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Agricultural Education 910-I-1a
Teaching Materials Center
College Station, Texas
el Hesk okl
Texas Education Agency
Texas A&M University
(cooperating)

Assignment Sheet
for
AGRICULTURAL MACHINERY MECHANICS

UNIT: Introduction
. TOPIC: Orientation
OBJECTIVE: To develop an understaniding of the importance of the

retail agricultural machinery industry and study the
organization and management of agricultural machinery
dealership.

REFERENCES: Required:
1. Information Sneet
Supplemental:
2. Farm and Power Equipment Retailers Hardbook,
National Farm and Power Equipment Dealers

Association, 2340 Hampton Avenue, St. Louis,
Missouri 63139, pp. 1-7.

QU ESTIONS 1. What does a machinery dealer expect of his employees ?
or
ACTIVITIES: 2. How has agricultural machinery dealers been of

assistance to farmers?

3. Has the decrease in the number of farm workers
resulted in a decrease in production?

4. Fifty years ago one farmer could produce food and
fiber for six other persons. What can that same
farmer do today?

5. How has farm machinery help raise the standard of
living of the farmer ?
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Agricultural Education 910-i-1a
Teaching Materrals Center
College Stat.on, Texas

Texas Educaticn Agency
Texas A&M T nivarsity
(cooperating,

information Sheet
on

ORIENTATION

A person planning to work in the service occupat:ons of an agricultural
machinery deaiership must understand the organization and management

of the dealership if he is to be effective as a service employee He nivst
understand .  the 'mportance of the iocal dealership and the agricultura.
machinery industry tc the agricuiturai industry of the community, nai on,
and world, '2 the reiationship of the locai dealership to the farmer and the
parent organization, {3; the ways the iocal dealership carries out its business,
{4y the jobs and ;ob functions of emp.oyees 1n the local dealership, and (5)
show the relationship of farining to merchandise handled by the dealership.
A loczal agricu’tura® mach:nery dealer expects his employees to be able to
do their jobs with a high degree of speed and efficiency In order to meet
these expectations, the empioyees must have a thorough knowledge of the
complete operation of the business.

Agriculturai machinery dealers have played a vital role in the social and
econom:c l:fe of those engaged 1n production agriculture as well as the
standard cf 11ving of all pecp.e.

1. They have provided the farmer with efficient and economic pro-
duct.cn tools.

2. Modern agricuitural machinery has lowered the costs of production
for th> farmer The following table bears out this fact.

Farm Output and Labor and Mach:nery Inputs
Index 1947-49 = 100

— ndices’
Year Farm Farm  Power and Labor Plus Reldtion of Com-
Output Liabor Machinery Machinery  bined Labor and
Machinery Inputs
to Output
1910 Gy 135 28 163 133
1920 70 143 44 187 133
1930 72 137 55 192 133
1940 82 122 58 180 110
1950 101 90 118 208 103
1955 113 76 136 212 94
1956 1l 72 137 209 92
1957 1i4 68 138 206 93
1958 i24 66 137 203 84

1959 126 64 139 203 81




Orientation -
(Information Sheet continued) C

The use of agricultural machinery has promoted an increase in farm production

and income in spite of a decrease in the number of persons employed on the
farm.

1. While farm workers have decreased in number, farm production
has increased.

Farm Production and Farm Employment 1930-1959

-,

2. The agricultural machinery industry has managed to keep its price
rise on production costs relatively low.

Price N ’
Change
Relative Price Changes 1940-1960
$4. 00 Farm Wages Farm Machinery
$3.50 Factory Wages
$3.18
3.00¢+ Farm Iron and
Machinery Steel Wages |
$1. 87 ' $2.34 ]
2 ooL | ‘
1.00
0.00 i
40 '60 40 '60 40 '60

Year

3. Fifty years ago one farmer could produce food and fiber for six

other persons, whereas today, that same man can produce food
and fiber for at least'29'others.

el
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Orientation
(Information Sheet continued)

4. Today, 40 percent of the farms produce 87 per cent of the food
and fiber sold from the farms.

The use of modern agricultural machinery has aided in raising the standard
of living of the farmers. '

1. Today farmers have more time for recreation, rmore conveniences,
better educational advantages and improved facilities.

2. The investment in agricultural machinery is highest on farms in
states having the highest standard of living.

3. The development and use of labor saving machines have made it
possible for millions of farm workers to enter other industries,
the arts, sciences, and professions.

) Yo al,
slesk slesie sl siesi sl

Materials for this Information Sheet was taken from Organization and
Management of Machinery Dealerships, The Center for Research and
Leadership Development in Vocational and Technical Education, The
Ohio State University, 1965
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Agricultural Education 910-I-1b
Teaching Materials Center
College Station, Texas
s iy ok
LI Texas Education Agency
Texas A&M University
(cooperating)

Assignment Sheet
for
AGRICULTURAL MACHINERY MECHANICS

UNIT: Introduction

TOPIC: Orientation

OBJECTIVES: To understand the methods of distributing agricultural
machinery.,

REFERENCES: Required:
l. Information Sheet, ""Orientation'

Suppleiiental:

2. Farm and Power Equipment Retailers Handbook
NFPED Assbciation, pp. 7-21 " ° B

QUESTIONS l. How does agricultural machinery get from the
or manufacturer to the farmer?
ACTIVITIES:

2. Who designs new machines ?
3. How are parts supplied to the dealer?
4, Who sells agricultural machinery to the farmer?

5. Who is responsible for storage of the equipment?
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Information Sheet
on
ORIENTATION

The distribution of agricultural machinery follows this route: from man-
ufacturer-to branch house - to dealers - to customers. All orders for
machines by the local dealership are placed with the branch house.

The above pattern of distribution accounts for practically the entire out-
put of domestic sales of tractors and other agricultural machinery.

The primary function of the manufacturer is to supply the agncultu*al
machinery needed by the agricultural industry.

1. Manufacturers employ competent product engineers to design
the new machines needed by the agricultural industry.

2. Manufacturers supply the branch houses with the parts and some
machines to supply their dealers.

In addition to performing these functions, the manufacturer does the fol-
lowing:

1. Keeps in touch with machinery problems and needs of farmers

2. Through research, develops machines and systems to meet the
needs of the farmer

The function of the brinch house is to move the machinery from the factories
to the farms in the most economical manner.

1. The brahch house provides storage for the manufacturer.

2. The task of sales and distribution for the manufacturer is under-
taken by the branch house.

3. Through this medium, the manufacturer gets national distribution
more quickly and more thoroughly.

4. Retail dealers get more prbmpt and reliable service.

5. As the manufacturer's distributive agent, the branch house keeps
the manufacturer advised on market conditions and needs of a par-
ticular area.
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Orientation
(Information Sheet continued)

6. The branch office lowers substantially the manufacturer's handling
cost of agricultural machinery and ultimately the farmers' purchas-
ing costs.

7. The branch house buys parts in large quantities, relieving the man-
ufacturers of the details of selling, warehousing, shipping of mer-
chandise to individual dealers, and carrying of dealer accounts.

8. The branch house carries adequate stocks of repair parts at
strategic locations, resulting in better service to the dealer, and
thus the customer.

The distributor (branch house) builds a good dealer's organization and confines
all his efforts to selling through dealers.

1. The distributors organization includes a service department with
personnel who thoroughly understand the servicing of each machine:
handled. <

2. A well developed program of selling is maintained by the distributor
who aids the dealer in realizing a greater profit through better service
to the customer.

The local agricultural machinery dealer is the vital link in this distribution pattern.

1. The dealer is the final link between the manufacturer and the user of the
machine.

2, The dealer contributes greatly to the farmer's knowledge of machinery
servicing.

3. He demonstrates the efficiency of the company machines to the farmer
and explains how the machine can benefit the farmer.

4, He extends credit in many cases to the farmer so the machine can pay
for itself in labor saved or money earned.

5. The dealer makes an effort to understand farm machinery problems
and the need of the farmer and conveys these needs back to the man-
ufacturer to provide a basis for improvement of farra machines through
research.

2198
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Agricultural Education °10-I-2a
Teaching Materials Center
College Siatinn, Texas
o ek ek o
Tevas Fducation Agency
Texas A&M University
(cooperating)

Assignment Sheet
for
AGRICULTURAL MACHINERY MECHANICS

UNIT: Introduction
TOPIC: General Shop Safety
OBJECTIVE: To develop an understanding of the importance of developing

proper safety habits.

REFER’.NYCES: Required:
l. Information Sheet, '"General Shop Safety"
Supplemental:

2. Automotive Mechanics, Crouse, pp. 29-30and 425

3. Automechanics, Gienn, Chaper 18

QUESTIONS 1. Why is the proper attitude so important in the shop?
or
ACTIVITIES: 2. Why is visiting a bad practice in the shop?

3. Why should you avoid horse play in the shop?
4, What should you do after handling acids or batteries?

5. How should heavy' objects be lifted?
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Irformation Sheet
on

GENERAL SAFETY PRACTICES

The prartive of safety 11 the shop gues bevond the knowledge of the proper
sse of hand tools and equipment. A most impcrtant consideration 1s your
attitude. Yo.. must arderstard the hazards of the job vou are about to under-
take arnd must appre<-ate the need for appivirg such safety practices that
will protect vou from injury. Awareress of personal safety comes only
throughk ar -indersiarding of the dangers which are present. Most accidents
are caused by thcughtlessness, s0 voiu muast be on guard at all times.

It 1s most :mportant to g.v¢ the job vouar und:vided attention. '"Visiting" is
not permitted be ¢ ause 1t distracts you and may lead to ar accident.

Horsepliav scuffling punching. or plaving prarks i1s dangerous. Some

boys carrot pass by w:ithout striking a classmate, and the immediate re -
sponse 1s 1o strike back. In ro time at all both bovs are sc;ufflmg. This
chiidisk artion may resuit in a fali or possible injury from sharp tools, steel
beriches. 4rd heavv eq-.pment which are aiwavs presert ir a shop. Keep
such phwrsical activity for the athletic field where 1t 1s an approved activaty.

Wa.k avo.d ranrirg! A running person canrot alwavs keep from slipping
with the poss By ©f serious injury. Bumpiiig the operator of a machine
might ( ause kum to have ar accidert which would be your fault. Cultivate
peTrsonal Caulior at ail timeés. A cautious persor ;s one who knows and
observes gafe pro.edires. Learn that caation ard foresight pav offe. A
persor. wko has le¢ arrned to cultivate personal caution has traired himself
to visuaiize the results of his actions.

Make 1t 4 hat.t to remove anv article lvirg on the flonr before someone
trips over .ta Learn to recognize unsafe conditiors. in doing so you are
protecting vourseif arnd feilow werkers. Get into the habit of removing
sharp po:rted tools from bench e¢dges where vou, or someone else going
by, may get kirt-this is an application of persoral caution. Store sharp-
edged touls ir racks ard not ir drawers where someone could cut himself

whern p.r king up other implements.

A protrud r.g r 11l is an ;nivitatzon to a first-aid station; either hammezx it
dowr. or pii it oute Reémove anv sgirters from boxes or pieces of wood
which c¢ould purcture vour skir.

Scraps of sharp metai on the floor couid pierce someone's shoe, causing
a ser10is woynd-p;ck them up and place them in the scrap box.
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Gercral Satety Prastives
(Informat:on Shecet cont.raed.

Wipe spii.ed 0:1 or grease off the floor -even though you did not spill 1t. Pre-
ventable fa ‘¢ serd tar tvo many people to the hospitai,

Report ary .rjury to vour instructor immediatelv, No matter how small the
1njury report it’ 't 1s fdar better to wasté antiseptic than to ignore one small
wourd,

If scmethirg gets in'o vouar eve it 1s dangerous to rub it. Instead report to
your instr.ctor .mmed.atelv.

Be sure¢ to wash vo'.* hands afier handling caustics, acids, or batteries to
avoid getting .kemicass orn vour skin and into your eyes.

Asking for heip when lifting 4 heavy object 1s a sign of mental strength, not
weakress. Mary sericus .njuries are caused by l:fting improperly, lifting ob-
jects toc heavyv f¢r or¢ man, ov hfting urwieldy shapes. More than 25% of all
disabilities are ¢ ansed by the improper harndling of materials. This is the
largest singie ( ause of d:sabiiitv from all accidents. Sprains. strains, and
hernias the results of imp~oper lifting- are painful and disabling.

Wher afting 4 heav v chje.t. place your feet close to the object for proper
balance., Keep vour ¢lbows as straight as possible and bend the knees while
gripping. Js¢ von* lavge .¢g muscles to hift-not the back muscles. Keep
your back stra.ght, Wher lifting a heavy object with the help of others,; be
sure that a s.gra. i1s giien by ore of the team so that excess strain 1s not
placed on anv or:e member of the group. Teamwork accomplishes much
more than ind v.duAal e ffoxt.

Carryv al. objects 11 s.(h « manr.er that vou can see clearly where you are
going. Lorg objec1s should be carried by two people to protect others.

Power toois are pru-1ded with guards to prevent accidents, They are
piaced there for your protection. Be sure to cail the instructor's atten-
tior to ary lonse o missing guard,

Wearng teprope » s uothirg 1s very important when working i1n the shop. Each
shop reqiires a speciaiized protective garment depending on the nature of the
work. Some snopwork déemands add:tioral temporary protection when doing
special jobs, This mav take the form of goggles and gloves when welding;
goggles or face sh.e.d for grinding or a rubber mat when working around
Iive electricas «rrouats,

Gloves should be worr when handling hot objects, especially when welding.
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Gerieral Safetv Prait.ces
tInformat.on Steet cornt.nued

The hard too. s st:]! “e ry importart. desp.te the deveiopment of complex
machine tools, Eververe has need fao hard tools. but not everyone knows
how to use or care ior them properiy, A recert studv of shop accidents
showed that €6% of all «rjuriés :n one yrar were caused by misuse of the
common harnd tecl,. Most hand tocl acciderts are caused by (1) improper
storage 21 farlure to keep the tonl .1 good cordition (3) using the tool
imprope rly. ard ‘4 faiiure ro use the r.ght 120l for the job.

Hand tools sho :'d bc stored in a too! rack whi~h has a place for each tool;
they shouid rot be stored 1r. drawers or boxes, Tools should be cleaned
frequently and sto*ed .ir a dry pla.€ to prevert rusting, A light coating of
o1l will keep them brigrt under adverse cond:tions,

Wrenches are des.gned to he inise rted from the side of a nut (as 1n the case
of an open e¢nd  adjustable¢, morkey or pipe wrerch) or over the top (socket
or box wrerch' to ho.d .t {.tmiv for removing <r tightening.

If you have to puil pard or 3 wrench., make sure that it seats squarely or it
may sl.p. Pushing or 4 wrerch i1s dargerous 1f the rut treaks loose suddenly
vou may skin vour knuckir s However. i you do have to push on the wrench,
use the palm of your hard.

Whenever you do have 1o exe rt anv real force, there are two important
points to remeémbery ‘1 Alwave pilace the wrerch on the nut so that the pull-
ing force 1s appl.ed to the strorg. stat-onars side of the handle, as it can
withstand the greate.zt stress, 2% Aiter piacing the wrench on the nut,
tighten the adjusting kr.:l so that the jaws fit the nut securely, to prevent

slipping.

Hammering on a wrench or extending 1t with a pipe places arn excessive
strain on a wrench which itisnot des:gned te take.

Wher chipp.ng. a:wavs wear gogg.es 1o protect your eyes, If others are
working close by, make sure tkey are protected from fiying chips by a
screen, or else chip 11. a direction which 15 . lear of workers.,. Remember-
the time to take precautions 1s before you start a job, not after someone

1s injured.

It 1s dargerous to use a file without a handie, as the end of the tang is
quite sharp, f the f:ie¢ "hangs up! ©v ¢atching on the work. your hand
might jam agairst the erd of the targ resuitirg in a very pairful puncture
wound.

¥ NPy

Material for th:s Information Sheet was taken from AUTOMECHANICS by
Harold T. Glenn




Agricultural Education 910-1-1c
Teaching Materials Center
College Station, Texas
ok e ek ok ek
Texas Education Agency
Texas A&M University
(cooperating)

Assignment Sheet
for
AGRICULTURAL MACHINERY MECHANICS

UNIT: Introduction
TOPIC: Orientation
OBJECTIVE: To understand the jobs and job functicns in the organization

of the local agricultural machinery dealership.
REFERENCES: Required:

1. Information Sheet

Supplemental:

2. Farm and Power Equipment Retailers Handbook,

2340 Hampton Ave., St. Louis, Missouri, 63139,
pp. 74-76;251-256.

QUESTIONS 1. What are the five arzas the local dealership operation
or is divided into?
ACTIVITIES:

2. What are the duties of management ?
3. What are the duties of a salesman?
4. What are the duties of the parts man?

5. What are the duties of the mechanic ?

6. What are the duties of a set-up and delivery man?




Y

Orientation

(Information Sheet continued)
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b.

