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Machine and Mechanism:
> Mechanism:

— If a number of bodies are assembled in such a way that the motion of one causes
constrained and predictable motion to the others, it is known as a mechanism.

> Machine:

— A machine is a mechanism or a combination of mechanisms which, apart from
imparting definite motions to the parts, also transmits and modifies the available
mechanical energy into some kind of desired work.

» Analysis:

— Analysis is the study of motions and forces concerning different parts of an existing
mechanism.

» Synthesis:

— Synthesis involves the design of its different parts.

Types of constrained motion:
Completely constrained motion:

— When the motion between a pair is limited to a definite direction irrespective of the
direction of force applied, then the motion is said to be a completely constrained
motion.

— For example, the piston and cylinder (in a steam engine) form a pair and the motion
of the piston is limited to a definite direction (i.e. it will only reciprocate) relative
to the cylinder irrespective ofthe direction of motion of the crank.

— Square hole r~ Collar
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Fig. 1.1 fig. 1.2
— The motion of a square bar in a square hole, as shown in Fig. 1.1, and the motion of
a shaft with collars at each end in a circular hole, as shown in Fig. 1.2, are also
examples of completely constrained motion.

Incompletely constrained motion:

— When the motion between a pair can take place in more than one direction, then the
motion is called an incompletely constrained motion. The change in the direction of
impressed force may alter the direction of relative motion between the pair. A
circular bar or shaft in a circular hole, as shown in Fig. 1.3, is an
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example of an incompletely constrained motion as it may either rotate or slide in a
hole. These both motions have no relationship with the other.

Foot step bearing

Fig. 1.3 FIG. 1.4
Successfully constrained motion:

— When the motion between the elements, forming a pair, is such that the constrained
motion is not completed by itself, but by some other means, then the motion is
said to be successfully constrained motion. Consider a shaft in a foot-step bearing
as shown in Fig. 1.4.

— The shaft may rotate in a bearing or it may move upwards. This is a case of
incompletely constrained motion. But if the load is placed on the shaft to prevent
axial upward movement of the shaft, then the motion of the pair is said to be
successfully constrained motion. The motion ofan I.C. engine

Types of Links:

— A mechanism is made of a number of resistant bodies out of which some may have
motions relative to the others. A resistant body or a group of resistant bodies with rigid
connections preventing their relative movements is known as a link.

— A link may also define as a member or a combination of members of a mechanism,
connecting other members and having motion relative to them.

— Links may be classified into binary, ternary and quaternary.

— 2, T

Binary link Ternary link Quaternary link
FIG. 1.4 Types of link

Kinematic
Pair:

— When two kinematic links are connected in such a way that their motion is either
completely or successfully constrained, these two links are said to form a kinematic
pair.

— Kinematic pairs can be classified according to:
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Kinematic pairs according to nature of contact:

a. Lower Pair:

o A pair of links having surfaced or area contact between the members is
known as a lower pair. The contact surfaces oftwo links are similar.

o Examples: Nut turning on a screw, shaft rotating in a bearing.

b. Higher Pair:

o When a pair has a point or line contact between the links, it is known as a
higher pair. The contact surfaces oftwo links are similar.

o Example: Wheel rolling on a surface, Cam and Follower pair etc.
Kinematic pairs according to nature of contact:

a. Closed Pair:

O When the elements of a pair are held together mechanically, it is known as
a closed pair. The two elements are geometrically identical; one is solid and
full and the other is hollow or open. The latter not only envelops the former
but also encloses it. The contact between the two can be broken only by
destruction of at least one of the members.

b. Unclosed Pair:

o When two links of a pair are in contact either due to force of gravity or
some spring action, they constitute an unclosed pair. In this, the links are
not held together mechanically, e.g. cam and follower patir.

Kinematic pairs according to Nature of Relative Motion:
a. Sliding pair:

o When two links have a sliding motion relative to another; the kinematic pair
is known as sliding pair.

b. Turning pair:

o When one link is revolve or turn with respect to the axis of first link, the
kinematic pair formed by two links is known as turning pair.

c. Rolling pair:

o When the links of a pair have a rolling motion relative to each other, they
form a rolling pair.

d. Screw pair:

o Iftwo mating links have a turning as well as sliding motion between them,
they form a screw pair.

e. Spherical pair:

o When one link in the form of sphere turns inside a fixed link, it is a
spherical pair.

Types of Joint:

— The usual types of joints in a chainare:

O Binary Joint
O Ternary Joint
O Quaternary Joint
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Figl.5. Types of joint

a. Binary
Joint:
o Iftwo links are joined at the same connection, it is called a binary joint.
For example, in fig. at joint B
b. Ternary Joint:

o Ifthree links joined at a connection, it is known as a ternary link.
For example point T in fig.

c. Quaternary Joint:

o Iffour links joined at a connection, it is known as a quaternary link.
For example point Q in fig.

Degrees of Freedom:

— Anunconstrained rigid body moving in space can describe the following independent
motion:

a. Translational motion along any three mutually perpendicular axes x, y and z.
b. Rotational motion about these axes

z I
r 9 ‘

Fig. 1.6 Degrees of freedom
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A rigid body possesses six degrees offreedom.

Degrees of freedom of a pair is defined as the number of independent relative motions,
both translational and rotational, a pair can have.

DOF = 6 — Number of Restraints

Kinematic chain

Kinematic chain is defined as the combination of kinematic pairs in which each links
forms a part of two kinematic pairs and the relative motion between the links is either
completely constrained or successfully constrained.
Examples: slider-crank mechanism
For a kinematic chain
N=2P-4=2(G+2)/3

Where N =no. of links, P = no. of Pairs and j = no. of joints
When,

LHS > RHS, then the chain is locked

LHS = RHS, then the chain is constrained

LHS < RHS, then the chain is

unconstrained

Kutzbach Criterion

DOF ofa mechanism in space can be determined as follows:

In mechanism one link should be fixed. Therefore total no. of movable links are in
mechanism is (N-1)

Any pair having 1 DOF will impose 5 restraints on the mechanism, which reduces its
total degree of freedom by 5P1.

Any pair having 2 DOF will impose 4 restraints on the mechanism, which reduces its
total degree of freedom by 4P2

Similarly, the other pairs having 3, 4 and 5 degrees of freedom reduce the degrees of
freedom of mechanism. Thus,

Thus,
F=6(N-1)-5P1—-4P,-3P3-2P4—1P5—
Hence, 0P

F=6(N-1)-5P1—4P,-3P3—-2P4—-1P;s
The above equation is the general form of Kutzbach criterion. This is applicable to
any type of mechanism including a spatial mechanism.

Grubler’s criterion

If we apply the Kutzbach criterion to planer mechanism, then equation of Kutzbach
criterion will be modified and that modified equation is known as Grubler*s Criterion
for planer mechanism.

Therefore in planer mechanism if we consider the links having 1 to 3 DOF, the total
number of degree of freedom of the mechanism considering all restraints will becomes,
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F=3(N-1)-2P;—1P;

The above equation is known as Grubler’s criterion for planer mechanism.
Sometimes all the above empirical relations can give incorrect results, e.g. fig (a) has 5
links, 6 turning pairs and 2 loops. Thus, it is a structure with zero degree of freedom.

Fig. 1.7
However, if the links are arranged in such a way as shown in fog. (b), a double
parallelogram linkage with one degree of freedom is obtained. This is due to the reason
that the lengths of links or other dimensional properties are not considered in these
empirical relations.
Sometimes a system may have one or more link which does not introduce any extra
constraint. Such links are known as redundant links and should not be counted to find
the degree of freedom. For example fig. (B) has 5 links, but the function of the
mechanism is not affected even if any one of the links 2, 4 and 5 are removed. Thus,
the effective number of links in this case is 4 with 4 turning pairs, and thus 1 degree of
freedom.
In case of a mechanism possessing some redundant degree of freedom, the effective
degree of freedom is given by,

F=3(N-1)-2P1—-1P2-F;
Where F = no. ofredundant degrees of freedom

The Four-Bar chain

A four bar chain is the most fundamental of the plane kinematic chains. It is a much
proffered mechanical device for the mechanisation and control of motion due to its
simplicity and versatility. Basically, it consists of four rigid links which are connected
in the form of'a quadrilateral by four pin-joints.

When one of the link fixed, it is known as mechanism or linkage. A link that makes
complete revolution is called the crank. The link opposite to the fixed link is called
coupler, and the forth link is called a lever or rocker if it oscillates or another crank if it
rotates.

It is impossible to have a four-bar linkage if the length of one of the link is greater than
the sum of other three. This has been shown in fig.
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Fig. 1.7 Four bar chain

Grashof’s

law:

We have already discussed that the kinematic chain is a combination of four or more
kinematic pairs, such that the relative motion between the links or elements is
completely constrained The simplest and the basic kinematic chain is a four bar chain
or quadric cycle chain, as shown in Fig. 5.18. It consists of four links, each of them
forms a turning pair at A, B, C and D. The four links may be of different lengths.
According to Grashof”s “s law for a four bar mechanism, the sum of the shortest and
longest link lengths should not be greater than the sum of the remaining two link
lengths if there is to be continuous relative motion between the two links.

C
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Fig. 1.8 Grashof’s law

A very important consideration in designing a mechanism is to ensure that the input
crank makes a complete revolution relative to the other links. The mechanism in which
no link makes a complete revolution will not be useful. In a four bar chain, one of the
links, in particular the shortest link, will make a complete revolution relative to the
other three links, if it satisfies the Grashof*s law. Such a link is known as crank or
driver. In Fig.5.18, AD (link 4) is a crank.

The link BC (link 2) which makes a partial rotation or oscillates is known as lever or
rocker or follower and the link CD (link 3) which connects the crank and lever is
called connecting rod or coupler. The fixed link AB (link 1) is known as frame of the
mechanism.
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Inversion of Mechanism:

—  When the number of links in kinematic chain is more than three, the chain is known as
mechanism. When one link of the kinematic chain at a time is fixed, give the different
mechanism of the kinematic chain. The method of generating different mechanism by
fixing a link is called the inversion of mechanism.

— The number of inversion is equal to the numbers of links in the kinematic chain.
— The inversion of mechanism may be classified as:

a. Inversion of four-bar chain
b. Inversion of single slider crank chain
€. Inversion of double slider crank chain

Inversion of Four-Bar chain
First inversion: coupled wheel of locomotive

— The mechanism of a coupling rod of a locomotive (also known as double crank
mechanism) which consists of four links is shown in Fig.

Link 4 /_Whee'g -

Link 3 T _
| i???ﬁ?ﬁ'?ffffzx;,rlfx}wi .l |
WA /) Lkt \\_ B /)

Fig. 1.9 coupled wheel of locomotive
— In this mechanism, the links 4D and BC (having equal length) act as cranks and
are connected to the respective wheels. The link CD acts as a coupling rod and the
link 4B is fixed in order to maintain a constant centre to Centre distance between
them. This mechanism is meant for transmitting rotary motion from one wheel to the
other wheel.

Second inversion: Beam Engine
— A part of the mechanism of a beam engine (also known as cranks and lever
mechanism) which consists of four links is shown in Fig. 1.10.

— In this mechanism, when the crank rotates about the fixed centre A, the lever
oscillates about a fixed centre D. The end E of the lever CDE is connected to a
piston rod which reciprocates due to the rotation ofthe crank.
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Fig. 1.10 beam engine

In other words, the purpose of this mechanism is to convert rotary motion into
reciprocating motion.

Third inversion: watts indicator mechanism

A Watt"s indicator mechanism (also known as Watt's straight line mechanism or
double lever mechanism) which consists of four links is shown in Fig.

The four links are: fixed link at A, link AC, link CE and link BFD. It may be noted
that BF and FD form one link because these two parts have no relative motion
between them. The links CE and BFD act as levers.

The displacement of the link BFD is directly proportional to the pressure of gas or
steam which acts on the indicator plunger. On any small displacement of the
mechanism, the tracing point E at the end of the link CE traces out approximately a

straight line.

Co
Link 2 po mm, DY
gl K TR o
.-" F'.:' | )
E ;i;/ - L Link 3
Link 1 I,.-;- a “ﬁ,f\‘ ~4 H;
& : | E
Link 4 [
Indicator 3 -
plunger fﬁ}:
74 4+ & Indicator
’1,1, cylinder

Fig. 1.11 watts indicator mechanism
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The slider-crank chain

When one of the turning pairs of a four-bar chain is replaced by a sliding pair, it
becomes a single slider-crank chain or simply a slider-crank chain.

It is also possible to replace two sliding pairs of a four-bar chain to get a double slider-
crank chain. In a slider-crank chain, the straight line path of the slider may be passing
through the fixed pivot O or may be displaced.

The distance e between the fixed pivot O and the straight line path of the slider is
called the offset and the chain so formed an offset slider-crank chain.

Different mechanisms obtained by fixing different links of a kinematic chain are
known as its inversions.

Firstinversion

— This inversion is obtained when link 1 is fixed and links 2 and 4 are made the
crank and slider respectively. (fig.a)

— Applications:
a Reciprocating engine
b Reciprocating compressor

LI, L.14 JLrdt Lreversiurt

Second

inversion
— Fixing ofthe link 2 ofa slider-crank chain results in the second inversion.
— Applications:
a Whitworth quick-return mechanism
b Rotary engine

Third Inversion

— By Fixing of the link 3 of the slider-crank mechanism, the third inversion is
obtained. Now the link 2 again acts as a crank and the link 4 oscillates.

— Applications:
a Oscillating cylinder engine
b Crank and slotted-lever mechanism

Fourth Inversion

— Ifthe link 4 of the slider-crank mechanism is fixed, the fourth inversion is obtained.
Link 3 can oscillates about the fixed pivot B onthe link 4. This makes
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the end A of'the link 2 to oscillate about B and the end O to reciprocate along the
axis of the fixed link 4.

— Application: Hand Pump

o)
2 1 2
1 A
‘{ F
3 3
4
-~
Jdr B 7 o’
1 L~
4 Z 2
7 [l =
g
(a) (b)

Fig. 1.13 hand pump

— Fig.1.13 shows a hand-pump. Link 4 is made in the form of'a cylinder and a
plunger fixed to the link 1 reciprocates in it.

Whitworth Quick-Return Mechanism:

— This mechanism used in shaping and slotting machines.

— In this mechanism the link CD (link 2) forming the turning pair is fixed; the driving
crank CA (link 3) rotates at a uniform angular speed and the slider (link 4) attached to
the crank pin at a slides along the slotted bar PA (link 1) which oscillates at D.

— The connecting rod PR carries the ram at R to which a cutting tool is fixed and the
motion of the tool is constrained along the line RD produced.

Cennecting rod

= B r‘t’ IJI S Cutting stroke
A Py - Return stroke
t - 4 :_.-" i B :. =
9% p1 e i) “_ﬁﬁ” B Bam—1le Toul
.F I-I.. . L?' i#\\s i H.I _ﬁk =] HE'
Slotted bar | WP Line of
i ! y ﬁif l{'_"‘.. P T:':er-Ij stroke

i _‘-rx_ G- (Link2)
Slider it "'i, .
(Link 4) — <%~ anng / :
{9 crank =
(X~ Wink3)~ -
g
Fig. 1.14 Whitworth quick returns mechanism
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— The length of effective stroke = 2 PD. And mark P1R1 =P2 R2 =PR.

time of cutting stroke a a 360°— B

timeof return B 360°—«a B

Rotary engine
— Sometimes back, rotary internal combustion engines were used in aviation. But now- a-
days gas turbines are used in its place.

Connecting rod

(Link 4) =\
1 . o .
o \ = Fixed crank
Piston p Loy A W (Link2)
(Link 3) ' - 1-

Ll 18
Cylinder _)‘ ||£“1'=-In'l \\\B

(Link 1) [

Fig. 1.15 rotary engine

— It consists of seven cylinders in one plane and all revolves about fixed center D, as
shown in Fig. 5.25, while the crank (link 2) is fixed. In this mechanism, when the
connecting rod (link 4) rotates, the piston (link 3) reciprocates inside the cylinders
forming link 1.

Oscillating cylinder engine

— The arrangement of oscillating cylinder engine mechanism, as shown in Fig. Is used
to convert reciprocating motion into rotary motion.

Fiston rod
ot (Link 1) o - _
i = S T
S ! \ (Link 2)

et )
i

" \
Connecting *, /
rod i P
(Link 3) o TR =

Fig. 1.16 oscillating cylinder engine
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— In this mechanism, the link 3 forming the turning pair is fixed. The link 3 corresponds
to the connecting rod of a reciprocating steam engine mechanism. When the crank (link
2) rotates, the piston attached to piston rod (link 1) reciprocates and the cylinder (link
4) oscillates about a pin pivoted to the fixed link at 4.

Crank and slotted-lever Mechanism

— This mechanism is mostly used in shaping machines, slotting machines and in rotary
internal combustion engines.

— In this mechanism, the link AC (i.e. link 3) forming the turning pair is fixed, as shown
in Fig. The link 3 corresponds to the connecting rod of a reciprocating steam engine.
The driving crank CB revolves with uniform angular speed about the fixed center C. A
sliding block attached to the crank pin at B slides along the slotted bar AP and thus
causes AP to oscillate about the pivoted point A.

