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OPPORTUNITIES AND REQUIREMENTS FOR ENTRY INTO

THE AGRICULTURAL MACHINERY MECHANICS TRADE

CHAPTER I

INTRODUCTION

The Problem

The Vocational Education Act of 1963 was signed into law by President

Johnson on December 18, 1963. It confirmed the determination of the United

States to provide persons of all ages and ability levels with training to qualify

them for gainful employment in almost all recognized non-professional occupa-

tions. Consequently, states were given authority and financial assistance to

improve and expand existing vocational education programs and to establish

new ones.

As a result of this legislation, the Texas Education Agency inaugurated, as

a part of vocational agriculture, a new program in the school year of 1966-67

entitled "Pre-employment Laboratory Program in Farm Machinery Service and

Repair." Persons enrolled in this program are junior and senior secondary

students who have expressed a desire to become farm machinery mechanics.

All instruction is in the school. Facilities simulate, insofar as possible, those

found in commercial establishments.

The intent of this program was to provide training that would enable a

young man to enter the mechanics trade and to make satisfactory progress in

it. It was soon realized, however, that the "entry level" of the occupation was
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not known; persons constructing courses cf study were confronted with the

problem of determining what a beginning mechanic should know and be able to

do in order to enter the trade to his satisfaction and to the satisfaction of his

employer.

According to the guiding principle of course construction in vocational edu-

cation, content must be based upon the knowledge and skills needed in the

occupation and content needed most should be taught first. In order to imple-

ment this principle, a group of persons knowledgeable in the area of farm

machinery mechanics met in Austin and formulated an extensive list of compe-

tencies needed by mechanics. It was soon learned, however, that the compila-

tion included most of the competencies possessed by master mechanics.

Therefore, it became necessary to reduce this list to those units of knowledge

and skills that would be most appropriately taught to persons just entering the

trade. This investigation was initiated to establish the basic knowledge and

skills needed by beginning mechanics.

Another problem involved the availability of information about the me-

chanics trade. A fundamental principle of vocational guidance is that a wise

choice of an occupation is based upon a thorough knowledge of the requirements

and opportunities of the occupation in relation to the personal attributes of the

individual. A search revealed meager information available to prospective

mechanics. Consequently, counselors and teachers were unable to discuss with

students the opportunities available in the trade for a career on a short- or

long-range basis.
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Purpose of the Study

The purposes of this investigation were (1) to determine the content that

should be included in courses of study designed to train persons to enter the

farm machinery mechanics trade and (2) to obtain information about the occu-

pation that would be useful to persons considering the trade as an occupational

goal. More specifically, the objectives to be achieved were:

10 To determine the level of knowledge and skills desired by employers

for persons entering the mechanics trade in farm machinery service and

repair.

2. To obtain information about the occupation that would serve as a guide

in directing the counseling process in relation to the requirements and oppor-

tunities for employment in the trade.

Procedure

The collection of data was based upon three assumptions. First, it was as-

sumed that persons employed in the business are capable of identifying the basic

knowledge and skills needed by persons entering the occupation. Second, it was

assumed that owners or managers would reveal characteristics about the occu-

pation that could be utilized for occupational information purposes. Third, it

was assumed that competencies identified by the Vocational Division of the

Texas Education Agency in the publication, Suggested Basic Course Outline

for Agricultural Machinery Service and Repair, were valid.
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The administrative aspects for obtaining data involved contributions from

many persons--ranging from the State Director to service managers in farm

machinery service and repair shops. First the State Director of Agricultural

Education requested each of the ten area supervisors of agricultural education

to send to him the names of four teachers of vocational agriculture residing in

his area that would likely assist with the project.

Criteria for selecting teachers were (a) that they reside in communities that

would likely have four dealerships which include service and repair shops and

(b) that they had lived in the community long enough to be personally acquainted

with farm machinery personnel. This last criterion was considered to be of

major importance in establishing rapport with the persons from whom informa-

tion was to be obtained.

Upon receipt of the names of these individuals, the Director sent to each a

letter requesting cooperation in the project and stated that the area supervisor

and the investigator would make contacts soon to explain the project and to pro-

vide instructions for obtaining data.

The investigator met with the area supervisor at a time and place agreeable

to bothusually at the area supervisor's office. The supervisor accompanied

the investigator in the process of visiting each teacher to provide forms and in-

structions for collecting data.

Data for the "knowledge and skills" part of the study were obtained from

the manager of the service and repair shop. Data for the "occupational informa-

tion" phase of the project were obtained from the manager of the business. He
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may have been the owner or a hired manager. In either case he was responsible

for the entire operation of the business.

Items used to assess the entry level of beginning mechanics were taken from

a report entitled Su ested Basic Course Ot. IUitflhiral Mathiner

Service and Repair, published in 1966 by the Vocational Division of the Texas

Education Agency. This publication contained about 2000 competencies identified

by a state-wide committee. These were, for the most part, all the competencies

that might be possessed by a master mechanic. However, this number was re-

duced by the investigator, in consultation with persons competent in the area of

mechanics, to approximately 1000 items.

The items finally selected, after extensive field testing with mechanics,

were rather arbitrarily placed into four interview schedules as follows:

1. Component Parts of Machines, Safer, and Fuels and Lubricants

2. Internal Combustion Engines, Electrical Systems, and Instruments

3. Power Train and Hydraulics

4. Lubricating, Cooling, and Fuel Systems

Each of these four schedules contained approximately 250 items. At the end of

each form, a few questions relating to the training of mechanics were included.

The last page was blank except for the request for suggestions that might be

used in developing programs to traL mechanics. Much valuable information was

obtained from comments on this page.

Each item was followed by numerals from 1 to 5. The numeral 5 was to be

circled only if the respondent was undecided. One of the other numerals was to
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4

a

1

6

be circled according to the degree of importance the item was believed to be for

a beginning mechanic.

In analyzing responses, a mean score was established for each item. Mean

scores were then divided into four categories in descending order of importance:

1. 74 and below, 1. 75-2. 24, 2. 25-2. 99, 3. -4.

In administering the "knowledge and skills" form, teachers informed the

service manager about the purpose of the project and instructed him in the pro-

cedure for responding; the forms were then left with him to complete. At a time

agreed upon, the completed forms were obtained from the respondent and trans-

mitted to the investigator.

The "occupational information" form was developed upon the premise that

guidance information is desirable for persons considering a career in any field

of work. Basic information was acquired regarding (a) opportunities for enter-

ing the mechanics field, (b) opportunities for advancing in the trade, (c) fringe

benefits available, (d) wages, (e) hours worked per week, and (f) miscellaneous

information. Data obtained with this form were by interviews made by teachers.

A detailed interview guide was developed to provide instructions for the inter-

viewer.

A critical analysis of the administrative procedure used in collecting data

seems to justify the conclusion that for this study it was good. It involved many

persons who had never had any connection with research. This involvement

seems highly desirable because many of the teachers who assisted and all of the

supervisors will be consumers of the information obtained.
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Furthermore, farm machinery personnel seemed to be highly pleased that

persons from the Texas Education Agency and from Texas A&M University

wanted their views on what should be taught in school. Many wrote comments

expressing a desire to work with schools in developing programs to train

mechanics.

One difficulty encountered was in arranging a time schedule. When so many

persons are involved, it is difficult to find a time suitable for all. Supervisors

and teachers were often involved in activities to the extent that their time avail-

able would not mesh with the available time of the investigator.

In some cases the community selected by the supervisor did not have four

farm machinery businesses. This, however, was not a seriouF, problem since

allowances were made for this possibility in selecting the number of businesses

for the sample.

Description of Sample

Two sources of information were used to implement the dual purpose of

this study; consequently, a rather wide variation in the number of responses to

each part exists. The total number of managers interviewed to collect data for

the occupational information part of the study was 51; however, a few failed to

provide a respc Ise to some items. The total number of service managers pro-

viding information for the knowledge and skills phase was 120. These were

divided four ways, as previously stated, making a total of approximately 30 re-

sponses to each item.
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The sample represents responses from all parts of the State as shown in

Figure 1. It may be observed that the area close to Texas A&M University con-

tributed a larger share to the study than other parts of the State. Several towns

previously selected for responses did not have the four dealerships specified;

therefore, additional responses were obtained nearby to conserve travel and

time.

Responses for Occupational Information Phase

The mean number of years the 51 businesses had been in operation was

19.49. The range was from 2 to 53 years. The labor force in farm machinery

businesses, as shown in Table 1, is composed of slightly more than 35 percent

mechanics, with partsmen representing the second largest percentage. The

mean number of mechanics was 3.79 per business. A variety of job classifica-

tions was included in "other," such as bookkeepers, secretaries, and machinery

set-up men.

The actual distribution of the labor force by businesses varies somewhat

from that shown in Table 1. Table 2 shows the percentages of businesses that

classify persons by the job titles listed. It should be noted that all businesses

employ mechanics, but only slightly more than 88 percent have persons classi-

fied as salesmen. Of special interest to this study was that only 70.59 percent

of the firms employ mechanics' helpers.

Approximately one-fourth do not have service managers. Evidently, this

situation exists in small businesses; the duties normally done by service man-

agers are performed by a mechanic or the manager of the firm.
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Figure 1

Location of Businesses Furnishing Data for this Study
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Table 1

Mean Number and Percentage Distribution of Persons by Job Classification
in Businesses Providing Responses for This Study*

Job Classification Mean Percent

Mechanics 3.79 35.77

Mechanics' Helpers 2.22 14.23

Partsmen 1.80 15.66

Salesmen 1.80 14.41

Other 1.70 6.94

Porters 1.58 5.34

Service Managers 1.08 7.65

TOTAL 100.00

aarl=en

*Calculated on the basis of businesses having employees in these job
classifications.



11

Table 2

Number and Percentage of Businesses Having
Employees by Job Classifications

Job Classification
Number

of
Businesses

Percent*

Mechanics 51 100.00

Partsmen 49 96.08

Salesmen 45 88.24

Service Managers 40 78.43

Mechanics' Helpers 36 70.59

Other 23 45.10

Porters 19 37.25

*51 businesses responded

John Deere and International Harvester dealerships contributed slightly

more than 50 percent of the responses in this investigation, as shown in Table

3. Almost 20 percent were classified as "other." These constituted a combi-

nation of equipment brands, including some trucks.
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Table 3

Distribution of Types of Dealerships Furnishing Responses for the
Occupational Information Phase of the Investigation

Dealership
Number

of
Businesses

Percent

John Deere 13 25.49

International Harvester 13 25.49

Ford 7 13.72

Massey-Ferguson 6 11.76

J. I. Case 2 3.92

Other 10 19.62

TOTAL 51 100.00

Responses for Knowledge and Skills Phase_

The mean number of years service managers had been in their present po-

sition was 11.76. The range was from 1 to 35 years. The mean number of

years they were employed by the present firm was 11.23 with a range from 1 to

30. The mean number of shop employees, including all classifications, was

4.41. Only 45.37 percent, however, reported part-time employees

The distribution of the 120 dealerships providing information for this phase

of the study shows, Table 4, that John Deere and International Harvester con-

tributed almost 50 percent of the responses. A comparison of Tables 3 and 4
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would cause one to suspect that the distribution shown parallels the actual

distribution among firms in the State selling the different brands.

