MECHANISMS

1.1 INTRODUCTION

A mechanism is a set of machine elements or components or parts arranged in a specific order to produce
a specified motion. The machine elements or components are considered rigid or resistant bodies which
do not detorm under the action of forces. Resistant bodies are those bodies that do not suffer appreciable
distortion or change in physical form due to forces acting on them, for cxample springs. belts, fluids ete.
Elastic bodies are also resistant bodies. They are capable of transmitting the required forces with negligible
deformation. Rigid bodies are those bodies that do not deform under the action of forces. All resistant bodies
are considered rigid bodies for the purpose of transmitting motion. In this chapter, we shall study the different
ways of connecting rigid (resistant) bodies (0 obtain various tyvpes of mechanisms.

Kinematics is a subject that deals with the study of relative motion of parts constituting a machine.
neglecting forces producing the motion. A structure is an assemblage of a number of resistant badies meant
to take up loads or subjected to forces having struining actions. but having no relative motion between its
members. A frame is a structure which supports moving parts of a machine.
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1.2 ELEMENTS OR LINKS

A link {or element or kinematic link) is a resistant body (or assembly of resistant bodies) that constitutes
the part (or parts} of the machine connecting other parts which have motion relative to it. A slider crank
mechanism of an internal combustion engine, shown in Fig.1.1, consists of four links, i.e. frame 1, crank 2,
connecting rod 3 and slider 4.

Fig.1.1 Slider-crank chain

1.2.1 Classification of Links

Links can be classified as binary, ternary, quaternary etc. depending upon the ends on which revolute or
turning pairs can be placed, as shown in Fig.1.2. A binary link has two vertices, a ternary has three vertices,
 quaternary link has four vertices and so on.

o——— 0
(a) Binary fink (b) Temary link (c) Quaternary link

Fig.1.2 Types of links

Tl e are four types of links: rigid, flexible, tluid and floating links.

Ri dlink A rigid link is one which does not undergo any deformation while ransmitting motion. Links
in :neral are elastic in nature, They are considered rigid if they do not undergo appreciable deformation
wl 2 transmitting motion. for example connecting rod, crank, tappet rod etc.

Fi iblelink A flexible link is one which while transmitting metion is partly deformed in a manner not to
af ct the transmission of motion, for example belts, ropes. chains, springs etc.

F idlink A fluid link is one which is deformed by having a fluid in a closed vessel and the motion is
* ansmitted through the fluid by pressure, as in the case of 4 hydraulic press, hydraulic jack and fluid brake.

Floating link  This is a link which is not connected to the frame.

1.3 KINEMATIC PAIRS

Two links of a machine, when in contact with each other, are said to form a pair. A kinematic pair consists
of two links which have relative motion between them. In Fig.|.1, links 1 and 2, 2 and 3, 3 and 4 and 4 and
1 constitute kinematic pairs.

Kinematic pairs may be classified according to the following considerations:
+ Type of relative motion
+ Type of contact

+ Type of mechanical constraint
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Kinematic pairs according to the relative motion

Sliding pair  This consists of two elements connected in such a manner that one is constrained to have
sliding motion relative to another; for example, u rectangular bar in a rectangular hole, the piston and cylinder
of an engine, the cross-head and guides of a steam engine. the ram and its guides in a shaper, the tailstock on
the lathe bed eitc.

Turning (revolute) pair This consists of two elements connected in such a manner that one is constrained
to turn or revolve about the fixed axis of another element; for example, a shaft with a collar at both ends
revolving in a circular hole, a crankshaft furning in a bearing. cycle wheels revolving over their axles ete.
Rolling pairs When two elements are so connected that one is constrained to rol] on another element which
is fixed. they form a rotling pair. Ball and roller bearings, a wheel rolling on a flat surface etc, are examples
of rolling pairs.

Screw (or helical) pair When one element turns about the other element by means of threads, they form a
screw pair. The motion in this case is a combination of sliding and turning. The lead screw of a lathe with a
nut, a bolt with 4 nut, a screw with the nut of a jack etc. are some examples of screw pairs.

Spherical pair When one element in the form of a sphere turns about the other element which is fixed,
they form a spherical pair. The ball and socket joint, a pen stand, the mirror attachment of vehicles etc. are
some examples of spherical pairs.

Kinematic pairs according to the type of contact

Lower pair When the two elements of a pair have surface (or area) contact while in motion and the relative
motion is purely turning or sliding, the pair is called a lower pair. All sliding pairs, turning pairs and screw
pairs form lower pairs: for example, a nut tuming on a screw, a shaft rotating in a bearing. an universal joint,
all pairs of a slider crank mechanism. a pantograph ete.

Higher pair When the two elements have point or line contact while in motion and the relative motion is
a combination of sliding and turning, then the pair is known as a higher pair. Belt, rope and chain drives,
gears, the cam and follower, ball and roller bearings, 4 wheel rotling on a surface ete. all form higher pairs.

Kinematic pairs according to the type of mechanical constraint

Closed pair When the two elements of a pair are held together mechanically in such a manner that only
the required type of relative motion occurs, they are called a closed pair. All lower pairs and some higher
pairs (for example, the enclosed cam and follower) are closed pairs.

Unclosed pair ' When the two elements of a pair are not held mechanicaily and are held in contact by the action
of external forces, the pair is called an unclosed pair, for example, the cam and spring loaded follower pair.

1.4 CONSTRAINED MOTION

The three types of constrained motion are:

Completely constrained motion When the motion between a pair takes place in a definite direction irre-
spective of the direction of force applied. then it is said to be a completely constrained motion. For example,
a square bar in a square hole, a shaft with collars at each end in a circular hole, a piston in the cylinder of an
internal combustion engine, all have completely constrained motion.

Partially (or successfully) constrained motion When constrained motion between a pair is not completed
by itself but by some other means, it is called successfully constrained motion. For example, the motion of
a shaft in a footstep bearing becomes successfully constrained motion when compressive load is applied to
the shaft,

Incompletely constrained motion  When motior between a pair can take place in more than one direction,
it is called incompletely constrained motion, for example, a circular shaft in a circular hole.
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1.5 KINEMATIC CHAIN

A kinematic chain may be defined as an assembly of links in which the relative motion of the links is
possible and the motion of each link relative to the others is definite, The last link of the kinematic chain is
attached to the first link. The four-bar mechanism and the slider—crank mechanism are some examples of a
kinematic chain.

The following relationship holds for a kinematic chain having lower pairs only:

N=2P-4 {1.1a)
3N '
where N = number of links <

P

J = number of joints.

If LHS = RHS, then the chain is locked
LHS = RHS, then the chain is constrained
LHS < RHS, then the chain is unconsirained
For a kinematic chain having higher pairs. cuch higher pair is taken as equivalent to two lower pairs and
an additional link.

number of pairs

1.6 TYPES OF MECHANISMS

When one of the links of a kinematic chain s fixed, the chain is called a mechanism. Mechanisms are of the
following types:

Simple mechanism This is 4 mechanism which has four links,
Compound mechanism This is a mechanism which has more than four links.

Complex mechanism  This is formed by the inclusion of ternary or higher order floating link to a simple
mechanisimn.

Planar mechanism  This is formed when ail the links of the mechanism lie in the same plane.
Spatial mechanism This is formed when the links of the mechanism lie in different planes.

Equivalent mechanism  Turning pairs of plane mechanisms may be replaced by other types of pairs such as
sliding pairs or cam pairs. The new mechanism thus obtaincd having the same number of degrees of freedom
as the original mechanism is called the equivalent mechanism. For instance, '

+ A turning pair can be replaced by a sliding pair.

* A spring can be replaced by two binary lLinks.

* A cam pair can be repluced by one binary link with two turning pairs at each end.

1.7 MECHANISM AND MACHINES

A machine is a device that transforms energy available in one form to another to do certain type of desired
useful work. The parts of the machine move relative to one another. Tts links may transmit both power and
motion. On the other hand. a2 mechanism is a combination of rigid or restraining bodies which are so shaped
and connected that they move upon each other with definite relative motion. A mechanism is obtained when -
one of the links of the kinematic chain is fixed. A machine is a combination of two or more mechanisms
arranged in such a way so as to obtain the required motion and transfer the energy to some desired point by
the application of energy at some other convenient point. A machine is not able to move itself and must get
the motive power from some source.
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Some examples of mechanisms are the slider-crank, the typewriter. clocks, watches, spring toys etc. The
stearn engine. internal combustion engine, lathe. milling machine. drilling snachine etc. are some examples
of machincs.

Machines may be classified as:
Simple machine In a simple machine, there is one point of application for the effort and one point for the
load to be lifted. Some examples of simple machines are the lever, screw jack, inclined plane, bicycle etc.

Compound machine ln a compound machine, there are more than one point of application for the effort
and the load. A compound machine may be thought of as a combination of many simple machines, Some
examples of compound machines are lathe machine, grinding machine, milling machine, printing machine etc,

1.8 DEGREES OF FREEDOM

An unconstrained rigid body moving in space can bave three translations and three rotational mottons (that is
six motions} about three mutually perpendicular axes. The number of degrees of freedom of a kinematic pair
is defined as the number of independent relative motions. both translational and rotational that a kinematic
pair can have.

Degrees of freedom = 6 — number of restraints {1.2)

The degrees of freedom of some of the systems are as follows:

= A rigid body has six degrees of freedom.

= A rectangular bar sliding in a rectangular hole has one degree of freedom as the motion can be expressed
by the linear displacement enly.

= The position of the crank of a slider—crank mechantsm can be expressed by the angle turned through and
thus has one degree of freedom.

+ A circular shaft rotating in a hole and also translating parallel to its axis has two degrees of freedom. that
is, angle turned through and displacement.

+ A ball and a socket joint has three degrees of freedom.

1.8.1 Degrees of Freedom of Planar Mechanisms

Mobility of a mechanism The mobility of a mechanism is defined as the number of degrees of
freedom it possesses. An equivalent definition of mobility is the minimum number of independent parameters
required to specify the location of every link within @ mechanism.

Kutzbach criterioh The Kutzbach criterion for determining the number of degrees of freedom of a
planar mechanism is,
F=3N-~1)-2P — P | (1.3)

where F = number of degrees of freedom

N = total number of links in a mechanism out of which one is a fixed link.

N — 1 = number of movable links
P; = number of simple joints or lower pairs having one degree of freedom
P2 = number of higher pairs having two degrees of freedom

When two links are joined by a hinge. two degrees of freedom are lost. Hence, tor each joint two degrees
of freedom are lost. Therefore, for P; number of joints the number of degrees of freedom lost are 2Py, When
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a kinematic chain is made up ot different types of links, then the number of lower pairs Py is computed
as follows:

Pr= - 2N7 4+ 3Ny + 4Ny +- -] (1.4)

|
2
where N, = number of binary links

N3 = number of ternary links, and so on,

For linkages with lower pairs only, P» = 0. and
F=3N-1)-2p (1.5)

A joint connecting k links at a single joint must be counted as (k —1} joints, Only four types of joints
are commonly found in planar mechanisms. These are the revolute, the prismatic, the rolling contact joints
(each having one degree of freedom), and the cam or gear joint (cach having two degrees of freedom). These
Joints are depicted in Fig.1.3. The following definitions apply (o the actuai degrees of freedom of a device:

F =1 : thedeviceis 2 mechanisra with F degrees of freedom.

F =0 : thedevice is a statically determinate structure.

F < —1: thedevice is a statically indeterminate structure.
Joint type Physical Schematic Degrees of
{Symbaol) form representation freedom

1
Rergl)ute _ @/ ( ( (Pure rotation)
. . - 1
Prismac ﬁ Bawl (Pure siding)

c 2
CIa;"n {Rolling
gear and sliding}
Rolling (Rolling1without
contact sliding)

Fig.1.3 Common types of joints found in planar mechanisms

The degrees of freedom of some of the planar mechanisms have been listed in Table 1.1.

Gruebler criterion For a constrained motion, F = I, so that

1=3(N-1)-2P - P
or 2P+ P —-3N+4=0 {1.6)

Equation (1.6) represents the Gruebier criterion.
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If Py =0, then

IN
P = 5 -2 (1.7)
Therefore, a planar mechanism with /' = 1 and having only lower pairs, cannaot have odd number of links,

Table 1.1  Degrees of freedom of planar mechanisms

Mechanism N P A~ F=3N-1)-2P - P>

I. Three-bar 3 0 0
2. Four-bar 4 4 0 |
3. Five-har 5 0 2
4. Five-bar 5 4] 0 0
5. Six-bar 6 8 0 -1
6. Four-bar 4 5 0 —1
7. Three-bar 3 2 1 1
8. Four-bar 4 3 1 2
9 Fivebar 5 L 0 I

6 7 0 l

14, Six-bar

1.9 FOUR-BAR CHAIN

A [our-bar chain has been shown in Fig. 1.4, 1t consists of four hinary links. Link AD is fixed (called frame).
ABis the crank (or driver tink}, BC is the coupler (or connecting rod) and €D the lever (or rocker or follower
link). The input angle is & and ¢ the angle of transmyission. The coupler 8C may be a ternary link. The number
of degrees of freedom of the four-bar chain is one.

Coupler K c

Lever

Fixed link .

Fig.1.4 Four-bar chain

A link that makes complete revolutions is the crank, the link opposite the fixed link is the coupler, and
the fourth link is calted a lever or rocker. if it oscillates, or another crank, if it rotates.

The four-bar mechanism with all its pairs as wrning pairs is called the quadric cycle chain. When one of
these turning pairs is replaced by a slider pair. the chain becomes single slider chain. When two turning pairs
are replaced by slider pairs, it is called a double slider chain or a crossed doubie slider chain. depending on
whether the two slider pairs are adjacent or crossed.
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1.10  GRASHOF'S LAW

This law states that for a four-bar mechanism the sum of the lengths of the largest and the shortest Jinks
should be less than the sum of the lengths of the other links, that is,

(4 5y = (a-+M (1.8

where 7.5 = lengths of the longest and the shortest inks, respectively
«. b = lengths of the other links.
Censider the tour-bar chain shown in Fig.1.5. Let the length of fixed ink G20y = {1, crank O A = /1.

coupler AB = /3. and lever BOy = /5. The tollowing types ol mechanisms are obtained by adjusting the
lengths of various hinks:

/—”"_’Q o
A )/’/113 \

Fig.1.5 Four-bar chain

1.10.1 Crank-lever Mechanism

When for every complete revolution of link 2. link 4 makes a complete oscillation, the mechanism is called
a crank—lever mechanisni, as shown in Fig. 1.6, Here

U L) = iy + 140

Fig.16 Crank-lever mechanism

1.10.2 Double Lever Mechanism
in this case, links 2 and 4 both can only oscillate.
Here i+ =+
tfa + 131 = (fy -+ {D)
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The double lever mechanism is shown in Fig.1.7.

Fig.1.7 Double lever mechanism

1.10.3 Double Crank Mechanism

In this case, links 2 and 4 make complete revolutions. This niechanism is of two types.

Parallel—crank mechanism Here /) =/ and /- = /1. The mechunism is shown in Fig. [ 8.

2 4
1
02 04

Fig.1.8 Parallel-crank mechanism
Drag link mechanism Here {3 > /) and {y > /5.

Also o= th + 13— 1)
and fy < (b +1y -1
The mechanism is shown in Fig.1.9.

me

Fig.1.9 Drag link mechanism
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1.11 INVERSION OF MECHANISMS

A Kinematic chain becomes & mechanism when one of'its links is fixed. Therefore. the number of mechanisms
that can be obtained is as many as the number of links in the kinematic chain. This method of obtaining
difterent mechanisms by fixing different links of a kinematic chain is called inversion ot the mechanism. The
relative motion between varicus links is not altered as a resull of inversion, but their absolute motion with
respect to the fixed link may alter drastically.

1.11.1 {inversions of a Four-bar Chain

Some of the important inversions of a four-bar chain are the following: beam engine. coupled wheel of
locomaetive, Watt's indicator mechanism and the slider—crank chain.

