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Lecture 6



Linear Velocities bv Relative Velocities

EXAMPLE 3.1

The four-bar linkage, drawn to scale in Fig. 3.7a with all the necessary dimensions, is driven
by crank 2 at & constant angular velocity of an = 900 rev/min cow. Find the instantaneous
velocities of point £ in link 3 and point F in link 4 and the angular velocities of links 3 and
4 at the position shown.

SOLUTION

To obtain & grephical solution, we first calculate the angular velocity of link 2 in radians
per second. This is

o = (mﬁ) (z.;—':) (Lﬁ) =942 rndscow. m
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where the directions of & mdmmdﬂ:mhﬂhyth:mdui:pﬂhﬂrmﬁnﬁg.l&.

= 25.6 rad's cow, Anz, (4)

g = 49.6 md/s cow, Ans. (5)
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The result i
Fg=27.6 /s, Ans.
8s scaled from the velocity palygon.
Allcmatively, the velocity of point £ can be obtained from the velocity-difference
Equation,
vﬂ'=vf+v£fl (8)
by 8 procedure identical to that used for hation
ﬂrﬁhhmﬂﬁtj’ﬂm Eq- (7). This sc would produce the triangle

Suppose we wish to find Vi without the intermediate of calculating ;
case, we write Eqgs. (7) end (8) simultaneously, that is = s
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The offiset slider-crank mechanism illustrated in Fig, 3.8a is driven by shider 4 at a velocty ‘
Ve = —10i m/s at the position shown. Determine the instartaneous velocity of point D
and the engular velocities of links 2 and 3. |
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SOLUTION

The velocity scale end pole Oy are chosen and Vi is drawn, thuhmir!:pnhtfu
llhhtwhdghg 3.8b. Simultaneous equations are then written for the velocity of point 8,
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Vg =Ve+Voe =Y + Vas, (10)

and solved for the location of point B in the velocity polygon. _ ‘
Mhﬂmkﬂf,mmwﬂﬂhﬁmﬂyhmpuﬂmﬂuﬂﬂﬂﬂ
to locate point D; we then scale the line Oy.D, which gives

Fp=12.0m's Ans.

with the direction shown in the velocity polygon. !
The angular velocitics of links 2 and 3, respectively, are

Faa 'l'll'.'ﬂm'l= Ans. (11

”’“n,,.'n.nﬁum 200 rad's ccw ns. (11}

Ve _ 15mhs
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= 53.6 rad's cw. Ans. {12)

In this exsmple, Fig. 3.85, fhe velocity image of each link is indicated in the polygon.
thmﬁnmhdunfurpmhhmhmﬁdwmhdpmﬂ‘n be a velocity
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image for each link of the mechanism. The following points are true, m general, and can
be verified in the above two examples.

1. The velocity image of each link is a scale reproduction of the shape of the link in
the velocity polygon.

2. Thevelocity image of each link is rotated 90° in the direction of the angular velocity
of that link.

3. The letters identifiying the vertices of each link are the same as those in the velocity
polygon and progress around the velocity image in the same order and in the same
engular direction as around the link.

4. The matio of the size of the velocity image of a link to the size of the link itself is
equal to the magnitude of the angular velocity of the link. In general, it is noi the
same for different links in the same mechanism.

5. The velocities of all points on & translating link are equal, and the angular velocity
of the link is zero. Therefore, the velocity image of a link that is translating shrinks
io a single point in the velocity polygon.

6. The point Oy in the velocity polygon is the image of all points with zero absolute
velocity; it is the velocity image of the fixed link.

7. The ebsolute velocity of any point on any link is represented by the line from Oy
to the image of the point. The velocity-difference vector between any two points,
say P and (0, is represented by the line from image point P to image point 0.



