYSTEMS
UNIT

TEST

SCORE

1. Match the terms related to coolants and cooling systems with the correct definitions.

a. Material added to coolant to prevent freez- 1. Aeration
ing

2. Antifreeze_b. Liquid that absorbs and transfers heat to
maintain normal engine operating tempera- 3. Bimetallic
ture

4. Coolant
c. Liquid solution which contains properties

that will not readily boil away 5. Inhibitor

d Two strips of dissimilar metal welded 6. Permanent antifreeze
together, one of which expands more when
heated than the other 7. Radiator shutters

e. Chemical which dissolves in water to form a
rustproof film on the metal

f Mixture of air and water

9 Device over radiator to maintain tempera-
ture variations of coolant

2. Name two types of cooling systems used on modern engines.

a.

b.
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TEST

3. Match the parts of a liquid cooling system with the correct functions.

Releases heat to atmosphere; reservoir for
enough liquid coolant to operate engine

_b. Separate tank in cooling system that allows
for heat expansion of coolant

c. Relieves pressure from too much heat; lets
in air pressure as liquid cools

d. Forces cooling air through radiator core to
more quickly dissipate heat

e. Circulates coolant through the system

1.

2.

3.

4.

5.

6.

7.

Transmits power from engine crankshaft to 8.
drive fan and water pump

g. Controls the flow of coolant to radiator to
maintain correct operating temperatures 10.

h. Flexible connections between engine and
other parts of cooling system

Medium which carries away excess heat
from engine

Used in some engines to soften the water
and remove dirt

9.

Coolant

Coolant filter

Expansion tank

Fan

Fan belt

Hoses

Pressure cap

Radiator

Thermostat

Water pump

4. Complete the following list of statements concerning the parts of an air cooled engine
and their functions.

a. Direct cooling system Forces air by the cylinder at all times

b. Fin head and cylinder blocks Allow cool air to go by the head and cylinders to

c. Brings air into chambers in a swirling motion
for more efficient combustion process

5. List three requirements of a good antifreeze.

a.

b.

c.

8 9



TEST

6. List four preventive maintenance procedures for maintaining a cooling system.

a.

b.

c.

d.

7. Name two functions of the cooling system.

a.

b,

8. List four effects of an engine running too hot.

a.

b.

C.

d.

9. List three effects of an engine running too cold.

a.

b.

c.
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TEST

11. Identify the three types of radiators.

a.

b.

12. Name two functions of the radiator cap.

a.

b.

c.

nit
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TEST

13. Identify two types of fans used in cooling systems.

a.

14. Name two types of fan controls.

a.

b.

15. Name two types of temperature gauges.

a.

b.

16. List three purposes for using a coolant filter or condkioner in the cooling system.

a.

b.

c.

17. Select functions of the thermostat by placing an "X" beside each function.

a. Permits rapid engine warm-up when closed

b. Permits efficient cooling when open

c Permits rapid engine warm-up when open

d Permits efficient cooling when closed

e Provides automatic control of the engine temperature

E3
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18. Identify the three types of thermostats.

a.

COLO POSITION

IN

HOT vOSITION

CZ=Z-=
OUT TO RADIATOR

IlYPASS

OUT TO RADIATOR

._77.17_3

BYPASS

IN

b.

NOT POSITION

OUT 10 NSOIATOP

IN

19. Select common materials that may restrict radiator coolant flow by placing an "X"
beside each restricting material.

a. Oil

b Hair

_____c. Suds

d Lime

e. Scale

f. Mud

g. Rust

h. Silicate jelly



TEST

20. Identify the primary parts of a water pump.

d.

e.

'd.

b

d.

(NOTE: If the following :.Act ivit ies have not been accomplished prior to the test, ask your
Instructor when they should be completed.)

21. Demonstrate tie ability to:

a. Test for combustion leakage into the cooling system. (Job Sheet #1)

b. Test for air In cooling system. (Job Sheet #2)

c. Clean the cooling system. (Job Sheet #3)



COOLANTS AND COOLING SYSTEMS
UNIT IIC

ANSWERS TO TEST

1. a. 2 e. 5
b.

4

f. 1

c. 6 g. 7
.d. 3

2. a. Air
b. Liquid

3. a. 8 f. 5
b. 3 g. 9
c. 7 h. 6
d. 4 i. 1

e. 10 j. 2

4. a. While engine is running
b. Draw heat away
c. Aerodynamic intake port

5. Any three of the following:

a. Prevents freezing
b. Inhibits rust and corrosion
c. Chemically stable
d. Nonconductor of electricity
e. Flows readily at all temperatures
f. Conducts heat readily
g. Resists foaming

6. Any four of the following:

a. Inspect for system deterioration
b. Prevent corrosion and deposits
c. Flush and clean system periodically
d. Allow a hot engine to idle a few minutes before shutting it down
e. Check coolant as recommended in operator's manual

7. a. Prevents engine overheating
b. Regulates engine temperature



ANSWERS TO TEST

8. Any four of the following:

a. Excessivl wear
b. Scoring
c. Knock
d. Burned piston and valves
e. Lubrication failure
f. Seizure of moving parts
g. Loss of power

9. Any three of the following:

a. Excessive wear
b. Poor fuel economy
c. Accumulation of water and sludge in the crankcase
d. Loss of power

10. a. Water pump
b. Oil cooler
c. Water manifold
d. Temperature sending unit
e. Aftercooler
f. Thermostat
g. Bypass
h. Engine water jacket

11. a. Multi-pass (low flow)
b. Down-flow
c. Cross-flow

12. a. Allows atmospheric pressure to enter the cooling system
b. Prevents coolant from escaping at normal temperatures

13. a. Suction an
b. Blower fan

14. Any two of the followilig:

a. Clutch
b. Viscous
c. Air operated
d. Electric



ANSWERS TO TEST

15. a. Mechanical
b. Electrical

16. a. Softens the water
b. Removes dirt
c. Provides a place for rust inhibitors in the filter element

17. a, b, e

18. a. Non-blocking
b. Partial blocking
c. Full blocking

19. a, d, e, g, h

20. a. Fan hub
b. Pulley
c. Bearing and shaft assembly
d. Water pump housing
o. Impeller
f. Weep hole

21. Performance skills evaluated to the satisfaction of the instructor

8 8
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT III-C

UNIT OBJECTIVE

After completion of this unit, the student should be able to test an engine 'or air flow restric-
tion, remove, install and test a turbocharger, and inspect and replace a roots-type blower. Com-
petencies will be demonstrated by completing the job sheets and unit tests with a minimum of
85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to air intake and exhaust systems with the correct definitions.

2. Name parts, of an air intake system.

3. Name parts of an exhaust system.

4. Match types of air cleaners with their processds.

5. Distinguish between scavenging for a two-stroke cycle engine and a four-stroke
cycle engine.

6. Identify types of air induction systems.

7. Distinguish between positive displacement and centrifugal superchartiers.

8. List advantages of a turbocharged engine.

9. Demonstrate the ability to:

a. Test an engine for air flow restriction. (Job Sheet #1)

819
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OBJECTIVE SHEET

b. Remove and Install a turbocharger. (Job Sheet #2)

c. Test a turbocharger. (Job Sheet #3)

d. Inspect, remove, and install a rootstype blower. (Job Sheet #4)

620
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT Ill -C

SUGGESTED ACTIVI flES

A. Obtain additional materials andior invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Have students make a list of how weather affects an engine filtration system.

2. Make a cutaway of a dry-type filter.

3. Discuss the use of a biacklight and fluorescent tracer to find oil leaks.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and licate to them possible areas for improvement.

J. Give test.

K. Evaluate test,

L. Reteach if necessary.

IEFERENCES USED IN DEVELOPING THIS UNIT

A. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sons, Inc., 1982.

B. In -Line 71 Service Manual. Detroit, MI: Detroit Diesel Allison, 1986.

821



REFERENCES USED IN DEVELOPING THIS UNIT

C. Schulz, Erich V. Diesel Mechanics. 2nd ed. Dallas: McGraw-Hill Book Company, 1983.

D. Troubleshooting and Repair Manual-1_10 Engines, Columbus, IN: Cummins Engine Com-
pany, Inc., 1985.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Filmstrips

1. Air Indiction Systems (26 slides and script)
Order #J#G01306
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602

2. Troubleshooting the Air Induction System (53 slides and script)
Order #SESV1316
Caterpillar Tractor Co.
Literature Orders Section
1335 S.W. Washington
Peoria, IL 61602
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT IIIC

INFORMATION SHEET

I. Terms and definitions

A. Aftercooler or intercooler A radiator device used on turbocharged
engines to cool the air after it leaves the turbocharger (Transparency 1)

(NOTE: Aftercoolers are called intercoolers by some manufacturers. They
can be air to water or air to air.)

B. Air cleaner indicator -- A device with a colored piston that tells the opera-
tor when the air cleaner needs servicing

C. Filter Unit containing an element of varying degrees of fineness to trap
foreign particles

D. Manifold Pipe or casting with multiple openings to connect multiple cyl-
inders to one outlet or inlet

E. Naturally aspirated Engine which is not superchlrged

F. Port Opening in a cylinder block or liner for intake and/or exhaust air on
two-cycle engines

G. Precleaner Device to collect dirt from the air before it enters the main air
cleaner

FL Rootstype blower Positive displacement blower to raise intake air above
atmospheric pressure

Scavenging Using fresh air to push air out of the cylinders during the
exhaust stroke

J. Supercharging Any method of charging cylinders with fresh air above
atmospheric pressure on the intake stroke

F 9A , LI
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INFORMATION SHEET

K. Turbocharger Exhaust-driven turbine which drives a centrifugal compres-
sor

L. Valve Device for sealing the intake and/or exhaust ports in a cylinder
head

II. Parts of an air Intake system

A. Precleaner (air cleaner)

B. Supercharger (if used)

C. Intake manifold

D. Piping

E. Intake valves or ports

III. Parts of an exhaust system

A. Ports and /or valves

B. Exhaust manifold

C. Piping

D. Muffler

E. Turbocharger (if used)

IV. Types of air cleaners

A. Centrifugal type Uses centrifugal force to clean the air; used along with
either an oil bath or dry type air cleaner (precleaner). (Transparency 2)

B. Oil-bath type Cleans air by directing it through a center tube into the
inner oil cup where direction of air flow is 'versed causing most of the dirt
to become trapped by the oil and settle in the sump. (Transparency 3)

E24
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INFORMATION SHEET

C. Dry element type A dry type filter cartridge composed of paper that con-
tains resin. (Transparency 4)

(NOTE: Some air cleaners use exhaust gas to clean the dirt out of the bot-
tom of the filters.)

V. Scavenging

A. Two-stroke cycle At 911/2°ATDC the exhaust valve opens and exhaust
gases flow into the exhaust manifold. At 132° ATDC the piston uncovers
the inlet ports, blower premure expels the remaining gases out the exhaust
valves, and the cylinder is charged with fresh air. (Transparency 5)

B. Four-stroke cycle At 28°BTDC on the exhaust stroke, the intake valve
opens. The flow of the exhaust gas creates low pressure in the combustion
chamber which allows fresh air to enter the cylinder. The engine is designed
for valve overlap, a brief condition allowing both intake and exhaust valves
to remain open simultaneously. This 51° duration (overlap) forces out the
exhaust gases and draws in fresh air. (Transparency 6)

Vi. Types of air induction systems

A. Natwally aspirated

Precleaner Muffler

Exhaust
Intake Valve
Valve /

Air Cleaner

Intake
Manifold

Exhaust
Manifold

Cylinder

(Reproduced by permission of Deere & Company, 1980 Defoe & Company. All rights reserved.)
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B. Roots-type blower
Air Enters

Exhaust Gases
Expelled

C. Turbocharger
(Courtesy of Detroit Diesel Corporation.)

Engine Exhaust
Gas Flow

Exhaust Gas
Discharge

Engine Compressed
Cylinder Air Flow

Compressor
AmblE
Air Inlet

Turbine

(Courtesy of Detroit Diesel Corporation.)

826



D-107-0

INFORMATION SHEET

D. Turbocharged and aftercooled

Engine
Cylinder

11111111.

Coolant In Aftercooler

Ilinmi
Exhaust Gas

Discharge

Coolant Out

C
Engine Exhaust

Gas Flow

Compressed
Air Flow

Compressor
Ambient
Air Inlet

Turbine

(Courtesy of Detroit Diesel Corporation.)

(NOTE: Manufacturers use combinations of these systems on some
engines.)

VII. Types of superchargers

A. Positive displacement (Transparency 7)

(NOTE: The roots-type blower is a positive-displacement supercharger.)

1. Driven by a chain, belt, or gear

2. Resembles oil pumps in ciesign

B. Centrifugal (Transparencies 8 and 9)

(NOTE: Turbochargers are exhaust driven centrifugal type superchargers.)

1. Driven by engine, engine exhwIst, or separate motors

2. Impeller normally moves thirty times engine speed

7
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VIII. Advantages of a turbocharged engine

A. Increases horsepower output of a given displacement engine

B. Reduces weight by delivering more horsepower per pound than nonturbo-
charged engines

C. Cost of a turbocharged engine is less on a dollar per horsepower basis

Maintains horsepower at higher altitudes

(NOTE: Naturally aspirated engines loose three percent of horsepower per
1000 feet of altitude.)

E. Seduces exhaust smoke by supplying excess air to reduce exhaust density

D.



Types of
Aftercoolers or Intercoolers

Coolant Flow

Air

Flow

Air to Water
Aftercooler

*

- . ----n----it-..-

(Courtesy of Cummins Engine Company, Inc.)
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Air Intake
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Dry Type Air Cleaner

(Courtesy of Cummins Engine Com-
pany, Inc.)

Primary Filter

To Engine

Air Intake

Secondary Filter

Farr Two-Mace

Uses exhaust from engine to

remove dirt from bottom of
filter.

en el 41

"5:4'llti"70.

(Courtesy of Caterpillar Inc.)

Two-Stage

Dual Element

(Courtesy of Cummins Engine Com-
pany, Inc.)
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Air
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Four-Stroke Cycle Scavenging

Intake Stroke

7

Compression Stroke Power Stroke

Exhaust

Valve

Exhaust

Gases

Exhaust Stroke

Air

1 Intake

Valve

. Gases

G
Exhaust

0

Scavenging
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Engine
Cylinder
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Turbocharger

Engine Exhaust
Gas Flow

Exhaust Gas
Discharge

Compressed
Air Flow

Coolant In

Compressor
Ambient
Air Inlet

Turbine

Aftercooler

Ex'iaust Gas
Discharge

Engine
Cylinder Coolant Out

Engine Exhausi
Gas Flow

Compressed
Air Flow

840

416 Comprevsor
Ambient
Air Inlet

Turbine

(Courtesy of Detroit Diesel Irporation.)
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Turbocharger Details

LOCK
PLATE

CLAh..

COMPRESSOR
HOUSING

LOCK
NUT COMPRESSOR

WHEEL

BAC KPLAT E

TURBINE
WHEEL ASS'Y.

PISTON

WHEEL
RING

SNA P
SHROUD

RIN

BEARING

TURBINE
"OUSING

AL
RING

PIN

THRUST
BEARING

PISTON
RING

THRUST
COLLAR

SNAP
RING

BEARING CENTER
HOUSING

LOC 1.;

PLATE

LOCK
PLATE

CLAMP

(Courtesy of Detroit Diesel Corporation.)
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT IIIC

JOB SHEET #1 - TEST AN ENGINE FOR AIR FLOW RESTRICTION

A. Tools and materials

1. Manometer

2. Basic hand tool set

3. Live engine

4. Shop towels

5. Engine technical manual

6. Safety glasses

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Locate the intake air piping; and connect a manometer. (Figure 1)

(CAUTION: If engine has a turvocharger, install the gauge adapter at a right angle
to the air flow. This must be installed close to the turbocharger.)

FIGURE 1

Manometer

2. Operate the engine at f ill throttle.

(NDTE: Naturally aspirated engines measure at high idle RPM.)

(Figures 1.4 courtesy of Cummins Engine Company, Inc.)

Intake Air Piping

D-127C
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4013 SHEET #1

3. Observe the manometer reading and compare to the specifications in the engine
technical manual. (Figure 2)

FIGURE 2

-) 1

--

RPM

635 min
H20

[25.0 In.
H201 Max. f,

,-.
I .

4

,r-

i , 's /

:..:\
:.0

R M.,

(NOTE: If restriction exceeds specification, proceed to Steps 4 and 5.)

4. The air filter element should be cleaned and replaced. (Figure 3)

(NOTE: Refer to the equipment technical manual for instructions.)

FIGURE 3

843
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JOB SHEET #1

5. Look for dents or damage to the intake air piping. (Figure 4)

FIGURE 4

6. Remove test equipment.

S44
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT III.0

JOB SHEET #2 - REMOVE AND INSTALL A TURBOCHARGER

A. Tools and materials

1. Engine with turbocharger

2. Basic hand tool set

3. Torque wrench

4. Crocus cloth

5. Eye protection

6. Shop towels

7. Appropriate service manual

B. Procedure

(CAUTION: Follow all safety procedures.)

1. Disconnect the oil supply line at the ' .charger only. (Figure 1)

FIGURE 1 rr MEOW.

2. Disconnect the oil drain line at the turbocharger. (Figure 1)

(Figures 1.9 courtesy of Cummins Engine Company, Inc.)

00 Supply Line

011 Drain Line

D-131-C
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JOB SHEET #2

3. Locate the intake and exhaust air pipes at each end of the turbocharger and dis-
connect. (Figure 2)

FIGURE 2

4. Back off the clamp screws on the aftercooler air inlet connectio. ),

5. Remove the turbocharger mounting nuts and gasket. If the engine does not have
an aftercooler, loosen the clamp on the intake manifold connection. (Figure 3)

FIGURE 3

Turbocharger

6. Use an emery cloth or file to clean the turbocharger and exhaust manifold gas-
ket. (Figure 4)

FIGURE 4

6



JOB SHEET #2

7. Look for cracks and errosion on the turbocharger, exhaust manifold gasket sur-
faces, and mounting studs. (Figure 5)

FIGURE 5

8. Install the turbocharger with a new gasket and start the mounting nuts. (Figure 6)

FIGURE 6

(NOTE: Do not tighten the nuts until the air inlet hose is installed on the turbo-
charger.)

i7
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9. Install the air inlet hose on the aftercooler. If the o lgine does not have an after-
cooler, install the air inlet hose on the intake man, lid connection. (Figure 7)

FIGURE 7

10. Refer to the manufacturers' specifications to tighten the turbocharger mounting
nuts. (Figure 7)

11. Tighten hose clnrnps on each hose.

12. Reconnect the oil drain line and tighten bolts. (Figure 8)

FIGURE 8

13. Pour 2 to 3 ounces of clean engine oil in the oil supply line fitting. (Figure 8)

C 8



* JOB SHEET #2

14. Reconnect the oil supply line and tighten the bolts or fitting. (Figure 9)

(NOTE: Make sure you reconnect all brackets to the oil line to prevent the line
from breaking.)

FIGURE 9

15. Install the intake and exhaust pip's.

16. Operate the engine and check for air leaks on the inlet piping and connections.

D135C
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT IIIC

J1B SEET #3 - TEST A TURBOCHARGER

A. Tools and materials

1. Basic hand tool set

2. Turbocharger

3. Dial depth gauge

4. Wire type feeler gauge

5. Shop towels

6. Safety glasses

B. Procedure

(CAUTION: Follow alt shop safety procedures.)

1. Inspect th( mounting and connections of turbocharger to be certain they are
secure and there ;s no leakage of oil or air.

2. Inspect and service air cleaner.

3. Operate the engine at full throttle. (Figure 1)

FIGURE 1 rtzar.