Beam engine The beanm engine mechanism is shown in Fig.1.10. 1t consists of four links. When the
crank AB rotates about the fixed centre A, the lever oscillates about a fixed centre D. The end E of the lever

COE is connected to a piston rod which moves the piston up and down in the cylinder. This is also called
crank and lever mechanism.

Lever
~  Coupler
P D £ Piston rod
. c X 1]

e . B s 4
,/ Crank 3 L] Cylinder
i ! I

I |
| E |
v I 1 Frame
i 7
~ s

Fig.1.10 Beam engine

COUp'Ed wheel of a locomotive 1n this mechanism. as shown in Fig. 1.11, the links AB and
CD are of cqual lengths and act as crunks. These cranks are connected to the respective wheels. The link
BC acts as the connecting rod. The link AD s fixed to maintain constant distance between the wheels. This
mechanism is used to transmit ratary motion from one whecl (o the other. This s alsa catled the double crank
mechanism.

Fig.1.11 Coupled wheet of a locemotive

Watt's indicator mechanism This mechanism is shown in Fig. 1.12. [t consists of four links: a
fixed link at A. link AC. link CE and link BFD. Links CE and BFD act as levers. The displacement of link
BFD is directly proportional o the pressure in the indicator eylinder. The point £ on link OF traces out an
approximate straight line. 1t is also called double lever mechanism,

Single-slider—crank chain The single-slider crank chain shown in Fig. |13 consists of three turn-
ing pairs and one sliding pair. Link [ corresponds to the franme of the mechanism, which is fixed. Link 2 is the
crank and link 3 the connecting rod. Link 4 1% the slider. Tt is used to convert rotary motion into reciprocating
maotion and vice-versa.
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Indicator

Fig.1.12 Watt's indicator mechanism

-7 ~ o B 4 -
!/ 2 \‘I_“_‘“““- 3 C.'
1 !

\\ 1 // D

Fig.1.13 Single-slider—crank mechanism

1.11.2 Inversions of a Single-slider—crank Chain

The inversions of a single-slider—crank chain are pendiuum pump, oscillating cylinder engine, rotary internal
combustion engine, crank and slotted lever guick-return motion mechanism and Whitworth quick-return
molion mechanism.

Pendulum PUM  This inversion mechanism is obtained hy fixing link 4. that is, the shiding pair. as
shown in Fig.1.14. When link 2 (that is, the crank  rotates, link 3 (that is, the connecting rod) oscillates about
a pin pivoted to fixed link 4 at € and the pision attached to the piston rod (link 1) reciprocates in the cylinder,

‘(!7 _1 4 {fixed)

Pin -~ \ 1

Piston rod _

] L5 Piston
Cylinder « =

4

Fig.1.14 Pendulum pump
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Oscillating cylinder engine in this mechanisin. as shown in Fig.1.15, link 3 is fixed. When the
crank (link 2) rotates, the piston attached to piston rod (link 1) reciprocates and the cylinder (link 4) oscillates
about & pin pivoted to the fixed link at A.

Piston rod

Cylinder -

Connecting rod {fixed)

" Piston

Fig.1.15 Oscillating cylinder engine

Rotary internal combustion engine (Gnome engine) It consists of severa cylinders in
one plane and all revelve about fixed centre Q. as shown in Fig.1.16. The crank (link 2) is fixed, When the
connecting rod (link 4) rotates, the piston (link 3) reciprocates inside the cylinder forming hink .

Connecting rod
; 4
e

’ Fixed crank
2

Pistan
3

Cyl%ﬂder

Fig.1.16 Rotary internal combustion engine

Crank and slotted lever quick-return motion mechanism In this mechanism. as
shown in Fig.1.17. link AC (link 3) corresponding to the connecting rod is fixed. The driving crank C8B {link
2} revolves ubout centre C. Aslider (link 1) attached to the vrunk pin at Bslides along the siotted lever AP{link
4) and muke the slotied lever oscillate about the pivoted point A. A short fink PQ transmits the motion from
AF to the arm which reciprocates with the tool along the line of stroke. The tine of stroke is perpendicutar
to AC produced. This mechanixm is mostly used in shaping machines, slotting machine and rotary internal
combusticn engines.

. . . . o
Time of cutling stroke / Time of return stroke = - (1.9)

B
) CcB
Length of stroke = ZAP(—— {}.1{n
AC
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- Tool
- <o e Ram

R p—
Line of stroke P.%’,,ﬂ//

' Connecting
rod
I=]

- Shider
1

Slotted lever
4

Fig.1.17 Crank and slotted lever quick-return motion mechanism

Whitworth quick return motion mechanism In this mechanism, as shown in Fig.1.18, link
CD (link 2) is tixed. The driving crank CA (link 3) rotates about €. The slider (link 4) attached to the crank
pin it A slides along the slotted lever PA (link 1) which oscillates about pivot D. The connecting rod PQ
carries the ram a1 Q with cutting tool. The ram reciprocates along the line of stroke. It is used in shaping and

slotting machines. .
Connecting rod

o i
/o
Line of stroke o0
Slider - Fixed link
2
»
Crank
i+
PR
*
Slotted lever, 1 “
Fig.1.18 Whitworth quick-return motion mechanism
. . . , o
Time of cutting stroke / Time of return stroke = f_f (L.11)

Length of stroke = 2P0 (1.12)
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Toggle mechanism This mechanism has many applications where it is necessary to overcome
large resistance with a small driving force. Fig.1. 19 shows the loggle mechanism; links 4 and 5§ are of equal
length. Asthe angles o decrease and tinks 4 and 5 approach being collinear. the force £ required to overcome
a given resistance P decreases as:

F=2Plung (1.13)

Fig.1.19 Toggle mechanism

If & approaches zero. for a given F. P approaches infinity, A stone crusher utilizes this mechanism 1o
overcome a large resistance with a small force. 1t can be used in numerous toggle clamping devices, forholding
work pieces.

The summary of single slider—crank chain and its inversions is given in Table i.2.

Table 1.2  Summary of single slider—crank chain and its inversions

Links
Mechanism _%J Rntat_e;- Oscillates  Reciprocates

Single stider—crank chain link l 2 3 4
Inversions:

Pendulum pump 4 2 3 ]

Osciliating cylinder engine 3 2 4 ]

Crank and slotted lever 3 2 4 1

Whitworth mechanism 2 3 1 4

2 3 I 4

Gnome engine




Mechanisms

1.12 DOUBLE SLIDER-CRANK CHAIN

A kinematic chain consisting of two turning pairs and two sliding pairs is called double stider—crank chain.
as shown in Fig.1.20. Links 3 and 4 reciprocate, link 2 rotates and link 1 is fixed. The two pairs of the same
kind are adjacent.

.- Slider
4
.- Connecting rod
: 3

=N o

Crank

Fixed fink
1

(a) )]

Fig.1.20 Double slider—crank chain

1.12.1 Inversions of Double Slider—crank Chain

The inversions of double slider—rank chain ure the donkey pump, Oldham's coupling, the ellipticat trammel
and the Scotch yoke.

Donkey pump Figure 1.21 shows a donkey pump in which link 2 (crank) rotates about point A, One
end of the crank is connected to the piston through the piston rod. which reciprocates vertically in the punp
cylinder. This cylinder together with the body of the pump represent the fixed link 1. The other end of the
crank is connected to the slider tlink [). which reciprocates horizontatly in the cylinders.

Oldham's coupling Oldham'’s coupling shown in Fig. 1.22, is used to connect two paralle] shafts, the
distance between whose axes is small and variable. The shafis connected by the coupling rotate at the same
speed. The shafts have flanges at the ends, in which slots are cut. These form finks 1 and 3. An intermediate
piece circular in shape and having longues at right angles on opposite sides, is fitted hetween the flanges of
the two shafts in such a way that the tongues of the intermediate piece get fitted in the slots of the flanges.
The intermediate piece forms link 4 which slides or reciprocates in links 1 and 3. Link 2 is fixed.

Maximum sliding speed of each torgue along its slot
= Distance between the axes of the shafts x Angular velocity of each shaft (1.£4)

Elliptical trammel This is a device to draw ellipses. Fig.1.23 shows an elliptical trammel in which
two grooves are cut at right angles in a plate which 1s fixed. The plate forms the fixed link 4. Two sliding
blocks are fitted into the grooves. The slides form two sliding links 1 and 3. The link joining slides ferm
the link 2. Any point on link 2 or on its extension traces out an ellipse on the fixed plate, when relative
motion ocecurs,
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;  Guides
o = Slider
F JEEEEE 3
. - /
A /
// . : "~ Crank
< ; 2
e '.‘ -
s P
'/ ) . : .
- xv_‘ —-- Piston rod
'y -
’ RS P Piston
y
S

i Cylinder (fixed}
1

Fig.1.21 Donkey pump

- Intermediate
IV

C
A
A ey
FA - | :r/;-] ’
/i .
10
W

Fig.1.23 Elliptica! trammel
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X
X = BCcos# or = - =cost
C

¥ = ACsinf  or S sin #
Squaring and adding, we get AC

2 2
}s%erH‘c_?z | (1.15)

which is the equation of an ellipse.

Scotch yoke This mechanism gives simple harmonic motion. Its early application was on steam
pumps, but it is now used as a mechanism on a test machine to produce vibrations, It is also used as a
sine—cosine generator for computing elements. Fig.1.24 shows a sketch of scotch yoke mechanism.

Fig.1.24 Scotch yoke

X o= ¢ —rcost

= r{l - coswf) (1.16)
v = dy/dr = rewsinwr (.17
a = d‘z_ur,fd.f2 = rew” cos wt {1.18)

Example 1.1

Determine the type of chain in Fig. [.25¢a)—e).
B

Fig.1.25 Type of chain
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B Solution
(a) N=2P -4
N=3P=3J=3
Case (i) LHS =3
RHS =2 x3—-4=2
LHS = RHS

It is 4 locked chain and not a kinematic chain.

by N=4,P=4J=4

Case (i) LHS =4
RHS=2x4—4=4
LHS = RHS

It is a constrained kinematic chain.

{c) N=53P=57=75

Case (i} LHS =35
RHS=2x5—-4=¢6
LHS = RHS

It is an unconstrained chain and not a kinematic chain.

dy N=o6.P=51=7

Case (i) LHS =6
RHS=2x5—-4=6
LHS = RIS

It is a constrained kinematic chain.

fc) N=4.P=4./=4

Case (i) LHS =4
RHS =2x4—-4=4
LHS = RHS

It is a constrained kinematic chain.

Case (ii)

Case (ii}

(C'ase (ii)

Case (ii)

Case (i)

IN
J=2 2

7
LHS = 3

3x3
RHS = 22~ _2=135
LHS > RHS
LHS = 4

3% 4
RHS =~ " 2-4
LHS — RHS
LHS = 5

3
RHs:'f:S—z:s.s
LHS < RHS
LHS = 7

Ix0
RHS = 3 —-2=7
LHS = RHS
LHS = 4

3 x4
RHS = ; _2=4
LHS = RHS
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Example 1.2
Determine the number of degrees of freedom of the mechanism shown in Fig. | ,26(:1)—(h).

- Fork joint

o (@) (h)

Fig.1.26 Degrees of freedom for different mechanisms

B Solution
{(a} N=5 PFP=¢6 = ib) N=7 MN=5 Ny=2

= _ = — - 2x5+3x2
F=35-1-2x6=0 P, (2% —: X )=8

=37-11-2x8=2
(d) No= 4! Ny =12
=3 P=2 P=i
5o A N—=44+42=6
F=33-1—-2x2—-1=1 (2x443x2

P o= - . =7

F=36-1H)-2x7=1

-
|

=z
|

{c)
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) N»=5 MNy=2, Ny=1 i N=6 M=I
N=5+4+2+1=8 N=6+1=7
2x54+3x244x1
p = BX5+3x244xh p o= 2x6t3xD)_ 15
7 2 2
F=38-1)-2x10=1 15
) F=30-D-2x>=3
F=310-1)-2x12=23 F=37-Dh-2%x7—-1x1=3
Example 1.3

Find the equivalent mechanisms with turning pairs for the mechanisms shown in Figs.1.27-1.30.

H  Solutlon

l. A spring can be replaced by two binary links. Therefore, the equivalent mechanism is as shown in
Fig.1.27(b).

(o)
Fig.1.27 Equivalent mechanism for a cam pair
2. A cam pair can be replaced by one binary link with two turning pairs at each end. Therefore, the equivalent

mechanism is shown in Fig.1.28(b). The centres of curvature at the point of contact £ lie at 8 and C.
respectively.

Fig.1.28 Equivalent mechanism
3. The equivalent mechanism is shown in Fig.1.29(b} as explained in item 2 above. .

A 8

c

{b)

Fig.1.29 Equivalent mechanism
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4. A spring is equivalent to two binary links connected by a turning pair. A cam follower is equivalent

to one binary link with turning pairs at each end, The equivalent chain with turning pairs is shown in
Fig.1.30(b).

——

(a) {bj

Fig.1.30 Equivalent mechanism for two binary links

Exampie 14

Determine the number of degrees of freedom of the mechanisms shown in Fi g.1.31(a)(f).

— Roler

{f)

Fig.1.31 Number of degrees of freedom for the mechanisms



H Solution
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(a) N=235 M=3 ~Ny=2
2N2 + 3N
P = (202 + 3N
2
2x34+3x2
= =6
2
F=3N-1)-2P
=35—-Dh—-2x0=10
() N=§8 M=5 M=2
p (2N2 4+ 3N + 4Ny
I:
2
_ (2x5+3><2+4x])_
= =
F=3N-1)=2xp
=38-1-2%x10=1
(e) N=6 MN=4 Ny=2
2N + 3N
p, = 2N2 13N
2
(2x4+3><2)_
=f_7
F=3N-1-2P
=36-1)—2xT7=1
Example 1.5

Ny =1

10

(h)

{dy

th

Py

=6, Ny=4;
(2N> + 3N3}
>

Ny =12

- 2T 7
=

T =3N-DH-2P

=36-I1—-2x7=1

=6 Na=4
(2M2 4+ 3N3)
2xd443x2

(2 x —: % }27

Ny =2

T = 3N -1)=-2P

=36-1-2x7=1
3, P=2. P=1
N = 1) = 2P — P
=33-Nh-2x2-1=1

It

In a crank and slotted lever quick-return mechanism shown in IFig.1.32, the distance between the tixed centres
is 250 mm and the length of the driving crank i~ 120 mm. Find the inclination of the slotted lever with the

vertical in the extreme position and the ratio of time of cutting stroke to return stroke.

Fig.1.32 Crank and slotted lever quick-return mechanism
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W Sciution

AC = 250 mm, CB; = 120 mm

astfish Bic
costfi/) = —
AC
120 (.48
o230
f = 123.63°
o = 3607 — 123.63° = 237.37°
Time of cutting stroke o
Time of retumn stroke 8
237.37°
= —. = 1 Y356
123.63°
B

Inclination of slotted lever with the vertical = 90° — £

Example 186

[n & Whitworth quick-return motion mechanism. us shown in Fig.1.33, the distance between the fixed centres
ts 60 mm and the length of the driving crank is 80 mm. The length of the slotted lever is 160 mm and the
lengih of the connecting rod is 140 mm, Calculate the ratio of the lime of cutting to return strokes.

Fig.1.33 Whitworth guick-return motion mechanism

B Solution
CD = 60 mm. CA =80 mm. PA = 160 mm. PQ = 140 mm
cos(p/2y = C—q = E)—” ={.75
CA> 80
B = 83.82°
Time of cutting stroke  (360° - 8)
Time of return stroke _H_ -
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Example 1.7

The distance between twu parallel shafts connected by Oldham's coupling is 20 mm. The driving shaft revolves
at 200 rpm. Determine the maximum speed ot sliding of the tongue of the intermediate picee along its groove.