— A short link PR transmits the motion from AP to the ram which carries the tool and
reciprocates along the line of stroke R1R2. The line of stroke of the ram (i.e. R1R2) is
perpendicular to AC produced.

—» Cutting stroke
< Heturn stroke

tod .
s - Line of
Hy Lﬁ :RLH «— Tool j stroke
- P — i = —

P « Hgz

Connecting

Vi snuer (Link 1) ;
Crank{l_mk 2)

| f

g ]
e\ éﬂl ~
N }" Be
@ %5 g 1 - g
(80°= E}' T _ "~ Fixed
Slotted b v,/ (k3
Olle ar §
(Link 4) /1'-:9-'
A

Fig.1.17 Crank and slotted lever mechanism

— In the extreme positions, 4P1 and AP2 are tangential to the circle and the cutting tool
is at the end of the stroke. The forward or cutting stroke occurs when the crank rotates
from the position CB1 to CB2 (or through an angle B) in the clockwise direction. The
return stroke occurs when the crank rotates from the position CB2 to CB1 (or through

angle o) in the clockwise direction. Since the crank has uniform angular speed,
therefore,

time of cutting stroke  f8 B 360° —

timeo return a 360°—-p a
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Example based on Degrees of Freedom:

1 For the kinematic linkages shown in following fig. calculate the following:
The numbers of binary links (N»)
The numbers of ternary links (Nt)
The numbers of other (quaternary) links (No)
The numbers of total links (n)
The numbers of loops (L)
The numbers of joints or pairs (P1)

The numbers of degrees of freedom

(F)

a No=4;Ni=4;No=0;N=8 L=4;Pi1=11 (by
counting) P1=(N+L-1)=11
F=3(N-1)-2P
F=3@-1)-2x11=-1or,
vF=N-QL+1)

F=8-(2x4+1)=-1

b Nv=4;Ni=4;No=0;N=8;L=3;P1=10 (by

counting) PiI=(N+L-1)=10
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F=3(N-1)-2P:
F=3@8-1)-2x10=1
o, F=N-(2L+1)
F=8-2x3+1)=1

¢ No=7;Ne=2;No=2;N=11;L=5;P1=15 (by
counting) F=N—- (2L + 1)
F=11-2x5+1)=0
Therefore the linkage is a structure.
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Engineering Mechanics

Mechanics of Rigid bodies Mechanics of deformable bodies Mechanics of Fluid
Statics Dynamics
(Deals with forces & its effects (Deals with forces & its effects while
while acting on bodies at rest) acting on bodies in motion)
Kinetics Kinematics
(Takes into account the effect of (Doesn’t take into account the effect
forces responsible for motion) of forces responsible for motion)
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Rain acoabber

BASICS

Motor /
SEAY Ecﬁ
O O h
Windshield wiper

» A number of bodies are assembled in such a way that the motion of
one causes constrained and predictable motion to the others.

Mechanism:

» A mechanism transmits and modifies a motion.

>Example: 4 bar mechanism, Slider crank
mechanism




BASICS

Machine: (Combinations of Mechanisms)

Transforms energy available in one form to another to do certain type
of desired useful work.




BASICS

Structure:

> Assembly of a number of resistant bodies meant to take up loads.

> No relative motion between the members

STANDARD ROCF PARALLEL
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LECTURE 2

KINEMATIC LINK AND CLASSIFICATION OF LINKS
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BASICS

Kinematic Link (element): It is a Resistant body i.e. transmitting the
required forces with negligible deformation.

Types of Links
1. Rigid Link

Doesn’t undergo deformation. Example: ~$4-
Connecting rod, crank
2. Flexible Link |
Partially deformed link. Example: belts, l )
Ropes, chains G () R
3. Fluid Link (@}
Formed by having a fluid in a receptacle Binary link Ternarylink Quaternary link
and the motion is transmitted through the (2 vertices) (3 vertices) (4 vertices)

fluid by pressure or compression only.




BASICS

Kinematic Joint; Connection
between two links by a pin

Types of Joints:

»Binary Joint (2 links are
connected at the joint)

> Ternary Joint (3 links are
connected)

» Quaternary Joint. (4 links are
connected)

Note: if ‘I number of links are connected at a joint, it

is equivalent to (I-1) binary joints.

Types of joints in a Chain

1. Binary Joint A
is

2. Ternary joint .

3. Quaternary joint 2

1 3
4




BASICS

Kinematic Pair:

» The two links (or elements) of a machine, when in contact with each
other, are said to form a pair.

» If the relative motion between them is completely or successfully
constrained (i.e. in a definite direction), the pair is known as kinematic
pair

CAANK AND SLIDEA LINKNG €




KINEMATIC PAIRS ACCORDING TO THE
RELATIVE MOTION

1. Sliding Pair

Rectangular bar in a rectangular hole

2. Turning or Revolving Pair

Collared shaft revolving in a circular hole




KINEMATIC PAIRS ACCORDING TO THE
RELATIVE MOTION

3. Rolling Pair

Inner Race

Outer Race Ll n kS Of pa | rS h ave a
ol Homen rolling motion relative to
each other.

Cage or Separator

4. Screw or Helical Pair

if two mating links have a turning as well as sliding motion
between them.




KINEMATIC PAIRS ACCORDING TO THE
RELATIVE MOTION

. Spherical Pair

When one link in the form of a sphere turns inside a fixed link

6. Planar Pair




KINEMATIC PAIRS ACCORDING TO TYPE OF
CONTACT

1. Lower Pair

i The joint by which two

2 ———-— % members are connected

?////////////////4 has surface (Area) contact
2. Higher Pair

The contact between the
pairing eclements takes
place at a point or along a
line.

Toothed gearing, belt and rope drives, ball and roller bearings and cam and
follower are the examples of higher pairs




LECTURE 3

CONSTRAINED MOTION AND CLASSIFICATION
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KINEMATIC PAIRS ACCORDING TO TYPE
OF CONSTRAINT

1. Closed Pair

Two elements of pair are held
/J together mechanically to get
required relative motion.
Eg. All lower pairs

2. Unclosed Pair

» Elements are not held mechanically.
» Held in contact by the action of
external forces.

Eg. Cam and spring loaded follower
pair




CONSTRAINED MOTION

1.Completely constrained Motion: -
Motion in definite direction 2E==—-= -|F¥

irrespective of the direction of the i

force applied.
l | 2. Successfully (partially) constrained Motion:

P » Constrained motion is not completed by itself
7
7 7 ne olher mans
/ / »Constrained motion is successful when
7 compressive load is applied on the shaft of the

W / foot step bearing .
I /A‘ y/ /uo;.s %///// s./nan‘

FOOT STEP azlmms A
( b

3. Incompletely constrained motion: 7 AN A 1

Motion between a pair can take place in _ / 7/////%

=

r

but by some other means.

more than one direction. |
Circular shaft in a circular hole may have rotary




KINEMATIC CHAIN

Group of links either joined together or arranged in a manner that permits them
to move relative (1.e. completely or successfully constrained motion) to one

another.
Example: 4 bar chain

The following relationship holds for kinematic chain

Where
p = number of lower pairs
| = number of links

3
2 j = Number of binary joints




KINEMATIC CHAIN

[=2p—-4 j=%!—2

If LHS > RHS, Locked chain or redundant chain;
no relative motion possible.

LHS = RHS, Constrained chain .i.e. motion is
completely constrained

LHS < RHS, unconstrained chain. i.e. the relative
motion Is not completely constrained.




NUMERICAL EXAMPLE-1

Determine the nature of the chain (=3 r=3 Jj=3

(K2:U) From equation
C
[=2p—4
| | = 2% 3-4=2
Link 3 Link 2 L.H.S. >RHS.
j:%]—ﬂ
A Link 1 B 3
==-X3-2=25
2
D,




EXERCISE

Determine the nature of the chains given below k2:.v)

Hint: Check equations /=2p-4. = %i —2

C

Link 3
Link 2

Link 4
A Link 1 B A Link1 B
[=5,p=5,andj=35
[=4,p=4, andj=4 LHS.<RHS
LHS.=RHS unconstrained chain

constrained kinematic chain




NUMERICAL EXAMPLE-2

Determine the nature of the chain (K2:U)

>»l= 6

»j = 3 Binary joints (A, B & D) + 2 ternary
joints (E & C)

»We know that, 1 ternary joint = (3-1) =
2 Binary Joints

» Therefore, | =3+ (2*2)=7

A 1 B

L.H.S.=R.H.S.

Therefore, the given chain is a
kinematic chain or constrained chain.




EXERCISE

Determine the number of joints (equivalent binary) in the given chains (K2:U)

Number of Binary Joints =1 ( D)

No. of ternary joints =4 (A, B, E, | No.ofBinary Joints =1 (D)
F) No. of ternary joints = 6 (A, B, C,EF, G)
No. of quaternary joints = 2 (C & G) i=1+6(2)=13
Therefore, | =1+4 (2) + 2 (3)

=15

o

. e

g
LET CAMPUS
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KINEMATIC CHAIN

» For a kinematic chain having higher pairs, each higher pair is
taken equivalent to two lower pairs and an additional link.

>In this case to determine the nature of chain, the relation
given by A.W. Klein, may be used

j+ﬁ E —2

2

where j= Number of binary joints,

h = Number of higher pairs, and

[ = Number of links.
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CLASSIFICATION OF MECHANISMS
Mechanism:

When one of the links of a kinematic chain is fixed, the chain is called
Mechanism.

Types:
»Simple - 4 Links

Simple Mechanism l




Classification of mechanisms

_ 4

»Complex - Ternary or Higher order f'
Links

> Planar - All links lie In the same
plane

:/, " ﬁ = 8
X Complex Mechanism

Planar Mechanism




Classification of mechanisms

»Spatial - Links of a mechanism lie in different
planes

. Spatial Mechanism

Parallel robot



Machine

When a mechanism is required to
transmit power or to do some particular
type of work, it then becomes a

machine. In such cases, the various
links or elements have to be designed to
withstand the forces (both static and
Kinetic) safely.




DEGREES OF FREEDOM (DOF) /
MOBILITY

It 1s the number of independent coordinates required to
describe the position of a body.

e

7 N

e

X

4 bar Mechanism has 1 DoF as the angle
. turned by the crank AD is fully describing
~ the position of the every link of the
mechanism




DOF

The Lower Pairs Joints

;: . : I-. :I L. ! 'r“:l tﬁ{_}.f-_ﬂ'i. Ve
S ) &2
- . =7
R "~ N
o TP A B
E. 'H T, _.-'"'I I'-\-\. ™ I. : j ..1"' I'f _-"' J I.:":“\'h.
T, B 5 N {1 — e
s’ Ni? ok e L
il
'y G il
Pair Symbol Pair Variable Il‘rl‘.':.',r‘l'-'r of RE':HE“'E
Freedom  Motion
Revolute K Al | Circular
Prism P As l Rectulinear
SCrew SMHY  Afor As (A= hAB) | Helical
Cvlinder £ Afand As 2 Cylindnic
Sphere G(S) A Ag. Ay 3 Sphenc
Flat FlF;) Ax, Ay, A# 3 Planar




DEGREES OF FREEDOM/MOBILITY OF A
MECHANISM

It 1s the number of nputs (number of

independent coordinates) required to
describe the configuration or
position of all the links of the

mechanism, with respect to the fixed
link at any given instant.




KUTZBACH CRITERION

For mechanism having plane motion

DoF=n=3((-1)-2j-h

| = number of links

j = number of binary joints or lower pairs (1 DoF pairs)

h = number of higher pairs (i.e. 2 DoF pairs)




NUMERICAL EXAMPLE -1 &2

Determine the DoF of the mechanism shown below:

D 3 : n=3(-1)—2j—h Kutzbach Criterion
) , |=5:j=2+2*(31)=6:h=0
n=30-1)—-2x6=0
A 1 B

DoF =0, means that the mechanism forms a structure
1=5;j=5h=0
n=3(5-1)-25-0=2

Two inputs to any two links are required to yield
definite motions 1n all the links.




NUMERICAL EXAMPLE -3 &4

Determine the Dof for the links shown below:

n -
Dof
1.e., one input to any one link

will result in definite motion of
all the links.

n=3(-1)—2j;—h Kutzbach Criterion

234

Note: at the intersection of 2, 3 and 4,
two lower pairs are to be considered

I—61—5+161)
=3(6-1)—= 2 (7) -
Dof=1




NUMERICAL EXAMPLE -5

n=3(-1)—2j7—h Kutzbach Criterion

1=11;j=7+4(3-1)=15;h=0
n=3(11-1)-2(15)-0=0
Dof=0

Here, j= 15 (two lower pairs at the intersection of 3, 4, 6; 2, 4, 5;

5,7,8;8,10,11)and h=0.
Summary

Dof = 0, Structure

Dof = 1, mechanism can be driven by a single input motion

Dof = 2, two separate input motions are necessary to produce

constrained motion for the mechanism

Dof = -1 or less, redundant constraints in the chain and it forms

a statically indeterminate structure




KUTZBACH CRITERION FOR HIGHER
PAIRS

n=3(-1)-2;-h

1
[=3,j=2and h=1
n=33-1)-2x2-1=1

Pl i i iV i

4
| =4, j=3 and k=1

n=3M@4-1)-2x3-1=2




KUTZBACH CRITERION

n=3{-1)-27-nh

1=4,j=5, h=0 I=3, ]
Nn=3(4-1)=2(5)-0=- q=3(3-
1

Indeterminate structure




GRUBLER’S CRITERION FOR PLANE
MECHANISMS

Kutzbach Criterion ;=3 (/— ) — 2j—h

Grubler’s criterion applies to mechanisms having 1 DoF.

Substituting n = 1 and h=0 in Kutzbatch equation, we can
have Grubler’'s equation.

1=3(1-1)-2j or 31-2j-4=0




GRASHOF’S LAW

74 P g

[+s < p+q
According to Grashof ’'s law for a four bar
mechanism, the sum of the shortest and longest link
lengths should not be greater than the sum of the

remaining two link lengths if there is to be continuous
relative motion between the two links.




Example: 4 bar door damper linkage

= Wall or Link 1 This is the grounded (held still)

@ = Bar 2 or Link 2
@ = Bar 3 or Link 3

4 = Door or Link 4

HMRLCET CAMPUS
UBE Aulonemeus:
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INVERSIONS OF MECHANISM

> A mechanism 1s one in which one of the links of a
kinematic chain 1s fixed.

» Different mechanisms can be obtained by fixing
different links of the same kinematic chain.

> [t 1s known as inversions of the mechanism.




INVERSIONS OF FOUR BAR CHAIN

»Beam engine (crank and lever
mechanism)

»Coupling rod of a locomotive
(Double crank mechanism)

»Watt's indicator mechanism (Double
lever mechanism)




INVERSIONS OF FOUR BAR CHAIN

1. Beam engine (crank and lever mechanism)

Lever
(Link 4)

m

Piston
rod

Link 3

& ‘__’_

&

Cylinde

_‘
L L L

fh; |
7777777

N
~
N
N

~_/~ B Copyright 2000, K evenar.com )K/
Crank @

Beam engine.
[Source: R S Khurmi]

The purpose of this mechanism is to convert rotary motion
into reciprocating motion.




INVERSIONS OF FOUR BAR CHAIN

2. Coupling rod of a locomotive (Double crank mechanism).

Link 4 /——'Wheem

Link 3

»links AD and BC (having equal length) act as cranks and
are connected to the respective wheels.
» The link CD acts as a coupling rod and the link AB is fixed

In order to maintain a constant centre to centre distance

between them.
» This mechanism is meant for transmitting rotary motion

from one wheel to the other wheel.




INVERSIONS OF FOUR BAR CHAIN

3.Watt's indicator mechanism (Double lever mechanism)

. ()
ndicator _7% n \/
—3 /
plunger ’\v_\ b M
4% 41— Indicator
Y s s cylinder
Copmight 2000, K.avanay.com

Watt’s indicator mechanism.
[Source: R S Khurmi]

On any small displacement of the mechanism, the tracing point E at the end
of the link CE traces out approximately a straight line
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SINGLE SLIDER CRANK CHAIN

Connecting rod Cf_(afékg
(Link 3) (Link 2)

Guides
Piston rod \ — = Ly .
A / \

I i

//////f///////f.{/////l

N
N
Frame \ y
7777
| ji W{ ; (Link 1) . /
Cylinder Piston Cross-head < it

(Link 4)

Single slider crank chain

Links 1-2, 2-3, 3-4 = Turning pairs; Link 4-1 = Sliding pair

o, |
.'|r _..rl T




INVERSIONS OF SINGLE SLIDER CRANK

AG

14

connecting rod fixed  slider fixed




INVERSIONS OF SINGLE SLIDER CRANK CHAIN

» Pendulum pump or Bull engine
» Oscillating cylinder engine
» Rotary internal combustion engine (or) Ghome engine

» Crank and slotted lever quick return motion mechanism

» Whitworth quick return motion mechanism




PENDULUM PUMP OR BULL ENGINE

s
e

e

HMRLCET CAMPUS

B Aul =



PENDULUM PUMP OR BULL ENGINE

This inversion Is obtained by
fixing the cylinder or link 4 (i.e.