Salesman

Finds prospective buyers

Conducts demonstrations

Appraises used machinery

Closes sales

Makes financial arrange:nents for customer to
purchase machinery

Maintains sales room

Follows up past sales

3. Clerical

a.

Office Supervisor

Directs record keeping

Directs office procedures

Directs collections

Directs payments

Checks financial standing of potential customers

Bookkeeper

Posts books

Directs depository funds
Writes orders and letters
Prepares payroll

Writes contracts

Assists in closing books

4, Parts

a.

Parts Supervisor

Directs ordering and selling of parts
Selects parts employees

Trains parts employees

Maintains inventory control
Maintains catalogues and price lists
Plans merchandising programs

Parts Man

Dispenses shop parts
Dispensgg customer parts

\i
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Information Sheet
on

ORIENTATION

The operat.on of the agricuitural machinery dealership is divided into
five areas

:  Management

2 Saies
3 Cierical
4 Parts

5. Service

The nature of the work carried out in each area is determined by its
function 1n the operation of the total business,

Peoplie 1n each area are employed with specific responsibilities.
1. Management

Determine company policies

Exercise financial control over the business
Select, train and supervise employees
Forecast and plan future company business
Direct customer and employee relations
Promote sales

Coordinate jobs

2. Sales
a Sales Supervisor
Directs sales work
Directs sales records
Promeotes sales

Tra:ns sales employees
Assists in job coordination

2176




Orientation
.. (Information Shect)

Maintains parts inventories
Checks inventories
Maintains price catalogue
Constructs displays
Maintains parts identification

5 Service
a. Service Supervisor

Directs personnel

Selects and trains personnel
Maintains service records
Advises on service problems
Inspects repair jobs

Directs machinery storage
Schedules machinery assembly
Prepares delivery orders
Directs delivery

b. Mechanic

Makes general repairs
Handles field repairs
Conducts special operations
Reconditions trade-ins

Makes pre-delivery checks
Maintains demonstration units
Services rolling stock
Maintains shop equipment

c. Set-up and Deliveryman

Picks up and receives new machinery
Assembles new machinery
Delivers and starts machinery
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Orientation
(Information Sheet continued)

These areas have well-defined limits in which to operate in the dealership.

Parts Area

Service
Area

Sales Area

Office Area

s ol 15 als als al,
sisle e e e

Material for this Information Sheet was taken from the Organization and
Management Dealerships, The Center for Research and Ladership ;
Deveprment in Vocational and Technical Education, The Ohio State . .
University, 1965
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Agricultural Education 910-1-43
Teaching Materials Center
College Station, Texas

. s sfefe e e o
F Texas Education Agency
Texas A&M University
{cooperating)
Assignment Sheet
for
INTRODUCTION
UNIT: Introduction
TOPIC: Hand.- Tools-Identification and Use of Metals and Layout Tools
J
OBJECTIVE: To develop an understanding of how to detect certain

metals and to properly use layout tools.

INTRODUCTION: Farming is becoming more merchandised each year,
With increased use of mechanized comes a need for a
greater number of repair jobs. Many simple jobs,
such as removing broken bolts, threading, tapping,
<~ and reinforcing are cold metal jobs. These tasks
«r becomeleasier as one learns to properly use the tools
at his disposal.

REFERENCE] Required:

The Farm Shop, T.J. Wakeman, pp. 83-88

QUESTIONS 1. What two factors determine the amount of carbon
or the structural arrangement of metals?
ACTIVITIES:

2, What is the name given to the heating and cooling

process by which cast iron is made.soft, strong, and
mallable ?

3. How will the sparks look when a high carbon steel
is placed on a grinder?

4. What size combination square blade is most suitable
for general work?

5. What is the purpose of a scratch awl?

2518
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Texas Education Agency
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UNIT:
TOPIC.

OBJECTIVE:

INTRODUCTION:

REFERENCES:

QUESTIONS:
or
ACTIVITIES:
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Assignment Sheet
for
INTRODICTION

Introduction
Hand Tools-Cutting Cold Metal

To develop an understanding of howto select proper
tools for cutting cold metal and to become aware of
the correct methods involved.

The need for cutting cold metal in a farm shop arises
quite often. Much valuable time and effort can be saved
by learning the proper tools to use and by developing
skills in the methods of cutting metal.

Required:

The Farm Shop, T.J., Wakesman, pp. 88-92

1. Why are soft-back blades more widely used than
the hard-back hacksaw blades?

2. What are the four standard shapes for cold chisel
cutting edges?

3. What procedure should be used when cutting round
stock with cold cutters?

4. What two tyi;as of metal should be cut with bolt cutters?

5. Why are cold chisels tempered?




Agricultural Education 910-1-4c
Teaching Materials Center
College Station, Texas

N e ey e

Texas Education Agency
Texas A&M University

(cooperating)

UNIT:
TOPIC:

OBJECTIVE:

INTRODUCTION:

REFERENCES:

QUESTIONS
or
ACTIVITIES:

2526

ERIC

Full Tt Provided by ERIC.

Assignment Sheet
for
INTRODUCTiION

Introduction
Hand Tools-Shaping Stock and Filing

To develop an understanding of the methods used in
shaping stock and to learn different types of files and
their use,

The skills of shaping stock and filing metal are needed
frequently in the farm shop. There are several fun-
damental principles of which one should be aware before
bending stock.

Required:

The Farm Shop, J.T. Wakeman, pp. 93-96

1. How do sharp corner bends affect metal?

2. What are the two tools needed to twist cold:metal?
3. What type of metal is used to make files?

4. List the six parts of a file.

5, What should be done to prevent the tang from being a
hazard?

6. List the eight types of files.
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Introduction

Hand Tools-Drilling

To develop an understanding of the tools and techniques
used in drilling metal.

Several different drilling machines can be used for
drilling cold metal: the power drill press, the post drill,
the drilling post (''Old Man'') and a hand ratchet, the
electric portable drill, and the breast drill,

Required:

The Farm Shop, T.J. Wakeman, pp. 96-101

1. What is the most widely used drilling machine in cold
metal work?

2. What number of twist drill is smallest?
3. At what size do fractional size drills start?

4. Why must metal be clamped tightly to the drill press
table before drilling?

5. What type of vise is used to hold round stock?
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Introduction

Hand Tools-Tapping and Threading

To develop an understanding of tapping and threading
techniques,

A beginner in a farm shop usually dbes not work long
before he runs into the problems of tapping and thread- |
ing, These tasks are relatively simple if the proper
techniques are observed.

Required:

The Farm Shop, T.J., Wakeman, pp. 101-105

1. What are the two common types of bolt and nut threads?
2. What type of thread is used in tractor engines?

3. What are the three types of taps?

4. What are the three common types of dies?

5. What is a screw plate ?
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Introduction

The Parts of Machines

To learn proper identification of parts of farm
equipment that are essential in the construction of

a workable machine.

The component parts of farm equipment include those
parts that are essential to construct a complete high-
quality operative machine.

Required:

1. Farm Machinery and Equipment, Smith, Ch. 5

2. Ball & Roller Bearings, American Association
of Agricultural Engineering and Vocational
Agriculture.

Supplemental:

3. Tractors and Crawlers, Frazee-Bedell, pp. 64-85.

1. Explain the function and application of a cam.

2. Define and explain the difference between an anti-
friction and friction bearing.

3. What is the function of a bearing?

4, What are the types of ball bearings ?

5. What are the types of roller bearings?
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6 How do roller bearings differ from ball bearings?

7 How would a person determine the proper bearing

to use ?

8 Explain why a bearing must be properly lubricated.

9 Where are tapered roller bearings used?

10 What kind of bearings need bushings?

The following key words or terms have been used in
this assignment and should now be a part of your
vocabulary. Explain or define each:

" Intermittent

Axial
Carburizing
Case harden
Creep
Crowned
Deflection

End play

End shake
Heat treatment
Loading grooves
Radial load

Load line

Load line angle
Misalignment
Preload

Press fit

Push fit
Raceway
Radial

Radial clearance
Separable
Spherical
Thrust load
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UNIT: Introduction
TOPIC: The Parts of Machines i
|
OBJECTIVE: To develop an understanding of types of fasteners,
washers, snap rings, and springs used in farm
machinery.
INTRODUCTION: In every trade or occupation the problem of properly

fastening parts of objects together is extremely import- 1
ant. At one time in history the supply of common nails, %
bolts, and bailing wire was sufficient. Today this is ‘ ‘
no longer the case. Today's mechanic must be familiar |
with names, sizes, uses, and standards of the most |
commonly used fasteners.

In this assignment we will discuss and illustrate some
kinds, sizes and types of common fasteners so that you
may familiarize yourself with them.

It is felt that this is most necessary because of the
complex, high speed and precision world in which we
live, and the safety conscience employees and employers
of today's industry.

REFERENCES: Required:

1. Information Sheet, '"Fastening Devices'"

2. Farm Machinery and Equipment, Smith, pp. 50-54.

Supplemental:

3. The Farm Shop, Wakeman & McCoy, pp. 105-106.
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QUESTIONS I: Place in the blarks in the margin the number
or of the answer which you think makes a correct
ACTIVITIES: statement of the followiag:
1. The pitch of a screw is (i) the number

of threads on the screw; (2) the dis-
tance between threads; (3) the argle
between thread faces; (4) the diameter |
of the threads; {5) none of these.

2, The proper device for determining the
pitch of a2 given screw is (1) micro-
meter; (2) rule; (3) calipers; (4) pitch
gauge; (5) none of these.

3. Most of the new-type fasteners now on
the market came from (1) the aircraft '
industry; (2) confiscated German |
patents; (3) the building trades; (4)
the shipbuilding industry.

4, Hexagon socket-head screws are also
known as (1) Phillips head; (2) clutch
head; (3) cross head; (4) slotted head;
(5) none of these.

5. The chief advantage of the spline and
clutch head screws is the fact that they
are (1) neat in appearance; (2) easy to
withdraw; (3) safer; (4) able to absorb
more turning force; (5) none of these.

6. To find the length of flat head wocd
screws, one measures (1) overall
length; (2) from bottom of slot to point;
(3) the shank; (4) none of these.
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7 Self-tapping screws are used extensively
in sheet metal chiefly because (1) they
have a better appearance; (2) they are
stronger than other fasteners; (3) they
are easily installed; (4} thev do not re-
quire washers; (5) ncne of these,

and 1 1/2 inches long with coarse series
threads will usually be described:

(1) 1/4" Cap Screw ! 1/2-20NC-FLT, HD,
(2) 1/4"x1 1/2"-ZONC-FLT. HD, Cap

8. A flat head cap screw i/4 inch in diameter 4

Screw |
(3) 1/4" FLT, HD, Cap Scres 1 1/2'".
20NC,
9. ~ Rivets are not practical for use in fastening

metal parts which (1) require considerable
strength; (2) must be assembled accurately;
(3) will be removed or replaced periodically;
(4) are subjected to vibration; (5) none of
these.

~
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IV. Fill in the blanks with a word or words to made a
true, complete sentence.

1.

10.

11.

The new standard syst m governing the man-
ufacture of fastening ucvices used in this
country is called the

The two principal pitch series in this standard
are and

and respectively.

The meaning of "pitch'" as applied to threads is:

In th: standard thread form, the basic angle
kLetween the sides of two threads is degrees.

The head size of a standard hex bolt is the dis-
tance across opposite )

The nuts for standard bolts come in three thick-
nesses: s , and

The head size of a standard boit is approximately
times its diameter.

The length of bolts is measured from

to o

Bolts and their nuts are usually tightened by means
of

Screws which are used to fasten light or thin metal
sheets without the use of tapped holes are called
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12,

13,

140

15,

16,

170

18.

Two other names for the above type screws are
and .

A short steel rod threaded on both ends is called
a .

Thin washers with teeth around the inside or out-
side edges or both are called
washers,

A thin nut which is used with a thicker one to keep
it from loosening on the bolt is called .

Enlarging and shaping the end of a pipe or metal
rod, such as a rivet, is called 0

The three most common types of heads for set
screws are_ ) » and

]
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11, Cap screws are ordinarily used with nuts to fasten
two pieces of metal.

12. _ Bolts are sold with their nuts accompanying them.

13,  The most common type of cap screw is the hex head.

14.  The majority of screw pitches are uneven numbers.

15. _ Most machine screws are of the coarse series.

16. _ Machine screws ordinarily have threads the entire
length of the shank.

17. _ NC and USS may be used to designate American Coarse
series threads.

18. _ Stove bolts usually have hex nuts.

19.  Machine screws are smaller than cap screws.

20, _ Carriage bolts are used to fasten wood to wood or wood
to metal.

21, __ Hanger bolts are used to fasten metal to metal.

22. _ Castellated nuts are self-locking.

23, _ Each type of recessed head screw requires a different

type of screwdriver bit or wrench.

24, Primarily, countersunk rivets are used in assembling
aircraft to make them stronger.

25. '""Blind" rivets are so-called because they have no heads.

26. The charge in explosive rivets is set off with an electric
spark cr sharp blow with a hammer.
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III, Place + for TRUE and 6 for FALSE opposite
the following statements:

1.

10.

1617

The form of a thread ia the fine
series is differenat to that in tnc
coarsec serics,

The hexagon head bolt and cap screws
are the most used fastering devices in
automobiles and modern machines.

The distaznce across the fiate of a
standard boit head determines its
wrench size,

The old U, S, Standard has been re- ‘
placed by the American Starndard. -

The American Stardard Fine Series ,
is also knowrn as N#' and SAE.

Square headed belts are used axten-
sively in z2utomobiies.

The nut for any standard bclt will ‘it
2ny standard screw of the same dia-
meter and pitch,

All bolts and screws tighten by turn-
ing clockwise.

The thread stardards used ix this
country also apply to foreign courtries.

Few bolts arnd screws have fractional
nurabers of threads per inch.
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Information Sheet

on
FASTENING DEVICES

THREADED FASTENERS

Distinction Between Bolts and Screws

Despite the pregress made in standardizing machine parts. there is still
considerable misunderstanding and cornfusion regarding the names, thread
standards and sizes of bolts and screws.

The public is inclined to make a distinction between two general types of
threadcd fastering devices. calling one '"bolt" ard the other '"'screw., "
Some manufacturers list every such device as "bolt" regardless of its
size or type Others may list a device as a "1 olt" while other manufact-
urers may list the identical object as a ""'screw,"" While there 1s no single
clearcut distinction between a bolt and 4 screw. there are a few generally
accepted distinctions between them:

1. A bolt is usually thought of as a device used with a nut to fasten
two parts together, A screw 1s usually thought of as a device for
fastening two pieces tozether by passing through a hole in one and
screwing into a tapped hole in the other. without the use of a nut.
Bolts are usually sold with the nuts accompanying them, while
screws are not provided with nuts.

2. The head (and nut) of a bolt is generally square or hexagon and is
tightened by means of a wrench, The head of a screw is usually
round in shape and is provided with a slot or some other means of
tightening with a blade, such as a screwdriver (Exception: hex
cap SCrew)

3. The size of bolts is usually given in fractional inch sizes, such as
1/4", 5/16". ctc.. while the size of screws may be in fractional
inch sizes  but is usually expressed in numbers from C to 30, which
is the guage size of the steel wire from whizh the screws are made.
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Screw TLreads

The threads on bolts and screws are spiral ridges made by cutting spiral
grooves around the body of a cylindrical piece of metal stock. (See Fig-
ure 1 + Thkese grcooves are cut by means of a tool krown as a die or by
an autornatic screw cutting machine which uses a die or chaser, and in
the case of large sizes requiring accuracy, they may be cut on a iathe
or an & thread m:lling machine. The shape of the groove {and hence the
shape of the ridge) is determined by the shape of the cutting tool used,
and .t 1s obvious that this shape must be standard (always the same) or
else¢ boits screws. and nuts will not be readily interchangeable. The
standard form for threads of bolts and screws is discussed in a later
section

In the followirg discussion. the term "'screw" will not refer to the object
knowr: as a screw, but will refer to the threaded portion of any fasten-
ing device, whether it be a bolt, screw, or nut.

The pitch of a screw is the distance between corresponding parts of
adjacent threads. The number of threads per inch can be measured with

@ rule as shown in Figure 1-A, which shows the number to be eight. Note
that the first thread is not counted. Measuring the number of threads with
a rule is citficult if there is not a full inch of threads; the reason being that
if the number is odd, say thirteen, the half or quarter-inch graduation on
the rule will be opposite a 'valley" or groove of the thread and may be
difficult to read.

The preferred way to measure pitch is with a screw pitch gage, shown in
Figure 1-B. The pitch of a given screw is determined by mating the
threads with the teeth of the proper leaf of the gage and then reading the
pitch which 1s stamped on the leaf. The proper ieaf is found by trial and
error. The screw pitch gage can be used for finding the pitch of internal
threads (as in nuts) as well as external threads.