Table 4

Distribution of Types of Dealerships Furnishing Responses for the
Knowledge and Skills Phase of the Investigation

Dealership
Number

of
Businesses

Percent

John Deere 28 23.33

International Harvester 25 20.83

Ford 15 12.50

Massey-Ferguson 12 10.00

J. I. Case 7 5.83

Allis-Chalmers 4 3.33

Oliver 3 2.50

Minneapolis-Moline 1 0.85

Other 25 20.83

TOTAL 120 100.00
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Definition of Terms

Certain words and terms used in this report need to be defined in accordance

with the way they are used.

Beginning Mechanic. A beginning mechanic is a person who has had basic

training in mechanics at high school before he is employed. He may be known in

the trade as a mechanic's helper.

Knowledge. Knowledge is an understanding of the function of a mechanical

unit and its relationship to the functioning of other units.

Skills. Skills are those manipulative activities performed in servicing or

repairing mechanical units.

Service Manager. Service manager is the person respchisible for the ser-

vice and repair shop in a farm machinery company. He may also be known as

the head mechanic, lead mechanic, or shoo foreman.

Manager. Manager is the person responsible for the entire farm machinery

business. He may own the business or manage it for the owner.
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CHAPTER II

OPPORTUNITIES IN THE FARM MACHINERY MECHANICS TRADE

Introduction

The chapter will present the opportunities available to employees in the

farm equipment mechanics trade. It is somewhat difficult, however, to make a

clear distinction between an opportunity provided in the business and a require-

ment for employment. The position taken, therefore, was to assume that

opportunities are always cast into the framework of requirements within the

occupation. Consequently, the length of the workweek, personal attributes, and

the like are included in this chapter as opportunities even though employers may

require them as conditions for employment.

Presentation of Data

Need for Mechanics

Obviously, there is an extreme shortage of well-qualified farm machinery

service and repair mechanics. Eighty-eight percent of the respondents in this

study reported mechanics as their greatest need for well-qualified workers as

shown in Table 5. Another 6 percent listed mechanics as the second greatest

need. Therefore, it appears that approximately 94 percent of the farm ma-

chinery businesses experience a shortage of well-qualified mechanics.

Fifty-eight percent of those responding listed partsmen as the second

greatest need; 4 percent listed them as the greatest. Therefore, 62 percent of

the respondents experience a shortage of qualified parts personnel.
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Table 5

Number of Businesses Stating First and Second Needs
for Employees by Job Classification*

Job Classification

,
Level of Need

First Need Second Need
Number _ Percent Number Percent

Mechanics 44 88.00 3 6.00

Partsmen 2 4.00 29 58.00

Salesmen 2 4.00 9 18.00

Service Managers 2 4.00 3 6.00

Mechanics' Helpers 0 0.00 2 4.00

Porters 0 0.00 0 0.00

Other 0 0.00 4 8.00

TOTAL 50 100.00 50 100.00

*Only 50 businesses provided this information.

Salesmen were listed in short supply by some 22 percent of those respond-

ing. They were listed by 4 percent of the respondents as the greatest shortage

and as the second greatest shortage by 18 percent.

The critical nature of the shortage of mechanics may be shown best by the

numbers needed. In the sample taken, the mean number per business needed

at the time of the study was 2.16. There were 928 farm machinery businesses

in Texas, according to the executive secretary of the Texas Hardware and Imple-

ment Association. Therefore, the actual number needed to fill present require-

ments was 2,000, Table 6. An additional 1,568 will be needed "within the next
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Table 6

Approximate Number of Employees Needed in Texas as Mechanics
and Partsmen Now, Within 12 Months, Within 5 Years

Job Classification
Time Mechanics Partsmen

Now 2,000 860

Within 12 Months 1,568 835

Within 5 Years 3,866 1,949

TOTAL 7,434 3,644

12 months," with an additional 3,866 needed "within the next i years." Conse-

quently, the total estimated number of mechanics needed within the next five

years will be slightly more than 7,000. The need for programs for training me-

chanics was expressed well by a manager who stated:

In these times when machines are getting more expensive and more
technical all the time and so few young men are pursuing this field
of training, we desperately need a source of young men who are
intelligent and who have . . . a basic knowledge of mechanics so
that we have replacements'for older men who are retiring or who
cannot keep up with technical advances which are being made in
farm equipment.

Likewise the critical nature of the shortage of partsmen can be shown by the

numbers needed. At the time of the study, there was a "present" need for 860,

Table 6. An additional 835 was the estimated need "within the next 12 months,"

with an additional need for 1,949 "within the next 5 years." Consequently, the

total estimated number of well--qualified partsmen needed within the next five

years is slightly more than 3,600.
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Desire to See Mechanics Training Program in High Schools

In response to the question, "Would you like to see local high schools de-

velop programs to train mechanics?" 94.11 percent answered affirmatively and

5.89 percent were undecided, Table 7. Of thon answering in the affirmative,

Table 7

Attitude of Managers Toward the Development of Programs for
Training Farm Machinery Mechanics by Local High Schools

Attitude Number Percent

Yes 48 94.11

No 0 0.00

Undecided 3 5.89

TOTAL 51 100.00

87.76 percent stated that they would furnish equipment; 87.76 percent would

furnish bulletins and manuals, films, and other teacher aids; and 93.88 percent

would furnish technical assistance from employees, Table 8.

A few comments from managers follow to emphasize their willingness to

assist schools in developing programs for training mechanics:

"There is a need for vocational training for the large number of high
school students who cannot and will not enroll in college of in special
training after graduation from high school."

"We would be more than willing to help in any way that we believe
would be of benefit to students."

"Needed badly"
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"Any assistance needed"

"We would be more than glad to help the school develop a training program
in hopes we could hire some of the boys after they have completed their
training."

Table 8

Willingness of Managers to Furnish Assistance to Local
High Schools with Programs for Training Mechanics

Assistance
Yes No Undecided

Num-
ber

Per-
cent

Num-
ber

Per-
cent

Num- Per-
ber cent

Equipment 43 87.76 1 2.04 5 10.20

Films, technical
bulletins, etc. 43 87.76 0 0.00 6 12.24

Technical advice 46 93.88 0 0.00 3 6.12

Willingness to Teach Young Man to Be a Mechanic

Service managers were asked if they would be willing to teach a young man

on the job to become a mechanic. Almost 78 percent of those responding, Table

9, stated that they would. However, 22 percent of the respondents were unde-

cided. Only one stated that he would not be willing. Many of those that were

undecided qualified their answers by stating, "It would be the decision of man-

agement. " Others qualified their answers by such statements as, "It depends

on the amount of time available," and "T.t takes a lot of time. "
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Table 9

Willingness of Service Managers to Teach a
Young Man on the Job to Be a Mechanic

Willingness Number Percent

Yes

No

Undecided

91 77.12

1 0.85

26 22.03

TOTAL 118 100.00

Length of Time to Become a Mechanic

Estimates as to the length of time required for a beginning mechanic to be-

come a mechanic ranged from one to five years with the mean being about 2.5

years. As would be expected, almost 100 percent of the answers were qualified.

These qualifications fell into two major categories--"desire" and "aptitude."

Other personal characteristics mentioned frequently were attitude, personality,

and ability to cooperate with management and other employees.

Wages and Workweek

Evidently, the shortage of mechanics is aggravated by low wages and the

long number of hours required to work each week. The average workweek was

47.98 hours with an average weekly wage of $119.65, or approximately $2.50

per hour. The range for the workweek was from 44 to 54 hours. The wages

ranged from $80 to $200 per week. The average wee-sly wage for a beginning
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m(:;chanic was $73.53, or approximately $1.50 per hour. The weekly range was

from $50 to $100.

Evidently, wages vary among mechanics within most businesses. Some ap-

parently are paid on a "flat rate" per job order; others are on a straight hourly

basis. Skill and experience seem to be the two major factors that influence

wages earned. However, such comments as "personality" and "cooperation

with other employees" seem to indicate that factors other than skill and experi-

ence are considerations in establishing wages for an employee.

One manager expressed optimism about wages when he stated, "There is a

great shortage of skilled mechanics, especially in repair of farm equipment.

Pay scale for all mechanics is below that of plumbers and masons, but pay rates

for mechanics are expected to increase more than any other category of skilled

workmen."

In response to the question as to what reason mechanics give for quitting to

take another job, 89 percent stated "higher wages." There was little evidence

that the long workweek was a major reason for quitting, even though this factor

was mentioned in several cases.

The number of mechanics "fired" is evidently rather small. There was

some evidence, however, that incompetent mechanics were employed because

of the extreme shortage. Of those that were dismissed, three main reasons

were given; namely, lack of interest, poor attitude, and lack of skill.

It is rather obvious that the greatest labor turnover within farm machinery

businesses is among mechanics. Eighty percent of replacement personnel hired
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"during the past year" were mechanics; mechanics' helpers was the next great-

est category of turnovers.

Age for Hiring Mechanics

The minimum age for hiring mechanics seems to be 18; however, the mean

age given was 19.22. Evidently, the minimum age requirement is influenced by

law and by a desire for as much maturity as possible. One is likely to associate

the age of 18 with graduation from high school; however, almost 50 percent of

the managers refused to state a minimum level of formal education for hiring

mechanics. Therefore, one is forced to conclude that, in general, employers

are not concerned about the formal educational achievements of mechanics.

The maximum age for hiring mechanics was within the range of 55-60.

However, many respondents refused to give an age that they would consider max-

imum; they preferred to consider the health and experience of the individual.

In considering responses regarding the age and educational requirements

for mechanics, it must be kept in mind that respondents were reacting in light

of a severe shortage of qualified workers. One can only speculate as to the re-

quirements that might exist under a more favorable labor market. It is unlikely

that age requirements would change, but there seems to be a high probability

that minimum requirements for formal education would be high school.

Opportunities for On-the-Job Training

Opportunities are available locally for on-the-job training of mechanics in

approximately 89 percent of the dealerships included in this study. However,
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the nature of these programs seems to be quite variable. Evidently, the com-

mon purpose of local training programs is to keep mechanics up-to-date on

model changes and to acquaint them with new technical bulletins and manuals.

However, some businesses use films, records, and questionnaires supplied by

the factory. Classes are held at night. There is no evidence in this study, how-

ever, that warrants the belief that local businesses sponsor programs of any

kind to train unskilled persons to become efficient mechanics.

There was, however, enough evidence to cause the investigator to suspect

that more and better training programs are desired by employers. Some stated

rather emphatically that a lack of effective local training programs was among

the biggest problems facing most dealers.

All local dealerships send one or more mechanics to district or area train-

ing sessions sponsored by factory representatives. The primary purpose of

these sessions is to upgrade local personnel in the adjustment and operation of

new farm machinery or in model changes. Expenses and wages are paid during

attendance by local dealers. The amount of time varies from one day to a week

depending, of course, on the nature of what is being taught. Evidently, the me-

chanics who attend regional or district schools assume responsibility for up-

grading fellow employees as indicated in the statement, "One mechanic attends

factory courses and then passes on training to other mechanics during night get-

togethers. "

In spite of local and district training programs being directed toward up-

grading skilled personnel, the beginning mechanic has three excellent means of
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becoming a skilled person. First, he will be assigned to work with a master

mechanic; second, he will participate in local training programs and perhaps be

sent to district schools; and third, he can read and study technical books and

manuals at night. This third means was repeatedly emphasized as the best way

to become a good mechanic in the shortest possible time.

Fringe Benefits

Most employers in this study allow paid vacations for employees. The

amount of time varies, in most cases, with length of service. The most com-

mon arrangement seems to be about one week for employees with less than

three years of service, then two weeks. A few, however, stated that they allow

mechanics to take vacation time but without pay. This seems to be an extreme

variation from the common practice.

