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Explanatory notes

A comma (,) is used to distinguish thousands and millions.

A full stop (.) is used to indicate decimals.

The monetary unit in Romania is the leu (plural, lei). During the period
covered by the report, the value of the leu in relation to the United States
dollar was $US 1 = lei 12,000,

The following abbreviations are used in this report:

CKD
IABv
pu 1 |
mig
QA
QC

SUP
TUP
vIP

Completely knocked down
Intreprinderea de Autocamiocane Bra.‘ov
Intreprinderea Mecanich Muscel

Metal inert gas

Quality audit

Quality control

Single-unit pacié

Twin-unit pack

Vapour-inhibiting paper

The designations employed and the presentation of the material in this

document do not imply the expression of any opinion whaisoever on the part of
the Secretariat of the United Nations concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the

delimitation of its frontiers or boundaries.

Mention of firm names and commercial products does not imply the endorsement

of the United Nations Industrial Development Organization (UNIDO).
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ABSTRACT

The project entitled "Improvement of design and manufacturing
technology of all-ground passenger vehicle bodies" (SI/ROM/74/8081/ ) originated
in a request made by the Covernment of Romania in December 1974 for United Nations
Deve lopment Programme (UNDP) assistance in improving the design and manufacturing
technology of all-ground passenger vehicles, with particular reference to methods,
quality and cost reduction. The request was approved in July 1975, with the
United Nations Industrial Development Organization (UNIDO) designatel as the exe-
cuting agency, and Intreprinderea Mecanic¥ Muscel (M) as government co-operating
agency., The project was divided into two missions of three months each, the
first beginning in February 1977, and the second in £ ‘ember 1977,

The common areas of potential manufacturing improvement and cost reduction
in the Romanian vehicle industry are many, and any action taken to achieve these
ends should be industry-wide. The technical recommendations contained in the
report include low-—cost die-making, a change in solder formulation, modernizing
welding equipment, more automated mﬁterial handling in the die shop, better
paint shop maintenance, new paint formulation and method of application, and

improved body shop processes,

The conclusions and recommendations with regard to managerial functions are
more generalized, It was concluded, for example, that a foreman training course
would yield more positive control of worker output, improving quality, cost and
volume; and that better control of work required would be achievel by detailed
planning, including hourly payment, containerized material handling, revised
production scheduling, and altered plant layout - all keyed to the line concept.
To promote these Jevelopments, either specialists in the field should be recruited
for service in Romania, or local staff should be itrained abroad. PFinally, forwarz
planning and factory organization not covered in this report should be reviewed,
with the continued support of UNIDO in this as in the other above-mentioned fields

of activity.

1/ On 1 January 1977 the project number was charged from IS/ROM/74/003 to
SI/RCM/74/303.

—
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INTRODUCTION

During the 1975-1980 period, the production level of all-ground
passenger vehicles in Romania is to be substantially increased to cover the
estimated growth in domestic market requirements and export demand, especially
in developing countries. To ensure the achievement of the planned production
levels while meeting new vehicle safety standards and quality requirements, the
Government of Romania considered it essential to improve design and manufacturing
technology of all-ground passenger vehicles, with particular reference to
methods, quality and cost reduction. It therefore requested, in December 1974,
United Nations Development Programme (UNDP) assistance in effecting the necessary
improvement. The request was approved in July 1975, and led to the project
entitled "Improvement of design and manufacturing technology of all-ground
passenger vehicle bodies" (SI/ROM/74/8081/), with the United Nations Industrial
Development Organization (UNIDO) designated as executing agency, and Intreprinderea
Mecanic¥ Muscel (IMM) as Govemgen‘l; co—-operating agency. The project was allotted
a budget of $US 24,300 and divided.into two missions of three months each, the
first teginning in February 1977, and the second in September 1977.

The expert's assignment consisted in providing technical assistance to
IMM in improving the design and manufacture of bodies for all-ground passenger
vehicles, with special emphasis on the following elements: body design
improvement, reduction of development work, increase in body manufactaring
productivity and in quality. PFollowing submission of his mid-term report, the
expert's work was expanded to include the whole automotive vehicle industry,
that is, passenger cars, busses, trucks and trolleys, in addition to the jeep=-
type ARO all-ground vehicle. Four of the six months devoted to the project
were spent at the jeep rlant, which was therefore the subject of more detailed
analysis and comment than the other factories, although each plant may
benefit by the comments made about the others,

1 On 1 January 1977 the project number was changed from IS/ROM/74/€683
to SIJROM/74/808.

s —
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The products of the car plant are the four-door Dacia passenger car,
a pick=-up truck using the car chassis and front end up to the "B" or centre
pillar, and a panel van set on the car chassis. The volume of production was
72,000 units in 1976, Starting in 1968 as a Renault completely-imnocked—down

(CKD) operation, local content is now over 95%,

The truck plant started in 1954 with a KD Russian four-ton truc'.
In 1962, manufacture of the current staniard cab began, The cab-over-engine
diesel is a MAN-licensed design that started in 1971, The model range is
ncw broad. With a total staff of 26,000, the volume of production in 1976 was
36,000 trucks, 30% of which was for export. The target for 1980 is 50,000 units.

The bus plant produces an urban bus powered by Jiesel or electric motor,
and an intercity bus 9 m in length with standard appointments or 11 m in
length with de luxe appointments, It also builds a series of commercial
vehicles on one frame, including a chassis cab, drop side, and several van
variants. Bus production is in_;ts twenty-fiftn year, and the employment
level is nearly 7,000, :

The final timetable for the second three-month mission was agreed as

follows:

Time

weeks location Subject
2 United States Data collection and

special conferences

3 Cfmpulung ARO jeep
1 Piteiti Cars
3 Bucharest Buses
] Bragov Trucks
1 Vienna and travel Final report

13

At IMM the discussions centred on the following: the remaining critical
departmer.ts of quality control, plant layout and final assembly; passing on
the United States data, catalogues, and results of meetings with automative
specialists; and reviewing progress on the recommendations made five months
earlier, and discussing additional IMM problems. Subjects not discussed were

organization, forward planning, research, sales, service and CXD export,
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The short time spent in the other three plants was insufficient to
make the kind of analysis and recommendations provided for DN, but gave a
broader picture cf the overall vehicle industry. Accordingly, the report

covers MM in detail, and contains separate sections on the car, bus and
truck plants.
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I. INTREPRINDEREA MECANICA MUSCEL
A, Problems

Probably the single most important condition for the achievement of lower
cost and better-quality would be a change in worker attitude. Suitable guide-~
lines are e3tablished by the product design and processing studies, but the
effectiveness of the system _s hampered by the lack of precise instructions to
be followed by the workers in the performance of their duties. Batch-flow and
piece~part payment are also major drawbacks'to optimum worker performance,
There is no production-line control, many lines are stopped, and those that fun
are for transport only, not worker conti‘ol.

If major improvement in quality and cost reductions ars to be obtained,
foremen and supervisors must lay greater stress on working to established
standards and production schedules. A change to bright, spacious, modern'#nd
safe factory installations would also contribute to the achievement of thesé

goals-

A conscientious effort is being made by the factory planning staff. ~ The
plans for manufacture and assembly are detailed and well conceived, but in many

areas the programme on paper is not applied in practice.

Solutions require a major change in effort and direction. The expert
was unable to see the general organization chart or to obtain detailed
information concerning the support and direction given by Government to this
industry, or even to this plant. Attempts to arrange meetings with government
staff were unsuccessful, although such backing would be necessary for a solution.

The above general problems require a shift in manufacturing approach
and attitude by goverrment planners and factory management, There were, however,
many specific problems of a technical nature that could be acted upon now, as

follows:

Specific problems

Mary IMM problems, at the expert'’s request, were written as departmental
lists, others were observed by the expert during his time in the factory.
Both were handled as follows:

(=) Minutes were taken on all discussions and are summarized in annex II
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of this report. They are presented logically as: subject, problem,
discussion, conclusion, and recommendation. The reader is advised to study
each carefully for a full appreciation of the difficulties facing IMM and
their recommended solutions;

(b) A list of proposed changes drawn up by the expert, the reasons for
them, and the advantages derived therefrom is given in annex I. Not included
in the mid-term report, this list represents potential improvements in areas
other than the problems referred to in (a) above. .

Rather than repeat ‘each solution and/or recommendation in the body of the
report, the expert has incorporated them in the annexed minutes and proposals. Most
describe a well-defined problem and a concrete solution and recommendation to give
effect to the conclusion reached. They represent a report on the bulk of the
expert's work. The minutes provide a complete record of the discussion and
results of all meetings. The proposals consist in suggestions for plant im-

provements based upon the expert's worldwide experience in vehicle manufacture,

B. Solutions and progress

Some more interesting problems and solutions as well as progress made

during the five-month mission of the UNIDO expert are discussed below,

Concerning product design, the ARO frame is subject to warping and is
difficult to manufacture. The closed "C" design proposed was supported by
United States experts. AROhopes to manufacture an experimental prototype.

Harder rubber for redesigned body mounts will also be tested.

Of the several ideas reviewed to lower costs, the most important was
the proposal to develop a two-wheel-drive, low-cost model, which is row in
prototype development, It is difficult to assign dollar value to a design
prorosal, but a 50% sales increase over a period of %hree %o five years could
result from this UNIDO proposal, Finally, a system of value analysis was
taught; that is, how to evaluate the AROversus competition, and how to

determine the cost/sales potential of a new design.

In die-manufacturing and press~shop analysis, less down-time and faster
cycle time of presses is needed. Cycle time especially can be improved by a
press-shop time-and-motion study of materials handling and press loading.
Existing dies can be reworked, and scrap cutters, positive knock-outs and air
ejection can be added., New die design should incorporate these devices and

consider automatic feeds, inclinable presses, and possibly automatic load/




unload and conveyor-belt piece transfer between presses for progressive parts,
United States automation data was &iven to the die staff. The above proposals
should almost double press capacity, improve quality, reduce rusting, and
impmve piece-part storage, all with a relatively modest investment,

Faster lower-cost die manufacture for die tryout, prototype or low to
medium-volume production was discussed at some length, Most large modern auto
factories use either template dies or steel rule dies for blank and pierce,
and Kirksite draw dies for the above. Cos* savings of 75% or more are not
uncommon and average die saving of 60% is a conservative estimate. Prototype

development time and draw-die manufacturing time can be shortened by months.

Considerable additional data was presented during the second trip and
lengthy manufacturing discussions with cost saving examples took place., Use
of these methods was recommended and know-how imparted, but it is doubtful
whether ARO will use these programmes., The representatives showed polite
interest and intellectual curiosity but did not take enough notes to use, nor
did they make copies of the data. .

It is difficult to understand why such a decided improvement will not be

put into use,

The body shop manufacturing programme suffers greatly from indebendent
worker action, such as unscheduled building of subsssemblies and failure to
use fixtures. However, there are many areas where UNIDO recommendations are or
will be put into effect., The change to less expensive welding tips will be
made, and newer welding guns of modern design will replace the old kick-cable
units and save power, Automatic gas welding shut-off valves, not now available
in Romania, will be made and used at ARO. Special metal finishing equipment
will be provided.

Thus in these and other areas the expert's proposals are or will be put

into use for better quality and cost reductions.

The paint, trim and final proposals involve extensive changes in layout
and paint methods, There was no time to see what progress has or will be
made, Paint-shop savings can be obtained by teaching correct spray metnods,
good maintenance, new paint selection and processing, as recommended in earlier

discussions.
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The major problem solutions are neither as simple nor as clearly
defined as those just discussed. Worker attitude can be changed to yield
greater quality and production, out it will be slow and difficult unless a
strong incentive is found. The proposals for a quality audit programme and
a more rewarding suggestion programme +ill help.

Foreman training is needed. Until the foreman can control the
worker and insist on work to specifications and of good quality, progress at
IMM will be slow., A training programme for foremen and ‘supervisors ‘was
recommended in detail in the mid-term report.  When it is implemented, production
lines can be run with assurance and workers will keep pace with good quality
work. - Thus the line will control the rate of work as well as transport goods.
At this point payment by the hour can replace piece-part payment. -~ There will
be no need to have piece-payment incentives as each man, When assigned a fair

day's work, must work to keep up with the production line flow.

‘Worx assignments that take imto account use of proper tools and methods
will improve quality. With reliable quality information going to management,
daily corrections can be made immediately if quality is not good.

The recommerndations designed to deal with these major problems are not
new to the industry, but will represent a major change at ARO. The sooner
introduced, the easier it will te to implement them. Most developing plants
install this system at about three units per hour, and ARO production is
30’ above that. Once established, continued expansion to higher volumes will

be simpler and more efficiently accomplished.

C. Cost savings

To develop effective cost-saving programmes requires first of all cost
awareness, Such awaremess is often lacking at IMM, even at high management
levels, ‘and more so at intermediate and lower levels. Design engineers are
unfamiliar with material costs, so they have difficulty choosing lower-griced

altamma<ives, Production engineers have little experience of overheads
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and equipment costs, so they cannot analyse the cost benefit of new layouts or
fixtures. With the normal one-supply source no choice based on best cost and
quality is possible.

Cost-saving suggestion programmes with cash awards based upon a percentage
of the savings could develop cost awareness. Along With it quality should
improve., Worker motivation directed into more beneficial channels is needed, and

a cash suggestion programme is an effective motivation method.

Cost reductions can of course be achieved at static motivation levels
and all recommendations have a cost/quality basis. But competition, the
basic factor behind cost reduction action, is largely not present. Whereas
the results are accepted within the country, when the ARO is competing on the

open market in other countries, there is a decided disadvantage.

Cost reduction estimates are not frequently used because of uncertain
cost knowledge, but the cost figures sprinkled throughout the report are
summed up in table 1.

Table 1. Cost reduction estimates

Cost reduction

Ttem Time
interval Lei Dollars
Spot weld tips 1 year 3 511 200 292 600
Welding gas 1 year 1 075 000 89 600
Paint overspray 1 year 1 520 Q20 126 700
Paint labor 1 year 8 000 000 670 000
Paint gauges - 400 00C 33 200
Template dies Length of 84% saving 34% saving
programme
Steel rule dies Length of 88.6% saving 88.6% saving
programme
Grinding disc 1 year 125 000 10 400
Die and knock=-outs - 40 500 3 375
(swall)

Discussion with top IMM people did not take place, so the czuse 5?2, and
remedy for, the unfamiliarity with cost problems cannot be dealt with here,
What part of it is controlled by planners remote frem the factory site is also

not ikmown.



- 14 -

D, Safety

A discussion was held with the safety director and others as to current
safety practice, its adequacy, and the method of enforcement. The agrarian
background and young age of the factory personnel makes it especially difficult
to enforce safety regulations, and especially important to do so.

The programme of safety training, as outlined, appears quite adequate.
Instructions upon being hired, a demonstration using sample equipment, the
responsibility and legal liability of the supervisor or instructor are all
designed to promote safety. Use of billboard posters and foreman lectures
should keep safety constantly in mind. Safety records were said to be ‘very
high, but when judged by world standards for modern high-volume factories,
there are many areas of safety that can be further improved. The use of two
of the most fundamental types of safety equipment, namely eye protection and
toe protection (steel-capped shoes), is not made mandatory. No hearing
protection is available in any area, not even in areas of high-decible or
high-pitched sound. Other shortcomings included narrow aisles, inadequate
lighting, neglected housekeeping standards, uneven or pitted floors, and a
lack of warning devices. The following practices were also observed:
persohnel wearing ear-rings, watches, rings and scarves in machine shop areas;
loose hair or no glasses when grinding or spot-welding; slippery floors in

the paint shop; speeding motor vehicles on company property.

The discrepency between the outlined programme and actual practice demands
much thought ard analysis, The following is self-evident:
(a) Those responsible for enforcing regulations should report
infractions;

(b) Regulations should be few, simple, easily understood and enforceable.
A large detailed list or book of regulations is for a lawyer, not a worker;

(c) Ifesome infractions of rules are allowed it encourages disobedience of
others;

(d) Leadership, as always, must come from supervision;
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(e) An independent, mobile, changing group charged with reporting
(not enforcing) any breach of regulations or safety practice will be more
effective than a static group of workers assigned to report on themselves or
each other,
Plant protection persornel charged with the safety and security of the
factory are the ideal group to report on violations of safety regulations.
As a rotating bedy of men they can impersonally and uniformly report

violations., Safety rules, like traffic rules, must have an enforcing staff,

In conclusion, safety regulations, plant layout, safety maintenance,
and enforcement and violaiions of current standards can be improved or reported.
To achieve this goal, the following safety protection measures should be
taken: provision of eye protection for all workers and visitors in the factory
(supervision should be provided to start this programme); foot and hearing
protection provided on a selective basis; observance of better housekeeping,
with aisles being kept clear at all times; summarizing the most important
regulations in simple, clear, concise, form and having all become familiar
with them; revising plant design 'étandards to provide greater plant safety;
charging plant protection personnel with observation of all employee safety
regulations and requiring written reports of 21! violations; publishing safeiy

violations, describing the consequences and citing employee renaly incurred.

E. lity control

For management to improve quality it must first be able to measure it,
Possibly no other tool is as valuable to management as reliable data on the
quality level of the factory output. This data will be available %o IMM by
establishing a quality audit (QA) system for completed products, as proposed
by the expert, and expanding its concepts to include internal department
audits,

A major area of potential cost reduction and quality improvement at IMM
is the motivation of the worker and inspector alike to work to established
specifications in a conscientious and costi-conscious manner., The Quality
Control (QC) Department has the potential to provide accurate, uniform,
statistical data that, when presented properly, can serve as a major
inspirational force toward producing a better product. By rating charts,
progress graphs, improvemen: contests and publicized managenent recognition of
superior performance, wWorger motivation is improvei, Inspection is also
improvad, If defects found during Q& were not detected 2arlier, the

inSPelicr mews ne was not doing a =horough job.




The extremely young age of the average worker, the lack uf broad
industrial experience in the country, and his village or agrarian background
make it difficult for IMM to obtain production results to specifications.
These factors also affect the QC Department. Because of this it is especially
importarnt to establish a QA system at IMM similar to those in general use
throughout the world of developed car manufacturers, .

Although there have been occasional audits of finished vehicles, this
is not established practice. It should be. It is not established practice
to record inspection defects in a form suitable to statistical analysis. It
should be,

It was strongly recommended that a QA system, that is an inspection of
the inspectors, be put into effect at IMM. It was also recommended that the
concept be expanded to include recorded inspection data of all intermal

departments in a form suitable to statistical analysis for similar use,

Quality audit system

Sufficient data was provided to IMM to enable them to develop a

successful audiv system. In discussions the system proposed was briefly this,

At least 2% of production, and a minimum of one vehicle per shift or ten
per week should be auditeds A QA involves picking a completed unit, ready
for delivery, at random from the delivery parking lot by the auditor and taking
it to a special area reserved for auditing. A complete inspection is made,
covering in particular the following: chassis appearance and mechanical function;
body appearance and mechanical function; body and chassis electrical system;
underhood; underbody; front end geometry; headlight aiming; body and chassis

road and water tests; body and chassis paint and metaliwork.

The audit is made to specifications where applicable, otherwise to
judgement standards defined in the QC Manual, set by agreement of all factory
senior staff, The results supplement and support internal quality control
statistical reporting., The information provided in the recommended QA system
can serve as a guide 0 establish better internal quality ratings and report
procedures, The purpose is to provide a uniform rating method to management
so that it may evaluate each group's quality and progress and the effactiveness
of corrective rrogrammes. If conscientiously followed, it will effectively

and markedly improve quality.




Separate tools and facilities are to be provided, or easy access to
them made available at all times, including equipment for the following:
water-booth testing; front-end alignment; headlight-aim area; 1lit exterior
appearance area; underbody checking facilities.

Written reporting is mandatory and uniformity of reports necessary to
statistical analysis. For that reason inspection forms are provided listing
all inspection points, requiring only that the inspector check if acceptable
or note the numerical value of the demerit. BEach defect has a weighted numerical
rating in proportion to its severity.

The complete system, how it operates, ratings, definitions, forms etc,
were reviewed in detail with IMM, and sufficient data provided so that it
could be put into effective use. A similar system devised especially for the

ARO should be developed and used, both internally and for final audit.

The organizational structure was examined and found satisfactory. QC is
independent of any production group, as it must be for a correct manufacturing/
inspection relationship. The inspector/worker ratio, approximately one in
fifteen,is also acceptable. Exact figures of the productive/non-productive

ratio were not available, so the above must be an approximation.

Questions submitted in writing during the previous month of February,
when reviewed, were, with one exception, all answered during the QA discussion.
The exception, how to reduce run-in time, is not in the expert's field. More
accurate machining, tighter tolerances, and matched fits will reduce the need
for run-in., Also, the user, if required to follow an 800 im break-in
schedule, can do the run-in for IMM,

F. Deta supplied

Assembly operations

During the first visit some of the proposed solutions involved equipment
unkncwn to ARO or not available from normal sources. Between visits, while
in *he United States, the expert talked with specialists and sollected data

to solve the problems or to provide sources and prices of specific equipment.

For example, according to the ARO welding engineer, the average sSpote

welding tip cost is lei 70. 3By substituting cap tips, replacement cost is



reduced almost 90%, At current replacement rates, annual savings will be
lei 3,511,200, per year, Tip design, "price-lists and two-purchase sources
were provided so that IMM can make this saving,

Below is a list of the data supplied and its purpose, such as cost
saving, quality improvement, new or more modern methods, or improvement in
worker technique.

Catalogue on spot-welding tips. See above for purpose and cost savings.