The threads per inch for American (National) Standard threads are shown
in Table 1. Such a table is quite useful in finding the proper screw for a
certain tapped hole. ror replacing a nut on a bolt, or for drilling and tap-
ping a hcle for a screw,

‘vir
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Note that i1t can be seen from this table that practically all the number

of threads per inch listed are not only whole numbers but are even
numbers as well In fact, there are only five odd~numbered threads

per inchk for screws of sizes No. 0 to 3" in the Coarse Series (13, 11, 9, 7.
and 5). and there are none in the Fine Series. The only fractional

number of threads per inch{¢ 1/2) i1s for sizes 2" and 2 1/4' Coarse
Series.

Screw-Thread Form

By'thread form!'is meant the shape of a thread that would be reveal-
ed if the longitudiral section bolt or screw were shown, There are
about eight different thread forms

recognized by the American Stan-

dard. rnost of them being used for

special purposes. The thread form

used almost exculsively in the man-

ufacture of both bolts and screws is

the American Standard, which is il- p=pitch= 1

lustrated in the drawing to the right. No. threads per in.
Many foreign countries use different f=1/8 of p.

thread forms, making the exchange d=depth of thread

of such bolts ard screws impossible. American Standard Thread Form

Screw Thread Series

The American Standard Thread Form is divided into two principal
series; coarse and fine. The form of the thread is the same regard-
less of whether it is coarse or fine, the difference being in the numb-
er of threads in one inch for the same diameter screw or bolt. The
designation of these two series is {1) American Standard Coarse (also
known as NC and USS}), and (2) American Standard Fine (also known as
NF and SAE).

Thus a certair belt, say a hexagon head, 1/4" in diameter, 2 i/2" in
length, may have American Standard threads of either the coarse series
(NC,;USS} or the fine series (NF;SAE) and its descriviion in a catalog
w.ll be;
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1/4 - 20 x 2 1/2 (NC or USS}) Hex Head Bolt
1/4 - 28 x 2 1/2 INF or SAE) Hex Head Bolt

The 20 and 28 have reference to the number of threads per inch for a bolt of
1/4'" diamcter in the course and fine series respectively.

For a bolt of larger diameter, say 1/2", it is necessary that the threads must
be larger and fewer per inch for both the coarse and the fine series. In this
case the thread description of the bolt will be:

1/2 = 13 x 2 1/2 (NC or USS)
1/2 = 20 x 2 1/2 {(NF or SAE)

Definite standards have been set up governing the number of threads per inch
for each size screw, The coarse series threads are used with machine bolts
and s¢rews for general industrial use, which, it is said, comprise about 80 %
of all manufaczured,

The fire series threaas (or about 20% of machine screws) were adopted when
it was found that the coarser threads would not stand up under the pressure
and vibrations found in modern machinery, principally automobiles. The
term SAE refers to "Society of Automotive Engineers,' which was instru-
mental in the standardizatior. of the machine screw threads.

For use in automobiles, the Society of Automotive Engineers adopted still
another serics, the Extra Fine thread series, for use in certain instances
with thir mctal where the thread engagement is small. In this series, a
1/2" screw will have 28 threads per inch, instead of 20 in the American
Standard Fine series,

BOLTS

One of the most common types of fastening devices found in industry is

the bolt, which is a steel rod, threaded on one end with a head on the other.
The head is usually six-sided (hexagon or hex), and each side is called a
"face, " and the distance between any two opposite faces (flats) of the head
determ:ines the wrench size,
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Bolt Sizes

The dimensions of a bolt are determined by using its diameter {D) as
the unit of measurement. This is shown in Figure 2.

1. The diameter of a bolt is the diameter of the body (rot the
head), the smallest being usually 1/4", The diameters
range from 1/4'" to 3",

2. The length of a bolt is measured from the underside of the
head to the end and varies according to the use to which the
bolt is put.

3, The head size of a bolt {W) is the wrench size and is the
distance across flats. For standard hexagon machine bolts ,
it 1s equal to 1 1/2 times the diameter of the holt, However,
the bolts used by automobile manufacturers do not follow this
formula exactly., An explanation of S, A, E, bolt and nut sizes
1s given in the Information Sheet, '""Wrenches, "

Designation of Bolt Sizes

When referring to bolts as in orders, parts lists. and cor respondence,
a standard manrer of desigrating the necessary information is used, with
the data iisted in the following order:

1. Diameter 4. Finish
2. Length 5. Type head
3. Type thread 6. Name
This information is usually abbrevizted as shown in the following example:

1/2" x 2 1/4" - 20NF - 2 Fin. -HEX, MACHUSE BOLT

Types of Bolts

The most commor types of bolts used for general industrial purposes
are: (1) machine bolt, (2) stove bolt, (3) carriage bolt, (4) stud bolt
(or stud), and (5) hanger bolt. All are shown in Figure 3 on the page of
1llustrations.
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NU'Y

Nuts are of the same size, thread form, and pitch, as the bolt they fit.

The standard hexagon nut is also the same diameter as the bolt head,

but is somewhat thicker. The thread of a nut is internal (female), and

the same standard thread systems apply to them as those previously

discussed. Usually the sharp corners on square or hexagon nuts are chamfered
to prevent injury to the hand.

Nuts are designed in several types to suit different needs. The most
common types are pictured on the page of illustrations and are square,
hexagor, slotted head hexagon. castle (or castellated), cap (also call-
ed acron and blinei, and wing, The hexagon is by far the most-used
nut in autornotive work, and comes in three different thicknesses:
Heavy (also called standard), light (also called half nut), and jam (also
called lock), The jam nut is the thinnest and is used with another nut,
usually a light or half nut, to lock it on the bolt.

Small thir nuts are sometimes incorrectly calles ''taps' in certain
parts of the country, (A tap is a fluted, threaded tool for cutting in-
side threads, )

Lock Nuts ard Washers

Practically all nuts should be used with a washer of some type. However,
some nuts have special safety devices which make this unnecessary. The
slotted and castellated nuts {Figure 4) are used with cotter pins or safety
wire to prevent them from loosening on the boit. A few new type lock
nuts, which were originally designed for the aircraft industry and which
are now being used in other industries, are shown in Figure 5.

Spring steel nuts, such as those shown in Figure 5-A-B- C,are a class
of nuts which are growing in popularity due to the fact . that they can be
installed very quickly and have the combined functions of nut and lock
washer. The speed nut, Figure 5-A , has two forked prongs which en-
gage the thread of the bolt and which are sprung inward to engage the
bolt tightly when the nut is tightened. These nuts have numerous app-
lications where no appreciable amount of strain is encountered, chiefly
in rad:o and electrical installations and the assembly of parts made from
plastics. They are made in angle brackets (Figure 5-B), as well as long
metal strips with several '"nuts' stamped at desired intervals.
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Another type of spring steel fastener is the "'Stalock'' fastener
(Figure 5-C)., which grips the thread almost one complete round.
This nut may be re-used, whereas many other types are sprung with
first use.

An altogether different type of lock nut is shown in Figures 5-D and
5-E, It has two threaded portions through which the screw turns,
each being slightly out of "pitch' with the other, causing a compress-
1ve action as the nut is tightened.

Lock washers are of several types, the most common being the split
ring type shown in Figure 5. Other types have come from the air-
craft industry which required light weight washers with great '"holding
power' and the ability o withstand severe vibration, These are put
into a general class krown as '""'shakeprocf'" washers and come in two
chief styles as shown in Figure 5. They have twisted, tapered teeth
which engage both the nut and the work sc as to make loosening un-
l:kely. Those with teeth irside are for use with fillister head screws,
while those with cutside teeth are to be used with hexagen and square
nuts and screw heads.

SCREWS

Methods of Driving Screws

Although a few ty pes of screws are desigred to be tightened with a
wrench, the mzjority of them are provided with slots or sockets for
engaging the blade or bit of a screwdriver or specially designed
wrench. in recent years the trend has been away {rom the use of
slotted head screws, the reasons being that the screwdriver blade must
be properly formed and fit the slot snugly in order that the maxi mum
amount of turning force can be applied without splitting or ""chewing
up'' the screw head. Also, slotted head screws are difficult to start
straight unless the screwdriver blade is exactly centered in the slot.
The most popular types of driving devices used with screw heads
(See Figure 7) and the names by which they are krown are:

1. Slotted head for use with the conventional type screwdriver.
One type of slotted head screw, used chiefly in radio work
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(Figure 9-A), also has a hexagon head, making it suitable for both
ordinary screwdriver or a '"'Spin-tite' wrench.

2, Hexagon socket head, also known as ""Allen head," is used with the
"L'" shaped, hexagonal Allen wrench or key, shown in Figure 8.

3. Phillips head has a cross-shaped recess and is used with a Phillips
screwdriver. Its chief values are ease of starting, attractive appear-
ance, and the fact that the screwdriver cannot slip off the screw head
while turning.

4. Reed-Prince head, also known as '"croos head, ' is somewhat similar
to the Phillips head and is used with a specially formed screwdriver
bit.

5. Spline socket head, also called '"fluted head, " uses a special splined wrench
which permits a maximum amount of force to be applied without split-
ting or straining the screw head. -

6. Clutch head is used with a special screwdriverbit designed to permit
considerable turning force. It is claimed that this type screw head
makes starting screws in hard-to-get-at places easier since the screw
will fit the bit snugly without falling off.

The recessed type of screw head was used principally with set screws and machine
screws until a comparatively short time ago. Today, the use of such screw

heads has been extended to almost every type of threaded fastening device, in-
cluding stove bolts, self-tapping screws, and wood screws.

Needless to say, the universal use of special screw heads of the types describ-
ed above necessitates the purchase of many different types and sizes of screw-
drivers by the mechanic. The good mechanic always uses the correct type

and size of driver for each specific screw.

Screw Specifications

Screws are designated in the same manner as bolts as shown in the example
below:
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(Information Sheet continued)

(Complete) No. 10 x 1 1/2" - 24-3FIN, FILL HD, MACHINE SCREW
(Abbreviated) 10 x 1 1/2" - 24 FILL HD, MACH, SCR.

{Complete) No. 3/8x2 1/2'" - 24NG-3 FIN, NX, HD, CAP SCREW
(Abbreviated) 3/8x 2 1/2" - 24 NF-HX, HD, CAP SCR,

Cap Screws

The largest screw for fastening two pieces of metal together is the cap
screw, which pa: ses through a clearance hole in one piece arnd fastens it
by screwing into a tapped hole in the second piece (See Figure 6j. They
are available with threads of either the American Standard Coarse or
Fine series and in sizes from 1/2'" to 1" and over. The lengths are
usually from 1/2" to 6",

The heads of cap screws are in five general types: hexagon (the most
common), flat, button, fillister, and socket (or recessed).

Machine Screws

Machine screws - shown in Figure 8 - are similar to cap screws in shape
and head type, but differ principally in the fact that they are smaller
(usually in sizes from Nos. 0 to 12) and have threads of only the coarse
series, As a rule, ma-hine screws are threaded all the way from the head
to the end.

Set Screws

Set screws (Figure 8) are fastening devices used to sei a wheel, collar,

or hub on its shaft. They are usually headless, although some come with
square heads. The headless type is provided with slots or hexagon sockets
for scresing them into the hub so that none of the screw projects on the
outside. The diameter of the socket is, in nearly all cases, half the
diameter of the screw.

The points of set screws are of several types: flat, cup, cone, oval,
and dog. The same standard thread systems apply to set screws as those
previously discussed.

1629




910-~I-6b

Fastening Devices
[Infcrmation Sheet continued)

Right and Left Hard Threads

All bo’ts s<icws, and their nuts are right hand (RH) unless specified
left haad \LH* Right hand :neans that the nut is turned in the right hand
(clockwise; direction to tighten it,

Leit harnd screws are used only when required,as, for example, vhen
the nut 1s ir contact with a part turning in a counter-clockwise direction
ard the frictinn tends to loosen a right hand nut.

Seif:-Tappiug Screws

Self-tapping screws, also called '"‘Farker screws" and ""Sheet metal screws, "

resemble ordirary wooud screws except that they are shorter and have |
tareads the entire ‘ength of the screw. They are used principally in fasten-

ing thin metal parts and sheet metal together, but are also used with

plastirs. The screws are of very hard metal, and the threads "form?"

rather than "tap'' threads iato the metal into which they are screwed. There

1S a fype. however, which actually taps threads into a drilled hole. It

rcsembles a machine screw with "interruptions' or slits along the end

which present cuatting edges at each thread, which tap the threads as the

screw is tightened. (Ses Figure 9-B.)

Parker self-tapping screws are made in two types, "A" and "2", and

are available with six different types of heads, (See Figure 9), each of
whizh rnay have the slotted or Phillips recessed head, as showan in Figure
9-C.

Dzrive Screws

Drive screws are a combination of screw and nail. They are used chiefly
to fasten sheet metal. plastics, leather, and paper to wood by driving them
nea~ly home witn a hammer and tightening with a screwdriver a turn or two.

One type of drive screw, designed for metal work, is made of hardened
steel and is used to fasten thin metal parts to brass, aluminum, and iron
castirgs by driving the scre.v all the way home with a hammer after it has
been started i a hole drilled to the proper size to receive it.
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4, Flat head rivets are used for general purposes where both
strengih and compactness are important. Tinners' rivets
are of this type and are made of soft steel and are usually
tinred to prevent rusting.

Special Rivets

One of the chief drawbacks to the use of ordinary rivets is the fact
that bcth sides of the work must be accessible for driving and buck-
1ng. For places where only one side of the work can be reached,
several paterted ""blind" rivets are availal.le, most of which use a
metal screw or plug inside the hollow rivet which co apresses and
upsets the end when the screw or plug is withdrawn. One type

of '"blind" rivet ures a small explosive charge in the hollow end
whizh explodes whean heat is applied to the head, thus upsetting the
end of the rivet.

. s1ze of Rivets

The size (diameter) of rivets is expressed in three manners:

1. Fractional inch sizes
2. Gauge
3. Weight

The size of aluminum rivets is given in fractional inch sizes, usually
in 32nds, and the length of the shank is usually expressed in 16ths of
an inch,

Tinners; rivets have standard lengths for each size, which is express-
ed in weight. The weight, such as 6 cunces, 1 pound, and the like,
represents the number of ounces or pounds that 1000 such rivets
weigh. The smallest size is 6 ounces (1000 weigh 6 ounces). and

the largest is 3 pounds.

Material for this information sheet was ‘aken from '"Fastening Devices
For Gen~ral Industrial Metal Shop'", pp. 1 - 10.
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RIVETS

Use of Rivets

Rivets are used to fasten together two pieces of meta! which wall not
likely require disassembling iater, Rivetirng is the "upsetrting' the
end of the rivet shark which has been passed through punched or drilled

holes in the metal pieces. "Upsetting' 1s the forming cf a second head by

shaping the end of the r.vet ia several difierent ways while the head 1s
held firmly in place {''bucked'") with a bucking bar or do>lly which is
usually held by another person,

Before the development of welding, riveting was practically the only
method of fastening two pieces of heavy metal together permanently.
Today. the use of large steel rivets is chiefly lzmited to structural
steel and boiler work in which the steel rivets are driver red-hot.

Only the " <oft rivets,' which are made of aluminum, copper, and other
soft metals and which can be driven cold, will be discusse¢d here, The
ends of such rivets are '"'upset' bv hammerirg or peining, with hammer
ard a rivet sct. and with pneumatic hammers called rivet ''guns, "

Types of Rivet Heads

The most common types of rivet heads arc shown in Figure 11, In
general. each type 1s used for the following types of work:

1. Countersunk rivets are used where streamlining is necessary
to prevent ""drag' due to air cr water flow, and for appearance,
The principle of countersinking used with wocd ard metal
screws is used with rivets, permitting the heads to be flush
with the surface of the metal,

2. Brazier head rivets are used chiefly in aircraft assembling
and repairing where countersinking 1s not practical and where
"drag'" must be kept as low as possible by making the r:vet
heads thin,

3. Round read rivets are used where maximum strength is impor-
tant and ""drag'" aznd appearance are of little concern,

a /Z m~a

-
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AGRICULTURAL MACHINERY MECHANICS

UNIT:

TOPIC:

OBJECTIVE:

INTRODUCTION:

REFERENCES:

QUESTIONS
or

ACTIVITIES:

Introduction
Transmission of Power

To develop an understanding of the ways that power
is transmitted from its prigin to use.

Power remaining at the source of production is of
no value to the operator. To utilize this power it
must be transferred by some method to a place of !
adjustment and use. Often times it is necessary to ]
adjust power into several speeds to fully utilize it.

In this assignment the methods of transmitting this

power will be studied.

Required:

1. Farm Machinery and Equipment, H, P. Smith,
Ch. 4.

Supplemental:

2. Modern Farm Power, pp. 182-187.

3. Farm Gas Engines and Tractors. pp. 404-445,
475-479,

l. What are the six methods of transmitting power
in connection with farm equipment ?

