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Chapter 1 

General Data on the Automobile Industry 
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1.1 The importance of the automobile industry in the national 
economy 

1.1.1 Its effect on the national product - example of an 
industrialized country 

A) The automobile industry is a factor of prime impor-
tance in the economy of an industrialized country. 
This is why a vast majority of the industrializing 
countries are interested in the development of a 
"national" automobile industry. Such an industry 
may very well play a leading role in local indus-
trial development. In fact, not only will the 
automobile industry have an important 'effect on 
the national product of those countries, it will 
also generate growth and development in many 
relatéd industries. 

Thus, in order to give an example of a developed 
country, France produced 2'07 5,000 private and 
commercial automobiles in 1968. This represents 
total sales amounting to 25 billion French francs, 
all taxes included; that is, 3% of the total amount 
of sales of all French industrial and commercial 
enterprises. 

B) The automobile industry may be considered a basic 
industry: an analysis of the intersectorial exchanges 
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of this branch shows that it constitutes an impor-
tant customer for the iron and steel industry, the 
glass industry, the rubber industry, etc. 

In France, for example, the automobile industry 
consumes: 

12% of the iron and steel industry production, 
50% of the alloy steels production, 
32% of the thin steel sheets production, 

8% of the aluminum production (thus, it is 
(its first customer), 

52% of the rubber manufactures, 
7% of the glass production, 
5% of the textile production. 

Moreover, it represents approximately 20% of the 
national machine-tool park. 

Aside of the very important position it occupies 
• among the manufacturing industries, automobile 

construction generates the development of foundries 
(iron, steel, non-ferrous alloys) and forges which 
may also serve other markets: forges and foundries 
are basic and necessary activities in industria-
lizing countries. 

1.1.2 Its role in employment and labor development 

A) The automobile industry requires a high amount of 
labor. In France, it employed approximately 
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300,000 prersons in 1968, as follows: 
. 200,000 in the manufacture of automobiles; 

90,000 in the manufacture of equipment and 
and parts for automobiles and garages. 

But, if these figures are added to the number of 
all those employed in related activities (commerce, 
repair services, gas stations, road transportation, 
etc.) it may very well be estim>ated that approxi-
mately 1*500,000 persons gain a living from the 
automobile, that is 6% of the total active popula-
tion. 

B) From a qualitative point of view, as far as employ-
ment is concerned, the automobile industry offers 
the following advantages: 

- it contributes to the training of qualified 
labor in specialties which are not specific 
to the industry. For example: lathe operators, 
fitters, boilermakers, machine tool operators, 
set-up men, electricians, etc. 

- it introduces a spirit of "quality" conducive 
to a new mentality. This is a precious factor 
of progress in an industrializing country. 

1.1.3 The automobile industry is typical of a mass production 
industry 

A) Considering its mechanical complexity, an automobile 
is a remarkably cheap product if compared to 
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machine-tools, public works machinery or 
handling equipmant. 

Of course, this is possible due to the use of 
special manufacturing procedures for large 
series. In other words, the price of an auto-
mobile reflects the advantages of mass produc-
tion specially well. Therefore, any experience 
in automobile manufacture on a small scale, will 
result in an immediate high increase of produc-
tion costs. At times it may be possible to 
offset this increase with a lower labor cost 
but, at the same time, most frequently a lower 
productivity will result, at least initially. 

B) Cost-volume ratios are most helpful in pointing 
out the necessary relationships that exist 
between the volume of automobile production and 
production costs,- thus bringing out the notion 
of critical mass for each technique used. 

We can define this notion as follows: in a 
given economic space, the critical mass of 
production corresponds to the production level 
or minimum rate of production which must be 
reached in order that the cost price may compete 
with the cost price of the main world market 
manufacturers. 

What this means is that for a given set of 
production techniques, any enterprise attaining 



the critical mass level will not be in a disadvar 
tageous position as far as production costs are 
concerned; on the contrary, an automobile builder 
surpasses the critical mass level will gain no 
significant advantage over his competitors. 

1.1.4 Problems arising from the setting-up of an automobil 
industry in an industrializing country 

The development of a "national" automobile industry 
in an industrializing country offers the significant 
advantage of providing a rich source of foreign 
exchange savings, as the importation of automobile 
vehicles frequently amounts to 10% of total imports. 
The governments of such countries face great problen 
in this connection and are therefore anxious to set 
up a national automobile industry. However, very 
frequently their objectives are contradictory: 

- to offer consumers the most complete range of 
vehicles at the lowest possible price; 

- to build locally the most modern vehicles and 
introduce every year the new vehicles marketed 
the world manufacturers; 

- to create an automobile industry capable of 
supplying the local market in the shortest pos£ 
time; 

- to reach the highest possible rate of local 
integration. 

Quite obviously, some factors will have to offset 
others-
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It is well known that cost-volume ratios are very 
important in the automobile industry, therefore if 
the number of models is increased the market for each 
model is consequently reduced and manufacturing costs 
are increased. 

On the other hand, it can be easily proven that in a 
reduced market, each locally manufactured part repla-
cing an imported part produced in large series, 
usually pushes up the unit's cost price. Thus, as 
local integration rises, the manufacturing cost of 
the unit also rises. 

Finally, a very rapid industrialization will be 
equally instrumental in increasing costs. 

Governments in industrializing countries must then 
reconcile all these different imperatives, a by no 
means easy task: 

- they do not always have the necessary information 
to make the necessary choices; 

- they are under pressure from customers from their 
own country who are always adverse to any 
narrowing of their scope of choice; y 

- they are also subjected to external pressure ' 
-•i 

the main world manufacturers who wish to ha' ^ ,it or 
share in these markets which are at the h .¿xble 
development and naturally in the best ' 
conditions. 
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It thus emerges that cost-volume ratios for the 
different techniques used in the automobile industry 
constitute important technical and economical laws 
in the evaluation of development projects for this 
industry. They should, in particular, provide basic 
guidelines for the developing countries and give them 
a clearer insight into the problem of setting-up a 
"national" automobile industry. 

1 .2 General data on automobile manufacturing plants 

An automobile is made up of about 20,000 primary components, 
These must first be manufactured separately and then as-
sembled. Many of these parts are identical and are used 
by sets of 2, 4, or 8 units and even by the dozen when 
screws, washers, rings, etc. are concerned. 

According to this second approach the nuinber of different 
parts to be manufactured is only about 3,000 or 4,000 for 
each unit. 

1 . 2 . 1 The manufacturing phases in automobile construction 

The assembly of such a high number of components 
must necessarily proceed step by step. 
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A) Basic elements: these are for example, the carbura-
tor, the door locks, the spark plugs, the bumpers, 
and especially the body elements known as "units". 

In the case of a "completely knocked down" vehicle 
(C-K.D.), these elements are already assembled 
when delivered. 

Thus, a medium size vehicle will consist of only 
about 1,500 basic components intead of the 20,000 
basic parts mentioned above, 

B) Sub-assemblies: these are doors, hoods, dashboard, 
seats, gearboxes, engines, etc. Sub-assemblies 
are made up of several basic parts. The I'nost 
complex sub-assembly is, obviously, the engine. 
Because of the very thorough checks the engine 
must undergo once assembled, it is usually delivered 
completely assembled, or more exactly "stripped 
down", this means partially disassembled for 
packing and transportation convenience, after 
being completely assembled and checked. 

C) Final assembly: the different sub-assemblies and 
a great number of basic components are finally 
fitted together in the final assembly line. This 
operation is carried out in a very strict order 
to facilitate the operations and insure the 
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quality and safety of the new completed vehicle. 

N.B, Sometimes the whole vehicle may be delivered partly 
assembled for transportation convenience. Gearbox, motor, 
wheels, etc. will be delivered separately. Such a vehicle is 
said to be "semi-knocked down" (S.K.D.). This method is 
frequently used in the transportation of heavy trucks,but 
generally speaking it is not very economical for private cars. 
In the jargon of the automobile industry a completely assembled 
vehicle is known as a "built up" (B.U.) vehicle as opposed to 
the "completely knocked down" (C.K.D.) vehicles defined previously. 

1.2,2 Purchases made by the automobile industry 

A) Extent of purchases 

The majority of the parts and sub-assemblies which 
make up a unit are the result of very detailed 
studies and require very complex manufacturing 
techniques. Under these conditions, an automobile 
manufacturer will frequently decide to buy these 
parts from a specialized supplier. In the case 
of a medium size vehicle, the components bought 
from a specialized supplier represent approximately 
40% of the total cost price of the unit. This 
percentage does not include raw m.aterial purchases 
(iron, steel, steel sheets, aluminujp, etc.) . 
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A) Manufacturing done by the automobile plant 

This is done in the manufacturer's shop. On 
the whole, this Goi'ers essential parts that the 
manufacturer wishes,to manufacture himself in 
order to keep the vehicle under his control on 
quality or safety grounds. This applies to the 
engine and the gearbox and in general to safety 
parts. 

He may also do this for cost and investment 
reasons. 

The car body is also included, since because of 
the. technique used for this,investment in machinery 
and buildings is considerably high, especially 
in the case of big body parts which are difficult 
to sub-contract. 

In an extreme case, the manufacturer could confine 
himself to the assembly of the vehicle, but this 
is seldom the case. 

B) Sub-cohtracting 

For certain selected parts, manufacturing may be 
entirely or partially sub-contraóted. 
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Complete manufacturing and more frequently, partial 
manufacturing is farmed out to other smaller 
manufacturers selected according to their technical •, 
skills in a very specific and restricted field. 
Sub-contractors thus sell a service or working 
•time in their special branch to the car manufacturer 

The automobile constructor thus maintains strict • f 
control over the manufacturing technique used and 
the cost price of the parts. At some time he may 
resume manufacturing on his own, that is, he may 
do in his own shops a certain job which he 
previously sub-contracted. 

In this manufacturing group the sub-assemblies 
of the preceding group will be fitted 'together' 
by the manufacturer during final asseitÜDly. 

C) Outside manufacturing / 

This includes certain components which can be 
purchased as finished products, often sold by 
catalogue. These are real purchases. In these ' 
conditions prices are fixed by free competition 
among suppliers. 

The majority of these components are mechanical 
and electrical assemblies (dynamos, starters, car- /j 
burators, windshield wipers-, etc„). 
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1.2 „ 4 Choice between sub-contracting and in-.fhe-shop 
manufactvir inq ' . 

The fact is that the manufacturer is practically 
forced to install a foundry, a forge, and a pressing 
and welding shop, if he wishes to manufacture basic 

, partSo Moreover, he is already playing an important 
part in machining (engine parts,, gearbox/ differential, / 
front and rear axle mechanisms, etc.)» All this 
demands heavy investment and a sufficiently large 
production to be able to depreciate the investment 
over an important number of units» This is why the 
idea of critical mass in an automobile construction 
plant is of such importance for the establishment 
of competitive cost prices. 

!However, it could be possible to sub-contract the 
forging operations which concern a relatively small 
number of parts in spite of the fact that these 
parts are fundamental to the safety of the vehicle. 

Foundry operations could also be partially sub-
contracted. 

The boundary between the parts manufactured by the 
constructor himself and tliose sub-contracted is 
thus quite flexible. It is always .possible to 
increse the latter,, if the industrial potential of 
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the country so permits. The engine is a good example: 4 
many of its components may be sub-contracted. On • 
the contrary, sub-contracting is less feasible in ^ 
the case of a gearbox which needs very accurate 
maniafacturing and high investment levels (gear 
cutters). It is also quite difficult to sub-contract 'A 
pressing operations on a large scale for body 'l 
parts, all of which require important resources. 
Only the sm.all cutting and pressing of parts cons-
tituting a whole may be easily sub-contracted. 

In a plant which only does the final assembly of units,. 
assembly operations are carried out with C.K.D. 
collections. This term refers to all the sub-assem-
blies and parts which constitute a "completely 
knocked down" vehicle. C.K.D.,' s are gathered together 
at the main manufacturer's shops, the different parts 
are packed and dispatched to tlie plant or, more 
generally, to the couri'try in which final assembly 
will take place. . •(• 

Diagram No. 1 in Chapter 2 briefly describes the 
manufacturing and assembly operations of a vehicle. 
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1,3 Classification of techniques used in the automobile 
industry 

The techniques used are quite varied and rely on the majority 
of manufacturing procedures utilized by industry in a 
developed country. 

Diagram No. 1 is a classification of the different techniques 
used in the manufacturing of components for the automobile 
industry. 

Each technique is followed by a list of the main components 
that may be produced by it, and the name of the usual 
producer in industrialized countries. The manufacturer may 
be: 

- the manufacturer himself; 
- a sub-contractor; 
- a specialized supplier. 

For the sake of.clarity^ both techniques and procedures 
have been'divided as follows; 

- processing of mass metals: masg' products are obtained 
generally by casting or compacting (foundry, sintering, 
forging); 

- processing of sheet metal, that is, the forming of 
sheets (cutting, pressing); 
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metal machining: conventional procedures by removing 
part of the material (chips, cuttings., particles) ; 

treatments: these are-of; two types: heat treatments where 
an improvement of mechanical qualities is sougÍit,and 
surface treatments where protection against atmospherical 
agents is desiredi ••- ̂•i-' 

proces'sing of plastics or rubbers, which is equivalent 
to casting techniques except that the variety of 
possible shapes is much greater; 

assemblies: these may be permanent (welding) or can be 
taken to pieces (screwing, clipjMng) ? 

components or accesories: these include those elements 
which are completely produced by a supplier; the product 
constitutes an assembly which is used as delivered. 
The supplier, of course, uses several basic techniques^ 

•••••••iis, 
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Table No. 1 

Classification of the techniques used by the 
automobile industry 

IJ 
.A 

Technique Main Components plant 
sub-
con-
tract-
ing 

sup-
plier 

1) Processing of mass metals 

i 

Sand engine block, crankshaft 
camshaft, steering wheel 

w exhaust manifold, brake 
o drum 
SH 
^ piston rings 
^ Precision rocker arm 

Centrifugation cylinder lining 

X 

X 

X 
X 
X 
X 

X 

M H CO << u 
w Die-casting cylinder head 
2 Pressure (clutch 
0 die-casting housing (gearbox 
V (steering 
Q (water pump 
^ (oil pump 

/ 

X 

X 

X 

X 

B 

CH 

Sintering oil pump gears, shock 
absorber, piston, self-
oiling ring, locksmith 
parts, polar parts of 
electric motors X 

)•, 1 

'.U 

í" 
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Drop-forging 
(multiple die) 

connecting rod, crank-
shaft, rocker arm, gears 
stub-axle, wheel shaft, 
steering rod X X 

i 
T 

Upset forging wheel shaft X X 

Shock extru-
sion 

swivel, pulley hub, 
shock absorber body X X 

Continuous 
extrusipn 

seamless tube, 
sections • X 

Hot upset 
forging valve X X 

G M 
O 
PI 

Cold upset 
forging 

rocker arm tappet, 
spark plug socket, 
thread-rolled screws 

X X 

X 

O , 
CM Hot caitibering helicoidal suspension 

springs, tension rod X 

Cold 
cambering 

(on wire) valve spring, 
all general purpose 
•springs 
(on tube) seat framework 

X X 

body parts, brake circuit X X X ' 

í 
''ys 



2) Processing of sheet metal 

31, 

Technique - - Main Components plant 
sub-
.con-
tract-
ing 

sup- • 
plier 

Folding (cold 
Bending (hot 

body parts 
chassis parts (trucks) 

X X 

X 

Continuous 
profiling 

all body sections and 
metal trimmings 
welded tubes for seat 
and body frameworks 

X 

X 

Punching punched decoration plates 
washers X 

Stamping clipping accessories X 

Precision 
stamping 

electric motor rotor 
and stator X 

O s 
H 

O 

Stamping 
(progressive 
die) 

electric contact, 
small mechanical heads X X 

fu Forming 
(transfer) 
Conventional 

• pressing 

pulley, steel sheet, 
wheel, headlight 
(small parts) tops, 
brackets, locks 
(big parts) body, "skin" 
and big surface p̂ arts X 

X 

X 

X 
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3) Machining of mass metals 

in 
cu H 
W u 
h o 
g H 

s w 
DÍ 

O-W-s; w 
H vJ 
> u 
o M 
S 
w « OS < CM 

Technique 

Drilling, 
A\atomatic 
lathing , -
Lathing,boring, 
milling, 
planing,trans-
fer machine 
broaching • -
Gear cutting 

Main components 

small mechanical parts diameter 50 mm, 

medium and heavy mecha-
nical parts 
diameter > 50 mm, 
rack 
pinions 

plant 

X 

X 

X 

s u b - I 
c o n - ! s u p -
t r a c t - : 
i n g j 

X 

X 

X 
•i' 

Grinding and 
honing 

cylinders^ bearings, 
mechanical parts with 
close tolerances X 

4) Heat treatments 

Hardening, anneal-
ing „ carburizing. 
sulphurizing, on fatigue or safety 
nitriding parts ' X 



5) S u r f a c e t r e a t m e n t s 
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TecTrinique Main Components plant 
sub-
con-
tract-
ing 

sup-
plier 

Chemical sheet metal treatment 
(phosphatation) before painting X 

Electrolytic 
(galvanization, anti-rust protection 
brassing) of parts (nuts & bolts) X X 

M (decorative 
S chromium- outer trimmings 
m plating) bumpers X X 

(hard 
chromium-
plating) wear resistant parts X 

Ü 
s 
H 
EH 
a 
H < 

inimersion 

electrophoresis 
electrostatic 

compressed air 

small pressings, 
internal covers 
primers J body 
protection of 
mechanical parts 
body lacquer 

g 

X 

X 

x ' 

X 

X 
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6) Processing of plastics 

Technique Main Components plant 
sub-
con-
tract 
ing 

5 U p - . 
o l i e r 

U) 
u 
H 
B. 
W < 

Injéction 

Extrusion 

Blowing 

Calendering 
coating 

Thermoforming 

Foam • 
processing 

sun visor, dashboard, 
headlight switches, knobs 
name-plate, steering 
wheel, gear lever, head 
and tail lights, parking 
light, handles, crank, 
ventilator, heating hose, 
seals, rings, clips, caps 
radiator grille, carbura-
tor parts, air filter, 
gasoline pump, v;ater pump 
locks, temperature con-
trol housing, horn 
inside trimmings, gasoline 
pump, electric wire insu-
lating material 
brake fluid and windshield 
wiper water containers, 
gasoline tank 
floor mat, seats, doors 
and roof cover 
elbow rest, dashboard, 
parts, glove box, door 
panel 
seat, elbow rest and 
dashboard stuffing 

X 

X 
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Technique Main components plant 
sub-
con-
tract-
ing 

sup- Í 
plier 

O a 
H 
B 
tn 
W 
to 
O 

Compression 
transfer 

Reinforced 
plastic 

ignition distributor and 
coil cap, distributor, 
fuse box, commutator 
body parts (sports car) 
various housings X x 

X ^̂  

•s 
X . • 

7) Rubber processing 

. Moulding tires, joints, stops. -
seals X 

Overmoulding belt X 

Extrusion tire inner tube, pipes, . 
sections X 

8) Permanent assembly 

Soldering-
brazing Body outer parts x 1 

§ 
• High-frequency 
induction seal-proofed massive 

parts X X • 

H 

9 
1 

Arc (MIG 
• specially) 
Resistance 
spot welding 

seat framewjDr}c 
chassis (trucks esp.) 

body in general 

X X 
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Technique Main components plant 
sub-
con-
tract-
ing 

sup-
plier 

Boss welding 
Roll welding 

small pressings 
gasoline tank 
muffler 

X 

X 

X 

X 

Riveting, 
crimping, 
gluing 

components of body 
units X X 

9) Detachable assembly 

Screwing, 
Clipping, 
clamping 

mechanical partS' 
bodyparts, soft and 
hard triirmings 

X , • 

X 

X 

X 1 
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I n d u s t r y 

I r o n c a s t i n g 

N o n - f e r r o u s c a s t i n g 

F o r g i n g , t o o l i n g 

l o c k s m i t h i n g 

S m a l l m e c h a n i c s 

H y d r a u l i c m e c h a n i c s 

S e a l - p r o o f i n g 

T r a n s m i s s i o n 

C o m p o n e n t s 

P lea t e x c h a n g e 

G l a s s w a r e 

E l e c t r i c i t y 

e l e c t r i c 
m o t o r 

p i s t o n r i n g 

p i s t o n , g a s o l i n e pump, 
c a r b u r a t o r 

t o o l k i t 

l o c k 
h i n g e 

w i n d s h i e l d w i p e r 

( m e c h a n i s m b r a k e ( h y d r a u l i c 

s h o c k a b s o r b e r 
f l a t j o i n t 
r e v o l v i n g a n d b a l l j o i n t 

c h a i n 
b e l t 
g e a r 
p u l l e y 
b e a r i n g 
b a l l - b e a r i n g 

( m e t a l r i n g s , ^ ( p l a s t i c 
j o i n t 

r a d i a t o r 
a i r r e g u l a t o r 
a i r f i l t e r 
o i l f i l t e r 

w i n d s h i e l d 
w i n d o w s 
r e a r m i r r o r 

( s t a r t e r 
( g e n e r a t o r 
( w i n d s h i e l d v ; i p e r 
( h o r n 



.3;ndustry 
—T — '1 •• 

Components 
• 5 — ' — • —- - — ' • ' -. - ' -—— — T—" —r*~ 

Elect̂ ÍT;ic transformer (ignition distributor 
(ignition coil 
(voltage i-egvlator 

-

r 
•vK ' 
r 

• V. 
Electric condmctpr''̂ '̂" wire' • '•f 

• 

» Electric insulation' spark plug 
'•f 

• 

» 

Permanent lighting 

- 'V-' '' • • • • 

storage battery • 
headlights , 
lamp 
( 

. > 

t 

Industrial ci^ckwqrk dashboard 'X 
Iron and steel works sheets 

bars 
• w 

• ,• • / 

•rh Drawing and extrusion massive section 
seai^less tube 

y • 
• Í " 

Profiling sheet section 
welded tube 

Wiredrawing wiring • .-' 

Bolt and nut workg bolts and, nuts 
Cutting and stampipg dipping • % • 

Thread cambering ring, spring 
' M 

N.Bo; Practically all accessories uhder item 10 ar^ purchased 
from a special supplier; this is also the cas^ of som(5 

cóther ajrticles (plastic and rubber, in particular) . 
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1.4 Basic technical and economical data of a vehicle 

In order to make the part played by the different ma-nu-
facturing techniques clearer and to show the importance 
of the necessary investment, the following tables show , 
the different technical and economical constants that 
characterize an orc^inary model, of a vehicle. 

Furthermore, in order to give a general idea of the 
problems arising from automobile construction, Table 
No. 2 shows the percentage of the tptal cost price 
corresponding tp each main unit^. 

All of these figures have been calculated on the basis 
of a mediun] size automobile of the European or Japanese 
type, built; ,in large series; the main charact^i^istics 
of -ŵ iich would be approximately as fo^ows; 

Power;." 50 to 60 HP 
Cylinders; 1000 to 1200 cm 3 • ' 
Seats: 4 to 5 
Weigl^t: 800 to 1000 kg. 
Annua¡L prpductipn: approx, 300,000 vehicles. 

! 

N.B. Weight is generally heavier in |̂ he case of a USA 
built vehicle but the other characteristics mentioned 
are usually similar. 

The technical and economic characteristics mentioned 
have been classified as follov;s: 
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1,4.1 Breakdown of the cost price of a vehicle according t! 
to the main techniques used (Table No. 2) 

§1 

The following points have jDeen specially shown: 
- outside purchases which correspond to raw 
materials, on the one hand, and to units, 
on the other o Í 

- value added by the constructor according to t 
the. main techniques used. 

For the model chosen, the percentages are: 
Purchases : 55% 
Value added: 45% 

1,4.2 Breakdown of the cost price of a vehicle a^'cording 
to its main units (Tables Nos, 3 and 4) 

1 • /r-

T-

Ü: 

•• 

• Í .1 
•1 

Tables Nos, 3 and 4 shpw t}ie cost price of the 
main parts, and point out to, possible outlecs -.l-l 
for processing industries that .may supply 
automobile plants (components and possible 
sub-contracting). , 

/ 

1,4.3 Production tjme breakdown according to the main 
manufacturing techniques (Table No. 5) 

This table shows that the total manufacturing 
time of a medium size car i,s approximately 55 to 
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59 hours; out of this tota^. time nearly half of 
the time (46.5%) is required for the various 
assembly operations: assembly of the elementary 
body parts (the "units"), mechanical assembly, 

' -and final.assembly; all these operations can be 
• • considered as labor-intensive manyfacturin^ tech-

niques. 

Machining operations are often viewed as labor- , 
intensive, but here, they account for 14% of the 

' total production time only. This can only b^ 
obtained through the extensive use of serai-auto-
matic mach^-ne-tools and transfer machines» 

This latter remark also applies for the sheet-
metal working operations (pressing, stamping, 
spot welding) which account for 14.9% altogether. 
Such a relatively short time results from the use 
of highly expensive equipment (like automatic 
handling fe^tur(?s between presses) and .sophisticated 
welding equipment which are specific to the model 
of car manufactured (mult̂ ipî e head spot welding 
machines) . 

1.4.4 Production time breakdown' according to the main 
components (Table No. 5) 
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Tabic No. 2 

B r e a k d o w n o f t h e c o s t p r i c e a c c o r d i n g t o 

• t h e m a i n t e c h n i q u e s u s e d 
Í 
f 

G r o u p s o f p u r c h a s e s P u r c h i ^ s e s V a l u e T o t a l 
o r t e c h n i q u e s % a d d e d 

% % 

S u b - a s s e m b l i e s 30 30 (3) 

10 10 (3) 
P u r c h a s e 

. C o m p o n e n t s 10 10 (3) o f 
M i s c e l l a n e o u s 2 2 p r o d u c t s 

F o u n d r y 1 . 5 . 3 . 5 ,5 

F o r g e 1 T 1 . 5 2 . 5 

1 M a c h i n i n g 
j 1 

12 12 P r o c e s s e d 
1 M a c h i n i n g 12 12 m a t e r i a l s 

S h e e t ' w o r k i n g - ' • 
w e l d i n g . 1 0 , 5 . 8 . 5 

A s s e m b l y -of 
s u b - a s s e m b l i e s (1) , 8 . 5 8 . 5 A s s e r a b l y 
F i n a l a s s e m b l y (2) 11 • 11 

TOTAL 55 45 100 
I'' 

J ' ' 

. f 

r/; 

t 
I 

1 

(1) i n c l u d r i g e n g i n e , g e a r b o x , s u s p e n s i o n , " u n i t s " , s e a t s , e t c , 

(2) c h a i n a s s e m b l y a n d x -^a in t ing 

(3) w i t h a n i n c r e a s i n g p r o p o r t i o n o f p l a s t i c s 



Table No. 6 

Breakdown of the cost price according to 
the main units 

47 

U n i t s % 

M o t o r 15 

C l u t c h - g e a r b o x 10 

S t e e r i n g 2 

F r o n t a n d r e a r a x l e m e c h a n i s m s 9 

W h e e l s , t i r e s , s u s p e n s i o n 7 . 5 

R a d i a t o r , m u f f l e r , g a s o l i n e t a n k 5 

E l e c t r i c i t y a n d c o n t r o l s 8 , 5 

Body 20 

U p h o l s t e r y a n d e q u i p m e n t 1 4 . 5 

A s s e m b l y a n d p a i n t i n g 1 1 

TOTAL 100 
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Table No. 6 47 

B r e a k d o w n o f t h e c o s t p r i c e o f a n e n g i n e 

( a d d i t i o n a l e q u i p m e n t a n d a c c e s o r i e s n o t i n c l u d e d ) 

U n i t s % 

C r a n k s h a f t 24 

C o n n e c t i n g r o d 6 

P i s t o n s 3 . 5 

C y l i n d e r h e a d 19 

V a l v e c o n t r o l 2 

C a m s h a f t 2 . 5 

E n g i n e b l o c k 35 

O i l sump b a s e 8 

TOTAL 100 

N„Bo; T h e s e c o s t p r i c e s c o r r e s p o n d u s u a l l y t o ' t h e 

u n i t s m a n u f a c t u r e d b y t h e c o n s t r u c t o r . 

I-

fi-tS: 
ft 
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Table No, 5 

B r e a k d o w n o f t h e p r o d u c t i o n t i m e o f a v e h i c l e 

a c c o r d i n g t o t h e t e c h n i q u e s u s e d 

T e c h n i q u e A v e r a g e t i m e 
( h o u r s ) 

% 
a v e r a g e 

F o u n d r y 3 5 , 3 

F o r g e 1 1 , 8 

M a c h i n i n g 8 14 

G e a r c u t t i n g 2 , 5 4 . 4 

H e a t t r e a t m e n t s 1 . 5 2 , 6 

S t a m p i n g - p r e s s i n g 4 7 
1 

W e l d i n g 4 t o 5 7 . 9 

P a i n t i n g 6 1 0 . 5 

A s s e m b l y o f " u n i t s " 
a n d f i n a l a s s e m b l y 2 5 t o 2 8 4 6 , 5 

TOTAL TIME 55 t o 59 100 



Table No. 6 

B r e a k d o w n o f t h e p r o d u c t i o n t i m e a c c o r d i n g 

t o t h e m a i n u n i t s 

47 

. U n i t A v e r a g e t i m e 
( h o u r s ) 

% 
A v e r a g e 

E n g i n e 7 . 5 1 3 . 1 0 

G e a r b o x a n d c l u t c h 6 1 0 . 5 0 

S t e e r i n g 1„4 2 . 4 5 

F r o n t a x l e m e c h a n i s m 1 . 6 2 . 8 0 

R e a r a x l e m e c h a n i s m 2 3 . 5 0 

F r o n t a n d r e a r 
s u s p e n s i o n 0 . 5 0 . 8 7 

C h a s s i s - f l o o r 6 1 0 , 5 0 

E l e c t r i c i t y a n d 
c o n t r o l s - 2 . 1 3 . 6 7 

R a d i a t o r and t a n k 0 . 3 0 . 5 2 

M u f f l e r 0 . 2 0 , 3 5 

T o o l i n g 0 . 1 o . 17 

' B o d y . 11 1 9 . 2 0 

U p h o l s t e r y 
/ 

6 1 0 . 5 0 

E q u i p m e n t 12 2 0 . 90 

W h e e l s 0 . 8 7 

1 TOTAL 5 7 . 2 1 0 0 . 0 0 
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1=5 General presentation of the study 

1.5.1 Method of analysis used 

Cost-volume ratios will be studied in the context 
of industrialized countries on the basis of the 
information furnished by the large European manufac-
turers» This method involves homogeneous and 
meaningful investigations of the phenomena studied 
thus making it possible to screen out some of the 
rather complex problems connected with the detailed 
analysis of the cost price of a vehicle. 

Reference was given to this method, rather than to 
a direct study of cost prices according to production 
levels in different countries' having attained a 
varying degree of industrialization; it is known that 
in this-.case, local production conditions and 
fiscal and customs laws may create considerable 
distorsions in manufacturing costs and thus mask 
cost-volume effects. 

This disadvantage was all the more serious as it 
was virtually impossible to obtaip direct access 

• to precise information on production costs, so 
• that' the figures obtained could have been compared 
only with great difficulty. 
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Since most of the non-meaningful factors were thus 
eliminated, the results obtained are also applicable 
to the developing countries, allowing, of course, 
for certain corrective factorsp Therefore, the 
conclusions, reached may be modified in less indus-
trialized, countr ies by the effect of the following 
pararaet;ers: 
, - cost, producti vity,and skills of local labor; 

- general industrial development level, that is, 
the industrial environment of the country 
under considerationr 

- automobile production volume in relation to 
the number of models; 

- manufacturing techniques used: they must be 
adjusted to production volumes and local 
manufacturing conditions. 

1„5«2 Plan of the study 

The automobile industry relies on very different 
production techniques (machining, forging, foundry, 
welding, assembly) and at the same time a constructor 

/ 

uses quite freely the services of related industries 
by sub-contracting part of his products and especially 
by purchasing many components from supply industries. 

I 

Conseqv;ently, a similar breakdown has been adopted 
for this study. In the first place, the techniques 
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u s e d b y t h e c o n s t r u c t o r w i l l , b e s t u d i e d , t h a t i s , 

t h e v a l u e a d d e d b y t h e a s s e m b l y p l a n t i t s e l f ; 

t h e n , t h e g r o u p o f r a w m a t e r i a l s a n d s u p p l i e s 

p u r c h a s e s w i l l b e e x a m i n e d , e n d i n g u p , w i t h a 

c o s t - v o l u m e r a t i o a n a l y s i s o f a c o m p l e t e m a n u f a c -

t u r i n g p l a n t o 

A) V a l u e a d d e d b y t h e c o n s t r u c t o r 

We h a v e c h o s e n t h e f o l l o w i n g s u b d i v i s i o n : 

- F i n a l a s s e m b l y : C h a p t e r 2 

T- M a c h i n i n g a n d A s s e m b l y o f M e c h a n i c a l 

p a r t s : C h a p t e r 3 

- P r e s s i n g a n d A s s e m b l y o f " U n i t s " : 

C h a p t e r 4 

- F o u n d r y : C h a p t e r 5 

- F o r g e s C h a p t e r 6 

T h e f i n a l a s s e m b l y s h o p h e a d s t h e l i s t b e c a u s e 

i t i s t h e a c t i v i t y w h i c h m o s t i n t e r e s t s i n d u s -

t r i a l i z i n g c o u n t r i e s : i t i s t h e f i r s t s t e p i n t h e 
/ 

d e v e l o p m e n t o f a " n a t i o n a l " a u t o m o b i l e i n d u s t r y „ 

T h e o t h e r m a i n t e c h n i q u e s a r e p r e s e n t e d i n 

d e c r e a s i n g o r d e r o f i m p o r t a n c e a c c o r d i n g t o 

t h e i r c o n t r i b u t i o n t o t h e v a l u e a d d e d b y t h e 

c o n s t r u c t o r „ 
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For each shop or technique used, the following 
informatiqn will be given? 

a) a brief summary of manufacturing procedures 
and a short description of the prpduction 
operations; ' 

b) the investment required for such a shop in 
relation to the production capacity desired; 
the effect of the degree of mechanization 
and a great number of models on the level of 
investment has been shown whenever possible; 

c) the manufacturing overprice for the technique 
under consideration in relation to the volume 
of automobile production. An effort has been 
made to indicate as far as possible how this 
producticin cost is broken down according to 
the main units concerned and according to the 
production factors (labor, production expenses, 
general overhead , depreciation)„ When accurate 

! 

information was available, production overprice 
for.certain parts selected because of their 
importance in a vehicle's, cost price was 
shown in relation to production/ 

It must be noted that the calculations are 
sometimes theoretical, so that the results 
obtained are quite approximativep However, 
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the curves plotted in the charts furnish 
valuable indications on the general shape of 
the variation of the overprice of production 
in relation to the volume. The critical 
mass required to obtain a price comparable 
to that of large manufacturers is also shown. 

B) Purchases (Chapter 7) 

The study of purchases of raw material has been 
separated from that of the com.ponents produced 
by specialized industries^ 

It is not possible, in this brief study, to 
calculate the investment level for the basic 
industries concerned (iron an4 steel, glass, 
rubber, etc.) and only certain typical ratios 
will be indicated to show an order of magnitude. 

In particular, in reference to purchases, the 
critical mass needed by each one of the indus-

/ 

tries under consideration to be able to supply 
economically a national automobile industry has 
been indicated. 

Finally, an indication is given of the overprices 
expected to occur in relation to the volume of 
automobile production in the purchase of raw 
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materials and components. 

C) Complete automobile manufacturing plant 
(Chapter 9) 

On the basis of the results obtained for the 
different shops and the analysis of a constructor's 
purchases, it is also possible to study the 
cost-volume relationship for a complete automobile 
manufacturing plant» 

Total investment has been calculated ss a function 
•of the production volume for complete m.anufacturing 
such as is done by the main European manufacturers» 
The manufacturing overprice of a complete vehicle 
in relation t9 production volume (the aforementioned 
techniques being in this case integrated by the 
constructor at his own shops) has also been 
studied. 

It must be noted that in these conditions, the 
value added by the constructor represents only 
45% of the vehicle's cost price, since raw 
materials and supplies cover approximately 55% 
of the cost price,, ••• -

Finally, the local supply of rav/ materials has 
been studied in order to show, in developing 
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c o u n t r i e s , t h e i n c i d e n c e o f t h e p e r c e n t a g e of 

l o c a l i n t e g r a t i o n o n t h e m a n u f a c t u r i n g c o s t s 

f o r v a r i o u s p r o d u c t i o n v o l u m e s . 

D) New t e c h n i q u e s i n t h e a u t o m o b i l e i n d u s t r y 

( C h a p t e r 8) 

T h i s c h a p t e r i s a n e f f o r t t o p r e s e n t c e r t a i n 

p r o s p e c t i v e e l e m e n t s i n t h e a u t o m o b i l e i n d u s t r y , 

The f o l j - o w i n g o b s e r v a t i o n s show t h e d e v e l o p m e n t 

o f t h e m a i n t e c h n i q u e s u s e d i n a u t o m o b i l e m a n u -

f a c t u r i n g t o g e t h e r w i t h t h e f u t u r e t r e n d s . 

I n p a r t i c u l a r , we w i l l l o o k a t t h o s e f i e l d s 

w h e r e new t e c h n i q u e s s t i l l r e l a t i v e l y u n l n o w n 

t o d a y w i l l b r i n g s i g n i f i c a n t c h a n g e s i n t h e 

f u t u r e , b o t h i n t h e d e s i g n a n d i n t h e m a n u f a c -

t u r i n g o f a v e h i c l e , a s s u m i n g t h a t t h e p r e s e n t 

d i f f i c u l t i e s w i l l b e e l i m i n a t e d e v e n t u a l l y . 

A g o o d p a r t o f t h i s c h a p t e r i s d e v o t e d t o a n 

e x a m i n a t i o n o f t h e new p o s s i b i l i t i e s o f f e r e d by 

t h e u s e o f . p l a s t i c s f T h i s b r a n c h i s a t t h e 

h e i g h t o f d e v e l o p m e n t a n d s h o u l d l e a d , i n t h e 

c o m i n g y e a r s , t o i m p o r t a n t c h a n g e s i n t h e d e s i g n 

a n d m a n u f a c t u r e o f v e h i c l e s a n d i s o f g r e a t 
"i • J 

i n t e r e s t f o r i n d u s t r i a l i z i n g c o u n t r i e s w h e r e 

a u t o m o b i l e s mufet b e m a n u f a c t u r e d i n s m a l l s e r i e s . 



706 

Chapter 1 - Annex 1 

Definition of the "scale-up factor" 

The scale-up factor <c< is defined as followss 

s scale-up factor 
s investment necessary for capacity c^ 

IQ ; investment necessary for capacity C^ 

When investment rises more than proportionately to 
capacity^ ĉ k is greater than 1. 

When investment rises proportionately to capacity, 
cA is equal to 1. 

When investment rises less than pafoportionately to 
capacity, cX, is less than 1. 

In this study the scale-up factor is usually calculated 
on the assumption that' production capacity is doubled, 

log therefore: , 

QÍ- - log 2 
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Chapter 1 - Annex 2 

Definition of the percentage of local integration 

There are many definitions for the percentage of local integration, 
we may mention the following in particular: 

A) Definition based on the weight of parts: according to 
this notion local integration is defined as a percentage 
of the weight of locally produced parts in relation to 
-total vehicle weight. This is a poor definition as it 
leads to an unwarranted increase in a vehicle's totai. 
weight during the first stages of local integration. 

B) Definition based on the price of parts; the ratio between the • . , 
price of locally produced parts at local prices and the 
initial value of C.K.D,. collections. This definition should •• ii 
be rejected because it masks reality: the fact is that the 
higher the price of locally produced parts the higher the 
local content will appear to be. 

A second method which apparently is more connect, would consist 
in measuring the amount of local integration by establishing 
a ratio between the value of locally produced parts at CoK.D. 
prices and the total value of the collectior|, also at C.K.D. 
prices. This latter definition is the one we shall use in this 
report. i 
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A stvjdy of . assembly c o s t s i s of p a r t i c u l a r i n t e r e s t i n s o f a r 

each coun t ry^ wha tever t h e s o l u t i o n s adop ted e l s e w h e r e 

f o r t h e m a n u f a c t u r e of p a r t s or u n i t s , ha s d e c i d e d t o 

i n s t a l l one or ^ ' r ' ^ . a s sembly p l a n t s on i t s t e r r i t o r y . 

I n t h e main i n d u s t r i a l i z e d c o u n t r i e s t h e r e i s an i n c r e a s i n g 

nunÚDér of .assembly p l a n t s engaged i n t h e f i n a l assembly of 

p a r t s and u n i t s each of which i s produced i n - s e p a r a t e p l a n t s . 

I 

T h e r e f o r e , i n t h i s f i e l d t h e r e i s a l a r g e number of d i f f e r e n t 

t y p e s of p l a n t s whose d e s i g n and o r g a n i z a t i o n v^ry a c c o r d i n g 

t o t h e l e v e l s of p r o d u c t i o n . AssenpDly p l a n t s o p e r a t i n g 

t h r o u g h o u t t h e wor ld t oday r a n g e f rom t h e s m a l l u n i t p roduc ing 

on ly a few v e h i c l e s a day (3 t o 5 f o r t h e s m a l l e s t on^s) up 

t o t h e h i g h l y mechanized p l a n t s m a n u f a c t u r i n g i n v e r y l a r g e 

s e r i e s (100,000 v e h i c l e s a y e a r and more ) . 

The r e a s o n f o r t h e l a r g e number of assembly p l a n t s t h r o u g h o u t 

t h e wor ld i s t l^at CKIJ) t r a n s p o r t a t i o n i s more economica l t h a n 

" b u i l t up" t r a n s p o r t a t i o n . T r a n s p o r t a t i o n c o s t s va ry c o n s i ^ 

d e r a b l y a c c o r d i n g t o t h e volume t r a n s p o r t e d . Another r e a s o n 

i s t h a t i n t h e d e v e l o p i n g c o u n t r i e s i n t e r e s t e d i n b e i n g 
I 

i n d u s t r i a l i z e d , an assembly p l a n t paves t h e way f o r 

i n d u s t r i a l i z a t i o n : l o c a l l y m a n u f a c t u r e d p a r t s and u n i t s a r e 

asseitib^ed a l o n g w i t h p a r t s and u n i t s , impor ted f rom a b r o a d , 

t o make up t h e comple te v e h i c l e t o be d e l i v e r e d t o t h e 

consumer . 
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This chapter thus first describes the final assembly opera-
tions and explains how installations are modified as the 
rate of production increases„ It will then examine how the 
investment varies in relation to production levels and will 
finally', consider how cost and volume effects interact. 

2o 1 Brief description of final assembly operations 

1?hese operations involve the assembly of the different ̂^ 
parts, qf; Varying complex i ty<, of a vehicle from a CKD 
collection= 

It should be noted, however, that certain parts v/ill 
havé already been assembled in previous operatioi)? 
(these operations are described in the chaptér on the 
machining and assembly of mechanical units and in the 
chapter on pressing and asserrioly of units,) = The 
purpose of the final assembly operations is to assemble 
a complete vehicle, in working order and ready to be 
delivered. 

/ 

Diagram No. 1 shows the connection between the different 
operations involved in final assembly, in other words, 
the logical sequence of operations leading to the final 
finished product. 
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).Final assembly o p e r a t i o n s may be grouped as f o l l o w s ; 
- r e c e p t i o n of CKD c o l l e c t i o n s - unpacking -

s t o r a g e 
- assembly of body s t a r t i n g from "units" 

- p a i n t i n g 

- u p h o l s t e r y and tr inmiing l i n e 

- mechanical assembly - f i t t i n g l i n e 
- touching up and tuning - d e l i v e r y 

•2 o 1 . 1 CKD r e c e p t i o n - unpacking - s torage 

B e f o r e a s sembly , t h e f i r s t o p e r a t i o n s a r e ynpacki¿£ 

and q u a n t i t y and q u a | . i t y c o n t r o l of t h e v e h i c l e ' s j 

components , whether impor ted or l o c a l l y produced» 

The c o l l e c t i o n of a s s e m b l i e s , s t ib -assembl ies , , j. 

~ p a r t s and m i s c e l l a n e o u s a c c e s s o r i e s i s packed in ' 

a number of boxes and c o n t a i n e r s , grouped accordf i ; 

t o t h e n a t u r e of t h e componentsi ' 

. - body p a r t s , ' '""t 

- m e c h a n i c a l p a r t s J : 

- u p h o l s t e r y par^ts 

-- s e a t framework 4 

- m i s c e l l a n e o u s 

The c o n t a i n e r s a r e s e n t t o t h e d i f f e r e n t assembly 
' • • . -- I 'y 

s t a t ; i o n s i n t h e assembly l i n e a c c o r d i n g t o ; 

r e q u i r e m e n t s „ C-
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2„ 1 „2 Body assembly - spot welding 

By the terra "unit" i s meant a body sub-assembly 
made up of d i f f e r e n t s t e e l sheet parts» 

A) The f i r s t s e c t i o n w i l l complete c e r t a i n u n i t s 

which f o r reasons of transport were s t r ipped 

of par t of t h e i r components or complete ly 

' knocked down» 

B) "ihe second s e c t i o n w i l l carry out the genera l 

assembly of the body with the u n i t s p laced on 
I 
s p e c i f i c assembly frameworks, e i t h e r f i x or 
movable c a l l e d assembly j igs' . This s e c t i o n 
has a t i t s d i s p o s a l e l e c t r i c r e s i s t a n c e 
welding machines (spot welding tongs) which 
may be e i t h e r grouped on an independent 
gantry , or d i r e c t l y f i x e d on the b u i l d i n g ' s 
framework, 

C) Once the frame i s assembled, i t i s p laced on 
a s p e c i a l t r o l l e y an̂ d then e n t e r s another 
spot -we ld ing l i n e where i t r e c e i v e s ? 

- supplementary weld ings ensuring ei^ther 
complete r i g i d i t y or the w a t e r t i g h t n e s s 
of the assembly; 

cr. • • • re. r 
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- t h e removable u n i t s such a s ; d o o r s , hoods , 

f e n d e r s , e t c . ° 

2<,1„3 P a i n t i n g l i n e 

Once t h r o u g h t h e s p o t we ld ing line^, t h e u n p a i n t e d 

f r ame e n t e r s t h e p a i n t i n g shop where a conveyor 

sys tem w i l l t a k e i t t h rough t h e d i f f e r e n t s e c t i o n s . 

The main p a i n t i n g o p e r a t i o n s a r e c a r r i e d ou t i n 

t h e f o l l o w i n g or<^er; 

- d e g r e a s i p g , p h o s p h a t a t i n g , r i n s i n g I 

- d r y i n g 

- a n t i - c o r r o s i v e c o a t i n g of t h e p a r t b e p e a t h 

body 

- two c o a t s of p r imer 

- b a k i n g of p r i m e r s 

- a p p l i c a t i o n of l a c q u e r 

- b a k i n g of l a c q u e r 

- f i n i s h i n g t o u c h e s 

2„1o4 U p h o l s t e r y l i n e 

U p h o l s t e r y p r e p a r a t i o n ; t h i s s e c t i o n i s ment ioned 

h e r e on ly as . a reminder b e c a u s e u s u a l l y a l l 

a l l u p h o l s t e r y i t e m s , i n c l u d i n g t h e s e a t s a r r i v e 

ready-made f rom l o c a l " p l a n t s o 

The i n n e r u p h o l s t e r y p a r t s must b e c u t and sewn; 

i f p l a s t i c s a r e us^d h i g h f r e q u e n c y welding , i s 

n e c e s s a r y o 



B) Upholstery in the strictest sense or furnishing^l 
line; the vehicle is equipped with the followin. 

> 
. :: e'lemehts; inner accessories, doors, winaavs, 

windshield, electric wiring, steering columni 
door and roof trimmings, weather strips, 
dasliboard, headlights, outer trimmings, etc, 

2„1.5 Mechanical assembly - fitting line 

Outside the assembly line itself^ certain amount V 
of preparation is necessary; this is carried out 

i"» -
in parallel sections; •'l-

- engine and gearbox fitting rl 
- equipment of floor panel chassis with suspené;! 
brake» and steering units, • t 

On this mechanical fitting line, the body is place?; 
on the mechanical assemblies» The coupling and 
the adjustment of the different elements are done] 
all along the line, and the last check-up t^kes 
place at the final pit„ Once it is through this f. 
line, the vehicle wh^ich is now in working order, 
goes to be checked and tested, . 

v . I : 

2 o 1 o 6 Touching up and tuning - delivery line ' 

After road testing^ various checks are made and í 
also mechanical adjustments and last touches of 5/ 
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paint are given in a special cabin; tho vehiC-le íí; 
checked for watertightness and then undergoes 
cleaning and shining operations. 

• Í 

2 „2 Calculation of the investment required by a final 
assembly shop '' • 

In order to give some idea of the share of a final 
assémbly shop in a complete manufacturing plant, the. , 
order of magnitude would be as follows? the investment' .. 
required for a final assembly shop amounts to 10 to 
15% of the total investment necessary for a complete 
manufacturing plant producing 100,000 vehicles a year„ 
with a rate of integration of 95%„ .í 

2„2„1 Classification of investment 
' 'j 

The requisite investment may be brokeyi down into -i-
four groups: 

- land, land grading ^ 
• 'J'\' 

- buildings 
/ , -fi 

- equipment» machinery, tooling 
- general services, utilities, office buildings j 

•. 

In general each of these categories roughly i 
accounts for the following share of tatal -
investment; 

r '.ii . t ' ) 
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- land, land grading, roads 
- buildings 
- equipment, machinery, tooling 
- general services, utilities 

5% 
35% to 4 
45% to 35% 
15% 

TOTAL INVESTMENT 100% 

A) It should be noted that the land and building 
surfaces needed in this case are much greater 
than those needed for a machining and pressing 
shop» On the contrary,, investment in equipment 
and tools is considerably less than in the 
case of a machining and pressing shop» 

B) Furthermore^ the amount of investment in 
buildings will depend on the climate of the 
country where the assembly plant is located^ 

The price of land per square met^r in a tropical 
country may be twice or three times as much as 
in a country close to the polar circle, as is 
indicated in the following tables 

Country Venezuela France Finland 

Price per ra2 
(FF/m2) 200 450-500 

C) Also, a high degree of mechanization or automation r 
in the assembly and painting lines may push up 
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• ; f l 

' • t' 

• . • . ' • . - ^ • t 
c o n s i d e r a b l y t h e i n v e s t m e n t i n n e c e s s a r y f 

equ ipmen t . 
fi' 

'I-
I. 

The p a i n t i n g l i n e i s ex t r eme ly i m p o r t a n t i n jJj 

t h i s r e s p e c t b e c a u s e i t may i t s e l f amount t o •''31 
more t h a n 20% of t o t a l i n v e s t m e n t i n t h e c a s e 4 

-.ii 
of a h i g h l y mechanized assembly p l a n t s 

i'i-' 

The. p a i n t i n g l i n e a l s o needs c a r e f u l a t t e n t i o n 

a s i n a g r e a t many c a s e s i t has p roven to be -I' 

a b o t t l e n e c k i n t h e assembly l i n e „ . .t 
rk\ 

The c a p a c i t y of a p a i n t i n g l i n e canno t be 

i n c r e a s e d w i t h o u t heavy i n v e s t m e n t - I t i s 

t h e r e f o r e e s s e n t i a l t o a l l o w f o r a d e q u a t e 

s p a c i n g when i t i s s e t up t o be a b l e t o f a c e 

an e v e n t u a l i n c r e a s e of t o t a l assembly 

c a p a c i t y a t a l a t e r s t a g e . 

.1 

2 o 2 o2 R a t i o be tween t o t a l i nves tmen t and annua l p r o d u c t iogy 

The i n v e s t m e n t needed ^for d i f f e r e n t assembly 

/ p a p a e i t i ^ s r e s u l t i n g f rom t h e a n a l y s i s of 

e x i s t i n g p l a n t s i s i n d i c a t e d on C h a r t N6„ 1, 

where, a n n u a l v e h i c l e p r o d u c t i o n a p p e a r s on t h e . 

a b s c i s s a and t h e a v e r a g e l e v e l of t o t a l i n v e s t -

ment on t h e o r d i n a t e „ 

' t 





NoB„: The price of land has not bpcn taken into 
consideration? the amounts shown indicate 

• the expenditure on: 
- buildings and roads; 
- equipment, machinery, tooling? 
- general services, utilities, offices» 

The studies we did in reference to low assembly 
rates, led us to examine plants with identical 

/ 

,capacities but with different degrees of mecha-
nizationo This is shown by two different curves 
in the low production side of the charts the 
upper curve cepresents a highly mechanized plant 
and the lower curve a plant with a low level of 
mechanizationo 

For assembly capacities above 100,000 vehicles 
a year, the curves,no longer follow different ' , 
paths because at this level, assembly plants are 
always highly mechanized» 

Furthermore, the figures mentioned refer to 
I 

assembly plants located in temperate climate 
countries. 

K) Effects of economy of scale 

Three regions may be detected on the total 
investment curve; 
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a) From 0 to 25,000 vehicles a year, the 
scale-up factor would be around.0,70„ 
This means that in order to multiply 
capacity by 5, passing from 5,000 to 
25,000 vehicles a year, investment should 
be multiplied by 3. 

In addition, it may be observed that in 
the case of a plant which is not very 
mechanized, investment increases slightly 
more than proportionately to capacity; 
whereas in the case of a highly mechanized 
plant, investment increases much less 
than proportionately to capacity. This 
seems logical as in the latter case the 
decision was taken to set up large scale 
equipment since the very beginning, 

b) From 25,000 to 100,000 vehicles a year, 
the scale-up factor is about 0„6; invest-
ment rises from 45 to slightly^ over 100 
million franqs, but production is multiplied 

by 4„ , 

c)Where the assembly rate is more than 100,000 
vehicles a year, -the curve drops sharply 
and the scale-up factor is only 0=4; 



i 

Íí 

investment is considerably less than 
proportional to capacity. Thus, in order 
to push up production from 100500 to 

. / 200^000 vehicles a year, investment should 
be roughly multiplied by 1„3. This is 
normal as at this level of production a 
plant is always highly mechanized. 

B) Effect of mechanization on investment 

Chart No. 1 shows t;hat the effect of mechanization; 
on investment is especially marked for low j 
assembly capacities. On the contrary, as the 
plant becomes more mechanized and as the L; 
capacity increases, the mechanization factor í» 
will be less and less important as large series j. 
are produced. ^ 

As investment may be doubled in- the case of • '•/! 
a highly mechanize<^ plant producing less > 
than 2 5,000 vehicles.a year, it will be 
interesting to see how mechanization can be 
incorporated in the assembly line. 

a) Though a fixed assembly line may be used 
for a very small rate of proc^uction of . 
about 15 vehicles a day (3^7 50 vehicles a 
year), it is absolutely necessary to 

1 
fi 

f 
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á 
í i 

mechanize the line as soon as about 6,o00 
•-.• I 

vehicles a year are produced. The ¡̂  , 
mechanization threshold of the line ^ ( f < 

corresponds to about 3 vehicles an hour„ 
Mechanization involves heavy investment ̂  

requires overhead and ground conveyors. 

^ I 
t- > 

i 

b) Furthermore, the organization of the paint 
•/ shop is quite different when different 

' production capacities are considered. 

For very low asseinbly capacities,, less than, 
2 vehicles an hour (that is 4,000 vehicles 
a year)^ the painting may ba done in a 
cabin„ the vehicle does not move and the 
workers use paint spray guns. 

Por more than 2 to 3 vehicles an hour, 
mechanization becomes necessary. However^ 
investment may be limited by using the 
paint dipping method. For more than 4 vehic| 
an hour, it is preferable to replace this 

' I system and use an automatic chain. Electro-;^ 
i"' 

phoresis is generally used at this level, '? 
y 

but the cost is,,then very high. 
S 

c) These considerations explain why investment 
spirals for. low rhythms of production; it 

•f ' 

r? • -- -r . 
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should be not^d, howover, bhah Jntonfi'"-
mechanization may be decided on for the 
assembly shop even where a small race of 
assembly work does not really warrant this. 
This may occur when an important increse 
ig expected; another reason may be the 
desire to reduce the amount of labor in 
assembly operations when labor costs are 
high o 

C) The effect of the v a r i e t y of models on investment 
a) The assembly line 
i - If there is a large number of models, 

costs will only be slightly higher; the 
additional expenses.will mainly he incurred . 

, in respect of the assembly jigs needed 
, : for 3 particular model and,control jigs^ 
. It will be necessary^ for example/ to 
. have the same number of control jigs as 
models» In order to give some idea of 

the orders of magnitude, the figures 
below show the additional investment 
that would be rec^uired for the introduction 
of another model: 

- main assembly - jig: 
o average cost for a small 
vehicle 100,000 FF 

, approximate cost for a vehicle 
with medium cylinder capacity 

300„000 FF 
- control jig: 
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. , body shell used to check periodically 
the accuracy of the main assembly jig, 
approximate cost for a small vehicle: 

10,000 FF , 

- secondary assembly jigs: 
, floor jig 
• side panel jig 
. door jig, etc. 
which are manufactured locally and are 
therefore less expensive, 

ii - According to the degree of mechanization 
of the spot welding line it may be 
advisable to make some complementary 
investment in spot v/elding equipment. 

In the case of low mechanization, a welding 
. ; gantry with simple welding tongs is used?" 

these are used for different models and 
no supplementary investment is necessary 
if different models are assembled. 

• f 
If mechanization is more advanced, multiple vVp 
head welding machines are used, tĥ is 
equipment is 'generally specific to a model» 
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If an additional model is introduced 
• further investment in resistance welding 
will be required, This may amount to 
between 150,000 and 500,000 FF for a 
medium size vehicle= 

However the cost of welding equipment 
may be as much as 1'000,000 FF if all 
body assembly operations' are included, 

b) Painting line 

However much the plant is mechanized, the 
introduction of an additional model will 
not require new investment in this shop. 

c) Upholstery line 

A large number of models will not make 
it necessary to invest additional sum.s. 
On the other hand, the upholstery manufac-
turing shop will have a bigger workload^ 
although additional costs will be small„ 

d). Warehousing of CKP. collections 

The more models there are, obviously, the 
more storage space will be required as the 
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I 
c o l l e c t i o n s m u s t b e g r o u p e d i n s e p a r a t e 

c o n t a i n e r s f o r e a c h m o d e l . I t w i l l b e 

n e c e s s a r y t o i n v e s t i n c o v e r e d a r e a s o r - y 

w a r e h o u s e s , o r i n l a n d , i f t h e c l i m a t e o f , f 

t h e c o u n t r y u n d e r c o n s i d e r a t i o n i s s u c h a s 

t o a l l o w s t o r a g e i n t h e o p e n a i r = ! 
D) Amount o f i n v e s t m e n t f o r d i f f e r e n t p r o d u c t i o n 7 

v o l u m e s . . , 

f 

..V 

T a b l e No. 1 s h o w s t h e i n v e s t m e n t c l a s s i f i e d / ., J.? 

a c c o r d i n g t o t h e m a i n c a t e g o r i e s f o r d i f f e r e n t > 
-Í 

p r o d u c t i o n v o l u m e s . I n . t h e c a s e o f s m a l l 

s c a l e p r o d u c t i o n / a h i g h l y m e c h a n i z e d p l a n t i n 

a t e m p e r a t e c l i m a t e a n d a l e s s m e c h a n i z e d 

p l a n t i n a h o t c l i m a t e h a v e b e e n c o n s i d e r e d . 

T h e i n d i c a t e d a m o u n t s a r e n e c e s s a r i l y r o u g h , 

f i g u r e s a n d a r e u s e f u l o n l y a s a r e f e r e n c e t o i; 

o r d e r s o f m a g n i t u d e . The f i g u r e s a r e b a s e d . 
; •i 

o n a v e r a g e v a l u e s ; t h e f l u c t u a t i o n r a n g e g o e s uj i ;V 

t o 20% i n t h e c a s e of low p r o d u c t i o n a n d u p t o 

10% f o r h i g h p r o d u c ' t i o n . 
.1 

• Í/ 
The b a s i c p u r p o s e o f t h i s t a b l e i s t o show f* 

t h e r e l a t i v e i m p o r , t a n c e o f t h e d i f f e r e n t 

i n v e s t m e n t c a t e g o r i e s a n d t o c l a r i f y t h e 

e f f e c t o f t h e s c a l e - u p f a c t o r . 
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I t I S n e c e s s a r y t o s t r e s s t h a t t h e a r o u r . t s a i v e h t 

h a v e . o n l y a c o m p a r a t i v e v a l u e s i n c e a b s o l u t e ' t 

f i g u r e s a r e n o t o f a n y r e a l i m p o r t a n c e i n t h i s - ; 

s t u d y . 
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2.3 Study of assembly costs 

The assembly cost price of a vehicle will now be 
examined by isolating the'various parameters and by 
studying their evolution in relation to.the expected 
production. This operation will bring out the over-
prices . corresponding to different production levels in 
a complete asseinbly operation„ 

The effect of the degree of mechanization on assembly 
costs as well as the effect of the number of models 
to be produced in the same line will also be stuQied. 

2 o 3.1 Parameters of the cost of assembling a vehicle 

On the whole» the cost of assembling a vehicle 
may be divided into four main itemss 

- direct labor 
- production costs 
- general overhead 
- depreciation. 

/ 

fhe assembly cost is the value added by the 
assembly plant. 
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A) Direc t labor -s 

i 

I t i s not always easy to draw the l i n e becveen 

d i r e c t and genera l labor c o s t s in a shop. 

I t w i l l be assumed that d i r e c t labor i n d u c e s 

those workers d i r e c t l y in charge of assernbly 

o p e r a t i o n s , the workers in charge of unpacking 

and c l a s s i f y i n g the CKD c o l l e c t i o n s and 

the handl ing personne l . 

These are g e n e r a l l y u n s k i l l e d workers 

(OSl - 0S2) paid at hourly r a t e s . 

Labor c o s t s inc lude d i r e c t wages, s o c i a l i 
• . • " • . •• •••Tri 

' • b e n e f i t s , v a c a t i o n pay, p r o d u c t i v i t y i n c e n t i v e s 
and m i s c e l l a n e o u s charges (bonuses for work 
in unhealthy c o n d i t i o n s , t r a v e l allowances^ r 
e t c . ) 

( • 

B) Production c o s t s 'j 

These inc lude c o s t s d i r e c t l y r e l a t e d to assembly.:;" 

o p e r a t i o n s and t h e r é f o r e d i r e c t l y a f f e c t e d by /.'-V 

the l e y e l of product ion. 4 

I t i s c u s t o m a r y - t o , c l a s s i f y them i n t o three 

groups; 
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a) variable production costs which grow 
proportionately to the production'volume; 
this refers in particular to: 
- supplies': paint, oil, cloth, etc. 
- small tools 
- energy and fluid expenses; electricity, 
gas, compressed air, water. 

"I 

'i 

- - • "a 

b) semi-variable production costs which do . 
' • , .. "J 

not vary in relation to production but , 
change in successive stages; they include: 
- indirect labor costs 

(supervisory personnel and shop technicians) 
- naintenance costs. , 

C) ;General overhead • ̂  

These expenses are not directly related to 
production» They are caused by the mere exis-

, tence of the plant; they are frequently known ^ 
as management costs or structural expenses. V , 4 

Under this heading are to be found: 
- salaries of management executives 
- travel expenses 
- vocational tra.ining 
- miscellaneous overheads: office supplies 

administration expenses 



of i • 

7Í 
-

1-1 
- financial costs 
N,B„ The overheads of a plant of a given - .. • V J 

• , • , -'•s. 

size may be taken as a barometer of the 
general efficiency of a plant and the 
skill with which it is managed, * I 

D) Depreciation. 

These are charges due to the depreciation of 
the investment needed to ensure the plant's 
production capacity. 

In general three groups of investment are 
considered according to depreciation periods; 

- buildings 
- equipment and machinery 
- tools 

For each investment group the laws in force in 
the country concerned lay down a maximum rate 

. o.f annual depreciation. 

Depreciation costs are the expression of the f 
inevitable effect of depreciation; the sums ^ 

• • f are. placed in a special account and this 

t ' 
V * 
i . 

) ( 

amount should allow for the replacement of' 
the initial production capacity once the , 
corresponding investments are totally depreciafe 

•Í — •r^tJ-Sni-^-
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• Jr 
D e p r e c i a t i o n c h a r g c n a r o t .horG f o r o d i i :ocl l y 

>í i f-1 ^ i:; 

«v; 

related to the investment necessary for a 
; certain given production level. 

2'. 5.2 Analysis of the variations of assembly cost 
components 

For each of the parameters of the unit cost of 
• .. • 

assembly, so defined, variations will be studied J, 
according to the following three main sectors; 

- production level 
- amount of mechanization of the assembly 
plant 

- number of models of vehicles 

A) Direct labor expenses per vehicle 

According to the definition of direct labor 
stated before, the cost of direct labor increaseŝ :-
proportionately with production, or more J' 
specif icallys • c! 
direct labor cost = hourly rate x asseiribly time 

• • j per vehicle. ,1-: 

. a' • 

The hourly rate factor is constant in relation >, 
to the production volume, so that it is only 

- ' ni-ñeces sary to study the variation of the assembly'; 
tiem in relation to the production volume. t 
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I t w o u l d b e f a i r t o s a y t h a t a s s e m b l y t i m e 

d e c r e a s e s w i t h a n i n c r e a s e i n p r o d u c t i o n b u t 

t h e r e a l c a u s e o f t h i s i s t h e i n c r e a s i n g 

m e c h a n i z a t i o n o f t h e a s s e m b l y l i n e a s p r o d u c t i o n 

g o e s u p . I n o t h e r w o r d s , a s t h e d a i l y r a t e 

i n c r e a s e s ^ t h e o r g a n i z a t i o n o f t h e a s s e m b l y 

s h o p i s m o d i f i e d . 

a) E f f e c t o f m e c h a n i z a t i o n 

Ás s o o n a s t h e p r o d u c t i o n r a t e i s m o r e 

t h a n 3 v e h i c l e s a n h o u r , t h e a s s e m b l y l i n e 

b e c o m e s m o b i l e ; t h e v e h i c l e s a r e moved b y 

o v e r h e a d a n d g r o u n d c o n v e y o r s t o t h e 

d i f f e r e n t a s s e m b l y s t a t i o n s a n d e a c h w o r k e r 

d o e s a f e w s i m p l e o p e r a t i o n s (2 t o 4 

o p e r a t i o n s , f o r e x a m p l e ) . 