Most dealerships have sick leave arrangements which provide benefits for

employees. Apparently, some employers pay full wages; others seem to pay

approximately 75 percent of regular wages. In some cases salaried personnel

receive sick leave benefits, but hourly wage earners do not. The most common

amount of time allowed for paid sick leave is one week. Some allow time to ac-

cumulate; but, apparently, many do not.

Almost all farm machinery dealerships have some type of insurance pro-

gram with joint participation between employee and employer. A rather common

arrangement is for the firm to pay the cost of hospital insurance for the
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employee, with the employee paying the cost for the members of his family.

Some companies share the cost of life insurance with employees.

Evidently, most employers carry sickness and accident insurance for em-

ployees. This seems to be the primary means of providing sick leave benefits,

especially for cases lasting for extended periods.

Farm or Ranch Background Preferred

Managers were asked their preferences regarding the background of a be-

ginning mechanic. Seventy percent favored a farm or ranch background; 30

percent had no preference. None preferred a person reared in town. It is evi-

dent that rural boys who desire to become farm machinery service and repair

mechanics have a decided advantage over persons with little or no farm or

ranch experience.

One Factor Believed to Be Most Important in Becoming a Competent Mechanic

Managers were asked to state the factor that they believed was most impor-

tant in a person becoming a competent mechanic. The two most frequent

responses were "desire" and "aptitude. " However, other factors such as

"interest, " "common sense, " "intelligence," and "pride in workmanship" were

mentioned.

One service manager summarized the requirements for being a successful

mechanic in the following statement:
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Here are a few things I think a man must have before he can be a suc-
cessful mechanic:

(1) He must be interested in mechanics work. He must know the
hardships involved and be able to cope with them.

(2) After interest comes capability. He must be able to compre-
hend and develop the skill of mechanics.

(3) He must be of good nature to mix well with customers.

Work Habits

A great deal of concern was expressed about the work habits of mechanics,

including pride in workmanship, respect for tools, and cleanliness of work areas

and of themselves. The following two quotations from service managers express

the concern rather well:

"Many mechanics do not keep their work areas clean. They should take
old parts to the scrap pile to keep them from getting mixed up with the
new parts they plan to install in the unit they are repairing. Also, if
these old parts are out of the way, it will give the mechanics more work
room and save time in separating parts."

H.
. I suggest the young mechanic learn to work clean, have his repair

parts clean, and his tools and tool box or trays clean. He should always
put tools back in their respective places when the job is finished. Never
leave them scattered all over the floor. We all know that when a custom-
er comes to the shop to have some work done, he looks at the mechanic;
and if he sees that he is clean, his tools are clean, and his bench is
clean, he says to himself, 'Now I know I am going to get a good job done
here. ' As a rule, he is. Another thing, the beginning mechanic should

learn to do as the master mechanic tells him. He should be nice to him
and it will be a pleasure for the master mechanic to work with the young
mechanic. I suggest that is the best and quickest way to become a good
mechanic. "
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CHAPTER III

REQUIREMENTS FOR BEGINNING MECHANICS IN

THE FARM MACHINERY MECHANICS TRADE

Introduction

The primary purpose of this chapter is to present data that sets forth the

requirements of the occupation for a beginning mechanic in terms of what he

should know and be able to do to successfully enter the trade and make satisfac-

tory progress in it. The first portion of the chapter will present rather general

information; the latter part will present findings relative to specific knowledge

and skills as they apply to mechanical units.

In keeping with the purpose of this study, all data are presented and treated

in a way believed to be most appropriate to the development of courses of study

for training young men who plan to become tradesmen. Consequently, tables

pertaining to mechanical knowledge and skills are teaching-oriented in terms of

course content; only first and second priorities are given. Therefore, many

items included in the study were eliminated.

General Requirements

Safety

Developing safe work habits should be the first order of business in any

program designed to train for occupational competence. One service manager

stated the importance of safety when he said, "Safety is always the first thing a
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mechanic should learn. Even though a man may be a good mechanic, one acci-

dent may be fatal. Safety is considered his first interest; next he must be

interested in his job."

Table 10 shows the items listed in the schedule. It is worthy of note that

every item is ranked as number one in imp)rtance. It may be observed that all

items were listed under knowledge because it is believed that safe work habits

result from an understanding of the cause of accidents. Therefore, persons

responsible for directing the activities of others should be alert to create safety

awareness. One service manager pointed this out when he stated, "Safety

should be stressed at all times and is equally important to all subjects." An-

other stated, "Teach safety--proper handling of tools, stands, jacks, etc. ; also

fire hazards, grease on floors, parts and tools lying around in walkways."

Knowledge and Skills Relative to Tools

The group of items ranked second in importance in this study is the knowl-

edge and skills relating to tools. One respondent stated the matter rather well

when he said, "The use of tools is the mechanic's bread and butter. Therefore,

the first thing he must learn is to use his tools properly and quickly; otherwise

he won't eat very well in this trade."

Table 11 shows the order in which items are ranked in importance. The

most important tool, in terms of its mean, is the operator's manual and the

second is technical bulletins and service manuals. Evidently, one could safely

conclude that a mechanic to be successful, must be able to read well and to
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Table 10

Priority for Teach,,ng Safety

Knowledge by Priority Levels*

KNOWLEDGE--First Priority

Understand personal safety (protective clothing,
eye safety, cleanliness, etc.)

Understand the safe use of tools and equipment

Understand farm equipment safety around shop

Understand proper methods of lifting and carrying

Understand battery and electrical 3ystem safety

Understand the safe use of cleaning materials

Understand the dangers of fuel fires, hot engine coolants,
lifting devices, presses, and compressed air

Understand the types and uses of fire extinguishers

Understand proper methods of ventilation in the shop

Understand need for safety shields on power take-off, gears, etc.

Understand nature of safety rims on wheels

Understand safety precautions involved
in working with gasoline fuel tanks

Understand the danger involved in working with LP gas tanks

*All safety items were assigned a first priority rating. There were no
safety skills listed on schedule.
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Table 11

Priority for Teaching Knowledge and Skills Relative to Tools

Knowledge and Skills by Priority Levels*

KNOWLEDGE--First Priority

Understand the use of the different kinds of hand tools

Understand the different types of hand tools

Understand the function of different kinds of power tools

SKILLS--First Priority

Be able to interpret operator's manual

Be able to interpret service manual and technical bulletins

Be able to use hand tools properly

Be able to use torque wrenches

Be able to use proper tool nomenclature

Be able to use compression tester

Be able to use timing light

Be able to use power tools

Be able to use vacuum gauge

Be able to use electrical testers

Be able to use tachometer
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SKILLS--Second Priority

Be able to use micrometers

Be able to use dynamometer

*No second priority assigned to Imowledge about tools.
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follow written instructions. Only two items, micrometers and dynamometers,

are given a second priority rating.

Ownership of Tools

Service managers were asked if a beginning mechanic should own a basic

set of hand tools. Table 12 shows that 86.67 percent responded affirmatively,

Table 12

Opinions as to Whether a Beginning Mechanic (Mechanic's Helper)
Should Own a Basic Set of Hand Tools

Opinion

2=170[,
Yes

No

Undecided

Number Percent

104

12

4

TOTAL 120

86.67

10.00

3.33

100.00
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10 percent negatively, and only 3.33 percent were undecided. Therefore, it can

be concluded that persons entering the trade should own a basic set of tools. A

set suitable for a beginning tradesman would cost about $50, according to one

service manager, and can usually be purchased through the payroll deduction

plan.

Apparently, the ownership of tools has more psychological than real value

as indicated by the following statements from service managers:

A beginning mechanic would not necessarily need a set of tools to begin
with. At first it is better to team him up with a mechanic who would
have the ability to teach him the trade and let him use his tools in ex-
change for the help the mechanic would receive from the beginner.
Tools can then be purchased gradually as the need arises.

A man should know and appreciate the value of tools and equipment.
Personal ownership encourages competence where tools are concerned.

I judge a man's pride in his work by the way he keeps and takes care of
his tools. If he knows what he has and where they are, with study and
experience someday he may be called a mechanic.

I feel that a helper should buy a good set of tools. This would show a
service manager that he is interested. A good mechanic doesn't loan
his tools, and a shop doesn't furnish hand tools . . . .

If he owns his own hand tools, he will take better care of them and learn
to use them more effectively.

It is evident from the above statements that the values of ownership and

workmanship are associated within the trade with the care and use of tools.

Assembly of New Farm Implements

Service managers were asked if beginning mechanics should be able to as-

semble new farp implements. Table 13 shows that almost 75 percent responded
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affirmatively; only one was undecided. The high number of affirmative responses

to this item seem rather unusual in light of the number of statements made as

qualifications. A few samples follow:

Setting-up instructions for each machine are thorough enough to preclude

this prior knowledge.

Should be able to follow assembly instructions

He can learn to do this if he has aptitude and can read and follow printed

instructions.

This is taught by a service school and changes each year.

With any mechanical talent he can take a book and assemble it.

Table 13

Should a Beginning Farm Machinery Mechanic
Be Able to Assemble New Farm Implements

Response Number Percent

Yes

No

Undecided

87 73.73

30 25.42

1 0.85

TOTAL 118 100.00

Two things seem evident from the above statements. One is that the as-

sembly of new farm implements is not considered to be difficult. The other is

the emphasis placed on reading and following written instructions. Herein lies

one application of the importance of reading for the mechanic. Evidence seems
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to indicate that the assembly of new implements can be done by persons with

adequate aptitude to be a mechanic. No training program seems to be considered

necessary.

Adjusting New Farm Implements

Respondents were asked if a beginning mechanic should be able to adjust

new farm implements. Slightly more than 51 percent responded negatively; less

than 5 percent were undecided, Table 14.

Table 14

Should a Beginning Mechanic Be Able to Adjust New Implements

Response Number Percent

Yes

No

Undecided

53 44.54

61 50.26

5 4.20

TOTAL 119 100.00

It is difficult to interpret the responses to this item. Evidently, the adjust-

ments are not considered difficult; therefore, a few comments on the question

seem to shed some light on the problem of interpretation.

This would be almost impossible as it takes field experience on each
make and type of implement.

Some new implements require the skilled mechanic who has been
trained for these adjustments.
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He can obtain adjusting instructions from setting-up manual.

The sooner he can learn, the better mechanic he will make.

There is ample evidence in this study to suspect that mechanics do not con-

sider working on implements to be the proper work of mechanics. In fact the

trade does not classify set-up men as mechanics. The following statement made

by a service manager seems to indicate that some thought is now being given to

specialization:

In the near future, dealers will have a specific crew for this
(implements) department. A mechanic's skills will be more
specialized.

Preferonce for Skills or Knowledge

Service managers were asked which of the following they would prefer a be-

ginning mechanic to have: (a) a large amount of technical knowledge and few

skills or (b) a large number of skills and a small amount of technical knowledge.

The responses, Table 15, show a rather even distribution between the two choices.

Evidently, the two--technical knowledge and skills--complement each other to

such an extent that a person without an adequate amount of both would not be a

successful tradesman.