2. What is the advantage of a V-belt over flat belts?
3. When is a V-belt properly fitted ?
4. How can belt lengths be determined ?

a. V-belt
b. Flat belt

5. What formula may be used to calculate the speed or
size of pulley?



910-1-7

UNIT: Introduction
TOPIC: Transmission of Power

6. Explain how the pitch of the sheave will vary speeds.

7. Explain the proper direction of travel when using a
pressed-steel hook chain.

8. List the names of the types of gears that are shown
in figures 4-17, page 34 in the Farm Machinery and
Equipment, Smith. '
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UNIT: Introduction
TOPIC: Tractor Design
OBJECTIVE:; To develop an understanding of different types anc sizes of

farm tractors.

INTRODUCTION: The tractor is the farmers ""power house''. It is a moveable
powerhouse. Most all farm machines can be operated by
the tractor and many other attachments can also be used
such as grader and ditcher blades, manure loaders, scoops,
power shovels, post hole diggers, wood saws, load carriers
and many others. Each implement attached must ""match"
the tractor in size and capacity.

Farmers are the principle users of tractors. In a recent
ten (10) year period, the number of tractors used by farmers
almost doubled which shows how rapidly our farming is being
mechanized.

REFERENCES: Required;

1. Machines for Power Farming, John Wiley and Sons, Ch. 2.

2. Farm Tractors, FT-53-Humble, page 3.

Supplemental:

3. Farm Power, Moses and Frost, pp. 289-304.

4. Tractors and Crawlers, Frazee and Bedell, Ch. 1.

5. Operation, Care and Repair of Farm Machinery, John
Deere and Company.
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OPIC: Tractor Design
(Assignment Sheet continued)

QUESTIONS 1. What are the major types of tractors?
or
ACTIVITIES: 2. What type is most popular? Why?

3. What are the ways of rating sizes of tractors?
4. In what ways are all tractors alike?

5. What are the basic elements of all farm tractors?

910-1- 8
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UNIT:

TOPiC:

OBJECTIVE:

INTRODUCTION:

REFERENCES:

Interral Combustion Engines
Theory of Operation

To develop an urnderstanding of the process involved
in transforming fuel to power in a two cycle and four
cycle engine.

Do all engines have spark plugs? Of course, the an-
swer is no. Do all engines have valves? Again the
answer is no. We would then say it is apparent that
engines differ in physical characteristics. It should
be just as evident t! at differences exist between dif-
ferent types of engines in the process of transforming
fuel to power.

To be a good mechanic one must not only be able to re-
cognize the different types of engines by the types of
fuel and number of strokes per cycle but must have a
good understanding of why and how each operate.

In this assignment we are concerned with understand-
ing exactly what happens on each stroke for both the
two and four cycle engines.

Required:

1. Information Sheet, '"Two and Four Stroke Cycle
Engines''.

2. "Farm Tractors-Basic Principles, Operation, and

Mainterance', Engineering Bulletin No. FT-53,
pp- 3-7.

3. Selectirg and Storing Tractor Fuels and Lubricante,
American Association for A~ricultural Engineering
and Vocaticnal Agriculture, pp. 3-5.
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UNIT: Internal Combustion Engines
TOPIC: Theory of Operation
(Assignment Sheet continued)

QUESTIONS
or
ACTIVITIES:

VOCABULARY:

Supplemental:

4. "Briggs and Stratton Corporation", MS3553-24,

5.

2.

5.

page 3

Modern Farm Power, Bromensherger and Bishop,
Ch. 2

What is a four cycle engine ?
What is a two cycle engine?

Explain the operation of a four cycle carburetor type
engine.

Explain the operation of a two cycle carburetor type
engine.

How is lubrication provided for in a two cycle engine ?

The following key words or terms have been used in this
assignment and should now be a part of your vocabulary.
Explain or define each.

Intake valve

Exhaust valve

Piston

Crankshaft

Spark plug

Cylinder

Connecting rod
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‘rformation Sheet
on

TWO AND FOUR STROKE CYCLE ENGINES

The first successful four-stroke cycle internal combustion engine was
deeloped by a Germar. ir. 1876. An Englishman patented a two-stroke
cycle engire in 1878. Experimertation on warious systems of convert-
ing heat to power had been underway in various countries for at least
200 years prior to the successful development of an internal combus-
tion engire. In some of the early experiments gun powder was used as
fuel but did not prove practical.

|
Powe.r which is used to move the tractor is created within the cylinders 3
of the. ¢ ngine and transmitted through the crankshaft, transmission, dif- 5
ferential, ard final drive to the rear wheels. The way the power is utii-
ized afier it is produced by the engine is determined by the power trans.
mitting svstems attached to the engine. However, regardless of the kind

of wrrk which is dore by the power, whether it is pumping water or power-
irg 4 sclf-propelied combire, the origin of power is still the same--that is
through the combustion of fuel and air within the cylinders of an engire.

See Figure 6, page 4, referexce 2, for ar illustration of the couversion nf
cempressed zir-fuel mixture to pecwer. Since the piston is attached to a
conrecting rod, which i3 attached to a crarkshaft in an offset positior. from |
the center of the crankshaft, the force exerted orn the piston by combustion
drives the pistor diwrward causing the crankshaft to turn, This represents
rotary motiorn,

Interral combustion ergites are of two types: two-stroke cycle and four-
stroke cycle. A STROKE ircliudes that movement of the piston from the
top of the stroke (T DG--Top Dead Cernter) te the bottom of the stroke
{CDC: -Crark Dead Center) v from CDC to. TDC., This means that with
each complete revolution of the orarkskaft the pistor moves from a peizt
back t. that point, for example TDC to TDC, and has made two stroke =,

A CYCLE '« ¢omp: s¢d 2f tke rimbez of strokes required for a ¢-mplcts
series of everts from ‘he poirt the ylinder is ready to receive the fuicl-

air mixtare {carb.retor engire) or the alr onlv (diesel ¢rgine) £o the prirt
a* whi. h the spert gases are expelled from the cylinder and 1s readv to 7o
ceivy w rew supply of fusl-air mixture . 3lr. A two-stroke cycle engire
requires twe strokes for this process. A four-strokedceyele engine 1o qure -
f~.r strokes 1o complete 4 ¢ycle. it is co mmor terminology to refex to 2.
cvile ar 4eevele ergive<: v thisg mase the 2 ird 4. respectivelv. refer tu the
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AGRICULTURAL MACHINERY MECHANICS

UNIT: internai Combustion Enginres
TOPIC: Engine Types
OBJECTIVE: To develop an understanding as to engine types

ciassified according to blocks, valves, cylinders
and fuels, as well as basic engine parts.

INTRODUCTION: Successful farm machinery repairmen know that

farmers today depend upon machinery to a very
great extent. One of the basic elements of all

farm power machinery is the engine. This may

be a gasoline cr diesel depending upcr the own-

zrs cheice. Basically both engines are construct-
ed and operate similarly.. To Le aktle to better
understand the operation of an engine a person needs
to be familiar with its basic construction and parts.

In this topic we expicre the basic engine parts,
methods of classification and some materials used
iz the parts.

REFERENCES: Reqguired:

1. Machines for Power Farming, Stone and Gulvin,
Ch. 3

2. 'Farm Tractors) Engineering Bulletin, No. FT53,
pPp. 3-9.

Supplemental:

‘3. Diesel and High Compression Gas Engines, Kates.

QUESTIONS 1. How are engires classified according to fuel?
or
ACTIVITIES: 2. What four systems are necessary tc make an engine?

o] YT L e e - AN . .0 _ . _ 1 % e maa. O
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UNiT: Internal Combustion Engines

TOPIC: Engine Types

(Assignment Sheet’

VOCABULARY:

How do diesel and carburetor type engines differ
in block construction?

How are engines classified according to cylinders ?
How are engines classified according to blocks ?
How do valves vary within engines?

How do diesel and carburetor type engines differ
in operation?

The following words were used in this assignment and
should be part of your vocabulary. Define the following:

l.

2.

Bore 6. Piston

Strcke 7. Crankshaft
Piston displacement 8. Spark plug
intake valve 9. Cylinder
Exhaust valve 10. Connecting rod

l1. Fuel injection
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AGRICULTURAL MACHINERY MECHANICS

UNIT:

TOPIC:

OBJECTIVE:

INTRODUCTION:

REFERENCES:

QUESTIONS
or
ACTIVITIES:

981

Internal Combustion Engines
Power Measurements

To develop an understanding of the amount of power
which is developed by an engine and how this power
is measured.

What is horsepower? What is '"Brake Horsepower'?
What is "Draw-bar Horsepower'"? Do you know how
to measure each of these? When dealing with farm
machinery, it is important that this information be
familiar to you .

In this assignment we will be concerned with measur-
ing horsepower at the various locat’ 'ns of the tractor.

Required: - ~'

1. Farm Tractors, FT-53, pp. 98-100

2. Machines for Power Farminé Ch. 7

Supplemental:

3. Tractors and Crawlers, Frazee and Bedell,
Ch. 1, pp. 13-24

4., Farm Gas Engines and Tractors, Jones, Ch. 5,
page 45

1. Define horsepower.

2. What is a btu and what is its relationship to horse-
power?

3. Although the tractor is the source of power, what is
required to make use of the power?




910-II-3

UNIT: Internal Combustion Engines
| TOPIC: Power Measurements
(Assignment Sheet continued)

4. Where are the four main points of measurement
of horsepower on a farm tractor?

5. Why is '"indicated hcrsepower' different to '"brake
horsepower'?

6. What conditions affect the calculating of drawbar
horsepower?

7. If 32% of the potential heat energy of the fuel is lost
‘, through exhaust and 40% is lost in the cooling water,
: what is the remaining 28% known as?
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UNI1T-

TOPIC.

OBJECTIVE.

INTRODUCTION:

REFERENCES.

QUESTIONS
i or
ACTIVITIES:

Internal Combustion Engines
Power Plant Construction and Terminology

To develop an understanding of how and why power plants
are designed and constructed as they are and to develop
the ability to refer to the parts using the proper termin-
ology.

Do you know why the engine in a tracter is designed as

it is? Do you know how to properly care for that engine?

An understanding of basic engine construction and the correct
terminology to use is essential in gaining the skill necessary
to work on an engine It does not matter how good an engine
is constructed, it will not be efficient in its operation unless
you have the ability and skill to operate and maintain it
correctly. In thisexercise we will study the relationship of
one part to another and the function of each part to complete
and make possible the function of the whole ergine.

Required.

1."Machines for Power Farming ' Chapter 3

2. Information Sheet

3. Service manual for respective tractor being studied
Supplemental:

4. '"Briggs & Stratton,' bulletin

5. "Farm Tractors', Humble bulletin

1. Cylinders are often known as the of the engine

2. Each cylinder is an airtight chamber, closed on one
end by the and at the opposite end by
the
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UNIT: Internal Combustion Engines
TOPIC: Power Plant Construction and Terminology
(Assignment Sheet continued)

3.

10.

The piston and connecting rod assembly is made up of
a number of parts, Identify these parts on the attach-
ed illustration.

What is the purpose and advantage of a cylinder liner?

Identify the parts of a cylinder head and related parts on
the attached illustratior.

Identify the parts of the crankshaft and related parts on
the attached illustration.

Identify the parts of a camshaft and related parts attached.

Study the parts of the valve assembly which is attached and be
able to identify each.

Identify the parts of a cylinder block and its related parts as
shown on the attached illustration.

Identify the parts of the rocker arm assembly as illustrated
on attached sheet,
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Information Sheet
on
POWER PLANT CONSTRUCTION AND TERMINOLOGY

Gasoline engines are composed of many small parts. Each part serves a
specific function or, in many cases, several functions. The efficient tractor
mechanic must have a thorough understanding of the many parts of a gasoline
engine and the functions they perform.

Because of the peculiar function of each part, each falls into a natural group,
referred to as an assembly or a system.

Gasoline engines may be grouped into the following systems:
1 Stationary parts
a. Cylinder block
b. Cylinder head
c¢. Crankcase
d. Ozil pan
e. Cover
2 Moving parts
a. Pistons and rings
b. Connecting rods and wrist pins
c¢- Crankshaft
d. Main bearings
e. Flywheel
f Camshaft and camshaft gear
g. Valves
h. Rocker arm assembly

i. Oil pump and accessories
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Powet Plant Construction and Terminology
{(Information Sheet continued)
3. Electrical system
a. DBattery
b. Generator and charging circuit

c. Ignition circuit (distributor, coil, spark plugs, breaker points,
condensor and magneto)

d. Cranking motor (starter)
4, Fuel, air, and exhaust systems
a. Air cleaner
b. Fuel tank
c. Fuel line, cut-off valve, strainer, and f{ilter

d. Fuel pump (only in tractors that do not have the fuel tank located
above the engine)

e. Carburetor

f. Manifold, muffler, and exhaust pipe

g. Governors

5. Cooling system

a. Radiator, hose, and pressure cap

b. Water pump

c. Thermostat

d. Fan
Tractor engines may be grouped into four basic classes, classed according to
fuels. These are: (1) gasoline, (2) distillate, (3) LP gas and (4) diesel.

Although these engine classes require different fuels basically the engine is
constructed very similar,
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Power Plant Construction and Terminology
tInformation Sheet continued)

The cylinder block is the basic frame of the engine. It supports all the
components in relation to one another and maintains them in alignment,
The most important requirement of the cylinder block is rigidity. In most
cases. tractor engines are made of cast iron alloy

Cylinder blciks may vary in design. They may be of the integral bore type;
that is, the (ylinder bore is machined directly into the material of the block
It may have separate and removable cylinder sleeves. The reinovable sleeve
may be of the wet type (the conlant comes in direct contact with the outer
surface of the sleeve), or it may be of the dry type (the sleeve or liner is in.
serted 1n the bore and is not in direct contact with the coolant).

Valve-in-block engines have the valve seats, ports, and guides in the block
~asting with their respective water jactets; whereas, the 1-head engine block
has only the cylinder bore water jackets,

If the block skirt extends only to the center line of the crankshaft main bearing,
it is known as a ''short skirt. ' If it extends below the center line of the crank-
shaft main bearing, it is known as a ''deep skirt. "

Many engine blocks may have oil galleries cored in. Others may have steel
tubes inserted to act as galleries; whereas, others may have oil lines and fittings
to carry oil to the various parts.

As a rule, the cylinder head is made of the same material as the ¢ylinder block.
It serves as a cap and is attached to the top of the engine block and covers the
upper cylinder openings, thereby forming a combustion chamber.

The crankcase 1s the lower part of the cylinder block; it confines the lubricat-
ing oil near the engine's moving parts in the four-cycle engine It also supports
the crankshaft and camshaft bearings.

The oil pan serves as a reservoir to hold the crankcase lubricant and seals the
lower part of the engine in the four-cycle engine,

Various types of covers are used on the timing train, the valve train. and
sometimes on other components or inspection-holes. They are usually made of
stamped steel.
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Power Plant Construction and Terminology
{Information Sheet continued)

The moving parts of the engine that receive the gaseous energy produced in the
combustion chamber and deliver it to the output end of the engine in the form of
useful power are referred to in this module as the moving parts.

1. Pistons and rings

Cylinde:rs are sealed and the gaseous pressure transmitted to the
connecting rod by the piston and its rings.

The top section of the piston is the crown, and the lower section
is the skirt.

The upper set of rings, compression or power rings, are carried
by the crown of the piston. The lower set of rings, oil control
rings, are carried by the skirt of the piston.

2. Connecting rods and wrist pins

A connecting rod is a bar or strut with a bearing at each end. The
purpose of the connecting rod is to transmit the piston thrust to the
crankshaft,

The connecting link between the ccnnecting rod and the piston is the
wrist pin,

There may be three arrangements of wrist pins.

a. The wrist pin is secured in the piston, and the bearing is
held in the connectir 3 rod end.

b. The wrist pin is fastened to the connecting rod, and the
bearing is part of the piston.

c. The wrist pin is free and bears against bearings in both
the piston and the connecting rod.

3. Crankshafts

Crankshafts deliver force to the transmission and power train as a
result of the thrust from the connecting rod.

Some crankshafts are designed with counterweights opposite the
crank pins. These relieve the load on the main bearing by offsetting
the inertia forces.
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Power Plant Construction and Terminology
(Informat.on Sheet continued)

Bearings

The purpose of bearings is to support rotating shafts and other
moving parts that transmit power from one engine part to another,

Bearings reduce the friction between the moving surfaces by sep-
arating them with a film of lubricant and carry away the heat pro-
duced by unavoidable friction.

Flywheels

The flvwheel is a heavy wheel or disk attached to the crankshaft
Through rotation, the flywheel acquires kinetic energy It stores
additional kinetic energy when it speeds up and gives back that
energy when it slows down

The main purpose of the flywheel is to reduce the speed fluctu-
ations of the crankshaft, caused by the difference in the amount

of energy exerted on the piston during the power stroke and during
the compression stroke

Single-cylinder engines require larger flywheels than multi-cylinder
engines, berause energy variations during a complete cycle are
greater in single-cylinder engines.

Camshaft and gear

The camshaft is a loved shaft which provides accentric action for
opening the valves. It is driven from the crankshaft by a timing
gear or through a timing chain,

Valves

The purpose of valves is te open and close ports in the combustion
chamber. Since there are two ports for each cylinder, there must
be two vnlves. The intake valve allows the fuel-air mizture to
enter the chamber when the valve is open. Exhaust valves open to
allow burned gases to escape from the combustion chamber into

the exhaust system. Both valves are closed on the compression and
power strokes.