T h u s , a s p r o d u c t i o n i n c r e a s e s i n s t e a d o f 

h a v i n g s e v e r a l w o r k e r s d o i n g many v e r y 

d i f f e r e n t o p e r a t i o n s ( m o r e t h a n 10 d i f f e r e n t 

o n e s ) o n a f i x e d v e h i c l e , e a c h w o r k e r 
/ 

becoi t^es i n c r e a s i n g l y s p e c i a l i z e d . The 

w o r k e r t h u s a c q u i r e s s u c h a n a u t o m a t i s m 

t h a t t h e f e w o p e r a t i o n s h e | i a s t o do a r e 

d o n e i n a v e r y ' s h o r t t i m e . F u r t h e r m o r e , 

a s s e m b l y m i s t a k e s o r o m i s s i o n s a r e a l s o 

r e d u c e d . 
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I t i s q u i t e e v i d e n t t h a t s p e c i a l i z a t i o n 

• a c c o r d i n g l y c r e a t e s m o r e w o r k s t a t i o n s . 

The p r o b l e m o f t h e o r g a n i z a t i o n . o f a n a s s e m b l y -

l i n e i s q u i t e c o m p l e x a n d r e q u i r e s a m p l e 

e x p e r i e n c e t o f i n d a n e c o n o m i c c o m p r o m i s e 

b e t w e e n a n i n c r e a s e i n t h e n u m b e r o f 

a s s e m b l y p e r s o n n e l a n d a n i n c r e a s e i n t h e 

t i m e n e e d e d f o r a s s e m b l y . 

T h e r e s u l t , o f t h e a b o v e c o n s i d e r a t i o n s o n 

t h e o r g a n i z a t i o n o f a n a s s e m b l y l i n e , may 

b e m o r e c l e a r l y s e e n on C h a r t No . 2o 

The a b s c i s s a shows t h e a n n u a l p r o d u c t i o n 

v o l u m e , a n d t h e o r d i n a t é , t h e c o r r e s p o n d i n g 

a s s e m b l y t i m e . 

N . B . T h i s c h a r t r e f e r s t o a m e d i u m s i z e d 

v e h i c l e o f a b o u t 1000 cm3 c y l i n d e r 

c a p a c i t y . 

" Z e r o " o v e r t i m e i s t h e a s s e m b l y t i m e f o r 

a E u r o p e a n c a r m a n u f a c t u r e r b u i l d i n g 

3 0 0 , 0 0 0 v e h i c l e s a y e a r . 

As may b e s e e n , t h e o v e r t i m e a s s e m b l y c u r v e 

d r o p s v e r y s h a r p l y a s p r o d u c t i o n i n c r e a s e s 

i n t h e c a s e o f low p r o d u c t i o n r a t e s o f 
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a b o u t 1 0 , 0 0 0 v e h i c l e s a y e a r ; t h i s d e c r e a s e 

l e v e l s o u t w h i l e r e m a i n i n g v e r y r e g u l a r , a s 

t h e p r o d u c t i o n v o l u m e i n c r e a s e s . I t may 

b e o b s e r v e d t h a t a s s e m b l y o v e r t i m e b e c o m e s 

a l m o s t n e g l i g e a b l e a s f r o m 1 5 0 , 0 0 0 v e h i c l e s 

a y e a r . 

As d i r e c t l a b o r h o u r r a t e s a r e a s s u m e d t o 

b e c o n s t a n t , i t may b e c o n c l u d e d t h a t t h e 

d i r e c t l a b o r c o s t c u r v e i s i d e n t i c a l w i t h 

t h e a s s e m b l y t i m e c u r v e , w i t h a s c a l e u n i t 

a d j u s t m e n t . 

T o g e t h e r w i t h a d i f f e r e n c e i n t h e o r g a n i z a -

t i o n o f t h e f i n a l a s s e m b l y l i n e i t s e l f , i t 

s h o u l d b e n o t e d t h a t g r o w i n g m e c h a n i z a t i o n 

a l s o a f f e c t s t h e s p o t - w e l d i n g l i n e , a n d t h e 

p a i n t i n g l i n e , a s w a s i n d i c a t e d i n t h e 

p a r a g r a p h on i n v e s t m e n t . T h i s c h a n g e i n 

t e c h n i q u e a l s o m a k e s i t p o s s i b l e t o r e d u c e 

a s s e m b l y t i m e , t h u s r e d u c i n g l a b o r c o s t s . 

b) The e f f e c t s o f a g r e a t number o f m o d e l s 

The p u r p o s e h e r e i s t o s t u d y t h e i n c i d e n c e 

o f a g r e a t number o f m o d e l s o f a s s e m b l e d 

v e h i c l e s on t h e t h r e e g r o u p s o f m a i n 

o p e r a t i o n s : 
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- s p o t - w e l d i n g o p e r a t i o n s : a s s e m b l y , 

w e l d i n g . 

- p a i n t i n g l i n e 

- a s s e m b l y l i n e 

i - The s p o t - w e l d i n g l i n e 

A d i s t i n c t i o n m u s t b e made b e t w e e n a 

s c a r c e l y m e c h a n i z e d s p o t - w e l d i n g l i n e a n d 

a h i g h l y m e c h a n i z e d s t e e l s h e e t p a r t s 

a s s e m b l y l i n e . 

I n t h e f i r s t c a s e , w e l d i n g t o o l s a r e n o t 

s p e c i f i c ( s i m p l e w e l d i n g t o n g s ) , a n d may 

t h e r e f o r e b e u s e d i n d i s c r i m i n a t e l y , 

w h a t e v e r t h e m o d e l . B u t , s i n c e t h e 

w o r k e r i s no l o n g e r g u i d e d b y a n a s s e m b l y 

j i g s p e c i f i c t o a m o d e l , h e w i l l 

u n d o u b t e d l y b e m o r e h e s i t a n t ; t h e r e w i l l 

b e a g r e a t e r c h a n c e o f m i s t a k e s , a n d 

a s s e m b l y a n d w e l d i n g t i m e w i l l b e l o n g e r 

u s u a l l y . 

When t h e s p o t - w e l d i n g l i n e i s m o r e 

m e c h a n i z e d , a s s e m b l y t o o l s a n d j i g s a r e 

s p e c i f i c t o e a c h m o d e l . The w o r k e r , 

b e c a u s e h e i s w e l l g u i d e d b y t h e a s s e m b l y 
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j i g , u s e s m u l t i p l e h e a d w e l d i n g m a c h i n e s 

a n d c a n w o r k f a s t e r . T h u s , a s s e m b l y 

t i m e i s n o t a f f e c t e d b y t h e number o f 

m o d e l s . 

C o n s e q u e n t l y , i t may b e c o n c l u d e d t h a t a 

v a r i e t y o f m o d e l s i n c r e a s e s t h e a s s e m b l y -

w e l d i n g t i m e m o r e m a r k e d l y when m e c h a n i -

z a t i o n i s l o w . I n o t h e r w o r d s , a v a r i e t y 

o f m o d e l s r e q u i r e s a n i n c r e a s e i n o p e r a -

t i o n t i m e w h i c h i s h i g h e r f o r l o w e r 

p r o d u c t i o n r a t e s , a s a n i n c r e a s e i n t h e 

a s s e m b l y r a t e i s g e n e r a l l y a c c o m p a n i e d b y 

a n i n c r e a s e i n m e c h a n i z a t i o n . 

i i - The p a i n t i n g l i n e 

I n g e n e r a l a g r e a t v a r i e t y o f m o d e l s d o e s 

n o t c a u s e a n o v e r t i m e i n t h e p a i i t i n g 

o p e r a t i o n s s i n c e w h a t e v e r t h e d e g r e e o f 

m e c h a n i z a t i o r ; p a i n t i n g e q u i p m e n t i s n e v e r 

s p e c i f i c t o a m o d e l , 

i i i - The a s s e m b l y l i n e 

A l a r g e v a r i e t y o f m o d e l s may b e a n 

u n f a v o r a b l e f a c t o r e s p e c i a l l y i f t h e 

m o d e l s a r e v e r y d i f f e r e n t ; f o r e x a m p l e . 
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a p o p u l a r low c y l i n d e r c a p a c i t y c a r 

a n d a n " A m e r i c a n " c a r , o r a p r i v a t e 

v e h i c l e a n d a n i n d u s t r i a l v e h i c l e . 

A d i s t i n c t i o n s h o u l d b e made b e t w e e n 

h i g h a n d lov/ p r o d u c t i o n r a t e s : 

H i g h v o l u m e s o f p r o d u c t i o n : 

I n t h e c a s e o f h i g h a s s e m b l y r a t e s , i t 

i s p r e f e r a b l e t o a l t e r n a t e t h e m o d e l s on 

t h e same a s s e m b l y l i n e . 

I n t h i s c a s e , t h e w o r k e r m u s t o n l y 

pe i fo rm a f e w o p e r a t i o n s on e a c h v e h i c l e 

a n d f i n d s no d i f f i c u l t y i n g o i n g f r o m 

o n e t y p e o f v e h i c l e t o a n o t h e r . As a 

r e s u l t t h e r e i s no w a s t e o f t i m e d u e t o 

h e s i t a t i o n . 

The number o f d i f f e r e n t p a r t s f o r e a c h 

v e h i c l e i s n o t v e r y h i g h a n d , t h e r e f o r e , 

i t i s e a s y t o o r g a n i z e t h e w o r k s t a t i o n s . 

S m a l l s c a l e s o f p r o d u c t i o n : 

i n t h e c a s e o f s m a l l s c a l e s , i t may b e e a t h e i 

p r e f e r a b l e t o w o r k b y b a t c h e s , t h a t i s , 

b y s e r i e s o f i d e n t i c a l v e h i c l e s , o r t o 

w o r k a l t e r n a t e l y . I n t h i s m a t t e r , e a c h 
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c a s e m u s t b e c o n s i d e r e d a s s p e c i f i c 

d e p e n d i n g o n t h e d e g r e e o f m e c h a n i z a t i o n 

o f t h e a s s e m b l y . Low m e c h a n i z a t i o n 

f o r c e s a w o r k e r t o do a s e r i e s o f o p e -

r a t i o n s on e a c h v e h i c l e a n d i t may n o t 

a l w a y s b e a d v i s a b l e t o a l t e r n a t e t h e 

m o d e l s ; m o r e s o , i t i s m o r e d i f f i c u l t 

t o o r g a n i z e t h e w o r k s t a t i o n s , b e c a u s e 

o f t h e many a v a i l a b l e p a r t s t h a t m u s t 

b e s t o c k e d a r o u n d t h e l i n e . 

i v - I t may t h e n b e c o n c l u d e d t h a t t h e v a r i e t y 

o f m o d e l s m e a n s a s s e m b l y o v e r t i m e , w h i c h 

i s p a r t i c u l a r l y m a r k e d when o u t p u t i s l ow. 

H o w e v e r , f o r h i g h p r o d u c t i o n s c a l e s , t h e 

n u m b e r o f m o d e l s h a s p r a c t i c a l l y no 

i n f l u e n c e on a s s e m b l y t i m e , a s i n t h i s 

c a s e m e c h a n i z a t i o n i s s u c h t h a t a s f a r 

a s p o s s i b l e s p e c i f i c e q u i p m e n t i s u s e d 

f o r e a c h m o d e l . T h i s m a k e s i t p o s s i b l e t o 

d o d i f f e r e n t a s s e m b l y o p e r a t i o n s i n a 

minimum a m o u n t o f t i m e . A l s o , t h e 

o r g a n i z a t i o n o f t h e a s s e m b l y l i n e i n t h e 

s t r i c t e s t s e n s e i s s u c h t h a t e a c h w o r k e r 

d o e s a v e r y s m a l l number o f o p e r a t i o n s 

a n d t h e r e i s no w a s t e o f t i m e . 
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c) C o n c l u s i o n s o n t h e p a r a c j r a p h c o n c e r n i n g 

d i r e c t l a b o r c o s t s 

D i r e c t l a b o r c o s t s d e c r e a s e a s o u t p u t 

i n c r e a s e s . T h i s i s d u e t o t h e e f f e c t o f 

a g r e a t e r a m o u n t o f m e c h a n i z a t i o n w h i c h 

a c c o m p a n i e s a n i n c r e a s e o f t h e a s s e m b l y -

r a t e . 

On t h e o t h e r h a n d , a l a r g e n u m b e r o f m o d e l s 

may l e a d t o a n i n c r e a s e i n a s s e m b l y t i m e a n d 

t h e r e f o r e a n i n c r e a s e i n t h e a s s e m b l y c o s t s . 

T h i s r e m a r k , h o w e v e r , i s o n l y v a l i d f o r 

l o w o u t p u t , l e s s t h a n 1 0 , 0 0 0 u n i t s a y e a r , 

b e c a u s e i n t h i s c a s e t h e r e may s t i l l b e 

v e r y l i t t l e m e c h a n i z a t i o n . 

I t m u s t b e n o t e d , o n t h e o t h e r h a n d , t h a t 

t h i s g e n e r a l r e d u c t i o n i n a s s e m b l y c o s t s 

w h i c h a c c o m p a n i e s h i g h e r p r o d u c t i o n n e c e s s a -

r i l y i m p l i e s h i g h e r i n v e s t m e n t , p a r t i c u l a r l y 

w h e n t h e r e a r e a g r e a t n u m b e r o f m o d e l s , 

t h e e f f e c t o f w h i c h o n a s s e m b l y c o s t s i s 

e x p r e s s e d i n t h e f o r m o f d e p r e c i a t i o n . 

B) M a n u f a c t u r i n g e x p e n s e s 

I n t h e f i r s t p l a c e , t r e n d s i n t o t a l manufacturing 

c o s t s w i l l b e s t u d i e d f o r t h e w h o l e a s s e m b l y 
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s h o p , a n d t h e u n i t v a l u e p e r v e h i c l e w i l l b e 

d e d u c t e d a s w e l l a s i t s v a r i a t i o n a c c o r d i n g 

t o p r o d u c t i o n v o l u m e . 

a) S t u d y o f t o t a l m a n u f a c t u r i n g e x p e n s e s 

As p r e v i o u s l y i n d i c a t e d , two d i f f e r e n t 

c a t e g o r i e s o f m a n u f a c t u r i n g e x p e n s e s may 

b e d i s t i n g u i s h e d : 

i - v a r i a b l e c o s t s : 

w h i c h i n c r e a s e p r o p o r t i o n a t e l y w i t h 

p r o d u c t i o n : p a i n t , o i l , e n e r g y , e t c . 

i i - s e m i - v a r i a b l e c o s t s : 

w h i c h i n c r e a s e i n s t a g e s a s p r o d u c t i o n 

r i s e s ; t h e m a i n c a u s e s f o r t h i s i n c r e a s e 

a r e : 

. S u p e r v i s o r y p e r s o n n e l 

F o r low p r o d u c t ! on r a t e s ( 3 , 0 0 0 v e h i c l e s 

a y e a r ) a s s e m b l y o p e r a t i o n s , a s h a s 

b e e n s e e n , a r e s c a r c e l y m e c h a n i z e d . 

The v e h i c l e s a r e a s s e m b l e d a t f i x e d 

s t a t i o n s a n d e a c h w o r k e r p e r f o r m s 

n u m e r o u s o p e r a t i o n s . I n s u c h c a s e s , 

i m p o r t a n t s u p e r v i s o r y p e r s o n n e l i s 

f r e q u e n t l y n e e d e d , b e c a u s e a s s e m b l y 
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errors and omissions are most frequent. 

As output increases and the line becomes 
more mechanized, supervisory staff 
becomes proportionately less numerous. 
Total manufacturing expenses will thus 
increase proportionately to the output 
in an assembly shop with low production 
volumes. 

. Maintenance expenses 

These are rather low when the plant is 
not highly mechanized, which is in 
geneial the case of low production. As 
soon as mechanization starts, maintenance 
expenses increase rapdidly, but for a 
high rate of production, maintenance 
expenses rise relatively slowly. 

Thus, it may be concluded that, in 
general, total manufacturing expenses 
have a tendency to grow less than pro-
portionately to the pace of production. 

The general characteristics of the 
phenomenon appear in Chart No. 3 
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b)Unit manufacturing costs 

If manufacturing expenses are considered as 
a part of the assembly cost of a vehicle, 
it will be observed that these expenses 
decrease rapidly as the output goes up, 
in the case of low production; this 
decrease is not as marked in the case of 
high assembly rates. 

This is clearly seen on Chart No. 4 which 
shows the unit manufacturing costs, for 
different assembly rates. 

N.B. A great variety of models will always 
cause an increase in unit manufacturing 
costs, this overprice is specially 
marked in the case of low rates of 
production. 

c) Effect of the number of models 

In general, it may be said that a great 
number of models requires an increase of 
and floor-level personnel because planning 
operations are more complex when there is 
a..wide'variety of different models. On 
the other hand, tool costs increase and 
more boxes are necessary to classify the 
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different parts, accessories and assemblies; 
control costs will be higher and the expenses 
for the maintenance of specific equipment 
will also be more important. 

It may, therefore, be concluded that where 
there is a large number of models, total 
manufacturing costs inevitably increase. 

C) Overhead expenses 

For a plant of a given capacity, these have no 
connection with output fluctuations. 

However, it is readily understandable that in 
the case of a high capacity plant, with a large 
number of workers working on the production 
side, it will be necessary to reinforce 
managerial and administrative personnel to 
allow the assembly plant to be run properly. 

On the other hand, certain social costs (cafe-
teria, vocational training courses) become more 
necessary as production increases. All this 
constitutes a rise in related expenses (travel, 
office supplies, mail). 

Furthermore, financial expenses rise when the 
assembly capacity increases. 
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Thus, it may be stated that total overheads 
have a tendency to increase with the output of 
the assembly plant. This increase is, however, 
less than proportional to the increase of 
assembly rates. 

a) Effect of the number of models 

The assembly of a great number of models 
means that many more administrative personnel 
will be needed in an assembly plant. The 
control of supplies and purchases requires 
more personnel; the same goes for the control 
of the assignment and reception of CKD 
collections, which is particularly complex 
when there are more models. On the other 
hand, control of cost prices is a more 
complicated procedure. 

It is thus true to say that a wide variety 
of models necessarily entails,for a given 
assembly capacity, a rise in overheads. 

b) Share of overheads in the assembly unit cost _ 

It has been stated that the mass of overheads 
is not constant, and that it increases slowly 
with the volume of production. 

This variation is shown on Chart No. ̂  
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The increase of total overheads in relation 
to production is quite fast for low rates 
but it obviously tends to slow down in the 
case of high assembly rates. 

This is one difference in comparison with 
the manufacturing costs-

As to the share of overheads in the unit 
assembly cost of a vehicle, a decreasing 
curve is observed with higher production. 

Overheads have a big share for very low 
assembly rates but falls quite rapidly as 
the assembly capacity increases. For a 
higher annual output, the share of overheads 
in the unit cost diminishes very slowly, and 
has a tendency to level off. 

This development may be seen on Chart No. 6 
where the variation of overheads in the unit 
assembly cost has been indicated in relation 
to the capacity of the assembly plant. 

It is worth noting that a large number of 
models causes an appreciable expansion in 
overheads as indicated in the chart. 
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D) Depreciation 

Depreciation is directly tied to investment: 
total depreciation charges increase therefore, 
with the capacity of the plant, and are higher 
in a highly mechanized plant. 

For total depreciation allowances, one will 
obtain a rapidly rising curve which will then 
increase more slowly; this is shown on Chart 
No. 7. 

a) Depreciation trends 

Depreciation charges per vehicle fall sharply 
as the production increases, in the case of 
low rates. The higher the output, the slower 
the decrease, in case of high rates. This 
may be seen on Chart No. 8 

b) Influence of the life span of a model: 
interest in "freezing" the models of vehicles 

Depreciation for a given amount of investment 
will be affected by two factors: 

- category of investment concerned; 
- depreciation period allowed. 
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i - Minimum period of accounting depreciation 

The laws of each country set a minimum period 
for depreciation for the different categories 
of investment. 

In the automobile industry the depreciation 
periods adopted are generally: 
. Buildings 20 to 25 years 
. Equipment 
Spot-welding 7 years 
Painting 10 to 15 years 
Upholstery 7 years 
Mechanical 7 years 
Utilities - services 6 to 7 years 
Maintenance 6 to 10 years 

. Specific tools 3 years 

. Non-specific tools 5 years 

By specific tools is m.eant those tools that 
are used for only one model of vehicle; this 
is the case of the assembly jigs; the control 
body shell, the multiple-head welding machines 
etc. 

Due to the very sharp competition among car 
manufacturers in the industrialized countries, 
the latter are obliged to introduce new-
models of vehicles more and more frequently 
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(now every three years in many cases). As 
the output of these big manufacturers general-
ly exceeds 150,000 vehicles a year for a 
widely diffused model, a three-year deprecia-
tion period is allowed for the special tools, 
since 450,000 units of the same vehicle are 
produced during this period at this level of 
producion, depreciation charges per vehicle 
account for a small part of the assembly 
cost of a vehicle. As has been seen, depre-
ciation ceases to diminish when output 
exceeds 150,000 vehicles a year. For a big 
manufacturer it is thus not worthwhile to 
depreciate specific tools over a longer 
period. On the contrary, rapid depreciation 
will protect him against the risk of failing 
to seell, in the event of poor economic 
conditions and in particular, the risk that 
his model will become obsolete if new • 
competitive models appear on the market which 
are more attractive to the public. 

ii - The value of "freezing" the models of 
vehicles 

It should be stressed that the depreciation 
periods previously indicated are minimum 
accounting periods. As a matter of fact a 
model is manufactured during a much longer 
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p e r i o d , i . e , about 10 y e a r s though s a l e s 

d i m i n i s h towards t h e end of t h e m o d e l ' s l i f e . 

I f i t were p o s s i b l e to p ropose a g u a r a n t e e d 

s a l e s r a t e over a p e r i o d of t e n y e a r s , f o r 

example, t o a car m a n u f a c t u r e r w i t h o u t any 

r i s k of c o m p e t i t i o n due t o t h e appea rance of 

new models , t h e d e c i s i o n cou ld be t aken f rom 

t h e ve ry b e g i n n i n g t o d e p r e c i a t e p l a n t 

equipment and t o o l i n g t h roughou t t h o s e t e n 

y e a r s , so t h a t reduced d e p r e c i a t i o n c h a r g e s 

would be c a l c u l a t e d fo r each v e h i c l e s t a r t i n g 

from t h e i n i t i a l s a l e s of t h e model, t hus 

making i t cheaper t o assemble the v e h i c l e . 

T h i s would be p o s s i b l e i f t h e a u t h o r i t i e s of 
t h e c o u n t r y dec ided to " f r e e z e " t h e model 
which would o b v i o u s l y mean t h a t they would 
p r e v e n t any competing model f rom a p p e a r i n g 
over t h o s e 10 y e a r s . Obv ious ly , such a 
d e c i s i o n i s never popu l a r and t h i s i s why 
i t must be t aken by t h e h i g h e s t a u t h o r i t y i n 
a c o u n t r y , a s i t c o n s t i t u t e s a p o l i t i c a l and 
economic d e c i s i o n . 

N.B. This p o s s i b i l i t y may be of i n t e r e s t t o 

t h e d e v e l o p i n g c o u n t r i e s . An a t t e m p t has 

been made t o c a l c u l a t e t he b e n e f i t s t h a t 

cou ld be o b t a i n e d i n p a r a g r a p h 2 . 4 . 2 . 
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2.4 Overall examination of the cost of assembling a vehicle 

2.4.1 Variation of assembly costs in relation to productior 

Paragraph 2,3.2 has shown the variation in each one 
of the factors that make up the assembly cost of a 
vehicle according to the rate of output. 

These various remarks may now be summarized in 
order to •:íhow how the cost of assembling a vehicle 
may develop according to annual production. This 
variation is shown on Chart No. 9 where the ordinate 
shows the assembly overprice in relation to 
production volume. 

For each level of production the overprice is 
estimated in relation to the assembly cost of the 
same model built in an industrialized country at a 
rate of 300,000 units per year. A popular medium-
sized vehicle has been chosen in this case with a 
cylinder capacity of 1000 cm3. Overprice 0 thus 
corresponds to the production of 300,000 units a 
year. 

This curve indicates that assembly overprice is 
very high for low rates of production and that it 
decreases rapidly as the output increases. From 
90 to 140% for ia,000 vehicles a year, it drops 
to 70 to 100% for 25,000 vehicles a year and is 
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only 15% to 30% for a rate of 100,000 vehicles a 
year. 

On this chart, the upper curve corresponds to a 
low mechanized plant, assembling only one vehicle. 
It may be specially noted that low mechanization 
of a plant plus a great number of models results, 
for a given capacity, in a high overprice. The 
lower annual output, the higher the overprice. 

2.4.2 Study of a numerical example 

In order to clarify the previous chapters, the 
variations of assembly costs for a private 
vehicle have been computed. 

A) Calculation hypotheses 

The vehicle chosen ÍH a popular medium-sized 
one. Assembly is done in a country which is 
already fairly industrialized with moderate 
climate. Furthermore, it is assumed that the 
plant is highly mechanized, even for low rates 
of output and that it only assembles one model 
of vehicle. 

For an output of 10,000, 25,000, 100,000 and 
300,000 vehicles a year, the assembly cost 
has been reconstructed on the basis of the four 
main factors previously indicated. 
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The labor hourly rate has been fixed at 12 FF. 

Minimum depreciation periods have been cal-
culated as follows: 

Buildings 20 years 
Equipment 7 years 
(except painting) 
Painting equipment 10 years 
General facilities and 
services 7 years 

Tools, specific or not, are small if compared 
with total investment, and therefore have 
not been detailed separately in this example; 
they are included under "equipment" and are 
therefore depreciated over 7 years. 

N.B.: Land is not depreciated. 

For each level of production, total investment 
has been measured on Chart No. 1, The propor-
tion of the different categories of investment 
in the total amount of investment has been 
chosen as follows: 

Buildings 40% 
Equipment (except 
painting, including tools) 
Painting equipment 15% 
General facilities and 
services 15% 
Land 5% 
Total investment 100% 
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For each level of production, the assembly-
cost has been calculated for three different 
periods in the life of a model, corresponding 
to a decision to "freeze" the model of the 
vehicle for 7, 10 or 15 years. 

B) Breakdown of assembly costs per vehicle 

With a view to detailing the structure of 
assembly costs. Table No. 2 shows, for 
different levels of production, the breakdov/n 
of assembly costs according to its four 
components. This chart corresponds to a 
model "frozen" for 10 years. It was not 
considered necessary to indicate the percen-
tage corresponding to a model "frozen" for 7 
or 15 years since the figures would be 
practically the same. 

It should be emphasized that this assembly 
cost structure refers to a country which is 
already industrialized and where labor is 
expensive. This is the reason why direct 
labor expenses already represent 30% of the 
assembly cost at a level of 10.000 vehicles 
a year and more than 50% in cases (theoretical 
cases) where output totals 300,000 vehicles 
a year. 
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Table No. 2 

Breakdown of the unit's asseitibly cost in 
a country which is already industrialized 

(value added) 

Production: vehicles/year 
10,000 25,000 100 .,000 300 000 

Percentage of unit 
assembly cost % % % % 

. Direct labor costs 34 37 43 51 

. Manufacturing costs 29 28 27 25 

. General overheads 24 23 19 16 

. Depreciation 13 13 11 8 

UNIT ASSEMBLY COST 100% 100% 100% 160% 

* This table is illustrated on Chart No. 10. 



«5 c o o 
J-l •w o «0 

1-t •u 0) • o to' o <U to •rJ 
0 4J to M v U c u «W c x: <U 

a; m u M 
u »-< C a . V O. 
u n X > <u 
« a S (U o Q x: u 

w o < 

s 
w a 
b3 

O M r-f <i H fl M C g O 3 H tr b «H o u pL IS 
U fi Ü 

O 
H w CO P 
S O u w D 

n o u 

w ij o M 

fu 
H C/3 O 
Ü 

cq 

O 

eo M V to u a> <0 r-< t—1 4-1 o u 
iJ .Q o c o 1-1 to 
c B t-( 01 u w u 0) x: o o u n Vl> M 3 •H u 01 > P •a c u to O D 
>w O <u o. 

PM 

o o CO 
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C) Examination of results 

Table No. 3 shows the assembly cost per 
vehicle for different levels of production 
and for different periods in the life of the 
model studied. 

Figures are given as indices; base 100 
represents the minimum assembly cost for a 
production level of 300,000 vehicles a year, 
the model being frozen for 15 years. 

For a better illustration of the results. 
Chart No, 11 shows the assembly costs per 
vehicle, according to the production. On 
this chart, three similar curves may be seen, 
each corresponding to one of the three 
freezing periods of the model. 

The "freezing" of the model will be seen to 
reduce assembly costs, particularly when the 
model is frozen for a longer period. On the 
other hand, this advantage is greater when 
output is low. 

However, mention should be made of the fact 
that the freezing of a model only reduces 
slightly assembly costs because in the case 
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of an assembly plant, investment in equipment 
is of little importance compared with a machi-
ning or pressing shop. Only investment in 
buildings is high, but as the law requires a 
minimum depreciation period of 20 years, this 
does not have much effect on assembly costs, 
as the life span of a model is always less 
than 20 years. 

Table No. 3 

Variations in Assembly Costs in Relation 
to Production 

The case of an industrialized country (as an index) 

Assembly cost per 
vehicle 

Production: vehicles/year Assembly cost per 
vehicle 10,000 25,000 100,000 300,000 

model frozen for 
7 years 203 176 128 105 

model frozen for 
10 years 201 172 124 103 
model frozen for 
15 years 197 168 121 100 
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The very rapid decrease that is observed on . 
Chart No.11 as soon ^s production increases 
to ,10,000 vehicles a year, is due to the 
fact that the hourly rates of direct labor 
used in the calculations are high. As soon ^ 
as production goes up, and because the plant 
chosen for the example is highly mechanized, 
assembly time decreases apace and the effect 
on direct labor costs is all the more appre-
ciable as labor rates ar^ high. 

For 100,000 vehicles a year, the assembly 
.óverp.rice is not more than 25% and it becomes 
negligeable for 200,000 vehicles a year. 

D) Conclusion 

'This example confirms the remarks made in 
the preceding paragraph and gives a clearer 
insight into the value of "freezing" the 
model of a vehicle. 

In general, it may'be said that the cost-volume 
ratio is very obvious in the case of an 
assembly plant. Assembly overprices are very 
high for production levels of under 25,000 
vehicles a year and becomes very low as soon 
as 100,000 vehicles a year are attained with 
with an insignifcant overprice only from 
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200,000 vehicles a year and over. 

The mechanization of the assembly shop 
reduces the assembly overprice. On the other 
hand, multiple models increase assembly costs 
particularly when output is low. 

However, because of the reasons that have been 
mentioned above the freezing of mo|^els has but 
little bearing on assembly costs (3% variation 
in assembly costs for an output of 10,000 
vehicles a year, from a model "frozen" ibr 7 
years to a model "frozen" for 15 years; 
because assembly costs represent about 10% 
of the cost price of a vehicle, the final 
effect on the ex-work price of a vehicle would 
be only 0.3%). 

2.5 The Developing Countries 

2.5.1 Effects of hourly labor rate and productivity 

/ 

In the previous example, a high hourly rate for 
. direct labor corresponding to an industrialized 
country was used. 

This hourly rate may be much lower in other 
countries, especially in developing countries; 
direct labor costs and. therefore, total assembly 
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costs may be considerably reduced if the 
assembly plant is located in a less industrialized, 
country. 

However, the workers' productivity is frequently 
lower in the less industrialized countries, 
particularly in hot countries, This is a • 
disadvantage which prevents countries from taking 
full advantage of a low labor rate, 

A) Calculation hypotheses 

In order to illustrate this, the previous 
example has been reintroduced using as 
hypothesis an hourly labor rate of 6 FF. and 
productivity equal to 2/3 that of an indus-
trialized country. 

The other assumptions used in the example of 
paragraph 2.4.1 will remain the same. For 
example, it was assumed that the plant v/as 
highly mechanized and assembled a single model. 
Total investment in a plant of a given capacity, 
is therefore identical and depreciation is 
also the same. Moreover, overheads for the 

"•> / V 

different rates of production have not been 
altered. 

i 

Under these conditions, the influence of the 
hourly labor rates on assembly costs may be 
clearly determined. 
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b) Ruiui 11. c)l ca l.cu Ln 1.1 ijn?j 

The result of the calculations shc.'m or. 
Table No. 4 The assembly costs appear as 
indices, the cost basis is identical to the 
one used in the previous example; base IOC 
corresponds, therefore, to the assembly costs 
of a leading European car assembler assembling 
300,000 vehicles a year of a single model, 
with an hourly labor rate of 12 FF and 
productivity of 100, correisponding to produc-
tivity 66 in a less industrialized country. 

Table No. 4 

Variations of assembly costs in relation to production 
The case of less industrialized country 

Assembly costs 
per vehicle 

1 
Production: vehicles/year Assembly costs 

per vehicle 10,000 25,000 100,000 : 

Model frozen for 7 years 
Model frozen for 10 years 
Model frozen for 15 years 

185 
182 

• 176 

157 
154 
150 

110 
108 . 1 
106 

A study of the above table will reveal that 
assembly costs, at the same production level, 
are much lower than in an industrialized 
country (Table NO. 3). In particular, the 
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assembly overprice becomes negligeable for 
levels of production of about 100,000 vehicles 
a year. Thus the favorable effect of low 
hourly labor rates on assembly costs becomes 
obvious even if the productivity of the 

workers is much lower than in an industrialized 
country, 

C) Analysis of the results 

One must realize, however, that the benefit on 
assembly costs may be considerably reduced, if 
a lower degree of mechanization is chosen, 
because in this case assembly overtime becomes 
much higher and may even cancel out the 
benefits in direct labor expenses. 

On the other hand, it is interesting to note 
that the overheads used in our calculations, 
could be lower in a country that is not very 
industrialized; this would mean an appreciable 
reduction in assembly costs that might be 

/ 

evaluated at approximately 15%. 

D) Breakdown of assembly costs ip a country 
with a low level" oí industrialization 

To make the preceding example clearer. Table 
No. 5 shows the breakdown of assembly costs 
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for different production levels in countries 
with a low level of industrialization. 

This table refers to a real cost structure. 

The table shows that labor costs represent 
a small part of assembly costs because in the 
countries examined the labor rate is not 
very high. 

On the other hand, attention should be drawn 
to the fact that the overheads are not as 
high as in the first example (see Table No. 2). 

Finally, che very important share of manufac-
turing costs should receive special attention. 
This increase is due in particular to the cost 
of indirect labor; a plant located in a less 
industrialized country will frequently call in 
European supervisory personnel. Thus, travel 
and accommodation expenses and salaries yill 
be high and this will ex^jpnd the share of 
manufacturing costs in assembly costs, as ; 
compared with a plant located in an industria- ' 
lized country. 



Table No. 2 

Breakdown of assembly costs in less 
industrialized countries 
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Production: vehicles/year 
3„500 4,500 , 12,000 

Percentage of total cost % % % 
Direct labor costs 15 19 23 
Manufacturing costs 52 48 45 
Overheads 18 18.5 19 
Depreciation 15 14,5 13 

Assembly cost per vehicle 100 100 100 
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2„5.2 E f f e c t of assembly costS' on the s a l e s pr ice 

of a v e h i c l e 

I t i s important to e s t imate the e f f e c t of 

assembly c o s t s on the market pr ice of v e h i c l e s : 

f i r s t , on dea ler p r i c e s , and second, on 

customer p r i c e s , 
f 

h) Dealers ' p r i c e s 

In the f o l l o w i n g example, i t i s assumed that 

there i s no l o c a l incorporat ion in the 

country where assembly i s done, in order to 

grasp more c l e a r l y assembly c o s t s i n the 

s t r i c t e s t s e n s e . The f o l l o w i n g comparison 

may then be made with a b u i l t - u p v e h i c l e 

d i r e c t l y imported form the same forej^gn 

countrys Table No„ 6 . 

Tn t h i s t a b l e , the CKD c o l l e c t i o n i s assiamed 

to have á value of 100, In t h i s c a s e ; 

- the corresponding b u i l t - u p v e h i c l e for an 

manufacturer i s worth 

- the CKD, because of c o s t s of c o l l e c t i n g and 

packaging parts, and the value of the 
t 

packages, i s so ld at 112, that i s , 2 p o i n t s 

• ^ more than the b u i l t - u p one. This r e s u l t 

may seem» a p r i o r i , rather paradoxica l , 

but in f a c t i t r e f l e c t s the true s i t u a t i o n ; 
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the reason is that collection and packing 
costs are relatively high, and that the 
boxes containing the CKD must be of very 
good quality to avoid deterioration of the 
parts (usually throw away packing is used), 

Table No. 6 

Breakdown of dealer's price in the distribution network 

Locally asseinbled vehicle 
Assembly rates 

10„000 25 ,000 100,000 

Imported 
built-up 
vehicle 

Total value of the 
CKD collection' 

Built-up value 
CKD conditioning 
Transport, insurance 
commissions, freighter» 
maritime transport 
Customs duties 
Local assembly cost 

100 

12 

100 

12 

100 

12 
1 1 0 

8 8 8 11 
(to be considered accordingly) 

20 17 12 

Dealer's price in 
distribution network 
(cost price) 140 137 132 121 

Overprice in relation 
to an imported built-up 
vehicle 15% 13% 9% 
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The advantages of the CKD are felt in the i 
transportation expenses; of course, it is j 

I 
difficult to mention here any figures of | 
absolutely general value, as it is well | 
known that maritime transport varies greatly, I I 
not so much according to distance, but to the 

• ' I 
intensity of the traffic between the two | 
countries under consideration. In the example, ^ 
figures for transport between Europe and a 
main Latin American qountry (Mexico, for 
example) have been used. The transportation 
of CKD boxes is of course, less expensive than 
built-up transportation which is bulkier; | 
the relative advantage, however, is not generallj^ 
as important as may be imagined on the face of j 
it, because as the example showed, the difference 
is only about 3 points with the result that ^ • Í 
the built-up and CKD will reach the port of ' j 
destination át very similar prices. Furthermore 
the vehicle delivered as CKD will be assembled ? 
locally at a price which as has been seen in j 
this chapter will be as high as the output ' 
of the assembly platit is low o | 

V 

The previous table studies the cases of J 
assembly plants, wijth the following levels of í 
output; T 

- 10,000 vehicles a year 
-25,000 vehicles ayear 

• -j - 100,000 vehicles a year 
• -r 
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% 

. I 
•I and for those levels, it may be considered that 

r 
5 

? 
•I 

assembly costs, compared with those of a 
leading international manufacturer are higher, 
i.e. about: 
- / 100% 
- / 70% 

- / 20% 

respectively. 

Thus the differences, compared with a built-up 
vehicle, are approximately as follows; 

- 15% for 10,000 vehicles a year 
- ,13% for 20,000 vehicles a year 
- 9% for 100,000 vehicles ayear 

Obviously, these are average figures that 
may ^e modified in many cases for several 
reasons ranging from particularly advantageous 
sales conditions granted to a developing 
country (dumping by an international manufac-
turer) to advantages due to differences in 
tranportation costs between CKD'fe and built-ups-
that may be higher^ than those used here. As 
a result, it appears that the assembly opera-
tions carried out in developing countries, and V 
for small markets as it is often the case, 
the locally assembled vehicle will reach the 
dealers at prices that are 15 or 20% higher 
than imported vehicles. It should be noted 
that in relation to the price of the country 
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of origin, the overprice is even greater ^ 
"ti because in the case of a plant assembling 

10,000 vehicles a year the index 140 should : 
i 

be compared to the index 110, i.e. a difference 
of 27 or 28 %, Í 

• 'i 
But the fact is that very often assembly 1 
operations are carried out, in developing 
countries at a rate which is much lower than 
10,000 a year. 

Chart No. 11 suggests that for the case of 
production levels below 10,000 a year, assembly 
costs tend to increase very rapidly; differences 
of about 80% may be easily attained compared 
with the prices obtained by very developed 
countries, in fel^e case of assembly plants 
whose output is very low. 

B) Customer prices 

The dealer's distribution margin which varies 
in the different countries between 12 or 15% 
to 30%, slightly modifies the effect of 
assembly costs on customer prices, ^ 

Assuming that the distribution margin is 25% 
the figures would be as follows: 



Table No. 7 

Customer's Price Breakdown 
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Locally assembled vehicle Imported 

'Vehicles/year built -up 

10,000 25,000 100,000 
' ! 

EJealer price 140 137 132 121 
Distribution margin 46 45 43 40 
Customer price 186 182 17 5 161 
Overprice as compared 
with built-up 

Í-

16% 13% 8% -

2.6 Conclusions on the Cost-Volume Ratios for an Aseeniblv 
— — — — — — — — — , A— 

• Plant 

From ithe remarks made in the previous chapters, it 
may be concluded that; 

2.6.1 Necessary investment • 

The amount of investment ii| an assembly plant 
increases with that of production. Investment 
increases rapidly for small output^ 
(scale-up factor 0.70) , but this increase slows 
4own when high assembly rates of the order of 
100„000 vehicles a year ar^ reached (scale-up 
factor 0.4). 
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The a m o u n t o f t h e i n v e s t m e n t w i l l d e p e n d on t h e ; 

d e g r e e o f m e c h a n i z a t i o n c h o s e n f o r t h e p l a n t ; 

t h i s e f f e c t i s o n l y f e l t i n t h e c a s e o f s m a l l ! 

v o l u m e s o f p r o d u c t i o n s i n c e h i g h e r p r o d u c t i o n 

v o l u m e s r e q u i r e , n e c e s s a r i l y , a h i g h l y m e c h a n i z e d ^ 

p l a n t . 

On t h e o t h e r h a n d , t h e number o f m o d e l s a s s e m b l e d , 

c a u s e s a n i n c r e a s e i n i n v e s t m e n t t h a t w i l l b e 

g r e a t e r a s t h e p l a n t i s m o r e m e c h a n i z e d , b e c a u s e 

i n t h i s l a t t e r c a s e s p e c i f i c c o s t l y e q u i p m e n t 

m u s t b e u s e d f o r e a c h m o d e l » 

2 = 6 o 2 C o s t o f a s s e m b l i n g a v e h i c l e 

As fa .r a s t h e a s s e m b l y c o s t o f a v e h i c l e i s 

c o n c e r n e d t h e s i t u a t i o n may b e s u m m a r i z e d a s 

f o l l o w s : 

- The u n i t a s s e m b l y c o s t d e p e n d s l a r g e l y o n t h e 

v o l u m e o f p r o d u c t i o n a n d d e c r e a s e s a s t h e a s s e m b l y ... 

r a t e i n c r e a s e s ( T a b l e JSIS, 8) , T h i s d e c r e a s e i s 

v e r y r a p i d i n t h e c a s e o f s m a l l r a t e s o f p r o d u c t i o n ' 

up t o 5 0 , 0 0 0 v e h i c l e s a y e a r . F o r h i g h e r v o l u m e s 

o f p r o d u c t i o n , t h e b e n e f i t o n t h e a s s e m b l y c o s t 
I 

i s s m a l l e r a n d n e g l i g e a b l e f o r a n o u t p u t o f 

2 0 0 , 0 0 0 v e h i c l e s a y e a r . A s s u m i n g t h e r a t e o f . ' 

p r o d u c t i o n i s e q u a l , i n t h e c a s e o f s m a l l o u t p u t , 

a g r e a t e r a m o u n t o f m e c h a n i z a t i o n w i l l c o n s i d e r a b l y 
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reduce assembly costs. The savings may be as 
much as 30% for 10,000 vehicles a year. Consi-
dering the fact that a plant producing more than 
50,000 vehicles a year must necessarily be 
highly mechanized, at this level, the difference 
in assembly cost between a relatively less 
mechanized plant and a plant having attained 
maximum mechanization is insignificant.In these 
conditions the assembly overprice become? 
negligeable as output totals 150,000 a year„ 

- The decision to assemble various models, output 
being equal, causes assembly costs to escalate, 
and the overprice resulting from a large number 
of models is particularly noticeable in the case 
of low or medium rates of production of about 
25,000 to 50,000 vehicles a ypar. 

As to the freesing of models which makes ^t 
possible to depreciate specific equipment over 
longer periods, this does not allow any appreciable 
cpst reduction in assembly operations because of 
the proportion of the'cost structure between direct 
labor and depreciation. 
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Finally, as far as the developing countries are 
concerned, where labor is normally less expens-ve 

Í 
than in the industrialized countries, the economy ' 

-•i 
in labor costs makes it possible to reduce the ; 
assembly costs; it has been calculated that with ' • 

1 
an output of 10,000 vehicles a year, assembly ; 
costs would normally be twice what they are in 
a plant producing large series; in a developing 
country, even if •.•.•labor productivity is very low 
as compared to the more developed countries„ 
price distorsions may be brought down to 85% 
instead of 100%^the normal figure, y 

In one way or another, assembly costs amount to 
only 10 to 12% of the cost price of a vehicle 
and therefore the doubling of assembly costs 
would only cause a rise of about 10% in the 
selling price of the vehicles. However, the 
small difference in price between a CKD com^etely 
packed and a built-up vehicles is not such that 
one could reasonably expect, except in special 
cases where the savings obta,ined on CKD transporta-
tion costs would be very important, to limit the 
difference in price to less than 15% between 
a locally assembled vehicle in a developing 
country and the same vehicle imported as a built 
one. 
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However, from the point of view of a developing 
country this difference in price is generally 
justified: 

- first, within the framework of the "social 
value" of such projects since these will 
result in a considerable value added in the 
countries; 

- second, because of indirect effects; assembly 
is a rjecessary stage opening the way for 
industrialization in the :future. 

'Í 
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Chapter 3 

The Machining and the Mechanical Parts Assembly Shops 
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Machining shops have a place of prime importance in a 
complete automobile manufacturing plant both because of 
the investment required and the quantity and quality of 
the labor needed. The contribution of the machining and 
mechanical assembly shops to the value added by the 
manufacturer is a high one. It represents more than a 
of the total value added, that is, about 12% of a vehicle's 
cost price. 

Machining techniques, though conventional, require very 
costly equipment, especially when producing large series 
as most of the very numerous machining opera-t^ions are 
entirely automatic^ The manufacturing methods used are 
characteristic of mass production, and therefore cost 
prices greatly depend on the volume produced. 

This chapter will in the first place briefly describe the 
machining and'assembly of mechanical parts. Then it will 
consider the investment necessary for a complete machining 
shopi according to the amount of production expected. 

Secondly, machining costs will be analyzed in detail and 
particular attention will be given to the cost price of 
certain parts in relation to the rate of production. 

It should then be possible tú~ détermine critical masses 
of production for the main mechanical parts and establish 
a inachining overprice curve in relation to the rate of 
production. 

VV' . 
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3.1 Machining and assembly of mechanical parts 

301.1 Mechanical parts 

Machining and assenibly operations essentially 
involve the following mechanical units: 
- engine 
- gearbox 
- front and rear axle 
- steering 
- transmission. 
In the chapter on "General Data on Automobile 

. ; Industry" it was stated that these mechanical 
\ : units represent about 35% of the cost price of 

• ' : s vehicle; the machining operations dejjcribed 
in this chapter represent, in themselves, about 
12% of the cost price of the vehicle, that is, 
one third of the price of the mechanical parts» 

3.1.2 Classification of operations 

The operations done in the machining and mechanicalí 
/ 

assembly shops may be divided into three main i 
categories: j 
- machining: machining .in the strictest sense 

and gear cutting 
- heat treatments • 
- assembly of mechanical parts (assembly, testing 

and painting of mechanical parts). 
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3„1.3 Machininq 

A) Definition: By machining is meant on the one 
hand, well known metal working operations by-
removal of particles that will be called 
machining in the strictest sense, and on the 
other hand, the cutting of gears, a less 
conventional operation to be done on special 
machines. 

B) Machines used: The different machines used 
in the machining section may be classified 
in three main categories: 

a) Conventional general-purpose machines: 
these belong to the following types: 
- lathe 
- turret lathe 
- horizontal, vertical or;.universal 

milling machine 
- sensitive drilling machine or radial 

drilling machine 
/ 

These machines are also used by other 
industries than the automobile industry. 
They are not expensive and are part of the 
normal equipment of small mechanical or 
maintenance shops. There is always a second 
hand market for these machines even if they 
are 20 or 25 years old. 
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b) Standard machines 

These are semi-autoinatic machines, for 
example, multiple spindle lathes and 
autpmatic lathes. These machines, though 

i 

"4 

f 
expensive, are well known in the engineeringi | 
industry where they are used for mass y 
production. They are not specific to the c 
automobile industry and may be reused for 
other manufactures although not so easily 
as the general-purpose machines. This is 
the reason why their resale price after 
depreciation is appreciable, in particular 
if tl̂ ey have not become obsolete upon the 
appearance of new models. 

c) Special or transfer machines 
< 

Machines specially designed for very specific; 
operations on given parts fall into this 
category, .for example, multiple head machines, 
drilling and milling machines specially 

/ 

equipped with clamping and handling features J 
These machines cannot be adapted to the 
machining of other parts unless very importaiil 

•Í! 

modifications are made, involving a large 
of the value of the machine. These are 
very expensive machines and are used only 
fpr very large series. 

' c V-
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From this brief description it is easy to 
see that for different production rates, 
tools and machines are designed quite 
differently depending on whether the series <• 
is small, large, or very large. Most of ¿ 
the machines first are of the conventional typf 
but then, more and more of the machines are .5 
standard automatic machines, and finally a 
large nunúDer are transfer machines producing 
large series. 

Considering the very high cost of high 
output machining equipment,it is obvious 
that investment in equipment (machines and 
tools) will increase heavily with the rate 
of production; this problem will be studied 
in more detail in chapter 3.2» 

C) Description of the machining shop 

The organization of a macKning shop may be 
described as follows: 

/ 

t a) Warehouse f 

The parts coitiin̂  from the forging and ' 
casting shops are stored in this sectiono 
The parts delivered to the machining depart-
ment are, in principle, in good condition, 
however they undergo reception checks 
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(quantity, aspect, labeling) and mechanical | 
checks (hardness testing) . These pai;-ts f 
are grouped by type of vehicle. | 

I 

b) Productive sections | 

This covers the different departments of the 
shop where the machining operations are done. ; 
They may be classified as followss 
i - machining of engine mechanical parts ' 

- engine block 
- cylinder lining 
- cam shaft 
- crankshaft 
- pistons 
- connecting rods v| 
- clutch 
- water pump -! 
- oil pump • : 
- rocker arm 
- exhaust and intake manifolds 

ii - Machining of the mechanical parts of the 
/ 

of the gearbox - differential 
- gearbox 
- differential 
- transmission . • 
This part includes both machining ^nd 
gear cutting operations. 

iii - Machining of strictly mechanical units 
- steering 
- front axle assembly 
- rear axle assembly 
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c) O therms 

i - miscellaneous chemical products deposit 
and tool warehouse 

ii - tool and maintenance shop 
tool sharpening shop 
gauging shop 

d) Control section 

This section is in charge of the quality 
control of machining, first during manufacture; 
and second, on the final product. After 
control, the parts are classified as follov;s: ;; 
- good products 

" i 

- reworks s 
- rejects 
- recoverable products 

3ol.4 Heat treatments 

In a machining shop the purpose of the heat 
treatment is to modify the mechanical properties 
of the surface of the n^chined parts in order to 
increase the superficial hardness of the parts. 
Greater hardness will 'ensure greater resistance 
to wear and tear o 

The part is first heated to its point of trans-
foripation, then it is cooled fairly rapidly in 
water, oil , oir. a bath of a special compositiono 
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Hardness is a function of: 
- heating temperature 
- cooling speed 
- cooling agent. 

Furthermore, drop-forged parts coming from the 
forge must be submitted to a normalizing treatment 
and then will go to the shot blasting. 

I I 

The parts that are to undergo heat treatmer>t 
are arranged in trays according to the type of 
part. They include connecting rods, steering 
knuckles, wheelshafts, pinions, synchro-mesh 
body, sliding gears, and secondary shafts. The 
heat treatment will be, in this case, adapted 
tp each type of part. 

The other parts, will be arranged in bulk in boxes; } 
these are various axles, fork shafts and forks. ' 

f 
• • ' ' i 

The equipment u^ed for heat treatment may be -j 
'i 

classified in two main categories: f 
/ , Í 

- ordinary heat treatment equipments ;; 
- furnace / 
- controlled atmosphere ̂ ene:rator Á 
- revolving furnace ' . ( 

- crucible furnace i 

-annealing furnace • 
- hardening press . 

- induction quenching material with high frequency , 
heating. 
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3 o 1» 5 Assembly of mechanical units 

All the mechanical units out of the machining, and f: 
gear cutting shops after the appropriate heat 
treatment are stored in a special warehouse for 
manufactured products. There is also a reception 
shop for parts needed for the asseitibly of the 
mechanical units and coming from the outside. 

The six main mechanical units may be divided 
into 3 groups? 
- the engine 
- the unitss steering 

front axle mechanism 
rear axle mechanism 

- the mechanisms; gearbox - differential 
transmission 

For each one of these six units the following 
operations must be done in the assembly department: 

A) Preparation 

I 

This involves checking, in order to allow for 
adjustment and subsidiary assemblies, and then, 
mounting of the sub-assemblies. All the 
sub-assemblies needed for the assembly are , 
gathered together and taken to fjie assembly 
stations. 
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B) The Assembly Line 

The assembly line involves a sequence of ope-
rations in which the main part receives as it 
moves along the line^the subsidiary assemblies 
and the secondary parts. 

Different solutions may be adapted for the 
assembly line. The usual principle is to 
place the main part of the unit to be assembled 
on the line, at the top. The parts that have 
to be integrated are then placed all along the 
line in storage boxes, according to the 
sequence pf the operations. 

Less automatic lin^s may, however, be used; in 
general, the following lines are to be found 
(they will be chosen according to the rate of 
assembly, the amount of mechanization, or the • 
type of unit bo be assembled) ; 
- individual station 
- manual round conveyor 
- mechanical round conveyor 
- manual horizontal tray 
- mechanical -horizontal tray (tourniquet) 
- manual ground.conveyor 
- mechanical ground conveyor 
- overhead conveyor with carriei; arms 
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In the line as v^ell as in the preceding | 
preparation stations, numerous non-specialized 
tools will be found such as: 
- presses 
- screw drivers 
- compressed air cleaner 
- special parts 
-dynamometric wenches 
as well as ejection assemblies and control 
assemblies which are, in principle, specific 
to a type of unit and to a type of vehicle. 

C) Testing 

The purpose is to ensure the good working 
order of the units which have been assembled. 
Essentially this involves: 

I 

} j 

a) Engine tests j 

i - working tests - all motors undergo ; 
these tests which make adjustments possible^ 
The engine is installed on a testing bench,' 

i 

the ignit;ion mechanism is adjusted and the 
noise level of the cylinders is checked. 
Testing time is from 5 to 10 minutes» 1 

f 

ii - sample tests - a certain number of 
engines undergo more complete tests during ; 
which endurance and consumption are tested í 
and motor power is measured. 
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b) Gearbox testing f 

All gearboxes go through the noise level 
test in a soundproof chamber. Testing is 
done at all speeds forward ar>d backwards. 

D) Touching-up 

> 

•t 

y fv 

The units which are not up to the manufacturer'é 
standards are sent to this section where the 
necessary corrections are made. The units 
are then sent back to the testing section for 
furthej; checking. 

E) Asseirüaly - painting 

The engines and gearboxes approved by the •if 
testers after the checks are coupled. The | 
motor-gearbox unit which has thus been 
formed constitutes the power-train unit and • . " • j 
is then placed in a special calkin to receive ; 
a coat of paint. 

F) Control 

All along the assembly line the:i:e are checking; 
stations. To avoid any reworks it is necessar.j 
to assure; 

i - the quality of the parts and sub-assemblieí 
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ii - the cleanliness of the parts (absence 
of dust) ? parts are washed or blown. 

iii - the absence of damage generally caused 
by faulty packing or handling mistakes. 

The main parts to be checked will be (for Í 
the engine); 
- fitting of the connecting rod - axle and 
piston group 
- dynamic balancing crankshaft/steering 
- lateral clearance of crankshaft 
- rocker arm adjustment 
(for' the gearbox) : 
- interlocking of gears 
- conic distance 
- ball-bearing final fitting 
- working tolerances 

• . • • ' i 

3 <,2 Determination of investment in machining and mechanical 
:assembly shops 

/ 

In this chapter the total amount of investment necessary 
•for a machining and mechanical assembly shop will be 
determined according to the.different hypotheses of v 
production rates» ' 

Furthermore, the effects of the degree of mechanization 
and of the variety of models on investment will be 
examined. ; 
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3.2,1 Classification of investment 

In general^ investment may be divided into the 
following main groups: 
- land including land grading 
- buildings: industrial halls 

service buildings 
- shop equipment: machines and installations 

manufacturing and control tools 
- general services and utilities: 

electricity - compressed air - water - vapor 

It'may be estimated that in total investment 
the share of each of the following categories 
is rowghly as follows: 
- land grading (purchas® price 

not included 1 to 3% 
- jDuildings 8 to 13% 

- equipment 75 to 85% 
- utilities^ general services 2 to 5% 

N.B, This classification does not include the 
price of the land which will mainly depend 
qn where the plant is located. 

In order to give a more detailed picture of the 
share of a machining and mechanical assembly 
shop in a complete manufacturing plant, for 
example, investment in a machining and mechanical 
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assembly shop in a complete manufacturing plant 
producing lOQ.OOO vehicles a year, with an 
integration rate of 95%, coulfi be faid to represent|. 
about 35 to 40% of the total investment in the 
complete plant. 

The previous table shows that investment in 
equipment accounts for nearly all the investment, • 

3,2,2 Investment and annual production ratio 

The equipment used in machining, as has been 
stated, varies considerably according to the rate 
of production; in particular, faster and more 
specialized machines will be used as output goes 
up, which also means that investment in machinery ,| 
will be increase4 as the production increases. It v 
may therefore be concluded that the increase of 
production is tied to a higher.'.dégíse of mechani-> 
zation and automation. 

All of these observations have been plotted on 
Chart No, 1 where annual production is found in 
the abscissa and the total amount of necessary 
investment (land excluded) is shown on the ordinate. 

The effects of _ economy of scale 

a)Low and medium rates 

If all the machining operations are to be 

.r 

integrated for productions of 25,000 vehicles 
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r 

a year, it should be noted on Chart No. 1 
that investment is high even for low rates 
of production. Between 25,000 and 100,000 I 
vehicles a year, the scale-up factor is X 
about 9.4. This means that when production 1 
|s doubled^ investment is. multiplied by 1.32 
to 1.35 f 

'f-

0 '' 
b) High rates ,; 

When dealing with high production rates, the 
scale-up factor is about 0.37. If annual 
production is doubled, passing from 100,000 
to 200,000 vehicles a year, investment in 

< 'jr; . the machining shop would need tc be multi-
plied by 1,28 to 1,30. This high investment 
corresponds to the purchase of an increasing 
number qf special machines and transfer 
machines„ 

c) Progressive integration of machining 
pper^tions 

/ 

However, it should be noted that very 
frequently only part of the machining ope-
rations are done, when output is less than 
100^000 vehicles a year. The purpose being 
to reduce investment which, as has been 
seen, is very high. Obviously, integration 
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is progressive. At a rate of 25,000 vehicles^' 
a year, machining operations will be done | 
for those parts in which a fairly competitivef 
cost price can be obtained in comparison 
with the leading manufacturers. More so, i: 
only those parts that may be machined with •) 
low investment will be manufactured. 

For about 80,000 to 100,000 vehicles a 
year, machining operations are usually fuUy 
integrated. In the paragraph on "Machining 
Costs" it will be seen that at this level, 
a cost price oply slightly higher than that 
of a big car manufacturer is obtained, and 
thus total integration is preferred. 

4 
B) Effects of mechanization 

, Machine tools are divided in^o three categories 
according to their uses small serias, big 
series, very big series. Each category is 
adapted to the corresponding rate of production, 

/ 

that is, the rate of production at which the 
minimum machining costs are obtained, as will 
be seen further on in this study. 

It would not be economical therefore to use 
conventional general-purpose machines for very 
big series as the machining cost would be very 
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J-

high due to the number of machines and 
i; 

workers that would be proportionately necessary 
with the increase in production. It would 
also be necessary to enlarge the building | 
surface. Thus, no profit would be obtained 
from the effects of . eqonomy of scale and 
the total investment curve on Chart No. 1 
would be a straight, 60 degree line. 

Conversely, special machines of the transfer 
machine type should not be used for a low 
output; these machines are very costly and 
must therefore be depreciated over a very great 

••K 

pumber of vehicles if reasonable machining 
costs are to be expected. 

It is therefore important to realize that for 
each production rate there is a given type of 
machine and, consequently, a given investment; 
level. This is Shown on Chart No. 1 which ! 
shows the type of machinery to be used according 
to production rates. ' 

» 

However, a compromise may be reached between 
on the one hand-, a high investment with ; 
specialized, costly machines and a smaller : 

I 

work forcer and on the other hand, a smaller 
investment with a greater number of general-
purpose machines which are less expensive, and 
a big wprk force. This is a matter that must . 
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be stu(3ied on a case-by-case basis and which 
depends on the cost of labor in the country 
under consideration. 

I f t h e m e c h a n i c a l u n i t a s s e m b l y s h o p i s 

s t u d i e d , a p a r t i c u l a r a m o u n t o f l m e c h a n i z ; a t i o n 

may b e e v e n t u a l l y c o n s i d e r e d f o r t h e same 

g i v e n v o l u m e . I f a l e s s m e c h a n i z e d a s s e m b l y 

s h o p i s c h o s e n , i t i s c l e a r t h a t t h e l a b o r 

f o r c e w i l l h a v e t o b e e n l a r g e d , b u t i n v e s t m e n t 

w i l l b e r e l a t i v e l y l o w e r ^ 

However, in a mechanical assembly shop, the 
plar>t, machinery, equipment and tools represent 
but a small part of the investment needed for 
a machining and gear cutting shops about 4 to i 
7%„ High mechanization in the mechanical 
assembly shop would.mean a cost increase of | 
about 50% out of a total of 4 to 7% of the . | 
total investment required, that is, that it 
would mean only a small increase in total 
investment for a complete machining - heat 
treatment and mechanical assembly shop. Even 
assuming that the machining shop is not 
very mechanized, i.e. with a low output and 
general-purpose-machines, the part of the 
mechanical units assembly is always small; 
an increase of automation in this assembly 
equipment which is not justified in this low 
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rate hypothesis, will have little effect on 
the total cost of a full shop. 

C) Effect of a large variety of models on 
investment ) — 

As has been seen, the rat,e of production 
offers a certain choice in machining procedures.! 

I 

As pro(¿luction increases, expensive high speed 
machinery specific to a particular model is 
more necessary. This is the case, in particu-
lar, of transfer machines that are very 
difficult to adapt to new models. ; 

However, an automobile manufacturer will try, 
once he has decided to change a model, tp keep 
^s many of the main characteristics of the 
mechanical units as possible, to be abl-s. tp 
reemploy certain very specialized machines. 

This is only possible when the ^nodels are not 
very different as to power, cylinder capacity, , 

,1 

and engine design. For very different models, 
it is not possible, in general, to reuse the i 

i 

special machines except when very important i 
and expensive modifications are made. 

f. 
I ^ ft ' 
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Of course, as far as small outputs are c^oncernedé 
because general-purpose non-specific machinery 
is used, a change in modgl does not imply large : 
additional investment. 

It may then be concluded from this rapid J 
analysis that a large number pf models will ; 
push up investment, and that this will be 
higher in the case of high rates of production 
and models with a great difference in mechanical 
design» 

Tjie problems arising from a variety of models 
be dealt in the chapter on " Total 

Machining Costs" as it is:from: this angle that 
investment should be considered. 

3=3 Study on machining and mechanical assembly costs 

In the first place, the way in whicl^ these costs may be 
broken down will b^ studied, and the variation of the 
different parameters of machining and assembly costs will: 
be analyzed in relation to annual production rates. At 
the same time, the effects of greater or lesser mechani-
zation will be considered. , 

It will then be possible to examine the total variation 
of machining and assembly costs in relation to production; 

•I 
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In tl>e course of this study, detailed examples will be j 
given on the machining cost of certain mechanical pa^rts. Í, 
With this information, it will be possible to examine | 
áetail, in chapter 3 <.4 . the machining and assembly • 
overprices at different rates of production, 

3,3.1 Breakdown of machining and mechanical assembly ) 
costs 

It is necessary to divide these into two partss 
machining costs and assembly costs. • 

Ji) By machining cost is understood the total , 
cost of obtaining machined parts from rough >1 

• • ''I 

partSo Thvis the cost priqe the machined { 
parts is the sum of two elements: 
- the cost of rough parts. 
'- machining costs (value ac^ded^ ' 

a) the cost of the r̂aw parts is the <^irect 
, cost price at shpp level of the parts 
manufactured in the forging shop or foundry , : 
or from steel sheets» • 

b) machining costs are CQsts ^elating to 
three operations: J 
- machining ; 
- heat t^reatment ^ 
- gear cutting 



156. 

