Elementary Dynamics
Point Moving on a Rigid Body (Sliding Contact)

The relative motion of two points fixed on a rigid body can be calculated using the relative
velocity and relative acceleration equations. These equations can be used to analyze many
systems such as slider-crank and four-bar mechanisms. However, many systems have sliding
contacts on rotating bodies. These systems cannot be analyzed using the relative velocity or
relative acceleration equations. We need a new set of kinematical equations for these systems.

Velocity of a Point Moving on a Rotating Body

Consider the rigid body B shown in the diagram. path of P on B

Point P moves on B, while point Q is fixed on B. The

unit vectors ¢, and e, along the x and y directions are

fixed in and rotate with B. The position vector of P can

be written as

Lp=Lo+Lpp=ILo +(b1€1 +b2€2)-

The velocities of P and Q can be related by

differentiating this expression
_drp dry o d

L —7+E(b1§1 +b2§2) =Y +(51€1 "‘52?2)"‘(171?1 "‘bzéz)

where

he, +be, 2v,, (the velocity of P relative to body B)
be, +b,e, =b, (CL)B X Ql) +b, (@B X ?2) =W X (b1€1 + bz?z) =W XIpg

Here, @, is the angular velocity of B. Substituting into the expression for v, gives

Vp=Vo T Vpel TWpXLpio

Note this equation is like the relative velocity equation, but it also includes the velocity of P

relative to body B. Note also that some texts use a slightly different notation for the velocity of P

. : B _ B
relative to B. They write v, = (y PIO )xy Of Vpoy= Vp-
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Acceleration of a Point Moving on a Rotating Body

The accelerations of points P and Q can be related path of P on B

by differentiating again as follows Y

dVP dYQ dYPrel d
_2p 720 + 2w, x
T T d dt dt(~B KP/Q)

where
rigid body B

dYPrel d ’
7 Z(blgl +b2€2)

Y

- (5161 +52§2)+ (@B X Yprel)

= gPrel + (@B X YPrel)

d
%(@B X ’SP/Q) = (@B X ’ZP/Q)"‘ [@B X ’:d};/Q ]

= (Q‘B X ’ZP/Q)"‘ @Wp % (YPrel T (@B X ’SP/Q))

Substituting these results into the equation for a , gives

Ap=Qag T apy +2(€"B XYPrel)“‘(Q‘B X’:P/Q)+C£)B ><(CL)B ><’SP/Q)

In two dimensions, this expression can be reduced to

2
Ap=ag T dpy +2(@B XYPrel)"‘(QfB ><L”P/Q)_C’)B pio

Note this equation has two more terms than the relative acceleration equation. It has g, the

acceleration of P relative to the body, and it also has 2(@3 Xy Prel) which is called the Coriolis

acceleration. Note as before that some texts use different notation for the acceleration of P

B
aPc

relative to B. They write a = (g PIO )xy Of dp =
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