Spot-welding tip specifications. Material and classification of tip alloys

was provided so that ARO can match correct tips with use, Longer life, lower
cost and better product quality will result, Similarly, alloy bar stock can
be ordered for in situ manufacture with similar benefits.

Welding catalogue. ARO has spot-welding equipment on hand, but had no

spare-part data, They can now order direct new guns, spares and accessories.
This will improve flexibility and extend the useful life of their equipment

by many years.

Spot-welding maintenance manual. This is an excellent book on welding

theory, factory installation and maintenance for body shups. FProper use of
good equipment is essential to high quality and low cos’, Fewer work
stoppages, improved quality and longer life will result if the book is used.

Ammeter -/v&]}tmeter. Charts for setting values of amperage, pressure,

etc, were provided, but ARO was unfamiliar with the means of measuring some of
these values. Incorrect spot-welding settings give poor quality and short
tip life. The correct ammeter data and ordering source was provided, and

how to use it was explained, as were pressure calculations.

Shut-off valves. ARO walculated that lei 10,700,000 were wasted annually

by workers not shutting off gas welding torches when not in use., Data was
provided on two types of valves, in-line or on-torch, that shut off
automatically when the torch is released. For a very minor investment this huge

annual savings will be realized.

Automatic robot. Automatic robots now load, unload, spot-weld etc,

Although ARQ is not ready now for this equipment, it was reviewed to
stimulate interest and guiie future thinking.
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Toggle clamps. Use of factory-made poor-quality clamps is expensive
and makes for inaccurate work. Catalogue data on purchase clamps, from two
sources and with prices, was provided.

Body and tool design dimensional tolerances. Detailed review was made
dimensional limits in current use for body draft develorment, making master

models, "die models or other take-offs, die stampings, checking fixtures,
production pieces, assemblies and the like. This subject is controversial,
and was reviewed with product design, die design and all assembly groups.
It should do much to end frequent accusations and arguments.

Product design

Frame design. The closed-hat ARO frame design is expensive, difficult
for attachments and warps or twists during manufacture. Frame specialists
consulted state a closed "C" design of the same bending moment would be
slightly stronger and offer other advantages, such as the following:
protection of brake and gas lines ;J easier manufacture; lower cost, no

warping; simplified asgembly process. This confirms earlier discussions.

Body stress anialysis. An expert from the Cranfield Institute of

Technology was available for a complete discussion of this subject, for he

of

wag at the truck plant in Bragov for six months, but IMM did not request him’
io visit their plant. A visit could be arranged sometime in future, possibly

with UNIDO assistance.

Body stress analysis can be ensured by the following means: plastic

model of reduced size stressed and observed by stroboscopic light; ‘crash

test Trogramme; strain gage analysis; rental of sirsss analysis equipment wi<h

staff testing; hiring professional help from various engineering firms.
Discussion of all of the foregoing, and a listing of a series of stress

analysis papers were all provided.

Body and tool design dimensional tolerances. A review of this subject

was made, as described above in the section on assembly operations,

Model-making materials. Wood, plaster and clay are still frequently

used. In searching the Un:ted States for newer or iiifarent substances, it

was found that the epoxy plastic and fibreglass reinforcement most used, along

with the European supply source, is the same 2s used by IMM. Bead or

sheet rolystyrene fcam is alsc popular,

]
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Aperture cards., Drawings of product, dies, tools and even plant layouts

are being filed on aperture cards with increasing frequency. Greater convenience
and space-saving result. The advantages and use of this rquipment, and sources
of supply in Burope, wsre reviewed and data provided,

Low-cost _die-making. Prototype development and relatively short die runs
can use low-cos* dies to advantage. Three types, steel rule dies, template
dies and Kirksite dies are low in cost, save storage, are simple and faster
to make and in wide use by car manufacturers. This was thoroughly discussed,
and sufficient data to allow development of the system was provided.

Drawing aids. Use of polyester film or other transparent plastic sheets
for industrial transparencies was discussed. Commercial aids such as transfer
of letters, or tapes of lines, arrows etc, to set on mylar were also illustrated.

Supply sources were provided,

Die design

Press conversion. Flexibility between single and double action presses

can be realized by using the convertable unit as shown to IMM by the expert.
Use of such a device should ease die-shop scheduling, save material cost, and
reduce cie cost. This unit makes a double-action die work in a single-action

press.,

Die design book. As requested, cne of the best books published in the

United States on die design was selected and reviewed. IMM was then advised
on how to procure it,.

Automation. Handling of steel by conveyor between presses with iron claws
to load and unload is feasible at high volume and with in-line prasses and

several progressive dies. It is doubtful whether IMM can use the ievices but

they were shown as requested.

Low-cost die-making, For die try-out, for prototype development, or for

limited production, low-cost die-making methods were shown. Savings of 85% in
money and time are not unrealistic. The die designers showed some interest,

but do not interd to take advantage of this method, which is used in many other
auto plants.

Miscellaneous

Material scecifications. Several basic material specifications, basic to

low price and good quality, were provided, including Buropean supvlier sources.
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dmong them are a weld-through sealer and deadener, -Controlled use of

materials to these gpecifications will improve quality and lower cost.

Protective wax: A major IMM problem is vehicle surface protection during
export or for long yard storage. Wax sprayed on over bright work and paint
will-give protection for up to one year. The wax specification, method of
application and how to remove it were described.

G. Final assembly line

Chagsis

The problem was to review assembly line procedures and propose the most
suitable method for use at IMM. The general approach to final assembly line
plant layout ftook into account the need to start with aisleways and line
location. 4 profile of the line was drawn to determine spacing, for example:

3 o for body width with doors open, 1 m on each side of open doors for

workers, and 1 m stock rack space. Additionally, on dne side 3 m to 4 m are
provided for sub-assembly, plus 2 m more for supply stock., Thus the aigles

are normally 3.5 m on one side of the line and 9 m on the other. A4ll utilities
and special lights are suspended overhead at outer edge of worker space.

All air lines are off ground and tool holders are provided.

Main aisle spacing is 4 m and side aisles 3 m. Bulky items, such as
engines, tyres, axles etc. can be moved to assembly by conveyor. Subassembly
fixtures are made interchangeable for all models. By being placed next to the
line, the line speed also controls sub-assembly rate. Very little space is
provided for bank stock.

Front fenders and grill should be assembled for best quality. The frame
locator heights should be measured before body drop and shim as required.
Front and rear axles, with brake line, springs and tyres should be sub-

assembled if desired. Normal assembly sequence is in two stages as follows:

Aith frame urside-downm

Front and rear axles
Brake lines and hand brake
Gas lines and tank
Muf€ler systenm

Drive shaft and miscellaneous

N




With frame turned right side up

Wheels

Checking of frame body locators
Engine and transmission

Body spacers and complete chassis assembly
Body drop

Fire wall

Engine tune-up, radiator

Front-end sheet metal

Fluids, complete assembly
Inspection

Repair

Buy-off (re-inspection and approval)

In conclusion, all assembly work, including inspection and normal repair,
should be done on line. Provision for special problems and major repair
should be made by including a "Hold" operation in the assembly sequence., It
is recommended that line, aisles, space and assembly sequence should be re-
arranged as outlined,

Body

The provlem in this connection was the same as above, namely to review
assembly line procedures and propose the best methods for use at IMM,

Body line layout should follow the principles set out in the chassis
line discussion. Width of line with room for personnel, subassembly area,
overkead utilities and main aisles should be the same. Assembly sequence can
vary according to need but is normally as follows: electrical devices;

exterior hardware; glass;inside trim (cloth); interior hardware.

Special tools for assembly are not normally expensive, but big reductions
can be made in labour hours. Improvements proposed were: suction cups for
&lass; spray of adhesive for headliner; aprons for workers %o carry tools or
attachments; vportable seats for workers inside the body;and push-pull screw
drivers. Tyres should be filled with srap-on air valve and pre-set gauge.
Heat introduced by hot water or lamrs should be used to soften rubber for

simple assembly., Special tables, fixtures and tools for subassembly should



be used, together with special wood and rug-lined in~process racks to prevent
paint damage. Two-hours bank stock at body drop.

In conclusion, probably in no other place in the factory can so much
labour be saved for so little investment as in the trim shop, with the making
of special tables and tools. It is recommeaded that tools and special devices
should be made as needed, and the layout should be changed to place sub-
assembly along the line, and to provide more space on line.

Layout

The problem now under consideration consisted in proposing the best
layout for IMM in trim and chassis lines. A new layout and rearrangement of
this area to place subassembly along the final line would reduce handling
damage, have line speed control of subassembly, and allow for better line

assembly and operational sequence.

Chassis assembly should be.stg.rted with frame in upside~down position,

and then turned over as proposed above in the section dealing with the chassis.

The layout should be revised as recommended above to give more line width
space and an assembly sequence that will reduce repair. Consideration should
be given to the assembly of pre-painted fenders to grill, and final attachment
of this assembly after body drop and firewall hook-up.

In conclusion, improvement in layout, tooling and assembly sequence should

reduce labor, improve quality and lessen the repair required. It is
recommended that the layout should be revised as outlined.

v
f——
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II. CAR PLANT

The two days' plant tour of the Dacia plant and four lays' discussion was
too brief to make detailed recommendations but potential areas of process
improvement, cost saving and quality improvement were found and the suggestions

are outlined below in the recommendations section.

The Intreprinderea de sutoturisme in Pitegti produces, under a Renault
licence, the Dacia 1300, which resembles the Renault 12 and has a 95% local -
content. The employment level is about 20,000, and annual volume, on-a 3-shift
basis is 70,000, A pick-up and panel van, both using the Dacia chassis and
underbody, are also made. The pick-up uses the Dacia front end and body to the

"B" (center) pillar,

The factory started in 1968 with CKD units of the Dacia 1100 (Renault 10),
The royalty agreement expired in September 1976, but technical aid is still
received. Vehicle sales have a six-month waiting period for all sales in
Romé.nia.. About 30% of the production is exported.

The supervisor of all factory technical activities accompanied the expert
throughout his visit to the factory. Ranking below the Technical Director, his
title would correspond to master mechanic in the United States, except his
work also includes product development. In the general meeting with the
Technical Director, staff managers and production department heads, the one
week spent at the Dacia plant was planned as follows:

Activaty Time g days 2

General meeting, programme

planning +
Plant tour 1%
Discussions

Die shop and design
Quality control and inspection

nNp N

Body shop, welding, metal finish
and fixture lesign |

Product design, »rototype
development 1

Painting and paint equipment,
final meeting with Technical
Director

[ N B

BN
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Because of the limited time, some meetings were not held, and discussion
of the various subjects had to be considerably shortened. The expert was able
to spend only one week at Dacia, with the remainder of ‘the six months at the
ARO truck and bus plants, and had too little time to give detailed consideration
to all the matters that required attention.

As requested, each group prepared a list of questions outlining their
problems or areas in which discussion was needed. During the plant tour, a list of
observations of potential cost savings and quality improvements was irawn up
by the expert. The lists were combined to form the basis of a general discussion

of the problems and areas involved.

Although the advanced know-how of Renault was obvious, Dacia has several
areas where appraciable savings in cost or quality improvements can be made,
some in common with the other vehicle factories. QA, spot-welding equipment,
direct and indirect material savings, painting methods and paint - all these can

be improved.

A. F:Lndlglgg

Because of the short time spent in this large industrial complex,
analysis and discussion were limited to the areas of major potential improvements.

Many discussions were only statements of principle or fact.

The product design discussions reviewed in some detail the principle of
design to make maximum use of model interchangeability. To keep all daylight
openings the same, but to permit variations in sheet metal contours at low die
cost will allow for frequent styling chanrges in grille, lights, ‘rim, and
exterior hariware without costly tool changes.

Stress analysis may be by stroboscopic light, strain gage or plastic model.
More involved programmes can use cutside specialized serviczs to help in
equipment selection, equipment rental or other services. Mention was made of
a reliable int2rmational group devot2d to all phases of vehicls dasign and
manufacture that was available to help. Crash tests, both destructive and non-
destructive, were discussed, as were standaris for Zimensional limitztions of
master models, tooling aids, checking fixtures, production stampings and
assembly of the body.

.
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The means of estimating deeign labour hours for long-term programmes
and how to co-ordinate the timing of all phases of a new model programme were
reviewed, A brief time was used to outline new methods of drawing, drawing

materials, blueprint filing and reproduction by using aperture cards.

Discussions of die design first included the prototype ievelopment staff
in addition to the die design staff, because low-cost die-making methods were
outlined (for further details see ARO die section).

Template die, steel rule die and Kirksite die making were dealt with,
and the Dacia staff were impressed by the cost savings of 84% and 89% over
standard methods. Time savings are equally large. The data will be reproduced
and the methods put into use for Kirksite and steel rule dies.

The discussion of automated press loading and unloading was well received,
with several recommendations on how to develop the programme. The need for an
under-floor scrap conveyor was noted, for automatic handling of parts must be
accompanied by automatic scrap removal. Use of inclined presses and air ejection
of work piece a.nd/or scrap was detailed. With automatic coil stock feeders,

press availability could be tripled at a fraction of the cost of new presses.

Dacia's roller-leveller machine, not now in use, can be used with sheets
of lower specification to reduce material costs. Better material handling

between presses can be had wit" use of the roller or power conveyors, as shown.

Determination of the ideal size of metal run by means of unit piece cost
graphs and sto.age cost graphs was shown. Both lines together add to total
piece part cost at various volumes. The ideal theoretical batch size is then
the target, but the number of presses, type, number of containers, handling
-equipment etc. may alter the ideal targst size. Equipment should then be
adjusted accordingly. Final discussion concerned the principles of material
handling and the need for stock movement to be controlled by the Material
Handling Department., The preservalion of steel, in-plant and for CKD units,
was outlined. There was no time to discuss general die design or controlled
movement ,

Body shop discuss:ions started with a list of 19 involved questior.s from

the Dacia staff and a similar list of proposals from the expert, Detailed

coverage would require three to four weeks, Discussion centered on spot-



-27 -

welding, metal finish and soldering, the area of greatest potential cost
saving and quality improvement. Newer equipment was recommended for spot-
welding, including cellular transformers, coaxial welding apparatus,
secondary cables and replaceable tip electrodes. With correct water cooling,
savings up to 20% in the welding department power requirements may be poesible.
Cost figurss were not available, but this is a very impressive goal. Welding
cables normally last six to twelve months without maintenance, compared to

weekly repair of present equipment.

- The new design of capped spot-welding tips, according to figures of the
Dacia welding experts, ®hould save lei 58,000,000 annually in copper replacement
cost, give better quality and simplify maintenance.

It was explained that the way to measure current flow and calculate
pressure so that the welder can be set to proper value was not known. Such a
determination would improve weld quality, Multiple press electrode, projection

and automatic spot-welding was also discussed.

Solder cost reduction by using a better formulation with 5% ant imony would
gave lei 24,255,000 over the 70-30 lead/tin formula now in use. The figures
were based on 1972 prices. Today's savings should be at least 50% higher.

Better metal finishing methods were quickly reviewed before time ran out,

The discussion of QC lasted four hours, After reviewing the fine points
of the most critical inspection procedures, such as torque, bedy opening and
spot welds, it was suggested that body and glass opening checking fixtures
gshould be made. The QC Department organization is satisfactory, and the correct

QA staff relationship was sketched on an organization chart.

A final QA system was explained., It offers the management a statistical
measurement of quality, a means of determining the effectiveness of corrective
action, and a check on inspection (see chapter II, section E, for details).

The QC staff will obtain data from IMM. Finally, incentives to improve quality

were discussed briefly.

Paint discussions lasted tWwo hours. The expert’s comments on “he systam
for material and labour savings included the following: reduced use of mineral
spirits; reduced prime thickness; less prime sanding by approximately 70%;
paint savings by controlled thickness, less overspray and less sanding. A
20% material savirg z7°al is not unrealistic, and savings cculd exceed lei 7,500,20C

annua.lyr.
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It should be emphasized that time limitations required discussions to be
confined to the subjects of cost and quality. Many questions on planning,
future expansion, use of more automated equipment, worker control and incentives,
plus department reviews of trinm, .sa.fety etc, were not considered because of
ipsufficient time,

B. Recommendations

Recommendations made "n the basis of a few hours' talk and a brief tour
would be presumptious, However, suggested measures for potential quality
- improvement or cost savings would involve the following:

(a) Use of independent consultants when purchasing expensive modern
equipment ;

(b) Use of low=cost die-making methods for prototype, die try-out and
limited production;

(c) Automating press feed, stock and scrap removal, especially on
spall and medium presses;

(d) Modernizing spot-welding equipment for power and indirect material
eavings (20% on power, lei 58,000,000 annually on copper);

(e) Changing soler formulation (savings of lei 24,255,000 annually);

(f) Installing a QA system (to improve quality it must first be
measured) ;

(g) Reducing paint consumpticn (goal of 20%, or savings of lei 7,500,000
annually).
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III, TRUCK PLANT

Because of the variety of models and sporadic growth of the plant, the need
to integrate, standardize and automate is pressing. This is no easy task for
any truck factory, and Intreprinderea de Autocamioane Bragov (IABv) will require a
forward planning programme both comprehensive and realistic to develop their
future in the most effective mamner. With a goal of 50,000 trucks to be
produced in 1980, such a plan should be well under way. Because of the time
limits, the expert could not analyse the above, and has limited his comments
to only cost and quality aspects of current production.

The truck-building enterpr.se in Bra.gov has been producing trucks since
1954. The first products were CKD units with rapid change to local content,
the design modelled after the Russian four-ton No., 101 unit. In 1960 this
truck type was given up, the enterprise beginning with a new truck family of
2.5 t to 5 t, with a 140 hp, V8 gasoline engine. In 1971, under license from
Maschinenfabrik Augsburg-Nirnbterg AG (MAN), the modern-looking, wide, cab—over-
engine diesel unit of 135 hp to 265 hp was introduced. The older standard cab

gasoline engine still continues to be produced in both gasoline and diesel
designs,

Of the 36,000 trucks built in 1976 in this factory of 26,000 employees,
there were 23,000 diesels. Exported were 11,175 trucks and 2,300-separate
diesel engines (a 1975 figure). Work in general is on a three-shift basis
for manufacturing, and two shifts for assembly. In this factory complex there
are foundry, forge and press shops. Axles, transmissions, diesel engines

and frames are also made, as well as cab and final assembly.

It was agreed that questions from each department would be prepared while
the expert toured the factory. Then a discussion schedule would be develored
for a review of plant observations and factory problems.

After a slow beginning, interest developed at a high level, and more
peorle of importance attended the discussions than at any other plant, all of

them showing sftrong interest in the subjects iealt with.




The truck factory reflects the problems of a rapidly expanding plant
that offers a great variety of models with gasoline or diesel engines and two
types of cabs. With the largest employment of all the Romanian vehicle plants,

some imbalance is to be expected.

The press plant, however, has much more inbalance than should be.
Awaiting construction of an in-process storage warehouse cannot excuse the
presence of aisle storage, scrap in aisles and on the floor, lack of
containers for materials, insufficient material handling devices and need for
better movement schedule of stock. The need to engineer not only the die
design but also the material movement was explained and how to do it was

discussed.

That the know-how exists is evident in the riodern up-to-date movement of
stock in the large press section., Here is found conveyorized screp tunnels,
conveyor stock movement between presses, co-ordinated die design and scrap
disposal to allow a five-press continuous operation with minimum down time and
gocd cycle time, It reflects competent and knowledgeable planning, But

planning here has been at the exclusion of planning elsewhere,

The medium and small press areas are sub-standard and seem to be seriously
neglected. The need to improve operations and reduce cost is great., The small
press operations can be automated to a much greater degree with automatic feed
by coil or strip stock, inclinable presses, air blow-out into containers via

channel guides, and positive metal ejection of both punch and die,

The process of datermining the degree of automation by cost analysis was
shcewn, but there was some unfamiliarity with costing and economic matters, I% is
recommended that a small team should be developed and assigned cost analysis
work. The designers can then be made aware of cost factors by percentages of die
run, total pieces, labour, overhead etc. A time-and-motion group is also needzd,
Improvements in die loading/unloading should not be limited to new die desigms,

out each die now in use should be restudied on the basis of these principles.

The side frame die shop is good. Removable punches in the blank die may
eliminate some special hole irilling, and quick-change chucks will speed ur
others. Although the design of a combined right/left form die was shown, nc

demonstration of the use of this knowledge was givan.
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The wheel plant was excellent in layout and management on the rim line,
Flange manufacture can use automation in moving this heavy piece. A stacker-
leveller, conveyors between presses and possible automatic load/u.nloa.d may be

economically justified.

Template dies, steel rule dies and Kirksite die-making are three low-cost
die-making methods in common use in the vehicle industry, and were taught to
the truck-plant staff, Cost savings of 84% and 89% were shown for blank and
pierce dies, and the time saving to match, It was recommended that both methods
should be put into use, and this recommendation was well received. This
die-making is for low-run production, die try-out, blank development and proto-
type.

Spot-welding principles and theory and their practical application in the
factory were reviewed. More modern equipment of the Hypercell transformers,
coaxial cables for secondary current and cap electrodes of a new shape should
reduce power consumption up to 20_$,_a.nd save millions of 1ei/yea.r in copper

costs.

The first two factory spot welders tested were found to be poorly adjusted,
and the spot weld was unsatisfactory. The method and frequency of testing was
reviewed and correct adjustments explained. A review and better control of

spot-welding is recommended. All controls should be inaccessible to the worker,

Use of automatic shut-off valves on gas-welding equipment may save millions
of lei. Where to buy and how they work was explained., Metal inert gas
(mig) welding is recommended over arc welding., Briefly the design principles
of automatic mig-welding, press electrode spot-welding and automatic spot-

welding was discussed.