Rocker arm assembly

The purpose of the rocker arm assembly is to actuate the valves at
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the proper time. The rocker arm assembly is actuated by the cam-
shaft and consists of valve lifters, push rods, rocker arms rocker
arm shaft brackets, rocker arm shaft and accessory parts,

9. Oil pump and accessories

The oil pump is located in the oil pan, Its function is to provide
engine lubrication. Pumps are of three types: vane, piston, and
gear. Because of their long life and trouble-free operation, gear
pumps are used in most engines,

In many engines, oil filters are located between the oil pump and the
engine parts to remove abrasive particles,

Sleske sk sicsk

Material for this Information Sheet was partially taken ‘rom GASOLINE TRACTOR
ENGINE SYSTEMS, Agricultural Machinery-Service Occupations Module No. 14,
The Center for Research and Leadership Development in Vocational and Technical
Education, Columbus, Ohio, 43212.
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Cylinder block and related parts (Alis-Chalmers Mfg. Co.).
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The L-head valve assembly.
Courtesy: Black and Decker
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Camshaft and related parts (Allis-Chalmers Mfg. Co)).
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Crankshaft, flywheel, and related parts (Allis-Chalmers Mfg. Co.)
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Internal Combustion Engines
Power Plant Disassemble, Assemble and Repair

To develop an understanding of the procedure to follow
in disassembling an engine, checking for items in need
of repair and assembling the engine.

Do you know the proper sequence to follow in dis~
assembling and assembling an engine? Often times
labor is wasted because someone will try to dis-
assemble an engine and not know the proper order to
follow. They will try to remove a part which cannot
be removed until something else is first removed.
This assignment will cover a lot of territory however
it is felt necessary tc include this one lesson in order
to give a complete logical sequence to follow in work-
ing on engines. As we study this lesson both carburetor
and diesel engines will be considered. It must be kept
in mind that no one procedure will {fit every brand of
engine therefore, when working on a specific brand
always use the repair manual for that brand.

Required:
1. "Dealers Repair Manual''.

2. Information Sheet, '""Power Plant Disassemble,
Assemble and Repair".

Supplemental:

3. Farm Gas Enﬁgines and Tractors, Jones, Ch. 7.

1. What is the best way to clean an engine in pre-
paration for overhauling it?

2. What five major steps are necessary in preparing
an engine for an overhaul job?
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3. What two additional parts must be removed from
a diescl engine?

4, As a person disassembles an engine what are
some important points that he should look for
when determining if the engine should be com-
pletely overhauled or not?

5. How can a starter ring gear be removed from
the flywheel?

6. When removing any bearing cap, rod cap or two
pieces of metal that must be fitted together, how
can these be marked so that you may be sure to
replace them exactly as they were removed?

7. What engine parts assure good oil pressure?

8. When torqueing down bolts how many pounds of
torque should be increased each time?

9. What is end ring clearance?
10. How should the rings be installed on the piston?

11. When installing pistons which way should the notch
or arrow on the piston top noint?

12. In what order are the cylinders of an engine nurmnbered?

13. How may a generator be checked for proper workirg
order?

14. How may a thermostat be checked for proper operation?

15. How is the thermostat properly installed?

995
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on
POWER PLANT DISASSEMBLE, ASSEMBLE AND REPAIR

Thorough cleaning 1s the first step in preparing an engine for overhaul.
The best method is stearn cleaning, but if this is not possible, clean the
engine with a mixture of one pait ""Gunk'" concentrate (a cleaning com-
pound made for dirty engires) with four parts kerosene. Paint the en-
gine with this mixture and allow it to soak for 20 minutes; then wash it
off with a spray of water.

After the engine has been thoroughly cleaned, follow these steps to pre-
pare it for overhaul:

1. Remove engine accessories. These include the hood, shrouds,
radiator shell and griil.

2. Drain the coolant from radiator and blcck into a clean con-
tainer and inspect it for rust particles ar.d other foreign
particles.

3. Remove all radiator clamps and hoses, noting those that need
to be replaced. Record this information on the reconditioning
sheet.

4. Remove the radiator holding bolts and the radiator.

a. Check the radiaor for bent fins, external leakage, and
corrcsion bnild up inside the radiator.

b. If the radiator needs repair, send it to a radiator shop.

5. Remove external engine parts.

a, Battery clamp and battery

(1} Removwe battery cables removing the ground cable
first.

(2) Inspect cables and note condition.

(3" Using a hydrometer and voltmeter, test the battery
and recharyge it, if necessary.

996
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b. Starter
c. Water manifold and thermocstat

{1) Check thermostat and note its condition.
d. Carburetor (gasoline engine only)

(1) Remove linkage.

(2) Turn valve on gas tank off and remove gas line.
(3) Remove air cleaner base and note its condition.

e. Governor

Diesel engines do not have the same type of governor
as gasoline engines. Omit this step on the diesel engine.

(1) MNisconnect linkage and oil line.
(2) Remove bolts around the housing.
(3) Slip governor unit from housing.
(4) Check spring for tension.

f. Intake and exhaust manifold

g. Air cleaner

(1) Check condition of air cleaner. An excessively dirty
cleaner may suggest possible clues to causes of in-
ternal malfunctions,

h. Spark wires, spark plugs, and distributor

A diesel engine has a different type of fuel and ignition system. The follow-
ing procedures should be followed when removing the injector and injector

pump.
i. Injector
a. Turn fuel valve off at tank,
b. Remove fuel lines from injectors.

(1) All fuel lines from pump to injectors must be removed at
each end.
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C.

(2) Remove line bracket.
(3) Be careful not to bend lines.

Remove injector

(1) Remove held-down nuts.

(2) Use crowioot bar to pry injector out.

(3) Remove injector, being careful not to bump the
nozzle tips.

(4) Wrap injector in a soft cloth to avoid darr = e to
the nozzle tips while they are out of the engine.
Always remove the injector before removing
the head.

2. Injection pump

a.

998

Locate marks used in timming pump.

Rotate engine until marks are in proper position and
the number one cylinder is on the compression stroke.

Remove throttle and stop linkage attached to pump.
Remove fuel lines.

Remove primary fuel lire from pump.

Remove bolts holding the pump to the block.
Remove oil line that runs from the pump to block.

Remove pump.

Any calibration of the pump must be made on a test
stand. Most dealers do not do this job but send pumps
to special diesel repair shops. Some pumps, however,
may be calibrated on the engine, operating at maximum
load and using a ball fuel meter or dynamometer to
measure fuel consumption.

Three types of injection pumps have been developed for
use on diesel engines.
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(1) Ro sa master
(2) Boash
(3) Simms

Manufacturer's specifications should be followed when
overhauling these pumps.

k. Clean injection pump screen wWhich is located on head of
pump,

(1) Remove plug.

(2) Remove screen and "o'' ring.

(3) Wash in solvent and blow dry with compression. ‘
(4) Install screen on plug and ring. |
(5) Install injection pump in head. 1

the engine is ready to be overhauled. A mechanic should learn well the

following procedure, which outlines a complete engine overhaul, before |
he accepts employment and proceeds to overhaul a tractor engine in an i
agricultural machinery dealership.

After thorough testing and removal of all accessories and external parts, {

Disassemble the engine in the following manner, and make observations
of worn parts, and other faults.

1. Valve cover

a. Remove valve cover by taking out four attachment bolts.
Make sure that the area around the cover is clean and
dirt free before the cover is removed.

2. Rocker arm assembly

a. Oil must flow to the rocker arm assembly through an oil
line or stud which retains this assernble., Locate the flow
openings and check to see if they are plugged.

b. Remove the oil line.

3. Push rods

4, Head nuts or capscrews
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These are special nuts or capscrews of high strength
steel. Under no circumstances should nuts or cap-
screws of any other material be used for this purpose.

5. Remove head

a. Visually inspect the head, noting the following:

(1) Condition of valves
(2) Condition of headgasket
(3) Condition of top of piston

(a) Excessive carbon indicates bad rings.
(b) Piston loose in cylinder

(4) Pitting ir the piston top and cylinder wall

!
|
Pitting is caused by water entering the com- ‘
bustion chamber through the head gasket or a

crack in the head or sleeve.

(5) Taper of the cylinder wall

The taper of the cylinder is checked by a dial
indicator or inside micrometer. Measure the
diameter of the cylinder where the top ring
travels and above the piston when at bottom
dead center. By subtracting the latter mea-
surement from the former the amount of tap-
er can be determined. Compare the taper
with maximum taper given in the manufactur-
er's specifications for the tractor.

(6) Check cylinder for being out of round.

To check a cylinder for being "out of round, "
use the same tools as those used to check taper.

6. Remove valves from head and determine conditioa.

a. Place head on work lead.

b. Using suitable valve compressor, compress spring and cap
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and remove the two locks located on the end of the valve
stem.

c. Release valve compressor.

d. Remove spring and valve cap. Some engines may have
rotaling valve caps on the exhaust valves. These caps
allow valves to rotate. thus keeping the seat clean and
free of carbon. Also, some engines may be equipped
with two valve springs on each valve, allowing more
positive valve seating.

e. Remove valves. |

(1) Visually inspect each valve for excessive burning,
(2) Check valve stem for sticking in the guide, which
is caused by carbon in the guide. The guide

should be cleaned or replaced.
(3) Check the valve seat for burning or cracks.

At this point in the overhaul procedure, study all observations made to
determine whether a complete overhaul is necessary or whether recon-
ditioning of the valves would bring the compression back to within man-
ufacturer's recommendations., If the tractor needs a complete. over-
haul, follow these procedures:

1. Remove the engine block firom the tractor mounting,

a. Drain oil from the oil pan by removing the plug in the
bottom of the pan.

b. If necessary, remove the front axle and axle support,
which is bolted to the engine block.

(1) Disconnect the front axle wishbone supports and
steering linkage.

(2) Place safety jack under the transmission to support
the engine while removing the front axle and wheels,

(3) Remove bolts around the rear engine bell housing.

Usually there are one or two line-up pins in the rear

bell housing which often stick and need to be freed by

prying the engine away from the transmission.
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©

ERIC

Aruitoxt provided by Eic:

C.

Attach engine lifting straps to the block so that when
the engine is iifted from the mountings i1t will be bal-
anced. Use short capscrews to replace the head
studs or capscrews.

Hook sound chain falls on hydraulic lifting crane to
engine strap and remove the engine block from its
mountings.

Place engine on an engine stand and fasten it down tightly,
If an engine stand is not available, lay the engine block on
its side on a workbench.

Remove o0il pan.

Take off capscrews around the oil pan, and check it
for sludge deposits in the bottom.

Remove o0il pump.

a.

C.

Remove o0il pump screen and pick-up tube.' In some
cases this tube may be a part of the pump.

Remove locks on safety wire from the capscrews or
nuts which hold the oil pump in place.

Turn the pump housing back and forth until it comes
free.

Remove fly wheel.

a.

b.

Pemove pressure plate.

(1) Remove capscrews on the pressure plate evenly.

(2) Be prepared to catch the pressure plate and
clutch disk, as they drop when the last capscrew
is removed.

Remove flywheel nut locks and nuts
(1) It may be necessary to lay a 2" x 4" block of wood,

12" long, beside the crankshaft io keep the crand-
shaft from turning during removal of flywheel nuts.
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(2) Tap flywhee. cif with a soft maliet hammer,

(3) Because of the weight of the flywheel, be care-
ful not to drop it while removing from the
engine,

6. Check the flywheel starter ring gear for missing teeth
and slippage orn the {ivwheel. arnd record firdings.

&. Remove ring gear from the flywheel, cutting half-
way through the ring gear with a cutting torch and
splitting the remainder with a chisel, or cutting
halfway through with a 7./4" drill and splitting the
remainder with a chiseu

Be extremely cautiozs to aveid cutting with the
torch or drilling :nto the flywheel.

|
b. Install new ring gear. A 11
|

(1) Lay ring gear on fiat fire bricks that completely
support 1it.

(2) Use a torch tc heat ring gear to 360° or until it
turns a dark straw color,

(3) Quickly piace rirg gear oa fiyvwheel and let cool
into place.

7. Remove pistons.

a. On engines with siceves, install a short capscrew and
large washer at the top of each sleeve to hold sleeve
while rermnoving piston.

b. Cut ridge frame cyi.nder with a suitable ridge re-
moving tool. Follow manufacturer's instructions for

using the tool to remove the cylinder ridge.

c. Rotate crankshaft until the number one piston is at
the bottom of its stroke,

d. Remove lock nuis on cotter pins from conneciing rod.

e. Mark rod cap with a center punch on both halves to make
certain it is reinstalled in the same position it was before

1003




910-1I-5

Power Plant Lisassemble, Assemble and Repair
(Information Sheet continued)

1003A

disassembly. Also, noticewhether mark is on the
crankshaft side, and record observation.

Remove connecting rod nuts.

Remove rod cap.

(1) Inspect insert for excessive wear, pitting, and
corrosion.

(2) Remove upper insert bearing.

Push piston out of cylinder.

Throw inserts away and reinstall cap on rod.

Repeat steps a through i to remove the remaining pistons.

Inspect piston, pins, and cornecting rods.

a.

Clean piston.

(1) Remove old rings.

(2) Remove carbon from the piston top with a scraper.

(3) Remove carbon from ring bands with a broken ring.

(4) Do not use a wire brush for cleaning these parts,

(5) Clean oil groove and oil return holes. The oil
return 1l cles should be cleaned with a drill bit of
the same size as the oil return holes so as not to
enlarge the holes.

(6) Using a micrometer, check the size of the pistons
against manufacturer's specifications, and determine
whether they are within limits. A micrometer check
also reveals whether the pistons are standard or
oversized.

(7) Compare the ring band of piston with that of a new
ring and check it with a feeler gauge. Insert ring
in groove. Check the distance between the ring
edge and groove wall. Check size of gap with man-
ufacturer's specifications for maximum allowance
clearance. These measurements, along with visual
inspection and piston size, indicate whether the
piston should be replaced.
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b. Inspect cornecting rod.

Put the conracting rod cap in place on the rod with punch
marks lined up and rod nuts tcrgued to manufacturer’s
specifications. Using an .nside micrometer, check
whether the inside cof tre rod is out-of-round and the con-
necting rod opening 1s within manufacturer's specificat-
ions. If the measuzemenis are not within specifications,
install a new red cr recondition the old rod at a machine
shop.

c. Check wrist pin.
(1) Remove wrist pin {rom rod,

(a) Mark piston and rod with a center punch to make
sure they are reinstalled irn the same position
they were before disassembly.

(b) Remove snap rings on lock bolts that retain pin
in tke piston.

(c) Using a brass punch, drive the pin out of the rod.
Some pistons require that the wrist pin be pres-
sed out, Tuis is a jou for a machinist who has a
special pistor holder and press.

(2) Using a micrcmeter, check pin to see whether it is
within marufacturer’s specifications.

(3) Check inside cf the rcd bushing with a telescopic gauge
and outside micrometaer to determine whether the open-
ing is within maruiaciurer s sp=cifications.

(4) Record all measuarements in order to determine what
parts should te repiaced or reconditioned.

9. Check cylinder for tapsr and bteing cout-ci- round.
These checks are made with an inside micrometer or
dial indicator. If the tazer is not within specifications
or the cvliader is cvut-2f{=ronund, install new sleeves or
rebore the cylirdere,

10. Remove crankshaft,

a. Before removing c¢rankshiit, check end play. One bearing,
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C.

usually the center or rear bearing, controls the end
play with a thrust rirng built on the insert or a sep-
arate rirg. Locate the thrust bearing, and pry
crankshaft forward, Insert feeler gauge in the op-
posite side and measur e the gap. Record the gap
and check it aga:nst manufactuarer's specifications.
If a new bearing is needed, it may be obtained in
oversize thrust to take up for wear on the crank-
shaft flange,

Remove frort crankshaft pulley.

(1) Remove set screw, nut, or retaining bolt from the
pullev.

(2) Using a suitable puller, remove crankshaft pulley.

(3) Be careful to fit puller jaws on the solid part of the
pulley.

(4) Check pulley for cracks and excessive wear on
the sealed surface.

Remove timing cover.

(1) Remove all capscrews and nuts on the retaining cover.

(2) Pry cover oif.

(3) Notice if the crankshaft end-play adjusting setscrew
is built into the retaining cover.

Check backlash between camshaft and crankshaft gear
with dial indicator.

(1) Mount dial irdicator on front of engine with needle
resting on camshaft gear teeth.

(2) Rotate camshaft back and forth without moving the
crankshaft. Take dial reading and compare with
manufacturer's specifications listed as camshaft
gear backlash. If backlash is excessive, new
gears are needed

Check timing marks on the camshaft and crankshaft
gears. The marks must line up before disassembly
and at reinstallatioun.

