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Engineers have understood for vyears that "weight begets
weight" in any efficiently designed machine. The heavier the
working parts of the machine have to be to do their job, the
sturdier must be the bearings and the support structure.
Furthermore, the heavier the working parts are, the more
severe the vibration problems become, which problems usually
require the addition of still more weight in the base and
supporting structure.

In the case of automobiles, aircraft and other self-propelled
vehicles, the addition of weight in the working parts is
substancially more important than in a stationary machine.
All parts of the vehicle, including the working machinery and
supporting structure, have to be propelled, accelerated and
decelerated, and the overall weight of the vehicle directly
determines the performance of the vehicle, including its fuel
economy, acceleration, etc. The design weight of the very
first subsystem designed, be it an aircraft spar or an
automotive engine, largely determines what will be the weight
of the other subsystems, and as such the vehicle as a whole.

Overall weight has a direct effect on cost. The weight and
the material used for a component provide a starting point for
most cost estimates. The relative cost of many similar
machines, including automobiles, are often "guesstimated"” by
simply comparing their weights.

Finally, the weight of components can have a direct effect on
the marketability of an automobile. Currently, the single
greatest 1limiting factor today in the amount of horsepower
which can be produced in four cyclinder engines produced in
the U.S. is the fatigue strength of connecting rods. This is
due to the need to keep the secondary harmonic vibrations
generated by the reciprocating mass in a four cylinder engine
at as low a level as possible, since the buying public will
only tolerate certain low levels of vibration. Any increase
in the weight of a connecting rod to allow meeting market
demands for higher horsepower may be associated with lost
sales due to higher vehicle vibration levels.

The fact that a weight increase in one part of an automobile
causes weight increases in other parts of the car was
quantified, and examples given, in a paper by Leo Artinian and
S. L. Terry in March of 1961 before a national meeting of
the Society of Automotive Engineers. The cumulative effects
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of weight increases were demonstrated by plotting the weight
of several sizes of specific car components against the weight
of the cars in which these components were used. That was
done for a number of different components -- the differential,
the front and rear suspensions (separate), the steering gear,
the wheels and tires, the engine, the transmission, etc. See
Table 1. (1)

Weight increase in any part of the car causes
adverse functional effects or weight increase in:

Engine
Transmission
Torque converter
Clutch

Final drive
Brakes

Steering

Front suspension
Rear suspension
Exhaust systen
Fuel system
Wheels and tires

Table 1: Components Affected by Car Weight Changes

Naturally, each of these curves was a step function, since in
some cases there were only two or three different component
sizes for all of the different weight cars considered. But
the cumulative curve for all of the different components was
added, resulting in many small steps from which a straight
line was derived. This revealed that for the data use, the
addition of a pound of weight to the steering gear required
the addition of 0.539 lbs. of weight to other working parts
of the car. This 1is a surprisingly high number, but
representative of the numbers arrived at for one pound
increases in other portions of the car using the sanme
empirical method.

The amount of weight added to the rest of the car varies
widely with some components. It is clear that a change in the
weight of the connecting rods, for example, has a very great
influence on the weight of all of the major structural
elements in the engine -- the crankshaft, the block, the
bearings, etc. It is even possible that the overall dimensions
of the engine can be reduced if lighter connecting rods can be
made to work satisfactorily, and in such a case a pound
reduction in connecting rod weight could make possible the
saving of as much as 20 pounds of engine weight, which could
gsave s8still another ten pounds or so of chassis weight. No
attempt was made in the reference paper to break any of the
principal car components into detailed parts because of the
obviously complicated nature of such a study, but engineers
familiar with engine design for example estimate savings of
at least 10 to 1 are available for every pound saved in
connecting rod weight.
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Oon the other hand, a pound of weight added in a stiffening
body panel has an effect on the weight of the rest of the car,
but to a much smaller extent. Each component has a different
degree of effect on overall car weight, with some of the more
important elements, like the connecting rod, being orders of
magnitude more important than others.

Auto engineers have their own "rules of thumb" as to the
cumulative weight effect of weight reductions in various
specific components. Suspension engineers have said that a
pound of unsprung weight saved (wheel, tire and portions of
the brake and suspension system) will allow up to a ten
pound saving in the rest of the car.

Much as engineers would 1like to guantify precisely the
cumulative weight effects in the car due to weight savings in
specific components, they have so far not been successful in
this effort, at least as far as the authors are aware.

Terry and Artinian, in their paper, sought to connect the
weight penalty in the rest of the car to dollars and cents
penalty in order to be able to make better day-to-day
decisions when material options were being considered. To
stay on the conservative side (that is, to be sure not to
overvalue the cost of weight) they used only the average cost
of the material to which they added a freight cost addition
(parts shipments as well as cost of shipping the entire car).
No cost associated with manufacturing the parts was included.
The results using the 1955 economics ran from $0.088 to $0.219
per pound, with the figure running $0.126 per pound for the
steering gear, which was the original part analyzed. All of
these were for the 1960 Plymouth car line. Examples of
possible substitutions of aluminum for iron in parts like the
transmigsion housing were given, which showed that while the
substitution of aluminum for iron might indicate a substantial
penalty 'on the face of it because of the higher material cost,
the weight saving made possible would more than offset the
penalty with savings in the rest of the car.

Oon the basis of using 1986 dollars, this says that today a
pound taken out of the steering gear would save $0.309 in the
cost of the rest of the car. (2) -

Table 2 shows these affects, represented in 1986 dollars, for
weight reductions for the various parts of an automobile
interactively affected by weight (1). -

Unfortunately, during the 1960's this concept was never made
more than that -- a concept. Even though the logic was there,
the potential cost savings never were exploited in the U.S.
to any extent until the enactment of The National Energy
Conservation Act which required companies to meet rigid fuel
economy standards. Among other provisions, the Act required
companies to meet rigid Corporate Average Fuel Economy
(CAFE) standards, and levied substantial fines on those


