B) By assembly costs is meant all expenses necessjryj; 
to obtain mechanical assemblies from machined 
parts. The cost price of assembled units is 
therefore the sum of two elements: 
- the cost of machined parts 
- the assembly cost. ; 

3.3.2 Analysis of the cost price of an engine 

The total cost price of an engine including 
accessories, may be broken down in such a v/ay to 
show the value added by the manufacturer. The 
following example corresponds to a medium-cylinder 
capacity engine of about 1100 cm3. 

% 

Raw material purchases 
(steel sheets, steel bars, 
iron, aluminum) 9 to 11 

'i • 
Purchase of manufactured 
products (carburator, dynamo, 
coil, starter) 35 to 40 
Processing cost (value added) 50 to 55 

o Total Cost Price 100 

The processing cost, that is, the value added, 
covers the various operations done in different 
shops (forge, foundry, machining, heat treatment) 
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The value added may be divided among the diifc-rcnt ^ 
shops as follows: 

Breakdown of the value added in an engine 

Iron foundry 
Aluminum foundry (cylinder head) 
Forge 
Steel sheets 
Machining, heat treatment, 
(screw cutting) 
Assembly 

Total Value Added 

% 

25 to 30 
3 to 5 
3 to 5 
2 to 4 

50 to 55 
9 to 11 

100 

N„B. In this example, the share of the forge is 
rather small ; in this case a manufacturer 
sub-contracts a large number of the forging 
operations. 

/ 

The very large share of machining operations in 
the manufacture of an engine should be noted 
(more than half the total value added by the 
constructor) while"assembly is only 10% of the 
total value added. 

The value added by the machining shops (machining, 
heat treatment, screw cutting) may be broken down 
into different factorss 
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Direct labor 
Manufacturing expenses 
Overheads . 
Depreciation 

% 

25 to 30 
35 to 40 
12 to 16 
18 to 22 

Value added by machining shops 100 

This subdivision shows the importance of 
depreciation in a machining shop, about 20% in 
this example. 

3„3.3 Analysis of the cost price of a gearbox 

For a medium cylinder capacity vehicle of about 
1300 cm3» the cost price of the gearbox is 
established as follows: 

Raw material purchases 
Purchase of manufactured 
products ' 
Processing cost (value added) 

10 to 15 

30 to 35 
45 to 50 

Total cost 100 

NoB. Purchases of manufactured products account 
for a high pjroportion in this example; they 
are mostly rough forged parts bought from 
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a sub-contractor. This example is, however, ]¡ 
1 

meaningful as it reflects the general tendency 
of big car manufacturers to subcontract > 
forging operations so as to devote themselves^; 

to the more difficult operations» in this , 
case, the cutting of gears, also requiring a 
a higher investment, ^ 1 

The value added by the manufacturer in the 
different shops may be broken down as follows: ; 

% 
Aluminum foundry 1 to 2 
Forge 7 to 9 
Machining, gear cutting 76 to 82 
Assembly 9 to 10 

Total Value Added .100 , 

N«B. The example refers to a gearbox with aluminum 
housing» It should be irientioned, however, 
that many manufacturers continue to manufacturi 
cast iron housings. ;; 

The share of the forge is obviously small as 
the manufacture of rough forge pinions is 
farmed out. 
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3o3„4 Analysis of unit machining costs 

It has been observed that for different production 
• rates» it is necessary to adopt different manufac-, 

turing techniques which are suited to those rates. 
Manufacturing techniques are characterized by 
the percentage of each one of the categories of ' 
machines used: 
- general purpose machines 
- standard machines 
- special or transfer machines, 

A) Machining times 

As more and more standard machines and special 
machipes are used, machining time decreases?, 
this variation in machining time is shown in 
curve 2A which plots this general trend 
acpording to the technique used at different 
rateso Indeed, for each rate a different 
proportion of machines in each category will be 
used and the, curve of average machining time 
will regularly fal'l,as shown in the chart. 

In order to show the savings in machining time,;' 
Chart 2B shows -the variation of machining time 
in index number for different mechanical partsA 
Base 100 has been taken as being common to 
all parts and is equal to a machining time of 
10 units an hour» 



Unit machining time 

- chare n° 2a -

GENERAL EVOLUTION OF UNIT MACHINING TlMg 

m RELATION TO THE VOLUME OF PRODUCTION 

()1 

15 000 50 000 100 OCD 150 000 200000 

car p roduc t ioc 
v e h i c l e s per y e a ^ 

300 000 



1 6 : 
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If it is considered that parts such as the 
engine block and the crankshaft constitute the 
major part of the machining cost of the 
mechanical units, it is possibly to roughly 
plot the variation curve of. tiotal machining 
time for mechanical units. This is shown by 
the thickly marked curve on Chart No. 2B. 
MacMning time varies as follows: 

Units/hour 10 25 50 100 12 5 

Total machining 
time for mechan^ 
cal units (INDEX) 100 60 34 18 17.5 

B) Depreciation 

The cost of machinery will be increasingly 
higher, as more special machines are used. 
Investment in machinery will, then, have to 
be depreciated over a vast number of parts. 

In reference to depreciation periods, the 
following rates would be feasible? 

General-purpose machine 10 years 
Standard machine 7 years 1 
Special machine 6 years | 
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Depreciation charges for each machined part 
will be very high therefore for small volumes 
but will decrease rapidly as the; rate increases; 
this is due to the fact that specal and transfer 
machines which are the most expensive ones are 
also the most specific to a given mechanical 
part and, in general, to a specific model of 
vehicle. It is therefore necessary to depre-
ciate over a fairly small period, ioe, the 
minimum expected market life of the model, 
that is, about 5 or 6 years» As these special 
machines are only used for a very big output, 
they are only likely to be depreciated over 
a rather small number of years. 

C) Manufacturing costs 

'As.far as manufacturing expenses are concerned 
three main groups may be distinguished: 
- indirect labor 
- consumable goods 
- maintenance costs. 

/ 

All of these items increase proportionately or 
less than proportionately to production; 
consumable goods increase proportionately with 
production, indirect labor costs increase less 
than proportionately with production, but they 
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will be higher if increasingly specialized 
I 

machines are used, in which case the organxza- ji 
tion of the shop will be more complex and more / 
technical supervisory personnel will be needed.| I Planing will have to be done with great care, } 

) 

since a shop with special machines can be 
operated much less flexibly than a shop using i 
general-purpose machines only. ' 

Finally, maintenance costs are much higher in 
a very automated shop with transfer machines. 
Logically, due to the very high rates and the 
specialization of the machines, it is absolutely 
vital to avoid any trouble or unexpected 
bjreakdown. 

D) Variation of̂  the machining unit costs in 
relation to production 

The previous analysis, together with a more 
detailed study carried out at certain plants 
leads one to the conclusion that unit machining? 

/ costs fall sharply when production increases. 

The general shape of the curves is seen on 
Chart NOo 3s the abscissa shows the annual 
production and the ordinate the unit machining 
cost fojT one mechanical part. 
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However, the break-even point for standard 
machines and for special machines will be 
different according to the parts undei; consi-
deration. It will therefore be necessary to 
make a cost forecast for each part and for 
the output desired in order to be able to 
determine which is the best manufacturing 
technique. 

Labor skills 

It should also be mentioned that general-
purpose machines demand a higher proportion of 
qualified workers; in spite of the use of 
machining assemblies to guide the v/orker̂ , work 
on general-purpose machines demands a great 
deal of care and attention, T]iis may be a 
disadvantage in a country where skilled labor 
is rare» In the case of special machines, the 
nximber of qualified workes needed is much 
smaller» But on the other hand, special and 
transfer machines require control, maintenance 
and check-up personnel which is relatively 
nximerouso In the latter case^ however, it is 
a matter of indirect labor which increases less 
than proportionately with the volume» 
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3.3„5 Analysiá of the mechanical assembly cost 

In the case of a mechanical assembly shop, the 
variation of the unit assembly cost will be very 
similar to the one just studied; the unit 
assembly cost of a mechanical unit decreases very 
rapidly as production increases but this decrease 
is no longer noticeable if annual production 
totals more than 100,000 vehicles a year. This 
decrease is due to a better organization of the 
assembly shop, partially because of a higher 
degree pf mechanization in the assembly line. 

However, an automobile manufacturer has a wider 
margin to choose from when deciding the degree 
of mechanization for the mechanical units assemly 
line. In the case of a mechanical assembly shop, 
a low degree of mechanization will mean assembly 
overtime, and thus,higher labor costs. This i 
increase will not be completely cffiset by smaller 
investment» The unit assembly cost will thus be ' 
higher if there is little mei:hanization; this 
tendency will be,more marked if the mechanical 
unit assemjDly rate is low. Indeed, it would not 
be economical ^o have an assembly shop with little 
mechanization for'hi'gh output because it must be 
able to follow the manufacturing pace of the 
machining shop. 
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This is why on Chart No. 4 there are two 
curves that tend to join for high assembly ; 
rateSo The upper curve shows assembly costs / 
for a shop with reduced mechanization and the t;.! 
lower curve shows the same cost for a highly 
mechanized shop. This is a rather theoretical 
Thypothesis and the chart only shows the general 
trend of the curves. In fact, it may be 
considered that as soon as a production of 
50„000 vehicles of the same model is reached, 
the assembly shop is highly mechanized» 

3o3 = 5 Detailed analysis of the machining cost of certain 
mechanical parts 

win order to give a more precise illustration and 
.to confirm the prenading analysis, the following 
paragraphs,explain in detail how the machining 
costs vary for certain characteristic mechanical 
parts. 

A) Calculation bases 
/ 

a) The mechanical parts that have been chosen 
represent about 25% of the cost price of a 
complete engine <̂ 7ith all accessories. The 
machining of the following parts has been 
studied? 
- engine block 
- crankshaft 

I 
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- cara shaft 
- connecting rod body 
- valve rocker» 
Machining time for these parts represents 
about 30% of the total machining time for 
the mechanical componenbs» 

b) For each part a unit machining cost has 
been determined at different rates of 
production using the most suitable techno-
logy for each rate» 

c) In the following calculations^ it has 
been assumed that the plant is used at full 
capacity» In factj if this were not the 
case, there would be a production overprice 
which would be as high as the rate at which 
the plant is used is low. Thus, a ratio 
between the overprice and the percentage, 
of maximum capacity used will be obtained 
in the form of a regularly decreasing curve. 
For each plant of given capacity, the 
corresponding curve may be obtained. Thus, 
the machining cost curve, in relation to 
production, is a contour line that passes 
by the points expressing minimum cost price 
that have been obtained for each plant 
operating at full capacity. This is shown 
on Chart No. 5„ 
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d) By way of example, the following table 
gives a breakdown of the cost price of 
an engine, that is, the part of the engine 
that has been produced by a manufacturer. 
So the table refers to the engine alone, 
without accessories. 

Mechanical parts % of cost price 

Crankshaft 24 
Connecting-rods 6 
Pistons 3.5 
Cylinder head 19 

Valve mechanism 2 
Cam shaft 2.5 
Engine block 35 
Oil sump 8 

100% 

The crankshaft, the engine block and the 
cylinder head will be seen to represent 
in themselves 78% of the manufacturing 
cost price of an engine for a car manufac-
turer. The machining cost of the parts 
studied in the following paragraphs 
represent about 71% of the cost price of 
the engine alone, without accessories. 
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e) The following estimations are only given 
as an indication. They are only rough 
estimates as it is obviously very difficult 
to determine accurately machining times, 
and depreciation charges for each case. 
Furthermore, the incidence of the over-
heads and manufacturing costs which are 
grouped under one heading is difficult 
to estimate with any exactitude. 

These calculations are thus somewhat 
theoretical and serve only to give some 
idea of the general appearance of the cost 
curves according to changes in output. 

This is why the different machining costs 
have been indicated in index numbers. The 
base 100 for cost estimation could not be 
chosen on an identical basis because of 
the lack of information. In general, 
costs have been estimated with reference to 
the machining cost for a production of at 
least 100,000 vehicles a year5 that is, 
that of a leading European manufacturer. 
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B) Machining of the engine block 

a) Calculation hypotheses 
This study refers to an iron cast engine 
block. Three machining methods have been 
compared for'tliree different/dai.ly rates : 
- machining with high rate machines and 

transfer machines 
- machining with standard machines producing 

in large series 
- machining with conventional general-

purpose machines. 

Machine depreciation has been divided into 
three categories: 
- 5 year depreciation for machines or parts 

of machines good for only one model of 
a part 

- 8 year depreciiion for special machines 
which may be adapted to any model 

- 10 year depreciation for general-purpose 
machinery. 

Buildings are depreciated over 20 years. 
' The working day has 8 hours for one 
shift and there are 250 working days a 
year. 

Depending on the daily rate, 1 or 2 shifts 
may be necessary. Whenever it was possible 
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to choose between 1 or 2 shifts, with the 
same daily.rate, 1 shift with a higher 
hourly production rate was preferred to 
minimize labor costs which are smaller if 
only one shift is used. 

The result of the calculations is summarized 
in the following tables. Machining costs 
are indicated in index numbers. The base 
100 corresponds to machining costs for 500 
engine blocks a day using only transfer 
machines. 

Engine blocks 
/day 

500 250 150 100 50 25 

Machining 

cost 

(index) 

Transfer machines 

Machining 

cost 

(index) 

loo 122 208 430 
Machining 

cost 

(index) 

Standard large series machines 
Machining 

cost 

(index) 
125 140 170 

4 
225 360 

Machining 

cost 

(index) 
General-purpose machines 

Machining 

cost 

(index) 

430 450 



177. 

b) Examination of results 

The results of these calculations are 
illustrated on Chart No. 5. 

The results obtained show that the use of 
transfer machines may be economically 
interesting for a rate of more than 200 
a day. For these rates the use of transfer 
machines or of machining procedures using 
standard machines producing in large series 
leads to an identical manufacturing overprice 
in relation to the basic cost 100 obtained 
for 500 engine blocks machined daily (that 
is 125,000 vehicles a year). 

However, it is important to realize that 
this theoretical break-even point for 
transfer machines does not mean that it is 
advisable to set up this type of machine 
for rates of about 200 a day. As a matter 
of fact, a decline in production causing 
the output to fall' to less than 200 a day 
would bring manufacturing costs to a 
definitely higher level than if less 
specialized machines were used such as 
standard machines producing large series. 
This is because of the high investment in 
transfer machines, involving considerable 
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depreciation charges for each engine block 
manufactured, if machining output is too low. 

C) Machining of crankshafts 

The crankshaft is a part which has a high 
machining cost and which requires large-scale 

' V 
investment. 

Machining costs have been calculated for 
production rates of 10, 25, and 50 crankshafts 
an hour. The cost of machining 125 crankshafts 
an hour was already known. For each rate, the 
most suitable machining technique was chosen 
by considering that a different percentage of 
general-purpose (C), standard (B), or special 
(A) machines was used according to the rate 
chosen. This choice is summarized in the 
following table: 

Hourly rate : crankshafts/hour 
10 25 50 125 

Type of machine A B C A ' B C A B C 
% of machines of 
each type 2. 62 .36 38. 32 30 60 26 14 

Total number of 
machines 53 35 50 

Machining time 
(index) 4.7 3.1 1.85 1 

Depreciation (index) 4.8 3.5 2.3 1 

Overheads and 
manufacturing expenses 

(index) 1.7 1.3 1.13 
^ ^ A 
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W i t h t h e h e l p o f t h e s e data, variations in 

the c o f i t o f m a c h i n i n g t h e c r a n k s h a f t rnny b e 

e s t a b l i s h e d i n r e l a t i o n t o p r o d u c t i o n r a t e s . 

A l l t h e r e s u l t s a r e shown on C h a r t No. 7 . 

The o r d i n a t e shows t h e m a c h i n i n g c o s t i n 

i n d e x nui t ibers a n d b a s e 100 c o r r e s p o n d s t o t h e 

m a c h i n i n g c o s t s f o r 125 c r a n k s h a f t s a n h o u r , 

t h a t i s , .250,000 c r a n k s h a f t s a y e a r . T h i s 

c h a r t shows t h a t m a c h i n i n g o v e r p r i c e i s 

n e g l i g e a b l e f o r q u n t i t i e s e x c e e d i n g 75 

c r a n k s h a f t s a n h o u r , i . e . a n a n n u a l p r o d u c t i o n 

o f 1 5 0 , 0 0 v e h i c l e s » 

D) Cam s h a f t m a c h i n i n g 

I n o r d e r t o s t u d y t h e v a r i a t i o n s i n m a c h i n i n g 

c o s t , t h e p r o d u c t i o n r a t e s of 1 2 5 , 5 0 , 25 a n d 

10 cam s h a f t s m a c h i n e d p e r h o u r h a v e b e e n 

c h o s e n . F o r e a c h r a t e t h e number o f m a c h i n e s 

i n e a c h c a t e g o r y h a s b e e n d e t e r m i n e d , so t h a t 

t h e m a n u f a c t u r i n g t e c h n i q u e i s t h e b e s t s u i t a b l e 

f o r e a c h p r o d u c t i o n ' r a t e . 

As i n t h e c a s e o f ' t h e c r a n k s h a f t , t h e r e l a t i v e 

v a r i a t i o n i n m a c h i n i n g t i m e s , d e p r e c i a t i o n 

c h a r g e s , m a n u f a c t u r i n g e x p e n s e s a n d o v e r h e a d s 

h a s b e e n s t u d i e d . The h y p o t h e s e s u s e d a s w e l l 

a s t h e r e s u l t s of t h e c a l c u l a t i o n s a r e i n d i c a t e d 

i n t h e f o l l o w i n g t a b l e : 
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C a m s h a f t s / h o u r 10 25 50 125 

T y p e o f m a c h i n e s A B C A B C A B C 

% of m a c h i n e s o f 
e a c h c a t e g o r y 10 22 62 12 47 4 1 57 43 

T o t a l number o f 
m a c h i n e s 22 17 22 

U n i t m a c h i n i n g t i m e 
( i n d e x ) 5 3 . 8 2 . 2 1 

U n i t d e p r e c i a t i o n 
c h a r g e ( i n d e x ) 2 . 8 1 . 8 1 . 4 1 

U n i t m a n u f a c t u r i n g 
e x p e n s e s and o v e r h e a d s 

( i n d e x ) 1 . 7 1 . 3 1 . 1 3 1 

T h e s e d a t a h a v e made i t p o s s i b l e t o p l o t t h e 

c u r v e o f t h e cam s h a f t m a c h i n i n g c o s t i n r e -

l a t i o n t o p r o d u c t i o n . T h i s c u r v e i s shown on 

C h a r t No. 8 , The m a n u f a c t u r i n g r a t e a t w h i c h 

t h e m a c h i n i n g o v e r p r i c e b e c o m e s n e g l i g e a b l e 

i s a b o u t 7 5 cam s h a f t s a n h o u r , i . e . a n a n n u a l 

p r o d u c t i o n o f 1 5 0 , o o o cam s h a f t s o r 7 5 , 0 0 0 

v e h i c l e s a y e a r . 
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E) P i s t o n m a c h i n i n g 

S t u d i e s o n m a c h i n i n g c o s t s w e r e c a r r i e d o u t 

a c c o r d i n g t o two d i f f e r e n t t e c h n i c a l h y p o t h e s e s , 

o n e e m p l o y i n g s p e c i a l m a c h i n e s f o r p i s t o n s , 

a n d t h e o t h e r , u s i n g s t a n d a r d a u t o m a t i c m a c h i n e s 

t h a t c o u l d e v e n t u a l l y b e u s e f u l f o r o t h e r 

m a n u f a c t u r e s o 

The d a i l y p r o d u c t i o n r a t e s u s e d a s a b a s i s 

f o r t h i s s t u d y a r e : 9 , 0 0 0 , 3 , 0 0 0 , 1 , 2 0 0 , 4 8 0 

a n d 100 p i s t o n s a d a y . 

T h e d e p r e c i a t i o n o f t h e m a c h i n e t o o l s e m p l o y e d 

h a s b e e n c a l c u l a t e d a s f o l l o w s ; 

- 5 y e a r s f o r t h e s p e c i a l m a c h i n e s f o r p i s t o n s 

- 8 y e a r s f o r s t a n d a r d a u t o m a t i c m a c h i n e s . 

U n i t m a c h i n i n g t i m e a s w e l l a s d e p r e c i a t i o n 

c h a r g e s p e r p a r t a r e i n d i c a t e d i n t h e f o l l o w i n g 

• t a b e l f o r t h e d i f f e r e n t r a t e s s t u d i e d . 



185. 

P i s t o n s / d a y 100 4 8 0 1200 3000 9000 

S p e c i a l m a c h i n e s 

Number o f m a c h i n e s 9 10 13 22 63 

1 M a c h i n i n g t i m e ( i n d e x ) 3 . 5 2 , 5 1 . 3 8 1 . 0 3 1 

U n i t d e p r e c i a t i o n c h a r g e 
( i n d e x ) 1 1 . 3 3 . 1 1 . 0 5 1 . 0 1 1 

S t a n d a r d a u t o m a t i c m a c h i n e s 

Number o f m a c h i n e s 13 18 3 8 80 240 

U n i t m a c h i n i n g t i m e 
( i n d e x ) 1 . 4 0 1 . 2 5 1 . 18 1 . 0 2 1 

U n i t d e p r e c i a t i o n t i m e 
( i n d e x ) 4 . 7 5 1 . 3 7 1 . 9 1 . 1 1 

C h a r t No. 9 s h o w s t h e r e s u l t s o f t h e c a l c u l a -

t i o n s . T h e m a c h i n i n g c o s t o f a p i s t o n i s shown 

i n t h e o r d i n a t e f o r d i f f e r e n t d a i l y r a t e s ; 

, i n d e x 100 c o r r e s p o n d s t o t h e u n i t m a c h i n i n g 

c o s t f o r a r a t e o f 9 , 0 0 0 a d a y . I t i s p r e f e r a b l e 

t o u s e s p e c i a l m a c h i n e s f o r r a t e s o f m o r e t h a n 

300 p i s t o n s a d a y a s t h e m a c h i n i n g c o s t f o r 

s p e c i a l m a c h i n e s i s l e s s f o r s t a n d a r d m a c h i n e s . 

H o w e v e r , t h e same a p p l i e s h e r e a s t h e e n g i n e 

b l o c k : a d e c l i n e i n p r o d u c t i o n t o l e s s t h a n 

900 p i s t o n s a d a y w i l l p u s h u p c o s t s i f s p e c i a l 

m a c h i n e s a r e u s e „ T h u s a c a r e f u l c h o i c e o f 

t h e m a n u f a c t u r i n g t e c h n i q u e i s n e c e s s a r y i f 
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o u t p u t f l u c t u a t e s a r o u n d t h e b r e a k - e v e n p o i n t 

f o r s p e c i a l m a c h i n e s . 

M o r e o v e r , t h e c h a r t shows t h a t t h e p i s t o n 

m a c h i n i n g o v e r p r i c e b e c o m e s n e g l i g e a b l e f o r 

r a t e s o f 2 , 0 0 0 o r m o r e p i s t o n s a d a y p a s s i n g 

t h r o u g h s p e c i a l m a c h i n e s . I t may t h u s b e 

c o n c l u d e d t h a t t h e c r i t i c a l m a s s i s t o b e f o u n d 

a t a r a t e o f a b o u t 5 0 , 0 0 0 v e h i c l e s a y e a r . 

F) M a c h i n i n g o f t h e c o n n e c t i n g - r o d b o d y 

A c c o r d i n g t o t h e i n f o r m a t i o n o b t a i n e d , t h i s 

s t u d y c o v e r s t h e m a n u f a c t u r i n g a n d m a c h i n i n g 

o f c o n n e c t i n g - r o d b o d i e s i n c l u d i n g s t a m p i n g 

o p e r a t i o n s , h e a t t r e a t m e n t , g a u g i n g , e t c . 

M a n u f a c t u r i n g o p e r a t i o n s , t h e r e f o r e i n c l u d e 

n o t o n l y m a c h i n i n g b u t a l s o w o r k d o n e i n t h e 

f o r g e s h o p . 

A c o s t s t u d y h a s b e e n made f o r r a t e s o f 9 , 0 0 0 , 

3 , 0 0 0 , 1 , 2 0 0 , 4 8 0 a n d 100 p a r t s a d a y . B o t h 

s p e c i a l m a c h i n e s a n d s t a n d a r d a u t o m a t i c 

m a c h i n e s h a v e b e e n c o n s i d e r e d f o r t h e m a c h i n i n g 

o f c o n n e c t i n g - r o d b o d i e s . 

The d a t a u s e d i n t h e c a l c u l a t i o n s a r e s e t o u t 

i n t h e f o l l o w i n g t a b l e . 
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N e i t h e r o v e r h e a d s n o r m a n u f a c t u r i n g c o s t s h a v e 

b e e n shown b u t t h e y h a v e b e e n t a k e n i n t o c o n s i d e r a -

t i o n i n t h e c a l c u l a t i o n o f t h e u n i t c o s t . The 

o v e r h e a d s a n d m a n u f a c t u r i n g c o s t s r e p r e s e n t t h e 

n o r m a l c h a r g e s c o r r e s p o n d i n g t o a m e c h a n i c a l s h o p ; 

t h e c o r r e s p o n d i n g u n i t c h a r g e i s h i g h e r f o r t h e 

l o w e r r a t e s a n d i t d e c r e a s e s r a p i d l y a s t h e 

p r o d u c t i o n r i s e s . 

C o n n e c t i n g - r o d b o d i e s 
/ d a y 100 480 .. . 1 2 0 0 3 0 0 0 9000 

S p e c i a l m a c h i n e s 

Number o f m a c h i n e s 14 16 2 1 4 6 129 

U n i t m a c h i n i n g t im.e 
( i n d e x ) 1 . 6 0 1 . 3 5 1 . 2 0 1 . 0 7 1 

U n i t d e p r e c i a t i o n 
c h a r g e ( i n d e x ) 8 . 9 0 2 . 18 1 . 1 5 1 , 0 3 1 

S t a n d a r d a u t o m a t i c m a c h i n e s 

Number o f m a c h i n e s 19 2 1 . 4 0 8 8 2 6 8 

U n i t m a c h i n i n g t i m e 
( i n d e x ) 1.32 1 . 2 2 1 . 1 3 1 1 

U n i t d e p r e c i a t i o n 
c h a r g e ( i n d e x ) 4 . 6 1 . 3 7 1 . 1 3 1 . 0 3 1 
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The r e s u l t o f t h e c a l c u l a t i o n s b a s e d o n t h e 

i n f o r m a t i o n i n t h e a b o v e t a b l e i s - s h o w n on 

on C h a r t No . 1 0 , 

The o r d i n a t e s h o w s t h e m a c h i n i n g c o s t f o r a 

r o d - b o d y i n ' i n d e x n u m b e r s f o r d i f f e r e n t d a i l y 

r a t e s o f p r o d u c t i o n . I n d e x 100 c o r r e s p o n d s t o 

t h e u n i t m a c h i n i n g c o s t f o r 9 , 0 0 0 c o n n e c t i n g - r o d 

b o d i e s . a d a y . 

The b r e a k - e v e n p o i n t f o r s p e c i a l m a c h i n e s i s 

a b o u t 400 c o n n e c t i n g - r o d b o d i e s a day^, b u t 

h e r e a g a i n t h e same r e s e r v a t i o n s s h o u l d b e 

e x p r e s s e d a s b e f o r e , a s r e g a r d s t h e r i s k o f 

o v e r p r i c e i f o u t p u t f l u c t u a t e s a r o u n d t h e 

b r e a k - e v e n p o i n t . 

I t s h o u l d b e n o t e d t h a t t h e o v e r p r i c e s a r e v e r y 

h i g h i n t h e c a s e o f s m a l l r a t e s o f p r o d u c t i o n , 

a n d t h a t t h e o v e r p r i c e d o e s n o t b e c o m e n e g l i g e a b l e 

u n t i l a b o u t 3 , 0 0 0 c o n n e c t i n g - r o d b o d i e s a r e 

p r o d u c e d a d a y , t h a t i s , 7 5 0 , 0 0 0 a y e a r o r 

1 8 0 , 0 0 0 v e h i c l e s a y e a ' r . T h i s i s a v e r y h i g h 

r a t e o f p r o d u c t i o n a t t a i n e d o n l y b y t h e b i g 

c a r m a n u f a c t u r e r s . 

G) V a l v e r o c k e r m a c h i n i n g 

As b e f o r e , a s t u d y h a s b e e n made o f t h e 

v a r i a t i o n s o f t h e m a c h i n i n g c o s t o f a v a l v e 
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r o c k e r f o r h o u r l y r a t e s o f 2 0 0 , 5 0 , 25, a n d 

1 0 . F o r e a c h r a t e t h e m o s t s u i t a b l e t e c h n i q u e 

was c h o s e n u s i n g w h e r e n e c e s s a r y d i f f e r e n t 

p e r c e n t a g e s o f s p e c i a l , s t a n d a r d a n d c o n v e n t i o n a l 

m a c h i n e s . 

The r e s u l t o f t h e s e c a l c u l a t i o n s i s s h o w n , a s 

a n i n d i c a t i o n , o n C h a r t No. 1 1 . B a s e 100 

r e p r e s e n t s a n o u t p u t o f 4 0 0 v a l v e r o c k e r s a n 

h o u r , i . e . , 1 0 0 , 0 0 0 v e h i c l e s a y e a r . I t may 

b e n o t e d t h a t t h e m a c h i n i n g o v e r p r i c e f o r 

t h e l o w e r r a t e s i s v e r y h i g h , a n d b e c o m e s 

i n s i g n i f i c a n t o n l y f o r a r a t e o f 300 v a l v e r 

r o c k e r s , i ^ e . 7 5 , 0 0 0 v e h i c l e s a y e a r . 

3 . 4 A n a l y s i s o f t h e m a c h i n i n g a n d m e c h a n i c a l a s s e m b l y 

o v e r p r i c e 

The c a l c u l a t i o n s made s e t a n o r d e r o f m a g n i t u d e f o r 

t h e c o s t o f m a c h i n i n g t h e m e c h a n i c a l u n i t s i n a c c o r d a n c e 

w i t h t h e r a t e o f p r o d u c t i o n . 

The g e n e r a l a p p e a r a n c e o f t h e s e c u r v e s i s shown i n 

C h a r t s N o s . 3 a n d 4 i n C h a p t e r 3 . 3 . 

W i t h t h e h e l p o f t h e p r e c e d i n g e x a m p l e s , t h e a p p r o x i m a t e 

o v e r p r i c e f o r d i f f e r e n t p r o d u c t i o n r a t e s may b e w o r k e d 

o u t . T h e s e r e s u l t s a r e shown on C h a r t s Nos» 12 a n d 1 3 . 
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3 . 4 . 1 M a c h i n i n g o v e r p r i c e ( C h a r t No. 12) 

A) V a r i a t i o n o f t h e m a c h i n i n g o v e r p r i c e i n r e l a t i o n t -

p r o d u c t i o n 

The c u r v e s h o w s t h a t m a c h i n i n g o v e r p r i c e d r o p s 

v e r y r a p i d l y when p r o d u c t i o n i n c r e a s e s f r o m 

1 0 , 0 0 0 t o 1 0 0 , 0 0 0 v e h i c l e s a y e a r , s i n c e t h e 

o v e r p r i c e p a s s e s f r o m r o u g h l y 130% t o 27%. 

T h e d e c r e a s e i n t h e m a c h i n i n g c o s t i s d u e t o a 

c h a n g e i n t h e p r o d u c t i o n t e c h n i q u e a s shown o n 

t h e c h a r t . 

F o r r a t e s o f p r o d u c t i o n o f m o r e t h a n 1 0 0 , 0 0 0 

v e h i c l e s a y e a r , t h e r e i s o n l y a s l i g h t d e c r e a s e 

i n t h e m a c h i n i n g c o s t , b e c a u s e t h e same s p e c i a l : 

m a c h i n e t e c h n i q u e i s u s e d . 

The c r i t i c a l m a s s o f p r o d u c t i o n f o r m e c h a n i c a l 

p a r t s w o u l d t h e o r e t i c a l l y b e a b o u t 3 0 0 , 0 0 0 

v e h i c l e s a y e a r . H o w e v e r , f o r m o r e t h a n 2 0 0 , 0 0 0 

v e h i c l e s a y e a r , t h e o v e r p r i c e b e c o m e s v e r y 

s m a l l , a b o u t 5% o n l y . 

B) E f f e c t o f a g r e a t number o f m o d e l s 

T h i s i s a f a c t o r w h i c h may h a v e u n f a v o r a b l e 

c o n s e q u e n c e s i f t h e m o d e l s a r e v e r y d i f f e r e n t . " 
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In g e n e r a l , each mechan ica l u n i t i s s p e c i f i c 

t o a model, excep t when the v e h i c l e s a r e ve ry 

much a l i k e , e s p e c i a l l y i f t hey b e l o n g t o t h e 

p r o d u c t i o n r a n g e of the same manufacturer . 

I f , however , o u t p u t i s s m a l l , g e n e r a l - p u r p o s e 

machines w i l l be used , a s was s t a t e d b e f o r e , 

Conseqvmtly, a s t h e s e machines a r e no t s p e c i f i c 

t o any model, t h e v a r i e t y of models w i l l have 

l i t t l e e f f e c t of machining c o s t s . I n d e e d , 

t h e s i t u a t i o n i s ve ry t h e o r e t i c a l b e c a u s e t h e 

machin ing of mechan ica l u n i t s i s ve ry seldom 

done f o r smal l o u t p u t s a s t h e machining o v e r p r i c e 

would be ve ry h i g h . 

On t h e c o n t r a r y , i t should be emphasized t h a t 

f o r h i g h e r r a t e s , i . e . abou t 25,000 t o 50,000 

v e h i c l e s a y e a r , a g r e a t number of models w i l l 

mean a lower assembly r a t e f o r each t ype of 

v e h i c l e and t h i s i n t u r n w i l l mean t h a t t he 

l a r g e - s c a l e economica l m a n u f a c t u r i n g t e c h n i q u e s 

w i l l have t o be abandoned. These t e c h n i q u e s 

r e q u i r e h igh p r o d u c t i o n r a t e s . Smal l e r s e r i e s 

of mechan i ca l p a r t s w i l l have t o be machined 

w i t h s t a n d a r d or o r d i n a r y g e n e r a l - p u r p o s e 

machines and, t h u s , t h e machin ing c o s t w i l l be 

h i g h e r a s was seen i n t h e s t u d y of s p e c i f i c 

examples . 
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C) The v a l u e o f " f r e e z i n g " t h e m o d e l s o f v e h i c l e s 

As t h e i n v e s t m e n t i n a m a c h i n i n g s h o p i s v e r y 

h i g h , i t may b e a g o o d i d e a t o " f r e e z e " t h e 

m o d e l o f v e h i c l e o v e r a l o n g p e r i o d o f t i m e 

s o a s t o d e p r e c i a t e t h e e q u i p m e n t o v e r a g r e a t e r 

number o f v e h i c l e s . U n d e r t h e s e c i r c u m s t a n c e s , 

i t w i l l b e p a r t i c u l a r l y i n t e r e s t i n g t o 

c o n t e m p l a t e u s i n g t h e v e r y l a r g e - s c a l e p r o d u c -

t i o n t e c h n i q u e s a s t h e s e v e r y e x p e n s i v e m a c h i n e s 

c a n t h e n b e d e p r e c i a t e d o v e r 10 y e a r s i n s t e a d 

o f 5 y e a r s , f o r e x a m p l e . T h u s , d e p r e c i a t i o n 

c h a r g e s p e r v e h i c l e w i l l r e m a i n a t a r e a s o n a b l e 

l e v e l w h i l e b e n e f i t i n g f r o m a c o n s i d e r a b l e 

r e d u c t i o n i n m a c h i n i n g t i m e a n d , t h e r e f o r e , i n 

m a c h i n i n g c o s t s . 

3 o4o2 Asse i jobly o v e r p r i c e o f m e c h a n i c a l u n i t s 

C h a r t N o . 13 s h o w s v a r i a t i o n s i n t h e m e c h a n i c a l 

a s s e m b l y o v e r p r i c e i n r e l a t i o n t o p r o d u c t i o n . 

As a n i n d i c a t i o n , t h e a s s e m b l y c u r v e f o r a s l i g h t l y 

m e c h a n i z e d s h o p h a s b e e n p l o t t e d . 

The e f f e c t s o f s l i g h t m e c h a n i z a t i o n a r e o n l y f e l t 

i n t h e c a s e o f s m a l l v o l u m e s a n d t h i s may l e a d t o 

a n i n c r e a s e o f a b o u t 20% i n t h e a s s e m b l y c o s t 

a s c o m p a r e d t o a h i g h l y m e c h a n i z e d s h o p . 
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O The value of "freezing" the models of vehicles_ 

As the investment in a machining shop is very 
high, it may be a good idea to "freeze" the 
model of vehicle over a long period of time 
so as to depreciate the equipment over a greater 
number of vehicles. Under these circumstances, 
it will be particularly interesting to 
contemplate using the very large-scale produc-
tion techniques as these very expensive machines 
can then be depreciated over 10 years instead 
of 5 year Si, for example» ThuSp depreciation 
charges per vehicle will remain at a reasonable 
level vihile benefiting from a considerable 
reduction in machining time and, therefore, in 
Riachining costs. 

3»4o2 Assembly overprice of mechanical units 

Chart No. 13 shows variations in the mcchanical 
assembly overprice in relation to production. 

As an indicationo the assembly curve for a slightly 
mechanized shop has been plotted. 

The effects of slight mechanization are only felt 
in the case of small volumes and this may lead to 
an increase of about 20% in the assenibly cost 
as compared to a highly meclianized shop. 
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I n t h e c a s e o f h i g h o u t p u t s , t h e a s s e m b l y s h o p 

i s n e c e s s a r i l y v e r y m e c h a n i z e d . 

A s s e m b l y o v e r p r i c e f a l l s r a p i d l y f o r s m a l l r a t e s , 

f r o m 70% f o r 1 0 , 0 0 0 v e h i c l e s a y e a r t o 8% f o r 

5 0 , 0 0 0 v e h i c l e s a y e a r . 

The a s s e m b l y o v e r p r i c e i s a l m o s t n e g l i g e a b l e f o r 

p r o d u c t i o n r a t e s o f 5 0 , 0 0 0 v e h i c l e s a y e a r . As 

f a r a s a w i d e v a r i e t y o f m o d e l s i s c o n c e r n e d , i t 

h a s a l r e a d y b e e n s t a t e d t h a t t h i s h a s l i t t l e 

e f f e c t o n t h e a s s e m b l y c o s t , e v e n l e s s s o when 

t h e a s s e m b l y l i n e i s m o r e m e c h a n i z e d . 

3 . 5 C o n c l u s i o n s on t h e m a c h i n i n g a n d a s s e m b l y o f m e c h a n i c a l 

u n i t s 

M a c h i n i n g s h o p s demand v e r y h i g h i n v e s t m e n t , i n p a r t i c u l a r 

f o r l a r g e - s c a l e p r o d u c t i o n . I n f a c t , t h e c o s t i s a b o u t 

30 t o 35% t h a t o f t h e t o t a l c c s t o f a c o m p l e t e p l a n t ; 

h o w e v e r , t h e m a c h i n i n g a n d mechanicaL u n i t a s s e m b l y 

s h o p s m o r e t h a n a t h i r d o f t h e t o t a l v a l u e a d d e d b y a n 

a u t o m o b i l e m a n u f a c t u r e r . 

T h i s i s why m a c h i n i n g t e c h n i q u e s a r e o f i n t e r e s t t o 

i n d u s t r i a l i z i n g c o u n t r i e s , w h i c h t r y t o e x t e n d t h e 

p e r c e n t a g e o f l o c a l i n t e g r a t i o n i n t h e m o s t s a t i s f a c t o r y 

e c o n o m i c c o n d i t i o n s . As f i n a l a s s e m b l y i s t h e f i r s t 

s t e p i n t h e d e v e l o p m e n t o f a n a t i o n a l a u t o m o b i l e i n d u s t r y . 
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t h e i n t e g r a t i o n o f m a c h i n i n g t e c h n i q u e s f o r m e c h a n i c a l 

u n i t s r e p r e s e n t s a s e c o n d a n d v e r y i m p o r t a n t s t e p . 

3 . 5 . 1 I n v e s t m e n t 

T h i s c h a p t e r h a s e m p h a s i z e d t h e v e r y c l o s e 

c o n n e c t i o n b e t w e e n f i r f e t . t h e a m o u n t o f m e c h a n i z a t i o n , 

a n d s e c o n d , t h e l e v e l o f i n v e s t m e n t a n d p r o d u c t i o n 

c o s t s . 

M o r e o v e r , f o r e a c h r a t e o f p r o d u c t i o n , t h e r e i s 

a n o p t i m u m m a n u f a c t u r i n g t e c h n i q u e w h i c h w i l l 

p r o d u c e a t t h e l o w e s t c o s t f o r t h a t r a t e . T h i s ! 

t e c h n i q u e i s t h e r e s u l t o f a c a r e f u l c o m b i n a t i o n 

o f d i f f e r e n t m a n u f a c t u r i n g p r o c e d u r e s a n d a c c o r d i n g t o 

e a c h c a s e , e i t h e r c o n v e n t i o n a l s m a l l - s c a l e 

e q u i p m e n t , o r l a r g e - s c a l e e q u i p m e n t ( s t a n d a r d 

m a c h i n e s w h i c h a r e more e x p e n s i v e ) , o r , f i n a l l y , i 
f 

f u l l y a u t o m a t e d m a c h i n e s ( v e r y e x p e n s i v e t r a n s f e r ' 

m a c h i n e s ) w i l l b e c h o s e n . i 

An i n c r e a s e i n o u t p u t i s t h u s a c c o m p a n i e d b y faa?- ' 

r e a c h i n g m o d i f i c a t i o n s i n t h e o r g a n i z a t i o n o f t h e 

m a c h i n i n g s h o p , b e c a u s e a g r e a t e r number o f l a r g e - i 

s c a l e m a c h i n e s w i l l b e u s e d o r , i n t h e c a s e o f 

v e r y h i g h o u t p u t o f more t h a n 1 0 0 , 0 0 0 v e h i c l e s a : 

y e a r , a m a j o r i t y o f t r a n s f e r m a c h i n e s w i l l b e u s e d . 1 
( 

U n d e r t h e s e c o n d i t i o n s , i n v e s t m e n t i n m a c h i n e r y ' 
/ 

a n d p l a n t r i s e s c o n s i d e r a b l y w i t h t h e r a t e o f 
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p r o d u c t i o n ; t h u s , t o t a l i n v e s t m e n t i s p r a c t i c a l l y , 

d o u b l e d when o u t p u t p a s s e s f r o m a r e l a t i v e l y l o w 

r a t e o f 5 0 , 0 0 0 v e h i c l e s a y e a r t o a l a r g e - s c a l e 

p r o d u c t i o n o f a b o u t 3 0 0 , 0 0 0 v e h i c l e s a y e a r . 

3 . 5 . 2 M a c h i n i n g o v e r p r i c e a n d v a l u e o f g r a d u a l i n t e g r a t i o n 

A) P a r a l l e l t o t h i s i n c r e a s e i n a u t o m a t i o n , t h e r e 

i s a s h a r p d e c l i n e i n t h e m a c h i n i n g o v e r p r i c e 

when t h e o u t p u t r i s e s f r o m 5 0 , 0 0 t o 2 0 0 , 0 0 0 

v e h i c l e s a y e a r . 

I n f a c t , t h e o v e r p r i c e i s v e r y h i g h f o r l o w ' 
I 

o u t p u t s ( a b o u t 100 t o 150%) a n d i t i s p r e f e r a b l e , : 
i 

i n t h i s c a s e , t o i n t e g r a t e o n l y p a r t o f t h e ! 
! 

m a c h i n i n g o p e r a t i o n s . I n t h i s c a s e , a r e l a t i v e l y | 

l a r g e p r o p o r t i o n o f t h e m a c h i n e d p a r t s w i l l b e : 
I 

i m p o r t e d b y t h e m a n u f a c t u r e r a s CKD p a r t s ; 

t h e m e c h a n i c a l u n i t s may b e a s s e m b l e d l o c a l l y 

i n r e l a t i v e l y e c o n o m i c a l c o n d i t i o n s a s t h e 

a s s e m b l y o v e r p r i c e i s n o t v e r y h i g h e v e n f o r 

l o w r a t e s . 

B) The b r e a k - e v e n p o i n t f o r t o t a l i n t e g r a t i o n o f 

m a c h i n i n g o p e r a t i o n s a l o n e s e e m s t o b e f o u n d 

a t a r a t e o f r o u g h l y 1 0 0 , 0 0 0 v e h i c l e s a y e a r , 

t h o u g h t h e m a c h i n i n g o v e r p r i c e i s s t i l l a b o u t 

30%. The c o s t o f r^w m a t e r i a l s , a n d t h e c o s t 

o f p r o d u c i n g f o r g e d p a r t s a n d c a s t i n g s m u s t b e 
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t a k e n i n t o c o n s i d e r a t i o n ; i t w o u l d t h e n , a p p e a r 

t h a t t h e o v e r p r i c e o f m e c h a n i c a l p a r t s i s w e l l 

a b o v e 30%. 

C) I t m u s t , t h e n , b e c o n s i d e r e d t h a t t h e i n t e g r a t i o n 

o f m a c h i n i n g o p e r a t i o n s on t h e p a r t o f a m a n u f a c -

t u r e r i n a d e v e l o p i n g c o u n t r y m u s t b e s t u d i e d 

a g a i n s t t h e b a c k g r o u n d o f t h e g e n e r a l d e v e l o p m e n t 

o f t h e e n g i n e e r i n g i n d u s t r y i n t h a t c o u n t r y . 
I 

Two i m p o r t a n t f a c t o r s m u s t b e t a k e n i n t o a c c o u n t : 

o n e , c a p a b i l i t y t o s u p p l y f o r g e d p a r t s a n d I 

c a s t i n g s ; a n d t w o , t h e s k i l l l e v e l o f t h e I 

w o r k f o r c e . The l a t t e r f a c t o r i s o f e x t r e m e j 

i m p o r t a n c e a s t h e m e c h a n i c a l e n g i n e e r i n g i n d u s t r y [ 

r e q u i r e s h i g h e r l a b o r s k i l l s a s t h e l e v e l o f 

a u t o m a t i o n i s l o w e r . And t h i s i s t h e c a s e o f i 

l o w r a t e s o f p r o d u c t i o n . 

3 . 5 . 3 The v a l u e o f s p e c i a l i z a t i o n f o r t h e l e s s 

i n d u s t r i a l i z e d c o u n t r i e s 

T h u s , t h e e f f e c t s o f a n economy o f s c a l e a r e 

p a r t i c u l a r l y m a r k e d i n t h e c a s e o f m a c h i n i n g 

o p e r a t i o n s . T h i s i s why t h e c r i t i c a l m a s s e s o f 

p r o d u c t i o n a r e g e n e r a l l y v e r y h i g h ; t h i s i s a 

s e r i o u s d i s a d v a n t a g e f o r t h e d e v e l o p i n g c o u n t r i e s 

who n e v e r t h e l e s s f i n d i t w o r t h w h i l e t o p r o m o t e 

l o c a l i n t e g r a t i o n o f m a c h i n i n g o p e r a t i o n s b e c a u s e 

t h e p r o d u c t i o n t e c h n i q u e s s h o u l d make i t p o s s i b l e 
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i n ' ; t i m e , t o f o r m s i l l e d w o r k e r s w i t h a s e n s e o f 

r e s p o n s i b i l i t y a n d e f f i c i e n c y w h i c h i s a d e c i s i v e 

f a c t o r i n t h e i n d u s t r i a l i z a t i o n o f a c o u n t r y a n d 

t o d e v e l o p a b a s i c m e c h a n i c a l e n g i n e e r i n g i n d u s t r y . 

A) A s o l u t i o n t o t h i s p r o b l e m o f c r i t i c a l m a s s 

w o u l d b e f o r c o u n t r i e s i n t h e same g e o g r a p h i c a l 

z o n e t o s p e c i a l i z e . E a c h c o u n t r y c o u l d 

s p e c i a l i z e , a n d t h i s i s a l r e a d y h a p p e n i n g i n 

S o u t h A m e r i c a , f o r e x a m p l e , i n t h e p r o d u c t i o n 

o f a m e c h a n i c a l u n i t . T h u s , o n e c o u n t r y w o u l d 

m a n u f a c t u r e e n g i n e s ; a n o t h e r , g e a r b o x e s ; a n d 

a n o t h e r w o u l d b e s p e c i a l i z e d i n t h e c u t t i n g o f 

g e a r s . I n t h e s e c o n d i t i o n s , a " h i g h e r v o l u m e 

o f p r o d u c t i o n w o u l d b e s e c u r e d , a n d t h u s w o u l d 

b r i n g down t h e m a n u f a c t u r i n g c o s t s t o a r e a l l y 

e c o n o m i c a l l e v e l . A t t h e same t i m e , t h i s 

s o l u t i o n w o u l d l i m i t t h e i n v e s t m e n t , w h i c h 

c o u l d b e c h a n n e l l e d i n t o t h e p u r c h a s e o f h i g h 

p r o d u c t i v i t y m a c h i n e s o n l y f o r t h o s e p a r t s 

m a n u f a c t u r e d i n t h a t c o u n t r y . 

B) I n t h e l o n g t e r m , s u c h a d e c i s i o n t o s p e c i a l i z e 

m i g h t r e s u l t i n c o s t p r i c e s a n d q u a l i t y s u c h 

t h a t t h e c o u n t r i e s c o n c e r n e d w o u l d b e c o m e 

c o m p e t i t i v e i n t h e f a c e o f t h e b i g c a r m a n u f a c -

t u r e r s b e c a u s e l a b o r h o u r l y r a t e s a r e , i n 

g e n e r a l , much l o w e r t h a n i n t h e h i g h l y i n d u s -

t r i a l i z e d c o u n t r i e s . 
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In these conditions, these countries could 
eventually supply not only their neighboring 
countries but also distant markets. In 
particular these countries would be in a good 
position to manufacture spare parts for big 
international manufacturers. For example, 
these countries could produce spare parts for 
models which are to be shortly discontinued. 

The specialization of the less industrialized 
countries would thus promote the trade of 
manufactured products and would allow them 
to enter world markets in competitive conditions. 
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C h a p t e r 4 

U n i t s p r e s s i n g a n d a s s e m b l y s h o p s 
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B o t h t h e p r e s s i n g a n d t h e u n i t s a s s e m b l y s h o p s a r e o f 

g r e a t i m p o r t a n c e i n a n a u t o m o b i l e m a n u f a c t u r i n g p l a n t d u e 

t o t h e v e r y l a r g e a m o u n t s o f money w h i c h h a v e t o b e i n v e s t e d 

i n t h e m , p a r t i c u l a r l y i n t h e t o o l i n g . 

I n o r d e r t o g i v e some i d e a o f t h e i m p o r t a n c e o f t h e 

p r e s s i n g s h o p a n d i t s a n n e x , t h e u n i t s a s s e m b l y s h o p , 

i t i s , u s e f u l t o i n d i c a t e t h a t t h e y r e p r e s e n t o n e - t h i r d o f 

t h e t o t a l i n v e s t m e n t r e q u i r e d f o r a c o m p l e t e p l a n t 

m a n u f a c t u r i n g 1 0 0 , 0 0 0 v e h i c l e s a y e a r , w i t h a 95% 

i n t e g r a t i o n . 

The p r e s s i n g o p e r a t i o n s f o r a m e d i u m - s i z e d v e h i c l e t a k e 

a b o u t 4 h o u r s , a n d t h o s e r e q u i r e d f o r t h e a s s e m b l y and 

w e l d i n g o f t h e u n i t s t a k e a b o u t 7 t o 8 h o u r s ; h o w e v e r , 

t h e v a l u e a d d e d b y t h e s e two s h o p s i s a b o u t 9 t o 11% o f 

t h e c o s t p r i c e o f a v e h i c l e , t h a t i s , a b o u t o n e - f o u r t h 

o f t h e t o t a l v a l u e a d d e d . 

The t o o l i n g u s e d i n a p r e s s i n g s h o p i s v e r y e x p e n s i v e 

a n d i t i s s p e c i f i c f o r a g i v e n v e h i c l e m o d e l . As a 

d i r e c t r e s u l t o f t h i s , t h e c o s t - v o l u m e r a t i o i s p a r t i -

c u l a r l y i m p o r t a n t f o r t h i s t y p e o f o p e r a t i o n a n d , a s may 

b e e x p e c t e d , a l a r g e v a r i e t y o f m o d e l s w i l l h a v e 

p a r t i c u l a r l y u n f a v o r a b l e c o n s e q u e n c e s o n t h e c o s t o f 

t h e p r e s s i n g o p e r a t i o n s . 
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U n d e r t h e s e c o n d i t i o n s , t h e r a t e o f d e p r e c i a t i o n o f t h e 

t o o l i n g s i s o f s p e c i a l i m p o r t a n c e a n d i t v i i l l b e a n a l y z e d 

i n d e t a i l i n t h e c h a p t e r c o n c e r n i n g t h e c o s t o f t h e 

p r e s s i n g o p e r a t i o n s . 

B e f o r e h a n d , c o n s i d e r a t i o n w i l l b e g i v e i > t o t h e i n v e s t m e n t 

r e q u i r e d f o r d i f f e r e n t r a t e s o f a n n u a l p r o d u c t i o n . 

The a i m o f t h e c h a p t e r a s a w h o l e w i l l b e t o e s t a b l i s h 

t h e o v e r p r i c e s o f t h e p r e s s i n g o p e r a t i o n s a t d i f f e r e n t 

l e v e l s o f p r o d u c t i o n . 

T h e s e c t i o n w i l l b e g i n w i t h a summary o f t h e d i f f e r e n t 

p r e s s i n g t e c h n i q u e s a n d w i l l i n c l u d e a b r i e f d e s c r i p t i o n 

o f t h e p r e s s i n g a n d u n i t s a s s e m b l y s h o p i n o r d e r t o p o i n t 

o u t t h e c h a r a c t e r i s t i c s o f t h e e q u i p m e n t s r e q u i r e d . 

4 . 1 G e n e r a l c o n s i d e r a t i o n s on t h e p r e s s i n g t e c h n i q u e s 

4 . 1 . 1 The d i f f e r e n t p r e s s i n g p r o c e d u r e s 

A) The c o n v e n t i o n a l p r e s s i n g t e c h n i q u e s 

. P r e s s i n g i s a t e c h n i q u e u s e d t o o b t a i n 

n o n - d e v e l o p a b l e s h a p e s b y d e f o r m a t i o n o f 

t h e s h e e t t h u s r e p r o d u c i n g t h e d i f f e r e n t 

s o l i d o r h o l l o w p a r t s o f a t o o l on w h i c h 

t h e i r o n s h e e t h a s b e e n p l a c e d . 
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T h i s i s u s u a l l y a c o m p l e x o p e r a t i o n w h i c h 

c a n n o t b e c a r r i e d o u t w i t h o u t l a r g e - s c a l e 

e q u i p m e n t . 

T h r e e m a i n e l e m e n t s m u s t b e t a k e n i n t o 

c o n s i d e r a t i o n : t h e p r e s s , t h e t o o l i n g 

a n d t h e p r e s s e d p a r t ( p r e s s i n g ) : 

a ) t h e p r e s s i s a m u l t i - p u r p o s e m a c h i n e w h i c h 

i s u s e d f o r many d i f f e r e n t p r e s s i n g 

o p e r a t i o n s i r r e s p e c t i v e o f t h e s h a p e 

r e q u i r e d . 

b ) t h e t o o l i n g i s s p e c i f i c f o r e a c h m o d e l o f 

v e h i c l e a n d i s m a i n l y made u p o f : 

i - a f e m a l e d i e ; 

i i - a m a l e d i e r e p r o d u c i n g w i t h a c e r t a i n 

t o l e r a n c e ( i . e . t h i c k n e s s o f t h e s h e e t ) 

t h e i n n e r p a r t o f t h e f e m a l e d i e ; 

i i i - b l a n k h o l d e r s , i f n e c e s s a r y , f o r d e e p 

o r i n t r i c a t e p r e s s i n g s . 

c ) t h e p r e s s i n g i t h e p a r t p r o d u c e d b y t h e 

p r e s s i n g o p e r a t i o n i s c a l l e d t h e " p r e s s i n g " 

a n d i s g e n e r a l l y made u p o f t h r e e p a r t s : 

i - t h e p a r t i t s e l f ; 

i i - t h e i n n e r f i t t i n g a r o u n d t h e f e m a l e d i e 

w h i c h i s n o t a p a r t o f t h e f i n i s h e d p a r t , 

i n t h e m a j o r i t y o f c a s e s , b u t i s 

n e c e s s a r y f o r a g o o d p r e s s i n g . 
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i i i - t h e o u t e r f l a p a r o u n d t h e f e m a l e d i e . 

B o t h f i t t i n g s a r e w a s t e m a t e r i a l . 

d) C h o i c e o f t e c h n i q u e s a c c o r d i n g t o t h e r a t e 

o f m a n u f a c t u r e 

A c c o r d i n g t o t h e m a n u f a c t u r i n g r a t e , two 

t e c h n i q u e s may b e c o n s i d e r e d : 

i - A v e r a g e r a t e s 

F o r 5 0 , 0 0 0 t o 2 0 0 , 0 0 0 p a r t s a y e a r , 

t h e p r e s s i n g o p e r a t i o n s a r e a s s o c i a t e d 

w i t h o t h e r o p e r a t i o n s , t h a n k s t o t h e 

u s e o f c o m b i n e d t o o l i n g . 

i i - H i g h r a t e s 

F o r m o r e t h a n 2 0 0 , 0 0 0 p a r t s a y e a r , 

b o d y p a r t s a r e e n t i r e l y m a n u f a c t u r e d 

b y s e r i e s o f p r e s s e s w i t h a u t o m a t i c 

h a n d l i n g o f t h e p a r t s f r o m o n e m a c h i n e 

t o a n o t h e r , 

e ) C h o i c e o f p r e s s 

As f a r a s t h e m a c h i n e i s c o n c e r n e d m e c h a n i c a l 

p r e s s e s a r e g e n e r a l l y p r e f e r r e d a s t h e y 

a l l o w a h i g h l e v e l o f p r o d u c t i o n . 

When, e x c e p t i o n a l l y , d e e p p r e s s i n g s f o r t h e 

c a r b o d y h a v e t o b e m a n u f a c t u r e d i n a s i n g l e 
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b l o w , h y d r a u l i c p r e s s e s h a v e t o b e u s e d . 

T h e s e m a c h i n e s o p e r a t e s l o w l y a n d c a n 

t h e r e f o r e b e u s e d o n l y f o r l o w p r o d u c t i o n 

r a t e s , s o t h a t , g e n e r a l l y s p e a k i n g , t h e y 

d o n o t h o l d much i n t e r e s t f o r b o d y p a r t s , 

B) O t h e r m a n u f a c t u r i n g t e c h n i q u e s 

F o r t h e r e a d e r ' s i n f o r m a t i o n i t i s w o r t h 

m e n t i o n i n g t h a t t h e r e a r e o t h e r t e c h n i q u e s 

w h i c h a r e l e s s s o p h i s t i c a t e d t h a n t h e c o n v e n t i o n a l 

p r e s s i n g t e c h n i q u e . 

a ) E x c l u s i v e l y m a n u a l m a n u f a c t u r e w i t h p a t t e r n 

Body p a r t s a r e p r o d u c e d b y c o l d h a m m e r i n g 

w i t h a m á . l e t o r hammer v / i t h c h e c k s a g a i n s t 

t h e p a t t e r n d u r i n g t h e p r o c e s s . T h i s m e t h o d 

r e q u i r e s h i g h l y q u a l i f i e d l a b o r a n d i s 

e x t r e m e l y t i m e - c o n s u m i n g . T h i s i s m e n t i o n e d 

s o l e l y f o r t h e p u r p o s e o f i n f o r m a t i o n 

b e c a u s e i t c o u l d o n l y b e u s e d t o make a f e w 

d o z e n p a r t s . 

b ) P u r e l y m a n u a l m e t h o d s u s i n g s h a p e s 

T h i s i s a n o t h e r m a n u a l m e t h o d f o r m a n u -

f a c t u r i n g b o d y p a r t s b y c o l d h a m m e r i n g , 

b u t i n t h i s c a s e , i t i s d o n e on a p p r o p r i a t e 
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s h a p e s . V í i th t h i s t e c h n i q u e i t i s p o s s i b l e 

t o s l i g h t l y r e d u c e t h e m a n u f a c t u r i n g t i m e , 

a n d f u r t h e r m o r e a l e s s s k i l l e d l a b o r i s 

r e q u i r e d . E v e n t u a l l y , t h i s t e c h n i q u e c o u l d 

b e u s e d f o r t h e m a n u f a c t u r e o f a b o u t a 

h u n d r e d p a r t s . 

c) S e m i - m a n u a l t e c h n i q u e s 

I n t h i s c a s e , p r e s s e s w i l l b e u s e d o n l y f o r 

t h e p r e s s i n g o p e r a t i o n , a n d a l l o t h e r 

o p e r a t i o n s w i l l b e d o n e by h a n d , i . e . : 

- c u t t i n g w i t h s h e a r s o r a k n u r l ; 

- h a m m e r i n g t h e e d g e s u p o r down w i t h a 

m a l l e t o v e r t h e s h a p e s . 

T h r e e t y p e s o f t o o l i n g e a c h c o r r e s p o n d i n g 

t o a v o l u m e o f o u t p u t may b e e m p l o y e d i n 

t h i s c a s e s 

i - F o r b o d y p a r t s , t h e f o l l o w i n g t o o l s a r e 

u s e d : 

- p r e s s i n g t o o l s made o f p l a s t i c s f o r 

f o r a l l t h e p a r t s f o r a p r o d u c t i o n o f 

100 t o 3 , 0 0 0 p a r t s . 

- zamak p r e s s i n g p a r t s f o r p r o d u c t i o n s 

o f 500 t o 1 0 , 0 0 0 p a r t s . 

i i - F o r s m a l l s t a m p i n g s a n d p r e s s i n g s , 

p r e s s i n g t o o l s made o f s t e e l w i l l b e 

u s e d t o p r o d u c e a b o u t 3 , 0 0 0 t o 4CÍ00Ü 

p a r t s . 
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4 . 1 . 2 C h o i c e o f t h e m a t e r i a l u s e d f o r t h e c a r b o d y 

I n t h e p r e s e n t s t a t e o f t h e a r t , t h a t i s t h e 

a u t o m o b i l e m a n u f a c t u r i n g t e c h n i q u e s , o n e o f t h e 

f o l l o w i n g m a t e r i a l s c o u l d b e c h o s e n f o r t h e 

p r e s s i n g o p e r a t i o n s : 

- s t e e l s h e e t s 

, - p l a s t i c s ( s e e c h a p t e r o n " P l a s t i c s " ) . 

A) S t e e l s h e e t s 

S i n c e t h e c r e a t i o n o f s e l f s u p p o r t i n g b o d i e s , 

t h e t h i n s t e e l s h e e t i s w h a t i s t r a d i t i o n a l l y 

u s e d f o r t h e m a k i n g o f a u t o m o b i l e b o d i e s . A 

f u l l t e c h n o l o g y h a s p r o g r e s s i v e l y d e v e l o p e d , 

s t a r t i n g w i t h t h e m a n u f a c t u r e o f t h e s t e e l 

s h e e t s t h e m s e l v e s a n d e n d i n g w i t h t h e i r f o r m i n g 

a n d t h e i r f i n i s h i n g t o p r o d u c e a f i n i s h e d b o d y . 

T h i s t e c h n o l o g y h a s now b e e n f u l l y t e s t e d a n d 

a c c e p t e d a n d t h e r e i s some r e l u c t a n c e t o 

i n t r o d u c e a n y s w e e p i n g c h a n g e s . 

T h e s t e e l s h e e t s u s e d f o r b o d y p a r t s h a v e t h e 

f o l l o w i n g c h a r a c t e r i s t i c s : m i l d c o l d - r o l l e d 

s t e e l s h e e t s f o r d e e p p r e s s i n g . Two d i f f e r e n t 

q u a l i t i e s o f s t e e l a r e u s e d f o r t h e i n n e r a n d 

o u t e r p a r t s , a s f o r t h e l a t t e r a s a t i s f a c t o r y 

a p p e a r a n c e i s m a n d a t o r y . 
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T h e t h i c k n e s s o f t h e s h e e t v a r i e s a c c o r d i n g 

t o t h e p a r t , o r m o d e l o f v e h i c l e , i . e . 

b e t w e e n ü . 6 a n d 2 nun. The m o s t common 

t h i c k n e s s u s e d i s 0 . 8 mm, 

B) P l a s t i c s 

T h i s p o i n t w i l l b e d e a l t w i t h i n d e t a i l i n 

t h e c h a p t e r o n " P l a s t i c s " , 

F o r t h e l a s t t e n y e a r s c e r t a i n m a n u f a c t u r e r s 

h a v e b e e n i n v e s t i g a t i n g t h e p o s s i b i l i t y o f 

u s i n g p l a s t i c s f o r m a k i n g c a r b o d i e s . H o w e v e r , 

f o r t h e t i m e b e i n g , o n l y o n e o r t w o b o d y 

p a r t s a r e made w i t h p l a s t i c s , f o r c e r t a i n 

l a r g e - s c a l e s e r i e s ( r o o f p a n e l o f C i t r o e n ID20 

a n d DS21 , r o o f p a n e l f o r t h e R e n a u l t d e l i v e r y 

v a n , e t c . ) 

T h i s i s o n l y a f i r s t s t e p . At p r e s e n t o n l y 

s p e c i a l t y p e s o f a u t o m o b i l e s a r e made e n t i r e l y 

o u t o f p l a s t i c ( f o r e x a m p l e , i n F r a n c e , t h e 

M a t r a 5 3 0 , t h e R e n a u l t A l p i n e ) , H o w e v e r , t h e 

C i t r o e n M e h a r i i s now b e i n g p r o d u c e d a t a r a t e 

o f 1 5 , 0 0 0 a y e a r a n d i s t h e r e f o r e a t t r a c t i n g 

a g r e a t d e a l o f a t t e n t i o n . 