(Courtesy of Cummins Engine company, Inc.)

4. Listen for unusual high pitch noise or for unusual vibration. (Figure 1)

(NOTE: Replace turbocharger if the noise or vibration is not originating from
damaged or leaking air piping.)

850
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5. Test Intake manifold pressure ("boost").

a. Connect a manometer to the air discharge pipe. (Figure 2)

FIGURE 2

Alr Inlet

Air Discharge
Pipe

Air Intake Manifold

Manometer

b. Operate engine at full load and rated speed and measure intake manifold
pressure.

c. Operate engine at full load and the specified lower speed and measure
1.1take manifold pressure.

d. If the boost pressure is not within specification, check air intake system
for restricted compressor wheel or dirt and oil deposits, and correct turbo-
charger applications.

6. Remove the air discharge pipes, and check the compressor housing and pipe for
the presence of oil.

(NOTE: All turbochargers contain a small but harmless amount of engine oil. If
you find heavy deposits of oil, it is an indication :di seal ioakage.)

7. Check radial clearance.

a. Remove the inlet and exhaust pipes from the turbocharger.

(NOTE: Check for oil in the exhaust pipe.)

851



JOB SHEET #3

b. Push the turbine wheel (on the exhaust outlet) in toward the housing.
Using a wire type feeler gauge, measure the distance between the turbine
blades and housing. (Figure 3)

FIGURE 3

0.27 mm
10.011 in.]
Minimum

(Figures 3-5 courtesy of Cummins Engine Company, Inc.)

(NOTE: Check the engine manual specifications. If the clearance does not
meet the specification, remove the turbocharger and replace.)

c. Repeat this procedure for the compression impeller. (Figure 4)

FIGURE 4

(NOTE: Replace the turbocharger if the clearance does not meet specifica-
tion.)

8. Check axial clearance.

a. Install dial depth gauge. (Figure 5)

b. Push the rotor assembly away from the gauge.

852
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c. Zero the dial indicator. (Figure 5)

FIGURE 5

d. Push the rotor assembly in and out to measure the end clearance. Re' ord
the reading. (Figure 6)

FIGURE 6

0.030-0.08 mm
[0.001-0.003 in.]

(NOTE: If the clearance does not 3neet the specifications, replace the tur-
bc. 'larger.)

e. Remove dial depth gauge.

9. Instal. intake and exhaust piping.

853



AIR INTAKE AND EXHAUST SYSTEMS
UNIT III-C

JOB SHEET #4 - INSPECT, REMOVE, AND INSTALL A
ROOTS.TYPE BLOWER

A. Tools and materials

1. Basic hand tools

2. Drop light

3. Shop towels

4. Safety glasses

5. Appropriate service manual

B. Procedure

(CAUTION: Follow all shop safety procedures.)

(NOTE: A blower may be inspected ' 3r defective conditions without being removed from
the engine. If blower fails any of the following tests, remove from the engine and over-
haul or replace.)

1. Inspect blown

a. Remove air cleaners, blower air inlet housing, or any other parts interfer-
ing with the air inlet system. (Figure 1)

(CAUTION: When blower rotors are exposed and engine Is in operation,
keep fingers, clothing, and any loose parts away from fir blower air inlet.)

FIGURE 1

854
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b. Inspect rotors for deep scratches around intake and on rotor tips.

c. Turn engine over by hand and inspect rotors for signs of rubbing between
the rotors. (Figure 2)

FIGURE 2

Scuffed
End Plate

Scuffed
Rotors

Rotation

(Courtesy of Detroit Diesel Corporation.)

Scuffed
Housing

d. Start engine and run at idle; observe the end plates through the rotor -urn-
partment opening. (Figure 3)

(NOTE: If a seal is leaking, a thin film of oil will accumulate on the end
plate.)

FIGURE 3

e. Inspect blower for a rattling sound or a harsh metallic sound.

(NOTE: Th's sound could indicate a defective coupling, or the clearance
between the rotors has changed and blower needs to be removed.)

8;i5



JOB SHEET #4

f. Kill engine.

(NOTE: If inspection reveals any defective parts, blower should be
removed. If blower passes !ispection, install air inlet housing and air fil-
ters, and put engine back in operation.)

2. Remove blower.

(NOTE: Removal of the blower assembly together with governor drive, water
pump, fuel pump, and blower device shaft cover will be found to be advanta-
geous in most cases.)

a. Drain water from cooling system.

b. Remove the valve cover.

c. Disconnect the linkage attached to the governor control levers.

d. Remove screws in the governor control housing cover, and remove cover.
(Figure 4)

FIGURE 4

(356

Governor Control
Housing Cover

Governor
Control Lever

Governor
Control Housing

0-143-C
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e. Disconnect the fuel rod from the differential lever and the injector control
tube lever. (Figure 5)

FIGURE 5

Sc

f. Remove two governorto-cylinder head bolts.

g.

Control Tube
Governor Lever

Differential Lever

Disconnect the oil tube at the governor weight housing; remove bolts and
cover, if used. (Figure 6)

FIGURE 6

Governor
Weight Housing

h. Remove the governor housing from the cylinder head and weight housing.

o
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i. Disconnect the fuel lines at the fuel pump. (Figure 7)

I.

FIGURE 7

..,.........111111.

Fuel Pump

Fuel Lines

Blower

Remove water pump connections at oil cooler and cylinder block.
(Figure 8)

FIGURE 8

858
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k. Remove nir cleaners, blower air inlet housing, or any other points interfer-
ing with the air inlet system. (Figure 9)

FIGURE 9

I. Remove the six bolts that secure the flywheel hole cover, remove the snap
ring, and pull the blower drive shaft out. (Figure 10)

FIGURE 10 Blower
Drive Shaft

Cover

Snap Ring

Flywheel
Housing
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m. Lcoseii the blower drive shaft cover seal clamp at the blower drive gear
hub support.

n. Remove the bolts and plain washers securing the blower to the cylinder
hock.

o. Slide the blower slightly forward, withdraw the blower drive shaft cover
from the seal, then lift the blower away from engine.

3. Install blower.

a. Install blower by reversing removdl prmadures.

b. Use nonhardening gasket sealant on all gaskets.

c. Handtighten all hex bolts before tightening to the recomme.ided torque.

d. Run the engine and check for oil and water leaks.



AIR INTAKE AND EXHAUST SYSTEMS
UNIT IIIC

PRACTICAL TEST
JOB SHEET #1 - TEST AN ENGINE FOR AIR FLOW RESTRICTION

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Installed test equipment.
3. Operated engine.
4. Recorded reading on test instrument and compared it with speci-

fications.
5. Replaced or cleaned air filter.
8. Inspected the intake piping.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner. (_hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked,

EVALUATOR'S COM',PNTS:

tib1
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Performed steps correctly

4

Evaluation of test results

3 2

EVALUATOR'S COMMENTS.

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with procoss, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

2
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT III.0

PRACTICAL TEST
JOB SHEET #2 - REMOVE AND INSTALL A TURBOCHARGER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" u "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Removed supply and drain lines.
3. Removed intake and exhaust piping.
4. Removed mounting nuts, turbocharger, and gasket.
5. Cleaned turbocharger and exhaust manifold gas!et surfaces.
6. Inspected turbocharger exhaust manifold surfaces.
7. Installed turbocharger and tightened mounting nuts and hose

clamps.
8. Installed oil supply and drain lines.
9. Installed intake and exhaust pipes.

10. Operated the engine and checked br leaks.
11. Checked in/put away tools and materials.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps in a timely manner. (_hrs. _min. _sec.)
15. Practiced safety rules throughout procedure.
16. Provided satisfactory responses to questions asked.

YES NO

EVALUATOR'S COMMENTS:
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Changed turbocharger;
operates correctly

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skil:ed Can perform job with no additional training.
3 Moderately skilled Has performed job during t.14ining program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

E 6 4
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT III-C

PRACTICAL TEST
JOB SHEET #3 TEST A TURBOCHARGER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: 'Nhen you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" of "No" blrnks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Inspected mounting and connections.
3. Inspected and serviced air cleaner.
4. Started and operated engine.
5. Listened for unusual sounds.
6. Tested intake manifold pressure.
7. Checked for oil in compressor housing.
8. Checked radial clearance.
9. Checked axial clearance.

10. Installed intake and exhaust piping.
11. Checked in/put away tools and materials.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps in a timely manner, ( hrs. _min. __sec.)
15. Practiced safety rules throughout procedure.
16. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

D-153-C
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Performed steps correctly

2 1

4

Evaluation of intake mani-
fold pressure

4

Evaluation of radial clear-
ance

3 2 1

4

Evaluation of axial clear-
ance

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job (luring training program; limited

additional training may be required.
2 . Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

E Erb
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AIR INTAKE AND EXHAUST SYSTEMS
UNIT III-C

PRACTICAL TEST
JOB SHEET #4 - INSPECT, REMOVE, AND INSTALL A

ROOTS-TYPE BLOWER

STUDENT'S NAME DATE

EVALLMTOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask yoL r instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Removed air inlet housing.
3. Inspected rotors for scratches and scuff marks.
4. Started engine and checked blower for oil leaks and unusual

sounds.
5. Drained the cooling system.
6. Removed governor.
7. Removed fuel lines from fuel pump.
8. Removed water pump connections.
9. Removed inlet housing and interfering parts.

10. Removed blower drive shaft.
11. Removed blower from engine.
12. Installed blower by reversing removal procedures,
13. Used nonharderho gasket sealant on gasket and tightened bolts

to proper torque.
14. Ran engine and checked for oil and water leaks.
15. Checked in/put away tools and materials.
16. Cleaned the work area.
17. Used proper tools correctly.
18. Performed steps in a timely manner. ( hrs _min. _sec.)
19. Practiced safety rules throughout procedure.
20. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student mat-rials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3 2

Evaluation of blower on
the engine

1

4

Replaced blower; oper-
ates correctly

3 2

EVALUATOR'S COMMENTS:

PERFOHMANCE EVALUATION KEY

4 Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training !nay be required.
2 Limited skill Has performed job during training program, additional

1 Unskilled Is familiar with process, but is unable to perh,m job,
training is required to develop skill.

--
.,

(EVALUATOR NOTE: If an averace score is needed to coincide with a competency prof ii tot,:the designated points 1, "Product Evaluation" and divide by the total number of criteria.)

B



AIR INTAKE AND EXHAUST SYSTEMS
UNIT IIIC

NAME

TEST

SCORE

1. Match terms related to air intake and exhaust systems with the correct definitions.

a Unit containing an element of varying
degrees of fineness to trap foreign particles

Using fresh air to push air out of the cylin-
ders during the exhaust stroke

c Opening in a cylinder block or liner for
intake and/or exhaust air on two-cycle
engines

d. Device for sealing the intake and/or exhaust
ports in a cylinder head

e. Positive displacement blower to raise intake
air above atmospheric pressure

f Exhaust-driven turbir,e which drives a cen-
trifugal compressor

Pipe or casting with multiple openings to
conneot multiple cylinders to one outlet or
inlet

h Any method of charging cylinders with fresh
air above atmospheric pressure on the
Intake stroke

Engine which is not supercharged

Device to collect dirt from the air before it
enters the main air cleaner

k. A radiator device used on turbocharged
engines to cool the air after it leaves the tur-
bocharger

A device with a colored piston that tells the
operator when the air cleaner needs servic-
ing

889

1. Aftercooler or inter-
cooler

2. Air cleaner indicator

3. Filter

4. Manifold

5. Naturally aspirated

6. Port

7. Precleaner

8. Roots-type blower

9. Scavenging

10. Supercharging

11. Turbocharger

12. Valve
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TEST

2. Name four parts of an air intake system.

a.

b.

c.

d.

3. Name four parts of an exhaust system.

a.

b.

c.

d.

4. Match types of air cleaners with their processes.

a Uses centrifugal force to clean the air; used
along with either an oil bath or dry type air
cleaner.

b Cleans air by directing it through a center
tube into the inner oil cup where direction of
air flow is reversed causing most of the dirt
to become trapped by the oil and settle in
the sump.

A dry type filter cartridge composed of
paper that contains rosin.

1. Centrifugal type

2. Dry element type

3. Oil-bath type

5. Distinguish between scavenging for two-stroke cycle engines and four-stroke cycle
engines by placing an "X" next to the description of the four-stroke cycle scavenging.

a. At 911/2° ATDC the exhaust valve opens and exhaust gases flow into the
exhaust manifold. At 132° ATDC the piston uncovers the inlet ports,
blower pressure expels the remaining gases and the exhaust valves, and
the cylinder is charged with fresh air.

b. At 28° BTDC on the exhaust stroke, the intake valve opens. The flow of the
gas creates low pressure in the combustion chamber which allows fresh
air to enter the cylinder. The engine is designed for valve overlap, a brief
condition allowing both intake and exhaust valves to remain open simulta-
neously. This 51° duration (overlap) forces out the exhaust gases and
draws in fresh air.



TEST

6. Identify types of air induction systems.
Air Enters

IBlower

i( \4

Exhaust Gases
Expelled

a.

Engine
Cylinder

Coolant In Aftercoolor

1I 11
Coolant Out

Er 11_,_wi-_s* MIEN OW in
'4

Exhaust Gas
Discharge

Engine Exhaust
Gas Flow

anati> Compressed
Air Flow

C.

Ambient
Air Inlet

Compressor \

Turbine

Precleaner

Air Cleaner

Muffler 1 I

Exhaust
Intake

Valve
Valve

Exhaust
Manifold

Cylinder

Intake 0
Manifold

b.

d.

Engine
Cylinder

Engine Exhaust
Gas Flow

D-159-C

Exhaust Gas
Discharge

Compressed
Air Flow

Compressor
Ambient
Air Inlet

TUrbine

7. Distinguish between positive displacement and centrifugal superchargers by placing
an "X" next to the characteristics of centrifugal superchargers.

a. Driven by engine, engine exhaust, or separate motors

b. Driven by chair, belt, or gear

c Resembles oil pumps in design

d Impeller normally moves thirty times engine speed
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TEST

8. List four advantages of a turbocharged engine.

a.

b.

c.

d.

(NOTE: If the following activities have not been accomplished prior to the test, ask your
instructor when they should be completc.d.)

9. Demonstrate the chl!:ty to:

a. Test an engine for air flow restriction. (Job Sheet #1)

b. Remove and install a turbocharger. (Job Sheet #2)

c. Test a turbocharger. (Job Sheet #3)

d. Inspect, remove, and install a roots-type blower. (Job Sheet #4)



1. a. 3
b. 9
c. 6
d. 12
e. 8
f. 11

AIR INTAKE AND EXHAUST SYSTEMS
UNIT IIIC

ANSWERS TO TEST

g. 4
h. 10

I. 5

j. 7
k. 1

I. 2

2. Any four of the following:

a. Precleaner, air cleaner
b. Supercharger (if used)
c. Intake manifold
d. Piping
e. Intake valves or ports

3. Any four of the following:

a. Ports and/or valves
b. Exhaust manifold
c. Piping
d. Muffler
e. Turbocharger (if used)

4. a. 1

b. 3
c. 2

5. b

6. a. Roots-type blower
b. Naturally aspirated
c. Turbocharger aftercooled
d. Turbocharged

7. a, d

8 73
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ANSWERS TO TEST

8. Any four of the following:

a. Increases horsepower output of a given displacement engine
b. Reduces weight by delivering more horsepower per pound than nonturbocharged

engines
c. Cost of a turbocharged engine is less on a dollar per horsepower basis
d. Maintains horsepower at higher altitudes
e. Reduces exhaust smoke by supplying excess air to reduce exhaust density

9. Performance skills evaluated to the satisfaction of the instructor
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ENGINE BRAKES AND R2TARDERS
UNIT IV-C

UNIT OBJECTIVE

After completion of this unit, the student should be able to demonstrate the ability to adjust a
Jacobs engine brake, install a Jacobs engine brake, and troubleshoot a Caterpillar Brake-
Saver. Competencies will be demonstrated by completing the job sheets and unit tests with a
minimum of 85 percent.

SPECIFIC OBJECTIVES

After completini of this unit, the stuc,kmt should be able to:

1. Match terms related to engine brakes and retarders with the correct definitions.

2. Select true statements concerning the Jacobs engine brake operation.

3. Complete a list of troubleshooting procedures for the Jacobs engine brake.

4. Complete a list of advalitages of the Jacobs engine brake.

5. Select true statements concerning the operation of the BrakeSaver.

6. Demonstrate the ability to:

a. Adjust a Jacobs engine brake on a Detroit diesel. (Job Sheet #1)

b. Troubleshoot a Caterpillar BrakeSaver, (Job Sheet #2)

c. Remove a BrakeSaver on a Caterpillar diesel engine. (Job Sheet #3)

d. Disassemble a BrakeSaver. (Job Sheet #4)

875



164

OBJECTIVE SHEET

e. Assemble a Brake Saver. (Job Sheet #5)

f. Install a Brake Saver. (Job Sheet #6)

g. Install a Jacobs engine brake on a Mack diesel. (Job Shoot #7)

h. Adjust slave piston of a Jacobs engine brake on a Mack diesel. (Job Sheet
#8) 04

4)



ENGINE BRAKES AND RETARDERS
UNIT MC

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specific objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

(NOTE: Use the transparencies to enhance the information as needed.)

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the following activities throughout the teaching of this unit:

1. Discuss troubleshooting of a Jacobs engine brake system.

2. Show a Jacobs engine brake system in operation.

3. Take field trip to a truck repair shop.

4. Show parts of a Jacobs brake system.

5. Explain the proper use of engine brakes.

6. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for Improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.
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REFERENCES USED IN DEVELOPING THIS UNIT

A. Bulletin No. 3379079-92 Cummins Engine Shop Manual. Columbus, IN: Cummins
Engine Company, Inc., 1977

B. Forier, Louis C. Motor Truck and Diesel Repair Manual. 33rd ed. New York, NY: Motor,
1980.

C. Service Manual: 3406 Engine. Morton, IL: Caterpillar Tractor Company, 1979.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Filmstrip

1. Caterpillar Retarder, (SESU 1404)
Literature Order Section
P.O. Box 5319
Morton, IL 61550

(NOTE: You can also order from your nearest Caterpillar dealer.)

rig
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ENGINE BRAKES AND RETARDERS
UNIT IV-C

INFORMATION SHEET

I. Terms and definitions

A. Air suppressor Stops air pulsatior

B. Clutch switch Disengages compression brake when clutch is depressed

C. Engine brake or retarder user to convert the engine into a com-
pressor or air pump, thus effe'tively slowing down the engine and braking
the vehicle (Transparency 1!

D. Exhaust brake Uses a valve in the exhaust which keeps the exhaust
gases backed up in the exhaust manifold (Transparency 2)

E. Master piston Supplies high pressure oil to slave piston

F. Pump switch Disengages when clutch is depressed upon acceleration

G. Slave piston Operates exhaust valves

II. Jacobs engine brake operation (Transparencies 3 and 4)

A. Driver operates an electrical switch.

B. A solenoid valve permits lubricating oil to flow under pressure through the
. slave piston control valve to both the master piston and slave piston.

C. Oil pressure causes the master piston to move down, coming to rest on the
injector rocker arm adjusting screw.

(NOTE: Some systems do not have rocker arms.)

D. The injector rocker arm adjusting screw begins upward travel forcing the
master piston upward and creating a high pressure oil flow to the slave pis-
ton.

E. The ball check valve in thi control valve imprisons high pressure oil in the
master-slave piston system.

F. The slave piston under the influence of high pressure oil flow moves down,
momentarily opening the exhaust valve, while the engine piston is near its
top dead center position, releasing compressed cylinder air to the exhaust
manifold.

