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IF ONLY CARS COULD FLY...

Have you noticed that the design philosophy of the car that you drive is approaching the design
philosophy for airplanes? No, we don't mean that cars are about to sprout wings and soar above the
traffic jams - though there is much that is attractive about that thought! We mean that today’s cars
are, of necessity, lighter, more compact, more durable, as well as being safer and more reliable and
comfortable. Any engineer involved with the dynamic components of a car or truck: the powertrain,
steering or suspension; is immediately faced with the dichotomy of designing smaller parts to carry
greater loads. For instance, a transmission engineer has only so much space in which to work, under
the hood of an aerodynamically efficient front wheel drive vehicle. Then, no sooner does he have a
successful transmission than the engine design guys figure out a way to increase the horsepower....

If you think the problem is limited to passenger vehicles, take a closer look at the huge trucks that
go hurtling past you: speed is obviously a selling point but so is weight, the less the better. Less truck
weight means more payload and it is payload that produces profits. (Doesn't that sound familiar to
you aircraft guys?) Under present day conditions of extended warranties, design criteria on materials
very quickly pass from ultimate or yield strengths to fatigue limits.

HOW TO INCREASE THE Let’s continue with the example of transmissions, since we all
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FATIGUE STRENGTH OF cantilevered beam that is deflected each time it engages with the

corresponding gear or pinion.' After (hopefully) many millions of
GEARS BY 200/ o to 500/ 0!! cycles, a tiny crack can eventually appear in the root of a gear tooth,
which is the area that carries the greatest load (actually, the tooth
root is the fulecrum of the cantilevered beam). How many millions of
cycles the tooth will last without cracking defines the fatigue life. How much load (stress) defines the
fatigue strength or endurance limit. It doesn't take much to figure out that as the load increases, the
life decreases. Fatigue life is usually plotted as an "S/N” curve: “S” for stress and “N” for number of
cycles to failure (Figure 1).? By definition, the fatigue strength or
endurance limit is the stress level below which the part will have
“infinite life”, a term which, like beauty, is in the eye of the
beholder. A designer of a gear that is used in a drill for the home
market may consider “infinite life” to be ten million cycles; a
similar gear for a professional tool may need to run for 100 million
cycles.

Returning to the transmission engineer who is faced with a
higher horsepower engine: he may soon discover that one or two of
his gears, or a shaft, for instance, start to break at less than
“infinite life”, as the load/stress goes up. What are his options?
Not too many:

1. He can consider a larger gear. That certainly would reduce
the load on each tooth but this is hardly an option. A
larger gear would almost certainly mean a larger
transmission which would no longer fit the design envelope
but would also involve a very costly retooling.

2. He can increase the strength of the material, if he is not
already at the limit. Mostly, transmission gears are of
carburized steel and case hardened to 60 HRC minimum
and, for practical purposes, that is about as strong as you
can get. Aircraft quality gears, for helicopter and turbo-
prop transmissions, for instance, and some marine gears,
can be made stronger but are cost-prohibitive for most
land-based applications. There is another problem,

Close-up of heavy duty ring and pinion set, shot peened at
MIC-Detroit.


















