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FOREWORD

This report was funded by a "seed grant" fram the TAFE National Centre for
Research and Development at Peyneham, South Australia. The availability of
this type of funding for research is very much appreciated.

The aim of this project is:

To identify the training needs of the emerging industry
required to support the development of the high
performance areas of the autamotive machining and
recorditioning field with particular attention to the
use of materials and the development of mechanical
camponents to produce maximum efficiency.

The writers would like to extend their thanks to the many pecple who
actively assisted in the preparation of this report. To the members of
CAMS who provided a valuable insight into motor racing and to the many
pecple throughout the industry who took part in the study and provided
valuable advice and information. The input from Engine reconditioning
managers throughout Australia also deserves particular recognition. Their
interest in training needs related to the area of engine recorditioning was
very cbvious and indicates a healthy future for the trade.
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RECOMMENDATTONS

Based on the conclusions and findings of this study, the following
recamendations were reached.

1. To poovide a post-apprenticeship course of advanced skills for the
machining, building and operation of high performance engines and
mechanical camponents in the following areas:

a)
b)
c)
d)
e)

Precision machining of cumponents
Engine design considerations
Engine assembly and blue-printing
Engine testing and evaluation
Welding and fabrication

2. The design of the above course should address the varying needs of
Engine Reconditioners throughout Australia and also encourage
participation by utilizing a flexible approach such as Open Learning.

3. To determine the means by which the need for initial training in
Engine Reconditioning can be provided in those localities which
currently are not effectively serviced by appropriate apprenticeships.
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1. METHCDOIOGY

This report is based on qualitative, explorative needs Lased
research. The data was collected by means of:
- selective literature search
- personal interviews
- questionnaires

For the purpose of this report, it was decided to use a modification
of the Snowball Techniquel as a means of information gatrering.

This technique requires the initial identification of a knowledgeable
person frou the relevant area. This person is then asked to nominate
others who are also regarded as knowledgeable and as the process continues
the snowball effect is created.

The initial approach was made *c the Confederation of Australian Motor
Sports (C.A.M.S.) as the group responsible for the administration of all
motor sport in Australia. C.A.M.S. endorsed the concept and supplied a
list of main players who were then personally interviewed to identify main
trends.

The parameters of the main player interviews were established fram the
results of a literature survey which locked at the use of modern technology
and materials in the motor industry.

The trends identified by the main players were then analyzed to
identify potential nzeds within the industry and these needs were used as a
basis to develop a questionnaire.

The questionnaire was distributed to the managers of a range of Auto-
motive Faconditioning businesses in each Australian State and Territory.

1  AERAHAMSON, M. (1983) Social Research Methods Prentice-Hall Inc.
“nglewood Cliffs



2.  FIELD PERSPECTIVE

2.1 Motor Racing in Australia

Motor Racing in Australia has a long history, in fact the Australian Grand
Prix is the secand oldest event of its type in the world, the first race
taking place at Phillip Island in 1928 was pre—-dated by the French Grand
Prix which was first staged in 1906. The vehicles used over the years have
been generally "last years" Eurcpean cars enabling the Australian Motor
Industry to keep abreast with but not necessarily at the cutting edge of
technology.

Despite hosting many "International" events, notably the Tasman Series
during the late 1960's and 1970's, Australia had not run a world
championship event until 1984 when the fimal round of the World Endurance
Championship for Group C sports cars was held at Sardown. The following
year saw for the first time, the running of the Australian Grand Prix as a
round of the world championship series and the adoption of Intermational
Rules to local class racing with the introduction of Group A touring car
regulations.

This tremd has continued culminating in Australia hosting two world
championship events on consecutive weekends, the Australian Grand Prix in
Adelaide on November 13 and the final rcund of the World Endurance
Championship at Sandcwn November 20th.

The future of these events is assured with the announcement durirg; the
Australian Grand Prix by the Federation "nternaticnale du Sport Automobile
(F.I.S.A.), the world governing body of motor sport, of an agreement Zor
the contimued support of Adelaide as the verue for the Australian Grard
Prix for the next 7 years. Discussions with international campetitors at
Sardown by members of this research team, verify their strong support for
the contimuation of a world sports car championship at this vernue.

2.2 High Performance Pngines
By definition, a high performance engine can fall into several categories:

2
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(1) A production engine that has been modified for increased power
output.

(2) An engine produced by a quality car mamufacturer.

(3) An engine designed specifically for racing.

All three vary considerably from the base product and require very high

skill levels, botn tc prepare and maintain.

3. HIGH PERFORMANCE PRODUCTTON ENGINES IN MUTOR RACTNG

3.1 Racing Categories and Requlations

The use 2f a production engine is necessary in certain categories of racing
such as Fornula Vee, Formula Ford, Group E & # Touring cars and rally cars.

The regulations in force for such classes of vehicles allow rebuilding of
the emyines to an exact, defined specification that limits capacity,
campression ratio, valve and port size, valve timing and mass of
camponents.

In Group A Touring Cars, certain freedams are granted in the areas of
campression ratio and valve timing, but strict regulation of venturi sizes
and manufacturer's specifications are enforced.

Group E, no modifications are permitted, only the removal of the exhaust
and shock absorbers may be changed.

Formula Vee and Formula Ford have extremely detailed specifications as to
the type of engine used, the actual dimensions and weight of campcnents ~nd
the =achining tolerances permitted. Sports sedans allow unlimited
modifications to the engine witn an upper limit on engine capacity.

The introduction of National Association for Stock Car Auto Racing and
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Australian Stock Car Auto Racing bring with them closely written
requlations that cover the whole vehicle. The engines are specifically
limited in capacity and the source of camponents such as the cylinder
block, cylinder heads, camshaft, pistons, conneccing rods, camshaft and
rocker gear, carburettor type and size is also specified.

The new Formula Australia uses the new Holden Cammodore 3.8 litre V6
engine. By specifying the engine to be used and applying dimensional
constraints an the actual car, the promoters hope to encourage an increase
in the mumber of chassis builders and engine preparation fimms in this
country. This will be Australia's premier open wheeler formula and
according to one car construction engineer "will allow local chassis
development and reduce costs for the campetitor”.

The aim of any set of regulations is tn provide a set of rules that ave
fair and just for 211 cameting vehicles and campetitors. Vehicles can be
classed according to engine size, price, body type, mumber of seats,
method of aspiration, the type of fuel used.

From the competitors viewpoint, they will select a vehicle within the
category that they race according to its make (to which they may have
allegiance) or to its suitability or potential as a race winner.

If a certain make and model proves to be more successful, other campetitors
will quickly follow the lead (and sametimes the success) by purchasing
similar vehicles. When one make of vehicle displays camplete dominance
within its class, the spectator appeal will diminish and attendance numbers
will drop. Sponsors may became dissatisfied and withdraw support. To
overcame this, governing bodies will often review the regulations to
encourage tue introduction of different makes to prevent one make
dominance.

With regulations closely written and strict controls on fuels and ergine
specifications, it becomes the challenge of the vehicle owrer, entrant, or
preparer to develop the vehizle and its engine, within the spirit of the

4
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requlations, to be as campetitive as is nececsasy to win the races and the
particular championshi;: being contested - after all that is the aim for

The success of NASCAR in the U.S.A. cannot be denied, crowds cf up to
:00,000 spectators flock to the —uper speedways to witness the spectacle of
30-50 race cars, that are closely matched in specification, campete for
huge amounts of prize maoney.

The anticipatecl success of the Australian version, AUSCAR, is based upon
similar very tight and closely polired reguiations. Billed as the world's
most popular form of Motor Racing by Mr. Jane's latest radio
advertisements, NASCAR/AUSCAR racing is certainly making its mark in
Australia. This is evidenced by the million dollar prize money being
offered far the December '88 meetiig. Anyone who has followed metor sport,
will bear witness to Bob Jane's transformation of Calder Par¥ from a mud or
dust bowl (depernding on weather] to its presemt state as a motor racing
oxrplex.

The modern Calder 7Park koasts four different configurations of race
circuit, permanent spectator facilities ard raved service road . The
beginnings of a Technical Park/Industrial estate are also evident in the
form of permanent workshops ax the availability of race car preparaticn

4. FINANCIAL SPONSORSHIP

A camon factor of most successful campetitors is a healthy financial
budget which is usually provided by a sparsor. The willingness of a
sponsor to support a lacing team is often governed by the past results of
that team and the likelihood of success. This success will bring kudos to
the team and often & contimuation of their sponsorship in future seasons.
As stated by one team manager, "my sponsor has been with me for over ten
years, but we give them their money's worth".




Most racing teams attract same sponsorship, the shortfall in operating
costs is borne by the team itself, which is often ane person, usually the
driver. Sponsorship of a series of racing such as NASCAR or AUSCAR allows
each "Association" to mai' :ain requlations by using campulsory camponents
subsidised by the manufacturer. This 1is both direct and irdirect
sponsorship.

The successful teams then, are those with the finances to buy the latest
vehicle, the most current technology and the staff to organise the team as
a professional, cohesive unit. These finances will also fund ongoing
research into further developing the latemt potential of their selected
vehicle. Finarcial sponsorship can be seen as the stimilus for growth in
all categories of racing according to most team managers and is the
ambition of many budding campetitors.

Over recent years there are an increasing mmber of spansors willing to
fund, with six figure budgets, racing teams because of the high profile of
this sport. This has created a shortage of personnel with the skills
necessary to preparve the engines for racing. The cost of engine
preparation is extrer~ly expensive because of the amount of hours required
to develop the engine, fram its basic form, or its designed purpose as a
power unit for a passenger car, into a racing engine producing up to three
times its original power output. The original methods of engine
develcpment were to alter camponents and try them out on the track. There
was little science involved although the more successful teams got things
wrong fewer times. Engines would be run until a component failed, that
camponent. would then be modified or reworked and tried again. If ancther
camponent failed the process would be repeated. (The alteration of
camponents would need to conform to the regulations otherwise the legality
of these alterations would result in disqualification). The perultimate
expression of this improvement method is the Aries Chevrolet engine which
looks like a Chevrolet but is made from exotic materials and costs around
$40,000.