Solder formulations were reviewed and annual savings in millions of lei
were mentioned for other plants, but could not be calculated here, as the
formulations were not known. The use of five per cent antimony in the solder

was recommended and its method of application explained.

Metal finishing tools, methods and tests were reviewed, Grits of 80, 60

and 50 applied only at one metal finish section on the body line was recommended.

Line control of the amount of work each worker does, even at subassembly
and material handling stations, was explained in detail., From here the need

for a specific plant layout and jig and fixture design was developed, plus the
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argunent in favour of hourly payment. Economic justification is the basis for
all decisions, and, as this background is not normally part of the Romanian
engineers’ training, a cost analysis group should be formed to develop cost
estimates for all major projects.

The decision as to the inspection devices needed for stamped parts, sub-
assemblies and major assemblies is made by the process engineer (technician).
The design of checking fixtures, die model take—offs, spotting blocks etc,
is as much a part of the designer's responsibility as is the design of the tool,
jig or fixture. Based upon experience, some checking devices are invariably

used (windshield opening check), and others only when a problem arises.

Paint application is inconsistant and at times contrary to normal practice.
Use of a high-brake enamel is good, but to clean and prime the chassis frame is
not necessary, nor is priming the exnaust system. Wheels are insufficiently "
treated for there is no priming or cleaning. The gas tank should be terne-plate
with chassis black only. No flash-off priming is used at touch-up, although
it - should be. Complete repaint for export should not be necessary, and extra
paint should be added in the paint shop., Wax protection of single-unit pack (SU'P)
should be considered. Color paint is not needéd inside doors, but special anti-

rust treatment is, there and in other high-rust areas. |

Paint savings of 10% are reasonable, and would save lei 1,500,000 annually
in material, plus labour. It may be realized by the following means: using
uniform thickness of coat; less overspray; automated spray; triggering
the gun; less sanding; wages as high as required to get the best spray
painters; eliminating unnecessary painting.

To reduce dirt in the paint all spray booths and ovens should be kept
under positive air pressure and checked with a manometer gage. Spray booth
maintenance should be improved so that "capture velocity" air flow is 50 m
per minute. Tack rags should be used and water flow increased in wet sand to
wash away loose paint, while sanding less. Air blow-off should be used inside

the cab before it enters the spray booth.

Chassis black air dry paint does not normally need oven drying. Dipping
of black small parts will save material and labour if it replaces black spray.

Discussions of trim and final assembly were héld as one subject, First
w#as reviewed the basic principles of plant layout, material handling, and time

and motion study. From this dicussion the following recommendations emerged:
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(a) Worker responsibility should be relieved and fixtures assigned
whenever possible;

(b) Worker fatigue should be reduced;
(¢) Time and motion analysis should be used for each operation;

(d) A distinction should be made between produtive work and non-
productive work, the latter being eliminated;

(e) Worker damage to vehicle should be eliminated.

Based upon these principles and the discussion in general, an analysis

and reworking of both areas was recommended.

Although it was claimed that the above was known, there were in fact many
unsatisfactory areas in these departments. They included dirty work areas with
no place to dispose of waste; poor design or no storage containers; painted
products stacked on floor; insufficient aisle space; crowded and disorganized
appearance; lack of special stock racks; incorrect torque wrench use;
incorrect assembly procedures; fixtures that scratched the product; and work

out of station.

Much more work is done in final car conditioning than normal. To repaint
the complete truck is not considered necessary. A road test should be done,
but a 1% hour run~in is not normal. At this point only assembly operations,

not product design or component performance, should be checked.

Quality control discussions were in two parts. The first covered those
important inspections upon which a quality product is based. How to inspect
a rivet, a spot-weld, how to determine proper torque, all these are critical
inspections and the correct technique was demonstrated. The second part
concerned statistical quality audit and development of a quality index number

to evaluats quality level.

Although the system is in use it appears that the data is insufficient
to yield significant numbers in which management has confidence. It was
recommended that the system should be further developed, on the basis of the
expert's data, and expanded to 2% of all production until the data is accurate

and Zenerates confidence,

After final assembly it appears that inspection covers both the assembly
process, a standard procedure, and product analysis. This later is not

normal, and should be only an occasional check, if at all.

—
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The discuseions on CKD units took the form of general comment on a
practical approach to the CKD process. Because there were no firm statements
of CKD volume, number or size of plants etc., it was not possible to give

specific recommendations on methods, costs or improvements.

In addition to general observations on CKD methods in many countries, the
advantages of the following points were emphasized: base unit size on a 24 truck
pack; box with 20 mm plywood and banding irons to minimize pilferage; vent
box to minimize condensation damage; use of vapour-inhibiting paper (VIP),
oil fog, plastic side and umbrella sheets to protect from rust; request of a
nine-month order, first three months firm, updated each month; . consideration of
twin-unit packs (TUP) in addition to CKD; use of vaporizing pellets to protect
metal from rust in transmission, engine, axle etc.; continual study and
ad justment of CKD pack to control cost and product damage; for some modelse
use of a four-unit pack.

In conclusion, it is realized that many of the expert's comments were
known by the truck staff. However, many of these pointes were not applied in the
production process. It is hoped that the factory management will look at each
recommendation from a cost and quality viewpoint, and support their use wherever

possible.

B. Recommendations

The main recommendations involve action to achieve the objectives indicated
below:

Press vlant and die design

Keeping aisles clean, disposing of scrap, and moving stock containers as
goon as filled in all parts of the die shop;

Automating medium and small dies;

Automating material handling in all areas;
Altering all dies in use, not just new designs;
Developing a cost analysis staff;

Improving material handling of wheel flanges;
Installing a Kirksite foundry and die-making area;
Making steel rule or template dies;

o
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Bo sho

Using Hypercell transformers, coaxial cables and cap-tipped electrodes for
spot-welding;

Improving spot-weld testing and equipment adjusting;

Baving automatic shut-off valves on all gas-welding torches;
Changing to low-cost solder formula;

Changing metal finish grinding process;

Considering hourly worker payment ;

Developing a cost analysis group;

Process engineering of inspection devices as required;

Pajnt shop
No priming of frame or exhaust system;

Improving wheel painting system;

Ensuring that the gas tank is chassis black over terne-plate;

Stopping export repainting;

Carrying out anti-rust treatment where required;

Reducing material cost at least 10%;

Improving maintenance of spray booths;

Keeping ovens and booths under positive pressure;

Sanding less, using more water;

Dipping black chassis parts;

Saving utiliites by air-drying, not oven-drying, of chassis;
Trim am. final asgembly

Restudying and rearranging both departments as discussed;

Reducing work of final testing as discussed;

ity control
Spot-checking spot-welds and rivets until both are consistantly good;
Checking over-torque as well as under-torque;
Using separate inspection tools;
Checking always for wrong parts;
Installing a workable and reliable quality audit for final assembly;
Developing department audits along similar lines;

After final assembly, distinguishing between inspection of the assembly
activity and making a product design analysis;

Road testing;
Eliminating comzlete repainting for touching up inspected defects,
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- It is not possible to make recommendations concerning CKD units and export
boxing, &8 CKD activities were not observed and no information sbout CKD plants
was obtained. Some suggestions or guidelines on CKD units are inoluded above
in section A. ‘
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IV. BUS PLANT

Of the four Romanian vehicle plants visited, Autobuzul is in greatest
need of updating manufacturing techniques and quality improvement.

Although the plant layout and material flow has much to recommend it,
the technical engineering, again, is ahead of material development and worker
incentive, This has affected the quality of the commercial vehicles with
regard to spot-welds, painting and assembly.

'I‘ix;le limita.tions confined discussion to fundamentals of proper technique,
ma jor improvements required, and review of specific problems. To correct
conditions and improve manufacturing know-how will necessitate a prolonged effort

and appreciable monetary commitment.

The Autobuzul-Work is a manufacturing complex of approximately 7,000
employees engaged in the manufacture of buses and utility vehicles for 20
years. The following four bus models are built with two types of bus bodies:

Model 112 UD: an urban 12-meter 192-hp diesel-engine, centre-mounted
bus with a centre and two end doors. It has a capacity of 110+1
persons with 27 seats;

Model 112 E: an electrical driven trolley-bus with the same specifica-
tions as the 112 UD;

Model 109 RD: an inter-city bus, 9 m long, with a 135-hp diesel
engine, made in Fomania under a Saviem license, having a capacity of
43+1 persons;

Model 111 RDT: a de luxe inter-city bus, 11 m long, with a 192-HP
Diesel engine. Its body is similar to the 109 RD but longer and with
better appointments
The utility vehicles use the AR) engine, gearbox and rear axle, all
mounted on a rectangular tube frame., With a choice of diesel or gasoline
engine and two or four-wheel drive, the models listed below in total options

come to 37 variants. The models are:

TV 12=A chassis cab

TV 12-FI  gervice van

TV 12=F delivery van

TV 12-C  pick-up (or drop-side)
TV 12-M mini-bus

TV 12-8 ambulance

TV 12-FS extra-tall delivery van
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Annual volume is approximately 4,000 buses and 11,500 commercial vehicles
a year, Production is on a three-shift basis. The bus works started 20 years
ago and commercial vehicles were introduced several years later, Both products

are curr=ntly manufactured,

Arrangements for the expert's visit were similar to those for the other
vehicle plants, a list of questions being submitted by each department to
outline their interests and a list of observations being made by the expert,
These two lists served as a basis for discussions designed to outline
fundamentals and review latest applicable technology, develop recommendations
and suggestions for improvements where observations showed such to be needed,
and answer all written and oral questions by the truck staff, to the full
extent of the expert's knowledge.

A, Findings

Because of the short time at this factory, general discussion was directed
to commercial vehicle production., Bus manufacturing techniques were reviewed
as general manufacturing principles applied (i.es welding, forming, painting
etc,), but time was insufficient to make a critique of bus plant layout and
assembly methods,

The quality level of the commercial vehicles is below that
of other Romanian vehicle plants. Bus quality is at a similar level, It may
be sufficient for the bus trade and for product use in this area, but there is
much room for improvement, even in matters such as housekeeping = maintenance,
tooling quality, and the demeanour and dress of the worker.

Of five production spot-welding guns tested, four had the welds break
apart, and the fifth had a weld 16% of its normal size. Paint is applied on
r.gted metal without first chemically neutralizing the rust. One painter
walked backwards on a van roof, spraying the final colour coat directly over
his boot prints. No torque wrench could be found at final assembly to
check such critical safety items as axle "U" bolts, wheel nuts and steering
linkage nuts. Hand-push spot-welding guns, a poor welding substitute,
are used extensively for bus body welding, even where standard portable welding
guns could be used. Eye protection safety violations were fregquent. Men walked
on outer skin sheet metal panels and dragged them on the floor, despite the

vossibility of dents or metal finish damage.
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On the plus side, the plant layout is generally good, the material
flow well thought out, and the workers more conscientious than in some other
places. Fixture design seems well thought out, although accuracy of metal,
fixture, and final assembly is questionable because of the inordinate amount
of hand fit at assembly.

The plant, like other Romanian vehicle plants, needs a production super-
vision group that can assure that the worker works to standard. The supervisory
training programme recommended elsewhere is certainly needed here. Additionally,
an effective quality control group that can define good quality and insist on
getting it must be developed. Better tools and more accurate fixtures can be
provided by a step~by-step detailed process improvement study. Modernizing
the welding equipment will save money and improve quality, if production welding
inspection is correctly carried out. A team spirit of co-operation and mutual
responsibility, if developed, can and should go far in quality improvement and
reduction of labour cost, both of w_hich are necessary steps to increased

production,

To aid ir the above the expert asked for broad attendance at a series of
neetings in which fundamentals were reviewed, production defects violating these
concepts were shown by specific examples, the way to correct these defects was

outlined, and specific engineering questions were answered,

A summary of these discussions is given below including conclusions and

recommendations,

The die shop discussions were limited because not all the die plant was
shown, Volume here does not justify automated handling between large presses,
although these devices wWere considered. More automated part and trim ejection
for small and medium presses is recommended. Material handling was acceptable.
Low=-cost die-making is especially valuable for the limited volume runs in this
factory. They will probably use the Kirksite and steel rule methods

recommended., Template dies were reviewed also.

It was concluded that the die shop is acceptably run for this volume.
Low=cost die manufacture is especially valuable here and should be used.
Complicated draw dies, till now made outside this country, will require more
design knowledge and a copy of the Die Design and Construction Manual should
be studied. Not discussed because of time limits, it is questionable whethar

sufficient panel measuring =quipment is on hand.

RSV ¥
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In the body shop spot-welding equipment should be updated with new
guns, coaxial cables, cellular transformers and cap electrodes, This may
reduce power costs by 20% and save 90% of electrode costs.

Weld quality needs improvement. Upon testing five guns, four had no weld,
but mechanical bonds only, the fifth had a weld only 16% of its normal size,
A revised programme of testing and gun settings was recommended, and welding
theory explained,

Push-gun spot-welding is a poor substitute. Probably 80% of all
bus welds are made with push guns, whereas most could use "C" guns, as
recommended, for a considerable improvement in quality. Mig welding can be
with heavier wire, to reduce time by 50%. Using 002 is normally adequate, and
cheaper., Gas welding torches should have automatic shut-off valves on the
handle. Soldering irons can have built-in heaters of natural gas.

The new solder formula will reduce cost by a 6:1 to 10:1 ratio, for up
to 90% cost savings. Metal-grinding discs should be 50, 60 and 80 grit,
Maintenance is important, as outlined, with filters and o0il lubes in each line.

Fixture design to the principles outlined will give accurate sheet metal.
Good surface plate measuring is required in addition to checking fixtures,
spotting models and other tool aids.

Improvements in the body shop can be made if the proposals discussed
are put into effect. The need to learn and use time-and-motion-study
principles was amphasized.

Paint discussions were influenced by the following two facts: paint equip—

ment and paint quality are unsatisfactory; and present processes are not
likely tc lead to much improvement.

Efforts were recommended (also for the whole industry) to develop a wet-
on-wet two-colour primer/ﬁller with bake followed by a wet—on-wet colour and
bake. This is to replace the four-bake system now in use. Using prime under
black was questioned, Recording temperatures are necessary to establish correct
time/temperature baking periods. Less wet sand and more water should be used.
Masking with pre-applied tape on paper will save latsur. Better van cleaning
requires spray application of white spirits inside and outside. Doors should
be held open during cleaning., Nen and equipment should be prevented from
touching wet bodies after prime ¢ip. Adirless guns for deadener and electrostatic
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for bus frames will save materials. Dirt should be removed before
spraying to keep dirt out of paint. A platform for van roof spray will
eliminate the need for the painter to walk on the roof, The best painters

should receive wage incentives,

The QC discussions revealed that the Department reports to the
Technical Director. It is recommended that this group should report direct
to the General Director,

Upon review of the major inspection processes the following recommendations
were made:
(a) Spot-weld inspection should be frequent enough to ensure 100%

quality welds and not have four failures and one only 16% of normal as found
by the expert;

(v) A Tinsley paint thickness gauge should be provided to paint inspectors;

(c) The inspectors should learn how to evaluate metal finish properly
and reject all poor quality;

(d) Sufficient measuring equipment should be provided to check metal
dimensionally and plastic models should be provided for complicated panels.
When it was noted that no torque wrenches were available anywhere on the
final lines, QC stated that torques were checked after road test, However, it
should be noted that many torques cannot be tested after assembly, and by

testing soon after assembly defects can be corrected socner.

The recommended QA procedure may have to cover more than 2% of production

to get statistically significant figures in this relatively low-volume plant.

There is room for impressive improvements in quality on these plant
products, and it was recommended that the suggestions made should be given
careful consideration, Unfortunately the limited time available resul:ed

in statements of opinion rather than detailed discussion.

The discussions of trim and final line were delayed. After reviewing the
principles of plant layout and time and motion study appropriate suggestions

were made tased upon the z=xpert's observations and class questions.

It was proposed that future design should include the line made flush-

with the floor and based upon the principles discussed. High-cycle a2lactric

——
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tools should be replaced with air tools. A4ll power cords should be shortened
and kept off the floor. The foreman should keep workers at their station and
analyse jobs to eliminate non-productive work. Special lighting will improve
quality. Housekeeping and plamning , especially at bus door assembly, needs
improvement.

A1l nuts should be set to specified torque and inspected on the line.
Correct torque is very important, and torque wrenches should be obtained to
ensure this. -All fluids should be added at one station, and all assembly
done on the line to reduce repair operations. Trim should be gang cut
with paper marking patterns ‘to reduce labour and scrap. There should
be no hand-stacking; containers should be used. Axle '"U" bolts
and wheel nuts should be pulled to torque uniformly. There should be more
bench Ssubassembly on wire harness and instrument panel, with quick disconnect
joints. Wheel assembly should be improved using process and fixture sketched
and conveyor delivery deserves attention. The road test should be shortened
and only assembly checks, not produ‘ct checks, made. Bus flooring should be

accurately welded and wood cut to a pattern for simpler assembly.

In the discussions on CKD units cubic savings were noted if the frame is
shipped knocked down, skids are removed from the boxes, and box braces are put
inside, Terms were defined and reasons to ship SUP, CKD or TUP were discussed.
Metal rusting can be prevented by venting, desiccant, VIP paper, plastic
umbrella sheets, oil fog, or vapor pellets.

The principles of plant layout and building construction guides were
reviewed. Column spacing and cross-section of the line area was defined.

New methods of making drawings and new storage and printing were discussed.

The use of a cost analysis team and a time and motion study team was
outlined, and it is recommended that both should be formed. The principles of
the time and motion analysis were explained, and it was recommerided that all
technologists should learn this science. "The need for team action was shown,
and the supesvisors wire advised to contribute to the joint solution of any
problems which might arise.

R
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B, Recommendations

The recommendations call for action along the following lines:

Die shop and design

Using low-cost die-making methods where possible;

Unautomated material handling between large presses;

Studying the recommended die design manual;

Altering old and designing new dies for automatic part and trim ejection;
Obtaining adequate panel measuring equipment;

Body sho

Modernizing spot-welding equipment;

Revising spot-welding testing and adjustment to improve quality;
Forbidding workers to touch welding controls or dress electrodes;
Using automatic shut-off valves on gas welding torches;

Using natural gas and different torches for soldering;

Changing solder formulation;

Improving health protection on line by properly ventilated booths;
Using 50, 60 and 80 grit discs;

Obtaining adequate measuring equipment for panel and body assembly;
Using fixture design principles outlined;

Learning and using the science of time and motion study;

Paint shop

Developing wet-on-wet two-bake system;

Improving quality level;

Installing recording thermometers;

Improving wet sand technique;

Using automatic system to put tape on masking paper;

Using spray gun for white spirits;

Improving prime dip equipment;

Using airless and electrostatic gurs;

Building platforms to keep painter from walking on the products;
Paying top wages for best men;

lity control

Changing QC Department reporting from the technical director to the general
director;
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Improving inspection of spot-welding, metal finish and paint thickness;
Buying paint gauges;

Buying metal measurement equipment and plaster of Paris contour gauges;
Torque checking on assembly line; '

Using separate torque wrenches from production;

Starting the QA procedure;

Improving plant quality standards;

Trim and final lines

Promoting positive job attitudes among employees

Improving line design and changing to flush-to-floor concept;
Changing to air-driven power tools;

Cutting trim with gang knife to pattern lines;

Improving lighting;

Improving housekeeping;

Using torque wrenches on all muts;

Shortening road test;

Developing team action;

Material handling
Forming a Cost Analysis Department;
Forming a Time-and-Motion Study Department;
Having engineers study time and motion;
Using new plant layout drawing methods;
Considering CKD, TUP and local body manufacture for export;
Saving cubage with box redesign and KD frames;
Venting box to prevent rust,
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V. FOLLOW-UP ACTION

Fellowships
The recommendation was made that four fellowships should be offered to

IMM, averaging three or four months each. They were to be for one senior
staff member in die design, one in product design, and two in process
engineering. Further details are given in the mid-term report on this project,

UNIDO has concluded that funds for such a project must await a more
propitious time.

Foreman training

The need for foreman training is acute, The recommendation was also
detailed in the mid-term report on this project. A specialist fluent in the
language should conduct a plant-wide foreman and supervision training programme,
with follow-up and on<site observations, until the supervisory staff is able

to assume responsibility for leé.;iex‘ship on a continuous basis.

Aid to the vehicle industry

Mastery of the technical aspects of vehicle manufacture has outpaced
the development of managerial techniques. There is still ample room
for technical improvements, and many of the technical recommendations made
should be on an industry-wide basis. But additional UNIDO d4id, if forthcoming,
should be extended to the Romanian industry with the following points in mind.

A foreman training programme would benefit the complete industry. In
those plants where the production line comtrols worker output the worker is

better regulated, but supervisor training is needed industry-wide.

Line control of worker output is the key to further industrial advances
and high-volume production. To achieve it will require the following: a
change from piece-work payment to hourly payment; material handling concepts
based upon production line control; production scheduling for a uniform model

mix at constant line speed; and a plant layout based entirely on line operation,
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It is recommended that any further aid given to the Romanian vehicle
industry should be along the above lines as much or more than for individual
technical projects. Fellowships in production control via the production line,
and material scheduling, both recommended in the mid-term report, should still
be considered, Alternately an expert in this field should visit Romania.

