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EAST AFRICAN EXAMINATIONS COUNCIL

1020 - AGRICULTURAL, ENGINEERING TECHNICIANS CERTIFICAIE

INTRODUCTION

Thiq scheme for the Agricultural anlneerlng Technlcians Cerlificate

-has been adopted by the E A, E.C. on the reconmendation of its AdVLSOIy

Committecs. It prov1des for courses and related exanlnatlons de31gned
to méet the needs of skilled Agricultural Englneering Technicians in
tr0p1cal countlies,.partlcularly these working in agricultural mechani-
cal service depots, or mebhanised fafms, édil erosion control measures,

land development schemes, or on any other large scale-field operations.

 PURPOSE OF THE TECHNICTANS CERTIFICATE

The Certificate is a continuation of the Agricultural Engineéring
Mechaniés certificate but has been designed to allow also for lateral

ehtry.

1t provides for an advanced study of agriéultural machinery tractors
and'implehents, workshop processes and felated science. The aim is to
provide students with the knowledge and'ability which will enable ihem
to solve ﬁrdblems and prepare them for supervisory duties and positions
of responsibility, It is intended for students who have already passed
the examinations for Agricultural Engineering Mechanics, or perhaps by
lateral entry for thdse who have successfully completed a secondary
schbdl_course ov a secondary technical school course, and have obtained
an East African Certificate of Education issued by the E.A.E.C. at
ordinary level in English. Mathematics and an approved science subject

with credit:passes.

COURSE OF STUDY

The schieme has been devised on the assumption that normally students

will atteud courses of instruction on a full time, or sandwich basis.

it is in three stages.
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Part T {(about 780 hours) covels the introduction to the working

‘ princ1p1es and function of tractors and machinexy.

Part I (about 1170 hOULS) deals with overhaul, the: diagnosis and
' correction of faults. Each palt is complemented by supporting studies

of applied science and Norkshop Practice.

it is cnvisaged that practical wqu, both in the wdrk$h§p andllabbra -

tory, will form an important part of all courses based on the sbhéme}

Part IIl provides for advanced courses of study and qualification at
a h1ghe1 level in the three specialized areas over a pericd of tvwo

terms (or 520 hours 1nstruct10n) of fulltime study.

' Thé-subjeéts of 'the Cohrse are shown below.

PART 1 Agllcullural Mach1uery - Functlon, Operation and
Maintenance S ' s _
Frames and’ Pouer Transnlssion Elements
Tractors and Power Un1ts |
Workshop Processes and Practiée
Related Subjects

General Studies

PART II Agricultural Machinery - Fault Diagnosis and chéir
Tractors and Power Uﬁits
Workshop Procesées and Practice
Related Subjects

General Studies

PART 111 (Specialized Courses of Study)

A FIELD ENGINEERING

Mechanisation of Crop and Animal ?rbdué;idﬁ:

Installation of Equipment in Farm Buildings

B FIELD TEST AND DEVELOPMENT

Applied Hydfaulicsm

DesignlﬁvaIUation_in the seléctioﬁ'bf‘Equipmeht '
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C STRUCTURF,AND ORGANI7ATIOY OF THE AGRICUITU&M

hNGINFERINC INDUSTRY

Organizatlon of Industry ?rinclples of superv1510n,

Industrial relations, commun1cat10n & Adnlnlstratlon.

4, Généralrsﬁudles are rqgardéd as an integral part of the course and the
aim should be to aliocéte aﬁout 60 hours per year to. them in Parts'l'
and II.- The Counc11 will not examine in General Studies and collcges
are free to devise thexr own syllabuses and approach to the subject.'

~The Council has publlshed a pamphlet in which an approach to Ceneral

Studies is suggested.

S. This scheme has beeun planned in association with Agricultural Mechanie's

;’Certificatef

ENTRY TO COURSE

6. Students for -the course must satisfy one of the following conditions

or have reached the appropriate standard by an alternative route,

(a) PART 1

(i) East African Certificate of Education issued by the E.A.E.C.
~at Ordinary level in English Mathematics and an approved

science subject with credit passes.

(ii)} Part I certificate of the Apricul tural Mechanics Course

with credit-pass.
(iii} Appropriate academic ability in a mature student.

(b) PART II

The students must have completed a minimum of 52 weeks in

Industvial attachment before starting the parvt 1I.
(1) A pass in part I of the Agricultural Technicians' Course.

C(Li) A pass in part Il of the agricultural mechanics course

with credit.
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(c) PART IIT

A pass in the Agricultural Technicians' Course Part Il examination.

EXAMINATION REGULATIONS - GENERAL

7.

'The Counc11 s examinations . are conducted in accordance with itb Gener11

Regulations and Examinations Timetable. Landidates must submit their

‘entries through an examination centte by the date SPOCIfIEd in the

Timetable.

_lf durlng the currency of the schewe, the Council deems B appropriate

to modlfy the pattern of the examin1t1on and awalds, the necessary

:changes to the regulatlous w111 be notified to colieges in advance of

their being applied

ELEGIBILYTY FOR ENTRY TO EXAMINATIONS

Candiates enter for the Council's examinations as internal candidates.

9.
(a) INTERNAL CANDIDATES

Internal candidates are those who at the time of entry to the
examinations are ﬁndertaking (or have already compléted) the
course (including, for part I and Parc 11, Ceneral Studies) at
an approved institution.

EXAMINATIONS

10. The examinations for the Agricultural Engineering Technician's

Certificates are as listed below. In the examimations for Parts I,

11, &§ I1¥ candidates must take all papers on their first entry.

PART 1
1020/01 Horkshop Processes and Material 3 hours
1020/02  Agricultural Machine s S : 3 hours
1020/063  Power and transmission 3 hours

(Related studies)
1020/04 Drawing, Mathematics aﬁd_Séienca . 3 hours
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candidates must keéep wriftén'rccords of their laboratdry

and practical work and a'selcction éf these neté books

‘may be inspected by the E.A.E.C. each yoar;

1020/11
1020/12

1020/13

1020/14

PROJECTS

11. In part LIT a candidate will be required to undertake a minimum

50 hours' project work under the supervision of a college tutor

" PART It

Hofkshop Processes and Materials

' Agricultﬁr31 imp1eménf$ and Machines

Tractor POwéf.Unit
(Related subjects)

Drawing, Mathematics and Science

~Candidates may be referred if failed in either

‘paper 1020/11 or paper 1020/14 provided, he has

satisfied the Council's repulations. Candidates

_mUSt.kéep:erttéﬁ_recofds aof their laboratory and

- practical work and a selection of these note books

‘may be inspected by the Council each year.

PART 111

Field Engineering

. Mechanisation of Crop and Animal Productien

Installation of Equipment in Farm Buildings

Design Evaluation in the Selection of
equipment

Applied Hydraulics

Structure and Organization of the Agricultural
Enquiries Industry

Project work assessment

assjgnéd by the college authorities,
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12,

13. -

The ﬁrbjeét'may'rélnté-to more  than one of the subjects fﬂplﬁdéd in

 the scheme, and the topic chosen by the colleges must first b¢fapproved'

”:by_the council.

The projccts will be aésessed by thc céllégés, but the Cbﬁncil regserves

the right to call for candidates written accounts of their project

wotk when completed and 1f the council deems it necessary.

EXAMIVATIOV RFSULTS AhD CERTIFICA1E‘

15,

Eéch candidate wiil réceiVe'a record of peffornance giving the class of

result obtained in the examination as a \hole -~ there are four classes,

- TPASSED WITH DISTINCTION' . 'PASSED WITH CREDIT', 'PAbShD' and "FATLED'

- aud an indication of performance in each paper.

_Certi[iéates are awarded to candidates uhO'pass the examlnétioné;-

The certificates indicate the level of examinatiqn; {.e. Part I, Part

i1 or Part IIi as appropriate, aund the ¢lass of result.

FULL TECHNOLOGICAL CERTIFICATE

16.

17.

The full Technological Certificate in Agricultural Engineexring will be

awarded to a caﬁdidate who holds all the following QUalifications.

(a) An Apricultural Engineering Techmician's Ceytificaté Part 1 ot

Agricultural Mechanics Certificate Part IL.

~(b) An Agricultural Engineering Technician's Certificate Part 11,

(¢) Agricultural Engineering Technician's Certificate Part 11T and

(d) has had relevant Industrial Experience ef 2 years after passiong

Part III.,

andidates wishing to apply for the award must wrlte to the Counc11

(Certiflcate Unit) for the appropriate form.
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18. In the case of any inconsistency hetueen the SubJLCt regulatlons set

oul in this qyllabus painphlet and the General Regulatlons, General

Regulations shall prevail.
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AGRICULTURAL ENGINEERING
TECUNICIAN'S CERTIFICATE

SYLLABUSES

NGTE: © In all work in connection with power units, tractors, machinery and

équipment, attention must be paid to the following:

(i)

- cleaning procedure

Qismantling procedurc

systematic éxamination and measurement of wear

- replacement of worn parts

assembly procedure
tests on overhauled machinery and equipment
interpretation of published test_repot(s_

safe practice and prevention of accidents.

1. EQUIPMENT FOR WORKING SOIL

Ploughs. Purpose of ploughing; working principles of mould-
boardise ploughs. Trailed; simi-mounted and mounted bloughs
(Including reversible.) Types of hitch; hitch'géometty and its
effect on ploughing. Types of coulter and their effects. Effecks
of body design, working adjustments and speed on the work pro-
duced; relatidnship of furrow depth to width and 1its significance.
Modifications to suit terrain and évailable power., Methods of
sétting out; systematicxploughing Principles_of‘plough setting;

diagnosis and correction of plOUghing faults,

Pisc cultivators. Action of concave discs on the sofl. Disc

ploughs and disc harrov; survey of types.
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3. Rotary.cdltiQators. Function and”workihg pfinciﬁies of-rotary
.cultivators with vertical or hori?ontal rotors (including spading
.chhines and helical ploughs) Correct hiteching. Fffects of
blade type, arrangement and working ad;uqtments on the work
produced ‘with particular reference to the relationsh1p between

P t.o. speed and forward speed

‘4, Tine Eultivatoré. Function and worklng principles of tined
implements including row crop equ1pment. Chiset ploughs, cutti-
vators_and harrows (powered and non—powered)} Typeés of tine'aﬁd
their uéed‘ types of point and their uses. ' Correct hitching.

Tine aetting, operational Speeds.

5.  Rollers and levellers.  Action of flat, Caubridge, comical and
-_ridge‘fo}lers.qn the soil. Effects of size, weight and forward
':speed‘qnwiilth‘produteda Hiteching and unhitching tander gangs.

_ AgtionjOf scrubbers and floats.

EQUIPMENT FOR SOWING AND PLANTING CROPS AND EQUIPMENT FOR
DISTRIBUTING FERTILISERS AND MANURES

6. Methods of application and application practices. Metering
'méchdnisms; relationship betwéen speed of mechanism, gate or
orifice bpéning, {where appticable), and forward speed of travel.
Seed aﬁd fertiliéer characteristics affecting flow. Need for

calibdation, methods of calibrating.

7. Crain drills. Types of coulter and seed tube. Control of sowing

depth. Use of markers.

8. Gang drills. Type of toslbar, adjustment of row width; signi-
ficance of tractor wheel size and track width setting.

9. Planters. Working principles of common types of maize, cotton

planters.
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10,

Full'width'féftiliéchdiétriBﬁtofs éhd-bfbédpastets; power .and
groimd-driven Uypes. “Suitability of common types for different
terrains. Correct hitching and hitch settings, factors a(fecting

uniformity of distribution. Prlnciples of sc[tlng and using

EQUIPMENT FOR CROP PROTECTION

11.

Ground crop sptéyérsg Functipn; liqhid fL0w circﬁits; typesJof

pﬁmp and pressure regulators, types of nozzle and'théir rating;

factors affecting droplet 51?e, impoatance of correct c0verage

Cand appl1cation range. Preparatlou fox use avoidance oi dlift

Lhecklng of spray patt01ns and nozzle outputs.‘ Output checking

and calculation of correct quantlty of chomical for tauk capacity.
‘Verlflcation of tractor tachometer reading. SpLClal safety

' precautlons when using chemlcals.

EQUIPMENT FOR HAR'VESﬁNG

12,

13,

i4,

15.

Rec1procat1ng knlfe and dlSC mowers, fla11 movers and haxvesters.
Correct h1tch1ng, relat10nsh1p between cuttlng mechanism ﬁnd

forward speed

Forage hafvesters inc1hding thoSe-ﬁith metered feed.  Correct
hitching and preparation for use. - Ptéparation of sﬁéth,' Sharpen-

ing and replacement of flails.

Balers. The tying cycle in automatic twihé‘tying; vam type,
pick-up balers. Safetj devices. AdJustment of ram clearance,
sharpening o[ ram knife and Shear plate, - Control of bale density,

shape and output

Combine harvester, PrinéipleS*bf cutting, thfeshiﬁg.éﬂd separat-

ing. Detection and correction of grain losses and damage.

BARN MACHINERY

16,

- Hammer will, fdllér:mill and mixer, Factors affecting quantity

and quality of outpuf.‘
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AGRICUQ‘U‘RMI-tti\cumgl{!_-_—_FRAMEs AND POWER TRANSMISSION ELEMENTS

b3 A study of inspection and overhaul’ proccdures should be 1ncluded for

each of the following

1. Frames. _Simplé plough, implemént and ‘machine frames Bfaéing in
tension and comprcssion._ Use of angular, tubu1a1 and bhox section

members. Checking for dlstort1on Faults and their_correctlon.

2. Shafts. Tubular ‘and solld shafts; need for static and dynamlc

baiance, av01dance of whip..

3. Bélts.and pulley'dfivés. Types and constructional features of
flat and vee pulleys (1nclud1ng fixed and varlable) Effects
of pulley wear., Checking and correction of allgnment, wear and
dlstort10n. klat‘beltsi conétruction, Jointing, methods of

'éngégemeﬁt[ Vee belts; cénstfuétion, classification, use of
i métﬁhing_sets,for rmultiple drives. Aligament, tensioning and
=;cdn:ffbl df‘slip.: Séfetj factors., Selectlon of belting [or

| partlcular applications from suppliers catalogues, Effects of

ten31pnlng on wear and power transmission.

4, Cbain_drivcs. Common types of chain and their applications;
Iitting and adjustment of chain drives; inspection of chain and
sprocket for serviceability; care and maintenance of chain drive

components.

5. Gears. Types of gear tooth; simple and compound gear trains,
including_cﬂnstant mesh and epicyclic gearing. Gear shift linkages,

 such'as selector shéfts and'forks. Inspection and replacement of
.wdrﬁ or damaged gears, tolerances, assembly and correction of

faults,
6. Béqriﬁgs.;:COmmon'types of bush, shell and guide bearings (ineclud-

ing scaled and impregnated types). Common Lypes of ball and roller

beariﬁgs'andntheir uses. Materials used. Types of bearing housing.
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7.

10, :

11.

12,

Remova1, c1eaning, inspection, assembly and installatioﬁ of

beérings'Lubricatlon, aligumeht;'pfe~loédihg.
Sealing elements. Gaskets, Sealing rings. _Fluid_Séals;l
Removed and fitting of seals. Materials used. Applications,

Dirt excludexrs.

Couplings. Splines and“serrations:' Kéys aud'kéywayé;' Hubs and

 driv1ng flanges. Types of coupling, includlng flexlble and

universal and their applicatlons. Collars and fixing devlces.

-Unlversal joints and drlve shafts, their appllcattons and

limitations.

Iﬁspection and fitting of keyé; cutfing'key wéyé. 'Selection,

'fltt1ng, removal and 1nspect10n of [lexlble coupllngb and uni-

versal goints..

Clutches and overload protection. Dog, plate,:c¢htfifﬂgal,_audible,
overrun and slip clutches. Shear pins and bolts,.. Inspection;

assembly, adjustment and torque testing.

Cams aund ratchets. Simple cams, variable cams and ratchet feeds,

Inspection, adjustiment and replacement.

Springs. Types of spring, flat, coil and torsion and their ap-
plication. Inspection, adjusting and fitting procedures including

safe practices. Spring life; fatiguc and common causes of failure.

- TE,CHNOLOGY

Tractors and Power Units

POWLR UNITS

- 1.

IntetnalJCOmbusion'enginé prihciples; An'intrdddction'to the
conversion of heat energy to mechanical work through the combustion
and behav10ur of gases in an engine} conversion 1055&5' efficiency;
sinple Lreatment of the rclaLionsh1p betueen pressure, volume aund

temperature.
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4.

-~ The prlnclple of ‘the four stroke cycle' compression ratio‘

compression pressure._ The prin01p1e of the two stloke cycle.
COmparison of the operating cycles of spark ign1t1on and com-
pression ignitlon engines Fuel types and charncteristlcs,

nature of combustion in typical englnes.

‘Engine construction and materiéls. Review of typical single -

eylxnder and multi cyllnder engine layouts and disp031llon and
purpose of the follow1ng main parts"cyllnder blocks, wet and
dry liners, pistons, plston rings, connecting rods, connecting
rod beérings, ctanksﬁafL3 main bearings; flywheel, cylinder

heads, valve assenblies, tiﬁing:drives'and camshaft, manifolds.

Simple treatment of the influence of engine application on the

"~ .design of components and reasons for the materials used,

Engine operation. ‘The four stroke cycle in practice. The impor-
- tance of correct valve and ignition timing., VFiring orders.

“The two stroke cycle in practice.

Cooling system. Air and liquid cooling systems and their com-—
ponent parts. Liquid circulation pumps, general construction
and overhaul. Diagnosis and correction of faults in cooling

systems.

Lubrication. Functions of engine o0il; detervioration of lubricants.

Engine oils and common lubrication systems. Pumps; general

construction and overhaul. Filters; types of filtration system.

Diagnosis and correction of common faults in lubrication systens,

Spark ignition engines. The coil ignition systemn; principles of
operation; purpose and function of components; automatic advance
and retard arrangements; Eiming; testing procedure, inspection,

faﬁlt diagnosis and correction., Overhaul of system.
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10,

11,

1z.

13.

14,

15,

Nagnéto ignition systems for siﬁglé and multihcyliodet‘cng}nos;
principles of operation; common . types'(including:flywhoei typé)s
functions of parts;. lmpulac couplings, timing procedure} main-

teuance and simple testing procedure; fault diagnosis ‘and

_correction.

