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1. FORCES AT WORK IN EUROPE BEFORE 1973

% Since its origin the European automotive industry iearnt
to live with high gasoli‘ne prices due to taxation deemed
necessary in order to contain imports in an oil poor
continent. The European drivers have a long experience
in keeping accounts on liters and kilometers.

- @ During the sustained growth after the reconstruction
(1955~1873), new habits were conquered; the Europeans
were discovering the pleasure of ample leisure time, the
weekend, the long wvacation; the new highways opened
access to far places to visit; all of that had a deep
influence on car design: more r'_oornl, more comfort,
higher speed and acceleration were needed. But even in
those times of fast growth, most of drivers put fuei
economy as a condition for their choices.

° With new strata of population reaching the threshold of
car ownership, very soon we got ta know what it means
to drive through narrow streets of our old cities. There
is no doubt that the word "congestion' has different
meanings in different geographic areas: in Europe it
means that it is better to drive a short car.
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Engine displacement. Displacement per class remain

within the same range throughout ail the vears:
according to definition (Fig. 1).

Engine specific power. A larger power is obtained

from the same ‘displacement; this fact is due : 1) to

higher compression ratios, allowed by anti-knock
gasoiines, 2) operation of the engine at higher
rotations per minute. Racing experience had a rote in
this changes. Ownership taxes based on displacement
and weight containment were aisa important factors
(Fig. 2).

Engine power. Each class of cars shows an important
growth In engine power; this was necessary in order
to meet mérket demand for superior performance after
the diffusion of highways and mountain tourism
(Fig. 3).

Passenger interior volume. Growth in affluence gave

origin to a search for more comfort = interior volumes

~ were increased in each class (Fig. 4) (See Appendix

2 for definition).

Curb-weight. in order to keep fuel economy, increase
in interior volumes and power were jntroduced while
maintaining curb weight approximately the same. New
packaging concepts were introduced (Figs. S, 8).

Aercdynamic drag. To allow higher top speeds while

keeping consumption down, new aerodynamic shapes
were introduced in all segments (Fig. 7).
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Acceleration. Driving in congested cities seems easier

if one can accelerate at the traffic lights; safety also
seems 1o increase if one can count on elasticity.
Acceleration here is shown as seconds required to run
0,62 miles (1000 mt) from idle. Small cars foliow the
generai trend. Main factor is the ratio between power
of the engine and curb-weight (Figs. 8, 9).

Top_speed. As a consequence of improved
aerodynamics, higher power and constant weight, top
speed increases for all cars. The small cars also
reach top speeds that once were prerogative of the
large cars. Highway speed is available to all
(Fig. 10).

Fuel Economy. Fuel Economy in each class, measured

at different constant speed levels, grows for all cars.
Under heavy fiscal pressure on fuel prices, the
market would not aliow increase in performance with a
lower Fuel Economy (Fig. 11).

Purchasing price. Until 1872 real prices of cars were

decreasing due to a strong competitive climaie,
increase in production volumes and new product and
production technologies. The abrupt change for all
classes after 1872-1973 is the resuit of several
interrelated causes:

- increase in international prices of energy and raw
materials

- decrease in stee! production voiumes
- increase in Unemployment

- growing in social tension especially in ltaly
in the factories and U.K.

-~ growing absenteeism



- Increase of rate of inflation

- decrease in market size particularty in  some
regions, and for some class of cars (lewer
subsegments of classe A and C, and class B)

= decrease in competitive - capability- on extra
European markets in front of strong Japanese
efforts (Fig. 12).

® Penetration of front wheel drive, the hatch back and
‘the diesel engine. Show the response of European

manufacturers” to the new challenges of traffic
congestion, air poliution, and energy dearth = the
benetration of front wheel drive, the hatch back
body, and the diesel engine. Radial tires, not shown,
now cover about 95% of production of most European
car-producers (Figs. 13, 14, 15)

® Interior volume x fuel economy. As a conclusion of

this fast panorama the last figure shdws that one of
the most comprehensive indices (interior volume x fuei
economy) went up 1,2% per year for classes A and B
and 2,1% for class C (Fig. 16).