A follow-up visit several months from the end of this project should also
be considered. The factories have stated their intention to act on the UNIDO
recommendations. To see the progress made and to assist in overcoming future
stumbling-blocks sure to develop would make such a visit worthwhile.

e




- 47 -

£ 1002200 aq TTTM uUnI
$q00a200 8T 309td 38ITS JI Adv

eoT13ovad L39Jes good 93TAUT puUw
‘yeoaq Lem ‘aojerodo syji mors
£13993a5d Futrgerado jou soIq

emt}

o1040 Te303 Buirseeaoap 4q
erqrssod st £3TTIqRITRAR
gsoad ul sgwaaout %05

® jeY)} pejewiles BT 3T

ggoaxd oyy woay s03eaedo
3y} 2A0WRI 03} SBI IDTASD
Lyajes 3saq ! juow}SOAUT
£3tyenl [TIm sBuraws 380)

Pe93 oTjvwoInN®

egn ‘uorjoele TeoTURYOOW
JO JI1® 88n ¢ a8I2UuTejUcO
a9exedos ojutr 308I1p
sjJed pue dexos Teuuwy)

t@3001d ajeanooy (%)

X1edag a1p

£13800 ssoT {£39J®¥B g9j39q ‘!deros
pue Janoqey 8891 ‘{uorjwiedo geiswy

uotTyez T30 ssdad a0339q
tuotryerado g9318e3 {JutAaes anoqe]

L0388 tIuiaes
—~moqel {uorjezI{IIn ssaad Jejyeaap

Sutaes—anoqer ‘{uorjeredo J3jsel
t1esodstp deaos pue socet1d Jajjeq

tgsoad woxj
aoe1d 3sa1j} Jo [vAocadde
pue sg933es alp [wloadg (v)

tLq doys
aTp utr Surrpury [elaajew saoxduy

aInpayor

owt) ® Uo J0 Jofeuew doys ssoad £q
paatnbaad se atedsx 03 81p 303X1P
{aouvuojutew aarjusasxd saocadwy

891p

juasaad 09 sxojeool aarjisod
oJom pue aoetd Jo uotrjoels
o13eWmoIne ‘gaojino deads ppy

S3TUn pasj oTjemone [[e}sul

Jurying
J0J opew sossaxd Anq !arqrssod
aJoym oT3ue uo sossaxd [remws 3171}

doqs o1q

JuUswRNOY)

uosesy

1esodoad

*039J9y} fuije[ad sjuowwoo pue s{esodord a9yl JI0J sUOsEI.I

e} Jo juswoie1s ® Y3TM JoY3aB0o3 ‘molaq pajuspaad adar 8911030®) MMl 943 J0) pasodoud saSuwyo oy,

SATYOLOVE MMI HOd SHDNVHO ISOJO¥d

1 Xxeuuy




Jusw

~-qredap WII} OJUT SUIT LAOW
{L[qwosseqns Y3Ta pooueleq

eq ueo awry eurl ‘eourl eys3
apraSuole pemxojied suorjeaedo
989y} pue ‘pojwulwI(e oq uwo
juewiaedep A[quesseque wWlay

3091I00

A{Teuotsuswtp 8q 3N
sfutdwels [V °ystury
{e19m pue Jnoqel eI)Xd
98Med SUO1 J09.1JI00 Jowmrel
*sjxed eoe1d j08ax00uUl WOXJ
1[neea soIovanoowvul Llquossy

Jautejuoo alael v
woxJ seoatrd pejIwit
Jurpworun JONIOM
£q pesneo afewep
jred pue owry 8807 (P)

advwep
jred sjusasad sty AOV

03 dn aaZEw:mmM
sgexd agweaourt
ueo uoljeUlWI[S
811 pue ‘Lressaoeu
j0u 81 880 oW}
8143 !ewr3 Jmoqel
9ATS8800X0 0% anp BT
doys o1p ur ssog
1sefF1q LTqueaan) (q)

satedog peonpax ¢(L3rienb peaoxdwy

L1quosse aatjrsod
¢L31Tendb d99339q fuotrionpoad aeyswy

83xed uotjonpord jo Suidess
J938v] ' !afewep jaed sseq (p)

s31ed 07 oJvwep sSEO] (°)

£i111qe
-1 tear ssaad saseagoUT ‘anoqel
pue oWl 1540 [e303 saonpsy (a)

1oI3uco mol}

QUTI] J0J Outrl 09 uorjeaado A(quesse
~qns sAow {)0038 pue J0}ea3ado J0J
KLpoq punoaw aoeds A1 03 BUTT XMIOMIY

gjred aoord
ul g0158Indovul TeuoTsuswip (e 3004100
03 UOT308JI00 8T1p pue dn—-moli0J opraocad

gsoTnpayos uorjonpord yojzew 03
sJautejuod ur Lyryuenb oqnpsyog (r)

peol
—I8A0 pue jno-[leJ jusasad o3
Jurdwels JoJ Jeutejuoo 300tes (o)

suotjesol [esodsip deaos pue Jurt
~dwels ¢‘peal s3uexae 03 jaedxs
fpnis uorjom-pue—owly [eyoeds (q)

Juewmo)

uogeay

19sodoxg




UOT3ONIFBUO0D Lpoq 93eINOO® I0]

pamoIle 3Qq UeD JUSWUITe TensSIA Of

Liredoadwt pesn aae seanjXTJ Usym
}nsed Janoqey BIJXS pue 31J J004

300Jop £310Jes puq LJeA ® 81 SIY]

1Insaa Lew
Lrxeok 000'00L O] J9A0 JOo sButlaweg

8OUTIT JT® 03

eqni [To puw 8I93[1J Ppe !{J001J oq3}
o oq prnoye spIoo axamod X0 sssOy Of

eAoqe 8Y

uotyels
£L1ddne 03 sdyay Jo aequmu sussse] sSTyy

89YO3RI08 JI3MOJ 9q [TTM ooyl

3oM L31Tenb J0339q pue J938BJ Op
POIT] 30U 3J® OYM BJIINIOM OTqEIIOJWOD)

spatIy3 om3 o3 dn

~dunsuoo sonpax uwo 81qy ‘Jojworidde
pue ued Uo pelap A[[eWwIOU [elJojem
943} ®oawg uoljuwoldde Lexds sAtsoypy

£317enb paaoadwy
£317enb posoxduy
£jajes poseagouy

Ly9Je8 pegeaaour ¢ 1800 paonpoy

9JT1 1003

JaSuol {L3oJes peaoxdwr

Jnoqel paonpay

Jquoqel psonpay

sxtedaax poonpay

Juraes
—~moqer {£311enb posocaduy

Tetaolew jo Suraes ‘¢anoqel
peonpaa {£317enb pesoxduy

ATqwesse [[® J0J 89INIXIJ 28

gdurero [T® 9sn ‘Surpreom
aTIym sdweld [1¥ 28079

Butputad pue 3uiprom
-q0d8 Jo3J uorjoojoxd ake asn

89YOI07 U0 BIATEA
JJo—-nys plem sed oljvuwojne aIs()

doys Apod

pesy
8I9I0M dA0qQE 81003 [e01a30918
pue xle 10 saull L1ddns ajzeoo]

30038 pue 81003} puwy
J0J 831 [00} 81qeraod apiaosd

(°03° snu
‘s110q) s3aed doois [[ews A1amo 09
sxodaom XoJ suoade j3e300d 9piaoad

1200 [[RIDAO0D
Y3TA BIORIOM JO SUO3INQ JSBAO0DH

paxwnbaa se goxtom J0j Lpoq
9pIsUT 1¥98 JO Yousq [[ews oSplAOIy

Sututrpeay

1Te3sul Ahxo«amv Loevy uaym ‘um3
Leads woxl aaisaype YjIm jooua
9plsuUl Tejeu puwr Jaullpeay Lerdg

Jueemo)

uogesy

1esodoay




- 50 -

sxeef Auww 38wl T(IA Lyoyes
uorgyezTuedao poof Jo sjijousq eyl peaoxdur ¢aJ11 1003 daduo]

g3[nsed jseq I10J urejjred
8143 8mo[10J 9o130vad UJIOPOY £L311enb peaoxdmy

quswdtnbe

retoeds pue ucw poutexy Lryretosds

J0J peAaJesea oq pyrnoys sqol doys
Kpoq T1® Jo T1IN8 38oyfIYy 81yl Jnoqe] peonpal :4L31{wndb peacxduy

Jnoqe] ®BIjxe pue L31{enb
Jood Ul j(nsed sLINIXTJ JO o8N
409XJI00UT puw Futiowwwy LJIuseeosuuy) Jnoqul peonpax {L3r{endb peAoxdwy

1IoM 30U INQ 38%] RIOM BJIIIRION . £3171endb peaoxduy

uotsuedxa

saningy JoJ jucwysnlpe aptaoxd

pae Jnoqel aonpada‘Ly11Tend aaocxadwt
1{1In spoyjem L(qmasse LApoq uotsuwdxa aaning xo0J riptaoxd
uxepow 3uisn jnofewy meu o23o7dwo) Jnoqer eonpea (L31Tendb peaoxdwy

gjuewjsnlpe
pue Suipiem Sutuedo sse(? pue Jo0p
Suramp ejeanoow oq jenu Lpoqiapuy Jnoqel peonpea {L31{wnb peaoxdwmy

pejoTdwoo 8T J¥0 J93J¥ 230JN00W
oq pinoys suotsuamip [[e ‘LA1quesse
{wul] je powmtys oweJJ ayj pue doys Jnoqel
Lpoq ay3 ur preY ogw SUOTSULMIP JI paonpax  {£31Tend paaoxdwy

g3Tun jyo—exe3 orpotuad
qita aull oy} opraduore
soul] J1e pur ged puadsng

HRIOM
o[1J pue Jommwrey J921Je YBTUlY

Tejom 03 3113 O0g PU® 09
03 0G Jo sgoputad eeayy o8

greued putr{q Jo0J 3daoxa auly
Teutry uo ysiutry fejsd [re of

£a1e889098U  UayM

ATuo aswurey esn !saanixijy
pue setp [le Yoayo {31 [®1ow
peq Jo0j du—-moii{oJ 3Jels

anoy Aq Led ¢xaom
A317enb op 09 SJONRIOM UtleRJ]

eury [euty jo adfy adueyo
tzoqel peonpad pue Alquogse
93vanooe oJow ‘morJ J83319q
103 doys fpoq ud1sopay

Loeanooe Jutanjoejnuew
gansua 0% doys Apoq ul
sxona) Apoq ajeanooe osf)

£Lpoqaapun Furpniout
‘uotsuemip jowxe o} Apoq pring

Juowwo) UoswoY

1esodouayg




- 51 -

oFevwep 8897 I8NED TITM
pue anoqel soAes Jui{puey 8897

poatnbaa se prom
{Butdwess yoes Furgesu Aq doels

suosuaad
pezZ .Ioyjupun £q S2UOp oq j0oU jENW

juswzsnlpeaa Jo0 sdwelo Jo TeAowed
t{poxtedas aq jsum Jeom auamxtg

aTlqeltreae 81003 Tevioods
aaey {Joolj Jjo syeued [Te doay

posn aJde sIeuw yound aa3uso
£1uo Jt JuewudTTe JJo una Uwo ST

posolo sdurelo T1® Y3TM

83JNIXTJ 8axTnNbsl UOTIBOOT 93BINDOY
uBteap o3ef Juims Jo Leme-1[ox o8(
gjrngea aSewep jonpoad

8801 pue JuTpeol JoIses ‘Jo31seg

sxeed Auewm JoJ pesnaa aq ue)

L3t17enb poaocadur {Furaes-rnoqe

adea038 pue 3800 jrodsuva] IAES

£317enb poaoxdutr (o317 aefuo]

MOTJ Tetaajew J9338q
t3utaes-asury ‘A31Tenb psacaduy

L£311enb paacaduy

£31Tenb paaocadur

Apoq prdta
odow !A{quesse 1918vy

Jutaes
—owry !oaSewep Toued @89]

L3171emb J9399q
toJrT aeduol ¢{ojwanoor adoy

aamixty
yowe ut suorjeasado axom uIisag

OHV UT 8jue} prem pue sanixiy
Arquesse yue] sed udisy]

aredea
pue 31897 3anjxtJ J0J a[upoyos
aoueUs JUTew SATUaAddd B ayey

staued Jo1awnmb aeoa pue

‘spooy ‘sxoop 403 syowI Y0018 pue
897qe} Ystuyrj Tejaw [eroads ajwmy
831l [rwap esn

83t [quosse
1T®e uo sdweros Futreool as(

sanixty L1quesse ulew ut pram—jodg

gopInd ur-pesy
1oued pue ‘suid asou-jar(nq 2¥sn

sdwero 218803 paysnq asq

98N pue WIL8AP aInIX iy

Juswuo)

uosesy

tesodoag




-5 -

Apoq 310981p
Lyjueuveaod [TTIM 38TOY 2001I00U]

xonay Lpoq eaom 03 Jeq [Ind esm
¢ {vjom axwq yonoy o3 saao1d esq)

doys jutred ayg ut
JITP WoxJ gomod jquted ui IQ

pepesu
eowds ey} A{uo J91[1J puw esf)

813
op squeld Auey °*pogtunbax
jou 81 oowds uaAo ajeredeg

sSutr 188 jusaeJJIp exinbea
sjuted pue steued juexsJJIq

pleyq aq o3 ssewxo1yjy juted
1091100 83THMIed Tuodeop wmIOFTU(

o1qiesod 81 Lewadsaeao
Uy uoyjonpaa ¢o2-GlL perewtiey

108aI00Ul 9q Avw Surowds und
¢ mo—mo1y 3twmred o3 yfnoue j0m
jou 81 Jeuuiyy ¢y1eed auwexo
Sureneo ‘yF1y 81 eunesead aTY

wiojiun eaow 81 3isodep
wred  !gpf 03 peonpes aq ueo
%2. Avoaclﬂuov Jo Leadsaeag

L1 11renb poaoxday

180 paonpaa {L3rrenb poaoadumy
Jredax pue

Jnoqel peonpex ¢(L317enb poaoxduy

80TATITTI4N pU® adjuUruUld JUTew JUTAES

Jredax 88907
{89T311TIN pue 2owvds usAo Jutaeg

£1117enb peaoadur
Suraes (err9jEE  {jEna Jo

uotquesead ¢{Ly17enb poaoxdwy

Jutaes [eTI9%EN

. £317endb
peaoxdutr {Juiaes [elaaley

£117enb paaoadar
{3utaes anoqel pue [etIajey

ooy 3stoy Apoq aaoxde)

jgnr semeo A9y} J0J ‘siIvw
Jafut) woaJ 93a) pue uea(o Lpoq doey

BSOUITUROTO

doys juted pue aouruaquUIBW sAoxdwy

woae SuijIOoM Y300q 2onpay

JIe0 uUo aTtym pooy Suifexds Japlisuo)

J10qexedo £Lq juswrsnlpe IoJ
gaull uo gadned quied pue aie adeld

mf 1033137 pue ‘deraasc ‘4stlam
iJ118 ‘onbruyosq Jurtjuted saocxdwy

und qunyj 0} JIRIOM UTex]

109d afueao sAowaa o3 anbiuyoay
Leads pue ‘Jeuuiyl ‘sanssaad ate 3snlpy

glaoym ao0j Leads jutred oTjewolnw uUdisaq
doys juteq

quowmmo)

uoswey

tesodoag




- 53 -

edeaxo038

Ul paJeaA0d 9 Ueo syoedl
{pepesu 11138 8T OUIT T®BUT; oY)
1% JoBx 8y} puw ‘sFvwep ojTAUT
PUe anoqel 91qeIspIsUO0D
saatnbea Butr{puey 3rum o(3ulg

auIY TeUTy 0%

¥ouX T{OX pue 38TOY JO0}RAI[D
£q oq ueo ault o3 jxodsueay

adewep pur moqel

Suripuwy aonped 8F3I03C

pue jJodsueal a0J sOVJI
{oSvwep sesnes 98e1018 J0OTJ

SutuoT3TPUOD TRULJ 3% URY)}
doys jutred eyj3 ur s3098J9p
Juted atedaax o3 Jetses 8T 11

£qavtp
axem [TV °“SUINIOm 10U 2JI0M
6L ‘eamyxty ut SIYIIT 96 JO

sI8BUTJ Y3iTm 8a8pTa
Ut pues jou of “Janoqel puw
{vtI9jvw 9939eM JUuTpues BE30XY

J1e ut J0
qof uo 3Jo1 JT 3w00 Ja8A00 Lja1p
esned ued JUTpues W00 SWIIJ

poads
SUTIT oY3 JaAdjeym ‘UOTIEZITIIN
WNWIXEW 9ABY pPLnNOYs UBA(

Sutaes anoqe {aredea peonpay

Sutavs anoqe]

Jtedsa peonpax {Suilaes anoqer]
Jnoqel

peounpaa ! L311enb peaoxdwy
£317enb peacadwy

£317enb peaoxdut ¢ (wraojew oA®g

£y17enb poeaoadwy

891317
Jo Butaes !{Ljr11enb psaoxduwy

L1ddns suiy pue
afetols ‘jaodsuer) J0J pasn 8q ued jeY)
sxoed (wioeds utr peoeld aq prnoys sIvag

“AUIT TeULJ 04 oull Lytaeald
£q J0 ‘33117 N10J y3TmM saouw ¢ jyrodsueay

axfy pue (9oym aoJ siofled esn ‘wsae jJo

9IqUeD 03 3JINIXTJ A[qWA8EE aIL] SAON

gyoex Liddnus pooy axel

auty jured
JO pue j® uorjels dn-yonoj) pue NIOMY

81Yy3t [ uorjoedsur axteday

sAen apI8 s1afulj Sutaow ‘Lluo pues
Sutrjjnos £q enbruyoey Jurpues suwy)

quted Jsues(o J0J puws oM

a7qIssod J1 pwOT U3A0 aseAIDUL
tarqiesod J1 aanjrvaadwey sonpad !a)eq
USAO0 JIOJ jIBYD whzaancaswu\wama Yooy)

JuSwWmO)

uogesy

Tesodoayg




- 54 -

sJequmu o1Jioads Aq sIeutelU0O

uT 8T pIIng Lpoq ur A1ddns 3eyy os
SJ0UT®IUOD JO[[EWS 0} JOJsues) 89091d
ITews a0 ‘!doys Lpoq Jo L1ddns

03 TOoXju0o SUT[ puUaIXe TITIA SBTY]

sJeulejuoo L1ddne 3093Je

30U 11Tm anoqel Aiquesse !Liddns
TelIojem 0} POjOAIP BOI® 9IBIO0LS
83 JO uoT3o98 ® Y3Im jInsed
T1Ia Jnoqey pue efewep jaed sso]

Juypuey
8807 Y3Tm anoqe] pue ofewep g8o]

89110308 UJISpOwW
ut eanpaooxd Tewmrou 8yl St SIYY

geyo3eIOs

juted aaey [{Im pue furipuey oqnop
extnbex [1TA JOOTJ UO 398 X008 TV

paatnbel g¥ JnoGE{ OUT, (WU} pue
£1quesseqns Souvieq Ued sIojvradQ

L1quoesge
193188] pue 88900% JOISEe JOJ SONEN
veAoadut 81 mo1J [eTJojen

uotjxolstp euwreaj o} pajsnflpe 81
wiys ‘uvorsuewlp 03 3[Inq ST Apog

Jdnoqey peonpad
{ gaanpoooad L1ddne peaocadwy

Jnoqet

peonpex ({£317enb pasoxdwy

Jnoqel seel ¢{AL31rendb paaoxdwy

1800 pu® Janoqel

peonpax {L311emb poaoxduy

Jutaes anoqe] {£L317end
tatedss juted peonpay

I023u00 BuUTl {anoqe] pasuereq
{mo1J TETI9Ye®m poaoadmy

peaoxdut

£1quesse parjiiduls
{1800 pue anoqe] peonpey

L1ddne yetasjew aeijeqg

aamitey

jonpoxd peonpax ¢L31renb aeyjeg

usy 3

geInpeyss uotljonpoad yjim sasade 03
ser)rjuenb ur sjaed aoerd saxolg

L1ddns
doys Lpoq 103 ease Suirders ejwex)

Tlpuey [erdo3eWl pue

e1X® juoxy aoJ sjoea Lyddns asq

. sdare{o
Teroads nogrim gauty Ardde ‘Axov) usym
taeulipeay pue spisul Joox Keade-ouad

SpOOY JOJ SYORI NO038 oXen

Uty Teulry

03 jusoelpe suorjraado Aquesseqns aAoy
dn apts ydta uingy

f9Jeys eATap pue ‘go[qro aYeIq-puwRy
‘sout] aurTosed ‘Jorjjnu ‘wwyshs ayraq
89[X® ‘JoA0 pauan) aweay Yiim ‘srquossy

papugoutl

gaafky ‘surl JJo 9IX® JESJ 9lquesseqnS
Jutjunom [aayMm

Je23je swiye Apoq JoJ sowea] 11® Joay)
autry Teutly

JUCuUmMO)

uoseay

1esodoxy




poainbaa pooyssur Jo SuruSisepsey

UOT3I038TP Yowvq Juiads
ou {udisep ,9, uUedo 03 sanjoeynuey

uotjexado
TeUlJ 8% jey 98010 !3jwey sonpsa 03}
SJoquow UoT3008 ey uedo prem—jodg

sleixerew Jutrssaooud
Jo £L1eA003a pue ‘uotjdemguoo
L3171 888 ‘sjrnsaa Jejjeg

8I0W038N0 Auew JOJ pPauUFTSoP—I8A0
8T ‘esn peol-jjo pue ArejrrIiM
J0J 9lqelIns ‘ufFigsp JULIIT)

a3vewep
juted juosoad syoex pepped J0 Iy

JTUM

advx018 puw jIodsuel} yY3o0q ST Joel
{paatnboa se soirquwesse Jo dnoad jo
FyoBRI TINJ 2A0m !g)oeI 0} ULy} pue
‘eanixt] 03 steued Sutaow Lq sFewep
pue Suripuey o(qnop sjeUIWI(F

jured

uotjoajoxd
{anoqer paonpay

Jurystury [ejom paonpay

UO0T3J09181Ip 8891

paonped

paonpsua

ta99yf1]