' Fuol systems f01 ttacLors, stationary engines and ongines on

.portable appllances. Common types of oalbu1otor in use and thei;

principles of'opetat;on (iucluding diaphragm_types). _Principles

of carburation. .Esseﬁtial édjustments. Alr/fuel ratios. Cold

staitlng arraugements. Faults in carburation. Vaporisers.

_Fault dlagn031s in the Ffuel system,

'Conbtluctlon and prlnLlplOS of operation of common types of

governor, 11nkage and control Main. adjustments ‘and settlngs

which affect power output. Testiug, recondltionlng and’ setting.-

Engine air supply. Function, construction and serv1cing of air
cleaiers. Effects of dirt, restriction 1n‘air supply and other

faults,

Electrical equipment. Lead-acid batteries; constructlon of
common types; outline of chenical changes during charglng and
discharging; capacity ratlo, methods of testing; methods of

charging; charging rate. Care and maintenance:

The charging circuit; general construction and working principles
of tractor dynamos, output regulotion oystomo and_cutouts.'

Lighting and other auxiiiary systems. WOrking'principlés of a.c,
generators and rectifiers, maintenance and safety procodures for

tractor alternator systems,

General construction and working principlee of inertia and pro-
engaged starter motozs, llnkages solenoids and control. circuits
Routine maintenance; test procedure; fault diagnosis; roplaccment

of starter pinlon and clutch assembly
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 TRAGTORS

16.

17.

8.

19.

20.

21.

22,

General layout of main_types‘of wheeled agricultural tractors}

‘disposition of power unit, transmission, traction and steering

copponents. Provision for use of mounted eguipment.

Transmission systems. A survey of transmission systems in common
types of wheeled tractor, (including Four wheel drive arrangeméntS);
layout of gearboxes and final drive/differential gears; drives to

power take-off, belt pulley, and hydraulic systenm pumps.

Clutch. General construction and working principles of single

and dual-plate dry disc clutches, including clutch release mecha-

nisms. Dismantling, inspection and replacement of components,

reassémbly, Setting and adjustment of operating linkages.

Diagnosis and correction of clutch faults,

Gearboxes. General construction and working principles of common
types of gearbox, including epicyclic and gear changing mechanisos,

Diémaﬁtling, inspection and reassembly of components.

Differential and final drive. General construction and working
principlés. Purpose of the differential and differential lock.
Diswantling, inspection, reassembly of components including

setting pre-load and end float of crown wheel and pinion, differen-

tial and final reduction gearing assemblies. Inspection and repair

of differential locks.

Wheels. Common types of preumatic tyre wheel and mounting.
Provision for varying wheel track widths. Construction of pneumatic
tyres, ply tatings; tyre size. Types of tread pattern and Lheir

uses. Tyre servicing and repair.

Brakes, Wheeled tractor brakiug systems., Internal expanding and

disé_brakds. Construction, operation, repair and adjustment of

’tfﬁnsmissioﬁ and wheel braking systems. Testing of braking

- performance. Correction of faults,
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23.

24,

25.

Power-assisted and manuai sleellug S)stems. Reasou E01 camher

and castor angle; Loe-in adjustment' lubricalion and adjustment

of cOmponénts. Types of Qtecling box, steezing mechanism and

linkage. Dismantllng, iuspection and repiacement.of defective

components; reassembly and adjustment.

Power take- ofr and belt pulley dfivc;' Detﬁils bf construction
- and axlangemenls for driving’ and control of common power take-off

“ and belt pulley units. BlltlSh Staudard recommcndﬂtlons‘

‘Hitches. Three-point linkages, ¢ alegorics l, 2, and 3. Layout,

Adjﬁétments; }Types_bf.top-link. afet) devices._,?urpose of

alférnatiVé tinkage positions. Pick up hltches, sﬁiﬁging dyaw-

bars, weight trénsfdr hitches. Instant hicéhing devices.

4. TECHNOLOGY
WORKSHOP PROCESSES

1.

Materials. An elementary study'of_the:productioﬁ'of irdn and
steel férgings and castings. Characteristiés and physical
properties of ferrous and neon-ferrous and non-ferrous metais_dsed
in the construction of agrieulturél machinery. .Forﬁ§:pf_supp1y;
the uses of black and bright'low carbon steels,.har, sheet, plate
and hollow sections in agricultural engineering. Selection bf
low Carbon,.free-cutting and plain carbon steels for specific
purposes. Workshop identification of ferrous and non-ferrous
metals. Corrosion control and protective coating of steel by
galvanising, vitreous enamelling, éadmium plating, phosphating

and plastic coating.

Marking out. Selection, use and care of instruments and equipment.

Basic marking out exercises.

Screw threads. The featureq'and ideﬁtificatiqn of_métfic B.A.,

_Uuified_(fine:and coarse) whztwcrth B.S.F. thfegdé énd thelr

appiications. Use of ‘taps and dies.
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A,

10.

Use of hand tools. Selection and use of spamners - and wrenches,

hacksaws and files, chises and punches.

ﬁetal.joining components,  Types of set screw, sclf-tapping screw,

‘bolts and nuts and their applications. Tensile strength of bolts.

Types of plain and spring washer. Locking devices and their
applications. Expansion bolts and other common fixing devices.

Types of river and their application; reveting techniques.

Solderihg_of_ferrouS'matérials'(including aluninium) ; selecting

‘of fluxes for.épecific phrpbses;

Oxy—acéty[ene welding. Storage of welding gases. Welding

equipmentj- pressure regulators, torches, cutters, pre~heating

- nozzles. - Types df welding rod and flux, selection for specific

' purposés. Preparation prior to welding. Butt, lap, fillet and

vertical welds in low carbon steel using the leftward teehnique.
Butt welds using the rightward techuique. Bronze welding of
tow carbon steel, galvanised and cast iron., Building up worn

cdmponents. Use of muffle furnace.

Metal=arc welding equipment; relative rerits of a.c. and d.c.

welding systems, simple welding circuits. Types of electrode

- and coating, storage of electrodes. Welding techniques for

downhand, horizontal, vertical and overhead welds in low carbon

steel.

llot working. Upsetting, twisting, swaging, bending, fullering,

drawing down and shaping.

tand operated power tools. Selection, safe use and care of dfills,
grinders, nibblers, éhears, jigsaws and hammers,

Machining:‘ Drifling, lathe work and shaping; selection of
appropfiaté drill or tool shape and type, tool setting; selection
of appropriate culting speed. Chqckwork, turning between centres,
face-plate work; use of steadies. The production of flat surfaces,

slots and vees, Safely precautions in the use of machine tools.
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'RELATED SUBJECTS

Relatod Agrlculture - Crop Production

A technician w111 be expected to havo'a working knowledge of the ap-
pllcatton and setting of the machines which he is asked to repair and

overhaul

[t is intendbd théref&re; that the Lreatment of this section should
account ‘the techn1c1an with the farmer s ptoblens in" the use oE
special Lechn1ques and. the appllcat1on of equipment to agrlcultutal
practice. It Is not 1ntendcd that the agr1cultu131 cnglnceling

techn1c1an should [CCGIVQ 1ust1uct1on in pure agriculture;

1. Introduction. The devélopﬁent éf fafning qystoms-in the Kenya
with special veference to factars 1nf1ueuc1ng then, and the
c13331f1cat10n of these systems, e,g. arable, grass, mixed, hlll

and upland farming systems.

?.. Soil. Soil types and their formation. Effect of soil type uwpon
farming system functions and objectives of soil cultivations.
S0il conditions and their effect on pldnt growth: air content,
water conient, temperature, organic matter eontent, pi. TInfluence
of drainage, liming, irrigation, fertilizers, (otgénic and inorga-

nic) on plant growih and soil structure.

3. Crop growth. Sowing of common agricultﬁral, crops, referring to
seed rates, depth of sowing, spacing and row widths. Plaat |
structure and physiology (runonocotyledons and dicotyledons)
including.photosynchesis, osmosis, transpiration, respiration
and translocation. The contvol of common types of weed; pest

and disease.
4. Crop varieties aand cropping systems. Economic and husbandry

principles underlying rotations. Common varieties of agricultural

crop. Introduction to plant breeding methods,
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5

6.

Narvesting and storage, larvesting requivements of [orage, cereal

and root crops. Stages of growth for cutting or harvesting includ-

ing use of instruments for determining grain moisture content.

principles of cfop'conserVationjappiicd to ferage, grain and root

_CTOpS. Special_problems encountered; contamination, cleaning,

handling, ctheyihg and prevention of damage.

'Note; @ al all stapges an awareness of SI, Iwperial, and other units

must be taught, together with an understanding of the use of

convergion tables. -

Fractions, decimals, proportions, percentages and averages.

Imperial and metric units of léngth, area, volume, weight,

deusity and specific gravity. Meaning and use of indicies and
logarithms. Usc of slide rule for multiplication and division
and for fiunding squﬁre and cube roots. Use of mathematical
tables to [ind squares, squarve roots and reciprocals. Construc-
tion of graphs from tabulated information. Interpolatioh and
cktrapolatioﬁ. Construction of graphs of the form y = ax + b,y =

ax? and y = ax3,

Meaning of graphs. Eslimation of areas of irregular figure by
counting squares and of areas under graphs by mid-ordinate rule.
Transposition of simple formulae and solution of equations of the
types a = %f'+ e. ’lhe construction of liwear equations to find

one unknown.

Solution of simultaneous linear equations Qith two unknowns.

Use of graphs to solve equations of the {éré y = ax + b and y = ax?,
Angles and theiy notation up to 360°. Simﬁ]é_geometric properties
of triangles, rectangles, circles, prisms, and spﬁeres‘ “ Pythagoras
theoren. Introduction teo trigonemetry, i.e. meaning and use of
SiUC,ICOSinC, tangent for angles up to 90° for solving practical

problems.
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MECHANICS

7.

Measuvrement and 1epresentat10n of a £o:ce. Parallclogram and
triangle of forces. Solution of problems by graphical means.
Force aﬁd pressure. Pressure measurenent. Gauge and ﬂbSDlutc
measurerents. Pressure head and measutement of partial vacuum.'

Meaning of work and poteutlal and kinetic enevey. Principle of

“conservation of energy. Work done by a constant force including

rolllng eriStaﬂCC oeff1c1ent of friction. Meanlng of power

and 1nd1catcd blake, p.t. 0., drawbar and rated power. Hechanicé]

-and electrlcal Lquxvalonts of heat. Prlncxple of wmoments,

levers; vcloc1ty ratio and ‘mechanical advéntage; Torque,
EfflClency of s1mple machlnes and compound systems. Non reversi~-
billty,: Pr1nc1plcs and appllcatlon of spur, bevel, hypoid and
wWOTm drives,_eplcycllc_s;stems. qustans and Weston differéntial-

pulley.

HYDRAU!ICS

HEAT

3.

10.

1t.

Relative incompréésibility of liquids. _TyPeé of ﬁump. Flow in
pipes, hydraulic gradient, open cirvcuits ﬁﬁd closéd cireuits,
importance of corréct siting of bleed_pbinls; fluid friction and
elementary treatment’ of viscbsity. Pressure head, Relatiﬁé .
compressibility of gases. Descriptive treatment.of.isoﬁhermal

and adiabatic compression and expansion,

Simple concept of the nature of heat. Change of state.

feasurement of tomperature. Compavison and conversion of Celsius
and Fahrenheit Scales. Quantity of heat, its units and measurements,
Conduction, thermal conductivity, ‘k' and ‘u' values in relation

to farm buildings. Convection and radiation.

Expansion of contraction of solids, liquids and gases, coefficients

of expansion.
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12.

_h]emcntary treatment of thc volume/prcssure/temperature relatlon—_
'ships for pases. Boylc s Law and Charlcs' Law, Water vapour in
the atmosphere, Meaning and measurement of relative humldlty.
Dew point and condensatiqn.; Sensible heat. Specific heat,
Latent heat of fusion and evaporation aid its practical con-
sequences.
~ ELECTRICITY : S
13, Flow'of_electripity; need for an 'earth' return system.

Electrical units; volts, amps, watts, ohms, Board of Trade units
and thcir'rélationShip. ‘Héating clffect of a current. Principle

of the Solenqid.?'Séries and parallel circuits. Calculations

involving~ré3i$Eance5 current flow and voltage drop. Electro-

mégnetic indﬁétion, principle of transformer. Coil igﬁition.
Alternating current: principles of simple a.c..generatori
Pfihcibles of rectifier bridge. Magneto ignition for single and
mul ti-cylinder engines., Construction and workiug principles of
dynéﬁo and cut-out, and output control unit. General construction

and working principles of starters. Transister Ignition Systems.

SKETCHING AND DRAWING

NOTE: -

14,

15,

the practices specified in B.S. 308A should be used whercever

appropriate.

Coustruction of angles and plane basic shapes e.g. 30°, 45°, 60°

and 90° angles; triangles, reétanglcs, regular hexagons.

-Div131on of angles. Construction of scales. Construction of

circles and parts of circles.

Properties and constroction of regular prisms and regular and
of fset counes and pylamids. Development of shapes, using pa1alle1

line and radial line methods.

Explanation of the value of drawing as a means of communication.
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1.

16. Selectien, use and care of pencils, drawing instrumgnts, and

equtpment.. Standard paper sizes., Principles of'drfhogrgphic
projection in firbt and thild angle. Frechand exeveises In
orthographic project1on, using squarcd paper, to p1oduce views
“and sections of agr1cultu1al nachinery components. Flemontary

exercises in projection using drawving instruments,

17. ~conventions for showing outlines, scctions, seciions, projection

lines and dimensions. Representation of screw threads, spring,

keys, cotters, rivets, washers, nuts, bolts and studs,

18. Interpretatlon of englueerlng drawlngs. ‘Preparation of detail

drawings of agtlcultutal achlnery conponcnts and guards.

Pictorial representation of agricultural machinery parts and

equipment.

PART II

“TECHNOLOGY

éQRiCUEIHRQL_M@EHINERY - FAULT DIAGNOSIS AND REPAIR

The aim of the sections dealing with Agr1cu1tura1 Machinery and Tractors

and Power Units is to develop the subject matter beyond part I level,

which deals with the general layout, function of main components and the

field use of common types of machine, Part 11 will deal with mechanisms

and their component parts at\an advanced level. Tt will concentrage on

the ‘inspection of machines, diagnosis of faults, the correct repair of

machines and the rcassembly and testing of'complete:ﬁachiues and sub-
assemblies prior to their re-use. Students must have an éppreéiation

of the economic considerations which affects the value of machines,

such as the cost of parts, the ébét of 1aBour anﬁ'the pﬁrchase and
re-sale value of used machines. In addition they must have an apprecia-
tion of the cost of ‘one off' parls and adaptations, compared wiﬁh
proprietary fittings'and nanafacturer's sparcs.. Thc.macﬁinery and
equipment lisﬁed below should be dealt with under thé féllowing
héadihgs.- : | . . '
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(i). inspection procedure

(i) - measurements of.wear{ déterminhtibn of sérvicéabiliﬁy
(iiii ..overhéul procedures

(iv)' :finél tost prdcedurés 

 (y) toufine maintcnanép_réqﬁiféments

{(vi)  saf- Qiactipes hﬁd'ﬁfeﬁenfiﬁnlof accidents

(vii) interpretation of manufacturers' workshop manuals.

Special features of the machlnery and equ1pment that requ1rc additional
attention’ are indlcated under the appropriate headings. The sections
“dealing with ?chhanlcal Handling Equiprent' and 'Crop Storage' should,
__however receive a morc general treatment, particulars of which are

given in the relevant sectlon.

gguwmzis{'r 'FOR WORKING SO11,

1. Ploughs. Frame and legs, disc coulters, soil engaging parts,
operating levers and linkages, trip and 1ift mechanism (as
.applicable) on trailed, semi-mounted and mounted right and
reversible ploughs. 7Testing for rotation, locking and correct
functioning of reversible ploughs. Identification and diagnosis
of faults by exanination of the work produced. The building

up of worn components by hard facing and drawing down shares.

Z. Dise cultivators {See list of headings given in the introduction).
3.  Rotary cultivators {sce list of headings given in the introduction).
4, Tine cﬁltivators, (inclﬁding pover driven types). Action on the

soil of tine, tines and blades; wide and narrow tines; effects

of rake angles.

2. Rollers and levellers. Frames and bearings.
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FQU[PN&NT FOR SOWING AND PLANT]&G CROPS AND__QDIPHEﬁ?kEQR

DISTRIBUTINC }ERTILI/th AND HANURhS

6.'_ Grain and combine drills. . Feed méchanisms. Belivcry tube and
“coulter assemblies; methods of coulter spacing; coulter 1lift

mechanisms. DPrive mechanism and components.

7.  Gang drills ' Spécing dfiil feed mechanisms; wmonitoriug mechéuisms;

apprec1at10u of suitablllty of machlnes for speelfic purposes.

- 8, Full—uldth fezt1112er distributors and feltlllzer broadcasters,
Properlles of mater1als uqed, corrosion contxol' treeing corvaded
'parts.“Mechanlcal factors affecting_coznect distribution and
éfficiency.: éharéc#eriétics of main types, their uses and '

limitations.

EQUIPMENT FOR CROP PROYECTION

9.  Ground crop sprayers. Characteristics.bf main types. _Thedry
of atomisation of liquids by cone {solid and hollow), fan and
vibrating type nozzlés.. Construction, rating and care of nozzles.
Influence of wachine design on droplet sizej spray drift.
Formulations, apitation and decontamination. Filters, valves
and pressure regulators. Characteristics of commqn_types‘of
punp; roller vane, gear, diaphragm and piston types pumps.
Importance of suitable boom mountings, stability and height

control.

10. Dusters. Brief outline of methods of appiying dusts and powders
to control weeds and pests. Type of machine available with

particular reference to dust nozzles,

 EQUIPMENT FOR WARVESTING

11. Reciprocating'knife mowers., Principles of cutting, Bedding in
the kqife; knife maintenance; register; cutter bar léaﬂ; cutter

bar lead; cutter bay balanée cutfer bar 11ft and flotatfon,
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12.  Disc and rotation knife movers., Principles of cutting. Drum

timing and drum balance where applicable. -

13. Fidil movers and forage ﬁérvésfers. Sharpenihg and replacement
of chopper knives (flywhqel and cylinder), and shear plates)
balahcing of rotprs. .Chdracteriétics of wain types of'forage
harvester signifiénncé‘of'metcred feed; diagnosis of causes

of poor performance.

