8.9 Landing Aircraft
An aircraft lands at a speed v. Before it touches down, its wheels are not rotating. Describe in
words what happens when the wheels touch the ground. Assuming that each wheel has radius R and
moment of inertia I and supports a weight Mg, and that that the pilot does not apply reverse thrust
until the aircraft is no longer skidding, how fast is the plane moving when it stops skidding?
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Problem 8.9

Initially the plane is moving too fast and the tires too slow to satisfy the rolling
constraint. Friction acts on the wheels. This creates a linear acceleration that slows the
plane down and an angular acceleration that spins the tires. At some moment the linear
speed of the plane and angular speed of the tires are appropriate for rolling. Static friction
will then maintain the rolling.

Each tire supports a weight M g where the total mass is given by Mpor = nM where
n is the number of tires. Now suppose the runway exerts a friction force Fi;. on each tire.
The force equation for the plane is

o Ffric

nMa = nFg;. — a i

The friction force while sliding is constant; hence the velocity is given by

The torque equation (about the center of a tire) is

o RFﬁfric

ITa = RFpse = « 7

Again, the friction force is constant; hence the angular velocity is given by

RFfl‘iC "
w= .
1
Rolling occurs when
Ffric RFfrlc
v = Rw — UO—M-t—R- 7 -t

The solution to the above equation is

t = kl
Ffrlc (% + RTQ)
The velocity at this time is
MR?
= IMR2 — Yo T
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