M Solution
g = 20mm. 7 = 200 rpm
i
w = 27 == = 2094 rad/s
0l
Muximum velocity of sliding = w x d= 2094 x 0.020 = 0.419 m/ss
Example 1.8

In a crank and slotted lever mechanism. the length of the crank 1s 500 mm and the ratio of time of cutting
stroke to return stroke is 3.25, Determine {ay the distunce between the fixed centres and (b) the length of the
slotted lever, if the length of the siroke is 200 mm,

B Solution

Time of cutting stroke
Y o+ — = 325
Time of return stroke

360° —

—E = 325

A
o= 1177

Fig.1.34 Crank and slotted lever
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From Fig.1.34, we have

AB, ( B
——— = s | =
AC 2

500
AC = —U-— = 88{.7Z mm
C0s 55,38

Length of stroke = DyDh = 20,0

200 = 2CD sin (90" -

r|

= 2C0 sin 34.62°
Length of slotted lever, Oy = 176 mm

Exampie 1.9

The configuration of a drag link mechanism is shown in Fig.].35. Determine the time ratio and the length of
stroke. if the crank O A4 rotates clockwise,

Fig.1.35 Drag link mechanism

B Solution
The drag link mechanism has been drawn as Gy ABO; 10 a scale of | ¢m = 10 mm. The extreme positions of
Bare B) and 8:. The length of stroke is 2x 0,8 = BB =2 x 60 = 120 mm.

When Bis at By, then A s at A| and when Bis at B | then A4 is at A,

By measurement, we have

o = HO® and B = 250°

250
E 327

Ratio of umes ==
o 110

I
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Exercises

Fig.1.36 Degrees of freedom for different mechanisms

2 Explain the following:
(a) Inversion of mechanisms
{b) The principles and applications of the inversions of the shider—crank chain.

3 What do you understand by inversion of a chain? Descnbe the niechanisms obtained by inversion of the
four-bar chain.

4 (a) What is meant by inversion? Describe the possible inversions obtained out of double slider—crank
chain. (b} Distinguish between higher and lower pairs with examples.

5 Describe the three Kinds of lower pairs. giving a sketch of cach kind. and state the types of relative metion
that each pair permits.

6 Show the various inversions of a kinematic chain with four binary links having two revolute and two
prismatic pairs. How do the relative dimensions of the links determine the movability of a four-bar

linkage?

7 Prove that the minimum number of binary inks in a constrained mechanism with simple hinges is four.



10

11

12

13

14

Mechanisms

What do you understand by the term degrees of freedom? For a planar mechanism. derive the expression
for CGiruebler's criterion,

What do you understand by constrained inotion? What are the ditferent 1ypes of constrained motions?
Explain each type with examples.

Explain the following mechanisms: far Elliptical trammniel «by Oldham's coupling (¢} Scotch yoke
(d} Donkey pump

fn 2 crank and slotted lever quick-retury miechanism. the distance between the fixed centres is 150 mm and
the driving crank is 100 mm long. Find the ratio of the time taken during the cutting and return strokes.

The distance between the axes of parallel shalts connected by Oldham's coupling is 25 mm, the speed of
rotation of the shafts is 320 rput. Determine the maximum velocity of sliding of each tongue in its slot.

Design a quick-return mechanism of the tvpe shown in Fig. 1.37. The working stroke is 200 mm and the
ratio of the time of working stroke 1o return stroke is 2: 1. The driving crank is 50 mm long.

o A

~¢ % 7 Quick-return mechanism

Design a Whitworth quick-retarn . chanism shown in Fig, 138 10 have the toillowing particulars:

Return stroke = 200 mm. time rato of working Lo return stroke = 2. dength of driving crank = 50 mm.

D

__.___._______.”_.__E‘@\\

Fig.1.38 Writworth quick-return mechanism
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15 A drag link quick-return mechanism is shown in Fig.1.39. Determine the time ratio of the working stroke
to the return stroke for uniform angular velocity of crank Q) A,

A o 80 mm a8

80 mm 70 mm

o L

o, o,

Fig.1.39 Drag link quick-return mechanism



'KINEMATICS

2.1 INTRODUCTION

Kinematics deals with the study of refative inotion between the various links of a machine, ignoring the
forces involved in producing thal motion.  Thus, kinematics is the study 10 determine the displacement,
velogity and acceleration of the various links of i mechanism. A machine is a mechanism or a combination
of mechanisms that not only imparts definie moeton to the various ks but also trunsmits and modifies
the available mechanical energy to some kind of nseful energy. I this chapter. we shall study the various
methods used to determine the velocity and acceleration in mechanisms,

2.2 VELOCITY DIAGRAMS

Displacement  The displacement of a body i its change ol position with reference 10 a certai fixed point,
Velocity This is the state of change of displacement ol a body with respect to ime. This 15 a vector quantity.
Linear velocity  This is the rate of change of displacement of a body along a straight line with respect to
time. [ts units are m/s.

Angular velocity This is the rate of change ol angular position of a bady with respect to time. Its units are
radfs.
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The relationship between velocity v and angudar velocity w is:

U= re (2.1)

where r = distance of point undergoing displacement from the centre of rotation.

Relative velocity The refative velocity of a body A with respect to a body B is obtained by adding the
reversed velocuy of Bto the velocity of A. If v, = v;,. then

Ugp = Vg — U

or ha = oa -~ ob

Similarly,

Upg = Up — U,

or ab = ob—on

Consider two points A and 8on arigid link rotating clockwisc about A, as shown in Fig.2.1{a). There can
be no relative motion between A and Bas long as the distance between them remains the same. Therefore. the
relative motion of B with respect to A must be perpendicular to AB. Hence, the direction of relative velocity
of two points in a rigid link with respect to each other is always along the perpendicular to the stratght line
Joining them. Let relative velocity of 8 with respect to A be represented by vy, = w-AB. then ab is drawn
perpendicular to AB to a convenient scale, as shown in Fix.2 1{h}. Similarly. the linear velocity of any other
point C on AB with respect to Ais v, = w-AC and is represented by vector ac. Hence.

Uhor w-AB  AB
Vi w-AC AC
ab AB r

B (2.2)
ac AC

ar e

Hence the point ¢ divides the vector ab in the same ratio as the point € divides the link AB.

4
" ha
r
i a C b
F.I -+ oa —
' T - g W
{a) {b)

Fig.2.1 Relative velocity of a point

2.3 DETERMINATION OF LINK VELOCITIES

There are two methods to determine the velocities of links of mechanisms:
1. Relative velocity method 2. [nstantaneous centre method
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2.3.1 Relative Velocity Method

Consider arigid link A8, as shown in Fig.2 220, such that the velocity of A (v, ) is vertical and the velocity of B
(15} 1s horizontal. To construct the velocily diagram. take a point 0. Draw oa representing the magnitude and
ditection of the velocity of A Draw ob along the direction of 1y, From point a draw a line ab perpendiculur
to AB, mecting ob in b. Then oab is the velocity triangle. s shown in Fig.2.2(b). ob = vy @b = vy, that
is, the velocity of B with respect to A, Vector ab i called the velociny image of link AB. The velocity of any
point Cin A8 with respect to Ais given by,

(%)
v = 80 = i - e

AC)
e =0, + Uy
(AB

== oa—i—(j;) -ab

= 0d 4+ ar = o¢

Hence vector oc represents the velocity of point C.

77_"""-' Ty

A {a} {b}

Fig.2.2 Relative velocity of points in a kKinematic link

2.3.2 Relative Velocity of Points in a Kinematic Link
Consider a tink Ay By first undergoing rotation by an amount A# to A, 8 and (ien undergoing translation by
an amount Asy to occupy the new position AxBs. as shown in Fig.2 3(a). Then

Sap = Avgg + Disy (2.3)

Now let the link Ay 8 first undergo linear translation £y to A B I and then angular rotation A8 to A2 Bs.
as shown in Fig.2.3¢b). Then.

Loapg = Ly Aspa (2.4)

Equations (2.3 and (2.4) are same. Dividing by s, we gel

Sis g S5y Avpa
L L =
At it Y}

or Bh = ¥y 4 thy
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Therefore, the velocity of poinl 8 is obtained by adding vectoriully the relative velocity of point 8 with
respect to point A to the velocity of point A.
A A,

* 0\

{a)

Fig.2.3 Relative velocity of points in a kinematic link

Now. Napa = A By - AF
Fax Ty ANy
BspA L ag . BF
Mt a4
or Vhy = Ay By -
Also, Lep = GF

The following conclusions may be drawn from the above analysis:
*+ The velocity of any point on the kinematic link is given by the vector sum of the velocity of some other
point in the link and the velocity of the first poim relative 1o the other.
» The magnitude of the velocity of any point on the kinenuatic ink relative to the other point in the
kinematic link is the product of the angular velocity of the link and distance between the two points
under consideration.

» The direction of the velocity of any point on u link relative to uny other point on the link s perpendicular
10 the line joining the two points.

2.3.3 Relative Angular Velocities

Consider two links OA and OB connected by a pin joint at O. as shown in Fig.2.4. Let | and «; be the
angular velocities of the links OA and OB, respectively. Relative angular velocity of 'OA with respect to
OB is, :

) = () — o

and relative angular velocity ol OB with respect to OA is,

YL = w1 — |

= —an2
If ¥ = radius of the pin at joint O. then Rubbing velocity at the pin joint O

= {w] — w>)r. when the links move in the same direction {2.5a)

(o) + w») r, when the links move in the opposite direction. (2.5b)
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Fig.2.4 Relative angular velocities

2.3.4 Relative Velocity of Points on the Same Link

Consider a ternary link ABC, as shown in Fig.2.5(a), such that C is any point on the link. Let u, and vy, be
the velocities of points A and B. respectively. Then

U = iy 'y
_ e ab
“h = 48 T aB
e = U, b Vg
or = pA U

ey

(a}
Fig.2.5 Relative velocity of points on the same link

The velocity diagram is shown in Fig.2.5¢h).

Angular velocity of link ABC,

Yy _ Ueh o Vi
AB BC AC
ab bc ac

=— == (2.6)
AB~ BC AC

Chabe =

2.3.5 Forces in a Mechanism

Consider a link AB subjected to the action of forces and vetocities. as shown in Fig.2.6. Let A be the driving
end and B the driven end. When the direction of the forces and velocities is the same, then
linergy at A = Energy at 8
Feoxvg = Fp x oy
Faug

or Fy = (2.7a)
'h
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1

Fig.2.6 Force and velocity diagram
Considering the effect of friction, the efficiency ol trwsmmssion,

outpu CFen)
t = .. T m——— ——
input (F, 0,0
nFa
or Fy = Dot (2.7b)
vp

When the forces are not in the direction of the velocities, then their components along the velocitics
should be taken.

2.3.6 Mechanical Advantage

Mechanical advantage. MA = Loud lirted / Etfort applied
i,
R
) Output toryue
For a mechanism., MA = —m——
Toput rorgue
T 1y
V) (2.8a}
Ty 3 '
frh,
Considering the effect of fniction, MA = 5-- (2.8
(427

2.3.7 Four-bar Mechanism

(1) Consider the four-bar mechanisim, as shown in Fig.2.7ta). in which the crank O) A is rotating clockwise
with uniform ungular speed . The lincar velocity of point Ais v, = @ OyA and 1t is perpendiculur 10 OrA.
Thereforc., draw oja L O A W a convenient scale in Fig. 2.7(b). The velocity of point B is perpendicular 1o
0-8. Therefore. at point 0. draw 05 & 0:B. The relative velocity of B with respect to A is perpendiculur (o
AB. Therefore. draw ab L ABmieeting the line drawn perpendiculario O:28at b, Then vy, = 0, b. and vy, = ab.
To find the velocity of joint C. draw ac L AC.and be L BC 1o meel at €. Join 16 Then v, = o1

Now (I

v, by ga—ab=ob
v, = iy | b2 o b+ bhe=o1¢

and =, -, =0 atac=oc



To find the velocity of any point Din A8 we have
BD

BA

or bd =

{a) Four-bar mechanism

Fig.2.7

Kinematics

0,81 0A
o,b L 0,8
be . BC
acl AC
de | DC
ab. AR

(b} Velocity diagram

Thus. locate point din aband join o1 d. Then ord = 11y, To find the relative velocity of € with respect o
D.join cd. Then vy = de. The velocity image of link ABC is aiven by abe.

(b) Now consider the four-bur mechanism. ;s shown in Fig.2 81

ar, in which the crank ABis rotating at angular

veloeity w in the counter-clockwise dircetion. The absolute linear velocity of 81s w - ABand is perpendicular
0 AB. Draw ab L AB 1o a convenient scale (o represent 1., as shown in Fig.2.8ib). From b draw a line
perpendicular to BC and from a another line perpendicular to CDto meet each other at point¢. Then. ac = v,
and eb = . To find the velocity of any point £in BC. we have

—~
[

=
1.

or [0 =] (

Thus, locate point e in cb and join ae. Then ae = 1.

o
-
E I.
Y
0] \‘

{a} Four-bar mechanism

CE
__.) -ch
CB

b_U

b
t tlr.'i,\\

|
e e
—
_8c\ >a.d
j -

{b} Velocity diagram
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The rubbing velocities of points A=D are as tollows:
Point A : wyp, - 1y
Point B (e £ wep) rp
Point C: (e, + wy 1 1
Point D : e - 1y

where r is the radius of the pin.
Use the 4+ve sign when angular velocities are in the opposite directions,

be cd
ey = and 1oy = —

BC C

2.3.8 Slider—crank Mechanism

Coensider the slider—rank mechanism, as shown in Fig.2.904). in which the crank OC is rotating clockwise
with angular speed w. PC s the connecting rod and P s the slider or piston.

10C &l . op

18]

PO P

{b) Velooity diagram
Fig.2.9

The linear velocity of C. v, = OC - .

To draw the velocity diagram. draw a line oc = v, troni point o. as shown in Fig. 2.%(b), representing the
velocity of point C o a convenient scale, From point ¢ draw a line perpendicular to CP. The velocity of slider
P is horizontal. Therefore. from point o draw a line paratlel to OF to imersect the line drawn perpendiculae
to CP at p. Then the velocity ol the piston. ¢, = op und the velocity of piston P relative to crank pin Cis
1, = ¢p. To find the velocity of any point Ein CP, we have

CE _ce
cP T o
( CE )
or ce =} —1 c¢p
CP

Thus locate point e in ¢p, join oe. Then v, == oe.
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The rubbing velocities at ditferent points are as follows:

at O oy -y
al Py ry
at C: (wu + wip) - re

2.3.9 Crank and Slotted Lever Mechanism

Consider AB the crank and slotted lever mechanism, as shown in Fig.2.10ra). The crank OB is rotating at
unitorm angular speed w. Let OB = r. AC =/, and OA = d. Linear velocity of B, vp = re. Draw ob = vy,
and perpendicular to OB 10 a convenient scale. as shown in Fig 2. 10tby. The velocity of point 8 on the crank
OB s given by vy, The velocity of the slotied lever is perpendicular to AC. The veloeity of the slider is along
the slotted lever. Hence draw a line from b parallel to AC 1o meet the line perpendicular to AC a1 b

AC .
Now o= ( ) -ab
AB

= ac

{a) Crank and siotted lever mechanism (b} Velocity diagram

Fig.2.10

Erom point ¢ draw a line perpendiculur 10 CO und from point o draw a line parallel (o the tool motion, to
intersect at point d.
Velocity of cutting tool. vy = ad
The component of the velocity of the crank perpendicular o the slotted lever is zero at positions By and
B». Thus for these positions of the crank, the slotted lever reverses its direction of motion.
o

Time of cutting stroke / Time of return siroke = ————-.
{360° —w)

Al positions 8s and Bj. the component of velocity atong the lever is zero. that is, the velocity of the slider
at the crank pin is zero. Thus the velocity of the lever at the erankpin is equal to the velocity of the crankpin,
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that is, reu. The velocities of the lever amd tool at these points are at a minimum. The maximum cutting
velocity oceurs at By and the maxinum return velocity oceurs ut 8y,

3
Al

!
freoh | —o (2.94)

. . ) AC
Maximum cutting velocity = (OB - e —)
 AB

d+r
. . CAC
Minimuwm retuen velocity = (O8 - o) (—
AB,
IJ .
= {rmh| —— {2.9b)
l_{lr r
. . . : , d—r
Maximum cutting velocity / Maximum return velocity = [ Iy } (2.10)
[LS i

2.3.10 Drag Mechanism

The drag mechanisni is shown in Fig 2.1 1a). Link 2 rotates ai constant angular speed . Link 4 rotates ata
non-uniform 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 stroke when link 2 rotales clockwise,

Velogity
image of
O,8C

jLBC

btea 1 AB

{a} Drag mechanism {b) Velocity diagram
Fig.2.11

To determine the velocity diagram, draw gja = o - O/ A. perpendicular to Q) Acas shown in Fig.2 1 1(h).
From a draw ab 1 AB and lrom o) draw o1b 1 O-Bto imtersect at b, Then. 0b = vy and ab = vy, . At b
draw bc 1 BC und at 01 draw oy¢ — O Co o intersect at ¢ Then 16 = v, .