4. ‘Characteristics and relative merits of reciprocating knife, dise

and flail mowers.:
15. °© Swath treatment equipment including crimpers and erushers,

16.  Balers. Study of the complete machine and sub-assemblies,

Timing.'

'17. Combine harvesters. Study of complete machine and sub-assemblies.
Principles involved in the cutting, seperation and handling of

grain.

18. Factors which influence 'throughput’ and 'losses'. Adjustments
to sub-~assemblies to suit crop condition and minimise crop damage
and losses. Systematic diagnosis and rectification of causes of

grain loss and damage,

MECHANICAL HNANDLING EQUIPMENT

19, General construktion and uses of fore end loaders, pallet and
unit ﬁandling equipment for baleé, fertilizer and grain,
General construction and uses of forage boxes, dump hoxes,
blowers, Lip and bottom unloaders and conveyors from silo to
feed point. “General construction of trallers with special
reference to wheel gear, tipping and unloading mechanisms.

Inspection and overhaul of common types.
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CROP ‘TORACh

20 _Prlnciplcs of moisture ehtraction fyom glain and forage cmopq.
Construction charactexlstics and working ptinc1pleq of faus and
[urnaces. Temperature control of stored c10ps. Horking principles
“and use of 1ustruments to measure alr pressure, moisture conteat .
and temperature of stored crops.

SECHNOLOGY

TRAGTORS AND POWER UNITS

1.

CombUStlon. Combuétion.ﬁfbcesé'in tﬁé iﬁfernal combustion engine;
descrxptlve treatment of detonatlon and its. causes. fﬂeanihg and
31gn1f1cance of octane and cetane numbers. hlementary trcatment
of turbulence and the effect of combustxon chamber shape with
reference to (lﬂme fronts and combustion pressures. Complete

and 1ncomplete coinbustion with reference to the chemical nature

of the exhaust gases.

Compression ignition engines

{(a) Dircct and indirect injection systems; ptintipal'types of

combustion chamber.

(b) Fuel injéction.equipment; genetal construction, operation,
stripping, serting and testing of fuel injection pumps;
construction, opération,_maintenance and reconditibniﬁg'of
injectors) pump and injector servicing and t#éting equipment.

Cold starting arrangements; principles, inspection and repair.

(c) Systematic diapnosis and correction of faﬁlts in fuel in-
jection systems. Ceneral construction and principles of
operation of cormon types of governor; linkage and controls.

Setting and adjustment; diagnosis and correction of Faults.
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(d) Hdutine_cnginé maintenance, Systématic fau1t diagnosis.
Use of simple test equipﬁéﬁ§ as an ald to chetking engine
performancg. Geﬁeral symptomé of engine wear and need fox
reconditioning. 0vérhan rcquircmchts and procedure including
removal of engines, Measurcment of wear on engine components.

Use of workshop manuals and specification sheets.

Hydraulic systems. - General construction and working principles

of typical hyStéﬁS (including upper-link and lower-limk sensing

‘mechanisms). Control valve systems. Methads of achieving draught-

control, position-control and control of speed of response.

Provisions for' external services., Testing, dismantling, inspection,

,_overhaul_aﬁd'adjuStmenl of a complete modern hydraulic system.

T&pes”of'oil used.

Tracklaying tractors. Cormmon types. Methods of steering. General

construction of gearboxes and fiunal drive assembly. Common Llypes

.of track and trackmounting.

Tractor testing. Principles of power unit lesting; torque and
p.t.o. output at various speeds. Use of dynamometer for tractor
testing. Caleulations of power, fuel consumption and efficiency
from dynamometer readings. Morse tesr on spark ignition and
compression ignition engines, Interpretation of official test
reports on tractors. Systematic fault diagnosis and use of
workshop manuals, specification sheets, fault finding charts and
test equipment. Testing and assessment of performance after repair.

Use of report forms. Repair documeatation.

Tractor implement combination. A veview of the features and
properties of Common types of tractor/implement combinatioun; effects
on drawbar, hitch and linkages positions. Mulfiple hitches.

Safety devicés. Correct coupling of power-driven implements to
power take-off of tracter (reference to BS1495, 1841, 3413, 3417

and subsequent publications).
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3.

Wheel adhesion; loss of bower_{hrough wheel slipi methods of

7.
impfoving'tractiOn and their relative merits, including use of
four wheel drive.

TECHNOLOGY

10

4.

NORKSHOP PROCESSES

Materials. A brief outline of the general chdrapteris;iés-(ihélud—
ing approximate cdmpositiOn), physical pfdpertiéé, Sfanddrd.forms
of supply and uses in agricultural englneerlng of tho following
nater1alb

Mild steels and alloy steels contalnlug nickel, chromlum, vanadlun

silicon, manganese, molybdeuum and tungsten,
Cast irons, including spheroidal graphite and malleable irons.

Non-ferrous metals and alloys; copper, zinc, tin, alumianium,
magnesium, lead, brass, bronze, gunnetal, die casting alloys

and bearing materials.

Plastics; thermosetting and thermoplastic. Natural and synthetice

rubber.

Metallurgy., A simple account of the changes in structure caused.
by heat treatment of plain carbon steel and also of the internal
structures produced by solidification, hot working and cold
working of metals, Introductlon to the iron- carbon equ11ibr1um
dlagran and time-temperature transformation curves, festing of
metals; methods used for tensile, torsion, hardness, impact and
fatigue testing. Units and terms used and their significanca.
Micro and macro examination of metals; preparation of samples,
recognition of common crystal types, carbon comblnation% and

common flaws. OQutline of common methods of non-- destructlve

testing.
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10.

-Heal teatment. Havdening, tempering, amealing and normalising

plain carbon steels. Case hardening. Nitriding, flame and

- induction hardening, Temperature measurement.

}Easurement and inghection: use of dial, slip, limit, small hole
and telescopic gauges Introduction to the use of a limit system
with refelencc to the prlnary and secondary selectlou of filts in
1n.B.S.-19]6. lheory qnd use of vernior, nicrometer and bevel

protractors. Measurcment of large bores. Degree of accuracy.

' Checking and settiog measuring cquipment. Test for acceptance or

rejection of new or worn parks. Measuring exercises including

those involving concentricity and run-out.

Machining. Chip formation, cutting tool nonenclature, sharpening

of cutting tools, tool'life, tool detevioration and its causes.

Lathe work; taper tufning, eccentric turning and screw thread
cutting. Machining fabricated components with a lathe, shaper
and miller. Vse of dividing head, simple indexing. Selection
of grinding wheel and discs for specific purposes.  Grinding,

honing and lapping.

Welding by oxy-acetylene and metalic are processes. 'Ne]diﬁg of
carbon, alloy and stainless steels, cast iron and malleable
castings, non-ferrous metals and two dissimilar mecals. Usc'

of jigs for fabrication of components. Prehcating and stftsé
relieving., Temper brittleness and weld ﬁecay. Causes 0f weld
failure, standard methods for teéting welds,  Flame cutting
including usce of the profile cutter for producing complek shapes,
Brief outline of the argon arc and carbon dioxide welding processes

and of methods used for welding plastices.

Corrosion control De-watering fluids, protective ceatings and

rust inhibitors; propertics, selection and methods or application.

Paints and protective caotings; types, properties and methods of
application. The selection of corrosion control and painting

processes for specific applications.
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R}:L'ATED SUBJECTS
RELATED ACR[CULTURE — ANIMAL PRDDUCTI_ON

A technlcian w111 be expected to have a woxkiug knowledge of the app1i~

'catlon and setting of the anhlneb wh fch he is asked to rcpalr and

overhaul Tt 15 intened, theref01e, that the tteatnent of this scction
should acqualnt the technlcian with the farmer's problems in the use of
5pec1fled technlques and the appllcation of equlpneut to agricultural
pract1ce. It is not intendcd that the agricultulal engineeriug

technic1an should recexve lﬂStrULtIOﬂ in pure agrlcultle

1. dti1i73li0n of food. Flementaly treatment of digestive systems
of cattle, pigs, sheep and poultry, ‘mechanical and. chomigal
digestion of foods, en?ymes “and bacte:ia. Dlgestabllity and

alﬂtﬂblll[) of home grown foods. Requ1rements of different
classes of stock with reference to proteln carbohydtate, fibre
minerals, vitamins and water, ationlng of animals, Mixing,

cublng, storage and handling of food.

2. Animal health. Structure and fuactions of organs making up the
respiratory system. Requirements of animals kept undef intensive
production conditions, i.e. warmth, llght humidity and ventilation.

Envirenmental control.

(a) Milk production. Systems of housing daily cows.- Equipments
used for producing clean milk. Cooling and storage require-
ments, Mechanization ‘of milking, feeding and manure handling.
Labour requirements, capital investment, production costs

and profitability.

(b) Meat production. Systens ofdhousing cemployed in the pro-
duction of: beef, mutron, pork, lamb, veal and poultry.
Environmental contrel and its application to cach specialized

enterprise. Mechanization of feeding and manure disposal.
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(¢} &n elementary'trea;ment of labour requirements, capital
investment, production costs and prdfitabiliLy of the above.

Illustrated by visits to specific enterprises.

MATHEMATICS

Note:  at all stages au_aﬁareness of S§1, Imperial and other units must

be taught, together with an understanding of the use of convérsion

tables.

4

Use of logarithms for evaluating fractional and negative indices.

 Use of sine casine rules for solving practical problems; including

the interpretation of ambiguous answers. ' Problems involving

angles up to.180°.' Constructi6n of quadratic equations to find

one unknown. Solution by factorization and by use of the standard

formula (Proof not required). Use of graphs for solving quadratic

equations.

MECHANICS

5‘

Laws of lioear motion. Use of the standard formulae relating

force, velocity, acceleration {uniform} and distance covered.
Rotational and peripherical speeds. Centrifugal force; angular
veloeity. Use of radian notation. Parallelogram and triangle

of velocities. Solution of problems by graphical means.
Resélution of componénts of forces and velocitics by trigonometri~
cal methods.. Work done by a force acting on a body on an inclined
plane, including considerations of friction. Forces in the
tractor/implement combinations, weight transfer (including effects

on steering); longitudinal stability; tractive forces; true line

" of draft; implement resistance; steering forces; side draft;

lateral stability.

- 101 -



HYDRAULICS

Fluid drlves, prin01ples and applications

6. - Critical velocity.

hydrostatics aud hydrokinetics, Bernoulli's Thcorem.
ELECTRICITY
7. Voltage drop in cables. }actozs affect1ng sechtion of cablcs,

i.e. current carrying capaCIt), resistance and. 1nsulation._ Use

of reference charts. Fusing and overload prdtection. Earth teak
protection. Flow and [loat switches. Intrqductioﬁfto thréé—phase
alternating current systems. Descriptive-tréatméht of'the‘Nafibnal
distribution sysfen. Colour codings. and ‘their 1mportancc. Work{ng
principles, characteristics and suitability’ of commoi types of -
electric motor, includlng starting gear, for agrigultural hort1~
cultural applications. Consequences and av01dauce of ovcrload1ng,

fouling and accidental mechanieal damage.

SKETCHING AND DRAWING

8.

10.

Intersection and interpeunetration to cylinders and cones.
bevelopment of regular and offset cylinders, cones and pyramids,
using parallel} and radial line methods. Pevelopment of hoppers
fitted with radial and tangental feed pipes. Construction of

simple locl.

Interpretation of drawings of assemblies, c.g. from workshop
manuals aad spare pavrt lists, -Preparation of component and
assembly sketches from enginecering drawings of assemblies.
Preparation of engineering drawings, in orthographic pfojection
to show sections and dimensions, using sketches made in the
workshop, of agricultural machinery components and simple

assemblies,
Conventional representation of electrical, pheumatic and hydraulic

components, Interpretation and pPreparation of line cireuft

diagrams feor electrical, pneumatic and hydraulic (including fuecl)
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11.

systems, Interprecat ion of layout dravings, e.g. grain proceséing
datly and bﬁlk fceding installations, Preparations of installation

drawings from sketches made on the farm.

ANTRODUCTION TO DESIGN

Prﬁjeét work, the design of a simple article or component used on

a farm or in a farm workshop e.g. a barrow for an oxy-acetylene

welding seti a fabrlcntlon to repiace a casting} a bracket to
all -amount a pump or motor, a hopper, including control slide

Lo suit a glven layout; a hub or bearing extractor. Use of models

and mock-ups. SelELtlﬂﬂ of particular materials, component-parts

and processes for the construct10n of agricultural machinery.

Use of bar, angle iron and tube; the relative merits of welding
and riveting; wrapped and welding joints; fabrications to replace

castings.
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PART IT1_ FIELD ENGINEERING o |

MECHANISATYON OF CROP_AND ANIMAL PRODUCTION

1.

GENERAL CONSIDERATIONS

Aim and objectives; mechanizatlon as a funétion of productive

cfficiency.

ECONOMIC _CONSTDERATIONS

Resources available to the farmer, land, capital and labour. -
Management of these resources, degrees of Substitution_of o
capital for labour. An understanding of capital investment and

influencing factors. Potential benefit analysis,

ACQUISTION OF DATA

Sources of information, technical press, evalvation of articles,
efficial and industrial advisory scrvices, information and
reports [rom research and experimental stations and favms,

technical conferences, Terninclogy. Intepretations and

comparison of machine specifications and performance, extraction

of sipgonificant factors.

EVALUATION OF SYSTEMS AND MACHINES

Object to be achieved, the place of the machine in the farming
systems. Evalvation of work produced and working.rate; ease of
operating and maintenance costs. Assessment of econonmic
liability and other advantages arising from purchase. System

operating costs.

SELFCTION OF MACHINES AND SYSTEMS

Performance and suitability for specific purposes., Evaluation
of special factors; machine throughput and quality of work,
flexibility, ease of operation and ergonomic considerations,
availability of service, costs and power requirements, Legal

aspects of transportation along the Lighway. Labour requirements;
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10,

possible lgbouf_r¢ducti0n or improvement in 1ab0ur profile,

elemination.of peak labour demand. The uses of standards in

“calculating labour rcquifomonts. Advantages of timeliness.

“Integration into an existing system. Usc of contractors

services.

Acduisitioﬁ polidy; putrchase, hire lease, Consideration of

initial price of machines, reliability, obsolescence and resale

value. Use of economic data as a performance yardstick.

" MATERTALS HANDLIKG

Priunciples of handling and conveying in unit, bulk and free-

flowing loads. Special problems relating to agriculiural

" mechanization, handling of bulky materials and semi solids.

- An introduction to work study and practicability of mechanized

handling in relation to size and volume of loads and the
distance involved. Characterislics of materials being

handled,.

ORCANISATION OF LABOUR AND MACHINES IN THE SYSTEM

Operaiion and management of systems; elimination of bottlenecks;
influence of machine size, type and transport distance on output.
Analysis of the performance of systeﬁs; applications of work
study to overall performance. Comparison of average. Qutput

with standavd figures. Selection of field pattern techniques,

TRAINING AND INSTRUCTION OF STAFF

An appreciation of the need, and the arrangements available for .

the education and training of staff.

FARM MAINTENANCE REQUIREMENTS

Planned maintenance and servicing. Availability and cost of
service work by machinery dealers. ' Classification of spare
parts, t.e. fast woving, wearing and critical spares. Review

of workshop tocls and equipment. Farm workshops and their
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2.

limitatiéns. Source of matevials supply. Fuel apd oil storage.
Equiprent and vehicle records and their use in caleculating
machine Costs. Estimation of repair costs. Decisions Involving

repair of rcplacement of pavts.

INSTALLATION OF EQUIPMENT IN FARM BUILDBINGS

The syllabus aims to give an undefslanding of the probleps involved:

the installation of equipment in farm buildings. It does not deal

with building design which is the subject of a separate sylldbus.

LOADING

Soil load-bearing capacities. The different forms of load and
their implications on building structure, foundations and soils,
c.g. solid, semi-solid aund fluid leads, point and distributed

loadé, dead loads, imposed loads, shock loads and vibration loads.
Assessment of loading and use of factors of safety.

STRUCTURES

An appreciation of the load-bearing properties of floors, walls
and beams, foundations and supports for specific purpodses,
fodifications to buildings; general and local strengthening;
temporary support to walls, floors and robfs while new openings
are cut. Strengthening of new openings, Limitations to the
modification of.buildings cauwsed by size, stréngth, type of

construction, shape, location and state of repair.

Waterproofing; exclusion of overhead, surface and below-ground

moisture. Special problems of providing waterproof below-ground

pits. Damp-proofing; capillary action; condensation problems.,
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DRAWING

Collection of data on site and the preparation of drawings to
show layout and installation of equipment in buildings and

farmsteads.
PLANT-LAYOUT

The iaybqt and positioning of cquipment to facilitate installationm,
ppssible'cxpéhsion; alteration, alternative forms of power supply
and drive, inspection, maintenance, operation in service and
suitable working environment. .Safety requirements including

reference to appropriate statutory regulations.

INSTALLATION AND FIXING OF EQUIPHMENT

Lifting, moving, locating and aligning equipmeut. Methods of
fixing machinery and equipment permanently and semi-permanently
to floors, walls and rcofs. Methods absorbing vibratiom.

Testing of installations.

ELECTRICAL SUPPLIES

Forms of electrical supply available on site; permanent, temporary
and standby. Selection and application of motors and generations
and control systems, The implications of regulations governing
the installation of electrical équipment and_kiring. General
principles of good installation practice; codes of praétice.'..
Survey of types of control and recording equipment aund their

applications.,

ENVIRONMENTAL CONTROL INSTALLATIONS

Survcy of equipment used for systems of environmental control
including temperature, light, hunidity, ventilation and gasecous

composition.
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PIPEHORK AND STORACE TANKS FOR.HQTER AND FUELS

10, Types of pipe and coupiing; control Qalve, tap, [low meter and -
their applicatioﬁ. “Methods of jqinihg, manipulating and install-
ing pipework. L;cation_of'tanks and éeleetion of pipewofk for
particular systems, spécific-mnteriéls.éud reﬁuircd rate of [low.
Provisions for liquid and gaseohs'fuél SLorage, implications of

regulations, byc-laws and codes of practice. :

FIELD ENGINEERING

The depth of treatwent should be related teo the=typ¢$ of rcsponsibility
which are undertaken.by the Agricultural Engineéring chhniéiané’iu
the field engineering work usually carried cut by agricultural

engineers.