G. Compressed air escapes into the atmosphere, completing a compression
braking cycle; the piston starts down on the power stroke and ail valves are
closed thus creating a vacuum.
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INFORMATION SHEET

idl Troubleshooting the Jacobs engine brake

A. Engine fails to start Solenoid valves stuck in the open position

B. Drop in engine lube oil pressure

1. Oil inlet supply seal missing or damaged

2. Upper solenoid valve seal missing or damaged

3. Fuel line leakage

(NOTE: This applies only to Detroit diesel engine.)

C. One or two cylinders fail to brake

1. Slave piston control valve stuck in "Off" position

2. Slave piston control valve failure

3. Slave piston adjustment incorrect

4. Engine brake housing oil connector or seals leaking

D. Solenoids won't control brake operation Center solenoid valve seal miss-
ing or damaged

E. Solenoids will not energize

1. Blown fuse

2. Automatic switches fail to close

3. Incorrect electrical power source

F. Engine brake slow to operate

1. Lube oil cold andlor too thick

2. Lower solenoid valve seal missing or damaged

3. Solenoid valve filter screen clogged

4. Control valves binding in housing

5. Switch operation sluggish

6. Incorrect adjustments

S80



INFORMATION SHEET

G. One or more cylinders fail to stop braking or engine stalls

1. One or more slave piston control valves stuck in "On" position

2. Solenoid valve sticking in "On" position

3. Center solenoid valve seal missing or damaged

4. Solenoid valve exhaust plugged

5. Switch stuck in "On" position or misadjusted

6. Buffer switch set too tight

IV. Advantages of the Jacobs engine brake

A. Brake lining and brake drum life is extended up to five times that obtained

without the Jacobs engine brake.

B. The ability of the brake to maintain engin operating temperatures on down

hill grades and the possibility that the frequency of valve setting can be
reduced, all lend a hand in lowering .overall maintenance costs of diesel

vehicle operation.

C. A minimum arni.,unt of labor is required for installation with very little ser-

vice needed.

D. The elimination of continual braking with vehicle service brakes and the
resulting reduction of heat add considerably to tire life and wear.

E. Shorter round trip schedules can be obtained through use of the engine
brake, providing valuable extra hours.

V. Operation of the Brake Saver (Transparency 5)

A. The rotor is fastened to and turns with the engine crankshaft; the rotor has

pockets on the outer circumference of both sides and four holes to permit
equal flow to both sides of the rotor. (Transparencies 5 and 6)

B. The housing and stator are fastened to the flywheel housing and cannot
turn; both have pockets on their inside surfaces in alignment with the pock-

ets in the motor. (Transparencies 5 and 6)

C. The rotor turns in the compartment made by the stator and the Brake Saver

housing.

D. When housing is in operation, engine oil comes in near center from a pas-

sage at bottom of the housing. (Transparency 6)

C81
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INFORMATION SHEET

E. The rotor turns with crankshaft and throws this oil outward: the shape of
the rotor pockets sends it into the pockets of the stator and nousing.

F. As the rotor turns and oil flows around the Brake Saver compartmerli, it
takes the shape of a spiral.

G. The oil flow is constantly cut t y the vanes of the rotor; this cutting action
gives resistance to the oil.

H. When BrakeSaver is in operation, the level of braking can be controlled by
the inlet oil pressure, since the amount of oil is cut by the rotor vanes.

I. When BrakeSaver is not in operation, the inlet passage to the rotor is
closed by the control valve, and there is no oil in the BrakeSaver compart-
ment.



Dynatard Engine Brake on a Mack Diesel

LASH ADJUSTER,
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(Courtesy of Mack Trucks, Inc.)
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X ;STING
PIPE -121

CLAMP

Williams Blue Ox Engine Brake

EXHAUST
BRAKE

GASKET

ADAPTER

ADAPTER ripti
-CLAMP

V.CLAMP

EX iSTING
PIPE

NON-TURBOCHARGED ENGINES

RIVING
PIPE

AMP

V-CL AMP

TURBOCHARGER

TURBOCHARGED ENGINES

(Reprinted from MOTORS Heavy Truck Repair Manual. Copyriuht 1985 by permission of the
Hearst Corp.)
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Jacobs Engine Brake on a Detroit Diesel
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Jacobs Engine Brake on a Cummins
(NH) Diesel
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Reprinted by permission of Jacobs Manufacturing Company, Engine Brake Division
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Brake Saver On A Caterpillar Diesel
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Oil Flow Through A Brake Saver

Brake Saver Housing

Pocket

Pocket

Hole in
Rotor

Stator

EJo
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ENGINE BRAKES AND RETARDERS
UNIT 11/C

JOB SHEET #1 - ADJUST A JACOBS ENGINE BRAKE ON
A DETROIT DIESEL

A. Tools and materials

1. Basic hand tools

2. Appropriate service manual

3. Clean shop towels

4. Safety glasses

5. Detroit diesel engine with Jacobs engine brake

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Adjust slave piston model 2C.

a. Loosen and back off locknut.

b. Use a feeler gauge and back off slave piston adjusting screw until piston
spring lets go of adjusting screw.

(NOTE: Valve piston will move up into housing under influence of its spring
until it seats in its bore, removing sprirg load from adjusting screw.)

c. Bring the engine to normal operating temperature.

d. Set engine idle to 550 rpm.
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JOB SHEET #1

e. Turn adjusting screw down slowly until slave piston contacts the cross
head as indicated by the twitch in the handle of the alien wrench. (Figure
1)

FIGURE 1

(Reprinted from MOTOR Truck and Diesel Repair Manual by permission of
The Hearst Corporation, Copyright 1981.)

(NOTE: Do not attempt to make this adjustment by holding the locknut
and turning the adjusting screw through both the locknut and the brake
housing.)

f. Back the adjusting screw out exactly 1/2 turn and tighten locknut.

2. Adjust buffer screw models 53A and 71. (Figure 2)

FIGURE 2

(Reprinted from MOTOR Truck and Diesel Repair Manual by permission of The
HLarst Corporation, Copyright 1981.)

a. Start the engine.

b. Adjust the buffer screw to stop governor hunting at idle speed.

c. Do not increase engine speed above normal idle by forcing buffer screw
past the point where governor hunt has been eliminated.
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JOB SHEET #1

d. Tighten lock nut.

e. Attach buffer switch to buffer screw and positon switch to clear other
engine components. (Figure 3)

FIGURE 3

(Reprinted from MOTOR Truck and Diesel Repair Manual by permission of
The Hearst Corporation, Copyright 1981.)
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ENGINE BRAKES AND RETARDERS
UNIT PI/C

JOB SHEET #2 - TROUBLESHOOT A CATERPILLAR BRAKESAVER

A. Tools and materials

1. Basic hand tools

2. Appropriate service manual

3. Clean shop towels

4. Safety glasses

5. Caterpillar engine manual

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Clunk check (check for free movement of the valve spool)

a. Run the engine until the truck air system reaches its maximum pressure
then stop the engine.

b. Switch the BrakeSaver to full "On."

c. Switch the BrakeSaver to "Off." Listen for the clunk (sound) of the spool in
the control valve.

d. If the clunk is not heard at the control valve, remove and disassemble the
control valve. Inspect the valve for any of the following:

1) Damaged valve body

2) Damaged or worn spring in valve spool

3) Damaged or worn valve spool

4) Damaged or worn 0-ring seals or diaphragm in control valved

5) Closed holes in the side of the valve spool

4
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JOB SHEET #2

2. Complete pull-down rpm check.

(NOTE: The engine must produce rested horsepower for this test to be accurate.)

a. Apply the vehicle braker.

b. Place the transmission in neutral.

c. Operate engine at high idle.

(NOTE: Accelerator should be on the floor.)

d. Record the engine rpm.

e Switch the Brake Saver to the firll "On" position.

f. Record the engine rpm with Brake Saver on.

g. Make sure the Brake Saver is full "On," and the rpm should drop from 125
to 175.

(NOTE: If rpm drops between 125 and 175, the Brake Saver is operating
properly. If the drop is less than 125 rpm, go to Step h. If the drop is more
than 175rpm, go to Step i.)

h. Check for an rpm drop of less than 125 rpm; Brake Saver is defective if this
happens.

i. If the rpm drops more than 175 rpm, check the air pressure to the Brake-
Saver control valve.

(NOTE: The pressure should be no more than 50 psi.)

(CAUTION: Do not run the engine at high rpm with the Brake Saver on for
more than 15 seconds at a time. Let the engine run at low idle with the
Brake Saver off for five minutes to prevent overheating the engine cooling
system)

895
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ENGINE BRAKES AND RETARDERS
UNIT 11/-C

JOB SHEET #3 - REMOVE A BRAKESAVER ON A CATERPILLAR
DIESEL ENGINE

A. Tools and materials

1. Basic hand tools

2. Appropriate service manual

3. Shop towels

4. Safety glasses

5. Caterpillar engine with Brake Saver

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Remove transmission from vehicle as specified in manual.

(NOTE: When removing transmission be sure the ground cable is removed from
the battery and a tag is on the starting switch.)

2. Disconnect the lubrication oil line from the fitting at the top of Brake Saver hous-
ing. (Figure 1)

FIGURE 1

Lubrication Line
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JOB SHEET #3

3. Disconnect the oil line at the bottom of the Brake Saver housing. (Figure 2)

FIGURE 2...

Oil Line

Oil Manifold

Two Short Bolts

Two Long Bolts

4. Remove the two short bolts and two longer bolts that hold oil manifold to Brake
Saver housing, and remove the manifold from the BrakeSaver control valve. (Fig-
ures 2 and 3)

Manifold

FIGURE 3

(NOTE: The two longer bolts from the manifold can be used as forcing screws to
remove the BrakeSaver from the flywheel housing.)

&9 7



JOB SHEET #3

5. Remove the 0-ring seals from the manifold. (Figure 4)

FIGURE 4

0-rings

D191C

6. Install an eye bolt in the top of the Brake Saver housing and fasten a hoist; install
tool on the Brake Saver housing and rotor. (Figure 5)

FIGURE 5

1

Bolts

Tooling Bar

BrakeSaver Housing

Long Manifold Bolts

(NOTE: The tool holds the Brake Saver housing and rotor assembly together while
removing; this prevents damage to the rotor rings and seals.)
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JOB SHEET #3

7. Remove bolts that hold Brake Saver housing to the flywheel housing. (Figure 6)

Bolts

FIGURE 6

&Ye

(NOTE: Use long bolts from manifold as forcing screws, and tighten the bolts
evenly to remove the Brake Saver housing from the flywheel housing.)



ENGINE BRAKES AND RETARDERS
UNIT IVG

JOB SHEET #4 DISASSEMBLE A BRAKESAVER

A. Tools and materials

1. Basic hand tools

2. Appropriate service manual

3. Puller set

4. Shop towels

5. Safety glasses

6. Brake Saver assembly

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Remove the tool holding the Brake Saver housing and rotor together.

2. Remove bolts from gear plate and remove the plate. (Figure 1)

FIGURE 1

Bolts

DJO

Gear Plate
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JOB SHEET #4

3. Make identification as to the location of stator with housing, and remove bolts
and stator. (Figure 2)

FIGURE 2

Stator

Bolts
Housing

Identification Mark

4. Turn the stator over and remove spiral ring. (Figure 3)

0.ring Seal

Sleeve
Assembly

FIGURE 3

Spiral Ring

Turn the stator over again and remove sleeve assembly, 0-ring seal, and lip type
seal from the sleeve. (Figure 4)

FIGURE 4

Lip Type Seal

90x.



JOB SHEET #4

6. Remove 0-ring seal and the six smaller 0-ring seals from the oil holes on the
housing. (Figure 5)

0-ring Seal

FIGURE 5

Seal Ring

Rotor
Assembly

7. Remove rotor assembly arid seal ring from both sides of the rotor. (Figure 5)

8. Remove carrier and wear sleeve with puller from both sides of the rotor. (Figure 6)

FIGURE 6

Puller

Carrier

9. Remove spiral ring. (Figure 7)

FIGURE 7

Wear Sleeve

Spiral Ring
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JOB SHEET #4

10. Turii the housing over and remove sleeve assembly; remove the lip type seal and
0-ring seal from the sleeve. (Figure 8)

0-rIng Seal

Sleeve
Assembly

FIGURE 8

903
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ENGINE BRAKES AND RETARDERS
UNIT IV .0

JOB SHEET #5 - ASSEMBLE A BRAKESAVER

A. Tools and materials

1. Basic hand tools

2. Appropriate service manual

3. Shop towels

4. Seal installer set

5. Safety glasses

6. Brake Saver assembly

B. Procedure

(CAUTION: Fallow all shop safety procedures.)

(NOTE: Inspect the 0-ring seals for damage and make replacements if needed.)

1. Install 0-ring seal on sleeve. (Figure 1)

FIGURE 1

Sleeve
0 -ring Seal

(NOTE: Put clean oil on the 0-ring seals while installing.)

2. Install the sleeve in the Brake Saver housing, making sure the notch in the sleeve
is aligned with the notch in the housing; install the dowel.

(CAUTION: Make certain there Is clearance) behind the spiral ring when it is cor-
rectly Installed.)



JOB SHEET #5

3. Turn the housing over and install the spiral ring that holds the sleeve In the hous-
ing.

4. Heat the carriers and the wear sleeves to a maximum temperature of 300°F

(NOTE: Make sure the carrier is at bottom or the rotor and sleeve is against the
carrier.)

5. Install carrier on each side of rotor and install wear sleeve with the taper edge of
sleeve in the "Up" position. (Figure 2)

FIGURE 2

Rotor

6. Install a seal ring in each of the carriers. (Figure 3)

FIGURE 3

BrakeSaver
Housing

Sleeve

Carrier

Seal Ring

7. Install the rotor assembly in Brake Saver housing. (Figure 3)

505



JOB SHEET #5

8. Install 0-ring seal on the sleeve, and install sleeve in the stator; make alignment
of the notch in the sleeve with the dowel in the stator. (Figure 4)

FIGURE 4

0.ring Seal

Sleeve

9. Turn the stator over and install spiral ring that holds the sleeve in the stator. (Fig-
ure 5)

FIGURE 5

Spiral Ring

10. Install 0-ring seal and slx smaller seals for the oil holes on the housing. (Figure 6)

0-ring Seal

FIGURE 6

Smaller Seals
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JOB SHEET #5

11. Put the stator in the correct location on the housing with respect to the identifi
cation put on at removal; make sure the oil holes in the stator and the housing
are in alignment.

12. Install the bolts that hold stator to the housing, and tighten to specification
torque.

13. Follow the steps below when installing the lip type seals.

a. Put clean engine oil on the lip of the seals.

b. Put the pilot inside the seal, and install pilot and seal with the inside taper
of the pilot against the wear sleeve.

(NOTE: The lip of the seal must be toward the rotor.)

c. Install locator and bolts on the rotor. (Figure 7)

FIGURE 7

Locator

Bolts

d. Put ring over the locator and plate on the ring. (Figure 8)

Nut

Pusher Plate

FIGURE 8

Ring



JOB SHEET #5

e. Tighten nut on the locator until tooling is at bottom. (Figure 8)

14. Install gear plate and the bolts that hold it on the rotor. (Figure 9)

FIGURE 9

Gear Plate

15. Turn the housing over carefully and repeat Step 13 to install the other lip type
seal on the rotor.

16. Install tooling bar to the rotor and the housing. (Figure 10)

FIGURE 10

Tooling Bar

(NOTE: Tooling bar will prevent damage to the rotor seals and rings at installa-
tion.)

08
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ENGINE BRAKES AND RETARDERS
UNIT MC

JOB SHEET #6 - INSTALL A BRAKESAVER

A. Tools and materials

1. Basic hand tools

2. Appropriate service manual

3. Shop towels

4. Safety glasses

5. Brake Saver assembly

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Install tooling on the Brake Saver housing and rotor, (Figure 1)

FIGURE 1

Dowel

Guide Pins

Brake Saver Housing

Tooling Bar

(NOTE: Tooling plate holds the Brake Saver housing and rotor assembly together
at installation; this prevents damage to the rotor rings and seals.)

2. Install eye bolt in the top of the Brake Saver housing and fasten a hoist. (Figure 1)

3. Install two guide pins in the crankshaft, as shown, making sure dowel is in align-
ment with the dowel hole in the rotor assembly. Put Brake Saver housing in posi-
tion in the flywheel housing. (Figure 1)

4. Install the bolts that hold Brake Saver housing to the flywheel housing, and
remove the tooling bar and guide pins.
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JOB SHEET #6

5. Connect the oil line to fitting. (Figure 2)

FIGURE 2

011 Line
Fitting

011 Manifold

O.ring Seals

6. Inspect the 0-ring seals for damage and replace, if needed; install 0-rings and
put clean oil on the 0-ring seals. (Figure 2)

7. Install manifold into the Brake Saver control valve, and install the bolts that hold
the manifold to the Brake Saver housing. (Figure 2)

8. Connect Brake Saver lubrication oil line to the fitting in the Brake Saver housing.
(Figure 3)

FIGURE 3

011 Line
Fitting

9. Install flywheel to Brake Saver.

Vries



ENGINE BRAKES AND RETARDERS
UNIT IV-C

JOB SHEET #7 - INSTALL A JACOBS ENGINE BRAKE
ON A MACK DIESEL

A. Tools and materials

1. Basic hand tools

2. Mack service manual

3. Clean shop towels

4. Torque wrench

5. Feeler gauge

6. Safety glasses

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Remove rocker arm shaft assemblies from engine, and note the location of all
exhaust valve rocker levers. (Figure 1)

FIGURE 1

D-205C
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JOB SHEET #7

Z Replace exhaust valve rocker arm adjusting screws with new adjusting screws
from kit. (Figure 2)

FIGURE 2

(CAUTION: To provide proper clearance between rocker arm and underside of
brake housing, gauge rocker am lnd grind if necessary in area shown in Figure
3.)

3. Replace rocker arm shaft set screws in top face of rocker pedestals over cylin-
ders #1 and #4 with Jacobs oil supply screws. (Figure 3)

FIGURE 3
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JOB SHEET #7

4. Replace exhaust valve stem caps over all exhaust valve stems. (Figure 4)

FIGURE 4

5. Replace rocker assemblies and new 0-rings, if necessary, under pedestals; start,
but do not tighten, the six short holddown cap screws to locate the rocker shaft
brackets, making sure push rods are in their respective sockets. (Figure 5)

FIGURE 5



208

JOB SHEET #7

6. Install engine brake housing. (Figure 6)

FIGURE 6

7. Insert six long holddown cap screws connecting brake housing and rocker arm
shaft assemblies to cylinder heads, and torque tr, specification. (Figure 7)

FIGURE 7



JOB SHEET #7

8. Before starting engine, adjust Intake and exhaust valves as instructed by Mack
Operation and Maintenance Manual for cold static clearance.

9. Back off all engine brake slave piston 'djusting screws 1/2" above top face of
housing.

10. Proceed to run engine until normal hot idle temperature for valve adjustment is
reached.

11. Shat engine down and make hot valve adjustment.

(NOTE: Valve adjustment should NOT be attempted with engine running.)

D209-C



ENGINE BRAKES AND RETARDERS
UNIT IV.0

JOB SHEET #8 - ADJUST SLAVE PISTON OF A
JACOBS ENGINE BRAKE ON A MACK DIESEL

A. Tools and materials

1. Basic hand tools

2. Mack service manual

3. Clean shop towels

4. Torque wrench

5. Feeler gauge

6. Safety glasses

B. Procedure

(CAUTION: To insure maximum brake operating efficiency and to prevent engine dam-
age by piston to valve contact, the following instructions must be followed carefully.
Follow all shop safety procedures.)

1. Close exhaust valves fully and turn slave piston adjusting screw inward until zero
clearance is established between slave piston feet and exhaust valve stem cap.