It may be observed, however, that responses favor slightly the knowledge

item. A comparison of the mean for all items in the four interview schedules

pertaining specifically to knowledge with those pertaining specifically to skills

shows a substantial difference in favor of knowledge. The mean for knowledge

is 1.84 and for skills 2.12 (the smaller number indicates a higher level of
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Table 15

Preference for Knowledge or Skills

Choice Number Percent

Large amount of technical
knowledge and few skills 56 47.06

Large number of skills and
small amount of technical
knowledge 49 41.18

Undecided 14 11.76

TOTAL 119 100.00

importance). The design of the study did not permit a statistical analysis; how-

ever, the difference causes one to suspect that service managers place greater

emphasis on understanding the function of units and unit relationships than on

specialized skills in repairing units for beginning mechanics. Regardless, it

seems certain that any program designed to train mechanics must maintain a

good balance between the knowing and doing phases of training. One service

manager summed up this question this way:

The beginner needs to know what a specific item is doing, why it is
doing it, and how it is being done. When a man knows this, profi-
ciency in doing repair work comes easier.

A general observation should be made at this point regarding the nature of

the work of mechanics. One service manager remarked, "Technical knowledge

is almost as important as skill, but the employer is buying skill and time . . . ."
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The mechanic, on the other hand, is selling skill and time as indicated by the

following remark, "If I can't beat the clock, I can't make a living in this trade."

One would suspect that mechanics would want to help a young man become a

mechanic but cannot afford to spend time helping him; to do so would decrease

their earning power. Consequently, the beginner who possesses a high degree

of knowledge and the ability to perform many skills will most likely receive the

greatest amount of assistance from master mechanics.

Order for Organizing Instructional Units

Service managers were asked to give the order in which they believed the

major mechanical areas should be taught to beginning mechanics. Table 16

Table 16

The Order Recommended by Service Managers for
Teaching the Various Mechanical Areas

Mechanical Areas Mean Weight

Engines and Ignition 2.46

Component Parts of Machines 2.97

Lubrication and Fuel Systems 3.28

Electrical Systems and Instruments 4.03

Power Train 4.11

Hydraulics 4.16
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shows the order recommended. The interview schedule was divided into four

parts, as previously stated; therefore, each respondent ranked these items

without full benefit of seeing what each category included. Consequently, there

may not have been a clear understanding of all that was included in each area.

It should be noted that engines and ignition are ranked first, f.ollowed rather

closely by component parts of machines in second place. Table 17 shows the

number and percent that ranked the item from one to six. A much higher per-

centage ranked component parts of machines as number one, but almost 21

percent ranked the area number six. This may indicate that many did not know

what was meant by the area and, consequently, marked it last. However, an

examination of the forms including the items on component parts of machines

shows these persons also ranked engines as the first mechanical area that

should be taught. Because of the basic nature of the items recommended at

first and second levels of importance, this report will include component parts

of machines first under the heading of "Specific Knowledge and Skills Relating

to Mechanical Units."

Regardless of why mechanical areas were ranked as they were, the engine

seems to be considered the most important area by many mechanics as shown

by the following comments:

I feel the training on the internal (combustion) motor (engine) has been

completely overlooked and should be taught to any student. The hydrau-

lic systems should certainly be taught along with other phases of your

program. The electrical systems are also an important phase of our

service.
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I feel that the most important part of a tractor is the engine. A student
should have a basic knowledge of it first; but while he is learning this,
he should learn all he can about safety in fuel, use of jacks, hoists,
stands, etc. Next he should have much training in electrical systems
such as batteries, generators, starters, points, condensers, and spark
plugs. Most all maintenance is in this area. The transmission and
rear end are very important, but they don't require much attention.
Hydraulics on any tractor are very technical and will require a lot of
study. Air cleaners are probably the most important part of a diesel
engine as far as maintenance is concerned. Of course, fuel must be
kept clean.

Specific Knowledge and Skills Relating to Mechanical Units

The following portion of this chapter will be presented, for the most part,

by use of tables that deal with specific mechanical units. Tables are course

content oriented in that they present only the knowledge and skills that should be

given first and second priority in the teaching process for developing beginning

mechanics, This procedure is not intended to restrict the inclusion of additional

content in courses of study. It is, however, intended to emphasize what has

been found to be the most important content that should be taught.

Component Parts of Machines

Service managers recommended that this mechanical area be considered

secondary to teaching engines. However, by their nature many of the items

seem rather basic to an understanding of mechanical units and their functions.

Power Transmission. Beginning mechanics should understand, on a first

priority basis, the principles of power transmission and the function of the dif-

ferent types of clutches, Table 18. Secondarily, they should understand the

various uses made of the different types of clutches, uses of flexible shafts,
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Table 18

Priority for Teaching Knowledge Relative to
Mechanical Power Transmission (general)

Knowledge by Priority Levels

KNOWLEDGE--First Priority

Understand the principles of power transmission

Understand the function of clutches

Understand the different types of clutches

Understand the function of universal joints

KNOWLEDGE--Second Priority

Understand uses made of the different types of clutches

Understand the uses of universal joints

Understand the uses of flexible shafts

Understand characteristics of V-belts

Understand different uses of belt drives

Understand functions of chain drives

Understand operation and uses of differential gear units

characteristics of belts, uses of belt drives, fanctions of chain drives, and the

operation and uses of differential gear units. They should also understand the

nature and uses of universal joints.
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Bearings and Seals. Knowledge about bearings and bearing seals, on a first

priority basis, for beginning mechanics includes the function of bearings, the

different types and uses of bearings, the causes of bearing failure, and the need

for bearing seals and closures, Table 19. Of secondary importance is an under-

standing of the characteristics of bushings, uses of plain bearings, and

construction of bearing seals and closures.

Table 19

Priority for Teaching Knowledge Relative
to Bearings and Bearing Seals

Knowledge by Priority Levels

KNOWLEDGE--First Priority

Understand the function of bearings

Understand the different types of thrust bearings

Understand the various uses of thrust bearings

Understand the causes of bearing failure

Understand the function of anti-friction bearings

Understand the need for bearing seals and closures

KNOWLEDGE--Second Priority

Understand the characteristics of bushings

Understand the uses of plain bearings
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Table 19 (cont.)

KNOWLEDGE--Second Priority (cont.)

Understand the construction of friction
or contact-type bearing seals

Understand the construction of slingers
or flingers to protect bearings

Understand the construction of labyrinth
or clearance-type bearing seals

Gears. Beginning tradesmen should, as first priority, understand the cause

of gear failure and the function of gears, Table 20. As a second priority, they

should understand the characteristics of gear tooth wear, the different types of

gears, the nature and uses of dif .erent gear arrangements, and the uses made

of different gears.

Engines and Ignition Systems

This mechanical area includes knowledge and skills relating generally to

internal combustion engines and specifically to valve mechanisms, piston and

connecting rod assemblies, cylinder heads, crankshaft and flywheel assemblies,

engine blocks, ignition systems, batteries, cooling systems, and governors.

These units and assemblies were grouped together because they all seem to be

more closely related to the engine than to any other unit under study.

In developing a course of study, the most important area in which persons

who aspire to be mechanics should gain competence is the engine. The engine
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Table 20

Priority for Teaching Knowledge Relative
to Gears and Gear Drives

Knowledge by Priority Levels

KNOWLEDGE--First Priority

Understand the cause of gear failure

Understand the function of gears

KNOWLEDGE--Second Priority

Understand the characteristics of gear tooth wear

Understand the different types of gears

Understand the nature of different gear arrangements

Understand the uses of different gear arrangements

Understand the uses made of different gears

and units related to it cause the most problems, according to service managers.

Therefore, other mechanical areas should not be included in a training program

until a satisfactory level of competence has been achieved in understanding en-

gines and in the development of skills in the disassembly and assembly of

engines and related units.

Engines (general). Beginning mechanics should, according to tradesmen,

have a thorough understanding of the principles of internal combustion as it ap-

plies to all types of engines. They should be able to understand the basic parts

A'....:A44;"1,1144,06,011. '714.41.14144, ,F.W.15,44411{11.1.44.1.041,54.4.M.IS.A......-I4M.4.04,64.........ae,
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of an engine and be able to assemble the parts once the engine has been disas-

sembled, Table 21.

.Imma..

Table 21

Priority for Teaching Knowledge and Skills
Relative to Internal Combustion Engines

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority*

Understand principles of internal combustion

Understand operation of four-stroke cycle engine

Understand operation of two-stroke engines

Understand operation of multi-cylinder engines

Understand the principles of diesel engine operation

Understand basic parts of internal combustion engine

SKILLS--First Priority

Be able to assemble internal combustion engine

SKILLS--Second Priority

Be able to disassemble internal combustion engine

*All items assigned first priority

Valve Mechanisms. It is recommended that beginning mechanics have a

thorough understanding of the nature and function of valves and valve mecha-
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nisms, Table 22. The most important skills are to set tappets and check for

faulty valves. Of secondary importance is the ability to remove and install the

various parts of valve mechanisms.

Table 22

Priority for Teaching Knowledge and Skills
Relative to Valve Mechanisms

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand purpose of valves

Understand purpose of tappet clearance

Understand nature of valve timing assembly

Understand causes of valve trouble

Understand nature of valve seats

Understand order of valve arrangement

KNOWLEDGE--Second Priority

Understand how valve rotators operate

Understand nature of cam followers or lifters

Understand causes of wear in valve mechanism

Understand nature of rocker arm assembly

kb ....A...4,3. .,,,,5"4:47./, -
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Table 22 (cont.)

SKILLSFirst Priority

Be able to set tappets

Be able to check engine to determine if valves are faulty

SKILLSSecond Priority

Be able to remove valve timing assembly

Be able to install rocker arm assembly

Be able to inspect and replace valve assembly

Be able to remove valve assembly

Be able to remove rocker arm assembly

Be able to replace parts of valve timing assembly

Piston and Connecting Rod Assemblies. Beginning tradesmen should under-

stand the function and nature of the piston and connecting rod assemblies, Table

23. Of secondary importance is an understanding of the different types of piston

rings. There are no first priority skills; but of secondary importance is the dis-

assembly, replacement of parts, and the installation of piston and connecting rod

assemblies.

Cylinder Heads. Of major importance to beginners is an understanding of

the function of cylinder heads, why they leak, and the causes of warping, Table

24. Fizst priority skills are the abilities to clean and to install cylinder heads.



Table 23

Priority for Teaching Knowledge and Skills Relative
to Piston and Connecting Rod Assembly

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand function of piston and connecting rod assembly

Understand process of "breaking in" piston rings

Understand purpose of piston ring gap

Understand causes of piston ring wear

KNOWLEDGESecond Priority

Understand function of different types of piston rings

SKILLS--Second Priority*

Be able to remove piston and connecting rod assembly

Be able to disassemble piston and connecting rod assembly

Be able to inspect and replace parts of
piston and connecting rod assembly

Be able to install piston and connecting rod assembly

*All items were assigned second priority.

48
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Table 24

Priority for Teaching Knowledge and
Skills Relative to Cylinder Heads

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority*

Understand function of cylinder head

Understand cause of cylinder head leaks

Understand cause of cylinder head warping

SKILLS--First Priority

Be able to clean cylinder head

Be able to install cylinder head

SKILLSSecond Priority

Be able to remove cylinder head

Be able to inspect cylinder head for damage

Be able to check cylinder head for leaks

*All items assigned first priority.

Secondary skills include removal of, inspection for damage of, and detecting

leaks in cylinder heads.