UOT4I038TP 889]

uoTjOoNpax 3809

1800 paonpoy

Juoqet
t£311enb peaoxday

Jnoqet
¢£31Tenb poaouduy

L1quesse je 8)OPa pue
81009 Teioads asn :sseld apig

geduel} apls e 43N0 03 pPooy
Jouutl pram—jods :udrsap pool

auwrex] uIisapay

owra3 88300xday

sdurdue)s xayj3o0
pue ewelaJ J0J JursraxFep anodea asf)

L{uo 9sn peOI-UO JI0J ITOLYDA
dn-yot1d/1eo e aptacad 03 seluwyo
Jay30 pur UOISSlWSURI] 9800
paonpsx ‘jooy Juimoy ou ‘aatap
Teeym—om3 y3tm ‘°039 V-pobe
‘v—00otz °*©°1 ‘syapouw mdu 8mnss]
WWTsep jonpoig

vaxe L1quossw
03 jJodeuva) pue oFedojs JI0J °031°
spooy se @0091d paejuted 0 syoeX ONEN

8I1001J }JO
pue sulq JO s)youl Ul stoued [{e doay

JUoWNO)

uoseey

Tesodoay




sury jo doj woxy jjo—eyej pue
‘gutwap yuw) efesols ‘surerp dogp aJ1T odid pue 1003
unop ‘sJe1000-J93J% SeATOAUT BIY] JeSuor ¢jured a93s9¢g SOUTT JT¥® WOIJ JOjBM dAOWIY

SoUuBUI U 1Ol

sjJao0yqs juaasad o3
poatnboa se Jaddoo ejernsur ()
tworshs Jul(o0o
Jo%em ul wanjiag uado aaey ?v
tpoxtnbaa se 1000 03 syjed
JnoJ Jo euo ut aazem mold (U)
¢ aanjogjnued
qou op ‘sun? Sutprem Ang (2)
t31un Sulpism
dod J9jem Jo (894311
ea1}) suorred unoj motd (J)
tdoy gno pue wol3oq
o[qeo ul aajem mold Aou
tgd1y JOJ BOqN}
Suyrtooo arqessnipe ayew (P)
$(sdry aqeAOwoT )
gopoajoa(a paddeo Ang AOV
to1qeo 9qnop

£L£31penb Jemol pue sou ‘orqeo TerxEco Avg  (a)

$9311 juemdinbe Jajaoys ‘oouUsBU

—9juTvE IO ‘XIom Jemo[s ‘jsov o3 . 9J11 1003 . "
1eoTa300Te Joy@Ty JO WI0OJ oY} Ut Jasuol ¢L31yenb paAoxdwy . o..-“ouoo pexow}s a:ozw,..ﬁ
L11ep Leuow Suriso0 B8Y WOlals 8x oJsueJy Je[nilao (®)
Suiprom e3vp-Jo-iNO U® Jo 98} ¢{g3800 J9YjO puw A3ITIIN paonp :quowdinbe 9z TUIIPOK
paonpay

FaTpiom—3005

JuaWmoD uosedy Tesodoad




« ST =

ooeds aprasuUTl J9qv9LT sOALYH

pooMATd 8sn mou
g3tun ) JI0J Jurxoq uxapow TV

JT® Y3 Ut aanjsiow oYy Jo
yonu ssAowad uolje(tjuea Jedoxd
fuorjesuspuos Lq pesned st ‘oSewep

J338M 309I1p Uuwyj) Ioyjlo ‘Juiisny

(*o%e ‘y3Buey edtd ‘moly
Jo%em ‘Sutr 198 JOWTY ..0.ﬁv
o8MEO aaN[1vJ JUT00JI0D pUw
Suiyooyo a93je LAtuo pue ‘sdiy
WlJ3 prnoys souwusjutew L1uQ
*gesneo Luew sey sanyteg dig

aoureus JuTedl

8807 8Jtnbox [TIm 9218 poonpald
‘popesu jou ezis [InJ fyjooq
£x1p JOo 8sneoeq OAT09JJOUT
81 yjooq utr morJ atre ‘doys
£3x1p wox) gowoo quied utv 1I1Qq

¥o01q peutwrdue osq)

801J030%®] poos UT UFTedp PIEPURIS

odtd jo

doy wouaj jJjo-oye} JITe 9Avy pue
JOOTJ JJo w ¢°2 odid ate puadsng

adwqno pasrelIou]

Sutriena paonpay

Suijsna peonpsy

14800 JamoT ¢aJIT T00%
Jaduor (L1 7enb paaocxduy

uotjeasado
9AT109JJ9 8Jdouw ¢adurusjUTEW
sgo] ¢ juowesoxdul L£T1Temd

odewep

jonpoxd sse1 ¢£3eJes paaoaduy

eanssaxd

10339q {eJTIT 1003 Jafuo]

doap aemod
8897 $9J11 9soy Jauol Jutrdesy
—asnoy pue £3ajes paaoxduy

ut X 4§ jou

wb X «l JO sevvaq aVuy

poomfid jo saxoq 9ol

J0Oo1J
ut syoexo uedo aAey pue ‘sexoq

JO pu® U SOTOY UOT3e[TUSA PPY

Juixoq JJI0dXy

pasinbaa
ge sdig Wiz} pue aamod popusuNOOaX
03 sund Juipiem JO J8wWl} 395

aTnpayods sosueuljulew
eanoxdunt ‘yjooq Leads jJo sz1se
Buijesado aonpax ‘doys juted uesi)

1001 Jredsy
8jjo-o3el
JdTe [Te o3 sqnl pue J33111J PPY

JI00TJ wouxj
81003 aamod pur @980y JIT® IAOWY

JUewwop)

uosesy

1msodoay

—




——— meee ok

-58 -

uot3098

Jumxoq jxodxe utr Laijus j3sel 999

juawirsAuT JoJ sled

uooe 1T {JFurdesjjesnoy ssaocadut

pue sTeldejevw puv JnoqQe]
goaws ‘uorjwiodeas sjueaaad

uotljeoitdde un® Leads a0 ayzzZOU

Y3tm ogoy pezlaunssaad Jo esp

potaed Jeef-QO2 ® a®A0

000°000°€1Z TO1 2A®s 03 pajeuwliso

sen ‘juemysaaut (000‘9 Tel
® ‘YoJog U0 JO SAUIT 98OY UT

8OATRA JJO-juys oljewojne Jo osf

Sutjutred (9eym pejwwolne
pue gaoijoexd juled J9399q
Y3TM poAws 9q uevo 31800 juted

tenuue jo G| 3wq3 Pejwwrise ST 31

A&T«on und juted

esn) Jureo(o aIojaq puw JFulpeol

oTtym xoq ut Leads Fo3j [t0 98

9zZ18 owes oyj [[®

‘goxoq oAlsm} Jo XI8 ‘anoj ‘esayy -
ony ‘euo uy Ind aq ued FWOIT aFaeq

paqaosqe aq

j1enm auanistow Jo0od 81 UOT}EITIUSA

oJoym syoued [viow ussmieg

sPuTAes [EEIajew pue JINOQY]

sdutaes
Junoqe] pue 31800 ‘Telaejuy

Sutaes 1800 pue (elaotey

. sSuiAes IOULUD JUTVW
»uwnwbwnamoogadfo«nl

uotl
—onpea 31800 {Jutaes [elaeyey

4800
poonpaz {3uixoq pezipaepuesjs

18T paonpey

uotjoajord jsna-tjue
Sutrxoq jrodxe JoJ @sn [TO aonpay

o8N oAlgaype pue O131geW IONPaY

uo13dumsuod
sed-Suipiem ous(L3e0e/usdlxo sonpay

Leadsaano juted eonpay
BSuUTAes [Bli979N

uotjoajoxd 3snr axoj dip (to ajrutwily

sjtun @I Y2 Jo s3e8 ur diys pue xog

jues1889p
esn J0 ‘sunistow qrosqe 0% JIA 98

JUdwWWO0)

uosesy

1esodoxy




-59 -

Annex II

MINUTES OF DISCUSSIONS

The minutes of all meetings, lectures and discussions involving the
expert are presented here in brief, concise form, with a statement of the
problem, a summary of the discussion, and a presentation of the oonclusions and
recommendations. For brevity, drawings and sketches are not included.

A. Design engineering

Frame and unitized body construction

Problem. Review of the construction principles, advantages and disadvantages
of passenger car design of unit body comstruction (monocoque) without frame,
and of design with frame.

Discussion, Advantages of frame design, such as ease of assembly and
repair, lighter body construction etc. were listed, as were those of monocoque
design, which are more numerous. Analysis of stress followed. Stress
generation, expressed as S = M x V and related to a constant maximum velocity,
increased as the mass increased (SM = Mf x V). The monocoque design is
limited in stress absorbtion by inner and outer bocy size, practical metal

thicknesses and cross-sectional configuration.

Conclusions., Smaller cars are more suitei to monocoque design. The
bending moments of a heavy frame must be replaced by the larger but thinner
metal of the body shell, and special rocker cross-sections,

Recommendations. As ARO vehicles are borderline in size between frame

and no frame, a semi-frame or '"wishoone”" type design should be considered,

Body design and mounting for vibration and stress protection

Problem. How to design and mount the body to the frame with suitable
stress and vibration absorbtion, and how to prevent current failures and weld

ruptures.

Discussion. A4nalysis of springs and shock absorbers, springing methods,

and related sway bars was made, for this determines the amount of stress

introduced into the body. The mounting brackets and absorbent rubber material
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were considered for size, design and composition. A visit to the production
line and review of drawings helped define the problem. Several possible
designs were considered,

Conclusions., Redesign of body mount brackets to distribute the stress
over a wider area is desirable. The rubber is too soft, and fiber reinforce-
ments are to be considered. No mount is at the maximum frame bending moment,
and an extra mount inside the frame there should help. Additional strength
can be obtained inexpensively by reinforcements from rear of rocker panel to
the rear floor.

Recommendations. Testing should be carried out along the following lines:

(a) Using harder durometer rubber, possibly with cloth reinforcements;

(b) Widening the underbody mounts at mounting area to reduce stress
concentration; redesigning one mount;

(c) Adding additional mount inside frame at point of maximum frame
bending moment, if shown to be hecessary by testing.

Apalysijs of modern body design techniques and tyvical sectional joining
methods: their effect upon tooling

Problem. Selection of optimum sectional design for best sealing, tooling,
assembly and cost.

Discussion. The method of body assembly and tooling techniques normally
dictate the design of joining sections of sheet metal. Analysis of typical
sections of several vehicles were made. Metal welding and finishing practices
also determine sectional design, and discussion on their influence clarified

design purposes. Body assembly history, in part, dictates design.

Conclusions. Knowledge of historical assembly practice including the
newest automated methods permit design concepts suitable to present volumes
and equipment, while providing for future improvements. Joint design and
assembly methods are proposed primarily by the die and welding engineers.

111 efforts are directed to minimum costs.

Recommendations., Joint discussions of design, tooling and die engineering
should be the basis of specific joint sectioning. Decisions must be based
upon knowledge of future volume, tooling technique changes and detailed cost
analysis.

)
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Vibration and sound deadening in modern design

Problem. Analysis and selection of the optimum design for sound and

vibration control.

Discussion., Vibration of sheet metal is controlled by ribbing a.nd/or
introduction of compound curves into the design. Vibration frequences are
effected by mass, and application of mastic to the center of a panel will
reduce vibration. Increase of the bending moment reduces vibration. A sound
absorbent material inside a metal sandwich effectively does this. Good
examples are modern hoods or roofs with both inner and outer panels incasing
a jute-based noise and thermal barrier., Vibration materials selected should

be high in sound absorbtion characteristics.

Sound absorbtion is primarily by the dissipation of energy within a small
cell, The cell wall design transmits sound, so it must be thin and constitute
a low percentage by volume. Thermal barriers are improved if the cell

structure is closed.

Road noise levels of high decibel ratings cover vehicle sounds. Modern
design with climate control within an enclosed body require much greater sound
absorbtion. This high level of door and window seal makes desirable power

operation of these devices.

Conclusions. Product design and mass can adequately control vibration.
Vehicle sounds are partially overcome by road noise in canvas-covered or open
designs. Sound, heat and vibration materials applied to sheet-metal are of
limited use unless window and door seals are substantial., Engine noise can
penetrate the body indirectly through hood or inner fenders into glass or
door mater:als, arnd especially through iradequate seals. Solid materials

transmit sound with little or no reduction.

Recommendations. Design should be in accordance with the basic principles

out? ned., Acceptable customer levels should be determined and applied.

Modern corrosion protection

Problem. Analysis and selection of optimum corrosion protection,

consideration of materials and application techniques.
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Discussion. Need for protection is in proportion to the forces generating
corrosion. Protection begins by proper metal cleaning, for deposit of protec-
tive materials on soil or foreign suhstances will not protect metal surfaces
underneath. Rust or extra heavy soil must be removed by hand if the amount
exceeds the system capabilities, 2Zinc and iron phosphates are used for sheet
metal protection, with the higher cost zinc normally used on cars and iron
phosphate on trucks. Correct application is mandatory, and a demineralized
water rinse normally required. Galvanized plated metal can be used in areas
of high corrosion, but requires different welding techniques, and paint
adhesion is difficult.

Primer, filler - wet on wet - and colour coat paints of many types and
quality are available and their various advantages were reviewed. The tremen-
dous progress in application techniques, some recent ones now in disfavour,

were also evaluated.

Sealers of mastic, pla.stic‘,. epoxy etc. can be applied to the body at the
most advantageous moment, and weld;through cgealers are extremely useful,
Some areas may require several separate protection methods, including special
paints. Design techniques to prevent corrosion include stud welding, epoxy
joints, chrome strips or other added protection, material changes and plastic

or hard metal-plate covering techniques.

Conclusions. Vehicles exported to extreme exposure conditions require
a high degree of protection. Defects are so obvious that they affect product
reputation. Equipment ensuring positive performance is necessary for a
quality product. Product testing, material :tests and a goal of continued
improvement, coupled with new material and technique analysis is the mark of

modern management,

Recommendations. Service statistics aad direct field analysis to

evaluate problem and prompt improvement where and how required is necessary.

Trends in vehicle design

Problem. Determining cdesign trends, analysirg the motivating forces and
applying the appropriate guidelines.

D.scussion. Sharply increased fuel prices in recent years have established

a major itrend toward smaller and light:r vehicles. The desire to improve
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ecology and safety by legislation requires a design to meet these standards.
Both trends will continue for some time., Truck size will increase to the
permitted road locad limits because of high driver cost, and new power will
help to control the larger forces involved.

Conclusions. Although styling innovations, performance, comfort and cost
will continue to be bagic to design, all must conform to the trend of smaller,
lighter, safer and ecologically cleaner vehicles.

Recommendations. An engineering group that can determine requirements
and develop designs to meet specific export requirements should be established.
To this end designs should be worked out involving increased weight/pa.yload
ratios. The ARO with many desirable features enabling it to cope with these
trends, should vigorously meet these new market challenges.

Bo desi and safet

Problem. Outlining trends .and their causes for vehicle safety development,

Discussion. The air bag is receiving more attention today than any other
safety measure, Good on direct impact, its value in minor accidents,
secondary accidents and side impact is still in question, Its cost is high,

and it is not subject to functional testing.

The record of seat belts and mandatory goverrment regulations requiring
their use is impressive, Statistics in Canada and Australia show significant
saving of lives under these ~onditions. Other passive restraints were

discussed, but none are too promising.

Vehicle design to control the rate of deceleration by bumper shock
absorbers, collapsible front ends and accordion steering column design also
provide user safety as a design feature. Innovations in structural design
such as door side rails, roll bars, double roofs, break-away mirrors, crash
pads on the dash, head supports, lower hoods for better visibility, and pop-
out windshields along with laminated glass or tempered glass are additional

safety practices now in use in the body.

Mechanical safety improvements were also discussed. The safety of
greater acceleration in passing, better heat dissipation in disc brakes, new
4yre designs and ventilation to prevent carbon monoxide (CO) poisoning are

now possibdle,

—_




Conclusions. Safety is neither saleable nor popular, so it must be
legislated. Design must incorporate passive user acceptance to be effective.
User participation, if necessary, requires mandatory regulation and enforce-
ment to be effective.

Recommendations. Seat belts should be used in Romania, with a legislative

support programme. There should be selective use of other safety measures
on a need/usefulness/ cost-weighted basis. An engineering staff should be
established to study foreign regulations and qualify ARO for export
acceptance, Locally, driver road-lighting practice should be updated and
adequate reflecting devices required on each road vehicle,

Attaching body to frame
Problem. Review methods of attaching body to frame, and determining

optimum design solution.

Discussion, This subject was discussed in connection with frame and

unitized body construction,

Conclusions and recommendations. See those given in connection with

frame and unitized body construction.

Principles of body styling

Problem. Outlining the guiding principles of body and vehicle design.

Discussion. The vehicle must incorporate change and follow styling
trends, but maintain individuality and character. It should not resemble
a particular object, for instance, a bath tub, an open-mouthed fish, a fish
tail etc. as do some vehicles.

Change cannot be too radical or it will not have public acceptance, New
innovations should be introduced on prestige models. Change should be
frequent enough to incorporate technical advances promptly. Popular trends
should be satisfied or led, not resisted, Large volume manufacturers can set
styling pace by virtue of volume. Lower volume designs, after establishing
an acceptable image, need not follow changes in public taste too readily.

Public survey can establish dominant preferences in current designs.

Conclusions and recommendations. The main conclusions and recommendations

are given above.
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Body design and tooling

Probiem. Evaluation of manufacturing methods and their influence on
design of bodies.

Discussion., Spot-welding has improved to ensure the design of better
quality, and automatic welding equipment can reduce cost if the volume of
production is sufficient.

Better controls on portable or stationary spot-welders make more
positive welds. Replaceable welding tips ensure good welds of proper diameter.

Press electrode welders have improved weld quality and dependability,
They increase accurate location, lower cost, reduce time, and give more
positive welds. The designer must at times change his design to facilitate
their use, Volume production is required, and use at the manufacturing rather
than the assembly area is often best,

Pro jection welding is a second means to better quality and faster produc-
tion, The desirability of using this technique can be determined by the tool
or design engineer,

Welding by an arc is most frequently done today with metal inert gas
equipment, Its advantages are many, but the heat will warp outer sheet metal
surfaces if not clamped and absorbed. Fixed or wire feed electrodes can be

used, and design for both types was reviewed.

Critical locating points when chosen and given priority in design and
construction can improve quality at little cost, Normally a function of
tooling, they must be selected in co-operation with product design engineering,
Their use will improve quality,

Dies and sheet metal quality have improved together. Metal improvement
and controls in presses have also contributed to larger, better stampings.
Labour costs for assembly and metal finish have hastened the trend to bigger
stampings. Die and press history help to understand future trends, Costing
of panels influence design, and forward planning knowledge is necessary to the
design engineer if he is to have cost awareness,

A review of modern machines for body design development, model-making and

tool manufacture indicates a direction for further study, but volume must be

increased.
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Conclusions. The body designer when zware of modern tooling methods,
and in co-operation with die and tool engineers, can design for reduced tooling
costs., Use of critical locating points and designs for lirectional assembly
will improve quality. Special welding methods are to be incorporated into design
as soon as available, as are more modern tooling techniques. A reciprocal
flow of knowledge and information between design, tooling, die and process
engineering is required.

Recommendations. A critical locating points committee should be
established and its procedure enforced. A co-ordinating committee should be
established to promote exchange of new ideas in design, tooling and processing.
All departments should be made aware of cost analysis, and a cost analysis
group should be established.

Body design technique
Problem. Developing those methods and guides on which a design programme

can be based,

Discussion. Normal vehicle design has as its goal public acceptance.
The designers’ concept may te modified several times, as the need to utilize
existing parts, cost, technical modification, life of available materials etc.
dictate. Although sometimes altered by competition, regulations, public

acceptance or performance, the following is typical of design life:

(a) The body has a three-year design life, with first a minor then a
more complete face-lift in the second and third years;

(v) The engine is designed for from seven to eight years for the head
and block, with changes in compression ratio, carburator and other "hang-on"
improvements;

(c) With regard to the chassis, improvements are introduced as
developed, unless they require modification of the components (a) and (V1)
above. The basis of changes can be improved materials and manmufacturing
techniques as well as design.

Design concepts must maintain product distinction, not be so radical as %o
preclude public acceptance, improve in all areas of safety, performance and
other standards, and ce subject to the latest mamufacturing techniques,

Styling trends and competitive performance ale important guides. Today, in
order to introduce a complete new product, atout three or three and a half

years are required, down from the five years formerly required, and the time

is tending to decrease even more.




The steps of styling, from concepts on paper, to quarter-size clay models,
to preliminary drawings subject to all departments' analysis, precede acceptance
of the final concept. All senior executive personnel participate in these
decisions. Drawings of the general concept are then analysed and modified
as a result, with the die, tooling, processing, production, scheduling,
purchasing, quality and, most important, cost analysis departments contributing.
Prototype construction and testing parallel tool design and production planning,
and frequent design alterations result,

Conclusions. Shortening the time from design concept to production will
increase the cost. Developing countries, with inexperienced or inadequate
staffs to perform the above, can buy such services on the open market,
possibly at appreciable cost savings. Least expensive would be acceptance of
an existing modern design. New product development must be preceeded by
adequate forward planning., Team-work and detailed review of the design by all
departments is necessary to improve cost and quality.