Motor racing has never been a poor mans sport, but today a racing version

6
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of a Holden V8 engine in Group A can be as high as $32,600, a BMW M3 engine
up to $48,000, these being normally aspirated engines. OCkviously any
development on these ergines will need to be carefully planned and checked
to minimise the risk of destroying such valuable camponents (if not the

engine) .

5. SKILIED PERSONNEL

To plan, design, perform the modifications and evaluate the results will
require skilled personnel. All team managers and vehicle preparers
interviewed confirmed the shortage of such people, both within their own
arganisations and those of their campetitors. There is also a shortage of
firms in the Autamotive Machinist field with the skilled tradesmen able to
effectively liaise with the engine developers ard perform the machining
operations required. These services, when available, are expensive and
usually confined to a comparatively small number of firms who have the
expertise demanded. Professional preparers of racing vehicles and engines
are therefore clear in their own minds of the alterations to be made to
camponents ard issue the instructions for machining. The private
competitor however, will often rely upon firms to do the total preparation
such as suspension aligrment, gear box overhaul and the engine preparation.
Altern “vely they may rely on the Autamotive Machining workshops to either
machine the camponents for the owner to assemble, or carry out a full
dismantle, prepare and assemble on the engine, for the owner to install.
Regardless where these people came fram, there is a strong reliance on the
skills and knowledge held by the Autamotive Machinist.

There is a concern expressed by vehicle preparers, team managers and
campetitors that there is often a lack of understanding of essential work

practices usually held by campetent tradespeople. For example -

(1) cleanliness when working on engine camponents during
dismantling and assembly.

(ii) understanding of correct assembly procedures.




(iii) understanding of camponent operating principles and
reasons for desiqn change i.e., valve timing and its
relaticn %o power output and rev ranges.

(iv) lack of attention to detail.

6. HIGH LEVEL MULTT SKILL RECUIREMENTS

All indications fram campetitors, team managers, vehicle preparers and
autamotive machinist workshop owners are that the demand for services at
all 1levels, and the need for a skilled and campetent workforce,
particularly in the engine machining trade, is increasing rapidly and
~urrently the only source for skiiled personnel is other teams.

Many of those interviewed, including international teams at the World
Sportscar Championship event held at Sandown in November '88, were not in
the business of trainirg people, but preferred to "poach" workers of known
ability from other teams. This could be seen as in-built, on the job
training as workers, by moving from team to team dbviously experienced
different tyras of campetition car together with quite possi.ly, a
different spproach to car preparation. This may be seen as an advantage to
those already working in the high performance field, but it does indicate
an inability to expar1 the pool of effective tradespersons whilst
reflecting the Team Mevi:'ar reluctance to expose expensive equipment and
possibly life and limk -: o: “unknown”.

The aspect of safety 1 an interesting one although it was not spoken
about directly. It is apparent that this issue is foremost in the minds of
a number of those interviewed. Indications are that prior knowledge of
ability or experience of a prospective employee enables the Team Manager
and drivers to have confidence in team members.

Skills such as engine blueprinting, balancing, deck heighting, com.ession
ratio calculation, are but a few of the services required. As mentioned,
the cost of complete ergines is high and reflects the labour intensive
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detail changes to convert a low pricd raw product imto a campetitive
racing engine.

All veiicle preparers and autamctive machine workshop owners agree that
those seeking a career in this industry will need to build upon good basic
skills and a thorough theoretical knowledge of engine operation and power
production. Being able to operate specialist equipment such as ¢
dynanmzterarﬂcylirderheadgasﬂmrigswillbeadefiniteadvam:ageif
not a necessity, in the engine building business.

mtorsportinm:straliahasrisenfzunitsamawlrardlocalstatustome
-stagemerewearecmpetirgwithtopprofessimalnnopeanteansin

7. THE OVERSEAS EXPERIENCE

Many Australians have ventured to the U.K. and Eurcpe to take up employment
as racing mechanics, team managers and racing drivers. These ambassadors
have enhanced our national reputation as skilled and enthusiastic
professicnals. More recently, with Group A Touring Cars, local teams have
taken their own cars overseas and campeted against the multi million dollar
nmopeantemnsardhaveeiﬂxerwmorhavebeeninthemajorplacings.
With results like this there can be no doubt of our ability to campete in
International Motor Sport.

8. _SKILLS SHORTFALL

8.1 Entry Point

The favoured entry point to the industry was as a qualified tradesperson
with wide exparience on normal roac cars. The high performance/race car
prepamtimirdustrywasnotseenasanidealammicahiptminmﬂea
as the skills learnt were too narrow.

A specific skill noted as not held by many of the mechanics/fitters

9
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applying for positions in race teams was identified as M.I.G. ard/or T.I.G
welding. This was a commonly held view of chose interviewed and considered
necessary and normal to the job.

8.2 Non Trade Skills
In addition to trade based skills CAMS Clearly identified other isstes of
skillsshortagswhimhavebecateapparentwimthegtmxthofme
industry. These are predaminately concerned with the supportize infra
structure required by approximately 38,000 affiliated members and 162
Australian meetings each year.

8.3 Electronics

The: most significant advancement in engine performance in recent times can
be attrilarted to the adaptation of electronics ard camputer systems to the
motor vehicle. Because these systems are able to tailor the fuel mixture
and ignition spark timing to suit all conditions under which the engine
operates, the system, correctly termed "an engine management system",
maximm engine efficiency can be achieved both in terms of power and
econany.

These systems are so effective, that engines, that were producirg good
reliable power outputs are now able to deliver even more power, to the
detriment of mechanical reliability, which is then improved in the next
update of engine specification.

The question of there being encugh pecple with the necessary expertise in
understanding the principles of engine management systems was addressed by
pecplewithbach_:;mnﬂssuchasteamnanagers, ergineers and several
campetitors. This group identified the prcolem of the availability of
personnel, with the particular skills that they require.

As one engineer stated, "without basic knowledge of these systems, the
engine cannot even be started".




The media liaison representative of the Formula Two Association expressed
concern about "a need for expertise in the area of microchip technology, re
engine management systems".

The most disturbing trend indicated in this survey is in this rapidly
expanding industry there just aren't enough skilled people to provide the
services demanded by racing teams. The identification of such a shortfall
of multi skilled workers indicates that the demand for such pecple has
exceeded the supply, that this will of course tend to get worse as there
is no viable source for the replacement of those that leave the industry
through age or career opportunity. Obviously there is a need for new
pecple in the industry, people with a successful basic autamotive
apprenticeship behind them and the usual youthful enthusiasm for their
chosen sport. If they have the opportunity to experience further training
in the appropriate multi skill topics, that have been identified as
necessary in the industry, then they will be more productive at an earlier
stage than is usually normal, where experience is gained over many years.
That is not to say that a course of training can supplant years of
experience, it would provide of course, the higher level of "basics" in a
high technology sport where evrxything moves fast.

8.4 '“lease" Engines

Many of the private international teams spoken to during the World
Endurance Championship at Sandown, lease their engines from manufacturers
or specialist engine building preparation firms. These engines are run to
a strict maintenance schedule being returned to their owners at regular
intervals for maintenance and updating to latest specs. Examples of this
would be the Cosworth VB ergine for which the majority of teams use the
English firm of Nicholson-Mclaren and the Porsche world endurance
championship engine. The Porsche engine utilising many titanium camponents
and a welding process to attach the cylinder heads to *he cylinder bore.
These two areas are not covered by basic training courses hence the
necessity of using the original European marufacturer for service. This
highlights the camplexity both in design and materials used in the modern
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racing pover plant as most interviewed felt that they or their staff did
no>. have the expertise to maintain these engines at their maximm
performance level. It is the opinion of ane Australian team manager, that
without the necessary local technical staff, he may find it more econamic
to do the same with a Group A touring car. This means that local team
engines will be sent overseas for repair.

8.5 Race Engineer

A mmber of campetitors who were interviewed, including a racing car
constructor, indicated that there is need for a new position of "engineer"
with race teams, that is a person to fit between mechanic and Team Manager.
This person would have the practical abilities of a mechanic cambined with
a theoretical knowledge of vehicle dynamics, his/her job would be to "set
up" the car to suit particular conditions or circuits. This need is
generated in several ways.

Firstly, the complexity of the current generation racing car, secondly, the
campetitiveness of formula type racing e.g., Formula Ford, Formula Vee and
now Formula Holden, the rules for which are designed to produce cars of
equal performance. Thirdly, the involvement of cammercial sponsors who
invest large sums of money into race teams with the expectation of success.

12 o
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9. APPLICATION OF TECHNOLOGY
The autamotive industry has never lacked "bright ideas". The past as well
as the present has been littered with design concepts and innovations.

How then is the potential of a technical concept adapted for use by the
motoring public? The answer is relevant to the training needs of engine
recorditioners as the need for trained pecple will inevitably follow
technological development and diffusion. It also follows that the high
performance skills initially required by the few to utilize the new
technology are the same that will be widely needed when the technology is
used in production vehicles?. However, camparatively little of the
available technology is finally used commercially and not all of it would
require special training, particularly in the area of transient technology
which invclves successive generations of processes or materials. These
progressive developments often incorporate new features or camponents which
gain acceptance because of a proven record and the potential to improve
performance. A significant camponent of the training needs may therefore
be an adaptation or extension of the existing skills kase.

In addition, any training which attempts to address the issue of
technology must be sufficiently flexible to cater for the needs of a
contimiing process in which skills are constantly updated in response to
the introduction of later technology. Froam a TAFE perspective the response
to technological change centres upon the development of curriculum and the
provision of resources required to implement the curricvla. The
development of curricula requires accuracy and the appropriate resources
must be provided within a time frame which contimues to tighten. Ii: these
days of econamic constraint, it is essential to balance the need to ke
sensitive to emerging requirements of industry with the costs involved in
satisfying these needs. The early and accurate identification of
vocational training requirements is therefore very critical to TAFE,

2 RITCHIE J.B. (1984) The Dynamics of Technological Advancemer: '
and Diffusion into Industry.
IN, MICROETECTRONTCS TRAINING NEEDS REPORT.
National Traininc Council Canberra
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particularly when the majority of the industry consists of sma:l
businesses most of wham have little opportunity for research and future
planning to cater for the impact of new technology. If we can identify the
viable new technologies early enocugh then we should be able tv gain
sufficient lead time to develop the training required by a modern
campetitive workforce at the time that it is needed.

