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VELOCITY ANALYSIS
The velocity v4 of a point A on a body is the rate of change of its position ra.
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Different points on a body will have, in general, different velocities. (Recall that velocity is a
vector, having direction as well as magnitude.)

The angular velocity, w, of a body is the rate of change of the angular position, 6, of any line on
the body.
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One body has one angular velocity. For planar motion, we can treat the angular velocity as a
scalar with a fixed direction, perpendicular to the plane of motion. Its sense is described as
clockwise (cw) or counter clockwise (ccw).

The relative velocity of a point A relative to B is the velocity of A as seen by an observer at B,
when B is itself moving.

Consider points A and B, both moving, whose positions
measured in a fixed frame of reference (OXY) are given
by the vectors ry and rg. These are absolute positions.

Now attach a frame of reference (Bxy) to point B so that it
moves with B (but does not rotate). The position of A
measured in this new frame is position of A relative to B,
written as rpp.

From the figure,

Iy =Tg + rAfB

Or

Tayp =Ty —Ip

By taking derivative, we get the relative velocity equation

VA,’B‘ =Vyu —Vh

If points A and B are on the same rigid body rotating with angular velocity
o, then the relative velocity has direction perpendicular to line AB and
magnitude v, /5 = ABw.



TYPES OF MOTION
The motion of a rigid body can be divided into three types:

Pure Translation: All points of the body have the same motion. There is no change in the
angular position of the body.

Pure Rotation: The body rotates about a fixed point,0. The velocity of any other point, A, on
the body has direction perpendicular to the line OA and magnitude v, = OAw.

General Motion: The body rotates as well as translates.

We will use the relative velocity equation and the above principles to solve problems of velocity
analysis of mechanisms.



The dimensions of the offset slider-crank linkage are given below along with the position
solution. If link 2 is rotating with angular velocity w, = 2 rad/s ccw, find the angular velocity of
link 3, w; and the velocity of slider, v..
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The dimensions of the four-bar linkage and the position solution are given below. If link 2 is

rotating with angular velocity @, = 15 rad/s ccw find the angular velocities of links 3 and 4, w3
and ..

r:'.-:- 0'2.01{-7‘ (0D mm Y

l":oA.;ll-Omm

e AB= gD mm .,A" " H; i

M= OyB = 120 MM /;2; J a \\*L

b, = 30°. 0, =15 radfs cew 4%18}1 %ﬁ - X
Position aclakion : Gy = TI-4° . B; = 106-6]

Fid W3, Wy

SoLUTION e orife mive%uﬂ@ equadion for Pmk A and B

Vg \/Pa * VB/&

Nolo Hrak .
Vl% s L. o 04 ;'g o\_‘tan/{ﬂ. 8‘ +90
VﬁLAJ—h O,h , ie, M‘M.J/(ﬂ.@-r‘?o-mo from x-cao

Voo & AB ,ic., ot angle 6 6 +90

Mao, Vg = W, = 40xIS = £qo mimjs
Suica we. ke ra vedbar (V) complefely mdﬂzzdwac,{ﬂ.maﬁ
the fire other vecdors, mmm.ﬁt&ue&uﬁgw

H’FMMPM'%O MVH~60'aanwj*(lllo°. Moo rim O
Josis o3 m ak Oy - 96° = 104690 = 166" Fom A drww

Ime aL 19'3-‘?o°= 21-9 =90 =-1%1°. C.m-fyw,ﬁtuz tu.a«i(z.



Lok the ©
"""?{%af A, B,O be of 8,7 -
] %MW t P W@d:vﬂz‘fh

Y=12 -166¢ = 1034°
B = 166+18) = 347°
o = Lo (8] = 4119°
(chacle Tl : 1034+ 3%7 + 6419 = 186, oK)

Now vaz S Lo

Vg o S0 V, = 70
o BO8, - 704
Ao G s

Ve
a6 5 Vg, = 1025 mufs

———t

Sum 1034 S 347’

Vgjp = 305, 40 93 V.g/_& o L5 (o



The dimensions of the double-slider linkage and the position solution are given below. If link 2

is moving to the right with velocity v, = 1.5 m/s, find the angular velocity of link 3, w3, and the
velocity of link 4, v,.
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