Recommendations. A new pi‘édubt design should be considered and introduced
by acceptance of a suitable existing design with the assistance of the original
manufacturer. Purchase of these services, in part or whole, should be the
next development step if requireu. Realistic forward planning and sales
forecasts over a ten year period should be made to support and guide the above

activities.

Design for 50,000 vehicles/year

Problem. Evaluation of the principle factors for best quality and lowest
cost when designing for 50,000 units/year,

Discussion. Product design cost is determined on a unit basis by total
design cost over estimated total volume. Tooling cost is normally based upon
the above, plus the units per hour to determine the degree of automation. |

This may be expressed as follows:

total estimated volume x sales price
t/day x days/year x model life (years)

unit design cost =

Aith *ooling and machinery the volume/h must be increased to allow for the

efficiency factor. Second and third shifts are less efficient, and are not

used unless the tool or machine cost is high.




Product design loads :vary considerably with new model introduction
dates. These loadings can be helped by outside aid from the following: other
vehicle industries in the country; specialist concerns outside the country;
purchase of & design; specialized design equipment. Design mai-riils and
worker efficiency can help shorten design time.

Conclusions. Modern expensive automated design equipment is justified
cnly when in constant use. Many improvements in design hours may be realized
with low-cost improvements in materials, area and methods.

Recommendations. Lighting, room layouts, tools, design paper and pencils
should be studied and updated and horizontal drawing boards used.

Body reliability testing
Problem. Review and evaluation of modern body-testing methods.

Discussion. The complications of sheet metal design require that all
calculations and laboratory tests should be verified by road tests. Special
equipment costs may be avoided by use of outside test laboratories. The
development cost of special test machinerv may be recovered, in part, by
royality charges for independent manufacture. The CGovernment has introduced
a special field of testing. When helping to develop these specifications,
test results not methods should be emphasized. Many simple low-cost tests can
be made to determine progress in quality and control production materials.,

Conclusions. Prototype tests establish design parameters, but test of
first production and periodically thereafter determine actual performance.,
Standards depend upon customer acceptance level, design specifications and
competition, and should be changed accordingly. It should be noted that the
restriction of visitors! access to the test area precludes comments on the IMM

factory testing equipment.

Recommendations. Outside test sources should be used for expensive
tests, while maintaining a test staff and laboratory for product development.
Certificates of performance should be required from suppliers, who should be
shown the purchase %est procedures, and equal or better supplier testing
should be insisted upon., Supplier test facilities should be used for ongoing
improvements.
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Use of metal substitutes and lubricating methods

Problem, Review of latest practice in selection of metal substitutes.

Discussion. Current trends in the selection of metal substitutes is

towards lighter product weight, followed by better rust protection, and cost
reduction. Weight reduction is now frequently made at cost penalties in
efforts to increase fuel economy, Plastic substitutes are increasing as this
new science improves in manufacturing methods and choice of materials. Hand
lay-ups of fibreglass-reinforced plastics are now replaced by die manufacture
from liquid plastic or sheet plastic. Aluminium is also increasing in use
as the problems of assembly, electroplating and manufacture are overcome.
High-strength steel is winning back some design on a cost and weight basis
as the steel manufacturers offer manufacturing assistance,

Conclusions. Weight reduction is so critical in current design that it
sometimes wins over cost and manufacture as the basis of choice, Increased
use of plastics is determined primarily by new manufacturing methods, The
decrease in steel use will be arrested by the development of new high-
strength steels.

Recommendations. A programme of material evaluation in technical

magazines and competitive products should be continued.

Tolerances used in body design

Problem. Review and selection of the best system of dimensional
tolerances for adequate product control within reasonable manufacturing

capabilities.

Discussion., Tolerance limits can be express:d automatically by the
number of places used to the right of the decimal point. For example, a
dimension written 4.0 m carries a plus/minus limit of 1.5 mm; if written
4.00, the limit is plus/minus 0,15 mm; or if written 4.000 the plus/minus
limit must be listed.

Sheet metal clearances for daylight openings and mating parts of 7 mm
are normal and acceptable, Product drawing accurancies are normally line
+hicikness. Drawings of the master body draft and the final master model are
developed together from the clay. The master model then becomes the standard
to which all production metal must conform. No metal tolerance is specified

on sheet metal drawings.
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In die and tooling manufacture critical locating points need to be
specified. Tools and dies are manufactured not to dimensions with tolerances,
but to the master model or a model based thereon, Tooling aids include sec-
tional masters and spotting aids made by female/male plasters, or modern
material equivalents, This process yields accurate reproduction of product

even when multiple assembly fixturing is involved.

Conclusions. The master model must be used without specitication of
limits in dimensioning, Tool and die drawings dimension their own manufacturing

needs, but final shapes of product are based on the master model.

Recommendations. The outlined procedure should be applied along well-
established lines by all those involved.

Master model manufacture

Problem. Establishing an inexpensive workable procedure for making

master models.

Discussion. Methods of making ultra-modern master models are too
expensive and sophisticated for the proposed volumes and the local state of the
art. The progress from artisitic sketch to quarter-size clay to full-size
clay preceeds the develorment of master model and drawings. Full-sized egg-
shell clay model and templates are used for mahogony master manufacture.

More modern, less costly materials may substitute for wood, especially for
the multiple tooling aids. Prototype tooling was also discussed, especially
zinc alloy draw dies and inexpensive steel rule a.nd/or template blank dies,

Conclusions. Costly modern master-model manufacturing equipment can be
bypassed for older methods of woodmasters using templates. Jeep~type vehicles
are especially adaptable to this method.

Recommendations. Master models should be established as outlined and
used as the basis of mamufacturing (see previous section dealing with tolerances

used in body design).

Drawing materials and reproduction methods

Problem., Review and selction of the best procedure to make drawings and

their reproduction,

_.,.A_,\J
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Discussion, Latest modern methods are extremely expensive, suitable
only to volumes in the millions. Use of photography to put drawings (and
books) on 35 mm film is useful and of reasonable cost. These negatives
can be stored on IBM punch cards, rolls of film, or plates with several
separate negatives on one sheet. Machines for all three forms can project
the negatives on to a screen for easy viewing, and can also make prints.

Microfilm storage is sometimes useful.

Conclusions. Use of 35 mm reproduction is convenient, reduces storage
space, transmits data easily and is suitable for local volumes.

Recommendations. The 35 mm reproduction system should be adopted after
study and cost analysis.

Modern drafting methods

Problem, Proposal of drafting equipment and methods for best product
design.

Discussion, This subject has already been covered in part and several

different sections,

Technical analysis of body design

Problem, Determining when and how technical analysis is applied to
bOdy design.

Discussion. The conceptual stages of artistic sketches, quarter-size
clay, photos and clay rework should be free of the restrainis of technical
analysis, Full-size clay development should be subject to technical restraint

only in the broadest terms,

From preliminary body draft development through product release technical
analysis is required. A standing commitee representing the tool, die, welding
and process departments and all concerned meet as required for analysis of
design, At this time die, welding and process considerations should dominate
assembly procedures and related section design. Committee representatives
should get department approval, and upon the concurence of all, released
drawings should replace the preliminary issues. Timing charts must be
honored,

[P v
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Conclusions. Concepts free from practical restraints must eventually
meet the necessities of manufacture, The team effort to produce the new
design at least cost is best achieved if all possible progressive manufacturing
concepts are proposed and the product details developed accordingly.

Recommendations, Strong team co-ordination of design and manufacture

should be developed through frequent discussions of all those concerned.

Interior master model conceptis

Problem. Methods of interior model development.

Discussion. Permanent framework should be separated to provide full-size
mock-up of front seats, rear seats, instrument panel, and door inner pads, as
necessary, Dimensional considerations in part determine overall vehicle size
and must be developed along with the exterior clay. Materials and styling
choices depend on new manufacturing processes and local availability, and

the design department should frequently consult with the manufacturing staff,

Conclusions., New styling based upon new materials and manufacturing

techniques must pass the cost/process analysis before being finalized.

Recommendations. Technical analysis for interior design should be

subjected to early committee review and team-work.

Value of reduced-scale mock—ups

Problem. Determining scale size and value of small-size mock-ups,

review of materials and methods of cost reduction.
Discussion. This subject has been covered earlier.

Conclusions. Quarter-size clay models and their derivatives along with
photographic records are useful as a cost-saving device, Interior mock-ups
should be full size, and a full-size exterior clay is necessary for proper
evaluation and body draft development,

Recommendations., Design and its development aids should include the
steps rreviously recommended, namelv ske‘ches, artistic renditions, quarter-size

clay, full-size cla;, mahogany master and full-size body draft,

Body draf: develovment from master model

The concurrent development for the master model and master draft has

been cover=i,



Templatq development in master model and draft development

This subject has already been covered.

New body test and manufacturing methods

Problem. Determining reasonable prototype test procedures and methods
of ensuring production compliance,

Discussion. The expense of laboratory analysis to be verified by road
test is not always possible in limited budgets. However a good proportion
of these test results can be obtained by ingenuity and inexpensive equipment.
Fluorescent water tests for leaks, vacuum seal tests for seal, and field

trips for paint analysis are some examples of these methods,

Prototype vehicles, because they are made by hand, may produce mi'slea.ding'
test results, Production test facilities can be used if suitable. Assembly
tooling methods, chosen by the tooling staff, can be helped by the precduct
designer by means of tool ho’es and other locating devices,

Conclusions. New body development offers an opportunity to incc;rporate
new methods and ideas, but many test and material developments, such as paint
improvement and rust prevention, are a continuing process. New manufacturing
methods are to be selected by the manmufacturing staff and require in-depth
analysis and costing. New body design is an ideal time for their introduction.

Recommendations., Test procedures should be supported by service statistics,

field surveys, supplier tests and a continuing test programme. Improved manu-
facturing methods should be incorporated into the design at the instigation
of the manufacturing staff,

Estimating manrower requirements for biarnnual new body design

Problems Outlining the department size for design, test and prototype

construction of new vehicles on a two-year model introduction basis,

Discussion. The variables involved, such as type of body, degree of testing,
size of prototype test fleet, acceptance of new manufacturing methods etc,
were reviewed, These, and the type of testing equipment w:ll influence
greatly the size of staff required. High-volume manufactures with wide model
choice interchange manpower and make specialists of their most efficient men.

The requirements are not equal, nor can they be reduced in proportion.

)
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Conclusion., Past experience coupled with the details of forward plans
are the best basis for manpower estimates. Local evaluation will be most

accurste,

Recommendation, Department heads should make estimates, compare with
past experience and follow up to assess accuracy at a future date,

Use of value analysis in product evaluation

Problem. How to apply value analysis and how to determine true value,

Discussion. Recognizing that the goal of vehicle manufacture is customer
satisfaction, or good value for money, the determination of what "value" a
customer 3ets on the design is the first step in value analysis, Other
sources are design opinion, public acceptance and approval of competitive
design features, professional tests and opinion (i.e. road magazine tests)
and the view of professionals in the industry. Determining public opinion
can be done by professional survey (i.e. Gallup Polls), card survey in
magazines, personal questioning by canvassing or sales staff, An effective,
relatively inexpensive method is by card survey at time of sale.

Composition of questions and ability to convert answers to statistical

analysis is important, as is a balanced selection of those surveyed,

Conclusions, Accurate value analysis, so necessary as a basis of
successful design, is difficult to obtain and expensive, This new tool
should be studied in depth before use,

Recommendations. Consideration should be given to card surveys of

customers at time of sale, salesmen questioning potential customers, and

service customer card surveys as sources of value analysis data.

Frame design

Problem, Selection of the best AR0 frame design and proposal of frame
or assembly changes to prevent twisting and warping of frame,

Discussion. A closed double C design for longitudinal members permits
ease of spot-welding and assembly. The flanges must be of sufficient width
for adequate bearing, and separated by the vertical member sufficiently for
the necessary bending moment., Spot-welding should be reinforced by skip
mig-welding where required. Projection welding is the most desirable type
of spot-weld,

RO
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For reprocessing the current frame design, the following was proposed:

(a) Welding all sub—assemblies and brackets to all cross members and
the open-hat-shaped longitudinal members;

(b) Placing in a major assembly fixture, and spot-welding or mig-
welding cross members to side members;

(c) Closing up hat-shaped side members with the flat plate.

Correction of current warping may be realized by peening the weld at
critical-locations, by checking the side members and straightening after
welding in an arbor press, a.nd/or by tack spot-welding qach 80 cm before
welding the gide member assembly.

Conclusions. High volume production of ARO type vehicles normally
choose a C-type design, Where possible, spot-welding should replace arc or
mig-welding to reduce heat input and consequent warping. Projection welding
gives better spacing and better size of spot-welds, but skip mig-welding may
still be necessary to reinforce joint assembly.

Recommendations. Current production should be corrected by checking
gside members as soon as cool, and straightening in an arbor press. Welds
should be peened as required. Reprocessing should be done as outlined,
which is the reverse of the process now in use, Frame should be redesigned
for open C side members and hat-shaped cross members, with spot-welding and

mig-welding.

Engineering value analysis . .

Problem. Proposal of a method of vlaue analysis that will improve
quality and reduce cost of the ARO all-ground vehicle.

- Discussion. A prover method of value analysis is to develop an
engineering team representing die design, product designm, welding, processing,
and cost analysis. The second step is to obtain vehicles of ARO's nearest
competitors in size, price and quality, for example among, Bronco, Jeep, -
Blazer, Toyoto and Land Rover. All vehicles are then disassembled and like
parts grouped together, For instance, all door hinges and attaching parts
could be mounted on a large piece of wood. BEach piece of each model, ARO-
included, would be costed, and given a quality rating. Quality improvement,

cost reduction, or both should result whenever redesign is undertaken,

»
C——-
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Conclusions., Velue analysis is a means of incorporating the best ideas
of competitors into a product, or proving superior quality. It is an excellent
method of stimulating new design ideas and better production methods.

Recommendations. A value analysis programme conducted as outlined would

be of great material benefit, and result in an improved worldwide position
for ARO.

B, Manufacturing methods

Sheet metal die requirements for 20,000 units/year

Problem. Determining the best die designs for a proposed volume with

model variations.

Discassion. A review was made of the various methods used to cut and
form met#l. Cutting by hand, hand-operated power shear, floor-mounted power
shear, power nibblers and/or punches - with or without profilers - or by
metal oand-saw all require no..spe:cial dies. Inexpensive cutting dies can be
made oy several designs, including cooky cutters (for paper and cloth),
template dies, steel rule dies, as well as standard hardened-steel dies.
Forming of sheet metal can be by either hand or power hammer, stretch press,
crash die or normal draw die. Die development by use of a zinc alloy (one
commercial name is Kirksite) is good for testing regular dies as well as for
prototype development. It can be used in production for 1,000 - 5,000 pieces.
Details of these die-making methods will come later,

Total die requirements are calculated as follows:

Pieces =(number/car x yearly volume x years of model) + 10%

The 10% or other figure allows for service requirements, Piece part cost is
determined by dividing pieces required by total cost:

total cost
total pieces required

Piece cost =

Total cost is cozposed of cost of die design and manufacturs, press %ime,
direct and indirect labor and overhead., Other values, in addition, are
quality of product, press availability, part storage, material handling and
tooling facilities. Af'ter calculating all the above the die designer must
evaluate all possible manufacturing methods and select the lowest total cost

method consistant with the quality required and facilities available,

]



Process engineering, that is the-planning of plant layout and material
flow through the plant, affects, and is affected by,die design. All-design
is greatly affected by cost., - Thus a team effort of all departments is
necessary for complete planning, and die assessment should be based upon
this total value concept,

A sample die now in production was cost-analysed, and the result showed
how 2-lei 3,000 investment in a better die could save lei 40,500 on the
lifetime total product cost. The need to expand the die design concept to
include material feed and part and scrap disposal was emphasized. Several
die designs were then studied as means of design improvement. Knock-out
punches, stripping plates, strip feed, low-cost trim methods, draw die used
for flange wipe, low-cost roll flange tables and marking templates were
studied, Specific design problems were tabled and studied. Nach design
was intended to reduce cost/piece, and the analysis of economic justification,
and ‘the larger concept of material processing in the die area was emphasized.
Minimum die cost is set by quality requirements, maximum die cost should be
at that design that yield. least cost per piece - taking into account
material processing. Such designs normally include kmock-outs, stock
strippers or scrap cutters, locators, and can include air blow-outs angled
press, air-cushion ejection etc. Cutting chart development is mandatory,

as ig cutting pattern development,

Progressive dies, and the need for material handling devices between
presses do much to reduce piece part cost, Safety improves if die load/
unload is performed with pliers, suction cups or mechanical handling, lost
fingers can't occur if tools, not hands, enter the die area, Examples of
automatic feed from coil stock or transfer devices between presses were

studied and costed.

Conclusions. Die design concepts should include material processing
to and from the die, and design of related devices, Lowest possible cost

per piece, the goal of each d<sign, must incorporate continuous press cycling.

Recommendations. Consideration should be ziven to automatic feed and

mechanical handling effects on total cycle time when studying piece part
costs. PFollow-through and engineering control of all action on the press
room floor should be improved. Responsability and manufacturing decisions
should be removed from the press operator and incorporated into engineering

design and planring,
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Sheet metal storage and preservation

Problem, Review of the requirements to keep in-process sheet metal

from rusting.

Discussion. Prompt use of manufactured metal requires no rust protection.
Accurate sheduling and most economical die runs must support prompt use.
Mill oil, the oil coating put on the metal at the rolling mill, ard stacking

protect metal before manufacture, Die lubrication oil, if necessary, is further

protection, but is hard to get off and should be avoided. Long storage
periods may require a very viscous oil spray for protection, but removal
is difficult., Vapour degreasing permits recovery of oil and vapour.
Service parts should be protected by prompt painting. A special primer-
surfacer, like chassis black, will give sufficient adherance and also

sufficient protection.

Conclusions. Engineering control of all floor operations in the die
shop should reduce the number -of.pieces in a die run, and lessen the need

for metal protection,

Export boxing
Problem. Proposal of the most practical containers for CKD boxing.

Discussion. Filling a box is more economical than placing sides around
a pile of stacked material on a box base. Box materials are normally plywood
sides and top with a board base, The base boards are separatad by 1/4 to 1/8
inch to allow ventilation to a two-inch-diameter covered hole, two at sach
end. Use of waxed paper on sides and top, plus VIP paper and oil fog will

protect against rust and direct water damags.

Size is normally up to two metres wide, 1.5 m high and three to four
metres in length. Weight normally is under 3.5 ton. Interior bracing is used
a8 required, with a maximum thickness of one inch to aid cubage. The wood
spacer inside must not touch metal directly, but be separated by wax paper.
Extra-heavy loads such as axles can use wood spacers to strengthen the box,

+acking heights of four to six boxes normally equal warchouse . heights a.nd/or
material handling equipment limits., Re‘urnaole cartons and dessicant chemicals
should be considersd.



- 19 -

Recommendations. Plywood boxes that are well ventilated, well braced,

with wax paper over the product and VIP paper or desiccant between, protected
by a heavy waterproof paper inside the lid and attached to it should be used
for adequate protection.

Minimum sheet metal use and die design

Problem. Principles of die design to achieve the use of least sheet

metal.

Discussion. There are ways of using the blank for the cover plate when
an access opening and cover design is being considered. Two were presented.
Use of metal from door or window openings in the body was covered, as was the
same for inner door panels. Nesting of shapes for strip stock, strip stock
without side rails on the scrap, deforming or redesigning the piece, and use
of scrap in the die to make small pieces were also illustrated and discussed
in detail, The caost of making tWwo pieces when one design produced excessive
scrap depends upon the factors of part storage, welding, overhead etc., all to
offset the scrap cost. This is difficult to justify, and suggests the design
of larger pieces whenever possible. This led into a discussion of the principles
of draw die design, including the use of Kirksite, a white metal zinc alloy,
for try-out and the development of a body draft. Using Kirksite for production

of several thousand pieces is possible.

Conclusions. Cost and product quality should determine die designm,
scrap patterns and the use of progressive dies. Total cost, that is the
total cycle time, die change time, part storage and complete overhead costs,
must be considered, not just material cost versus direct labour. Die cost is
a small fraction of total piece cost, and more expensive automated dies ars

normally justified when volume increases.

Recommendations. Consideration should be given to Kirksite for die
try-out and low volume production. Greater use should be made of progressive
dies, automatic feeding, automatic scrap disposal and better material handling
in the die shop.

Principles of die design for sheet bodies

Problem. To advise on the nethod of die design for a completely new

passenger car.
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Discussion. Development of a design from styling concept sketches
through quarter-size clay model, full-size clay model and body draft, master
model and tooling was outlined, Committee meetings of engineers from die,
welding, product design, processing and cost analysis jointly decide on the

technicalities of joint design, weld lines, contours, profiles etc.

Production die design starts upon receipt of body surface lines, or scans.
Releasae of preliminary die designs permit starting on both production dies
in cast iron and zinc alloy dies., Alterations of zinc alloy tools is less
expensive and can be done quickly, so the cast iron tools can be made with
confidence, having been tested in zinc., Use of critical locating points

makes the body more accurate in less time.

The detailed method of how all body dimensions are held to a master
model was explained. Die stampings, assembly fixtures and checking fixtures
are built to one master, even when several sets of tools are made. This
system permits guick tool change-over in several different plants of wide
geographical location in a short t:1me. Exact duplication of the master model,
in part or in whole, permits assembly a.nd/or tryout to "master model duplicates”

in several locations at once,

Conclusions. Using a master model elimirnates the need to dimension or set
1imits to the body draft drawings for compound surfaces. Resolution of the
technicalities of design by committee yields a product at least cost.