In the motor industry most technical innovations are first trialled by
specia'ist racers before being introduced to the damestic marke:. An
examination of the process by which pramising technological advances became
commercial realities shows that the earliest practical time of
identification occurs during the trialling period of motor racing. In this
highly campetitive business the costs are hign, and to the winners, the
rewards are great and any technological means of gaining a winning edge is
quickly taken. Moreover any technological improvement that could be
included is subjected to the most severe testing in the constant search for
improved performance where the cost factors, efficiency and reliability are
under constant review.




/2

10. WM
The high technology transformation of the glabal automotive sector is

increasing. Ceramic parts, fibre optics, camposite materials, powdered
metal alloys, cermets, engineering plastics, advanced sensors, display
electrcnics, flexible marmuifacturing systems and CAD/CPM are redefining the
way cars are designed and puilt. The next generation of automobiles will

Evenassxmingﬂ\ecorservativepaﬂuoftheoomi:medviabﬂi,intheuse
ofthejnterna.lcathzstimergine, ted'mologycanbeusedtoj:x:rease
efficiency. For example, ifaturboduargeddirect-injectim diesel engine
usi.ngsmxeceramicca:ponentsm"hotareas", is coupled with a
coxrtimnlslyvariablemnsnissimardplacedinasmllpassen;ermrthe
sizecfa'rcyotaOorolla,acitytstcyclecouldmtzmnrsultsofabmt3
litres per 100 kilametersS.

Autamotive manufacturers recognise that campetitive advantage requires
swift identification of the latest ideas and technologies from around the
glcbe and that mastery of technology is now the weans for achieving
irternational campetitiveness. 'I'fxeautmntiveprinshavep.xrsuedamﬁ
of acquisitions and strategic partnerships to optain an eariy awareness of
the latest ideas and technologies and this restructuring has accelerated
the infusion of advanced technology into the glabal auto sector’. It must
alsoberecognisedﬂntasadvamedtedmlcgybecmmi:mrpomtedinto
the design of automcbiles, we must ensure that the technical proficiency
and knowledge ofamted‘micianswillcormixmtokeeppacewimmose
advances to provide the servicing requizred.

The availability of appropriate skills in adequate mumbers is essential to

3 AITSHULER A., ANDERSON M., JONES D., ROUS D. & WOMACK J. (1984)
The Future of the Automobile
4 RUBINGER B. & WEINER S.B. (1986) Accessing Japan's High Tech

. Guidelirr - for Auto Industry Patufinders. S.A.E.
Technical Paper Series No. 860519
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the well being uof an industry as it assists the industry's capacity to
adapt to changing needs. An inadequate work force can thus have a negative
effect on both the Govermment's objectives of internaticnal
campetitiveness and also on the expansion of an industry by limitiig its
ability to cope with the effects of introducing new technologies and
materials®.

In Australia the supply of skilled personnel for the autamotive machining
and recorditioning field is based upon our apprenticeship system. Same
states such. as Victoria, West Australia and Queensland, have specialist
apprenticeships which provide specific training. Other states or
territories base their training on parallel courses such as Fitting and
Machining or Motor Mechanics. Trades people from these courses then
transfer and refine their skills as required for autamotive
recanditioning. Whilst the alternative sources ot ~voertise can provide a
strong skill base due to its variety, it can also result in same shortfall
in uniformity of skills and skill levels. This situation will have a
significant effect upon the training and retraining needs of the industry.

The need for the adaption or extension of the existing skills base to
cater for the effects of introducing new technology or materials is
dependent upon vhat is introduced and the rate at which it is diffused into

the industry.

'The fac+ is, however, that there is subscantial evidence of
skill deficiency problems caused by inadequate training responses
to new technologies.' (Ritchie 1984)

The best possible response to emerging training needs will therefore be
determined by our ability for early identification of viable technoiogies
and materials and the accurate assessment of their assimilation rate.

5 Australian Science and Technology Council (1987) p.4 Wealth
from Skills Measures to RAise the Skills of the Workforce
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il. OCCUPATIONAL IOSS OF SKILLS

The Victorian CES figures for November 1988 showed that there were 39
registered vacancies for Autamotive Machinists. These shortages appear
corsistent with those experienced in a mumber of major occupations facing
an increased demand for skilled labouc arvl changes in the types of skills
required.

One factor which appears important in explaining skill shortages in a
mmber of occupations is the high rate at which skilled workers leave the
ocaupations for which they are trained. While one would expect same
workers to change occupations as a result of career development and
incorrect decisions on career choice, ad hoc studies and anecdotal evidence
suggest that the level of separation fram same skilled occupations is cause
for concern®.

For all trades the rate of separation fram the occupation in which an
apprenticeship was campleted (hame occupation) increases with the time from
qualification. Whilst there are no available statistics specifically for
Engine Reconditioners or Autamotive Machinists, the rates for Motor
Mechanics of 45.3%, and Fitting/Turning and Toolmaking 41.9%, provide same
camparison (see table 1).

The constant movement away from a hame ard vertically integrated
occupation such as Eng.ne Reconditioning (see fig.l) drains the
occupational pool of at least basic skills.

This loss of occupational skills also tends to have an adverse effect on
the provision of courses intended to upgrade skills. The structure and
content of advanced courses should therefore be designed to encourage
participation. The structure should be flexible to allow each worker to
acquire the specific skill which they or the firm need. The credentialling
system should recognise the gaining of each skill. The content of courses

6 THOMAS C. (1988) Separation fram the Trades Discussion Paper
No. 2
Department of Employment, Education and Training Econamic Division
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must reflect the variation of occupaticnal neeus.
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TABLE 1 : PERSONS AGED 15-64 YEARS NOLDING TRADE QUALIFICATIONS [N SELECTED FIELDS -
RATES OF SEPARATION FROM NOME OCOLPATION/S, BY VEARS SINCE QUALIFICATION  AUSTRALIA, 1981

3

TOTAL uiTH YEAL'S SINCE QUALIFICATION é

FIELD OF QUAL TFICATION QUAL IFICATION F;

« 14 5-9 10-14 15-19 T2 T0TAL =

|
METAL TRADES % b3 b3 b3 b3 b3 b3
FITTING, TURNING & TOOLMAKING 114,100 21.2 IS0 7.3 56.6 62 85.6 Sy 7

WELDING & SOiLERMAXING «2, 300 27.9 2.1 W92 52 9 56.9 58 8 50.0 A
SHEETMETAL VORK'NG 12,000 1.6 377 49 2 59 8 83.8 58 3 56 8

s ELECTRICAL TRADES 90,400 20.8 271 35 « ol . 452 53 4 0 7 5

¥e] BUILDING TRADES "

CARPENTRY & JOINERY 89,400 22.6 8.y o7 7 ST 0 62.6 87 & 5§ 7 (8]

- BRICKLAYING 20,200 20.0 31,9 3.1 36.4 £0.9 S6 2 42.5 é
PAINTING & DECORATING 34,200 26.9 196 4 8 63 0 451 W75 34
CONCRETING, PLASTERING & MASONRY 10,800 35.8 50.4 9.0 S¢ 0 35.1 48 ¢ 57 0
PLUMBING & GASFITTING 42,900 17.7 27.4 33.5 37 4 AN] 8.0 39 2

PRINTING TRADES 34,100 .6 36.9 [T | 52 0 54.9 57 % 50.8 g

VEHICLE TRADES g
- AUTOMOTIVE MECHANICS 64,600 27 395 S0 S S7.7 83.1 &7 & S4.h
- PANEL BEATING 18,100 %8 45.6 515 53.2 55.5 63.3 513
BUTCHE™ ING 29,100 18.8 WS 6.9 s2 1 $3.4 56.8 [
FURNITURE TRADES 27,100 20.2 40.8 56 2 61 6 85.7 734 59 3
BARBERING L SEAUTY ZULTURE 59,100 224 40.7 65.2 ms 8.7 83 « 87 9

SOURCE . ABS, 1981 Census of Population and Housing
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MAJOR TRADES QUALIFICATIONS - RATES OF SEPARATION

FROM HOME AND VERTICALLY RELATED OCCUPATIONS, AUSTRALIA 1981

FIGURE 1 - MAJOR TRADES QUALIFICATIONS
RATES OF SEPARATION
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12. INCENTIVES FOR UPGRADING SKILLS

The problem of small firms having access to current or updated skills in
order to remain competitive is a difficult one. Human Capital Theory
(H.C.T.) is concerned with the amount of training undertaken by firms and
individuals. It suggests that a firm will undertake training if the
benefits exceed the costs. In the past very few small firms have made a
serious effort to provide any coursz of training apart from that of basic
apprenticeships. Most tend to rely upon skills being acquired elsewhere
and so have little if any experience in accurately assessing the
cost/benefit relationship of training. The training benefits are
influerced by a mumber of factors including:

- The type of skills imparted. HCT predicts that firms will tend
to provide firmspecific skills rather than general skills
which are transferrable among firms.

- The period for which trainees remain with the fimm. If skilled
workers leave soon after receiving their training, the fim's
investment is unlikely to be profitable. Conversely, the more
stable the fimm's workforce, the higher the return to
investment in training.

- Investment in training is clearly quite risky. Employees may
be unable or urwilling to master the new skills, employees may
leave soon after acquiring the skills or the skills themselves
may became cbsolete very quickly as a result of technological

change.