2. Back out adjusting screw 3/4 turn to establish proper operating clearance. (Figure
1)

FIGURE 1

(CAUTION: Do not turn adjusting screw far enough to open exhaust valve.)
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JOB SHEET #8

3. Hold adjusting screw with screwdriver and tighten jam nut.

(NOTE: The above adjustment may be made with the engine hot or cold, but it
must be shut down.)

4. Connect solenoid valve leads to terminals on inside of cylinder head cover spac-
ers. (Figure 2)

FIGURE 2



ENGINE BRAKES AND RETARDERS
UNIT 11/C

PRACTICAL TEST
JOB SHEET #1 ADJUST A JACOBS ENGINE BRAKE

ON A DETROIT DIESEL

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Adjusted slave piston.
3. Adjusted buffer screw.
4. Checked in/put away tools and materials.
5. Cleaned the work area.
6. Used proper tools correctly.
7. Performed steps in a timely manner. ( hrs. _min. _sec.)
8. Practiced safety rules throughout procedure.
9. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Engine brake operates
correctly after adjustment

3

EVALUATOR'S COMMENTS.

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop ski!l.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average scorn is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



ENGINE BRAKES AND RETARDERS
UNIT 11/C

PRACTICAL TEST
JOB SHEET #2 - TROUBLESHOOT A CATERPILLAR BRAKESAVER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Brought air system up to maximum.
3. Switched Brake Saver to full "On."
4. Switched the Brake Saver to "Off."
5. Determined condition of the control valve.
6. Checked pull-down rpm.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools corrently.

10. Performed steps in a timely manner. (_hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS*

YES NO

C. r ,
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria.

3

Determined if control
valve was operating

2 1

4

Determined condition of
Brake Saver

3 1

EVALUATOR'S COMMENTS'

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job . uring training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and diwide by the total number of criteria.)



ENGINE BRAKES AND RETARDERS
UNIT 11/-C

PRACTICAL TEST
JOB SHEET #3 - REMOVE A BRAKESAVER ON A

CATERPILLER DIESEL ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Puce a check mark in the "Yes" or "No" blanks to designate whether or
not the student has .3atisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Removed transmission.
3. Disconnected oil lines.
4. Removed manifold from Brake Saver.
5. Removed bolts from BrakeSaver.
6. Removed BrakeSaver.
7. checked inlput away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner. (___hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

C I c)
r:,
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Removed Brake Saver cor-
rectly

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional ',raining may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a con 'potency profile, total
the designated points in "Product Evaluation" k'tnd divide P..iy the total number of criteria.)



ENGINE BRAKES AND RETARDERS
UNIT IV-C

PRACTICAL TEST
JOB SWEET #4 DISASSEMBLE A BRAKESAVER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whetheror
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Removed bolts from gear plate.
3. Marked stator locations.
4. Removed spiral ring.
5. Removed sleeve assembly.
6. Removed 0-ring seals.
7. Removed rotor assembly and seal rings.
8. Removed carrier and wear sleeves.
9. Removed sleeve assembly and lip seal.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. Performed steps in a timely manner. (_hrs. _min _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions askbe1.

EVALUATOR'S COMMENTS:
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the followinn criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated, (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Disassembled Brake-
Saver correctly

2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be require 1.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: It an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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ENGINE BRAKES AND RETARDERS
UNIT IV-C

PRACTICAL TEST
JOB SHEET #5 - ASSEMBLE A BRAKESAVER

STUDENT'S NAME DATE

D-221-C

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All itoms listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVA.LUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Installed 0-ring seals on sleeve.
3. Installed sleeve.
4. Installed spiral ring.
5. Installed carrier and wear sleeve.
6. Installed seal rings.
7. Installed rotor in housing.
8. Installed 0-rings on sleeve.
9. Installed stator in correct location.

10. Installed stator bolts and torqued.
11. Installed gear plate.
12. Installed tool bar to rotor.
13. Checked in/put away tools and materials.
14. Cleaned the work area.
15. Used proper tools correctly.
16. Performed steps in a timely manner. _hrs. min. _sec.)
17. Practiced safety rules throughout procedure.
18. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:



222

JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

( EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "J" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

2 1

Assembled Brake Saver
correctly

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is lie( led to coincide with a competency profile, tote
the designated points in "Product Evaluation' and divide by the total number of criteria.)
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ENGINE BRAKES AND RETARDERS
UNIT IC

PRACTICAL TEST
JOB SHEET #6 INSTALL A BRAKESAVER

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an ovef311 performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Installed tooling on Brake Saver housing.
3. Installed eye bolt on housing.
4. Installed twr guide pins.
5. Installed bolts to housing.
6. Connected oil lines.
7. Installed manifold to control valve.
8. Installed flywheel.
9. Checked in/put away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner. ( hrs. _min. _sec.)
13. Practiced safety rules throughout procedure.
14. Provided satisfactory responses to quertions asked.

EVALUATOR'S COMMENTS:

yommaINIOMWar10
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JOB SHEET #6 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

3

Installed '3rakeSaver cor-
rectly

2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is requ!red to develop skill.
1 Unskilled k, Familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by ti- total number of criteria.)



ENGINE BRAKES AND RETARDERS
UNIT IVC

PRACTICAL TEST
JOB SHEET #7 - INSTALL A JACOBS ENGINE BRAKE

ON A MACK DIESEL

11225C

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to obeerve the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has catIsfactovily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and I. y again.)

The student:

1. Checked out proper tools and matetials.
2. Removed rocker arm shaft.
3. Replaced exhaust valve rocker adjusting screw.
4. Replaced rocker arm shaft set screws.
5. Replaced exhaust valve stem caps.
6. Replaced rocker assemblies.
7. Installed engine brake housing.
8. Installed and torqued six long holddown bolts.
9. Adjusted valves.

10. Checked in/put away tools and materials.
11. Cleaned the work area.
12. Used proper tools correctly.
13. 'erformed steps in a timely manner. ( hrs. min. _sec.)
14. Practiced safety rules throughout procedure.
15. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #7 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Rocker arm assembly is
ir.stalled correctly

Valves are adjusted cor-
rectly

3 2 1

2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled L familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an a'.;. -age score is needed to coincide with a competency profile, total
the designated points in "Piuouct Evaluation" and divide by the total number of criteria.)



ENGINE BRAKES AND RETARDERS
UNIT IC

PRACTICAL TEST
JOB SHEET #8 - ADJUST SLAVE PISTON OF A
JACOBS ENGINE BRAKE ON A MACK DIESEL

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Adjusted slave piston.
3. Tightened jam nut.
4. Connected solenoid valve leads.
5. Checked in/put away tools and materials.
6. Cleaned the work area.
7. Used proper tools correctly.
8. Performed steps in a timely manner. ( hrs. __min. __sec.)
9. Practiced safety rules throughout procedure.

10. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET #8 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling Inn appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Jacobs engine brake per-
forms properly

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled ()an perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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NAME

ENGINE BRAKES AND RETARDERS
UNIT I1/VC

TEST

SCORE

1. Match the terms related to engine brakes and retarders with the correct definitions.

a. Uses a valve in the exhaust which keeps the 1. Air 3sor
exhaust gases backed up in the exhaust
manifold 2. Clutch ov,. itch

__M.b. Stops air pulsations 3. Engine brake or
retarder

Operates exhaust valves
4. Exhaust brake

d. Disengages compression brake when clutch
is depressed 5. Master piston

e. Supplies high pressure oil to slave piston 6. Pump switch

Device used to convert the engine into a 7. Slave piston
compressor or air pump, thus effectively
slowing down the engine and braking the
vehicle

Disengages when clutch is depressed upon
acceleration

2. Select true statements concerning Jacobs engine brake operation by placing an "X"
beside each operation.

a. Driver operates an electrical switch.

b A solenoid valve permits lubricating oil to flow under pressure through the
slave piston control valve to both the master piston and slave piston.

c. Oil pressure causes the master slave piston to move down, coming to rest
on the injector rocker arm adjusting screw.

d The injector rocker arm adjusting screw begins upward travel forcing the
slave piston upward and creating a high pressure oil flow to the master
piston.

e The ball check valve in the control valve imprisons high pressure oil in the
master piston only.

f The slave piston under the influence of high pressure oil flow moves down,
momentarily opening the axhaust valve, while the engine piston is near its
top de " center position, releasing compressed cylinder air to the exhaust
manifold.

_g. Compressed air escapes into the atmosphere, ccmpleting a compression
braking cycle; the piston starts down on the power stroke and all valves
are closed, thus creating a vacuum.
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TEST

3. Complete the following list of troubleshooting procedures for the Jacobs engine brake.

a. Engine fails to start Solenoid valves stuck in the open position

b. Drop in engine lute oil pressure

1) 011 inlet supply seal

2) Upper solenoid valve seal missing or damaged

3) Fuel line leakage

c. One or two cylinders fail to brake

1) Slave piston control valve stuck in "Off" position

2) Slave piston control valve failure

3) Slave piston adjustment incorrect

4) Engine brake housing oil connector or seals leaking

d. Solenoids won't control brake operation

missing or damaged

e. Solenoids will not energize

1) Blown fuse

2) Automatic switches

3) Incorrect electrical power source

f. Engine brake slow to operate

1) tube oil cold ant /or too thick

2) Lower solenoid valve seal missing or damaged

3) Solenoid valve filter screen clogged

4) Control val,^s binding in housing

5) Switch operation sluggish

6) Incorrect 44djuutments
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One or more cylinders fail to stop braking or engine stalls

1) One or more slave piston control valves stuck in

2) Solenoid valve sticking in "On" position

3) Center solenoid valve seal missing or damaged

4) Solenoid valve exhaust plugged

5) Switch stuck in "On" position or misadjusted

6) Buffer switch set too tight

4. Complete the followi' list of advantages of the Jacobs engine brake.

a. Brake lining and brake drum life is that obtained without the
Jacobs engine brake.

b. The ability of the brake to maintain engine operating temperatures on down hill
grades and the possibility that the frequency of valve setting can be reduced, all
lend a hand in of diesel vehicle operation.

c. A minimum amount of labor is required for installation with very little service
needed.

d. The elimination of continual braking with vehicle service brakes and the resulting
reduction of heat add considerably to

e. can be obtained through use of the engine brake, providing valu-
able extra lours.

5. Select true statements concerning the operation of the BrakeSaver by placing an "X"
beside each statement that is true.

a. The rotor is fastened to and turns with the engine crankshaft; the rotor has
pockets on the outer ercumference of both sides, and four holes to permit
equal flow to both sides of the rotor.

_13 The housing and stator are fastened to the crankshaft and cannot turn;
both have pockets on their Inside surfaces in alignment with th pockets
in the motor.

The rotor turns in the compartment made by the stator and the BrakeSaver
ousIng.

When housing is In opention, engine oil comes in near cei titer from r pas-
sage at bottom of the housing.

D-231-C
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TEST

e The rotor turns with crankshaft and throws this oil outward; the shape of
the rotor pockets send it into the pockets of the stator and housing.

As the rotor turns and oil flows through the Brake Saver compartment, it
takes the shape of a triangle.

The oil flow is constantly cut by the vanes of the rotor; this cutting action
gives resistance to the oil.

h When Brake Saver is in operation, the level of braking can be controlled by
the inlet oil pressure, since the amount of oil is cut by the rotor vanes.

When Brake Saver is not in operation, the inlet passage to the rotor is
opened by the control valve and there is (11 in the Brake Saver compart-
ment.

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

6. Demolstrate the ability to:

a. Adjust a Jacobs engine brake on a Detroit diesel. (Job Sheet #1)

b. Troubleshoot a Caterpillar Brake Saver. (Job Sheet #2)

c. Remove a Brake Saver on a Caterpillar diesel engine. (Job Sheet #3)

d. Disassemble a Brake Saver. (Job Sheet #4)

e. Assemble a Brake Saver. (Job Sheet #5)

f. Install a Brake Saver. (Job Sheet #6)

g. Install a Jacobs engine brake on a Mack diesel. (Job Sheet #7)

h. Adjust slave piston of a Jacobs engine brake on a Mack diesel. (Job Shriet #8)

7
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ENGINE BRAKES AND RETARDERS
UNIT IVC

ANSWERS TO TEST

1. a. 4

b. 1

c. 7

d. 2

e. 5

f. 3
9. 6

2. a, b, c, f, g

3. b. Missing or damaged
d. Center solenoid valve seal
e. Fail to close
9. "On" position

4. a. Extended up to five times
b. Lowering overall maintenance costs
d. Tire life and wear
e. Shorter round trip schedules

5. a, c, d, e, g, h

6. Performance skills evaluated to the satisfaction of the instructor



PREVENTNE MAINTENANCE
UNIT I-D

UNIT OBJECTIVE

After completion of this unit, the student should be able to use a checklist to perform preven-
tive mainten6nce. The stfident should also be able to pcognize symptoms to prevent major
repairs. Competencies will be demonstrated by completing the job sheets and the unit tests
with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to preventive maintenance with the correct definitions.

2. Select true statements concerning facts about daily PM's.

3. Complete statements concerning weekly PM's.

4. List hourly, Innen% or "as required" PM's.

5. Demonstrate the ability to:

a. Perform a daily PM service. (Job Sheet #1)

b. Perform a weekly PM service. (Job Sheet #2)

c. Perform a mileage, hourly, or "as required" PM service. (Job Sheet #3)

IMMO. Vms.

D-1-0
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PREVENTIVE MAINTENANCE
UNIT ID

SUGGESTED ACTIVITIES

A. Obtain additional materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed pdor to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information sheet.

E. Discuss information sheet.

F. Provide students with job sheets.

G. Discuss and demonstrate the procedures outlined in the job sheets.

H. Integrate the following activities throughout the teaching of this unit:

1. Have students make a checklist for PM's.

2. Demonstrate some of the checks.

3. Have students locate air, fuel, and oil filters.

4. Have students locate fluid dipsticks.

5. Have students do walk-around checks.

6. Show students how to use and recd a manometer.

7. tvleet r. idividually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for impr Rement.

I. Give test.

J. Evaluate test.

K. ieteach If necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Basic Maintenance Guide. Morton, IL: Caterpillar, Inc., 1985.

B DT 466 Shop Manual. Westmont, IL: International Harvester, November, 1985.

ui
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A. Texts

SUGGESTED SUPPLEMENTAL RESOURCES

1. Detroit Engine Service Manual
13400 Outer Drive West
Detroit, MI 48239-4001

Filmstrip

1. PM Means Pocket Money (20 slides and script)
Caterpillar, Inc., Literature
P3. Box 5319
Morton, IL 61550

410



PREVENTIVE MAINTENANCE
UNIT ID

INFORMATION SHEET

I. Terms and definitions

A. Checklist Inspection points, in logical order, for determining if mainte-
nance or service is needed

B. Log Form for keeping operation and maintenance records

C. PM Preventive maintenance (scheduled)

D. Precleanei Device which removes large particles of dirt or other foreign
matter from the air before it enters the main air cleaner

Collector Bowl

E. Symptom Indication of mechanical trouble

Precleaner

Prescreener

II. Daily PM Check the following items every day

A. Fluid and air system leaks

B. Fluid levels (oils, coolant and fuel)

C. Belt wear and belt tension

D. Gauge condition (broken or defective units)

E. Air precleaner condition (if used)

(NOTE: Precleaners are used on off-road equipment and in dusty conditions.)
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INFORMATION SHEET

F. Water present in tank and/or fuel filter(s)

(NOTE: Some vehicles have water separators with clear glass bowl.,

Ill. Weekly PM Check the following items weekly

A. Battery corrosion and electroIyte level

(NOTE: Fill battery with clean water.)

B. Hydraulic fluid level

(NOTE: Some vehicles have a dipstick; others use a sight glass in the reser-
voir.)

C. Manufacturer's specification for grease (off-road equipment)

IV. Mileage, hourly or "as required" PM's Make checks according to the manufac-
turer's specifications or at discretion of mechanic

A. Tire wear, defects and air pressure

B. Air filters, black smoke

(NOTE: If red piston in air cleaner indicator is visible, the filter is restricted.)

C. Fuel level and cleanliness

(NOTE: Fuel should be stored in proper container)

D. Fuel filters

(NOTE: Fuel filters should be changed as required or at manufacturer's rec-
ommended intervals.)

E. Radiator fin trash and dirt

(NOTE: Dirt will be found in off-road equipment.)

F. Bellypan condition (off-road equipment)

G. Quantity of antifreeze using antifreeze tester
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PREVENTIVE MAII 'TENANCE
UNIT la

JOB SHEET #1 - PERFORM DAILY PM SERVICE

A. Tools and materials

1. Vehicle

2. Shop towels

3. Coolant

4. Oils

5. Appropriate service manual

6. Daily checklist

7. Clean container

8. Clean funnel

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Walk around the valcle and check for any fluid leaks.

2. Determine what type of fluid is leaking.

(NOTE: Fluids are identified by color, feel and smell.)

3. Check radiator f coolant level.

a. Fill to manufacturer's specifications.

b. Check cleanliness of coolant.

(CAUTION: Do not remove radiator cap on pressure systems when vehicle
engine is hot. Serious bums could result.)

4. Check engine oil level.

a. Remove dipstick and wipe dry.

b. Replace dipstick in dipstick tube making sure it is seated properly.
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JOB SHEET #1

c. Remove dipstick and check oil level.

d. Clean filler cap before removing if oil is needed.

J. Check fuel level.

a. Check fuel gauge or remove filler cap to check fuel level.

(NOTE: Some equipment will have a dipstick to check fuel level.)

Drain some fuel from vehicles equipped with drain tank.

1) Check for water in fuel.

2) Check for trash in fuel.

6. Check gauges.

a. Look for broken glass or moisture.

b. Check for defective/inoperative gauges.

7. Check air precleaner.

a. Look for dirt in precleaner.

b. Remove and clean if necessary.

8. Drain fuel from fuel filter(s), and check for water arid trash in filters and tank.

SAMPLE CHECKLIST:

DAILY PM'S

1. Fluid leaks

2. Air system leaks

3. Correct fluid levels

4. Belts frayed or slack

5. Gauges broken or defective

6. Precleaner dirty

YES NO



PREVENTIVE MAINTENANCE
UNIT I-D

JOB SHEET #2 - PERFORM WEEKLY PM SERVICE

A. Tools and materials

1. Vehicle

2. Shop towels

3. Clean or distilled water

4. Hydraulic oil

5. Appropriate service manual

6. Clean container

7. Clean funnel(s)

8. Grease gur

9. Check list

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Check batteries.

a. Check batteries or corrosion at post and battery cable clamps.

1) Use battery post cleaner or water/soda mixture to clean corrosion.

2) Put grease on post when clean.

(NOTE: Grease slows down corrosion.,

b. Check electrolyte level in battery.

1) Fill with clean or distilled water.

2) Add water to bring level above the plates in each cell.

C
td L

D-9-D
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JOB SHEET #2

2. Check hydraulic fluid level.

(NOTE: Some vehicles use the same procedure as checking engine oil.)

a. Usually check the sight glass for fluid level.

b. Clean filler cap before removing.

c. Fill to correct level.

a Grease equipment.

a. Locate fitting on checklist.

b. Wipe fitting clean.

c. Grease until grease appears or according to manufacturer's specifica-
tions.

(41 7



JOB SHEET #2

SAMPLE CHECKLIST:

WEEKLY PM'S

1. Battery cables corroded.

4. Electrolyte level correct.

3. Hydraulic fluid at correct level.

4. Greased to manufacturer's specifica-
tions.

YES NO

0-11-D



PREVENTIVE MAINTENANCE
UNIT ID

JOB SHEET #3 - PERFORM MILEAGE, HOURLY, OR
"AS REQUIRED" PM SERVICE

A. Tools and materials

1. Veh icie

2. Shop towels

3. Tire pressure gauge

4. PM checklist

5. Appropriate service manual

6. Grease gun

7. Water manometer

B. Procedure

(CAUTION: Follow all shop safety proceAres.)

