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Absolute Motion: Exercise Jf

Article 5/3

Absolute Motion 345

Sample Problem 5/4

A wheel of radius r rolls on a flat surface without slipping. Determine the
angular motion of the wheel in terms of the linear motion of its center 0. Also
determine the acceleration of a point on the rim of the wheel as the point comes
into contact with the surface on which the wheel rolls.

Sofutfon. The figure shows the wheel rolling to the right from the dashed to
the full position without slipping. The inear displacement of the center € 15 =,
which 15 also the are length C'A along the rim on which the wheel rolls. The ra-
dial line O rotates to the new position () through the angle #, where # 1
maasured from the vertical direction. If the wheel does not slip, the are A must
equal the distance s. Thus, the displacement relationship and its two time deriv-
atives mive

5=r
U = ra Ana.
ag = re

wherevg = s, ap =g =5, = f,and & = & = #. The angle #, of course, must
be in radians. The acceleration ag will be directed in the sense opposite to that of
vy if the wheel is elowing down. In this event, the angular acceleration o will
have the sense opposite to that of w.

The origin of fixed coordinates is taken arbitrarily but convendently at the
point of contact between C on the rim of the wheel and the ground. When point
' has moved along its cycloidal path to C7) its new coordinates and their time de-
rivatives become

r=g—rsinf =rf — snf) y=r—rcos@=ril — cosf)

i=rﬁ{l—m5&]=u9{1—m5ﬂ] jr=rﬁahﬂ=uasjnﬂ

¥ =tg(l — cos§) + v sin 6 ¥ = g sinf + vgh cos §

=aﬂ[l—m5-ﬂ}+m!nﬁ =aﬂainﬂ+rmgmaﬁ

For the desired instant of contact, # = 0 and

=10 and ¥ = ra® Ans.
Thug, the acceleration of the point C on the rim at the instant of contact with
the ground depends only on r and @ and is directed toward the center of the
wheel. If desired, the velocity and acceleration of € at any position # may be ob-
tained by writing the expressionav =1 + ¥J and a = ¥ + ¥].

Applieation of the kinematic relationships for a wheel which rolls without
slipping should be recopnized for various configpurations of rolling wheels such as
those illustrated on the right. If a wheel slips as it rolls, the foregoing relations

are no longer valid.

?) Olearly, when §

Helpful Hints

'I' These three relations are not entirely

unfamiliar at this point, and their ap-
plication to the rolling wheel should
be mastered thoroughly.

0, the point of
contact has zero velooity so that x

¥ = {i. The acceleration of the con-
tact point on the wheel will also be
obtained by the principles of relative
mation in Art. 56,



