Velocity in Mechanisms m

2.3.7 Four-Bar Mechanism

(a) Consider the four-bar mechanism, as shown in Fig.2.7(a), in which the crank ) A is rotating
clockwise with uniform angular speed @. The linear velocity of point 4 is v = @ x O, 4 and it
is perpendicular to O A. Therefore, draw o, L O, A4 to a convenient scale in Fig.2.7(b). The
velocity of point & 13 pcrpcndlr.ular to O,B. I l‘:crcforc at point o, draw o &6 L O.8. The relative
velocity of I with respect to A is p-.rpcndu.uldr to AB. Therefore, druw ab J_ AL mcctmb 1 the linc
drawn perpendicular to 2, 8 at b. Then v, = o, b, and v, = ab. To find the velocity of joint €, draw

ac L AC and be L BC to meet at ¢ Imnnc Then v —ulc

Now
vh = 1Iu + 1".'“

=o0a +abh= alb

V.=, v,
=ob+be-ape
and also,
L}Zﬂﬁ+ﬂw

=na+ac=ore
To lind the velocity of any point 22 in A8, we have

BD _ hd
Bd  ha

bhd = E ha
BA

or
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0, 10,8
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ab LAB
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(8) Configuration diagram (b) Velocity diagram

Fig.2.7 Four-bar mechanism with ternary link
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Thus, locate point  in ah and join o . Then o,d = v, Ta find the relative velocity of Cw. r. 1. D,
join ed. Then v_ = dc. The velocity image of link ABC is abc.

(b) Now consider the four-bar mechanism, as shown in Fig.2.8(a), in which thec crank A8 is rotating
at angular velocity @ in the anticlockwisc dircetion. The absolute lincar velocity of B is @- AB
and is perpendicular to AB. Draw oy | 48 to a convenient scale to represent v, , as shown in
Fig.2.8(b). From &, draw a line perpendicular to 8C' and from *a’ anather line perpendicular to
(‘D to mcet cach other at point ¢. Then, ac=v_ and e = v, . To find the velocity of any point £
in BC, we have

CE ce

CB b

CL
ce=| — |-¢b
(&)

Thus, locate puint ¢ in ¢b and join ae. Thenae=v .

or

C
= b vb.
Ve
ok Ves 1AB
1BC = 8,d
1DC
€ Veef
(m) Configuration diagram (b) Velocity diagram

Fig.28 Four-bar mechanism
The rubbing velocitics at pins of joints arc:

1\ ; n']m’: ) f’:‘
B:lw,tw,)r
Ci(w, Lw)r

n: '
| [N m, r

where r is the radius of the pin.

Use the + ve sign when angular velocities arg in the opposite directions,
et el

w,=— and o  =—

RN ¢/))

2.3.8 Shider-Crank Mechanism

Consider (he slider crank mechanism, as shown in Tig.2 %), in which the crank OC is rotating clock-
wise with angular speed . PC s the conngeting rodl and £ iy the slider or piston,

The linear velocity of C. v = 0C

To draw the velocity diagram, draw a line oc = v_from point o, as shown in Fig.2.9(h), represent-
ing the veloeity of point  to a convenicnt seale. From point ¢ draw a line perpendicular to CP. The
velocity ol slider 2 s horizontal, Therclore, from point o draw a ling parallcl 10 OP 1o interseet the
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po %
(b) Velocity diagram

Fig.2.9 Slider-crank mechanism

line drawn perpendicular to CP at p. Then the veloeity of the piston, v, = op and the veloeity of piston
P relative to crank pin C'1s v =cp. To find the velocity of any point £ in CF, we have

CE/CP = cefop
or e = ({.'.F.'x"(.'ﬂ) L

Thus locate point ¢ in ¢p, join oe, Then v = oe
Rubbing velocities are:

Qe 'r

P,

C: (mw +mu' ) “F,

2.3.9 Crank and Slotted Lever Mechanism

(Consider the crank and slotted lever mechanism, as shown in Iig.2. 10(a). The crank (04 is rotating at
a uniform angular speed @, Let OF =5 AC =/, and OA = d. Linear velocity of B, v, = ra. Draw ob =
v, and perpendicular to Q8 to g convenient seale, as shown in Fig.2.10(b). v, is the velocity of point £
on the crank 08, The velocity of the slolted lever is perpendicular (o AC. The velocily of the slider is
along the slotted lever. llence draw a Ine from b parallel (o AC to meet the line perpendicular o AC

at o Now, ap=v . and
[AC}
ac=v=|—|.v,,
A.‘U : r

From point e, draw a linc perpendicular to €22 and from point o draw a linc parallel to the tool
motion, o intersect at point o,

Velocity of cutting tool, v, = ad

The component of the velocity of the crank perpendicular to the slotted lever i1s zero at positions
4, and 8, Thus for these positions of the crank, the slotted lever reverses its diveetion of motion, ..
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(a) Configuration diagram (b) Veloclty diagram

Fig.2.10 Crank and slotted lever mechanism

(4

Time of cutting stroke/Time of return stroke = _
(360" —2)

At positions &, and B, the component of velocily alonyg the lever is zero, 1.e. the velocity of the
glider at the crank pin is zero, Thus the velocity of the lever at crankpin is ¢qual to the velogity of
crankpin, Le. 0, The velocities of lever and toul at these pumnts are minimurm. The maximum cutlling
velocity occurs at B, and maximum return velocity occurs at I,

s
Maximum cutting velocity = (Uﬁ-m_][ ; ]

AL

Jd !
= () [ Ty r] (2.74)

Maximum return velocity = (08 'w)[ :II .-:; J

4

_ {
= {Jt.{.'_]|:-—d_r:| (271’]
) , , , , d=r e
Mauximum cutting velocity/ Maximum return velocity = o (2.8)
r.

2.3.10 Drag Mechanism

The drag mechanism is shown in Fig 2,1 1(a), Link 2 rotates at constant angular speed ©, Link 4 rotalcs
at a nonunilorie velocity, Ram 6 will move with nearly constant velocity over most of the upward
stroke to give a slow upward stroke and a quick downward strake when link 2 rotates clockwise,