. .

7 A- % Cylinder sliding pair)

7 |\ (Link 4)

27?.3 ~_~ Connecting rod when the crank (link 2) rocks,
Bision rod (Link3)  the connecting rod (link 3)

(Link 1) —¥ %: oscillates about a pin pivoted to
T () the fixed link 4 at A.

(|

; ﬁ— Cylinder The piston attached to the piston

f’?’/’f‘//;; (Link 4) rod (link 1) reciprocates.

[Source: R S Khurmi]

It supplies water to a boiler.




OSCILLATING CYLINDER ENGINE

i

/" OSCILLATING CYLINDER ENGINE '\




OSCILLATING CYLINDER ENGINE

Piston rod
(Link 1)

Connecting *
.I'Od N ’

[Source: R S Khurmi]

» used to convert reciprocating motion into rotary motion

»the link 3 (Connecting Rod ) forming the turning pair is
fixed.




MULTI-CYLINDER RADIAL IC ENGINE

NISMS

Al

"H
1

CTURES AND ME

:' e ":C'-'.":'-\-!.F:'.'I.'il.

211
v Lt

IR

s o Structure, wh

S

ier, forming a Mechanism!
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ROTARY INTERNAL COMBUSTION ENGINE (OR)
GNOME ENGINE

Connecting rod
(Link 4)

fi-%g
ixed crank o E

(Link 2) “b‘ : ¢’
u’*’( Q\:

A e

Cylinder
(Link 1) _
7 ~

/
[Source: R S Khurmi]

» Crank is fixed at center D
» Cylinder reciprocates
»Engine rotates in the same plane




CRANK AND SLOTTED LEVER QUICK RETURN
MOTION MECHANISM

= "m

| How Crank and Slotted lever Quick Return Motion mechanism works




CRANK AND SLOTTED LEVER QUICK RETURN
MOTION MECHANISM

: —— Cutting stroke
Cunpﬂe&:tmg <4— Return stroke ool
ine o
R1 Ram ]]i" Tool J strﬂke
r Fi E,- ‘.'-/—\l;- e -j_B"— -
f:"‘" e III II| J o4 =E
B e 1 (et - o The line of stroke of the ram (i.e.
X Huﬁ | sliger (Link 1) / P2 R1R2) is perpendicular to AC
X, 'Crank (Link 2) Ifj
\ B, 14 f f/’ In the extreme positions, AP1 and
Yo ) ”WE p /f" AP2 are tangential to the circle
b \ {_4C) |
Y| 12 4 ) .
. ~,l§--"'*'.¥-.;-EaHm )/ Time of cutting stroke B B 360° —a
SRR : - Slas——— B ———
GJ \. B 3{5}/52 Time of return stroke o  360°—f3 o
(90°= %5 <! Fixed
(Link 3)
Slotted bar /
(Link 4) )

£ ~d [Source: R S Khurmi]
=
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CRANK AND SLOTTED LEVER QUICK
RETURN MOTION MECHANISM

——» Cutting stroke
Gonnesting <“—— Return stroke

tod Line of
M’md { slroke

P1‘$ “““““““““““ /‘}“
\ a \ s||¢er (Link 1) / P2
Crank (Link2) / . 1
’/%f:\{ A length of stroke =R R, =P P, =2P Q=2AP, sin L P AQ
/ B B
\ \ll //
s\l\‘?" \ \?/ o o
1 'I: B — ?_API 5‘;[1(9[}“——): 2AP cos = .. AR = AP)
(90— % 1 - 2 - |
'~ Fixed
(Link 3)
SI(oLtit:E f}ar / CB
\J -
A = 2AP x —L i
[Source: R S Khurmi] AC ) = 2 AC
P Q )
\\:
\ f — 9APx S8 . (- CB =CB)




Crank and slotted lever quick return mechanism is mostly
used in shaping machines & slotting machines

fi?';é‘i THE SHAFING MACHINE

p -
MBLET CAMPUS

UBE Auloremeso




WHITWORTH QUICK RETURN
MOTION MECHANISM

Connecting rod

— > Cutting stroke @06 % ganimate
<—— Return stroke [File][Options]

R = | Hext || Prev || All || Go | Stes (i Fasi | Blow |
S _ _\_\Elg_1_ _ _t_J_OOI Anination of the Hhitworth Quick Return Hechanisn
. R R Re
\ b Line of
SI(OI_titr?l? 1b.)ar | C -Fixed | stroke /\ﬁ
_T\A (Link 2?;
Slider
(Link 4)
(Link 3)
A s S
r
Time of cutting stroke o 360° -
- " e or ———
Tlme of return stroke [ 360° -« B
"l?r'mmn-

HMRLCET CAMPUS

UBE Aulonemeus:
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INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(1. ELLIPTICAL TRAMMELS)




INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(1. ELLIPTICAL TRAMMELS)

JAe Slider pA
- / y (Link 3) /
(Link 2R/' | /
. [ '
il 1 Slotted /
o e, plate (Link 4) P¢ FQ
i | e ol [Sourcé: R/S|Khurmi]
M P S p— b X X
///\,K{\’/‘?';B//// i 7 /r/r////ﬁf'f/// B :‘“-X—F
Fii [ ¥
Slider - F-t-""
(Link 1) i .
Y x=PQO=APcos0;andy=PR=BPsin6
»used for drawing ellipses g or .
»any point on the link 2 such as P traces = p = cosbiand 5 =sin®
out an ellipse on the surface of link 4 Squaring and adding.
> AP - semi-major axis; : ,
»BP - semi-minor axis X Y cos?0+sin?0=1

(AP)*  (BP)




INVERSIONS OF DOUBLE SLIDER

(2. SCOTCH YOKE MECHANISM)

'CRANK CHAIN
Crank Slider
(Link 2) _ (Link 3)

-
.

A A A A A

Frame (Link 4)

Scotch yoke mechanism.
[Source: R S Khurmi]

» This mechanism is used for
converting rotary motion into
a reciprocating motion.

> Link 1 is fixed.

»when the link 2 (crank)
rotates about B as centre,
reciprocation motion taking
place.




INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(3. OLDHAM’S COUPLING)




INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(3. OLDHAM’S COUPLING)

lange /‘ Intermediate Link 4

Link 1 pI9co -
Driving D __ Flan T

ge
shaft | (Link 3) iy — G
= —-—E— = =1 oo Vi
ki R i ﬁ% \
i 1e Driven o
Stéfgr?lging i H shaft Link 4
: t
Link 3 =8 [Source: R S Khurmi]

(Link 2) |
FrP A A r A rrssy
(a) (b) (¢)
Oldham’s coupling.
T, and T, two tongues (i.e. diametrical projections)

- on each face at right angles to each other

used for connecting two parallel shafts whose axes are at a
small distance apart.

)
b e
MRCET CAMPUS

Lo remm e s

une dul




SOME COMMON MECHANISMS :TOGGLE
MECHANISM




TOGGLE MECHANISM

F=2Ptano

»>If aapproaches to zero, for a given F, P approaches infinity.

> A stone crusher utilizes this mechanism to overcome a large resistance
with a small force.

> It is used in numerous toggle clamping devices for holding work pieces.

» Other applications are: Clutches, Pneumatic riveters etc.,




INTERMEDIATE MOTION MECHANISM

RATCHET AND PAWL
MECH. L A

X -

~ SHAFT

*

e
RATCHET WHEEL

» There are many different forms of ratchets and escapements which

are used in:
» locks, jacks, clockwork, and other applications requiring some form

of intermittent motion.

3 -g_??"'
R
LET CAMPUS
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APPLICATION OF RATCHET PAWL MECHANISM




INTERMEDIATE MOTION MECHANISM

GENEVA MECHANISM (INDEXING
MECHANISM)

e e are . Miecd i

wipathiaikrgs Ceth - Baiapl .

azrm =
-

Reody - Myleckaw, BN o=

DBE R Crpr e me vkl ofe e sd ws ot BOE &




INTERMEDIATE MOTION MECHANISM

GENEVA MECHANISM

Animation showing a six-
position external Geneva drive
in operation

Animation showing an internal
Geneva drive in operation.




INTERMITTENT MOTION MECHANISMS
GENEVA WHEEL MECHANISM

(>

-
=lot
i %




APPLICATIONS OF GENEVA MECHANISM

» Locating and locking mechanism
» Indexing system of a multi-spindle machine tool

alignment
Jurfacfs

BT
1 / )
Iaching extension

Ioﬂg :'achng

SUr fafe
Drawing courtesy of PRODUCT ENGINEERING Magaszine: Sune 8,

Fig. 9-15, Six-slot external Geneva used for light-duty 1965 pp. 67, 68

instrument applications. Fig. 9-18. Chain-mounted drive pins with blocks for lock-
ing during dwells,




Industry applications

. Compliant mechanisms used in new age industries.

. Mechanical Components form Specialized Motion-Control Systems
. Mechanism for Planar Manipulation with Simplified Kinematics

. Five linkages for straight-line motion

. Seven linkages for transport mechanisms
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Question Bank for Assignments

Explain inversions of a four bar chain in detail?

Explain the working of any two inversions of a single slider crank chain with neat
sketches.

What is inversion of mechanism? Describe various inversions of double slider crank
mechanism with sketches.

Explain with neat sketch the working of crank and slotted lever quick return motion
mechanism. Deduce the expression for length of stroke in terms of link lengths.

State and explain Whitworth quick return mechanism. Also derive an equation for
ratio of time taken for return strokes and forward strokes.

Define Kinematic pair and discuss various types of kinematic pairs with example.
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Tutorial Questions

1. What is a machine? Giving example, differentiate between a machine and a
structure.

2. Write notes on complete and incomplete constraints in lower and higher
pairs, illustrating your answer with neat sketches.

3. Explain different kinds of kinematic pairs giving example for each one of
them.

4. Explain the terms: 1. Lower pair, 2. Higher pair, 3. Kinematic chain, and 4.
Inversion.

5. In what way a mechanism differ from a machine?

6. What is the significance of degrees of freedom of a kinematic chain when it
functions as a mechanism? Give examples.

7. Explain Grubler’s criterion for determining degree of freedom for
mechanisms. Using Grubler’s criterion for plane mechanism, prove that the
minimum number of binary links in a constrained mechanism with simple
hinges is four.

8. Sketch and explain the various inversions of a slider crank chain.

9. Sketch and describe the four bar chain mechanism. Why it is considered to be
the basic chain?

10. Show that slider crank mechanism is a modification of the basic four bar
mechanism.

11. Sketch slider crank chain and its various inversions, stating actual machines
in which these are used in practice.

12. Sketch and describe the working of two different types of quick return
mechanisms. Give examples of their applications. Derive an expression for the
ratio of times taken in forward and return stroke for one of these mechanisms.

13. Sketch and explain any two inversions of a double slider crank chain.
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UNIT 2
SPECIAL MECHANISMS

£y



COURSE OBJECTIVE

To Synthesize and analyze 4 bar mechanismes.

LECTURE

1

LECTURE TOPIC

Straight Line
Motion
Mechanisms

Approximate
Straight Line
Mechanism

Pantograph

Davi’s Steering
Gear
Mechanism

Ackerman’s
Steering Gear
Mechanism

Single and
Double Hooke
Joint

Ratio of Shaft
Velocities

COURSE OUTCOME

KEY ELEMENTS

Definition of Straight line
motion mechanism
Classification of exact
straight line motion
mechanism

Working of approximate
straight-line mechanisms

Purpose of mechanisms
Applications of
Mechanism

Definition of Davi’s
Steering Gear Mechanism

Condition for correct
steering condition

Definition of Ackerman’s
Steering Gear Mechanism

Condition for correct
steering condition

Describe single and
double Hooke’s Joint

List of applications using
single and double
Hooke’s Joint

Derive the ratio of shaft
velocities

DEPARTMENT OF MECHANICAL ENGINEERING

LEARNING OBJECTIVES

Understanding the inversion of
mechanisms and its
classifications (B2)

Understanding the inversions of
approximate straight line
mechanism (B2)

Analyse the approximate straight
line mechanisms (B4)

Understanding the Pantograph
mechanism (B2)

List the applications of
Pantograph (B4)
Understanding the working of

Davi’s Steering gear mechanism
(B2)

Apply the mechanism for correct
steering condition (B3)

Understanding the working of
Ackerman’s Steering gear
mechanism (B2)

Apply the mechanism for correct
steering condition (B3)
Remember the working single
and double Hooke’s Joint (B1)

Apply single and double Hooke’s
joint for various applications (B3)

Evaluate the velocity ratio for
shafts (B5)



Special Mechanisms




Straight Line Mechanisms

— It permits only relative motion of an oscillatory nature along a straight line. The
mechanisms used for this purpose are called straight line mechanisms.
1 In which only turning pairs are used
2 Inwhich one sliding pair is used.

— These two types of mechanisms may produce exact straight line motion or approximate
straight line motion.

— Need of Straight Line:
1 Sewing Machine converts rotary motion to up/down motion.
Want to constrain pistons to move only in a straight line.

2
3 How do you create the first straight edge in the world? (Compass is easy)
4

Windshield wipers, some flexible lamps made of solid pieces connected by
flexible joints.

Exact Straight Line Motion Mechanisms Made Up Of
Turning Pairs
— The principle adopted for a mathematically correct or exact straight line motion is
described in Fig.2.1

— Let O be a point on the circumference of a circle of diameter OP. Let OA be any chord
and B is a point on OA produced, suchthat
OA X OB = constant
— The triangles OAP and OBQ are similar.

Fig. 2.1 Exact straight line motion mechanism

OA_ 0Q
OP OB
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OP X 0Q =0A X 0B

OA X OB
00= —5p
— But OPis constant as it is the diameter ofa circle; therefore, if O4 x OB is constant,
then OQ will be constant.
— Hence

0OA X OB = constant
— So point B moves along the straight line.

Peaucellier Mechanism (Exact Straight Line)

— It consists ofa fixed link OO1 and the other straight links O1A, OC, OD, AD, DB,
BC and CA are connected by turning pairs at their intersections, as shown in Fig. 2.2

— The pin at A is constrained to move along the circumference of a circle with the fixed
diameter OP, by means of the link O1A. In Fig. 2.2

- AC=CB=BD=DA

- 0C=0D

- 00:1= 04/A

Fig. 2.2 Peaucellier Mechanism

— From right angled triangles ORC and BRC, wehave
OC?=0R? +RC? (D
BC 2=RB%? + RC"? (i)
— From (i) and (ii)

0C2—BC?=0R2— RB?
= (OR — RB)(OR + RB)
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= 0B X 0A

— Since OC and BC are of constant length, therefore the product OB x OA remains
constant.

Hart’'s Mechanism

— This mechanism requires only six links as compared with the eight links required by the
Peaucellier mechanism.

— It consists of a fixed link OO1 and other straight links O1A, FC, CD, DE and EF are
connected by turning pairs at their points of intersection, as shown in Fig. 2.3.

— The links FC and DE are equal in length and the lengths of the links CD and EF are
also equal. The points O, A and B divide the links FC, CD and EF in the same ratio. A
little consideration will show that BOCE is a trapezium and OA and OB are
respectively parallel to FD and CE.

—_ E
Cox ™2 8
17 ) \ A Ill.l /
O A "-‘.\3 - /
.;' _{' |I l|' Fi
/1 7y ’ | _/ f’ !
| ‘ . |" / X
01 ..H-H‘_ - / N
N / ;o
\ P / ! ™
/ - i
; \ s H"'h.... ..l'l _ - { == .D
[ TN P A— —"‘—'-q{‘ - M N
) - . - - = P, ;
F@®—- T — T I#'O /

Fig. 2.3 Hart’s Mechanism
— Here, FC = DE & CD =EF
— The point O, A and B divide the links FC, CD and EF in the sameratio.
— Fromsimilar triangles CFE and OFB,

CE X OF
E: OB orcB= " 7 ... )
FC  OF FC
— Fromsimilar triangle FCD and OCA
FD FD X @
Z= X roa= ———
FC oc FC
— From above equations,
FD X @ CE X OF
OA X OB = X
FC FC
0C x OF
=FDXCEX ______
F(C?

— Since the lengths of OC, OF and FC are fixed, therefore
OA X OB =FD X CE X cons. ... (iii)
— Frompoint E, draw EM parallel to CF and EN perpendicular to FD.
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FD X CE= FD x FM (CE = FM)
= (FN + ND)(FN — MN)
= FN2 — ND2 (MN = ND)
= (FE?— NE?) — (ED? — NE?) (From right
angle triangles FEN and

EDN) = E? — ED? = constant  (iv)

— Fromequation (iii) and (iv),

OA X OB = constant

Exact Straight Line Motion consisting of one slidingpair-Scott
Russell’s Mechanism

— A is the middle point of PQ and OA = AP = AQ. The instantaneous center for the link
PAQ lies at I in OA produced and is such that IP is perpendicular to OP.