SURVEYING

1. Chain Surveying

(a} Adwms of chain surveying. Use and care of chain surveying
equipment. Planning oul and carrying through of a chain

survey, including the use of the field notehook.

(b) Drawing office procedures. Care and use of instruments
and scales. Conventional symbols. The determination of
areas by calculation and by'planimeter. Alteration of the
size of plans by pantbgraph, proportional compasses and

photographic neans.

{¢) Ordrance Survey plans and maps. National grid reference

systems. Use, interpretation, types and sources of supply

of tracings.

2. LEVELLING

(a) Principles of levelling, Simple levels and staffs (e.g.

Cowley), and couplex levels and staffs (e.g. dumpy level
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5.

tCChnquES 1nc1uding the user of level books. : InLroduCthn
to problems encountered in levelling due to the earth's

curvature and the refractlon of light,

{b) Usec of 1cvelling to determine gradients and contours.

Elementary tacheometry.

Angular - measurement. Use of compass, box, sextant, levels and

'thCOdoiitQ to determine_beqrings and angles. Closed and open

traverses, Traverse books.
LAND CLEARANCE

Survey of types of machine and their applications for land

clearing and levelling. Applications of explosives.

LAND DRAINAGE AND RECLAMATION

Principles of drainage. Types of soil; their characteristics and
drainage requirements. Methods of surface and sub-surface
drainage. Survey of types of drainage machinery, e.g. trench

cutters and pipe layers, mold drainers.

SOIL MECHANICS

Soil plasticity and shear strength of soils and methods employed

to determine their values. Angles of repuse of soils.

MATFERATLS

Properties and applications, with reference to field engineering
of timber, metals, concrete, bricks and masonry. ¥Methods of
reinforcing concrete, including prestressing. Codes of practice

used In concrete work, including reinforcing.

Use of tables for selection of appropriale sections in timber,

concrete and steel, using bending moments and moments of inertia.
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10.

11.

12,

‘STRUCTURHS

Appr001ation of the quUITONGRtb of dams, culverts, abulments,
siample blldges and 1etaining walls, Foundations for structures
and ‘roads. Simpl; calculatlons of btrcss, bendlug moments,

Sheat Torces ‘and qafety factors,

 IRRIGATION

The need for irrigatioh. Meanlng of a batu1ated soil fie]d
capacity, 5011 roisture teuslon, pexmanent w11t1ng p01nt, soil
noisture deficit, available water, acre—inch and cu sec (and

appropriate SI uwnits), notches and weirs.

Sources 6f water e.g. wells and streams. Facfors, ihéluding
legislation, affecting the abstraction of water. Measurement
of water flow in strecams. Types of reservoir and the selection
of suitable sites, The use of surveying as an aid to determiﬁing
the quantities of water contained behind dams of various heights

in particular situations.

Irrigation systems including those emplo}%ng sprinklers, rain
guns and spfaylines. Irrigation equipment including types of
pumps, pipes, hydrants and sprinklers. Power sources for

irrigation pumps and the determination of the water power of a
system., Methods and frequency of moving irrigétion ecquipment.

Planning auwd management of the irrigation system.
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FIELD TEST AND_DEVELOPMENT

5. DESIGN EVALUATTION IN SELECTION OF EQUIPMENT

DESIGN EVALUATION

Coﬁsidqration qf tractors, cquipnent and machinery under the

fdllbwihg heaa{ngs.

Suitabiltity for specific crop and soi conditions. Performance;

including interpretation of official test reports.

Adequacy of clearances and adjustments, e.g. for soil, steering

lock, range of adjustment,

Advantages of simplicity in design, ease of attachment of

equipment to tractor.

Controllability; ease of operation, adequacy of instruction

manual, driver comfort and safety.

-Accessibility; ease of service for operator and maintenance

“engineers.

Adaptability for a range of 0perétions. Facilities for mounting
extra equipment anmd range of optional fittings. Adaption from .
Standard for local market requirements, e.g. alterations for
width and ground clearance, Suitabiiity for use in special

conditions, e.g. dusty atmosphere, special soil conditions.
Special problems with imported or exported equipment; national

legal requirements (including safety); problems arising from

differing standards for threads, bearings and other compounents.
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8. - Strongth, durability and reliability. Suitability of materials

and methodé of construction for specific purposes.
9. Assessment of'ﬁoteuliallsaleS'in relation to likely trends

in consumer demand,

EVALUATION OF “ACHIV&S INLORPORA1]hG NEW CONCLPIS AND 1HF1R
COMPARTSON. WITH EXISTING IALHINPb

It lb 1ecommended that thL sano types of mach1u01y and equ1pnent

w111 be con51deled as have bccu dealt w1th already in’ PatL II..
10.  Use of sound nechanical ﬁringiplés.

11, Adequacy of vrange of adjustment for all cOnditions.

12. Probable strength, durability and rcliabiiity.

13. .Appeérauce and styling.

14, Assessment of potential in relation to trends in local and

national agricultural practices. Cost and sales potential,
15. Availability of data firom pre-production testing.

EVALUATION OF SYSTEMS, EQUIPMENT AND PLANY

16. Sourceg of information, terminology, intepretation of specifi-
cations and performance reports; comparing machines with similar
functions; evaluation of demonstrations and reports from users;
evaliation of performance for speéific ehvironments-and

incorporation into a system; operating and maintéadnce costs.
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APPLIED HBYPRAULICS

This syllabﬁs aims Lo give an understanding of the principles of

;hydraulics as applied to agricultufal tractors and machines, and
the diagﬁosis'df faults and the method of correction., Mathematical

'tféétmént will be 1iﬁitéd to those instances for which it has

.practical_felevaﬁce.
' HYDRAULIC FLUIDS

1. Appréciatiqn'of'Lhe'requirements of hydraulic fluid propevties,
i.e. Qiscosity; viscosity index, demulsibility, oxidation
sfability,‘lﬁbricity and corrosion control. Selection of fluids

[or specific purposes.

ENERGY IN FLUIDS

2. Energy stored in fluids, velocity head, pressure head.
Revision of Bernoulli's theorem. Reynolds number. Qualitative

treatment of forces exerted by fluids in motion.

FLOW IN PIPES

3. Revision of cﬁaracteristies of fluid flow in ﬁipes, parallel
and series. Transnmission of force and power by fluids through
pipes, both restricted (by ﬁozzles)'and unreétiicted. Critical
velocity. Measurement of flow and pressure; Qenturimeters,'
Pitot tube, flow through orifices. Coefficient of.discharge,

coeficient of contraction.

HYDROKINETIC CIRCUITS

4, General construclion and working principles of fluid couplings
and tonrque converters, single stage and multi-stage; their

applications and relative merits. VFault diagnosis and correction.
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1G.

UYDROSTATIC. CIRCUTTS

Typical hydraulic cifcuits: functions of main components such .
are resetvoirs, £11t01q and strainersm pipes dnd hOSCb, control

mechAulams pumps, moLors and cyllndets (rams) Interpleldtion

of stﬁndard.bymbols.used in eircuit diagrams.

011 RESERVOIRS

Basic design requirements including dipansioning and sitting.

Types of oil cooler and their appiicatidn.

STRATNERS AND FILTFRS g
Reasons for incorporation in civeuits, Types of filter; full-
flow and by-pass. Degree of filtration. Forms of contamination

and their effect., Types of breather and filler cap.

HOSES, PIPES, TUBES AND FITTINGS

General construction éf high«preésure and low—preééure hoses.
Seleetion of correct types and size fbr a specific application.
adaptors, quiék release couplings and fittings. Standard sizes;
methods of achieving iﬁterchangeability. Construction and

nethods of repair of hose assemblies.

Forms of supply and types of material sued for pipes and tubes.
Types of fittings including threaded, soldered; brazed, compres-—
sion and flarcd. Thread types, recommended standard sizes, use
of thread charts and recognition of thread types. Threaded

adaptors.

Lay-out requirvements of liquid lines. Selection of pipes,

hoses and fittings. Pipe cutting, beading and support. Flanges,
gaskets, jointing tapes and packlings; selection for specific
purposes. Design and installation of 1iquid flow systems.

Fault diagnosis and correction.
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“11.

12,

13.

14,

15,

" CONTROL SYSTEMS

Methods of control; censtant delivery systems and variable
delivery systems. Pressure control valves; relief valves,
unloading valves, back pressure valves, reducing valve, spool

valves (open centre and closed centre) and sequence valves.

‘Volumetric control valves, throttle valves, non-return valves

and stop valves. Direction control valves, Aiv relief valves.

PUNPS

General construction and principles of operation of the following
typésifgear, vane, centrifugal and piston. Constant and

Qariablc disp]aceﬁent pﬁmps. Pump efficiency. Interpretation

df puhp_test reports and specification. Selection for specific

putposes, Fault diagnosis and correction.

MOTORS

Cémparison of the construction of pumps and motors. Relationship
of displacement torque and power. FKEfficiency of systems.
Detailed construction of main types of motor; gear, vane axial
and piston. Interpretation of motors specifications and test
reports; selection of mbtoros for specific purposes. Fault

diagnosis and correction.

PISTON AND CYLINDERS (RAMS)

Tupes of piston and cylinder, scals and packing; single acting
rams. Selection and installation of rams for specific purposes.

Maintenance. Diagnosis and correction of faults.

SFEALS AND PACKINGS

Hydraulic seals and joints, materials used and their application.
Scaling of working clearances, oscillating aund sliding.

Instaliation and maintenance. Diagnosis and correction of faults.
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16,

ACCUMULATORS

Reasons for iﬁtbrporﬁting”in a’'system. Types of accumulator,
wight -loaded, springfloadedi and preunatic: Iustallation

procedures., Diagnosis and corréction of faults.

7. FIELD TEST AND DEVELOPMENT

SOURCES OF ij‘Oi&b\ﬁ‘IQN,' DATA EVALUATION, REPORT WRITING

Rcfétche to abstracts aqd other sources of_iﬁformaﬁion;
research associations, national and intefnatiéﬁdl insfitutioﬁs
and-their publications. InterpretatLQn of official test ' .
reports. Conpllatlon of test report [orms Report wrlLlng.
Apprec1at10n of statistical methods,'colleLtlon and presentﬂtion
of test data. Analy51s of results using stqndard performance
figures and graphs, cemparison with similar machlnes.

Presentation of conclusions.

TEST ORGANISATION AND PROCEDURES

Determination of main objectives, relative impdrtance of other
facets of machine perforpance, limitations of normal test
programmes. Devising teést procedures, work planning and
schedules. Team work; division and delegation of responsibility.
Typical field test procedures and their validify. Degrees of
accuracy; distinction between particular pefforﬁance'figures

and possible variations due to fluctuvating éenditions; allowances.
for soil and crop conditions in relation to performance figures. -
Use of test rigs and the value of scale models and their limita-
tions. Methods of providing accelerated tests. Simulation of
test conditions. Use of control machines and components,
Appreciation of the theory of dimensions. Assessment of machine
performance under operating conditions, with referehce to power
reqhiremenlé'and the qdantity and quality=o[ product. Operalion
and field techniques; their offects on ovefall-performance.
Developmeht of techniques for use with new machines. Evaluation

of ease of operation and maintenance, flexibility and GUrability.
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COLLECTION OF TEST DATA AND METIODS OF MEASURFMENT

Working principles and application of instruments and methods

- of measuring physical and other data. Use of tracers.

" Chiecking accuracy of measﬁting equipment, Standard test

equipment, e.g. eungine indicator, cxhaust gas analyser,

viscometer, calovimeter.

Working prinéipleé and “application of appropriate types of

recérding equipment including tape recovders, still and eine

caneras.

MATERTALS AND ENSPECTION

;Asséssment of suitability of ferrous and non-ferrous wmetals

“.and non-netallic materials. Teéting for strength, hardness and

fatigue resistauce. Intrvoduction to non-destructive testing.

_Tests for faulty materials.,

DTACNOSIS OF FAULTS

Inspection of faulty components; design modifications.
Use of standard components. Use of special methods to produce

'one-off' components for test purposes. Appraisal of design.
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bTRUCTURhS AND ORGANIZATIOV OF THE Abh]CUL1URAL

P&CIKLPRINC IWDUSIR\

INDUSTRIAL ORGANIZATION

]-ﬁ

Orgahizatién of industry

{a)

).

Structure of nanu[actutiﬁg industry; the location of

'1ndustrlos. 1nf1uenc1ng fﬂCtOFQ, recent treuds, the

1ntegrat10n of 1ndustr1es mopopolistic tendenc1es, types

of industrial combine.

The structure, [inance and the size of bUb]nCSQ firms, the

factors affecting types of ptoductlon.

The agricultural engineering industry

(a)

{b)

{c)

(d)

(e)

Produétioh;:product planning and_developmeﬁt; economics
of product planuing; methods; purchasing; storckeeping

quality control,

Organization of distribution; the scope and methods of
distribution; the export and import trades, marketing

agencies, credit facilities, lcasing and hiring.

Organization of selling; the sales functien, sales control,

advertising.
Kenya agriculture, its general scope and regional pattern.

Hone produCLIOn and sales; impoxtance of the agrlcultu131
engineering industry in Kenya's cconomy; structure and
location of Kenya's agricultural machinery firms; recent
developnments in the Kenya's ageicultural engineering
industry. Selling agricultural engineering produéts, sales
organization and promotion, publicity, the contract of sale
and af£ersales services manﬁfacturer, dealer and customer

relationship.
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Foreign trade; pattern of xorld trade in agrlcu]tural

machinery; Konya's trade 1n agricultural machinery exporls

- and imports, factors af[ectlng prospects for the exporting

and importing of agrlcultutal machinery and components,

extent of competltlon,_changlng nrature of demand.

-'rur;.AcRICULTURAL’ ENGINEERING SERVICE INDUSTRY

An introduction to the principles of general management

(a)

(b)

(c)

(d)

Functions and objectives of management; structure of
management delegation of vesponsibility; workshop

organization.

Personuel relations; communications, motivation, remunera-

tion of labour; job satisfaction and working environment;

"gselection of labour.

Apprenticeships, further education and training, in-service

training.

Industrlal relations: Workers' and Fmployers' orpanizations;

joint consultataons, negotiating machinery.

An introduction to accounting

(a)

(b)

Principles of accounting with reference to: bank account;
cash book; petty cash; wages records; national insufance;
graduated pension; distinction between capltal and revenue;
inventories and valuatien of equipment; profit gnd loss
account; balance sheet; company accounts. Company taxation;

income tax:; P.A.Y.E. Insurance. Rates and ratable values.

Understandiung balance sheets and company reports; investment

appraisal. Office organization and mechanization of

"office work.

- 119 -



5. - Business Policy

{a) :Structurefof=éimplc limitéd and unlimited Iiability companies,

partnerships, corporation and group complexes.

(b) . ApptoCIation of omploy&r s liabilities; Officeb, Shops and
' bactoxles Acts, laws of - Lontract, Statut01y duties, common
law ‘duties, personnel law, premises and transport, insurance.

C.O.T.U Mlﬂlbtly o[ Labour N.I.V.T.C., Industrial

‘Tribunal.
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1.

1022 - MOTOR VEHICLE TECHNICTANS' CERTIFICATE

INTRDDUCTIOW

This scheme for courses of part tlme study and rolated examinations is
intended to provide broad technical qualificatlons for sludeuts with
suitable educational background, employed in the automobile industry,
to:develop an ability to diagnose faults, rccommend neansg of rectifying
these faults and to test and analyse the. performance of the vehicle
after the repair or nmodification has been completed. It is hoped,
therefore, that this course will help ‘to provide technicians suitable
for the more senior responqxble postq in maintenance and repair work-

'shops. In addition to the technieal SUb]OCtS, General Studies are

included in order to develop the students' ability to absorb, interpret
and transmit 1nf0rmat10n,-whether in spoken or written’ form, and to
contribute to their genecral education. and personal development.

The scheme has been designed to be complementary to the training and
experlence “students w1ll obtain in their employment.

urthcr explanatory notes related to the Lourse are contained in appen-
dix 'A'. o : : . .

COURSE OF STUDY

The scheme has been devised on the assumption that unormally students
will attend a technical college on a part-time day or block relecase
basis. It is in three stages. Part 1 (about 780 hours of technical
studieés and 52 hours of General Studies) gives a broad introduction to
the theoretical and practical aspects of motor vehicle matatenance and

-is appropriate to the needs of apprentices and junior technicians who

require a general, understanding of the basis of their work. Part II
(about 780 hours of technical studies and 52 hours of General studies)
is designed to enable the student, on conpletion of his technical
studies and concurrently with suitable experience to study basic or-
ganization and administration of the three main developments within the
garage, i.e. Parts, Sates and Service. This will serve as an introduc-
tion, preliminary to his taking full administrative responsibilities
later in his career. The Part 111 is a Full Technological Certificate
reguirement.

THE TOPICS OF THE COURSE ARE SHOWN BELOW

PART 1 Motor Vehicle Technology
Practical work
Sketching.aﬁd Drawing
Mathematics
fcience

Laboratory Work (see Appendix B)
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Cenerat Studies'

PART 11 Motor Vehicic Technology
Practical Work
Sketching and  Prawing
Malﬁpmatics
Science
ﬁahﬁrgtofy Gork
Geue%ai‘Studics

PART IIT Pafté marﬁetiﬁg and sales

B Printiples of Supervision
Motor Trade Practice

Commiercial Practice and Office Procedure

The Law Relating to the Motor Trade.

Course hork consisting of Class Work, Laboratory and Practical Work,
and General Studies is regarded as an integral part of the course.
Hith Ceneral Studies (sce para 1) the aim should be to allocate aboul-
90 hours per year to them in Part I and I1i. The E.A.E.C. will not
examine in General Studies and institutions are free to devise their
own syllabuses and approach to the subject.

The E.A.E.C. has published a pamphlet in which an approach Lo General
Studies is suggested. ‘

This schewe has been planned in association with subjects 1003 Part T1
Motor Vehicle Mechanics Work.,

ENTRY TO COURSE

Students for the courses must satisfy one of the following conditions
or have reached the appropriate standard by an alternative route:

(a) Part 1

(i) }ast African Certificate of Education issued by the E.A.E.C
at Ordinary Level in English, Mathematics and an approved
Science Subject with credit passes.

(ii) Part I certificate in Moter Vehiele Mechanics course 375 with
Credit.
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(11i) Appropriate academic ability in a mature student.

The student must have completed 52 wcoks on Industrial at-
tachment beofore starting the Part 1I.