Now at 0y draw o) d || O=-D and from ¢ draw 4 line perpendicular to CO to intersect at d. Then ojd = vy,
the velocity of ram 6. The velocity tmage of 0-8C is grbe.
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2.3.11 Whitworth Quick-return Mechanism

In the Whitworth mechanism. as shown in Fig 2.12(a). the crank Oy A rotates with constant angular speed o,
The link AB oscillales about pin Or. The rum € reciprocites on the guides,

B
hh“‘“aéﬁ
. i
1
{a) Whitworth mechanism b} Velocity diagram

Fig.2.12 Whitworth quick-return mechanism

The velovity diagram has been drawn in Fig. 7.1 2tb). v, = gja = - O A.

Draw ora2 L OjAto a convenient scale. At o) draw a line perpendicular to ABund at a draw a line parallel
0 GrA o intersect at ¢ . Then aa ' represents the velocity of slider at Aand 072 ' the velocity of lever AB at
A. Produce a o) to bsothat a "0, /01 b = O-A/O-B. Draw be L BC and 0,¢ || 0-C to intersect at ¢. Then
v, = ocis the velocity of the ram,

2.3.12 Stone Crusher Mechanism

[0 the stone crusher mechanism shown in Fig, 2.1 3ta) the crank Oy A rotates at unitorm angular speed w. To
obtain the velocity diagram [Fig. 2 13(h)]. draw 014 5= v, = w - O A perpendicular to O A to a convenient
scale. At o) draw a line perpendicular to O: Band at a another line perpendicular to ABto intersect at b, Then
o1 = vp and ab = vy, At bdraw a line perpendicular o 8C and at & one perpendicular to AC to intersect at
¢ At edraw a line perpendicular to CDand at o) one perpendicular to 020 w0 intersect at 4. Then ¢d = vy,
Atd draw de | DEand 0;e L OzE Then 0ye = it,.. The horizontal component ol 1, = (2, o

(V.

Velogity image

Velocity image
of ABC

(a) Stone crusher mechanism (b} Velocity diagram
Fig.2.13
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Let # be the horizontal force to be overcome and 7 be the torque needed at the driving crank. Then
Tw = 1Y & hhar

or F= —— (2.1h
'3

Example 2.1

In the mechanism shown in Fig.2.14¢u}. the crank O) A rotutes at a unitorm speed of 630 rpm. Determine the
linear velocity of the slider € and the angular speed of the link BC. 01 A = 30 mm. AB = 45 mm, 8C = 50
mm, =8 = 65 mm, and O, G- = 70 mn.

<. .._..,7\o1|02
\\
»
%" B
“DE Ueh
.‘(UBC

lJa

a

{a) Configuration diagram {b} Velocity diagram {c}
Fig.2.14
B Solution
650

&2

2o x — = 68.07 rad/s
al)
U, = - DA =68.07 x .03 = 2.4 m/s

Draw oja L O1A 10 a scale of | cm = 0.5 mfs. Draw a line from oy perpendicular to G+ B and another
line from a perpendicular to AB to intersect at b, Then ab = vy, and 016 = vy,

From bdraw a linc perpendicular to BC and another line trom o) parallel to the path of motion of the slider
1o intersect at ¢. Then )¢ = v, . the velocity of the slider. The velocity diagram is shown in Fig.2.14(b}. By
measurement, we get

v, = oc=1l4cm=07mk
tey = bo=L.3cm = 0L65 mfs
. . v (65 .
Angular velocity of link BC = . = --— = |3 rad/s. clockwise about 8.
BC 605

Example 2.2

crank Oy A rotates in the counter-clockwise direction at a uniform speed of 180 rpm.

Q1A = 200 mm. AB = 300 mm. O+ 8 == 300 mm. and 8C = 600 mm
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400 mm

Yhe

{c} Anguler velocities

Fig.2.15

Determine (a) the velocity of shider c. (b) the angular velocity of links AB, ;B and BC (¢} the rubbing
velocities on the pins of diameter 25 mm at A anl C and () the torque required at the crank Oy A for a force
of 7kNat C.

B Solution

o= 1T x m = 18.85 raud/s

vy oo - Q1A= 1883 < 0,2 =277 mis

fa) Draw v, = g1a L 1A wascale of Tem =015 mis (Fig. 2.15b). From adraw a line perpendicular to AB
and another line from 2; perpendicular 1o G2 B 1o intersect at b, Then oyb = vy, and ab = vp,. From b
draw a line perpendicular to 8C and another line from of parailel to the path of motion of the slider C, to
meet at ¢. Then o)¢ = v, is the veioaity of thie shder. By measurement. we gel
. = oc=42cm =21
(h) Uhy = a@ab=24cm=12mk

tp, = ob=62cm =21 méi
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ey = be=57cm =285 mi

Vo 12y i teow about A)

Wy = = — = 3 rad/s (cew about

T AB T 04
L 2.1 .

oy = = - = L33 radfs (cow about O}
o-B (.3
Vet 285 _

wh = — = —- = +.75 radis (ew about By
8C 0.6
th

(<} r= o= 12.5 mm

Rubbing velocity onpinat © = w1 = 475 x 0.0125 = 0.0594 m/s
Relative angular velocity al A = @y, —~ way, + o4 p

1033 - 34475 = 12.08 rad/s
Rubbing velocity on pinat A = 12,08 » 0.0125 = 0151 m/s

{d} Let T be the torgue required at the crank Oy A,

T = [‘.r.I‘:.
18857 = 2000 x 2.1

T o= 22281 Nm

Example 2.3

Determine the mechanical advantage ot the togele mechanisim shown in Fig 2. 160a).

-

o Mz = Dradis

18l

o

Q,
40 60 cm
(3]

a8
50— .40
4) \(SL (6) '
1 ' b
Scale: 1 cm =10 cm Seale: 1 em = 20 cmfs
{a) Configuration diagram {b) Velocity diagram

Fig.2.16 Toggle mechanism
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B Solution

[UP TR I 4 OA = 5 bl 20 = IU(} Cmds

Draw the velocity diagram to a scale of [ cra = 20 emds. as shown in Fig, (2.16b).

v, =0al OA ab | AB.ch . BC. bd | BD. and cd|| CO.

Let T, = torgue inpul at A
. , 1a
Foree, F, = —
0A

Work input = F x vy

[.et Fy == forceat D

rWork output == Fyoxovy

Mechanical advantage = — = — = -

Example 2.4

Determine the angular velocity of the follower 3und the velocity of sliding atthe point of contactin Fig. 2.17(a).
The speed of driver link 2 is 3 rad/s.

{a) Configuration diagram
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0.0y
/N
AN
41 AEOE \
Hago, N
a LA,

e,
-
; ~
B A{O\ ~ [
N
\\\.
“‘\.\
e
Haya,™

Scale: t cm = 30 mmy/s
a3

b} Velocity diagram

Fig.2.17 Mechanism with tollower
B Solution
Join A Q. OO0 and O 0. Produce A>Ow meet Oy O at M
Voo, = @2 % CoAx = 3 30 = 90 mumss

Now MA> | OxA-. Therefore,

(3 _ OjM'
(11 - Ol M
3 x4
= ’ = 0.0 rad/y
20)

Draw the velocity diagram as shown g Dig.2.17(b) 0 a scale of 1 om = 30 mm/s.

01a8r = Uy ., L A:O”_
cjax = v, ., 1L A
aray = Uy u. 1 a;O

Velocity of sliding, Uo.q. = ara: = Y4 oem = 282 mmis

Example 2.5

The crunk A8 of a four-bar mechanism shown in Fig.2. 180 rotates at 60 rpm clockwise. Determine the
relative angular velocities of the coupler w0 the crank and the lever to the coupler. Find also the rubbing
velocities at the surface of pins 25 mm radius at the joints 8 and C.
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oem W
\ 4

60 cm
_ —
! i 20 em
Lh '
D
B : 100 cm 1
Scale: Tem =10cm Scale: 1 om = 50 cmifs b
(a) {b} Velocity diagram
Fig.2.18 Four-bar mechanism
B Solution
)
wr = 27 x — == (.28 radds
6l

¥ = wr x AB=-628 x ) =251.3 e/

Draw the velocity diagram as shown in Fig. 2 [8th). to a scale of 1 cm = 50 cmis.

r, = ab L AB
be 1 BC
de L CD

v = be==230m = 165 cmis
By = de=42cm =210 cm

be 165
wy = o— = ——
’ BC 70

i = wr — e =028 — (- 2.36) = 8.64 radss icw)

== 236 rad/s (cow)d

Rubbing velocity of pin 8 = w23 x rp, == 8.64 x 2.5 = 21 .6 c/s

Wy = -— = — = 25 rad/s (cw)

iy = w3y ey = 230 — (- 2.8) = 586 rud/s {cow)

Rubbing velocity ot pin C = w34 x r, = 5.86 x 2.5 = 14.65 crs.
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' Example 2.6
Wheel 2 in Fig.2.19(a) rotates at 1500 rpm and is driving the wheel 7 pivoted at On. Determine the lincar
velocity of slider and angular velociues of links 3. 4 and ¢,

- A
e LA (5)

1 15°
50 \ M aa
/_,_-/Z \ 80 ¢
o H‘\\\ \(3)
\ . /"'752_)%
Y

30 mm dia. wheel

GUWH'lhn;e?la- ~— Scale: 1 cm = 10 mm
(a)
_,_,__,‘24
T
/ ‘a4

/

i
- 7 0..05 Scale; 1 cm = 500 emis
v

{t:} Velocity dagram

Fig.2.19 Mechanism with wheel

B Solution 1500
r = 2T % %0 2z [ ST7.00 radss
§

v, = @ x Q1A= 137.08 x 15 = 2356.2 mm/s
Draw the velocity diagrim as shown in Fig.2.19bi to a scale of 1 em = 500 mm/s.

v, = oja. QA vy m v, L OO
ab . AB ah 1. DB
bc 1 BC o¢ || XX
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Linear velocity of stider = », = o|C:

L6 em = 800 mmds

ho = @b = 1.7 em = 850 mnys
1y 850

Wy = ;= -— = 4. 16 rad/s (cw
AB ()
Ve == e = 6.5 cm = 3250 unnds
= 000 v o
Wy = 8(5 = —m = radds (oew

Vit =2 b= 1.4 em = 700 mmi

Vprif T 8.75 rad/
wn o= =0 = 2 = 875 rad/s (cew
” o o S ICCw)

Example 2.7

The dimensions of the mechanism for hydrﬁulic mveter, us shown in Fig.2 200, are: QA = 200 nﬁ
AB = 210mm, AD = 550 mm and BC = 330 m.

ot

45°
A b 250 mm

N
T
a
tdy e
’—"'""-H_-_F
d
b
O
{a) Hydraulic riveter {b) Velocity diagram
Fig.2.20

Determine the velocity ratio between the mston Cand ram 2. Also calcuiate the efficiency of the machine
it foad of 3 kN on piston C cavses a thrust of 4.5 kN at ram D,
B Solution

Let & be the speed of the crank OA in pm. Then e = 257 é)(] rad/s.

r

-

0.2
vy =w-0A 5 23N x W= 0.0209 N m/s

Since N is unknown, let e =25 mm. Draw ca L OA Lo represent v, (Fig.2.20b). From a draw a vector
ab L A8, to represent vy,,. and from o draw ob | OB, to represent 1y, to intersect it at b,
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From point b draw a line perpendicular to BC and trom o draw a line parallel to the path of motion of the
pisten C. These lines intersect at ¢ 3o that b and cooincide Thus vy = 0y

From point a draw a line perpendicular to AD and from o driaw another line parallel 1o the path of motion
of ram D, to intersect at d. Then od = iy, the velocity of ram D By measurement, we get

vy =
Velocity ratio =

Work done on the piston € =

Work done by rum 0 =

Efficiency =

Example 2.8

- oc= T4 mm

od = 45 nun
7

7
e

[ -+

Load oy the piston < v,

= 3000,

45004y
a0 h;
3000¢,

1.5
I I R A G124
1.644

ar

Crank OA in Fig.2.21¢a) is 80 mn long and rotates clockwise about Qat 120 rpm. The connecting rod AB s
150 mm long. Poimt € on AB s such that AC = 150 mm. A rod CE = 400 mm is attached at point € which
slides ina trunnion it 8. The end £ is conmected by a ink £F = 320 mm to the horizontally moving slider F.
Find () the velocity of £, (b the velocity of sliding of CE i the trunnion and {c¢) the angutar velocity of CE.

200 mm

304 mm

Uee

{a) Configuration diagrarn {b) Velocity diagram

Fig.2.21

# Solution

Angular speed of OA. o=
< 0A = 12.57 x 0.08 == 1.005 mh
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(a) Draw oa L QAo represent 1, 1o a scale of 1 em = 0.2 ny/s. as shown in Fig.2.21{b}. From adraw a line
perpendicular to AB and from o draw another line parailel to the line of motion of the slider to intersect
at b Locate point ¢ on ab such that, ac/ab .= AC/AB. From point ¢ draw a line perpendicular to €D to
represent ty, and at point o draw another line parallel (o the motion of C0. which moves along CD only,
to represent iy Locate point e on od such that. ed/ce = CO/CE. From point e draw a line perpendicular
to £F and from point o draw another line parallel to the path of motion of the slider F, to meet at point
Then of = vy, By measurement. we have

vy =23 em = 0,46 m/s

thy Velocity of shiding of CE in trunnion D is.
vy = od =43 cm = (.86 mh
(C) e =8c=2.4dcm =048 mi
o ree  0.48
Angular velocity of CE= — = - =: | 2 rud/s cow about £
CE 04

Example 2.9

An engine crankshatt drives a reciprocating pump through @ mechanism, as shown in Fig.2.22{(a). The crank
OA rotates in the counter-clockwise direction at 150 rpm. The diameter of the pump piston at Fis 180 mm
and OA = 175 mm. AB = 650 mm, CO = 160 mm. and DE == 600 mm.

o Bell crank lever
pi Yoe B
300mm 4y Yha
A 'n‘ )
YWl oo oe
I". M;""Fﬂ D
ot -
C | ‘
te )
i 600 mm =100 mm|- Yag ¥
e o
ba™g
{c} Velocity diagram
/ 5
t e
A
_ F
{a) Configuration diagram T {b) Angular velocity e,

Fig.2.22
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Determine (1) the velocity of cross head £, (b) the rubbing velocities at pins A, B. C. and D having
diameters of 40 mm each and (¢} the torque required at the crank to OVercome & pressure of 0.35 MPa at the
punp piston at .