R
;;"'f" u I"'_'T.___HT&_______}-_':I
/ i AL
/ | }If |
|-I I - , - .....' rr_rl_u,l ¥
F - - ——-—T=ep
l DI I'I TITTITTTTT
\ _
II"-. ! -J,."'
i i
“ £
., | f e
T l:_:}_-_ -

Fig. 2.4 Scott Russell’s Mechanism
— Join IQ. Then Q moves along the perpendicular to IQ. Since OPIQ is a rectangle and
IQ is perpendicular to OQ, therefore Q moves along the vertical line OQ for all
positions of QP. Hence Q traces the straight line OQ'.
— If OA makes one complete revolution, then P will oscillate along the line OP through a
distance 2 OA on each side of O and Q will oscillate along OQ’ through the same
distance 2 OA above and below O. Thus, the locus of Q is a copy of the locus of P.
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Approximate straight line motion mechanisms
Watt’'s Mechanism
— It has four links as shown in fig. OB, O1A, AB and OOl.

- % .-.Ar
_Il @
i e
II. |I R - D1
A _ by
I‘L =4 _ﬂll_;lﬁ;‘[: - 2
L F T =
3 = _ET *'\-.-
e \
OR=-I B B '

FAFF i h

Fig. 2.5 watt’s mechanism
— OB and O1A oscillates about centers O and O1 respectively. P is a point on AB
such that,
01 _PB
‘OB PA
— As OB oscillates the point P will describe an approximate straight line.

Modified Scott-Russel Mechanism

— This is similar to Scott-Russel mechanism but in this case AP is not equal to AQ
and the points P and Q are constrained to move in the horizontal and vertical
directions.

|
Q%

B el N
- o, A
7 -':.H"-
’ - T
{ | . il 1 '“'*._h_
— — — ‘.." — — III - -
h
5, I:I P ¥ T
Ry
ey . N I . P

Fig. 2.6 Modified Scott-Russel Mechanisms
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— A little consideration will show that it forms an elliptical trammel, so that any point
A on PQ traces an ellipse with semi-major axis 4Q and semi minor axis AP.

— If the point 4 moves in a circle, then for point QO to move along an approximate
straight line, the length OA4 must be equal (4P)2 / AQ. This is limited to only small
displacement of P.

Grasshopper Mechanism

— In this mechanism, the centers O and O1 are fixed. The link OA oscillates about O
through an angle AOA1 which causes the pin P to move along a circular arc with
O1 as center and O1P as radius.

|
_

Fig. 2.7 Grasshopper Mechanism
— For small angular displacements of OP on each side of the horizontal, the point Q
on the extension of the link PA traces out an approximately a straight path QQ'. if
the lengths are such that

0A= —
AQ

Tchebicheff’s Mechanism

— It is a four bar mechanism in which the crossed links OA and O1B are of equal
length, as shown in Fig. 2.8.

— The point P, which is the mid-point of AB, traces out an approximately straight line
parallel to OO1.
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— The proportions of the links are, usually, such that point P is exactly above O or Ol
in the extreme positions of the mechanism i.e. when BA lies along OA or when
BA lies along BO:.
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Fig. 2.8 Tchebicheff’s mechanism
— It may be noted that the point P will lie on a straight line parallel to OO, in the two
extreme positions and in the mid position, if the lengths of the links are in
proportions

AB: 001 : 0A=1:2:45.
Roberts Mechanism

— Itis also a four bar chain mechanism, which, in its mean position, has the form of'a
trapezium. The links OA and O1 B are of equal length and OO1 is fixed. A bar PQ
is rigidly attached to the link AB at its middle point P.
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Fig. 2.9 Robert’s Mechanism
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— A little consideration will show that if the mechanism is displaced as shown by the
dotted lines in Fig. the point O will trace out an approximately straight line.

Steering gear mechanism

— The steering gear mechanism is used for changing the direction of two or more of the
wheel axles with reference to the chassis, so as to move the automobile in any desired
path.

— Usually the two back wheels have a common axis, which is fixed in direction with
reference to the chassis and the steering is done by means ofthe front wheels.

— In automobiles, the front wheels are placed over the front axles, which are pivoted at
the points A and B, as shown in Fig. 2.10.

|« a

Inner front Outer front
wheel ~ &~ Left turn e wheel
Pre e 1T B \ "E".-E'-.'l-‘-r/

p———————— - — - ————
b
b1

Y P
-
& Y

I [ Back axle

o )

Back or rear wheels

Fig. 2.10 steering gear mechanism

— These points are fixed to the chassis. The back wheels are placed over the back axle, at
the two ends of the differential tube. When the vehicle takes a turn, the front wheels
along with the respective axles turn about the respective pivoted points. The back
wheels remain straight and do not turn. Therefore, the steering is done by means of
front wheels only.

— In order to avoid skidding (i.e. slipping of the wheels sideways), the two front wheels
must turn about the same instantaneous centre I which lies on the axis of the back
wheels. If the instantaneous centre of the two front wheels do not coincide with the
instantaneous Centre of the back wheels, the skidding on the front or back wheels will
definitely take place, which will cause more wear and tear of the tyres
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Thus, the condition for correct steering is that all the four wheels must turn about the
same instantaneous centre. The axis of the inner wheel makes a larger turning angle 0
than the angle ¢ subtended by the axis of outer wheel.
Let, a= wheel track

b = wheel base

¢ = Distance between the pivots A and B of the front axle.

Now from triangle IBP,
BP
cotd = __
IP
And from triangle IAP, AP
c
cotp= __ = M: _+cotd
c IP IP b
cot—cotf= _
b

This is the fundamental equation for correct steering.

Devis Steering Mechanism

The Davis steering gear is shown in Fig. 2.11. It is an exact steering gear mechanism.
The slotted links AM and BH are attached to the front wheel axle, which turn on pivots
A and B respectively.

The rod CD is constrained to move in the direction of its length, by the sliding members
at P and Q. These constraints are connected to the slotted link AM and BH by a sliding
and a turning pair at each end. The steering is affected by moving CD to the right or left
of its normal position. C ‘D’ shows the position of CD for turning to the left.

Back axle

Fig. 2.11 Devis steering gear mechanism
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—  Let,
a = Vertical distance between AB and CD,
b = Wheel base,
d = Horizontal distance between AC and BD,
¢ = Distance between the pivots A and B of the front axle.
x = Distance moved by AC to AC '=CC "= DD’, and
o= Angle of inclination of the links AC and BD, to the vertical.

— From triangle

AA“C’ (0 +0) A'C" d+x
tan(a = = ____ ]
AA Tl ®
— From triangle AA“C AC d
A'A
— Fromtriangle
BB(!D(!
B'D' d—x (i)
t —0) = = e e S ¢ 111
am(@=0)= o= —,
—  We know that,
tan @ +tan @
tan(a + @) =
an(a +0) 1—tana X tan @
d+x d/a+tan¢ _ d+( x tan®)
a 1— /4 Xtan® a—( X tan®)

d-xX(a—dxXtan @) =a X (d + a X tan 0)
a-d—d?xXtan@+a-x—dXxXtanP=a-d+ 2X tan®
tan@ X (a?+d?+d-x)=a- x

a-x

tan @ = (a2 + d?2 4 d* X) v (iv)

— Similarly fromtan(a — 0) = &% we get

a-x
tan 8 =
(@24 A2 — d * X) o @)
— We know that for correct steering,
cot® — cotf =

(a2+d*+d-x) (a*?+2—d-x) c

a x a-x E

2d ¢

a b

c
2 tana =

b

c

tana=

2b
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Ackerman steering Gear

The Ackerman steering gear mechanism is much simpler than Davis gear. The
difference between the Ackerman and Davis steering gears are :
1 lelle v&{hole mechanism of the Ackerman steering gear is on back ofthe front
wheels;
whereas in Davis steering gear, it is in front ofthe wheels.

2 The Ackerman steering gear consists of turning pairs, whereas Davis steering
gear consists of sliding members.

Left turn
P 1| B \I A
i . . AT e
o — _f_‘_. O e .
: g B o o \D
I = 55 o :
| 8 .
I -
I ; ) -
I " -
: - =
I o . -4
I ~Lab o~
| ol
W I |
I U Back axle L

Fig. 2.12 Ackerman steering mechanism

In Ackerman steering gear, the mechanism ABCD is a four bar crank chain, as shown
in Fig. 2.12. The shorter links BC and A D are of equal length and are connected by
hinge joints with front wheel axles. The longer links A B and CD are of unequal
length.

The following are the only three positions for correct steering.

1 When the vehicle moves along a straight path, the longer links A B and CD are
parallel and the shorter links BC and AD are equally inclined to the
longitudinal axis ofthe vehicle, as shown by firm lines in Fig. 2.12.

2 When the vehicle is steering to the left, the position of the gear is shown by
dotted lines in Fig. 2.12. In this position, the lines of the front wheel axle
intersect on the back wheel axle at [, for correct steering.

3 When the vehicle is steering to the right, the similar position may be obtained.

Universal or Hooke’s Joint

A Hooke"s joint is used to connect two shafts, which are intersecting at a small angle,
as shown in Fig.2.10. The end of each shaft is forked to U-type and each fork provides
two bearings for the arms of a cross.

The arms of the cross are perpendicular to each other. The motion is transmitted from
the driving shaft to driven shaft through a cross.
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Forked end

Cross

Fig. 2.13 Hooke’s Joint
— The main application of the Universal or Hooke®s joint is found in the transmission
from the gear box to the differential or back axle of the automobiles. It is also used for
transmission of power to different spindles of multiple drilling machines.

Ratio of shaft velocities

— The top and front views connecting the two shafts by a universal joint are shown in Fig.
2.11. Let the initial position of the cross be such that both arms lie in the plane of the
paper in front view, while the arm AB attached to the driving shaft lies in the plane
containing the axes ofthe two shafts.

— Let the driving shaft rotates through an angle 6, so that the arm AB moves in a circle to
a new position Al B1 as shown in front view.

— A little consideration will show that the arm CD will also move in a circle of the same
size. This circle when projected in the plane of paper appears to be an ellipse. Therefore
the arm CD takes new position C1D1 on the ellipse, at an angle 6. But the true angle
must be on the circular path.

— To find the true angle, project the point C1 horizontally to intersect the circle at C2.
Therefore the angle COC2 (equal to ¢) is the true angle turned by the driven shaft.
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Fig. 2.14 ration of shaft velocities

— In triangle OCiM, angle OCiM = ©
oM 0
tanf = — . e e (0
MC1
— Intriangle OC;N, angle OC;N= O

tan@ =0V = ON | (i) (NC2=MOGC))

NC, MCq
— Dividing eq. (i) by
(i) tang =20 _ ov
NC, MCy
— But
OM = N1 cosa =0ONcosa (o=angle of inclination of driving and driven
shaft)
tan 6 ON cosa
= ———=cosa
tan @ ON
tanf = tan@® X cosa............ (iii)
— Let,
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o = angular velocity of driving shaft =2¢

dt
) ) d
o1 = angular velocity of driven shaft = »
dt
— Differentiating both side ofeq. (iii)de
sec2f X = cosa X sec?@ X
dt dt
sec2f X = cosa X sec2® X w1
w1 sec? 0
w cosa X sec’@
1 .
= e v (IV)
cos26 X cos a X sec?
—  Weknow that,
tanZ 6
209=1 20=1
sec? @ +tan? @ + o

sin2 @
=1+

cos?0 X cos’a
cos? 0 X cos? a + sin? @

cos? 0 X cos?a
_cos20 X (1 —sin?a) +sin?6

c0s28 X cos?a

_ c0s? 6 —sin? a X cos? 8 + sin? 6

c0s26 X cos?a

_ 1 —-sin? a X cos? 6

cos?6 X cos?a
— Substituting this value ineq. (iv)

2 2
w1 1 cos20 X cos? a
= X

W cos?0 X cos a 1 —sin?a X cos?@

Maximum and Minimum speed of Driven Shaft

w1 cosa
W 1 — sin?a X cos?8

W X Cos a .
wlz - (l)

o wag T
— The value of w1 will be minimum for a given value of o, if the denominator of eq. (I)
is minimum.
cos26=1,ie.©6=0°,180°,360° etc.
— Maximum speed ofthe driven shaft,
w Cos a w X cos o w

w =
1(max j
(max) 1 —sinZa cos?a cos a
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_ N
Nl(max) - cos

— Similarly, the value of @1 is minimum , if the denominator of eq. (i) is maximum, this
will happen, when (sin? @ X cos? 8) is maximum, or
cos20=0,1ie. ©=90°,270° etc.

Polar diagram - salient features of driven shaftspeed

— For one complete revolution of the driven shaft, there are two points i.e. at 0° and 180°
as shown by points 1 and 2 in Fig. Where the speed of the driven shaft is maximum and
there are two points i.e. at 90° and 270° as shown by point 3 and 4 where the speed of
the driven shaft is minimum.

-— (0, (Max) —hl-:—r=u1{max} — -

Fig. 2.15 polar diagram
— Since there are two maximum and two minimum speeds of the driven shaft, therefore
there are four points when the speeds of the driven and driver shaft are same. This is
shown by points, 5, 6, 7 and 8 in Fig.
— Since the angular velocity of the driving shaft is usually constant, therefore it is
represented by a circle ofradius ®. The driven shaft has a variation in angular velocity,
the maximum value being ®/cos o and minimum value is ® cos o. Thus it is represented

by an ellipse of semi-major axis w/cos o and semi-minor axis ® cos o, as shown in
Fig.2.15.

Double Hooke’s Joint

— The velocity of the driven shaft is not constant, but varies from maximum to minimum
values. In order to have a constant velocity ratio of the driving and driven shafts, an
intermediate shaft with a Hooke"s joint at each end as shown in Fig.2.16, is used. This
type of joint is known as double Hooke"s joint.

i g a
&
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Fig. 2.16 double Hooke’s joint
— For shaft Aand

B, tan @ =tan @ X cos «

— For shaft B and
C tany =tan @ X cos a

— This shows that the speed of the driving and driven shaft is constant. In other words,
this joint gives a velocity ratio equal to unity, if
1 The axes ofthe driving and driven shafts are in the same plane, and
2 The driving and driven shafts make equal angles with the intermediate shaft.

Examples:

1. In a Davis steering gear, the distance between the pivots of the front axle
is 1.2 metres and the wheel base is 4.7 metres. Find the inclination of the
track arm to the longitudinal axis of the car, when it is moving along a
straight path .

—Given: c=12m;b=4.7m

— Let, a = Inclination of'the track arm to the longitudinal axis.

—  We know that
O _ 12
tana=__ = =0.222
2b  2x4.7
=14.5°

2. Two shafts with an included angle of 160° are connected by a Hooke’s
joint. The driving shaft runs at a uniform speed of 1500 r.p.m. The driven
shaft carries a flywheel of mass 12 kg and 100 mm radius of gyration. Find
the maximum angular acceleration of the driven shaft and the maximum

torque required.

— Given: N=1500 rpm; m= 12 kg; k=100 mm ; a = 20°
— We know that angular speed of driving shatft,

1500
w=2m 290 45, Tad
60 S
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— The mass moment of inertia of'the driven shaft,
I=mXxK?=12x0.12=0.12kg.m

Max. angular acceleration of driven shaft,

sinZ a X 2 sin? 20 X 2
cos 20 = = =0.124
2 —sin?a 2 —sinZ20
=41.45°
dw1 w? X cos a X sin 20 X sin?a
dt (1 — sin? a X cos? H)L
1572 X cos 20 X sin 84.9 X sin2 20 rad
= 5 =3090 <5z

(1 — sin 20 X cos’ 44.45)

— Max torque req.

dw,
=[x =0.12x3090=371N.m
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STRAIGHT LINE MOTION MECHANISMS

* One of the most common forms of the constraint
mechanisms is that it permits only relative motion of an
oscillatory nature along a straight line.

« The mechanisms used for this purpose are called
straight line mechanisms. These mechanisms are of the
following two types:

* in which only turning pairs are used, an

* in which one sliding pair is used.

These two types of mechanisms may produce exact
straight line motion or approximate straight line
motion, as discussed in the following articles.




EXACT STRAIGHT LINE MOTION MECHANISMS MADE
UP OF TURNING PAIRS

» Let O be a point on the circumference of /
a circle of diameter OP. A |
 Let OA be any chord and B is a point .
on OA produced, such that, \

OA x OB = constant o 5@

oA _0Q

OP OB Exact straight line motion mechanism

OP x OQ = (A x OB ButOPis constant as it is the diameter of a

circle, therefore, if OAxOB is constant, then

OQ will be constant.
OQ — OA X OB Hence the point B moves along the straight
path BQ which is perpendicular to OP.

2 OP

L
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PEAUCELLIER MECHANISM

* It consists of a fixed link OO1 and the other straight links O1A ,
OC, OD, AD, DB, BC and CA are connected by turning pairs at

their intersections, as shown in Fig.