Mark main bearing cap in relation to block. Be care-
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ful to put caps back in the same position and place when
reinstalling them.

g. Remove main bearing capscrew or nuts. Some nuts or
capscrews have locks, and others are self-locking.

h. Remove main bearing cap by tap ping it with a soft mallet
hammer. Inspect the insert bearing for pitting, grooving,
and excessive wear., At this point it may be necessary to
remove the rear main oil seal retainer and seal.

i, Remove crankshaft. Try to keep it standing on end to
avoid possible warping.

jo Reinstall main caps on block and tighten them to prevent
damage to the caps.

11. Check the crankshaft.
a. Using a micrometer, check each journal for the following:

(1) Out-of-round condition
(2) Excessive wear
(3) Taper of journal

Micrometer readings should be recorded and compared with
manufacturer's specifications,

b. Check rear oil seal surface.
c. Check straightness of crankshaft.

(1) Using two '""V' blocks, rest the number one journal on
one block and the rear main journal on the other Hock.

(2) Set dial indicator needle to ride against the center main _1
bearing and rotate shaft. Record the dial reading. If
the reading is excessively high, a new crankshaft or re-
grinding of the old one, is needed. Compare the dial
readings with the manufacturer's specifications to determine
whether to replace, regrind, or reuse the crankshaft.
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12'

13'

14'

15.

16.

Remove cylinder sleeves.

a.

Use a suitable puller to pul! sleeves out of the block.
Sometimes wet sleeves may be driven out of the block
with a hard wood block.

Remove the capscrews that hold the sleeve in place.
If the engine does not have sleeves, have the cylin-
der rebored at a local machine shop.

Remove camshaft.

Remove retaining bolts behind cam gear.

Slip camshaft out of the block. It is not necessary to
remove the gear from the camshaft unless the gear
needs replacing, in which case it must be done in a
press.

Be careful not to let the camshaft lobes scrape on
the cam bushing when slipping it out of the block.

Check camshaft with a micrometer to determine the
bearing journal and lobe sizes, and compare these
measurements with the manufacturer's specifications.

Remove valve lifters and check them for excessive wear
and pits in the flat surfaces.

Remove camshaft bushing.

a.

b'

Use a suitable driver plug fitted to the cam bushing and |
drive out ali bushings.

Camshaft bushings, the heart of good oil pressure, should
be replaced on all overhauls.

Clean engine block.

a.

Soak block in clearer tank and wash with hot water.

Blow out all oil passages with air. If steam cleaner |
is available, steam the block and force steam through 1
the oil passages.
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b.

d.

910-~11-5

The block should be cleaned after the cylinders have been
rebhored.

Using 80 grit sandpaper, sand the top of the block and the
base where the sleeves are installed. Caution: the cvlin-
der must be clean around the top flange and at the boticm
where the "O'" rings seal.

Check block for cracks.

Up to this point in the overhaul procedure, disassembly of the engine and
inspection of its parts, has been emphasized. The emphasis now turns to
the inistallation of new parts and reassembly of the engine. The following
procedure should be followed in reassembling the engine and installing

parts:

1.

1008

Install camshaft bushings.

a.

Coat the surface of the bushings with light number 10 oil
and install them in the block with a driving plug.

Make sure that the oil holes in the bushing align with tke
2il holes in the block.

Install cylinder sl eeves.

a. Before installing '""O" rings on the sleeve or in the block,
try each sleeve in the block to make sure it falls into place
without having to be forced.

b. Install "O" rings on sleeve or in the block, using the Tubs
ricant recommendéd by the manufacturer.

c. Push sleeve into place with hand or a light tap of a soil
mallet hammer.

d. Check protrusion of sleeve above block to make sure th.ot
it comes within the manufacturer's specifications. B&himns
may be added under sleeve flange to increase the protris-
ion.

Coat valve lifters with number 30-weight oil and install those ir fhe

block.
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4, Install camshaft.

a.

1009

;
|
|

Cozt bearings with number 30-weight oil.

Slide the camshaft through each bearing. Do not let
lobes slide on the bushings.

Check for free rotation of the camshaft. If it does not
rotate freely, the bushings have been improperly in-
stalled.

Install camshaft retaining bolts, and check end play
of shaft with dial indicator to compare with manu-
facturer's specifications.

5. Install crankshaft.

Remove main cap.

Install new bearing inserts in the block and cap. Make
certain that the two bearing halves are installed opposite
each other.

Coat bearing with 30-weight oil.,

It may be necessary to install one-half of the rear
main oil seal.

(1) Coat back of seal with aviation sealer.
(2) Soak inside with 30-weight oil.
(3) Push into channel.

Place crankshaft in the block. Make certain that the
camshaft and crankshaft gear timing marks are in line.

Install main bearing caps.

(1) Place plastic gauge strip on the bearing and
install the cap.

(2) Align marks on caps with marks on the block.

(3) Install main bearing bolts and locks.

(4) Torque bolts down, 20 pounds at a time, to manu-
facturer's specifications.
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(5) Remove cap and read plastic gauge on the bearing.
This indicates the bearing clearance. If too much
clearance is read, oversized bearings are needed.

g. Check crankshaft end-play.
Install front timing cover.
a. Install front crankshaft seal in cover.

(1) Coat outside of seal with aviation sealer.

(2) Coat inside with number 30-weight oil.

(3) Tighten all bolts uniformly.

Install crankshaft pulley.

a. Coat pulley seal surface with 30-weight oil.

b. Make sure inside of pulley is clean. If it is not,
use sandpaper to clean and clear it.

c. Use a block of wood and hammer to tap the pulley
into the crankshaft and install retainer.

Install pistons on conaecting rod.

a. Read manufacturer's instructions for installing rings.
b. Check rings for size.

(1) Insert rings in cylinder and measure end gap
with feeler gauge. All rings except the oil
rings, must be checked.

(2) Check manufacturer's specifications to be within
clearance limits. If ring end clearance is inad-
equate, it should be filed.

c. Check piston cylinder clearance.

Insert piston into cylinder and check side clear-
ance to be within manufacturer's specifications.
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d. Assemble o nnecting rod and piston.

(1) Have the pin and bushing fitted at a machine
shop that has honing and aligning equipment.

(2) Install piston and rod together, making sure
the mark on top of the piston is toward the
front of the engine and the mark on the rod
is in proper relation to the camshalft.

(3) Install locks on pins.

(4) Caution: follow manufacturer's guide for loca-
ting piston to rod aligrment.

9. Install piston and connecting rod in the sleeve.

a. Install rings on the piston with a recommended
ring expander.

(1) Carefully place each ring on the piston with the
top marking up.

(2) Make sure rings are in the right grooves.

(3) Follow ring manufacturer's specifications for
installing rings on piston.

Example: (a) Oil ring should be installed in
the bottom groove with the level
toward the top.

(b) The scraper ring must be in-
stalled in the second groove with
the outside notch down.

(c}) The compression ring must be in-
stalled in the top piston groove
with the inside notch up.

b. Remove rod cap.
c. Cover piston and rings with number 30-weight oil.
d. Place ring compressor around piston and compress

rings. Note: Follow the manufacturer's specificat-
ions for the type of compressing tool to use.

e. Slide skirt of piston into sleeve, making sure the notch
or arrow is toward the front of the block.
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f. Tap piston into sleeve with hammer handle. Only
light pressure is needed to force the piston out of
the ring compressor. Make sure the connecting
rod aligns with the crankshaft as the piston is tap-
ped into the cylinder. RPe careful not to scratch
the crankshaft journals.

g. Install rod bearing and check.

(1) Coat the upper half of the bearing insert with
30-weight oil and insert in the connecting rod.

(2) Push connecting rod with piston attached down
onto crankshaft.

(3) Install lower half of bearing insert into the cap
and cover with oil,

(4) Place a ~trip of plastic gauze on the insert in
the cap.

(5) Install cap on connecting rod.

(6) Tighten rod bolts or nuts according to manu-
facturer's specifications.

(7) Remove rod bolts or nuts and read the plastic
gauge, Compare these clearance readings with
the manufacturer's specifications. If the clear-
ance is greater than those prescribed by the man-
ufacturer, use oversized bearings and repeat
steps five and six.

(8) Install lock nuts and bend metal locks around nuts.

(9) This procedure should be used when installing all
rod bearings.

10. Overhaul and install the oil pump.

a. Disassemble 0il pump.

(1) Remove gear from pump, using suitable puller.

(2) Remove all parts from pump and clean them
thoroughly.

(3) One should install an oil pump overhaul kit, wkich
includes new gears, shaft, gasket, and pressure
regulating valve, when overhauling an oil pump.

(4) Install new pump parts.

(a) Check backlash between gears.
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(b) Check gear-to-housing clearance.

(c) Check gear end clearance.

(d) Compare these findings with manufacturer's
specifications. If the readings are higher
than those set down in the manufacturer's
specifications, replace the housing.

(5) Install pump into the block, torque bolts to man-
ufacturer's specifications, and lock with wire or
metal locks.

(6) Fill oil pump inlet tube with number 30-weight
oil to aid in priming the pump.

11. Install oil pan.

a. Coat block with aviaticn sealer and stick gasket to it.

b. Install pan and tighten bolts. Do not tighten bolts
too tight, as they will break the gasket.

12, Recondition cylirder head.
a. Clean head.

(1) Using a 1/4 hp. drill with a wire brush, re-
move carbon from the head.

(2) Use a carbon scraper to remove excess car-
bon that cannot be removed with a wire buff-
er.

(3) Clean around valve seats.

(4) Wash the head in a cleaning solution and then
hot water.

b. Remove and replace valve guides.

(1) Drive guides out of head with a suitable guide
driver and hammer.

(2) Using emery paper, clean hole in head where
guides are inserted.

(3) Wipe guides and blow area around guide holes
clean with compressed air.

(4) Coat guide with number 10-weight oil and drive
in place with driver and hammer.
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(5) Follow manufacturer's specifications for length
of guide protrusion.

c. Grind valve seats.

(1) Select valve guide pilot to fit guide.

(2) Selact a stone to fit the valve seat outside diameter
and the degree of angle on the seat,

(3) Set grinder on the seatand reface the seat.

(a) Make sure thr seat is within allowable limits
for width of seat.

(b) If the seat is too wide, use a 15° and 75° stone
to narrow the seat.

d. Using a straight edge, check the head for warp.

e. Reface valves.

(1) Clean valves with wire brush.

(2) Using a micrometer, measure the valve stem for
comparison with the manufacturer's specifications.

(3) Set valve grinding machine for proper valve face
angle,

(4) Reface all valves.

Check valve head thickness after grinding to
be certain it is within manufacturer's spec-
ifications.

(5) Resurface valve stems on grinding machine.

(6) Place valve in the head and check margin of seat
on valve face with bluing. Grind seat to bring it
within manufacturer's specifications, and allow
proper valve seating.

(7) Check valve springs.

(a) Using a valve spring tester, check spring
length and the tension at a given length.

(b) Compare these measurements with the manu-
facturer's specifications and replace valve
springs not within manufacturer's limits.
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(8) Coat valves and stems with number %0-weight oil
and place in the head.
(9) Install valve sprirng and keeper.

(a) Check valve spring to see if there is any

difference ir the top and bottoom by check-
for coils being close together.

(b) Install vaive scals on stem of valve if rec-

ommended by the manufacturer.

f. Clean and check encrgy celis.

Note: Some diesel engines use what is called an

""energy cell" or '"'precombustion chamb-

er'" to increase combustion efficiency.

(1) Remove ceil from head.

(a)
(b)
(c)
(d)

(e)
(£)
(2)

(h)
(i)

(3)

13. Install head on biock.

Remove boits irom cell.

Remove bolts from cell hold-down bars.
Remove bars and caps.

Remove cell with the necessary special
puller and slide hammer, and check for
burnt tips and enlarged hole. Keep all
cells and caps togcther.

Soak cell in carbon remover, wash, and
blow drv with compressed air.

Lap the cap and cell ona special lapping
tool.

Clean hole in head and check for burnt
places where cell may leak., If the cell
has been leaking, replace the compres-
sion.

Replace any burnt cell.

Assemble and instail in reverse order, fol-
lowing the procedure outlined by the manu-
facturer.

Torque nuts and hold-down bar to manufact-
urer's specifications.

a. Install a new head gasket.
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Coat gasket with a recommended gasket sealer.
Install all head bolts and snug them down.
Use torque wrench to finish tightening head bolts.

Follow manufacturer's sequence for torquing head
bolts.

14. Install push rods.

Make certain that each rod is set in the valve-
lifter socket.

15. Recondition rocker arm assembly.

Remove all arms from shaft.

(1) Remove cotter pin and washer.
(2) Note where 0il holes are in respect to the shaft.

Resurface all rocker arms cn valve refacing machine.
Check rocker arm shaft with micrometer for excess-
ive wear and compare with manufacturer's specific-

ations.

Clean shaft internally to keep sludge from pugging oil
holes.

Assemble rocker arms and shaft.

16. Install rocker arm assembly on head.

Fit all rocker arm balls into socket of pusth rod.

Make sure oil feed stud on line is in the proper
place.

Back up adjusting screws.

Tighten rocker arm assembly to head.
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17. Adjust valves.

They should always be adjusted cold before starting
engine.

18. Install valve cover.

Coat valve cover with sealer and stick gasket to it.
Do not coat the other side of the cover gasket.

19, Overhaul and install distributor (gasoling tractor only).
a. Remove distributor cap.
(1) Check for cracks, corrosion on points, and other
signs of wear.
(2) Remove rotor and inspect.
b. Remove points.
Check conditions of points.
c. Remove condensor.
Test condensor on tester.
d. Remove point plate.
e. Check spark advance weights for sticking.
f. Check spark advance spring tension.
g. Check distributor shaft and bushing for excessive we=r.

h. Assemble in reverse order.

i. Lubricate advance weights with number 10-weight oil.

j. Install new points and condensor.

ions on high cam and lubricate cam Wwith distributor cam
grease.

1017
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1.

Install rotor and caj.

20. Install and time distributor.

21. Install spark plug wires.

a.

b.

| 1018

a.

Check spark plug wires for cracks and bad insulation.

Check terminals, making certain that they fit tight in
the distributor cap and on the spark plug.

Check the spark plug firing order.

(1) Remove the spark plug in the number one cylinder

(2) Rotate crankshaft until the number one piston is al-
most at the top of the compression stroke.

(3) Insert spark plug.

(4) Install the wire on the spark plug and in the distrib-
utor cap wire plug opening which the rotor in the dis-
tributor points to.

(5) Install the remaining wires in rotation, running them
to the plugs according to the firing order.

(6) The cylinders are numbered starting with the first
cylinder, which is the closest to the radiator, and
counting back.

22. Install injector pump (diesel tractor only).

Rotate engine to bring the number one cylinder to the top
of its compression stroke.

Line up crankshaft pulley on flywheel timing marks.
Turn the injector pump to proper timing mark and
slide it into the block, meshing the gear on the pump
with the gears on the crankshaft.

Recheck alignment of all markings.

Reassemble all parts in the reverse order.
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23. Overhaul and install water pump.

a.

Remove fan from the pump.

Remove fan hub ard pullev wih a pulley puller and
mark the position of the hub on the shaft.

Remove rear pump cover.

Remove pump impeller from shaft.

Remove seai assembly,

Remove srap rirg arnd then shaft and bearing from the
pump housir.g. '

Clean housing with a scraper and sand paper and blow
clean with compressed air.

Install new water pump kit.

(1)

(2)
(3)

(4)
(5)
(6)
(7)

Using soft hammer, tap shaft and bearing into
housing. ard install snap ring.

Install new seal in the pump impeller.

Press impeller into place on the shaft. Do not
tap on the shaft or seal, as it will break the seal.
Press fan hub onto shaft in its original position.
install gasket and rear pump cover,

Install a new pump gasket.

Install pump o= engine,

24. Overhaul and install gsrerator.

a.

1019

Overhaul generator.

(1)
(2)
(3)

(4)
(5)

Remove and inspect generator cover.

Remove termiral wire from armature brush holdex
Remove wire from field to armature brush.

Remove long bolts from the commutator end-frame, and
remove frame and generator brushes.

Remove field housing from pulley end-frame, Remove
the pulley by removing the attachment nut and pressing
the shaft from the pulley.
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(6) Remove pulley key and top armature shaft from the
bearing.

(7) Remove bearing from frame and check, clean. and
repack it with grease. Clean generator parts in
cleaning solution, wash with water, and blow dry
with air under low pressure.

(8) Check commutator end-frame bushing and armature
shaft for excessive wear. Replace bushing, if
necessary.

(9) Check armature

(a) Grawler test

(b) Induction test

(c) Light short test
(10) Check field coil.

(a) Light continuity test
(b) Light short test

(11) Turn commutator on metal turning lathe and under-
cut mica. Smooth commutator with fine sandpaper.
(12) Install new brushes and make certain they fit properly
against the commutator.
(13) Assemble the generator, reversing the disassembly
order outlined above.
b. Install generator on engine.
(1) Install new fan belt and tighten.
(2) Polorize generator.
25. Overhaul and install starter.
a. Remove starter and inspect its parts.

b. Remove screws holding field wires to brush holders.

c. Remove end-frame bolts and frame. Center punch
housing for use in aligning the frame and housing.
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d. Remove bolts from drive-end frame and remove the
frame.

e. Remove armature from field housing,
f. Remove and irspect drive mechanism.