B Solution

150 e
So = 13,708 radds
60
v, = 13708 % 0175 = 275 mfs

o= 2T %

Draw oa L OAto represent v, to o scade of 1em = 0.5 ny/s. us shown in Fig.2.22(b). From adraw aline
perpendicular to AB and from ¢ draw another line perpendicular o BC to intersect al B, Then ab = v and
cb = -

cD _ il
cd:cb‘(— Ax . -o=258¢cm
BC 3

Draw a line perpendicular to CD trom ¢ and cut it equal to ¢d. From o draw a line perpendicular o DE
and from ¢ draw anaother line puralle! to the path of motion of the slider £, to meet at &. Then de = 1y and

oe = v,. By measurcments. we have

(a) Velocity of cross-head E,
v, =oe=25cm = [.25mis

(b) Rubbing velocities,
wr = 15708 rad/s cow about O

ab Ve 0.5
g = — o= o = 20 ¢ - — = Jrad/s cow about A
AB AB 0.650
ery = mi— o= 3= 15708 = - 12708 rad/s
Pin A:
wan % 20 = — {1254 ays
ba .
wr = — cewabomt B=19x — = 3 radds
AB (.65
be 0.5
wy = - cwabout B =4 x — = 6.45 rad/
BC 0.31
T e f‘!—li - _}' = ()-l-ﬁ I‘ilLUH
Pin B:
gy % L0200 = 045 x 0020 = 0 1Y m/s
Pin &

ch
(—) % 0,020 = (1 x 0.3;03170.020 = 0,129 m/s
BC

te
s = — uvwabout D
DE
0.5 R
2= {6 x = 1.5 vadfs
(.1
dc
wy = - wihom D
oc
Nn.: .
= 26hx — = 8125
0. 100}

[ 1.5-- 8,125 = —7.625 radis
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Pin £
sy % 0020 = T.625 » 0,020 = 01325 miis

(e Velocity of the piston. v; =1, = 2.5 < (15 = 1.25 m/s
Let T be the torque reguired at the crunk OA Then.
Tor = foy
. ¢ T v £
157087 = () ) 11807 % 0.35 % 10° x 1.25
= 7873 Nm

Exampie 2.10

The various dimensions of the mechanisni as showa in Fig.2 230, are OA = 120 mm. AB = 500 mm.
BC = 120 mm, CO = 300 mm and DE == 150 mm. The crank OA rotates at 150 rpm. The bell crank lever is
DE. Determine the absolute velocity of point £,

o /-”.) E Mwlra
i D@ g"”.' - //

\'. | i
A 200 \-._ “ /
fr}
45° , T A
of # — \‘i hi o.d
. tiep -
- 400 - ¢ : a
{a) Configuration diagrarm {bt Velocity diagram
Fig.2.23
M Solution
IRl L
o o= 2 ok — = 15,708 radss
60
o= 13708 » 00120 = | 883 /s

Draw oa L OAw represent the velocity v, of point Ao ascale of 1 ¢m = 0.5 /s, as shown in Fig. 2.23(b).
At a draw a line perpendicular to AB and w0 draw another line parallel (o the path of motion of the slider at
Btontersect at . Then ob = i, and ab == 1y,

At b draw a line perpendicular 1o BC and at ¢ draw another line perpendicular to DC 10 intersect at ¢
Then be = iy and de = ¢, Now draw de 1 dc such that

de i DE
dc  DC
150)
or de = 25 x — = 1.25¢cm
300
Then iy = ode= 125 cm = 0625 A

Example 2.11

In the mechanism shown in Fig.2.24(a), the crunk O A and 028 are 100 mm and 50 mm, respectively. The
diameters of wheels with centres Oy and Oy are 260 mm and 150 mm, respectively. BC = AC = 200 mm,
€D = 250 mm. The wheels roll on cuch other. The erank Oy A rotates at 120 rpm. Determine (a) the veloeity
ol the slider D. (b) the angular velocities of links BC and CD und (c) the torgue at O28when the force required

at Dis 4 kN,
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225 mm

{a) Configuration diagram

f
Fig.2.24 {b) Velacity diagram
120
B Solution w o= 27 % o = 12.57 radfs
v, = 12,57 xO.1 = 1.257 m/fs
O£ 130 .
Vp = b, X g 1.237 x — = 1.634 m/s
OA 100

vy o= 1,

0-B 50
tp = vy x — = |.634 x — = 1.362 m/s
O-F 60
Draw 012 L OyA to represcnt the velocity , of point A to a scale of 1 em = 0.25 m/fs, as shown in
Fig.2.24(b). Extend 0yato e such that OLE

e = oax —-
O A
130 .
= 5% -~ :==650cm

100

From O draw a line perpendiculir to Gq8 to intersect o) 8 rotated about o) at £ Locate point b on o2 f
such that
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Draw a line perpendicular to BC at b and draw another line perpendicular to AC at a to intersect at ¢. Now
draw a line perpendicular 1o CD at ¢ and draw another line from g parallel to the path of motion of slider D
Lo intersect at d. Then,

{a) the velocity of slider. vy, = go' = 2.4 cm = 0.6 m/s

by vy = ecb=1.4cm =035 mi

one = 020 2 adns e
‘ BC 0.2 )
vty = cd=4.6cm = 1.15 s
Uy 1.15
) = -DC = W = .6 rad/s (cow

)y T = Fy Uyy

0.6 .
T = 4000 x —— = 190,93 Nm
12.57

Exampie 2.12

In the mechanism shown in Fig.2.25(a}, v, = 120 m/s. Determine the angular velocities wy. ws of the two
gears and the velocity vy on gear 5. O1A = 50 mm. AB = 200 mim and G C = 150 mm,

£
0.0 - b
te Yha
c
- 330 mm -
0 v
: Vo (5} Veocty
e eloctiy diagram
[ «— | 6 05
] SjOD mm P
igl Qear
2 200 mm /
~\dia gedr
Y PPy 0, m,.m
/--
e
S Irmage
S Rack of gear 4

o
—t ) _Pd ~ [

..1 B 3 : ; Image of

\\!\ gear 5

{a) Configuration diagram {c} Image diagram

Fig.2.25
B Solution

Draw oxa L OhA to represent v, = 120 m/s (0 seale of 1 em = 40 m/s, as shown in Fig.2.25(b}. Draw
ab L ABand oy b puraltel to pitch line of rack. Thzn 06 = 1), und ab = vp,. Draw bc L BC and osc L OpC.
Then ggc = v and be = .. By measurement.

Up == Djb =26Hem = Y s
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B = 0= 0.7cm = 28 mis
My = ab=29cm == 116 m/s
teh = bc=2.6cm = 104 nvs

| Uppd = Up ) 104

(g = - o= oe—— = 040 radds {cw)
BF 0.1
Mewnd 40
ws; = —— = 5.2 % - = 4160 radfs (cew)
CM 0.05
U = Upps = 5.2 cm = 208 mfs

Uy = 5.3cm =212 ms

Because v, = 0 and v,y = v, the images of the points Py and Py both are at the pole point 61, Draw
velocity image of gear 4 with b as centre and radius bp;. Produce cb to meet the circle at my, ms since
Umg = Ums. The velocity image of gear 3 ix drawn with ¢ as centre and oms as radius. Point dis located on
the circle opposite to ms. '

2.4 INSTANTANEOUS CENTRE METHOD

A tink as a whole may be considered to be rotating about an imaginary centre or about a given centre at a given
instant. Such a centre has zero velocity. the link is at rest at this point. This is known as the instantaneous
centre or centre of ratation. This centre varies from instant to instant for different positions of the link. The
locus of these centres is termed the centrade.

2.4.1 Velocity of a Point on a Link

Consider two points A and 8 on a rigid link, having velocitie s v, and vy, respectively, as shown in Fig, 2.26(a).
From A and B draw lines perpendicular to the directions of motion and let them meet at /. Then / is the
instantaneous centre of rotation of the link AB for its given position,

Ua

— b
ty Uga
l)a
ol- a
{a) Instantaneous centre {b) Velocity diagram
Fig.2.26

If e is the instantaneous ungular velocity of the link A8, then v, = @ - IA and vy, = « - 1B. Thus
18
th=1--1] 1, 2.12)
; ( ;,4) (

The velocity diagram for the link AB has been drawn in Fig.2.26(b). Triangles tAB and oab are similar.
Hence

oa ob ab
A 1B AB
g L i, _ [o

or T Y- RSl (2.13)
A B AB  IC

where € is any point on the link AB.
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2.4.2 Properties of Instantaneous Centre
The properties of the instantaneous centre are as tollows:

1. At the instantaneous centre of rotation, one rigid link rotates instantaneously relative to another, for the
configuration of the mechanism considered.

2. The two rigid links have no linear velocities relative to each other at the instantaneous centre.

3. The two rigid links have the same Jinear velocity relative to the third rigid link, or any other link.

2.4.3 Number of Instantaneous Centres

The number of instantaneous centres in a mechanism is equal to the number of possible combinations of twa
links. The number of instantaneous centres,

i — 1)
-2 Srinivas institute of Techngt_qq?-m)
where n = number of links. Leg, e 1 /. 5 .....é.......,,...._,.,.
SN
r‘a“ HJ. . ...q‘.-'?-).-.......-_u-u--u-nuuu
2.4.4 Types of Instantaneous Centres I

The instantaneous centres for a mechanism are of the following types:
I. Fixed instantanecus centres.

2. Permanent instantaneous centres.

el

. Neither fixed nor permanent instantaneous cenires.

Consider a four-bar mechanism shown o Fig.2.27. For this mechantsmn, 7 = 4. Hence
N=4d—1)/2=06

13e

24

Fig.2.27 Instantanecus centres in a four-bar mechanism

The instantaneous centres are: 12, 13, 14,23, 24, 34

The instantaneous centres 12 and 14 remain at the same place for the configuration of the mechanism
and are therefore called fixed instantancous centres. The instantangous centres 23 and 34 move when the
mechanism moves, but the joints are pertnanent. Therefore, they are calied permanent instantaneous centres.
The instantaneous centres |3 and 24 vary with the configuration of the mechanism and are neither fixed
nor permanent.
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2.4.5 Location of Instantaneous Centres
The following observations are quite helptul in locating the instantaneous centres:
I. For a pivoted or pin joint, the instantaneous centre tor the two links lies on the centre of the pin (see

Fig. 2.28a).

3 12 atw«

&\"1\17 ',/O
i 2
¥ — '

12

(a)

ellatr

Fig.2.28 Location of instaneous centres

bt

When the two links are in pure rolling contact, the instintaneous centre lies at their point of contact (see
Fig.2.28b}. This is because the relative velocity between the two links at the point of contact is zero.

3. Insliding motion, the instantancous centre fies at infinity in a direction perpendicuiar 1o the path of motion
of the slider. This is because the sliding motion is equivalent to a rotary motion of the links with radius of
curvature equal Lo infinity (see Fig.2.28¢). If the slider (link 2} moves on a curved surface (link ). then
the instantaneous centre lies al the centre of curvature of the curved surface (see Fig.2.28d and ¢).

2.4.6 Arnold-Kennedy Theorem

This theorem states that if three plane bodies are in relutive motion, their three instantaneovs centres must lie
on a straight line.

Consider three rigid links 1. 2 and 3. | being a fixed link. 1.2 and 13 are the instantaneous centres of links
1, 2 and |, 3 respectively. 1.et 23 be the instantancous centre of links 2, 3, lying outside the line joining 12
and 13, as shown in Fig.2.29. ‘The links 2 and 3 are moving relative to link 1. Therefore, the motion of their
instantancous centre 23 is to be the sane whether it is considered in body 2 or 3. If the point 23 is considered
on link 2, then its velocity v1 is perpendicular to the line joining 12 and 22, [F the point 23 lies on link 3, then
its velocity vy must be perpendicular te the tine joining 13 und 22, The velocities v2 and v of point 23 are in
ditterent directions, which is not possible. The velocitics = and vy of instantaneous centre 23 will be equal
only if it lies on the line joining 12 and (3. Hence all the tuee instantaneous centres 12, 13 and 23 must lic
on 4 straight line.
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Fig.2.29 Arnold-Kennedy thecrem

2.4.7 Method of Locating Instantaneous Centres

The following procedure may be adopted to locate the instantaneous centres:

. .. . nin—1)
I. Determine the number of instantaneous centres from N =

2
2. Make a list of all the instantaneous centres by writing the link numbers in the first row and instantaneous
centres in ascending order in columns. For example, for a foue-bar chain, shown in Fig.2.30(a), we have

2 3 4
NN AV
1213 34
(13 9
\-'/
14
13
[ J
’ 1 2
aC
34
4 4 3
L /_\-
24 ... . 45y {13)12, 23, 14, 34

=
(24123, 34, 12,14
(a} Four-bar mechanism

{b} Circle diagram
Fig.2.30 Locating instantaneous centres of a four-bar mechanism

3. Locate the fixed and permanent instantancous centees by inspection, as explained in Section 2.4.5. Tick
mark {/} these instantaneous centres,
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4. Locate the remaining neither fixed nor permanent instantaneous centres (circled) by using Arnold-
Kennedy's theorem. This is done by a circle diagram. s shown in Fig.2.30¢hb}. Mark points on a circle
equal to the number of links in the mechanism. Join the peints by solid lines for which instantaneous
centres are known by inspection. Now join the points furming the other instantaneous centres by dotted
lines. The instantencous centre shall lie at the intersection of the lines joining the instantaneous centres
of the twe adjacent triangles of the dotted line. For example. in Fig.2.30¢(b}, the centre 13 is located at the
intersection of lines (produced) joining the mstantancous centres 12, 23 and 14, 34, Similarly, the centre
24 1s located at the intersection of the lines (produced) juining the centres 23, 34 and {2, 14,

2.4.8 Determination of Angular Velocity of a Link

The angular velocities of two links vury inversely as the distances from their common instantaneous centre
1o their respective centres of rotation relative o the frame. For example, for the four-bar mechanism shown
in Fig.2.30¢a). it > is the ungular velocity of link 2, then angular velocity g of link 4 will be given by the

tollowing relationship:
ey (24 - 12

wy (24— |4
If the respective centres of rotation are on the same side of the common instantaneous centre, then the
direction of angular veiocities will be same. However, if the respective centres of rotation are on opposite
sides, then the direction ol angular velocities will be opposite,
37K} (2312

Similarly, e S
325} REEE Ry

Example 2.13

In the four-bar mechanisn shown in Fig.2. 310, link 2 is rotating at angular velocity w>. Locate all the
instantaneous centres of the mechanism and find (a) the angular speeds of links 3 and 4. (b) the lincar
velocities of links 3 and 4 and (¢} the lincar velocities of poims £ and F.

13

CO = 300 mm

AB=200mm

! 2 8C=200mm

/ FD =100 mm

CE = 100 mm

BE = 150 mm

F AD =400 mm
4 3 {13::12,23. 14,34

24 O o
e [247:12,14, 23,34
{a) Four-bar mechanism {b} Circle diagram

Fig.2.31 Locating instantaneous centres of a four-bar mechanism

B Solution
4d-1

Pk — =

2
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The instantanecus centres are: i v 3 4
NN
12 23 34
a3 24
I4
As shown in Fig.2.31ib). we have
130012, 23: 14,34
241:12.14:23. 34
w3 (23— 12 200
(a) — = - T = T
(7353 (23— 1% 250
or iy = (A8 x 15 = 12 rad/s
w0y 24 12 380
w2 (24— 14) 780
380 x 15 _
or wy = ————— = 7.3] rudfs
780
(b By = w2 AR = 15 0.0 = 3mis
13 — 34 200
voo= rpgoca——— | =3 x - =24 mh
13 -23 250
B8C 200
U = Uh| = == 3w el 24/
| 13— 23 250
() te = wiy- (13 —-Ey= 12« (012 = |44 mis
FD" 100
vy o= iy (— =24 x - =08mi
' . CD 3040
Example 2.14

Locate the instantuneous centres of the slider--crank mechanism shown in Fig.2.32(a). Find the velocity of
the slider.