Manifolds. To understand the function of manifolds and why they warp and

leak are the first and second priorities for knowledge, Table 25. Skills include

removal, cleaning, installing, and checking for leaks.
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Priority for Teaching Knowledge
and Skills Relative to Manifolds

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand function of manifolds

KNOWLEDGESecond Priority

Understand causes of manifold leaks

Understand causes of manifold warping

SKILLS--First Priority*

Be able to check manifold system for leaks

Be able to remove manifold

Be able to install manifold on engine

Be able to clean manifold
-

*All items assigned first priority.
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C.rankshaft and Flywheel Assemblies. Beginning tradesmen should under-

stand the function of crankshaft and flywheel assemblies, Table 26. There are

no first priority skills, but of secondary importance is the ability to measure

the crankshaft and the ability to replace flywheel ring gear.



Priority for Teaching Knowledge and Skills Relative
to Crankshaft and Flywheel Assembly

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority*

Understand causes of crankshaft wear

Understand function of crankshaft and flywheel assembly

:

SKILLS--Second Priority**

Be able to measure crankshaft for wear

Be able to replace flywheel ring gear

*Only first priority assigned.
**Only second priority assigned.
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Elaine Blocks. The major concern of beginning mechanics about the engine

block includes an understanding of engine main bearings and the reason for their

wear, Table 27. Of secondary importance is an understanding of the types of

cylinder sleeves, the cause for wear, and the cause of cylinder glaze. There

are no first priority skills, but of secondary importance is the ability to inspect

main bearings for wear or damage.

Ignition Systems. Beginning tradesmen should, on a first priority basis,

understand the theory of ignition and know the function of each part in the sys-

tem, Table 28. On a secondary basis beginning mechanics should understand

the operation of magnetos and the cause of ignition failure. Of major
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Table 27

Priority for Teaching Knowledge and
Skills Relative to the Engine Block

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand function of engine main bearings

Understand causes of wear on engine main bearings

KNOWLEDGE--Second Priority

Understand causes of cylinder sleeve wear

Understand types of cylinder sleeves

Understand cause of cylinder glaze

SKILLS--Second Priority*

Be able to inspect engine main bearings for wear or damage

*Only second priority assigned.
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Table 28

Priority for Teaching Knowledge and Skills Relative
to Battery and Magneto Ignition Systems

Knowledge and Skills by Priofity Levels

KNOWLEDGE--First Priority

Understand theory of ignition

Understand function of ignition coil

Understand function of ignition breaker points

Understand function of ignition condenser

Understand function of ignition resistor

Understand function of ignition distributor cap and rotor

Understand function of spark plug

Undeestand function of ignition timing

KNOWLEDGE--Second Priority

Understand cause of ignition failure

Understand operation of magnetos

SKILLS--First Priority

Be able to remove, inspect, and replace
ignition distributor cap and rotor

Be able to install ignition breaker points

Be ible to install ignition condenser

Be able to service spark plugs

53
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Table 28 (cont.)

SKILLS--First Priority (cont.)

Be able to time engine ignition system

Be able to inspect and replace ignition wires

SKILLSSecond Priority

Be able to inspect and test ignition breaker points

Be able to test condition of ignition coil

Be able to test ignition condenser

Be able to install magneto

importance is the ability to install parts of the ignition system and to time the

system. Of secondary importance is the ability to test parts of the ignition

system and to install a magneto.

Batteries. Knowledge relative to batteries, in terms of first priority, in-

cludes an understanding of purpose and types of b Caries and charging rates,

Table 29. Of secondary importance is an understanding of the effects of

temperature on battery voltage and the construction of batteries. To be able to

service, test, and charge a battery are the most important skills a beginning

mechanic should be able to perform. Skills of secondary importance include

the ability to remove and replace a battery and battery cables and to clean bat-

tery terminals.
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Priority for Teaching Knowledge
and Skills Relative to Batteries

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand purpose of battery

r

Understand types of batteries

Understand charging rates of batteries

KNOWLEDGE--Second Priority

Understand effects of temperature on battery voltage

Understand construction of batteries

SKILLS--First Priority

Be able to service battery

Be able to test battery to determine its condition

Be able to charge battery

SKILLS--Second Priority

Be able to remove and replace battery cables

Be able to remove and replace battery

Be able to clean battery and terminals
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Cooling Systems. An understanding of the purpose and function of each part

of engine cooling systems is of major importance for beginning mechanics, Table

30. The most important skills include the ability to check antifreeze solution and

to remove, replace, and adjust a fan belt. Of secondary importance is the

ability to remove and replace water pumps, water hoses, thermostats, and fans.

Table 30

Priority for Teaching Knowledge and
Skills Relative to Cooling Systems

Knowledge and Skills by Priorit3r Levels

KNOWLEDGEFirst Priority

Understand purpose of engine cooling system

Understand purpose of engine water pump on liquid cooling system

Understand purpose of cooling fan on liquid cooling system

Understand function of fan and blower on air cooling system

Understand function of cowling, baffles,
and fins on air cooling system

Understand purpose of radiator pressure
caps or water cooling system

Understand purpose of thermostats on water cooling system

KNOWLEDGE--Second Priority

Understand purpose of antifreeze coolants

Understand purpose of engine expansion plug
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Table 30 (cont.)

SKILLSFirst Priority

Be able to check antifreeze solution

Be able to remove, inspect, replace, and adjust fan belt

SKILLS--Second Priority

Be able to calculate amount of antifreeze needed

Be able to drain coolant from system

Be able to remove, inspect, repair, or replace water pump

Be able to remove, inspect, and replace water hoses

Be able to remove, inspect, test, and replace thermostat

Be able to remove, inspect, repair, or replace fan

Be able to clean fins on air cooled system

Governors. Of major importance to a beginning mechanic is an understand-

ing of the function of governors and how they work, Table 31- The most

important skill is the ability to adjust governors. Secondary level skills in-

clude the ability to remove, disassemble, repair, and reassemble governors.

Lubrication and Fuel Systems

This area includes fuels and lubricants for all types of power units and re-

lated mechanical units. In terms of importance it is ranked third. In other

words, this area should be studied after a satisfactory level of competence has
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Table 31

Priority for Teaching Knowledge
and Skills Relative to Governors

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority*

Understand the function of governors

Understand principles of governor operation

SKILLS--First Priority

Be able to adjust governor for proper engine speed

SKILLSSecond Priority

Be able to remove governor

Be able to disassemble governor

Be able to test and replace component parts of governors

Be able to assemble governor

*No second priority items

been gained in knowledge and skills relative to engines and the general area of

component parts of machines. It is assumed, however, that lubricants and

fuels will always be included as a part of the unit being taught. For example,

it is likely that the lubrication system employed in engines could be taught best

at the time engines are the center of instruction.
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Lubricants and Lubricating Systems. Service managers recommended on a

first priority basis that beginning mechanics understand the function of lubri-

cants, the lubrication requirements of all mechanical units, uses of the different

types of greases, and the various systems employed in oiling, Table 32.

Table 32

Priority for Teaching Knowledge and Skills Relative
to Lubricants and Lubricating Systems

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand the function of lubricants

Understand lubrication requirements of all mechanical units

Understand the different types of greases

Understand the uses of the different types of greases

Understand the conditions where grease is used rather than oil

Understand the various systems employed in oiling
(pressure, wick, splash, etc.)

Understand the causes of "dirty oil"

Understand the function of oil filters

KNOWLEDGESecond Priority

Understand the desirable properties of greases

Understand the various lubrication systems
employing grease (grease cups, etc.)
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Table 32 (cont.)

KNOWLEDGE--Second Priority (cont.)

Understand function of oil pumps

Understand function of oil system relief valve

Understand function of crankcase breathers

Understand the significance of SAE crankcase oil classification

Understand significance of API engine service classification

Understand significance of viscosity of oils

Understand significance of MIL specifications

Understand the significance of oil additives

SKILLS--First Priority

Be able to lubricate bearings

Be able to drain and refill transmissions

Be able to drain, flush, and refill rear axle housing

Be able to lubricate universal joints

SKILLS--Second Priority

Be able to change oil filters

Be able to clean crankcase breathers

Be able to inspect and repair oil pump

Be able to install oil pump
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On a second priority basis they should understand the desirable properties

of greases; the various systems employing greases; and the functions of oil

pumps, oil system relief valves, and crankcase breathers. Likewise, they

should understand SAE and API classifications of oils and the significance of

viscosity, MIL specifications, and oil additives.

First priority skills include the ability to lubricate bearings, drain and re-
_

fill transmissions and rear-axle housings, and lubricate universal joints.

Second priority skills include changing oil filters; cleaning crankcase breathers;

and inspecting, repairing, and installing oil pumps.

Fuels and Combustion. Beginning mechanics should, on a first priority

basis, understand the causes of detonation and preignition, Table 33. At the

Table 33

Priority for Teaching Knowledge Relative to Fuels and Combustion

Knowledge by Priority Levels

KNOWLEDGE--First Priority

Understand causes of detonation and preignition

KNOWLEDGE--Second Priority

Understand cause of carbon residue

Understand classification of fuels

Understand combustion of fuels

Understand fuel-air ratios vs. horsepower and efficiency
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Table 33 (cont.)

KNOWLEDGE--Second Priority (cont.)

Understand moisture and sediment content of fuel

Understand octane rating of fuel

Understand characteristics of fuel impurities

Understand flash point of fuels

Understand properties of gasoline and LP gas

secondary level of importance they should understand the cause of carbon resi-

due, classification of fuels, combustion of fuels, moisture and sediment

content of fuels, octane rating, fuel impurities, flash point, properties of gaso-

line and LP gas, and the relationship between fuel-air ratios and horsepower and

efficiency.

Gasoline Fuel Systems. In terms of gasoline fuel systems beginning me-

chanics should understand the principles of carburetion and the function of each

part of a carburetor, Table 34. At the secondary level of importance they

should understand the function of the fuel pump and fuel filters. Also, they

should understand the cause of fuel pump troubles.

As first priority skills they should be able to inspect and repair carburetors

and to make carburetor adjustments. At the secondary level of importance they

should be able to remove, disassemble, and assemble a carburetor; install a

fuel pump; replace a fuel filter; and remove and replace fuel lines.
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Table 34

Priority for Teaching Knowledge and Skills
Relative to Gasoline Fuel Systems

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand principles of carburetion

Understand function of different parts of carburetor

KNOWLEDGE--Second Priority

Understand cause of fuel pump troubles

Understand function of fuel pump

Understand function of fuel filters

SKILLS--First Priori 4r

Be able to make necessary carburetor adjustments

Be able to inspect and repair carburetor

SKILLS--Second Priority

Be able to disassemble carburetor

Be able to assemble carburetor

Be able to remove carburetor

Be able to install fuel pump

Be able to replace fuel filter

Be able to remove and replace fuel lines
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Fuel Air Cleaners. Service managers recommended, at the first level of

importance, that beginning mechanics understand the function of fuel air

cleaners. At the second level priority they should understand the different types

of air cleaners, Table 35. In terms of skills they should be able to remove, in-

spect, clean, and replace air cleaners.

Table 35

Priority for Teaching Knowledge and Skills
Relative to Fuel Air Cleaners

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand function of air cleaners

Understand maintenance required for air cleaners

Understand damage caused by improper servicing of air cleaners

Understand air cleaner warning devices

KNOWLEDGE--Second Priority

Understand types of air cleaners

SKILLS--First Priority

Be able to inspect air cleaners

Be able to clean air cleaners
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Table 35 (cont.)

SKILLS--Second Priority

Be able to remove air cleaners

Be able to replace air cleaners

LP Gas Systems. Beginning mechanics should understand, on a first pri-

ority basis, LP gas liquid and vapor systems, the nature of tanks, and the

function and operation of regulators and carburetors, Table 36. At the secon-

dary level of importance they should understand the function of the parts of the

LP gas carburetor, the different types of carburetors, and the function of

filters.