HCT does not explain, by itself, why Australian firms tend to invest less
in training than firms in same other countries. However, it does emphasis
the importance of a stable workforce in increasing the profitability of
training. Hence HCT would predict that the relatively high turnover rate
of Australian labour (OECD 1984) would be one factor explaining why
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Australian firms invest less in training’.

‘he incentive for individuals to upgrade their skills may be motivated by
either a desire to increase their campetence or to improve their earnings.
These individuals could be encouraged by recent developments, in expanding
the award structure, which allow ror increased remuneration in recognition
of the multiskilling of workers. Usually this broadening of skills is also
concerned with the development of canceptual skills such as those required
by the introduction of Camputer Numerically Controlled (C.N.C.) Technology.
In the future this acquisition of skills may also lead to a breaking down
of same of the traditional barriers that currently exist between trades.

The loss of occupational skills also tends to have an adverse effect on
the provision of courses intended to upgrade skills. The structure amd
conternt of advanced courses should therefore be designed to encourage
participation. The structure should be flexible to allow each worker to
acquire the specific skill which they or the firm need. The credentiailing
system should recognise the gaining of each skill. The coment of courses
mist reflect the variation of occupational needs. A report from the
Australian Science and Technology Council (ASTEC) encourages the use of
open learning approaches to achieve this flexibility®.

7 KREAVAC L. & STRETION A. (1988) p.7 Skill Formation and
Structvral adjustment the Responsiveness of Industry Training.
Discussion_Paper No. 3.

Departmenc of Employment, Education and Training Econamic
Division

8 Australian Science and Technology Council (1987) p.31 Wealth
fram Skills Measures to Raise the Skills of the Workforce
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13.  RESULTS

13.1 Identified Trends

Interviews were conducted at interviewees premises and at several race
meetings. It was decided that National campetition events afforded the
best opportunity for interviewing a broad range of local, interstate and
international teams, thus gaining a general overview of Australian racing.

The nature of the Industry was highlighted by the difficulty in accessirg
key players both by mail and in person. As our timing coincided with a
series of major race meetings, the timing of interviews with thosc in the
industry was, of necessity around motor racing comitments, with in some
cases, blank refusal until after the next race meeting. Machine shops
imvolved with teams were in a similar position. The busy schedule now
required by Australian participants confirms the growth of the industry
and the necessity for participants continuous involvement.

All irriicationsfmntl'ler&eazd'lcormaedinthis prciect show that motor
racing is a growing sport that offers sponsors high precfile exposure for
their goods and products. With this appealing feature, advertising and
marketing firms encourage their large account clients co enter into
sponsorshipdealswimmemresxmsfulracingteams. This can be
evidenced by the improved telecasts for events such as Bathurst 1000, the
Australian Grand Prix, the World Endurance Cup, Formula One races and most
local and interstate events. This has led to tte development of
sophisticated in-car camera, ("Race Cam") which has been sold overseas.
The latest Australian develorment beinganin-mrcmp:tersystanwhidl
provides the vieier with actual vehicle performance data (Netcomm). These
advancements further increase the appeal of television coverage for the

team Sponsors.

The ability of any team to be successful will depend upon thei~ juality of
vehicle preparation, team management and team skills level. The quality of
services available to the teams for specialty skills, such as automotive
machining, is of paramount importance in engine preparation. Our reseaich
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shows that currently the professiocnal vehicle preparation firms in Victoria
tend to favour a limited mumber of workshops, the same happens in other
states, (it is not unusual for rival teams to have their camponents side by
side in aone workshop).

The engine machine shops themselves agreed that there is a constant
shortage of machinists, those with the necessary skills and the level of
mechanical understanding needed to campetently prepare an engine for
racing.

If an apprentice has satisfactorily completed the basic apprenticeship
course and is considered to have a good urderstanding of the way an engine
works (and the conditions under which it works), they could then ke in a
good position to later broaden and upgrade their skills to prepare them as
future employees for racing engine preparation.

By developing suitable courses of training in the specialized areas
identified in this project, a means of gaining the higher level of specific
skills within each area would be available for the individual and the motor
racing industry.

24




14. QUESTIONNATRE SURVEY

14.1 Responses
A total of 221 questionnaires were mailed to the managers of randamly

selected engine reconditioneis in each Australian state or territory (see
Table 2). Unfortunately this mailing date coincided with a disruption of
mail services and the full effect of this on delivery is unknown. A follow
up letter was forwarded one week later to encourage responses. It is
interesting to note that several interstate managers telephoned the sender
and said that they had not received the original questionnaire. Most of
these alsc toak the opportunity to express their concern over the provision
of traininy in their respective localities. A total of 73 replies were
received to give a response rate of 34%.

14.2 General Information

The responses show Engine Reconditicners are typically small firms with an
average workforce of 7 skilled workers. In the opinion of 96% of managers,
their new staff usually required some training to satisfy the particular
requirements of the new position. It should not be assumed however, that
this training only related to advanced skills for although the survey
focuses on the need for advanced or post apprenticeships skills, many of
therasporderrtsoamemswerealsocornenmedwiththepzwisionofbasic
skills.

As the average age of the surveyed skilied staff is approximately 30 years,
it can be estim “d (Fram Table 1) that the loss to the industry of these
particular workers over the nett 5 years will be approximately 50%. Given
the factors of the current widespread shortage of adequately trained
personnel as confirmed by 92% of the respondents, and the anticipated loss
of current workers, it seems mnost unlikely that the future supply of
skilled workers will improve unless there is a major revision of our
present training provision.
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TABLE 2
EREAKUP OF MAIL TO STATES

SENT  RETURNED RETURNED TO SENDER
NEW SOUTH WALES 40 13 2
AUSTRALIAN CAPTTAL TERRITORY 7 2 -
VICTORIA 77 21 5
QUEENSIAND 31 13 2
SOUTH AUSTRALIA 22 7 -
NORTHERN TERRITORY 4 2 1
WESTERN AUSTRALIA 31 6 -
TASMANIA 9 3 -
NOT KNOWN - 4 -
TOTAL 221 73 10
COMPLETED RETURN RATE - 34%
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Very few of those contacted had yet any experience in working with the
advanced materials of carbon fibre (8%), ceramics (18%). titanium (26%) or
aramid fiuvres (2%). Only 43% of respondents required their staff to have
an understarding of electronic management systems.

14.3 Specific Course Irformation

Respondents were asked to add *“heir suggestions to a list of areas for a
proposed course of advanced skills. Several of their comments (Appendix 1)
were the same as, or very similar to, topics contained in our suggested
areas which tended to confirm the proposed outline. Other suggestions
included an understanding of alternate fuels and C.N.C. programming and
operatiaon.

Responses to the specific course information section strongly reinforced
both the previously identified need for an advanced course and its major
content areas. However, whilst the specific topics confirm the content
areas, their inclusion in a new course should be the result of further
occupational analysis.

Although not all respondents answered each gquestion (Appendix 2) the
replies relating to topics, to be included in the suggested areas, showed
that a clear majority were in their favour (Appendix 3). For example,
Table 4 shows that the average percentage of those who strongly agreed to
the topics in the area of Engine Assembly was 53%, those who agreed
averaged 34%, an average of 9% didn't know, 4% disagreed and only 1%
strongly disagreed. A similar pattern of support is apparent for topics in
each of the other proposed areas with the highest rate of dissent (average
13%) occurring in the areca of welding and fabrication.
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TAELE 3

AVERAGE (3] AREAS
OONTENT AREA STRONGLY | AGREE | DON'T KNCW | DISAGREE | STRONGLY
AGREE DISAGREE
% 3 3 % %
ENGINE ASSEMBLY
& BIUE PRINTING 53 34 0 4 1
PRECTSION MACHIN-
ING OF COMPONENTS 40 38 10 5 1
ENGINE TESTING
AND EVAIUUATION 34 52 13 1 0
WELDING AND
FABRTCATION 25 40 17 13 5
NOTE: The above figures have been rounded off to the

appropriate number.

14.4 Comments

Many managers took advantage of the opportunity to camment on specific
course information and their respanses reflect the diversity of the trade.
Whilst the majority concentrated on relevant issues, same diverted a little
too far fram the subject and so have been deleted fram the list provided
(see Appendix 4).

Whilst the Engine Reconditioners survey was interded to concentrate upon
the need for advanced skills, it was perhaps inevitable that the problem of
skill shortages at other levels would also be raised. This consistently
occurred in the comment area of the questionnaire and was particularly
evident in returns fram states and territories which do not have a
specialised apprenticeship course. For example, one manager said:

M e, being an Engine Reconditioner for 25 years, I feel this
questionnaire is fine for High Performance needs, but I would
like to say that the '"WHOLE TRAINING" of Engine Reconditioners
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needs to be addressed. There is a need for a TAFE course dealing
specifically with Engine Reonnditioning. This would entail
training on all machinery and other aspects of the
reconditioning game. If you start with this and then follow with
specialised courses outlined in your questionnaire, then you will
produce the specialised engine recanditioners of the future."
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15. CONCIUSION

This project has clearly identified 2 n:ed for a post-apprenticeship course
that will provide an advanced level of technological skills for the
machining, building and operacion of high performance engine and mechanical
campanents in the following areas:

(a) Precision machining of camponents
(b) Engine design consideratians

(c) Engine assembly and blue printing
(d) Engine testing and evaluation

(e) Welding and fabrication

The current growth of various forms of motor racing under the jurisdiction
of C.A.M.S. can be expected to contimue with the involvement of both local
and international competitors. The infra structure required to support
this industry includes the need for a person, with a range of skills
appropriate to the application of new technologies and materials, who is
involved in the preparation of vehicles for racing. The specialist skills
developed for use in the area of high performance engines and allied
camponents may also be appropriate for later use by Engine Reconditioners
in the maintenance of vehicles used by the general public.

The shortage of tradespeople which has been experienced by Engine
Recorditioners cver the last few years, will ccntimue unless there are
substantial changes to the current approaches to training. Traditionally,
apart from initial training provided by the apprenticeship system, training
for the broadening and upgrading of skills has received very little
attention from most small Australian firms. This approach may need
revising so that the Engine Reconditioning Industry has an available
workforce of appropriate numbers and skill levels.

