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PROBLEM 1

My mother-in-law, who is not an engineer, asked me recently why the front brakes on her
car always seem to wear out long before the rear brakes. What should I tell her?

While we are at it, I am aware that the inside pads usually seem to wear out before the
outside pads. Why is that?

Wear maps were developed by Lim and Ashby for a variety of materials. Sketch a typical
wear map, define the vanables employed and briefly discuss the different wear regimes.



PROBLEM 2

A machine contains two washers (annular discs), shown schematically above.
The upper washer rotates with angular speed o; the lower washer is stationary. To
lubricate the interface between the washers, o1l with constant viscosity u 1s supplied at the
inner radius (r;) at pressure p;. The pressure at the outer radius (r;) 1s po. There is full

film lubrication (no mechanical contact), with an oil film thickness 4 (which can vary
with location). The washers are very narrow, (¥,-ri)/ro << 1.

1)  Write down the differential equation governing the pressure in the lubricating
film (Reynolds equation), applicable to this problem.

11)  Simplify the equation in part 1, assuming 4 only depends on the radial location
(r); it 1s independent of the circumferential location (6).

iii) The film thickness distribution is given by A = Ar’, where A and B are
constants. Find the pressure distribution, p, in terms of r, r;, r,, pi and p,.



PROBLEM 3
This problem has to do with describing and analyzing the roughness of engineering

surfaces. For example, the surface shown below is said to have a certain roughness that
can be described by a probability density function and roughness parameter R.

< b

1)  Sketch the form of the probability density function.
11) Evaluate R, and R for a surface having this type of geometry.

1) How would the lay of a machined surface manifest itself in the measurement
of R, and Ry.
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