Velocities on Wheels Rolling Without Slip

Because many real world dynamics problems involve rolling wheels, we devote a separate section to describing the velocities on such wheels.  The figure below uses an absolute analysis approach to describing the displacement, velocity and acceleration of the center of a wheel rolling without slip.  Because the wheel is not slipping, there is a direct relationship between the velocity of the center and the angular velocity, , so if one is known, the other can be determined.  If, on the other hand, the wheel was slipping, no simple equation can be written to relate the rotation and translation.  In short, both angular velocity and velocity of the center must be specified in order to describe the motion of a slipping wheel.
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    Point D, if its Velocity is Zero, acts as

 an Instantaneous Center for the Wheel

Any point where two rigid bodies touch, if

no slip occurs, the two rigid bodies share a

common velocity.  So if a wheel rolls on

stationary ground, the velocity of that point

is zero at the instant it is in contact with the

ground.
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If the velocity of point D is zero, it becomes an IC

for the rolling wheel and can be thought of as a ‘pin.’

The velocity of any point on the wheel, therefore,

 is equal to r, where  is the angular velocity of the 

wheel, and r is the distance from the IC to the point of 

interest.  The direction of each velocity is      to a line 

drawn from the IC to the point of interest.  Many times

it is more trouble than it's worth to determine the distances

to find the velocities, so we use the relative velocity 

method.  But visualizing the IC helps the student 

visualize the correct velocity directions.
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	Example Problem  _______:  Velocities on a Rolling Wheel

	The 10 inch radius wheel at right is rolling to the right without slipping.  If the velocity of the center C of the wheel is known to be 10 inches/sec, determine:
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	(a)  :  We know that vC = r;  therefore 10 inch/sec = (10 inches)();  so  = 1 rad/sec  
[image: image8.wmf]
(b)  
[image: image9.wmf]D

v

r

:  Write a relative velocity equation, and we determine that   vD = 0,  as expected.
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:  Write a relative velocity equation, and we determine that   vA = 20 in/sec 
[image: image12.wmf].
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:  Write a relative velocity equation to determine that 
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:  Write a relative velocity equation to determine that 
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