(1) Check for broker spring.

(2) Check for sheared drive bolt,

{3) Check for untrue gear teeth.

(4) Check for sticking screw mechanism caused by
heavy grease, oil, or rust,

(5) Clean paris, instail new parts, as needed, and
lubricate with 10-weight or a lighter oil.

g- Check field coils,

(1) Use light test for continuity.
(2) Use light test for detecting a short.

h. Check armature,
(1) Use grawler test.
(2) Use light test for shorts.,
(3) Use grawler test for induction.
‘ (4) Turn commutator on metal lathe. Do not under-

cut the mira on a starter commutator.

i. Check end-frame bushing for excessive wear, and re-
place if necessary.

Jo  Check armature lamination for wear, which would
suggest worrn bushings.

k. Seat new bushings on commutator.

l. Reassemble starter, and install on the engine.

26. Install water manifcld,
a. Check thermostat.

(1) Place the thermostat in a pan of water.

S T R T L e T R e R R e T
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(2) Heat the water with a torch,

(3) Note the temperature of the water when the thermostat
opens.

(4) Check this temperature reading with the manufacturer's
specifications for temperature at which the thermostat
should open. If the thermostat does not open within
manufacturer's specifications, replace it with a new one.

b. Install thermostat in the head, with coil toward the block.

c. Install water manifold gasket and water manifold on the head.
27. Install intake and exhaust manifold.

a. Scrape and sand head and manifold gasket surfaces.

b. Install gasket on head.

c. Install manifold. |

d. Torque bolts uniformly to meet manufacturer's specifications.

27A. On diesel engines the manifold heater must be cleaned and ad-
justed at this stage in the overhaul procedure.

a. Remove heater from manifold.

b. Check for burnt insulator material that may be shorting
heater element.

c. Check insulated bolts.
d. Check element for burnt spots.
e. Check element for proper ground.
f. Reassemble element and install in the manifold.
g. Test the heater element.
(1) Connect manifold to the positive post of a 1250 battery.

(2) Connect insulated terminal to negative post. Wait 60
seconds and check the element. It should be red hot.
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28. Overhaul and install fuel injectors (diesel only).
a. Remove injectors and attach to pump injector tester.

(1) Note pressure build-up until the injector injects
fuel.

(2) Keep hands away from the injector nozzle, as
the fuel is under high enough pressure to pen-
etrate the skin .

(3) Watch spray pattern.

(4) Check injector to see if it will hold pressure to
within 300 1bs. of pop-off without leaking at tip.

b. Clean injector.

(1) The injector should be cleaned and reset accord-
ing to the procedures outlined by the manufacturer.

(2) Cleanliness is of utmost importance here because
all parts are built with close tolerance.

c. Install injector after overhauling the engine.

d. Using a piece of dowl stick wrapped in a soft cloth,
wipe the injector hole clean.

e. Place a new copper gasket on the injector and install
the injector in the head.

f. Tighten the injector hold-down nuts uniformly, ac-
cording to manufacturer's specifications.

g. Install fuel lines.

Note: The following procedure should be carried out
after the fuel filters are cleaned.

h. Bleed injector.

(1) Loosen all injector lines at the injector and set
i . the throttle to start.
(2) Crank engine until fuel leaks from lines.
l (3) Close all lines and start engine.
(4) Loosening one line at a time, let all air out of the lire
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29. Overhaul and install governor (gasoline tractor only).
a. Clean governor.
b. Disassemble unit and check for the following:

(1) Worn linkage

(2) Worn weight pins

(3) Worn and flat spots on weight balls
(4) Worn bearing, bushing, ard shaft
(5) Worn and broken thrust bearing

(6) Tension on governor spring

c. Reassemble entire unit, i

d. Install new gasket, using aviation sealer to seal
gasket to housing, and install the governor on the
engine,

30. Overhaul and install carburetor.
a. Disassemble entire carburetor.
(1) Remove screw around the float, and split car-
buretor.

(2) Remove float by slipping pin out of bracket.

(a) Check float for dents.
(b) Shake float to see if there is fuel inside it.

(3) Remove float needle valve assembly, seat, and
seat gasket.

(a) When installing the seat, make sure the new
seat gasket is in place.

(b) Needle, seat, and gasket should always be re-
placed for good fuel regulation.

(4) Remove all jets.
(5) Soak all parts in a carburetor cleaning solution .

for one hour.
(6) Wash with hot water, and blow dry with compres-
sed air.
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b. Assemble carburetor.

(1) Install carburetor overhaul kit.

(2) Install jets in the lower and upper carburetor
housing

(3) Install float seat in upper carburetor housing.

(4) Install float ard pin. Adjust float according to
manufacturer’s specifications.

(5) Reassemble remaining parts.

(6) Check choke butterfly to see that the anti-flooding
valve 1s operating properly.

(7) Preset all outside adjustments to manufacturer's
specifications.
c. Install new carbnretor flange gasket.
d. Install carburetor on the engine.
e. Start engine and set the carburetor for maximum
R. P, M, 's by adjusting the governor spring ac-
cording to the marufacturer's specifications.

31. Set spark plug gap and install spark plugs.

a. Measure the soark gap with a feeler gauge. Compare
this gap with the manufacturer's specifications and ad-
just with a bending tool.

b. Attach spark plug wires.

32. Install oil filter.

a. Install gasket on o1l filter bracket, using aviation
sealer and bolt filter to block.

b. Soak oil filter element in either number 10-or number
20-weight oil and install filter in bracket.

, 33, Remove, clean, and install fuel filters (Diesel tractors only).

a. Remove primary fuel filter element. This is the filter
closest to the tank.
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(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)

Turn fuel off at tank.

Remove cap screw from top of bracket.

Remove fuel filter cup.

Remove element from filter cup.

Wash filter cup in diesel fuel.

Install new elements in filter cup.

Fill filter cup with clean diesel fuel.

Install filter cup in bracket, and install on the engine.

b. Bleed filter.

(1)
(2)

Loosen bleed screw on the top of the filter. Turn fuel
on and open bleed screw until air bubbles cease.
Tighten bleed screw.

c. Clean secondary filter.

(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)
(9)

Turn fuel valve off.

Disconnect fuel lines.

Remove filter from bracket.

Remove fuecl line fittings from old filter.

Discard old filter.

Reinstall fuel line fittings in new filter, using aviation
sealer on fittings.

Reassemble secondary filter.

Turn fuel valve on.

Loosen bleed screw in the top of the filter and let the
air out of the filter cup.

slesgsleclesk

Material for this information sheet was taken from Module No. 16,
"Tractor Repair'", The Center for Research and Leadership Development
in Vocational and Technical Education, The Ohio State University, Columbus,

Ohio.
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Assignment Sheet
for
AGRICULTURAL MACHINERY MECHANICS

UNIT: Lubricants and Lubricating Systems
TOPIC: Lubricants {Engine oils and their functions)
OBJECTIVE: To develop an understanding of oils and their

function in an internal combustion engine.

INTRODU C TION: How long can an engine be run without oil and

not harm it? First let's say that it is possible
to run au engine without oil for a short period
of time however the resuiting damage is usually
beyond repair. Proper lubrication of a tractor
engine is a major factor in its continued efficient
operation at low maintenan:e costs. It is obvious
that oil serves as a lubricant to prevent metal to
metal contact. Oil also has other equally important
functions which are not so obvious but should be
equally as well understood by the tractor mech-
anic. It is generally agreed that crankcase oils
perform five major functions in engine lubricatioun.
These are:

1. Lubricate moving parts

2. Assist in cooling

3. Seal the combustion gases in the

cylinders

4. Aid in keeping the engine clean

5. Protect against rust and corrosion
In the remainder of this assignment we will attempt to
determine what is required of a crankcase oil to per-
forra these functions.

REFERENCES: Required:

1. Gulf Farm Tractor Guide

2. Tractor Maintenance AAAE + VA, pp. 18-21
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3. "Farm Tractors - Basic Principles. Operation,
and Maintenance", Engineering Bulletin FT,pp. 63-64.

Supplemental:

4. Selecting and Storing Tractor Fuels and Lubricants,
pp. 27-39.

QUESTIONS 1. To lubricate all parts of an engine properly, oil must
or possess the proper '"body'". What is meant by '"body" ?
ACTIVITIES:

2. How does body affect lubricating qualities of 0il ?

3. What is viscosity?

4. How does heat affect viscosity?

5. What causes thickening of oil after long continued \
use in LP - Gas engines ?

6. Even though the same chemical reaction occurs
(as in 5 above) in gasoline and diesel engines, why
is the same result of thickened oil not apparent?

7. What are the major engine parts which depend almost
entirely upon the circulation of oil for cooling ?

8. What specifically happens when the circulation of
oil through the bearings of an operating engine is
interrupted?

9. What is the most important' characteristic of an oil
if it is to seal properly?

10. How do detergent - dispersant oils keep an engine

950
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11. Under what types of operating conditions are
detergent - dispersant crankcase oils especiill,
valuable in keeping eéngines clean?

12, Why does contamination of cil occur more readilv
under the conditions specified in number i1 above ?

13. Why is it that all oils do not prevent rust and cozrosion
in engines?

14. What happens to oil additives as thev perform their
functions in an engine ?

15, List five specific contaminants which make it mo-e
advisable to change 0il because of oil contaminsiion
rather than because of oil deterioration.

VOCABULARY: The following key words or terms have been used i1 this

assignment and should now be a part of your vocaulary.
Explain or define each:

Viscosity Oil contaminaits
Oxidation Detergent - dispersanrt
Dilution Additive
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AGRICULTURAL MACHINERY MECHANICS
UNIT: Lubricants and Lubricating Systems
TOPIC: Lubricants: Crankcase-Oil Viscosity (Grade) and
Crankcase~Qil Type (Service Clas-
sification)
OBJECTIVE: To develop the ability to select the proper oil for

a tractor engine.

INTRODUCTION: Just any oil is not good enough. The preceding
statement does not refer to brand names but to
actual viscosity and type of oil as have been
scientifically determined and stamped on the con-
tainer. On an oil container we will find designat-~-
ions of viscosity (grade), such as SAE 30, SAE
20W, SAE 10W-30 or some other SAE designation.
We will also find single or multiple designations of
API service classifications (type), for example ML
or MS, DG and others, all of which will be studied
in this assignment.

The operator's manual is the key to determining the
viscosity grade and the crankcase oil type to be used
for a specific engine. However, there are other
factors to consider which will require knowledge of
the grade and classification systems as well as good
judgment on the part of the mechanic who may ser-
vice the tractor ur advise the operator as the the
characteristics to look for in an oil.

To illustrate this point study the attached table from
John Deere Operator's Manual, OM-R39699, 3020
Tractors.

By careful study of the table you will note that AIR
TEMPERATURE will determine the oil viscosity

(SAE Grade). The other factor, EXPECTED TYPE

OF ENGINE SERVICE, will determine the crankcase

oil type (API Service Classification) which should be used.
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(Assignment Sheet continued)

REFERENCES:

QUESTIONS
or
ACTIVITIES:

After studying the introduction to this assignment.

by careful reading of the references and answering the
following questions, you should have a working know-
ledge of the factors involved in selecting the proper
oil for a tractor engine.

Required:

1. Selecting and Storing Tractor Fuels and Lubricants,
pp. 28-29,34-36. Cuestions 1-9; pp. 28-29,10-12;
page 34.

2. Information Sheet on ''"Oil Gi1ades and Service Class-

ification. "
Supplemental:
3. "Farm Tractors-Basic Principles, Operation, and

Maintenance ' Engineering Bulletin No. FT-53,
pp. 64-65, 69.

4, "Gulf Farm Tractor Guide', pp. 16-18.

1. What does SAE mean when used preceding a viscosity
grade ?

2. A lower viscosiiy grade number indicates that the oil
is mere fluid or less fluid?

3. What does the "W'" indicate which follows the SAE
number of the lower viscosity numbers?

4. What single-viscosity grades are available at the
present time?

5. Why do viscosity recommendations issued by a
tractor company vary with different types, sizes
and models of tractors. as well as for different
temperature operating conditions ?
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Information Sheet
on

LUBRICANTS AND LUBRICATING SYSTEMS

Gear oils are primarily used in the transmissions and rear-axle
housings of agricultural machinery. In many respects they are
similar to heavy crankcase oils, but their functions are somewhat
different. They are given different viscosity-grade numbers (SAE:
80, 90, and 140) and different API classifications tc prevent their
being confused with crankcase oils.

As tractor horsepower has increased, gears have been improved to
meet increased pressure and greater work loads. Gears have be-
come smaller and tooth pressure has increased. In addition to the
rolling action which occurs between gear teeth, gears go through a
wiping action that tends to wipe away the oil layer separating the two
gear surfaces. Additives have been added to gear oils to meet the
more severe operating conditions now encountered and to cut down on |
the wear of gears caused by these increasingly severe operating con- |
ditions.

Temperature affects the viscosity of gear oils in the same manner that
it affects crankcase oils, Therefore, it is necessary to consider vis-
cosity grade and type classification when selecting gear oils.

1. Gear oil of proper viscosity has enough body to hold mov-
ing surfaces apart.

2. If gear oil is too heavy, engine power is wasted; the oil
may channel and provide little or no lubrication thus
making gears very hard to shift.

[ 3. If the gear oil is too light, the oil film becomes so thin
that high points on the sliding surfaces contact and wear
rapidly.

Gear oils, like crankcase oils, contain certain kinds of additives dep~-
ending upon their service classification. These additives include:

s LEE

1. Anti-oxidants
3. Foam inhibitors

2. Rust preventatives
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Lubricants and Lubricating Systems
(Information Sheet continued)

Lubricating grease is basically a lubricating oil with a soap-type
thickening agent added to give it consistency. Different types of
grease are used on agricultural machinery as determined by the
operating requirements of a particular piece of equipment.

l. Lime soap is used in chassis grease; this results in
a water-resistant grease that can be used anywhere
where high operating temperatures are not present.

2. Soda soap is used to form a semi-smooth grease and
is often referred to as wheel-bearing grease.

3. Lithium soap combines the water resistance and heat
resistance of the other greases to provide a multipur-
pose lubricant that is suitable for all-round use on
farm machinery.

seslesieslosk

Material for this Information Sheet was taken from Agricultural
Machinery Assembly and Lubrication, The Center for Research
and Leadership L.velopment in Vocational and Technical Educat-
ion, The Ohio State University, Columbus, Ohio.
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UNIT: Lubricants and Lubricating Systems

TOPIC: Lubricants: Crankcase-0il Viscosity (Grade) and
Crarkcase-0il Type (Service Classification)

(Assignment Sheet continued)

Table From John Deere 3020 Tractor Operator's Manual OM - R39665

ENGINE OR AIR CLEANER OIL VISCOSITY

Depending upon the prevailing air temperature, use the following weight
oi oil in the engine crankcase and air cieaner:

DIESEL.
Air Temperature Single-Viscosity Oil Multi-Viscosity Oil
Above 32°F. -10°F. to SAE 30 SAE 10W SAE 20W-40
32°F. Below-10°f SAE 10W-30

SAE 5W-20%

GASOLINE OR LP-GAS

Air Temperature Single-Viscosity Oil Multi-Viscosity Oil
Abgve 90°F. 32°F. to SAE 30 SAE 20W-40
90 F.-10°F. to 32°F. SAE 20W SAE 10W-30
Below -10°F. SAE 10W SAE 10W-30
SAE 5W SAE 5W-20

*Use of SAE 5W or 5W-20 o0il may cause some increase in 0il consumption.
Check 0il level me > often when using this oil.

B¢ .,ure to select the 0il you will use both by viscosity and by expected type
of engine service; for example - ASE 20W-40, Service DS, for diesel engines;
or SAE 20W-40, Service MS, for gasoline or LP-Gas engines.
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UNIT: Lubricants and Lubricating Systems
TOPIC: Lubricants: Crankcase-Oil Viscosity (Grade) and

Crankcase-Oil Type (Service Classification}

(Assignment Sheet continued)

ADDITIONAL
INFORMATION:

VOCABULARY:

1251

6. What results may be expected from using a
lighter grade oil than is recommended?

7. What results may be expected from using a
grade that is too heavy?

8. What are '"raulti-viscosity" oils?

9. How many grades of a single-grade oil may a
multi-grade oil replace?

10. What do the lette: s API mean?

11. What do the following letters mean?

ML; MM: MS; DG; DM; Ds

12. Which API Service Classification is not rec-

ommended by any farm tractor manufacturer ?

13. Using the table from the John Deere Operator's

Manual and tabl. IV, page 36, Reference 1, deter-

mine the SAE Grade and minimum AFI Class

of cil to use for the following conditions:

Determine for both spark ignition and diesel.

a. Air temperature 800 F., mowing.

b. .Air temperature during working hours 80°-
110° F., mowing.