Whilst this project was intended to concentrate on the need for advanced
skills, many managers are also concermed about initial training. This was
particularly evident in those arecs that do not have convenient access to
apprenticeship courses such as Autamotive Machining.
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An incentive for le to participate in training programs, designer
to broaden and upgrade their current skills, may be provided by new wage
fixing arrangements. Adults may also be encouraged to participate by
ensuring that the course is designed to cater for the needs of the
individual by utilizing Open Learning Strategies.




APPENDIX 1

RESPONDENTS COMMENTS

QUTLINE OF PROPOSED QOURSE
Suggestions for other areas:

f) An apprenticeship for Engine Reconditioners as such in Tas. (n)
%* %* %*

f) Basic Mechanics of Engines
%* %* %*

f) Camshaft Technology

* * *

f) Balancing by use of heavy metal.
g) EFI black box modification.

* * *

f) My suggestion is no. (a) [Precision machining of camponents].

* * *

f) Cylinder head air flow testing.
g) Modification for specific applications.

%* %* %*
f) Cylinder head modifications.
E 2 %*

f) QC programming & operation.

* * *

f) Mechanic/Fitter Machinist as ONE TRADE not just for performance
~-ngines but for every engine. The technology is getting so
advanced in our shop one man is used in all aspects of
lathe/mills building engines and tuning cars etc. Should be a
Tech course on its own.
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f)

£)

9)

£)

f)
g)

£)

f)
g)

£)
g9)

£)

Time Management.

* * *

Make no 1 - cambine above subjects with productivity, time and
motion.

Common sense application cambined with a detailed amalysis
programme.

* * *

Crankshaft Journal Regrinding.

* * *

Understanding of alternate fuels.
Methane and ethyl etc (foreseeing fuel crisis), alternate
materials (plastics, ceramics).

* * *

Engine Product Knowledge - aftermarket camp.

* * *

Cylinder head design variations & new technology.
Updating of tolerances arnd tension data etc.

* * *

Understanding of Engine Management Systems.
Understanding of Instruments for the testing of hi-performance
erngines e.g., 4 gas analyzers and scopes.

* * *

That apprentices from Tasmania be included in the training
program.
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ACTUAL RESPONSES
GENERAL, INFORMATTON
1. Company Name (optional):
2. State or Territory:
NSW ACT VIC QID SA NT WA TAS UNKNOWN TOTAL REPLIES
13 2 21 13 7 2 6 3 4
3. Number of Skilled Starf: | 6.6 | (Average)
4. Average age of Skilled Staff: | 29.7|
5. Do your new staff usually require training Yes No
to satisfy your particular requirements?
68 3
6. Do you fird that there are sufficient Yes No
mumbers cf adequately skilled personnel
within the industry? 5 66
7. Do your staff require an understanaing of Yes No
electronic engine management. systems?
30 39
8. Do you have any experiance in working with
the following materials?
Yes No
a) carbon fibre 5 60
b) ceramics 12 54
c) titanium 17 49
d) aramid fibres 1 63
9. Do you feel that there is a need to develop Yes No
an advanced course for high performance
engines? 54 17

APPENDIX 2
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SPECIFIC COURSE INFORMATION

The following topics are needed in the area of ENGINE ASSEMBLY & BLUEPRINTING.

Please indicate your response to the above statement by placing a tick ( ) in the
appropriate column,

o

I | | I

TOPIC | STRONGLY| AGREE | DON'T | DISAGREE| STRONGLY|
| AGREE | | xNOW | | D1SAGREE |
------------------------------------ R B R R ] Retb ittt
DECK HEIGHT PISTONS.......oooeunnns | 43 | 25 | | 1 | |
|- |-eeeeee |-eeeeee |-eemeee |- |
BEARING FITTING...ovvvennnveennonns | 49 18 | | | |
|-eeeeees |+ = eeee |+ R |

COMP. RATIO CHECK & CALCULATIONS...| 38 | 24 | 2 | 4 |
|- |-eeeee |-oeeeeee |- oeoemee SSREEEE |
DEGREEING IN A CAMSHAFT............ I 48 | 16 | 2 | 3 | ]
|+ |--eeeeees e |-=eeeeee | <eeeeees |
DETAIL ASSEMBLY ....ovvuvnnoneancaen | 49 | 16 | 2 | 1 | |
|- oeeee |- eeeeeee |- eeeee |-eeeeeee |+ |
MODIFY LUBRICATING SYSTEMS......... | 32 | 20 | 3 | 5 | !
| oeeeeeees |-ereeees RERERENE RERELERAE |+ |
i) Rebuilding oil pumps.......... | 38 | 22 | 4 | 2 | |
|+eeeeeees joeeeeeee |-eeeeee |-xeeeeee REREARAEE |
ii) Build dry sump systems........ | 18 | 25 | 14 | 4 | 1 |
| -eeneees |--eeeeees |- oo | +oeeeeee RERRREEEE |

TURBOCHARGER OVERHAUL.....ooeevnnns I 2% | 28 | 13 | 5 |
|- e |+ eeeees R EREESEEES <o I

ENGINE BLUE PRINTING.....covnenenns | 32 | 30 | 4 | 3 |
| |- |- RRREREEES EESERREE |
FASTENERS....vviviiennnnnnennonnnas | 22 | 26 | n | 1 | |

| I | I

YOUR COMMENTS (IF ANY):

ERIC

Aruitoxt provided by Eic:
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SPECIFIC COURSE INFORMATION

2. The following topics are needed in the area of PRECISION MACHINING OF COMPONEN:S.

Please indicate your response to the above statement by placing a tick ¢ ) in the
appropriate column.

I l |

| TOPIC | STRONGLY|] AGREE | DON'T | DISAGREE | STRONGLY |
| | AGREE | | xNow | | DISAGREE |
|-oemmmmnonmo e |+eeeeeee |-oeeeeee RERREEREE RRRRREEL |--eeeee |
.1 CRACK TESTING..vvcvoosranannonsosnnn | 49 |19 | | | |
| |- |- |<eeeeeees |-eeeeee |-eeeeeees |
| 8) PiStONS....uvuvrnnncoananaassnss | 38 | 25 | 1 | 2 | |
! |- |-oeeoeee REREIREE RRREREE AREREREES !
| D) ROAS...cvoevonvansconnnsnnsonnans | 42 | 26 | | | |
! |- eeeees |-meeeeeee |=oeeeeees |-eeeeeeee |-eeeeeees |
[ €) BOUES. o ccrunennanennansanananans | 35 | 28 | 1 | I I
! |+oeeeene |+nereeee RREESEREE RS |-eeeees |
| d) Axle shafts......cecuueucncennnn | 34 |22 | 3 | 4 | |
| RREMRREEE |-eereeees RRRRREEEE RERELRREE [RERERAEE |
| e) CrankshaftS......ceveeeenasancns | 49 | 19 | | | |
! |-reeeees |-oeeeeees RRREREEE |-eeeeeees |-eeneee !
| £) BLOCKS . .uvuemmuneeennnnnnneansns | 40 | 25 | 1 | [ 1 |
| |-ee e |-oeeooee RRRERERE |+eemeeee RRRREEEE !
[.2 CYLINDER BLOCK SURFACING/DECKING...| 43 | 24 | | I |
! |+eeeees |-oeneeees |-oeeeeees |+ |-meeeees |
|.3 GAS FLOW CYLINDER BLOCKS........... ;18 | 25 | 18 | 6 | 1

| |+eeeeeees |-oeeeeeee |-eeeeeees |+eeeeeees |+ neeeee !
|.4 ANGLE MILL CYLINDER HEADS.......... | 20 |27 | 13 | 5 | 1 |
; |-eeeeeeee |-oeeeeee |+eeeneees |-eeeeeee RRERRAEE !
].5 0" RING CYLINDER BLOZKS........... |23 | »n | 7 | 4 | |
| |-eeeeees |-oeeeeee |+xeeeees |+reeees |+oeneeeee !
|.6 HONING CYLINDERS WITH STRAIN PLATE.| 35 | 25 | 4 | 1 | 1 |
! R |-oeeeeee RRRERESEE REREEREE |- reeeoe |
[.7 INLET MANIFOLD MACHINING (V8)...... | 30 | 33 ! | 1 i 1 |
| |-eseeeee |-oeeeees |-eeeeeees |-2eeeees |-eee e |
[.8 MAIN BEARING TUNNEL BORING......... | 38 |25 | 1 | 5 | |
| |- ARREARARE |-eeeeeees |-eeeees |- neeee e !
[.9 MAIN BEARING LINE HONING........... i 30 | 26 | 4 | 1 | 1

! |- AR |+eeeeees |-eeeeees e !
| .10 MACHINE HEADS FOR LARGE VALVES..... | 29 | 32 | 2 | 4 | I
| |- ooeeeee |-eoomeee REEEA |- neee |- neeee |
[.11 MACHINE COMBUSTION CHAMBERS........ | 30 |27 | 5 | 3 | 1 |
| | l I l I |
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2. (Continued....)

| | | | | |
] TOPIC | STRONGLY| AGREE | DON'T | DISAGREE| STRONGLY]
| | AGREE | | xnOwW ] | DISAGREE|
| omrrmeae s |=oeeeeees |+ | e eees |+eeeees |+
] .12 DYNAMIC BALANCE COMPONENTS......... ] 38 ] @5 | ] 2
! |=eeeeeees |-eeeeees RRRRREEEE ARRRRRRE RRRRRREES
] .13 STATIC BALANCE COMPONENTS.......... | 27 ] 3o ] ] 4 ] 1
| | -=eneeees RS |-eeeees RRRRREREE |-
.14 MACHINE FLYWHEELS.....cevvvrnceenn. | 34 | 34 ] ] ]
| oo |seeeeeees | -eeeeees |-2eeeeees |-ee e
] .15 MACHINE AXLE HOUSINGS......o0uuunns | 8 | 18 ] 24 I 9 ] 3
| AREERRREE |+eeeeeees |+ |-eeeees |+
] .16 MACHINE BRAKE COMPONENTS........... | 10 ] 18 ] 20 ] 10 ] 3
! | -emeeee |-oeeeeees <o |+oeeeeees |2eeeees
] .17 MACHINE PISTONS....ovvvvvrrrronnnns ] 30 ] 25 ] 5 : 2 ] 1
! |+eeeeeees Jnneeeee | oeeeeees |--eeeeees RRRRREEEE
] .18 TRANSMISSION COMPONENIS............ ] 10 ] 15 ] 26 ] 9 ] 3
! RRRRRRRES |+eeeeees |+ereeeees ARRERR |-
] .19 MAKE DRIVE SHAFTS.......eevuvnrnnns | 10 | 20 ] 19 ] 9 ] 3
! ! ! ! ! I
YOUR COMMENTS (IF ANY):
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SPECIFIC COURSE INFORMATION

appropriate column.