2. THE EUROPEAN AUTOMOTIVE INDUSTRY AND THE NEW
FORCES AT WORK :

° It is a well known fact that the auto industry planning
requires a time span of at least 15 years, In fact 4 to 5
years are required to design an entirely mew mode! base
Upon proved technologies, and 10 to 12 years of

commercial life are required for an acceptsble return on



capital. As an example the models that will come on the
roads next year will refiect the state of technology and
market perception of 1975-76.

It may be useful to try to tist which new forces seem in
action that may change the consumers' orientations and
needs:

- price of gasoline in real terms
- income and income distribution

- traffic conditions in cities and legisiation
- diffusion of two cars families

- access to car ownership by low income families

- change in family and life styles: school leaving age,
marriage age, number of children

- pricing of old style cars on the used market

-~ working hours & leisure
- legislation for safety
- legislation for better environment

- legisiation on fuel economy

legislation on speed limits

and to complicate further the probiem, technological
responses to these challenges will probably constitute an
additional change-inducing factor.

The complexity and the inherent huge risks of
automotive planning has induced many governments to
reduce the uncertainties at the price of reducing liberty
of choices even before complete knowledge is available.
To compensate for the effort imposed on this vital
industry, government intervention is often accompanied
by public funding of research and deveiopment, or, in



some cases, of restructuring and reorganizations of
automotive companies that do not seem in condition to
survive the next epochal change.

The following table iilustrates some aspects of the
variety of government policies for some countries.

2.1 Recent successful models: the new baseline

? Interior wvolume x miles per gallon is a well known
comprehensive index of design efficiency {1].
An alternative index can be proposed in order to
faciiitate evaluation of gasoline and diesel cars,
replacing the capacity measure with the weight of fuel.
A handy index could be to consumption of fuel per

interior volume:

Pounds of Fuel

- Cubic Feet of Int. Vol.

for a given combined cycle (°).

If we then estimate the energy spent (on a given
combined cycle) by a vehicle (of a given weight and
drag area), we can write down this simple equation:

- o -

(®) Definition of a selected "European combined cycle” is
given in Appendix 1. Interior voiume definition used is
commented in Appendix 2.



Pound of Fuel Pound of Fuel HP hours
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for a given combined cycle (°).-

That is "consumption per cubic FT" (on cycle) is equal
té "vehicle specific consumption" times "energy spent per
cubic foot of interior volume" (on cycle).

° The two new indices conNvoy messages directed to two
kinds of creative people whose cooperation is vital for
better design of cars. The first index is useful to
evaluate the effort of mechanical engineers and engine
designers. It is expressed with a unit of measurement
familiar to them and they know how to reconcile this
figure with their owns. The second is useful to evaluate
the job of the structural engineers, aerodynamicists and
stylist. it expresses the ability to package a required
volume into a streamiined shape and to employ light and
strong (and hopefully convenient) materials.

The two new indices are in fact parameters of efficiency,
and reasonable targets can be estabiished for each.
We have gathered information on these parameters for

some recent successful European cars.

2.2 Lb. of fuel per cubic foot of Int. Volume (on 100 kms of

European cvycle) (62,3 miles)

® In order to visualise potential benefits form the above
concept some data on recent successful European cars

------- -

(®) Estimation of energy spent by a vehicle on the European
driving cylce in contained in Appendix 3.



will be presented for each index. The most
comprehensive index is consumption per cubic foot of
internal volume.

For each class of car data for asverage, best gasoline
car and best diesel car (if available) are given. Only
the best recent cars have been seiected. In this and
following tables "Average" mean "average of the best”.