Under the current APl Classifications disregard such
terms as '""Regular,'" "Premium,' and '""Heavy Duty, "
as they are not necessarily meaningful.

The following key words or terms have been used in this
assignment and should now be a part of your vocabulary.
Explain or define cach:

Operator's manual Multi~viscosity
LPG SAE Grade
API Service Class..ication
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Assignment Sheet
for

AGRICULTURAL MACHINERY MECHANICS

UNIT:

TOPIC:

OBJECTIVE:

INTRODUCTION:

Lubricants and Lubricating Systems

Lubricants: Gear Oils, Hydraulic Oils, and
Lubricating Greases

To develop an understanding of the requirements
for oils and greases in tractor lubrication and to
develop the ability to select oils and greases for
tractor lubrication other than for the engine.

A hunter must know the caliber of his weapqn and
the purpose for which it is to be used before he

can select the proper ammunition. A tractor me-
chanic should be just as knowledgeable about a
tractor before making recommendations or ser-
vicing a transmission, differential, power take-

off, pulley housing, final drive, or hydraulic
system. The Farm Tractor Tune-Up and Service
Guide (see reference) and also individual operator's
manuals are very specific as to recommendations
for the lubrication of each part of the tractoi. These
recommendations not only vary between manufactur-
ers but also may vary between models of the same
make. For example, some tractors use the same
lubricant for the transmission and hydraulic system,
whereas others require specific gear oil for one and
a hydraulic oil for the other. Lubrication is the best
preventive maintenance that can be performed but the
lut ricant must be used which has been determined by
the manufacturer to satisfy the requirements of a
particular machine. Never guess - look it up!

In the remainder of this assignment a closer look will
be takcn at gear oils, hydraulic oils, and lubricating
greases. Opportunity will also be provided to compare
the oil requirements of different makes of tractors.
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UNIT: Lubricants and Lubricating Systems
TOPIC: Lubricants: Gear Oils, Hydraulic Oils, and Lubricating Greases
(Assignment Sheet continued)

REFERENCES: Required:

1.

Information Sheet, '"Lubricants and Lubricating
Systems'',

2. Selecting and Storing Tractor Fuels and Lubricants,
pp. 40-45.

3. Farm Tractors-Basic Principles, Operation, and
Maintenance. Engineering Bulleting No. FT=-53
Table V., page 82.

4, Farm Tractor Tune-Up and Service Guide.

Supplemental:

5. Operator's Manual for the make of tractor student
is studying.

QUESTIONS 1. Why are gear oils given a different set of viscosity-
or grade numbers and a different set of API classifica-
ACTIVITIES: tion (types) than crankcase oils?

2. What are the SAE numbers for gear oils? (Reference
2, Table V. page 82.

3. What are the four types of gear oils as established
by the American Petroleum Institite?

4. What are the two types commonly used for tractor
transmissions and differentials?

5. Why is it that 2 knowledge of the API service clas-
sification of gear oils cannot be used when servic-
ing certain makes of tractors?

6. What are the two purposes for which hydraulic oils
are used in tractors?

7. What are the four kinds of oils which may be used

(depending on recommendation of the manufacturer)
for hydraulic systems?
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UNIT: Lubricants and Lubricating Systems

TOPIC: Lubricants: Gear Oils, Hydraulic Oils, and Lubricating
Greases

(Assignment Sheet continued)

8. What are the functions of additives which are
usually present in hydraulic oils?

9. What type of grease is recommended for most
jobs which require a lubricating grease?

10. What are two common additives used in lub-
ricating grease?

11. Using the Farm Tractor Tune-Up and Service
Guide, determine the type and grade of oil for
the systemns of the following tractors.

Power Implement Trans- Differ-
Steering Control mission ential
WD Allis-Chalmers
Gasoline
John Deere 2-10
Gasoline _
Ford 501
Gasoline
Oliver 1800
Diesel
Power Pulley Final
Take-off Housing Drive

WD Allis~Chalmers
Gasoline

John Deere 2010
Gasoline

Ford 501
Gasoline

liveli 1800
iese
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Assignment Sheet
for

AGRICULTURAL MACHINERY MECHANICS

UNIT:

TOPIC:

OBJECTIVE:

INTRODUCTION:

REFERENCES:

1042

Lubricants and Lubricating Systems

Lubricating Systems

To develop an understanding of how oil lubricates
an engine.

The life of an engine depends to a great degree up-
on the type of lubrication it receives. Some engines
require a special oil, some have special fittening
devices , others have no filters, while still others
have special devices to lubricate the engine.

In this study we will determine what is necessary
to properly lubricate an engine.

Required:

l. Farm Gas Engines and Tractors, Jones, pp. 332-345,

2. Machines for Power Farming, Stone and Gulvin,
ppo 62-650

3. Tractor Maintenance, AAAE and VA, pp. 21-28.

Supplemental:

4. "Gulf Farm Tractor Guide', pp. 36-37.

5. "Farm Tractors-Basic Principles, Operation, and
Maintenance', Engineering Bulletin No. ¥T-53,
ppo 59"640

6. Dealers Manuel
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‘ UNIT: Lubricants and Lubricating Systems
TOPIC: Lubricating Systems
(Assignment Sheet continued)

QUESTIONS 1. A good lubrication system should be:
or a.
ACTIVITIES: b.
c.
d.

2. Although a lubricating system may have the above named
features, it must also possess two additional factors to
be completely satisfactory. These are:

a.
b.

3. The most important parts of a gasoline engine which require
lubrications are:

O RO TP

4. Generally, engine lubrication systems may be classified
in three groups. These are:
a.
b.
c.

(€]

What maintains the correct pressure and controls the
quantity of oil circuating in the force feed oil system ?

6. What is the most widely used type of oil pumps?

7. Any engine having an enclosed crankshaft must have two
oil indicators. These are:

a.
b.

8. What are two types of oil indicators?
| a.
t b.
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UNIT: Lubricants and Lubricating Systems
TOPIC: Lubricating Systems
(Assignment Sheet continued)

9.

10.

11.

12.

13.

14,

If engine oil pressure drops rapidly the cause
could be one or a combination of the following
reasons:

a.

b.

c.

d.

e.

Why is a breather a necessary part of an enclosed-
crankcase engine ?

What factors may cause oil dilution?

Many engines are equipped with a system of
crankcase ventilation. What is the purpose of the
ventilation system.?

What is the primary function of an oil filter?

Name five ways in which oil filters vary?
a.
b.
c.
d.
e.
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AGRICULTURAL MACHINERY MECHANICS

UNIT:

TOPIC:

OBJECTIVE:

INTRODUCTION:

REFERENCES:

QUESTIONS
or
ACTIVITIES:
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Fuel Systems
Fuels and Principles of Combustion

To develop an understanding of the properties of
fuels and how they produce power.

Will a gasoline engine operate efficiently with diesel
fuel? If not, why? Each type fuel has its own char-
acteristics and must be used in engines suited for
that fuel.

Required:

1. Information Siieet, '""Fuels and Principles of
Combustion''.

2. Machines for Power Farming, Stone and Gulvin,
Ch. 4.

Supplemental:

3. "Farra Tractors Basic Principles, Operafion, and
Maintenance!' Engineering Bulletin FT-53.

i

4, wCvulf Farm Tractor Guide'-

5. Modern Farm Power, Chapter 5

6. Tractor Fuels and Lubricants, Selecting and

Storage, pp. 11-14

1. List the five essential characteristics of internal
combustion fuels.

2. Fuel for internal-combustion engines are classifi-
ed in two ways. Name them.

910-IV-1




UNIT: Fuel Systems
TOPIC: Fuels and Principles of Combustion
(Assignment Sheet continued)

VOCABULARY:

10.

11.

12.

13.

910-1vV-1

What are the three main classifications of fuel?
What are the three leading sources of LP gas?
What are the most comiunon types of liquid fuels?
What is volatility ? |

Gasoling for automotive vehicles and stationary
power units is available in what grades?

Distinguish between detonation and preignition.

Define and explain combustion as applied to in~-
ternal combustion engine and hydrocarbon fuels.

What is octane rating o fuel?

How is diesel fuel graded and what are the main
grades?

What is centane rating of diesel fuels?

What are the two worst enemies of diesel fuel?

The following words or terms have been used in this
assignment and should be a part of your vocabulary.
Define or explain each:

Distillate

LP gas

Detonation

Preignition

Combustion
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Information Sheet
on

FUELS AND PRINCIPLES OF COMBUSTION

Fuels for an internal combustion engine must be specific in nature for its
operation to be successful. These fuels must have a reasonably high energy
value, yet be of such nature that they can be handled and transported easily
and safely. These fuels must vaporize at least partially at fairly low tem-
peratures and the vapors must ignite and burn readily when mixed with ox-
ygen in correct proportions. These fuels must also be relatively safe for
use and not too harmful or dangerous to human health and life.

Fuels for internal combustion engines may be classified as either gaseous

or liquid according to the physical state before entering the engire cylind-
er. These fuels are also classified according to their origin as natural or
artificial. The most common gaseous fuels derived from a natural origin

is natural gas and LLP gas. Natural gas, due to its properties, is used very
limited for inter 1 combustion engines. LDP gases are used more frequently
and are by-products of petroleum refining process.. LP gases are der-
ived (1) from dry gas and gasoline as it is removed from crude oil, (2) from
recycling plants from the wet gas drawn from natural gas wells, or

(3) from the normal processing of crude oil into commercial gasolines and .
distillates.

The more common types of liquid fuels derived from petroleum are gas-
oline, kerosene, distillate and diesel. These fuels are more easily stor-
ed and transported than the gaseous fuels.

The above mentioned fuels are of a natural origin, orininating from pet-
rcleum. There are many variations in character of crude oil depending
somewhat upon the location where it was obtained. In the refining pro-
cess of crude oil it is converted into hundreds of commercial products
by various distillation and refining processes. One of these products 1s
gasoline. Today we have four grades of gasolire available. These are
white or fourth grade, regular, premium, and super premium. Pre-
mium grade gasolines have the best anti-knock characteristics and are
usually somewhat higher quality fuels. Although a person may use the
highest quality fuel possible, there are still some impurities that may
cause trouble. The two main natural impurities are gum and sulrhur.
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Fuels and Principles of Combustion
Information Sheet continued)

Today the tendency toward higher compression rations have caused a need
for some change in tractor and automotive fuels. This higher compression
has resulted in a pronounced fuel knocking effect termed detonation. Often
this is confused withpreignition, however, there is a distinctive difference.
Detonation occurs during the process of combustion , whereas preignition
occurs when the fuel change is fired too far ahead of the compression dead
center position of the piston. Today anti-knock additives such as tetraethyl
lead is being used in gasoline to assist in eliminating engine knocks.

dede dfedesie
Material for this Information Sheet was taken from Farm Gas Engines and
Tractors, Jones. Fourth Edition.
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REFERENCES:

QUESTIONS
or
ACTIVITIES:
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Fuel Systems
Gasoline Systems

To develop an understanding of the parts of a gas-
oline fuel system and their functions.

We know that an engine utilizes air and fuel :n its
process of operation, but do you understand how
these are utilized? Will an engine run on gasoline
without air? Just how is the air and gasoline mix-
ed?

In this topic we will study the function of the gas-
oline fuel system and its operation in relation to
the whole engine.

Required:

. Modern Farm Power, Ch. 6

2. Machines for Power Farming, Stone and Gulvin,

Ch. 4
3, "Farm Tractors, Basic Principles, Operation
and Maintenance, " Humble Engineering Bulletin

No. FT-53, pp. 10-18

Supplemental:

4. Service manual for make of tractor being studied.

1. What is the function of the carburetor?

910~IV-2

2. How do air-fuel mixtures differ in cold or hot engines?

3, What are the four systems of a carburetor?

<
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UNIT: Fuel Systems
TOPIC: Gasoline Systems
(Assignment Sheet continued)

4. What are two types of carburetors classified accord-
ing to the direction of air travel through them?

5. Explain the function of the manifold heat control.

6. What is a simple type test a person can use to
check the float level of a carburetor?

7. Explain how to adjust the idle screws of a carburetor?

8. Explain the adjustment of the load system of a carbur-
etor.

9. What is the venturi? Explain its function in the car-
buretor.

10. What is responsible for maintaining a constant fuel
level in the carburetor and why is it important to
maintain a constant level?

|
f
|
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AGRICULTURAL MACHINERY MECHANICS

UNIT: * Fuel Systems

TOPIC: L. P. Gas Systems
OBJECTIVE: To develop an understnading of the operation,

care, and utilization of liquefied petroleum
gas on farm tractors.

INTRODUCTION: In what ways are LP Gas tractors like gasoline
tractors? In what ways do they differ? Will
they perform the same as a gasoline tractor?
These questions and others will be studied in this
unit and with careful reading and study you can
make these comparisons.

REFERENCES: Required:

1. Tractor Maintenance Principles and Pro-
cedures, pp. 62-63.

2. Information Sheet, '"Liquid Petroleum Systems'

3, Farm Tractors, Basic Principles, Operation
and Maintenance, FT-53.

4, “Gulf Farm Tractor Guide®.

Supplemental:

5. Modern Farm Power, Bishop and Promsberger.

QUESTIONS 1. Why is butane and propane mixed for tractor fuel
or pusposes?
ACTIVITIES:

2. Why is butane and propane mixed for storage?

3. What are the primary differences between a gas-
oline and LP engine? Trace the LP gas through
its fuel system.

1280



UNIT:

Fuel Systems

910-1IV-3

TOPIC: L. P. Gas Systems
(Assignment Sheet continued)

1281

What are the advantages of LP gas over gas-
oline ?

On a per gallon basis, which fuel, gasoline or
LP gas, has the most power? Explain,

What are the disadvantages of LP gas?

Explain the differences in carburetors of gas-
oline and LP gas engines?
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AGRICULTURAL MACHINERY MECHANICS

UNIT:

TOPIC:

OBJECTIVE:

INTRODUC TION:

REFERENCES:

QUESTIONS
or
ACTIVITIES:
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Fuel Systems
Governors

To develop an understanding of the purpose of an
engine governor and to determine how it operates.

In farm work it is almost essential that stationary
engines maintain a constant speed whether under load
or not. To do this the engines are equipped with gov-
erning devices.

In this lesson we will study the governing device, its
construction, its operation, and how it will effect
engine operation.

Required:

1. Modern Farm Power, Promersberger and Bishop,
Ch 8.

2. Tractor Maintenance Principles and Procedures,
AAAE-VA, pp. 126-128.

Supplemental:

3. "Farm Tractors Basic Principles, Operation and
Maintenance,' Engineering Bulletin No. FT-53,
pp. 18-20

1. What are the two types of governing systems?

2. What is the primary purpose of a governing system?

3. What is a governor hunting?

4. What is the cause of governor hunting?




UNIT: Fuel Systems
TOPIC: Governors
(Assignment Sheet continued)

1070

5.

6.

10.

11.

12.

What type governors do motor vehicles use?

Explain the method of operation of the hit and miss
system of governing.

Explain the governing method of the throttle system.
What type governing system do all tractors have?
What is the main use of the hit and miss system?

Explain the method of operation of the vacuum system
of governing.

How are diesel engines governed?

On what type engines is the vane-type governor
used? Explain its method of operation.
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Fuel Systems

Diesel Fuel Systems - Principles of Operation,
Combustion Chambers, Air Systems and
Starting Aids

To develop an understanding of the principle
differences between the operation of a diesel
and that of a gasoline engine.

Basically we know that all internal combustion
engines operate similarly but we need to have
a working knowledge of the differences which
exist in a diesel.

In this topic we will study some of these dif-
ferences of operation and construction of
combustion chambers and the air system.

Required:

1. Modern Farm Power, Promersberger and
Bishop, pp. 13, 29, 41-43,

2. Tractor Maintenance Principles and Pro-
cedures, pp 93, AAAE & VA,

3. Tractor Fuels and Lubricants, Selecting
and Storing, page 11. AAAE & VA,

Supplemental:

4, Diesel and High Compression Gas Engines,
Kates.

1. Review the principles of operation of a two and
four stroke diesel engine. (Unit II Topic 1)
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UNIT:  Fuel Systems

TOPIC: Diesel Fuel Systems - Principles of Operation, Combustion
Chambers, Air Systems and Starting Aids

(Assignment Sheet continued)

2. What causes combustion in a diesel engine?

3. How does the intake stroke of a diesel differ
to that of a carburetor type engine?

4., When and how is the fuel added in a diesel engine?

5. After the fuel is added, when does ignition take
place ?

6. Why is it extremely important to keep the diesel
engine fuel system clean?

7. Why is it necessary for the cviinder of a diesel
engine to be more strongly constructed than that
of a carburetor type engine?

8. On the two stroke diesel engine how is air fur-
nished to the cylinder?

9. Due to the fact that diesel have such high com-

pression ratio, they may be difficult to start.
What are some starting aids to help start them?

1287
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