* The pin at A is constrained to move along the circumference of a
circle with the fixed diameter OP, by means of the link O1A .

AC=CB =BD=DA;0C=0D ;and 00, =0,A
0C* =OR*+ RC* ()
BC* =RB*+R(* ...(ii)

Subtracting equation (i) from (i), we have

OC*-BC*=0R*-RB*

=(OR +RB) (OR-RB)

=0Bx0A




HART’'S MECHANISM

* This mechanism requires only six links as compared with the eight
links required by the Peaucellier mechanism.

* |t consists of a fixed link OO1 and other straight links O1A , FC,
CD, DE and EF are connected by turning pairs at their points of
intersection, as shown in Fig.

 The links FC and DE are equal in length and the lengths of the
links CD and EF are also equal. The points O, A and B divide the
links FC, CD and EF in the same ratio.

» A little consideration will show that BOCE is a trapezium and OA
and OB are respectively parallel to *FD and CE.

« Hence OAB is a straight line. It may be proved now that the
product OAx OB is constant.




HART’'S MECHANISM

From similar triangles CFE and OFB,

CE _ OB CE x OF
e or (B = _
FC OF FC
and from similar triangles FCD and OCA
FD OA
_ oF OA = FD x OC
FC 0C FC

It therefore follows that if the
mechanism is pivoted about O as
a fixed point and the point A is
constrained to move on a circle
with centre O1, then the point B
will trace a straight line
perpendicular to the diameter OP
produced.

I
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HART’'S MECHANISM

Multiplying equations (i) and (if), we have

OA x OB = FDXOCXCEXOF =FDxCE><OCXOF
FC FC FC?
Since the lengths of OC, OF and FC are fixed, therefore
OA x OB = FD x CE x constant ...(i)
{ .. OCXOF ]
...| substituting ——5 — = constant
FC
Now from point E, draw EM parallel to CF and EN perpendicular to FD. Therefore
FD x CE=FD x FM ..(w CE=FM)
=(FN + ND) (FN—-MN) = FN? - ND? ..(* MN=ND)

= (FE? — NE?) — (ED? — NE?)
...(From right angled triangles FEN and EDN )
= FE? — ED? = constant ..(iv)
...(* Length FE and ED are fixed)
From equations (i#f) and (iv),

OA x OB = constant

gl
X ;-t.;'b
e
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APPROXIMATE STRAIGHT LINE MOTION
MECHANISMS

« The approximate straight line motion mechanisms are the
modifications of the four-bar chain mechanisms. Following
mechanisms to give approximate straight line motion, are important
from the subject point of view:

« Watt’'s mechanism: It is a crossed four bar chain mechanism and
was used by Watt for his early steam engines to guide the piston
rod in a cylinder to have an approximate straight line motion.

arc BB =arcA A’ or OBx6=0Ax0

-\E'A'
b P
‘\ rj “h‘-.‘ 01
. A Fosacy OB/0,A=0/0
\\ P' B(TIJ%_}I ’ 7 7
|p et Also AP=IP x¢,and B'P =IP" x 0
st APIBP=0/0
Opppet i B, From equations () and (i),
OB _AP _AP 0A _ PB

0A BP BP or OB PA

ol

)
= R .
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MODIFIED SCOTT-RUSSEL MECHANISM

 This mechanism is similar to Scott-Russel mechanism but in this
case AP is not equal to AQ and the points P and Q are constrained
to move in the horizontal and vertical directions.

* A little consideration will show that it forms an elliptical trammel, so
that any point A on PQ traces an ellipse with semi-major axis AQ
and semi-minor axis AP.

If the point A moves in a circle,
then for point Q to move along

an approximate straight line, the length =%

OA must be equal (AP)2/AQ. This is
limited to only small displacement of P.

Modified Scott-Russel mechanism




GRASSHOPPER MECHANISM

* This mechanism is a modification of modified Scott-Russel’s
mechanism with the difference that the point P does not slide
along a straight line, but moves in a circular arc with centre O.

* |t is a four bar mechanism and all the pairs are turning pairs as
shown in Fig. In this mechanism, the centres O and O1 are fixed.
The link OA oscillates about O through an angle AOA1 which
causes the pin P to move along a circular arc with O1 as centre

and O1P as radius. OA= (AP)2/ AQ.
OI




TCHEBICHEFF’'S MECHANISM

* |t is a four bar mechanism in which the crossed links OA and
O1B are of equal length, as shown in Fig. The point P, which is
the mid-point of AB traces out an approximately straight line
parallel to OO1.

 The proportions of the links are, usually, such that point P is
exactly above O or O1 in the extreme positions of the

mechanism i.e. when BA lies along OA or when BA lies along
BO1.

It may be noted that the point P will lie on a straight
line parallel to OO1, in the two extreme positions
and in the mid position, if the lengths of the links
are in proportions AB: 001: OA=1:2: 2.5.

CHEETEETE R e i rerrl
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ROBERTS MECHANISM

* It is also a four bar chain mechanism, which, in its mean

position, has the form of a trapezium.

* The links OA and O1 Bare of equal length and OO1 is fixed. A bar
PQ is rigidly attached to the link AB at its middle point P.

Locus of Q
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PANTOGRAPH

* A pantograph is an instrument used to reproduce to
an enlarged or a reduced scale and as exactly as
possible the path described by a given point.

* |t consists of a jointed parallelogram ABCD as shown in
Fig. It is made up of bars connected by turning pairs.
The bars BA and BC are extended to O and E

respectively, such that 0A/OB = AD/BE

 Thus, for all relative positions of the
bars, the triangles OAD and OBE are
similar and the points O, D and E are in
one straight line.

* It may be proved that point E traces out

g the same path as described by point D.
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PANTOGRAPH

 From similar triangles OAD and OBE, we find that, OD/OE = AD/BE

Let point O be fixed and the points D and E move to some new positions D’
and E'. Then OD/OE = OD’/OE’

« A pantograph is mostly used for the
reproduction of plane areas and figures
such as maps, plans etc., on enlarged
or reduced scales.

« |t is, sometimes, used as an indicator rig
in order to reproduce to a small scale
the displacement of the crosshead
and therefore of the piston of a
reciprocating steam engine. It is also
used to guide cutting tools.

« A modified form of pantograph is used to
collect power at the top of an electric
locomotive.

)
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PANTOGRAPH
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TRANSMISSION ANGLE

For a 4 R linkage, the transmission
angle ( u ) is defined as the acute
angle between the coupler (AB) and
., the follower

For a given force in the coupler link,
the torque transmitted to the output
bar (about point O4) is maximum
when the angle u between coupler
bar AB and output bar BO4 is 11/2.
Therefore, angle ABO4 is called
transmission angle.




LECTURE 4

DAVI’'S STEERING GEAR MECHANISM
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STEERING GEAR MECHANISM

» The steering gear mechanism is used for changing the direction of
two or more of the wheel axles with reference to the chassis, so
as to move the automobile in any desired path.

Usually the two back wheels have a common axis, which is
fixed in direction with reference to the chassis and the steering
is done by means of the front wheels.

| a
Inner front OQuter front
wheel Left ’[UF" wheel

e i B A B A U f
| N Ha™ £

i o UL 9.

] // N/ ,/

I g il

| // ]

I ,, ol

I /’ ’/I

] ,/ i

I // ,f’ b

I a4 o

I 2r e

I 7 -

I g

1 & -

] e

| /,,’,’

o 4

| Back axle

c

Back or rear wheels

Ay
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e
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STEERING GEAR MECHANISM

Thus, the condition for correct steering is that all the four wheels must turn
about the same instantaneous centre. The axis of the inner wheel makes a
larger turning angle 8 than the angle ¢ subtended by the axis of outer wheel.

Let a = Wheel track,
b = Wheel base, and

¢ = Distance between the pivots A and B of the front axle.

Now from triangle /BP,
BP
cotf = —
IP
and from triangle /AP,

AP _AB+BP _AB BP _c_
IP P P IP b k7 B=0)
scotd—cotO=c/b

cotd =

This is the fundamental equation for correct steering. If this condition is

f?:é*‘g satisfied, there will be no skidding of the wheels, when the vehicle takes a turn.
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DAVIS STEERING GEAR

|t is an exact steering gear mechanism. The slotted links AM and
BH are attached to the front wheel axle, which turn on pivots A and
B respectively.

* The rod CD is constrained to move in the direction of its length, by
the sliding members at P and Q. These constraints are
connected to the slotted link AM and BH by a sliding and a
turning pair at each end.

a = Vertical distance between A B and CD,

b = Wheel base,

d = Horizontal distance between A C and BD,

¢ = Distance between the pivots A and B of the front axle.

x = Distance moved by ACtoAC "= CC "= DD’, and

o = Angle of inclination of the links A C and BD, to the vertical.




DAVIS STEERING GEAR

From triangle A A" C’, d d
A'C d+x —»| x —>|Xl::
tan (0 + ¢) = — = " S
AA a ' D' QP
B ek Lis LLL - AF
T 0L/ il L o L
From triangle A A’C, a N i i D v
v \|BJ &N 3
; d S LA R B "\\, @ e A
tan0o = — = — ! O\ 1\, Leftturn .
: L <4 L
From triangle BB'D’, : ’/, ,,f’/
! W
BD d-x! e
tan(t — 0) = — = ! L o < c >
BB a : 4 o=
I ,/ /,”
: //:,’/’
5 AN -
i Back axle
tana + tan ¢

We know that tan (ot + @) =
1 - tano.tan ¢

d+x dla+tan¢  d+atand
B a l-d/axtand a—dtand

-
Tﬁ.ﬁ ...[From equations (i) and (ii)]

i T
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DAVIS STEERING GEAR

(d+x)(a—dtan ¢) = a(d+ atan )
a.d—d?tan ¢ +a. x —d.x tan ¢ = a.d + a* tan ¢

tan ¢ (> +d* +d.x)=ax or tan¢=— a.zx (V)
a +d +dx
Similarly, from tan (o, — 8) = <, we get
a
ax
tan@ = =
ard —dx ~A¥)
We know that for correct steering,
= 1 L
= = — or s ——
cotp — cotB 5 tan¢d  tan® b
a+d*+d.x a+d*-d.x c
- — = ...[From equations (iv) and (v)]
a.x a.x
2d.x ¢ 2d ¢
= — or —_— -
a.x b a b
C s
¢ 2tan0l=— Or tanO = — A% d | g=1an o)
é.:% b 2b
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LECTURE 5

ACKERMAN’'SSTEERING GEAR MECHANISM
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ACKERMAN’S STEERING GEAR MECHANISM

« The Ackerman steering gear mechanism is much simpler than
Davis gear. The difference between the Ackerman and Davis steering

gears are:

 The whole mechanism of the Ackerman steering gear is on back of
the front wheels; whereas in Davis steering gear, it is in front of

the wheels.

« The Ackerman steering gear consists of turning pairs, whereas

Davis steering gear consists of sliding members.

* The shorter links BC and AD are of equal length and are connected

by hinge joints with front wheel axles.

« The longer links AB and CD are of unequal length.




ACKERMAN’S STEERING GEAR MECHANISM

1. When the vehicle moves along a
straight path, the longer links AB and
CD are parallel and the shorter links Left tum

BC and AD are equally inclined to the P (8 \ AY)
longitudinal axis of the vehicle, as G ; O{} b 1% :;3
shown by firm lines in Fig. i g ¥ 6 “’“‘E""‘Dr
I
0
2. When the vehicle is steering to the left, :

the position of the gear is shown by :1
dotted lines in Fig. In this position, the |
lines of the front wheel axle intersect :[ :
on the back wheel axle at |, for | 'T A
correct steering. AR ||

U Back axle U

3. When the vehicle is steering to the
right, the similar position may be
obtained.

3
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LECTURE 6

SINGLE AND DOUBLE HOOKE JOINT
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UNIVERSAL OR HOOKE’S JOINT

A Hooke’s joint is used to connect two shafts, which are intersecting
at a small angle, as shown in Fig.

 The end of each shaft is forked to U-type and each fork provides
two bearings for the arms of a cross. The arms of the cross are
perpendicular to each other.

« The motion is transmitted from the driving shaft to driven shaft through
a cross. The inclination of the two shafts may be constant, but in
actual practice it varies, when the motion is transmitted.

 The main application of the Universal or Hooke’s joint is found in
the transmission from the gear box to the differential or back axle
of the automobiles.

« It is also used for transmission of power to different spindles of
multiple drilling machine. It is also used as a knee joint in milling
machines.




UNIVERSAL OR HOOKE’S JOINT

Driven
Forked end shaft 7y

A

x'q’z;@
. B
Driving shaft Forked end
Cross
Body 1 Axis 2

Ams 1




UNIVERSAL OR HOOKE’S JOINT

 The arms of the cross are perpendicular to each other. The motion
is transmitted from the driving shaft to driven shaft through a
cross. The inclination of the two shafts may be constant, but in
actual practice it varies, when the motion is transmitted.

« The main application of the Universal or Hooke’s joint is found in
the transmission from the gear box to the differential or back
axle of the automobiles.

* |t is also used for transmission of power to different spindles of

multiple drilling machine. It is also used as a knee joint in milling
machines.




LECTURE 7

RATIO OF SHAFT VELOCITIES
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RATIO OF SHAFT VELOCITIES

« The top and front views connecting the . Topview C
two shafts by a universal joint are shown Driven A e

in Fig. Let the initial position of the cross e
be such that both arms lie in the plane 7
of the paper in front view, while the arm // f
AB attached to the driving shaft lies in D//'f
the plane containing the axes of the two Driving_+—"] !
I

]

i

1

|
3

1
w

shafts. il

» Let the driving shaft rotates through an
angle 0, so that the arm AB moves in a

circle to a new position A1B1 as shown e

in front view. AV{}" | CoRNC
A little consideration will show that the /N *-%,7/\

arm CD will also move in a circle of the na O?L{\“P e

same size. This circle when projected in A v LA "‘“‘{;‘N /

the plane of paper appears to be an \\vo/ )

ellipse. il 1

D
Front view
et
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RATIO OF SHAFT VELOCITIES

* Therefore the arm CD takes new position C1D1 on the ellipse, at
an angle 0. But the true angle must be on the circular path.

« To find the true angle, project the point C1 horizontally to intersect
the circle at C2.

« Thus when the driving shaft turns through an angle 0, the driven
shaft turns through an angle o.
In triangle OC M, £ OC M =6
oM

tan B =
MC,

and in triangle OC,N, L OC,N=¢

ON _ ON
NC, MC,

tan ¢ =

Dividing equation (i) by (ii),
tan®@ OM v MC, OM

tanp MC, ON ON
But OM = ON, cos o. = ON cos o




RATIO OF SHAFT VELOCITIES

tan® ON cosq,

tan ¢ ~ ON
tan O = tan ¢ . cos o

= COS (X

Let o = Angular velocity of the driving shaft =d0 / dt

®, = Angular velocity of the driven shaft = d¢ / dt
Differentiating both sides of equation (iii),

sec’@ x dO/dt =cos o.sec> O x do / dt
sec? O X @ =cos o . sec> ¢ X ©,

W, sec” 0 1

® coso.sec” ¢ cos” O.cosa.sec” O

3 -g_??"'
R
MBLET CAMPUS
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RATIO OF SHAFT VELOCITIES

tan“ 0

2 2 5 aias
We know that sec"dg=1+tan" Q=1+ ...[From equation (iii)]
2 q
cos” o
_q sin” @ B cos” 0.cos’ o + sin’ O
=1+ 2 . 2 2
cos” 0.cos” o cos” 0.cos” o

B cos? (1 — sin? Q) + sin” O B cos’ 0 — cos> 0.sin” o + sin’ O

3 2
cos’ 0.cos> o cos” 0.cos” o

1= cos> 0.sin” o,

e 2 z2e —
W cos“ O +sin 0 =1
cos”0.cos” o ( )

Substituting this value of sec? ¢ in equation (iv), we have veloity ratio,

o 1 ’ cos” 0.cos” o cos o

® cos’O.cosa. 1—cos®O.sino  1—cos”B.sin” o
e: If N = Speed of the driving shaft in r.p.m., and
N, = Speed of the driven shaft in r.p.m.

Then the equation (v) may also be written as

Nl cos Ol

5, A2 :
N 1 00529.51n“a

gl
L ;-t ‘.'!
5

L
i e
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Industry applications

1. An Evans’ linkage has an oscillating drive arm that should have a
maximum operating angle of about 40. For a relatively short guideway,
the reciprocating output stroke is large. Output motion is on a true
straight line in true harmonic motion. If an exact straight-line motion is
not required, a link can replace the slide. The longer this link, the closer
the output motion approaches that of a true straight line. If the link-length
equals the output stroke, deviation from straight-line motion is only
0.03% of the output stroke.

2. A simplified Watt’s linkage generates an approximate straight-line
motion. If the two arms are of equal length, the tracing point describes a
symmetrical figure 8 with an almost straight line throughout the stroke
length. The straightest and longest stroke occurs when the connecting-
link length is about two thirds of the stroke, and arm length is 1.5 times
the stroke length.