INTERIOR F.E. INTERIOR FUEL FUEL
VOLUME ( MPG } VOLUME | CONSUMPT. -
3 { Euwropaan x on Europmn | INT. VOL
Comb, Cycla) F.E. Comb. Cycle | Ib. / FT3
{to.}
& ] cm g X b d e=d/s
CLASS A
Average 424 30,325 1287 12.87 030
Best Gasol. 44.5 ns 1418 1210 0.27
Dissat - - - - -
CLASS B .
Avernge d4.4 2.9 141 135 .29
Bast Gasol. 48.4 29 1399 13.2 0.27
Diesel 43.4 36.0 1664 124 .28
CcLASS C
Aversge 438 23 1113 17.8 0.38
Best Gasol. 484 38 1182 161 0.33
Diesel 48.0 70 1296 16.1 0.33




2.3 Energy spent per cub. FT

of Interior Volume (on

Eurocpean cycie)

o EMERGY 3PENT ENERGY |
INTERIOR CUHS FRONT Cy | Ags Cq ON CYCLE PER INT.
VOLUME WEIGHMT ARLA {Sq F1) { MP hes | VOLUME
L HP hry
. Proo. Prop, Toxmi CU.FT
T ti) | isqFe) ~ %0 Weht | ta Air
: o -3 brag
s L = 4 0% 0Xd (tm2916 {qm1 02 | hwt=q | i = 3
; ) iy | xe ' :
Arerage 42,38 1589 18.15 a.48 338 ‘.78 838 | 1492 013
Sest Gaoi. 4.5 1578 183 0.43 738 58 83 | 133 231
Dies - - - - - - - - -
CLASE B o } - . )
Avaregs oS4 1974 19.7 0.42 LS &7 B4 { I8 3.3
Bart Gasel. g4 1720 9.7 0.42 4.29 2 84 | 148 030 -
Dienen a4 1308 19.7 d.42 L | 5 4 43 e
CLASS ¢ _ : :
Aversg (" ¥ ] nEs 2.8 045 241 9 5 188 =
Sert Gesol. ag 37 19.7 0.48 9.04 17 | %2 | g9 035
Dianed ao 2257 19.7 o468 9.04 18 22 | 122 LE o

° For this index it is possible to construct torgets based

upon the best experience and/or future technologies.

One way of determining objectives based upon best

current technology is to study current models and try
to extract from them the best. The charts in the next
page are the result of such an attempt. They show the

relationships between relevant parameters for each type
of body (Nothback, fast and hatckback).



EXTERIOR
VOLUME

FRONT AREA

FiG. 19
i

Cr

Dotted lines in Figs. 19 and 20 suggest objectives for
the future generation cars.

New targets (for gasoline cars) midway between current
best and future technolegy could be as follow:

wT. |curs | Test  {ExT. | erONT | €4 fa, X Cg it Sl Ll
VOL. | WEIGHT | WEIGHT | VOL. | amEA e 1AD INT. VoL
ol BT T T P12 | Owt{Drag | T [0 e #TS
CLASS A
TARGET
He 2| 1200 | 1840 | 20 | s [037| 10 |are|s2zf 11y o2
CLASS B
TARGET - - IR ' - '
Ha 43| 1800 | 140 | 20| 172 [ode) ex: |ss2|a32{ 12| o028
CLASS ©
TARGET :
NB aa | 00| 200 | 315 104 |03s] s40 |71 |aszfr3e] oz




2.4 Pounds of fuel per horsepower required by the vehicle
on European cycle

° Data for this parameter found in best recent cars are
presented in the following chart:

FUEL . OF FUEL P LBs OF Ac;::g::;r.
NOMY Eurogean Sount oA FUEL
‘mm tos ) European = |rQA 1000 mt
{ Compashs Crae Cyde HP W { 0.82 miles }
Ew 52 miles
Crae) [®7 T X9
N . sle
CLASS A
Aversge 30.3% 1167 14.1 .M a0
Sast Gamorine .0 Rt T 14.4 o.is 40
Cobanant - - - - -
CLAZIS B
Avsragn 3 13.48 181 2.9 78
S Gasoline 2.2 13.2 14.4 2.5 n
Cranm 35 1L 149 158 A
CLASS C
Aversge p-X | 17.8 1.5 0.9 n
Bert Gaolne o3 kL N 183 .. »
Diwsad Fod] it 8 203 .. dd

This index is a measurement of a very complex reality
where the main ingredients seem:

1) Efficiency of engine itself (compression ratic, mean
piston speed, valve size and timing, fuel
introduction, air/fuel ratio, timing of ignition, timing
of inJection, geometry of combustion chamber, heat

dispersion, turbocharging materials of cranckase and
cylinders-head, electronic controls);



2) Properties of fuel (calorific power, knock resistance,
compatibiiity with poilution control devices);

3) Pollution control devices;

4) Ratios between piston speed and wheel speed at
frequently utilised operating points in cycle;

$) Transmission efficiency, lubricants.