1. Check tires.

a. Chenk tire pressure.

b. Check tire wear. (Figure 1)

riGURE 1

c. Check for breaks or defects.

D-131)
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JOB SHEET #3

2. Check air filter(s).

a. Check for excessive black smoke.

b. Check air filter indicator. If red indicator if visible, air filter is restricted.

c. Check air filters without indicator with water manometer or magnahelic
gauge. (Figure 2)

FIGURE 2

Water Manometer

Magnahelic Gauge
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JOB SHEET #3

d. Read water manometer in inches of water figuring the difference of the
two columns of watch (Figure 3)

FIGURE 3

U
Measurernent

3. Check fuel.

a. Drain some fuel in to a clean container.

b. Check for trash.

c. Check color and odor.

4. Clean raciator of trash and dirt.

a. Remove trash.

b. Blow out fins with air hose.

c. Wash radiator with high pressure hose to remove dirt and oil.

5. Clean bellypan.

0. Check coolant with antifreeze tester.

7. Clean the bellypan on offroad equipment.

a. Support bellypan with jack.

b. Remove bolts in bellypan.

c. Lower bellypan.

d. Clean bellypan.
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JOB SHEET #3

SAMPLE CHECKLIST:

MILEAGE, HOURLY, OR "AS REQUIRED" PM'S

1. Tires excessively worn or defective

2. Tires at proper inflation pressure

3. Excessive smoke in air filter

4. Fuel level appropriate for activity

5. Fuel tank clean

6. Extra fuel in proper container

7. Fuel filter clean/changed

8. Radiator fins free of trash and dirt

9. Bellypans clean

10. Coolant tested for antifreeze content

YES NO
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PREVENTIVE MAINTENANCE
UNIT I-D

PRACTICAL TEST
JOB SHEET #1 - PERFORM DAILY PM SERVICE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a

"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Checked f, r leaks.
3. Determined type of fluid.
4. Checked coolant level.
5. Filled to proper level.
6. Checked and filled oil levels.
7. Checked and filled fuel level,
8. Checked gaunes.
9. Checked precleaner.

10. Checked for water in fuel,
11. Checked inlput away tools and material.
12. Cleaned the work area.
13. Used proper tools correctly.
14. Performed steps in a timely manner ( hrs. _min. sec.)

15. Practiced safety rules throughout procedure.
16. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Performed correctly daily
PM checks

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

ois



PREVENTIVE MAINTENANCE
UNIT I-D

PRACTICAL TEST
JOB SHEET #2 - PERFORM WEEKLY PM SERVICE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materiais and try again.)

The student:

1. Checked out proper tools and materials.
2. Checked batteries.
3. Cleaned batteries.
4. Filled batteries.
5. Checked hydraulic fluid.
6. Greased equipment.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner (___hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO

C
LI v .3
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOT7.: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

Performed weekly PM
service correctly

EVALUATOR'S COMMENTS

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job Luring training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 -- Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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PREVENTIVE MAINTENANCE
UNIT ID

PRACTICAL TEST
JOB SHEET #3 - PERFORM MILEAGE, HOURLY, OR

"AS REQUIRED" PM SERVICE

STUDENT'S NAME DAM

EVALUATOR'S NAME ATTEMPT NO

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Ye(3" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes' or "No" blanks to designate whether or
not the student has satisfactorily achieved aach step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Checked tires.
3. Checked filters.
4. Checked fuel.
5. Checked radiator fins for trash and dirt.
6. Cleaned bellypan.
7. Checked antifreeze.
8. Checked In/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner (..Mrs. _min. sec.)
12. Practiced safety rules throughout procedure.
13. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

YES NO
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JOB SHEET 03 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at !east a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for (-valuation.)

Criteria:

4

Performed PM service
checks correctly

3

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

4r)
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PREVENTIVE MAINTENANCE
UNIT I-D

NAME SCORE ...

TEST

1. Match terms related to preventive maintenance with the correct definitions.

,.a. Indication of mechanical trouble 1. Precleaner

b Preventive maintenance 2. Log

Form for keeping operation and mainte- 3. PM
nance records

4. Symptom
d Inspection points, in logical order, fo' deter-

mininn if maintenance or service is needed 5. Checklist

e. Device which removes large particles of dirt
or other foreign matter from the air before it
enters the main air cleaner

2. Select true statements concerning facts about daily PM's by placing an "X" beside each
statement that is true.

_a. Check for leaks in the fluid and air systems.

b. Check levels of the fluids.

c Check belts for grease and tension.

Check gauges for broken or defective units.

e. Check air precleaner fc, oil.

f. Drain some of the oil from tank and fuel filters.

3. Complete statements concerning weekly PM service by inserting the correct word(s) in
each blank.

a. Check batteries for corrosion and level.

b. Check hydraulic level.

c. Grease equipment weekly.



24

TEST

4 List any four hourly, mileage. or "as required" PM's.

a.

b.

c.

d.

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

5. Demonstrate the ability to:

a. Perform a daily PM service. (Job Sheet #1)

b. Perform a weekly PM service. (Job Sheet #2)

c. Perform a mileage, hourly, or "as required" PM. (Job Sheet #3)
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PREVENTIVE MAINTENANCE
UNIT I-D

ANSWER3 TO TEST

1. a. 4
b. 3
c. 2
d. 5
e. 1

2. a, b, d

3. a. Electrolyte or acid
b. Fluid or oil
c. Off-road

4. Any four of the following:

a. Check tires for wear, defects, and air pressure.
b. Check air filters.
c. Check fuel level and cleanliness of fuel.
d. Check fuel filters.
e. Clean radiator fins of trash and dirt as required.
f. Clean bellypans of off-road equipment.
g. Check coolant for quantity of antifreeze.

5. Performance skills evaluated to Satisfaction of instructor



TROUBLESHOOTING AND TESTING OF ENGINES
UNIT II-D

UNIT OBJECTIVE

After completion of this unit, the student should be able to load test an engine with a dyna-
mometer and test engine cylinder compression. Competencies will be demonstrated by com-
pleting the assignment sheet, job sheets, and the unit tests with a minimum of 85 percent.

SPECIFIC OBJECTIVES

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

1. Match terms related to troubleshooting and testing of engines with the correct
definitions.

2. Arrange in order the steps in troubleshooting and testing an engine.

3. List major checkpoints when inspecting a diesel engine.

4. Complete a list of major checks to make when operating an engine.

5. List tests that are made with a dynamometer.

6. Name factors necessary for an engine to produce horsepower.

7. Select possible causes of a diesel engine being hard to start or not starting.

8. Select possible causes of a diesel engine starting but not running.

9. Complete a list of items which would cause a diesel engine to misfire.

10. Select the items which would cause a diesel engine to knock.

F) 2
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OBJECTIVE SI-17.ET

11. Select items which would cause a diesel engine to overheat.

12. Circle items which would cause a diesel engine to have lack of power.

13. Select items which would cause a diesel engine to use too much oil.

14. Name causes of high oil pressure.

15. Lis. ,uses of low oil pressure.

16. Complete a diesel troubleshooting guide. (Assignment Sher I #1)

17. Demonstrate the ability to:

a. Load test an engine with a dynamometer. (Job Sheet #1)

b. Test engine cylinder compression. (Juu ,... et #2)

c. Check air intake system for restrictions. (Job Sheet #3)

d. Check crankcase pressure, exhaust back pressure, and air box pressure.
(Job Sheet #4)
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TROUBLESHOOTING AND TESTING OF ENGINES
UNIT II-D

SUGGESTED ACTIVITIES

A. Obtain additionai materials and/or invite resource people to class to supplement/rein-
force information provided in this unit of instruction.

(NOTE: This activity should be completed prior to the teaching of this unit.)

B. Provide students with objective sheet.

C. Discuss unit and specific objectives.

D. Provide students with information and assignment sheets.

E. Discuss information and assignment sheets.

F. Provide students with job sheets.

U. Discuss and demonstrate the procedures outlined in the job sheets.

H. Integrate the following activities throughout the teaching of this unit:

1. Explain how to properly use and read a mercury and a water-filled manometer.

2. Show students film on dust conditions.

3. Have students make a list of torque loss items.

4. Have students draw a compression gauge.

5. Meet individually with students to evaluate their progress through Lnis unit of
instruction, and indicate to them possible areas for improvement.

I. Give test.

J. Evaluate test.

K. Reteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Cummins Engine Company Shop Manual. Columbus, IN: Cummins Engine Company,
1974.

B. Dagel, John F. Diesel Engine Repair. New York: John Wiley and Sons, Inc., 1982.

C. Fundamentals of Service: Engines. 5th ed. Moline, IL: Deere and Company, 1980.
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REFERENCES USED IN DEVELOPING THIS UNIT

D. Kates, Edgar J. and William E. Luck. Diesel and High Compression Gas Engines. Chi-
cago: American Technical Society, 1974.

E. Service Manual, Detroit Diesel Engines. Detroit, MI: Detroit Diesel Allison, 1985.

F. Toboldt, Bill. Diesel: Fundamentals. Service, Repair. South Holland, IL: Goodheart-
Willcox Company, 1980.

SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Schulz, Erich J. Diesel Mechanics. 2nd ed. New York: McGraw-Hill, 1983.



TROUBLESHOOTING AND TESTING OF ENGINES
UNIT 11-13

INFORMATION SHEET

I. Terms and definitions

A. Dynamometer Instrument for measuring the power output of an engine
by a;4itying a load to the engine, thereby testing the horsepower and torque

B. Manometer -- instrument using mercury or water in a U-tube, indicating
positive or negative (vacuum) pressure by the difference in height of the two
columns

(NOTE: Magnahelic gauge is sometimes used in place of water manometer.)

C. Pyrometer Instrument for measuring temperatures beyor.d the range of a
mercurial thermometer

D. Tachometer Device measuring speed of rotation

E. Troubleshoot -- In engine service, the use of instruments to diagnose the
engine parts to locate the cause of failure

II. Steps in troubleshooting and testing an engine

A. Ask the operator.

(NOTE: Ask operator what warning signs preceeded the trouble; what pre-
vious work has been done on the engine; and if similar trouble has occurred
before.)

B. Know the system.

(NOTE: Study technical manuals, how engine works, knowledge of three
basic needs: fuel-air mixture, compression, and ignition./

C. Inspect the machine.

(NOTE: Check all fluid levels.)

D. Operate the machine.

E. List the possible causes.

F. Reach a conclusion.

G. Test your conclusion.
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III. Major checkpoints

A. Cooling system

B. Lubrication system

C. Fuel system

D. Electrical system

E. Air intake system

F Exhaust system

(NOTE: Keep a list of all trouble signs noted from above checks.)

IV. Checks when operating an engine

A. Gauge readings

B. Unusual sounds (where? at what speed?)

C. Smells (any signs of unusual exhaust)

D. Smoke (black, blue, white)

E. Controls

F Power under load

G. Idle speed (low-high)

H. Alternator or charging system

V. Tests made with a dynamometer

A. Engine horsepower ur torque

B. Exhaust smoke analysis

C. Fuel consumption

D. Crankcase blow-by

E. Air cleaner restriction

F. Oil pressure

G. Clutch operation

H. Manifold boost pressure
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I. Exhaust temperature

J. Air box pressure

K. Exhaust back pressure

VI. Factors necessa y to produce horsepower

A. Fuel-air mixture

B. Compression

C. Ignition

VII. Causes of a diesel engine being hard to start or not starting

A. No fuel or Improper fuel

B. Water or dirt in fuel or dirty filters

C. Air In fuel system

D. Low cranking speed

E. Faulty nozzle operation

F. Improper timing

G. Faulty injection pump

H. Low compression

I. Glow plugs

VIP. Causes of diesel engine starting but not running

A. Dirt in fuel

B. Suction leak

C. Air restrictions

D. Clogged filter

E. Restriction in exhaust

F. Safety switch
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IX. Causes of diesel engine misfiring

A. Watc Gr dirt in fuel

B. Gasoline in diesel fuel

C. Air in fuel system

D. Faulty nozzle operation

E. Faulty injection pump

F. Nozzles not seated properly in cylinder head

G. Low compression

H. Glow plug (when engine is cold)

X. Causes of diesel engine knock

A. Improper injection pump timing

B. Worn engine bearings or bushings

C. Excessive crankshaft end play

D. Foreign material in cylinder

E. Scored piston

F. Faulty injection nozzle

G. Rad fuel

Xl. Causes of diesel engine overheating

A. Defective radiator cap

B. Radiator tins bent or plugged

C. Defective thermostat

D. Insufficient coolant

E. Loose fan belt

F. Coo;ing system limed up

G. Overloaded engine

H. Fake ly engine timing
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I. Engine low on uil

J. Wrong type of fuel

K. Faulty water pump

L. Faulty shutter operation (if used)

M. Faulty nozzles

N. Fan problems

0. Head gasket

R Cracked head

Q. Defective injection pump

XII. Causes of a diesel engine having lack of power

A. Air cleaner dirty or otherwise obstructed

B. Restricted air flow in intake system

C. Restriction in fuel lines or filters

D. Wrong type of fuel

E. Valve failure

F. Incorrect valve tappet clearance

G. Low engine speed (high idle)

H. Crankcase oil too heavy

I. Low compression

J. Low operating temperature

K. Faulty injection pump delivery

L. Exhaust restriction

M. Incorrect camshaft timing
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XIII. Causes of a diesel engine using too much c..1.

A. Crankcase oil too light

B. Worn pistons and rings

C. Worn valve gi:ides or stem oil seals

D. Loose connecting rod bearings

E. External oil leaks

F. OH pressure too high

G. Engine peed too high

H. Crankcase ventilator pump not working

Restricted air intake or breather

J. Excessive oil in rocker arm assembly

K. Wrong dipstick

L. Air compressor

M. Blower or turbocharger seals

XIV. Causes of high oil pressure

A. Stuck relief valve, wrong or switched (Detroit)

B. Defective pressure gauge

C. Wrong oil pump or pressure regulator

D. Oil too thick

XV. Causes of low oil pressw

A. Worn bearings

B. Poor relief valve seating

C. Too light oil

J. Worn oil pump

E. Engine low on oil



INFORMATION SHEET

F. Loose connection oi leaky seals at oil filter, pump, or coc!er

G. Defective oll pressure gauge

H. Dilution of oll

I. High level

J. Plugged oil filter (full flow)

072



D39D

TROUBLESHOOTING AND TESTING OF ENGINES
UNIT II-D

ASSIGNMENT SHEET #1 - COMPLETE A DIESEL
TROUBLESHOOTING GUIDE

The following questions provide a guide for beginning analysis of troubleshooting a diesel.

Select the method on the right that would most likely answer the question.

1) Is acceleration normal? a. Ask operator_
2) How does it start when cold? b. Coreoression gauge_

_3) How does it start when hot? c. Dynamometer test_ 4) Is there any misfiring? d. Operate engine

5) Under what condition does it misfire? e. Pyrometer (if used)

6) Is exhaust normal? f. Visual inspection_
7) Does the engine surge at any speed?_
C) Is there any oil leakage?

9) Is there any coolant leakage?-
_10 Is there any fuel leakage?

11) Is there any air leakage from turbocharger or
blower?

_12) Does the engine run hot?

_13) When was the last service work performed?

_14) What work was done on the engine?

_15) Under what conditions is the engine oper-
ated?

16) Are any knocks apparent?

17) Under what conditions are the knocks
apparent?

18) What is operating temperature of individual
cylinder exhaust?
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19) Is exhaust gas analysis normal?

_20) Is there any restriction in air duct? Any leak-
age?

21) What is the compression pres3ure of vari-
ous cylinders?

_22) Has the brand of fuel been changed
recently?



TROUBLESHOOTING AND TESTING OF ENGINES
UNIT II.D

Assignment Sheet #1

ANSWERS TO ASSIGNMENT SHEETS

1. a 12. d
2. a 13. a
3. a 14. a
4. a, d 15. a
5. a 16. a, d
6. d 17. a, d
7. a, d 18. e
8. f 19. c
9. f 20. f, c

10. f 21. b
11. f 22. a



TROUBLESHOOTING AND TESTING OF ENGINES
UNIT

JOB SHEET #1 -- LOAD TEST \N ENGINE WITH A DYNAMOMETER

A. Tools and materials

1. Basic hand tool set

2. Live engine

3. Dynamometer

4. Engine technical manual

5. Dynamometer instruction manual

6. Safe!y glasses

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Connect the engine to the dynamometer using the manufacturer's instructions.
(Figure 1)

(CAUTION: Rotating parts are a safety hazard.)

FIGURE 1

Portable Dynamometer

D43D
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JOB SHEET #1

2. Operate the engine at about one-half load until the coolant and crankcase oil
temperatures are up to normal.

(MOTE: Warm up will take about 30 minutes but is very important to a good test.
Keep cllse check on engine oil pressure and temperature during test.)

(CAUTION: Break In new engine.)

Gradually increase the load on the engine until its speed is reduced to rated load
speed as given In the engine technical manual.

4. Read the horsepower on the dynamometer.

(NOTE: On some models a convers;on chart or calculator is required to find
horsepower. Horsepower can be affected by testing conditions such as altitude,
humidity, and temperature.)

5. Compare the horsepower with that given in the engine technical manual.

(NOTE: Do not expect engines to always equal these specifications. If the engint:,
rates much lower than normal It is a signal that service is needed.)

6. Whlio the engine is operating under load, note the outlet of the orankcase venti-
lating system.

7. Remove the crankcase oil filter cap If too much vapor appears.

(NOTE: If an excessive amount of vapor or smoke appears hers as well as at the
vent, there is blow-by in the engine cylinders and they must be reconditioned
before the engine will perform at Its best)

8. Check engine technical manual for specified amount of engine vapor flow.

(NOTE: Any increase in flow over the specified amount indicates crankcase blow-
by.)

9. Recondition the engine for good operation if the blow-by is excessive.

(NOTE: Even though the engine develops Its rated horsepower ustig a normal
amount of fuel, a tune-up may still improve its efficiency. Consider both hours of
operation and the conditions under which the engine has been operated. It is far
more economical In the long run to tune the engine before a lack of performance
makes it mandatory.)
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TROUBLESHOOTING AND TESTING OF ENGINES
UNIT II-D

JOB SHEET #2 - TEST ENGINE CYLINDER COMPRESSION

A. Tools and materials

1. Basic hand tool set

2. Compression gauge

3. Live engine

4. Safety glasses

5. Appropriate service manual

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Warm up the engine to operating temperature.

2. Remove the injectors, or injection nozzles.

3. Connect a pressure gauge to the cylinder port. (Figure 1)

FIGURE 1

4. Set the engine speed control to stop position.
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JOB SHEET #2

5. Turn the engine with the starter until pressure gauge registers no further rise
in pressure.

(NOTE: It is a good practice to count the number of compression strokes, indi-
cated by movement of the gauge needle, and check each cylinder with the same
number of strokes. The engine must be at full cranking speed or as specified in
appropriate sarvice manual to get a good reading.)

6. Check the pressure reading against the engine technical manual.

(NOTE: Low pressure indicates leakage through valves, rings, or gaskets. Varia-
tions in cylinder pressures of more than 10% usually indicate a need for cylinder
reconditioning.)
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TROUBLESHOOTING AND TESTING OF ENGINES
UNIT II-D

JOB SHEET #3 - CHECK AIR INTAKE SYSTEM FOR RESTICTIONS

A. Tools and materials

1. Basic hand tool set

2. Live engine

3. Water filled manometer

4. Pipe tee

5. Shop towels

6. Safety glasses

7. Appropriate service manual

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Check air intake system for restriction on a naturally aspirated engine.

a. Connect manometer to manifold that does not have a restriction indicator.