Recommendations. A master model concept in metal design and fabrication

should be used, and there should be heavy reliance on a committee for

resolution of design and assembly methods,

Sody ass=mbly methods

Problen, To prorose the method of assembly best suited to the ARC car,

Discussion. A gZeneral review was made of the various ways a body can be
assembled, the methods most modern plants today use, or have used in the past,
The zate fixtures ard oshar forms of a single assembly buck, the ballcon
fixture and the conveyor line fixture all dictatz a diffzsrent assembly
procsdure, Time was spert in the factory until the methcd of assembly used
by ARO and the cdesign of body comporents was familiar to alli participants in

+he discussion.
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The present method of assembly of underbody, front end, right and left
rear quarter assembly, and roof assembly (when required) is adequate. It was
proposed that the underbody assembly fixture should take the panels upside
down., The floor panels, right and left rocker assemblies and cross braces
should all be assembled in a major fixture. The quarter panels and front
and continue to be assembled as they are now. The assembly of roof rails
gshould be considered as separate units, and attached to the body in the main
fixture, with the roof going on later, For roofless models a brace between
door openings was proposed, to be removed after body drop but left on through
paint, The need to build the body to dimension and hold it during travel in
the body shop was discussed. The frame should be 100% inspected on the final
assembly line and marked plus or minus for each millimetre of deviation. Shims
can then be used accordingly to permit bolting body to the frame without
distortion. The above requires a frame checking fixture and accurate body
trucks in the metal shop. All roof panels, doors and tail gates must be set
in racks after assembly for storage. These racks are to be placed along the
final assembly line, for assembly direct to the vehicle.

Conclusions. The present system of assembly is acceptable, except for
a possible new roof rail design with later roof assembly. Body dimensions
must be accurate in the body shop, frame deviations noted and shims applied

as required.

Recommendations. There should be a 100% inspection of the frame and shim
compansation. Accurate body assembly with rigid body trucks and main
assembly fixture should be ensured. Special containers for sheet metal

assemblies, with unload direct to the final assembly line, should be used.

Body sheet metal design

Problem, Examination of sheet metal for assembly method and most
effective design.

Discussion. This problem led %o a discussion of the means of achieving
a lighter, stronger body with representatives of product design, welding,
die and fixtures., Elimination of the roof rail to roof joint will reduce
cost of metal finishing. An outer wheel house should permit lighter gauge
metal of the quarter outer. Manufactured hinges are lighter and less expensive
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than castings and forgings. The hinge die may produce over 3,500,000 pieces.
Reinforcing ribs in interior metal will permit gauge reduction and give a
stronger design., Use of trim sticks to cover weld marks can eliminate the

need of metal finish. Additional contours in body side between belt line

and rocker, plus contours in the hood may increase straegth and permit lighter
gauge metal, There is too much flat area in the ARO design. It is hard to metal
finish, is not as strong as curved panels and not as attractive. Curved panels
and ribs can be added to present draw dies without too much cost., The above

are samples of some points of the detailed discussion on sheet metal design.

Conclusions. There is ample opportunity for product redesign to lighten
and strengthen body sheet metal.

Recommendations, Prototype testing of new sheet metal panels should be

carried out along the proposed line of discussion, There should be a
guality analysis of hinges and other mechanical components (see above the

section dealing with the use of value analysis in product evaluation),

Body design and assembly with aid of master models

Problem, Review of moder~: body manufacturing axd dssign methods.

Discussion, Design and prototype testing to start of production can take
from 3.5 to 5 years. A detailed discussion of the complete procedure showed
how it is possible at new model introduction to change over thirty plants in
a 3,000 mile distance operating at 60-70 bodies per hour in a period of a
few weeks. Use of Kirksite, a zinc alloy of white metal, helps speed this
process by testing draw die designs and providing prototype panels, For
blank and pierce low volume dies, manufacture by steel rule or by templatz dies can
~educe rmaterial costs by 0% to 70%, and labour oy 40% to 60%, Mas*tar model
construction, and the accurate master model surface duplications are used for

compound surface dimensional accuracy.

Conclusions. Understanding and use of this procedvre is essential to

modern high volume body manufacture, The ARO because of its design and limited

croduciion rate, could possitly eliminate or modify the full procedura,
’

L 4

Recommenda‘tions. A master model mock-up should be provided for aylight

openings ard otherwise as needed,
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Spot-welding

Problem. To consider the newest and best spot-welding equipment for use
in the factory.

Discussion. The theory of spot-welding, spot-welding testing, current
requirements etc., was first discussed. Testing by "pulling a button"” on a
weld needs to be supplemented by occasional physical destruction testing.

To test, a used power hacksaw blade is best, and the method of making a chisel

of it was described.

Welding equipment has changed. Cellular or coil wouna transformers should
replace ARO's stacked core transformers in the future, as they are smaller,
lighter, more efficient and less expensive, Ccaxial weld cable is also
less expensive, more flexible, and cools more easily and efficiently, so that
the cost of electric power for welding is appreciably reduced, Welding guns,
if purchased from a reliable source, are less expensive and more efficient
than factory made guns. Welding gun tips, or electrodes, are a high—expense
item. The most recent design, the thimble or removable tip, saves 90% of tip
cost and improves quelity. High quantity purchase realizes substantial
savings, and purchase for all vehicle needs from one source should be
investigated. Volume manufacturing methods using cold up-setting produce
no scrap and are less costly than local factory manufacture., Usually the
copper alloy is also better, Tip life and product quality is greatly
improved by proper cooling. Water flow of 5 gal/min (24 1/min) is required
for each portable gun. The flow can have separate cooling of the transformer,
cable upper arm, and lower arm, or a combination if the heat load is not too
great, Hose and pipe sizes were given. Spacing between supply pipe and
interior of the weld tip is very critical, and should be one pipe diameter,
Setting methods were illustrated. Water flow should be tested by timing
water to fill a container, A special air-driven tool is available to shape
tips. Cable repair was discussed. Turning cables end on end will double
cable life, Air pressure varies with gun design and metal thickness, and
must be separately set for each gun. Suspension method and balance were
reviewed, Pre-loaded spring balancers are best. Gun bails of 360° rotation
with broad "A" cable suspension are most flexable, Rotation design in three
planes was illustrated, especially for big guns. Primary cable supports

should have a 3:1 ratio, or 4:1 maximum.




Conclusion, Top-quality commercially-supplied welding equipment is
least expensive and assures quality welds. Intimate knowledge and correct
maintenance of equipment are necessary to quality and long life. Adequate

cooling and correct tips should reduce use and cost by over 50%,

Recommendation., Coaxial cables, cellular transformers, commercial welding

guns and replacable tip electrodes should be purchased., 0ld equipment should
be replaced to reduce operating costs, Tips should be trimmed only by a
qualified repair man who will also check cooling., A weld test schedule and

record should be e3tablished,

Mig-welding and stud weldinz

Problem. Review of latest arc-welding equipment and its use,

Discussion. Mig-welding can use 002, argon, nitrogen or any inert gas

+hat prevents weld oxidation. Skip-welding with metal inert gas gives resulis
1ike a spot-weld., It can be used ;ike a push-gun spot-welding tool. The

book Automatic miz-welding contains a study of the newest processes, controls

and equipment. Stud welding is done in modern factories to allow glass or
extarior trim atiachment, tud welding can be automatic, or thes gun hand
applied with a locating fixture and automatically cyclec when activated,
Studs save labour, cost less, prevent rust and are more effective than

attaching trim with screws, The book Automatic stud welding contains a

description of this new welding method,

Conclusions. Review and mastery of the more advanced methods of stud
welding and mig-welding will increase the engineers’ xnowledgs of his

current equipment and its proper use,

Gas welding
Problem. Determining best gas-welding equipment and its use in production,

Discussion, Improper use of gas-welding ‘orches in production cost the
ARO factory over lei 1,000,000 each year in excessive oXygen and acatylene
usage, accoriing %o figurss supplied by the ARO welling enginesr. I+ wzs
calculata3 that a savirg of lei 215,000,000 cculd be realized in a 20-year
period by an invesimens of lei 5,000 in an automatic Zas saut-o0ff valve Ior
all producticn gas-welding torches, These torches are now used 0 cooX food

and 28 personal heztars during the lunch peried.



Use of a central system for supply is good, but take~off points must be
made S0 a8 not to require excessive hose length. Shut-off valves, on the
torch handle or in the line, will allow the worker a convenient way to stop
gas flow, except when welding. Supply pipes should run 2.4 metres above the
floor at areas of use, with convenient take-off points to keep hoses off the
floor and short,

Conclusions. There is excessive use of this expensive indirect material
that can be controlled.

Recommendations. Shut-off valves should be purchased at once to be set
in the lines or torches with valves, in accordance with the discussion
drawings. Almost all welding supply sources have this equipment. The workers
should be provided with flint sparkers.

Soldering
Problem. Review and recommendation of newest materials and methods of

golder application.

Discussion. The eutectic diagram of lead (Pb) with tin (Sn) and antimony
(Sb) when studied shows that 5% antimony and 2.5% tin are the best amounts
of alloy materials to mix with lead for body solder, To control grain growth
0.5% arsonic (As) is required, This formulation will lower solder cost, be
easier for the worker to use, will not melt in the paint oven, and with
smaller grain size will make fewer repairs. Different materials are

necessary for solder wipe and repair. The best formulas are as follows:

Solder Body
Materials wipe build Repair
Lead Pb 80 91.9 70
Tin Sn 20 2.5 30
Arsonic As 0.5
Antimony Sb D¢l

To; 100, 0% .1_5—01

The solder wipe should be powdered material. To mix for solder wipe use

the following:

e e
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2 parts HC1 Hydrochleric crystals
2.5 parts H20 Water
4 parts Solder wipe powder

Preheat metal with special wide-mouth torch, apply solder wipe with brush
full of agitator liquid, wipe (in one stroke if possible), dip spoonful of
body solder onto joint and work into shape. Work as little as possible, and
quickly. Keep at upper end of soft range of temperatures. Use hardwood

paddles, and groove application side,

Conclusion. The above data is in a booklet in Romanian, and can be

used for reference to improve this operation.

Recommendation., The new formula and procadure discussed should e

immediatzly adopted,
Metal finish

Problem. Review and recommendation of newest tools and methods for

metal finishing,

Jiscussion. 411l standard metal finishing tools were discussed, The
type of Tile should e changed to another make available in rough (10 teeth/
inch) and fine (14 teeth/inch) in both straight and curved 14-inch lengths.
Use of welded studs for inaccessible panel areas was discussed, Shredded
asbestos and water mixture used around a gas weld area will limit heat
travel and prevent panel warpage. Warped grinding discs will decreass
efficiency and reduce their life, A special humidity control cabinet can
keep them flat, It was estimated that savings of over lei 125,000 per year
can oe rezliced by mzking this cabinet, With a 20-year life, the cabine:

pay savs lei 2,500,000 for a lei 60,000 invesiment.

Grinding grits, bvack-up materials, pads, speeds and diameters need to be
properly selected for best results., All materials and usage was reviewed,
Disc grindsrs and suspensions ware reviewed, and heavy tools are besz
suscendsd with adjustable spring valances of proper caracity. Metal finish
¢f Joors and hcods can Te ione on special tatles Tuils and tcoled o the
purzcse. All ozher finishing can te done at the =nd of %he body line. Use
specially <rained men, finish only in marked arsas, inspect and repair urder

3 bark of lights., Over 50% of dafactive metal finishing is caused by carzless

1]
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Conclusions. Every body-man, seems to be a metal finisher, training and
equipment is poor, and so are resulis. Work in one area, by one group of men,
under special conditions will improve the operation.

Recommendations. All the proposals discussed and listed above should
be put into effect,

Metal finish and paint

T ————————E———r————

Problem. To metal-finish so that metal defects will not show after
paint.

Discussion. Metal finish should all be done after body build is complete,
at the end of the metal line. The body should be coated with mineral spirits
and special lights used to see all defects. Defects should be inspected and
marked, then repaired by special metal finishers and reinspected. The use of
epoxy for roof joints should be considered. The use of grit size 50 to 60 and
80 on the same area will give maximum depth of 45 millionths of an inch,
equal to the original metal condition. Although grinding grits control
depth, it is width of a scratch that determines if paint will cover.

Lubricant of the pad increases use from 10% to 2,000% by preventing solder
or metal clogging, or loading.

Conclusions. Metal finishing to best quality is the highest skill in
the body shop, and only specialists under ideal conditions with proper
inspection should be allowed to do it.

Recommendations. Pads should be lubricated for longer life (up to
2,0008). Three grits should be used on the same spot, and the metal finish

area revised,

QJeneral fixture design

Problem. The principles of sheet metal jig and fixture design should be
outlined for body assembly.

Discussion. Sheet metal is not rigid, and sufficient location is
necessary to hold all parts of a panel in body position. The fixture designer
must determine the critical locating dimensions and design the fixture so
they will be held accurately. The recommended procedure is outlined below.

locate in all three planes, horizontal, vertical, and in and out., Pin and

s



pad makes a good locator,

plane only.,

clamps,

tool holes
not positive.
glip bushings
tips are good

Make fixturs adjustable because of die wear,
programme of
to change fixtures.
visual alignmen’ Or
specify proper rnarnd

floor; srezify bin

required.

for larger holes.

hammering of fixture.

Zullet-nose locating pins and use lead-in guides.

Diamond-point the pin to make it locate in one

Bush-toggle

oush, plier, pinch or lock jaw clamps as needsd. Use

Springs for clamping can be used, but are

finger holding of small pieces.

for large holes, using one as a pilot,

fixtures and periodic check for accuracy,

Do no‘ have loose clamps (chain to base).

tcols a5 well as large equirment,

and its location, »lus me’ hod of movement.

steps to fixture cesign are as follows:

(a) Decide on overall plan (position, number of parts sic.)

(b)

(<)
(4)
(e)
(£)
Add clamps;
(g)
(h)
or wheels
areas for
storage.,
Ccrsiu

Do time znalysis (do

()
o

.

tal

Do lozi/unload siudy;

Select locators.

case and complete zads

loor for btest
signs that must Te portable.
le {ixtures. Initsrchange on one base

Drill jigs can have

Mill drills or special

Have a positive maintenance
Do not allow workers
Do not allow
Design racks and tables, and

allow metal on

General

as much work 2s possible in each fixture to
sava cost and rsduc: load/unload time);

and spoi-waldsy

gun study (use s profiles);

ct-weldzd wnila held

t bedy zesition. It

and risers;

work height.

for she wIrss

enough for *th

movacls alerng a

Be sure 21l rarnels are located in three planes.

oest major fixiure
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assembly. To open, the sides may hinge away like a gate, roll away, or
pivot above a base pin, opening up like a flower bud. All three methods
permit unloading of body vertically. If the base pieces are precision
drilled and the bolted locators are removable, interchangeability and simple
model change-over are achieved, Top locators may be loose, bolting to side

bases, Diagonal braces prevent parallelism of movement.

The general approach to ARO fixture assembly is good. The major sub-
assemblies are correctly made. The line fixture is properly positioned,
There is no major change for improvement to be suggested. Use, or lack of use,
of fixtures by workers is very bad., Excess hammer use, welding without
fixtures, home~made fixtures, open clamps, damage to metal, all these and more
are worker faults. They do not follow the operation sheets. No one tries to
control their work or insist on following engineering design. Lack of good
middle management, or foreman and shop supervision know-how is a common
problem to industrial developing nations. A suitable training programme
is needed. There is also an obviqus need for planned plant layout to arrange

for fixture location, tool power take-offs and in-process storage.

Conclusion. Fixture design is good, as is engineering planning, but
it is almost of no use as workers do not follow the plan or use the fixture

properly.

Recommendation. Necessary steps should be taken to use fixture correctly
and build the body as processed.

Fixture design: body trucks

Problem. To build and hold accurate body dimensions.

Discussion. 3Good Tixture design and construction will permit 2

body to be correctly manufactured. It will, however, be twisted out of shape
if it does not have proper base support. If twisting occurs on the body
assembly line, door fits and glass openings will be incorrect. The underbody
must be built properly and held to an accurate base while side and roof are
welded, The body must then be placed on a solid body truck with adjustable
locators so that it stays in dimension while welding is completed, doors

are hung etc, ARO, because of its open top design, is especially 1liable to
go out of alignment, A telescopic spacer in the door opening should be fitted

and set to each body and remain with it to chassis mounting. If the body is
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corraect, 2 warped frame can still twist it out of shape. The frame must be
measurad iftar whe2l assembly and shims used as needed. Design of *he body
truck and frame measuring fixture were discussed in detail. A checking

fixture for vody trucks is also needed, They may be combined.

Conclusion, Poor door fits or broken welds could be caussd by incorrect

spacing between body and frame. It is now impossible to measure.

Recommendations. 32ody trucks should be built for use in the vody shop.

A fixture should be mads to check body trucks and frames for accuracy, and

shizmiry done where necessary.

Body sealins frem 2ir, water and dust

Problem, Rzview and recommendation of body sealing methods and testing.

Discussion., Water test for s=aling is now improved by use of a

o

rhosphorous material and "black" light tha%t shows each water leax by a glow.
ter

Spead of water from tue nozzle.and jet size are critical to zood wa vesting.
The test watzr has to be recirculatad, An air or dust test is mads on a

sealei vody 20 use of =z heater fan 10 pull 2 vacuun and measure i*, Leak sourcss
™

repzirs can be mzd2 222ily. For srot-welied joint s2al 2 "weld-through
sealer” nus® de usei telore spot-welding., It should ve aprlied witha nozzle

o
ing a zuide finger and, if desired, a brush on tae
ng and rainting mastic s=aler must be ussd over
rotection. Mastic must not mel! in hot weather,

crack in 2ol1d w2asher or nave solvsnt and odour problems.
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not done at IMM. Special training in foreman and supervision management is

required to gain worker co-éperation.

Plant layout starts with establishing aisleways three and four metres
in width, BEach tool, spot-welder, stock rack etc. is then made to scale,
usually 1 to 100, and located on the drawing. Fixture cycle time is also
noted, as is manpower requirements, When the plan is complete it is drawn
in; prior to this the tool models are rearranged as desired.

Especially important are material flow, bank stock and in-process
material storage., All subassembly must be timed to line speed. Special
containers for stock, their movement, special worktables etc. must be designed
and built as well as assembly fixtures. Workers must stay in their own work
areags and do work in designated spaces., Limited supply lines to portable
tools, special lights, anchored tables or fixtures help. Line operation

stations must be observed. Storage racks can serve as a small bank stock
station for subassembly, and a three to four-hour body bank is necessary
between body and paint shop. 'A bYody repair area is also necessary at the
end of the body line,

All possible operations must be assigned to the production line.

Normal line sequence is as follows:

Spot=weld

Mig-weld ¢r arc-weld

Gas weld

Grind weld

Solder

Shape grind solder

Door and miscellaneous assembly
Complete metal finish

Orind disc and sand metal by hand
Inspection

Repair

Final inspection (buy-off)

Provide a "hold" area for repair and rework off line. Direct completed jobs
to paint, on paint truck, and return body truck to start of line. Line width
should allow 2.5 m for body (with door open), plus one metre on each side for

— —
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personnel, or 4.5 m detween stock racks. In subassembly such as door
manufaciure, provide special tables and special hand tools as required.
Perform multiple operations at one station to limit handling (and damage).
Susrerd air, gas and electricity overhead in rigid conduit, with special
lights as required. Locate ccnnectors to flexible hose drors as dssired.
Provids filters and oil ludes in 2ir lines to each tool, shut-off valves 4~

g2s weld lines. Keep hoses off floor, and make hangers for tools.

Conclusions. 4 good layout and irained workers should reduce labour
by 40% to 60%, In hish-volume modern plants, operations and lzyout are as

outlined, and should be the same at IMM,

Recommsndaticns. Body shop layout, tooling, utilitiass and material

handiing should be revisad as ouslined above.

30ds dizensions

Problem. Establishing clearances, limits and dimensions of vody for

most accurate construction,

Discuzsion. A g00d fixture designer can build an accurate functionable
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Discussion. Corrosion protection material must be applied directly to
the metal, thus the first step requires complete chemical and physical
cleaning of the metal, It requires inspection and hand removal of excess
rust, soil or grease with deoxidizer containing an iron or zinc phosphate.
The metal must then pass into the normal cleaning system of soil removal,
zinc phosphate and chromic acid. Hot water rinse follows each, with final
rinse of pure demineralized water, The prime raint and filler, applied
wet on wet, is baked in an oven prior to coating. Total thickness is 0,004
inches (0.102 mm). For areas where extra protection is needed galvanized
(zinc-coated) metal may be used. After normal paint extra coatings of zinc
chromate paint or aluminum oxide paint are applied. Finally, a mechanical

protection of mastic sealer or other should be considered.

Conclusions. Unless metal is absolutely clean, no protactive coatings
will be effective, In addition to normal paint protection the designer has the
choice of the following: additional paint coats; plated metal; mechanical
protection; or a combination of “the three methods just mentioned,

Recommendations. The least expensive process necessary to give the

degree of protection required should be chosen.

In-process body componcnt movement

Problem. Devising the best method of metal movement in the body shop.