An objective often found on published statements of
many European manufacturers is that electronic control
on ignition and injection, new chambers, and
turbocharging, can improve the efficiency of gasoline
engine by 15%, leaving acceleration & elasticity
unimpaired. On the other hand envisaged pollution
legislation will reduce efficiency by 10%.

A 5% gain on current gasoline engine efficiency can be
expected, T.he direct injection diesel couid show
improvements of 15% if noise can be reduced.

Better matching, on the other hand, can introduce
important trade-offs beetwen acceleration and fuel
economy.

Infact reduction of piston speed (by adopting larger
dispacements for the same power) and the correct
proportioning of power itseif, can improve the pound
per horse power used in the cycie by higher
percentages, with some reduction of performance that
can be acceptable by a not negligeable segment of the
market. ' ' ) o ) s
To conciude this naturally inconclusive section, the
target of ibs/HP-hr could be set at 0.75.

If the two elemetary target are correct, and if the
market will accept new shapes, new packagings, new



materials and horsepower lower accelerations, total fuel
consumption per cu.ft. of Interior volume could be set
for popular cars of class A & B as follows:

ag,19 0,255 X 0,75
Pounds/cu.ft. HP hr/cu.ft Pounds/HP hr

or, in MPG (on the European cycle)

POUNDS POUNDS
OF FUEL OF FUEL
cuB. FY ... ON EUROP. MPG
INT.VOL. COMB.CYCLE
CLASS A 42 x 0,19 = 8,03 = 47,5
CLASS B 48 x 0,19 = 9,18 = 41,6

which corresponds to about a 50% increase in mileage
relative to the best European gasoline cars, or a 20%

improvement on best diesel cars on the roads now.

2.5 Technology promises and eurcpean industry commitments

2 Discussion on the possibility of setting commoen fuel
consumtpion targets for all European Economic
Community countries were initiated in December 1977 at
EEC Headquartes in Bruxelles (Special Group for
Rationat Use of Energy). European manufacturers as a




group prefer to participate in wvoluntary schemes for
reducing fuel consumption.

Officially proposed targets are: 10% re&uction relative to
cars marketed in mid year 1978. Given the time scale,
and the size of investiment required for introducing
new engines and new technology oniy few models will be
entirely new. Considering that at least two thirds of
the car sold in 1985 will belong to the curren
generation, the target implies that the new generation
vehicles will be torgueted to very ambitious consumption
reduction.

So that part of the gains foreseen for 1990, will have to

be found in the cars seven years fraom now.

in" U.K., were national average consumption is around
24 mp (US)g: the target for 1985 is 26,4 mpg (4% less
than US government standard for the same year).

in italy and France starting points are much higher
(31 mpg), due mostiy to a higher proportion of class A
and B cars, but the targets are equaily expressed as a
10% improvement on 1978.

In Germany the governement shows a different attitude:
a generous government supported program to generate
different models of integrated research wvehicles has
been started in earty 1978.

An objective of 30% reduction in consumption on current
average cars has been set for three classes of cars
under the "three E's" slogan (Energy, Environment,
Economy) (33,6 mpg for cars under 2200 Ibs of
curb-weight, 24,8 for cars more than 2200 and less
than 3300 ibs and 21 mpg for car over 3300 Ibs). This
is a height urgency plan: testing of prototype shouid
be finished by fall of 1882. Judging by intermediate
reports already published German researchers and



engineers are working on these programs with a far
longer perspective than the announcement of objectives

let believa.
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