A t p r e s e n t , p l a s t i c s i s s t i l l a n e x p e n s i v e 

r a w m a t e r i a l . F u r t h e r m o r e , t h e m a n u f a c t u r e r s 

h a v e i n v e s t e d h e a y i l y i n c o n v e n t i o n a l e q u i p m e n t 
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a n d t o o l i n g , a n d t h e r e f o r e t h e i n t r o d u c t i o n 

o f t h i s m a n u f a c t u r i n g t e c h n i q u e i s n o t t h o u g h t 

t o b e i m m e d i a t e l y a p p l i c a b l e f o r l a r g e s e r i e s 

i n t h e n e a r f u t u r e . 

4 . 1 . 3 P r e s s i n g t o o l s 

T h r e e c a t e g o r i e s may b e d i s t i n g u i s h e d : 

- p l a s t i c p r e s s i n g t o o l s 

- zamak p r e s s i n g t o o l s 

- s t e e l p r e s s i n g t o o l s 

S t e e l t o o l s a r e m a i n l y u s e d f o r m a s s m a n u f a c t u r i n g 

b e c a u s e t h e y a r e m o r e e x p e n s i v e . The f o l l o w i n g 

c o m p a r i s o n c o u l d b e made b e t w e e n t h e t h r e e t y p e s 

o f t o o l s : 

T a b l e No. 1 

C o m p a r i s o n o f t h e d i f f e r e n t t y p e s o f p r e s s i n g t o o l s 

T y p e o f p r e s s i n g t o o l s P r i c e 
{ i n d e x ) 

T o o l l i f e 

! 

S t e e l t o o l s 

Zamak t o o l s 

P l a s t i c t o o l s 

100 

30 

25 

1 t o 2 m i l l i o n p a r t s 

3 , 0 0 0 t o 1 5 , 0 0 0 p a r t s 

3 , 0 0 0 t o 1 5 , 0 0 0 p a r t s 

T h i s t a b l e s h o w s t h a t t h e l i f e s p a n o f e a c h 

t y p e o f t o o l i s v e r y d i f f e r e n t . 
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A) L a r g e s e r i e s 

P r e s s i n g t o o l s a r e v e r y e x p e n s i v e a n d s p e c i f i c 

t o a g i v e n m o d e l . The d e p r e c i a t i o n p e r i o d o f 

t h e t o o l s i s t h e r e f o r e e s p e c i a l l y i m p o r t a n t 

a n d m u s t b e t a k e n i n t o a c c o u n t t o g e t h e r w i t h 

t h e l i f e o f t h e m o d e l o f v e h i c l e . 

F o r l a r g e s e r i e s , d e p r e c i a t i o n c h a r g e s f o r 

t h e t o o l i n g a r e s p r e a d o v e r 1 o r 2 m i l l i o n 

v e h i c l e s . I n t h i s c a s e , s t e e l t o o l i n g o n l y 

i s u s e d . 

I n t h e U n i t e d S t a t e s , w h e r e e a c h m a n u f a c t u r e r 

c a n p r o d u c e o n e m i l l i o n v e h i c l e s o f t h e same 

m o d e l a y e a r , i t i s p o s s i b l e t o c h a n g e t h e 

•mode l s p r a c t i c a l l y e v e r y y e a r . 

I n E u r o p e , e a c h m a n u f a c t u r e r r e q u i r e s a n 

a v e r a g e o f 4 t o 5 y e a r s t o p r o d u c e o n e m i l l i o n 

v e h i c l e s o f t h e same m o d e l , a n d c o n s e q u e n t l y , 

t h e l i f e s p a n o f e a c h m o d e l w i l l b e d e t e r m . i n e d 

b y t h e d e p r e c i a t i o n o f t h e t o o l i n g . 

S t e e l t o o l i n g , p e r m i t s t h e u s e o f c o m b i n e d 

t o o l i n g , s o t h a t t h e m a n u f a c t u r i n g r a n g e i s 

l a r g e r . S e v e r a l o p e r a t i o n s c a n b e p e r f o r m e d 

i n o n e d r o p o n e a c h p r e s s , t h u s r e d u c i n g 

l a b o r t o a min imum, a t t h e c o s t o f c o n s i d e r a b l e 

i n v e s t m e n t . 
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B) S m a l l s e r i e s 

F o r low p r o d u c t i o n r a t e s , i . e . a b o u t 3 , 0 0 0 

t o 1 0 , 0 0 0 v e h i c l e s a y e a r , t h e l i f e o f t h e 

m o d e l b e i n g a b o u t 5 y e a r s e i t h e r zamak o r 

p l a s t i c t o o l i n g may b e c h o s e n a s t h e y c a n b e 

d e p r e c i a t e d o v e r a s m a l l e r n u m b e r o f v e h i c l e s -

The m a n u f a c t u r i n g t e c h n i q u e i n t h i s c a s e w i l l 

b e d i f f e r e n t f r o m t h e c o n v e n t i o n a l p r e s s i n g 

t e c h n i q u e : t h e s e m i - m a n u a l p r o c e d u r e d e s c r i b e d 

i n p a r a g r a p h 3 . 1 . 1 B) a n d C) v / i l l b e u s e d . 

I n o r d e r t o r e d u c e c o s t p r i c e s , t h e t o o l i n g 

w i l l b e c h o s e n a c c o r d i n g t o t h e s i z e a n d 

s h a p e o f t h e p a r t s a n d t o t h e a n n u a l q u a n t i t y 

t o b e p r o d u c e d ( s t e e l , zamak o r p l a s t i c ) . 

As a g e n e r a l r u l e , t h e p r e s s i n g t o o l s f o r t h e 

r o o f p a n e l , t h e o u t e r d o o r p a n e l a n d c e r t a i n 

b i g p a r t s o f a s t r a i g h t f o r w a r d s h a p e w i l l b e 

p l a s t i c . 

T h e p r e s s i n g t o o l s o f a l l o t h e r o u t e r p a r t s 

o f t h e b o d y a r e made o u t o f z a m a k . 

O n l y t h e p r e s s i n g t o o l s w i t h i n t r i c a t e s h a p e s 

o r s m a l l p a r t s , s u c h a s c e r t a i n r e i n f o r c i n g 

p a r t s w i l l b e made o u t o f s t e e l . 
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I t i s a m a t t e r , t h e r e f o r e , o f m a k i n g a s e n s i i J l e 

c h o i c e b e t w e e n m a n u a l a n d m e c h a n i c a l o p e r a t i o n s 

F o r s m a l l s e r i e s t h e s o l u t i o n d e s c r i b e d a b o v e 

h a s t h e a d v a n t a g e o f r e d u c i n g t o o l i n g c o s t s , 

b u t o n t h e o t h e r h a n d , i t m e a n s t h a t many m o r e 

w o r k e r s a r e r e q u i r e d i n t h e p r e s s i n g s h o p . 

4 „ 2 B r i e f d e s c r i p t i o n o f t h e p r e s s i n g a n d u n i t s a s s e m b l y 

s h o p s 

4 . 2 . 1 The p r e s s i n g s h o p 

The s h o p a s a w h o l e i s made u p o f f o u r s e c t i o n s ; 

A) S t e e l s h e e t s t o c k y a r d 

T h i s i s a r o o f e d s u r f a c e w h e r e t h e s t e e l 

s h e e t s a r e s t o r e d a c c o r d i n g t o t h e i r d i f f e r e n t 

t i c k n e s s e s . The s t e e l s h e e t s a r e r e c e i v e d b y 

t h i s s e c t i o n a n d a r e c l a s s i f i e d a n d d e l i v e r e d 

t o t h e s h e e t c u t t i n g s h o p a c c o r d i n g t o 

r e q u i r e m e n t s . 

T h e c u t t i n g o f t h e b l a n k p a r t s i s d o n e b y 

p r e s s e s when a h i g h p r o d u c t i o n i s n e e d e d . F o r 

l o w e r r a t e s , t h i s w i l l b e d o n e m a n u a l l y f o r 

t h e s t a n d a r d s i z e s h e e t s w i t h s m a l l t o o l s , o r 

m e c h a n i c a l l y on k n u r l i n g m a c h i n e s f o r t h e b i g 

b l a n k p a r t s . 
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The d e f o r m a t i o n of t h e s t e e l s h e e t s b y f o l d i n g 

b e n d i n g , a n d l i g h t p r e s s i n g i s d o n e 

m e c h a n i c a l l y i n t h e c a s e o f h i g h p r o d u c t i o n 

r a t e s , o r b y c o l d o r h o t h a m m e r i n g o n s i m p l e 

a s s e m b l i e s s u i t e d t o t h e s h a p e s d e s i r e d , i n 

t h e c a s e o f l ow o u t p u t . 

T h e f i n i s h i n g o f t h e p a r t s w h i c h a r e r e a d y t o 

b e a s s e m b l e d , a f t e r p r e s s i n g , i s d o n e 

m a n u a l l y , TtesB may b e l e n g t h y a n d i n t r i c a t e 

o p e r a t i o n s f o r w h i c h h i g h l y s k i l l e d w o r k e r s 

a r e r e q u i r e d ; e s p e c i a l l y , s i n c e c e r t a i n p a r t s 

t h a t a r e t o f o r m t h e o u t e r b o d y o f t h e c a r 

m u s t h a v e a p e r f e c t f i n i s h a s f a r a s 

a p p e a r a n c e a n d d i m e n s i o n s a r e c o n c e r n e d . 

C) The p r e s s i n g s h o p 

T h i s s h o p d o e s t h e p r e s s i n g i n t h e s t r i c t e s t 

s e n s e . A c c o r d i n g t o t h e t y p e o f t h e p a r t 

a n d s i z e , t h e f o l l o w i n g d i s t i n c t i o n i s m a d e : 

- b o d y p a r t s ; 

- s m a l l p r e s s i n g s ; 

- l a r g e p r e s s i n g s ; 

- l i g h t h a m m e r i n g . 

I n t h e l a r g e m a n u f a c t u r i n g p l a n t s , " p r e s s i n g 

l i n e s " made u p o f s e v e r a l p r e s s e s s t a n d i n g 

i n a l i n e a r e t o b e f o u n d . E a c h p r e s s d o e s 
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o n e s t a g e o f t h e p r e s s i n g o p e r a t i o n f o r t h e 

v e r y b i g b o d y p a r t s ; t h e p a r t i s n o t f i n i s h e d 

u n t i l i t l e a v e s t h e l a s t p r e s s . T h e p r e s s e s 

r a n g e f r o m c a p a c i t i e s o f 2 0 0 t o 1000 t o n s a n d 

may w e i g h a s much a s 2 0 0 t o n s ; t h e t o t a l 

w e i g h t o f t h e t o o l i n g may b e 35 t o n s . 

I n w h i c h c a s e t h e p r e s s i n g o p e r a t i o n s a r e 

a u t o m a t e d . 

T h e r e i s o n e w o r k e r f o r e a c h p r e s s i n c h a r g e 

o f c o n t r o l l i n g a n d s u p e r v i s i n g i t . E a c h p r e s s 

i s a u t o m a t i c a l l y f e d b y a " b l a n k f e e d e r " . 

E a c h p r e s s i n g i s t a k e n away b y a n " e x t r a c t o r " » 

C o n v e y o r s c a r r y t h e p a r t f o r m o n e p r e s s t o . 

t h e o t h e r ; t h e e v a c u a t i o n o f ' i r o n s c r a p s i s 
/ 

a l s o d o n e a u t o m a t i c a l l y t h r o u g h s p o u t s t o 

t h e c r u s h e r s . 

A c c o r d i n g t o r e q u i r e m e n t s , t h e f o l l o w i n g , 

p r e s s e s w i l l b e f o u n d : 

- d o u b l e a c t i n g p r e s s 

. - s i n g l e a c t i n g p r e s s 

- o p e n f r o n t p r e s s 

- a n v i l s 

D) S t o r a g e o f p a r t s b e f o r e a s s e m b l y 

O n c e t h e p a r t s h a v e l e f t t h e p r e s s i n g o r 

c u t t i n g s h o p s , a n d h a v e b e e n a c c e p t e d by t h e 

a s s e m b l y - w e l d i h g c o n t r o l l e r t h e y a r e o i l e d ^ 
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h a n d l e d w i t h c a r e , a n d s t o r e d t o a w a i t 

a s s e m b l y . 

4 . 2 „ 2 U n i t s w e l d i n g a n d a s s e m b l y s h o p 

The w e l d i n g s h o p a s s e m b l e s t h e b o d y f r o m t h e 

r o u g h p a r t s m a n u f a c t u r e d by t h e p r e s s i n g s h o p . 

The b o d y i s b u i l t f r o m t h e s i d e p a n e l s , t h e 

f l o o r p a n e l s , t h e u p r i g h t s u p p o r t s , a n d t h e 

r o o f p a n e l ; s e p a r a t e s u b - a s s e m b l i e s l i k e f e n d e r s , 

h o o d s , d o o r s , a r e a s s e m b l e d i n a n e a r b y s e c t i o n ; 

t h e s e s u b - a s s e m b l i e s a r e c a l l e d " s e p a r a t e p a r t s " . 

A) Body 

The p o i n t s t o w h i c h m e c h a n i c a l p a r t s a n d 

s e p a r a t e p a r t s h a v e t o b e h o o k e d m u s t b e 

c a r e f u l l y p o s i t i o n e d and c o n s i d e r a b l e c a r e 

h a s t o b e t a k e n i n p l a c i n g t h e d i f f e r e n t 

p a r t s i n t h e i r r e s p e c t i v e p o s i t i o n s , i n o r d e r 

t o a v o i d a n y m i s t a k e s i n t h e a s s e m b l y a n d 

e n s u r e t h a t t h e s e p a r a t e p a r t s a r e i n t e r -

c h a n g e a b l e . 

B ) . S e p a r a t e p a r t s 

U n l i k e t h e c a r b o d y w h i c h r e q u i r e s g r e a t 

a c c u r a c y f o r i t s a s s e m b l i n g b u t o n l y a r o u g h 

f i n i s h i n g ( e x c e p t f o r t h e v i s i b l e p a r t s ) , t h e 
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s e p a r a t e p a r t s demand a g r e a t d e a l o f 

e x p e r i e n c e i n t h e m a k i n g o f h o l l o w b o d i e s o u t 

o f t h i n i r o n s h e e t s . An o u t e r d o o r p a n e l 

a s s e m b l e d on a n i n n e r p a n e l w i l l w a v e a t t h e 

e d g e s a n d w i l l b l i s t e r i n t h e c e n t e r i f t h e 

r o u g h p a r t s h a v e n o t b e e n a c c e p t e d a s b e i n g 

u p t o s t a n d a r d . I n t h i s c a s e , t h e a s s e m b l y 

o f t h e i n n e r a n d o u t e r p a n e l s i s s u c h t h a t a n y 

t o u c h i n g u p i s i m p o s s i b l e o r v i r t u a l l y s o ; 

i t w o u l d , i n a n y c a s e , b e e x t r e m e l y d i f f i c u l t 

t o d o s o o w i n g t o t h e t h i n n e s s o f t h e s h e e t s 

a n d t h e p e r f e c t f i n i s h i n g r e q u i r e d f o r t h e s e 

a p p e a r a n c e p a r t s . 

T h e d i f f e r e n t p a r t s a r e a s s e m b l e d b y c r i m p i n g 

o r w e l d i n g , ; a n d , i n v e r y e x c e p t i o n a l c a s e s b y 

g l u i n g . 

I n t h e l a r g e - s c a l e m a n u f a c t u r i n g p l a n t s , 

c r i m p i n g i s d o n e o n s p e c i a l m a c h i n e s a c c o r d i n g 

t o e a c h s h a p e . 

/ 

C) A s s e m b l y b y w e l d i n g ' 

S p o t w e l d i n g i s u s u a l l y d o n e i n t h e b i g p l a n t s 

w i t h v e r y c o s t l y a n d c o m p l e x m u l t i - s p o t 

m a c h i n e s a n d w i t h a l a r g e number o f s i n g l e 

s p o t w e l d i n g m a c h i n e s ; t h i s p r o c e d u r e r e q u i r e s 

t h e u s e o f a s s e m b l i e s s p e c i f y d e s i g n e d t o 

r e c e i v e t h e r o u g h p a r t s w h i c h a r e s u p e r p o s e d 
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a n d a u t o m a t i c a l l y p o s i t i o n e d a n d t h e n c l a m p e d 

w i t h a u x i l i a r y j a w s . The w e l d i n g t o n g s h a v e 

two c o p p e r e l e c t r o d e s c l o s e d b y h y d r a u l i c 

c o n t r o l . The w e l d i n g p o i n t s i n t h e v i s i b l e 

a r e a s w i l l b e t o u c h e d u p w i t h a f i l e o r w i t h 

a p o r t a b l e m a c h i n e f i t t e d w i t h a b r a s i v e d i s k s . 

The f i n i s h i n g i s d o n e w i t h a n e m e r y c l o t h . 

C a r e f u l c h e c k s o f e a c h u n i t w i l l b e made e i t h e r 

b y s i m p l e v i s u a l i n s p e c t i o n o r b y s u f a c e 

l i g h t i n g . 

D) The u n i t s w a r e h o u s e 

The u n i t s a r e t h e b o d y p a r t s w h i c h a r e a s s e m b l e c 

i n t h e v / e l d i n g s h o p : t h e r o o f , f l o o r a n d s i d e 

p a n e l s . They a r e s t o r e d a f t e r t h e y h a v e b e e n 

c o v e r e d w i t h a n a n t i - r u s t p r o d u c t . 

S i m i l a r l y , t h e s e p a r a t e p a r t s w i l l b e c a r e f u l l y 

s t o r e d i n s p e c i a l c o n t a i n e r s . 

4 . 2 . 3 The t o o l i n g , s t e e l w o r k a n d m a i n t e n a n c e s h o p 

\ 

A) M a i n t e n a n c e 

The t o o l i n g a n d m a i n t e n a n c e s h o p i s i n c h a r g e 

o f t h e f o l l o w i n g o p e r a t i o n s : 

- M a n u f a c t u r e , m a i n t e n a n c e a n d r e p a i r o f t o o l s 

a n d m a c h i n e p a r t s . 

- M a c h i n i n g o f t h e e l e c t r o d e s of t h e w e l d i n g 
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t o n g s 

- P r e v e n t i v e m a i n t e n a n c e a n d r e p a i r s o f 

m e c h a n i c a l , e l e c t r i c , h y d r a u l i c a n d p n e u m a t i c 

u n i t s o f t h e m a c h i n e r y o f t h e p r e s s i n g 

d e p a r t m e n t . 

B) S t o r a g e 

F u r t h e r m o r e , t h e p r e s s i n g t o o l s a r e s t o r e d i n 

a s e c t i o n b e l o n g i n g t o t h i s s h o p . 

P r e s s i n g t o o l s h a v e t o b e v e r y d i f f e r e n t i n 

s i z e a n d w e i g h t a c c o r d i n g t o t h e p a r t s f o r 

w h i c h t h e y h a v e b e e n d e s i g n e d ; t h e r e a r e 4 dm3 

a s s e m b l i e s w h i c h w e i g h a b o u t t w e n t y k i l o s 

a n d b i g r o o f i n g t o o l s w h i c h may m e a s u r e a s 

much a s 3m x 1 . 5 0 m x Im a n d v / e i g h m o r e t h a n 

12 t o n s . I t w i l l t h e r e f o r e b e n e c e s s a r y t o 

h a v e a v e r y w i d e r a n g e o f m a i n t e n a n c e e q u i p m e n t : 

t o o l c a r r i a g e s , m o n o r a i l s , f o r k l i f t e r s a n d 

t r a v e l l i n g c r a n e s -

4 . 3 D e t e r m i n a t i o n o f i n v e s t m e n t i n t h e s h o p s w h e r e t h e 

u n i t s a r e p r e s s e d a n d a s s e m b l e d 

T h i s c h a p t e r w i l l show t h e i n v e s t m e n t n e c e s s a r y f o r a 

p r e s s i n g a n d a s s e m b l y s h o p a c c o r d i n g t o d i f f e r e n t 

o u t p u t a s s u m p t i o n s ; t h e e f f e c t o f t h e a m o u n t o f m e c h a n i -

z a t i o n a n d t h e n u m b e r o f m o d e l s on i n v e s t m e n t w i l l a l s o 

b e s t u d i e d . 
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4 . 3 . 1 C l a s s i f i c a t i o n o f i n v e s t m e n t 

I n o r d e r t o show c l e a r l y t h e m a g n i t u d e o f t o o l i n g 

c o s t s t h e f o l l o w i n g c l a s s i f i c a t i o n h a s b e e n 

c h o s e n : 

- l a n d g r a d i n g - r o a d s 

- b u i l d i n g s : i n d u s t r i a l b u i l d i n g s 

s e r v i c e b u i l d i n g s 

- s h o p e q u i p m e n t : m a c h i n e r y , e q u i p m e n t 

- t o o l i n g : p r e s s i n g t o o l s 

a s s e m b l y j i g s 

- u t i l i t i e s 

The s h a r e o f t h e s e d i f f e r e n t t y p e s o f i n v e s t m e n t 

i n t o t a l i n v e s t m e n t may b e c o n s i d e r e d t o b e 

r o u g h l y t h e f o l l o w i n g : 

% 

l a n d g r a d i n g a n d r o a d s 

b u i l d i n g s 

s h o p e q u i p m e n t , w i t h o u t t o o l i n g 

t o o l i n g 

u t i l i t i e s 

1 t o 3 

12 t o 18 

30 t o 35 

50 t o 3 8 

7 t o 10 

TOTAL ItJVESTMENT 
1 

100% 

N . B . T h i s c l a s s i f i c a t i o n d o e s n o t i n c l u d e t h e 

p r i c e o f t h e l a n d w h i c h g e n e r a l l y d e p e n d s 

on w h e r e t h e p l a n t i s s i t e d . 
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I t s h o u l d b e n o t e d t h a t t h e p r e s s i n g s h o p a c c o u n t s 

f o r t h e l a r g e s t s h a r e o f t o t a l i n v e s t m e n t . 

p r e s s i n g s h o p 

u n i t s a s s e m b l y s h o p 

89% 

11% 

TOTAL INVESTMENT 100% 

F u r t h e r m o r e , i n v e s t m e n t i n b u i l d i n g s f o r t h e 

p r e s s i n g s h o p i s much h i g h e r t h a n f o r a b u i l d i n g i n 

w h i c h t h e u n i t s a r e t o b e a s s e m l ) l e d ; f o r t h e 

p r e s s i n g a s t r o n g b u i l d i n g i s n e c e s s a r y w i t h a 

m e t a l f r a m e w o r k t h a t c a n s u p p o r t a l a r g e c a p a c i t y 

t r a v e l l i n g c r a n e ; m o r e o v e r , p r e s s e s a r e v e r y h e a v y 

m a c h i n e s r e q u i r i n g d e e p f o u n d a t i o n s . 

I n o r d e r t o make t h e s e c o n c e p t s a l i t t l e c l e a r e r , 

t h e f o l l o w i n g a v e r a g e v a l u e s w i l l g i v e some i d e a 

o f t h e p r i c e p e r s q u a r e m e t e r o f r o o f e d s u r f a c e f b r 

t h e d i f f e r e n t b u i l d i n g s : 

H e a v y - t y p e b u i l d i n g f o r a 

p r e s s i n g s h o p a b o u t 1000 FF/m2 

O n e - s t o r y c o n v e n t i o n a l 

b u i l d i n g f o r a u n i t s 

a s s e m b l y s h o p i n a c o u n t r y 

w i t h t e m p e r a t e c l i m a t e 4 5 0 a 600 F F / m 2 ' 
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4 . 3 . 2 R a t i o b e t w e e n i n v e s t m e n t a n d a n n u a l o u t p u t 

The t o t a l i n v e s t m e n t r e q u i r e d f o r a p r e s s i n g a n d 

a s s e m b l y p l a n t h a s b e e n c a l c u l a t e d a c c o r d i n g t o 

d i f f e r e n t p r o d u c t i o n v o l u m e s . The r e s u l t o f 

t h e s e c a l c u l a t i o n s i s f o u n d i n C h a r t No, 1 , w h i c h 

e x p r e s s e s i n t h e a b s c i s s a t h e v o l u m e o f a n n u a l 

p r o d u c t i o n a n d i n t h e o r d i n a t e , t h e a m o u n t o f 

t o t a l i n v e s t m e n t e x c l u d i n g l a n d . 

As p r e s s i n g t o o l s a r e so e x p e n s i v e a n d , i n 

p r i n c i p l e , s p e c i f i c t o a p a r t i c u l a r v e h i c l e m o d e l , 

no p l a n t s do t h e p r e s s i n g o p e r a t i o n s f o r e v e r y 

p a r t o f t h e v e h i c l e b o d y i f t h e o u t p u t i s l e s s 

t h a n 5 0 , 0 0 0 v e h i c l e s a y e a r : f o r s m a l l e r v o l u m e s , 

c o s t s w o u l d b e v e r y h i g h i n t h e c a s e o f c o n v e n t i o n a l 

s t e e l p r e s s i n g t o o ] . s : t h e t o o l s w o u l d b e d e p r e c i a t e d 

o v e r a v e r y s m a l l number o f v e h i c l e s a n d t h e r e f o r e 

d e p r e c i a t i o n c h a r g e s p e r v e h i c l e w o u l d b e p r o h i b i t i v i 

A) V a l u e o f g r a d u a l i n t e g r a t i o n o f a s s e m b l y 

o p e r a t i o n s 

On t h e o t h e r h a n d , w h e r e o u t p u t i s l ow t h e 

v a r i o u s p r e s s i n g o p e r a t i o n s c a n b e g r a d u a l l y 

i n t e g r a t e d . U n d e r t h e s e c i r c u m s t a n c e s i t i s 

p o s s i b l e t o m a n u f a c t u r e s m a l l , s i m p l e p a r t s 

w h i c h do n o t r e q u i r e e x p e n s i v e t o o l i n g ; t h e s e 

w o u l d b e i n n e r p a r t s w h i c h d o n o t r e q u i r e much 
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a c c u r a c y i n p r e s s i n g o r a n y p a r t i c u l a r q u a l i t y 

o f s u r f a c e . 

T h u s C h a r t No. 1 s h o w s t h e i n v e s t m e n t c u r v e f o r 

d i f f e r e n t p r o d u c t i o n r a t e s u n d e r t h e a s s u m p t i o n 

o f g r a d u a l i n t e g r a t i o n . I n t e g r a t i o n c a n b e g i n 

a s s o o n a s o u t p u t t o t a l s 2 5 , 0 0 0 v e h i c l e s a y e a r , 

a n d f u l l i n t e g r a t i o n c a n b e c o n c e i v e d f o r a n 

a n n u a l p r o d u c t i o n o f 1 0 0 , 0 0 0 v e h i c l e s -

B) E x a m i n a t i o n o f C h a r t No. 1 

C h a r t No. 1 i n d i c a t e s t h a t i n v e s t m e n t i s v e r y 

h i g h e v e n f o r low r a t e s , i n t h e c a s e o f f u l l 

i n t e g r a t i o n of t h e p r e s s i n g o p e r a t i o n s a n d 

a s s e m b l y . 

a ) Low a n d medium r a t e s 

I n v i e w o f t h e f a c t t h a t a . v e r y e x p e n s i v e 

p r e s s a n d p r e s s i n g t o o l s h a v e t o b e i n s t a l l e d 

when c o m p l e t e m a n u f a c t u r e i s c o n s i d e r e d e v e n 

f o r low r a t e s , i n v e s t m e n t r i s e s r a t h e r 

s l o w l y . T h u s , i f o u t p u t i s t o b e d o u b l e d , 

i . e . f r o m 2 5 , 0 0 0 v e h i c l e s t o 5 0 , 0 0 0 v e h i c l e s 

a y e a r , i n v e s t m e n t m u s t b e m u l t i p l i e d b y 

a p p r o x i m a t e l y 1 . 2 7 , i . e . a s c a l e - u p f a c t o r 

o f 0 . 3 4 . 

b ) H i g h r a t e s 

F o r m o r e t h a n 1 0 0 , 0 0 0 v e h i c l e s a y e a r , t h e 

r i s e o f i n v e s t m e n t i s q u i t e s m a l l . I n o r d e r 



. títlr<t-^' É r .r-̂  itW«Tfi <11 iV 1H Wi'f I Irfl •"•̂iflrtTi .11 11- î/TIV̂^ " -
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t o d o u b l e t h e o u t p u t , i . e . f r o m 100,000 to 

200,000 v e h i c l e s a y e a r , i n v e s t m e n t i s m u l t i -

p l i e d o n l y b y a b o u t 1 . 2 3 , a s c a l e - u p f a c t o r 

o f 0 . 2 7 i n t h i s c a s e . 

C ) E f f e c t o f t h e a m o u n t o f m e c h a n i z a t i o n 

P a r a g r a p h 3 . 1 . 1 shov;ed t h a t , a c c o r d i n g t o t h e 

v o l u m e o f p r o d u c t i o n ^ h i g h l y m e c h a n i z e d o r a 

l e s s m e c h a n i z e d m a n u f a c t u r i n g t e c h n i q u e c o u l d 

b e c h o s e n . 

F r o m a p r a c t i c a l p o i n t o f v i e v / , e n t i r e l y m a n u a l 

t e c h n i q u e s s h o u l d b e r e j e c t e d b e c a u s e t h e 

r e s u l t i n g m a n u f a c t u r i n g c o s t s w o u l d b e e x t r e m e l y 

h i g h . 

T h e c h o i c e o f t h e m a n u f a c t u r i n g p r o c e d u r e m a y , 

t h e n i n v o l v e : 

• i - s e m i - m a n u a l m e t h o d s ( p a r a g r a p h 4 . 1 . 1 B) 

i i - f u l l y m e c h a n i z e d m e t h o d s w i t h c o m b i n e d t o o l s 

( s e e p a r a g r a p h 4 1 1 A d i ) 

i i i - f u l l y m e c h a n i z e d a n d a u t o m a t e d m e t h o d s 

( p a r a g r a p h 4 . 1 . l A d i i ) . 

T h e l a t t e r t e c h n i q u e i s r e s e r v e d f o r p l a n t s 

p r o d u c i n g v e r y l a r g e s e r i e s ( a b o u t 200,ÜÜO 

v e h i c l e s a y e a r ) . F o r l e s s t h a n 5 0 , 0 0 0 

v e h i c l e s a y e a r , e i t h e r s o l u t i o n i o r i i may 

b e c h o s e n , b e a r i n g i n m i n d t h a t t h o u g h t h e 

s e m i - m a n u a l m e t h o d r e q u i r e s much l o w e r 
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i n v e s t m e n t , i t n e v e r t h e l e s s i n v o l v e s a s u b s t a n t i a l 

i n c r e a s e i n l a b o r a n d c o n s e q u e n t l y c a u s e s a 

s h a r p i n c r e a s e i n t h e m a n u f a c t u r i n g o v e r p r i c e . 

T h u s i t may b e c o n c l u d e d t h a t t h e r e c a n no 

l o n g e r b e a n y f r e e d o m of c h o i c e i n t h e e x t e n t 

t o w h i c h t h e p r e s s i n g s h o p w i l l b e m e c h a n i z e d ; 

e a c h r a t e o f p r o d u c t i o n d e t e r m i n e s a n o p t i m u m 

m a n u f a c t u r i n g p r o c e d u r e , w h i c h i s t h e o n e 

r e s u l t i n g i n t h e l o w e s t p r o d u c t i o n o v e r p r i c e f o r 

a g i v e n r a t e . Any o t h e r s o l u t i o n w o u l d r e s u l t 

i n a v e r y h i g h m a n u f a c t u r i n g c o s t , b e c a u s e i t 

w o u l d mean u s i n g e i t h e r c o s t l y e q u i p m e n t w h i c h 

c o u l d o n l y b e d e p r e c i a t e d o v e r a s m a l l number 

o f v e h i c l e s o r v e r y s i m p l e e q u i p m e n t i n v o l v i n g 

h i g h l a b o r costs 

T h u s c h o i c e r a n g e s b e t w e e n t o t a l o r p a r t i a l 

i n t e g r a t i o n . And t h e a n s w e r t o t h i s q u e s t i o n 

d e p e n d s t o a l a r g e e x t e n t on t h e c o u n t r y b e i n g 

c o n s i d e r e d . 

E f f e c t o f a l a r g e number o f m o d e l s 

T h i s i s a v i t a l p r o b l e m i n t h e c a s e o f t h e 

p r e s s i n g o r t h e u n i t s a s s e m b l y s h o p . 

I f t o t a l i n t e g r a t i o n i s c h o s e n f o r t h e 

m a n u f a c t u r e o f a c a r b o d y , v e r y c o s t l y p r e s s i n g , 

t o o l s a n d a s s e m b l y e q u i p m e n t ( a s s e m b l y j i g s . 
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m u l t i s p o t w e l d i n g m a c h i n e s ) s p e c i f i c t o a 

c e r t a i n m o d e l w i l l h a v e t o b e u s e d . 

F o r e x a m p l e , f o r a p o p u l a r v e h i c l e o f medium 

s i z e , t h e p r e s s i n g t o o l s u s e d b y a m a n u f a c t u r e r 

t o p r o d u c e t h e 600 o r 700 d i f f e r e n t p a r t s o f t h e 

c o m p l e t e b o d y w o u l d c o s t a b o u t 50 m i l l i o n f r a n c s . 

The c o s t m i g h t b e a s much a s 100 m i l l i o n f r a n c s 

f o r v e h i c l e s o f a h i g h e r c y l i n d e r c a p a c i t y . I n 

t h i s c a s e t h e t o o l s w o u l d b e s t e e l , a n d d e s i g n e d 

f o r t h e m a n u f a c t u r e o f 1 o r 2 m i l l i o n p a r t s 

a ) C o m p l e t e l y d i f f e r e n t m o d e l s 

I f i t w e r e d e c i d e d t o m a n u f a c t u r e two 

c o m p l e t e l y d i f f e r e n t m o d e l s , a f u r t h e r 50 

m i l l i o n f r a n c s w o u l d b e n e c e s s a r y . F o r a 

l e v e l o f 5 0 , 0 0 0 v e h i c l e s a y e a r , t h i s w o u l d ' 

mean t h a t t o t a l i n v e s t m e n t i n t h e p r e s s i n g 

p l a n t w o u l d h a v e t o b e m u l t i p l i e d b y 1 . 5 , 

w h i c h i s a v e r y h i g h f i g u r e . 

F o r t h e s e p r o d u c t i o n l e v e l s , i t w o u l d seem 

p r e f e r a b l e t o h a v e a p a r t i a l i n t e g r a t i o n , t h u s 

l i m i t i n g t h e i n v e s t m e n t . 

b ) V a l u e o f d e r i v e d , m o d e l s 

A l a r g e number o f m o d e l s i s t h u s a p a r t i c u l a r l y 

u n f a v o r a b l e " f a c t o r , e s p e c i a l l y i n t h e c a s e 
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o f c o m p l e t e i n t e g r a t i o n w i t h low o r e v e n 

mediiom r a t e s . 

H o w e v e r , i t s h o u l d b e r e m e m b e r e d t h a t t h e 

a b o v e a n a l y s i s r e f e r s t o e n t i r e l y d i f f e r e n t 

m o d e l s . 

I n p r a c t i c e , a m a n u f a c t u r e r f r e q u e n t l y 

d e c i d e s t o h a v e - a w i d e r r a n g e o f v e h i c l e s 

w h i l e a t t h e same t i m e k e e p i n g a l a r g e 

n u m b e r o f b o d y p a r t s u n c h a n g e d . T h i s i s t h e 

c a s e o f a m a n u f a c t u r e r who p r o d u c e s a s e d a n , 

t h e n d e c i d e s t o m a r k e t a c o u p e , t h e n a 

s t a t i o n wagon a n d f i n a l l y a l i g h t p i c k u p 

v a n , k e e p i n g t h e f r o n t p a r t o f t h e c a r b o d y , 

e x a c t l y t h e same ( f o r e x a m p l e , t h e 4 0 3 , 4 0 4 , 

a n d t h e 204 P e u g e o t , o r t h e O p e l m o d e l s ) 

T h i s v / i l l make i t p o s s i b l e t o r e d u c e 

i n v e s t m e n t i n s p e c i f i c t o o l s , a n d w i l l h a v e 

t h e a d v a n t a g e o f o f f e r i n g t h e c o n s u m e r a 

w i d e r r a n g e o f p r o d u c t s . 

E) V a l u e o f c a r b o d i e s made o f p l a s t i c s 

I t i s now p o s s i b l e t o m a n u f a c t u r e p l a s t i c 

b o d i e s i n d u s t r i a l l y a t v e r y c o m p e t i t i v e c o s t 

p r i c e s . 

T h i s t y p e o f m a n u f a c t u r i n g i s e s p e c i a l l y 

i n t e r e s t i n g f o r low r a t e s o f p r o d u c t i o n , s a y 

1 5 , 0 0 0 v e h i c l e s a y e a r . 
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T h e s e hew m a n u f a c t u r i n g t e c h n i q u e s o f f e r v e r y 

a t t r a c t i v e p o s s i b i l i t i e s t o d e v e l o p i n g c o u n t r i e s 

w h e r e o u t p u t i s g e n e r a l l y l o w a n d h e a v y p r e s s i n g 

e q u i p m e n t i n v o l v i n g c o n v e n t i o n a l m a n u f a c t u r i n g 

p r o c e d u r e s h a s n o t b e e n i n s t a l l e d . T h i s p o i n t 

i s m e n t i o n e d h e r e b r i e f l y b u t i t w i l l b e 

s t u d i e d i n d e t a i l i n t h e c h a p t e r o n " P l a s t i c s " . 

» 

4 . 4 S t u d y o f t h e p r e s s i n g a n d u n i t s a s s e m b l y c o s t s 

T h i s c h a p t e r a n a l y z e s p r e s s i n g a n d u n i t s a s s e m b l y c o s t s 

i n o r d e r t o a s c e r t a i n t h e m a n u f a c t u r i n g o v e r p r i c e s w h i c h 

a r e t h e r e s u l t o f a p a r t i c u l a r o u t p u t . 

S u c h a s t u d y i s f a i r l y d i f f i c u l t d u e t o t h e v i r t u a l 

a b s e n c e o f p r o p e r f i g u r e s on m a n u f a c t u r i n g c o s t s f o r 

l ow r a t e s o f p r o d u c t i o n . As a m a t t e r o f f a c t , b e c a u s e 

o f t h e v e r y h i g h i n v e s t m e n t n e e d e d f o r a p r e s s i n g p l a n t , 

i t i s e x t r e m e l y d i f f i c u l t t o f i n d a c o m p l e t e l y i n t e g r a t e c 

b o d y m a n u f a c t u r i n g s h o p f o r r a t e s o f l e s s t h a n 1 0 0 , 0 0 0 

v e h i c l e s a y e a r . 

When t h e o u t p u t i s l e s s t h a n 1 0 0 , 0 0 0 v e h i c l e s a y e a r , 

o n l y t h e m o r e s t r a i g h t f o r w a r d o p e r a t i o n s 

t e n d t o b e d o n e i n o r d e r t o l i m i t t h e m a n u f a c t u r i n g 

o v e r p r i c e ; u s u a l l y a. m a n u f a c t u r e r w i l l o n l y p r o d u c e t h e 

h i d d e n p a r t s w h i c h a r e e a s i e r t o make a n d w i l l i m p o r t 

t h e m o r e c o m p l e x b o d y p a r t s , t h a t i s , t h e s k i n 

p a r t s w h i c h i n v o l v e t h e h i g h e s t c o s t s . 
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4 . 4 . 1 B r e a k d o w n o f t h e c o s t p r i c e f o r a n a u t o m o b i l e b o d y 

The m a k i n g o f t h e b o d y a c c o u n t s f o r a v e r y l a r g e 

p a r t o f t h e c o s t p r i c e o f a v e h i c l e , i . e . a b o u t 20%. 

F o r a p o p u l a r m e d i u m - s i z e d v e h i c l e , t h e m a n u f a c -

t u r i n g t i m e w i l l b e a b o u t 11 t o 12 h o u r s i n t h e 

c a s e o f l a r g e - s c a l e p r o d u c t i o n , t h a t i s , a b o u t 

20% of t h e t o t a l m a n u f a c t u r i n g t i m e f o r t h i s t y p e 

o f v e h i c l e ( 5 0 h o u r s ) . 

The c o s t p r i c e o f t h e u n p a i n t e d b o d y , i n c l u d i n g 

t h e f l o o r p a n e l w h i c h i s r e a d y t o b e a s s e m b l e d , 

may b e b r o k e n down a s f o l l o w s ; 

T a b l e No. 1 

B r e a k d o w n o f t h e c o s t p r i c e o f a b o d y 

Raw m a t e r i a l s 

P u r c h a s e s o f 
m a n u f a c t u r e d p r o d u c t s 

32 t o 3 5% ) 
) p u r c h a s e s 

3 t o 5% j 35 t o 40% 

P r e s s i n g c o s t s 

U n i t s a s s e m b l y c o s t (1) 

A s s e m b l y c o s t o f t h e u n i t s 
among t h e m 

D e p r e c i a t i o n o f n o n - s p e c i f i c 
e q u i p m e n t a n d t o o l i n g , a n d 
b u i l d i n g s 

D e p r e c i a t i o n of s p e c i f i c 
e q u i p m e n t a n d t o o l i n g 

20 t o 25% ) 

15 t o 18% ) 

10 t o 12% 
) 
) 

v a l u e a d d e d 

60 t o 65% 

4 t o 7% ) 

6 t o 9% 

C o s t p r i c e o f t h e b o d y 
r e a d y f o r a s s e m b l y 100% 100% 
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(1) The c o s t p r i c e g i v e n i n c l u d e s t h e c o s t o f a s s e m b l i n g 

t h e v a r i o u s u n i t s . T h i s s t u d y h a s c o n s i d e r e d t h a t t h i s 

o p e r a t i o n w a s d o n e i n t? ie f i n a l a s s e m b l y s h o p b e f o r e 

a s s e m b l y on t h e l i n e ; t h e r e f o r e , i t w i l l n o t b e t a k e n 

i n t o c o n s i d e r a t i o n i n t h e r e s t o f t h e c h a p t e r . 

(2) I t s h o u l d b e n o t e d t h a t s p e c i f i c e q u i p m e n t a n d t o o l i n g 

a r e d e p r e c i a t e d o v e r t h e t o t a l number o f m a n u f a c t u r e d 

v e h i c l e s ; t h e r e f o r e , t h e d e p r e c i a t i o n i s n o t n e c e s s a r i l y 

b a s e d o n t h e l i f e s p a n o f t h e e q u i p m e n t a n d t h e s p e c i f i c 

t o o l s . I n t h e a b o v e e x a m p l e , t h e m a n u f a c t u r e r h a s 

d e c i d e d t o d e p r e c i a t e t h e s p e c i f i c e q u i p m e n t o v e r 2 ' 0 0 0 , 0 0 0 

v e h i c l e s f o r a n a n n u a l o u t p u t o f 2 0 0 , 0 0 0 v e h i c l e s . 

N o t i c e s h o u l d b e t a k e n o f t h e l a r g e s h a r e o f t h e 

d e p r e c i a t i o n c h a r g e s i n t h e c o s t p r i c e ( 1 0 t o 16%) , 

e v e n i f t h e t o t a l p r o d u c t i o n h a s b e e n c a l c u l a t e d 

a t 2 ' 0 0 0 , 0 0 0 v e h i c l e s . T h i s i s o n e o f t h e t y p i c a l 

c h a r a c t e r i s t i c s o f p r o d u c t i o n c o s t s i n a p r e s s i n g 

a n d u n i t s a s s e m b l y s h o p . 

4 . 4 . 2 S t u d y o f t h e v a l u e a d d e d i n a p r e s s i n g a n d u n i t s 

a s s e m b l y s h o p 

The v a l u e a d d e d by t h e p r e s s i n g a n d u n i t s a s s e m b l y 

s h o p may b e b r o k e n down a s f o l l o w s : 
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P r o c e s s i n g c o s t 

- p r e s s i n g s h o p 35 t o 40% 
- u n i t s a s s e m b l y s h o p 30 t o 40% 

D e p r e c i a t i o n o f 
n o n - s p e c i f i c e q u i p m e n t 

D e p r e c i a t i o n o f 
s p e c i f i c e q u i p m e n t 

65 t o 80% 

8 t o 13% 

12 .to 18% 

V a l u e Added 100% 

The s h a r e o f t h e l a b o r c o s t s i n t h e v a l u e a d d e d 

i s a p p r o x i m a t e l y i n d i c a t e d i n t h e f o l l o w i n g 

b r e a k d o w n ( a l l f i g u r e s h a v e b e e n r o u n d e d ) : 

D i r e c t l a b o r c o s t s 

M a n u f a c t u r i n g c o s t s 

O v e r h e a d s 

D e p r e c i a t i o n 

- b u i l d i n g s a n d n o n - s p e c i f i c 
i n v e s t m e n t , 8 t o 13% 

- s p e c i f i c i n v e s t m e n t , 
12 t o 18% 

25 t o 35% 

30 t o 35% 

8 t o 11% 

20 t o 31% 

V a l u e Added 100% 

I n o r d e r t o show t h e s h a r e o f t h e d i f f e r e n t b o d y 

p a r t s i n t h e v a l u e a d d e d , t h i s may b e b r o k e n down 

a c c o r d i n g t o t h e m a i n b o d y e l e m e n t s , a s i n d i c a t e d 

on T a b l e No. 2 ; t h i s b r e a k d o w n r e f e r s t o a m o d e r n 

v e h i c l e w h o s e b a c k f e n d e r s h a v e b e e n i n c o r p o r a t e d 

t o t h e s i d e p a n e l s . F o r o t h e r t y p e s o f b o d i e s 

t h i s b r e a k d o w n w i l l b e s l i g h t l y d i f f e r e n t . I n 

g e n e r a l , i t may b e s e e n t h a t t h e r o o f p a n e l a n d 

t h e f l o o r p a n e l a c c o u n t f o r a h i g h p e r c e n t a g e o f 

t h e v a l u e a d d e d . 
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T a b l e No. 2 

B r e a k d o w n o f t h e v a l u e a d d e d i n a p r e s s i n g a n d u n i t s 

a s s e m b l y s h o p a c c o r d i n g t o t h e m a i n u n i t s t h a t f o r m a body^ 

1 

F r o n t f e n d e r s 

1 

3 . 9 2 % 

F r o n t h o o d 4 . 14% . 

T r u n k l i d 2 . 4 0 % 

F r o n t d o o r s 7 , 6 3 % 

R e a r d o o r s 7 . 3 4 % 

R a d i a t o r g r i l l e 2 . 1 8 % 

F r o n t w h e e l h o u s i n g p a n e l 4 . 7 0 % 

D a s h p a n e l s 5 . 6 0 % 

S i d e p a n e l s 2 2 . 9 6 % 

R e a r p a n e l ; - . 1 . 6 2 % 

Roof p a n e l 1 3 . 1 1 % 

F l o o r p a n e l 2 4 . 4 0 % 

V a l u e Added 100% 

N , B . T h i s r e f e r s t o t h e v a l u e a d d e d , s o t h a t t h e p r i c e 

o f t h e r a w m a t e r i a l s a n d p u r c h a s e o f m a n u f a c t u r e d 

p r o d u c t s a r e n o t i n c l u d e d . 
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A) S t u d y o f d i r e c t l a b o r c o s t s 

I t h a s b e e n s t a t e d t h a t p r e s s i n g p r o c e d u r e s w i l l 

v a r y a c c o r d i n g t o o u t p u t a n d t h a t much m o r e 

t i m e i s r e q u i r e d f o r p r e s s i n g i n t h e c a s e o f 

s m a l l o u t p u t s a s c o m p a r e d w i t h m a s s p r o d u c t i o n -

T h r e e p r e s s i n g t e c h n i q u e s h a v e b e e n c o n s i d e r e d 

a c c o r d i n g t o t h e p r o d u c t i o n e x p e c t e d : 

3) S m a l l s e r i e s 

F o r r a t e s o f a b o u t 4 0 , 0 0 0 v e h i c l e s a y e a r , 

p r e f e r e n c e w i l l b e g i v e n t o a s e m i - m a n u a l 

m e t h o d , f o r w h i c h l e s s p r e s s e s w i l l b e 

n e c e s s a r y ; t h e s e w i l l o n l y b e u s e d f o r t h e 

p r e s s i n g o p e r a t i o n s i n t h e s t r i c t e s t s e n s e . 

U n d e r t h e s e c o n d i t i o n s , a g r e a t d e a l o f 

t i m e i s r e q u i r e d f o r t h e p r e s s i n g . 

I t s h o u l d b e e m p h a s i z e d t h a t v e r y f r e q u e n t l y , 

f o r t h i s l e v e l o f p r o d u c t i o n , t h e m o s t 

c o m p l i c a t e d b o d y p a r t s a r e p r e f e r a b l y i m p o r t e d 

a n d t h a t c o m p l e t e i n t e g r a t i o n i n t h e p r e s s i n g 

s h o p i s v e r y r a r e . 

b ) L a r g e s e r i e s 

F o r a n o u t p u t o f 4 0 , 0 0 0 t o 2 0 0 , 0 0 0 v e h i c l e s 

a y e a r , a l l p r e s s i n g o p e r a t i o n s a n d c u t t i n g 

o f s t e e l s h e e t s i s d o n e b y p r e s s . 
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T h e p r e s s i n g s h o p w i l l h a v e m o r e a n d m o r e 

p r e s s e s e a c h o f w h i c h w i l l b e i n c r e a s i n g l y 

s p e c i a l i z e d f o r t h e p r e s s i n g o f a p a r t i c u l a r 

p a r t . 

Howeveri , f o r r e l a t i v e l y low v o l u m e s o f 

p r o d u c t i o n , t h e same p r e s s may b e u s e d f o r 

d i f f e r e n t o p e r a t i o n s b y c h a n g i n g t h e p r e s s i n g ^ 

t o o l s , b u t t h i s i s a l e n g t h y o p e r a t i o n 

w h i c h t a k e s a b o u t 8 h o u r s . T h i s m a k e s i t 

p o s s i b l e t o r e d u c e t h e n u m b e r o f p r e s s e s , 

a t t h e c o s t o f h i g h i n c r e a s e s i n p r e s s i n g 

t i m e , 

c) V e r y l a r g e s e r i e s 

I n t h e c a s e o f v e r y l a r g e s e r i e s , i . e . m o r e 

t h a n 2 0 0 , 0 0 0 v e h i c l e s a y e a r , a l l o p e r a t i o n s 

a r e d o n e b y p r e s s , e a c h b e i n g h i g h l y 

s p e c i a l i z e d . As we h a v e s e e n , i n s u c h 

c o n d i t i o n s , t h e w o r k i s c a r r i e d o u t on 

p r e s s i n g l i n e s , a n d t h e h a n d l i n g o f t h e 

p a r t s b e t w e e n t h e d i f f e r e n t p r e s s e s i s 

e n t i r e l y a u t o m a t e d . 

T h i s m a n u f a c t u r i n g t e c h n i q u e a l l o w s p r e s s i n g 

t i m e t o b e r e d u c e d t o a min imum. 
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d) E v a l u a t i o n o f m a n u f a c t u r i n g t i m e 

B e c a u s e o f t h e c o s t o f t h e t o o l s , m a c h i n e 

t i m e , a n d n e c e s s a r i l y l a b o r t i m e , a r e n o t 

m e a n i n g f u l u n l e s s t h e m a n u f a c t u r i n g t e c h n i q u e 

i s knov/n . As s t a t e d p r e v i o u s l y , t h e t e c h n i q u e 

i s c h o s e n a c c o r d i n g t o t h e p a r t i c u l a r o u t p u t , 

t h a t i s , f i r s t t h e a n n u a l p r o d u c t i o n r a t e , 

a n d s e c o n d t h e t o t a l number o f v e h i c l e s t h a t 

a r e t o b e p r o d u c e d d u r i n g t h e t o t a l l i f e o f 

t h e m o d e l . 

M a c h i n e t i m e d i f f e r s c o n s i d e r a b l y a c c o r d i n g 

t o t h e a m o u n t o f a u t o m a t i o n , t h a t i s , 

a c c o r d i n g t o o u t p u t . 

F o r a p o p u l a r , s m a l l - s i z e d v e h i c l e , t h e 

f o l l o w i n g m a c h i n e t i m e h a s b e e n o b s e r v e d : 

M a c h i n e t i m e O u t p u t 
( m i n . ) ( v e h i c l e s p e r y e a r ) 

O p e r a t i o n s : 2 0 , 0 0 0 1 0 0 , 0 0 0 3 0 0 , 0 0 0 

C u t t i n g 2 1 8 6 . 5 

S m a l l p r e s s e s 74 3 1 2 1 

Medium p r e s s e s 27 23 8 

L a r g e p r e s s e s 34 36 30 

T o t a l t i m e 155 rain. 98 m i n . 5 5 . 5 m i n . 

I n d e x 2 3 8 150 100 
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T h e s e f i g u r e s r e f e r o n l y t o m a c h i n e t i m e . 

The l a b o r t i m e may b e d e d u c t e d b y m u l t i p l y i n g 

t h e f i g u r e s g i v e n by a b o u t 1 . 6 o r 1 . 8 . 

M o r e o v e r , t h e m a n u f a c t u r i n g t i m e d i f f e r s 

c o n s i d e r a b l y f o r s m a l l a n d b i g v e h i c l e s . 

As a n e x a m p l e , t h e f o l l o w i n g t i m e s v ; h i c h 

h a v e b e e n o b s e r v e d f o r a n o u t p u t o f 2 0 , 0 0 0 

v e h i c l e s a y e a r , a r e s h o w n : 

M a c h i n e t i m e i n m i n u t e s 

O p e r a t i o n s s m a l l 
v e h i c l e 

medium s i z e d 
v e h i c l e 

h i g h e r c a t e g o r y 
v e h i c l e 

C u t t i n g 

S m a l l p r e s s 

Medium p r e s s 

L a r g e p r e s s 

2 1 

74 

27 

34 

25 

80 

30 

4 0 

30 

85 

35 . 

4 5 

T o t a l 156 17 5 195 

I n d e x 100 112 12 5 

W e i g h t o f t h e p r e s s i n g 340 k g . 400 k g . 4 8 0 k g . 

I t t h u s e m e r g e s t h a t , i n g e n e r a l , p r e s s i n g 

o v e r t i m e s a r e v e r y h i g h f o r s m a l l r a t e s ; 

t h e y f a l l v e r y r a p i d l y when m a n u a l o p e r a t i o n s 

c a n b e e l i m i n a t e d . H o w e v e r , t h e min imum 

p r e s s i n g t i m e c a n n o t b e a c h i e v e d u n l e s s t h e 

h a n d l i n g o f t h e p a r t s b e t w e e n p r e s s e s i s 

a u t o m a t e d . 
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e) L a b o r S/C i l i s 

I t s h o u l d b e n o t e d t h a t t h e w o r k e r s m u s t b e 

m o r e s k i l l e d i n a p l a n t w i t h a l o w o u t p u t 

b e c a u s e i n t h i s c a s e a s e m i - m a n u a l m a n u f a c -

t u r i n g t e c h n i q u e w o u l d b e n e e d e d . The 

h o u r l y r a t e s f o r t h e d i r e c t l a b o r w o u l d 

t h e r e f o r e b e h i g h e r t h a n i n a p l a n t p r o d u c i n g 

l a r g e s e r i e s . C o n s e q u e n t l y , i t may b e 

c o n c l u d e d f r o m t h e a b o v e a n a l y s i s t h a t d i r e c t 

l a b o r c o s t s p e r v e h i c l e w i l l b e h i g h e r f o r 

l ow p r o d u c t i o n r a t e s . T h e s e d i r e c t l a b o r 

c o s t s d e c l i n e v e r y r a p i d l y a n d c a n b e 

r e d u c e d t o . a minimum o n l y i f o u t p u t a m o u n t s 

t o 2 0 0 , 0 0 0 v e h i c l e s a y e a r , 

f ) A d v a n t a g e s o f w o r k i n g i n 2 s h i f t s 

I n v i e w o f t h e i n v e s t m e n t r e q u i r e d , a 

d o u b l e s h i f t s y s t e m i s o f t e n d e c i d e d u p o n 

f o r t h e p r e s s i n g a n d t h e u n i t s a s s e m b l y 

s h o p s ; t h i s h a s t h e a d v a n t a g e o f r e d u c i n g 

c o n s i d e r a b l y t h e c o s t s o f i n v e s t m e n t . H o w e v e r , 

d u e a t t e n t i o n s h o u l d b e g i v e n t o t h e f a c t 

t h a t c o s t s a r e n o t , a s a r e s u l t , d i v i d e d b y . 

two a s t h e i n c r e a s e i n a s s e m b l y c a p a c i t y 

i s d u e n o t o n l y t o a n i n c r e a s e i n t h e n u m b e r . . 

o f m a c h i n e s b u t a l s o t o a c h a n g e i n t h e 

p r o d u c t i o n t e c h n i q u e . 
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F u r t h e r m o r e , l a b o r c o s t s a r e a l w a y s 

p r o p o r t i o n a t e l y h i g h e r when t h e w o r k i s 

d o n e i n 2 s h i f t s . 

B) S t u d y o f t h e d e p r e c i a t i o n c h a r g e s 

D e p r e c i a t i o n c h a r g e s s h o u l d b e d i v i d e d i n t o 

two c a t e g o r i e s : 

- d e p r e c i a t i o n o f b u i l d i n g s , m a c h i n e s a n d 

n o n - s p e c i f i c e q u i p m e n t ; 

- d e p r e c i a t i o n o f e q u i p m e n t s p e c i f i c t o a 

g i v e n m o d e l o f v e h i c l e . 

N o n - s p e c i f i c d e p r e c i a t i o n c h a r g e s 

T h i s i n c l u d e s b u i l d i n g s , u t i l i t i e s , 

m a c h i n e r y ( p r e s s e s a n d w e l d i n g m a c h i n e s ) , , 

a n d n o n - s p e c i f i c e q u i p m e n t . 

D e p r e c i a t i o n c h a r g e s a r e b a s e d o n t h e 

e x p e c t e d l i f e o f t h e c o r r e s p o n d i n g 

i n v e s t m e n t s . T h i s l i f e p e r i o d i s l i m i t e d 

b y e i t h e r w e a r o r o b s o l e s c e n c e . The f o l l o w i n g 

d e p r e c i a t i o n p e r i o d s a r e t y p i c a l o f t h e 

a u t o m o b i l e i n d u s t r y : 
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Y e a r s 

B u i l d i n g s ( i n c l u d i n g i n t e r n a l 
d i s t r i b u t i o n n e t w o r k s f o r 
e n e r g y a n d f l u i d s ) 20 t o 25 

N o n - s p e c i f i c p r e s s e s a n d 
w e l d i n g m a c h i n e s 10 t o 15 

T r a v e l l i n g c r a n e s , 
c o n v e y o r s 15 

E q u i p m e n t f o r t h e p r o d u c t i o n 
a n d d i s t r i b u t i o n o f f l u i d s 15 

V a r i o u s s h e e t m e t a l w o r k i n g 
m a c h i n e s 10 
H a n d l i n g e q u i p m e n t 10 

F o r k l i f t e r s 4 t o 5 

b ) S p e c i f i c d e p r e c i a t i o n c h a r g e s 

T h i s i n c l u d e s p r e s s i n g t o o l s , s p e c i f i c 

assemlDly j i g s f o r t h e u n i t s a n d w e l d i n g 

m a c h i n e s w h i c h a r e s p e c i f i c t o a p a r t i c u l a r 

m o d e l o f v e h i c l e . 

D e p r e c i a t i o n i n t h i s c a s e c a n no l o n g e r b e 

e s t i m a t e d a c c o r d i n g t o t h e e x p e c t e d l i f e , 

b u t m u s t b e c a l c u l a t e d i n r e l a t i o n t o t h e 

t o t a l n u m b e r o f v e h i c l e s t h a t w i l l b e 

m a n u f a c t u r e d f r o m t h a t m o d e l . I t i s t h e 

l i f e o f t h e m o d e l , t h e r e f o r e , w h i c h h a s t o 

b e t a k e n i n t o c o n s i d e r a t i o n . D e p r e c i a t i o n 

i s e x p r e s s e d a s t h e number o f v e h i c l e s o r 

p a r t s e x p e c t e d . 
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I n p a r a g r a p h 3 . 1 . 3 , t h e f o l l o w i n g r a t e s 

a r e g i v e n : 

S t e e l t o o l s : 1 t o 2 m i l l i o n p a r t s 

Zaraak o r p l a s t i c t o o l s : 

3 , 0 0 0 t o 1 5 , 0 0 0 p a r t s 

C) E f f e c t o f t h e t o t a l number o f v e h i c l e s 

m a n u f a c t u r e d 

S p e c i f i c d e p r e c i a t i o n r e p r e s e n t s f r o m 6 t o 9% 

o f t h e c o s t p r i c e o f t h e b o d y r e a d y t o b e 

a s s e m b l e d , a n d f r o m 12 t o 18% o f t h e v a l u e 

a d d e d . 

The c o n s i d e r a b l e i n f l u e n c e o f t h e t o t a l n u m b e r 

o f v e h i c l e s made f r o m t h e same m o d e l w i l l b a 

shown b y a q u i c k t h e o r e t i c a l c a l c u l a t i o n o f 

p r e s s i n g a n d a s s e m b l y c o s t s i n r e l a t i o n t o t h e 

t o t a l p r o d u c t i o n . 

a ) C a l c u l a t i o n h y p o t h e s e s 

F o r t h e p u r p o s e o f t h i s c a l c u l a t i o n , i t 

i s s u p p o s e d t h a t t h e c o s t o f t h e s p e c i f i c 

p r e s s i n g s t e e l t o o l s i s 6 0 ' 0 0 0 , 0 0 0 F F . a n d 

t h a t t h e c o s t o f t h e s p e c i f i c m a t e r i a l f o r 

t h e a s s e m b l y o f t h e u n i t s i s 4 0 * 0 0 0 , 0 0 0 F P . 
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T o t a l s p e c i f i c i n v e s t m e n t t h u s a m o a n t s t o 

1 0 q 0 0 0 , 0 0 0 F F . A c a l c u l a t i o n o f t h e 

d e p r e c i a t i o n c h a r g e s p a r v e h i c l e f o r a 

d e c l i n i n g number o f v e h i c l e s m a n u f a c t u r e d 

w i l l g i v e t h e f o l l o w i n g r e s u l t s : 

T o t a l number o f 
v e h i c l e s p f t h e 
same m o d e l 2 ' 0 0 0 , 0 0 0 1 ' 0 0 0 , 0 0 0 5 0 0 , 0 0 0 2 5 0 , 0 0 0 1 2 5 , 0 0 0 

S p e c i f i c 
d e p r e c i a t i o n 
c h a r g e s p e r 
v e h i c l e (FF.) 50 100 2 0 0 400 800 

I t i s known t h a t t h i s d e p r e c i a t i o n c h a r g e 

a m o u n t s t o 12 t o 18% o f t h e v a l u e a d d e d , 

t h a t i s , a n a v e r a g e o f 15% f o r a t o t a l 

v o l u m e o f 2 ' 0 0 0 , 0 0 0 v e h i c l e s . 

T h e r e f o r e , t h e v a l u e a d d e d may b e c a l c u l a t e d 

i n i n d e x nutr ibers f o r d i f f e r e n t v o l u m e s o f 

v e h i c l e s p r o d u c e d a s a w h o l e ; t h e r e s u l t s 

o f t h e s e c a l c u l a t i o n s a r e shown o n T a b l e 

No, 3 . 

I n o r d e r t o show t h e r e s u l t o f t h e s e 

c a l c u l a t i o n s m o r e c l e a r l y . T a b l e No. 3 

i n d i c a t e s t h e number o f y e a r s t h e m o d e l 

m u s t l a s t i n o r d e r t o a t t a i n t h e t o t a l 

number o f v e h i c l e s p r o d u c e d u n d e r v a r i o u s 

a s s u m p t i o n s o f y e a r l y p r o d u c t i o n r a t e s . 
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Table No. .3 

T o t a l number o f 
v e h i c l e s o f t h e 
same m o d e l 

V a l u e a d d e d 
( p r e s s i n g a n d 
u n i t s a s s e m b l y 
c o s t ) i n d e s 

2 '000,000 1' 000,000 

100 112 

5 0 0 , 0 0 0 

136 

2 5 0 , 0 0 0 :i2 5 , o c ; 

184 2 30 

Minimum l i f e 
r e q u i r e d o f a 
m o d e l t o a t t a i n 
a g i v e n t o t a l 
i n r e l a t i o n t o 
a n n u a l p r o d u c t i o n 

v e h i c l e s / y e a r : 

200,000 
100,000 

5 0 , 0 0 0 

2 5 , 0 0 0 

10 y e a r s 

20 y e a r s 

40 y e a r s 

80 y e a r s 

5 y e a r s 

10 y e a r s 

20 y e a r s 

40 y e a r s 

2^5 y e a r s 

5 y e a r s 

10 y e a r s 

20 y e a r s 

2h y r s 

5 y r s , 

10 y r s , 

y r s 

5 y r s . 

b ) C a l c u l a t i o n r e s u l t s a n d c r i t i c a l s t u d y 

T h o u g h e x t c e m e l y t h e o r e t i c a l , t h i s 

c a l c u l a t i o n shows t h a t f o r l e s s t h a n 100,OOC 

v e h i c l e s a y e a r , t h e p r e s s i n g a n d u n i t 

a s s e m b l y c o s t c a l c u l a t e d a s a n i n d e x i s 

v e r y h i g h , i . e . a b o u t 136 t o 280 d e p e n d i n g 

on w h e t h e r t h e m o d e l i s m a n u f a c t u r e d o v e r 

a p e r i o d o f 5 o r l o y e a r s . Of c o u r s e , a 

p l a n t p r o d u c i n g 2 5 , 0 0 0 v e h i c l e s a y e a r v ; i l ] 

n o t u s e t h e same t e c h n i q u e a s a p l a n t 

p r o d u c i n g 2 0 0 , 0 0 0 v e h i c l e s a y e a r a n d i n 
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t h e s e c o n d i t i o n s i n v e s t m e n t i n s p e c i f i c 

m a t e r i a l w i l l b e c o n s i d e r a b l y l o w e r . On 

t h e c o n t r a r y , when low r a t e s a r e c o n c e r n e d 

t h e r e w i l l b e a m a n u f a c t u r i n g o v e r t i m e 

w h i c h w i l l i n f a c t p u s h u p t h e p r e s s i n g 

a n d a s s e m b l y c o s t s . 

i - L a r g e s e r i e s 

F o r a n o u t p u t o f a b o u t 1 0 0 , 0 0 0 v e h i c l e s 

a y e a r , t h e r e a l c o s t w i l l b e a l i t t l e 

h i g h e r t h a n t h e o v e r p r i c e t h a t h a s j u s t 

b e e n c a l c u l a t e d . I n f a c t , a t t h i s l e v e l , 

i t i s n e c e s s a r y t o u s e a l l t h e s p e c i f i c 

t o o l i n g r e q u i r e d . 