() part 11
”:(i} .A pqss in Pa\t 1 examinatinn f0£lﬂoto; Vehicle chhnicians
C(i1) A pass in Motor Vehicle Mechanics 1003 Part II w1th Credit.
() pare TIT |

A pass in the Motor Vehicle Technicians Part 11 examinations.

coﬂﬂTRIES'OUTsiDE'EAST AFRICA

This scheme is ava11able tc countr1es out51de ‘Fast Afrlca ‘at those
institutions which have received the. approval of the E.A.E.C. Applica-
tion for approval of a coutse shovld be made on appropriale form 1qsued
_ by the E.A.E.C. ' : .

EXAMINATIONS.REGULATIONS
The E.A.E.C. will offer an examlnation at the end of ‘Part I of the
Course, except in cases where an Institution is reuognised by the Coun-

cil as being capable of conducting this exaninatlon internally.

Institutions wishing to conduct their own Examination for Part I of the
course should apply for permission to the E.A.E.C.

Paft.l

102201 Technology 1 (Theofy & Pracﬁ) =3 ﬁfs
1022702 Technology 11 .(Theory & Pract) =.3.hrs
1022703 Eng Drowing Maths = 3 hrs
1022/04 Mech Eng Scie (Theory & Pract) = 3 hrs.

' Qtudentq w111 not be permitted to proceed to Pavt II unless they have
reached a satisfactory standard in theé Part I examination and have met

the requirements for course work as prescrlbed by the Part I examining
body.

Part 11 examinations will be offered by the E.A. E.C : in Jﬁly'of each
year, and will be conducted according to the regulations published by
the E.A.E.C.
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10.

11,

12.

Each examination will consist of three papers:

_1022/10 Techndlogy.f (Theory & Pract, ).= 3 hrs
-1b22/11 Technology Ii (Theory & Pract.)} = 3 hrs
1022/12 | Eng Drowing Maths = 3 hrs

= 3 hrs

1022/13 Mech Eng Sc, (Theory & Pract.)

Part 11l anminatlons witl be held in July of each year and will consist
of two papers as fol]ows. :

1022/20 :’Prlnclples of Management = 3 hrs

_1022/21 - Motor Trade Practice = 3 hrs
1022/22 _ Commétcialeractice = 3 hrs
1022/23 - Project works

® Parts 16 11 Candldates can be refereed only on papers 1022/03 and
1022/0& or 1022/12 and 1022/13

All examiuations will he set wholly in ST Units.

‘ENTRY FOR FXAMINATIONS

‘The E.A.E.C. will nat accept any entry form [rom an 1nd1v1dual applicant,

Candidates must submit their entries through an exanipation centre on
the prescribed form obtainable frem that Cenlre.

Colleges must submit to the E.A.E.C. on the prescribed forwms lists of
the full names together with colleges records of all students entered

"by the college for each examination.

No candidate will be admitted to the examination or be cligible for a
certificate unless he/she, has satisfactorily completed an approved
course at a technical cellege or other institutions for further educa-
tion. External candidates will only be accepted if they have completed
the prescribed E.A.E.C. form and satisfactorily complied with the con-
ditionsg required in relation to the form & have further satisfied the

~authorized assessors that they are capable of attempting the examina-

tion., late entries subject to an additional fee may be accepted at the
direction of the E.A.E.C.

-RbCORDS OF STUDhNFS HORK

Records of marks awarded for Course Hork must be kept by colleges for
submission to the E.A.E.C. on the appropriate form in respect of each
candidate entered for examinations. l.aboratory and practical work note
books must be kept and must be available for inspection by the E.A.E.C.

- or its examiners when called for.
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13.

14.

15.

nents.,

ATTENDANCE AND COURSE WORK REQUIREMENTS.

Bach candidate will be requived to make ar least 75% of the possible
attendances in each subject, including General Studies, and will be
required to complete the schedule of Class-Work, Laboratory and practi-
cal work as prescribed by the syllabus, including project work at

Part II1 (Appendix €).’ . R : ' :

Col]eges will_bé required to submit evidence of such marks awarded, -
after the examination has been taken.  These marks will be assessed by

the E.AJE.C. as Course Work. (See para 12).

ENGLISH

The examiilation set by the E.A.E.C, will be set agd'answereﬂ'in English,
though the examiners will not be allowed to assess thé standard of
English used by the candidates. ' o

RESULTS AND CERTIFICATES
Results in the examinations as a whole will be issued in four classes

and for the individeal papers including course work, in eight grades.
The relationship between classes and grades is:-

Pass with distinction ~ Grades 1 & 2
Pass with credic Co- Gradés 3&4
Pass - Grade# 566
Fail - Grades 7 & 8

Each candidate will receive a record of performance for Part I, II and
I11 giving the résult in terms of class aund grade.

Part 1, Part II and Part III Certificates are awarded to'candidates who
pass all parts of the Part I, Part Il and Part 111 E.A.E.C. examinations
in the Same examination series, and satisfy the Course Work require-

The certificate will show the class of and also the names of the subjects
passed, Students sitting for the internal M.V,T. Part I will be.ad-
vised by the Tnstitution conceruned of their results for the examination.

If doring the currency of the scheme the E.A.E.C. deems it appropriate’
to modify the pattern of the examinations and awards, the necessavy
changes to the regulations will be notified to colleges in advance of
their being applied.
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~ SYLLABUSES

1022 -~ MOTOR VEHICLE TECHNICIAN'S CERTIFICATH

Par£‘1

Motor Vehicle Technology

First Year

Goﬁeral wpfkshop rengati0ns, instruction in basic safety precautions.

The layout of private cars and commercial vehicles of conventional types:
function and arvangements of main components.

Alternative arrangements commonly vsed in private cars and commercial ve-
hicles such as engine position, front-wheel drive and road wheel arrangerents.

The petfol engine; the opevation of the engine on the two- and four-stroke-
cycles.

The main components of a simple four-cylinder engine.

Elementary reasons for the use of more tham one cylinder in engines.
Plementary treatment of alternative arrangements of cylinders and crank
throws for two-, three- and four-cylinder eangines working on both four-

stroke and two-stroke cycles.

Common valve arrvangements and valve operating mechanisms for single-cylinder
and four-cylinder engine. '

The function of the main items of electrical eguipment on a motor car of con-
ventional type.

The action of a coil ignition system and the function of each'part.
The fuel {petrol) supply system. Action of simple carburettors,
The thermo-syphon system. Use of the impeller or water pump.

The ecluth: characteristics of the interunal combustion engine which demand
its wse in moving the vehicle from rest,

Construction and action of a typical modern single-plate clutchy
The gearbox: engine and load characteristics which demand it- use. Three-
and four-speed sliding pinion gearboxes. The constant-mesh gearbox with

sliding dogs.

Propeller shafts, universal joints and sliding joints (excluding constant
velocity joints).

- 127 -



The rear axle: different types of final drive gears and reasons fox same,
The transmission of drive through differential gears; reasons for differc
ential gears and their action. Methods of supporting axle shafts and ar-
. rangement of wheéel-beaving.  Differences between semi-fleating, three- -
quarter- flbat{ng'and fully- floating shafts. Provision for oil 1et0ution.
Suspension of rear axle by semi elllptic sprlngs.

The front axle. and S[tellng systvm. CO“dlt]ODS necessary for rolling motion
of all four wheels..

Simple beam-type axle hlth Ackelmann l}nkage and Suspension by semi- elliptlg
qpxlugs. : :

Steering gears, Types of steeriug gear in common use in ﬁodern vehiclés.

Types cof brakes and braklng systemb in- commou use (exclud1ng power asslsted
types). : : :

The simple chassis frame and its functlon. Build%ﬁp of frame and attachment
of components. : L o _

Automobile lamps; types used; aligning and focusing lamps anti-dazzle devices.
Types of cables, connectors, comnnections and fuses used inautomobile wiring
civeuits with particular refereice to current-carrying capacity and common
usage. Lead-acid vehicle batteries, a brief deseription of plates, separators
and contaiaers, iﬂClUdlﬂg ‘the stopper. Composition and preparation of acid
electrolyte. Use of hydrometer in measuring specific gravity of electrolyte
and in assessing state of charge. Synmptoms of common battery. faults, Test-
ing, care and mainlenance of lead-acid batteries. Effects of high and low
temperatures on charging and discharging

Common fitting tolls and bench vices; their care and use.

Vice clawmps.

Eleientary principles of marking out; use and carve of marking outl tools.
Introduction to the properties and uses of common irons and steels: effects
of properties on uses; identification of common irons and steels by work-
shop methods.

The care and use of twist drills. The importance of correct sharpening.
Cutting action and tool angles for bench too!s, methods of sharpcning bench

tools.

Solders, fluxes and their uses: composit1on of common solders; common methoda
of soldering.

Types of scerew threads (B.S.W., B;S.F., B.A., U.N.C., U.N,¥., B.5.P, and
Matric) and their uses. .

The use of screw thread tables,
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Methods of measurement fn the workshop.

Micrometer readings: action, care and use of internal and external micro-

meters. ) : ' :

Second Year

Engine COﬂstruction.-_Cylinder blocks; cylinder heads andgaskets. The im-
portance of correct lightening sequence for all joints, Cylinder liuners,

wet and dry types, methods of location and sealing, types of fit.

Pistons; materials used; types of piston ring and their location, piston
clearances. o

Gudgeon pins, their location and materials used.

lubrication of piston assemblies.

Connecting rods; materials uvsed; small and big end bearings.

Crankshafts: materials used, cylinder nurbering, firing ovder, bearing ar-
rangements; types of bearing and bearing shell; lubrication arrangements;
oil seals.

overhead valve gear; camshafts and camshaft drives; rocker arm arrangements.
Lubrication arrangements and seals. Valve timing.

Compression-ignition engine. Operation of the four-stroke cycle. Types of
combustion chamber, methods of inducing swirl. Direct and indirect injec-~
tion.

Comparison with constructional features of spark-ignitionengines.

Fuel supply systems and carburation. Conmmoun types of mechanical and electri-
cal diaphvagm pump and their action. Principles and action of common types
of carburettor. Methods of controlling mixture strength, air bleed, com-
pound jet, variable choke. Cold startiug, slow rumning, acceleration and

economy devices,

“Fuel injection equipment. Intveduction to the injection. punp, construction
of the pump aund associated parts. Contrel of engine speed and power.

Intrvoduction to phasing and calibrating of in-line pumps.
Injectorsy types of nozzle to suit direct and indircct injection.
Fuel lift pumps and filters. Importance of filtration.

Lubrication and lubricants. Use of splash, mist and pressure in engine lu-
brication systems. Types of oil pump, pressure velief valves, oil filters.
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©Qil pressure gauges and warning light byqtems. Dry suamp lublication'systoms.
Propertles of ‘lubricants in relation to tLheir behaviour uunder normal and
severe conditions of load and tompelatune. S.A.E. classification of lubri-
cants. Causes and effects of excessive eoil consumptlon.

Cooling systems.-_CircniaLion pumps and-air fans. -Types of radiator press
sure caps and thermostats. -~ Radiator Censtruction '

Air cooling.

Flectrical. Rev151on as 1equ1red of lead- batteries.- Nickel-iron alkalino
batteries: deqcrlption ‘and construction; cell voltage, testing, care. and
maintenance. Installation and storage of batteries of all typésin auto-

mobiles.
Coil ignition systems. .  Operationof coils and condensers, (simple theory only),

Advance and retard mechanisms, Uses and selection of spark-plugs. Timing
distributor to engine. Starter motors, Types of inertiadvive. Methods of
switching: associated civcuitry, including- cable size and connections.
Transmission. Clutch centre plate construction aud friction materials.
Mechanical arrangements for dlsengageweut. Adjustments requ1red for 1n1tia]
setting up and to take up subsequent wear.

Cearboxes. Survey of common types of gearbox; arrangements and methods of
engagenent; synchromesh devices; direct and remote control mechanisms.

Types of bearing used in gearboxes.
Lubrication and oil retention.

Final drive systems. Survey of modern bevel aund hypoid final drive arrange-
wments; conventional arrangements of front-mounted engine driving. rear wheels;
Eront-wheel drive from front-mounted engine; rear-wheel drive from rear-
mounted engine. Jubrication and oil retention.

Steering systems. Survey of modern types of beam and independent wheel
suspension.

Principles underlying caster, camber, wheel alignment and king pin 1ncllnq—
tion.

Methods of checking steering angles and wheel alignment on vehicles. Steer-
ing gearboxes; principal types, their action and adjustment,

Suspension. Independent wheel suspension systems, Fffects on wheel geome-
try of dead load, driving and braking leads and steering deflections under
varying road CDndlthHS; resulting effect on such items as ‘tyre wear, heavy
steering and 'toe ocut' when cormering.
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Dnmpers;_ldstallation, adjustment and maintenance,

Brakes; Drum brakest ‘action of leading and trailing shoes in drum brakes.
Friction lining, materials: brake fade. Action of hydraulic systems with
details of component parts. Brake fluids; their selection; precautions in
use; bleeding procedure. ‘Adjustment of brakes and their operating controls.

Disc brakes.

Road whdels and tyres. 'Common types of pressed steel disc and wire spoked
wheels, =~ Hub attachments. Survey of common tubed and tubeless tyres. Tyre
sizes and designations. Tyre fitting and care. Static and dynamic balancing
of road wheels. The characteristics of materials used in tyre construction.
radial and cross-ply construction.

Effect of tyre construction and pressure on steering and road holding.

Testiﬁg{fZVehicle'iuspection for road worthiness in accordance with existing
regulations: compilation of reports.

¥ail safe lyre.

Scheme of Practical Work

NOTE: Throughout the course the need for the requirements of safe working
should be stressed and the correct procedurce demonstrated.

First Year

Inspection of the layout and the main components of a car of conventional
type. : '

Inspection of the layout and the main components of a cormercial vehicle of
conventional type.

_Inspectioh'of alternative drive arrangements on cars and commercial wvehicles,
Dismantliag a four-cylinder, four-stroke engine and a two-stroke (3 port)
single cylinder ‘engine, noting the sequence of operations and the name and
function of each part. Assembly of the same engines. Inspection of other
engine and their component parts with special reference to alternative ar-
rangements of cylinders and crank-throws.

Inspection of valve arvanpements aund operating mechanisms.

Settiing specimen tappet clearances. Measturing valve lift for various augles
of crankshaft rotation using a dial gauge,
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Inspection of main. items of electvical equipment, including wiring details.
and connections of .a typical coil ignition system. Dismantling and veas-

sembl ing a distributor., Cleaning and ad;ustlng spatrk plugs and distributor
contact gapb to qpec;fzcatlon. .

lnspgction of a typlcal fuel qupply syslem for a four—cyllndet englned motul
car, 1nc]ud1ug piplng detail. :

Dismantling and reaSspmblihg the cooling system of a four-cylinder engined
motor car noting the functions of the radiator, thermostat, circulatiag pump
and connections,

Dismantling and reassembling a single-plate clutch, noting sequence of opera-
tions and the name and functions of each part.' Particular-reference should

be made to provisiéns'for adjustment. Dismantling a three- or four-speed
gearbox noting the sequence of operatlons and the name and function of each

part.

Particular reference should be made to the methods of engaging geavs and any
provisions for adjustments. Reassembly of the sapme gearbox.

Dismantling universal joints noting the sequence of operations and Lhe func-
tions of each part.

Checking an open type propeller shaft for straightness and correct alignment
of universal joiats.

Dismantling a rear axle noting the sequence of operations and the name and
function of each part. '

Assembly of the same rear axle.

Inspection of alternative types of final drive gears with particular refer-
ence to bearing arrangements and provision for adjustment.

Determination of movement (velocity) ratios by measurement,

Removal and refitting of oil seals.

Inspection of a front axle and steering system to show the effect of error

in Erack alignment of front wheels by means of a scrubbing board; correcting
the error.

Dismantling and reassembling of a steering box, noting the sequeace of opera-
tions and the name and function of each part with special reference to provi-

sions for adjustment,

Inspection of a braking system. Dismantling the components, notfag the name
and function of each part.

Reassembling the brakes with particular reference to provision for adjustf
ments.
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tnspect ion Of a typical frame for a private car or light commercial vehicle
with particular Ieference to the attachment of engine mount ings, suspen51on
unltb and brakes.

Examination of_variQUS types of bulb and vehicle lamps. Provision for align-
ment and head'lamps.

quing and 1nsu1at1ng of - COHnCCtIOﬂS for starter motor cables. Methods of
ualng light cab]e connectors.

Dlsnantling, examining and rebu11d1ng a demonstration lead-acid cell noting
the functlon of each " part and the material of which it is made.

Mixing éommercial sulphuric acid with water te given specific gravity with
special reference to the safety precautions necessary in mixing operations.

The use of values of specific gr1v1ty and veltage to assess stage of charge
~and general condition of cells.

'foaminﬁation 6f cells with known fFaults,

IntrodULtion to the COmmon f1tt1ng t001Q, including screwdrivers and span-
ners; instruction in thelr care and usec.

Rorkshop tests to identify common irons and steels and to show their physical
properties, as related to their use in the motor vehicle.

The use of the sensitive drilling machine; methods of holding work; safety
precautions. Simple exercises in drilling with twuist drills; the 'drawing'

of holes when drilling.

Use of the off-hand grinding machine for sharpening Bench tools; safety
precautions.

Simple soldering; soldering nipples on copper plpes, making, insulating and
finishing a simple soldered joint in stranded light cable {(without cennectors).

Soldered joints and patches in sheet metal.

The use of taps, stocks and dies. Methods used to remove broken or damaged
is studs,

Methods used to reclaim worn or damaged threaded holes.

Use of calipers for taking aud transferring dimensions. Use of micrometer
for measuring external aud internal sizes.

Sccond Year

Complete dismentling and reasscmbly of an engine to include the following:

Examination of all parts listed under technolopgy. Valve grinding and valve
seat refacing. Checking alignment of connecting rods, and rectification,
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Measurement and gauging of cylinder bores, ecrankshafts, camshaf{ts and bear-
ing.. Correct selection of pistons, fitting offrings. Setting up and boring
cylinder to specified oversize., : . :

btrlpplng compression—lgnltlon engine for inapectlon.-

Reassembly- Blcoding the fuel inchLion systemn. Tlﬂing of fuel pumps. -
Checking. if 1n39ct01s are functiouning LOFLCCtly whilst the engine: is running,
Checking cylindel compr2881ou.