Table 36

Priority for Teaching Knowledge and
Skills Relative to LP Gas Systems

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand LP gas liquid systems

Understand LP gas vapor systems

Understand nature of tanks

Understand function and operation of regulators

Understand function of carburetors
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Table 36 (cont.)

KNOWLEDGE--Second Priority

Understand function of parts of carburetors

Understand types of carburetors

Understand the function of filters

SKILLS--First Priority

Be able to test system for leaks

SKILLS--Second Priority

Be able to inspect, clean, or replace filters

Be able to set regulator valve levers

Be able to inspect, clean, and repair regulators

Be able to adjust carburetor

As a first priority skill they should be able to test LP gas systems for leaks.

At the secondary level of importance they should be able to inspect, clean, or

replace filters; set regulator levers; and inspect, clean, and repair regulators.

Also, they should be able to adjust LP gas carburetors.

Diesel Systems. The most important things for a beginning mechanic to

understand about a diesel system are the need for cleanliness, nature of fuel

warning devices, function of injection pumps, types of air systems, and the

types of starting aids, Table 37. At the secondary level of importance they
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Table 37

Priority for Teaching Knowledge and Skills
Relative to Diesel Systems

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand the need for cleanliness in diesel fuel systems

Understand the nature of fuel warning devices

Understand the function of diesel injection pumps

Understand the types of diesel air systems
(naturally aspirated or turbo-charged)

Understand the types of diesel starting aids

KNOWLEDGE--Second Priority

Understand function of diesel delivery pump (primary)

Understand the function of return lines on fuel system

Understand types of fuel filters

Understand function of hand pump

Understand principles of fuel metering (governor action)

Understand types and operation of fuel injectors

SKILLS--First Priority

Be able to remove and replace fuel filters

Be able to purge lines in fuel system

Be able to time injection pump
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Table 37 (cont.)

SKILLS--Second Priority

Be able to remove and replace lines in fuel system

Be able to remove and replace warning devices in fuel system

Be able to install injection pump

Be able to detect malfunction of injection pump

Be able to remove injection pump

Be able to remove fuel injector

Be able to test nozzle spray pattern of fuel injector

Be able to inspect, clean, and repair fuel injector

Be able to adjust fuel injector for opening pressure

Be able to make repairs and adjustments of diesel starting aids

should understand the function of delivery pumps, function of return lines, types

of fuel filters, function of the hand pump, principles of fuel metering, and types

and operation of fuel injectors

The most important skills include the ability to remove and replace diesel

fuel filters, purge fuel lines, and time injection pumps. At the secondary level

of importance is the ability to remove and replace diesel fuel lines, remove and

replace fuel warning devices, remove and install injection pumps, detect mal-

function in injection pumps, service and repair fuel injectors, and make repairs

and adjustments of diesel starting aids.
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Electrical System and Instruments

This unit includes the general electrical system, generator and generator

controls, alternators, starting motors, circuit protection devices, and instru-

ments and gauges. This area is ranked fourth in importance by service

managers for inclusion in courses of study. This simply means that attention

should be given this area of instruction after a satisfactory level of competence

has been achieved in the areas with a higher rank.

Electrical Systems. Beginning mechanics should understand, as a matter

of major importance, ,the function of voltage, amperes, amp meters, volt

meters, and solenoids and relays, Table 38. Also, they should understand

Table 38

Priority for Teaching Knowledge Relative to Electrical Systems

Knowledge by Priority Levels

KNOWLEDGE--First Priority

Understand function of voltage

Understand function of amperes

Understand function of solenoids and relays

Understand function of amp meters

Understand function of volt meters

Understand parallel and series circuits

Understand nature of circuit breakers
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Table 38 (cont.)

KNOWLEDGE--Second Priority

Understand nature of insulators

Understand function of conductors

parallel and series circuits and the nature of circuit breakers. Of secondary

importance is an understanding of insulators and conductors.

Generators and Generator Controls. The most important things a beginning

mechanic should know about generators and generator controls are the principles

of generator operation, the parts of generators, and why generator controls are

needed, Table 39. At the second priority levol they should understand the dif-

ferent types of generators.

The most important skills are the ability to remove, install, and polarize a

generator and the ability to replace a voltage regulator. At the secondary level

of importance is the ability to test a generator's output, determine the cause of

generator trouble, and disassemble and assemble a generator.

Alternators. Of major importance for beginning mechanics is an under-

standing of how an alternator (many brands of tractors do not use alternators)

operates, Table 40. Of secondary importance is an underStanding of alternator

rectifiers, diodes, stators, and rotors. There are no first priority skills; how-

ever, those at the secondary level include the ability to remove and install

alternators, test for proper operation, and determine if repairs are needed.
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Table 39

Priority for Teaching Knowledge and Skills Relative
to Generators and Generator Controls

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand principles of generator operation

Understand parts of generators

Understand need for generator controls

Understand operation of voltage regulators

KNOWLEDGE--Second Priority

Understand types of generators

SKILLS--First Priority

Be able to remove generator from engine

Be able to install generator on engine

Be able to polarize generator

Be able to replace voltage regulator

SKILLSSecond Priority

Be able to test generator's output

Be able to test generator to determine cause of trouble

Be able to disassemble generator

Be able to assemble generator
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Table 40

Priority for Teaching Knowledge
and Skills Relative to Alternators

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand operation of alternator

.KNOWLEDGE--Second Priority

Understand alternator rectifiers

Understand alternator diodes

Understand alternator stator

Understand alternator rotor

SKILLS--Second Priority*

Be able to remove alternator from engine

Be able to install alternator on engine

Be able to test operation of alternator

Be able to test alternator for needed repairs

*No skills listed as first priority,

Starting Motors. The most important things a beginning tradesman should

understand about starting motors (starters) are the operating principles and the

purposes of brushes, Table 41. Of secondary importance is an understanding

of the purpose of the commutator and the starter control circuit. Only
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Table 41

Priority for Teaching Knowledge and Skills
Relative to Starting Motors (Starters)

Knowledge and Skills by Priority Levels

KNOWLEDGEFirst Priority

Understand operating principles of starting motor

Understand purpose of brushes in starting motor

KNOWLEDGESecond Priority

Understand purpose of commutator in starting motor

Understand control circuit for starting motor

SKILLSSecond Priority*

Be able to remove starting motor from engine

Be able to install starting motor on engine

Be able to disassemble starting motor

Be able to assemble starting motor

Be able to test starting motor for repairs needed

*No skills listed as first priority.

secondary level skills are recommended; these include the removal, disassembly,

testing for repairs, reassembly, and installation of starting motors.

Circuit Protection Devices. Understanding the function of protection de-

vices is the most important thing to understand about the lighting system,
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Table 42. Of secondary importance is an understanding of wiring diagrams and

color codes. Also, at the same level of importance is an understanding of the

Table 42

Priority for Teaching Knowledge and
Skills Relative to Lighting System

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand function of protective devices in
lighting system (fuses and breakers)

KNOWLEDGE--Second Priority

Understand wiring diagrams and color codes of lighting system

Understand nature of switches of lighting system

SKILLS--Second Priority*

Be able to replace switches in lighting system

Be able to replace fuse block

Be able to replace circuit breaker or fuses

*No skills listed as first priority.

nature of switches. No first priority level skills are recommended; however,

those at the secondary level include the ability to replace switches, fuse blocks,

and circuit protection devices in lighting systems.
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Instruments and Gauges. Service managers recommended, at the first

level of importance, that beginning mechanics understand the nature of tempera-

ture gauges and ammeters, Table 43. At the secondary level the service

managers recommended that beginning mechanics understand the nature of fuel

gauges, tachometers, and engine hour meters. The most important skill is the

ability to replace temperature gauges. At the secondary level of importance it

Table 43

Priority for Teaching Knowledge and Skills Relative to Instruments

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand nature of temperature gauge

Understand nature of ammeter

KNOWLEDGE--Second Priority

Understand nature of fuel gauge

Understand nature of tachometer

Understand nature of engine hour meter

SKILLS--First Priority

Be able to replace temperature gauge
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Table 43 (cont.)

SKILLS--Second Priority

Be able to test all instruments for proper operation

Be able to replace ammeter

Be able to replace temperature bulb

Be able to replace tachometer cable

Be able to replace tachometer and hour meter

is recommended that beginning mechanics be able to test all instruments for

proper operation and be able to replace ammeters, temperature bulbs, tachom-

eter cables, and tachometer and hour meters.

Power Train

This mechanical area includes the clutch; transmission, differential, final

drives, and axles; power take-off; and brakes. Brakes are included because

they seem to be more appropriate to this area than to others.

This area ranks below the areas previously discussed. It should be in-

cluded in training programs only when the other areas have been thoroughly

taught. This recommendation in no way depreciates the importance of the

power train; but this is a highly specialized area that, if pursued at the expense

of more general areas, would tend to limit time for the development of knowl-

edge and skills that would be of greater immediate value to beginning tradesmen.
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The Power Train Clutch. The most important things a beginning mechanic

should understand about the power train clutch are its function and the cause of

clutch troubles, Table 44. In terms of skills he should, on a first priority

Table 44

Priority for Teaching Knowledge and
Skills Relative to the Tractor Clutch

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand the function of clutches

Understand the causes of clutch troubles

KNOWLEDGE--Second Priority

Understand the different types of clutches

SKILLS--First Priority

Be able to adjust clutch linkage

Be able to remove clutch assembly

SKILLS--Second Priority

Be able tc, install clutch assembly

basis, be able to adjust clutch linkage and to remove a clutch assembly. At the

secondary level of importance he should be able to install a clutch assembly.
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Tractor Transmissions. At the primary level of importance a beginning

mechanic should understand the need for keeping parts clean when repairing

transmissions and should understand synchronizing units of selective transmis-

sions, Table 45. At the secondary level he should understand types and

operation of selective and hydraulic activated transmissions. Likewise, he

should understand controls of all transmissions and understand torque amplifier

or planetary gears.

Table 45

Priority for Teaching Knowledge and Skills
Relative to Tractor Transmissions

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand need for keeping parts clean
when repairing transmissions

Understand synchronizing units of selective transmissions

KNOWLEDGE--Second Priority

Understand types and operation of selective
and hydraulic activated transmissions

Understand controls of all transmissions

Understand torque amplifier drive (planetary gears)

SKILLS--First Priority

Be able to drain and refill transmissions
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Table 45 (cont.)

SKILLS--Second Priority

Be able to test operation of all transmissions

Be able to repair or replace shift linkage

The only first priority skill recommended is the ability to drain and refill

transmissions. As a second priority beginning mechanics should be able to test

transmissions for proper operation and be able to repair or replace shift linkage,

Differentials, Final Drives, and Axles. Of primary importance for begin-

ning tradesmen is the understanding of the duties of differentials, final drives,

and axles; the function of differential locks; and the nature of bevel drive gears.

At the secondary level of importance they should understand rear-axle gear

ratio, Table 46.

The most important skill recommended is the ability to drain, flush, and

refill rear-axle housings. At the secondary level is the ability to remove, in-

stall, and test operation of differentials, final drives, and axles.