3. Four-bar linkage produces an approximately straight-line motion. This
arrangement provides motion for the stylus on self-registering measuring
instruments. A comparatively small drive displacement results in a long,
almost-straight line.

4. A D-drive is the result when linkage arms are arranged as shown here.
The output link point describes a path that resembles the letter D, so there
is a straight part of its cycle. This motion is ideal for quick engagement

and disengagement before and after a straight driving stroke.
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Question Bank for Assignments

. Draw a neat sketch and explain Peaucellier’s exact straight line
mechanism.

. Explain Hart’s straight line mechanism in detail.

. Draw a neat sketch and explain any three approximate straight line
generating mechanisms.

. With a neat sketch, explain the Ackermann steering gear of an
automobile.

. With a neat sketch, explain the Davis steering gear mechanism in detail.

. Two shafts are connected by universal Hooke’s joint. The driving shaft
rotates at uniform speed of 1200 rpm. Determine the greatest permissible
angle between the shaft axis so that the total fluctuation of speed does not
exceed 100 rpm also calculate the maximum and minimum speeds of
driven shaft.

. Derive an expression for the ratio of shafts velocities for Hooke’s joint

and draw the polar diagram.
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Tutorial Questions

1. Sketch a pantograph, explain its working and show that it can be used to
reproduce to an enlarged scale a given figure.

2. A circle has OR as its diameter and a point Q lies on its circumference.
Another point P lies on the line OQ produced. If OQ turns about O as centre and
the product OQx OP remains constant, show that the point P moves along a
straight line perpendicular to the diameter OR.

3. What are straight line mechanisms? Describe one type of exact straight line
motion mechanism with the help of a sketch.

4. Describe the Watt’s parallel mechanism for straight line motion and derive
the condition under which the straight line is traced.

5. Sketch an intermittent motion mechanism and explain its practical
applications.

6. Give a neat sketch of the straight line motion ‘Hart mechanism’ Prove that it
produces an exact straight line motion.

10. What is the condition for correct steering? Sketch and show the two main
types of steering gears and discuss their relative advantages.

11. Explain why two Hooke’s joints are used to transmit motion from the engine
to the differential of an automobile.
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UNIT 3

VELOCITY AND
ACCELERATION
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COURSE OBJECTIVE

To impart skills to analyze the position, velocity and acceleration of

mechanisms and synthesis of mechanism by analytical and graphical method.

LECTURE LECTURE
TOPIC

1 Motion of
link in
machine

2 Velocity and
acceleration
diagrams

3 Graphical
method

4 Relative
velocity
method four
bar chain

5 Instantaneous
centre of
rotation

6 Three centers
in line
theorem

7 Graphical
determination
of
instantaneous
center

COURSE OUTCOME

KEY ELEMENTS

Introduction to motion of
link

Methods to determine the
motion of the link

Relative velocity method
Instantaneous Center
Method

Velocity and acceleration
on a Link by Relative
Velocity Method
Rubbing Velocity at a Pin
Joint

Numerical examples to
estimate the velocity and
acceleration using relative
velocity method
Definition of
instantaneous centre of
rotation

Types of instantaneous
centre of rotation
Aronhold Kennedy
Theorem

Number of Instantaneous
Centres in a Mechanism

Numerical Examples using
instantaneous centre of
rotation

DEPARTMENT OF MECHANICAL ENGINEERING

LEARNING OBJECTIVES

Analyse the motion of the link (B4)
Remember the types of motion
(B1)

Remember the expressions for
velocity and accelerations (B1)
Calculate the Instantaneous
centres (B4)

Understanding different types of
graphical method for velocity and
acceleration calculation (B2)
Apply graphical method for various
methods (B3)

Apply relative velocity method to
estimate the velocity and
acceleration for four bar
mechanisms (B3)

Understanding the Instantaneous
axis (B2)

Compare the two components of
acceleration (B1)

Understanding the Three centers in
line theorem (B2)

Locate the instantaneous centres
by Aronhold Kennedy’s theorem
(B5)

Evaluate instantaneous centers of
the slider crank mechanism (B5)

Apply graphical method for
Instantaneous Centres (B3)



Velocity and Acceleration Analysis
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Introduction

— There are many methods for determining the velocity of any point on a link in a
mechanism whose direction of motion (i.e. path) and velocity of some other point on the
same link is known in magnitude and direction, yet the following two methods :

1 Instantaneous centre method
2 Relative velocity method

— The instantaneous centre method is convenient and easy to apply in simple mechanisms,
whereas the relative velocity method may be used to any configuration diagram.

Velocity of Two Bodies Moving In Straight Lines

— Here we shall discuss the application of vectors for the relative velocity of two
bodies moving along parallel lines and inclined lines, as shown in Fig. 3.1 (a) and 3.2

(a) respectively.

— Consider two bodies A and B moving along parallel lines in the same direction with
absolute velocities va and vs such that va > vs, as shown in Fig. 3.1 (a). The relative

velocity of A with respect to B,
vap = vector dif ference of vaand vp = > ——
Vg VB
— From Fig. 3.1 (b), the relative velocity of A with respect to B (i.e. vas) may be written
in the vector formas follows :

Va
A Va - -
L= vB
B Ve
-
4] - - a
b v -
- -
-« BA
(a) (b)

Fig. 3.1 relative velocity of two bodies moving along parallel line

— Similarly, the relative velocity of B with respect to A,
vap=vector dif ference of vaand vp

— Now consider the body B moving in an inclined direction as shown in Fig. 3.2 (a). The
relative velocity of A with respect to B may be obtained by the law of parallelogram of
velocities or triangle law of velocities. Take any fixed point o and draw vector oa to
represent va in magnitude and direction to some suitable scale. Similarly, draw vector
ob to represent v in magnitude and direction to the same scale. Then vector ba
represents the relative velocity of A with respect to B as shown in Fig. 3.2 (b). In the
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similar way as discussed above, the relative velocity
of A with respect to B,

Va VA
- o L - \a
B 5%
~ 5
, B
= % = \ BA
Wia "'-L ‘\\ ".: vnﬂtﬁx
\ Vg
y |
1|." ke o b
. 2 1‘\“ B,
e e S 3
! b
a Va
(a) (b)

Fig. 3.2 relative velocity of two bodies moving along inclined line

vap=vector dif ferece of vaand vs

— Similarly, the relative velocity of B with respect to A
vea=vector dif ferece of vpand va

— From above, we conclude that the relative velocity of a point A with respect to B
(vap) and the relative velocity of point B with respect to A (vpa) are equal in
magnitude but opposite in direction

VAB = — VUBA

Motion Of A Link

— Consider two points A and B on a rigid link A B, as shown in Fig. 3.3 (a). Let one of
the extremities (B) of the link move relative to A, in a clockwise direction. Since the
distance from A to B remains the same, therefore there can be no relative motion
between A and B, along the line AB. It is thus obvious, that the relative motion of B
with respect to A must be perpendicular to AB.

— Hence velocity of any point on a link with respect to another point on the same link is
always perpendicular to the line joining these points on the configuration (or space)
diagram.

— The relative velocity of B with respect to A (i.e. vsa) is represented by the vector ab
and is perpendicular to the line A B as shown in Fig. 3.3 (b).

— We know that the velocity ofthe point B with respect to A
VBA=W X AB ...... v v it v (l)

— Similarly the velocity ofthe point C on AB with respect to A
Vea=w X AC ... ... v e v e (HD)
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Fig. 3.3 Motion of a Link

— Form equation (1) and (i1),
Vey wXAC AC

SRR ¢11)

Vpa w X AB AB

— Thus, we see from equation (iii), that the point ¢ on the vector ab divides it in the same
ratio as C divides the link AB.

Velocity of A Point On A Link By Relative Velocity Method

— Consider two points A and B on a link as shown in Fig. 3.4 (a). Let the absolute
velocity of the point A i.e. va is known in magnitude and direction and the absolute
velocity of the point B i.e. vs is known in direction only. Then the velocity of B may be
determined by drawing the velocity diagram as shown in Fig. 3.4 (b). The velocity
diagram is drawn as follows :

1 Take some convenient point o, known as the pole.

2 Through o, draw oa parallel and equal to va, to some suitable scale.

3 Through a, draw a line perpendicular to AB of Fig. 3.4 (a). This line will
represent the velocity of B with respect to A, i.e. vsa.

4  Through o, draw a line parallel to vg intersecting the line of vga at b

5 Measure ob, which gives the required velocity of point B ( vs), to the scale

(a) Motion of points on a link. (B “elocity diagram.

Fig. 3.4
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Velocities In Slider Crank Mechanism

— In the previous article, we have discussed the relative velocity method for the velocity
of any point on a link, whose direction of motion and velocity of some other point on
the same link is known. The same method may also be applied for the velocities in a
slider crank mechanism.

— A slider crank mechanism is shown in Fig. 3.5 (a). The slider A is attached to the
connecting rod AB. Let the radius of crank OB be r and let it rotates in a clockwise
direction, about the point O with uniform angular velocity ® rad/s. Therefore, the
velocity of B 1.e. vs is known in magnitude and direction. The slider reciprocates along
the line of stroke AO.

b
Vg =l - ,-\
E e‘i:-\
4 WV e Vs E
o B -~ | ey
B - _', : | \'-\.
iy g Vast
E: == iy
¢ oy 1)
LERREEI At ro% Va S \.‘\
=___, e —— - 3 \\ %
FEFFEFrFr Frey VA O
A
(g Slider crank mechanism. () Welocity diagrarm.
Fig. 3.5

— The velocity of the slider A (i.e. va) may be determined by relative velocity method as
discussed below :

1 From any point o, draw vector ob parallel to the direction of vs (or perpendicular
to OB) such that ob= vs=w.r, to some suitable scale, as shown in Fig. 3.5 (b).

2 Since AB is a rigid link, therefore the velocity of A relative to B is
perpendicular to AB. Now draw vector ba perpendicular to AB to represent the
velocity of A with respect to B i.e. vas.

3 From point o, draw vector oa parallel to the path of motion of the slider A
(which is along AO only). The vectors ba and oa intersect at a. Now oa
represents the velocity ofthe slider I.e. va, to the scale.

— The angular velocity of the connecting rod A B (Wag) may be determined as follows:

VBA ab
w = = —
AB AB AB
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Rubbing Velocity at A Pin Joint

— The links in a mechanism are mostly connected by means of pin joints. The rubbing
velocity is defined as the algebraic sum between the angular velocities of the two links
which are connected by pin joints, multiplied by the radius ofthe pin.

— Consider two links OA and OB connected by a pin joint at O as shown in fig.

Fig. 3.6 Links connected by pin joints
— Let,
ol = angular velocity of link OA
o2 = angular velocity of link OB

— According to the definition,

— Rubbing velocity at the pin joint O
= (w1 — w1) X rif the links move in the same direction
= (w1 + w1) X rif the links move in the same direction

Examples Based On Velocity

In a four bar chain ABCD, AD is fixed and is 150 mm long. The crank AB is 40 mm long
and rotates at 120 r.p.m. clockwise, while the link CD = 80 mm oscillates about D. BC and
AD are of equal length. Find the angular velocity of link CD when angle BAD = 60°.

— Given : Npa= 120 r.p.m. or oBa= 2  x 120/60 = 12.568 rad/s

— Since the length of crank A B = 40 mm = 0.04 m, therefore velocity of B with
respect to A or velocity of B, (because A is a fixed point),

— Since the length of crank A B = 40 mm = 0.04 m, therefore velocity of B with

respect to A or velocity of B, (because A is a fixed point),
vBa= VB= @A X AB =12.568 x 0.04 = 0.503 m/s

— Since the link AD is fixed, therefore points a and d are taken as one point in the
velocity diagram. Draw vector ab perpendicular to B A, to some suitable scale, to
represent the velocity of B with respect to A or simply velocity of B (i.e. vsa or vB)
such that

Vector ab = vea= ve = 0.503 m/s
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Fig. 3.7

— Now from point b, draw vector bc perpendicular to CB to represent the velocity of C
with respect to B (i.e. vcp) and from point d, draw vector dc perpendicular to CD to
represent the velocity of C with respect to D or simply velocity of C (i.e. vep or ve).
The vectors bc and dc intersect at c.

By measurement, we find that
Vep = ve= vector de = 0.385 m/s

— Angular velocity of link CD,
v, 0.385
w = = =4.8 rad/s

¢ €D 0.08

The crank and connecting rod of a theoretical steam engine are 0.5 m and 2 m long

respectively. The crank makes 180 r.p.m. in the clockwise direction. When it has

turned 45° from the inner dead centre position, determine:
1. Velocity of piston, 2. Angular velocity of connecting rod, 3. Velocity of point E
on the connecting rod 1.5 m from the gudgeon pin, 4. velocities of rubbing at the
pins of the crank shaft, crank and crosshead when the diameters of their pins
are 50 mm, 60 mm and 30 mm respectively, 5. Position and linear velocity of any
point G on the connecting rod which has the least velocity relative to crank
shaft.

— Given:
— NBo= 180 r.p.m. or o= 2 m x 180/60 = 18.852 rad/s

— Since the crank length OB = 0.5 m, therefore linear velocity of B withrespect to O
or velocity of B (because O is a fixed point),
vBo = vB= B0 X OB = 18.852 x 0.5 =9.426 m/s

— First of all draw the space diagramand then draw the velocity diagram as shown in fig.
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— By measurement, we find that velocity of piston P,
vp = vector op =8.15m/s

— Fromthe velocity diagram, we find that the velocity of P with respect to B
vpB = vector bp = 6.8 m/s

— Since the length of connecting rod PB is 2 m, therefore angular velocity of the
connecting rod, . 6.8
w = ﬁ = = 3.4 Tad/s
PB. PB 2
Vg = vector oe=8.5m/s

— We know that velocity of rubbinj at the pin of crank-shaft

_q
—7X @, =0.47m/s

— Velocity ofrubbing at the p&n of crank

_ Qg
‘2—(“’ so + wpg) = 0.6675m/s

— Velocity ofrubbing at the pin ocflcrank
= ‘X® =0.051m/s

2 PB

— By measurement we find that
vector bg =5m/s

— By measurement we find linear velocity of point G
V¢ = vector og=8m/s

In Fig. , the angular velocity of the crank OA is 600 r.p.m. Determine the linear
velocity of the slider D and the angular velocity of the link BD, when the crank is
inclined at an angle of 75° to the vertical. The dimensions of various links are: OA =28
mm; AB = 44 mm; BC 49 mm; and BD = 46 mm. The centre distance between the
canters of rotation O and C is 65 mm. The path of travel of the slider is 11 mm below
the fixed point C. The slider moves along a horizontal path and OC is vertical.
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— Given

— Nao= 180 r.p.m. or ®so=2 7t x 180/60 = 18.852 rad/s

— OA =28 mm
Voa=va=wa X A0 =1.76 m/s

— Since the points O and C are fixed, therefore these points are marked as one point,
in the velocity diagram. Now from point o, draw vector oa perpendicular to O A, to
some suitable scale, to represent the velocity of A with respect to O or simply
velocity of A such that

vector oa =voa=va=1.76 m/s

— From point a, draw vector ab perpendicular to A B to represent the velocity of B
with respect A (i.e. vea) and from point ¢, draw vector cb perpendicular to CB to
represent the velocity of B with respect to C or simply velocity of B (i.e. vsc or vB).
The vectors ab and cb intersect at b.

— From point b, draw vector bd perpendicular to BD to represent the velocity of D with
respect to B (i.e. vps) and from point o, draw vector od parallel to the path of motion
of the slider D which is horizontal, to represent the velocity of D (i.e. vb). The

vectors bd and od intersect at d.
eprs

—&
. ¥p
/ #N | 4 \\ - .-"'*.O’c
/ Vi \
/ AR
8/ e\ /Y
A e \ / \
A --""'---._____ tplbpy i \
. = b j“ \
L e )
EEPEEEELES, Z Y h""'\-\.IL
e = ~ - ot BA a
PEATTITTFTTiiT
(a) Space diagram. (B Velocity diagram.
Fig.3.10
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— By measurement, we find that velocity of slider D,
vp = vectorod=1.6 m/s
— By measurement from velocity diagram, we find that velocity of D with respect to
B,
vpp = vectorbd=1.7m/s
— Therefore angular velocity of link BD

_Yos_ 17 _—3696rad/s

w =
BD  BD  0.046

The mechanism, as shown in Fig. 3.11, has the dimensions of various links as follows: AB
=DE =150 mm; BC = CD =450 mm; EF = 375 mm. The crank AB makes an angle of 45°
with the horizontal and rotates about A in the clockwise direction at a uniform speed of
120 r.p.m. The lever DC oscillates about the fixed point D, which is connected to AB by
the coupler BC. The block F moves in the horizontal guides, being driven by the link EF.
Determine: 1. velocity of the block F, 2. angular velocity of DC, and 3. rubbing speed at
the pin C which is 50 mm in diameter.