Examining typical eugine lubrichtiﬁg systems. Pressure testlug with oil,
Dismantling, examining, veassémbling and testing oil pumps of vavrious types
for satisfactory operatlon. Examination of full flow and by- pass types of

oil filcers.

Checking of oil preqsu1e 10110f and by pass Vaiﬁés. Checkiung of o0il pressure
gauges. - . ‘

Reconditioning of water pumps. Pressure test of ‘¢ooling’ bystem for 1eaks.
Simple flow tests through a radiator, as a means of determining interral con-
dition. Testiung radiator plossute caps for satlsfactory operation. Checking

therﬂostats.

pismantling, inspecting and reasscmbling of common types of mechanical and
electrical diaphrvagm pumps. " Testing for satisfactory operation.. Disman-
tling, inspecting and reassembling a variable choke and a constant choke car-

burettor, noting auny special features and adjustments.

Testing secondary cells at different states of charge. Examination and test
of a complete coil igrition system on the vehicle using modern analysing
equipment.

Reconditioning distributors. Timing to engine and reconnecting leads.
Overhaul of inertia engagenent starters followed by correct testing proce-
dures.

Testlng good and faulty spark plugs in pressure chambér in coanjunction with
the oscilloscope.

Dismantiing fuel injection pumps (in-line), checking components, reassembly,
phasing and calibrating. Dismantling various injectors, reconditioning and
testing.

Fxamination of various types of fuel filters.

Examining a single-plate clutch assembly and its details, Testing of springs.
Assembly and adjustment on a cluteh jig.

Dismantling a gearbox and synchromesh device. Checking all items for wear

and correct operation; reassembly and adjustments to interlockiog and re-
mote contrel mechanisms.
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bismaﬁtliﬁg and reassemhly'of a final drive ynit. Methods of meshing teeth
correctly, provision for adjustmenti preloading methods.

pismantling a wheel hub assembly, noting special features relating to methods
of grease retention; assembly and adjustment to correct tolerances. Exami-
nation of steering boxes in service to determine lubrication arrangenents and
pa1nts of wear and adJustment. Examination of an independent wheel suspension
system to determine the p01nts of wear and its effect on vehicle wheel align-
ment. :

Checking of wheel'alignment caster, camber, and king pin inclination on an
independent front wheel suspension system. Measuring turning angles as a
means of ensuring correct setting of steering linkages.

Spring removal and replacement on a suspension system noting any special pre-
cautions to be takcn and provisions for adjustment. Testing and adjustment

of dampers._'

Dismantling and reassembly of brakes; resetting and adjustwment; blecding of
hydraulic systems.. Examination of disc brake assembly.

[nspgction of various tyres as a means of determining any abnormalities.
Static and dynamic wheel balancing.

Practical examination of a vehicle for roadworthiness in accordance with the
existing regulations and making a suitable report.

Sketching and Drawing

NOTE: The aim should be to develop the ability of the student to interpret
drawings together with the facility to sketch and visualise objects at vari-
ous stages of assembly,

First Year

Interpretation of simple engivneering drawings; princxpleq of projection and
their use in.simple sketches of solids; use of line diagrams.

‘the purpose and use of dimensions in sketches and drawings.

Sketching and drawing of simple components in orthographic projection {(first
and third angle) with dimensions.

Introduction to limits and tolerances and their inclusion in the dimensioniag
of sketches and drawings,

Reading of exploded and secticnal vies of components and assermblies.

Geometrical constructions related to marking out problems and to linkages and
mechanisms covered in motor vehicle technology,
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Application of the p11nniplgs of- sketehing and drawing te the production of
engine, gearbox, rear axle, braking, steering and suspension layouts and te
dimecusioned sketches of the components of these systems, includiug some sec~
tional v1ewq and - Qimple qub aqqemblies. '

Line dxagrams, 111uatrat1ng fuel supply systems, eloctrlcal C11cuits, power
paths in txansm1551on syqtems, steeling and buspension linkages.

Conventional representat1on {B.S. 308 - Draw;ng office Practice) of forms and
components in common use iu automobiles: e,p. SCcrew Lhreads, springs, gear
wheels, ball bearings.: '

Second Year

Sketches and drawvings of components. and of simple aqscmb11eq to show opetath
ing principles and materials for compouenls, methods of attachment lubrica--

tion and assenbly.

Use of cress-sectional views. Application to the vuits dealt with in motor
vehicle technology with particular reference to engine cylinders, pistons,

connecting reds and valve gears} carburettor details and fuel pumps; water

pumps and thermostats; lubrication tomponents and details.

Sketches and drawings’ of electrlcal Lomponenta, contact breaker, distributor
unit with provision for automatic advance and retard: sparking plugs of vari-
ous types; starting motors and cngagement gears.

Sketches and drawings of various types of clutch and operating mechanisms :
gearboxes, including details of synchro-mesh and interlocking mechanisms:
steering boxes, '

Line diagrams illustrating engine lubrication systems: valve arrangements
and camshaft drives; fuel supply systems for compression-ignition engines;
air and water cooling systems; civecuit diagrams for ignition and starting
motor systems; clutch and brake operating systems both mechanical and hydrau-
lic. |

Geometirical diagrams to show the ideal conditions for steered wheels to give
truc steering. The layout of the Ackermann linkage. :

Intvoduction to the plotting of loci of piston movement in relation to crank-
angle displacement; valve timing diagrams and the construction of an ellipse.

Introduction to the triangle and parallelopram of forces and simple vector
diagrams, Application to operating mechanisms,

Mathematics
NOTE: Part of this syllabus will be revision and extension of previous work

in the secondary school and the time spent on revision will depend on the
standard of attainment previously reached. Mathematics is needed as a tool.
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Its treatment and all work done should be closely associated with the teclh-
nology, science and laboratory work. There should be considerable practice
in calculations interpreting aund supporting the associated vork in technol-
opy and science,

First Yeax

Simﬁle workshgp‘applications of fractions, decimals, proportions and percen-
tages; use of rough checks. N

British and_metric systems of length, area, capacity and weight with particu-
lar reference to units in common use; their conversion. The American gallon

and short ton.

Perimeters and'areas of right-angles, rectangles and ¢ireles with practical
applications. Volumes and weights of rectangular solids and cylinders.

Introduction to tolerances'and to clearance and interference fits. Limits
of sizes with associated calculations,

The principles of the micrometer and of vernier scales.

Simple”équations leading to simple forrnulac and their manipulation, workshop
applications.

Angles and their notation (excluding radian notation) up to 360°.

Propertiés of the ripght-angled triangle. Use af tables to find squares and
square voots for whole numbers greater than unit. Application to simple
problems on the right-angled triangle.

Introduction to graphs with applications to experimenlal readings and tabu-
lated information such as valve lift against crankshaft angle, speed apainst
time from tabulated figures for vehicle performance tests. '

Second Year

Setting up of calculations; the extraction and cancellation of common factors.
Introduction to logarithms to base 10 and their use in caleulations involv-
ing multiplication, division, squares and square vroots. Description and use

of slide rules for similar calculations.

Graphs; slope of a graph; the forms of graphs ‘obtained by plotting from equa-
tious, y = ax + b; y = ax’; y = ax’. Engive and vehicle perfermance curves,

Algebré; the solution of simultancous equations in two variables by simple
substitution and by plotting graphs. :
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Products and factorization of the simple expressions:

(a + b)(a f'b) = a% + 2ab 4 b2 -

{a + b)(a — 5) a’ - 2ab + b2

(a + b)(a - b) 2. p?

it
Y]

aund graphical representation where appropriate,

Aveas Of.irregulaf.figﬁres, platted on squared papeflby coUhtingrsquares 5ﬁq

by the use of the mid-ordinate rule.

Trigonometrical_ratios (sine, ¢osine, tangent) and radian measure for acute
angles, with particular reference to angles of 0°, 30°, 45°, 60° and 20°; use
of four-figure tables.

Science

KOTE: Part of this subject matter will be a revision and extension of pre-
vious work done in the secondary school and the time spent on revisfon will
depend upon the standard of attainment previously reached.:  Emphasis should
be placed on the experimental work and on the applications of fundamental
science in motor vehicle technology. The treatment generally should be
qualitative except in the case of started items where simple calculdtions -
are required. ' ' E

First Year

Heat And The Proporties O Matter

*Simple concept of the natire of heat: measufement of tempcrature, use of
mercury-in-glass thermometers; comparison and conversion of Fahrenheit and
Celsius scale readings.

Convenction, conduction and radiation of heat.

Expansion and contraction of solids, liquids and gases when heated and cool-
ed. '

€hange of state:'melting'and sdlidificatioh; evaperation and condensation.
Melting point of common metals (iron, steel, aluminium, solder), '

Freezing points and boiling points of water, petrol, anti-freeze solutious
and electrolytes, ' '

Elementary qualitative treatment of chauge of pressure, volume and temper-
ature of gases,

- 138 -



Density and specific gravity of solldqand llqu1ds.

Simple concepts of the dlscharge of water and air through pipes and orifices
due to pressure difference,

Mechanics

‘The effect of force in stretchlng, bendlng, tw1st1ng, and shearing. lmnits of
force. : :

sMoment of a force about a p01nt or an axis; leverage w1th exanples of its
workshop and vchicle ﬂppllCﬂtlonS. Concept of a torque.

#Introduction to - linear and rotational 3peeds with practical applications to
engine and plston speeds, wheel and vehicle speeds.

*Introduction‘to_the concept of acccleration.
*ork done by a cdnstant foice; work done by a constant torque.

*Power: the horse power; the watt as a unit of electriecal power. Conversion
flom horse -powet to watts. :

nThe 51mple machine as exemplified by a gearbox or by a lifting jack.
Movement ratio {velocity ratio), force ratio and forque ratio. Ffficiency

as the ratio of work output to work input.

Elementary treatment of friction and its ¢ffects; useful and wasteful Fric-
tion for different materials.

Effects of lubricatfon.

Friction and its application for clamping devices and in the transmissions
of forces and torques.

*Rear axle transmission systems, steering systems, operatingmechanisms of
clutch, gearbox and brakes as simple machines. Intreduction to overall
speed ratios.

Force; graphical representation of a force.
Graphical determination of the resultant of two forces acting at a point;
resolution of a force into two components at right-angles to each other,

Forces on bearings in work gear, helical gear and bavel gear drives.

“Simple cases of direct tensile and compressive stress and strain; effects
of length and area of cross-section.

Electricity

Flow of electriexty necessity for a complete closed circuit; general idea of
electrical conductors and insulators with common examples found in motor ve-
hicles,
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The 'earth return' system.

The poq51b11itv of connecting electrlcal conducting devices in qeries and
parallel ¢onnections. The idea of eélectric current as the rate of [low of
electricity, demonstration that an electric. current has heatxng, magnetic
and chom1ca1'ef[ects, with simplé examples taken from the motor vehicles.

The_ampere as a'unit Of cufrenl.

The idea of electrical potentlal dlffexence dS Lhe electrlcal pressure
causing the flow of electricity.

The volt as the unit of pqténtial'differencé. ‘Voltage = electrical potential
difference. ' ' ' S ‘ '

The relatlonshlps between the current prOdUCLd and the VOltage requ1ted to
produced demonstrated tlth several different 51mple c1rcuit elenents, C.E.,
fixed tesistor, coil of an electromagnet and then with these in series with
one another.

Discovery of the fact that the ratio of voltage applied co current produced
is generally a constant for a given cireuit element. Conc1u510n that this
ratio is of the nature of electrical resistance.

The ohm as the unit of resistance.

The relationship between the total voltage applied across a number of series-
connected circuit clement and the voltages across the individual elements,
and between the total resistance and the individual resistances.

The relationship between the total current taken by several circuit elements
connected in parallel and the individual currents taken by each of the

separate circuit elements.

Determination of the dirvection of currents and 'sense' of voltages with ap-
proximate values in a multi-resistance circuit using trial-and-error methods.

The heating effects of an electric curreat and the power consumed,

Fall of potential along conductors; voltage drop in leads with special refer-
ence to starter circuits.

*Voltage and wattage ratings of typlcal lamp bulbs; determination of currents
from ratings.

General principles of systematic testing of circuits,

Methods of connecting and switching lamps; diﬁming and other control devices.
Factual description (without any attempt to explain electro-magnetic induc-—
tion) of how a spark is caused at the sparking plug point,

The primary cell as a device for converting chemical ene-gy inte electrical

energy by creating an internal voltage. The secondary cell as a reversiblce
primary cell.
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Lead- —acid’ bﬂttcries, dOSLTlpl]D" of charge and discharge processes. FElemen-
tary treatment (without the use of chemical forrmulae) of the effects of
charge and discharge on the plates. Undesirable sulphation.

Compnq1t1on of cleclrolyte, variation of specific gravity with the state of
gharge, measurement of specific gravity by hydrometer.

Variation_with‘SPQCifjc gravity of resistance, of freezing point, and of
1iability to sulphation.

Battery capacity; the ampere-hour as the unit of capacity; capacity rating
of batteries.

Varlation of voltage during charge and discharpge; effect of charge and dis-
charge at different rates with reference to starter-molor use.

Second Year

Materials

Introductory treatment of the effects of loads on structural members. The
reanings of load, strain, stress, elasticity, plasticity, brittleness, hard-
ness and toughness. Au outline of the mechanical properties and uses of cast
iron, carbon steels, alloy steels, copper, bronze, brass, light alloys, zinc
and bearing metals as applied to vehicle components.

Lubrication

Viscosity of a lubricant. Tts variation with temperature, viscosity index,
Multigrade oils. Simple treatment of the theory of bearing lubrication.

Heat

Quantity of heat; the Btu, chu and calorie. Specific heat. Comparisens of
the gpecific heats of cormon materials (including air and water, with par-
ticular reference to cooling media). Meaning of absolute pressure and Lempev-—
ature of a gas relationship only. The specific heat of a £as uinder constant
pressure and constant volume conditions.

Simple Chemistry

Elements, compounds, mixtures and alloys. The distinction between atoms and
molecules and belween physical and chemical changes. The composition of Lhe
air, simple treatment of oxidation. Elementary treatment of the chemical
reactions involved in the combustion of carbon, hydrogen and sulphur. Fuel
of spark and c0mpre351ou—ignition engines, their properties and composition,
calorific walue, Veolatility, [lash point and specific gravity.

*Quantitative treatment of combustion o{'hydro—carbon fuels to determine air/
fuel ratio and its exhaust products.
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Effects of variation of mixture strength on engine performance; its side
effects on engine components such as valves, cylinder walls, and spark plugs.

Electricity. -

Simple treatment of the structure_of:matter to illustrate an eleetric current
as 'a flov of electrons', ' Distinction betwcen conductors and insulators,
Necessity for a complete conductive circuit with insuiation., Type of insu-
lators., : : . oo _

The simple effects of an clectric current. The ampere. ' Construction and
use of ammeters for measuring current a.e¢. and d.c. :

Electro-motive force. The main sources of e.m.f. used in motor vehicles.
.Brief mention electrolytic cells, generators, thermo couples, and light-
sensitive cells, : : ‘

Potential difference. Construction and use of voltmeters.

Resistance. Dependence of resistunce upon material, dimensions and temper—
ature of conductor.

Resistivity,
*%0hms' Law. The relation between current, electromotive force and resistance.
Current distribution in series and parallel circuits.

*Power. The watt as the product of curvent and voltape. Relationship be-
tween electrical and mechanical power.

Combustion

The combustion process in spark and cowmpression-ignition engines. Causes
and effects of detonation, pre~ignition, diesel krock and anti-knock rating
of the fuel. The need for octane or cetane rating to suit a specific combus--
tion chamber and compression ratio. The use of additives to control detona-
tion and deposits.

Mechanics

*Friction. Simple tveatment of the differences in friction between dry and
lubricated surfaces. Coefficient of friction. Friction torque in bearings,
clutches and brakes. Heat generated and power lost in frictfon. Useful and
wasteful friction,

#Machines. Movement ratio (velocity ratio) and force ratio; the efficiency

of mechanical lifting devices used in motor vehicle repair shops and motor
vehicle mechanisus, '

- 142 -



sinple and compound gearing as used in transmission systens.

*The vector representation of forces. The effects of two or more forces
acting at:a point: the parallelogram of forces! composition and resolution
of forces; the triangle of forces.

The action of leaf springs, coil springs, and torsion bars.

#The momeat of a force: the principle of moments and its application to
simple~supported and c¢antilever beams and to straight and cranked levers,

Couples: torque.

*Acceleration. Distance, time, velocity and acceleration relationships for
wniform acceleration. Relation between mass, force and acceleration.

Heat kngines

Cycles of opération: constant veoluwre and constant pressure cycles, their re-
fationship to the spark-and compression-ignition engines.

Testing of spark and compression-ignition engines for torque and b.h.p.

*Characteristic b.h.p. and torgque curves. Relationship between torque and
b.h.p.

The effect of ambient temperature and barometric pressure on engiue output.
Factors governing volumetric efficiency and power output,
NOTE: This programme of experiments and demonstrations is intended to es-

tablish the classwork in Science and should be closely related to the class-
wvork and the associated Technology and Practical subjects.

First Year
Heat And The Properties Of Matters

Experiments to show relative temperature readings on Fahrenheit and Caleius

scales.
Simple experiments to show the relative conductivities of different metals.

Experiments to show that water is a bad conductor of heat aund transmits heat
by convection currents,

Experiments to show heat radiation from bright surfaces and absofption by
dull surfaces.
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Experiments to show that sollds, llquidq and gaaes expand wheu heated and
contract vhen cooled. . :

Compariéon bf_expansions of dif[erpht'meials such as stéel, copper aluminiun.

Experiments to detelmiue the meitlng pointq of ice, of wax, of solders and
low melting- p01nt alloys with obsenvat1on of therm11 and appearanCLs changes.

Experiments to - determlne the b0111ng p01nts and the freerlng poian of water
and ant;—fleeze solutions.

Experirents to show the effPLt of temporature on’ (a) the volume, (b) the
pressure of a quantity of. air. - : C '

FYpETIWG“tS on the relatLve den51t1es of \atel. 011 aluanium and bteel
S1mple experiments to show that the dlscharge of water through pipes 1nd ori-
Fices varies with the pressure and pressure head,

Mechanics And Materials

Experiments using dial gauges to show the types of strain produced by differ-
ent loadings and the difference between elastic and permanent deformation.

Simple experiments on straight andbell-crank pivoted levers to show the effects
of (a) perpendicular forces, (b} iuclined forces.