Discussion. No sheet metal should touch the floor. Metal on the floor
means extra labour rnd potential damage. All panels should be supplied in
bins or proper containers. They can be stacked in groups to leesen travel
time, After subassembly they then go back in bins or special racks for

group movement to larger fixtures,

Line flow control extends to subassembly by building at line speeds
for direct use, Racks for small groups of bank stock can be used between
operations. Major sutassembly units are fed from these wooden racks, plus
direct from bins of single panel stock. The above reduces material handling,
damage and storage space. It extends the line concept over non-line sub-
assembly activity. It requires comstruction and use of special racks, and

their placement in assigned storage places,



Conclusions. Great improvement can be realized by incorporating

rack in-process storage into the body shop redesign.

Recommendations. 41l metal should be kept off floor by use of wood

‘4

iscuscions,

o)
o
[o%)
[5]

"
@
[e]
W
'_l
w
ct
O
o]
)

L]
[}

L]
o]
o
O
W
Y
e
1
o
0
u
]
o
=
S
§ud
[
3
1]
o

s
i3
[N

aCcK3

Body movement without damage

Problem. How to move and transport the body safeiy.

Discussion. The following trocedure seems to %e the most suitable.
Load bYody and subassemdlies into fixture or body truck with adequate metal
guides, 3odies on trucks must be pinned so that & bump or jar will not
dislocate them. Drop body on a2 slight angle with 2 long pin guide (removable)
for alizmment. Bolt body, where necessary, to truck with a pin and shoulder
bol%t with threads. Use svac2rs in paint shop to hold ogen doors and lids
for frze circulation of overn hot air. Wrap body houks eic. in foam rubder
cr equivalent to keep accidenial oumps from marring surface, Design body

hook to £ick body up from underside without twist or saz.

Conclusions. Most defective metal finish and rapair is caused by
roorly d=signed tools or czraleszness., Fellow-up zrnalysis cf damage will reveal
zauss, 30 that it may ta corrsct:ed,

Recommandaticns. 2ody hoists should be redesizned as shown on skeiches

Ziven for tool design.

Naw Car trevaration for Z2elivery and overseas shitman®

Problem. Selection of l2as* 2xpensive and b=s? ovsrseas and local
new car trsparation.

- )

ussion. A LOT watir scluble wax can ve usei o cozt the vahicls

[}
(9]

far surfac2 protection. I can be removed with hot walsr. Overseas shippens

by voxing SUP units has given way to containerization, Storage of new
Ior

.
M

3

ja)

icles should ve made with 2 &0 day movement schsdule, more or less, as *ha
clizma®s iictate2s. A tep-minute irive will do the following: charge the
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Recommendations. Stored vehicles should be driven every two months and
containers used for long ocean shipments,

Chassis frame design and assembly

Problem. How to assemble the frame without warping it.

Discussion. Frame redesign, reprocessing and correction of warpage
has already been discussed in detail. The essential points may be summed up
as follows. With regard to redesign, the C design should be used and spot-
welded with mig-weld reinforcement. For reprocessing, open hat design with
spot-welding and mig~weld should be used, closing as in final process. To
counter warping, the warp should be measured and adjusted with shim after it
is on wheels. Correct by peening or arbor press if warpage is too great,

Conclusions. The difficult problem of getting correct spacing between
body and frame is best met by building an accurate body and measuring the
frame, and using shims to correct the difference,

Recommendations. The programme outlined above and elsewhere should be

carried out,

Prame processing

Problem. How to weld frame without distortion.

Discussion. The problem was reviewed with design and die engineers,
and the recommendation was made to redesign with the open C design. Pending
this change, warpage can be reduced by reducing heat put into the assembly
by the following methods: skip welding, spot-welding instead of mig-welding
or arc-welding, bolting on units where welding causes warping. If the open
gide and cross rembers have attachments spot-welded where possible before
being closed, it will lower cost and reduce heat input. Bolting steering
bracket to front left side member should be considered. Skip welding is

almost as strong as continuous welding, and should be used where possible.

Conclusions. Normal frame design for vehicles of this size is an

open C design and 1t can be used on ARC,

Recommendations. Redesigning should be done to an open C design.
The present frame should be reprocessed for less heat until new design is
complete, The steering unit should be bolted on. Skip welding should be
employed.
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How to weld body metal proverly

Problem, To eliminate or compensate for incorrect weldments,

Discussion. This problem has already been covered. The sssential points

wars briefly as follows:

(a) Use critical locating points in selecting fixture locating pads.
locate to ~ritical assembly conditions, close all clamps when welding.
Remezber sheet metal is not rigid;

(b) Analyse subsequent assemblies and hold mating part locations;

(¢) At final body framing hold all body openings and let body panel
extremities go where they may;

(d) Prevent metal distortion by worker with hammer by giving him
accurate meial a2nd good fixture design, Follow up on misfit panels and
correct cause of defect,

Cor.clusions, Fixtures must e properly designed, but fixture use must
also be corrsct, Worker adjusiment of tools or reprocessing should not be

toleratad.

Recommendations. ‘orkers should be paid by the hour, not by the pieca,

d traired in quality production. Pride in crafimanship should be daveloped,

»
9]

- s
304 cheskins

Proolem. Descriving the best method of chacking an ass:mbled tody for

accurly.

Discussion. For refersnce a body must be set on a largz flat surface
plate, approximately 30% lornger and wider than it is. Dimensions can ihen
te checked by an optical digital recorder, as IMM is installing in its new
d4ia 3zhop, or 9y hand., The hand rrocedure was Zescrited, It requires szal:s
s) set in 211 thrse planes, Then with & largs rigni-angle dlock ihes
has side as well as face surfaces, set to move parallel ‘o the edge of the
tase plate, dimensions can bte transferred from the scale to the vody. To
do *hiszs a xnife blades or height scriber should te uszd,
corclusions, The accuracy of panel stampirgds or ass2mbled todies can

¥ ;= : ~ o @mes . 5 Y -'pad PP e Y
O!‘.l:f 2 Jevernired Iy Teasurelient, aNd L2 JIeTIas SULLilngld 300vVe ar: nearns

Reccmmerdzsiona, If die shep measuring equipment is not availabdle,
1

a2 checking derarthment shcull te installed as outlined,



Prodlsg. Reviewing the different types of painmt and advantages of each.

Discugsiop. The latest type of paint spplication is powder paint,
Tis dry finely-ground powder of paint applied without solvent with flow-
out in the oven permits oollection of overspray. It is ecologioally
attractive because no solvent need be removed from exhaust air, Difficulties
are enoountered in ocolour contamination in the overspray colleotion systea.
It is still in the experimental stage. It can he applied electrostatically.

Eleotrophoretic (ELPO) is a water-based paint applied by sutmersion
of product and eleotrodeposit. The advantages of uniform deposit, all
surface ooverage and no overspray are offset by a costlier installation,
inferior prime paint, equipment maintenance and bacterial growth in the
peint, Total proteotion is oonsidered equal, but not superior to prime
spray, and this system has loét favour recently.

Eleotrostatic spray, with air or airless, gives some advantage of
unifora eleotrodeposition and reduced overspray, espesoially on round or
grid products investment is not great,

Dip is frequently used in car paint for first coat application. Its
disadvantages of extrs fire hasard and heavy weight installation is partially
overcome by flow=coat systems for simple-shaped produots. But surface
irregularities and non-uniform thiokness are probdleas.

Sprey painting still predominates in modern shops. Automatic sprey
where possible is favoured at higher volumes to minimige human error and
reduce oost,

Copolusjons. Paint may be applied in a variety of manners, with
spraying still the most popular. At the moment no one method is so
superior as to require ohanging equipment.

Meoommendations. Use of present equipment should be improved, and
paint seleoted for best quality and least cost,

SRray peinting

Erobleg. Mectors affeoting spray paint application and the influence
on painting quality.
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Discugsion. There are seven major influences on the quality of spray
painting for a given paint, When all are correct the paint application
should be of highest quality. They are as follows:

(a) Viscosity. Add paint solvent to comirol viscosity to a constant
and recommended value, Measure with a ford cup or other equivalent, Select
solvent as required according to temperature and humidity;

(b) Agitation. Paint is a colloidal solution and must have good
mixing originally and until used. Circulation should be continuous from
paint container through pipe and hose to the spray gun and back., The IMM
factory does not have hose circulation, and it should be changed;

(2) Air pressure. This will vary with consumption, resistance and
type of job, Regulators are normally on air hose within three to four
metres of the gun, This is not so at IMM, and air pressure ap rs high,
causing orange peel, Air must be free of moisture;

(d) Paint pressure, Requirements are the same as for air;

(e) Mechanical constants. Items such as paint holes in nczzle,
air holes etc. are all part of the system and should not change. Keep clean
and free from foreign matter, Do not meke oversized by use of reaming wire
or danege;

(f) Soray techni « Maintain constant distance of zun from work,
normally 2 inches (200 mm). Keep at right anglesg
(g) Filiers, Paint and air zust be frse of foreigr. matter, vater

and oil are to e removsd from z2ir, Dirt, lumps 2%c, are to be removed from
paint,

Gonclusions. Correct paint application can be made only when control
of all variables is exercised. Painting instructions start with complete

understanding of the abdove,

Recommendaiions, Paint and air regulators should be added to the

system near guns, if wWorker ccnirol will permit, Paint should be recircue

lat2d in kese frem rize $c gun.

N ¢

ray tainting technique

Provlem. Describing best spray method to control cost and improve
qu.-llt,'/'o

Discuszizn. The <2chnigque applied in rainting s ranel was describai
alorng zhe following lines. Keep srray gun 3 constant distance from the
work. Xeep wrist stilf and zove arm and shoulder, Set spray pattern %o

syrmetrical oval, Overlap one nalf sitroxke, 3tariing with half pas<arn
yom
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overspray. OCommence paint flow as spray pattern touchee work. MNove as
constant speed and distance across work. Trigger gun when pattern leaves
work. Deocelerate, stop, drop arm # of pattern height, acoelerste and start
£1ow as pattern is on work. Return back aorces work. Repeat, with # pattern
overlap until all of panel has been ocovered with two strokes.

The above, with illustration and drawings, ie a desoription of how to
teach the theory of spray painting, with minimum permitted overspray and
uniform paint thickmess. A 10% reduction in overspray was, using the paint
engineer's figures, eetimated to save lei 1,520,000 annually. ARO workers
do not trigger the gun and overspray may be 15% to 20% more than normal.
Overspray on wheel painting is especially high- poeeibly 708, A design for
automatic wheel spray was ahown.

Oopolusijons. DM can save over lei 1.5 million annually in material costs
by teaching and demanding better worker spray teohnique.

W. All paipters should be instructed in the above
techniquee, and the use of proper paint epray, with least overspray, should
be ensured. Wheel spray should be automated.

Paints
Probleg. Review of available car paints and their respective advantages.

Discussjon, A gensral diecuseion on painte, high temperature enamels
eto. ended with the comment that sorylio laquer and acrylio enamel were the
two painte most used for vehiole painting.

Lacquer is favoured for ease of application, easy low-cost repair, less
costly paint shop, no oxidation on the ocar, and most of all for reflow
application. It is more expensive, but fewer rework jobs offset this.

Bamel is less costly. It requires a better paint shop, higher oven
temperature, more rework. It has good gloss, but must be oleaned before
polishing after ageing. The tim/tonpoutu.ro curve of each paint may differ,
Required time/temperature figures mean metal temperature, and the time is
"time at required temperature"., This time, plus heat-up and cool-off equale
oven cycle time. A comparetive list of operations for application of
aorylio lacquer, aorylic enamel and the IMM alkyd paint was made. If DM
should consider use of acrylios, it may offer excellent labour savings by
taking steps along the following lines:
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() Prime and filler can be sprayed wet on wet, This eliminates a
bake oven and wet sand operation;

(b) Mastics applied after prime bake will take colour coat and can be
baked out with the colour. This eliminates a mastic bake oven operaiion;

(c) 1If the reflow lacquer is used a major reduction in rework cost
will result,
Labour savings were estimated at up to lei 400 per unit, or lei 6,400,000 to
8,000,000 per year,

Conclusions, Modern paint materials ihat permit cembining of spray

operations have reluced the number of ovens and amount of sanding required,

Recommendations. Use of acrylic paint for cost reduction should te

corsidered,

Paint tests

Problem. Review of paint tests for methcd and value,

Discussion. Paint tests used by IMM are good. There were three areas

of possible improvement, They are as followe:

(a) Humigity sest, Place test parel with "X" scratched or it into
test chamzer ﬂh-re h2 ate4 water in bottcm xe2ps inside at 100% relative
humid'ty ard 100°C, After time interval examine for rus: (details of test
procedure will be obtained);

(t) Thickness zauge, The gauge used by DM is good, but it can be
easily damaged and gives false reading on curved surfaces, Another gauge
orerating by means of a magretic pull against a s»ring is available, It is
less expensive, lasts longer and is not so easily broken;

(c) Field tests in which paint experis periodicaily visit various
areas of different climatic conditions to examins cars for raint defects are
good., The zondition of cars of various ages ve?ify,the lavoratory tests., The
DET paint cost is atout lei 20,00C,CC0 par Je'“ If six insxpensives thickness
gages, an investment of adbout lei 3,600, reducei paint consumpiion by just

(more should be 2xpected), the savings for that investmen: would bde
lei 400,0C0O per year,

Conclusions. Laboratory testing is rothing unless ver:fied by actual

results. Corirolling raint thickness %o specifization improves qaality, and

(0]
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08it relduces material corsumpiior,

Recomrendatiors, Field tests should be started to verify laborator:
ASSONLTenaa 2 ons N

raint test resulis, Inspectior ard paint shop supervigcry s=alf snould havs
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Paint spray booth

Problep. Meview of factors of spray booth design, use and maintenancs,
and dstermination of best usage at DL

Discussion. Vertical capturs velooity of overspray is 150 ft/min
(46 a/min), In down-draft booth dssign, air flow is less. If the floor
is ocovered except in slots at ths side of ths car it will inorease exit air
speed and capture velocity. Positive air pressure must be maintained inside
booth to ksep outside dirt from entering., With only designed openings
permitting air sscape, the supply system is about 10% larger than the
exhaust system. Extra leakage, as open personnel doors, lsaks around lights
etc, will unbalanoce system and cause outside dirt to enter., Dirty filters
also reduce supply air and permit dirt tc enmter booth.

Coating walls with soap makss their cleaning esasy. Scorape away paint,
rewash with soap, and lst soap film dry on inside booth wall, Keep floor
clean. Wipe spray guns and equipment with mineral spirits (solvent) to
remove paint when dirty. Ksep lights olean. Treat water with one ohemical
to suspend paint, and a second to kill stickiness. Compressed air must not
contain water, which may be removed by the following methods: installing a
chiller on ths compressor, using an air trap, draining storege bottles,
having bottom take-off down-drops in the distrilution system, using top take-
off for air taps, using diatomacious earth and/or laminated filters, or
standard paint regulator and filter, Air to portabls tools should have filter
and lubricator at each take-off, Air to spray the booth normally goes through
a primary roll filter, a secondary bag filter and a final screen filter, It
is to be humidity and temperature-controlled. In the exhaust system paint and
water should be removed from air. Ducts should be oleansed of carry-over
paint to reduce fire hasard. Soms paints attack metal, and galvanized or
ocoatsd duots last longer,

Sonclusjons. A complete undsrstanding of design is necessary to oontrol
and best use of the booth, Correct functioning by best maintenance is
essential for good use and acoeptabls painting.

Becopmendations, Equipment should be kspt olean and ussd according to
design to ensurs good painting,
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Ovens
Problem. Review oven design features and find best system for IMM,

Discussion. Drying paint requires it to be kept at high temperature for
a specified time, Paints have a time/temperature curve shcwing the following
relationship: the longer the time the lower the temperature, To save utility
cost, the lowest bake temperature that time will allow should be used.
Space units in oven to allow air circulation. Hold open doors, hoods etc.
with a wire spacer for good circulation to lock and hinge pillars, inner
door, and inside body. Add hood to body if fenders are on, for no more oven
space is required, Drop body to chassis after engine is on, a 5° angle with
aid of pin guides., Water drying ovens should have direct strong air movement.
Filter air for flash off chamber and oven. Do not introduce dir* here,
Keep positive air pressure in these places to prevent entrance of non-filtered
air, Oven wall should have 10 cm fibreglass insulation. Insulaie floors.
Coat inner wall with non-melt grease to pick up dust, At vestibule air
door place extra body profile outline metal panel over door to reduce heat
loes. Seal all wall cracks. Use fail-safe heaters with adjustable on-off
temreratur: gauges., Use alsd a recording gauge, and clean oven flaor

frequently to remove dusti,

Conclusions. To keep cost of heat low, xeep oven full ard tempara‘urs
as low as time will allow., Keep oven clean and filter air to prevent iirt

contamination,

Recommendations. A study should be made to determine the source of dirt

in paint and to remove it, One-shift use of paint shop should be considered
with body bank for second shift, Heat cost should te reduced by filling

oven and using low temperature/long tizma cycla,

Paint defects

Proolem. Discussing the various defascts that can occur, finding which

are present a% DI, and reviewing the causes and rossidle solutions.

Discussisr, 7o fazcilitate discussion, a tcoklet was used with Ticsuraes of
various paint iefects, and a description of their causes and possible solutions.
Tef2cts caused by incorrs:ct use of the spray gun ware reviewei as a group,

tut all listed defscis wWere identified and “heir causes were fully discussed,
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so that corrective acticn oould be taken. Common defects are dirt, orange
peel, fish eyes, pinholes or sclvent popping, and poor metal finish. Orange
peel, the moet common defeot, appears to be caused by incorrect spray booth
temperature, excessive air pressure, and holding gun too far from work. 4ll
three cause "dry depoeit”, or depoeit without suffioient sclvent to have the
atomized paint flow out smoothly. Silicone is a common cause for fieh aye
formations. The muffler pipe aluminum paint was found to have silicone in it.
Black muffler epray will correct the eilicone problea.

The paint shop was visited and detailed diecuseions held. The major
paint ehop probleme are as follows:

(a) Incorreot or no worker trajning. To questions conocerning so many
things done wrong or not done, the answer was "they don't follow the engineer-

ing instructions". Some of the matters raised concerned sanding toc much,
incorrect epray technique, touching a clean body, not cloeing spray bocth
docrs, dirty equipment and eurroundings etc.;

(b) Lack of cleanlinese. There was dirt in ovens, on body truoks,
in epray booths, on tools, on machinery, booths and equipment ;

(c) Poor painting. This was evidenced by the following: filler on
bare metal without use of flaeh primer; asphalt overspray on prime partly
removed, leaving a thin coat of eealer between prime and filler; excese
sanding for uneven paint thiokneee; poor spray technique; no removal of
rust before cleaning;

(d) Out-of-schedule pa . The paint ehop ie a warehouse with
piles of miecellaneous panele etacked everywhere in all stages of prime etc,

Conclusions. Poor maintenanoce, dirty workers, and unskilled painters curmot

do a first clase paint job,

Recommendations. The shop should be cleancd, the workers trained, and
the paint regulations enforced.

Pajinting procedure
Problem. Review of, and comment on, IMM painting prooedures.

Discussjon. New painte make possible wet-on-wet primer-filler spray,
and should be considered to replace the dip, spray prime, bake, wet eand,
dry, sp-ay filler procees now in use, If a eclvent clean and deoxidizing
wipe for rust ie performed before the metal clean tunnel, the metal will have
a better phosphate coating. Sanding between prime and filler ie usually done
dry. It has two prupoeee, first, tc sand off dirt and other protruding
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defects, and second, to scratch the prime slightly so as to make a better physical
bond with the filler coat. Both can be done by a light (scuff) dry sanding.

The heavy wet sanding now practised is not necessary. Sanding should be done
with a sponge pad, or at right angles to finger direction, not parallel to

fingers for uniform coverage. Prime and filler spray technique is not good.
Overspray of deadener (asphalt) can be kept off the outer body surface with

fibreglass forms in hood and window openings. Too much paint is removed in
filler dry-sanding. Sand should only ve scuffed. No worker should touch
body with hands (gloves should be used) at any time in the paint shop.

Make iron hoox to move body truck. Keep spray booth door closed, and clean
booth and filter system and ovens to keep dirt from paint (in this connection,
see scheduls in maintenance book provided by expert), Use spacers 4o hold

doors open to get better drying on lock and hinge pillars,

Conclusions, Better understanding and better worker training is
necessary at evary step of the paint shop procedure, When work is rot done

properly, the foreman and supervisors are responsible.

Recommendations., The suggested improvements outlined above should te

introduced, Tne workers should be trained in correct painting, ergineszring
procedures snould be followed, and there should be better supervision and

maintenance,

Maintenance

Problem. 3Selection of maintenance programme best suited to the IMM
paint shop.

Discussion. The IMM paint shop floors and structures are iirty. Dry
sand before final cclour will give Jirt carry-over, Wet sand betvean prine
and filler is no<t needed. Paint deposit in the spray booth is unbelievably
heavy. Dirt in final paint is much worse than need be and is a major paint
defect. To correct this situation, filters, spray and oven booth should be
kept clean, and the paint shop should be cleaned by vacuuming structures and
wet-washing floor daily., Make floor smoo*h and paint with epoxy. The
schedule iz e maintenance booxk providedi by the axpert, adapsai 52 the I
installation, should be followed. Keep pcsitive pressure insids tooth and
cven, Coat with coal tar epoxy paint inside exhaust of spray sys::z if
rist is provlem,
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Sonelusions. A 4irty peint shop and dirty painters will make a dirty
paint job, Poor saintenance shows up in dirty paint on cars. Less overspray
will reduce maintenance work.

Becommendations. The meintenance sobedule should follow the guidelines
1aid down in the maintenance book provided by the expert. A major oleaning
eoffort should first be made to bring the paint shop up to standard,
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