1) Connect manometer to side of intake manifold near middle of mani-
fold or magnahelic gauge. (Figure 1)

(NOTE: If a plug is not provided in the manifold intake area, make
reading as close to engine as possible in intake piping.)

FIGURE 1

Intake Manifold
t.e.i..>",,../f; .y.;

Manometer or
Magnahelic Gauge
Connection Point
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JOB SHEET #3

2) Start engine and bring to normal operating temperature and gov-
erned speed.

3) Check the normal air inlet vacuum at various speeds (no load).

4) Compare results with the engine technical manual operating speci-
fications.

b. Connect manometer to manifold with restriction indicator.

1) Remove the indIntor.

2) Wall a pipe tee fitting.

3) Reinstall the indicator.

4) Connect the gauge to the tee fitting.

5) Start engine and bring to normal operating temperature and gov-
erned speed.

6) Check the normal air inlet vacuum at various speeds (no mad).

7) Compare results with the engine technical manual operating speci-
fications.

c. Check the operation of the air restriction indicator, if used,

1) Use a board or metal plate to slowly cover the air intake opening.

2) Note the action of the indicator in relation to the reading on the
gauge.

3) Replace indicator if it does not operate properly.

2. Check air intake system for restriction on a turbocharged engine.

a. Connect manometer to air intake pipe.

(NOTE: Connection should be made about '4" upstream from turbocharger
inlet, in a straight section of pipe.)

b. Start engine and bring to normal operating temperature and at governed
speed.

c. Measure the restriction when engine is under full load.

(NOTE: On some engines you may remove the air cleaner and ducting and
note the gauge readings at various speeds; the difference between the two
readings, with and without the air cleaner and ducting, is the actual
restriction caused by the air cleaning and ducting.)

d. Compare results with the engine technical manual operating specifica-
tions.
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TROUBLESHOOTING AND TESTING OF ENGINES
UNIT II-D

JOB SHEET #4 - CHECK CRANKCASE PRESSURE, EXHAUST BACK
PRESSURE, AND AIR BOX PRESSURE

A. Tools and materials

1. Basic hand tool set

2. Live engine

3. Wate .d manometer

4. Mercury filled manometer

5. 1/8" pipe plug

6. Small tap and die set

7. Shop towels

8. Safety glasses

9. Appropriate service manual

B. Procedure

(CAUTION: FiPnw all shop safety procedures.)

1. Check crankcase pressure.

a. Connect water manometer to the crankcase breather tube. (Figure 1)

FIGURE 1
Lower Breather Tube

Crankcase Breather
Restrictor Tube

C82

Magnahellc Gauge
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JOB SHEET #4

b. Opearate the engine at manufacturer's rated load speeds and note the read-
ings obtained.

c. Compare the readings to specifications in the engine technical manual
operating conditions.

2. Check exhaust back pressure.

a. Remove 1 /s" pipe plug in exhaust manifold.

(NOTE: If no opening is provided, drill an 11 /32" hole in exhaust manifold
companion flange and tap the hole to accomodate a Ye pipe plug.)

b. Cunnect the mercury manometer to the exhaust manifold. (Figure 2)

(NOTE: On turbocharged engines check the exhaust back pressure in the
exhaust piping 6" to 12" from the turbine outlet.)

FIGURE 2

,"-- "1
1

it ii, , 11 ,,
, _.....

Columns of Mercury

Note: Manometer as Shown
Indicates 2" Mercury Back Pressure

c. Start engine and operate to normal operating conditions.

d. Take back pressure readings when engine is developing rated horsepower
at governed speed.
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e. Add reading of mercury In both columns for final figure. (Figure 2)

Example: If mercury is 1 inch .Ugh in left column and 1 inch low in right
column, '.:sere is 2 inches of pressure; if mercury is 1 inch high
In right column and 1 Inch low in left column, there is 2 inches
of vacuum.

f. Check the engine technical manual operating conditions for maximum
permissible back pressure.

3. Check air box pressure,

a. Connect manometer to an air box drain tube.

b. Operate the engine at manufacturer's rated load speed and note pressure
readings.

c. Compare readings with the engine technical manual operating conditions.



TROUBLESHOOTING AND TESTING OF ENGINES
UNIT IID

PRACTICAL TEST
JOS SHEET #1 - LOAD TEST AN ENGINE WITH A DYNAMOMETER

STUDEN PS NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete thie form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step In this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student YES NO

1. Checked out proper tools and materials.
2. Connected engine to dynamometer.
3. Warmed up engine. (Broke in new engine.) ON!

4. Checked horsepower with dynamometer.
5. Checked blow by.
6. Checked inlput away tools and materials.
7. Cleaned the work area.

11../e1/

8. Used proper tools correctly.
9. Performed steps in a timely manner L....hrs. _min.

1
10.

_sec.)
Practiced safety rules throughout procedure.

11. Provided satisfactory responses to questions asked.
NINI.111111

EVALUATOR'S COMMENTS:

11Millia%



JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewea and another product must be submitted for evaluation.)

Criteria:

4

Performed load test cor-
rectly

3

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.,

6



TROUBLESHOOTING AND TESTING OF ENGINES
UNIT

PRACTICAL TEST
JOB SHEET #2 - TEST ENGINE CYLINDER COMPRESSION

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whetheror
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

4. Checked out proper tools and materials.

YES NO

2. Warmed up engine.
3. Removed injectors or nozzles.
4. Connected compression gauge.
5. Stopped engine.
6. Checked compression and recorded.
7. Compared pressure reading against specifications.
8. Checked in/put away tools end materials.
9. Cleaned the work area.

10. Used proper tools corrt ctly.
11. Performed steps in a timely manner (_hrs. _min.
12.

_sec.)
Practiced safety rules throughout procedure.

Yi

13. Provided satisfactory responses to questions asked. wiwoma

EVALUATOR'S COMMENTS:
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JOB SHEET #2 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by &cling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Checked compression
correctly

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 &killed Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)



TROUBLESHOOTING AND TESTING OF ENGINES
UNIT

PRACTICAL TEST
JOB SHEET #3 - CHECK AIR INTAKE SYSTEM FOR RESTRICTIONS

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Connected manometer to intake.
3. Started engine.
4. Connected manometer.
5. Checked operation of the air restriction indicator.
6. Checked air intake system for restrict/nn.
7. Measured the restriction when engine was untilr full ioad.
8. Compared results.
9. Checked inlput away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner (.____hrs. _sec.)
13. Practiced safety rules throughout proved' ire.
14. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

FA9
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Determined condition of
air filter

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has port,* rmed job during training program; limited

additional training may be required.
2 Limited skill Has. performed job during training program; additional

training i3 required to develop skill.
Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total num' of criteria.)
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TROUBLESHOOTING AND TESTING OF ENGINES
UNIT IID

PRACTICAL TEST
JOB SHEET #4 CHECK CRANKCASE PRESSURE, EXHAUST

BACK PRESSURE, AND AIR BOX PRESSURE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to penarm this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an Gverall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Connected manometer or magnahelic gauge.
3. Operated the engine and noted reading.
4. Compared reading with specifications.
5. Repeated above steps for exhaust and air box pressure.
6. Checked in/put away tools and materials.
7. Cleaned the work area.
8. Used proper tools correctly.
9. Performed steps in a timely manner ( hrs. _min. __sec.)

10. Practiced safety rules throughout procedure.
11. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:



60

JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:11
1

Pressure of crankcase,
exhaust and air box pres-
sure properly checked

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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TROUBLESHOOTING AND TESTING OF ENGINES
UNIT II-D

TEST

SCORE

1. Match the terms related to troubleshooting and testing engines with the correct defini-
tions.

In engine service, the use of instruments to
diagnose the engine parts to locate the
cause of failure

b. Instrument for measuring the power output
of an engine applying a load to the engine,
thereby testing the horsepower and torque

c Instrument using mercury or water in a U-
tube, indicating positive or negative (vac-
uum) pressure by the difference in height of
the two co' imns

d. Device measuring speed of rotation

Instrument for measuring temperatures
beyond the range of a mercurial thermome-
ter

1. Dynamometer

2. Manometer

3. Pyrometer

4. Tachometer

5. Troubleshoot

2. Arrange in order the steps in troubleshooting and testing an engine by placing the cor-
rect sequence number beside each step.

a.

b

C.

d.

e.

Operate the machine.

Reach a conclusion.

Ask the operator.

Inspect the machine.

List the possible causes.

Know the system.

Test your conclusion.
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TEST

3. List four of the six major checkpoints when inspecting a diesel engine.

a.

b.

c.

d.

4. Complete the following list of major checks to make when operating an engine.

a. Gauge readings

b.

c. Smells

d.

e. Controls

f. Power under load

g. Idle speed

h. Alternator or charging system

5. List six tests that are made with a dynamometer.

a.

b.

c.

d.

e.

f.

6. Name three factors necessary for an engine to produce horsepower.

a.

b.

c.

o



TEST

7. Select the possible causes of a diesel engine being hard to start or not starting by plac-
ing an "X" beside the cause(s).

a Low cranking speed

b Faulty nozzle operation

_c. Cracked or eroded distribution rotor bug

d. Defective coil or condenser

e. Air in fuel system

_f. Improper timing

g. Water or dirt in fuel or dirty filters

Too heavy oil in air cleaner

No fuel or improper fuel

j. Faulty injection pump

8. Select the possible causes of a diesel engine starting but not running by placing an "X"
beside the cause(s).

a. Dirt in fuel

_b. Air restrictions

c. Clogged filter

_d. Defective coil or condenser

9. Complete the following list of items which would cause a diesel engine to misfire.

a. Water or dirt in fuel

b. Gasoline in diesel fuel

c. Air in fuel system

d. Faulty nozzle operation

e.

f. Nozzles not seated properly in cylinder head

9.

D-63-D
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10. Select the items which would cause a diesel engine to knock by placing an "X" beside
the cause(s).

Improper injection pump timing

Worn engine bearings or bushings

Excessive crankshaft end play

d. Foreign material in cylinder

Restricted fuel line

11. Select the items which would cause a diesel engine to overheat by placing an "X"
beside the cause(s).

a. Defective radiator cap

b Radiator fins bent or plugged

c Defective thermostat

d. Insufficient coolant

Loose fan belt

f Cooling system limed up

g. Overloaded engine

h. Faulty engine timing

Distributor advance mechanism stuck

j. Engine low on oil

k. Wrong type of fuel

Faulty shutter operation (if used)

12. Circle the items which would cause a diesel engine to have lack of power.

a. Air cleaner dirty or otherwise obstructed

b. Restricted air flow in intake system

c. Restriction in fuel sines or filters

d. Wrong type of fuel
ce) 6
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e. Frost at fuel-lock strainer

f. Governor grinds

g. Distributor points burned

h. Incorrect camshaft timing

Lou'i. operating temperature

j. Faulty injection pump dtIlvery

k. Improper hitching or belting of machine

I. Valve failure

m. Incorrect valve tappet clearance

n. Low engine speed (high idle)

o. Crankcase oil too heavy

p. Low compression

13. Se ect the items which would cause a diesel engine to use too much oil by placing an
"X" beside the cause(s).

a Crankcase oil too light

b Worn pistons and rings

Worn valve guides or stem oil seals

d Loose connecting rod bearings

e External oil leaks

f. Oil pressure too high

g. Engine speed too high

h Crankcase ventilator pump not working

_1. Restricted air intake or breather

j. Excessive oil in rocker arm assembiy

k. Oil pressure too low
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10. Name two causes of high oil pressure.

a.

b.

15. LW live causes of low oil pressure.

a.

b.

c.

d.

e.

.7......

;NOTE: IF the following activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

16. Complete a diesel troubleshooting guide. (Assignment Sheet #1)

17. Demonstrate the ability to:

a. Load test an engine with a dynamometer. (Job Sheet #1)

b. Test engine cylinder compression. (Job Sheet #2)

c. Check air intake system for restrictions. (Job Sheet #3)

d. Check crankcase presswe, exhaust back pressure, and air box pressure. (Job
Sheet #4)
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TROUBLESHOOTING AND TESTING OF ENGINES
OUT IID

ANSWERS TO TEST

1. a. 5 d. 4
b. 1 e. 3
c. 2

2. a. 4 e. 5
b. 6 f. 2
C. 1 9. 7
d. 3

3. Any four of the following:

a. Cooling system
b. Lubrication system
c. Fuel system
d. Electrical system
e. Air intake system
f. Exhaust system

4. b. Unusual sounds
d. Smoke

5. Any six of the following:

a. Engine horsepower
b Exhaust smoke analysis
c. Fuel consumption
d. Crankcase blow-by
e. Air cleaner restriction
f. Oil pressure
g. Clutch operation
h. Manifold boost pressure
I. Exhaust temperature
j. Air box pressure
k. Exhaust back pressure

6. a. Fuel-air mixture
b. Compression
c. Ignition
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ANSWERS TO TEST

7. a, b, e, j

8. a, b, c

9. e. Faulty injection pump
g. Low compression

10. a, b, c, d

11. a, b, c, d, e, f, g, h, j, k, I

12. a, b, c, d, h, i, j, i, m, n, o, p

13. a, b, c, d, e, f, g, h, I, j

14. Any two of the following:

a. Stuck relief valve
b. Defective pressure gauge
c. Wrong oil pump or pressure regulator
d. Oil too thick

15. Any five of the following:

a. Worn bearings
b. Poor relief valve seating
c. Too light oil
d. Worn oil pnmp
e. Engine low on oil
f. Loose connection or leaky seals at ce., filter, pump, or cooler
9. Defective oil pressure gauge
h. Dilution of oil
i. High level
j. {logged oil filter

18. Evaluated to the satisfaction of the instructor

17. Performance skills evaluated to the satisfaction of the instructor

O 0 0



TUNE -UP AND ADJUSTMENT
UNIT laD

UNIT OBJECTIVE

After completion of this unit, the student should be able to tune-up and service various diesel
engines. Competencies will be demonstrated by completing the job sheets and the unit teats
with a minimum of 85 percont.

SPECIFIC OBJECTIVES

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

1. Define terms related to tune-up end adjustment.

2. Complete a list of mlor items to include in a visual inspection checklist.

J. Demonstrate the ability to.

a. Tune-up and service a diesel engine. (Job Sheet #1)

b. Tune-up a Cummins diesel engine (Torque Method). (Job Sheet #2)

c. Tune-up a Cummins diesel engine (Dial Indicator Method). (Job Sheet #3)

d. Tune-up a Detroit diesel engine. (Job Sheet #4)

e. Tune-up a 3400 series Caterpillar diesel engine. (Job Sheet #5)

1001
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TUNE-UP AND ADJUSTMENT
UNIT III-D

SUGGESTED ACTIVITIES

A. Obtain additional materials audio! 'nvite resource people to class to supplementkein-
force information provided in th's unit of instruction.

(NOTE: This activity should be completed prior to the io.ching of this unit.)

B. Make transparencies from the transparency masters included with this unit.

C. Provide students with objective sheet.

D. Discuss unit and specitic objectives.

E. Provide students with information sheet.

F. Discuss information sheet.

G. Provide students with job sheets.

H. Discuss and demonstrate the procedures outlined in the job sheets.

I. Integrate the fallowing activities throughout the teaching of this unit:

1. Discuss procedures for stopping a "run-away" engine.

2. Discuss three valve adjustment methods.

3. Demonstrate valve wear problems.

4. Meet individually with students to evaluate their progress through this unit of
instruction, and indicate to them possible areas for improvement.

J. Give test.

K. Evaluate test.

L. Reteach if necessary.

REFERENCES USED IN DEVELOPING THIS UNIT

A. Cummins 1.10 Shop Manual, Louisville, KY: Cummins Engines, Inc., 1985.

B. Fundamentals of Service: Engines. 5th ed. Moline, IL: Deem and Company, 1980.

C. Service Manual Detroit Diesel Engines. Detroit, Ml: Detroit Allison, 1985.

D. Service Manual: 3406 Engine. Peoria, IL: Caterpillar Tractor Co., 1985.

1002
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SUGGESTED SUPPLEMENTAL RESOURCES

A. Texts

1. Diesel Engine Repair (by John F. Dagel)
John Wiley and Sons, Inc.
New York, NY 10019

2. Diesel Mechanics (by Erich Schulz)
McGraw-Hill Dv,* Company
Dallas, TX 75202
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TUNE-UP AND ADJUSTMENT
UNIT IIID

INFORMATION SHEET

I. Terms and definitions

A. Replace To install a new or rebuilt component or part

B. Service To clean, inspect, adjust, lubricate, or repair a component or part
as needed

C. Tune-up Process of making checks and minor adjustments to improve
the operation of the engine

(NOTE: Some companies consider tune-up to be preventive maintenance.)

II. Visual inspection checklist

(NOTE: Engine should be kept as clean as possible.)

A. Oil and water leakage

B. Electrical system

C. Cooling system

D. Air intake system

E. Fuel system

10 4
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TUNEUP AND ADJUSTMENT
UNIT III-D

JOB SHEET #1 - TUNE-UP AND SERVICE A DIESEL ENGINE

A. Tools and materials

1. Basic hand tool set

2. Compression tester with adapters

3. Appropriate engine spode! tools

4. Torque wrench

5. Nozzle tester

6. Radiator and radiator cap tester

7. Thermostat tester

8. Dynamometer

9. Appropriate engine service manuals

10. Dynamometer technical manual

11. Battery service manual

12. Safety glasses

B. Procedure

(NOTE: In the spaces to the right of each step, indicate the action which was taken.
Inspection is the preliminary step prior to either servicing or replacing the component.
Serviced meal is that the component or component part has been cleaned, inspected,
adjusted, lubricated or repaired as needed. Replaced means that new or rebuilt compo-
nents or component parts have been installed.)

1. Service air intake and exhaust
system.

a. Clean precleaner (if used).

b. Remove and clean air cleaner.

c. Swab out inlet pipe in air
cleai: 3r body.

1005
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JOB SHEET #1

Inspected Serviced Replaced

d. Inspect exhaust system and
muffler.

e. Check crankcase ventilating
system for restrictions. El

2. Service basic engine

a. Recheck air intake for restric-
tions. Li

b. Check radiator for air bubbles
or oil indicating compression
or oil leaks. CI LI D'

c. Check for leakage at cylinder
head gasket.

d. Retighten cylinder head cap
screws. El El El
(NOTE: Refer to appropriate
job sheet or engine service
manual.)

e. Adjust valve clearance.

(NOTE: Refer to appropriate
job sheet or engine service
manual.)

f. Check compression pressure
in each cylinder. 1:1

(NOTE: Refer to appropriate
job sheet cr engine service
manual.)

3. Service fuel system.

a. Check fuel lines for leaks or
restrictions.

b. Clean fuel pump sediment
bowl.

c. Test fuel pump pressure.

(NOTE: Refer to appropriate
job sheet or engine service
manual.)

l0C 6



JOB SHEET #1

Inspected Serviced Replaced

d. Check speed control linkage. EJ El
e. Service diesel fuel filters. 0
f. Check diesel injection pump. 0 ill

(NOTE: Refer to appropriate
job sheet or engine service
manual.)

g. Check and clean diesel injec-
tion nozzles.

(NOTE: Refer to appropriate
job sheet or engine service
manual.)

h. Bleed diesel fuel system.

i. Check diesel injection pump
timing.

(NOTE: Refer to appropriate
job sheet or engine. service
manual.)

4. Service lubrication system.

a. Check operation of pressure
gauge or light.

b. Service oil filter.

c. Check condition of crankcase
oil,

d. Check engine oil pressure.