Measurement of torque applied by spanners; calibration and use of torque wrench.
Using the voltmeter-armeter method for measuring the resistance of components.

Experiments with a wheel to show relationship betwcen linear and angular
speads; applications te the engine mechanism,

Experiments to show work being done by a force and by a torque,
Experiments on typical '"laboratory' machlneq and on auwtomobile units (gear-
boxes, vear axle drives, steering gears, operating mechanisms) Lo méasure

movement ratios {velocity ratios), force ratios and torque ratios,

Expeviments to demonstrate the addition and resolution of forces and the re-
lationship between three forces in equilibrium acting at a point.

Friction experiments on a horizonta] plate including (a) metal to metal, (b)
brake lining to metal, (c) effect of an oil film in each of these cases, (d)

effect of dlfferont 1ubr1canls.

Experiments to demoustrate the part played by [rlction in transmitting forces
and torques in clutches and fan-belt drives,
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Tests on wire qpeCime".rEIﬂti“g load and extension to stress and straji-com—
parison of strengths of ecast iron, slcol and aluniniem under similar condi-
tiohs of loadxng.

Flectricity

}hpeliments on buildlng up 51mplc c11cu1ls with several lamps connected,

first in series and then in parallel, to a suitable battery and noting the
effect on llght intenslty JIdentification of corresponding ends of concealed
wireb.

Use of a metal frame or bar as an 'earth return'

Use of @ volimeter applied acro-s severall parts of these circuits to show
individual and COﬂblned voltages and to demonstrate that VAD = VAB + VBG +
vep.,

Sirmple experiments to demonstrate heatiug, chemical and magnetic effects of
an electric current measuring the current by an ammeter.

Heasurement ol currents and voltages in the several parts of a simple series
circuit to show that there is only one current value, Measurement of total
and braneh currents in a circuit consisting of a battery feeding at least
three lamps in parallel with branch circuit switches ko show that It = Ia +
Ib + Ic.

Use of voltmeters to measure the fall of potential round a compound circuit.

Simple experiments to measure the power consumed in a civcuit and its conpo-
nent parts,

Simple experiments to relate heating effect to current.

Using an chmmeter to measure the resistance of conductors of different rate-
rials, dimensions and temperatures. Resistance of laips. '

Using the voltmeter-ammeter mechod for measuring the resistance of components.

Measuring the 'rating' resistance of lamps to compare low-temperature resist-
ance with normal high-temperature resistance. -

Tracing of hidden wiring in a box fltted with three or more: sw1tches, bulb
holders and terminals, which are connected inside the box.

Fxperiments on typical vehicle lighting circuits, including fuses and control
devices,

Experiments on a simple coil-ignition set to note how the spark is affected

by speed and gap width,
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Measuring open circuit and load voltagcb and cuvvents Ubing dly ptimary celly,
charged and dlschargcd SLCO"dﬂTV cells.

Experiments on spécific gravities of electrolytes using a hydrometer.

The cffect of change in speclflc grav1ty ou rcsistauLc and fr0021ng point af
electrolyte, in a dlscharged battery. :

Determination of cell.éhpacity by discharge test.

Comparison of voltages and specific gravities during charge and discharge.
Second Year

Simple tests on related materials to show the effects of tension, shear, and
compressive loads.

Boyle's aund Charles' Law experiments. Fxperinental determlnatlou swept
volume, clearances volume and compression vatio.

0il viscosity tests of various itubricants, using an ovifice type of visco
weter. Comparison of the oil delivery {rom new and wara pumps aver a range
aof speeds at a fixed pressure,

Specific heat experiments.
Testing of thermostats for operating. temperatures.

The determination of the calorific value and flash point of a typigal hydro-
carbon fuel, :

Testing condensers for capacitance and insulation. Testing the circuits of
a coilignition system with adjustable test gaps. Use of a rotating gap to
show the effect of the centrifugal auto-advance mechanisms; low battery volt-
age, poor and hadly adjusted contact breaker points; a disconnected condens-
er; a leaking high-tention lead; speed of operation. :

the use of an oscilloscope for complete checking of the ignitionsystem.

Measurcoment of the locked torque and current of a starter motor, the voltage
drop across the swilch leads and brushes, and in the battery itself.

Observat ioa of the variation of current during an actual engine stalting
process. : :

Use of a model clutch to demonstrate the effect of mean-radius and spring
pressure on the torque transmitted by the clutch,

Serew jack and simple machine experiments; Test on a vehicle to ascertain
the overall ratio hetween the engine and the road wheels in various gears.
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simple force board experiments.

simple beam veaction expcriﬁeu;s. "Experinents to show the relationship be-
gween the force exerted on the brake pedal and the force developed at the
brake shoes. Dewonstration to show the effect of braking cn the front wheels,
on the rear wheetls and on atl fourvheels.

pemonstration to show the qffeéts of unbalanced wvheels.
Uséiof_dynamoﬁQLQr:to determine torque, g.h.o. and b.m.e.p.

Specific fuel consumption tests to determine the thermal efficiency of both
spark-ignition and cbmpressionHignitiou engines.

parvt 11

Motor Vehicle Technology

Third Year

Combustion chamber shapes (including shapes of piston crowns) in both spark-
ignition and compression-ignition engines. Piston rings; special types.
Compression and eil contvol ring faulis,

Crankshafts; attachment of fly wheels, timing gears and pulleys.

The 3ction_énd nmounting of crankshaft dampers.

Petails of valves, valve guides and valve seats.

Use of valve timing diagrams.

Operation of C.I. engines on the two-stroke cycle.

Forced air supply,

Balancing of crankshalts: balance weights.

Carburation; special features of modern carburettors, including the principles
of operation of automatic chokes and double venturi interconnected throttle
valves.

Tuning and synclironisation of nulti-carburettor layouts,

Supercharging compression-ignition and spark-ignition engines. Types of
super—-chargers.

Fuel injection equipment. Types of governors used, Correct adjustment of
Pump stops.

- 147 -



Distribﬁtor"type pump,.its construction, action and operating characteristies,

Cold-start devices fov COmpression ignition engines: heater pliugs, decompres-
sors, ethér spray, induction manifold heater; types of heavy duty starter

motors.,

Cooling éyétems} pressurizéd and sealed systems. Engine temperature gauges;
arrangements for water supplies to vehicle interior heaters.

Coil igﬁiiioﬁ.éystem; theer of;;pafk generatidﬁ by electrbmagnetic ihduction.
Distributoréi-infiueﬁce'bf‘dQéil:énglefon coil peffofﬁahcc.: |
Multi-contact-breaker arraﬁgEménts | |

Transmission clutches:.diaphrégm Spfing operation.

Multi-plate clutﬁﬁés. Hydrahlic.érrangements'for diseuéagement.
Centrifugally-operated c¢lutches. | |

Fluid [lywheel {for coupliﬁg): its cbnsttuciioﬁ aﬁd action.

Three-element torque convertors.

The three-element eéicyclic.géaf traing élementary consideration of auto-
matic gearbéxes and overdrive units; freewheels and their uses. Constant
velocity universal joints. Final drive systems incorporating worm drive

vnits. Four-wheel drive arrangements and multi-drive axles for heavy com-
mercial vehicles.

Lubricants: specification of oils and greases for special purposes for
engines and transmissions. Use of additives in the blending of oils and g

greases.
Steering systems; testing equipment used. Rectification of steering faults,
including front end vibrations. Steering dampérs. Power-—assisted steering

for cars and commercial wvehicles. Principles of steering assistance instal-
lations; desirable characteristics.

Suspension; effects of faulty dampers on vehicle behaviour.

Cormercial vehicle chassis frames aud suspe eitsion arrangements, 1ncorporat1ng
leaf and coil springs.

Distribution of leoads and torque reactions.
Brakes: testing, static and dynamic testing equipment. Braking efficiency,
its measurement in relatrion te acceleration aud stopping distance, The use

of booster devices and pressure limiting valves ip hydraulic systems,

*Transfered to &4th year Pract., syllabus.
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Genevators: ccnstrudtion31'details.Qf-d.c,-aud a.c. generator systems used
in vehicles and of permaneit-magoet type motors and generators. Types of
" cut-outs and regulators. .

Vehicle structure: description of the general principles of composite and
integral methods of construction. Typical attachments for engine, exhaust
systems, suspension and other mechanical units to body structure.

Relding: storage, handling and safety in the use of welding equipment:

choice af equipment and principles of operation for both gas and are welding.
spot welding. : _ _

Fourth Year

Enéfﬁés:%acfofé.affepting'the layout of manifelds, induction and exhaust Sys-
tems: alr cleaners and silence;s.

Priﬁciﬁlégﬁo['pefrol.injection systems: advantages and disadvantages..
Surve}.of rodern types of petrol injection systems.

Operating principles 6f the gas turbine engine for automotive propulsion,
.Operafion of the rotor type (Wankel) internai combustion engine.

Transmission. Operating principles of the hydraulic and wechanical systens
in automatic geavrboxes.

Hethods of testing automatic pearbexes.

Brakes. Ahtomatic'adjuéting devices xx Duwal braking circuit including
Tandem Master cylinder

Servo-assisted brakes, including continuous flow hydraulic type. -
Power~operated brakes (air-pressure type).
Auxiliary brakes; eddy current, hydravlic and exhaust types.

Steering effect of tyre characteristics on slip angles, cornering force and-
self-aligning torque. '

Over and under-steer characteristics of vehicles. Geometry of Lwin—éteering
linkages fer the front axles of commercial vehicles. ' o

Suspension. Effect of suspension on steering and stability, Vehicle roll
cenktres.*

Use of anti-roll bars.

Rubber, air and liquid suspension systems. - Gas filled damper.
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Final drives. Limlted slip differential arrangements, dlffelential locks.
Two= speed and double-reduction axles fot commercial vehicles.

hlectllcal‘ ﬁunlyQ1q OE cnmplete uiring systems for automoblle fault locat10u
and 1epa11. :

Fault diagnesis. Instructlon in.the use of spec1al cquipment developcd for
testing automoblle electrlcal CerUltS and unlts.

Techniques of fault diagnosis.

Semi-conductors. ~Application to transistorized ignition circuits and gener-
ator countrol systems, :

*(Add.) 'Negative roll radius.

Scheme of Practical Work

Thrid Year

Examining of eangine parts and other mechanical component with special refer-
ence to those that have failed or proved faulty in service.

Techniques of fitting valve guides, seat inserts and cylinder liners.
Opening up and examining a crankshaft damper.

Examining medern carburettors with emphasis on special features.

Practical tuning of multi-carburettor arrangements on a funning engiﬁe.
Examination of superchargers.

Practical testing of mechanical and vacuum type governors on in-line pumps.

Examination of a distributor-type pump, including testing on a suitable puap
test bench, |

Examination of cold starting devices.

Examination of pressurized and sealed cooling systems to include vehicle
interior heater arrangements.

Practical testing on an ignition system rig to assess the effect of incorrect
gap setting on dwell angles and coil performance. Testing of automatic and

retard mechanisms.

Examination of various clutches, fluid couplings and torque convertors noting
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special features in cach case, :Adjustment of operating controls where ap-
plicable. S :

pismantling, examining, rebuilding and adjusting an overdrive unit,
rxanination of éOnstant velacity universal joints,

Dismaptling comMQrcial vahicle final drive worm hypoid units, noting arvange-
rents for adjustments.

Assembly to correct clearances and preloads.

Dismantling;chamiqingrrebuilding and adjusting a power-assisted steering
wit, iuncluding the hydraulic pump system.

Removal: and yefitting of suspeasion components with special reference to
safety precautions,

rxamination' of hydraulic brake booster devices and pressure limiting valves,
including the Inertia sensitive type.

Testing -and tuning a running engine (spark ignition) using pressure aud
vacuum gauges, stroboscopic timing lamp and other forms of modern analysers

and tuning equipment.

Fxamination and testing of vehicle generators, Examination, testing and
adjustment of output control units.

Examination of vehicle body parts with emphasis on the requirements for
strengfh and vigidity at the points of attachment of wajor components,

Practical repair of body, wing and door damage,

The use of hand and hydraulic equipment in body repairs.

Practical workshop tests for brazed and welded jointé in sheet mild steel.
Further emphasis on safety precautions and care of welding equipﬁéﬁt..

Car radio installation.

Use of scryeening and screened leads,

Aerial fitting:'importance of correct insrallation and weﬂtherprobfing.
Diagnosis of interference and its supprcésion.

Pody repair: vepairs to bodywork, wings and doors, due to minor accidents or
rust, Straightening stretched and buckled panels. Removing siges of damage.

Relative merits of *‘filling in' by metal and plastic fillers.

Checking chassis for distortion. Chassis frame repairs.
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Places of potential weaLnQQQ.'-Checking alignment of car and commercial ve-
hicle ftames. a S

Paiut shop: ‘modérn painting processes For road vehicles.

Comparison of method and process.

Fourth Year

Examining manifolds and exhauat qutemq with spec1al regard to ldyout and
arrvangement for efficient functioniug

Engine tests with varied maniforld andIQXHEUSt layouts;_

Internal examinat ion of automatic gearboxes w1th the praetlcal test1ng of at
Jeast one type. :

Examining automatic brake adjusters, servo-assisted brake units and a power-
operated brake system with special reference to servicing and any special
equipment required. Inspection fo an exhaust braking vnit, 1nc1ud1ng the
method of cutting off fuel supply,

Checking geometry of twin steering front axles.

Examination of rubber, air and liquid suspension units with special reference
to servicing and any special equipment required.

Investigation ¢f load-deflection characteristics.
Inspection and demonstration of the action of a limited slip differential.

Examination of a two- ~speed axle and a double-reduction axle with SpCClal
attention to provisions for adjustments of coutrols.

Complete checking of an automobile electrical system with particular refer-
ence to the correct use of instruments and techniques of fault diagnosis.

Examination and testing of a transistorized ignition system and a traus-—
istorized generator control system.

Inspection of engines and other mechanical components for wear and incorrect
adjustments.

Practical tvacing of car radio interference and its suppression.
Practical checking of chassis alignment (cars and commercial vehicles),
Practical repairs of body, wing and door damage.

Diagnosis of faults by Rolling road inspection and or road test, Checking
speedometers and tachometers.
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Sketching and Drawing
Third Year

Introduction Lo isometric projection as a basis for sketching component parts
in good proportion and for the preparation of pictorial vicws from drawings
in orthographic projeciien. ‘

Geometrical construction related to perpendiculars, angles, chords, tangents
and ‘arcs in the drawing of profiles and templates. Gear tooth profiles: eom
struction of the involute curve (using tracing paper). Standard gear wheel
nomenclature, the pitch circule, diametral and module pitch, addendum, de-
dendum and pressure angle.

Construction of typical cam profilés for [lat and curved followe-s.,

sketches and drawings related to the work in motor vehicle technelogy with
particular reference to layout drawings and scctional views showing main
design features, component constructionand assembly, related to compression-
ignition engines, fuel injection pumps, injectors and nozzles: dynarnos and
alternatora, including ecut-outs and vibrating contact regulators; independent
front wheel suspension systems: steering systems incorporating a power-assist-
ed circuit; final drive systems used in heavy commercial vehicles.

Fourth: Year

Sketches and drawings of typical body layouts, engine aﬁd spring mountings,
to show constructional details and methods of attachment and assembly.

Line diagrams of oxy-acetylene welding equipment, including torches.

Conventional representation of body details; interpretation of weld symhols
(B.S. 499, Part 7, 1965). :

Sketcﬁing and drawing applied to layout, assembly and compdnent detai1s.t0
cover the scope of the motor vehicle technology syllabus. :

Sketches and drawings of special tools, clamping devices, brackets and test-
ing equipment to show methods of construction and use: provision of essential
dimensions; principles of geometrical layout and alignment measuvements of
equipment for checking steering and suspension systems. _ :

Extension of the application of vector diagrams to velocity diagrams for the
slider-¢rank-chain mechanisms used in wotor vehicles and reciprocating engings
and to problems in the balancing of single-cylinder and multi-cylinder in-
line engines. :
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Mathematics
Third Year

Pormaticn‘bf:equations énd'formulae for simple probléms; setting out of equa-
tions, formulae and calculations involved in solutions.

Extension of the use of logarithms to negative and fractioval indices, ap-
plications Extension of the use of logarithms to negative and fractional
indices, "applications for formulae:

P - v = Py = Pave and TV = v Ll

Solution of quadratic equations of the form ax® + bx'+ ¢ = o, including graph~
ical methods.. : : i . ‘

Interpretation of plotted information, including the détefm{untidh‘of_thc
equation to a straight line and -the meaning of the area enclosed by a curve.
Graphs of the velocity/time and distance/time for motion with uniform accel-
eration. - : :

‘Surface areas, volumes and weights of common solids for prismeoidal, cylindri~
cal, conical and spherical shapes,

Sine, cosine and tangent of angles from 0° to 360°. Craphs of these func-
tions. :

Use of sine and cosine rules (without proof) for the solution of triangles,
with applications to problems on triangles of foreces aund the slide-craonk-chain
mechanism.

Fourth Year

The use of binomial expansions for engineering approximations, Elemeﬁtary
statistics applied to stock control and quality éontrol; arithmetical mean,
mean square and standard deviation. Typical frequency histograms and dis-
tribution curves. '

Graphs; determination of laws reducible to linear form, including logarithmic
transformations for laws of the. form PYN = ¥, Slope of a line; tangent to a
curve, meaning of a differential coefficient. :

Differentiation of a simple expression such as y @ ax", y = ax? + bx + c;
y = sin(ax + b); v = cos(ax + b, Integration as a process of summation and

as the reverse of differentiation.

General application of differentiation and integration to typical problems
encountered in motor vehicle technology, such as: work done during expansion
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ol s - . -Eh, :
and compression to the law PV = constant; relation of distance, time, ve-
jocity and acceleration in uwnformly accelerated motion, simple harmomic motion
and In the motion of a plston in.a reciprocating engine.

Graphical detcrmznation of velocityltime and acceleration/time graphs for
cam-operated mechanlsms ‘and for the plston in a slide crank-chain mechanism,

Mensuration, including GuldinUs' theorems applied to the calculation of sur-
face’ 1Teas, and volumes of S}mple solids of revolution,

Science
Third Year

Heat, liuear_expansion_of solids, cocfficient of thermal cxpansion, practical
applications; shrink fits, and the necessily to make allowance for the varia-
tion of clearance and interference fits with changes in temperature.
Volumebric éxpansion and contraction of liquids. Need for the venting and
cooling of hydraulic systems. Effects of heat in changing the temperature
andfor state of qollds, tiquids and gases, iancluding sensible and latent heat.
Vapour pressure of liquids.