The o n l y s a v i n g i n i n v e s t m e n t ( c o m p a r e d 

w i t h t h e v e r y l a r g e s e r i e s o f 2 0 0 , 0 0 0 

v e h i c l e s a y e a r ) w i l l b e d u e t o t h e f a c t 

t h a t t h e h a n d l i n g o f t h e p a r t s b e t w e e n 

p r e s s e s i s n o t a u t o m a t i c . H o w e v e r , t h i s 

c a u s e s a n o v e r t i m e i n t h e p r e s s i n g 

o p e r a t i o n s w h i c h i s n o t o f f s e t b y t h e 

l o w e r d e p r e c i a t i o n c h a r g e s . 

i i - S m a l l s e r i e s 

F o r t h e l o w e r r a t e s o f a b o u t 2 5 , 0 0 0 

v e h i c l e s a y e a r , t h e r e a l c o s t w i l l b e 

h i g h e r t h a n t h e e s t i m a t e d c o s t , i f t h e 

c o n v e n t i o n a l m a n u f a c t u r i n g t e c h n i q u e s 
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a r e u s e d , e v e n i f l e s s m e c h a n i z e d t h a n 

f o r l a r g e s e r i e s . I f i t i s d e c i d e d t o 

d o c e r t a i n o p e r a t i o n s m a n u a l l y a n d k e e p 

t h e p r e s s e s f o r p r e s s i n g o p e r a t i o n s t h e 

r e s u l t i n g o v e r t i m e f o r t h e p r e s s i n g a n d 

a s s e m b l y o p e r a t i o n s w i l l b e v e r y h i g h . 

T h i s c o s t w i l l n o t b e o f f s e t b y t h e l o w e r 

d e p r e c i a t i o n c h a r g e p e r v e h i c l e , e v e n 

t h o u g h b o t h s p e c i f i c a n d n o n - s p e c i f i c 

i n v e s t m e n t i s much l o w e r t h a n i n t h e c a s e 

o f h i g h r a t e s . 

H o w e v e r , i t s e e m s p o s s i b l e t o l i m i t t h e 

c o s t s i f l e s s c o n v e n t i o n a l m a n u f a c t u r i n g 

t e c h n i q u e s a r e u s e d . A d e c i s i o n c o u l d 

b e t a k e n f o r e x a m p l e t o make b o d i e s o u t 

o f r e i n f o r c e d p l a s t i c i n s t e a d o f s t e e l • 

s h e e t s . I t i s v e r y d i f f i c u l t t o g i v e a n 

o r d e r o f m a g n i t u d e i n t h i s c a s e a s t h e r e 

a r e v e r y f e w e x a m p l e s o f p l a n t s m a n u f a c -

t u r i n g p l a s t i c b o d i e s a n d i t w a s n o t 

p o s s i b l e t o o b t a i n p r e c i s e d a t a f r o m t h e s e 

p l a n t s . 

4 . 4 , 3 P r e s s i n g a n d u i i i t s a s s e m b l y o v e r p r i c e a c c o r d i n g 

t o o u t p u t 

The a b o v e a n a l y s i s g i v e s t h e d a t a n e e d e d t o p l o t 

t h e o v e r p r i c e c u r v e f o r p r e s s i n g a n d u n i t s 

a s s e m b l y o p e r a t i o n s a c c o r d i n g t o o u t p u t . 



250. 

T h i s c u r v e i s shown o n C h a r t No . 2 . 

A r a t e o f 3 0 0 , 0 0 0 v e h i c l e s a y e a r h a s b e e n u s e d 

a s a b a s i s f o r t h e o v e r p r i c e a n d i t i s a s s u m e d 

t h a t t h e same m o d e l i s m a n u f a c t u r e d o v e r 10 

y e a r s ; i n s u c h c o n d i t i o n s , a t o t a l o f 3 * 0 0 0 , 0 0 0 

a u t o m o b i l e s w o u l d b e made f r o m t h e same m o d e l . 

T h i s i s a v e r y h i g h f i g u r e w h i c h i s r a r e l y 

a t t a i n e d i n E u r o p e , e . g . t h e V o l k s w a g e n b e e t l e 

a n d p r o b a b l y t h e R e n a u l t R4 may b e m e n t i o n e d . 

I n v i e w o f t h e p r e c e d i n g c o n s i d e r a t i o n s , i t i s 

n o t s u r p r i s i n g t o f i n d t h a t t h e c u r v e i n C h a r t 

No . 2 i s n o t v e r y c l e a r f o r t h e low o u t p u t z o n e . 

I n f a c t , a t t h i s l e v e l i t i s p o s s i b l e t o c h o o s e 

f r o m s e v e r a l m a n u f a c t u r i n g p r o c e d u r e s c o r r e s p o n d i n g 

t o v e r y d i f f e r e n t o v e r p r i c e s a n d i n m o s t c a s e s 

t h e p l a n t d o e s o n l y a s m a l l p a r t o f t h e p r e s s i n g 

o p e r a t i o n s s i n c e m o s t o f t h e b o d y p a r t s a r e 

i m p o r t e d . 

F u r t h e r m o r e , p r e c i s e i n f o r m a t i o n i s l a c k i n g a s 

t h e r e a r e n o t many e x a m p l e s o f p l a n t s w h i c h d o t h e 

p r e s s i n g o p e r a t i o n s f o r v e r y s m a l l r a t e s o f 

p r o d u c t i o n . 

A) C r i t i c a l m a s s 

The c u r v e i n d i c a t e s t h a t t h e minimum c o s t f o r . 

t h e m a n u f a c t u r i n g a n d a s s e m b l y o f b o d y p a r t s 

w o u l d b e m o r e o r l e s s a c h i e v e d f o r a b o u t 2 0 0 , 0 0 0 
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v e h i c l e s a y e a r f r o m t h e same m o d e l a s s u m i n g t h e 

m o d e l t o b e u s e d f o r 10 y e a r s . T h e r e f o r e , 

t h e c r i t i c a l m a s s f o r t h e p r e s s i n g o p e r a t i o n s 

i s v e r y h i g h a s i t i s n e c e s s a r y t o . m a n u f a c t u r e 

a t o t a l o f 2 - 0 0 0 , 0 0 0 v e h i c l e s o f t h e same 

m o d e l t o b e a b l e t o d e p r e c i a t e t h e s p e c i f i c 

t o o l s a n d a t t h e same t i m e b e n e f i t f r o m t h e 

t i m e s a v e d b y t h e u s e o f a u t o m a t i c h a n d l i n g 

d e v i c e s b e t w e e n p r e s s e s . 

B) Minimum p r o d u c t i o n v o l u m e f o r c o m p l e t e 

i n t e g r a t i o n 

I t s h o u l d h o w e v e r b e n o t e d t h a t a p l a n t 

p r o d u c i n g 1 0 0 , 0 0 0 v e h i c l e s a y e a r o v e r 10 

y e a r s , w i l l o n l y h a v e a n o v e r p r i c e o f a b o u t 

10 t o 20% w h i c h i s s t i l l r e a s o n a b l e . T h i s i s . 

a min imum f i g u r e t h a t w o u l d b e n e e d e d t o 

c o n s i d e r c o m p l e t e i n t e g r a t i o n o f t h e p r e s s i n g 

o p e r a t i o n s , a s s u m i n g t h a t a l l t h e v e h i c l e s 

m a n u f a c t u r e d h a v e t h e same m o d e l o f b o d y . 

C) Medium r a t e s o f p r o d u c t i o n 

F o r l e s s t h a n 1 0 0 , 0 0 0 v e h i c l e s a y e a r , i t 

s e e m s p r e f e r a b l e t o do l o c a l l y o n l y a l i m i t e d 

p a r t o f t h e p r e s s i n g o p e r a t i o n s . I n t h e s e 

c i r c u m s t a n c e s , t h e r e w i l l b e a n o v e r p r i c e o f 
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a b o u t 35 t o 70% f o r 5 0 , 0 0 0 v e h i c l e s a y e a r 

f r o m t h e same m o d e l . 

F o r p r o d u c t i o n s o f 3 0 , 0 0 0 t o 4 0 , 0 0 0 v e h i c l e s 

a y e a r a n d i n t h e c a s e o f p a r t i a l i n t e g r a t i o n 

o f t h e p r e s s i n g o p e r a t i o n s , t h e o v e r p r i c e may 

v a r y f r o m 50 t o 120%; a g a i n , t h e s e a r e o n l y 

r o u g h v a l u e s w h i c h a r e p r o b a b l y l o w e r t h a n t h e 

r e a l o n e s . I t s e e m s , t h e n , t h a t t h i s r a t e i s 

a minimum f o r p a r t i a l i n t e g r a t i o n o f t h e 

p r e s s i n g o p e r a t i o n s a n d t h a t a t t h i s l e v e l , i t 

i s o b v i o u s l y p r e f e r a b l e t o i m p o r t a l l b o d y 

p a r t s . 

D) Low r a t e s 

F o r l ow r a t e s o f a b o u t 2 5 , 0 0 0 v e h i c l e s a ye¿ir 

o r l e s s , c o m p l e t e i n t e g r a t i o n o f p r e s s i n g 

o p e r a t i o n s i s n o t j u s t i f i e d , u n l e s s e x t r e m e l y 

h i g h o v e r p r i c e s a r e a c c e p t e d . M o r e o v e r , t h i s 

o v e r p r i c e c a n n o t b e e s t i m a t e d a s t h e r e a r e 

n o e x a m p l e s o f p l a n t s w h i c h do t h e p r e s s i n g 

o p e r a t i o n s i n s u c h u n e c o n o m i c a l c o n d i t i o n s . 

A c c o r d i n g l y , a t t h i s l e v e l o f p r o d u c t i o n , a l l 

b o d y p a r t s m u s t b e i m p o r t e d ; h o w e v e r , a m o r e 

f a v o r a b l e s o l u t i o n f o r t h e d e v e l o p i n g c o u n t r i e s 

w o u l d seem t o b e t h e u s e o f r e i n f o r c e d o r h e a t 

f o r m a d p l a s t i c s f o r t h e c a r b o d i e s . 
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4 . 4 . 4 The p r o b l e m o f t h e " f r e e z i n g " o f t h e m o d e l s 

A) L a r g e s e r i e s 

I t h a s b e e n shown t h a t e v e n i f t h e m o d e l o f 

t h e v e h i c l e r e m a i n e d u n c h a n g e d f o r 10 y e a r s , 

t h e c r i t i c a l m a s s w a s s t i l l t o b e f o u n d a t 

2 0 0 , 0 0 0 v e h i c l e s a y e a r . T h e r e f o r e , i n . t h o s e 

c o n d i t i o n s , t h e t o t a l number o f v e h i c l e s o f 

t h e same m o d e l m a n u f a c t u r e d w o u l d t o t a l 

2 ' 0 0 0 , 0 0 0 . O b v i o u s l y , a n o u t p u t o f t h i s 

m a g n i t u d e r e q u i r e s b o t h a b i g d o m e s t i c m a r k e t 

a n d c o n s i d e r a b l e e x p o r t s a l e s . 

T h i s i s n o t o f c o u r s e t h e c a s e o f t h e 

d e v e l o p i n g c o u n t r i e s . 

I n E u r o p e f o r a g i v e n m o d e l o f v e h i c l e , t h e 

n u m b e r o f v e h i c l e s s e l d o m a m o u n t s t o m o r e t h a n 

a m i l l i o n , a n d a b o u t 5 y e a r s w o u l d b e n e e d e d 

f o r t h i s t o t a l i f 2 0 0 , 0 0 0 v e h i c l e s a r e p r o d u c e d 

e a c h y e a r . I n t h i s r e s p e c t , a E u r o p e a n 

m a n u f a c t u r e r h a s a c o n s i d e r a b l e a d v a n t a g e o v e r 

a d e v e l o p i n g c o u n t r y , a s h e i s a b l e t o c h a n g e 

h i s m o d e l , i f he w i s h e s , e v e r y f i v e y e a r s , w i t h 

o n l y a s l i g h t o v e r p r i c e . D u r i n g t h e same p e r i o d 

o f t i m e , a n o t h e r c o u n t r y p r o d u c i n g t h e same 

m o d e l a t a r a t e o f 5 0 , 0 0 0 a y e a r w i l l h a v e o n l y 

m a n u f a c t u r e d 2 5 0 , 0 0 0 v e h i c l e s i n a l l , a n d t h e 

c o r r e s p o n d i n g minimum o v e r p r i c e wou].d b e e q u a l 

t o 84% i f t h e r e i s c o m p l e t e i n t e g r a t i o n . 
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B) S m a l l s e r i e s 

U n f o r t u n a t e l y , no d e v e l o p i n g c o u n t r y p r o d u c e s 

a t p r e s e n t 5 0 , 0 0 0 v e h i c l e s o f t h e same i n o d e l 

a y e a r . P r o d u c t i o n , i n t h e s e c o u n t r i e s , t o t a l s 

2 5 , 0 0 0 v e h i c l e s a y e a r i n t h e b e s t o f c a s e s . 

T h u s , 10 y e a r s w o u l d b e r e q u i r e d t o r e d u c e t h e 

t h e o r e t i c a l o v e r p r i c e t o 84%; e v e n a s s u m i n g 

t h e m o d e l i s i d e n t i c a l f o r 15 y e a r s , t h e 

minimum t h e o r e t i c a l o v e r p r i c e w o u l d s t i l l b e 

50%. F u r t h e r m o r e , i t s e e m s i m p o s s i b l e t o 

p r e s e n t t h e same m o d e l t o t h e p u b l i c f o r a s 

l o n g a s 15 y e a r s . 

A l l t h e s e c o n s i d e r a t i o n s a r e m o r e c l e a r l y shown 

o n C h a r t No . 3 . T h i s i s a t h e o r e t i c a l a n d 

s i m p l i f i e d c h a r t t h a t s h o u l d b e o f v a l u e t o -

a s s e s s t h e c r i t i c a l e f f e c t o f " f r e e z i n g " a 

m o d e l o n t h e p r e s s i n g a n d a s s e m b l y c o s t s . 

4 . 5 C o n c l u s i o n s o n t h e p r e s s i n g a n d u n i t s a s s e m b l y o p e r a t i o n s 

4 . 5 . 1 M a i n f a c t o r s a f f e c t i n g t h e c o s t o f p r o d u c i n g a 

c a r b o d y 

A) I n v e s t m e n t 

The i n v e s t m e n t n e c e s s a r y f o r a p r e s s i n g a n d 

a s s e m b l y s h o p i s v e r y h i g h , e v e n f o r lov; 
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v o l u m e s ; f o r 2 5 , 0 0 0 . v e h i c l e s a y e a r i t w o u l d 

t h e o r e t i c a l i y b e n e c e s s a r y t o i n v e s t a b o u t 

100 m i l l i o n f r a n c s , i f c o m p l e t e i n t e g r a t i o n i s 

d e s i r e d . H o w e v e r , t h i s i s a n u n r e a l i s t i c 

a s s u m p t i o n b e c a u s e i t w o u l d n o t b e e c o n o m i c a l 

t o i n v e s t i n a p r e s s i n g p l a n t f o r t h a t - l e v e l 

o f p r o d u c t i o n b e c a u s e o f t h e r e s u l t i n g o v e r p r i c e s ; 

a b o u t 200% i n a c o m p l e t e l y i n t e g r a t e d p l a n t . 

As w a s p r e v i o u s l y m e n t i o n e d , a l m o s t o n e t h i r d 

o f t h i s a m o u n t i s s p e n t o n p r e s s i n g t o o l s a n d 

a s s e m b l y a n d w e l d i n g e q u i p m e n t w h i c h a r e s p e c i f i c 

t o a m o d e l . T h u s , o n l y f o r t h e l a r g e s e r i e s c a n 

a r e a s o n a b l e d e p r e c i a t i o n o f t h e i n v e s t m e n t 

b e a c h i e v e d , t h a n k s t o t h e number o f v e h i c l e s 

p r o d u c e d d u r i n g s e v e r a l y e a r s . 

®) Minimum o u t p u t f o r c o m - o l e t e i n t e g r a t i o n 

I n v i e w o f t h e m a n u f a c t u r i n g t e c h n i q u e s u s e d 

a t p r e s e n t , i t i s p r e f e r a b l e t o i m p o r t t h e 

m a j o r i t y o f t h e b o d y p a r t s f o r p r o d u c t i o n 

v o l u m e s o f l e s s t h a n 4 0 , 0 0 0 t o 5 0 , 0 0 0 v e h i c l e s 

a y e a r . F o r h i g h e r v o l u m e s , g r a d u a l i n t e g r a t i o n 

o f t h e o p e r a t i o n s f o r t h e m a n u f a c t u r i n g o f 

b o d y p a r t s may b e g i n . T h i s p r o c e s s w i l l 

o b v i o u s l y b e g i n w i t h t h e m a n u f a c t u r e o f t h e 

s i m p l e r p a r t s ( h i d d e n p a r t s ) . F u l l i n t e g r a t i o n 

i s f e a s i b l e o n l y f o r a n o u t p u t o f a b o u t 1 0 0 , 0 0 0 

v e h i c l e s a y e a r . I n t h a t c a s e l a r g e - s c a l e 

m a n u f a c t u r i n g p r o c e d u r e s i n c l u d i n g t h e u s e o f 
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p r e s s e s a n d s t e e l p r e s s i n g t o o l s may b e e m p l o y e d . 

As a c o n s e q u e n c e , i n v e s t m e n t i s n e c e s s a r i l y 

h i g h , i . e . a b o u t 150 m i l l i o n f r a n c s , b u t on t h e 

o t h e r h a n d , t h e c o s t o f t h e p r e s s i n g o p e r a t i o n s 

i s n o t v e r y d i f f e r e n t f r o m t h e minimum c o s t 

( a b o u t 10 t o 20% h i g h e r ) . 

C) Minimum m a n u f a c t u r i n g c o s t 

The min imum m a n u f a c t u r i n g c o s t o f b o d y p a r t s 

i s o n l y r e a c h e d f o r p r o d u c t i o n v o l u m e s o f 

2 0 0 , 0 0 0 v e h i c l e s a y e a r . A t t h i s h i g h l e v e l 

o f p r o d u c t i o n , m e c h a n i z a t i o n i s f u l l y u s e d a n d 

t h e h a n d l i n g o f t h e p a r t s b e t w e e n p r e s s e s i s 

a u t o m a t e d . 

^ ) D e p ' ^ ' e c i a t i o n o f s p e c i f i c e q u i p m e n t 

The d e p r e c i a t i o n o f p r e s s i n g t o o l s a n d u n i t s 

a s s e m b l y e q u i p m e n t s p e c i f i c t o a c e r t a i n m o d e l 

i s o f g r e a t i m p o r t a n c e . B e c a u s e o f t h e e x t r e m e l y 

h i g h c o s t o f t h e s e m a t e r i a l s (60 t o 70 m i l l i o n 

f r a n c s f o r a l l p r e s s i n g t o o l s f o r a b o d y ) 1 o r 2 

m i l l i o n v e h i c l e s i n a l l h a v e t o b e p r o d u c e d i n 

o r d e r t o r e d u c e d e p r e c i a t i o n c h a r g e s p e r u n i t . 

F u r t h e r m o r e , e v e n f o r t h e s e v e r y l a r g e s e r i e s , 

d e p r e c i a t i o n o f s p e c i f i c m a t e r i a l s r e p r e s e n t s 

a s much a s 6 t o 9% o f t h e c o s t p r i c e o f a c a r 

b o d y . 
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E) The l i f e s p a n o f a m o d e l 

I n d e e d , t h e m o s t i m p o r t a n t t h i n g i n e s t i m a t i n g 

c o s t s f o r a p r e s s i n g s h o p i s t h e l i f e s p a n o f 

t h e m o d e l . E v e n when v e r y l a r g e s e r i e s a r e 

i n v o l v e d - 2 0 0 , 0 0 0 v e h i c l e s a y e a r , f o r e x a m p l e -

5 y e a r s a r e n e e d e d f o r a t o t a l o f 1 m i l l i o n 

v e h i c l e s , i . e . t h e v o l u m e n e c e s s a r y t o d e p r e c i a t e 

s p e c i f i c e q u i p m e n t . T h i s b e i n g s o , 10 o r e v e n 

2 0 y e a r s may b e n e c e s s a r y t o a t t a i n t h i s same 

t o t a l . 

C o n s e q u e n t l y , t h o s e c o u n t r i e s w h i c h h a v e a v e r y 

s m a l l o u t p u t a r e h e a v i l y p e n a l i z e d b y t h e 

d e p r e c i a t i o n c h a r g e s of s p e c i f i c t o o l s a n d a r e 

t h u s f o r c e d t o g i v e u p m a n u f a c t u r i n g t h e 

v e h i c l e b o d y u n l e s s t h e y d e c i d e t o f r e e z e the_ 

m o d e l f o r 15 y e a r s o r m o r e , t h o u g h t h i s i s n o t 

l i k e l y . 

F o r t h e l o w e r r a t e s , i . e . a b o u t 2 5 , 0 0 0 t o 

4 0 , 0 0 0 v e h i c l e s a y e a r , i t i s o b v i o u s l y 

p r e f e r a b l e t o i m p o r t m o s t o f t h e b o d y p a r t s , 

a n d m a n u f a c t u r e l o c a l l y o n l y a s m a l l number o f 

s i m p l e p a r t s r e q u i r i n g l i t t l e i n v e s t m e n t . 

M o r e o v e r , i n c e r t a i n c a s e s o f l ow o u t p u t , i t i s 

p o s s i b l e t o r e d u c e i n v e s t m e n t b y a d o p t i n g 

s e m i - m a n u a l m a n u f a c t u r i n g p r o c e d u r e s a n d u s i n g 
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t h e l e s s e x x ^ e n s i v e zamak o r p l a s t i c p r e s s i n g 

t o o l s , a l t h o u g h i n t h e l a t t e r c a s e m o r e 

s k i l l e d l a b o r w i l l b e n e e d e d , 

F) P l a s t i c b o d i e s 

F o r 3 , 0 0 0 t o 2 0 , 0 0 0 v e h i c l e s a y e a r i t w o u l d 

seem p o s s i b l e t o m a n u f a c t u r e t h e c a r b o d i e s 

o u t o f r e i n f o r c e d p l a s t i c . T h i s m a n u f a c t u r i n g 

p r o c e d u r e i s now b e i n g d e v e l o p e d a n d i t a l l o w s 

t h e m a n u f a c t u r e o f a c a r b o d y w i t h o u t i n v o l v i n g 

v e r y h i g h c o s t s a s i s t h e c a s e f o r c o n v e n t i o n a l 

s t e e l b o d y p r e s s i n g t e c h n i q u e s . More s p e c i a l l y , 

t h i s t e c h n i q u e w i l l make i t p o s s i b l e t o r e d u c e 

t h e m a n u f a c t u r i n g o v e r p r i c e , c o m p a r e d w i t h t h e 

v e r y l a r g e s e r i e s , t o a r e a s o n a b l e l e v e l , i . e . 

a b o u t 30 t o 40%. 

T h i s s o l u t i o n s h o u l d b e o f i n t e r e s t t o t h e 

d e v e l o p i n g c o u n t r i e s w h i c h c a n n o t n o r m a l l y 

e x p e c t t o m a n u f a c t u r e c a r b o d i e s l o c a l l y w i t h 

c o n v e n t i o n a l t e c h n i q u e s , b e c a u s e o f t h e i r l o w 

o u t p u t . I n t h e c h a p t e r on " P l a s t i c s " t h e 

i n t r o d u c t i o n o f h e a t f o r m e d p l a s t i c b o d i e s t o 

t h e m a r k e t w i l l b e d e t a i l e d . T h i s t e c h n i q u e 

i s e x p e c t e d t o r e d u c e c o n s i d e r a b l y t h e 

m a n u f a c t u r i n g o v e r p r i c e f o r l o w v o l u m e s o f 

p r o d u c t i o n . 
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4 . 5 . 2 F a c t o r s t o b e c o n s i d e r e d f o r t h e i n s t a l l a t i o n o f 

a p r e s s i n g p l a n t 

I t s h o u l d h o w e v e r b e n o t e d t h a t t h e s e t t i n g u p o f 

a p r e s s i n g p l a n t i n a l e s s i n d u s t r i a l i z e d c o u n t r y 

may b e f a c i l i t a t e d i f i t i s d e c i d e d t o i n s e r t 

t h i s u n i t o f p r o d u c t i o n i n a s u f f i c i e n t l y w i d e 

i n d u s t r i a l d e v e l o p m e n t p r o g r a m . 

U n d e r s u c h c o n d i t i o n s , t h e e f f e c t o f t h e f o l l o v ^ i n g 

f a c t o r s s h o u l d b e s t u d i e d i n d e t a i l : 

- e x c h a n g e s b e t w e e n c o u n t r i e s ; 

- d i v e r s i f i c a t i o n o f t h e p r e s s i n g s h o p ) 

- w i d e n i n g o f t h e r a n g e o f m o d e l s o f f e r e d , 

t h r o u g h t h e p r o d u c t i o n o f d e r i v e d m o d e l s . 

A) E x c h a n g e s b e t w e e n n e i g h b o r i n g c o u n t r i e s 

The p u r p o s e o f t h e s e e x c h a n g e s w o u l d b e f o r a 

g i v e n c o u n t r y t o s p e c i a l i z e w i t h i n t h e f r a m e w o r k 

o f a f r e e t r a d e a r e a , i n t h e m a n u f a c t u r e o f 

a u t o m o b i l e b o d i e s f o r p r i v a t e c a r s , t r u c k s , 

a g r i c u l t u r a l m a c h i n e r y , e t c . i n s u c h a way t h a t 

b o d y p a r t s c o u l d b e t r a d e d f o r m e c h a n i c a l p a r t s , 

o r f o u n d r y o r f o r g e d p a r t s . 

As a r e s u l t o f t h i s s p e c i a l i z a t i o n , t h e v o l u m e 

o f p r o d u c t i o n w o u l d a u t o m a t i c a l l y i n c r e a s e a n d 

w o u l d w a r r a n t t h e i n v e s t m e n t i n e x p e n s i v e 

e q u i p m e n t s u c h a s p r e s s e s . 
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H o w e v e r , t h i s t y p e o f e x c h a n g e s c a n n o t b e 

e a s i l y e s t a b l i s h e d i f d u e c o n s i d e r a t i o n i s 

g i v e n t o t h e e c o n o m i c d i f f e r e n c e s e x i s t i n g 

b e t w e e n t h e c o u n t r i e s ( l a b o r c o s t s , s t a b i l i t y 

o f c u r r e n c y ) a n d t h e v e r y w i d e r a n g e o f v e h i c l e s 

f o u n d i n t h o s e c o u n t r i e s . 

B) D i v e r s i f i c a t i o n o f t h e p r e s s i n g s h o p 

I t h a s b e e n s e e n t h a t i n v e s t m e n t i n c o s t l y 

e q u i p m e n t s u c h a s p r e s s e s a n d s p e c i f i c t o o l s 

i s n o t p r o f i t a b l e f o r l e s s t h a n 5 0 , 0 0 0 v e h i c l e s 

a y e a r . 

H o w e v e r , s u c h a n i n v e s t m e n t may b e j u s t i f i e d 

i f t h e p r e s s e s a r e u s e d f o r s e v e r a l t y p e s o f 

i n d u s t r y a n d n o t t h e a u t o m o b i l e i n d u s t r y 

a l o n e , t h u s e n a b l i n g h i g h e r p r o f i t a b i l i t y . 

The p r e s s e s c o u l d b e u s e d , f o r e x a m p l e , t o 

m a n u f a c t u r e s e v e r a l p a r t s f o r t h e d o m e s t i c 

a p p l i a n c e i n d u s t r y a n d f o r o f f i c e f u r n i t u r e 

made o f m e t a l . 

T h u s t h e m a n u f a c t u r i n g w o u l d h a v e t o b e d o n e 

i n r e g u l a r s e r i e s , a c c o r d i n g t o t h e r e q u i r e m e n t s 

o f t h e v a r i o u s i n d u s t r i e s . 
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C) M o d e l s o f v e h i c l e s d e r i v e d from t h e s e d a n c a r 

We h a v e s e e n t h a t i n m o s t c a s e s t h e g o v e r n m e n t 

o f a l e s s i n d u s t r i a l i z e d c o u n t r y w i l l n o t 

u s u a l l y w a n t t o p r e s e n t t h e sarae m o d e l t o t h e 

p u b l i c f o r 10 y e a r s o r m o r e . 

T h i s b e i n g s o , o u t p u t i s t o o low t o w a r r a n t 

t h e i n s t a l l a t i o n o f a p r e s s i n g p l a n t . 

H o w e v e r , s t a r t i n g f r o m a g i v e n m o d e l - g e n e r a l l y , 

t h e s e d a n - s e v e r a l o t h e r m o d e l s may b e d e r i v e d 

f r o m i t : s t a t i o n w a g o n , c o u p e , l i g h t p i c k - u p 

t r u c k , a n d p o s s i b l y t h e c o n v e r t i b l e . The 

c o s t o f m a k i n g t h e a f o r e m e n t i o n e d m o d e l s w o u l d 

b e c o n s i d e r a b l y l e s s t h a n i f c o m p l e t e l y d i f f e r e n t 

m o d e l s w e r e m a n u f a c t u r e d d u e t o t h e f a c t t h a t 

t h e g r e a t e r p a r t o f t h e b o d y w o u l d b e common t o 

t h e d e r i v e d m o d e l s . 

I f t h i s c o m m e r c i a l p o l i c y w e r e a s s o c i a t e d w i t h 

a d e c i s i o n t o e x c h a n g e p a r t s w i t h n e i g h b o r i n g 

c o u n t r i e s , a l a r g e r r a n g e o f m o d e l s c o u l d b e 

o f f e r e d t o t h e p u b l i c w h i l e k e e p i n g t h e 

m a n u f a c t u r i n g o v e r p r i c e down t o a r e a s o n a b l e 

l e v e l . T h u s , i n v e s t m e n t i n p r e s s e s a n d s p e c i f i c 

t o o l s c o u l d b e made p o s s i b l e a n d a t t h e same 

t i m e t h e s e t t i n g u p o f a p r e s s i n g p l a n t w o u l d 

b e f a c i l i t a t e d . 
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C h a p t e r 5 

The F o u n d r y S h o p 
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The f o u n d r y s h o p i s o f t e n c o n s i d e r e d t o b e j u s t a n ' -

a d d i t i o n a l u n i t o f t h e a u t o m o b i l e m a n u f a c t u r i n g p l a n t ; 

b e c a u s e o f t h e r e l a t i v e l y s m a l l i n v e s t m e n t i t r e q u i r e s 

i f c o m p a r e d w i t h a m a c h i n i n g o r p r e s s i n g s h o p , Hov /eve r , 

t h e f o u n d r y i s a b a s i c i n d u s t r y i n a n i n d u s t r i a l i z e d 

c o u n t r y a n d s u p p l i e s t h e m a c h i n i n g s h o p w i t h t h e r o u g h 

m e c h a n i c a l p a r t s made o f c a s t i r o n o r a l u m i n u m a l l o y 

i t h a s t o m a c h i n e . 

The p a r t s made b y t h e c a s t i r o n f o u n d r y o r t h e n o n - f e r r o u s 

f o u n d r y r e p r e s e n t a b o u t 5% of t h e c o s t p r i c e o f a 

v e h i c l e a n d i n t h e t o t a l v a l u e a d d e d b y a m a n u f a c t u r e r , 

t h e s e o p e r a t i o n s c o n s t i t u t e a p p r o x i m a t e l y 8%, i . e . 5 

o f t h e t o t a l m a n u f a c t u r i n g t i m e o f a v e h i c l e . ( F o u n d r y o p e r a -
t i o n s r e q u i r e a b o u t 3 h o u r s ) 

T h i s c h a p t e r w i l l s t u d y t h e i n v e s t m e n t n e c e s s a r y f o r a 

f o u n d r y s h o p a n d w i l l a n a l y z e t h e c o s t p r i c e o f f o u n d r y 

o p e r a t i o n s , i n o r d e r t o c a l c u l a t e t h e m a n u f a c t u r i n g 

o v e r p r i c e f o r d i f f e r e n t v o l u m e s of p r o d u c t i o n . I t w i l l 

t h e n b e p o s s i b l e t o d e t e r m i n e t h e c r i t i c a l m a s s o f p r o -

d u c t i o n r e q u i r e d f o r a f o u n d r y s h o p a s w e l l a s t h e t h r e s h -

o l d f o r c o m p l e t e i n t e g r a t i o n o f f o u n d r y o p e r a t i o n s . 

I n t h e f i r s t p l a c e , a b r i e f summary o f t h e f o u n d r y 

t e c h n i q u e s w i l l b e p r e s e n t e d , t o g e t h e r w i t h a b r i e f 

d e s c r i p t i o n o f a f o u n d r y s h o p . 
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5 . 1 G e n e r a l d a t a o n f o u n d r y t e c h n i q u e s 

5 . 1 . 1 M a n u f a c t u r i n g p r o c e d u r e s 

M o s t o f t h e d i f f e r e n t f o u n d r y t e c h n i q u e s known 

t o d a y a r e u s e d i n t h e m a n u f a c t u r e o f a u t o m o b i l e 

p a r t s , i n p a r t i c u l a r : 

- s a n d - m o u l d i n g 

- s h e l l - m o u l d i n g 

- g r a v i t y d i e - c a s t i n g 

- p r e s s u r e d i e - c a s t i n g 

The c h o i c e o f t h e m a n u f a c t u r i n g t e c h n i q u e 

d e p e n d s o n : 

- t h e p o s s i b i l i t y o f c o n v e r s i o n o r a d a p t a t i o n 

t o o t h e r i n d u s t r i e s 

- t h e number o f u n i t s i n e a c h s e r i e s 

- t h e m e c h a n i c a l o r m e t a l l u r g i c a l p r o p e r t i e s 

d e s i r e d 

- t h e t e c h n i c a l p o s s i b i l i t i e s a n d l o c a l m a t e r i a l 

a v a i l a b l e . 

The c h a p t e r e n t i t l e d " G e n e r a l C o n s i d e r a t i o n s 

on t h e A u t o m o b i l e I n d u s t r y " h a s r e f e r r e d t o 

two m a i n a l l o y s u s e d i n t h e m a n u f a c t u r e o f a 

v e h i c l e : f e r r o u s a l l o y s : c a s t i r o n a n d s t e e l ; 

a n d n o n - f e r r o u s a l l o y s : a l u m i n u m a n d z i n c a l l o y s . 
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The f o l l o w i n g t e c h n i q u e s a r e g e n e r a l l y u s e d : 

- s a n d - m o u l d i n g f o r f e r r o u s a l l o y s ; 

- g r a v i t y d i e - c a s t i n g 

- p r e s s u r e d i e - c a s t i n g 
f o r n o n - f e r r o u s a l l o y s . 

The l o g i c a l s e q u e n c e o f t h e o p e r a t i o n s i s 

a l w a y s t h e s a m e : 

m o u l d i n g c o r i n g c a s t i n g d e b u r r i n g 

h e a t t r e a t m e n t . 

5 . 1 . 2 M a t e r i a l s u s e d 

A) C a s t i r o n 

The d i f f e r e n t t y p e s o f c a s t i r o n u s e d by t h e 

f o u n d r y s h o p a r e a s f o l l o w s : 

- g r a y p i g i r o n ( e n g i n e b l o c k , f l y w h e e l , 

e x h a u s t m a n i f o l d ) 

• - d u c t i l e i r o n 

- c e n t r i f u g a l i r o n ( c y l i n d e r l i n e r ) 

- m a l l e a b l e i r o n ( b r a k e d r u m s ) 

- s e m i - s t e e l ( c r a n k s h a f t , c a m s h a f t ) 

A f u r t h e r b r e a k d o w n o f e a c h q u a l i t y o f c a s t 

i r o n w o u l d b e n e e d e d t o s p e c i f y t h e s m a l l 

d i f f e r e n c e s a c c o r d i n g t o t h e p a r t d e s i r e d . 

T h e d i f f e r e n t t y p e s o f c a s t i r o n a r e o b t a i n e d 

f r o m t h e f o l l o w i n g c o m p o n e n t s w h i c h a r e g i v e n 

a s e x a m p l e s : . 
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% C a s t i r o n f o r 
e n g i n e b l o c k 

C a s t i r o n f o r 
c y l i n d e r l i n e r 

M a l l e a b l e 
i r o n 

H e m a t i t e 20 20 2 5 

S c r a p - i r o n 20 — 25 

P h o s p h o r o u s i r o n - 30 — 

R e t u r n s , g a t e s 35 40 50 

C a s t - s c r a p 25 10 

100% 100% 100% 

M o r e o v e r , i n o r d e r t o c o m p l e t e t h e inp \x t s u p p l y , 

i t i s n e c e s s a r y t o a d d f e r r o u s - a l l o y s 

c o n t a i n i n g , i n a d d i t i o n t o i r o n , t h e f o l l o w i n g 

m e t a l s : m a n g a n e s e , s i l i c o n a n d c h r o m e . 

B) N o n - f e r r o u s a l l o y s 

A c c o r d i n g t o t h e t y p e o f p a r t d e s i r e d , d i f f e r e n i 

q u a l i t i e s o f a l l o y s a r e c h o s e n . By v?ay o f 

e x a m p l e , t h e f o l l o w i n g may b e m e n t i o n e d : 

- AS - 5U3 f o r t h e p a r t s o b t a i n e d f r o m 

s a n d - m o u l d i n g ( F r e n c h s t a n d a r d s ) ; 

- AS - 12 - UN f o r p i s t o n s ( F r e n c h s t a n d a r d s ) ; 

- a l i i m i n u m - m a g n e s i u m a l l o y f o r t h e e n g i n e 

b l o c k when i t i s made o f n o n - f e r r o u s a l l o y ; 

- a l u m i n u m a n d z i n c a l l o y ( zamak) f o r p a r t s 

c a s t b y p r e s s u r e d i e - c a s t i n g a n d n o t s u b j e c t 

t o s t r e s s e s ( c a r b u r a t o r , g a s o l i n e p u m p i . 
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I n t h e same w a y , m o u l d i n g p r o c e d u r e s w i l l b e 

d i f f e r e n t a c c o r d i n g t o t h e t y p e o f p a r t ; 

- g r a v i t y d i e - c a s t i n g : c y l i n d e r h e a d 

p i s t o n 

i n t a k e m a n i f o l d 

- p r e s s u r e d i e c a s t i n g : c l u t c h h o u s i n g 

g e a r b o x h o u s i n g 

s t e e r i n g h o u s i n g 

w a t e r - p u m p b o d y 

o i l - p u m p b o d y 

c a r b u r a t o r 

g a s o l i n e pump 

I n o r d e r t o g i v e some i d e a o f t h e a m o u n t o f 

p i g i r o n a n d n o n - f e r r o u s a l l o y s n e e d e d f o r 

t h e m a n u f a c t u r e o f a n a u t o m o b i l e i t may b e 

s a i d t h a t 1 1 1 k g . o f p a r t s a r e c a s t i n a 

m e d i u m - s i z e d a u t o m o b i l e . The c o n s u m p t i o n 

o f p a r t s p e r v e h i c l e may b e s u b d i v i d e d , f o r 

e x a m p l e , i n t h e f o l l o w i n g m a n n e r f o r a c u r r e n t 

m o d e 1 : 

T y p e o f a l l o y W e i g h t 
l i q u i d s t a t e 

W e i g h t o f r o u g h 
p a r t s r e a d y f o r 

m a c h i n i n g 

G r a y p i g i r o n 8 7 . 9 5 6 . 7 

D u c t i l e i r o n 2 1 . 0 1 2 . 6 

C e n t r i f u g a l i r o n 1 1 . 4 1 0 , 0 

M a l l e a b l e i r o n 1 1 . 3 1 0 . 7 

C a s t s t e e l 0 . 5 0 . 4 

Aluminum a l l o y s 2 0 . 7 2 0 . 7 

Z i n c a l l o y s (zamak.) 0 . 4 0 . 4 

1 1 1 . 5 kg 
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The e n g i n e b l o c k i n t h i s v e h i c l e i s made o u t 

o f c a s t i r o n , t h o u g h many m o d e r n v e h i c l e s 

h a v e e n g i n e b l o c k s made o u t o f a l u m i n u m a l l o y s . 

T h e r e f o r e , t h e b r e a k d o w n a c c o r d i n g t o t h e 

t y p e o f f e r r o u s o r n o n - f e r r o u s a l l o y may v a r y 

c o n s i d e r a b l y a c c o r d i n g t o t h e t e c h n i c a l 

s o l u t i o n a d o p t e d . 

F o r a n n u a l p r o d u c t i o n s o f 1 0 0 , 0 0 0 v e h i c l e s o f 

t h e t y p e m e n t i o n e d a b o v e , a n n u a l r e q u i r e m e n t s 

o f c a s t i r o n v /ou ld t h e r e f o r e b e e q u a l t o 

1 0 , 0 0 0 t o n s , p l u s 2 , 0 0 0 t o n s o f n o n - f e r r o u s 

a l l o y . 

5 . 2 . B r i e f d e s c r i p t i o n o f a f o u n d r y s h o p 

5 . 2 , 1 S t o c k y a r d 

The f o u n d r y s h o p h a s a s t o c k y a r d w h i c h i s r u n 

d i f f e r e n t l y a c c o r d i n g t o d e l i v e r y m e t h o d s a n d 

t y p e s o f m a t e r i a l . 

A) D e l i v e r i e s 

A c c o r d i n g t o l o c a l c o n d i t i o n s , t h e y w i l l b e 

d o n e : 

- b y w a g o n a n d u n l o a d e d by a t r a v e l l i n g c r a n e 

- b y t r u c k s w i t h t i p p i n g b u c k e t s 

- b y a combinc-d m e t h o d : a p r i v a t e r a i l w a y 

j u n c t i o n a n d t r u c k s . T h i s i s f r e q u e n t l y 

t h e m o s t e c o n o m i c a l s o l u t i o n . 
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B) Materials 

There are several materials to be stored in 
a foundry shop: 
a) in sheds: sand, coke, limestone flux, 

wood, carbon dioxide, liquid oxygen; 
b) in warehouses: colloidal clay, blacking, 

core binder, ferrous alloys, 
c) in open stockyards: pig iron, cast scrap, 

scrap iron. 

C) Handling 

There exist several mechanization possibilities; 

a) Mechanized handling: 

i - advantages: reduced labor force 
fast work 
smaller surface needed 

ii- disadvantages: large investment 

b) Manual handling 

i - advantages: small investment 
low operating costs 
use of unskilled workers 
who can thus be recruited 
easily 

ii- disadvantages: strenuous v;ork 
time-consuming handling 
operations 
large surface needed 
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5 . 2 . 2 P a t t e r n - m a k i n g s e c t i o n 

T h i s s e c t i o n i s r e s p o n s i b l e f o r m a k i n g t h e 

p a t t e r n s o f t h e p a r t s w h i c h h a v e t o b e m a n u f a c -

t u r e d , a n d w h i c h w i l l b e u s e d t o make a n i m p r e s s i o 

o n t h e m o u l d . A l l t h e s e a r e v e r y i n t r i c a t e 

o p e r a t i o n s . F o r t h e m a n u f a c t u r e o f l a r g e s e r i e s 

m e t a l p a t t e r n s a r e u s e d . I n t h e c a s e o f a 

f o u n d r y s h o p p r o d u c i n g s m a l l s e r i e s , i t i s u s u a l l y 

m o r e e c o n o m i c a l t o p u r c h a s e t h e m e t a l p a t t e r n 

f r o m a n a u t o m o b i l e m a n u f a c t u r e r t o a v o i d t h e 

a d j u s t m e n t d i f f i c u l t i e s i n t h e c a s e o f l o c a l 

m a n u f a c t u r e . 

The p a t t e r n - m a k i n g s h o p m u s t : 

- c h e c k t h e p a t t e r n s a n d t h e c o r e - b o x e s b e f o r e 

a n d a f t e r u s e 

- m a i n t a i n , r e p a i r a n d p o s s i b l y m o d i f y t h e 

p a t t e r n s 

- m a n u f a c t u r e new t o o l i n g . 

T o o l i n g may c o n s i s t o f t h e f o l l o w i n g b a s i c 

m a t e r i a l : 

a) w o o d : w h i c h may o r may n o t b e m o u n t e d on m a t c h 

p l a t e s ; 

b) m e t a l : w h i c h may o r may n o t b e m o u n t e d o n m a t c h 

p l a t e s ; 

d i e f o r g r a v i t y d i e - c a s t i n g ; 

d i e f o r p r e s s u r e d i e - c a s t i n g ; 

c) p l a s t i c s : w h i c h may o r may n o t b e m o u n t e d on 

m a t c h - p l a t e s . 
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5 . 2 , 3 The c a s t i n g s h o p 

A) S a n d - m o u l d i n g 

To make t h e mou ld , s a n d s a n d e a r t h a r e u s e d . 

They a r e p r e p a r e d i n t h e s a n d p r e p a r a t i o n 

p l a n t . U s u a l l y a s y n t h e t i c t y p e o f s a n d i s 

e m p l o y e d f o r f e r r o u s a n d n o n - f e r r o u s a l l o y s , 

t o a v o i d t h e v a r i a t i o n s i n q u a l i t y w h i c h 

o c c u r w i t h n a t u r a l s a n d s f r o m l o c a l q u a r r i e s ; 

t h i s r e d u c e s r a m m i n g d e f e c t s a n d a t i g h t e r 

c h e c k i s k e p t on m o i s t u r e c o n t e n t . 

The c a s t e r m a k e s t h e m o u l d b y r a m m i n g t h e 

s a n d a r o u n d t h e p a t t e r n . The p a t t e r n , a s 

e x p l a i n e d a b o v e , i s a h o l l o w e d i m p r i n t o f t h e 

p a r t t o b e m a n u f a c t u r e d . The w h o l e o p e r a t i o n 

i s d o n e m e c h a n i c a l l y a n d e i t h e r a s a n d s l i n g e r 

o r a c o n v e n t i o n a l m o u l d i n g m a c h i n e may b e u s e d . 

a ) S a n d s l i n g e r 

The s a n d s l i n g e r s y s t e m h a s t h e a d v a n t a g e o f 

l i m i t i n g i n v e s t m e n t a n d o f i n t r o d u c i n g a 

c e r t a i n a m o u n t o f f l e x i b i l i t y i n t h e w o r k o f 

t h e w o r k s t a t i o n s . On t h e o t h e r h a n d , i t 

r e q u i r e s much s k i l l i n i t s h a n d l i n g a n d 

n e e d s f r e q u e n t a d j u s t m e n t s . 
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b ) M o u l d i n g m a c h i n e - p r e s s u r e - d i r e c t s t r i p p i n 

T h e s e m a c h i n e s a l l o w m o r e r e g u l a r r a m m i n g 

a n d n e e d l e s s s i l l e d l a b o r , b e c a u s e t h e 

q u a l i t y o f t h e r a m m i n g i s n o t d i r e c t l y 

d e p e n d e n t on t h e d e s t e r i t y o f t h e o p e r a t o r . 

On t h e o t h e r h a n d , i n v e s t m e n t i n t h e s e 

m a c h i n e s i s h i g h a s a l a r g e number o f m a c h i n e 

a r e r e q u i r e d ; f u r t h e r m o r e , a l a r g e r l a b o r 

f o r c e i s n e e d e d , 

c) C o r i n g 

T h e s e o p e r a t i o n s . c o n s i s t . i n m a k i n g ' t h e v a r i o u ; 

c o r e s w h i c h w i l l b e s u b s e q u e n t l y p l a c e d i n 

t h e m o u l d s t o s t a n d i n t h e p l a c e o f t h e 

h o l l o w s p a c e . S p e c i a l s a n d s a r e u s e d , i n 

p a r t i c u l a r , a g g l o m e r a t e d s a n d a n d s i l i c a t e 

s a n d . The c o r e s a r e made i n p r o d u c t i o n 

l i n e s w i t h c o r e b o l o w i n g m a c h i n e s . The 

a g g l o m e r a t e d s a n d i s b a k e d b e f o r e c a s t i n g , 

s o t h a t i t may d e s i n t e g r a t e e a s i l y a f t e r 

t h e m o u l d i n g a n d b e e l i m i n a t e d . C e r t a i n 

p r o c e d u r e s c a n a v o i d t h i s b a k i n g a s i n t h e 

c a s e o f t h e CO 2 c o r e s t r e n g t h e n i n g p r o c e s s . 

d) At p r e s e n t , t h e t e c h n i q u e known a s " E x p o r i t " 

i s u s e d i n s a n d m o u l d i n g f o r t h e m a n u f a c t u r e 
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of rough parts of press toolings or frames 
for machine tools. 

The pattern is made of polystyrene foam 
and then placed on the sand in the same v;ay 
as a wood pattern. The liquid metal is 
directly cast on the pattern which vapoizes 
and leaves a hollow shape for the liquid 
metal. The advantage of this technique 
is the ease with which the pattern can be 
made, by cutting and gluing together 
polystyrene foam; however, one pattern is 
necessary for each casting since it is 
destroyed after use. 

B) Gravity die-casting 

The casting of parts in a metal mould that may 
be reused allows a better textujíe of the alloy, 
thus resulting in improved mechanical charac-
teristics. 

The metal dies must be cleaned every day with 
a vapor bolowing machine. Then, the dies must 
be heated in a muffle furnace at a temperature 
of about 180 to 200 degrees before the first 
casting. 

! 
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In addition, a furnace heated with fuel is used 
for casting. The furnace is fed with hot metal 
through a suspended ladle. It is necessary to 
remove the gas from the metal before casting 
and to take a test piece. 

C) Pressure die-casting 

This consists in injecting mechanically the 
liquid or semi-liquid alloy into a re-usable 
metal mould at a very high pressure. This 
method allows high production rates. 

The production cycle is as follows; closing of 
the mould, injection, cooling, opening of the 
mould, stripping of the casting. 

a) Zinc alloys 

For zinc alloys a machine with a hot chamber 
with its own furnace (temperature 100 degrees 
C) and where pressure and injection are 
hydraulically or pneumatically obtained 
(pressure of about 200 kg/cm2) is used. 
Metal is used in liquid form. 

b) Aluminum and copper alloys 

A cold chamber machine is used. The smelting 
furnace is a separate unit in this case and 
therefore the molten metal must be driven 
from the furnace to the hydraulic or oleo-
pneumatic injection cylinder (pressure 
500 to 1500 kg/cm 2). 
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c) Remarks on this procedure 

i - advantages: 
- thinner and more accurate parts can 
be cast with this method than with 
gravity die-casting; 

- the quality of the surface (the"skin"^ 
is excellent; 

- the cost of the following machining 
operations is reduced; 

- the cost price of the rough casting is 
low; 

- very little or no scrap (the material 
is recovered and remelted). 

ii- disadvantages; 
- it is essential to clean the mould . 
very carefully; 

- the moulds are expensive. 

d) Tooling 

The tooling will last for about 150,000 to 
200,000 parts for aluminum alloys and a 
life span of 500,000 parts may be expected 
for zinc alloys (easier maintenance of the 
moulds). The cost of this tooling is three 
or four times more than for die-casting. 
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D) The mechanization of the casting shop 

The mechanization of the casting shop will 
depend on the volume of production. 

a) Large series 

The casting shop is highly mechanized. 
Secondary operations and handling are done 
mechanically. -

Because of this, the labor force is smaller 
and can be less skilled. 

However, this technique lacks flexibility 
and it cannot be used for small series. 
Furthermore, a mechanized casting shop 
requires heavy investment, 

b) Medium-sized series 

In this case, the casting shop will be 
semi-mechanized: some operations will be 
done manually, others automatically; 
handling will be done by gravity. 

The shop is run according to special 
methods, allowing it to operate flexibly. 
Medium-sized series may be produced at a 
satisfactory cost price, and the investment 
is not as high as for large series. A 
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bigger and more skilled labor force will 
be necessary in this case. 

5.2.4 Thegneltinq shop 

The snelting of the alloys is done in cupolas for 
gray pig iron, in electric induction furnaces for 
the cast iron used for cylinder liners, and in 
fuel-oil furnaces for non-ferrous alloys. 

The smelting section has a stockyard v/here supplies 
are kept, distributed, and weighed to furnish the 
necessary components for each type of alloy. 

These components (pig iron, scraps, hematites, 
shots) are then put into the cupola; this 
apparatus produces liquid cast iron at the lowest 
cost with good metallurgical qualities. According 
to the heating power of the coke used, a hot-blast 
or a cold-blast cupola will be chosen. A hot- Í. 
blast cupola will be chosen if the coke is of 
an inferior quality; however, this hot-blast 
cupola is more expensive. 

The electric furnace is used to melt non-ferrous 
alloys and is fed with ingots. 

The distribution of liquid metal to the different 
casting shops may be done with: 
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- a travelling crane; 
- an automotive lorry; 
- a suspended ladle, the casting being done by 
only one man. 

5.2.5 Shake- out, shot blasting, deburring. 

The cast parts made in the different shops are 
transported with their gates, adherent sand and 
cores to the place where they are to be shaken 
out. 

A) Shake-out 

In the course of this operation the rough 
part is extracted from the mould; this may 
be done either manually or mechanically, 

a) Mechanical shake-out 

The parts vibrate on a shake-out grid, the 
burnt sand is evacuated on a conveyor belt 
and discharged into an elevator which feeds 
a truck hopper. 

b) Manual shake out 

This operation is done with a miner's bar, 
a hammer, etc., on a fixed grid. 
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B) Shot blasting 

This operation is necessary before deburring, 
its purpose being to: 
- clean the parts; 
- eliminate fins; 
- detect important failures in order to eliminate 

the bad parts, 

A shot blasting machine with a swivelling table 
may be used, for example. 

For non-ferrous alloys, a shot of a lower degree 
of hardness must be used and the rotation speed 
of the shot blast turbine has to be modified. 

C) Deburring 

Before deburring, the gates and nobs must be 
separated. The gates are classified according 
to their metallurgical qualities so that they 
can be reused. 

In the case of ferrous alloys, gates and nobs 
are knocked out, but for non-ferrous alloys 
they must be cut Off v/ith a band-saw or an 
abrasive disk. 

The deburring itself is really a grinding 
operation which prepares the castings for 
machining. 
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Either a moving or a fixed grinding wheel will 
be used according to the size of the part. If 
a moving grinding wheel is used, the part will 
remain fixed; and if a fixed wheel is used the 
part will move. 

Thus, grinding will be done with the help of 
a suspended grinder for cylinder blocks and 
cylinder heads, but fixed electro-grinders will 
be used for other grinding operations. 

5.2.6 Heat treatment 

Usually, the alloys will undergo heat treatment 
in order to give them particular mechanical 
properties. 

Malleable cast iron parts will be obtained from 
parts cast in white iron and after an am ¡.¿a ling 
tiporation in a nitrogen atmosphere with controlled 
temperature and pressure. This operation is done 
in a continuous tray furnace. 

Furthermore, certain non-ferrous alloys will 
undergo stabilization treatment, particularly as 
regards the pistons. This is done in an electric 
furnace. 
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b.2.1 Other operations 

This mainly involves checks and laboratory control. 

A) Checking 

Checks are necessary before and after heat 
treatment. All parts must be checked before 
heat treatment whether they are to be heat 
treated or not. Checks are made on: 
i : appearance 
ii : hardness (done either systematically or 

by sampling) 
iii: size; for each part produced in the 

foundry shop a set of jigs must be availabj 
in order to make a quick check of dimensior 
In addition, the size is also checke by 
tracing the final dimensions on some 
castings. 

iv : watertightness under pressure; this 
control is most necessary for engine bloQkf 
without liner, because leaks can thus be 
detected. Repairs may then be done in 
certain cases. The method generally used 
is to fill the part with v/ater after 
closing all the openings and then submittir 
the part to pressures of 7 to 8 kg/cm 2. 

This test may also be carried out with 
compressed air, the part will then be 
submerged in water. 
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B) Laboratory 

Generally, a chemical and metallurgical analysis 
laboratory is necessary. The laboratory has to 
make a chemical analysis of the raw materials 
and must control the quality of the alloys 
while they are manufactured. 

The following tests will be carried out: 
- measuring of the carbon contents; 
- measuring of the sulphur contents; 
- measuring of other elements. 

The laboratories will prepare test bars and 
check and measure their mechanical properties 
with conventional testing machines. 

It should be noted that very frequently this 
physics and chemistry laboratory also serves 
the forge shop. 

5.3 Ratio between investment and production in a foundry shop 

5.3.1 Classification of investment 

A simplified classification is used for the 
different categories of investment. An approximate 
percentage for each of these categories is given 
in the following table: 
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Buildings, land grading, utilities 
and general facilities 
Equipment, machinery, materials 
Tooling 

20 to 2 5% 
50 to 60% 
20 to 25% 

Total investment 100% 

The requisite surface is relatively small: about 
half of that needed for an assembly shop; that is, 
about 12,000 to 15,000 m2 for a foundry producing 
all cast parts for a total of 100,000 vehicles a 
year. 

Foundry equipment and tooling account for a small 
part of the total equipment necessary for a full 
manufacturing automobile plant: about 6 to 8% of. 
total investment in equipment and tooling. 

With these data, total investment in a foundry shop 
can be calculated according to the rate of produc-
tion. The results of these calculations are 
given on Charts No 1 and No. 2. According to 
the information available, two different curves 
must be presented: Chart No. 1 corresponds to 
a cast iron foundry and Chart No, 2 corresponds 
to a non-ferrous alloy foundry. In the case of 
high rates of production, these two shops will be 
merged and integrated to the manufacturing plant. 
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In the case of low volumes, each on the foundries 
will also work for several other different 
industries. In other words, for low volumes of 
automobile manufacture, foundry operations will be 
sub-contracted to local foundries. 

The limit for the integration of foundry operations 
may be set at 50,000 vehicles a year. This would 
correspond to a foundry shop producing about 5,000 
tons of cast iron and about 1,000 tons of non-ferro;j 
alloys. 

5.3.2 Cast iron foundry (Chart No. 1) 

This is a foundry shop using the sand-moulding 
technique. 

A) For low volumes of production between 25,000 
and 100,000 vehicles a year, investment is 
almost proportional to tlie capacity installed. 
The scale-up factor is about 0,75 to 0.90. 
To double the capacity of production, the -
investment must be multiplied by 1.7 or 1.9. 

B) For large-scale automobile production of more 
than 10 ,000 vehicles a year, investment rises 
more slowly. This means that investment is less 
than proportional to capacity. The scale-up 
factor is about 0.40 to 0,50; thus^ to double 
capacity, investment must be multiplied by 
1.30 to 1.45. 
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5.3.3 Non-ferrous alloy foundry (Chart No. 2) 

The non-ferrous alloy foundry studied produces 
aluminum alloys by the die-casting and pressure 
die-casting processes. 

A) For 10,000 to 100,000 vehicles a year, that is, 
an output of 200 to 2,000 tons a year, the 
scale-up factor is 0.64; therefore, investment 
must be multiplied by 1.53 to 1.62 to double 
the production. 

B) For an output of more than 100,000 vehicles a 
year, that is, more than 2,000 tons of non-
ferrous alloys a year, the scale-up factor is 
0.58; therefore, to double the output, investment 
must be multiplied by 1.48 to 1.52. 

When calculating the production of a foundry 
on the basis of the weight of the cast parts 
used in a vehicle, nobs and wastes must be 
taken into accou.nt. Therefore, the weight of 
liquid cast iron will be about 1.4 to 1.5 times 
greater than the weight of rough cast iron, the 
latter being about equal to the sum of the 
gross weight of the cast parts ready to be 
machined. 

- Hov/ever, for an aluminum foundry, - the weight 
of the liquid alloy will be about 1.1 times 
greater than the gross weight of the parts 
made of non-ferrous alloys. 
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As an indication, the following investment 
amounts are given for tooling which is specific 
to a model of vehicle in the foundry shop of a 
European manufacturer; 
- iron castings : about 3 million French francs 
- non-ferrous castings : about 2 million French 

francs 

This example refers to a medium sized vehicle, 
the engine block of which is made of cast iron. 

5.4 Analysis of the cost of manufacturing a casting 

The cost of a casting is the sum of the price of the 
rav/ material plus the cost of processing. Therefore, 
the processing cost corresponds to the value added by 
the foundry shop. 

5.4.1 Analysis of the value added by the foundry 

In order to determine which part of the cost of a 
casting corresponds to the value added, the price 
of the main castings has been studied. The 
results of this study are shown on Table No. 1 
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Table No. 1 

Example of an analysis of the value added by a foundry shop 

Price Value Cost 
of raw 

Materials % 
Added 

% 
Price 

% 

1 Engine block 5.01 20.29 25.90 
Cylinder liner 0.57 6. 18 6,75 
Exhaust manifold 0.55 2.05 2.60 

iron Clutch driving disk 1. 98 6.57 8.55 
castings Cam shafts 0.36 1.21 1.57 

Brake disks 1.06 3.37 4.43 

Cylinder head 15.07 9.65 25.72 
non- Intake manifold 1.72 1.23 2.95 

ferrous 
alloys Pistons 1. 12 1.28 2.40 

Gearbox 11.76 7.37 19.13 

The parts representing the highest percentages of 
1 

cost price are, in particular, the engine block, 
the cylinder head and the gearbox. 

The value added by the foundry shop represents, 
in the case of the parts under consideration, 
about 60% of the price of the castings; the price 
of the raw materials thus accounts for about 40% 
of their cost. 
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However, the difference between the iron foundry 
and the non-ferrous al3-oy foundry must be clearly 
distinguished. 

The price of raw materials for the non-ferrous 
alloy foundry is high. Roughly speaking, a kilo 
of non-ferrous alloy costs about 10 times more 
than a kilo of cast iron. This is v;hy non-ferrous 
alloy parts represent half of the cost of the 
castings though they do not even make up for a 
fourth of their weight. Therefore, the price of 
the non-ferrous alloy castings is high due to the 
high cost of the raw material. 

On the contrary, the cost of raw material for the 
iron foundry is low and processing costs, that is, 
the value added, are high. 

The above facts are brought out on Chart No. 2, 
in order to illustrate the relative importance 
of the iron and non-ferrous alloy foundries in the 
cost price of the cast parts., 

Table No. 2 

Relative importance of the iron and non-ferrous foundries 

% Cost 
of raw 

materials 

Processing 
cost 

(value added) 

Cost 

price 

Non-ferrous castings 30 20 50 
Iron castings 10 40 50 

Total cast parts 40 60 100 
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5 . 4 . 2 V a r i a t i o n of foundry o p e r a t i o n c o s t s i n r e l a t i o n 

t o p r o d u c t i o n 

I t has been s t a t e d t h a t an i n c r e a s e i n t h e a n n u a l 
volume of c a s t i n g s produced by t h e f o u n d r y shop i s 
accompanied by an i n c r e a s i n g m e c h a n i z a t i o n of t h e 
equ ipment . M a n u f a c t u r i n g t ime , and i n p a r t i c u l a r , 
t h e t ime needed f o r c a s t i n g and f i n i s h i n g w i l l 
be c o n s i d e r a b l y r e d u c e d , w i t h a consequen t r e d u c t i o n 
i n l a b o r c o s t s . 

F u r t h e r m o r e , t h o s e t o o l s which a r e s p e c i f i c t o a 
v e h i c l e model ( p a t t e r n s of p a r t s , co re boxes) v / i l l 
be d e p r e c i a t e d over a l a r g e r number of c a s t i n g s . 

T h e r e f o r e , t h e c o s t of foundry o p e r a t i o n s w i l l be 
lower i n t h e c a s e of h i g h o u t p u t s than i n t he c a s e 
of low o u t p u t s . 

V a r i a t i o n s i n t he c o s t of foundry o p e r a t i o n s a r e 
shown on Char t No. 3. The o r d i n a t e shows t h e 
o v e r p r i c e a s a p e r c e n t a g e of t h e z e r o o v e r p r i c e 
f o r d i f f e r e n t l e v e l s of p r o d u c t i o n . 

The minimum c o s t or z e r o o v e r p r i c e c o r r e s p o n d s 
to an e n t i r e l y i n t e g r a t e d foundry p r o d u c i n g on ly 
au tomob i l e p a r t s for. a m a n u f a c t u r e r p r o d u c i n g 
300,000 v e h i c l e s a y e a r . 
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A) Small series 

For low rates, the overprice is very high, 
about 100 to 150% for a volume of 10,000 
vehicles a year. 