5. Service cooling system.

a. Check water pump for leaks
and excessive shaft end play.

b. Inspect radiator hoses.

c. Clean and flush cooling sys-
tem.

1007
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JOB SHEET #1

Inspected Serviced Replaced

u. Test thermostat and pressure
cap. El

e. Test radiator for leaks. CI
f. Check condition of fan belt.

6. Service electrical system.

a. Service battery.

1) Clean battery, cable, termi-
nals, and battery box.

2) Tighten battery cables and
battery hold-down.

3) Check specific gravity of
electrolyte and add water
to proper level

4) Make high discharge or
load test of battery condi-
tion.

(NOTE: Refer to appropriate
job sheet or engine service
manual.)

b. Service generator or alterna-
tor.

1) Check belt tension.

2) Test alternator or genera-
tor output.

(NOTE: Refer to appropriate
job sheet or engine service
manual.)

c. Service starting circuit.

1) Check safety starter
switch.

2) Check current draw of
starting motor.

r
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JOB SHEET #1

Inspected Serviced Replaced

d. Service clutch free travel.
Check free travel at clutch
pedal or lever (if used).

(NOTE: Refer to appropriate
service manual.)

7. Check engine performance by
conducting a load test with a
dynamometer.

(NOTE: Refer to appropriate job
sheet or dynamometer technical
manual.)

D79D



TUNE-UP AND ADJUSTMENT
UNIT III-D

JOB SHEET #2 - TUNE-UP A CUMMINS DIESEL ENGINE
(TORQUE METHOD)

A. Tools and materials

1. Basic hand tool set

2. Cummins special tools

3. Torque wrench

4. Thickness gauge

5. Cleaning solvent

6. Diesel fuel

7. Shop towels

8. Safety glasses

9. Appropriate engine service manual

B. Procedure

1. Adjust injector.

a. Remove hood if applicable.

b. Remove valve cover.

(NOTE: Check the inside of the covers for presence of water condensa-
tion.)

c. Loosen the injector rocker lever adjusting nut on all cylinders.

IC10
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JOB SHEET #2

d. Rotate engine until the first "VS" mark on the pulley or damper is aligned
with the index mark on the housing. (Figure 1)

FIGURE 1

A or
1.8 VS

1.8 TC

B or
2-5 VS

C or
3-4VS

(Courtesy of Cummins Engine Company, Inc.)

e. Use an inch/lb torque wrench and in a near continuous motion draw the
injector adjusting screw to its specified torque.

2. Adjust valve crosshead. (Figure 2)

FIGURE 2 Adjusting Screw

Value Stem

Crosshead
Guide

Crosshead

Valve Seem

(Courtesy of Cummins Engine Company, Inc.)

a. Loosen the adjusting screw lock-nut and back jff the adjusting screw one
turn.

b. Use light finger pressure at the rocker lover contact surface to hold cross-
head in contact with the valve stem nearest the pushrod.

c. Turn adjusting screw down until it contacts its mating valve stem.

d. For new crosshead and guides, advance the adjusting scrov, 200 more to
straighten the stem in its guide; a worn crosshead may be advanced 3G1
to straighten the stem in its guide.

iil
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JOB SHEET 42

Hold the adjusting screw in this position and tighten locicnut to specified
torque.

3. Adjust valve.

(NOTE: On engines equipped with compression release apparatus be sure that
the shaft is fully released before adjusting valves.)

a. Loosen rocker arm iocknuts.

b. Using a specified thickness gauge, turn the adjusting screw to obtain a
good contaci on the thickness gauge.(Figure 3)

FIGURE 3

(Courtesy of Cummins Engine Company, Inc.)

c. Adjust both the intake and exhaust valves.

d. Tighten iocknuts.

e. Bar engine over in direction of rotation and firing order, and set the rest of
the injectnrs, crossheads, and valves.

f. Install valve avers.

4. Check fuel pump filter screen.

a. Remove cap.

b. Lift screen out and inspect magnet for metai particles.

(NOTE: Large particles show excessive wear in gear pump.)

c, Clean screen.

d. Reinstall and torque to specified limits.

1012
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JOB SHEET #2

5. Adjust engine idle speed.

a. Low idlo.

1) /Mach tachometer to the drive outlet on top of the fuel pump.

2) Remove pipe plug from spring pack cover.

3) Set engine idle to manufacturer's specifications.

(NOTE: Engine idle speed may change when the housing fills with
fuel.)

b. Adjust high idle.

1) Attach tachometer to the drive outlet on top of the fuel pump.

(NOTE: If high idle has to be changed, consult the appropriate shop
manual or service bulletin.)

2) Shut engine down.

3) Remove spring pack cover.

4) Remove snap ring.

5) Increase or decrease shims to regulate engine speed; each .001
inch shim will increase or decrease engine speed by 2 rpm

(NOTE: Nevv set maximum speed to please an operator.)

c. Check pump operation.

1) Check manifold pressure.

a) Install gauge at the shut-off valve.

b) Operate engine 400 rpm below governed speed.

c) Accelerate to governed speed.

d) Observe gauge for specified pressure.

2) Check inlet restriction.

a) Install vacuum gauge at gear pump inlet.

b) Operate warmed up engine 5 minutes after installation
gauge.

c) Observe gauge readings.

(NOTE: Readings should not exceed 8" to 8.5" vacuum.)

1013
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JOB SHEET #2

3) Check suction side, air leakage.

a) Shut down engine.

b) Install sight gauge on pump inlet side and operate engine.

c) Check for air bubbles.

(NOTE: Bubbles indicate an air leak.)



TUNE-UP AND ADJUSTMENT
UNIT IIID

JOB SHEET #3 - TUNUP A CUMMINS DIESEL ENGINE
(DIAL INDICATOR METHOD)

Tools and materials

1. Basic hand tool sot

2. Cummins spacial tools

3. Torque wrench

4. Thickness gauge

5. Cleaning solvent

6. Diesel fuel

7. Shop towels

8. Safety glasses

9. Appropriate engine service manual

B. Procedure

1. Adjust injector using dial indicator.

a. Remove hood if applicatie.

b. Remove valve cover.

(NOTE: Check the inside of the covers for presence of water condensa-
tion.)

c. Loosen the injector rocker lever adjusting nut on all cylinders.

d. Rotate engine until the first "VS" mark on the pulley or damper is aligned
with the index mark on the howling

(NOTE: Exhaust valve should be closing on cylinder #6 when #1 cylinder is
coming up on compression.)



88

JOB SHEET #3

e. Install the dial indicator on #1 injector. (Figure 1)

FIGURE 1

(Courtesy of Cummins Engine) Company, Inc.)

(NOTE: Use injector adjustment kit, Part No. 3375842 or equivalent.)

f. Actuate injector rocker lever to bottom of travel two or three times. (Figure
2)

FIGURE 2

(Courtesy of Cummins Engine Company, Inc.)

1 i 6



JOB SHEET #3

g. Hold injector plunger at the bottom of its travel.

h. Zero the dial indicator.

i. Release actuator slowly.

J. Read travel on indicator.

k. Adjust to specification3 If needed. (rabies 1 and 2)

Table 1.

Engine Firing Order

Right Hand: 1-546.2.4 Left Hand: 1.4.2A-3.5

Aljustment Limits
Using Dial Indicator Method - inch Dm

011 Injector Pillager
Temp. Travel

Valve Clearance
Intake Exhaust

Aluminum Rocker Housing
Cold 0.170 ± 0.001 0.011 0.023

[4.32 ± 0.031 10.28] [0.58]
Hot 0.170 ± 0.001 0.011 0.023

[4.32 ± 0.03] [0.28] [0.21

Cast Iron Rocker Housing
Cold 0.175 ± 0.001 0.013 0.025

[4.45 t 0.03] [0.33] [0.64]
Hot 0.170 t 0.001 0.011 0.023

14.32 ± 0.031 [0.281 [0.58]

NIE-1155 (European Big Cam Only)
0.225 0.011 0.023
[5.72] [0,28] [0.58]

N' .855 (Australian Big Cam Only)
0.228 0.011 0.023
[5.791 [0.28] [0.58)

Hole: Always check the engine dataplate for the
injector and valve adjustment values.

(Courtesy of Cummins Engine Company, Inc.)

I;
lin 7
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JOB SHEET #3

Table 2.

Injector and Valve Set Position

Right Hand Rotation Engine
Bar in

Direction
Pulley

Position
Set Cylinder

Injector Valve
Start A or 1.6 VS 3 5

Adv. To B or 2.5 VS 6 3
Adv. To C or 3.4 VS 2 6
Adv. To A or 1-6 VS 4 2
Adv. To B or 2-5 VS 1 4
Adv. To C or 3-4 VS 5 1

Left Hand Rotation Engine
Bar In

Direction
Pulley

Position
Set Cylinder

Injector Valve
Start 1.6 VS 2 4

Adv. To 34 VS 6 2
Adv. To 2.5 VS 3 6
Adv. To 4-6 VS 5 3
Adv. To 34 VS 1 5
Adv. To 2-5 VS 4 1

(Courtesy of Cummins Engine Company, Inc.)

(NOTE: Start on A or 1.6 VS but you must adjust injector #3 and valves on
#5. See Table #2.)



JOB SHEET #3

I. Bar engine to B or 2-5 VS.

m. Adjust injectur #6 and valves on #3.

n. Continue until all injectors and valves are set.

2. Adjust valve crosshead.

a. Loosen the adjusting screw locknut and back off the adjusting screw one
turn.

b. Use light finger pressure at the rocker lever contact surface to hold cross-
head in contact with the valve stem nearest the push-rod.

c, Turn adjusting screw down until it contacts its mating valve stem.

d. For new crosshead and guides, advance the adjusting screw 20° more to
straighten the stem in its guide; a worn crosshead may be advanced 30°
to straighten the stem in its guide.

e. Hold the adjusting screw in this position and tighten loc'cnut to specified
torque,

3. Adjust valve.

(NOTE: On engines equipped with compression release apparatus, be sure that
the shaft is fully released before adjusting valves.)

a. Loosen rocker arm locknuts.

b. Using a spec;fied thickness gauge, turn the adjusting screw to obtain a
good contact on the thickness gauge.

c. Adjust both the intake and exhaust valves.

d. Tighten locknuts.

e, Bar engine over in direction of rotation and firing order, and sat the rest of
the Injectors, crossheads, and valves.

Install valve covers.

4. Check fuel pump filter screen.

a. Remove cap.

b. Lift out screen and Inspect magnet for metal particles.

(NOTE: Largu particles show excessive wear in gear pump.)

1 9
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JOB SHEET #3

c. Clean screen.

d. Reinstall and torque to specified limits.

5. Adjust engine idle speed.

a. Adjust low idle.

1) Attach tachometer to the drive outlet on top of the fuel pump.

2) Remove pine plug from spring pack cover.

3) Set engine idle to manufacturer's specifications.

(NOTE: Engine idle speed may change when the housing fills with
fuel.)

b. Adjust high idle.

1)

2)

3)

4)

5)

Attach tachometer to the drive outlet on top of the fuel pump.

(NOTE: If high Idle has to be changed, consult the appropriate shop
manual or service bulletin.)

Shut engine down.

Remove spring pack cover.

Remove snap ring.

Increase or decrease shims to regulate engine speed; each .001
inch shim will increase or decrease engine speed by 2 rpm.

(NOTE: Never set maximum speed to please an operator.)

c. Check pump operation.

1) Check manifold pressure.

a) Install gauge at the shut-off valve.

b) Operate engine 400 rpm below governed speed.

c) Accelerate to governed speed.

d) Observe gauge for specified pressure.

1620



JOB SHEET #3

2) Check ill: at restriction.

a) install vacuum gauge at gear pump inlet.

b) Operate warmed up engine 5 minutes after installation of
gauge.

c) Observe gauge readings.

(NOTE: Readings should not exceed 8" to 8.5" vacuum.)

3) Check suction side, air leakage.

a) Shut down engine.

b) Install sight gauge on pump inlet side and operate engine.

c) Check for air bubbles.

(NOTE: Bubbles indicate an air leak.)

D93D
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TUNE-UP AND ADJUSTMENT
UNIT HIND

JOB SHEET #4 - TUNE-UP A DETROIT )IESEL ENGINE

A. Tools and materials

1. Basic hand tool set

2. Cleaning solvent

3. GM diesel special tune-up tools

4. Torque wrench

5. Thickness, gauge

6. Shop towels

7. Diesel fuel

8. Appropriate engine service manual

9. Safety glasses

B. Procedure

1. Adjust exhaust valve clearance.

a. Adjust valves on cold engine.

1) Remove loose dirt from valve rocker cover.

2) Remove the cover.

3) Place governor speed control lever in the idle speed position.

4) Position engine by rotating the crankshaft until the injector follower
is fully depressed on the cylinder to be adjusted.

(CAUTION: When using a wrench on the crankshaft bolt at the front
of the engine, da not turn the crankshaft In a left-hand direction of
rotation as the bolt will be loosened.)

5) Loosen the axhaust valve rocker arm pushrod locknut.

1G22



JOB SHEET #4

6) Place a .013" feeler gauge between the valve stem aid the valve
rocker arm. (Figure 1)

7)

Feeler Gauge

Adjust the pushrod to obtain a smooth pull on feeler gauge.

8) Remove feeler gauge, hold the pushrod with a 5/16" wrench and
tighten the locknut with a 1/2" wrench.

9) Recheck the clearance.

(NOTE: If the adjustment is correct, the .011" feeler gouge will pass
freely between the valve stem and valve rocker arm, but the .013"
feeler gauge will not pass through. This is referred to as "go-no go"
measurement.)

10) Rotate engine in the direction of travel, and adjust remaining valves
in same manner as above.

(CAUTION: Remove device used to bar engine before starting.)

b. Adjust valves on hot engine.

1) Start engine and bring t normal operating temperature (160 - 185°).

2) Recheck exhaust valve clearance with feeler gauge.

(NOTE: Vdive clearance will decrease when engine is hot, therefore,
"go-no go" clearance will be .006" ?nd .010 ".)

1023
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JOB SHEET #4

3) Readjust the pushrod, if necessary.

4) Adjust and check the remaining exhaust valves in the same manner
at above.

2. Time fuel injector.

(NOTE: Adjust the exhaust valve clearance before timing injectors.)

a. Place governor speed control lever in idle speed position.

(NOTE: Secure stop lever in stop position, if used.)

b. Rotate the crankshaft, manually or with the starting motor, until the
exhaust valves are fully depressed on the particular cylinder to be timed.

(CAUTION: If a wrench is used on the crankshaft bolt at the front of the
engine, do not turn the crankshaft on a lefthand direction rotagor, or the
bolt may bri loosensd.)

c. Place the small end of the injector timing gauge In the hale provided in the
top of the injector body with the flat of the gauge toward the injector fol-
lower. (Figure 2,

FIGURE 2

Push Rod

Timing Gauge

injector Follower

(NOTE: Rater to service manual for correct timing gauge and timing
dimergsion for the injector being timed.)

10,4
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d. Loosen the injector rocker arm pushrod locknut.

e. Turn the pushrod.

f. Adjust the injector rocker arm until the extended part of the gauge will just
pass over the top of the injector follower.

g. Hold the pushrod.

h. Tighten the locknut.

(NOTE: Check the adjustment and, if necessary, readjust the pushrod.)

i. Time the remaining injectors in the same manner as outlined above.

Install the valve rocker cover, using a new gasket.

3. Adjust limiting speed mechanical governor and injector rack control.

(NOTE: These procedures should be completed after adjusting the exhaust
valves and timing the fuel injectors.)

a. Adjust governor gap Single weight governor.

1) Start engine and bring to operating temperature.

2) Stop engine.

3) Lccsen the lever and disconnect the fuel modulator, the power con-
trol device, the load limiting device, or the air cylinder link, if the
engine is so equipped.

4) Remove the two attaching bolts.

5) Withdraw the governor high speed spring retaining cover.

iG A
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6) Back out the buffer screw until it extends approximately 5/8" from
the locknut. (Figure 3)

Fuel Rod

7) Start the engine.

8) Loosen the idle speed adjusting screw locknut.

9) Adjust the idle screw to obtain the desired idle speed.

10) Hold the screw and tighten the locknut to retain the adjustment.

(NOTE: The recommended Ale speed is 550 rpm for single we±ghf
governors, but may vary with special engine applications.)

11) Stop the engine.

12) Remove the governor cover and lever assembly.

13) Clean and remove the valve rocker cover.

14) Remove the fuel rod from the differential lever and the injector con
trol tube lever.



JOB SHEET #4

15) Check the gap between the low speed spring cap and the high
speed spring plunger with gauge. (Figure 4)

FIGURE 4

Spring Cap

Gauge

AdJustPig Suew

Lock Nut

Spring Plunger

16) Loosen the locknut and turn the gap adjusting screw urn a slight
drag is felt on the gauge, if required.

17) Hold the adjusting screw.

151 Tighten the locknut.

19) Recheuk the gap and readjust if necessary.

20) Install the fuel rod between the governor and injector contril tube
lever.

21) Install the governor cover and lever assembly.

b. Adjust governor gap on a double weight governor.

1) Start engine.

2) Bring to operating temperature.

3) Stop engine.

4) Remove the two attaching bolts.

1On
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5) Withdraw the governor high speed spring retainer cover.

6) Back out the buffer screw until it extends approximately 518" from
the locknut. (Figure 3)

7) btimi the engine,

8) Loosen the idle speed adjusting screw locknut. (Figure 5)

FIGURE 5

Idle Speed Lock Nut

9) Adjust the idle screw to obtain the desired Idle speed.

10) Hold the screw and tighten the locknut to Main the adjustment.

(NOTE: The recommended Idle speed is 450 rpm for double weight
governors, but may vary with special engine applications.)

11) Stop the engine.

12) Remove the governor cover and lever assembly.

13) Clean and remove the valve rocker cover.

14) Remove the fuel rod from the differential lever and the injector con-
trol tube lever.

10 8
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15) Start and run the engine between 800 and 1000 rpm by menus: oper-
ation of the control tube lever.

(CAUTION: Do not overspeed the engine.)

16) Check the gap between the low speed spring cap and the high
speed plunger with a .0015" feeler gauge. (Figure 5)

(NOTE: If the gap setting is incorrect, loosen the locknut and adjust
the gap aJiusting screw.)

17) Hold the gap adjusting screw.

18) Tighten the locknut.

19) Recheck the governor gap.

20) Stop the engine.

21) Install the fuel rod between the differential lever and the control
tube lever.

22) Install the governor cover and lever assembly.

4. Position injector rack control levers.

a. Disconnect any linkage attached to the governor speed control lever.

b. Loosen the idle speed adjusting screw locknut.

c. Back out the idle speed adjusting screw until 1/2" of the threads project
from the locknut when the nut is against the high speed plunger.

d. Loosen all of the inner and outer injector rack control lever adjusting
screws.

(NOTE: On engines equipped with a yield link type fuel rod, attach a small
C-clamp at the shoulder of the rod to prevent the yield spring from com-
pressing while adjusting the injector rack control levers.)

e. Move the governor speed control lever to the full-fuel position.

f. Hold the lever in that position with light finger pressure.

g. Turn the inner adjusting screw on the no. 1 injector rack control lever down
until a slight movement of the control tube is observed or a step up in
effort is noted.

(NOTE: This will place the nu'. injector rack in the full-fuel position.)



SOB SHEET #4

h. Turn the outer adjusting screw down until it bottoms lightly on the injector
control tube.

I. Alternately tighten both the inner and outer adjusting screws.

(CAUTION: Overtightening of the Injector iack control lever adjusting
screws during Installation or adjustment can result In damage to the injec
for control tube. The recommended torque of the adjusting screws is 2438
inlbs.)