Heat engines. Approximate methods of estimating indicated hovse-power.

Mechanical equivalent of heat, conversion of heat energy to mechanical energy
and vice versa,. losses invelved and efficiency of conversions, Specific fuel
consunption and thermal efficiency. Engine heat losses and heat balance.
Principles and use of a typical high-speed engine indicator. Consideration
of pressure-volume and pressure~crank angle diagrams. Effect on the form of
the diagram of throttle opening, ignition setting, compression ratio, valve
setting, fuel-injection pump setting and supercharging. Use of the plani-
reter. Determination of indicated mean effective pressure and indicated
horsepower from indicator diagram,

Mechanics., Newton's Laws of Motion. Acceleration due to change in direction.
Centrifugal force: application to velicle cornering, governors and clutches.
Forces involved in vehicle acceleration and braking; problems involving

wveight transfer. Quantitative treatment of the relationship between stopping
distance and brake efficiency. Graphical treatment of work done by a variable
force, the mean value of a variable force. Tractive effort requived to over-
core gradient wind and road resistance at constant speed. The work done by

a variable torque. Power expressed as a product of force and velocity, or
torque and angular velocity. Power availabie, power required. Potential and
Kinetic energy. Conservation of energy., Vibrations and oscillations,
Examples from motor vehicle applications such as spring oscillations, chassis
vibration and valve aperation.

¥requency, periodic time and amplitude.

Fluids. Yluid and atmospheric pressure: pressure gauges. The barometer.
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Archimedes' prin01ple, the hydromcter. Pressure and’ VGlocity hoad of ‘a fluxd
its potential and kinetic energy. "The flow of ‘& liquld through an 6ffice.
llydraulics and tubrication. The movemeént tat1o (veloc:ty ratio), force ratio
and mechanical ‘efficiency of hydraulic jacks and presses. MNydraulic fluids
and brake ‘systems; actions of fluids on natural and qyuthetlc rubber seals,
Use of rolling elements to reduce friction in bearings) lubrication of ba?l
and roller beavings. Pre-lubricated and self- lUleCﬂLCd bearings..

flectrical. Semi-conductors. Simple explanaticn of the functions of the
common types, diode, transistor aud Zener. Alternators. -Acrmature and field
winding arrangements in typical vehicle genetators.x Rectification of a.c¢,
and d.c. by static rectifier. D.C. generators; armature and field arrange-
ments. Armature aud brush gea¥ of typical dynamos., Regulation of output oi
generators by field current control using electtomagnetlc and solid state
regulators. .

Fourth Year

Heat engines. Con51derat10n of 1ntcrna1 combution engine cycles of operah
tion, theorvetical and’ practlcal ‘based ‘on the combustion processes.
Isothermal and adiabaric processes, air standard eEficieucy of the constant
volume cycle (without proof); relativeefficiency.  Practical ranges of air/
fuel ratios for spark-ignition and compression-iguition engines.

Filtration, handling and storage of fuels.

Gearbox reduction torque. Determination of gearbox ratios from the engine
speed ratio. ' : '

Problems involving triangle and polygon of forces wlth spec1al reference to
brake shoes and their reaction on the drum. The relationship betwcen the
pedal effort and the physical dimensions of a braking system -in order to
produce a desired rate of retardatlon for both mechanical and hydraulic
operation. :

Steering gear torques direct and reversed efficiencies of operation.
Mechanics. Instantancous, relative and average'lineaf velocitfes, Angular
velocity in revolutions per minute and radians per second, Velocity vectors.
Centrifugal force and its effect on vehicle stability when on banked and

unbanked roads and tracks, with and without sideways friction.

Sratic and dynamic balanc1n? of rotating and reciprocating parts in single
and nultl—cyllnder cngines,

PrlnCIPIE of harmonic balancers and their action.

Materials testing. The behaviour of materials wheh'subjécted to loads in
tension, compression, and shear, The effects of bending and torsion,
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Relation between toad, strain and stress. Moduli. of elast1city and of rigid- .
ity. The testing of materials ‘to ‘destruction in order to detcrnmine their
claSliL limit, modulus of eclaslicity and ultimale strength,  Tests for hard-
sess. The influence of heat treatment on the strength, hardness and ductility
of carbon steels, light- allqu and copper- alloys. The characteristics of

the commen . types of -alloy steels. ' Fatigue in metals, factors affecting
fatigue failure; recognition of failures due to fatigue.

gstrength of materials. . Beﬁding moment and shear force distribution in
simply- supported dnd cantilever beawms.. The resistance to bending of beams
of rectangulqr, LITCUIGY (3011d and hollow), chamel and I-sections.
Influeice of cross— sectlon and length of resistance to twist {treated quatlti-

tatively). Use of torsional resilience in springs and in shafts subjected
to torque fluctunt1onQ.

Laboratory Work
Third Year

Experiments or demoustrations to show the differential expansion of related
components,  such as piston rings and bore, gudgeon pin in piston or connect-
ing rod beallng and shaft. The fitting of corponents by thermal methods.

© Experiments to. show the flow of fluids through various types of 011f1€05 and
wozzles. The venturi meter.

The morse tesl as a means of estimating indicated horse-power and mechanical
efficiency.

Simple heat balance experiments.

Simple boiler tests to show the relationship between the pressure'on a liquid
and its bolllng temperaturce.

Practical tests on voltage drop in cables and components.
Checking insulation resistance.

Centrifugal force machine experients. Demonstration to show the application
of centrifugal force in a spring-loaded governor. '

Use of dummy rig to measure the turning momeat on the crankshaft for a
given load on the piston.

Simple flywheel experiments to show the energy equation.

Experiments using hydraulic jacks.
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ﬂoaburcn@nt of acceleration forces: Flelcher s troiley or similar Oxperlmentg
Fxperzmentq on pendulums and low-r ate helical and cantilever spiings.

Measuerent of crauk connecting rod and piston displacement to show varia—
tions in wovenent. .

Engine tosting by high-speed iudicator.

Testing of generators to show output against speed and load variation.
Fourth Year

Pirect measurement of air consumption of spark-ignition and compression-

ignition cngines‘to determine-volumetric'efficiency.

The volumetrlc efflclency as determlned flom the ana1y51s of the b.m.e. v
consumption loop or torque consunptlon loop.

Simple exhauqt gas. analy31s uging the Grsat apparatus and the electrical
combuqtlonuanalyser. :

Measurement of brake pedal force and 1ts 1clat10n to brake efficlency.,
Testing of steer1ng boxes for dlrect mechan1gal eff1c1ency by applying a
know torque at the steering wheel and measuring the reaction at the drop

arm.

Comparison with the reversed eff1c19ncy when the known torque is applled to
the drop arm. :

Statié and dynamic balancing of rotating and'recip;0cafing masses.
Testing of materials for tension, compression and‘shéar. |
Commercial harduness tests, Simple heat treatment bf'carbbn stcéls.
Siﬁple 5énding of rectanguiar and circular secfions.(solid_and.hﬁllow).

Testing in torsion of rectangular and c1rcular shafts (solid and hollow sec-
tion).

- 158 -



MOTOR VEHICLE TECHNICIANS

PART 111

PRINCIPLES OF MANAGEMENT

Principles of Supervision -

INTRODUCTION

1.1.1.  The nature and purpose of supervision, significance and scope
of management responsibility.

1.1.2. 'Planﬁfng'and'édﬁtrglling:work.

1.1.3. PerSonnel hspécts,_inéluding safety, health and welfare.

INDUSTRIAL RELATTIONS

2.1.1. : The human factors, leadership and morale; motivation, discipline,
grievances, and interviews.

2.2.1.  Existing mechanisms for consultation, negotiation and consilia-

tion.

2.3.1. Labour utilisation, instruction and training.

COMMUNICATION
3.1.1. Channels of communication: upwards, downwar&s, lateral.
3.2.1. Types of communication: verbal and written,

3.2.2. Reports, memoranda and letters.

ADMINISTRATION
4.1.1. Ofgahization charts; organization and method.

4.2.1. Autherity and responsibility; delegation; co-ordination and
control of activities,

4.3.1. The role of the computer.
4.4.1.  The elements of forecasting and budgeting.

4.5.1. 'Manﬁ0wer'bhdgeting; promotion and succession, training and
development,
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I1. MOTOR TRADE PRACTICE

A. - RORKSHOP bRCANIéATIdS.&.ADM(RISTﬁATION'
1.1.1. ‘Lafaut and mainténénce of prémiscs.'
1.2.1. Sﬁéciaiist éQﬁipmént in the rgpéir:Shop.'"
1.3.1. Scrvice tools. -
1.4.1, Line:sefviéing;
1.5.1. Lubricﬁtion bayé.
1.6.1.  Electrical diagnosis and otﬁer test équipment.
1.7.1.  Washing and car vaieting éQUiﬁmentﬁ‘ |
1.8.1. Breakdbwn and recovery equipﬁent.
2.1.1. Césting; charging and inyoicjng.

2.2.1. Work study and opefation planning as applied to standard repair
schedules and standard time, '

2.3.1. Job contrql systems.

3.1.1. Wage struétures.

3.1.2. Bonus and other incentive schemes.

4.1.1. Manufacturers' service bulletins and manuals,
4.2.1. Service recerds and follow-up schemes.

4.3.1. Warranty procedures and handling of claims.

B. SERVICE RECEPTION

5.1.1. The qualifications, responsibilities and authority of the
Reception Engineer and Receptionist.

6.1.1. Layout of the reéeption area,

6.2.1. Reception procedures.

6.2.2. Diagnoéis, customers' instructions and work instructions.
6.2.3. Estimating and pricing.

7.1;1; Customer relations and handling cémplaints.

7.2.1. Obligations to the employer and the vehicle manufacturer.
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7.3.1.
8.1.1.
8.2.1.

§.2.2.

8.3.1.

8.4.1.
8.5.1.

8.6.1.

The receptionist as a service salesman.

Collision damage procedure,
- The scope of cover under each type of insuwrance policy.

Excesses and no-claims bonuses,

Accident report forms.
Preparvation of estimates.
Relations with insurance engineers and assessors.

Satisfaction notes.

PARTS MARKETING

9.1.1.
9.2.1.

10.1.1.

10.2.1.

10.3.1.
10.4.1.

11.1.1.

11.2.1.

11.3.1.

The contribution of the Parcs Department to the profitability
of the business as a whole.

Siting of the layout and equipment of the main sections of the
Parts Department.

Basic stores documentation and records.

Coods received notes, damage and shortage reports, return-to-
stores notes, copy orders, reguisitions, bin cards, stock
record cards, visible or non-visible systems, card systems,
boeundbooks.

Sales promotjon of parts and accessories.

Sales targets, turaover/stock ratios and profitability.

The petrol forecoort; layout and equ1pnent, COﬂVLnthﬂal and
selfservice installations. :

Qualifications and responsibilities of forecourt staff,

Overhead costs, operation costs and profitability,

VEHICLE SALES

12.1.1.
12'.2-10

12.3.1.

The contribution of the Qales Dopartpﬁnt to the. prof1tab111ty
of the business as a whole.

Siting of the layout and.equipment of the display area for .
new and used vehicles.

Administration and organization of the vehicle sales office,
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I11.

A,

12.4.1.

12.5.1.

12.6.1.

12..?.1.
12.8.1.

12.9.1.

13.1.1.
13.2.1.
13.2.2.
13.3.1.

13.4.1.

furchase,=control gné'salé of uew and used vehicles.
The basic éonsidprations of'salesmanship. |

fhé pérsdnai:ﬁgaiities'df thg_sﬂlOSmau.

The éeQQenc¢ of a sale.

Thé impﬁftanééidf'ﬁfbdusf knowiedgé.

Buying motives.

. Sales promotion.

Sales campéigns.
Prospecting and follow-up schemes.
Advertising methods and media.

Overhead costs, operating costs and profitability.“_

COMMERCTAL PRACTICE AND OFFICE PROCEDURFE

THE OFFICE

GENERAL PROCEDURE

1.1.1.

1.1.2,

Its place as an integral part of a busiuess organization.

Brief outlines of the functions and relationships of the main

divisions of the officej purchasing, sales, cashier, accounts,

personnel and administration.

ESSENTTAL OFFICE SKILLS

1.2.1.

1.2.2.

1.2.3.

2.1.1.

Control of correspondence and filling.

Main types of filiung, indexing énd maiutaining:records.
Telephone serviceé and the proper use of the telephone.
Calculations involving price, percentage applied to buyiﬁg and
selling, turnover, cost, wages, salaries, interest, discount

and commission.

Desk calculating machines and ready reckoners.
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C.

COMMERCTAI, TRANSACTIONS AND FiﬂANCIAL ASPECTS

3.1.1.

3.1.2.

" 3,2.14

3.2.2.

3.2:1.

3.2.4,

3.2,5."

A.1.1.

4.1.2.
4.1.3.
4.1.4.
4.2.1.

4.2.2.

5.1.1.

6.1.1.

1.1.1,

1.2.1.
2.1.1.

2.1.2,

2.2.1.

‘Wholesale aﬁq rétail price.

Fanction of wholesaler and retailer.

Trade discounts.

Cash and credit sales.

- Documents involved-quotation, order, invoice, credit note,

debit notie, statement.

- Credit facilities and instalment trading.

Books required for eatry of credit purchase, sales, cash record-
ing and. perty cash.

Funétion of money; coin, notes, legal tender, order, bearer,
crossed oand uncrossed cheques.

Bankev's drafts and credit transfers.

Bills of exchange, promissory notes.

Postal and money orders.

The types of banks and the services rendered by them.

Current accounts, deposit accounts, leans, overdrafts, bankers'
orders, travellers' cheques, credit cards.

P.A.Y.E., National Insurance, staff records.

ihe principal advantages and scope of insurance, e.g. fire,_
motor, burglary, employer liability and guarantec,

The Law Relating to the Motor Trade

Regulations affecting the sale of good under Commou Law Contact,
agency. Sale of Goods Act, Warvanty and current regulations
affecting the Motor Trade, Road Haulage and Passenger Trausport
Industry.

Factories Act; Offices, Shops and Railway Premises Act.
Condition of Fmployment.

Redundancy Payments Act.

The Law of Lien.
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2.2.9,

3.1.1.

3.1.2, .

3.1.3.

3.1.4.

3.1.5.

3.1.6.

Bisposal of uncollected goods.,

Road Traffic Acts.

Construction aud use regulations.

Lightiqg regulations.

M.0.T. Tests,

"Operation and testing of commercial vehicle.’

Trade plate regulatidns;

Regulations relating to the purchése. road transportation,
storage and sale of petrel, oil, paints and other dangerous
stances. : ' : : .
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APPENDIX A

Fxplanatory Notés.

I.

4

-

The aim of the technlciau s course is to study in det311 the basic
principles covering the design and construction of the vehicle to enable
the student, with suitable concurrent industrial experience, to develop
an ability to diagnose faults, vecomuend means of rectifying these faults
and to test and analyse the performance of the vehicle after the repair
of modification hﬁs_been'ccmpléted.

The motor vehiclo technology is the main element of the course and the
emphasis should be on general principles, which can be equally well
appltied to existing or 'conventional' compounents and assemblies and Lo
new types not yeét in service or even at the wanufacturing and design

- stage, rather than on the small details of existing types or minor de

velopments din d¢51gn which can vapidly become out dated,

The Practical Work should illustrate the technology sfllabus and be
clogely related to the student's industrial experience. Sketching and

‘drawing should provide the background for understanding basic principles

of mechanisms and their application to the design and manufacture of
vehicle components, the layout aund assembly of control linkages and the
use of vector diagrams in analysing the motions and forces arising.

the aim of the velated Mathematics syllabus is to develop the basic
principles upon which depend the calculations a technician may be ex-
pected teo use or understand,

The Science syllabus is closely related to the programme of Laboratory
Werk. '

Throughout the course, every opportunity should be taken to apply the
related studies to motor vehicle problems but the teaching of all sub-
jects should not be taken beyong the depth necessary to support the
motor vehicle techuology.

APPENDIX B

1.

Cuide To Preparhtion of College Work

Fach student must record, in time order, tasks perfofmed in the workshop
and the experiments should be entered in a ‘List of Contents', prefera-
bly at the front of the book. This list should be kept from the start
in chronological order and the entries should be indexed to distinguish
workshop tasks from a labovatory experlments and one year's work from
another.

It is recommended that the practical record of any task or experiwent
should include:
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{a) the date of performing the job

(b} the title of the job (which should be suff1cient1y extended to

- eliminate the need for a separate statement of the purpose or
chject of the job). :

t(c). a simple diagram of the experimontal arrangement on whlch could

be marked the identification numbers of all signifieant equip-
ment' (so eliminating the nced for a separate list of apparatus},

(d) a brief statement of the method used.

“{e) a presentation in 31mp1e numerical, abular and/ov graphlcal f01m

: of observed and derlved results.__

(f) a brxef explanatlon of the results (students should be stopped
from writing mere verbal descriptions of results already fully
presented in numerlcal tabular, or grsph1ual form)

Students Should be req01red to erte fornal reports on at’ ]east one
workshop task and' laboratory cxper1ment annually selected by them out

of a nom1nated list from the year s total.

APPENDIX €

Projecis

1.

. In Part III, each candidate is required to complete a written project

during his course. The project should be on any relevant aspect of the
motor vehicle repair industry covered in the Part 111 syllabus and should
entail a total of approximately 50 hours of work by cach student IN AD-
DITION to the 780 hours envisaged for the course. The project will be
assessed by the F,A.E.C. aund such assessment will be used in the deter-

- mination of examination results by the E.A.E.C. A list of projects

should be submitted to the E.A.E.C. by the centre during the second
term of the course., The E.A.E.C. reserves the right to call for candi-

 dates written accounts of their projects, when completéed, and to appoint

visiting assessors to assist in establishing uniform standards, A 1list
of specimen approved project titles is available te colieges on request,

Local Examinations Officers are required to submit on the prescribed

‘form details of candidates' assessmeunts at the end of the course.

Each external candidate must comply with the conditions detailed iu para
Il of the regulations for the course, and in addition must state the
title of his proposed project for approval by a centre, This project
will be assessed by that centre and submitted through the Local Exami-
nations Officer on the prescrlbed form, :
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