13
124 at
o
OA=160mm 1 ML 2
14 at « AR =470 mm N
O8 = 600 mm {13/:12,23.14, 34
(24):12, 23, 14, 34
A 024 —
34 3 23 o “2=12 rad/s :1 4
. - —
s
2 2 Eﬂ 012 ‘*m___,,/
8 1
{a) Stider—crank mechanism {b} Circla method

Fig.2.32 Locating instaneous centres of the slider—crank mechanism
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[ ] Qolution | 2 3.4
44— 1y
== =6 v vV
2 12 23 34

13 @
14

The instantaneous centre 14 is at infinity. As shown in Fig.2.32(b) , we have

13:12.23: 14, 34
24 :12.14:23. 34

t, = wr-CA=12x 116 = L.Y2 mis = @y (23 — 13)

2312 5 e
Hence, L3 = o 313 == 12 % 350 = 2.491 m/fs
where e is the angular velocity of link 3 about 12,
, . . 23-12
Velocity of the skider, vy = wi(dM — 13V = 13 {3 —I%
34— 13 390
= wrO0A| - -—— | =12 %016 x — = 1.36 m/s.
2313 550
Example 215
Locate the instantaneous centres of the mechanisms shown in Fig.2.33(a) and {b).
B Solution
{(a} Heren =4 I 2 3 4
q
Number of instantaneous centres = <2 6 VoY
2 12 23 34
13 24
v
14
14 at =
13
14 at « / ) L2
4 3

{b) Circle diagram

Fig.2.33 Locating instantaneous centres of mechanisms
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Instantaneous centres 12, 14,23, 3 ure located by inspection. Instantaneous centres |3 and 24 are located

as follows: e
J3 20230 1434

\?—1 D23 AA012014 1 7 3
. ix2 v —
(b} Here n = 3; Number of imstantaneous contres == , = k! 12 (2_?/
- Ng
13
\\
Instantanecus centres 12, 13 are \ \
localed by inspection. 37
’ p/—x\ e \\/%\‘“\x
23} 112,13 S / N
< / ) \ - i '
{ / B~ N
| Yo §
II .-"" ﬁ/ I|
I / T /
-
\ L r
\ 23 S
. 7 3

Example 2.16
In the toggle mechanism, shown in F|U.L‘.34, crank 1A rotates at 30 rpm clockwise. OA = 40 mm,
AB = 40 mm. BC = 100 mm. BD = &80 mm and DE = B0 mm, Neglecting friction and inertia effects,
calculate the torque required to avercomie a resistimce ot 500 N a1 D. Use the instantaneous centre method.

el

-.__x_.

w =30 rpm
2
‘\m
1 \\
3
140

H 100 \ -

15
16 Scale: 1 cm = 20 mm

Fig.2.34 Toggle mechanism
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B Solution
. nin — 1} 6 x5
Here n = 6; Number of instantaneous cenires = Tty Ty = i5
Lt 2 3 4 5 6
VooV VY
1223 3 45 56
e NN
(13 24; 35 46
v‘x \/ \r/
4 25 36 13:12.23 14,34
Py
13 26 151 16, 56; 14,45
v 243,34 12 14
0 16
wn = 27 % ;)—0 = 2.14 rad/s; By, = w2 x OA =214 % 40 = 125.7 mm/s
Ya 125.7 0.748 rad/ (13 = 3) = 1,748 x 5.3 x 20 = 79.29 mm/
= = T —— = 1 radss; 1 = A= =\ ., A= . !
T U3-23) T (84 % 20) b= x movs
_ 7929 826 cad) (15~ 56) = 0.826 x 2.1 x 20 = 51.21 mm/
an = = — . — = {}, v radds: Py =g 5 - =182 . =2l. b
T 15-35) _ (4.8~ 20) S tem s ‘ xedx ms
: 51.21
g = vd = = (164 rad/s
(16 — 56) 80
Torque x Angular velocity = Resistance force x 1y
Tx214 =500x5121»10°% T =815Nm
Example 217

Determine all the instantaneous centres of the double slider- crank mechanism shown in Fig.2.35(a).

{a) Double slider—crank mechanism

Fig.2.35 Locating instantaneous

{b) Circle diagram

centres of the double slider-crank mechanism
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B Solution

66 — | )
HCTEH:(}g(_)tha[N____{__.’ ) = 15 |( 2{ 2. _1 5 6
1223 31 45 s34
131 24) 35 G

As shown in Fig.2.35(b), we have

24):23.34:12, 14
(26} 12, 16: 25. 56
(3611 13.16: 3556
(15 14.15: 34,35
(46; : 45.56: 34, 36
Example 2.18

Locate all the instantaneous centres of the Whitworth mechanism shown in Fip.2.36(a).

15
/
36
16 at =
T~ 56
l6
34 at - ! (b} Circle diagram
13%

{a) Withworth mechanism

Fig.2.36 Locating instantaneous centres of the whitworth mechanism



m Theory of Machines
STES N
=0 s 2 3 o4 5 6
“ v o v w/
1223 34 43 56
13 Q4 39 (g

B Solution

14 025 56)

As shown in Fig.2.36(b). we have 13:12.23: 14,34

2402334012014

250240451215

26:25.56: 12,16

350 34045; 23,25

36 35,5623, 26

460 45,36 14, 16
Example 2.19
Determine all the instantaneous centres of (he mechanism 51[{1;-‘_1-':_11-1-15i-g.2.3?(a). Calculate the velocities of
the slider £ and the joints Band O when the crank OA is rotating at 120 rpm. Also find wag. wgp and wpg.
0A = 200 mm, AB = 300 mm. BC = 300 mm. B0 = 600 mm and OF = 450 mm.

158
16 at «

{a) Mechanism diagram {bj Circle diagram

Fig.2.37 Locating instantaneous centres of a mechanism



B Solution

As shown in Fig.2.37(b), we have

g
Uy
13- A
14 —-D

h

e

(UAB

“gp

wne

Kinematics

120
Imow -—= = 12.57 rad/s
A}
- OA= 1257 < 0.2 = 2.513 s
6 — |
St
2
Lo s s .
/ E \/ ; f
v N . §
12 23 34 45 36
DR RC R
r
\‘l. o .-
v
16

13:12,23: 14, 34
15014, 45; 16, 56
24023 34: 12,14
25:24.45:12.15
261255612, 16
25 34,45:23 25
36: 55,5623, 26
46 :<5.46; 14, 16

= (12 —26) = 1257 x 0,15 = 1.886 m/s
= i == L.ERO m/s
= T10mm, 13 -~ 8= 510 mm. 14 — 8 = 300 mm.
= J00mm. 15~ D= 110mm, 15 — £ = 470 mm
L . S10 5 20 | 805 s
T3 Sa T gy T A ma
14 - O {.805
= —— ey = 300 — = 1.805 m/s
14 - 8] 300
15 - E] 1.805
| iom= | =40 — L =T7.712 mbs
15 D] 110
i 2.513
== = — - =254 radfs
(13 - 4) 0.71
. 1805
= — — = -—— = (.02 rad/«
(14--8 ~ p3 _ oons
e 1.805

= - — = . — |6.4] rad/s
i15- 0.11
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Example 220
A wrapping mechanism is shown in Fig.2.38(a}, The crank O) A rotates at a uniform speed of 1200 rpm.
Determine the velocity of point £ on the bell crank lever.

QtA = 300 mm, AC = 650 mm, BC = 100 mm. O3C = 400 mm.

O£ = 40 mm, O-D=200mm and BD = 200 mm.

34
/?’C
Ifl
)
/
D/ 15 /
14
.
3 2
- 400 - 200 -
8 3
‘13 5 ‘
{a) (b)

Fig.2.38 Wrapping mechanism
1200
¥
ty = 1257 x 0.3 =3771m/s
6o -1

2

B Solution

w = 27 x = 1257 rad/s

N = 5

As shown in Fig.2.38(h), we have
! 2 3 4 5 6
'\/ '\-'/ \-"'lllr \/ \’f:

1223 34 45 56
v

03 24 35 46

v

14 25 36

03 26

Vv



Kinematics

13:12,.23: 14, 34

15: 14.45: 16, 56
13-4 =330mm, i3 -8=750mm, 15— B= 170 mm,
15 -~ 0 = 30mm. 16 - D =200 mm. 16 — E = 400 mm

[ 13 -~ 87 37.71

'y = _F__A_ v, = ?50 o W = 5236 ]T].l"’.‘i
P15 -- 0 52.36

vy = LFEﬂ vy == 30 e -T?O_ = 942 nL‘"S
[16-- E 9.42

t, = thﬁd [ AKY = 2—(]6 = |8<83 mys

Example 2.21

The sewing machine needle bar mechanism is shown in Fig.2.39¢a). Crank 2 rotates at 450 rpm. Determine
the velocity of the needle at D.
OjA = 15 mm, O»8 = 25 mm. AB == 63 mm. 8C = 20 mm, €O = &0 mm and £ O-BC = 90°.

B

Fig.2.3% Sewing machine needle bar mechanism

B  Solution
Heren=6and N =15

As shown in Fig.2.39(b), we have

I 3 45 6
vV oYY
12 23 34 45 56

o

A3, 24 35 ds

R

vi

14 25 36
1s5; 26

i

16
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13:12.23; 14,34

15: 14, 45; 16. 56
13-A=32mm, 13- B8=8mm. |4 — B= 25 mm,

14—C =30mm.15- C=98mm.15-- D= 132 mm
450
w = I x — = 47124 rud/s
60

By = 47124 % 0.015 = 0.71 my/s

f13--8 0.71
mo= | | p, = 84 x . = 1.864 mis
13- A 32
(14— C 1864
b = | oy =30 x S = 2.236 mfs
BER 35
r1S — D 03
by = ) —— 2l =132 x T = 3.01 mis
L15--C 98

2.5 ACCELERATION DIAGRAMS
2.5.1 Total Acceleration of a Link

Consider two points A and B on a rigid link, as shown in Fig.2 30(x). such that point 8 moves relative to potnt

A with an angular velocity o and angular acceleration .
= [l

e ..
B¢ ___ \-.
x|
/ JI[ * /
."'I || ~u //
llI| I| /./ /.,//
L
! |
1 ,./
A7
N
Xe
{a) Link subjected to acceleration {b) Acceleration diagram

Fig.2.40 Acceleration for a link

Centripetal (or normal or radial} aceeleration of point B with respect to point A is

kl

. =+ [
fy =B =

AE
Tangential acceleration of point B with respect 1o point A
f, =u-AB
Total acceleration of 8 with respect o A, . . o
Fow = fou + F = g T AB
= (w4 w) - AB
tun fi = h—;” = -a;

™
»
-’{ba ®

{2.15)

(2.16)

(2.17)

{2.18)



Kinematics B
The acceleration disgram has been represeuted in Fig.2.40(b). The + sign represents vectorial addition.

2.5.2 Acceleration of a Point on a Link
The accelerations of any point X on the rigid link with respect to A{Fig.2.40¢a)] are

o= o AX (2.19)
flo=a-AX (2.20)
Total acceleration, foo= fo 4 fla (2.21)

Therefore, f, denoted by axin the accelerstion diagram [Fig.2.:40¢{b)} is inclined 10 XA at the same angle
B. Triangles abx and ABX are similar. Thus. puint X can be tixed on the acceleration image, corresponding
to point X on the link.
Total acceleration of X relative 1o A,
Fra = ay
Total acceleration of X relative to B,
S =hy

2.5.3 Absolute Acceleration for a Link

Consider the rigid link A8 such that point Bis rotating about A with angular velocity w and angular acceleration
. as shown in Fig.2.41{a). The point a itself bas acceleration f,. The acceleration diagram is shown in
Fig.2.41(b). The absolute acceleration of B is given by

fo = Ja+ fo + 1
fo+w  AB+a - AB (2.22)

Similarly. for any other point X,
f‘ = P(” + Jf\”u t ff.r(r
= fi4w  AX+o-AX (2.23)

{a) Rigid link subjected to acceleration {b) Acceleration diagram

Fig.2.41 Absclute acceleration of a rigid link
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2.5.4 Acceleration Centre

Consider a rigid link AB whosc ends A and B have accelerations f, and f5, respectively, as shown in
Fig.2.42(a). The acceleration diagram 1s shown in Fig.2.42.b). It we select a point O on the link such that
triangles aob and AQOB are similar, then the acceleration of peint O relative 10 a fixed link or fixed point O'is
zero. The point O s called the instantaneous centre of acceleration of link AB ar acceleration centre.

=)
it
LS
A / Fa f
0 - a
\\
.
p
t's
£ s
(o
i
o b
{a) Link having acceleration (b} Acceleration diagram

Fig.2.42 Acceleration centre

2.5.5 Acceleration Diagram for Four-bar Mechanism

The four-bar mechanism is shown in Fig.2.43¢a). The velocity of point B. v5 = w - AB. The velocity diagram
is shown in Fig.2.43(b). in which,

ab L AB=uy
de L DC

and bc 1 BC
ac = v,
bc = vy

Now fn = —Lé = ab
’ AB
. "rl-x :
fop = g6 = oc
v .
La = oo = de

J(.t'b = P(.j;} + -r’ll'fh
bc = bc +c¢'c
3 - .t

-f"d = fc{if + -IL'UJ
de =dc’'~c'¢c
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* =10 rad/s

230

\ o
R0 1‘&\\
400 “-i—\LC' ’

{a) Four-bar mechanism 1b} Velocity diagram

h Scale: 1cm=1m/s

a.d

{c} Accereration diagram
Fig.2.43 Acceleration diagram acceleration diagram for a four-bar mechanism

The acceleration diagram is shown in Fig.2.43(¢). To construct the acceleration diagram. proceed as follows:

L. Draw ab = f;, parallel to AB. Draw bc ™ = /7, parallel to BC. L0 i known in magnitude and direction.
2. Draw cc’, representing the £, . perpendiculw (o b¢’. However, £, is known in direction only.

Now draw dc ™ = §7, parallel to CD. which i« known in magnitede and Jdirection,

= -

Draw ¢ “c. representing £, perpendiculuar to de . to intersect £ ’c at €. Join de and be. Then be == Fbs
and de = 4.

2.5.6 Acceleration Diagram for the Slider—crank Mechanism
The slider—crank mechanism is shown in Fig 2 44). Here. 1, = w - OA. The velocity diagram is shown in
Fig.2 44(b). in which

oa L OA=1,
ab 1. AB
ob || OB
chb = 1y

ab = p,
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e, - =10 radfs

I 0

{a) Configuration diagram

o b b
s
N
" b
O
~
.,
Hya .
o ~—+—4&p Scalerlcm=0.5mis S Scale: 1cm = 5 mis?
" ;
{h) Velocity diagram (c) Acceleration diagram

Fig.2.44 Acceleration diagram for slider-crank mechanism

The acceleration diagram is shown in Fig. 2 44c in which

-

~ L
= -0A= " =oa
i A= b
J(-rr i'ﬁr: b ¢
= —- =4
he T aAB

Draw oa = f, parallel o QA Draw ab’ = 7 parallel 10 ABand bb " L ab’ (o represent f, . [y 1%
known in direction only. Draw ob paralle! to OB 1w intersect o at b. Join ab. Then,
ab = .ﬁ'Jll’
ob = fp = linear aeceleration of slider B
To find the acceleration of any point Cin AB, we have
ac  AC
ab  AB

Join oc. Then §,. = oc.

2.5.7 Four-bar Mechanism with Ternary L.ink
The four-bar mechanism with a terary link is shown in Fig.2.:4504) in which the driving crank has angular
velocity w and angular acceleration & - v, = @ - O1A. The veleanty diagram is shown in Fig.2.45(h).

oa L OA .,

ab _ AB

b o OhB:=1y

ab = vy,



= 60 rad/s?

*m=10radfs

{a} Configuration diagram

be | BC

ac 1L AC
aoc AD
at AB

Scale: 1 ¢m = 0.5 mis

{1} Velocity diagram

Fig.2.45

Join ed, then abe is the velocity image of ternary link ABC,

o5
-fur1|
!
-f;ml
.f:ml

-4
-J{h;a:'

]
.Jr!s;,

b’

bb"

_]‘errJ:

..... - == D]a

O A

v QA=3a a

fon t Loy =018
pe .