Please indicate your response to the zbove statement by placing a tick (

3. The following topics are needed in the area of ENGINE TESTING AND EVALUATION.

) in the

I |
| TOPIC | STRONGLY| AGREE | DON'T | DISAGREE] STRONGLY|
I | AGREE | | kNow ] | DISAGREE]
L DR RERRRARY |-nneenees |-oeoosees |-eeeeeees |+eneeees |+eemneees !
|.1 DYNOMOMETER - OPERATION/TYPES...... | 26 ] 2 ] 4 |
| |- e |- eeeeeee |-oeeeees |-eeeeeees |-eeeeeee |
}.2 GAS FLOW CYLINDER HEADS............ | 25 |26 | 10 | 1 |
| oo |-oeeees |- |-oonoeees |-neseee !
}.3 THEORETICAL KNOWLEDGE OF POWER DEV.| 23 | 33 ] 5 | 2 |
| |-oneeeee R |-eeeeee REREREEEE [RREREREE !
|.4 THEORY OF ENGINE BALANCE........... | 28 | 35 | 4 | |
! |=xomenee |=eeeeeees |-oeeeeees SRR RRSERRREE !
|.5 ENGINE EFFICIENCY..cvvvrennunnnnenn | 23 ] 35 | 4 | |
| |=neeeeoes REREER |-eemeeees |-eoeeeee |-oeeeeeee |
] FRICTION. .. cinrinnnninvecnnnnonnnns |21 | 38 | 7 | |
! |-xeeroee |-oeeeeees RS |-eooeeees |-eeneeees !
] VOLUMETRIC. ¢ e vuvrverencnccccnannans | 18 | 38 ] 9 |
! |-xormeees RRRRREEA |-oeeeeees RREREEEES |- !
] 1.P., BuP. ETCevrnnnneennncnncnnnnn | 13 ] 26 | 13 |
l |- xoromees R RRRERRRES T RRRRRRE r
|.6 ON-BOARD ELECTRONIC MEAS. DEVICES..} 15 | 30 |16 ] 3 |
I | I | | |
YOUR COMMENTS (IF ANY):
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SPECIFIC COURSE INFORMATION

4. The following topics are needed in the area of WELDING AND FABRICATION.

Please indicate your response to the above statement by placing a tick ( ) in the

appropriate column.
I I | | | I |
| TOPIC | STRONGLY| AGREE | DON'T | DISAGREE| STRONGLY]
| | AGREE | | xnow I | DISAGREE|
[-orrmns e |-eneeees |-sseeees |- |-eeeeee [-oeees -!
|-1 MODIFY HEADS BY WELDING & MACHINING] 29 | 26 ] 1 ] 4 ] 1 |
| |-eeeees |- oeeeee |-seeeee |-eeeee |-eeeeee I
| .2 MAKE OR MODIFY SUMPS.........ccnn.. | 22 | 30 | 4 l 5 | 1 |
| [rommeees [rommmmees [==-mmmoe- [==--mmee- [k I
| .3 MAKE OR MODIFY SUSPENSION PARTS....| 10 | 16 | 1" | 14 | 7 |
I [-ommeee- [rommmees [rommeenes frorrmes froeemenes I
| .4 MAKE OR MODIFY ENGINE MOUNTINGS....! 11 | 23 f 14 | 10 ] 4 |
I |rommmeees [=mmee- [=ommmee-- f=rmemees [roeeenne- |
| .5 MAKE OR MODIFY CLUTCH HOUSINGS..... [ B ]2 |17 | 8 l 3 |
I froeennne- froeesnn-- [=mmmmmee- [roommmne- [rmeenes |
|.-6 MAKE UR MODIFY GEARBOX HOUSINGS....| 8 | 22 | 15 | 9 ] 3 I
I |-eeeeees |- eeees |-ee -ee |-oeeeee |-oeeeeee |
| .7 MAKE OR MODIFY CHASSIS FRAMES...... | 10 | 15 | 16 | 16 | 4 |
I frommeeee- [rommmees |-===o=nee [-=ommmee- [=roeenne- I
J.8 INLET SYSTEMS...covvveevvonnnannnns | 17 | 35 | 6 | 1 | 1 |
I |-oeeeeees |--emeeeee |--eeeeees |- |-eeeeeee |
| .9 EXHAUST SYSTEMS.......cevvvvennnnn.s |7 | 30 ] 6 | 2 l 1 |
I [=ommnnes [==mmenees [==mmmnee |--mneees [oreemnes |
] .10 ROLL CAGES.....ovvverurnnnnnnnnnnnns | 14 1] | N | 9 | 4 |
| | I | | | I
YOUR COMMENTS (IF ANY):
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APPENDIX 3

QUESTIONNATRE REPLIES - AS A PERCENTAGE

GENERAL ;NFORMATION

1. Company Name (optional):
2. State or Territory:

v ———

3. Number of Skilled Staff: ‘ ‘

*Please note: all of the
4. Average age of Skilled staff: following figures have
been rounded off to the
appropriate numbesr.

5. Do your new staff usually require training Yes No
to satisfy your particular requirements?
96% 4%
6. Do you find that there are sufficient Yes No
mmbers of adequately skilled personnel -
within the industry? 7% 93%
7. Do your staff require an understanding of Yes No
electronic engine management systems?
43% 57%
8. Do you have any experience in working with
the following materials?
Yes No
a) carbon fibre 8% 92%
b) ceramics 18% 82%
c) titanium 26% 74%
d) aramid fibres 2% 98%
|
9. Do you feel that there is a need to develop Yes No
an advanced course for high performance
engines? 76% 24%
40
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SPECIFIC COURSE INFORMATION

1. The following topics are needed in the ares of ENGINE ASSEMBLY & BLUEPRINTING.

Please indicate your response to the above statement by placing a tick ( ) in the

appropriate column.

I I I I I | |
| TOPIC | STRONGLY| AGREE | DON'T | DISAGREE| STRONGLY|
| | AGREE | | xnoWw | | DISAGREE|
|[-osmem e |+reeeeees |--e2e- feeneenee |-eeeeee R |
|.1 DECK HEIGHT PISTONS........c.oveens | 3% | 3% | ox | 1% | 0x |
! |+en e R |--eeemee |+eeeeees |-eeee e |
[.2 BEARING FITTING....covveuneneonnnns | 73% | 27x | 0x | ox | ox |
I |-eeeeee |-ee-eeee |-eeeeee |-eeeeeee |-eeeeeees I
|.3 COMP. RATIO CHECK & CALCULATIONS...| 56% | 35% | 3% | 6% | 0x |
I |+0zenens |+2eeeeees |oeeeeees |-reeeeees |-eeeeees I
|.4 DEGREEIMG IN A CAMSHAFT............ | 7% | 2ex | % | 1% | 0x |
I R |--neeeees | oeeeeee |-eee e |+eeeeees I
|5 DETAIL ASSEMBLY.......covvvrrennnns | 72x | 23% | 3% | 2% | ox |
I |-eeee e |-eneees |--eeneee |-eeeees |-ereeees I
|.6 MODIFY LUBRICATING SYSTEMS......... | 54x | 33% | 5% ] 8% | ox |
I |-e e |+2eeeeees |+eeeees |oeeeeeees |- I
| i) Rebuilding oil pumps.......... | s7% | 36X | 6% | 3| 0%

I R |+eeeees |+eeeeeees |- |2 |
| ii) Build dry sump systems........ | 29% | 40% | 23x | ™| 1% |
I |-ee e IR |+ |++eemeees ERRRRRRRE |
|.7 TURBOCHARGER OVERHAUL......e0veen.. | 36% | 0% | 19% | 7% | ox |
I |--eeeeee |-eeeeees |-eeeeee | oo |+eeeemne I
|.8 ENGINE BLUE PRINTING.......cocvvnes | 6% | 44X | 6% | x| ox |
I (RRRRR |=emmoeees |==meenne- |=rmremees |==-mmmoee I
|9 FASTENERS.c.eveorncecnerovanananans | 36% |  4ex | 19% | % | ox |
I | I I I I I
* (Please note: ALL of the above decimal figures have been rcunded off to the

appropriate decimal poirt.)
YOUR COMMENTS (IF ANY):
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SPECIFIC COURSE INFORMATION

2. The following topics are needed in the area of PRECISION MACHINING OF COMPONENTS.
Please i:“icate your response to the above statement by placing a tick ( ) in the
appropri..s column.

| I I | I I |

| TOPIC | STRONGLY| AGREE | DON'T | DISAGREE| STRONGLY |

| | AGREE | | know | | DISAGREE|
|-omroooe oo |- oo |-oeoeeees |--oeonee |--oeeeee |-oeoeeee |

-1 CRACK TESTING....vevvevvrneeannnnnn | 7Tex | 208 | ox | 0x | 0%

I |- oeeeeees |=xemeeees oo |- eeeeees |=eeeoeees I

| @) PiStONS...ueveerunrvnnnenconnnans | s6x |  36x% | 2% | 6x | 0%

| |+ [+neeeees |-eeeeeeee oo |-oeoeneee |

| B) RODS. ... coruenerneeenrnannnonnes |  62% | 38% | 0x | 0x | 0% |

I |+ eeeoee |- |-eeeeeeee |+eeeeee |-eeeeeeee !