This overprice drops rapidly, but is still 50 
to 85% for 50,000 vehicles a year. 

B) Large series 

In the case of large series, the overprice 
becoines negligeable only for an output of 
2 00,000 vehicles a year. It may thus be 
concluded that the critical mass of the foundry 
shop is high. 

Furthermore, notice should be taken of the 
fact that for rates as high as 100,000 vehicles 
a year, the overprice is still 25 to 40%. 

C) Limit for the complete integration of foundry 
operations 

Due to the high overprice in the case of low 
volumes of production, casting operations are 
normally sub-contracted for volumes of less 
than 50,000 vehicles a year. This corresponds 
to a production of about 1,000 tons of castings 
a year. For higher volumes, manufacturers 
usually decide to integrate the foundry opera-
tions even though the overprice is still high. 
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When sub-contracting, the manufacturer 
resorts to the local foundry industry which 
produces castings for many varied industries, 
including: 
- passenger cars 
- industrial vehicles 
- wheeled tractors 
- caterpillar tractors 
- heat engines 
- pumps 
- railroad material 
- hand tools 
- spare parts for the maintenance of cement 

plants and iron and steel works 
- machine tools 
- etc. 

Some of these are related industries, in 
particular, the industrial vehicle industry, 
the heat engine industry,and the tractor 
industry. The parts that have to be manufac-
tured and the casting operations for these 
industries are ,quite similar. 

Therefore, the production overprices of castings 
may be limited, if the country concerned has 
a sufficiently developed tractor industry or 
heat engine industry. 
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Chapter 6 

The forge shop 
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The forging shop like the foundry shop, constitutes a 
comp].ementary manufacturing unit which is of relatively 
little importance as far as investment goes, especially 
compared with the machining shops. The forge shop 
supplies the machining shop with rough forgings. 

Forged parts represent about 2.5% of the cost of a 
vehicle, and the value added by the forge shop is only 
1.5% of the cost price of the vehicle, that is, about 
3.3% of the total value added by the automobile manu-
facturer. Under these conditions, forging operations 
will frequently be siib-contracted, because they concern 
only a few units. 

However, these units are fundamental to the safety of 
the vehicle and therefore the manufacturer will have 
to supervise closely the techniques employed and the 
quality of the products supplied by the sub-contractors, 
if he decides to sub-contract instead of doing the work . 
in his own shops. 

This chapter will first describe briefly the forging 
operations and estimate the amount of investment required 
by a forge shop. As for the main manufacturing units of 
an automobile plant, the variation of manufacturing 
costs in the forge shop in relation to the volume 
produced will be studied. Thus it will be possible 
to determine an approximate critical mass for the forge 
shop. 
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6.1 Description of the forge shop 

6.1.1 Definition of drop-forging 

Drop-forging is a hot-forging operation done 
by machine with a tool consisting of two parts: 
male and female. 

Drop-forging operations are done in two or 
sometimes three steps. 

First, the metal is heated to the forging 
temperature. At that temperature the metal is 
sufficiently malleable to be deformed by shock 
or pressure; strictly speaking, this is the 
drop-forging operation. 

In order to make sure that the forged part has 
the right dimensions, the excess metal or the 
fins are driven into the lateral dies. 

The forged part which has thus been formed is 
sent to a press which cuts off the fins. 

Two forge techniques are mainly used: 
- drop-forging with multiple dies usually with 

3 dies (extrusion, roughing, ifinl'sliirig-): fOT •" 
compact parts; 

- forge with the forging and upsetting machine 
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for cylindrical surfaces (shaft, axle, ...). 

A forge shop for the automobile industry must 
therefore use both types of technique. 

6.1.2 Diagram of drop-forging operations 

Outline of operations: 

sawing ) 

shearing ) — heating in a furnace 
cutting ) 

( heat treatment 
drop forging cutting -- ( shot blasting 

( gauging 

In order to show the sequence of forging 
operations in detail, a complete outline of 
drop-forging operations is given below.• • 

6.1.3 The drop-forging shop 

A) Preparation of raw materials 

a) Storage of materials 

These are the raw materials needed for 
the manufacture of forgings and toolings; 
in particular, alloy steels and ordinary 
non-alloy steels. 
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Raw materials are stored, according to 
the category of steel and size, in an 
open yard equipped with a travelling crane. 

b) Checking and control 

The steel comes in bars and checks are 
made upon arrival of the weight, the size, 
the sections and the types of steel. 
A visual inspection comes first, then a 
sample is sent to the control laboratory 
which measures the hardness with a Brinell 
Hardness Tester. A chemical analysis 
is then performed. 

Furthermore, mechanical tests are carried 
out in order to control the resistance to 
tension and measure the resilience. 

c) Cutting to size 

The raw materials are transferred from 
the stockyard to the section responsible 
for cutting the slabs lengthwise in order 
to prepare the bars for the drop-forging 
operation. This is done by sawing, 
shearing and cutting on appropriate machines 
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B) Drop-forging 

This operation requires a special work 
station with additional machinery and 
equipment: 
- a heating furnace; 
- a machine, for example, a drop-hammer on 
which the two dies are mounted; 

- a deburring press whose capacity corresponds 
to the drop-hammer on which the deburring 
dies (male and female) are mounted. 

In general, the following machines will be 
found in the forge shop: 
- heating furnaces, 
- forging hammers, possibly a maxipress, 
- horizontal forging machines, 
- deburring presses, 
- gauging and straightening presses. 

1 C) Finishing and heat treatment 

The drop-forged parts are stored in a special 
yard for in-processing materials where they 
cool naturally. 

a) Heat treatment before machining 

After forging, the forged parts undergo 
a normalizing heat treatment in an annealing 
furnace. 
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ti) Finishing 

After heat treatment, the forged parts are 
shot blasted and ground. Some of them 
have to be straightened or sized: this is 
a forging or cold pressing operation 
which gives the part more precise dimension; 

The finishing process ends with final 
control, during which hardness is tested. 

Forged parts are then ready to be machined. 

D) The tool shop 

Forging tools are usually very heavy, i.e. 
from 1 to 3 tons, and therefore must be 
stored on the ground of the storeroom and 

' handled by fork-lifters or travelling cranes. 

Unlike foundry tooling which is made for the 
life span of a certain model, forging tools 
have to be renewed periodically. A forging 
tool can be used for about 10,000 to 20,000 
simple parts and for about 2,000 to 5,000 
complex parts. 

The tool storeroom must therefore have a 
tool shop responsible for making new tools 
and renewing worn out tools. This tool 
shop will need conventional machining 
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equipment such as: 
- planing machines, 
- lathes, 
- milling machines, 
- surface grinding machines. 

6.2 Investment in a drop-forging shop 

6.2.1 The importance of parts forged for the automobile 
in the forging industry 

Forged parts represent only a small part of the 
cost price of an automobile. This is why the 
forge shop also manufactures parts for other 
industries. 

Apart from producing parts for the automobile 
industry, the forge shop produces forgings for 
other industries: 
- industrial vehicle, 
- tractor, 
- agricultural machinery, 
- heat engine, 
- railroad material, 
- hand tools, etc. 

Drop-forging operations are analagous for all 
these industries, which makes investment for the 
manufacture of automobile parts more profitable 
as the machines may be depreciated over a much 
larger output. 
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For these reasons, it is quite difficult 
to distinguish what share of investment is 
devoted to the manufacture of automobile 
parts. Furthermore, certain engine parts 
may be manufactured either by forging or 
casting. This is the case of the crankshaft, 
the camshaft and the rocker arm. The decision 
will be taken by the engineering office of 
each manufacturer and will depend on the 
amount of development of the forging industry 
in the country under consideration. 

In order to give a clearer picture, the 
following stable presents a list of the 
mechanical parts of an automobile that 
may be manufactured by drop-forging; obviously, 
this list is not restrictive and is given 
only as an indication. 
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^ .^ñr^ff-^ 

Unit Part No. of 
parts per 
vehicle 

weight 
of part 

kg. 

weight per 
vehicle 

kg. 

Engine Va Ive 
Crankshaft 
Camshaft 

8 
1 
2 

Rod-body 4 0.490 1.960 
Rod cap 4 0.334 1.336 
Rocker arm 8 0.075 0.600 
Clutch shaft 

Gearbox Fork axle 
Fork 

4 
4 

Main shaft 1 1.460 1.460 
2nd gear idler 
pinion 

1 0.940- 0.940 

2nd and 3rd 
sliding gears 1 1.820 1.820 
Back sliding gear 1 1.050 1.050 
3rd idler gear 1 0.800 0.800 
4th idler pinion 1 0.950 0.950 
4th sliding gear 1 1.100 . 1.100 
Driving pinion 1 2.380 2.380 
Conical wheel 1 3.500 3.500 
Planetary 0.550 1.100 
Movable cone 1 0.140 0.140 
Synchro-ring 1 0.215 0.215 
Satellite 2 

Front 
axle 

Front wheel hub 
Left stub axle 
hoIder 

2 

1 

2.935 

2.950 

5.870 

2.950 
Right stub axle 
holder 1 2.950 2,950 

Steering Steering coupling rod 2 0.480 0.960 
Rack cap 1 0. 150 0.150 
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The forged parts of an automobile weigh about 
50 to 70 kilos. Taking into account wastes and 
spare parts, this makes an annual total of 
6,500 to 8,000 tons for an amount of lOQOOO 
vehicles a year. 

6.2.2 Breakdown of investment in a forge shop 

It has been stated that tooling has to be 
renewed regularly, usually several times a 
year. Furthermore, according to the type of 
vehicle and manufacturer, certain parts can 
be obtained by forging or casting. 

Under these circumstances, forging tool costs 
are regarded as manufacturing expenditure and 
not as investment and they can only be calculated 
for a given vehicle within the framework of 
a particular project. 

Investment in a forge shop must then be divided 
into two categories: 
- industrial buildings, and 

, , equipment and machinery. 

General facilities, utilities, and administrative 
buildings are common to all the sections of the 
die-forging shop and cannot be assigned to the 
forge unit in charge of the manufacture of 
automobile parts. Furthermore, the forge shop 
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is often associated with a foundry shop as 
their productions complement themselves. If 
such is the case, the chemical analysis and 
mechanical test laboratory will also be shared. 

The investment in a forge shop may be subdivided 
as follows: 

industrial buildings 
equipment and machinery 

20 to 30% 
80 to 70% 

Total investment 100% 

For the sake of information, it may be indicated 
that a forge shop supplying an automobile 
manufacturing plant with a production of 100,000 
vehicles a year, occupies a roofed surface of 
about 7,000 to 10,000 ml. 

The investment in equipment and machinery for 
the forge shop represents a small part in the 
total investment in equipment necessary for a 
complete automobile manufacturing plant, 
about 4 to 6%. 

6.2,3 Relationship between investment and production 

Total investment in a drop-forging shop for 
different production rates has been studied, 
but it was not always possible to isolate the 
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part accounted for by the manufacture of automobile 
parts. Due to this, the information obtained 
is not really comparable. 

The result of this survey appears on Chart No. 1 
which shows total investment in relation to 
output. Furthermore, Chart No. 2 shows the 
amount of labor required by the forge shop for 
different volumes of production. 

A) The scale-up factor 

Chart No. 1 shows that investment is less 
than proportional to the volume of production. 
Therefore, when production is doubled, from 
50,000 to 100,000 vehicles a year, total 
investment is multiplied by about 1.5. This 
corresponds to a scale-up factor of about 
0.58. . •• •. .• 

N.B. For the sake of information, it will be indicated 
that the cost of the forging tools for a medium-sized 
automobile is about 0,5 to 1 million French francs. 
However, it should be kept in mind that the tools 
must be renewed several times in the course of the 
year, for production in large series. 
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B) Effect of mechanization 

For production in large series, i.e. aboijt 
100,000 vehicles a year, or about 8,500 tons 
of forged parts, the forge shop is equipped 
with work stations including: 
- a puddle train. 
- a vertical stamping press, possibly a maxipre 
- a deburring, punching or hot gauging press. 

Maxipresses with capacities up to 10,000 tons 
can manufacture the main forgings at a fast 
pace: crankshaft, wheel journal, etc. A 
raaxipress may cost about 1,6 to 2 million 
francs and large-scale output would be 
required to depreciate this smi which never-
theless considerably reduces the time needed 
for certain forging operations. 

For smaller rates, of about 10,000 to 100,000 
vehicles a year, it is usually more economical 
to employ a forge-hammer machine. According 
to the type of part, and for levels of 
production of about 80,000 to 120,000 vehicles 
a year, either a forge-hamnter or a maxipress 
may be chosen. The forge-hammer machine 
requires an operating overtime for some 
forged parts. 
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6.3 Cost of forging operations in relation to producbion 

If the variation of the value added by the forge shop 
is analyzed in relation to the volume of production, 
the cost of drop-forging operations in relation to 
manufacturing rates may be inferred. The manufacturing 
price of certain forgings has been determined for 
the different volumes of production. These results 
appear on Chart No. 3 which shows the manufacturing 
overprices on the ordinate, and the volume of 
p.roduction on the abscissa. Base 0 of the overprices 
corresponds to the manufacturing cost of forgings 
in a European plant producing 300,000 vehicles a year.. 

It has been assumed that for output exceeding 100,000 
vehicles a year, the forge shop is equipped with a 
maxipress. 

6.3.1 Forging overprice in relation to production 

Chart No, 3 indicates that the overprice is 
very high for low rates, about 100 to 140% for 
10,000 vehicles a year. 

This overprice rapidly declines as the output 
increases, but is still at 20% for 100,000 
vehicles a year. 

I 
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The minimum cost would theoretically be 
obtained for 300,000 vehicles a year. Hovs'ever, 
it may be estimated that for more than 200,000 
vehicles a year, the manufacturincf o'vavpvxce of 

forgings is practically negligeable. 

6.3.2 Critical mass of the forging shop 

It therefore seems that the critical mass of 
the forging shop is about 150,000 vehicles 
a year, i.e. 12,500 tons of forgings a year. 
For this level of production, the overprice 
is about 10%. 

But if this annual figure of 12,500 is obtained 
by manufacturing parts for other industries, 
a higher overprice would have to be estimated 
because of the variety of the parts manufactured. 

However, this overprice would not be very high 
as where there is a possibility to produce a 
high annual tonnage, the use of large-scale 
production equipment is justified; for example, 

^ a maxipress, which reduces manufacturing time. 

6.3.3 The position of the forge shop in the industry 
of a given country. 

It should thus be noted that a forge shop 
should not only be seen in the limited back-
ground of car manufacturing but, on the contrary. 
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should be seen in relation to the development 
of all industries which are likely to use 
forged parts. This is why, in most cases, the 
forge shop is only integrated in the automobile 
manufacturing plant when output is higher than 
50,000 vehicles a year. For lower volumes,. 
forging operations very often are sub-contracted 
to the local forging industry. According to 
the degree of development of other connected 
industries (such as industrial vehicles, tractors, 
public v;ork machinery, etc.) the overprice 
on the forged parts supplied to the automobile 
industry, will be high or low. However, if 
local conditions are favorable, the overprice 
may be relatively low, even where automobiles 
are produced on a small scale. 
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Chapter 7 

Purchases of raw materials and supplies 
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Purchases of raw materials and supplies represent about 
55% of the cost price of an automobile. Raw material 
purchases, that is, pig iron, steel, paint, etc. account 
for 15% of the cost of a vehicle and purchases from 
the sub-contractors and suppliers are about 40% of the 
cost price. 

As a consequence, the cost price of a vehicle will be 
particularly sensitive to eventual excess costs in the 
purchase of raw materials and components, especially if 
there is a high degree of integration and if the volume 
of automobile production is small. 

In this chapter the different raw materials employed by 
the automobile industry will be studied and the probable 
•overprice in relation to the volume of automobile pro-
duction will be indicated. 

In a similar manner, the very numerous components 
purchased from other manufacturers will be reviewed and 
the overprice due to different volumes of production 
will be analyzed. In particular, the critical masses 
of the different industries responsible for supplying 
the'automobile components will be given. 
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7.1 Purchases of raw materials and semi-finished products. 

The cost of the purcliases must be considered differently 
in the case of raw materials to be processed by the 
manufacturer and in the case of components or assemblies 
that are to be directly incorporated in the vehicle 
without any further processing. 

In the case of rough materials (raw materials and 
semi-products) , the price will depend on hov/ far the 
basic processing industry of the country under 
consideration is developed: iron and steel works,-
chemical industry, glass industry, etc. 

For components and supplies that are not to undergo 
any further processing the price will depend on the 
level of development of the secondary processing 
industry in the manufacturing country. The price 
is then a function of the basic technologies employed 
in the manufacture of these components: forgings, 
castings, pressings, processing of plastics, welding, 
cutting, etc, 

v.' 7.1.1 Classification of the raw materials used 

Purchases of raw materials and semi-products 
represent about 15% of the cost price of a 
vehicle. 
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The following table shows the materials mainly 
used in the manufacture of an automobile. The 
example refers to a medium-sized vehicle. 

Material Weight 
(kgs.) 

Cast iron 92 
Cast steel 0.5 
Steel in bars and wires 
for forging and machining 80 
Alloy steel 25 
Steel sheets and steel 
strips 440 
Steel tube 10.5 
Aluminum and alloys 20 
Copper and alloys (not 
including electric wire) 1.2 
Electric copper wire 98 m. . 
G.lass 2 m2 
Rubber 25 
Plastics 16.5 
Textiles 
Paint 20 

Total 730.70 kg. 

In addition to this the weight of the materials 
bought in the form of assemblies and comijonents 
should be added to this breakdown, for example, 
zaraak, for the carburator, steel for the screws, 
copper for the starter and the dynamo, lead for 
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the battery, etc. All this represents less 
than 10% of the total weight of the vehicle, 
which, as has been seen in the above example, 
weighs about 800 kgs. 

All of these items are not of.lequal importance. 
In particular, iron and steel products alone 
account for about 80% of the total weight of 
the vehicle. The breakdown of the weight of 
the raw materials used is given as a percentage 
of the total weight in the following table: 

Material % of • total vehicle weight 

Cgst iron 10 to 12%; 

Steel , forging-machining 12 to 14%; 77 to 86% 
sheets-tubes 55 to 60%; 

• Aluminum and alloys 2 to 3%; • 

Copper and alloys 2% 
Lead 1% 

Glass 3 to 4% 14 to 23% 
Rubber 3 to 4% 
Plastics 3 to 4%: 
Paint 2 to 3% 
Textiles fU 1% 

Total weight of a vehicle 100% 
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7.1.2 Investment in basic industries 

Some data on investment and productivity ratios, 
' as regards the raw materials used for the 
manufacture of a car, are given below. 

A) Iron and steel 

Investment must be estimated at about 1,000 
to 2,000 French francs per annual ton of 
capacity installed. Chart No. 1 shows the 
ratio of investment per ton in French francs 
in relation to the annual capacity installed. 

As far as productivity is concerned, this 
may range between 100 and 200 tons per 
person employed, according to the level of 
industrial development of the country. For 
example, in France productivity amounts to 
160 tons per employee. 

Tubes are considered separately because 
they are not a direct product of the iron 
and steel industry; they require additional 
operations such as rolling and welding. 
In this case productivity is about 75 tons 
per employee per year. 
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B) • The production of non-ferrous metals 

a) Aluminum 

Investment would he equal to FF. 10,000 
for each ton of annual capacity installed, 
in the case of small output. For large 
scale productions, the necessary amount 
is much smaller, i.e. 1,000 francs per 
ton for a total capacity of one thousand 
million tons, for example. Productivity 
in the aluminum industry is about 40 to 50 
tons per employee a year. 

b) Copper 

As stated before, the share of copper 
bars in the manufacture of an automobile' 

.. is somewhat small. Cn the other hand,, 
wiredrawn copper continues to be important. 
Investment in the copper wiredrawing 
industry is about 50,000 francs per 
employee. Productivity is about 30 tons 
a year per person employed. 

c) Lead 

In the automobile industry, lead is mainly 
used for the battery (about 10 kgs. per 
vehicle). 
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Investment is estimated at about 50,000 
francs per person employed and productivity 
may be calculated at about 20 tons per 
person employed per year. 

C) The glass industry 

The automobile industry mainly uses "Triplex" 
sandwich glass and tempered glass. 

Investment in the glass industry is about 
2,000 to 3,000 francs per ton of annual 
capacity. However, it must be stated that 
modern methods of producing flat glass 
require the use of float glass processes. 
In this case, investment is very high, about 
200 million francs for the basic unit. When 
the conventional methods are used, producti-
vity totals about 30 leg/per productive hour. 

D) The chemical industry 

Reference will be made to rubber and plastics 
which are of interest to the automobile 
industry. It is somewhat difficult to 
distinguish between the share of rubber and 
plastics and the other products of the 
chemical industry such as acids, spirits, etc. 
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Plastics probably represent 10% of the total 
production of the chemical industry. This 
industry usually demands very high investment 
and the labor force is rather small. 

In order to give a few orders of magnitude, 
it may be considered that the investment in 
a steam cracking chemical plant is about 
250 million francs. 

For second generation products, such as 
plastic bars, paint, etc., investment in 
a manufacturing plant would be about 50 
million francs. 

These sums do not concern only the automobile 
industry, they will serve to supply most of 
the industries in a country. For example," 
the chemical industry could produce the . . .• 
necessary bases for the manufacture of the 
lacquers and varnishes, used in the automobile 
industry. The latter would require additional 
investment of about one million francs for 
a capacity of 2,000 tons a year. Productivity 
in this sector is about 40 to 6o tons per 
person employed per year. 



327 

7.1.3 Variation of the cost of raw materials in 
relation to automobile production 

• A) Factors affecting the cost of raw materials. 

Considering the important share of ferrous 
products (cast iron and steel) in the 
purchase of raw materials (an average of 
80%) it may be concluded that any variation 
in the cost of ferrous products will con-
siderably influence the cost of raw 
materials in relation to output. Therefore, 
the overpi'ices corresponding to iron and 
steel works,,will be highly representative 
of the overprices of raw materials in 
general. 

The price of ferrous products, in particular 
that of steel has been'studied in several " 
countries which have different levels of 
automobile production. By annual automobile 
production is understood the total produc-
tion of automotive vehicles manufactured in 
a country in one year. Therefore, the 
numljer of models is not relevant in this 
case, as the raw materials used are identical. 

However, it should be noted that the iron 
and steel industry of a given country cannot 
always manufacture all the varieties of 
steel used by the automobile industry; special 
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steels for forging, or pressing sheets for 
the outer body parts, for example, have to 
be imported. 

B) Purchase overprice for raw materials 

The result of this analysis is found on 
Chart No. 2; the excess cost of the raw 
materials is shown on the ordinate and the 
annual automobile production on the abscissa, 

a) Steel 

Overprice 0 corresponds to the price of 
steel in Europe, that is, a minimum 
automobile production of 300,000 vehicles 
a year, whatever the number of vehicle 
models. It is not possible to give an 
overprice for an output of less than 
10,000 vehicles a year because at this 
level there is usually no iron and steel 
industry in the country. 

At a level of 10,000 vehicles a year, the 
overprice for raw materials is moderate: 
no more than 20 or 30%. The overprice 
falls rapidly and is only about 5% for 
a level of 100,000 vehicles a year. 

b) Other raw materials 

In addri±ion to steel, the following 
overprices have been noted in the case 
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of a country producing about 10,000 
vehicles a year, 

steel 15 to 25% 
aluminum 20 to 2 5% 
plastics 50 to 120% 
paint 20 to 50% 

7.2 Purchase of supplies, sub-contracting 

7.2.1 The importance of sub-contracting in the 
aiitomobile industry 

The automobile industry is characterized by: 
- increasing concentration of production; 
- horizontal integration being preferred to 

vertical integration; 
- the growing specialization of its 

sub-contractors. 

A distinction should be made between the supplier 
who delivers a component in the form of an 
industrial product (dynamo, carburator, headlight) 
and the sub-contractor who sells a service 

' (small, machinings, small pressings, ...). A 
finished product is bought from the first one 
while in the second case, the manufacturing 
equipment of the sub-contractor is used. 

Sub-contracting offers the automobile manufacturer 
certain advantages that may be summarized as 
follov/s: 
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- Satisfactory products at a lower price 
(specialized tooling, smaller overheads); 

- Better return on capital invested which may 
be directed to other more profitable uses or 
devoted to operations more directly connected 
with automobile manufacturing (machining of 
mechanical units, pressing); 

- Competition between the sub-contractor and 
the automobile manufacturer on the one 
hand and between the subcontractors themselves 
on the other. 

In these conditions, tlie sub-contractor who 
supplies units or components is always a 
specialist producing a particular product. 
In order to give some additional information. 
Table No. 1 shows the main suppliers of 
components in Europe; they all hold an excellent 
position on the world market for automobile 
supplies,directly or through their network of 
subsidiaries, or through their authorized 
dealers. 
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Table No. 1 

Main world suppliers of components for the automobile industry^ 

Country West 
Germany 

France I ta ly Great Britain United States 

Piston MAHLE FLOQUET BORGE ASSOCIATED ENG. 
Carburator SOLEX SOLEX WEBER 
Radiator BEHR CHAUSSON FIRA 

IPRA 
PRESSWORK BORG-WARNER 

Battery BOSCH 
VARTA 

DUCELLIER 
FULMEN 
TUDOR 

Electric 
equipment BOSCH 

PARIS-RHONE 
DUCELLIER 

MARELLI LUCAS MOTOROLA 
PRESTOLITE 

Clutch FEROJDO BORG & BERG 
Transmission SPICER BORG-WARNER 
Steering THOMSON RAHCO 
Brakes PERROT BENDIX 

LOCKHEED 
FERODO LOCKHEED BENDIX 

Ball 
bearings SKF 

Si<F 

SNR 
RIV 
SKF 

BORG-WARNER 
TIMKEN 

Wheel KRONPRINZ DUNLOP 
MICHELIN 

DUNLOP 
KELSEY 
SANKEY 

FIRESTONE 
KELSEY 

Tires CONTINENTAL MICHELIN PIRELLI 
MICHELIN 

DUNLOP GOODYEAR 
GOODRICH 
FIRESTONE 

Shock 
absorber 

BOGE ALLINQUANT GABRIEL 
MONROE 

Dashboard 
instruments 

V.D.O. JAEGER BORLETTI SMITH & SONS 

Air control 
temperature SOFICA SMITH & SONS 
Windshield 
window panes 

B.S.N. 
ST. GOBAIN 

ST.GOBAIt TRIPLEX 
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7.2.2 Classification of the main components purchased 
from suppliers 

•A wide variety of techniques are used in the 
production of the components that an automobile 
manufacturer purchases from local industry. 

For further information. Table No. 2 shows the 
different techniques used to make the main 
components. If each technique used in the 
production of a component is studied from the 
point of view of its effect on the cost price 
of the component, the result will be a 
classification of those techniques according to 
their share in the total purchases. These 
results are shown on Table No. 3 

Table No. 2 

Cla55ificacior. cf the Techr.iqv.es Csad ir. tha Manufacture 
cf the Main. Purchased 

Cost of 
Component Production Foundry Forge Machining Cutting Rubber 1 lobservations 

(approx. % of Pressing or 
vehicle price) Welding Plastic :s 

Piston ro 0.5 X XX 

Piston ring « 0.5 X X 

Chain < 0.5 X 

Belt < 0.5 X rubber coating 
Pinion < 0.5 X 

Pulley < 0.5 X 

Carburator 0.5 to 1 XX X 
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Component 

Gasoline pump 
Filter 
Radiator 
Battery 
Starter 
Dynamo/alternator 
Igniter 
Ignition coil 
Spark plug 
Electric wire 

Cost of Production 
approx. % of 
ehicle price 

< 0.5 
« 0.5 
2 to 2.5 
1 to 1.5 
1 to 1.5 
i\J 1 
ro 0.5 
< 0.5 

« 0.5 
ro 0.5 

Foundry 

XX 

X 

X 

Forge 

X 

X 

Machining 

X 

X 

X 

Cutting 
Pressing 
Welding 

X 

X 

X 

X 

Rubber 
or 

Plastic 

X 

X 

X 

Observationf 

/ lead 
/ coiling 
/ coiling 

/ coiling 
/ ceramics 
wiredrawing 

Wheels 
rinunings 

Tire 
"Eire tube 
Shock absorber 
Suspension spring 

hboard 
•^ruments 
"light 

& temperature 
trol 
adlight 
;jrn 

^•;indshield wiper 
i'/indshield washer 

1 to 1.5 
< 0.5 
4 to 5 

fU 0.5 
CO 1 
SCO 0.5 

0.5 to 1 

,5 

OJ 1 
fO 0.5 
< 0.5 
0.5 to 1 

a) 0.5 

XX 

XX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

chromium 
plating 

/ glass 
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•mponent 
C o s t o f 

P r o d u c t i o n 
( a p p r o x . % o f 
/ e h i c l e p r i c e ) 

F o u n d r y F o r g e M a c h i n i n g C u t t i n g 
P r e s s i n g 
W e l d i n g 

Rubbe r 
o r 

P l a s t i 

O b s e r v a t i o n s 

cs* _ ' 

n d s h i e l d 1 t o 1 . 5 g l a s s 

ndow p a n e s ruO.5 g l a s s ; 

oor m a t < 0 . 5 X / t e x t i l e s 

a t s t u f f i n g 0 . 5 t o 1 X 

nnper 1 t o 1 . 5 

r ü 0 . 5 

X 

X 

/ c h r o m i u m 
p l a t i n g 

pi k i t < 0 . 5 X X 

LI b e a r i n g 

i l l s p r i n g 

; a l w i r e 

2 t o 3 

< 0 . 5 

< 0 . 5 

X X X 

w i r e d r a w i n g 

w i r e d r a w i n g 

•,s & b o l t s 0 . 5 t o 1 X 

•P (v) 0 . 5 X 

. I s a n d r u b b e r 
i p s (V 0 . 5 X X 

l i - ( S h e e t s 
d u c t s ( T u b e s 

( B a r s 

( c a s t i r o n 
e r i a l s ( s t e e l 

( a l u m i n u m 

12 t o 14 

P l a s t i c s w i l l be ana lyzed i n d e t a i l i n Chapter 8. 

t •« 

% I 

4 

-
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Table No. 1 

C l a s s i f i c a t i o n o f p u r c h a s e s a c c o r d i n g t o the technoloqÍ3S 
t o make t h e m 

T e c h n o l o g y % o f t h e t o t a l 
v a l u e o f p u r c h a s e s 

I r o n a n d s t e e l w o r k s 
( r a w m a t e r i a l s a n d s e m i -
p r o d u c t s ) 2 5 

N o n - f e r r o u s c a s t i n g s 
( a l u m i n u m a n d z i n c a l l o y s ) 5 

F o r g i n g 4 

M a c h i n i n g 18 

C u t t i n g , p r e s s i n g , w e l d i n g 20 

P r o c e s s i n g o f p l a s t i c s 10 

C h e m i c a l i n d u s t r y a n d 
p r o c e s s i n g o f r u b b e r 10 

P r o c e s s i n g o f g l a s s 8 

T o t a l v a l u e o f p u r c h a s e s 100 

7 . 2 . 3 O v e r p r i c e s i n t h e p u r c h a s e o f c o m p o n e n t s 

F r o m T a b l e No . 3 i t i s c l e a r t h a t t h e m a j o r i t y 

o f t h e c o m p o n e n t s o r u n i t s made o f m e t a l a r e 

t h e r e s u l t o f m a c h i n i n g o r c u t t i n g - p r e s s i n g 

t e c h n i q u e s . T h e p r i c e o f t h e c o m p o n e n t s w i l l 

t h e n d e p e n d o n how f a r t h e s e t e c h n i q u e s a r e 

d e v e l o p e d i n t h e c o u n t r y u n d e r c o n s i d e r a t i o n . 
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F o l l o w i n g t h i s c o n c e p t , t h e o v e r p r i c e c u r v e s 

f o r t h e c o m p o n e n t s p u r c h a s e d may b e p l o t t e d 

i n r e l a t i o n t o t h e v o l u m e o f p r o d u c t i o n . T h i s 

i s shown o n C h a r t No . 3 . 

T h i s C h a r t shoves t h e a v e r a g e o v e r p r i c e i n t h e 

p u r c h a s e o f s u p p l i e s a c c o r d i n g t o t h e v o l u m e 

p r o d u c e d . 

I t w i l l b e n o t i c e d t h a t t h e m a n u f a c t u r i n g 

t e c h n i q u e s s t u d i e d , t h a t i s , t h o s e n e c e s s a r y 

f o r t h e m a n u f a c t u r e o f t h e d i f f e r e n t c o m p o n e n t s 

o f a v e h i c l e , may h a v e d i f f e r e n t c r i t i c a l m a s s e s . 

T h i s m e a n s t h a t t h e o v e r p r i c e s c a u s e d b y lov; 

o u t p u t f o r g i v e n c o m p o n e n t s d o n o t m o d i f y i n 

a s i m i l a r way t h e o v e r p r i c e f o r a l l t h e 

c o m p o n e n t s o f a v e h i c l e , i n r e l a t i o n t o a u t o m o b i l e 

p r o d u c t i o n . 

A) Low r a t e s 

F o r l e s s t h a n 1 0 , 0 0 0 v e h i c l e s a y e a r , t h e 

o v e r p r i c e o f t h e p u r c h a s e s i s v e r y h i g h , 

a b o u t 7 0 t o 120%. 

B) Medium r a t e s 

F o r a b o u t 5 0 , 0 0 0 v e h i c l e s a y e a r , t h e 

o v e r p r i c e i s s t i l l 40%. 
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C) H i g h r a t e s 

F o r 1 0 0 , 0 0 0 v e h i c l e s a y e a r , t h e o v e r p r i c e 

o f t h e p u r c h a s e s i s s m a l l , a b o u t 10%; i t t h e n 

d e c r e a s e s r a p i d l y a n d b e c o m e s n e g l i g e a b l e f o r 

a b o u t 2 0 0 , 0 0 0 v e h i c l e s a y e a r . 

7 . 2 . 4 C r i t i c a l p r o d u c t i o n m a s s e s f o r t h e m a i n c o m p o n e n t s 

I t h a s b e e n o b s e r v e d t h a t a c c o r d i n g t o t h e 

t e c h n i q u e s u s e d , t h e o v e r p r i c e s o f a g i v e n 

c o m p o n e n t i n r e l a t i o n t o t h e v o l u m e p r o d u c e d 

may b e c o n s i d e r a b l y d i f f e r e n t . I n o r d e r t o 

b r i n g t h i s o u t m o r e c l e a r l y . T a b l e No . 4 s h o w s 

t h e c r i t i c a l m a s s e s f o r t h e m a i n c o m p o n e n t s o f 

a v e h i c l e . 
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Table No. 1 

O r d e r o f m a g n i t u d e o f t h e c r i t i c a l m a s s e s o f d i f f e r e n t 

c o m p o n e n t s p u r c h a s e d b y t h e m a n u f a c t u r e r 

C o m p o n e n t s C r i t i c a l p r o d u c t i o n 
m a s s 

u n i t s / y e a r 

P i s t o n 2 0 0 , 0 0 0 t o 2 5 0 , 0 0 0 

R a d i a t o r 1 5 , 0 0 0 

C l u t c h 6 0 , 0 0 0 

B r a k e l i n i n g 5 0 0 , 0 0 0 

W h e e l 1 5 0 , 0 0 0 

T i r e 3 0 0 , 0 0 0 

S u s p e n s i o n s p r i n g 1 0 0 , 0 0 0 

S h o c k a b s o r b e r 8 0 , 0 0 0 

S e a t f r a m e w o r k 1 5 , 0 0 0 t o 2 0 , 0 0 0 

B a t t e r y 3 0 , 0 0 0 

Dyanamo 1 0 0 , 0 0 . 0 

S t a r t e r 1 0 0 , 0 0 0 

I g n i t i o n c o i l 3 0 , 0 0 0 

H o r n 3 0 , 0 0 0 

W i n d s h i e l d w i p e r 1 2 0 , 0 0 0 

H e a d l i g h t 1 2 0 , 0 0 0 

S p a r k p l u g 5 0 0 , 0 0 0 

1 D a s h b o a r d 1 2 0 , 0 0 0 
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7 . 3 I m p o r b a n c e o f t h e l o c a l m a n u f a c t u r e o f c o m p o n a n t s f o r 

t h e a u t o m o b i l e i n d u s t r y 

7 . 3 . 1 A d v a n t a g e s f o u n d i n t h e l o c a l m a n u f a c t u r e o f 

c o m p o n e n t s 

The l o c a l m a n u f a c t u r e o f c o m p o n e n t s f o r t h e 

a u t o m o b i l e i n d u s t r y o p e n s u p many o p p o r t u n i t i e s 

f o r d i v e r s i f i c a t i o n i n t h e i n d u s t r y o f a c o u n t r y . 

V e r y o f t e n , t h e r e i s a w i d e v a r i e t y o f t e c h n i q u e s 

u s e d w h i c h a r e n o t p e c u l i a r t o t h e a u t o m o b i l e 

i n d u s t r y . T h e r e f o r e , a t w o - f o l d r e t u r n on 

i n v e s t m e n t may b e e x p e c t e d , b o t h a s r e g a r d s 

t h e t r a i n i n g o f t h e l a b o r a n d t h e e q u i p m e n t 

i n s t a l l e d w h i c h m a k e s p a r t s f o r s e v e r a l i n d \ : d : r i e s 

o t h e r t h a n t h e a u t o m o b i l e i n d u s t r y . 

T h e c l a s s i f i c a t i o n o f t h e c o m p o n e n t s a c c o r d i n g 

t o t h e m a n u f a c t u r i n g t e c h n i q u e s u s e d f o r t h e m 

may b e m o d i f i e d i n o r d e r t o show t h e p r o d u c t s 

w h i c h r e l y on t h e same t e c h n i q u e s a n d w h i c h 

c o u l d b e m a n u f a c t u r e d i n a p a r a l l e l m a n n e r , s o 

o f f e r i n g a g o o d c h a n c e t o d i v e r s i f y . T h i s new 

' c l a s s i f i c a t i o n i s shown o n T a b l e No. 5 . 
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Table No. 1 

D i v e r s i f i c a t i o n o p p o r t u n i t i e s o f f e r e d b y 

t h e i n d u s t r y o f a u t o m o b i l e c o m p o n e n t s 

T e c h n i q u e s 
r e q u i r e d 

P r o d u c t s E x a m p l e s o f p o s s i b l e 
p a r a l l e l m a n u f a c t u r e s 

C a s t i n g o f n o n -
f e r r o u s a l l o y s 

P i s t o n s H a r d w a r e , h o u s e h o l d a p p a r a t u s 
h o u s i n g s a n d b o d i e s f o r 
h o u s e h o l d a p p l i a n c e s , e l e c t r ; 
m o t o r s ( f l a n g e s a n d c a s t i n g s ) 
h o u s i n g f o r s e w i n g m a c h i n e s , 
o f f i c e m a c h i n e s , s c a l e s , 
e l e c t r i c h a n d t o o l s . . . 

P o w d e r 
m e t a l l u r g y G e a r s f o r o i l 

p u m p , s h o c k 
a b s o r b e r ^ p i s t o n s 
l o c k s m i t h p a r t s 
s e l f - o i l i n g 
r i n g s 

P o l a r p a r t s f o r e l e c t r i c 
m o t o r s , p a r t s f o r o f f i c e 
m a c h i n e s , h o u s e h o l d 
a p p l i a n c e s , l o c k s , f i r e 
a r m s 

L i g h t 
f o r g i n g , 
u p s e t t i n g 

v a l v e s C l a c k v a l v e s , 

E x t r u s i o n s h o c k a b s o r b e r s H y d r a u l i c j a c k s , b o t t l e s 
o f c o m p r e s s e d g a s 

C o l d r o l l i n g r o c k e r a r m 
i m p e l l e r , s p a r k 
p l u g s o c k e t 

S t a n d a r d n u t s & b o l t s 

C o l d c a m ; 3 e r i n g o n w i r e : v a l v e 
s p r i n g s 
o n t u b e : b r a k e 
c i r c u i t , s e a t 
f r a m e w o r k 

A l l o r d i n a r y c o i l s p r i n g s 

T u b e c i r c u i t s f o r b o i l e r s 
o r d o m e s t i c r e f r i g e r a t o r s . 
O f f i c e f u r n i t u r e m a d e o f 
t u b e s 

H o t c a m b e r i n g h e l i c o i d a l 
s p r i n g s 

Wagon s p r i n g s 
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T e c h n i q u e s 
r e q u i r e d 

P r o d u c t s E x a m p l e s o f p o s s i b l e 
p a r a l l e l m a n u f a c t u r e s 

C u t t i n g , p r e s s i n c 
f o r m i n g , w e l d i n g 

b o d y 
l o c k s 
h i n g e s 
w i n d o w m e c h a -
n i s m 

H o u s e h o l d a p p l i a n c e s , 
l o c k s f o r a p p a r t m e n t s , 
a n d f u r n i t u r e , 
p a r t s o f e l e c t r i c m o t o r s , 
e l e c t r i c c o n t a c t s , 
m e t a l f u r n i t u r e 

r a d i a t o r r e f r i g e r a t o r 

f u e l t a n k , 
a i r a n d o i l 
f i l t e r , 
m u f f l e r 

b a r r e l s a n d s m a l l c o n t a i n e r s 
p a c k a g i n g 

w h e e l s b a r r e l s a n d d r u m s , g a s 
b o t t l e s , f i r e e x t i n g u i s h e r s 

C u t t i n g , 
c o i l i n g 

s t a r t e r s , 
d y n a m o s , 
w i n d s h i e l d 
w i p e r s , a i r 
a n d t e m p e r a t u r e 
c o n t r o l s , h o r n 

h a n d 1 HP e l e c t r i c m o t o r s 

s m a l l h a n d t o o l s , 
h o u s e h o l d a p p l i a n c e s 

C o i l i n g , 
m o u l d i n g o f 
p l a s t i c s 

i g n i t e r s , 
c o i l s , 
t e n s i o n 
r e g u l a t o r s 

e l e c t r i c t r a n s f o r m e r s 

C u t t i n g , 
d e l i c a t e work 
a s s e m b l y 

d a s h b o a r d 

b r a k e , c l u t c h 

P r e c i s i o n m e c h a n i c a l w o r k 
I n d u s t r i a l c l o c k w o r k , m e t e r s 
H o i s t i n g m a t e r i a l ( w i n c h ) 

-E-rí>í:essing o f 
p l a s t i c s 

i n i e c t i o n I n d u s t r i a l p a r t s f o r 
h o u s e h o l d a p p l i a n c e s ; r a d i o 
a n d e l e c t r i c i t y , e s p e c i a l l y . 

E x t r u s i o n : e l e c t r i c i n s u l a t i o n 
e l e c t r i c c a b l e s 
B l o w i n g : 

b o t t l e s , c o n t a i n e r s 

b r a k e f l u i d 
c o n t a i n e r , 
w i n d s h i e l d w a t e r 
t a n k , 
g a s o l i n e t a n k 
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T e c h n i q u e s 
r e q u i r e d 

P r o d u c t s E x a m p l e s o f p o s s i b l e 
p a r a l l e l m a n u f a c t u r e s 

P r o c e s s i n g 
o f p l a s t i c s 

K e a t f o r m i n g : 
d o o r l i n i n g 

C a l e n d e r i n g , 
c o a t i n g : 
f l o o r m a t s 
s e a t , r o o f a n d 
d o o r l i n i n g 

F o a m ; 
s e a t s t u f f i n g 

I n s i d e l i n i n g f o r 
r e f r i g e r a t o r d o o r 

C a r p e t s 
c o a t e d t e x t i l e s 
r a i n c o a t s , 
t a b l e c l o t h s , c u r t a i n s 

Foam m a t t r e s s e s 
s e a t s 

R u b b e r t i r e s 
t i r e t u b e s 

r u b b e r p a r t s : 
s e a l s I n d u s t r i a l r u b b e r p a r t s 

F l a t g l a s s C u t t i n g a n d 
' t e m p e r i n g o f 

g l a s s 
B e n t 
w i n d s h i e l d s 

-

B e n t a n d t e m p e r e d g l a s s 
f o r i n d u s t r i a l a n d 
d o m e s t i c u s e s 

T a b l e No . 5 i n d i c a t e s t h a t t h e m a k i n g o f a 

c e r t a i n c o m p o n e n t m i g h t f u r t h e r a l l o w t h e 

d e v e l o p m e n t o f a n o t h e r p r o d u c t , b u t t h i s d o e s 

n o t i m p l y t h a t . t h e same m a c h i n e s o r t o o l s a r e u s e d ; 

i t o n l y m e a n s t h a t t h e same t e c h n i q u e s a r e u s e d , 

a n d t h a t t h e y c o u l d t h e r e f o r e b e a d o p t e d f o r 

t h e m a n u f a c t u r e o f o t h e r p r o d u c t s . 
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I n a d d i t i o n t o t h i s , a l t h o u g h t h e a u t o m o b i l e 

i n d u s t r y p r o m o t e s t h e m a n u f a c t u r e o f new p r o d u c t s 

i n a d e v e l o p i n g c o u n t r y , t h e o p p o s i t e i s n o t 

t r u e , t h e r e f o r e , i f s u c h m a n u f a c t u r e s e x i s t 

t h e y c a n n o t a l w a y s b e u s e d b y t h e a u t o m o b i l e 

i n d u s t r y . F o r e x a m p l e , a n a u t o m o b i l e l o c k s m i t h 

s h o p c a n e a s i l y e n l a r g e i t s a c t i v i t i e s a n d 

m a n u f a c t u r e l o c k s f o r a p p a r t m e n t s a n d f u r n i t u r e , 

w h e r e a s a l o c k s m i t h f o r t h e b u i l d i n g i n d u s t r y 

w i l l n o t b e c a p a b l e o f m a n u f a c t u r i n g c a r l o c k s 

b e c a u s e h e w i l l n o t b e u p t o t h e s p e c i f i c a t i o n s 

r e q u i r e d . 

The e x i s t e n c e o f a n a u t o m o b i l e i n d u s t r y i n a n 

i n d u s t r i a l i z i n g c o u n t r y may b e a s p r i n g b o a r d 

f o r many o t h e r a c t i v i t i e s : i n p a r t i c u l a r 

( a l t h o u g h t h i s l i s t s h o u l d n o t b y a n y m e a n s b e 

c o n s i d e r e d e x h a u s t i v e ) t h e f o l l o w i n g : 

- n o n - f e r r o u s c a s t i n g s , 

- f o r g e d t o o l s , 

- h o u s e h o l d a p p l i a n c e s a n d c o o k i n g a p p a r a t u s 

made b y p r e s s i n g , 

- f u r n i t u r e a n d s e a t s made o f t u b e s , 

- e l e c t r i c m o t o r s , 

- n u t s & b o l t s , e t c . 
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7 , 3 . 2 P r o b l e m s a r i s i n g f r o m l o c a l m a n u f a c t u r e o f 

c o m p o n e n t s f o r low r a t e s o f p r o d u c t i o n 

A) P r i c e s 

The p r i c e s o f t h e s u p p l i e s w h i c h a r e p u r c h a s e d 

a r e t h e r e s u l t o f tv/o f a c t o r s : 

1) t h e n a t i o n a l o u t p u t o f a l l t y p e s o f 

v e h i c l e s : a u t o m o b i l e s , t r u c k s , t r a c t o r s , 

m o t o r c y c l e s a n d b i c y c l e s ; 

2) t h e q u a n t i t y c o n s u m e d b y a u t o m o b i l e 

p r o d u c t i o n . 

I t h a s b e e n o b s e r v e d t h a t f o r 1 0 0 , 0 0 0 v e h i c l e s 

a y e a r , t h e o v e r p r i c e w a s o n l y 10%. 

H o w e v e r , a s f a r a s t h e p a r t s p r o d u c e d b y 

c a s t i n g , f o r g i n g , m a c h i n i n g a n d p r o c e s s i n g 

. o f p l a s t i c s i s c o n c e r n e d , t h e o v e r p r i c e s a r e 

h i g h f o r o u t p u t s o f 1 0 , 0 0 0 v e h i c l e s a y e a r . 

I n t h e c a s e o f g l a s s o r p l a s t i c s , a n 

e c o n o m i c a l l e v e l o f p r o d u c t i o n i s a t t a i n e d 

w i t h a f i g u r e o f 1 0 0 , 0 0 0 v e h i c l e s a y e a r . 

B u t a t t h i s l e v e l e l e c t r i c e q u i p m e n t i s s t i l l 

e x p e n s i v e , e s p e c i a l l y i f t h e h o u s e h o l d 

a p p l i a n c e i n d u s t r y i s n o t v e r y d e v e l o p e d . 
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B) Q u a l i t y 

L o c a l s u p p l i e r s c a n p r o d u c e q u a l i t y g o o d s , 

b u t t h i s i s n o t a l w a y s c e r t a i n i n t h e c a s e 

o f l o w r a t e s o f p r o d u c t i o n a s c e r t a i n 

c o n t r o l f a c i l i t i e s may b e l a c k i n g . 

C) D e l i v e r y t e r m s 

I t i s e x t r e m e l y i m p o r t a n t t o k e e p u p w i t h 

d e l i v e r y d a t e s a n d t h i s i s n o t a l w a y s t r u e o f 

l o c a l p r o d u c t i o n a n d so t h e a s s e m b l y p l a n t 

i s f o r c e d t o k e e p l a r g e s t o c k s . 

F u r t h e r m o r e , t h e r e i s o f t e n o n l y o n e m a n u f a c -

t u r e r o f a c e r t a i n c o m p o n e n t . T h i s s i t u a t i o n 

i s a c c e p t a b l e i n t h e i n i t i a l p e r i o d b u t i n 

o r d e r t o e n s u r e a r e g u l a r s u p p l y , i t i s 

p r e f e r a b l e t o d i v e r s i f y t h e p u r c h a s e s b e t w e e n 

a t l e a s t two s u p p l i e r s . Wou ld i t n o t b e t h e 

c a s e t h e n s t o c k s h a v e t o b e b u i l t u p w i t h a 

c o n s e q u e n t i n c r e a s e i n t h e c o s t p r i c e o f t h e 

v e h i c l e . 
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C h a p t e r 8 

New T e c h n i q u e s i n t h e A u t o m o b i l e I n d u s t r y 
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S• ^ New p o s s i b i l i t i e s : p l a s t i c 

8 . 1 . 1 G e n e r a l u s e s a n d t e n d e n c i e s 

S p e c i f i c a v e r a g e c o n s u m p t i o n 

E v e r y E u r o p e a n v e h i c l e p r o d u c e d i n l a r g e -

s e r i e s c o n t a i n s a b o u t 30 k g . o f p l a s t i c s (*) 

d i s t r i b u t e d among s e v e r a l h u n d r e d s o f p a r t s 

( 2 0 0 t o 5 0 0 ; 540 i n t h e FIAT 1 2 8 ) . 

- T h i s w e i g h t o n l y r e p r e s e n t s 2 t o 3% o f t h e 

t o t a l w e i g h t o f t h e v e h i c l e , b u t l i g h t e n s i t 

o f a b o u t 200 k g . o f m e t a l ; i t i s w e l l known 

t h a t e v e r y k i l o r e p r e s e n t s a n a v e r a g e s a v i n g 

o f 3 f r a n c s o n t h e s i z e o f t h e m e c h a n i c a l 

p a r t ( e n g i n e a n d s u s p e n s i o n ) . 

F u r t h e r m o r e , i n t e r m s o f v o l u m e , p l a s t i c 

p a r t s r e p r e s e n t 10 t o 15% o f t h e v o l u m e o f . 

a v e h i c l e . 

F i n a l l y , a s t u d y o f t h e c h a r t i n Annex 1, 

A ^ f - " s h o w i n g t h e p r o g r e s s o f p l a s t i c s i n t h e 

A m e r i c a n a u t o m o b i l e , w i l l r e v e a l t h a t t h e 

E u r o p e a n m a n u f a c t u r e r s a r e w e l l a h e a d o f t h e 

(*) O n l y t h e m a i n c a t e g o r i e s o f p l a s t i c s h a v e b e e n 

c o n s i d e r e d , s o t h a t s y n t h e t i c f i b e r s , e l a s t o m e r e s , 

p a i n t s , v a r n i s h e s , a d h e s i v e s a n d m a s t i c s a r e e x c l u d e d . 
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D e t r o i t m a n u f a c t u r e r s , e s p e c i a l l y a s t h e 

a v e r a g e USA v e h i c l e i s t w i c e a s h e a v y a s 

i t s E u r o p e a n c o u n t e r p a r t . 

H o w e v e r , t h e f o l l o w i n g a n n u a l c o n s u m p t i o n 

p e r v e h i c l e h a s b e e n c a l c u l a t e d f o r t h e 

f u t u r e i n t h e USA: 

Y e a r K g / a u t o m o b i l e 

3.970 45 

1975 100 

"1980 150 

1985 200 

T h e r e f o r e , c o n s i d e r i n g t h i s s p e c i f i c f u t u r e 

c o n s u m p t i o n , a u t o m o b i l e m a n u f a c t u r e r s a r e 

e x p e c t e d t o i n t e g r a t e i n t h e i r m a n u f a c t u r i n g 

p r o c e s s e s p a r t o f t h e i r own r e q u i r e m e n t s 

f o r p l a s t i c p a r t s . As t h e w e i g h t o f p l á s t i c s 

p e r v e h i c l e i n c r e a s e s a n d , a s a r e s u l t , t h e 

c o r r e s p o n d i n g s h a r e i n t u r n o v e r , i t i s o n l y 

n a t u r a l t h a t t h e m a n u f a c t u r e r s f i r s t w a n t t o 

l e a r n a t e c h n i q u e w i t h w h i c h t h e y a r e n o t 

f a m i l i a r ( t h i s i s t h e s t a g e a t w h i c h t h e 

p i l o t s h o p c o n t r o l s t h e s u p p l i e r ' s c o s t 

p r i c e s ) , a n d t h e n r e g a i n c o n t r o l o f t h e 

p e r c e n t a g e o f t u r n o v e r t h e y w o u l d l o s e f o r 

t h e p a r t s w h i c h t h e y do n o t w i s h t o s u b -

c o n t r a c t ( b o d y , r a d i a t o r , g r i l l e , g a s o l i n e 

t a n k , e v e n t h e d a s h l ^ o a r d ) . 
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CHRYSLER, FORD, a n d GENERAL MOTORS i n t h e 

USA, a n d F IAT, RENAULT, a n d VOLKSWAGEN i n 

E u r o p e , t h u s h a v e t h e i r own p l a s t i c 

m a n u f a c t u r i n g p l a n t s . 

B) P l a s t i c s a n d t h e a u t o m o b i l e 

T h e r e a r e c e r t a i n o b s t a c l e s t h a t p r e v e n t 

t h e u s e o f p l a s t i c s i n t h e a u t o m o b i l e , i n 

p a r t i c u l a r : 

- t h e f a c t t h a t t h e t r a i n i n g o f p r o j e c t 

e n g i n e e r s a n d d e s i g n e r s i s o r i e n t e d m a i n l y 

t o w a r d s m e t a l s ( t h e r e a r e no o r v e r y f e w 

c o u r s e s o n t h e t e c h n o l o g y o f p l a s t i c s i n 

t h e e n g i n e e r i n g s c h o o l s ) ; 

- t h e l a r g e sums i n v e s t e d b y t h e m a n u f a c t u r e r s 

i n t h e p r o c e s s i n g o f m e t a l s ( m a c h i n i n g a n d 

p r e s s i n g , f o r e x a m p l e ) ; 

- t h e t im.e n e e d e d t o e l a b o r a t e a m o d e l , 

a b o u t 5 o r 6 y e a r s , a s i s shown i n t h e 

f o l l o w i n g e x a m p l e : 
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B e g i n n i n g o f 1963 

F e b r u a r y t o e n d S e p t e m b e r 
1 9 6 3 

O c t o b e r 1963 t o A p r i l 
1 9 6 4 

F e b r u a r y 1964 

November 1963 t o 
J a n u a r y 1965 

M a r c h 1964 t o M a r c h 1965 

F e b r u a r y 1965 

S e p t e m b e r 1965 t o 
F e b r u a r y 1966 

O c t o b e r 1965 

B e t w e e n M a r c h 1966 t o 
J u n e 1 9 6 8 

D s c e m b e r 1966 

J u n e 1967 

May 1 9 6 8 

J u l y 1 9 6 8 

M a r c h 1969 

J u n e 1969 

O c t o b e r 1969 

S p e c i f i c a t i o n s 

P r e l i m i n a r y d r a f t 

S t u d y o f t h e s c a l e m o d e l 

The f i r s t b l u e - p r i n t s a r e 
w o r k e d o u t 

S c a l e - m o d e l s a r e m a n u f a c t u r e d 
a n d a s s e m b l e d 

T e c h n i c a l t e s t s o f t h e u n i t s 

P r e p a r a t i o n o f t h e s e c o n d 
d e t a i l e d b l u e - p r i n t s t o make 
t h e p r o t o - t y p e 

S t a t i c t e s t s o f t h e f i r s t 
p r o t o - t y p e 

The e n d u r a n c e t e s t s o f t h e 
5 p r o t o - t y p e s b e g i n 

3 5 m o r e p r o t o - t y p e s a r e b u i l t 

D e c i s i o n t o e n l a r g e t h e b o d y 

P r e p a r a t i o n o f t h e t o o l i n g s 

T h e t e s t s e r i e s c o m e s o u t 

F i n a l s p e c i f i c a t i o n s 

P r o d u c t i o n o f t h e f i r s t 
s t a n d a r d v e h i c l e s 

M a s s p r o d u c t i o n b e g i n s 

M a r k e t i n g b e g i n s 

B e c a u s e o f t h i s , t h e c o s t p r i c e s w h i c h 

d e t e r m i n e t h e c h o i c e a r e e s t a b l i s h e d on t h e 

b a s i s o f d a t a w h i c h , i n t h e c a s e o f p l a s t i c s . 
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a r e no l o n g e r v a l i d when m a r k e t i n g b e g i n s . 

- m a r k e t i n g c a m p a i g n s f a v o r i n a p p r o p r i a t e 

a p p l i c a t i o n s w h i c h t r i g g e r o f f a n t i - p l a s t i c s 

r e a c t i o n s o r c o n f u s e t h e u s e r who i s t o r n 

b e t w e e n s e v e r a l b r a n d s o f t h e same f a m i l y 

o f p l a s t i c s ; 

- t h e n e e d t o u s e m a t e r i a l s w h i c h m u s t h o l d 

g o o d u n t i l t h e v e h i c l e b e c o m e s o b s o l e t e 

( 1 0 t o 20 y e a r s ) a n d c a n , f o r e x p o r t r e a s o n s , 

w i t h s t a n d d i f f e r e n t c l i m a t e s ( t e m p e r a t u r e , 

d a m p n e s s , . . . ) 

The t e m p e r a t u r e r e q u i r e m e n t s , i n p a r t i c u l a r , 

c a n n o t b e d i s r e g a r d e d i n t h e c a s e o f p l a s t i c s 

u s e d i n t h e a u t o m o b i l e , a s i s shown o n t h e • 

f o l l o w i n g t a b l e : 

Maximum 
U n i t • " P a r t T e m p e r a t u r e 

(C) 

t o p o f w a t e r r a d i a t o r 115 

M e c h a n i c a l c a r b u r a t o r 100 

m a i n c y l i n d e r 100 

O u t e r , b o d y t o p h u l l , h o o d 7 5 

s i d e p a n e l s 65 

I n t e r i o r o f d a s h b o a r d 105 
p a s s e n g e r s u n v i s o r 100 c o m p a r t m e n t 100 

s e a t 85 

s t e e r i n g w h e e l 80 

i n s i d e o f d o o r s 70 

p e d a l s 55 
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T h e s e maximum t e m p e r a t u r e s may b e o b t a i n e d 

i n h o t c o u n t r i e s a f t e r s w i t c h i n g o f f t h e 

e n g i n e i n t h e c a s e o f t h e m e c h a n i c a l u n i t s 

u n d e r t h e h o o d , a n d a f t e r 8 h o u r s i n t h e 

s u n i n t h e c a s e o f t h e b o d y p a r t s a n d 

p a s s e n g e r c o m p a r t m e n t . One m u s t a l s o b e a r 

i n m i n d t h a t c e r t a i n m a n u f a c t u r e r s h a v e 

t o u c h - u p p a i n t l i n e s t h r o u g h w h i c h a f u l l y 

e q u i p p e d v e h i c l e may p a s s . A l l o f t h e c o m -

p o n e n t s o f t h e v e h i c l e m u s t t h e n b e a b l e t o 

s u p p o r t a t e m p e r a t u r e o f 80 t o 90 d e g . C. 

d u r i n g a p p r o x i m a t e l y 30 m i n u t e s . I n s p i t e • 

o f t h e d i s a d v a n t a g e s m e n t i o n e d , t h e c h o i c e 

o f a s y n t h e t i c m a t e r i a l i s n e c e s s a r y f o r t h e 

a u t o m o b i l e i n many c a s e s , f o r e x a m p l e i n 

o r d e r t o : 

- r e d u c e i t s w e i g h t a n d p r i c e : a s f a r a s 

w e i g h t i s c o n c e r n e d , t h i s t h e g e n e r a l c a s e , 

d u e t o t h e l o w d e n s i t y o f p l a s t i c s a n d a l s o 

a s r e g a r d s p r i c e s , a s i t may b e p o s s i b l e t o 

d e s i g n c o m p l e x p a r t s w h i c h c a n b e m a n u f a c -

t u r e d i n a v e r y s h o r t t i m e , 

- i m p r o v e t h e p e r f o r m a n c e : 

s f - ^ d i m i n u t i o n o f s o u n d l e v e l : g e a r s o f t h e 

m e c h a n i s m o f t h e s p e e d o m e t e r a n d t h e 

w i n d s h i e l d w i p e r , l o c k s ; 

. c o m f o r t o f f o a m s e a t s ; 

. b e t t e r a p p e a r a n c e : d a s h b o a r d , r a d i a t o r 

g r i l l e , t r i m m i n g s ; 
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g r e a t e r s a f e t y : s t u f f i n g o f d a s h b o a r d 

e l b o w r e s t , s t e e r i n g w h e e l , g a s o l i n e 

t a n k ; 

i m p r o v e m e n t o f t h e f r i c t i o n c o e f f i c i e n t s 

o f t h e b e a r i n g s , a s i n d i c a t e d b e l o w : 

M a t e r i a l 
F r i c t i o n c o e f f i c i e n t 

M a t e r i a l 
Dry O i l e d 

H i g h d e n s i t y 
p o l y e t h y l e n e 0 . 2 1 0 . 1 

P o l y a c e t a l 0 . 1 0 t o 0 . 30 0 . 1 

P o l y a m i d e 0 . 1 5 t o 0 . 40 0 . 0 6 

P o l y f l u o r 0 . 0 4 0 . 0 4 

C) U s u a l a p p l i c a t i o n s 

- T h e a v e r a g e d i s t r i b u t i o n o f p l a s t i c . . . 

a p p l i c a t i o n s f o r t h e a u t o m o b i l e i n E u r o p e 

i s r o u g h l y a s f o l l o w s f o r 1 9 7 0 : 
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M a t e r i a l s % 
( w e i g h t ) 

E v o l u t i o n 
( t e n d e n c y o r - ) 

S t y r e n i c : P o l y s t y r e n e - P S , 
c o p o l y m e r e SAN a n d 
ABS 

( 
( 5 t o 10 
( 

P o l y v i n y l : P l a s t i f i e d PVC 
e s p e c i a l l y 

j a o t o 35 

P o l y o l e f i n e s : P o l y p r o p y l e n e - P P 
a n d h i g h d e n s i t y 
p o l y e t h y l e n e PE hd 

( 
( 5 t o 10 
{ 

A c r y l i c s : M e t h y l p o l y m e t a c r y -
l a t e PMM 1 2 t o 3 

P o l y a c e t a l s : PAC 0 . 5 t o 1 

P o l y a m i d e s : PA-5 a n d P A - 1 1 2 t o 4 

C e l l u l o s i c : C e l l u l o s e . a c e t o b u t y -
r a t e ABC 

3 t o 4 -

P h e n o l i c p l a s t i c : 2 t o 8 -

P o l y u r e t h a n e s : PU 30 t o 35 y 

P r e f e r e n t i a l a p p l i c a t i o n s a r e g i v e n i n 

o u t l i n e f o r m i n t h e f o l l o w i n g t a b l e s : 
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a) M e c h a n i c a l a n d e l e c t r i c d r i v i n g u n i t s 

( t h e e n g i n e a n d i t s r e l a t e d p a r t s ) 

M a t e r i a l s 

P a r t s 
PVC 

PS p l a s t y 
f i e d 

PE 
h d PP PAC PA PFE 

Phe 
n o -
l i c 

\ 

O b s e r v a t i o n s 

F a n b o x X 

F a n X / X 

T r a n s m i s s i o n g e a r X X / 
W a t e r pump p a r t s X PRO p o s s i b l e 

G a s o l i n e pump p a r t s X 

G a s o l i n e p i p e X P A - 1 1 m a i n l y 

C a r b u r a t o r p a r t s X 

A i r f i l t e r / X 

F i l t e r c a r t r i d g e X PVC r i g i d 

W i n d s h i e l d w a t e r 
c o n t a i n e r X X 

( f l e x i b l e : P V C 
( r i g i d : PE 

B r a k e f l u i d 
c o n t a i n e r X 

G a s o l i n e t a n k X 

G e a r s f o r t h e 
s p e e d o m e t e r a n d 
w i n d s h i e l d w i p e r ^ X X PPO a l s o 

P e d a l p a r t s X f o r a c c e l e r a t o r 

S h o c k a b s o r b e r b e l l o w 

B a t t e r y h o u s i n g 

Top o f i g n i t e r 

/ 
X 

X 

X 

-

(PP 

i n s i d e : PS 
p o s s i b l e 

o u t s i d e : PP 

I g n i t i o n c o i l c o v e r X 

F u s e b o x / X 

W i r e i n s u l a t i o n X 

M i s c e l l a n e o u s r i n g s 
a n d b e a r i n g s X X 
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b) O u t e r b o d y p a r t s 

M a t e r i a l s 

P a r t s PS SAN ABS PVC 
p l a s t i ^ 
f i e d 

PE 
h d 

PP PMM PC PA P h e 
n o -
l i c 

R e i n -
f o r c e d 
p o l y -
e s t e r 

R e m a r k s 

H u l l , h o o d , a n d 
f e n d e r p a r t s X X * ( 1 ) 

R a d i a t o r g r i l l e X X 

Monogram X X X X 

L i c e n c e p l a t e s X 

H u b - c a p X 

H o r n X 

H e a d l i g h t r i m X 

H e a d l i g h t r e f l e £ 
t o r X * ( 2 ) 

R e a r l i g h t s X X X X • 

P a r k i n g l i g h t 

J o i n t s , s e a l s 
s e c t i o n s X 

L o c k s m i t h p a r t s X * (3) 

Tank c a p / X 

M i s c e l l a n e o u s 
r i v e t s a n d c l a m p s X 

* ( 1 ) A3S " M e h a r i " , p o l y e s t e r : s p o r t s c a r 

* ( 2 ) TPX p o s s i b l e f o r p a r a b o l a s h a p e 

* (3) o r PAC 



c) I n n e r b o d y parts 
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M a t e r i a l s 

P a r t s PS A3S PVC 
p l a s t y 
f i e d 

PE 
h d 

PP PiMÍ4 PA ABC P h e 
n o 
l i e 

PU R e m a r k s 

S t e e r i n g w h e e l / X / 

M i s c e l l a n e o u s 
h o u s i n g s X X X 

D a s h b o a r d X X * ( 1 ) 

H e a d l i g h t s w i t c h X X X * ( 2 ) 

D a s h b o a r d v i s o r X X X / 

Sun v i s o r X / 

G l o v e c o m p a r t m e n t X 

Lower p a r t o f 
d o o r X / 
R e a r m i r r o r X / 
I n s i d e l i g h t / X • 

Ash t r a y X 

K n o b s Í l e v e r s / X / X 

A i r r e g u l a t o r 
c a s i n g X X 

H o t a i r p i p e / X 

D e f l e c t o r / X X 

S e a t , , . . , , X 

S a f e t y b e l t 

H a n d l e / 
X 

X 

* ( 3 ) 

* ( 4 ) 

E l b o w r e s t X X 

F l o o r m a t X / 
U n d e r n e a t h o f 
r o o f X / 

Door l i n i n g X / 

Hood o f c o n v e r -
t i b l e / 

* (1 ) or PVC /A3S thermof ormGd 
* { 2 ) PTE for printed circuit 

* ( 3 ) PA b u c k l e 
* ( 4 ) o r PAC 
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The p l a s t i c s w h i c h a r e t o b e d e v e l o p e d on a 

l a r g e s c a l e i n t h a a u t o m o b i l e i n d u s t r y i n c l u d e : 

- ABS p a r t i c u l a r l y a s a p p e a r a n c e a n d b o d y 
p a r t s ; 

- h i g h d e n s i t y p o l y e t h y l e n e s e s p e c i a l l y a s 
h o l l o w b l o w n b o d i e s ; 

- p o l y p r o p y l e n e s w h o s e b e h a v i o r when h e a t e d 
i s u p t o a u t o m o b i l e r e q u i r e m e n t s i n 
s a t i s f a c t o r y e c o n o m i c c o n d i t i o n s ; 

- p o l y a m i d e s m o u l d e d by i n j e c t i o n w h i c h c a n 
b e s u b s t i t u t e d f o r n o n - f e r r o u s a l l o y s c a s t 
u n d e r p r e s s u r e , e s p e c i a l l y i f t h e y a r e 
r e i n f o r c e d b y f i b e r g l a s s ; 

- p o l y u r e t h a n e s b e c a u s e o f t h e c o n f o r t t h e y 
p r o v i d e t h a n k s t o t h e i r h o n e y c o m b s h a p e 
a n d t h e p o s s i b i l i t y o f o b t a i n i n g a r i g i d 
s k i n w i t h a c e l l u l a r c o r e . 