— Given :
— NBa= 120 r.p.m. or @s,=2 1w x 120/60 =4 w rad/s

— Since the crank length A B =150 mm = 0.15 m, therefore velocity of B with
respect to A or simply velocity of B (because A is a fixed point),

Vaa= Vo= A X AB=4 7% 0.15=1.885 m/s

«—375mm —>
| ——_—— —q-D— -
A A
100 mm
375 mm \ ST
EY F
I
b
JZZCANNE R
A TG
Fig.3.11

— Since the points A and D are fixed, therefore these points are marked as one point
as shown in Fig. (b). Now from point a, draw vector ab perpendicular to A B,
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to some suitable scale, to represent the velocity of B with respect to A or simply
velocity of B, such that
Vector ab = vy, = vy = 1.885 m/s

— The point C moves relative to B and D, therefore draw vector bc perpendicular
to BC to represent the velocity of C with respect to B (i.e. vcg), and from point
d, draw vector dc perpendicular to DC to represent the velocity of C with respect
to D or simply velocity of C (i.e. vcp or vc). The vectors be and dc intersect at c.

[
D Vg a
—— o S —
\ F f
E® %Zfﬁ }‘VEB
__.(_- '-m
A 'UB -H,_ \\\
. ) |
| b
(8 Space disgram (B) Velocity diagram.

— Since the point E lies on DC, therefore divide vector dc in e in the same ratio as

E divides CD in Fig. (a). In other words
ce/cd = CE/CD

— From point e, draw vector ef perpendicular to EF to represent the velocity of F with
respect to E (i.e. vig) and from point d draw vector df parallel to the path of
motion of F, which is horizontal, to represent the velocity of F i.e. vr. The vectors
efand df intersect at f.

vr= vector df = 0.7 m/s

— By measurement from velocity diagram, we find that velocity of C with respect to

D,
vep = vector de = 2.25 m/s
o = Vcp rad
pc " pDC s

— From velocity diagram, we find that velocity of C with respect to B,
ves = vector be=2.25 m/s
— Angular velocity of BC,

1% 2.25
w = P =5rad/s

¢ BC 0.45
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Velocity Of A Point On A Link By Instantaneous
Centre Method

The instantaneous centre method of analyzing the motion in a mechanism is based upon
the concept that any displacement of a body (or a rigid link) having motion in one
plane, can be considered as a pure rotational motion of a rigid link as a whole about
some centre, known as instantaneous centre or virtual centre of rotation.

Fig. 3.13 velocity of a point on a link

The velocities of points A and B, whose directions are given a link.by angles @ and
S as shown in Fig. If va is known in magnitude and direction and vg in direction
only, then the magnitude of vg may be determined by the instantaneous centre method as
discussed below :

Draw Al and BI perpendiculars to the directions va and vg respectively. Let these lines
intersect at I, which is known as instantaneous centre or virtual centre of the link. The
complete rigid link is to rotate or turn about the centre 1.

Since A and B are the points on a rigid link, therefore there cannot be any relative
motion between them along line AB.

Now resolving the velocities along AB,
Va4 X COSa= vp XCcosf
va cosB sin(90 - p) .
= = — S ( ) |
vp cosa sin(90 —a)

Applying Lami“s theorem to triangle ABI,
Al BI

sin(90 — B) sin(90 — a)
Al sin(90 — B) .
BI sin(90 — a)

Hence,
va Al

VB BI
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Vg
VA = "= s s e eiee e e e e e e e e (L)

Al BI
— IfC is any other point on link, then
Vy Vg Vg

ar Bl <
Properties of Instantaneous Method

RN (17

— The following properties of instantaneous centre are important :

1 Arigid link rotates instantaneously relative to another link at the instantaneous
centre for the configuration of the mechanism considered.

2 The two rigid links have no linear velocity relative to each other at the
instantaneous centre. At this point (i.e. instantaneous centre), the two rigid
links have the same linear velocity relative to the third rigid link. In other
words, the velocity of the instantaneous centre relative to any third rigid link
will be same whether the instantaneous centre is regarded as a point on the
first rigid link or on the second rigid link

Number of Instantaneous Centre in A Mechanism:

— The number of instantaneous centres in a constrained kinematic chain is equal to the
number of possible combinations of two links. The number of pairs of links or the
number 3 of instantaneous centres is the number of combinations of n links taken two
at a time. Mathematically, n%mber1 of instantaneous centres

n(n-
N = ,where n = Number of Link
2

Location of Instantaneous centres:

— The following rules may be used in locating the instantaneous centres in a mechanism

1 When the two links are connected by a pin joint (or pivot joint), the
instantaneous centre lies on the centre of the pin as shown in Fig. (a). such an
instantaneous centre is of permanent nature, but if one of the links is fixed, the
instantaneous centre will be of fixed type.

2  When the two links have a pure rolling contact (i.e. link 2 rolls without
slipping upon the fixed link 1 which may be straight or curved), the
instantaneous centre lies on their point of contact, as shown in Fig.(b). The
velocity of any point A on the link 2 relative to fixed link 1 will be
perpendicular to I12 A and is proportional to 112 A.

3 When the two links have a sliding contact, the instantaneous centre lies on the
common normal at the point of contact. We shall consider the following three
cases :

a. When the link 2 (slider) moves on fixed link 1 having straight surface as
shown in Fig.(c), the instantaneous centre lies at infinity and each point on the
slider have the same velocity.
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b. When the link 2 (slider) moves on fixed link 1 having curved surface as shown
in Fig.(d),the instantaneous centre lies on the centre of curvature of the
curvilinear path in the configuration at that instant.

¢ When the link 2 (slider) moves on fixed link 1 having constant radius of
curvature as shown in Fig. 3.14 (e), the instantaneous centre lies at the centre of
curvature i.e. the centre of the circle, for all configuration ofthe links.

Linkc2 Link 2
'/ (disc) ly, at o liz Va v/’ (slider)
e T Jit II: \ B“T\Q
, b g '\ Link2 ‘_J;’W?f»)
Link 2 It ! (slider)y TN
| :
(Slld\?r) \ | : VB B 'I / / |£r '|
B - B | |
W h ] .
; ) .
Link 1 Link 1 Link 1 e L
{fixed) {fixed) (fixed)
(a) (b) (c) (d) (e)

Fig. 3.14 Location of Instantaneous centres

Kennedy’s Theorem

— The Aronhold Kennedy*s theorem states that “if three bodies move relatively to each
other, they have three instantaneous centres and lie on a straight line.”

— Consider three kinematic links A, B and C having relative plane motion. The number

of instantaneous centres (N) is given by
nn-1) 33B-1)
-2 T2z T

— The two instantaneous centres at the pin joints of B with A , and C with A (i.e. l.b and
I.c) are the permanent instantaneous centre According to Aronhold Kennedy*s theorem,
the third instantaneous centre Ibc must lie on the line joining Iab and lac. In order to prove
this let us consider that the instantaneous centre Iuc lies outside the line joining I, and
L.c as shown in Fig. The point Iy belongs to both the links B and C. Let us consider the
point Ipc on the link B. Its velocity vic must be perpendicular to the line joining ., and
Ioe. Now consider the point Inc on the link C. Its velocity vsc must be perpendicular to
the line joining lac and Ivc.
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Fig. 3.15 Aronhold Kennedy's theorem

— We have already discussed that the velocity of the instantaneous centre is same
whether it is regarded as a point on the first link or as a point on the second link.
Therefore, the velocity of the point Iy cannot be perpendicular to both lines Ia Inc and Iac
Ive unless the point Ibc lies on the line joining the points Iy and .. Thus the three
instantaneous centres (Iab, lac and Ipc) must lie on the same straight line. The exact
location of Ibc on line I Ia.c depends upon the directions and magnitudes of the angular
velocities of B and C relative to A.

Acceleration Diagram for aLink

— Consider two points A and B on a rigid link as shown in Fig. (a). Let the point B moves
with respect to A, with an angular velocity of w rad/s and let & rad/s® be the angular
acceleration of the link AB.

t
dBAe_

(a) Link. (B) Acceleration diagram.
Fig. 3.16 Acceleration of a link
— We have already discussed that acceleration of a particle whose velocity changes both

in magnitude and direction at any instant has the following two components.

1 The centripetal or radial component, which is perpendicular to the velocity of the
particle at the given instant.

2 The tangential component, which is parallel to the velocity of the particle at the given
instant.
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— Thus for a link A B, the velocity of point B with respect to A (i.e. VBA) is
perpendicular to the link A B as shown in Fig.(a). Since the point B moves with respect

to A with an angular velocity of w rad/s, therefore centripetal or radial component of
the
acceleration of B with respect to A

2
a;, = w? X Length of link AB=«*# XAB= vBA/AB

— This radial component of acceleration acts perpendicular to the velocity vBA, In other
words, it acts parallel to the link AB.
We know that tangential component of the acceleration of B with respect to A ,
a, =aXxLengthof link AB=a xAB
— This tangential component of acceleration acts parallel to the velocity vBA. In other
words, it acts perpendicular to the link AB.

— In order to draw the acceleration diagram for a link A B, as shown in Fig. 3.16 (b),
from any point b', draw vector b'x parallel to BA to represent the radial component of
acceleration of B with respect to A.

Acceleration of a Point on aLink

— Consider two points A and B on the rigid link, as shown in Fig. 3.17 (a). Let the
acceleration of the point A ie. aa is known in magnitude and direction and the
direction of path of B is given. The acceleration of the point B is determined in
magnitude and direction by drawing the acceleration diagram as discussed below.

z
S~
ﬂ H,-\_ T _";Ef
b' {20 acs N\
N '.\ N 2
\ ~— \ \* CA
V My
HB\’;. \“\ HEAH h: \\
-\-. : ~ J\I::H"[]( ™,
\\\ 3 --.__L:\ .
T <"“_\ 3
hY " aﬁ f_‘,"“" "/”
Ay
b i
X
2 Points on a Link. Bl Acceleration diagrarm.
ag

Fig. 3.17 acceleration of a point on a link

— From any point o', draw vector o'a' parallel to the direction of absolute acceleration at
point A i.e. aa, to some suitable scale, as shown in Fig. 3.17 (b).

— We know that the acceleration of B with respect to A i.e. apa has the following two
components:

1 Radial component ofthe acceleration of B with respect to A i.e. a” 5,
2 Tangential component of the acceleration B with respect to Ai.e. at p,
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Draw vector a“x parallel to the link AB such that,
vectorax = a© =v? /AB
BA BA

From point x, draw vector xb* perpendicular to AB or vector a“x and through o* draw
a line parallel to the path of B to represent the absolute acceleration of B i.e. aB

By joining the points a' and b' we may determine the total acceleration of B with respect
to A i.e. aBa. The vector a' b' is known as acceleration image of the link AB.

For any other point C on the link, draw triangle a' b' ¢' similar to triangle ABC. Now
vector b' ¢' represents the acceleration of C with respect to B i.e. a cs, and vector a' ¢’
represents the acceleration of C with respect to A i.e. aca. As discussed above, acs

and aca will each have two components as follows : . _
a. acs has two components; aTCB and a‘CB as shown by triangle b“zc™ in fig.b

b. aca has two components; a” and at as shown by triangle a“yc*
cA cA

The angular acceleration of the link AB is obtained by dividing the tangential
component of acceleration of B with respect to A to the length of the link.

aABzagA/AB

Acceleration in Slider Crank Mechanism

— A slider crank mechanism is shown in Fig. 3.18 (a). Let the crank OB makes an angle

0 with the inner dead centre (I.D.C) and rotates in a clockwise direction about the fixed

point O with uniform angular velocity Wso rad/s

— Velocity of B with respect to O or velocity of B (because O is a fixed point),

VBo = VB = wpo X OB acting tangentially at B

— We know that centripetal or radial acceleration of B with respect to O or acceleration

of B (Because O is a fixed point)

2
ar =a = w? X0B= Vpo
Bo % mo BO
' p g8
07
N il
ay o A N
Vs \ X e
A B T "a -.
ML " ()] N v . W o o _|:
R e TR I o oA N X
AR ILDC. ' B wrr f B b' a
*-t 0 ff AB
(2 Slider crank mechanism, (B) Acceleration disgram.

Fig. 3.18 acceleration in the slider crank mechanism

— The acceleration diagram, as shown in Fig. 3.18 (b), may now be drawn as discussed

below:
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1 Draw vector o' b' parallel to BO and set off equal in magnitude of a=a, to some
BO suitable scale.
2 Frompoint b', draw vector b'x parallel to BA. The vector b'x represents the radial

component of the acceleration of A with respect to B whose magnitude is given

by :
a =v?2 /BA
AB AB

3 From point x, draw vector xa™ perpendicular to b“x. The vector xa™ represents the
tangential components ofthe acceleration of A with respect to B.

4 Since the point A reciprocates along AO, therefore the acceleration must be
parallel to velocity. Therefore from o', draw o' a' parallel to A O, intersecting the
vector xa' at a'.

5 The vector b' a', which is the sum of the vectors b' x and x a', represents the total
acceleration of A with respect to B ie. aas. The vector b'a' represents the
acceleration of the connecting rod AB.

6 The acceleration of any other point on A B such as E may be obtained by dividing
the vector b' a' at €' in the same ratio as E divides A B in Fig. 8.3 (a). In other
words

a'e’/a’'b'= AE/AB

7 The angular acceleration of the connecting rod A B may be obtained by dividing the
tangential component of the acceleration of A with respect to B to the length of AB.
In other words, angular acceleration of AB,

Aup=a,,/AB

Examples Based on Acceleration

The crank of the slider crank mechanism rotates clockwise at a constant speed of 300
r.p.m. The crank is 150 mm and the connecting rod is 600 mm long. Determine:
1. Linear velocity and acceleration of the midpoint of the connecting rod, and
2. Angular velocity and angular acceleration of the connecting rod, at a crank
angle of 45° from inner dead centre position

— Given:
— NBo=300r.p.m. or ®Bo=2 1 % 300/60 = 31.42 rad/s; OB =150 mm=0.15m; B A
=600 mm=0.6 m

— We know that linear velocity of B with respect to O or velocity of B,
vpo= V= wpo X OB =31.42 X 0.15 =4.713 m/s
— Draw vector ob perpendicular to BO, to some suitable scale, to represent the
velocity of B with respect to O or simply velocity of B i.e. vso or vB, such that
vector ob = veo= ve=4.713 m/s
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Fig. 3.19

— From point b, draw vector ba perpendicular to BA to represent the velocity of A with
respect to B i.e. vas, and from point o draw vector oa parallel to the motion of A
(which is along AO) to represent the velocity of A i.e. va. The vectors ba and oa
intersect at a.

— By measurement we find the velocity A with respect to B,

vap = vector ba =34 m/s
va=vectoroa =4 m/s

— In order to find the velocity of the midpoint D of the connecting rod A B, divide
the vector ba at d in the same ratio as D divides A B, in the space diagram. In other
words,

bd/ba =BD/BA
— By measurement, we find that
vp =vectorod =4.1 m/s

— We know that the radial component ofthe acceleration of B with respect to O or the

acceleration of B,
vy (4.713)?

2 = = —_— = 2
@3 as 0B 015 148.1 m/s

— And the radial component ofthe acceleration of A with respect to B,

2
r VaB _ (34)2 _ )
aé = B4 06 19.3m/s

vector ob'= a© =a =148.1m/s?
BO B

— By measurement, we find that
a = vector o'd =117 m/s?
— We know that angular velocity of the connecting rod AB,
Vsp = = 2
W 45 - oe 5.67 rad/s
— Fromthe acceleration diagram, we find that
aly =103 m/s?

— We know that angular acceleration ofthe connecting rod AB,
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a,%B 103

= - _— 2
AaB= p, 06 171.67 rad/s

An engine mechanism is shown in Fig. 3.20. The crank CB = 100 mm and the
connecting rod BA = 300 mm with centre of gravity G, 100 mm from B. In the position
shown, the crankshaft has a speed of 75 rad/s and an angular acceleration of 1200
rad/s2. Find:

1. Velocity of G and angular velocity of AB, and
2. Acceleration of G and angular acceleration of AB.

— B
120° / 100 mm
LEAREER R _-
__A...-;"" - — — _G___
ST C
Fig.

— Given 3.20

—  osc=75rad/s ; asc= 1200 rad/s?>, CB =100 mm= 0.1 m; B A=300 mm=0.3 m
— We know that velocity of B with respect to C or velocity of B
vec =vp=wpc X CB=75%0.1=7.5m/s

— Since the angular acceleration of the crankshaft, @sc = 1200 rad/s?, therefore

tangential component ofthe acceleration of B with respect to C,
g. =ap X CB=1200x0.1=120m/s?
c m
vector cb = vgc=vp=7.5 s T

— By measurement, we find that velocity of G,
v = ector cg =6.8m/s

— From velocity diagram, we find that the velocity of A with respect to B,
vap =vector ba=4m/s

B -
i ;;1 i H"b‘ " 01*4-—: a
lEDv ,-‘; mm =3 - 1

o

" f%_ B y ¥ ‘C.:_‘:.\ -"'G\ ) .h,ll"p.a
; o A
il b
(2 Space disgram. (B) Velocity diagrarm,

Fig. 3.21
— We know that angular velocity of AB,

_ v 4
Wpp = pa E:B'B rad/s
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() Acceleration diagram.
Fig. 3.22
— We know that radial component ofthe acceleration of B with respect to C
o vk (52
¢ CB 0.1
— And radial component ofthe acceleration of A with respect to B,

=562.5m/s?