Power Take-Off. The most important things to understand are the different

types of power take-offs and the different types of clutches that control them,

Table 47. At the secondary level the nature of adjustments to be made should

be understood.
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Table 46

Priority for Teaching Knowledge and Skills Relative
to Tractor Differential, Final Drives, and Axles

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand duties of the differential, final drives, and axles

Understand function of final drives (gears,
chains, and planetary gears)

Understand function of differential locks

Understand bevel drive gears

KNOWLEDGE--Second Priority

Understand rear-axle gear ratio

SKILLS--First Priority

Be able to drain, flush, and refill rear-axle housing

SKILLS--Second Priority

Be able to remove differential, rear axles, and final drives

Be able to install differential, final drives, and axles

Be able to test operation of differential, final drives, and axles
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Table 47

Priority for Teaching Knowledge and
Skills Relative to Power Take-Off

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand types of power take-off

Understand types of clutches on power take-off

KNOWLEDGE--Second Priority

Understand nature of adjustments of power take-off

SKILLS--First Priority

Be able to replace safety shields on power take-off

SKILLS--Second Priority

Be able to remove power take-off

Be able to install power take-off

The most important skill recommended is the ability to replace safety

shields. Secondarily, beginning mechanics should be able to remove and install

a power take-off.

Braking Systems. Beginning mechanics should understand brake action and

the nature of both mechanical and hydraulic systems, Table 48. The classifica-

tion of brakes is considered to be of secondary importance.
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Table 48

Priority for Teaching Knowledge and
Skills Relative to Braking Systems

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand brake action

Understand nature of mechanical brakes

Understand nature of hydraulic brakes

KNOWLEDGE--Second Priority

Understand classification of brakes

SKILLS--First Priority

Be able to adjust brake pedal clearance

Be able to remove brake mechanism

SKILLS--Second Priority

Be able to disassemble brake mechanism

Be able to inspect and repair brake mechanism

Be able to assemble brake mechanism

Be able to install brake mechanism

In terms of skills, it is of major importance that beginning mechanics be

able to adjust pedal clearance and be able to remove brake assembly. At the
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secondary level they should be able to disassemble, inspect and repair, assem-

ble, and install brake mechanisms.

Hydraulic Systems

Hydraulic systems was listed last by service managers in the order recom-

mended for developing programs for training mechanics. This seems to be an

area where a high degree of specialization is required; therefore, it was recom-

mended by some service managers that beginning mechanics should be trained

generally in hydraulics. Later, if they desire to specialize, hydraulics may be

chosen as an area of specialization.

The rather large number of items suggested at the first and second priority

levels should be considered as the subject matter content to be taught if suffi-

cient time exists in the training program. Therefore, in establishing units of

instruction hydraulics should be given a rather low priority; hydraulics should

be taught after everything else has been taught well.

General Hydraulic Systems. Beginning mechanics should, on a first prior-

ity basis, understand the principles of hydraulics, Table 49. They should

understand the basic parts of the hydraulic system with specific understanding

of the principles and function of hydraulic pumps, cylinders, valves, and filters.

They should also understand the different types of pumps, filters, valves, cyl-

inders, seals and packing, and hydraulic lines. Likewise, they should

understand the need for cleanliness in working with hydraulic systems. At the

secondary level of importance they should understand the different types of
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Table 49

Priority for Teaching Knowledge and
Skills Relative to Hydraulic Systems

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand theory of hydraulics

Understand principles of hydraulic pump operation

Understand principles of hydraulic valves

Understand functions of hydraulic cylinders

Understand need for cleanliness in working with hydraulics

Understand parts of hydraulic systems

Understand types of hydraulic pumps

Understand types and functions of hydraulic filters

Understand types of hydraulic valves

Understand types of hydraulic cylinders

Understand types of hydraulic seals and packing

Understand types of hydraulic lines

KNOWLEDGE--Second Priority

Understand types of hydraulic systems

Understand types and functions of hydraulic coolers

Understand nature and properties of hydraulic fluids
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Table 49 (cont.)

SKILLS--First Priority

Be able to check pressure of hydraulic systems

Be able to read schematic of hydraulic systems

Be able to remove hydraulic pumps

Be able to inspect, clean, or replace hydraulic filters

Be able to disassemble hydraulic cylinders

Be able to remove and repair or replace hydraulic lines

Be able to install hydraulic pumps

SKILLS--Second Priority

Be able to inspect, clean, and repair or replace hydraulic coolers

Be able to check operation of hydraulic valves

Be able to remove hydraulic valves

Be able to assemble hydraulic cylinders

Be able to install hydraulic valves

Be able to inspect, clean, and repair hydraulic cylinders

Be able to remove, inspect, and replace hydraulic seals and packing

systems, the types and functions of hydraulic coolers, and the nature and prop-

erties of hydraulic fluids.
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In terms of first priority skills beginning mechanics should be able to check

pressure of hydraulic systems, read schematic of systems, remove and replace

pumps, service filters, disassemble cylinders, and perform service on lines.

At the secondary level of importance beginning mechanics should be able to ser-

vice hydraulic coolers; check, remove, and install valves; and service hydraulic

cylinders,

Hydraulic Lift Systems. At the first priority level beginning mechanics

should understand the principles of integral lift systems, Table 50, Likewise,

they should understand the functions of the different types of remote lift systems.

Also, they should understand the use and nature of quick couplers and the reason

why cleanliness is so important in making hook-ups. At the secondary level of

importance they should understand the parts of the different types of lifts.

There are no first priority skills; but at the secondary level of importance,

beginning tradesmen should be able to disassemble remote lift systems and to

make the necessary tests and adjustments required for proper operation.

Power Steering. Beginning mechanics shou" understand the principles of

power steering and the different types of power steering systems, Table 51.

No first priority skills are recommended; however, at the secondary level

they should be able to test the operating pressure of the system and be able to

remove power steering units.
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Priority for Teaching Knowledge and Skills
Relative to Hydraulic Lift Systems

Knowledge and Skills by Priority Levels

KNOWLEDGEFirst Priority

Understand principles of operatioa of integral lift

Understand function of remote lift systems

Understand types of remote lift systems

Understand use of quick couplers in remote lift systems

Understand need for couplers in remote lift
systems to be clean when making hook-up

KNOWLEDGE--Second Priority

Understand basic parts of integral lift

Understand types of integral lift

SKILLS--Second Priority*

Be able to disassemble remote lift systems

Be able to test and adjust remote lift systems

*No skills listed as first priority.
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Table 51

Priority for Teaching Knowledge and
Skills Relative to Power Steering

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority*

Understand principles of power steering operation

Understand types of power steering systems

SKILLS--Second Priority**

Be able to test operating pressure of power steering

Be able to remove power steering

*No second priority items
**No first priority items

Miscellaneous Mechanical Areas

This section includes body reconditioning, wheels and tires, steering sys-

tems, and welding. These areas are treated separately because they do not

seem to fit into the categories previously discussed. No guidelines are availa-

ble to suggest a priority level at which they should be assigned; however, it is

the opinion of the investigator that they should not be considered as essential,

Therefore, they should not be taught at the expense of more important areas,

Body Reconditioning. Beginning mechanics should understand, on a first

priority basis, the proper use of cleaning materials and the purpose and methods
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of cleaning body parts. Secondarily, they should understand how to prepare a

surface for painting and the procedure for priming and painting, Table 52.

Table 52

Priority for Teaching Knowledge and Skills
Relative to Body Reconditioning

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority

Understand proper use of cleaning materials

Understand purpose and methods of cleaning body parts

KNOWLEDGE--Second Priority

Understand preparation procedures for painting

Understand priming and painting procedures

SKILLSSecond Priority*

Be able to clean body parts with chemicals

Be able to clean body parts with steam

Be able to clean body parts with air

Be able to prime and paint with spray painting equipment

Be able to mask body parts for painting

Be able to sand body parts for painting

*No first priority items
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No first priority skills are recommended; but those at the secondary level

include the ability to clean body parts with chemicals, steam, and air. Like-

wise, they should be able to prepare parts for painting and to paint with spray

painting equipment.

Wheels and Tires. On a first priority basis a beginning mechanic should

understand the function of tire pressure, No second priority knowledge is sug-

gested, Table 53.

Table 53

Priority for Teaching Knowledge and
Skills Relative to Wheels and Tires

Knowledge and Skills by Priority Levels

KNOWLEDGE--First Priority*

Understand function of tire pressure

SKILLS--First Priority

Be able to adjust wheel bearings

Be able to replace wheel bearings and seals

SKILLS--Second Priority

Be able to change a tire

*No second priority items
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In terms of skills they should be able to adjust wheel bearings and to re-

place bearings and seals. At die secondary level of importance they should be

able to change a tire.

Steering Systems. Principles of steering gear operation is the most impor-

tant thing to know about steering systems, Table 54. At the secondary level

beginning mechanics should understand the different types of steering gears.

Table 54

Priority for Teaching Knowledge and
Skills Relative to Steering Systems

Knowledge and Skills by PrioriV Levels

KNOWLEDGE--First Priorir

Understand principles of steering gear operation

KNOWLEDGE--Second Priority

Understand types of steering gears

SKILLS--Second Priori*

Be able to remove steering system

Be able to disassemble steering system

Be able to adjust steering system

Be able to install steering system

*No first priority items
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No first priority skills are recommended, but at the secondary level it is

recommended that beginning tradesmen be able to adjust steering systems.

Likewise, they should be able to remove, disassemble, and install steering

systems.

Welding. No first priority knowledge or skills are asigned in this area.

However, at the secondary level it is recommended that beginning mechanics

understand the conditions under which each type of weld can be used, Table 55.

Table 55

Priority for Teaching Knowledge
and Skills Relative to Welding

Knowledge and Skills by Priority Levels

KNOWLEDGE--Second Priority*

Understand the conditions under which
each type of weld can be used

SKILLS--Second Priority*

Be able to cut metal with oxy-acetylene torch

Be able to weld with electric arc

Be able to weld with oxy-acetylene gas

*No first priority items

In terms of skills they should be able to cut with the oxy-acetylene torch and to

weld with both gas and electricity.
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CHAPTER IV

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this chapter is to present a summary of the study, draw con-

clusions, and make recommendations regarding ways and means of implementing

the findings of this investigation.

Summary

The purposes of this investigation were (1) to determine the content that

should be included in courses of study designed to train persons to enter the

farm machinery mechanics trade and (2) to obtain information about the occupa-

tion that would be useful to persons considering the trade as an occupational

goal.

Data about the occupation were obtained from managers of farm machinery

dealerships; data for the "course of study" portion were obtained from service

managers of farm machinery service and repair shops. All data were collected

by teachers of vocational agriculture who utilized the personal interview tech-

nique after instructions were given by the investigator.

The following summary of the major findings in this study is divided into

two major divisions. The first division summarizes what was found to be the

nature of opportunities in the trade and includes certain personal attributes that

are rather closely related to opportunities.

The second division summarizes what were found to be the most important

things a beginning mechanic should know (knowledge) and what he should be able
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to do (skills) to make successful entry into the trade and to advance in it.

OPPORTUNITIES AND PERSONAL ATTRIBUTES

1. An extreme shortage of farm machinery mechanics exists. Eighty-

eight percent of the businesses participating in this study reported

mechanics to be their greatest labor need. The estimated number

needed now and within the next five years exceeds 79 000.

2. Partsmen represented the second greatest need as reported by 58 per-

cent of the farm machinery businesses participating. The estimated

number needed now and within the next five years exceeds 3,600.

3. The average workweek for mechanics, as reported by participating

businesses, was approximately 48 hours. The average wage reported

for a top mechanic per week was $119.65 or approximately $2.50 per

hour. The average wage for a beginning mechanic was slightly less

than $75.00 or about $1.50 per hour.

4. Almost 90 percent of the mechanics who quit a job to accept another did

so in order to earn better wages.