| = T - -1 | 55% | 44X | L 2 0% | 0%

| |- |-oeeeeee oo |- ee e |-eeeeoees |

| d) Axle Shafts.....cooevuveeeonennns | sex | 35% | 5% | 6% | 0x |

I |-eeeeeeee |=eeeeeees |-oeeeeees |+oeeemnee |-eeeeees I

| €) Crankshafts....ooerrennennnnanns | 7ex | 28% | ox | ox | ox |

I |- <o |-eeeeemee |- ees |-oeeenees |

| £) BLOCKS. . vvrrerrerornnoonannnnnns | 0% | 38% | x| 0% | %

I [+eeeneees |=eeoeoees |-eeeeeee RRREEER |+eeroeee !

|.2 CYLINDER BLOCK SURFACING/DECKING...| 65% | 35X | ox | 0x | 0%

I |-eeeee |- eee e |-eeeeee |- |=eeemoees |

|.3 GAS FLOW CYLINDER BLOCKS........... | 27 | 36% | 27% | 9% | 1%

| |- joeeeeeee |-oeeeoeee |+ eeeeeees |-ooooeee |

|.4 ANGLE MILL CYLINDER HEADS....... o] 30% | 41X | 0% | 8x | 1%

| |-oemeeeee |- |-eeeeeeee e |- |

|.5 “O" RING CYLINDER BLOCKS........... I 36% | 7% | 11X | 6% | 0x |

I |=neemeee |-eeeeeee |+eeeoeees | ooneeees |<oeeeneee I

|.6 HONING CYLINDERS WITH STRAIN PLATE.| 53% | 38%x | 7% | x| 1%

I |-eecee <o |-eeee e RREEAS |-eeeneees I

|.7 INLET MANIFOLD MACHINING (V8)...... | 46% | s2% | ox | 1% | 1%

| [-oeeeeee [-oeeemees |-eeeeoe <o |-eeeee |

|.8 MAIN BEARING TUNNEL BORING......... | s7x | 37% | x| 5% | 0%

I [+-eeemee oo |-oeeeeees |- |-oeenneee !

|.9 MAIN BEARING LINE HONING........... | 49% | e2% | ™= | 1% | Lk S

| |roneeeees oo |=eeeceees |-reneeees [2eemeeees I

| .10 MACHINE HEADS FOR LARGE VALVES..... | eex | 47% | x| 6% | ox |

I |- |=oeeeees |-oeeeieee oo |-eeee e I

| .11 MACHINE COMBUSTION CHAMBERS........ | 6% | 41X | % 5% | 1%

I | ! I I I |
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2. (Continued....)

I I | I I | I
| TOPIC | STRONGLY| AGREE | DON'T | DISAGREE| STRONGLY |
| | AGREE | | xnOwW | | DISAGREE |
|+seme e |--eseeees |+eeeeeees |--eeeeees |-eeeenee joeeeeees |
| .12 DYNAMIC BALANCE COMPONENTS......... | 59% | 39% | 0x | 2% | 0x |
I |- e |-eeeeee |-eeeee [-eeeesee |
| .13 STATIC BALANCE COMPONENTS.......... | 44% | 8% | ox | 7% | 1%
I |- |oeeeeeees |-oeneeee |-oeeeeees |+eeeees !
| .16 MACHINE FLYWHEELS...cvovveennannnnn | so0x | s50% | ox | 0x | ox |
I |-eeeeeeee |--eeeeee |- |-e e |--eeeeee I
| .15 MACHINE AXLE HOUSINGS.............. | 3% | 28% | 39x | 15% | 5% |
I |- |+eeeeeees |-eeeeeees RERREEAE |- |
| .16 MACHINE BRAKE COMPONENTS........... ] 16%x | 30% | 33% | 16X | 5% |
I [-eeeeeees |-oeeeeees oo |- |-oeeeees I
| .17 MACHINE PISTONS......vvvveoenrconen ] 48% | 40x% | 8x | x| 1% |
I |- |- |-eeeeeees |-eeeee o |-eeeeees I
| .18 TRANSMISSION COMPONENTS............ | 6% | 2% | 41% | 14x% | 5% |
I |- |--eeeeee |-eeeeeees |-eeeee |-eeeeee I
| .19 MAKE DRIVE SHAFTS. .......cevvunen. Io16% | 33% | 31x | 15% | 5% |
I I I I I I |
hd (Please note: All of the above decimal figures have been rounded off to the

appropriate decimal point.)

YOUR COMMENTS (IF ANY):
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SPECTIFIC COURSE INFORMATION

3. The following topics are needed i1n th~ sres of ENGINE TESTING AND EVALUATION.

Please indicate your response to the above statement bty placing a tick ( ) in the
appropriate column.

I I I I I I |
| TOPIC | STRONGLY| AGREE | DON'T | DISAGREE| STRONGLY|
| | AGREE | | know | | DISAGREE|
| -oemeeneee e e |+eeeeeees |-=naneees oo |-eeeeees |- I
|.1 DYNOMOMETER - OPERATION/TYPES...... | 39% | s3% | 6% | ox | ox |
| |-eeeeees |-eeseee |- oo |-eseeeees |-eeeees |
|.2 GAS FLOW CYLINDER HEADS............ | 40% i &2% | 17X | 1% | ox |
I |-eeeeeees |+reeeeees | ooeeeeees |-oeeeeees |+ I
|.3 THEORETICAL KNOWLEDGE OF POWER DEV.| 37% | 52% | 8x | 3% | ox |
| |-eeeeees |--eeeeee |=eeeeeee <o e |- I
|.4 THEORY OF ENGINE BALANCE........... | 42% | 52% | 6% | 0x | ox |
I | oeeneeees |oreeeeees | +oeeeeees | -oeeenees |oeeeeeees I
| .S ENGINE EFFICIENCY.....covverunnenen | 37 | st | 6% | 0% | 0% |
I |-oeemeees |--eeeeee |<oeeeeee RRRERRREE RREEERAE I
| FRICTION. cevvieeverennnonunacnnnnnn | 32%x | <8 | 10% | ox | ox |
I |=reemeees |-eeeees [roeeeees |-oeeeeeee RERERLREE I
| VOLUMETRIC. covvuvenvnrnvennennccees | 28% | s8x | 14x | ox | ox |
I |+ |-sseeee [-oeeeee |- |-oeeeeee I
| I.P., B.P. ETCuvriinnnniiininnnnnen, | 25% | sox | 25% | ox | ox |
I |- e |--eeneee oo oo |+oeeenees I
|.6 ON-BOARD ELECTRONIC MEAS. DEVICES..| 23% | 47% | 25% | sx | ox |
I I I I | | |
d (Please note: ALl of the above decimal figures have been rounded off to the

sppropriate decimal point.)

YOUR COMMENTS (IF ANY):
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SFECIFIC COURSE [NFORMATION

4. The following topics are needed in the ares of WELDING AND FABRICATION.

Please 1r cate your response to the above statement by placing a tick ( ) in the

appropr:ate column.
| I I I I I I
| TOPIC | STRONGLY| AGREE | DON'T | DISAGREE| STRONGLY |
! | AGREE | | know | | DISAGREE |
[ ooserrmee e RIS |-eeeeee |+ eenees | -eeeeee R |
|.1 MODIFY HEADS BY WELDING & MACHINING| 48X | 43% | 1% 7% | 1%
| |-=emeeees |-eeeee |-eeeeees |=eeemeees |+eeemeee |
|.2 MAKE OR MODIFY SUMPS............... | 36% | 48% | ™% | 8% | 1% |
| |-eeeenes |-eee oo |- |+eee e |-eeeeeee |
|.3 MAKE OR MODIFY SUSPENSION PARTS....| 17% | 2:a | 19% | 24% | 12% |
| | -eeeeeee R | |-oee e R |
.4 MAKE OR MODIFY ENGINE MOUNTINGS....| 18% | 37% | 23% | 16% | 6% |
| |-eeeeees |-eeeee |- oee e |-eeeeee | -eeeee |
.5 MAKE OR MODIFY CLUTCH HOUSINGS..... | 18% | 35% | 29% | 13% | 5% |
| |--eeenee |+eneenes |+eeeeees |+ reeeees |-eeeeeees |
|.6 MAKE OR MODIFY GEARBOX HOUSINGS....| 14% | 40% | 26% | 15% | 5% |
! |--eeeeee |- |- |=eeeeees |-eenees I
|.7 MAKE OR MODIFY CHASSIS FRAMES...... | 6% | 25% | 26% | 26% | 7%
| Jeseeeees |---eseee |- eeee |- eeee e [=eeeeeeee |
|8 INLET SYSTEMS... tvuiveererccneonn. | 29%x | Sex | 10% | 1% 1%
| |--eneeee [+ |-=eeemee [=eeee e |+eeeeees |
|.9 EXHAUST SYSTEMS.......c..0veenvennn. | 30% | Sex | 11X | 4% | 1%
| | -2neeeee |+ |+reneeees [+eeeneees |-eeeees |
[+10 ROLL CALES.eeeeervuvruruonacancennn ] o2e% ] 35% | 19% | 16X | 6% |
| I | I I I I
* (Plense note: AllL of the above decimal figures have been rounded off to the

appropriate cdacimal point.)
YOUR COMMENTS (IF ANY):
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APPENDIX 4

RESPONDENTS OCMMENTS

SPECIF]IC QOURSE INFORMATTON
1. The following topics are needed in the area of ENGINE ASSEMBLY AND

BLUEPRTNTNG.
COMMENTS:

As you well know, there is a chronic shortage of Auto Machinists for
day-to-day workshop work. I hope the major effort & resources are
kept training 'starters" rather than producing speciali ts for
campetition vehicles.
* * *

Wht do you mean "blueprinting"? I have been buiilding series
production and f/ford engines fcr 15 vears and the term blueprinting
is probably the most misused terminology in the motor trade. We also

race for T/Cam and BDA engines ourselves as well as building them for
others.