J. Hold the :apeed control lever in the full-fuel positicn.

k. Press down on the injector rack with a screwdriver or fire and note
"rotating" movement of the injector control rack when the speed control
lever is in the full-fuel position. (Figure 6)

FIGURE 6

Injector Control Rack

I. Hold the speed control lever in the hill-fuel position.

m. Use a screwdriver to prbas dcwnward on the injector control rack.

(NOTE: The rack should tilt downwnrd and when the pressure of the screw
Is released, the control rack should "spring" back upward. See Figure 7)

FIGURE 7

\dee. Screwdriver

Injector Control Rack

1030

D-103-D



104

JOB SHEET #4

n. Check to see if rack returns to its original position.

(NOTE: If it is too loose, back off the outer adjusting screw slightly and
tighten the inner adjusting screw slightly. If too tight, back off the inner
adjusting screw slightly and tighten the outer adjusting screw slightly.)

o. Disconnect the fuel rod from the Injector control tube.

P.

q.

Hold the no. 1 injector in the fullfuel position.

Turn down the inner adjusting screw of the no. 2 injector until the injector
rack has moved into the fullfuel position and the Inner adjusting screw is
bottomed on the injector control tube.

r. Turn the outer adjusting screw down until It bottoms lightly on the injector
control tube.

s. Alternately tighten both the inner and outer adjusting screws.

t. Recheck the no. 1 injector rack to be sure that it has remained snug on the
ball end of the injector rack control lever while adjusting the no. 2 injector.

(NOTE: !f the rack of the no. 1 injector has become loose, back off slightly
on the inner adjusting screw on the no. 2 injector rack control lever and
tighten the outer adjusting screw. When the settings are correct, the racks
of both Injectors must be snug on the ball end of their respective rack con-
trol levers.)

u. Position the remaining injector rack control levers.

v. Connect the fuel rod to the injector control tube lever.

w. Turn the idle speed adjusting screw in until it projects 3/18" from the lock-
out to permit starting the engine.

x. Tighten the locknut.

(NOTE: Remove the C-clamp from the fuel rod on units equipped with a
yield

5. Adjust maximum no-load engine speed.

a. Loosen the lockr

1(31

410

410



JOB SHEET #4

h. Back off the high speed spring retainer approximately five turns. (Figure 8)

FIGURE 8

Speed C9ntrol Levcr

Lock Nut

Spring Retainer

c. Place the speed control lever in the full-fuel position with the engine at
operating temperature and no-load on the engine,

d. Turn the high speed spring retainer in until the engine is operating at the
recommended no-load speed.

e. Hold thL: high speed spring retainer.

f. Tighten the locknut,

6. Adjust idle speed.

a. Remove the spring housing to uncover the idle speed adjusting screw.

b. Turn the idle speed adjusting screw until the engine is operating at approx-
imately 15 rpm below the recommended idle speed.

(NOTE: The recommended idle speed is 550 rpm for single weight gover-
nors and 450 rpm for double weight governors, but may vary with engine
applicatiwis.)

c. Hole the idle screw.

d. Tighten the locknut.

1632
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JOB SHEET #1,1

e. Install the high speed spring retainer.

f. Retain with the two bolts.

7. Adjust buffer screw.

a. Turn the buffer screw in so that it contacts the differential lever as lightly
as possible And still eliminates the engine roil. (Figure 9)

FIGURE 9

Spring Plunger

Idler Screw

*is Buffer Screw

Lock Nut

(NOTE: Do not increase the engine idle speed more than 15 rpm with the
buffer screw.)

b. Hold the buffer screw.

c. Tighten the locknut.

d. Recheck the maximum no-load speed.

(NOTE: If it has increased more than 25 rpm, back off the buffer screw until
the increase is less than 25 rpm.)

G 3



TUNE-UP AND ADJUSTMENT
UNIT III-D

JOB SHEET #5 - TUNE-UP A 3400 SERIES CATERPILLAR
DIESEL ENGINE

A. Tools and materials

1. Basic hand tool set

2. Caterpillar special tools

3. Appropriate engine service manual

4. Shop towels

5. Compressed air source

6. Feeler gauge

7. Safety glasses

8. Timing turning tool

B. Procedure

(CAUTION: Follow all shop safety procedures.)

1. Adjust valve lash.

(NOTE: Engine should be run until it reaches normal operating temperature.)

a. Stop the engine.

b. Cle in the top of the cylinder head and the base of the valve cover.

c. Remove the brackets holding the lines to the instrument panel gauges.
(Figure 1

FIGURE 1

Valve Cc ver

1.034
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JOB SHEET #5

d, Remove the valve cover.

(NOTE: Keep dirt from falling inside the engine block or into the valve
mechanism, as the valve cover is removed.)

e. Keep timing bolt in storage on flywheel housing; can be installed in
either the left side of the engine at location 1 (Figure 2) or in the right side
of the engine at location 2 (Figure 3).

FIGURE 2

Timing Tool
Timing Tool Installed
Left Side Location

Timing Tool
Storage Location

FIGURE 3
Timing Tool Installed
Right Side Location

(NOTE: No. 1 piston at top center (TO) on the compression stroke is the
starting point of all timing procedures.)

f. Install engine turning tool into housing until shoulder of tool is against
housing.

g. Attach a 1/2" drive ratchet to tool and turn flywheel while holding timing
bolt in position in hole locations 1 or 2 where plug was removed. (Figure 4)

FIGURE 4

h. Stop rotation when timing bolt can be Installed in threaded hole of fly-
wheel.

1 G35
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JOB SHEET #5

i. Check to see if No. 1 piston is on the compression stroke; look at the
valves of No. 1 cylinders, the valves will be closed if No. 1 cylinder is on the
compression stroke.

j. Check the rocker arm; you should be able to move it up and down with
your hand.

k. If No. 1 piston is not on the compression stroke turn the flywheel 360° and
install the timing bolt.

2. Set bridge adjustment.

a. Loosen the locknut for the adjustment screw and loosen the adjustment
screw several turns.

b. Put pressure on the bridge with a finger to keep the bridge in contact with
the valve stem opposite the adjustment screw. (Figure 5)

FIGURE 5

c. Turn the adjustment screw clockwise until It makes contact with the valve
stem.

d. Turn adjustment screw 30° more in a clockwise dire-tion to make the
bi idge straight on the dowel, and to compensate for the clearance in the
threads of the adjustment screw.

e. Hold the adjustment screw in this position and tighten the locknut to 22
lb. ft.

I. Put engine oil it the point where roc. ,er arm makes contact with the
bridge.

10:16
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JOB SHEET #5

3. Set valve lash.

(NOTE: Valve clearance is measured between the rocker arm and the bridge for
the valves. See ,=figure 6.)

FIGURE 6

a. Put No. 1 piston top center (T u) on the compression stroke, and loosen
locknuts.

b. Make an adjustment to the valve clearance on the intake valves for cylin-
ders 1, 2, and 4.

c. Make an adjustment to the valve c' RrPnce on the exhaust valves for cylin-
ders 1, 3, and 5. (Ficiure 7)

FIGURE 7

d. Tighten the nut for the valve adjustment screw to 22 lb. ft. after each
adjustment and recheck the adjustment.

e. Remove 'he :.:rning bolt and tur the flywheel 360° in the direction of
engine rotation. This will put N. piston at top center (TO) on the com-
pression stroke; intaii tihe tirni4 bolt in the flywheel.

16,-7



D -111 -D

JOB SHEET #5

f. Make an adjustment to tne valve clearance on the intake valves for cylin-
ders 3, 5, and 6. (Figure 7)

g. Make an adjustment to the valve clearance on the exhaust valves for cylin-
ders 2, 4, and 6.

h. Remove the timing bolt from the flywheel when all adjustments to the
valve clearances have been made. (Figure 8)

FIGURE 8

0
EXHAUST INTAKE

.010" 10.76mm) .015" (0.38mm)

Cylinder and Valve Location

4. Check valve rotation.

a. Start the engine.

b. Move the governor control to low idle position.

c. Watch the serrations on each valve retainer.

(NOTE: Each valve retainer should turn slightly each time the valve
closes.)

d. Stop the engine.

e. Inspect the valve cover.

f. Install a new gasket, h necessary.

g. Install the valve cover.

h. Install the flywheel housing timing cover.

Check fuel injection pump timing.

a. Install timing pin.through the hole in the pump housing and into the notch
in the camshaft. (Figure 9)

wi
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JOB SHEET #5

FIGURE 9

Timing Pin

b. Loosen four bolts (one bolt on earlier engines) holding the automatic tim-
ing advance unit to the drive shaft for the fuel injection pump. (Figure 10)

FIGURE 10

Bolts

Automatic Timing
Advance Unit

c. Hit the automatic timing advance unit with a soft hammer to make it come
loose from the Imo of the drive shaft for the fuel injection pump.

(NOTE: Be sure it will move freely on the end of the shaft.)

d. Put No. 1 piston at top center (TO) on the compression stroke.

o. Tighten the four bolts evenly to 25 lb. ft.; remove timing pin and tighten
bolts evenly to 50 lb. ft.

f. Tighten bolts to a last torque of 100 lb. ft.

g. Remove the timing bolt from the flywheel.

h. Turn the crankshaft two complete revolutions, and check the timing again
to see that timing is correct.

i. Check timing; if it is not correct, do the above procedure again.

O



JOB SHEET #5

6. Set fuel rack, dial indicator, and circuit tester.

(NOTE: Always shut down the engine before adjusting rack setting.)

a. Remove stop, spacer, and both gaskets from the drive housing for the fuel
injection pump. (Figure 11)

FIGURE 11

Gasket
1 '

Stop

Injection Pump

Spacer

b. Disconnect the governor control linkage to let the governor lever move
freely through Its full travel.

c. Install the bracket group and dial indicator on the drive housing for the
fuei Injection pump. (Figure 12)

FIGURE 12

Spacer

t A
.4,

ks,.

Bracket Group

Dial Indicator

D-113D

d. Make sure the governor lever is in the "shut off" position, then put the
spacer of the bracket group over the rod that makes contact with the rack.

G 4 0
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JOB SHEET #5

e. Put pressure on the end of the rod that makes contact with the rack to
hold spacer in position while dial indicator setting is made.

f. Put the dial indicator on zero.

g. Remove the spacer from the rod that makes contact with the rack.

h. Connect the clip end of the circuit tester to the brass term:nal on the gov-
ernor housing, (Figure 13)

FIGURE 13

Governor Lever dress Terminal

Circuit Tester

i. Put the other end of the tester to a good ground.

j. Turn governor lever (Figure 11) in the "fuel-on" direction until the light in
the tester comes on.

k. Move the governor lever toward the "shut-off" position until the test light
goes out.

1. Turn the governor lever slowly toward "fuel-on" until the test light has a
minimum light output; in this position rack stop collar is just making con-
tact with the torque spring or stop bar. (Figure 14)

Lock Nut

Rack Stop Collar

.:IGURE 14

Adjustment Screw

40



JOB SHEET #5

m. Read the measurement on the dial indicator.

n. Check the rack setting information to find the correct measurement for
rack setting.

o. Remove the cover, or airfuel ratio control (if so equipped), from the rear of
the governor if an adjustment is necessary.

p. Loosen locknut and turn a( justment screw to change the fuel rach setting
if an adjustment to the fuel rack is necessary. (Figure 12)

q. Tighten locknut te 9 lb. ft. after the adjustment procedure is complete.

r. Install the cover or airfuel ratio control (if so equipped).

7. Adjust governor.

(CAUTION: Only competent personnel should attempt to adjust the low and high
idle rpm.)

(NOTE: Consult the appropriate service manual for tha low and high idle rpm and
rack setting dimension.)

a. Mov& the governor linkage to "low idle" position and turn screw to adjust
the "low id:a" rpm. (Figure 15)

Low Idle Screw

FIGURE 15

High Idle Screw

Cover

... Engine rpm must be checked with an accurate tachometer.)

0. Increase the engine speed and then return linkage back to "low idle" posi-
tion to check the setting again.

a. Move the governor linkage to "high idle" position and turn "high idle"
screw to adjust "high idle" rpm.

1.042
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JOB SHEET #5

d. Move the governor control to reduce engine speed, then move the linkage
to "high idle" and check the setting again when the specific rpm setting is
made.

e. Repeat this procedure until rpm setting is correct,

f. Install the cover on top of the governor when governor adjustment is cor-
rect.

Install a new wire and weal to cover bolt.



TUNUP AND ADJUSTMENT
UNIT

PRACTICAL TEST
JOB SHEET #1 - TUNEUP AND SERVICE A DIESEL ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student:

1. Checked out proper tools and materials.
2. Serviced air intake and exhaust system.
3. serviced basic engine.
4. Serviced fuel system.
5. Seiviced lubrication, system.
6. Serviced cooling system.

YES NO

7. Served electrical system.
mININ

8. Serviced battery.
9. Serviced charging system.

*011011.0

10. Checked starting system.
11. Checked engine performance.

gavromm=1,

12. Checked In/put away tools and materials.
no/

13. Cleaned the work area.
14. Used proper tools correctly.
15. Performed steps in a timely manner (_hrs. _min.
16.

_sec.)
Practiced safety rules throughout procedure.

17. Provided satisfactory responses to questions asked, 1
EVALUATOR'S COMMENTS:

1 644
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JOB SHEET #1 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable tc, demo, strate mastery, student materials
should be reviewed and another product must be submittAl for evaluation.)

Criteria:

4

Serviced engine correctly

1

4

Engine performed prop-
erly

3 2 1

EVALUATOR'S COM M ENTh:

PERFORMANCE EVALUATION KEY

4 Skip' ! Can perform job with no additional training.
3 Mouerately Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training plogram, additional

t lining is required to develop skill.
1 Unskilled Is familiar with process, but is unule to prform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

0
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TUNE-UP AND ADJUSTMENT
UNIT IIID

PRACTICAL TEST
JOB SHEET #2 - TUNEUP A CUMMINS DIESEL ENGINE

(TORQUE METHOD)

STUDENT'S NAME DAIE

EVALUATOR'S NAME ATI EMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Y)s" or "No" blanks to designate whether or
not the student has sa/Isft;torily achieve .1 each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked cid proper tools and materials.
2. Adjusted injectors.
3. Adjusted crossheads.
4. Adjusted valves.
5. Adjusted idle. (low and high)
6. Checked pump.
7. Checked in/put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner (_hrs _min. sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

ri e 6
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JOB SHEET #2 PRACTIC!,L. TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the follovi ing criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demons rate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

2 1

Engine perforned prop-
erly

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Ski lieu Can perform Job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)
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TUNE-UP AND ADJUSTMENT
UNIT III-D

PRACTICAL TEST
JOB SHEET #3 - TUNE-UP A CUMMINS DIESEL ENGINE

(DIAL INDICATOR METHOD)

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO.

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All Items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Adjusted injectors.
3. Adjusted crossheads.
4. Adjusted valves.
5, Adjusted idle. (low and high)
6. Checked pump.
7. Checked In /put away tools and materials.
8. Cleaned the work area.
9. Used proper tools correctly.

10. Performed steps in a timely manner ( hrs. _min. _sec.)
11. Practiced safety rules throughout procedure.
12. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #3 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the fcllowing criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Engine performed prop-
erly

2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed joo during training program; limited

additional training may be required.
2 Limited skill Has performed Job during training program; additional

training is required to develop skill.
1 Unskilled Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

9



TUNE-UP AND ADJUSTMENT
UNIT 111.D

PRACTICAL TEST
JOB SHEET #4 - TUNE-UP A DETROIT DIESEL ENGINE

STUDENT'S NAME DATE

EVALUATOR'S NAME ATTEMPT NO. _

Instructions: When you are ready to perform this task, ask your instructor to observe the pro-
cedure and complete this form. All items listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Adjusted valves.
3. Timed fuel injectors.
4. Adjusted governor.
5. Positioned Injector control rack.
6. Adjusted maximum no-load speed.
7. Adjusted idle speed.
8. Adjusted buffer screw.
9. Checked inlput away tools and materials.

10. Cleaned the work area.
11. Used proper tools correctly.
12. Performed steps in a timely manner (_hrs. _min. _sec.)
13. Practiced safety ruies tnroughout procedure.
14. Provided satisfactory responses to questions asked.

EVALUATOR'S COMMENTS:

I 050
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JOB SHEET #4 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4 3

Engine performed prop-
erly

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled -- Is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by trie total number of criteria.)
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TUNE-UP AND ADJUSTMENT
UNIT III-D

PRACTICAL TEST
JOB SHEET #5 - TUNE-UP A 3400 SERIES CATERPILLAR ENGENE

STUDENT'S NAME

EVALUATOR'S NAME

DATE

A1TEMPT NO.

Instructions: When you are ready to perform th!s task, ask your instructor to observe the pro-
cedure and complete this form. All !terns listed under "Process Evaluation" must receive a
"Yes" for you to receive an overall performance evaluation.

PROCESS EVALUATION

(EVALUATOR NOTE: Place a check mark in the "Yes" or "No" blanks to designate whether or
not the student has satisfactorily achieved each step in this procedure. If the student is
unable to achieve this competency, have the student review the materials and try again.)

The student: YES NO

1. Checked out proper tools and materials.
2. Adjusted valve bridges.
3. Adjusted valves.
4. Checked valve rotators.
5. Checked pump timing.
6. Set fuel rack.
7. Adjusted governor.
8. Checked in/put away tools and materials.
9. Cleaned the work area.

10. Used proper tools correctly.
11. Performed steps in a timely manner ( hrs. ,sec.)
12. Practiced safety rules throughout procedure.
13. Provided sasfak:tor y responses to questions asked.

EVALUATOR'S COMMENTS:
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JOB SHEET #5 PRACTICAL TEST

PRODUCT EVALUATION

(EVALUATOR NOTE: Rate the student on the following criteria by circling the appropriate num-
bers. Each item must be rated at least a "3" for mastery to be demonstrated. (See performance
evaluation key below.) If the student is unable to demonstrate mastery, student materials
should be reviewed and another product must be submitted for evaluation.)

Criteria:

4

Engine performed prop-
erly

3 2 1

EVALUATOR'S COMMENTS:

PERFORMANCE EVALUATION KEY

4 Skilled Can perform job with no additional training.
3 Moderately skilled Has performed job during training program; limited

additional training may be required.
2 Limited skill Has performed job during training program; additional

training is required to develop skill.
1 Unskilled is familiar with process, but is unable to perform job.

(EVALUATOR NOTE: If an average score is needed to coincide with a competency profile, total
the designated points in "Product Evaluation" and divide by the total number of criteria.)

1 h 3
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TUNE-UP AND ADJUSTMENT
UNIT HI-D

NAME SCORE

TEST

1. Define terms related to tune-up and adjustment.

a. Tune-up

b. Service

c. Replace

2. Complete the following list of major items to include in a visual inspection checklist.

a. Oil and water leakage

b.

c. Cooling system

d. Air intake system

e.

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

3. Demonstrate the anity to:

a. Tune-up and service a diesel engine. (Job Sheet #1)

b. Tune-up a Cummins diesel engine (Torque Method). (Job Sheet #2)

c. Tune-up a Cummins diesel engine (Dial Indicator Method). (Job Sheet #3)

d. Tune-up a Detroit diesel engine. (Job Sheet #4)

e. Tune-up a 3400 series Caterpillar diesel engine. (Job Sheet #5)

1084

D-127-D



D-129-D

TUNEUP AND ADJUSTMENT
UNIT III-D

ANSWERS TO TEST

1. a. Process of making checks and minor adjustments to improve the operation of
the engine

b. To clean, inspect, adjust, lubricate, or repair a component or part as needed
c. To install a new or rebuilt component or part

2. b. Electrical system
e. Fuel system

3. Performance skills evaluated to the satisfaction of the instructor


