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To solve this problem we’ll have to use a formula from Dynamics, namely
ZMP =Igd+mp X dg
This states that the sum of the moments about an accelerating point (and the contact point
P is certainly accelerating) is equal to the rotational inertia times the angular acceleration

plus a term equal to the body’s mass times the acceleration of the center of mass times the
“moment arm” from the center of mass to the point P.

The acceleration of G is given by
dg = r6fiy — phib; — ph%bs

The moment of inertia about the center of mass G is given by

1 16 2
(2 - ng)mr
Thus our moment sum becomes
4r . . 1 16 25 on  Amr? .,
mg( 37r) sin(6) = 5~ on2 Ymr0 + mp“0 + ey 6° sin(8)

To simplify this we’ll need to determine what p? is equal to.

From the figure we see that p?> = b* + d* where b =r — 2Z cos@ and d = 3= sinf. Therefore

3r 3
8r2 1672
202 _ -
prErt - cos(f) + onZ "

Using this value for p? and simplifying gives us

23— 16 cos(8) F 4mr? P
67 3n
Clearing the denominators gives us

4r
2 si — sl -
sin(@) + mg S sin(d) =0

(97 — 16 cos(6))d + 862 sin(0) + -8-1?- sin(6) =0
which, when linearized, yields

(97 — 16)0 + %flo =0

Wy = _—_89
"~V (r-16)r

By inspection
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