5. Improper attitude was reported as the major reason for "firing"

mechanics.

6. The minimum age for hiring mechanics was 18 as reported by the busi-

nesses in this study.

7 . Most managers preferred that mechanics be high school graduates.
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8. No formal programs were sponsored within the farm machinery service

and repair shops in this study for training unskilled persons to be me-

chanics; however, it was found that a person with basic knowledge and

skills can advance through informal means provided by shop personnel.

9. It was estimated by responding managers that 2.5 years of on-the-job

training would be required for a person to become a master mechanic.

10. About one week of vacation time with pay was provided mechanics each

year. The amount of time varied among the responding businesses and

with length of service with the business.

11. Most dealerships reported sick leave arrangements which provide bene-

fits for employees.

12. Almost all dealerships reported some type of insurance program with

joint participation between employee and employer.

13. A vast majority of managers preferred that employees have a farm or

ranch background.

14. Almost 95 percent of the participating managers stated they would like

to see local high schools develop programs for training mechanics. Of

these, almost all stated they would assist schwls with such programs.

15. Desire and aptitude were believed to be the most important factors

needed for success in the mechanics' trade as stated by those managers

responding.

16. Personal attributes of concern to managers were: pride in workmanship,

respect for tools, cleanliness of work areas, and cleanliness of poi-son.
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KNOWLEDGE AND SKILLS--BASIC REQUIREMENTS

1. Safer was found to be the most important general knowledge a mechanic

should possess.

2. The ability to use tools is the second most important asset a mechanic

should possess. Special emphasis was placed upon being able to read

and interpret operator's manuals and technical bulletins.

3. Beginning mechanics should own a basic set of hand tools,

4. In general, a beginning mechanic should be able to assemble new farm

equipment. This area of work is not considered difficult by mechanics.

5. Less than a majority of service managers were of the opinion that be-

ginning tradesmen should be able to adjust new farm equipment.

However, these adjustments are not considered complex by mechanics.

6. Beginners who have a balance between functional understanding of me-

chanical units and the ability to service and repair units were preferred

by the service managers responding. However, if a choice has to be

made in the teaching process, it should be made in favor of understand-

ing.

7. Service managers recommended that programs for training mechanics

should begin with the engine and ignition system; then, as time permits,

programs should include, in the following order, lubrication and fuel

systems, electrical systems and instruments, power trains, and

hydraulics.
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8. As general knowledge beginning mechanics should understand the prin-

ciples of power transmission and the function of clutches.

9. As general knowledge beginning mechanics should understand the func-

tion of bearings, the different types and uses of bearings, and the cause

of bearing failure.

100 As general knowledge beginning tradesmen should understand the fimc-

tion of gears and the cause of wear on gears.

11. Beginning tradesmen should thoroughly understand the principles of

internal combustion as it applies to all types of engines, know the basic

parts of engines, and be able to assemble engines once they have been

disassembled.

12. Beginning tradesmen should understand the theory of ignition and know

the function of the parts of the system. They should be able to install

parts in the system and be able to time the system.

13. A thorough knowledge of the purpose and types of batteries and the

charging rates for batteries was recommended for beginning mechanics.

It is of major importance that they know how to service, test, and charge

batteries.

14,, Beginning mechanics should understand the function of each part of en-

gine cooling systems and be able to check antifreeze solution and to

remove, replace, and adjust fan belts.

15. Beginning mechanics should understand .the function of governors and

be able to adjust governors.
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16. Service managers recommended that beginning mechanics understand

the function of lubricants, the lubrication requi-fements of all mechani-

cal units, uses of the different types of greases, and the various sys-

tems employed in oiling. They should be able to lubricate all

mechanical units.

17. Beginning mechanics should understand the causes of detonation and

preignition.

18. Beginning mechanics should understand the principles of carburetion and

the function of each part of a carburetor. They should be able to in-

spect and repair carburetors, and make carburetor adjustments.

19. Service managers recommended that beginning tradesmen understand

the function, need for, and maintenance of fuel air cleaners,

20. Beginning mechanics should understand LP gas liquid and vapor sys-

tems, understand the nature of LP gas tanks, and the function of regu-

lators and carburetors. They should be able to test LP gas systems

for leaks.

210 In terms of a diesel system, beginning mechanics should understand

the need for cleanliness, nature of fuel warning devices, function of

injection pumps, types of air systems, and types of starting aids.

They should be able to remove and replace diesel fuel filters, purge

fuel lines, and time injection pumps.

22. Beginning mechanics should understand the function of voltage, am-

peres, amp meters, volt meters, solenoids, and relays in an electrical
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system. They should also understand various kinds of electrical cir-

cuits and the nature and function of circuit protection devices,

23. Beginning mechanics should understand the principles of generator op-

eration and the parts of a generator. They should also know why

generator controls are needed and how voltage regulators operate,

They should be able to remove, install, and polarize a generator,

24. The most important things for beginning tradesmen to know about start-

ing motors are how they work and the purposes of brushes,

25. Service managers recommended that beginning mechanics understand

the nature of temperature gauges and ammeters. They should be able

to replace temperature gauges.

26. Beginning mechanics should understand the function of clutches and the

caases of clutch troubles. They should be able to adjust clutch linkage

and to remove a clutch assembly.

27. At the primary level of importance a beginning mechanic should under-

stand the need for keeping parts clean when repairing transmissions and

understand the synchronizing units of selective transmissions. They

should be able to drain and refill transmissions.

28. Beginning mechanics should understand the functions of differentials,

final drives, axles, and differential locks. They should know how to

drain, flush, and refill rear-axle housings.
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29., Service managers recommended that beginning mechanics understand

the different types of power take-offs and the different types of clutches

that control them. They should be able to replace power take-off safety

shields.

30. Beginning mechanics should understand brake action and the nature of

both mechanical and hydraulic brake systems., They should be able to

adjust pedal clearance and to remove a brake assembly.

31. As a matter of major importance, beginning tradesmen should under-

stand the principles of hydraulics. They should understand the basic

parts of the various types of hydraulic systems, Of equal importance

is an understanding of the need for cleanliness in working with hydraulic

systems, In terms of skills it was recommended that beginning me-

chanics be able to check pressure of hydraulic systems, read schematic

of systems, remove and replace hydraulic pumps, service filters, dis-

assemble cylinders, and perform service on hydraulic lines.

32. Beginning mechanics should understand the principles of integral lift

systems, understand the functions of the different types of remote lift

systems, and understand the use and nature of quick couplers and why

cleanliness is important in making hook-ups.

33. Beginning tradesmen should understand the principles of power steering

and the different types of power steering.
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34. Beginning mechanics should understand the proper use of cleaning ma-

terials and the various methods employed in cleaning body parts for

reconditioning.

35. Beginning mechanics should understand the principles of steering gear

operation.

Conclusions

The following conclusions seem to be justified in light of the sample taken

and the treatment applied to the data:

1. A critical shortage of farm machinery service and repair mechanics

exists in Texas.

2. Employers are more concerned about the personal attributes of a be-

ginning mechanic than about the level of knowledge and skills

development.

Recommendations

The following recommendations are made to implement the conclusions

reached in analyzing the data in this investigation:

1. Concerted efforts should be made to encourage young men to select a

career in the mechanics' trade.

2. Persons selected to be trained as mechanics should demonstrate through

appropriate tests and other measures the aptitude to become competent

mechanics.
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3. Efforts shoulJ be made jointly by educators, industry, and other groups

to expand progTams for training mechanics.

4. Proarams for traininE mechanics should be staffed with persons who

have trade competence and who understand the nature of the farm ma-

chinery industry.

5. Courses of study developed to train mechanics should include experi-

ences designed to develop the personal attributes needed by competent

mechanics.

The following general recommendations were made by service managers for

the development of programs for training mechanics:

My first suggestion would be to screen the young men thoroughly as to

interest, ability, health, and character. Select the best and most mod-
ern tools and machines to work with. Select modern engines and
machinery to work on for training. Try to have well-arranged shops
with heat for winter and cooling and fresh air arrangement for summer.
You should also have facilities for cleaning parts and machines and for
students to clean hands and tools and to change clothes. Try to select
the best instructor possible--one who has a genuine interest in young
men. He should know his business. He should, above all, be of good
moral character--no bad tempers or whiskey drinkers or woman-
chasers--because he will surely be a model for all the young men in
his classes--good or bad. Give the instructor a small expense account

so he can buy necessities for the shop without going before school board.

Try to create interest through the dealershil for young men to want to

be a mechanic as a livelihood or challenge. The benefits and pay will

have to equal or exceed other lower education vocations. Just because
you teach mechanics in high school, even on a voluntary basis, it will
not be enough to make a young man really want to be a mechanic.
Tractors and farm. machinery, particularly hydraulics, are changing
fast; and someone will have to service them. But there will have to be

enough interest created--pay, benefits, challengefor a young man to
choose mechanics for a living.
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I am under the impression that we could take a young man with a good
technical background and teach him what he needs to know, while earn-
ing a salary, in a matter of months. If he spent all of his training in
actual "nuts & bolts," it would take us a longer time to teach him what
he should know--I would think it would take several years. We have
two 14-year-olds working as apprentice mechanics now. We have one
14-year-old, one 15-year-old, and two 16-year-olds working as new
equipment set-up men. We also use these youngsters as cotton picker
mechanics, and they learn and develop skill quicker than the olde- men.
After one season on these pickers, they are capable of making field
service calls on their own. John Deere is in the process of writing
"textbooks" for such a course as this form would cover. The one on
hydraulics is printed, and the one on electrical systems is close to
being printed. The book that is out would be an ideal theory text for
hydraulics.

Pick boys who really want to be mechanics. Teach the basic things
that a beginner should know. We need young men in the field of me-
chanics very, very badly. I tried to answer this as if I was starting
from scratch with a beginner.

A young man who understands the basic physics of electricity, magne-
tism, flow of liquids, leverage, etc. , is much easier to train and will
be a more valuable man in this profession.

The curriculum for farm machinery mechanics should be broken down
into two parts. About 1/3 of the time should be spent in the classroom
in related lecture and 2/3 in the shop in related instruction such as
welding, engines, hydraulics, etc. It is important that the students
learn to use modern test equipment, such as engine analyzers, hydrau-
lic flow raters, distributor testers, valve refacers, diesel testers,
and dynamometers. The basic theory and application is most impor-
tant in elementary mechanics.

Impress upon young students the great shortage of mechanics in auto-
motive and machinery businesses today.

Experience is the best teacher. The school shop should have the equip-
ment to work on. Maybe the students could work on farmers' tractors
for price of parts to get experience. Book learning is good but most
shops have technical manuals to refer to. Farm machinery should be
available so that students can locate parts, etc. , and be able to associ-
ate with books.

Shop safety and clean parts is the beginning of the best mechanics.
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Instill the desire in the student to produce more than he is getting paid
to produce so that he can advance. He should be inquisitive enough to
determine what is causing a part's failure instead of just replacing a
part and having it fail again. He will have to study the technical books
at night for the t)quipment he expects to work on.

A mechanic should have a number of basic skills; and with a skill, tech-
nical knowledge will come naturally. But with technical knowledge, you
will not naturally attain the skills. Here are a few things that I think a
man must have before he can be a successful mechanic:

(1) He must be interested in mechanic work. He must know the
hardships involved and be able to cope with :,,hem.

(2) After interest comes capability. He must be able to compre-
hend and develop skill of mechanics.

(3) He must be of good nature to mix well with customers.
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