D) Mew a n d f u t u r e a p p l i c a t i o n s 

T h e r e a r e many p o t e n t i a l a p p l i c a t i o n s o f 

. . p l a s t i c s - in c a r m a n u f a c t u r i n g , . . b u t , . w e s h a l l 

c o n s i d e r o n l y t h o s e v /h icU . b e c a u s e o f t h e 

q u a n t i t y o f p l a s t i c s u s e d , m a y s t r o n g l y 

i n f l u e n c e t h e d e v e l o p m e n t o f t h e p r o c e s s i n g 

i n d u s t r i e s o f t h o s e m a t e r i a l s . . ' T h e y i n c l u d e 

u t i l i z a t i o n s f o r t h e f o l l o w i n g p a r t s : 

P a r t W e i g h t ( k g . ) 

T a n k 2 t o 4 

B a t t e r y h o u s i n g 1 t o 1 . 5 

D a s h b o a r d 0 . 8 t o 1 

I n s i d e o f d o o r (2 o r 4) 0 . 5 

R a d i a t o r g r i l l e 0 , 7 t o 0 . 8 

Body 50 t o 100 
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a) The g a s o l i n e t a n k 

A p p a r e n t l y t h e m a t e r i a l c h o s e n i s h i g h 

d e n s i t y p o l y e t h y l e n e a n d t h e p r o c e d u r e 

s e l e c t e d i s b l o w i n g . 

T h i s t a n k w o u l d a l l o w f l e x i b l e a d a p t a t i o n 

o f f o r m s u n l i k e t h e m e t a l s h e e t s , a n d 

c o u l d b e p l a c e d i n " d e a d " a n d p r o t e c t e d 

s p o t s ( f o l l o w i n g t h e s h a p e o f t h e r e a r 

a x l e o r o f t h e s u s p e n s i o n , u n d e r t h e s e a t s , 

i n t h e l u g g a g e t r u n k . . . ) . The r i s k i s 

l e s s e n e d i n t h e c a s e o f a n a c c i d e n t : t h i s 

m a t e r i a l h a s g o o d s h o c k r e s i s t a n c e a n d i s 

d e f o r m e d w h i l e t h e w e l d i n g o f a m e t a l 

t a n k t e n d s t o g i v e way s o t h a t t h e 

g a s o l i n e f l o w s o u t . F u r t h e r m o r e , i n t h e 

c a s e o f f i r e , p l a s t i c m e l t s t h u s a v o i d i n g 

t h e b l o w p i p e e f f e c t o r t h e e x p l o s i o n 

c a u s e d b y á m e t a l t a n k . F i n a l l y , t h e 

r e d u c t i o n i n w e i g h t m u s t b e m e n t i o n e d , 

i . e . a b o u t 40 t o 60% o f t h e w e i g h t o f a 

t a n k made o u t o f l e a d e d s t e e l s h e e t s , o f 

s i m i l a r c a p a c i t y . I n t h e f u t u r e , c o s t s 

may b e r e d u c e d ( t h e b l o w i n g t e c h n i q u e t a k e s 

l e s s t i m e t h a n t h e p r e s s i n g o f two s h e l l s 

f o l l o w e d b y r o l l w e l d i n g ) . 

The f o l l o v / i n g e x a m p l e s may b e m e n t i o n e d : 
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P r o c e d u r e V e h i c l e 

B l o w i n g T r u c k s i n t h e USA 

CHEVROLET " C o r v e t " 

FORD " T h u n d e r b i r d " 

PONTIAC 70 

CITROEN S .M. 

PORSCHE 

s u b m i t t e d t o t e s t s 
i n F r a n c e : 

CITROEN 3 HP 

PEUGEOT 

RENAULT 

SIMCA 

R o t a t i o n i s a l s o 
p o s s i b l e KAISER " J e e p " 

I n t h e s e a p p l i c a t i o n s t h e w e i g h t s a v i n g i s 

a b o u t 10 kg» i n c o m p a r i s o n w i t h t h e s t e e l 

s h e e t . 

^ ) B a t t e r y h o u s i n g 

I n t h i s c a s e t h e f o l l o w i n g c o n d i t i o n s a r e 

s o u g h t : a n e x c e l l e n t r e s i s t a n c e t o 

s u l p h u r i c a c i d a n d t o s h o c k , a b s e n c e o f 

d e f o r m a t i o n r e s u l t i n g f r o m t e m p e r a t u r e , 

s a t i s f a c t o r y b e h a v i o r i n t h e f a c e o f g a s o l i n e 

a n d o i l s , l i g h t n e s s , a n d , p o s s i b l y , v i s i -

b i l i t y o f t h e e l e c t r o l y t e . A l l t h i s a t a 

r e d u c e d c o s t . 
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T h u s two m a t e r i a l s h a v e b e e n s e l e c t e d t o 

m e e t t h e s e r e q u i r e m e n t s ( i n t h e i n j e c t e d 

f o r m ) : 

- p o l y p r o p y l e n e when t h e b a t t e r y i s u n d e r 

t h e h o o d o r i n t h e l u g g a g e t r u n k ; 

- p o l y s t y r e n e when t h e b a t t e r y i s i n t h e 

p a s s e n g e r c o m p a r t m e n t . 

P r e s e n t a c h i e v e m e n t s : 

M a t e r i a l B r a n d n a m e s o r 
c o u n t r i e s 

P o l y p r o p y l e n e U n i t e d S t a t e s a n d 
I t a l y 

s t a r t i n g i n F r a n c e 
( C o m p a g n i e F r a n c a i s e 
d ' E l e c t r o c h i m i e ) 

P o l y s t e r e n e NSU " P r i n z " 

VOLKSWAGEN 

The w e i g h t é d g a i n i s a b o u t 1 . 5 t o 2 k g . 

F o r a 6V b a t t e r y a n d w i t h o r d i n a r y m a t e r i a s 

t h e w e i g h t w o u l d b e a s f o l l o w s : 

M a t e r i a l W e i g h t ( K g . ) 

P i t c h 

E b o n i t e 

PS o r PP 

4 . 5 

2 . 7 

1 . 2 

I t h a s b e e n e s t i m a t e d t h a t 15% o f a l l 

b a t t e r y h o u s i n g s w i l l b e p l a s t i c i n 1970 

60% i n 1 9 7 5 . 
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c) D a s h b o a r d , i n s i d e o f d o o r , r a d i a t o r g r i l l e 

h u b c a p 

P l a s t i c s a r e u s e d f o r t h e s e p a r t s m a i n l y 

b e c a u s e c o s t s c a n b e r e d u c e d , s h a p e s 

d i v e r s i f i e d , a n d c o n s i d e r a b l e a t t r a c t i v e n e s s 

a c h i e v e d . Two m a t e r i a l s h a v e b e e n c h o s e n 

d u e t o t h e i r e f f e c t i v e r e s i s t a n c e t o 

s h o c k a n d b e c a u s e t h e y c a n b e c h r o m i u m -

p l a t e d f o r r a d i a t o r g r i l l e s a n d h u b - c a p s : 

t h e A3S a n d t h e p o l y p r o p y l e n e : 

- d a s h b o a r d : f o r e x a m p l e , CITROEN " D y a n e " , 

RENAULT 4 , . . . ; 

- i n s i d e o f d o o r : CITROEN " D y a n e " ; 

- r a d i a t o r g r i l l e : s e e t h e f o l l o w i n g t a b l e : 

M a t e r i a l s B r a n d Names 

A3S p a i n t e d (*) o r 
b l a c k p i g m e n t e d 

A m e r i c a n v e h i c l e s 

BMW 2 5 0 0 

DAF 55 

PEUGEOT 504 

RENAULT R6 

ABS c h r o m i u m - p l a t e d DODGS B a r r a c u d a 

FORD 20 

POLYPROPYLENE A m e r i c a n a n d J a p a n e s e 
v e h i c l e s 

RENAULT R12 

(i^) T h e r e i s no p o i n t i n p a i n t i n g t h e 
r a d i a t o r g r i l l e s . I t w o u l d h e a much 
b e t t e r i d e a t o g i v e t h e m a c o l o r w h i c h 
s h a r p l y c o n t r a s t s w i t h t h e b o d y . 
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- h u b c a p : b e g i n n i n g i n t h e USA a n d I t a l y 

d) Body 

The s p e c i f i c c o n s u m p t i o n r a t e s i n d i c a t e d 

a b o v e o n l y r e f e r t o c o n v e n t i o n a l v e h i c l e s 

b e c a u s e f o r many y e a r s some v e h i c l e s h a v e 

h a d b o d i e s w h i c h a r e e n t i r e l y p l a s t i c : 

ALPINE, CORVETTE, MATRA, OPEL GT . . . 

T h e s e a r e made o u t o f p l a s t i c r e i n f o r c e d 

w i t h f i b e r g l a s s c o n t a i n i n g m o r e t h a n 

100 k g . o f t h e r m o s e t t i n g r e s i n p l u s 

f i b e r g l a s s . More r e c e n t l y , t h e r e h a v e 

b e e n v e h i c l e s made w i t h h e a t f o r m e d 

t h e r m o p l a s t i c l ^ b o d i e s . B u t u p t o now t h e s e 

v e h i c l e s h a v e b e e n m a n u f a c t u r e d on a s m a l l 

s c a l e . 

The f o l l o w i n g t a b l e g i v e s t h e d e t a i l s o f 

t h e s e p r o d u c t s : 

B r a n d Name M a t e r i a l G r o u p P r o c e d u r e Body 
w e i g h t 

P r o d u c t i o n 
v e h i c l e s / y e a r 

ALPINE -

MATRA 

p o l y e s t e r / g l a s s 

e p o x y / g l a s s 

tji 
-H 
j j 
4J 
(U 
m 
0 

c o n t a c t 

( m a n u a l ) 

120 4 0 0 t o 5 0 0 
( F r a n c e a n d 

M e x i c o ) 
2 , 0 0 0 t o 2 , 5 0 0 

CHEVROLET " C o r v e t " 
r o o f f o r CITROEN DS p o l y e s t e r / g l a s s 

e M Q) JS 
EH 

p r e s s i n g 
( m a c h i n e ) 

100 
6 t o 7 a b o u t 2 0 , 0 0 0 , 

CITROEN " M e h a r i " ABS O 
Q -H 
u m Q) (d 

h e a t 
f o r m i n g 
( m a c h i n a ) 

6 5 a b o u t 1 5 , 0 0 0 
( a n i n c r e a s i n g 
p r o d u c t i o n ) 

VW " B e e t l e " AAS A ^ 
ft 60 s t a r t i n g 



367-

I t i s now e s t i m a t e d t h a t t h e t h r e s h o l d o f 

e c o n o m i c p r o d u c t i o n w o u l d r e p r e s e n t t h e 

f o l l o w i n g number o f v e h i c l e s / d a y : 

- C o n t a c t r e i n f o r c e d p l a s t i c 10 t o 20 

- P r e s s e d r e i n f o r c e d p l a s t i c 50 t o 100 

- H e a t f o r m é d r p l a s t i c 20 t o 200 

- P r e s s e d s t e e l s h e e t 2 0 0 

T h u s , i n t h e i n t e r m e d i a t e a r e a t h e r e 

may b e c o m p e t i t i o n b e t w e e n a b o d y made 

o u t o f p r e s s e d r e i n f o r c e d p l a s t i c a n d a b o d y 

w i t h h e a t f o r m e d p a r t s » B u t t h e f o r m e r 

r e q u i r e s m o r e e x p e n s i v e m o u l d s t h a n t h e 

l a t t e r a n d m o r e t i m e i s n e e d e d f o r i t s 

m a n u f a c t u r e e F u r t h e r m o r e , s t a n d a r d c o l o r s 

a r e n o t s o s u n - r e s i s t e n t a s t h o s e o b t a i n e d 

w i t h t h e r m o p l a s t i c s , s o t h a t t h e f o r m e r . 

h a v e t o b e p a i n t e d w h i l e t h e l a t t e r w i l l 

k e e p t h e i r own c o l o r , T h e r e f o r e , i t i s 

q u i t e p o s s i b l e t h a t i n t h e f u t u r e h e a t 

f o r m e d p l a s t i c s w i l l b e p r e f e r r e d , a s i n 

t h e c a s e o f CITROEN ( t h e r e w a s a p r e c e d e n t 

i n t h e USA, a s m a l l a m p h i b i o u s e n g i n e f o r 

h u n t i n g a n d f i s h i n g , t h e " A m p h i c a t " ) . 

R e c e n t l y , VW l a u n c h e d a s o m e w h a t s i m i l a r 

v e h i c l e a n d o t h e r s - a b o u t t e n - a r e now 

b e i n g p r e p a r e d i n G i i e a t B r i t a i n , t h e 

U n i t e d S t a t e s (AÍ4ERICAN MOTORS " F o r m a C a r " ) , ; 

J a p a n ( t h e HONDA v e h i c l e a l r e a d y h a s soma ¡ 

b o d y p a r t s i n t h e r m o p l a s t i c s ) a n d F r a n c e . ' 
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B e c a u s e o f t h e i m p o r t a n c e o f t h i s p o s s i b l e 

a p p l i c a t i o n o f p l a s t i c s i n a u t o m o b i l e 

b o d i e s , f u r t h e r d e t a i l s o f t h e s e t e c h n i q u e s 

w i l l b e f u r n i s h e d i n p a r t 8 . 1 . 2 . 

8 . 1 . 2 T e c h n o l o g y - I n v e s t m e n t a n d m a n u f a c t u r i n g c o s t s 

P l a s t i c s c a n b e d i v i d e d i n t o two m a i n c a t e g o r i e s ? 

t h e r m o p l a s t i c s ( c o l d s e t a n d w i t h a c e r t a i n 

p l a s t i c i t y a t r oom t e m p e r a t u r e ) a n d t h e r m o s e t t i n g 

( h o t s e t a n d v e r y r i g i d ) . 

The p r o c e s s i n g o f e a c h t y p e i s v e r y d i f f e r e n t . 

B a s i c a l l y , t h e d i f f e r e n c e s may b e s u m m a r i z e d 

a s f o l l o w s : 

T y p e Mou ld R e a c t i o n d u r i n g 
m o u l d i n g 

M o u l d i n g 
t i m e 

W a s t e s 

T h e r m o p l a s t i c 

T h e r m o s e t t i n g 

c o l d 

h o t 

n o n e 

p o l y m e r i z a t i o n 

a f e w s e c o n d s 

a b o u t a m i n u t e 

r e u s a b l e 

l o s t 

C o n s e q u e n t l y , e a c h c a t e g o r y w i l l b e e x a m i n e d 

s e p a r a t e l y b u t i t b e c o m e s i m m e d i a t e l y a p p a r e n t 

t h a t t h e r m o p l a s t i c s w i l l a l w a y s b e p r e f e r a b l e 

- w h e n t h i s i s f u n c t i o n a l l y p o s s i b l e - i f o n l y 

b e c a u s e o f c o s t p r i c e s . 
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A) T^hermop l a s t i e s 

I n j e c t i o n ( S k e t c h 2 - a i n t h e a n n e x ) 

U n d e r t h e t w o - f o l d e f f e c t o f p r e s s u r e 

( p i s t o n o r s c r e w ) a n d t e m p e r a t u r e ( h e a t i n g 

r e s i s t a n c e ) , t h e p l a s t i c g r a n u l e s a r e 

m e l t e d a n d p l a s t i c i z e d i n t h e t r a n s f e r 

c h a m b e r o f t h e i n j e c t i o n p r e s s . T h e n , 

t h e p i s t o n ( o r t h e h e a d o f t h e s c r e w ) 

p u s h e s t h e p l a s t i c i z e d m a t e r i a l t h r o u g h a 

f e e d i n g d u c t i n o r d e r t o f i l l i n t h e 

i m p r i n t o f t h e m o u l d a s q u i c k l y a s p o s s i b l e . 

As s o o n a s t h e p l a s t i c c o m e s i n t o c o n t a c t 

w i t h t h e r e l a t i v e l y c o l d w a l l s o f t h e m o u l d 

i t c o a g u l a t e s a n d t h e p a r t may t h e n b e 

w i t h d r a w n . 

i - a d v a n t a g e s : 

. c o n s i d e r a b l e h o m o g e n e i t y a n d p r e c i s i o n 

o f f i n i s h e d p r o d u c t s ; 

. h i g h o u t p u t a n d t h e r e f o r e low p r i c e s 

f o r m a n u f a c t u r e d p r o d u c t s . 

i i - d i s a d v a n t a g e s ; 

. e x p e n s i v e m o u l d s a n d t h e r e f o r e a h i g h 

t h r e s h o l d o f p r o d u c t i o n b e c a u s e o f 

d e p r e c i a t i o n . 

An i n j e c t i o n p r e s s i s s i m i l a r i n t e c h n o l o g y 

t o a p r e s s u r e c a s t i n g m a c h i n e f o r n o n - f e r r o u s 

a l l o y s . 
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I t s c h a r a c t e r i s t i c s a r e a s f o l l o w s : 

i i i - c a p a c i t y 

F r o m a f e w g r a m s u p t o 20 k g . . a l t h o u g h 

m a c h i n e s o f m o r e t h a n 5 k g . a r e a n 

e x c e p t i o n ( f o r e x a m p l e , i n F r a n c e t h e r e 

a r e n o m o r e t h a n 10 m a c h i n e s o f 10 k g . 

o r m o r e . 

i v - r a t e s 

T h e y o b v i o u s l y d e p e n d on t h e t h i c k n e s s 

o f t h e p a r t t o b e m a n u f a c t u r e d . F o r 

. u s u a l t h i c k n e s s e s , t h e r a t e w o u l d b e 

a b o u t 3 t o 4 c y c l e s / m i n . 

Of c o u r s e , t h e n u m b e r o f p a r t s o b t a i n e d 

i s e q u a l t o t h e n u m b e r o f i m p r i n t s i n 

t h e m o u l d s o t h a t s e v e r a l i m p r i n t s i n a 

s i n g l e m o u l d a r e made f o r t h e s m a l l 

p a r t s , w h i l e t h e l a r g e r p a r t s a r e made 

o n e b y o n e . 

E x a m p l e o f t h e c o s t o f t h e m o u l d s : 

- s t a n d a r d a v e r a g e m o u l d ( p a r k i n g 
l i g h t ) 2 o r 4 i m p r i n t s 2 0 , 0 0 0 F . 

- l a r g e m o u l d ( d a s h b o a r d ) 
p e r u n i t 8 0 , 0 0 0 F . 
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T h e s e p r i c e s a r e h i g h b e c a u s e t h e m o u l d s 

a r e m a c h i n e d i n t h e m a s s ( r e s i s t a n c e t o 

m i l l i o n s o f m a n i p u l a t i o n s , a n d t o p r e s s u r e s 

o f a b o u t 1 , 0 0 0 k g / c m 2 ) a n d h a v e a n i n n e r 

c o o l i n g s y s t e m b y d u c t s . 

S k i l l e d w o r k e r s a r e n e e d e d a n d t h e 

e q u i p m e n t i s h i g h l y s o p h i s t i c a t e d ( j ig^-

b o r i n g m a c h i n e , e l e c t r o e r o s i o n m a c h i n e ) . 

V , - m a t e r i a l s u s e d i n i n j e c t i o n 

. c o p o l y m e r e s - ABS 

. p o l y p r o p y l e n e 

. m e t h y l p o l y m e t a c r y l a t a 

<, p o l y a c e t a l - p o l y a m i d e s 

. c e l l u l o s e a u t o b u t y r a t s 

v i - t y p i c a l a p p l i c a t i o n s 

F a n , b a t t e r y h o u s i n g , s m a l l g e a r s f o r 
m e t e r s . . . 

R a d i a t o r g r i l l e , p a r k i n g l i g h t s , 
l o c k s m i t h p a r t s . . . 

D a s h b o a r d , a i r c o n t r o l s w i t c h e s / 
d o o r h a n d l e . . . 

b ) E x t r u s i o n ( S k e t c h 2 - b ) 

W i t h t h e h e l p o f a r e v o l v i n g s c r e w i n a 

s l e e v e , t h e p l a s t i c w h i c h h a s b e e n 

p r e v i o u s l y s o f t e n e d b y h e a t , i s p u s h e d 

t h r o u g h a d i e w h i c h g i v e s i t t h e s h a p e 

t h a t i s t h e n f i x e d b y c o o l i n g . 
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i - a d v a n t a g e s 

. c o n t i n u o u s p r o d u c t i o n 

. i n e x p a n s i v 3 t o o l i n g ( d i e ) w h e n c e 

g r e a t f l e x i b i l i t y i n u s e (many 

d i f f e r e n t s h a p e s ob ta ined b y s i m p l y 

c h a n g i n g t h e d i e ) . 

• ü " d i s a d v a n t a g e s 

. t h e b r e a k - e v e n p o i n t i s c a l c u l a t e d 

i n k i l o m e t e r s o f p r o d u c t s m a n u f a c -

t u r e d . 

T h e p l a s t i c s e x t r u d i n g m a c h i n e i s 

d e r i v e d f r o m t h e r u b b e r e x t r u s i o n 

p r e s s . F o r a u t o m o b i l e p a r t s , m a c h i n e s 

w i t h s c r e w s o f s m a l l d i a m e t e r : 6 0 t o 

90 mm a r e u s e d . T h e y p r o d u c e f r o m 

4 0 , t o 100 k g / h r . 

i i i - m a t e r i a l s u s e d a n d t y p i c a l a p p l i c a t i o n s 

PVC : i n s u l a t i o n o f e l e c t r i c c a b l e s , 

j o i n t s , f r a m e w o r k s e c t i o n s , t u b e s 

a n d s h e a t h s , 

P o l y a m i d e 1 1 : g a s o l i n e p i p e 

c ) B l o w i n g ( S k e t c h 2 - c ) 

A t h e r m o p l a s t i c s h e a t h o f s u f f i c i e n t 

t h i c k n e s s i s e x t r u d e d a n d t h e n g r i p p e d a t 

b o t h e n d s i n a c o o l e d m e t a l m o u l d o f a n 

a p p r o p r i a t e s h a p e . One o f t h e s e e n d s i s 

t h e n w e l d e d o n i t s e l f a n d t h e o t h e r r e c e i v e s 

a b l o w p i p e t h r o u g h w h i c h e n o u g h a i r i s 

s e n t w i t h l i g h t p r e s s u r e t o d e f o r m t h e 
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h o t s h e a t h a n d p u t i t i n c o n t a c t w i t h t h e 

i n n e r w a l l s o f t h e m o u l d w h o s e s h a p e ifc 

w i l l a s s u m e u p o n c o o l i n g . 

i - a d v a n t a g e s 

. s a t i s f a c t o r y r a t e o f o u t p u t 

i i - d i s a d v a n t a g e s 

. t h e t h i c k n e s s o f t h e p r o d u c t i s 

d i f f i c u l t t o c o n t r o l . 

The b l o w i n g m a c h i n e i s o b t a i n e d b y 

a s s o c i a t i n g a n e x t r u s i o n p r e s s a n d a 

b l o w i n g p r e s s . As t h e w o r k o f t h e 

f o r m e r m a c h i n e i s c o n t i n u o u s a n d t h e 

w o r k o f t h e l a t t e r d i s c o n t i n u o u s , t h e 

m o u l d m u s t move b a c k a n d f o r t h ( t h e 

m o u l d h o o k s on t o t h e r o u g h s h e a t h t h e n 

w i t h d r a w s , b l o w s o u t t h e p r o d u c t a n d 

r e l e a s e s t h e e x t r u s i o n a x i s . 

i i i - c a p a c i t y 

C a s t i n g volvmie u p 200 l i t e r s o f c o n t e n t 

( f o r h i g h e r v o l u m e s t h e r o t a t i o n 

m e t h o d i s p r e f e r r e d ) . 

i v - r a t e 

F rom 20 t o 50 c o n t a i n e r s / h o u r f o r 

v o l u m e s o f 10 t o 60 l i t e r s o f c o n t e n t . 

v - m a t e r i a l s u s e d a n d t y p i c a l a p p l i c a t i o n s 

. h i g h d e n s i t y p o l y e t h y l e n e : w a t e r 



374-

c o n t a i n e r s f o r w i n d s h i e l d w a s h e r s , 

b r a k e f l u i d c o n t a i n e r s a n d g a s o l i n e 

t a n k s . 

. p o l y p r o p y l e n e : h o t a i r p i p e , r a d i a t o r 

p i p e 

d) C o a t i n g ( S k e t c h 2 - d ) 

T h i s t e c h n i q u e c o n s i s t s i n t h e s p r e a d i n g 

o f a p l a s t i c i n t h e f o r m o f a p a s t e o r 

s o l u t i o n ( o n a t e x t i l e ) . T h e t e x t i l e i s 

t h u s d i r e c t l y i m p r e g n a t e d c o n t i n u o u s l y 

w i t h o u t l e t t i n g t h e p l a s t i c p a s s t h r o u g h i t 

A t r a n s f e r r o l l e r i s u s e d t o s p r e a d t h e 

p l a s t i c o v e r t h e t e x t i l e a n d a s c r a p i n g 

s y s t e m i s u s e d t o r e g u l a r i z e t h e t h i c k n e s s 

o f t h e d e p o s i t . 

T h i s t y p e o f m a c h i n e i s u s e d t o i m p r e g n a t e 

w i d t h s o f u p t o 2 . 5 m. a t a s p e e d o f 10 t o 

100 m / m i n . . 

i - M a t e r i a l u s e d a n d t y p i c a l a p p l i c a t i o n s 

P l a s t i c i z e d ( f l e x i b l e ) PVC f o r e x a m p l e , 

i s u s e d f o r s e a t a n d i n s i d e o f d o o r 

u p h o l s t e r y . 

N . B . : - T h i s t e c h n i q u e i s n e v e r d o n e i n t h e 

c a r m a n u f a c t u r i n g p l a n t w h i c h p r e f e r s t o 

b u y t h e c o a t e d p r o d u c t s a t a b o u t 8 t o l O p / m 
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( f o r t h e s t a n d a r d t h i c k n e s s e s r e q u i r e d f o r 

a c a r ) . 

- The s e a t c o v e r d e s i g n e d w i t h t h e s e 

p r o d u c t s i s now made w i t h a h i g h f r e q u e n c y 

w e l d i n g t e c h n i q u e w h i c h h a s g r a d u a l l y 

r e p l a c e d t h e s e w i n g m a c h i n e . 

e) Summary o f t h e t e c h n i c a l a n d e c o n o m i c 

d a t a 

i - c a p i t a l o u t l a y 

T e c h n i q u e s M a c h i n e C o s t o f m a c h i n e 
( F F . ) 

C o s t o f t o o l i n g 
( F F , ) 

I n j e c t i o n 
( p r o c e s s a b l e 

p r e s s ( w e i g h t 
( 1 0 0 t o 150 g r s . 

- ( n j r kg... 
( r u 5 k g . 

6 0 , 0 0 0 t o 8 0 , 0 0 0 
rv 2 0 0 . 0 0 0 
(U 8 0 0 . 0 0 0 

( i a , o o o 
s t a n d a r d ( 2 0 , 0 0 0 
h i g h w 5 0 , 0 0 0 . 
v e r y h igh iv) 1 0 0 , 0( 

E x t r u s i o n é x t r u s i o n ( 6 0 mm. 
p r e s s ( 9 0 mm. 

A> 6 0 , 0 0 0 
CO 1 2 0 , 0 0 0 

( s i m p l e 
, CO l^OOi d r a w - , , . . ^ (med ium p l a t e s ' „ ^ OJ 2 , 0 0 ( 

B l o w i n g 

e x t r u s i o n 
p r e s s 

b l o w i n g 
m a c h i n e 

6 0 , 0 0 0 t o 80 ,00C 

1 2 0 , 0 0 0 - 1 6 0 , 0 0 0 
1 0 , 0 0 0 t o 2 0 , 0 0 ( 
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i i - c o s t o f t h e m a t e r i a l ( i n g r a n u l e s ) 

M a t e r i a l P r i c e ( F / k g . ) 

P o l y s t y r e n e - PS 1 . 3 t o 1 . 5 

P o l y s t y r e n e s h o c k - PSC 1 . 8 t o 1 . 9 

S t y r e n e - a c r y l o n i t r i l - SAN 3 . 6 t o 3 . 8 

A c r y l o n i t r i l - b u t a d i n e 4 . 0 t o 4 . 8 

H i g h d e n s i t y p o l y e t h y l e n e - PEhd 2 . 2 t o 2 . 4 

P o l y p r o p y l e n e - PP 2 . 2 t o 2 . 4 

K e t h y l p o l y m e t a c r y l a t e - PMM 3 . 8 t o 4 . 2 

P o l y a c e t a l - PAC 9 t o 10 

P o l y a m i d e - (PA6 7 . 5 t o 8 . 5 

(PA 1 1 13 t o 15 

P o l y f l u o r - PFE fU 50 

C e l l u l o s e a c e t o b u t y r a t e -ABC 7 t o 7 . 5 

i i i - P r i c e o f f i n i s h e d p r o d u c t s 

( o r d e r o f m a g n i t u d e ) 

I n j e c t e d p a r t 

E x t r u d e d s e c t i o n 

H o l l o w b o d y 

2 X c o s t o f m a t e r i a l 

1 . 5 t o 2 X c o s t o f m a t e r i a l 

2 t o 2 . 5 X c o s t o f m a t e r i a l 

T e x t i l e c o a t e d w i t h PVC 8 t o 10 F/m2 

(*) A l l p r i c e s a r e F r e n c h m a r k e t p r i c e s f o r 1970 w i t h o u t 

t a x e s ( t h e c o s t o f t h e m a t e r i a l i s p r a c t i c a l l y i d e n t i c a l 
i n a l l i n d u s t r i a l i z e d c o u n t r i e s ) . 
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f ) T h e r m o s e t t i n g ( S k e t c h 3) 

T h i s m e t h o d i s s o m e w h a t s i m i l a r t o m e t a l 

p r e s s i n g b e c a u s e t h e p r o c e s s s t a r t s w i t h 

a s e r a i - p r o d u c t ( i n t h i s c a s e , a s h e e t c u t 

o u t i n p l a s t i c w h i c h i s t h e b l a n k ) . 

T h i s s h e e t i s g r i p p e d i n a r i g i d f r a m e w o r k , 

t h e n h e a t e d w i t h i n f r a r e d . When t h e 

p l a s t i c h a s b e e n s u f f i c i e n t l y s o f t e n e d i t 

i s s u c k e d b y vacuum i n t o a m o u l d o f a n 

a p p r o p r i a t e s h a p e o r p u s h e d b y a s u i t a b l y 

s h a p e d p i s t o n o r b y a c o m b i n a t i o n o f b o t h . 

i - a d v a n t a g e s 

. t h e m o u l d s w h i c h a r e n o t s u b m i t t e d 

t o h i g h p r e s s u r e s a r e r e l a t i v e l y 

i n e x p e n s i v e , s o t h a t s m a l l s e r i e s • 

c a n b e m a n u f a c t u r e d . 

, t h e b a s e s h e e t c a n b e t h i n , a n d i n 

o r d e r t o make t h e m a n u f a c t u r e d p r o d u c t 

s t i f f e r s u n k e n r i b s a r e f o r m e d 

( i n c r e a s e d moment o f i n e r t i a ) . 

i i - d i s a d v a n t a g e s 

. t h e p a r t h e l d b y t h e g r i p p i n g f r a m e 

w i l l h a v e t o b e c u t o f f l a t e r a n d 

w i l l b e c o m e a n o n - u s a b l e s c r a p . 



378-

. t h e t h i c k n e s s e s a r e n o t u n i f o r m i n 

t h e f i n i s h e d p r o d u c t , a l t h o u g h a i r 

h e a t i n g o r b l o w i n g may b e u s e d t o 

h a r m o n i z e t h e m . 

The b a s i c m a c h i n e h a s b e e n d e s c r i b e d a b o v e 

b u t t h e r a t e s may b e c o n s i d e r a b l y i m p r o v e d 

b y u s i n g a r o u n d a b o u t d e v i c e w i t h 2 o r 3 

s t a t i o n s , i n o r d e r t o d i s t r i b u t e m o r e 

e f f e c t i v e l y t h e d i r e c t i o n o f t h e p r o c e s s i n g 

c y c l e . 

i i i - c a p a c i t y 

A t p r e s e n t i t i s l e s s t h a n 10 m2 o f 

f o r m e d s u r f a c e ; 20 m2 a n d m o r e w i l l b e 

p o s s i b l e i n t h e f u t u r e . F o r t h i c k r x e s s e ; 

t h e t h i c k e s t s h e e t i s 8 mm. 

i v - r a t e s 

( s m a l l : 300 c y c l e s / h ( e l b o w r e s t , 
s u n v i s o r ) 

p a r t s (med ium: 80 t o 100 p a r t s / h 
( d a s h b o a r d c o m p o n e n t ] 

( l a r g e : 5 p a r t s / h ( c o m p l e t e b o d y : 
( e x p e r i m e n t a l 

T h e m a t e r i a l u s e d f o r t h e m o u l d s 

d e p e n d s o n t h e s e r i e s t o b e m a n u f a c t u r e c 

f o r e x a m p l e : 
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M a t e r i a l S c a l e e x p e c t e d 

P l a s t e r 

Wood 

R e i n f o r c e d p o l y e s t e r s 

Aluminum 

p r o t o t y p e f o r a f e w d o z e n p a r t s 

s m a l l s e r i e s f r o m 10 t o 500 

medixam s e r i e s , u p t o 1 0 , 0 0 0 

l a r g e s e r i e s , m o r e t h a n 1 0 , 0 0 0 

A m o u l d f o r ; l a r g e s e r i e s , f o r a s u r f a c e 

o f 2 t o 4 ra2, may c o s t f r o m 5 , 0 0 0 t o 

3 0 , 0 0 0 F F . d e p e n d i n g o n how c o m p l e x i t 

i s . I t w o u l d c o s t a b o u t 3 0 0 , 0 0 0 FF . 

f o r a c o m p l e t e b o d y . 

C h a r t No . 4 i n t h e a n n e x w i l l g i v e a n 

i d e a o f : 

- f i r s t , c a p i t a l o u t l a y i n r e l a t i o n t o 

t h e f o r m e d s u r f a c e a n d t h e t y p e o f ' 

, m a c h i n e , u s e d . 

- s e c o n d , h o u r l y c o s t s , i n t h e same 

c o n d i t i o n s . 

V - B a s i c m a t e r i a l s u s e d a n d a p p l i c a t i o n s 

T h e m o s t i m p o r t a n t a p p l i c a t i o n h o p e d 

f o r a u t o m o b i l e s i s t h e c a r b o d y t h o u g h 

e x a m p l e s a r e s t i l l r a r e . T h e f o l l o w i n g 

m a t e r i a l s w o u l d b e u s e d ( s u p p l i e d i n 

s h e e t s ) : 
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M a t e r i a l i n s h e e t s P r i c e ( F / k g ) R e m a r k s 

ABS 7 t o 8 i s now u s e d 

PVC 5 t o 7 

H i g h d e n s i t y p o l y e t h y l e n e 
- h d PE 

P o l y p r o p y l e n e - PP 

p o s s i b i l i t y o f 
l o w p r i c e s b u t 
l o n g e r p r o c e s s i n 

P o l y m e t a c r y l a t e - PMM 

P o l y c a r b o n a t e - PC 

6 t o 8 

h i g h e r p r i c e 

t r a n s p a r e n t 
f o r g l a s s e s 

I t i s d i f f i c u l t t o g i v e t h e e x a c t p r i c e s 

o f e x i s t i n g v e h i c l e s , a s t h e o n l y v e h i c l e 

o f a s m a l l s e r i e s t h r o u g h o u t t h e w h o l e 

w o r l d i s t h e CITROEN , " M e h a r i " t o w h i c h we 

h a v e a l r e a d y r e f e r r e d . The c o s t o f i t s 

f i n i s h e d b o d y w o u l d b e a b o u t l O F / k g . 

T h i s m o d e l h a s a c h a s s i s a n d f r a m e w o r k made 

w i t h s e c t i o n s o n t o w h i c h 1 1 p l a s t i c t h e r m o -

f o r m e d p a r t s a r e s c r e w e d . The g e n e r a l 

t h i c k n e s s o f t h e s e p a r t s i s a b o u t 3 mm 

( 3 . 5 mm f o r t h e w h e e l h o u s i n g a n d 5 mm f o r 

t h e f r a m e a n d t h e r a d i a t o r g r i l l e ) . T h e 

p h o t o g r a p h i n a n n e x 5 w i l l i l l u s t r a t e t h i s 

i d e a . 

I t w o u l d s e e m t h a t t h i s t e c h n i q u e c a n b e 

d e v e l o p e d a n d i m p r o v e d a s w i l l b e s e e n 

f r o m t h e s k e t c h e s i n a n n e x 6 w h i c h s h o w 

d e v e l o p m e n t s i n b o d y m a k i n g . 
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I n t h e e a r l y d a y s o f t h e a u t o m o b i l e , 

v e h i c l e s w e r e made w i t h a s t e e l c h a s s i s 

o n w h i c h w a s s c r e w e d á b o d y , f i r s t made 

o u t o f wood a n d l a t e r o u t o f m e t a l . 

C e r t a i n A m e r i c a n v e h i c l e s a n d t r u c k s a r e 

s t i l l b u i l t i n t h a t w a y . 

J u s t b e f o r e t h e S e c o n d W o r l d W a r . t h e 

s e l f - s u p p o r t i n g b o d y , o r c h a s s i s - b o d y w a s 

b o r n i n E u r o p e . I t w a s a s s e m b l e d b y 

s p o t - w e l d i n g . T h i s d e s i g n i s now w i d e s p r e a d 

b u t a s p l a s t i c s h a v e a p p e a r e d o n t h e s c e n e 

i t may w e l l b e t h a t o n e d a y r e c o u r s e w i l l 

b e h a d t o a c h a s s i s o n w h i c h a t h e r m o p l a s t i c 

b o d y w o u l d b e p l a c e d , a n d i t s d i f f e r e n t 

p a r t s w o u l d b e f i t t e d t o g e t h e r b y u l t r a 

s o u n d w e l d i n g . 

As a medium s t e e l b o d y w e i g h s í a e t w e e n 

4 0 0 a n d 500 k g . a n d n e e d s a b o u t 6 , 0 0 0 s p o t 

w e l d s ( e l e c t r i c ) i t c o u l d b e r e d u c e d t o 

l e s s t h a n 100 k g w i t h o n l y a f e w s p o t w e l d s 

( u l t r a - s o u n d ) b e c a u s e t h e f o r m i n g o f t h e 

l a r g e s u r f a c e p a r t s i s v e r y s t r a i g h t f o r w a r d . 

F u r t h e r m o r e , t h e b o d y d o e s n o t n e e d a n y 

p a i n t a s t h e m a s s i s c o l o r e d ( a s we know 

t h e c o s t o f t h e p a i n t i n g c a b i n s i s v e r y 

h i g h ) . 
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The a d v a n t a g e s o f a n ABS b o d y a s c o m p a r e d 

w i t h t h e c o n v e n t i o n a l b o d y made o u t o f 

s t e e l s h e e t s c o u l d b e s u m m a r i z e d a s f o l l o w s 

( l e s s e x p e n s i v e p r o p y l e n e s c o u l d a l s o b e 

u s e d f o r t h i s a p p l i c a t i o n w i t h s i m i l a r 

c h a r a c t e r i s t i c s ) : 

- s m a l l e r c o s t s 

. c h e a p e r t o o l i n g a n d m a t e r i a l 

. . n o p a i n t i n g t u n n e l 

- s a v i n g i n w e i g h t 

. l o w e r c o s t f o r t h e e n g i n e a n d t h e 

s u s p e n s i o n 

. l o w e r c o n s u m p t i o n o f f u e l 

- no p a i n t i n g ( c o l o r e d m a s s ) 

- h i g h r a t e o f o u t p u t a n d l e s s w e l d s 

- i m p r o v e d a p p e a r a n c e o f t h e w e l d s ( u l t r a 

s o u n d : no m a r k i n g ) 

- p o s s i b i l i t i e s of u s i n g m o r e c o m p l e x 

• s h a p e s a n d i m p r o v e d f i n i s h i n g 

- no d a m a g e i n t h e e v e n t o f a m i l d a c c i d e n t 

a n d c o m p a r a t i v e l y e a s y r e p a i r o f t e a r s : 

g l u i n g ( m e t h y l e t h y l c e t a n e ) o r h o t a i r 

w e l d i n g o f p a r t s o f t h e same m a t e r i a l . 

v i - S\jmmary o f t e c h n i c a l a n d e c o n o m i c 

d a t a 

I n v e s t m e n t ; 

m a c h i n e - 5 0 , 0 0 0 t o 3 0 0 , 0 0 0 F f o r f o r m i n c 
s u r f a c e s o f 1 . 5 t o 5 m2. 

t o o l i n g - 5 , 0 0 0 t o 3 0 , 0 0 0 F ( f o r a c o m -
p l e t e b o d y a b o u t 5 o r 10 t i m e s 
t h i s a m o u n t w o u l d b e n e c e s s a r y ) 
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C o s t o f t h e m a t e r i a l 

( ABS 7 t o 8 F / k g 

( PVC 5 t o 7 F / k g 
S h e e t s ^ pp _ (4 t o 5 F A g i n 

t h e f u t u r e ) 
( PMM 6 t o 8 F / k g 

P r i c e o f t h e f i n i s h e d p r o d u c t s 

( o r d e r o f m a g n i t u d e ) 

1 . 5 X c o s t o f t h e s h e e t m a t e r i a l 

B) T h e r m o s e t t i n g 

T h e m a t e r i a l s r e v i e w e d a b o v e w e r e a l l t h e r m o -

p l a s t i c s w h i c h m e a n s t h a t t h e y a r e m a n u f a c t u r e 

a t h i g h r a t e s o f o u t p u t w i t h o u t a n y c h e m i c a l 

p r o c e s s i n g . The m a t e r i a l s w h i c h w i l l b e 

e x a m i n e d now a r e o f t h e t h e r m o s e t t i n g t y p e 

w h i c h m e a n s t h a t - t h e i r p r o c e s s i n g i s s l o w e r , 

a s p o l y m e r i z a t i o n i s n e c e s s a r y . F u r t h e r m o r e , 

t h e y a r e a l w a y s r e i n f o r c e d w i t h w i r e o r 

f i b e r g l a s s f o r u s e i n t h e a u t o m o b i l e . I n 

p a r t i c u l a r t h e y a r e u s e d f o r b o d y p a r t s . 

P l a s t i c 

U s u a l l y u n s a t u r a t e d p o l y e s t e r i s u s e d , a n d 

l e s s f r e q u e n t l y , e p o x y . The r e s i n i s 

p r e p a r e d b y m i x i n g a n a c c e l e r a t o r ( 0 . 3 3 % 

i n w e i g h t ) a n d a c a t a l y z i n g a g e n t ( 1% i n 

w e i g h t ) ; t h e a c c e l e r a t o r may b e m i x e d 

b e f o r e h a n d b u t a s s o o n a s t h e c a t a l y z i n g 
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a g e n t i s a d d e d t h e s e t t i n g o f t h e m a t e r i a l 

b e g i n s ( p o l y m e r i z a t i o n ) ; t h e u s e f u l t i m e i s 

t h e n o f a b o u t 20 m i n u t e s . 

G l a s s 

I t i s u s e d i n t h e f o r m o f g l a s s f e l t o r 

t e x t i l e g l a s s a c c o r d i n g t o t h e r e s i s t a n c e 

d e s i r e d ( t e x t i l e g l a s s i s b e s t f o r t h i s 

p u r p o s e b u t c a n n o t b e i m p r e g n a t e d a s 

e a s i l y ) . The t e x t i l e g l a s s o r g l a s s f a b r i c 

i s c u t i n d i f f e r e n t s h a p e s w i t h p a t t e r n s 

a n d t h e w a s t e i s u s e d t o i n c r e a s e l o c a l 

r e s i s t a n c e . 

The s n a r e o f p l a s t i c s i n a " s p o r t s " c a r 

m a n u f a c t u r e d t o d a y i s a b o u t 500 o r 6 0 0 F 

p e r v e h i c l e . 

C o s t o f b a s i c m a t e r i a l s 

M a t e r i a l P r i c e w i t h o u t t a x e s F / k g 

P o l y e s t e r 

E p o x y 

L.6 t o 1 . 9 

3 t o 12 " g e l c o a t " ( r e s i n 
s u r f a c e ) : 

8 F / k g w h i t e 
1 2 F / k q r e d 

G l a s s ( g l a s s 
f e l t ) 

( t e x t i l e g l a s s 

5 . 2 t o 5 . 6 

6 t o 8 a n d m o r e 
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a ) T e c h n i q u e s u s e d 

I n i t i a l l y t h e s h a p e o f t h e b o d y i s made o u t 

o f w o o d , p l a s t e r , m e t a l o r p o l y e s t e r . On 

t h i s s h a p e w h i c h i s s u i t a b l y c o a t e d w i t h 

a s t r i p p i n g a g e n t , a r e i n f o r c e d r e s i n w i l l 

b e d e p o s i t e d a n d t h i s w i l l b e c o m e t h e 

m o u l d f o r a l l t h e p a r t s t h a t h a v e t o b e 

m a d e . Two d i f f e r e n t m e t h o d s may b e u s e d 

f o r t h e c a s t i n g : 

s 

i - C o n t a c t ( 7 a i n t h e a n n e x ) 

A f t e r c o a t i n g t h e m o u l d w i t h a s t r i p p i n c 

a g e n t , t h e f i r s t c o a t o f r e s i n ( g e l - c o a t 

i s d e p o s i t e d ; t h i s c o a t i n s u l a t e s t h e 

p r o d u c t f r o m t h e a t m o s p h e r i c a g e n t s . 

A r e i n f o r c e m e n t o f f i b e r g l a s s ( g l a s s 

• f e l t o r t e x t i l e g l a s s ) f o l l o w e d b y a 

c o a t i n g r e s i n a r e t h e n a l t e r n a t i v e l y 

d e p o s i t e d o n t h e m o u l d . A b r u s h i s 

u s e d t o c o m p l e t e l y i m p r e g n a t e t h e 

r e i n f o r c e m e n t w i t h r e s i n a n d e l i m i n a t e 

r e s i d u a l a i r ( o t h e r w i s e t h e r e w o u l d b e 

b u b b l e s w h i c h m i g h t e x p a n d a n d b u r s t 

t h e m a t e r i a l ) . O n c e t h i s h a s b e e n d o n e 

t h e o p e r a t i o n i s r e n e w e d u n t i l t h e 

r e q u i s i t e t h i c k n e s s i s o b t a i n e d . 
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I n s h o r t , t h e m o u l d i n g i s d o n e f r o m t h e 

o u t s i d e t o t h e i n s i d e . T h e f i r s t c o a t 

i s t h e " s k i n " a n d t h e r e f o r e n e e d s 

g r e a t e r c a r e . 

T h i s m e t h o d p r o d u c e s s t r u c t u r e s w i t h 

e x c e l l e n t m e c h a n i c a l r e s i s t a n c e . As 

t h e m o u l d s c a n b e t a k e n t o p i e c e s , l a r g e 

s t r u c t u r e s c a n b e made i n o n e b l o c k . 

T h i s i s how t h e " D i n a l p i n e " i s made i n 

M e x i c o . 

T h e r e i s v e r y l i t t l e w a s t e a f t e r 

m o u l d i n g , a b o u t 2%, b u t i t c a n n o t b e 

r e c o v e r e d . 

i i - P r o j e c t i o n ( S k e t c h 7b) 

"A f a s t e r m e t h o d may b e u s e d : a s p r a y 

g u n s i m u l t a n e o u s l y p r o j e c t s o n t o t h e 

m o u l d : 

- c u t f i b e r g l a s s 

- a c c e l e r a t e d r e s i n 

- a c a t a l y z i n g a g e n t . 

T h i s i s a f a s t e r b u t l e s s f l e x i b l e 

m e t h o d . I t i s a l s o n e c e s s a r y t o r e m o v e 

t h e b u b b l e s a n d t h e s t r u c t u r e h a s l e s s 

m e c h a n i c a l r e s i s t a n c e . F u r t h e r m o r e , t o 

make i t p r o f i t a b l e s e v e r a l m o u l d s a r e 

r e q u i r e d a n d t h e y a r e e x p e n s i v e . 
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P r e s s i n g t e c h n i q u e s may a l s o b e u s e d ; 

i n t h i s c a s e t h e r e s i n p e n e t r a t e s t h e 

g l a s s r e i n f o r c e m e n t b y p r e s s u r e . B u t 

t h i s r e q u i r e s : 

- h i g h e r i n v e s t m e n t ( h y d r a u l i c p r e s s e s ) 

- t h e b o d y m u s t b e b u i l t w i t h a l a r g e 

number o f p a r t s w h i c h t h e n h a v e t o 

b e g l u e d t o g e t h e r ( a l t h o u g h t h e r e a r e 

o b v i o u s d i f f e r e n c e s , t h i s i s compar^-

a b l e t o t h e a s s e m b l y o f a m e t a l b o d y 

b y t h e w e l d i n g o f d i f f e r e n t p r e s s i n g s ) 

I t i s t h e n n e c e s s a r y t o make a med ium 

p r e s s i n g b e t w e e n h o t t o o l s o n a h y d r a u -

l i c p r e s s ( a b o u t 50 k g / c m 2 a t a b o u t 

120 d e g r e e s C . ) 

i i i - P r e f o r m 

A c u t f i b e r g l a s s f r a m e w o r k i s made o n 

a g r i d b y a s p i r a t i o n . T h i s i s t h e n 

c o a t e d w i t h r e s i n a n d t a k e n t o t h e p r e s s 

i n t h e same c o n d i t i o n s a s a b o v e . T h e 

c h a r a c t e r i s t i c s h a v e b e e n v e r y much 

i m p r o v e d i n t h i s c a s e b e c a u s e t h e 

f r a m e w o r k i s i n o n e p i e c e ( e . g . , t h e 

r o o f o f t h e CITROEN DS a n d t h e CITROEN 

" A m i " , t h e r o o f o f t h e RENAULT " E s t a -

f e t t e " ) . 



388-

i v - P r e m i x o r Compound ( S k e t c h 7d) 

A m i x t u r e o f 1 / 3 r e s i n , 1 / 3 f i b e r g l a s s , 

a n d 1 / 3 l i m e s t o n e c h a r g e i s m a d e . T h i s 

f o r m s a p u t t y w h i c h i s t h e n p r e s s e d 

i n t o s h a p e ( e . g . , e n g i n e h o o d f o r t h e 

RENAULT " E s t a f e t t e " ) , The m e c h a n i c a l 

c h a r a c t e r i s t i c s r e s u l t i n g f r o m t h i s 

m e t h o d a r e n o t e x c e l l e n t . I t i s b e s t 

s u i t e d f o r h o o d s o r h o u s i n g s n o t 

s u b m i t t e d t o s t r e s s e s . 

V - P r e i m p r e g n a t i o n 

T h i s m e t h o d w o u l d p r o b a b l y b e p r e f e r r e d 

b y m e c h a n i c a l e n g i n e e r s s i n c e t h e b a s i c 

p r o d u c t i s r e a d y t o b e u s e d a n d i n c l u d e s 

t h e r e i n f o r c e m e n t a n d t h e r e s i n . I t 

c a n b e c u t o u t i n t h e s h a p e d e s i r e d a n d 

i s t h e n s e n t t o t h e p r e s s . w h e r e i t i s 

t r e a t e d i n a s i m i l a r m a n n e r a s a b o v e 

( e . g . , t h e b a c k s h e l f o f t h e R 16 

RENAULT). I t s c h a r a c t e r i s t i c s a r e q u i t e 

g o o d a n d p r e i m p r e g n a t i o n c o m e s i n t h e 

f o r m o f a b o b b i n w h i c h c a n b e k e p t f o r 

6 m o n t h s ( u n d e r 10 d e g . C . ) b e f o r e u s e . 

T h u s i t w o u l d o n l y b e n e c e s s a r y t o h a v e 

a h y d r a u l i c p r e s s a n d c r e a t e t o o l s w h i c h 

c a n b e h e a t e d ; t h i s c a n b e d o n e b y a 

l a r g e n u m b e r o f p r e s s i n g s h o p s . 

«L 
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M e t h o d M a c h i n e C o s t o f M a c h i n e 
( F . ) 

C o s t o f t o o l i n g 
( F . ) 

M a n u a l „ , ( r o l l T o o l , , ( b r i a s h 
n e g l i g e a b l e a c c o r d i n g t o 

p r o d u c t i o n 

S p r a y - g u n P r o j e c t i o n s p r a y 
gun 

1 0 , 0 0 0 t o 1 5 , 0 0 0 1 0 , 0 0 0 t o 100 ,C 
a v e r a g e 

P r e m i x H y d r a u l i c p r e s s 8 0 , 0 0 0 t o 2 0 0 , 0 0 0 

P r e f o r m i n g P r e f o r m i n g m a c h i n e 

H y d r a u l i c p r e s s 

5 0 , 0 0 0 

8 0 , 0 0 0 t o 2 0 0 , 0 0 0 

2 0 , 0 0 0 t o 50,OC 

i n a v e r a g e 

P r e i m p r e g -
n a t i o n H y d r a u l i c p r e s s 8 0 , 0 0 0 t o 2 0 0 , 0 0 0 a c c o r d i n g t o 

s i z e 

B) A p p l i c a t i o n t o t h e b o d y 

C o m p l e t e b o d i e s p r o d u c e d i n s m a l l s e r i e s 

(ALPINE) a r e a l r e a d y e n t i r e l y made o u t o f 

.. r e i n f o r c e d p o l y e s t e r ( s o m e t i m e s i n r e i n f o r c e 

epoxyrMATRA). F u r t h e r m o r e , v e h i c l e s w h o s e 

b o d y i s n o t o f t h e s e l f s u p p o r t i n g t y p e 

c o u l d p e r h a p s b e made i n s u c h c o n d i t i o n s 

f o r s m a l l s e r i e s . 

The m e t h o d u s e d i s t h e c o n t a c t t e c h n i q u e 

( m a i n l y m a n u a l s o m e t i m e s w i t h a s p r a y g u n ) . 

I n v e s t m e n t i n m a t e r i a l i s f a i r l y s m a l l b u t 

20 t o 40 m o u l d s w i l l b e n e c e s s a r y f o r a 

b o d y t h a t c a n o n l y b e m a n u f a c t u r e d i n s m a l l 

s e r i e s . 
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S i n c e t h i s a p p l i c a t i o n may b e i n t e r e s t i n g 

f o r p r o d u c t i o n i s s m a l l s e r i e s ( c o u n t r i e s 

i n t h e e a r l y s t a g e s o f p r o d u c t i o n , o r 

m a n u f a c t u r i n g o f h e a v y t r u c k s ) a d e t a i l e d 

d e s c r i p t i o n w i l l b e n e c e s s a r y : 

i - S t r u c t u r e 

The t h i c k n e s s o f a s p o r t s c a r b o d y 

( " D i n a I p i n e " t y p e ) may v a r y b e t w e e n 

1 . 5 mm ( p a r t s w h i c h a r e n o t s u b m i t t e d 

t o s t r e s s e s ) t o 10 mm. ( s u p p o r t o f d o o r 

h i n g e ) . A v e r a g e t h i c k n e s s i s 2 . 5 mm. 

T h e p e r c e n t a g e o f g l a s s / r e s i n u s e d may 

v a r y a c c o r d i n g t o t h e p a r t s , i . e . , 

b e t w e e n 35 a n d 45% ( o f g l a s s ) . 

The w e i g h t o f t h e c o m p l e t é p l a s t i c b o d y 

i s a b o u t 120 k g . The b i g g e s t m o u l d i n g 

w e i g h s 35 k g . ( b o d y ) a n d t h e s m a l l e s t 

a b o u t 100 g r s . 

A p p r o x i m a t e l y 60% of l a b o r . a n d 40% of 

f a w m a t e r i a l s g o i n t o t h e s t r u c t u r e . 

i i - The a s s e m b l y o f t h e c o m p l e t e s t r u c t u r e 

F i r s t , t h e two m a i n m o u l d s : t h e h u l l 

a n d t h e p l a t f o r m a r e made s i m u l t a n e o u s l y . 

T h e y a r e t h e n s e a l e d t o g e t h e r on a 

c h a s s i s -
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T h e o t h e r p a r t s a r e m o u l d e d s e p a r a t e l y 

a n d a r e a s s e m b l e d o n a j i g w h i c h c o n n e c t s 

t h e d i f f e r e n t p a r t s . 

I t s h o u l d b e n o t e d t h a t some o f t h e s e 

p a r t s a r e g l u e d t o g e t h e r b e f o r e t h e y 

a r e e x t r a c t e d f r o m t h e m o u l d ( f r o n t 

h o o d a n d i t s i n t e r n a l r e i n f o r c e m e n t , 

d o o r a n d r e i n f o r c e m e n t ) . T h e b u m p e r may 

a l s o b e made o u t o f r e i n f o r c e d p l a s t i c . 

i i i - P a i n t 

T h e b a s e r e s i n ( g e l - c o a t ) c o u l d b e 

c o l o r e d a s f o r p l a s t i c b o a t s b u t a s 

a t m o s p h e r i c c o n d i t i o n s a f f e c t t h e c o l o r 

i t i s v e r y d i f f i c u l t t o t o u c h u p t h e -

p a i n t a f t e r a n a c c i d e n t . 

T h e r e f o r e , c e l l u l o s i c p a i n t s a r e u s e d 

( w h i c h a r e m o r e e x p e n s i v e t h a n t h e 

g l y c e r o p h t a l i c s u s e d t o p a i n t a b o d y 

made o f m e t a l ) ; p o l y e u r e t h a n e p a i n t 

may a l s o b e e m p l o y e d ( i t i s l e s s e x p e n s i v e 

b u t t h e f i n i s h i n g i s l e s s s a t i s f a c t o r y ) . 

i v - T o o l i n g 

A c o m p l e t e b o d y n e e d s a b o u t 50 m o u l d s b u t 

o n l y two o f t h e m a r e e s p e c i a l l y i m p o r t a n t : 

t h e h u l l a n d t h e p l a t f o r m . 
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I n v e s t m e n t i n m o u l d s i s a b o u t 3 0 0 , 0 0 0 

t o 5 0 0 , 0 0 0 F . f o r a b o d y . T h i s t o o l i n g 

w h i c h i s made o u t o f c h a r g e d p o l y e s t e r 

c a n b e u s e d f o r a t l e a s t 500 b o d i e s . 

I f p r e s s i n g s y s t e m s w e r e u s e d i n o r d e r 

t o i n c r e a s e p r o d u c t i v i t y , a b o u t 2 ' 0 0 0 , 0 0 0 

F . w o u l d h a v e t o b e i n v e s t e d i n p r e s s i n g 

t o o l s . ( p l u s t h e c o s t o f t h e p r e s s e s ) . 

T h i s e q u i p m e n t c o u l d t h e n b e u s e d t o 

m o u l d a b o u t 1 0 , 0 0 0 p a r t s . A p a r t f r o m 

t h e m o u l d s , i n v e s t m e n t i n a p l a s t i c b o d y 

i s f a i r l y s m a l l . 

v - L a b o r 

T h e r e a r e n o s p e c i a l i s t s i n t h i s f i e l d 

b u t a c e r t a i n a m o u n t o f p r o f e s s i o n a l 

c o n s c i e n c i o u s n e s s i s n e c e s s a r y ( n o 

b i x b b l e s c a n b e l e f t i n ) ; t h e r e f o r e 

s u p e r v i s o r y p e r s o n n e l a r e a l s o n e e e d e d . 

A b o u t o n e w e e k i s n e c e s s a r y f o r t h e 

t r a i n i n g o f a c o n t a c t m o u l d e r f o r 

i n t e r n a l p a r t s , a n d a b o u t 3 m o n t h s f o r 

a m o u l d e r o f " s k i n " p a r t s . A f o r e m a n 

s h o u l d b e h i r e d f o r e v e r y 6 m o u l d e r s . 
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v i - B u i l d i n g s 

I t i s p r e f e r a b l e t o w o r k a t a t e m p e r a t u r f 

o f 20 d e g . C. t o o b t a i n s a t i s f a c t o r y 

p o l y m e r i z a t i o n . A h i g h e r t e m p e r a t u r e i s 

a c c e p t a b l e a s i t s p e e d s u p p o l y m e r i z a t i o i 

b u t i n t h i s c a s e t h e a m o u n t o f a c c e l e r a -

t o r a n d c a t a l y z e r m u s t b e r e d u c e d . F o r 

a p r o d u c t i o n of 2 00 t o 3 0 0 b o d i e s a y e a r , 

1 , 0 0 0 m2 o f r o o f e d s u r f a c e a r e n e e d e d . 

I n t r o p i c a l a n d e q u a t o r i a l c o u n t r i e s , 

t h e r o o f i s n o t i n d i s p e n s a b l e . 

v i i - P o s s i b l e a p p l i c a t i o n s 

T e c h n i c a l l y , a n y e x i s t i n g a u t o m o b i l e 

b o d y c o u l d b e c o n v e r t e d i n t o p l a s t i c . 

p a r t i c u l a r l y i f i t h a s a r i g i d f l o o r . 

- E c o n o m i c a l l y , a minimum a n n u a l o u t p u t 

i s r e q u i r e d : 

. 3 0 0 t o 4 0 0 f o r a s p o r t s v e h i c l e 

. 1 , 0 0 0 t o 2 , 0 0 0 f o r a c o n v e n t i o n a l 

v e h i c l e . 

T h e s e v a l u e s , o f c o u r s e , w i l l d e p e n d 

o n t h e s a l e s p r i c e o f t h e v e h i c l e . 