_.'ll_ )
OB

LIJ:N '
.= ab

AB

£, Lab’

- ff-a: 1 O’}b !

_f;;_-;] + ﬁm = fi?,,| t -”:u] + ’(

a

Kinematics

Scale: 1 em = 5 mis?

{c}) Acceleration diagram

+ -J(:‘LJ

Join oy d. then 01d = f; Draw ac L ACund be L BC. loin ojc. Then oy¢ == f,. Triangles abc and ABC
are sumilar. Thus, abe is the acceleration image of ternary ink ABC. The acceleration diagram is shown in

Fig.2.45(c).
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Example 2.22

[n the mechanism shown in Fig.2 46(u). determine the acceleration of the slider C, O1A = (00 mm.
AB = 105 mm. 028 = 150 mm aned BC = 300 imm. Crank O A rotates at 180 rpm.

)Z;I 0, N
<
4"
A,"/ *
/.e' 250 mm L 2.0,
AN
p ..
~
.
\(:j 0, v
o ] 30 mm
Scaletem=05m/s
- L]
{a) Configuration chagram {b) Yelocity diagram

. {
b ;v A

. AN
7N\

(<] f

b Scale 1 ¢cm = 5 m/s?

tc) Accele-ation diagram

Fig.2.46

B Solution
o= 2 ox 130760 = 157 radis

v == - QWA= 1537 < (L1 = 157 s
Draw the velocity diagram [Fig. 2 460h)] to aoscale of T e = 0.5 m/s in which

oa .l OjA=1,



ab
3T
2y
ab
be

147

218 -

hc

1
I

Draw the acceleration diagram [Fig 2 d6ic)

Tl

!Iar

2

£ =

LS
"
.J[IJ N

!
iy

a.b

o cl| CO. Thenojc= f,.. be= {4

2.6 CORIOLIS ACCELERATION

Acceleration of slider €. f, = 1.3 cm =57

Kinematics

AB

OB

vy = L7 em o= 085 mss
the = 3Cm = 1.5 mfs
BC

cD

tee= L9 em = 0095 mds

Lo = LSoem =073 nids

[t scule of T em =5 mis-.

g'r: f]‘J)‘ . _ M
=0 = ———- . 3465 m/s”

O1A 01

v, . LS >

S —ah = —— =243 s
AB 0,105
b'biab’

['5 . “HSE hl
o= orbh = - = AR s
0:B 015
b6 L ob”
fnooand  ab= fp.

e, 0.75° <0
I RA— = === = 1873 m/v-
BC 0.3

c'cl be’

S,

b has been observed in Section 2.5 that the wiad acceleration of @ point with respect to another paint in
a rigid link is the vector sum of its normul and tingential components. This holds true when the distance
between the (wo points s fixed and the relative seceleration of the two points on a moving rigid link has

been considered. I the distance between the two pomts varies. that 1s. i the sccond point which was

consudered stationary, now slides, the tatal acceleration will contiin one additonal compenent called the

Coriolis aceeleration component.

Consider slider Bon link OA such that when link OA4 15 rotating clockwise with angular velocity o the
slider B moves outward with lincar velocity v as shown in Fig.2 47 Letthe angle wirned through by link OA
in time d¢ 1 order to occupy the new position QA ' be d# and let the stider move (o position £. The slider
can be considerad (o move from Bto £as Tollows

[. From 81to € due to the angular velocity o ol link OA.

2. Cw Ddue o the outward velocity +of the slider,

3. Do Edue 1o the acceleration perpendicular to the rod. that is. due to Coriolis acceleration.
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Fig.2.47 Slider 5 on a rotating link QA

Now, are DE — arc EF e FD
= arc EF --are BC
= QF d# - OB - d#
= {(OF - 08wl
= BF d# = CD J#

Now, CD = v
and df) = w - dr
Hence, are DE = (v - dry- G- i)
Now, are DE = chord DE. as d& is very small.
Therefore. DE = v wtdry (2.24)
I .y b
But. DE = - f"tdiy” (2.25)
where f'" iy the constant Coriolis acceleration of the particle.
Hence, from (2.24) and (2,25} we get
o= Qv (2.26)

The dirgctiom of the Cortolis acceleration component is such as to rotate the sliding velocity vector in the
same sense as the angular velocity of OB, This is achicved by turning the sliding velocity vector through
907 in a manner that the velocity of this vector 1s the same as that of angular velocity of OA. The method of
linding the direction of Corolis acceleration is iltustrated in Fig.2 48,

Il fu"__'__z_t:‘i—l .:L} 4 - fCr
f ) ]
1w
o). T
L) -
! |
' - f * f“’*'———;;;!J— b
2l e
{a} (e (3] {d}

Fig.2.48 Finding direction of Zoriclis acceleration
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Example 2.23

In the crank and slotted lever type quick-return motion mechanisn. shown in Fig.2 49a), crank A8 rotates
at one rev/s. Determine (a) the velocits of the rum at 20 th) the magnitude of the Coriolis acceleration
component and (c} the acceleration of the ramy w 8. AB = 200 imm. OC = 600 mm and €D = 500 mim and
OA = 250 mm.

L
X X
fﬁjf,ﬂf':!f:[
400 mm
250 mm
¥
o Scale: *om = 0.5 mis
{a) Configuration diagram {b) Velocity diagram
Cl.,éi‘1
NN
f{l'_\\' ftl(_) L“‘“x\\ \“\
\m ~ )
i \ \‘H& ™~ - fbd
Sc e, T~
d; o
A
\ b,
Fr
S:ale: 1 cm =1 mis? SN
{c1 Accelaration diagram
Fig.2.49
B Solution
w oz 2o | o= 628 rad/s

Up 2= 4y, = - AB = 6.28 x 0.2 = |.256 m/i.
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The veiovity digram is shown in Fig.2 49(b) (o a scale of 1 em = 0.5 my/s. in which, ba L AB = 0.628 m/s.

ocl OB, bb’{| OB, oc = ob ' (QCIOB).
od || XXund cd . CD.

ob’' = iy, =23cm = 115 mi
oc == ob {QC/OR)
25 % 600
= — _— =384 mm
90
Yeom e =0 = 17T mks
Velocity of slider B=bb" =15 cu== 075 ms
Velocity of ram Doy =ad=36cm= 1.5mk
ob’
Angular velocity of lever OBC. g = ——
UILY (4 ] OB
115 )
= = = 2058 radis tow)
(.39
Uy = de= 1.7 cm = .85 mfs

Coriolis acceleration of B = 2bb ", () =

2% 1.5 x LS < 295 = 4425 nys”

Table 2.1 shows the calewlation for Curiolis acceleration.

Table 2.1
Link Length - Velocity  Normal acceleration Tangential acceleration  Coriolis acceleration
r vLomds v mist m/s? m/s
AB 0.2 1.256 789 - -
o8 .39 .15 239 - -
Slider 8 - - - - 4425 L OB
co ) .85 -

The acceleration diagram is shown in Fig.

ab | AB
g
ab)
orp
pb |

1445

249ter o a scale ot 1 am = | nws. in which

= £ =789 mi"

= " =442%mis" L OB
Jogb

= =230 mN | OB
L op

Join b1b | and o1b 10l b, = 1.7 cm. Produce O1b) to ¢, such that

oc)

cd)

= Ob] (

OC)
OB
2.6 x 600 L

- - - == 38R e
3530

| CD=j

"

= 1445 m/s
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dio) L CD = f!,
ardy i XX= fy
cdi = frg=43cm=43Imh’
o1d = fy=L8em = 1.8 mi

{a) vy = L&/
(hy /9 = 4425 m/s°
)y fi = 1.8mss,

Example 2.24

Draw the acceleration diagram for the Whitworth mechanism shown in Fig.2.500a). OB = 200 mm, BE = 260
mm. BC = 410 mm, €D = 500 mm and OF = 100 mm,

o.e a

/ [)d
oy S/
b / f
v, " \
af
2

Scale: tcm =1 mis
{b} Velocity diagram

d,
H
fdc
Scale: 1 cm = 5 m/s? fac
{a) Configuration diagram {c) Acceleration diagram d; <,
n
i‘c)‘(:
Fig.2.50
B Solution
ap

w o= 27 x —— = 12.57 rad/s
60

te = F2.57 0.2 =251 m/s
The velocity diagram is shown in Fig.2.50cb;. in which

08 = v, L OA= 251 mis
ab || BE

okt BE

vy = b= 2.4 msis
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eb
wrp = — == 244126 = 923 radfs {cw)
L EB i

BC 410
be = be( ) = LI,—’I( —) = 3.78 mfx

BE 260
vy = ed =109 mn
cd {193
YD T op T ns 1.9 rad/s {cw)

1y = ba =09 mis

Table 2.2 shows the calculation of Coriolis acceleration.

Tahle 2.2
Link Length Velocity Normal acceleration  Tangenttal aceeleration  Coriolis acceleration
r r vy w-r 2w
m m/s /s /s m/s?
OA 0.2 2.51 35 - -
BE 0.26 24 2213 -
cD 0.50 0.95 1.80 - -
Point A - 0.90 - - 2% 09 x9.23
or B = 16.61
The Coriclis acceleration of AB = ') = 2vapmEeR

= 2% 095923 = 1661 m/s
The scceleration diagram is shown in Fig.2.50(¢), m which
oa = f" i A0 = 315wy’
orb| = il BE = 2215 o
‘biby = f. LBE
ale 1 EB= f{:_f) = 16.61 mis°

bib || EB= f = \liding acceleration of A relative to B

Locate by. Join a b, and oy by.

€18 . CE

e by N cB

150 x 4.6
cle = -———— = 265cm
260

Locate ¢).

ad, = f} = 180w’

did, i cd)

erd) || ED
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Locate dy. Join ¢;d|, then ¢ d) = f;...

- fu == o1dy = t.3cm = 6.5 m/se

m  bb
Angular acceleration of EB, agg = ﬁ =
BE BE
_L2xs = 23 radis? (c
=z 026 = 23 radis” (cow)
. . f“': . d ’I d
Angular acceleration of CD, =
g €0 ep T oo
22x5
= 2 22 rad/s” (cow)
0.5

2.7 LINK SLIDING IN A SWIVELLING PIN

Consider a link AB sliding through a swivelling pin O, as shown in Fig.2.51{a}. Point C lies on link A8, The
peint A moves up with velocity v, and acceleration f,,.

vay. 1,
A I pa
C Yea hua
- onlink AB /
: - b Uha beg
i Ly \
8 o]
{a) Link in a awivelling pin (b) Velocity diagram {c}) Acceleration diagram

Fig.2.51

Velocity diagram Draw oa = v, purallel to the path of motion of point A, as shown in Fig.2.51(b).
From a draw ab perpendicular to AB to represent wp,, and from o draw a line parallel to A8 to represent v,
the sliding velocity, to meet ab at ¢. Produce ac to b such that % = AC/AB. Join oto b. Then ob = v,.

Acceleration diagram Draw f, parallel to the path of A, as shown in Fig.2.51(c).

T
"= L= A T cAjAB
£, Lac’
oc” = ;=2 .w-AB- v, L AB
co” || AB

Locate point ¢ and join ac. Produce acto b such that ac/ab = AC/AB. Join ob. Then ob = fj,
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Example 2.256

In the swivelling point mechanism shown in Fig2.532(1). OA = 25 mm, AB = 150 mm, AD = DB,
DE = 150 mm. EF = 100 mm, BC = 60 mim, 85 = H{) mun and OC = 130 mm. Crank OA rotates
at 200 rpm. Determince the aceeleration of sliding link DE 0 the trungion.

!
_,i/-*’ - k’ 3 100 mm

Ligg {a) Configuratior. diagram

Ve

Ly

Scale: 1 ¢m = 0.2 mis

{b} Velocity diagram

{d) Direction of f;;

Scale: 1 cm = 3 m/s?

(¢} Acceleration diagram
Fig.2.52
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Kinematics

w = 2 % 200/60 = 20.944 ruclfs
v, = 20944 % 0.025 =- 0.523 m/s

The velocity diagram is shown in Fig.2.52(b) 1o a scale of | em = 0.1 m/s, in which

Locate b.

or

Draw os || DE. de | DE.

ar

0a == v, L OA
ab L AB
ch . BC

ch = 1y, = 4.6 cm = 0.46 /s
ab 1z v, =2 3cm = 0.23 mfs
ad AD 1
ab  AB 2
ad = 0.5 x23=1.15cm

g = ds=1.8em =018 m/s
. = gs=44om =04 mi
de DE .
= -— = I50/45
ds DS ‘

150
de = 1.8 x -- - =fHcm
45

v = beom = 0.6 mhs

Locate . Draw ef L EFand if || XX.

4. L6 & radss ( ]
. = -2l e = Gradfs (cow
LI DE 01
of = iy

ef = vy, = 6.6 cm = 0.66 mfs

Table 2.3

Link

Length

Velocity  Normal acceleration  Tangentia) acceleration  Coriolis acceleration

r U = ff=ar 7 = 2vw
m nys ns” m/s” m/s?

OA 0.025 0.523 10.94 - -

AB 0.150 0.23 {.352 - -

BC 0.06 .46 252 -

DE 0.15 0.6 24 - -

EF .10 0.66 4.356 - -

Ds 0.045 0.13 0.72 - -

G fixed - .44 - - 528

Son link
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Table 2.3 shows the calculation of Coriolis acceleration.
Fi8 = 2usg 0pE = 2 x 0.4 x 6 = 528 /s’
The acceleration diagram ts showa in Fig.2.52(c) to a scale of | cm = 1 m/s2.

va || OA=10.94 mi?

ab' = f || BA=0.352 mi?
b'h L ab = ] 7 or BA

ba
cb” = fI ) BC= 352w
b"b L ob" = f
Locate point b. Join ob and ab. i
ab = _hm: ob := fb

ad AD
ab _ AB

or ad = 1.5 x6.5==325¢m
ds’ || DS = f" = 0.72 mis’
ss 1 ds’

Draw gs' = fi7 =528 m/s’ L 8D. s [ SO

Locate s. Join os and sd.
The acceleration of sliding in the trunnion, s "s = f,

%
g

=0.3em = 0.3 m/s?

2.8 KLEIN'S CONSTRUCTION

Klein’s construction is used to draw the acceleration diagram fur a single slider—crank mechanism. The
following steps may be followed 1o draw the acceleration diagram, as shown in Fig.2.53:

B b —

. Draw the configuration diagram OQAB of the slider-crank mechanism.

. Draw Of | OB and produce BA to meet Of at C.

. With AC as the radius and A as the centre, draw a circle.

. Find the midpoint D of AB. With D as centre and DA as radius, draw the circle to intersect the previously

drawn circle at Hand E. Join HE intersecting AB at F.

. Produce HE w meet OB at G. Join GA. Then OAFG is the acceleration diagram,

OA = fo,
AF = fp,
The acceleration of piston (slider B), fr=" 0G
fha = ot FG
o= w - AF
Jra = W - AG

. To find the acceleration of any point X in A8, draw a line XX || OB to intersect GA at X, Join OX. Then.

fr = W OX

! FG
& =@t — {ccw)

TS Y=
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Fig.2.53 Klein's construction

Example 2.26

The crank of an engine 250 mm jong rotates at a uniform speed of 240 rpm. The ratio of connecting rod
length to crank radius is 4. Determine {a) the acceleration of the piston, (b} the anguiar acceleration of the
rod. and (¢) the acceleration of a point X on the connecting rod at 1/3rd length from crank pin. The crank
position is 30° from inner dead centre.

M Sclution
The acceleration diagram using Klein's construction has been drawn in Fig.2.54.