* * *

Blueprinting is campulsory as far as engine performance is concerned,
with the secret being - keep 100% concentration.

* * *

It is my opinion that a special course is not warranted. If a person
wishes to pursue this type of career you undoubtedly find your
experience by practical experience in the workshops which carry out
this type of work. A good proportion of this proposal is covered by
standard engine reconditioning course now available.

* * *

It is my opinion that a course as indicated is jumping the gun. The
engine Reconditioning Industry requires tradespersons with a good
basic knowledge of ergine reconditioning.

* * *

Greater need for detailed camshaft operation.

* * *
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SPECIFIC QOURSE INFORMATION - Continued...

I would have though each engine .econditioning aprrentice would be
expected be capable of performing the tasks with which I have
agreed.

* * *

Modify wet sump with baffles to stop surge. (.6 ii)
Piston to valve clearance check. (.4)

* * *

Training is required to develop understanding as to why the above
items are important.

* * *

It would be desireable to have an understanding of the air-flow and
breathing characteristics controlled by the induction system,
cylinder head ports Cam timing - lift and ex aust system.

* * *

Deperdent on engine type and such as decki _ pistons it depends on
which brand as most forged units are quite accurate.

* * *

Dear Sir, although same merit may be gained by conducting such a
course, Ifeeltheproblanslmldbeaddrssedaswhatisbeingdone
to provide a course for basic Engine Reconditioning. The majority of
engine recorditioners ‘n Australia are always seeking skilled/trained
personnel pore apt to the repairing of Diesel/Petrol engines, a
limited few specialise in high performance engine modifications. Your
interest is appreciated, but your direction could be well awarded in
another area. Yours faithfully, (name supplied).

* * *

Dear Sir, Being an Engine Reconditioner for 25 years, I feel this
questiornaire is fine for High Performance needs, but I would like to
say thet the "WHOLE TRAINING" of engine reconditioners needs to be
addressed. There is a need for a TAFE course dealing specifically
with Engine Reconditicning. This would entail training on all
machinery and other aspects of the reconditioning game. If you start
with this and then follow with specialised courses outlined in your
questionnaire, then you will produce the specialised engine
recorditioners of the future.




SPECIFIC COURSE INFORMATION - Continued...

Campression ratio check, heads excessively machine, lifter crush,
renevw oil pumps, metal fatigue of drives fail when oil poessure
increased.

Con rod and main and head bolts should be replaced. Excess torquing,
thread stretch, twist etc...

* * *

We must narrow the definition of Engine Recorditioner. "Jack of all
Trades, Master cf none". Manufacture of non—reconditional engines
creating unemployment.

* * *

Most of the topics listed are basically straight forward. Deck
heights, bearing fitting, comp. ratio are all calculated for you in
many catalogues. Maybe an understanding of all types of engines and
how they work might help in this area of ass. Most leadinc race type
engine assembly rely on machine shops to supply components and are
basically selling their knowledge with engines built.

The teachers firstly have to be motivated in technology advancement
and skills.

Imightsomﬁlikeacaseofswrgrap&s,hrthmlddoanythingto
advance the level of skills and tradespecple in ergine
reconditioning, assembly and dyno with correct application.

My whole life and business evolves around high performance. In ... I
have given up the cause and live in my own "Little World" - (name
supplied)

P.S. Keep up the effort!!! - Many, many thanks!!!

The current course deoes not emphasize the importance of any of the
above.




S c INFO ON - Continued...

* * *

Bearing fitting should include grinding of C/shafts to suit fitted
brgs to abtain correct clearance.

* * *

Checking off geametry.
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SPECIFIC QOURSE INFORMATION - Contirmued...

2. The following topics are needed in the area of "RECISION MACHINING OF
COMPONENTS .

COMMENTS

Strongly disagree on Q.9. as if main tunrels are tunnel bored
correctly, is no need for honing. Answer to Q.6. - your question
should read BORE & HONE with string plate not just hone from scratch,
as same tend to do.

* * *

.1 () Blocks & heads should be pressure tested.

1 (a) Pistons should be replaced as crack testing would make the
cost of most engines prohibitive.

.1 (c) Bolts should be replaced if in doubt.

3,5,9,10,11. In our line of busine._ we do standard production

engine
recorditioning. We would mot normally line bore or hone
tunnels unless same damage had been caused by failure of
canponents.

.17 We sametimes cam grind pistons only if we cannot buy the
right pistons.

* * *
What about: ©resize con rods, fitting bushes and gudgeon pins,

fitting inserts, fitting and reaming valve guides, etc etc - Basic
Engine Reconditioning Requirements.

* * *

Gas flow - see next subject. Other don't know's - don't do enough of
it to be in a positiocn to comment.

* * *
(.13) Motor bikes only.

* * *

The ones [ disagree with are only for high performance engines (5. 7,
10, 11, 12, 13, 17)
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SPECIFIC OOURSE INFORMATION - Contimued...

The basic courses as presented tn apprentices at the moment are
boring. The average or above average would become more enthuwed in
his work as a result of the akove courses. Tris increased awareness
and enthusiasm would be reflected through the ENTIRE TRAINING PROGRAM.

* * *

Please include grinding and finishing preparation of crankshafts and
resizing of con rods and correcting for center to center lengths of
con ruds.

* * *

(-17) Deperds on the purpose e.g., to lower compression ratio.
0.K. providing plenty of thickness in head.

* * *

ALL machining should be precision!!'

* * *

OCbviously all the above would by the ultimate course, but only a very
limited amount of machine shops would have facility for all these

operat.ions.
* * *

N/A response indicates not applicable to our business - kut agree
needs to be included (.14, 3, 13, 15, 16, 18, 19)

* * *

One very important machining operation requiring urgent and immediate
attention is that of Automotive Crankshaft journal regrinding. We
have been attempting to chtain the service of first class operator for
(2) two years without success.

* * *

(.16) ronsider out of engine realm.

* * *
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SPECTFIC COURSE INFORMATION - Contirued...

(.4, .7) A practice I strongly disagree with. Usually associated
with an economical way of raising campr. for the moment, but not in
the loang run. Disadvantages: Water jackets not lining up, Rocker
geam, inlet man not sealing, gas flow and swirl area diff. to .at
pistons are designed for, tappet adjust., (especially non-
adjustables) .

* * *

For a skilled machinist to give his maximm, he must be trained in
importance on such items as camponentry matching and sumry * e.g.,
carby's, distributors, cams, gear ratio. Otherwise he goes through
life thinking that the only thing that makes horsepower is correct
machining. Machining is only the base!

* * *

(17) Due to the camplexity of today's piston, it is practically
impossible to machine the cam and clearance required by today's
standards.

* * *

Advance education for precision machining of components? As all
auto. machining is a high precision gkill, therefore shouldn't it be
the standard requirements of all training i.e., tolerances of .0001"
piston pins.

* * *

I believe that axle/transmission camponents should be looked after by
the experts in that field. In my shop we do work on these camponents
as we have a fully equipped machine shop.

* * *
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SPECIFIC QOURSE INFORMATIQH - Continued...

The following topics are “eeded in the area of ENGINE TESTING AND
EVALUATION.

CCMMENTS :

Diagnosis of engine faults should be checked and double checked in the
case of machine failure or faults.

* * *

To teach subjects as above to person who do not have a sound
education in the basic principles of engine reconditioning, would be
similar to trying to teach somecne to waterski when they cammot swim
and do not have a life jacket.

* * *

Gas flowing cylinder heads involves to much more than simply
ma:msurgthevolmneofalrwhldm@nbepassedthmx;haport
This aspect of engine designs is the subject of intense debate
between very highly qualified university graduates. Do we know the
answers ourselves? If not, what do you propose to teach?

* * *

Dyno work is exciting and fulfilling and teaches frr trial and error
the correct way to do work properly.

* * *

Please include cylinder leakage testing, valve seat run out and
resultant seal testing of valves.

* * *

Full competence of dyno & carburettor reconditioning and
modifications.

* * *

Swirl chamber and flame fronts extremely important.

* * *

Emphasis to be placed on correct camponent matching to result in
correct applications e.g., heads, cams, induction, exhaust.
Importance of distributors, induction etc...




SPECTFIC OOURSE INFORMATION - Contimued...

4. The following topics are needed in the area of PRECISION MACHINING OF
QCMPONENTS.

COMMENTS :

It takes a special sort of person to be any good with modifies
engines. A general course may improve the standard of same students,
however, I find it extremely difficult to find anyone su.cable to
train. You have not stated whether the course is to be post-
apprenticeship or part of training during apprenticeship.

* * *

All modifications to be made with more than sufficient strength of
materials used.

* * *

* Same camments as for previous area, however, the principles of
individual pipes are relatively easy to calculate and refine by
experiment and we have to start samewhere. Disagree Topics - Feel
these should be left ot skilled and PRACTICING welders.

* * *

We have found the level of skill required seriously lacking in

mechanical apprenticeships for our application. Thus we have
chosen Fitters with same racing background or experience and then
taught them our own specific requirements. Your proposed course
outlined above appears to give an excellent coverage. If we can be of
further assistance, please don't hesitate to call.

* * *

Deperding on numbers, or industry demand.

* * *

(.3) Accurate measurements and machining are required for suspension
camponents and any cast iron suspension parts that are heated and/or
bent should be thoroughly crack tested.

* * *

A’1 above help in base understanding, cylinder heads - extreme
specialist work, but badly lacking skilled tradesmen.

* * *
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If these areas were welded ard machined outside mamufacturers
specifications, we lose all insurance ani end wp in a small claims
tribunal being f°lly responsible. Fave spoken to Geoff Shepherd of
the Consumer Affairs Department.

* * *

Suspension, chassis & safety camponents require extreme caution in
design and manufacture. They require aviation industry skills ard
quality control - FATIURES CAN BE FATAL!!!

* * *

Teaching electric cast iron welding (without hard spots).

* * *
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