. F o r l a r g e r q u a n t i t i e s , i t m i g h t b e 

n e c e s s a r y t o p r e s s a n d g l u e t h e p a r t s 

o n t o a dummy. 
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- A p a r t f r o m c o m p l e t e b o d i e s s p a r e p a r t s 

may a l s o b e m a n u f a c t u r e d : d o o r , h o o d , 

f e n d e r o r c o m p l e t e b o d y p a r t s s u c h a s 

t h e c a b i n o f i n d u s t r i a l v e h i c l e s a n d 

b u s e s ( t h i s i s w e l l d e v e l o p e d i n t h e 

USA a n d i n E u r o p e ) . 

v i i i - S u m m a r y o f t e c h n i c a l a n d e c o n o m i c a l d a t a ' 

- l a b o r : a b o u t 2 . 5 t o 3 k g o f f i n i s h e d 

p r o d u c t p e r p r o d u c t i v e h o u r . 

L a b o r a c c o u n t s f o r a b o u t 60% i n t h e 

m a k i n g o f a c a r b o d y . 

M a t e r i a l s C o s t 
(FAg) 

T h e r m o s e t t i n g ( r e s i n : p o l y e s t e r 

p l a s t i c s ( e p o x y ( l e s s f r e q u e n t l y ) 

( 5 5 t o 65%) ( a c c e l e r a t o r ( 0 . 3 3 % o f w e i g h t ) 

( c a t a l y z e r (1% o f w e i g h t ) 

fU 1 . 8 

fO 8 

(U 10 

(\J 10 

F i b e r g l a s s ( g l a s s f e l t 

(35 t o 45%) ( t e x t i l e g l a s s 

m 5 . 5 

rv 6 t o 8 

S t r a t i f i e d s t r u c t u r e ( a v e r a g e t h i c k n e s s 2 . 5 m m . ( 1 . 5 m i n i , 

10 m a x i ) 

r R e i n f o r c e d p l a s t i c ( body w e i g h t 120 k g ( s m a l l e s t p a r t 

100 g r s . ) 

r P l a s t i c g l a s s ( c o s t o f m a t e r i a l ( F / b o d y ) 500 t o 6 0 0 

The s h a r e o f t h e m a t e r i a l i n a c a r b o d y i s a b o u t 40% 
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. Investment 

T y p e o f m o u l d Number o f m o u l d s 
f o r t y p e o f b o d y 

L i f e s p a n o f m o u l d s 
( n u m b e r o f p a r t s 
m a n u f a c t u r e d ) 

C o s t o f m o u l d s 
( F p e r t y p e o f 
b o d y 

C o n t a c t ^ 5 0 > 500 3 0 0 , 0 0 0 t o 
5 0 0 , 0 0 0 

S p r a y g u n >50 ( s a m e t y p e ) > 5 0 0 . H i g h e r t h a n 
c o n t a c t r e q u i r e 
m o r e moulds to 
m a k e i t 
p r o f i t a b l e 

j P r e s s i n g 50 ( d i f f e r e n t 
t y p e s ) j 

5 , 0 0 0 t o 1 0 , 0 0 0 2 - 0 0 0 0 0 0 

i x - B r e a k - e v e n p o i n t ( c r i t i c a l m a s s ) 

- c o n t a c t ( 3 0 0 t o 4 0 0 s p o r t s v e h i c l e s 

( 1 0 0 0 t o 2 , 0 0 0 c o n v e n t i o n a l 

v e h i c l e s 

- p r e s s i n g 1 0 , 0 0 0 v e h i c l e s 

- p r i c e o f f i n i s h e d p r o d u c t s ( o r d e r o f 

m a g n i t u d e ) 

P a r t o b t a i n e d b y c o n t a c t 8 t o 12 P / k g 

i P r e m i x 

P r e s s i n g ' p r e f o r m i n g 
1 
;6 t o 15 F / k g 

( 
[ P r e i m p r e g n a t i o n 

1 
t 
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c ) T o o l s f o r f o r m i n g 

T h i s i s a n o t h e r i n t e r e s t i n g a p p l i c a t i o n o f 

r e i n f o r c e d p l a s t i c s . 

P r e s s i n g t o o l s may b e m a d e o u t o f p l a s t i c . 

A m e t a l c o n c r e t e o r p r e m i x c o r e i s u s e d , i t 

i s c o a t e d w i t h c h a r g e d e p o x y w h i c h r e c e i v e s 

t h e s h a p e d e s i r e d f o r t h e p r e s s i n g . 

T h i s i s how t h e m a l e a n d f e m a l e d i e s a r e made , 

T h e y a r e t h e n m o u n t e d o n h y d r a u l i c p r e s s e s 

w h i c h h a v e v a r i a b l e s p e e d s , f o r t h e p r e s s i n g 

o f t h e s h e e t s . 

i - A d v a n t a g e s 

T h e c o s t o f t h e t o o l s may b e r e d u c e d b y 

2 5 t o 30% c o m p a r e d w i t h m e t a l t o o l s . 

E x a m p l e : a u t o m o b i l e f e n d e r 

P a r t P r i c e o f 
m e t a l 
t o o l i n g 

(F) 

P r i c e o f 
p l a s t i c 
t o o l i n g 

(F) 

. L e f t a n d r i g h t 
f e n d e r OJ 7 0 0 , 0 0 0 CO 9 0 , 0 0 0 

H o w e v e r , m e t a l i s n e c e s s a r y f o r t h e w h o l e 

r a n g e a n d f o r l a r g e s c a l e p r o d u c t i o n ; 

p l a s t i c i s o n l y u s e d f o r s m a l l - s c a l e 

p r e s s i n g -
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In the above example, complete large-
scale production tooling has 5 work 
stations; 
- pressing 
- cutting 
- finishing (3 stations: hammering of 

edges up or down, ...) 

It is designed for the making of about 
500,000 parts while plastic tooling 
could only be used for 10,000 parts and 
replaces only the pressing station. 

If the depreciation of tooling is 
considered^ the costs would be as follows 

Part Price of Price o.f 
metal plastic 
tooling tooling 

• 
(F/part) (F/part) 

Fender 1.4 9.2 

Plastic tooling for large series would 
then be 6 times more expensive than metal 
tooling; therefore it must only be used 
for small-scale production of small 
series or of components subject to fluc-
tuations in shape (fashion). 

The advantages are thus: 
- perfect adaptation to small series: 

life span of 5,000 to 10,000 parts 



398-

- easy repair of tools by recharging 
(gluing) 

- no problem s for conventional pressings 
usual depthsÍ thickness of sheets 
between 0,6 to 1.5 mm. 

Very suitable for pressing without blank 
holders. 

ii- Disadvantages 

- Need to use a hydraulic press which is 
always more expensive than a mechanic 
press for any given operation. But 
mechanical presses used on a large 
scale are also expensive (more so 

.;because of their size) . 

Example of the price of a hydraulic 
- . press: 

Capacity 
(tons) 

Size of 
(mm. 

table Price (F.) 

150 1,000 X 750 80,000 to 
100,000 

800 2,000 X 2,000 500,000 

- With these tools only the pressing is 
done. The cutting and the hammering 
of the edges have to be done with a 

conventional method (manual hammering 
or machine forming). 
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- The bending radii are higher than for 
steel tools 

- The "blank holder line" is difficult 
to find, so that a specialist is 
needed to design the tooling (at least 
in the first stage). 

The Italian firm OSI is at present the 
European specialist in this type of 
tooling. 

iii-Examples of parts that can be pressed 
according to this method 

- Miscellaneous housings and floors, side 
panels, roofing and door components, 
door mouldings, fender and fender 
flanges, container compartment, exhaust 
muffler... ^ " 

iv- Conclusions on plastic bodies 

In order to give a clearer idea of the 
different techniques to manufacture body 
parts, a comparison of investment in 
tooling, material and labor is shown for 
the three possible techniques: 
- steel sheet pressing 
- reinforced plastic by contact or pressir 
- hot formed thermoplastics, 

. to6"iing 
- for the whole body 
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Material Technique Price 
millions F. 

Steel 
Reinforced plastic 
Reinforced plastic 
Thermoplastic 

pressing 
contact 
pressing 
hot formed 

30 to 40 
0.3 to 0.5 

0) 2 

0.2 to 0-3 

- for certain parts: 
Injection dashboard 80,000 to 100,0001 

average part 20,000 to 50,0001 

„ material, labor, finished product 

Body Density Material 1 Labor Finished 
(kg/dm3) [cost in %) (cost in %) (F/kg) 

Steel sheet weldéd 
and pressed 7.8 35 to 40 60 to 65 2 
Contact reinforced 
polyester 1.6 to 1.8 40 . - 60 . 10. . 
Heat formed ABS 1.0 to 1.1 80 20 10 

d) Polyurethane foam (Sketch 8) 

The polyurethane foam is obtained by making 
isocianates react on polyester or polyethers. 
The basic products are mixed in liquid state 
and expansion begins immediately. If it is 
controlled in a closed mould, it takes the 
shape of the mould by developing a certain 
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pressure which will depend on the amount of 
density desired. If not, the result is a 
free foam in a block which can be cut. 

The following equipment is used: 
- dosing and mixing machine which makes 

4 to 5 mouldings/min. 
- cast alumin\am moulds (resisting, pressure) 

in order to accelerate the reactions, moulds 
are baked. At least 150 moulds are needed 
per model to obtain an effective manufactur-
ing cycle. 

T y p i c a l a p p l i c a t i o n s : s e a t , s t u f f i n g o f 

d a s h b o a r d and e l b o w r e s t . 

Basic economic data: 

I n v e s t m e n t 20,000 (low pressure) to 
150,000 F (high pressure) 
machines mould oven -A 
roundabout installation 

basic resins (polyoles) 
2.5 to 3 F/kg. 

about 200 F/m3 
in the usual Í 
densities i 
(about 30 kg/m3 
for flexible foam] 
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sties 8.1.3 Recent developments in the processing of plasti 

A) Injection of reinforced thermoplastics 

By the use of granules of thermoplastics 
reinforced with fiberglass. the mechanical 
characteristics of virgin plastic are doubled; 
its behavior under temperature is also consi-
derably improved. The parts injected with those 
materials may then be substituted for the 
non-ferrous metals (polyamide and polyacetal in 
particular)„ 

B) Injection of lightened plastics 

By adding a porogeneous agent to the thermo-
plastic granules, cellular products of strong 
thickness at relatively low cost may be 
produced. 

C) Cold forming 

Certain materials may be deformed by shock 
(mechanical press), no softening is necessary 
as for heat forming. ABS and polypropylene 
have undergone experiments of this type but no 
practical achievements have been obtained. If 
this technique develops, plastic coils could 
be used in the same way as steel sheet rolls. 
Thus, this technique would be within easy reach 
for the pressing shops. 
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D) Reaction moulding 

Polyurethane resins are used; by reaction they 
give to the moulding a foam with a rigid skin, 
(the wall of the mould), but the inside remains 
alveolar. An effective combination of resis-
tance and lightness is thus obtained. This 
technique is particularly appropriate for large 
parts made on a small scale. 

Dashboards and elbow rests are already manufac-
tured by similar procedures, but body parts 
could also be made, particularly as polyurethane 
can be reinforced with fiberglass. 

E) Ultrasonic welding 

This type of welding is used to assemble very 
thick thermoplastics. It may play an important 
role in the assembly of automobile plastic body 
parts (possible substitution of steel sheets 
welded by spot-welding). 

F) Electro-plating 

Styrenic plastics (PA - SAN - ABS) are chromed 
electrolytically since a few years ago. Recently 
polypropylene has also been chromed (USA, Japan). 
Nickel-plating -Kanigen type- has also been 
obtained directly without any prior copper-
plating. It is likely, therefore, that radiator 
grilles and trimmings made of AB3 or polypropylens 
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c o u l d b e c h r o m e d and m a n u f a c t u r e d i n s e r i e s . 

The l a t t e r b e i n g c h e a p e r w o u l d b e u s e d e v e n 

more i n a n a u t o m o b i l e . 

G) G e n e r a l C o n c l u s i o n s 

Plastic applications provide considerable 
openings for the developing countries. At a 
small cost, plastics allow a more rapid approach 

I 
to national integration with a better prospect 
of profitability. ; 

I 

F u r t h e r m o r e , p l a s t i c s s h o u l d a l l o w c e r t a i n ! i 
countries to by-pass certain stages in industrial! 
development which are traditionally based on the j 
use of metals. 

As it is expected that in 1985 the output 
resulting from the processing of plastics will 
be equivalent to that of the processing of 
metals, it is important to- give thought to this 
problem and to be ready to face the future. 
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ANNEX I 
- chart n® I -

AVERAGE CONSUMPTION OF PLASTICS PER CAR 

weight of plastics/vehicle 
(in kilos) 

automotive industry in USA / 
y 

/ 
/ 

69 70 

/ 
/ 

/ 



mold heat ing 

p is ton 

open mold 

buse granules 

\ 
closed mold 

bousing 

b in 

- Chart n" 2 -

a •= injection 

b - ex t rus ion 

a i r pressure 

ex t rud ing 
head 

rough part 
b̂ -farre blowing 

head^ 
s ieve 

rough par t f o r 
next cyc le 

screv; 

Motor 
L,̂  ' gear box 

o i l pump 

f O \ 

fx 
e j e c t i o n 

mold 

Blowins 

coat ing r o l l 

sewing 

blowing and 
cool ing r e s i n 

t r a n s f e r r o l l 



chart n® 3 -

r heating element 
\ 

\ 
\ 

piston 

formed sheet 

<4-0 r ~ r 

mold 

Heating 

air 

Forming by 
section 

clamping 
I frame 

F' 
\ 

f=i 1 
hs-^f 

h r 1 w 
Heating Forming by pressure 

sheet of rav; material finished item 
operator ^ 

loading unloading 

Forming 
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- chart n° A -

Investment (French Francs) 

2 z,so 

formed aera (square meter) 

^ hourly manufacturing cost 
j (french francs/hour) 

30 

£5 

20 

15 

10 

1,50 I 2.50 

Formed aera (square meter) 
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- chart n 5 -

éKcmp/c : C/7WÍN 'Wé^n^' 

example : the CITROEN "Mehari" 

chsssts en Per-corndft soudc 
chassis made of welded iron sections 

c^rosscr/c éltmaits Ucm&fomc ai phsiic^uL ABS 

body made of 11 plastic parts (thermo formed ABS) 

, v - í r - i ^ ^ f e » -

¡es ékmnU en p / ^ / í f ü i sont m i s s u r / e é^ssu Ñito/^ue. 

The plastic parts are screwed on the chassis 
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- char t n° 6 -

EVOLUTION OF THE DESIGN OF AUTOWBILE BODIES 

P— wood body or s t e e l body 

glass __ I I 
s t e e l chassis 

1— s e l f s t rengthening s h e l l body 

I— components made of thermo-forraed p l a s t i c 
( A . B . S . ) 

s t e e l chassis 

1980? 

t ransparent p l a s t i c s (PMM, PC) 

_ s h e l l body made o f thermo-formed plastics^ 
( A . B . S . , PP) 



Annex 7 411 

chart n° 7 -

8 - contact 

glass 

- p ro jec t ion 

res in 

Hianufacturing 
of a preform 
made of f i b e r glass 

resin 

preform 

c - preform process 

premix 

d - premix or compound 

- pre impregnatí 
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" chart n" 8 -

HOT CUTTING 
WIRES • 

POLYISOCIANATE 

INFLATING AGENT 
I ^ SURFACE-TENSION ACTIVATOR 

-I—POLYETHER OR POLYESTER 

MOLD OPEN 
/ 

CLOSES 

• 1 

/ 
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8.2 Prospective insight of automobile techniques 

5n order to ascertain future developments, consideration 
will first be given to the past and then a separate 
analysis will be made of possible progress in processing 
techniques and the finished product, i.e. the automobile 
and its components. 

8.2.1 Retrospective look or past developments 

As far as automobile techniques are concerned 
apart from output the last 30 years do not show, 
on the face of it, any spectacular development. 
It will thus be worthwhile to review these 
developments. 

In 1931 an engine with a cylinder capacity of 
2.4 L. had a power of 47 HP at 4200 revolutions 
per minute. Today, a 950 cm3 engine, that" is, 
with a cylinder capacity which is only 47% of 
the above, is more powerful, i.e. about 50 HP 
under the same conditions. 

These results may be attributed to the new materials 
to the surface finish of the parts and to the 
improvement of the octane index. Formerly, an 
engine had to be run in before being used,, that is, 
it had to be worn, in order to work properly; 
today this is no longer necessary ("running in" 
by the manufacturer in 1938 = 1 hour, 1965 = 8 min.) 
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The "damp" engine block has replaced the machining 
of the block, segmentation and,therefore, 
sealproofness has been improved, and the specific 
pressure has been reduced by a better geometry of 
the pistons-

The change of gears has been synchronized, even 
automated. At the same time the gearbox has 
become more compact. 

The old transmission with a suspended and powerful 
shaft has been abandoned in Europe, The single 
gearbox-transmission case is preferred either for 
a front drive or a rear drive (the USA still use 
the conventional transmission system though it 
is more expensive). 

The suspension has been improved in two ways: the 
replacement of the flat spring by a helicoidal • 
spring; and the use of a telescopic shock absorber 
(also the torsion bar) . This has been made possible 
by the progress made in the quality of the surface 
finish and sealproofness. 

The development of the body is less spectacular. 
However, in 1938, the vehicle had a chassis 
(side members - cross members) on which was placed 
a case which did not contribute in any way to the 
mechanical resistance of the vehicle. After the 
war, the design was changed in favor of a self-
supporting body; a floor panel on v^hich a shell 
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which contributes to the resistance of the vehicle 
is welded. In -the future, it may be possible to 
turn back to the idea of the chassis, but this time 
fitted with a plastic body. 

Simultaneously, the development of the iron and 
steel industry has made it possible to use steel, 
sheets allowing deeper pressings, and to reduce 
the thickness of the sheets, reducing thus the 
weight of the vehicle also. In some extreme cases 
the thickness has been reduced from 95/100 mm to 
6/10 mm. But it seems that this trend will change 
because the strength of the vehicle has been 
;weakened (8/10 is a good average). 

Furthermore, reference must be made to the 
quantitative development of production; 1938, 
about 4 million vehicles manufactured in the world; 
today,25 million... . 

Naturally, this has not happened without a parallel 
development of techniques and labor. Productivity 
has practically doubled in the same period. 
Therefore, two types of development should be 
be distinguished; 
- those concerning basic techniques (with reper-

cussions on the whole industry; 
- those concerning the vehicle itself or its 

main" components. 
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8 . 2 . 2 T e c h n i c a l deve lopments in t h e p r o c e s s i n g of m e t a l s 

The au tomob i l e has developed new t e c h n i q u e s . I t has 

even i n v e n t e d new m a n u f a c t u r i n g t e c h n i q u e s . 

A) P r o c e s s i n g of mass m e t a l s 

• C a s t i n g of f e r r o u s m e t a l s 

New sands have p e r m i t t e d g r e a t e r a c c u r a c y which 

h a s been f u r t h e r improved by t h e s h e l l moulding 

t e c h n i q u e (or c ron ing p r o c e s s ) . Hov/ever, an 

o l d t e c h n i q u e ha s been r e c e n t l y improved; 

p r e c i s i o n c a s t i n g w i th s c r a p wax where t h e 

wax has been r e p l a c e d by p l a s t i c . With t h i s 

t e c h n i q u e ^ r e s i s t a n t and h i g h l y p r e c i s e p a r t s 

a r e made: t h e rocke r arm, f o r example. 

For t h e making of t o o l i n g , d i e s , or machine 

f r a m e s , an i n n o v a t i o n ha s been i n t r o d u c e d w i t h 

t h e development of t he "EXPORIT" t e c h n i q u e . 

The i r o n or s t e e l i s c a s t on an e x t r u d e d 

p o l y s t y r e n e p a t t e r n , t h e i m p r i n t of which h a s 

been t a k e n i n foundry sand . The p a t t e r n 

v a p o r i z e s d u r i n g the c a s t i n g l e a v i n g room f o r 

t h e c a s t i n g (easy making of t h e p a t t e r n ) . 

• N o n - f e r r o u s c a s t i n g 

G r a v i t y d i e c a s t i n g and p r e s s u r e d i e c a s t i n g 

t o g e t h e r w i t h aluminum and z i n c a l l o y s have 

shown s p e c t a c u l a r deve lopment . P i s t o n s , c y l i n -

der heads and even eng ine b l o c k s a r e made by 
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gravity die casting and carburators, gasoline 
pumps and all housings even large size 

• (gearbox, steering, axle are made by 
pressure die casting. 

Sintering 

This technique which involves the compression 
and sintering of metal powders is used in the 
automobile industry to manufacture oil pump 
gears, shock absorber pistons and guides, 
suspension swivels, miscellaneous bearings 
and locksmith parts. This technique eliminate: 
the machining operation which is very expensive 
Important applications are anticipated with 
this technique for the clutch, the brakes, and 
in particular for the automatic gearboxes . 
(5 to 7 kg of sintered products in a C-G FORD) 

The average rate of consumption of sintered 
products in an automobile is 1,5 kg in Europe 
and Japan, and 2,5 kg in the USA. A 50% 
increase is expected for 1980. 

Forqe 

The maxipress together with prior rolling 
has replaced in most cases the conventional 
hammer head (connecting-rod, stub-axle, pinion) 
Forging machines by upsetting and swaging can 
make complex and very resistant assemblies 
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( w h e e l s h a f t ) , F u r t h e r m o r e , t o o l s w i t h 

n u m e r o u s d i e s i n s u r e l o n g e r l i f e ( n e w a l l o y s 

- a n d b e t t e r m a c h i n i n g ) . 

New f o r g i n g t e c h n i q u e s h a v e a l s o a p p e a r e d : 

h i g h e n e r g y f o r g i n g w h e r e b y h i g h l y c o m p l e x 

p a r t s a r e made w i t h p r e c i s i o n a n d s h o c k 

e x t r u s i o n o f s t e e l w h i c h s t a r t i n g f r o m a 

r o u g h p a r t e n a b l e s t h e p r o d u c t i o n o f a n 

i m p o r t a n t r a n g e o f c y l i n d r i c a l p a r t s ( i . e . , 

s h o c k a b s o r b e r t u b e ) t o b e m a d e . 

F i n a l l y , t h e c o l d t e c h n i q u e s h a v e b e e n g r e a t l y 

d e v e l o p e d . T h u s , q u a l i t y n u t s a n d b o l t s a r e 

n o l o n g e r m a c h i n e d b u t c o l d f o r g e d f r o m s t e e l 

w i r e . 

B) P r o c e s s i n g o f s h e e t m e t a l 

a) C u t t i n g - p r e s s i n g 

I t i s t h e s i z e o f t h e m a c h i n e s t h a t h a s made 

i t p o s s i b l e t o m a n u f a c t u r e l a r g e s u r f a c e 

p a r t s ( b o d y ) . The r a t e o f p r o d u c t i o n o f t h e 

d o u b l e a c t i o n p r e s s e s h a s a l s o b e e n v e r y 

i m p o r t a n t . F o r t h e s m a l l p a r t s t h e c o n t i n u o u s 

t o o l h a s b e e n d e v e l o p e d w h i c h c u t s a n d 

p r e s s e s w i t h p r e c i s i o n a t h i g h r a t e s . H y d r a u -

l i c p r e s s i n g h a s b e e n d e v e l o p e d f o r v e r y d e e p 

p r e s s i n g s . 
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b) Folding 

The most spectacular progress has been obtains 
through the use of profiling roller machines 
which manufacture complex sections or tubes 
at very high speeds. 

These techniques should be associated, na-
turally ̂  with the progress achieved in the 
iron and steel industry in reference to the 
steel sheet itself (quality and appearance). 

c) Machining 

The most important progress in the removing 
of particles v/as in the definition and the 
making of adequate surface finishes and, 
therefore, greater precision in the 
machinery employed» The development of 
transfer machines is well known but in a 
parallel manner broaching and gear cutting, 
conic in particular, have made important 
progress. 

New procedures have developed in particle 
removal; machining by electroerosion, 
electrolytic machining, chemical machining 
and even electronic beam. 



D) A s s e m b l y t e c h n i q u e s 

a ) Wie ld ing 

R e s i s t a n c e w e l d i n g h a s d e v e l o p e d a s f a r a s 

r a t e o f p r o d u c t i o n i s c o n c e r n e d b y t h e u s e 

o f m u l t i - s p o t m a c h i n e s f o r t h e b o d y ; t h e 

e m b o s s i n g t e c h n i q u e i s u s e d i n c r e a s i n g l y . 

A r c w e l d i n g i n a n e u t r a l a t m o s p h e r e i s a l s o 

a p p l i e d f o r t h e t h i c k e r s h e e t s . New 

p r o c e d u r e s a r e b e i n g t e s t e d o r d e v e l o p e d : 

f o r e x a m p l e , f r i c t i o n w e l d i n g o r w e l d i n g b y 

e l e c t r o n i c b o m b i n g f o r t h e w h e e l s h a f t s . 

B u t new a s s e m b l y t e c h n i q u e s a r e a l s o 

a p p e a r i n g : 

b ) G l u i n g 

T h a n k s t o e p o x y t y p e g l u e s u s e d f o r b o d y 

p a r t s ( d o o r s , h o o d , . . . ) . 

c ) F a s t e n i n g 

D i r e c t f a s t e n i n g o f a f l e x i b l e s h e e t o n a 

r i g i d s h e e t . 

F i n a l l y , c o n s t a n t p r o g r e s s i s made w i t h s m a l l 

a s s e m b l y d e v i c e s o f t h e c l i p p i n g t y p e . A 

s e r i e s o f v e r y k e e n s y s t e m s e x i s t . 
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E) Treatments 

a) Surface treatments 

New coating techniques have appeared: 
painting by dipping and electrophoresis 
and the use of prepainted sheets. Furthermore 
the conventional techniques have made 
progress, in particular, hard chromium-
plating (KANIGEN procedure). Plasticization 
by fluidization (rilsanization) is also 
used. 

b) Heat treatments 

Here, the main features are the automation of 
existing procedures and the perfect control 
of the atmosphere (cementation, nitriding). 

F) Automation 

ñ) in the foundry; moulding machine, automatic 
charging and stripping of moulds (only the 
placing of the cores and the casting are 
done manually). 

in forging; The hot billet comes directly 
from the furnace to the rolling-mill and 
then to the press with a minimum of manual 
work. 

c) in machining: the transfer machine limits 
human intervention to the adjustment of the 
machine. 



4 2 - 2 . 

4: 

d) in cutting and pressing; the feeding of the 
sheets as well as the passing from one presi 
to another is done automatically. For smal] 
parts, the machine is fed with coils; both 
the feeding and the extraction are automatic 
The sections are done in the same way. 

in welding; multi-spot machines limit the 
intervention of personnel to the positioning 
of the sheets. 

f) in assembly; there already exist automatic 
machines for small assemblies (parts of the 
rear or front axle, for example). 

g) Finally, heat and surface treatments are 
done in a continuous manner; the manual . 
operation is limited to the feeding and 
the extraction of the manufactured units, 

G) New techniques 

What will be the techniques of the future and 
how will metals be processed tomorrow. The 
following may be considered valid and developabl 
new techniques: 

a) Moulding 

. "exporit" (expanded polystyrene) 

. precision moulding (/ centrifugation and 
vacuum). 
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b) Forging 

. high energy forging 

. steel shock extrusion 

c) Forming 

. continuous tool 
o hydraulic and rubber pressings 
. magnetic forming or forming by electric 
discharge 

. forming by explosive (this type of energy 
which is easy but dangerous to use deserve; 
a better application) 

, electroforming 

d) Machining 

' . chemical ' ••........•.. .. . .. 
<, electrolytic 
. electroerosion 
. impulsion 
o ultra-sounds -
o photonic or laser 
, electronic beam 

e) Assembly 

. welding by friction 

. welding by cold pressure 
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. welding by ultra-sounds 

. welding by electronic bombing 

. welding by explosion 

. welding by plasma and laser 

. gluing 

. new clippings 

. automation of assembly 

8.2.3 Vehicles and components 

A) Rotary engine 

This type of engine has been developed by the 
German firm N.S.U. since 1960, but up to now 
it has not gained much support. 

Very briefly, its characteristics may be 
described as follows: 

Advantages Disadvantages 

Compactness Higher consumption 
High atmospheric pollutior 

Diminished vibration Lower sealproofness 
(in normal working 
conditions) 

Lower cost price Irregular couple whan 
(a priori) slow 

The main automobile manufacturers have studied 
this solution by taking out a license or by 
doing their own research. 
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Patent purchase 

The following firms have signed licencing 
agreements with N.S.U.: 
. CURTISSWRIGHT - USA (tourism airplane) 
engine) 

. PERKINS - Great Britain (Diesel engine) 

. ROLLS ROYCE - Great Britain (gasoline 
engine) 

. M.A.N. - Germany (Diesel engine) 

. MERCEDES - Germany (Diesel engine) 

. ALFA ROMEO - Italy (gasoline engine) 

. MAZDA - Japan (gasoline engine) 

. CITROEN - France (gasoline engine) 

At present, it seems that Diesel engine 
manufacturers are abandoning this type of 
production both because of the difficulty 
of the manufacture (sealproofness) 
and the progress in the research on gas 
turbines. 

As far as the gasoline engine is concerned, 
N.S.U. and MAZDA are developing a small 
series (a few dozen vehicles a day) but 
N.S.U. expects to launch a bi-rotor model 
at a rate of 100 vehicles a day. Furthermore 
CITROEN is testing a protoype vehicle 
equipped with this motor. Three hundred 
vehicles have been built. 
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In short, it may be concluded that so far the 
rotary engine has attracted little enthusiasm 
from the automobile manufactixrers and that its 
success seems doubtful for large series. 
Furthermore, the recent anti-pollution campaigr 
tend to further slow down its development. 

B) Gas turbines 

Studies and protoypes have been made by CHRYSLE 
in the USA, and ROVER in Great Britain for 
passenger cars, but it is mainly in heavy truck 
applications (FORD and GM) that the moat 
spectacular results are expected. 

The European Diesel engine manufacturers are 
closely following these problems (MAN, SAVIEM, 

In short, the characteristics of such an engine 
would be as follows: 
. Approximate turbine capacity: 400 HP 
. Working conditions: 40,000 RPM 
. Automatic speed reducer and transmission 
(already well developed in USA). 

These characteristics will^surely mean a higher 
cost price than the conventional engine, althouc 
the gas turbine would still be adapted to heavy 
road transportation for long distances. 
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In short, the gas turbine engine will probably 
be developed for heavy trucks in countries 
having a long distance road infrastructure that 
is well developed. 

It should be noted that the manufacturing 
technique differs from that of the conventional 
Diesel engine (blade made out of a jrefractary 
alloy, ceramic regenerator of hot gases, 
automatic transmission) . 

A much higher price than for the Diesel engine 
should be expected and at least 10 or 20 years 
should be necessary for a general application. 

N.B.; Automatic transmission for passenger cars 
will be well developed in Europe at that time. 
A price increase of about 10 to 15% should be 
expected- ' • 

C) Electric energy 

Here, research is still in the laboratory but 
automobile manufacturers are following its 
development closely. It will probably be 
accelerated as part of the anti-pollution 
campaign. (*) 

(*) Automobile traffic is the most important pollution 
agent (50% of air pollution). 
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Apart from its autonomy, it shows a poor 
performance (maximum speed 60/80 km/h) and 
a short life span. 

a) Batteries 

Other types of batteries whose qualities 

i 

are summarized below have been tested 
( a l l of them are more expensive): 

1 Type Weight 
(as compared w i t h 
lead batteries) 

1 L i f e span 
(number of recharge 

zinc-silver 1/3 100 
zinc-gold 1/6 30 to 40 
(zinc-air in 

preparation) 
1/10 to 1/15 
(but at 300 deg.) 

sulphur-sodium 

lead (as reference) 1 600 to 700 

cadmium-nicke1 More expensive.and heavier than the.lea 
battery ;butypermii:s better acceleration 

b) Fuel cells 

In this case, chemical energy is converted 
directly and with excellent efficiency into 
electric energy. Furthermore, these are 
non-consumable batteries fed with fuel-
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The development of astronautics has favored 
their development, but still only low 
capacity and very expensive products are 
manufactured. The use of such fuel cells 
is completely out of prospect for the automc 
bile, at present. 

To date, the hydrogen/oxygen type with 1 kw 
power (at the beginning) to 32 kw power in 
one protoype (160 kw maximum) has been 
studied. Its specific weight is still very 
high (about 20 kg/kw; a heat engine only 
weighs 2 to 3 kg/kw). 

Hydrogen/air and fuel/air types with a 
platinum catalyzer may be manufactured but 
then prices are 100 times higher than the 
price of conventional engines. 

Studies are being done however to improve 
its characteristics: 
- in France: ALSTROM (with PEUGEOT) 

C.G.E. (with CITROEN) 
I.F.P (with RENAULT) 
C.N.I.A. 

- in the USA: ALLIS CHALMERS, GENERAL ELECTR 
(Gemini project), PRATT and 
WHITNEY (Apollo project), 
UNION CARBIDE. 
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In short, here again weight and costs are 
too high. The purely technical problems 
have not been all solved (clogging of 
electrodes). Also, hydrazine fuel will not 
be marketed for a long time. At the best, 
the assumption must be that it could only b̂  
developed at the end of the century, around 
19901 

Engine: an engine using the above energy ma; 
be continuous or alternate. In the latter 
case, an engine without a collector 
(rotating very rapidly) is used but it is 
necessary to create an ondulating current 
(additional expensive device). Another 
type of engine'^ an electronic variable 
reluctance engine has been created. 

Vehicles electric propulsion thus defined 
is especially convenient for city delivery 
vehicles. If the Administration should 
lay down strict regulations against 
pollution (in the USA the percentages of 
released carbon monoxide and unburnt fuel 
have been strictly defined), it would be 
possible to manufacture an electric vehicle 
with a lead battery, of small size and 
limited speed. However, this would be a 
city vehicle of limited range and would 
require an "electric refuelling" infra-
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s t r u c t u r e ( e l e c t r i c s t a t i o n s ) which has not 
y e t been worked out . 

In shor t , convent iona l b a t t e r i e s are heavy 
and have a l i m i t e d l i f e span. Fuel 
b a t t e r i e s are expens ive and too b ig f o r 
normal c a p a c i t y . Their development i s 
t h e r e f o r e uncerta in and r e q u i r e s a r e f u e l l i n 
i n f r a s t r u c t u r e which has not y e t been 
planned. 

Therefore no r e v o l u t i o n i s expected i n t h i s 
f i e l d . At the b e s t : an a p p l i c a t i o n of t h i s 
type w i l l not be seen b e f o r e 20 y e a r s . 

D) Air cushion 

' S t r i c t l y speaking, there i s no a p p l i c a t i o n for 
cars but only p o s s i b i l i t i e s for s p e c i a l 
v e h i c l e s ( t r a i n , "overcraf t" . v e s s e l , m i l i t a r y 
e n g i n e ) . The d i s t a n c e above the f l o o r l e v e l 
i s propor t iona l to the weight of the v e h i c l e 
(2 cm. f o r a 6o T. engine , 1 cm. f o r a 1 T. 
v e h i c l e ) ; i t s t i l l needs a s u i t a b l e i n f r a -
s t r u c t u r e . 

E) React ion 

The poor performance a t low speeds of t h i s 
method of propuls ion exc ludes f o r the moment 
be ing i t s use i n passenger c a r s . 
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F) Nuclear 

The p r o h i b i t i v e weight needed for reasons of 
p r o t e c t i o n e l i m i n a t e s t h i s type of propul s ion 
f o r automobi les . 

CONCLUSIONS 

Evolut ion rather than r e v o l u t i o n should be 
expected . In p a r t i c u l a r , the f i s c a l system f o r 
automobi les in Europe may change, thus permi t t ing 
the product ion of more powerful and t h e r e f o r e 
b e t t e r balanced (more c y l i n d e r s ) and s a f e r 
e n g i n e s . This together wi th the probable 
impos i t ion of speed l i m i t s on the motorways w i l l 
mean that a c e r t a i n amount of power w i l l be he ld 
in r e s e r v e . 

The example of the U.S.A w i l l conf irm t h i s p o i n t 
of v iew, i . e . the use of more convent ional 
s o l u t i o n s . 

In r e l a t e d f i e l d s , Europe w i l l probably adopt 
the automatic gearbox but perhaps not the 
oleopneumatic suspens ion s i n c e road c o n d i t i o n s 
w i l l no longer make i t n e c e s s a r y . 
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Chapter 9 

Cost-voliune r e l a t i o n s h i p s i n a complete 
manufacturing p lant 
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9 . 1 A n a l y s i s of the investment i n r e l a t i o n to the volume 
of production i n a f u l l y i n t e g r a t e d p lant 

In the preceding chapters the investment required for 
the d i f f e r e n t techniques used i n the automobile industry 
i s i n d i c a t e d i n r e l a t i o n to the volume of product ion . 
I t i s observed that c e r t a i n techniques require large 
investment , a s i s the case of machining and the "units" 
p r e s s i n g and assembly shops. 

In order to have a complete p i c t u r e of t h i s q u e s t i o n 
we s h a l l now c a l c u l a t e the t o t a l investment necessary 
to s e t up a complete manufacturing p l a n t i n t e g r a t e d a t 
100% i n r e l a t i o n to the output . 

Thus a complete manufacturing p lant w i l l comprise the 
f o l l o w i n g shops and i n s t a l l a t i o n s : 
Foundry; 

•• Forge; ' ' 
Mechanics: machining, heat treatments^ gear c u t t i n g ; 
Bodywork: p r e s s i n g , welding assenialy of "uni t s"; 
Assembly: f i n a l assembly and p a i n t i n g ; 
Others: u t i l i t i e s : e l e c t r i c i t y , water , compressed a i r , 

gas , heating^. 
General s e r v i c e s and a d m i n i s t r a t i o n : o f f i c e s , s o c i a l 

s e r v i c e s . 
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9 . 1 . 1 C l a s s i f i c a t i o n of investment i n a t o t a l l y i n t e g r a t e d 

plant 

Investment w i l l be broken down as f o l l o w s : 
- land and land grading, roads; 

- i n d u s t r i a l b u i l d i n g s ; 
- equipment, i n s t a l l a t i o n s , machines, t o o l i n g ? 

- a d m i n i s t r a t i v e b u i l d i n g s , o f f i c e s u t i l i t i e s , 

genera l f a c i l i t i e s . 

The share of each one of these i tems i n t o t a l 
investment i s approximately as f o l l o w s : 

Land, land grading, roads 
I n d u s t r i a l b u i l d i n g s 
Equipment 

General s e r v i c e s and f a c i l i t i e s 

1 to 3% 

15 to 18% 
74 to 80% 

5 to 8% 

Tota l Investment 100% 

This t a b l e shows the importance of the investment 

i n equipment s i n c e i t r e p r e s e n t s 74 to 80% of the 

t o t a l investment in a complete p l a n t . This 

• percentage i s t y p i c a l of the eng ineer ing i n d u s t r i e s , 

9 . 1 . 2 Investment l e v e l in r e l a t i o n to product ion 

By " t o t a l l y i n t e g r a t e d plant" i s meant a p l a n t 
us ing a l l the manufacturing techniques of the 
automobile industry as i s the case of the main 
i n t e r n a t i o n a l manufacturers. In these c o n d i t i o n s , 
i t should be r e c a l l e d that the va lue added by the 
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automobile manufacturer i s only equal to 45% of 
the v e h i c l e ' s c o s t p r i c e , and that the purchase 
of components or sub-asseiriblies r e p r e s e n t s 40% 
of the c o s t p r i c e of a v e h i c l e . 

Therefore , t h i s chapter w i l l survey the investment 

corresponding only to value added. 

The t o t a l investment for a complete p l a n t i n 
r e l a t i o n to the volume of product ion i s shown 
on Chart No. 1. 

For r a t e s of l e s s than 100,000 v e h i c l e s a year , 
the investment curve r e f e r s t o a case of p r o g r e s s i v e 
i n t e g r a t i o n . I t i s w e l l known that f o r such l e v e l s 
of product ion, the complete i n t e g r a t i o n of c e r t a i n 
manufactures such as pres s ing i s not economical due 
to the h igh o v e r c o s t s . As has been i n d i c a t e d 
p r e v i o u s l y , there are d i f f e r e n t minimum economic 
l e v e l s of product ion for the d i f f e r e n t techniques 
used. 

Complete i n t e g r a t i o n for small s e r i e s i s very r a r e . 
High product ion o v e r p r i c e s are incurred though they 
vary according to the techniques used. Therefore , 
the l e f t part of the investment curve shown i n a 
dot ted l i n e and r e f e r r i n g to complete i n t e g r a t i o n 
i s t h e o r e t i c a l . I t i s only g i v e n for in format ion . 
I t should a l s o be c a r e f u l l y noted that i n the c a s e 
of p a r t i a l i n t e g r a t i o n the investment w i l l , f or a 
g iven r a t e , d i f f e r according to the techniques 
which have been i n t e g r a t e d . Thus, there i s a 
r a t i o n a l order of i n t e g r a t i o n g e n e r a l l y used by the 
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manufacturers. However, d i s t o r s i o n s could e x i s t 
i n d i f f e r e n t i n d u s t r i e s in the deve loping c o u n t r i e s 
( f o r g e and f o u n d r y , e s p e c i a l l y ) that might mean 
f a s t e r or slower i n t e g r a t i o n . The d e c i s i o n depends, 
i n t h i s case on the l e v e l of development of the 
industry under c o n s i d e r a t i o n i n a p a r t i c u l a r 
country and the o v e r p r i c e s tha t the automobile 
industry would incur . 

For a l l these reasons , the investment f i g u r e s 
g iven i n Chart No. 1 are approximative . 

I t w i l l a l s o be observed i n the chart that i n the 
case of complete i n t e g r a t i o n , the s c a l e - u p f a c t o r 
i s f a i r l y c o n s t a n t , about 0 . 3 8 . This means that 
when the product ion i s doubled, investment i s 
m u l t i p l i e d by about 1 . 3 . 

9 . 1 . 3 Breakdown of t o t a l investment according to the 

techniques used 

A) The f o l l o w i n g t a b l e shows the d i f f e r e n t 

manufacturing shops according to t h e i r importance 
i n t o t a l investment of a c o m p l e t e , p l a n t : 
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Forge 2.5 to 3% 
Foundry 4 to 5% 
Mechanics, machining 
and mechanical assembly 33 to 35% 
Pressing - bodywork -
"units" assembly 32 to 35% 
Final assembly and 
painting 13 to 16% 
Utilities 3 to 4% 
Administration, 
social services 3 to 4% 
Total investment 100^ 

This breakdown refers to an output of about 
100,000 to 300,000 vehicles a year. For lower 
outputs the plant will not be integrated 100% 
and therefore the percentages will be different. 
For example, in the theoretical case of complete 
integration for small rates, the pressing shop 
would represent a very high share of total 
investment, about 45 to 50%. 

B) It is interesting to compare the investment made 
in each shop with the value added by it. For 
this purpose, a slightly different breakdown may 
be adopted for investment: each shop is assigned 
a share of the investment in "utilities" in 
proportion to the investment in the shop; and a 
share of the investment in " administration and 
social buildings" in proportion to the number of 
persons employed in the shop. 
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The following table is thus obtained: 

% of 
valué 
added 

% of total investment % of 
valué 
added rate: vehicles/year 

10,000 25,000 100 ,000 200,000 

Forge 3.3 3-. 50 3.40 3.30 3.00 
Foundry 7.8 2.50 3.30 5.60 6.50 
Machining, mechanical 
assembly 35.6 30 33 34 35 
Pressing, welding, 
assembly of "units" 28.9 47.50 43 37.50 35.5 
Final assembly, painting 
miscellaneous 24.4 16.5 17.3 19.6 20.0 

Value added 100 

Total investment 100 100 100 100 

It may be observed in the above chart that for 
high rates, the pressing, welding and "units" 
assembly shop demands heavy investment compared 
with the machining shop as the value added is 
considerably lower. On the contrary, the 
assembly shop is of great value because investmen 
is only 20% of the total whereas the value added 
is about 24%. 

In the case of small "scales of production, the 
assembly shop is even more worthwhile (15.5% 
of total investment) while the pressing shop 
representing more than 47% of total investment 
demands, in comparison with other shops, a capita 
outlay which is out of proportion with the value 
added. Furthermore, if investment alone is 
considered, the machining shop is the most 
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worthwhile for low rates because the value added 
in this shop is about 35%. This fact must 
however be corrected in the case of the machininc 
shop by considering the cost of machining: 
in chapter 3, it has been observed that for small 
scales of production, this cost was very much 
higher than the minimum cost obtained by a large 
manufacturer. 

Thus, if one is guided only by the importance of 
the investment to be made, a theoretical order 
of integration of techniques for an automobile 
manufacturer gradually emerges. In a developing 
country this order would be as follows: 
- final as3embly; 
- machining; 
- foundry; 
- pressing; 
- forge» 

C) Analysis of investment according to the number 
of persons employed, and the technique used 

For thé purpose of information. Chart No. 2 
indicates the number of personnel employed in 
a complete plant in reference to production. 

If this chart is compared to Chart No. 1, it 
may be observed that the investment per person 
employed is about 70,000 to 80,000 FF in the 
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automobile industry for large scales of producti 
This is in fact a global figure which does not 
show the differences between each shop because 
the investment per person employed varies 
considerably according to the technique used, 
as is shov/n in the following table: 

Technique Investment per person 
employed (FF) 

Forge 70 ,000 to 80, 000 
Foundry 50 ,000 to 60, 000 
Machining 80 ,000 to 90, 000 
Pressing 150 ,000 to 250, 000 
Assembly 40 ,000 to 50, 000 

Complete plant 70 ,000 to 80, 000 

9.1.4 Investment per vehicle produced in relation to 
• volume of production • 

In order to emphasize the effect of economy of 
scale in reference to total investment in a complete 
plant, total investment per vehicle produced annual] 
according to different production rates has been 
calculated(Chart No. 3). 

This chart shows that twice as much must be investec 
per vehicle to be manufactured for 100,000 vehicles 
a year instead of 300,000; and that 4.5 times more 
must be invested per vehicle if only 25,000 are to 
be produced a year. 
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Such d i s p a r i t i e s h e a v i l y p e n a l i z e the deve loping 
c o u n t r i e s whose production i s r e l a t i v e l y small and 
whose f i n a n c i a l capac i ty i s always very l i m i t e d . 
This f a c t would tend to prove t h a t deve loping 
c o u n t r i e s should try to group t h e i r automobile 
product ion to promote the s e t t i n g up of l arge 
automobile product ion u n i t s . This would be the 
only type of u n i t which could economical ly compete 
w i t h the main world manufacturers . 

9 .2 Study of product ion o v e r p r i c e s of a complete v e h i c l e i n 
r e l a t i o n to the volume of production 

9 . 2 . 1 D e f i n i t i o n of manufacturing overpr i ce of a complete 

v e h i c l e 

The manufacturing overpr ice of a complete v e h i c l e 
w i l l be equal to the sum of t h e o v e r p r i c e s of each 
technique used, weighted according to the share of 
each technique i n the c o s t p r i c e o f the v e h i c l e . 
The we ight ing f a c t o r s used are those shown in Table 
No. 2 i n Chapter 1 (General Data on the Automobile 
I n d u s t r y ) . 

In a d d i t i o n , we i n v e s t i g a t e d the orders o f magnitude 
of the o v e r p r i c e of a v e h i c l e produced by a large 
manufacturer according to volume that was produced. 

The f i g u r e s thus obta ined are i n good agreement w i t h 
the r e s u l t s obta ined by the c a l c u l a t i o n based on the 
o v e r p r i c e s for the d i f f e r e n t t echn iques . 
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A l l of these observa t ions are shown on Chart No. 4 

where the average o v e r p r i c e s for a complete v e h i c l e 

are i n d i c a t e d i n r e l a t i o n to the annual automobile 

product ion. 

9 . 2 . 2 Survey of the r e s u l t s 

I t i s important to observe t h a t the o v e r c o s t s 
g iven correspond to a progres s ive i n t e g r a t i o n 
achieved in r a t i o n a l order, such as i t i s u s u a l l y 
done by a manufacturer with the manufacturing 
techniques b e s t adapted to each r a t e of product ion . 

I t has been observed that for each r a t e of product io 
and for each technique employed there i s an optimum 
method of manufacture which minimizes o v e r p r i c e s . 
This i s true i n p a r t i c u l a r of the machining and 
p r e s s i n g shops. 

I t has a l s o been seen that in c e r t a i n c a s e s . i t i s 

more economical to svib-contract part of the work 

and sometimes the whole of ths work ( f o r g e , foundry, 

p r e s s i n g ) . 

I t i s only i n these operat ing c o n d i t i o n s that 

minimum o v e r p r i c e s w i l l be obta ined f o r each r a t e 

of product ion as shown on Chart No. 4 . 

In order to br ing out these f a c t s more c l e a r l y the 
chart shows the manufacturing methods used for each 
r a t e of product ion. 
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Generally speaking, the minimum cost price in 
automobile construction is only reached for 
volumes of about 300,000 vehicles a year. 

For smaller scales of 10,000, 15,000, 25,000 
50,000 and 100,000 vehicles a year, which are 
typical successive levels of development of an 
automobile industry, high overprices as compared 
with the cost prices of large car-builders, must 
be absorbed= Each level of development corresponc 
to an optimum degree of integration and to 
manufacturing methods adapted to the rate of 
production in question (see table below). 

Annual Overcost Techniques employed 
rate % Foundry Forge Machining Pressing Asseitibly 

of units 
Final 
\ssembly 

10,000 80 to 90 partially no partially no partially total 
15,000 75 to 85 partially no partially no partially total 
25,000 60 to 70 partially partially partially no partially total 
50,000 40 to 45 largely partially largely inner parts total total 
100,000 15 to 20 total total total total total total 
300,000 0 total total total total total total 

B) Total integration 

In the theoretical case of complete integration 
for small scales of production, the overprices 
would be very high. 
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At a rate of 10,000 vehicles a year the overpJiic 
would be about 200% and for 25,000 vehicles a 
year it would be 90 to 100%. 

It is only at a level of 50,000 vehicles a year 
that the overprice, in the case of total 
integration, is comparable to the minimum 
overprice for progressive integration though it 
is still about 50 to 55%. 

9.3 Effect of the degree of local integration on the 
manufacturing cost 

9.3 . 1 Survey of the problem 

It is interesting to see how the cost of manufac-
turing a complete vehicle varies as the degree .of 
local integration increases in a developing country 

It is, however, difficult to establish precisely 
the relationship between the rate of integration an( 
the manufacturing cost. The only indications that 
may be obtained in this respect are furnished by thi 
car-builders by comparing the cost price of a 
vehicle produced on a large scale and the cost 
price in different countries where output is some-
what low, with all the inaccuracies such a method 
involves. 
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The results obtained result from the following 
factors (taxes are excluded): 
- modifications made in order that the vehicle may 
be better adapted to the working conditions of 

each country; 
- the number of different models and versions, 

manufactured by the same plant; 
- conditions of local manufacture (organization of 

production and equipment chosen); 
- sales price of the C.K.D. collection; 

importance of local integration and quality of 
the choices made between imported and domestic 
parts; 

- productivity and cost of the labor employed; 
- transportation cost of the imported parts 

delivered by the foreign manufacturers. 

Bearing in mind these factors, the theoretical 
variation of the cost price of a vehicle in relation 
to the degree of local integration and according to 
the different volumes of production, may be ascer-
tained by examining the cost price of the different 
parts which make up a vehicle, grouped by categories. 

A l l t h e s e o b s e r v a t i o n s a r e s h o w n o n C h a r t No . 5 

It must be indicated that several important 
hypotheses had to be adopted in order to establish 
this chart: 
- whole production is based on a single basic model 

which may have several related versions; 
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- the increase of the integration rate is done 
rationally: the first manufactures considered 
are those whose effect on the final cost price 
is most reduced. However, this is not always 
the case. 

- for each rate of production, the most economical 
manufacturing technique is adopted. 

9.3.2 Examination of overprice curves in relation to 
local integration (Chart No. 5) 

A) No integration 

This covers plants which only do the final 
assemibly, and no other operation. Table No. 6 
in Chapter 2 shows how the cost price of a 
vehicle (dealer's price) was calculated from" 
the price of the C.K.D, collection, including 
gathering, packing, and transportation of the 
C.K.D. set. 

In the completely theoretical case of an 
assembly plant producing 300,000 vehicles a 
year, it is known that the assembly price is 
10% of the price of the C.K.D. collection. In 
these conditions, the dealer's price would be 
130: the price of the C.K.D. would be fixed at 
100 and packing and transport expenses would be 
estimated at 20. 
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On the contrary, in a plant which is 100% 
integrated, producing 300,000 vehicles a year, 
the cost price of a vehicle will only be 110» 

Therefore, the assembly plant alone incurs the 
following overcosts compared with a completely 
integrated plant of a large car manufacturer. 

Mo integration; Overprice for the dealer's price 
(Overprice zero s cost in a completely integrated plant 

producing 300,000 vehicles/year:) 

Rate of production 
vehicles/year 10,000 25,000 100,000 300,000 

Overprice % 30 27 22 20 

These values will help to determine the ordinate 
for zero integration of each overprice curve , 
shown on Chart No. 5. 

Thus, it may be seen that even in the absence 
of integration there are fixed charges, so that 
the minimum overprice is 20% (theoretical case 
of, an assembly plant producing 300,000 vehicles 
a year). These charges, which cannot be reduced 
correspond to gathering, packing and tranportati 
expenses of the C.K.D. collections. Assembly 
costs must be added to these charges, and 
assembly costs rise as the assembly rate falls 
(see Chapter 2). 
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B) High rates of integration 

As local integration rises, the production 
overprice also rises. And the lower the rates 
of production the higher the overprices. In 
particular, in the case of high integration, th 
overprices are very high because of the effect 
of the investment in pressing equipment on the 
cost price (effect of the depreciation charges) 
However, for a sufficiently high production rat. 
of about 50,000 to 70,000 vehicles a year, the 
volume effect, due to the number of vehicles 
produced, considerably reduces depreciation 
charges per vehicle. Thus the increased rate 
of integration only causes a small increase in 1 
initial overprice, which is about 30 to 40%. 

For outputs of 100,000 vehicles a year or more, 
the increase in the integration rate reduces , 
on the contrary, the production overprice. The 
figure of 100,000 vehicles seems to constitute 
an important threshold since the overprice is 
approximately constant (15 to 22%) whatever the 
integration rate. 

It is fairly obvious that in the case of complet 
integration, the overprice will be similar to 
those indicated on the upper curve in Chart No. 
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A product ion l e v e l of 100,000 v e h i c l e s a year i s 
the minimum f o r the making of a complete ly ¡ 
"national" v e h i c l e i n s a t i s f a c t o r y c o n d i t i o n s . 
However, i t i s only for r a t e s of more than 200,000-, 

i 

or even 300,000 v e h i c l e s a year that the t o t a l l y ' 
i n t e g r a t e d manufacture of a v e h i c l e becomes 
p r o f i t a b l e and compet i t ive a t i n t e r n a t i o n a l l e v e l . : 

9 . 3 . 3 Factors r e l a t i n g to the development of l o c a l 

i n t e g r a t i o n 

The curves on Chart No. 5 show tha t the f i x i n g of the" 
l o c a l i n t e g r a t i o n r a t e determines the p r i c e a t which , 
the v e h i c l e w i l l be manufactured. However, t h i s 
supposes that on the one hand, l o c a l incorporat ion 
w i l l be done i n the most r a t i o n a l order , and on the 
o ther , that the i n d u s t r i a l development of the 
country i s coherent wi th the degree of n a t i o n a l 
content chosen. 

The curves show that the " l a s t percentages" of l o c a l , 
incorporat ion are expens ive , so that the i n c r e a s e 
of l o c a l incorporat ion must be i n l i n e w i t h the 
development of i n d u s t r i e s on which car manufacturing 
r e l i e s rather than be ing u s e l e s s l y i n advance; which, 
would mean t h a t o v e r p r i c e s would be very h igh . 

The main concern o f a manufacturer i n a deve lop ing 

country, must thus be 

to i n t e g r a t e l o c a l l y i n the 
most convenient order and a t a c a r e f u l r a t e . 
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I t i s w e l l known that the f i r s t p o i n t s or percentages 
of n a t i o n a l content are achieved e a s i l y w i th the 
manufacture of b a t t e r i e s , t i r e s , s e a t s , bumpers, 
exhaust mani fo lds , . . . e t c . However the s e t t i n g up 
of assembly and machining shops f o r a g iven u n i t 
(engine , gearbox, s t e e r i n g , . . . e t c . ) r e q u i r e s large 
investment which i s only worthwhile i f t h i s a l l o w s 
important l o c a l incorporat ion . This i s one of the 
most d i f f i c u l t problems i n a deve lop ing country . 

A l so , for an i d e n t i c a l i n s t a l l e d c a p a c i t y , investment 
i s higher in a l e s s i n d u s t r i a l i z e d country than i n 
Europe, mainly because o f : 
- the c o s t of t ranspor t ing the equipment; 
- the r e l a t i v e l y h igh c o n s t r u c t i o n c o s t s f o r 

b u i l d i n g s ; 

- the c o s t of c r e a t i n g i n d u s t r i a l areas ; 
- the c o s t of the t r a i n i n g of workers; 
- the c o s t of f o r e i g n t e c h n i c a l a s s i s t a n c e . 

For these reasons , the f i g u r e s i n d i c a t e d f o r the 

curves i n Chart No. 5 w i l l be probably much h igher . 

In order to reduce o v e r p r i c e s , and a t the same time 
have a r e l a t i v e l y high l o c a l incorpora t ion r a t e , one 
or more of the f o l l o w i n g s o l u t i o n s could be 
cons idered: 

- optimal l o c a l i z a t i o n of the p l a n t ; 
- purchase of second-hand p r e s s i n g t o o l s ; 
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The convent iona l pres s ing t o o l s necessary for the 
manufacture of a model represent an investment o f 
about 60 to 70 m i l l i o n f r a n c s . Therefore , second-
hand t o o l s could be bought from a f i rm which f o r 
marketing reasons has decided t o change i t s model 
and thus has a v a i l a b l e t o o l s tha t are s t i l l good 
enough t o produce about 300,000 v e h i c l e s . However, 
t h i s has a strong disadvantage: tha t of producing 
a v e h i c l e whose l i n e , would a lready be "old fashioned 
though the mechanical des ign would be s t i l l very 
modern. 

" r e n t i n g of t o o l s and moulds 

T^e purchase of the t o o l s and moulds s p e c i f i c t o a 
model may represent as much a s 50% of the va lue of 
the machines. 

In order t o avoid d e p r e c i a t i n g over a small number 
of v e h i c l e s t h i s h igh and s p e c i f i c investment , the ( 
r e n t a l of t o o l s and moulds cQuld be cons idered i n 
order t o produce in a very short per iod the v e h i c l e s 
u s u a l l y manufactured i n one y e a r . 

However, each case should be t r e a t e d i n d i v i d u a l l y 
and be thoroughly examined. 

- Use of pressing tools suitable for small series 

This r e f e r s mainly to p l a s t i c t o o l s and a l l the 

b e n e f i t s der ived therefrom. 
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•- C o m p e n s a t i o n o r c o o p e r a t i o n a g r e e m e n t s w i t h 

t h e n e i g h b o r i n g c o u n t r i e s 

T h i s i s a new p o s s i b i l i t y t h a t s h o u l d i n t e r e s t 

t h e c o u n t r i e s i n t h e same g e o g r a p h i c a l a r e a , o r 

b e l o n g i n g t o a f r e e t r a d e a r e a , f o r e x a m p l e . 

T h i s w o u l d e n a b l e e a c h c o u n t r y t o a t t a i n t h e 

c r i t i c a l m a s s f o r t h e m a n u f a c t u r i n g t e c h n i q u e u s e d 

a n d f a v o r t h e e x p o r t a t i o n o f m a n u f a c t u r e d p r o d u c t s 

t h a t w o u l d h a v e a g u a r a n t e e d m a r k e t . 

S u c h a g r e e m e n t s a r e n a t u r a l l y d i f f i c u l t t o r e a c h , 

b u t t h e y w o u l d p e r m i t t h e i n d u s t r y o f e a c h o n e o f 

t h e i n t e r e s t e d c o u n t r i e s t o c o m p e t e w i t h t h e b i g 

i n t e r n a t i o n a l f i r m s , s i n c e a c l e a r r e d u c t i o n i n 

m a n u f a c t u r i n g o v e r p r i c e s w o u l d b e a c h i e v e d . 

9 . 4 E f f e c t o f t h e number o f m o d e l s o n p r o d u c t i o n c o s t s 

The u n f a v o r a b l e e f f e c t s o f t h e number o f m o d e l s ^ h a s b e e n 

s t r e s s e d r e p e a t e d l y i n t h e p r e c e d i n g c h a p t e r s , b o t h f r o m 

t h e p o i n t o f v i e w o f t h e i n v e s t m e n t r e q u i r e d a n d t h e 

c o s t p r i c e o f p r o d u c t i o n . T h e s e e f f e c t s a r e m o r e 

p r o n o u n c e d f o r l o w o u t p u t s . 

F o r e a c h g i v e n m o d e l , s p e c i f i c t o o l s a n d e q u i p m e n t h a s 

t o b e p u r c h a s e d a n d i t s h o u l d b e r e c a l l e d t h a t d e p r e c i a t i o 

c h a r g e s a r e v e r y h i g h i n t h e c a s e o f l o w o u t p u t . A 

w o r l d m a n u f a c t u r e r p r o d u c e s a minimum o f 3 0 0 , 0 0 0 c a r s 

o f a g i v e n m o d e l a n d many t i m e s h e w i l l m a n u f a c t u r e 

1 ' 0 0 0 , 0 0 0 c a r s o f t h e same m o d e l . O r g a n i z a t i o n a n d 
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s e t t i n g up e x p e n s e s a s w e l l a s m a c h i n e a n d t o o l 

d e p r e c i a t i o n a r e t h u s w e l l d i s t r i b u t e d o v e r v e r y l a r g e 

p r o d u c t i o n s . 

I n t h e c a s e o f i n d u s t r i a l i z i n g c o u n t r i e s w h o s e n a t i o n a l 

m a r k e t s a r e o f t e n s m a l l , i f c o s t p r i c e s s i m i l a r o r 

c l o s e t o t h o s e o f t h e m a i n c o n s t r u c t o r s a r e d e s i r e d , i t 

w o u l d b e n e c e s s a r y t o g i v e t h e m o d e l s a l o n g e r l i f e 

t h a n i n E u r o p e a n d , a f o r t i o r i , t h a n i n t h e USA. 

. C o n s i d e r i n g t h e s i z e o f n a t i o n a l m a r k e t s i t w o u l d b e 

n e c e s s a r y t o s 

- p r o d u c e o n l y o n e m o d e l ? 

- " f r e e z e " t h e m o d e l c h o s e n f o r a p e r i o d o f 12 t o 15 

y e a r s , i . e . t h e l i f e s p a n e x p e c t e d b y E u r o p e a n m a n u f a c -

t u r e r s f o r t h e i r m o s t p o p u l a r m o d e l s . 

C h a r t N o . 5 , s h o w i n g t h e c o s t - v o l u m e p h e n o m e n o n i n t h e 

a u t o m o b i l e i n d u s t r y , i n d i c a t e s c l e a r l y t h a t f o r t h e same 

i n t e g r a t i o n r a t e , 60% f o r e x a m p l e , t h e o v e r p r i c e s i n a 

c o u n t r y w i t h a m a r k e t o f o n l y 2 5 , 0 0 0 v e h i c l e s w o u l d b e 

a s f o l l o w s : 

- m a n u f a c t u r e o f a s i n g l e m o d e l : o v e r p r i c e o f a b o u t 60%; 

- m a n u f a c t u r e o f t w o m o d e l s : o v e r p r i c e o f a b o u t 7 0 t o 80%, 

F o r h i g h e r l o c a l i n t e g r a t i o n r a t e s , t h e d i s t o r s i o n o f t h e 

results w o u l d b e e v e n g r e a t e r . The c o s t p r i c e c o u l d b e 

i i i u l t i p l i e d b y 1 . 5 i f t w o m o d e l s i n s t e a d o f o n e a r e b u i l t . 

By m o d e l i s m e a n t a n e n t i r e l y d i f f e r e n t v e h i c l e w i t h 

practically n o common u n i t s . 



T h u s i f a c o u n t r y w i s h e s t o p r o d u c e a t t h e l o w e s t 

p o s s i b l e c o s t , i t s h o u l d c h o o s e t o m a n u f a c t u r e a s i n g l e 

m o d e l . T h i s m o d e l s h o u l d b e c h o s e n i n a way t o s a t i s f y 

m o s t o f t h e n e e d s o f t h e p u b l i c , a n d s h o u l d h a v e a v e r y 

l o n g l i f e s p a n , a t l e a s t 12 y e a r s , i f p o s s i b l e 15 y e a r s . 

I t i s d e s i r a b l e t o c h o o s e a m o d e r n m o d e l s o t h a t i t w i l l 

n o t b e c o m e o b s o l e t e t o o r a p i d l y . 

T h i s m o d e l s h o u l d a l s o make i t p o s s i b l e t o b u i l t a s m a l l 

d e r i v e d i n d u s t r i a l v e h i c l e i n o r d e r t o c a t e r f o r a n 

i m p o r t a n t g r o u p o f c u s t o m e r s l o o k i n g f o r a " c o m m e r c i a l 

v e h i c l e " ( d e l i v e r y v a n , s m a l l s t a t i o n w a g o n ) . T h i s 

" v a r i a t i o n " s h o u l d d i f f e r a s l i t t l e a s p o s s i b l e f r o m t h e 

b a s i c m o d e l i n o r d e r t o r e d u c e t h e p r i c e t o a minimiam. 