Scale. 1cm=10cm

Fig.2.54 Klein's construction



m Theory of Machines

Draw OM L BO. The acceleration diagram is shown by QAPQ.

aP s g
PQ = f,,
AQ = Fh

240
w=72x ‘(ﬁ = 25.13 rad/s

Draw Xx parallel to BO. Join AQ and Ox. Then,

Ox =« f,
fr = o 00
(@) Acceleration of the piston w® x 0Q = (25.13)> x 2.5 « 10 = 15788 em/s”
(b} Tangential acceieration of the rod = o x PO = (250317 > 1.25 % 10 = 7894 cm/s”

, 794 _ ,
Angular acceleration of the rod — o= 78.94 rudfs”

{c) Acceleration of the point X on the rod = o° x Ox — (25030 24 % 10 = 15156 em/s?

2.8 ANALYTICAL ANALYSIS OF SLIDER~-CRANK MECHANISM

Consider the slider—crank mechanism shown in Fig.2.55, |
OA = r when the slider B has moved by arr amount x to the 1
AB = I makes with the line of stroke.

<t 4 be the angle turned through by the crank
ight. and ¢ the angle which the connecting rod

; o
8 o
E/d_ : ¢
- x b

Fig.2.55 Slider-crank machanism

XY =r4{—(0C+ 80
= r+4+!—ircosg + oo gh)
= rtl -costhy + £l - Cos )

Now, AC = rsinfl =ling
sing = (-;)sin{?
{
Let, T
,
L A
Then, Cos g = [I - - sin~ cﬁJ



Velocity of the slider, 173
Acceleration of the slider, fu
Now, sin ¢
d¢

cos¢ - —-

¢ dt

Angular velocity of the connecting rod,

g

&

&

Kinematics 87
9 0.5
=r {1-c0~,9)+{| sm )
24 0.5
=r [l-c()59)+ﬂ! sm )
sin? @
(]l —cosé)+n —_
;
| - cos 26
r [(] —cosf) + {—-——u—)] 2.27)
4n
dr dx d¢
de — do dr
dx
@
de
. sin 26
o [sind 4+ (2.28)
n
J°x
dr?
I_l]fb
de
d!'b de
a9 dr
du,
0y ——
dé
s 24
o [cosl‘) + cmz—j]
n
sin@
P2
da
cosf - — - —
dt
cos g
)
H
d¢ (w) (cos())
dr ~ \n cos
wCos
{n? — sin? 9)0'5
[£7]
(—w) cosf 2.29)
n
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Angular acceleration of the connecting rod.

.
Upy = = -7 snf

- (._.: ) CaIn {230)
Example 2.27
In Example 2.26, calculate analytically the acceleration of the piston and the anguiar acceleration of the rod.
B Sclution

i
n = = 4. H I .)‘UD
r
, (cos 26
wir [ct)sQ 4 LS - 2] = (25132 x 25 [cos 307 +
n

. . . {cos 607)
Acceleration of the piston,  f, = —

— 15646 cm/s”

Angular acceleration of the rod = ("i’-: ) sinf = [{25.13)7  sin 30°]/4 = 78.94 rad/s*
no

2.10  COMPLEX MECHANISMS

With the inctusion of ternary or higher order floating link to a simple mechanism. the successive apphcation
of the relative velocity and relative acceleration equations fuil 10 complete the analysis. Such a mechanism
is classified as kinematically complex mechanisin,

Low degree of complexity When a complex mechanism can be rendered simple by a change of
input link, it is called a mechanism having low degree of complexity. In the mechanism shown in Fig.2.56.
when the input link is 2, then the velocity and acceleration ol point 8 cunnot be determined from the velocity
and acceleration of point A. as the radius of path of curvature of powt Bis unknown. However, with the input
link us link 6 or link 3, the velocity and acceleration of € and D can be determined . Then by the image of
ternury link BCD, the velocity and acceleration of Bis deternined.

Lich

{b) Finding direction of angular velocities

Fig.2.56 Complex mechanism having low degree of complexity
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High degree of complexity When 1 complex mechanism cannot be rendered simple by a change
of input link, it is called a mechanism with high degree of complexity. In such a mechanism the radii of the
paths of curvature of two or more motion transfir points of a floating link are not known. The mechanisms
shown in Figs.2.57(4) and (b) have high degree of complexity,

{a)

Fig.2.57 High degree of complexity mechanisms

Example 2.28
For the mechanism shown in Fig.2.58(a). detecmine wy and wrg.

0,,0,..0, U _
Ude
Yot
Lg
d \
Y " Vaa
S ;
(a) Configuration diagram (b) Velocity diagram

Fig.2.58
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'l Solution
With link 2 as the input link, the mechanism is complex. Make link 6 the input link. Then it becomes a simple
mechanism.

Let wg - DD =25 mm = vy,
(a) Draw ogd L OgD = vy = 25 mm. as shown in Fig 2.58(b).

‘ os¢ L OsC
Locate point c. cd L CD
(b} Draw ¢b 1 BC
db 1 BD
Locate poim b.
(c} Draw o022l QA
ab 1 AB

Locate point a.

{d)} Measure 07a = v,,. The direction of the velocity vector v, contirms the direction of rotation of crank O A
in the counter-clockwise direction. If it does not confirm, the solution is repeated with link 6 rotating in
the clockwise direction. '

By measurement, o2 = 8 mm.
wy - {hA = & x scale

75
or scale,  mm = 10 x ry = 9275 mm/fs
d x scale 25 x 9275
wp = 2 gﬁ;ﬂ = = = 46.875 radss (cew)
tefe . [ _ E\i
DC ~ DB BC
: cd bd te 70 x 92.75
or e oo o ——0 gy = ——————— = 65,625 rad/s (cw)
DC 8D BC 100

Exampie 2.29
For the mechanism shown in Fig.2.59. determing .

« = 1radis
. {cow)

Fig.2.59 Complex mechanism
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# Solution

With Iink | being the fixed link and link 2 the input link. the velocity diagram cannot be drawn. It is a complex
mechanism with a of high degree of complexity.

To draw the velocity diagram, draw the mechanism with link 4 as the fixed link, as shown in Fig.2.60(a).
Now the velocity diagram can be drawn for BACD and points Os and E can be located on the velocity image
of BAO» and DCE, as shown in Fig.2.60(b). After locating points O- and E, point O, can be located.

1, = ang - AB

Let ba = 50 mim, then v, = Diagram scale x 50. The velocity diagram is drawn as follows:
(a) Draw ab L AB = 50 mm.

(b) Draw ac L AC and dc L CD1o locate c.

(c) Draw ce 1 CE and de 1 DE to locate e.

(d) Draw ao» L AO» and boy L BO: 10 locate on,

(e} Draw g0y, L EQg and 0266 L OO to locat: o,

c

{a} Configuration diagram {b) Velocity diagram

’ Fig.2.60

. ba
wry = Diagram scale x 5

50
= Scale x 0= 0,7143 x Scale (cow)
Vo2 = 010 X o1y = 140 X w4
= 0104 x scale -
25 x scale

or = -
w4 140

= ().1786 x Scale rad/s

Ve = OQE X gy = 50 X wpg

= e0 x Scale
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a0, x Scale ) % Scale

or el = — 50 —_ = —-—-:ﬁ—
= 0.4 x Scale rad/s {cow)
Similarl ac x Scale 22 = Scale
m . tr = — = .. - -
mmilarly {21 AC 0
= 0.55 x Scale rad/s tcew)
dc x Scale 49 » Scale
{LJS4 = e e T e —m
DC 130
= 0.377 x scale radrs (cew)
But, arn = = | rad/s {cows
Also, W] = g — ) i
= (L7143 .. 0.1786) = Scale rad/s
or I = 0.5357 x Scale rad/s
scale = [.867 mm/s/mm
Thus, wry = N.7143 < | 867 = {.3336 rad/s {cow}

w1 = 01786 x 1.867 = 103334 rad/s (cow)
wig = (155 x 1.867 = |.0268 rad/s {ccw?}
wh: = (14« 1,867 =: (.7468 rad/s (cow)
wsg = 0.377 x 1.867 = 0.7038 rad/s (cew)
e = (g = Wed — P4

= 0.7468 — 0.3334 = ().4{34 rad/s (cew)

Example 2.30

For the mechanism, shown in Fig.2.61(a). the linear velocity of paint £1s 2.3 m/s. Link 2 rotates at uniform
angular velocity in the counter-clockwise direction. Determine cr, 3. and wq.

90 ____ 1777

7

i _.fj / _:/ _.f _/f _.-f I;’ N

23

- — 65

{a} Configuration diagram {a) Velocity diagram

Fig.2.61



Kinematics

M Solution

The magnitude of w; 1s unknown. Let us lake ab = 25 mm (arbitrarily).

Draw the velocity diagram as shown in Fi:2.2.61(b).

ab 1 AB= 30 mm
bd 1L BD
ad 1. AD

Locate d.

be 1L BC
he 1 HC

Locate o
be 1 BE
ce 1L CE

Locate e. Join ae.

cf L CF
ht L HF

Locate £
v, = Scale of diagram x ae

1300 = Scale = 23
100 mm/s

or wale = —
mm
A ab x scale 30 x 100
R Sy B T)
= 75 rad/s (cew)

ven  bex scale 17 x 100

“ T ecgT B T
= 18.9Yrad/s (cw)
vy ho x scale 28 x 100
iy = - = — — o —

HC~ HC 50
= 56 rad/s (cew)

Example 2.31

In the mechanism shown in Fig.2.62(a). the link 2 rotates with angular velocity of 30 rad/s and an angular
acceleration of 240 rad/s®. Determine (a) the acceleration of points B and C, (b) the angular accelerations
of link 3 and 4 and (c) the refative acceleration wiyy. O+A = 100 mm, A8 = 200 mm, AC = 100 mm and
BC = 150 mm.
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Scale: 1 em = 20 m/s?

{c) Accaleration diagram

Fig.2.62

# Solution
Ve =30 x 0.l =3 mfs

The velocity diagram is shown in Fig.2.62(b) 1o a scale of 1 cm = | mv/s.

Vs = Uy + UVhg

Ve = U+ g = vp 4 v

v, = ma and 1 A

v, = mb and Llogh=26cm=2.6mk
Uba ab and L AB==23cm=23ms

tep = be and L BC==17c¢m =17 mfs



ey = b and

t_'(. -

Kinematics

Losb=12cm = 1.2nus

e

The acceleration diagram is shown in Fig.2.92(c) 1o a scale of 1 cm = 20 m/s”,

b
fi

1

0y

b3y

vp 2.6 s
i . . -

— = -— =648 ms  (from Bro Oy)
B 0.2 ’
£y

g ¥ 30 /e (from Ato Oh)
B 4~ rom Ato
A 0.1 )
e 237 :

it — = 2643 mfs"  {(from Bo A
AB 0.2
i

= .Jlr;l + .Jf.}m

fo = fd 4 fa = fou + 1
o == 2.5 cm = 70 miy”
b'b== 1dem = 28 miy’
£'b=6.2cm = 124 mis”

,":,;’ 124 3
v _ T — 620 rad/s~ (CCW')
BA (.2

; 28 5
R = —— = 140 rad/s~ {cw)
0B 02

@y — g = 620 -+ 140 = 760 rad/s” (cew)

The acceleration tmage is shown in Fig.2.62(c).

fe

A
oo

!
fr‘u

"
ik

Il

.'fﬂ + I(}:{ + -f-lr

it
e 22
St ]__ = 4.4 m/s’
CA 0.1
Ir'”
Wt
1.72 ,
Yo 1T 070y
CB 0.150
£

o0 = 5cm = 100 mfs”
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Exercises

1 The dimensions of various links for the mechanism shown in Fig.2.63 ure OA = 0.5 m, AB = 1.5 m and
AC = CD = 0.9 m. The crank OA has uniform angular speed of 180 rpm. Determine the velocities of
slides Band D. Also calculate the turning moment at C'if a force of 500 N acts on B and a force of 80
N acts on D, as shown.

Fig.2.63 Mechanism with crank and sliders

2 The dimensions of the various links of the mechanism shown in Fig.2.64 are OA = 50 mm., AB = 400
mm, BC = 150 mm, CO = (N} mmand DE == 250 mm. The crank OArotates at 60 rpm. Find the velocity
of slider E.

30°

Fig.2.64 Mechanism with crank and slider
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3 The dimensions of the various links of the mechanism shown in Fig.2.65 are OA = 30 mm, AB = 75 mm,
BC = 45 mm and BD = 100 mm. The crank OA rotates at 120 rpm. Determine the velocity of slider D
and angular speeds ot links AB, BC and B0,

Fig.2.65 Mechanism with crank and slider

4 The crank OA of the mechanism shown in Fig.2.66 rotates at 120 rpm. The dimensions of the various
links are OA = 100 mm, AB = CE = 400 inm, AC = 125 mm, and £F = 300 mm.

300 mm

Fig.2.66 Mechanism with rod sliding in a siot in trunnion

The rod CE slides in a slot in trunnion at O Determine (a) the velocily of £, (b} the velocity of sliding
of CEin D and (c) the angular velocity of CE.

§ The crank and slotted lever mechanism is shown in Fig.2.67. The dimensions of the various links are
OA == 200 mm, AB = 100 mm, OC = 400 mm and CD = 300 mm.
The crank AB rotates at 75 rpm, Determine (a) the velocity of the ram and (b) the angular speed of the
slotted lever OC.

6 For the mechanism shown in Fig.2.68. determine the velocities of points C. £ and F and the angular
velocities of the links 8C, CDE and EF » = 120 rpm. AB = 60 mm, BC = 120 mm, AD = 50 mm,
CD = 100 mm, DE = 120 mm, CE = 50 mm and EF = 150 mm.
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Fig.2.68 Complex machanism

7 For the mechanism shown in Fig.2.69. determine the angular velocities of links 3 and 4 when link 2 is
rotating at 120 rpm. Also tind v, and vy.

- P P —

Fig.2.69 Mechanism with rotating link

A = 100 mm, AB = 250 ram, AC = 150 nun, BC = 50 mm. 048 = 100 mm and AD = 100 mm.
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8 For the mechanism shown in Fig.2.70, determine the velocities of points € and A and w3 and w4. The
link 2 rotates at 150 rpm. O:A = 380 mun. 8048 = 250 mm. AC = 2530 mm, BC = 400 mm and
OOy = 750 mm,.

Fig.2.70 Mechanism with rotating link

9 For the mechanism shown in Fig.2.71, determane the velocity of the slider C. The link 2 rotates at 180 rpm.
A = 30 mm, AB = 100 mm, AC = 200 mm, BD = 100 mm, Oy 0 = [} mm and G20 = 100 mm.

0 5 D
1 }fé”"f 7
/

5

B T 4,
—
ﬁ"::[,é
T
Fig.2.71 Mechanism with rotating link

19 For the crank-shaper mechanism shown in IFig.2.72, link 2 rotates at a constant angular speed of 1 rad/s.
Determine the angular speed of link 4, v4y, vaza3 and vazay. O2A = 50 mm, C3A = 80 mm and
O, 04 = 120 mm. '

1t For the mechanism shown in Fig.2.73. link 2 rotates at 160 rad/s. Determine vy, wy and v,. O2A = 150
mm, A8 = 200 mm and O3 8 = 150 mm.
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A

4/

/’/
—
{ - [{1) 2
/ ‘?“ 2
o,(3 R,
1

1

WAS Y,

Fig.2.72 Crank—shaper mechanism

1|,. . - .- 350mm - ——

O et — - :

y 30° |

2 =180 rad/s i
2 4
~_F

\ 150 mm
A
‘a1
3 )
\ d
g
E

Fig.2.73 Mechanism wilh rotating link

12 The driving link 2 of the Whitworth guick-return meeaanisim shown in Fig.2.74 rotates at a constant
speed of 6 m/s. Determine the velocity of the tool holder.
A = 100 mm, 038 = 100 mm. BC = 350 mm and G-y =: 90 mm.

s
3
2 A
02 f:? _
4 _r
vo= Bmis

Fig.2.74 Whitworth guick-return mechanism