2 4)2
a = A = i=53.3 m/s?
4 CB 0.3
vector cb’ = T =562.5m/s?

vecto 'b'= at 5. =120m/s?
vecto x= a" ,; =53.3 m/s?
— By measurement we find that acceleration of G,
ac = vector xa' = 414 m/s?
— From acceleration diagram, we find that tangential component of the
acceleration of A with respect to B,
@t = ector xa' =546m/s?
— Angular acceleration of AB
aks 546

= == _— 2
@aB= p, 03 1820 rad/s

In the mechanism shown in Fig. 8.7, the slider C is moving to the right with a velocity
of 1 m/s and an acceleration of 2.5 m/s2.The dimensions of various links are AB =3 m
inclined at 45° with the vertical and BC = 1.5 m inclined at 45° with the horizontal.
Determine: 1. the magnitude of vertical and horizontal component of the acceleration of
the point B, and 2. the angular acceleration of the links AB and BC.
- Given:
— vce=1m/s;ac=2.5m/s2; AB=3m;BC=15m
— Here,
vectord = vcp = ve =1m/s
— By measurement, we find that velocity of B with respect to A
vpa =vector ab=0.72m/s
— Velocity of B with respect to C
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vac = vector cb= 0.72m/s
— We know that radial component of acceleration of B with respect to C,
. vE_ (0.72)7
“ T ¢B 15
— And radial component of acceleration of B with respect to A,
. vEi_ (0.72)

= 0.346 m/s?

a, = = =0.173 m/s?
B AB 3
vectrod'c' = aca= ac= 2.51n/s?
vecto 'x = ar =0.346 __
BC

2
vecto 'y=a 5, = 0.173Sm/s2
— By measurement,
vector b'b" = 1.13 m/s?
— By measurement from acceleration diagram, we find that tangential component of
acceleration of the point B with respect to A

@, =ectoryb' = 1.41m/s?
— And tangential component of acceleration of the point B with respect to C,

af{. =vector xb' =194 m/s?
— we know that angular velocity of AB,

vt
— —B4=1047 rad/s?

Y

— And aglular acceleration ofBC,
age_ 1.94

= = 2
agc CB —1.5 rad/s
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LECTURE 1

MOTIONOF LINK IN MACHINE
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INTRODUCTION

/ / Source : R. S. Khurmi

(a) (b)

Motion of a link.

Motion of link AB to A1B1 is an example of combined motion
of rotation and translation, it being immaterial whether the
motion of rotation takes first, or the motion of translation.
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METHODS FOR DETERMINING THE VELOCITY
OF A POINT ON A LINK

1. Relative velocity method
Can be used in any configuration

2. Instantaneous centre method

convenient and easy to apply in simple
mechanisms




RELATIVE VELOCITY METHOD

From Fig., the relative velocity of A with respectto B (i.e. v ,g) May be written in the
vector form as follows :

Source : R. S. Khurmi

ba = oa — ob

Va
>
A Va
= VB
B hi: = "
-
0 o= i a
b
-« B >
v
BA ol
(a) (b)

Relative velocity of two bodies moving along parallel lines.

Similarly, the relative velocity of B with respectto A,

vga = Vector difference of vy and v, =vg — v,

ab = ob — oa

gl
X ;-t.;'b
e
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RELATIVE VELOCITY

Vip = Vector difference of Va and vy = vy — vg

y TR Source : R. S. Khurmi
Va

A
B ~_ ' g \ \Y
Fe. N
B - \

‘.h A{: 1.1 . \
e A i N
a' Va b
Vi (a) )

Relative velocity of two bodies moving along inclined lines.

Similarly, the relative velocity of B with respectto A,

vy, = Vector difference of vy and vy, = vy — vy
ab = ob — oa
From above, we conclude that the relative velocity of point A with respectto B (v, ) and the
relative velocity of point B with respect A (v, ) are equal in magnitude but opposite in direction, i.e.
Vap = —Vgp OF ba=-—ab

Note: It may be noted that to find v, ., start from point b towards a and for v, start from point a towards b.

BA?

i =
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MOTION OF A LINK

Source : R. S. Khurmi

.,_,,---Ej:}f-""”B”* >Let one of the extremities (B) of the link move
\ /,,ﬁ;.zl relative to A, in a clockwise direction.
\ IEI b
| ‘xﬁc \ N ¢\ »No relative motion between A and B, along
Al T . thelineAB
b1 | \ b
.\_\ / .‘,.,-*

> relative motion of B with respect to A must be

(a) (%) perpendicular to AB.

Motion of a Link.

Hence velocity of any point on a link with respect to another point on the
same link is always perpendicular to the line joining these points on the
configuration (or space) diagram.
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MOTION OF A LINK

Source : R. S. Khurmi

/E\{,rvm Let ® = Angular velocity of the link A B about A .
f EE\’\.,. We know that the velocity of the point B with respectto A,
5 X l"'\ _ vas = ab=.AB )
' $ \ 8 t,,ffc“":/;& Similarly, the velocity of any pEEli ConA Bwithrespectto A,
I\\ “,fll Iﬁ'xt”'%p; vep =ac =m.AC .. A0i)

From equations () and (#f),
(a) (b) =
Vea  ac . AC _AC

Motion of a Link. -

van ab ®.AB AB

i)

Thus, we see from equation (iif), that the point ¢ on the vector ab divides it in the same ratio
as C divides the link A B.
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LECTURE 2

VELOCITY AND ACCELERATION DIAGRAMS
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VELOCITY OF A POINT ON A LINK BY
RELATIVE VELOCITY METHOD

Source : R. S. Khurmi

| » VA is known in magnitude and direction

| > absolute velocity of the point B i.e. VB is
| known in direction only

> VB be determined by drawing the velocity

o diagram
Mnti_nn of pqim.»; on a link. b':"-.
»With suitable scale, Draw oa = VA o 3
2 Ylag
> Through a, draw a line perpendicular to AB W # o
T Ty
> Through o, draw a line parallel to VB intersecting - | B
the line of VBA at b 0 A a

»Measure ob, which gives the required velocity of  Velocity diagram.
point B (VB), to the scale

.%ab = velocity of the link AB

%

et e
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VELOCITY OF A POINT ON A LINK BY
RELATIVE VELOCITY METHOD

L Source : R. S. Khurmi

> How to find Vc ?

Fix ‘c’ on the velocity diagram, using

| ac AC
7 % ab AB
Motion of points on a link.
by »>oc = V¢ = Absolute velocity of C
b K F ._;*;BA
3 »>the vector ac represents the velocity
A\ . of C with respectto Ai.e. Vca.
O




VELOCITY OF A POINT ON A LINK BY RELATIVE
VELOCITY METHOD

How to find the absolute velocity of any other point D outside
AB? *‘

Source : R. S. Khurmi

b, Vos
": - _;- 2 -d
£ in -
T v B %
' ‘rﬁ_ -va fm
b T . o

- : a

0 Vi

(@) Motion of points on a link. (b) Velocity diagram.
Construct triangle ABD in the space diagram
Completing the velocity triangle abd:
»Draw VDA perpendicular to AD,;
»Draw VDB perpendicular to BD, intersection is ‘d'.
»o0d = absolute velocity of D.

' b
The angular velocity of the linkAB = @ug = VBA _ @
AB AR




VELOCITIES IN SLIDER CRANK MECHANISM

1L/ 1 .

Source : R. S. Khurmi

b
Vg = .5
F 4 10B
B~ A
E __.--"'_q.> (L
=& }’* B
LRI — r\ O a
==t - el
SEFTTR S GTT G TITE "h"ﬁ D
A b
Slider crank mechanism. "; '
el
vE .-.H.-. .-H- IIII.I * '
Fix ‘e’, based on the ratio > 4 vt LR =
) o - > \ B
belba= BE/BA a

VE = length ‘oe’ = absolute vel. Of E  Velocity diagram.

The angular velocity of the connecting rod A B (®, ;) may be determined as follows:

- VBA ﬂb

AR = E = E (Anticlockwise about A)

kv
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RUBBING VELOCITY AT A PIN JOINT

The rubbing velocity is defined as the algebraic sum
between the angular velocities of the two links which are
connected by pin joints, multiplied by the radius of the pin.

Source : R. S. Khurmi

Let m, = Angular velocity of the link OA or
Al ™ @y the angular velocity of the point A
i S Y with respect to O.
~E o ®, = Angular velocity of the link OB or
0 the angular velocity of the point B
Links connected by pin joints. with respect to O, and

r = Radius of the pin.

According to the definition,

Rubbing velocity at the pin joint O

(@, — @,) r, if the links move in the same direction
(®, +®,) r., if the links move in the opposite direction

54
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GRAPHICAL METHOD
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NUMERICAL EXAMPLE-1

In a four bar chain ABCD, AD is fixed and is 150 mm long.
The crank AB is 40 mm long and rotates at 120 r.p.m.
clockwise, while the link CD = 80 mm oscillates about D.
BC and AD are of equal length. Find the angular velocity

of link CD when angle BAD = 60°.
Step-2 : Identify Given data
Step-1 : Draw Space diagram & convert it into Sl units

with suitable scale
B .c Ny, =120pm. or @y, =27 x 120/60 = 12,568 rad/s

0 _—
= AB=0.04m;BC=0.15m; CD=0.08 m; AD =
.- 0.15m
(80
4”\\ Step-3 : Calculate VB
‘?DUJN;NN .-‘ff.-’f!.-’a’ff;’.—fx.-‘al UBﬁ: FH = [ﬂm x AB=12.568 x0.04 =0.503 m/s
A 150

Space diagram (All dimensions in mm).

Source : R. S. Khurmi




NUMERICAL EXAMPLE-1

Scale 1:100; i.e. VB =0.503 m/s =50.3

s« mm
ﬂaﬁ Source : R. S. Khurmi
,-":Bﬂ

zmh\\ a,d

"fofﬁf{}xnﬁxwwNN.*NN;;;*M‘ 1 AB

A 150 1BC

Space diagram (All dimensions in mm). ab = 50.3
mm
Question: Find the angular velocity of link CD b

Veb = cd = 38.5 mm (by measurement) =0.385m/s, CD =0.08 m

- Angular velocity of link CD,

~Nen  BS8 . e (e EEE D A
Wecp cD oog —48ra s (clockwise about D) Ans.

aj?“‘z

B e
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NUMERICAL EXAMPLE -2

In the given Fig., the angular velocity of the crank OA is 600 r.p.m.
Determine the linear velocity of the slider D and the angular velocity
of the link BD, when the crank is inclined at an angle of 75° to the
vertical. The dimensions of various links are : OA =28 mm ; AB =44
mm ; BC 49 mm ; and BD =46 mm. The centre distance between the
centres of rotation O and C is 65 mm. The path of travel of the slider
iIs 11 mm below the fixed point C. The slider m

path and OC is vertical. Source : R. S. Khurmi ’“‘_;r'\\ e

Find: VD, Wpn f |

/
/
/

Solution. Given: N, , =600 rp.m. or E"
®, o =2 T X 600/60 = 62.84 rad/s 0 [r ’
Since OA = 28 mm = 0,028 m, therefore velocity of sl TC

A with respect to O or velocity of A (because O is a fixed point),
=V, =0,, X 0A=6284x0.028=1.76 m/s
... (Perpendicular to QA)

Va0




NUMERICAL EXAMPLE -2

Find: VD, Wap

Source : R. S. Khurmi__;' e
K |
B
I .WRH .F.';./? ?[C
= _ _ _ _

s

L

(a) Space diagram.

d ‘i-[:} ,p c

VoB vag i\kr
Velocity A
diagram
‘rn.a "xll'.

Angular velocity of the link BD

Velocity diagram

By measurement, cd =od = Vb =1.6 m/s

By measurement from velocity diagram, we find that velocity of D) with respect to B,

VbR
Since the length of link BD =46 mm =

= vector bd = 1.7 m/s

0.046 m, therefore angular velocity of the link BD,

(0
BD " pn T 0.046

3

b e
MRCET CAMPUS

UBE Aulonemeus:

= 36.96 rad/s (Clockwise about B) Ans.




NUMERICAL EXAMPLE -3
Source : R. S. Khurmi %
-

A quick return mechanism of the crank ™
and slotted lever type shaping machine
is shown in the Fig. The dimensions of T
the various links are as follows :

0102 = 800 mm ; O1B = 300 mm ; O2D

= 1300 mm ; DR = 400 mm. F
The crank O1B makes an angle of 45° e f}

with the vertical and rotates at 40 r.p.m. 1/

In the counter clockwise direction. L 0 b,“_
Find : 1. velocity of the ram R, or the g

All dimensions in mm.

velocity of the cutting tool, and 2.
angular velocity of link O2D.




NUMERICAL EXAMPLE -3

R
LSS
- _JTE_
i \‘lm R 3
s VOO o
| _ 1‘_‘_;\%' -
I ‘ = VBO1 /
S e /
/ .
Tool coe2 )
[ J"Boncrank O, B
| Con0O,D

_’f'
i
Vcoz.-:.>\

—=fer o e Source : R. S. Khurmi
T ‘ / | D1 |
Sl RS 1300

i

|
I
|
800 I |
|Il| !I -IE .II |lIl |
(/] |
IlIl |II |Ill |
|'I | ||I | |
02 I,'I I'II,II | /
=, 'IE"{
777177‘7 ol
All dimensions In mm. 'ffl/'ﬁ'f’
DE

Space diagram
Solution. Given: Ny, =40 rp.m, or 0y, = 2 1t x 40/60 = 4.2 rad/s

Ba1 X G[B =42x0.3=1.26m's
. ... (Perpendicular to O]BJ

Vapt = Vg =@

gl
L ;-t ‘.'!
s

i
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R

ELL AL

ok, AL EXAMPLE -3

Vhoz o

% B on crank O, B
Vcoz,-:f'}\ B o Eeh

Source : R. S. Khurmi

& |
!
i 17
| / LR
o) . P’
S5 T Draw bc parallel to O2D, to intersect at 'c od
2 Fix ‘d’ using the ratio ,, . _ . - - _ CD
w S SHE * cd+ T o
r A Find VR & @, CO2
d . .
vDHPc o By measurement, velocity of the ram R, v, = vector 0,r= 1.44 m/s Ans.
e Angular velocity of link 0,D
Velocity diagram. - By measurement , 1'[)OE = l"D = vector O?d= .32 m/s
iy s 00 L0 —
D02 00 13 = 1015 rad/s (Anticlockwise about 0,) ~ Ans.

3
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TUTORIAL PROBLEM

) Fig. 7.22 shows the ey
structure of Whitworth quick return mecha- Ra=___ ! . Source:R.S.Khurmi
nism used in reciprocating machine tools. The i \“ r _-':'b'“af-L-.______
various dimensions of the tool are as follows : il ; g\‘ﬂ “‘rl ; 5____f_fL“f i”
0Q = 100mm ; OP =200mm, RQ = ! | e R
150 mm and RS = 500 mm. i % za D..I.'“ A 8
The crank OP makes an angle of 60° ' Vg 5—‘_}3 ,K’*f_\ ;
with the vertical. Determine the velocity ofthe - 607 y‘“-m}; T
slider S (cutting tool) when the crank rotates A *::P;
ar 120 r.p.m. clockwise. g R

Find also the angular velocity of the
link RS and the velocity of the sliding block T Fig. 7.22
on the slotted lever OT.

HMRLCET CAMPUS
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TUTORIAL PROBLEM (SOLUTION)

Source : R. S. Khurmi

"
/]
T
; r‘* SA
94|
5
71 N
oo S

vy‘,_

(a) Space diagram. (b) Velocity diagram.

vg = vector os = 0.8 m/s Ans. , ‘ . ma
‘ Velocity of the sliding block T on the slotted lever OT
Angular velocity of link RS Vop = Vector pt = 0.85 m/s Ans

Wgy RS 05 =].9irad/s Ans.
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INSTANTANEOUS CENTRE METHOD

Translation of the link AB may be assumed to be a

motion of about some centre |, known as T
the instantaneous centre of rotation (also called centro or ’“”‘hmﬁ_rl“: B,
virtual centre). \

The position of the centre of rotation must lie on the /|
intersection of the right bisectors of chords AA1 and BB1. A5 G, /A
these bisectors intersect at /| as shown in Fig., which is \

the instantaneous centre of rotation or virtual centre of \

the link AB. \U/

(also called centro or virtual centre). |

Instantaneous
centre of rotation.

Source : R. S. Khurmi




VELOCITY OF A POINT ON A LINK BY
INSTANTANEOUS CENTRE METHOD

Va is known In Magnitude and
direction Vs direction alone known
How to calculate Magnitude of Vs
using instantaneous centre method ?

Source : R. S. Khurmi

Draw Al and Bl perpendiculars to the
directions Va and Vs respectively to
intersect at |, which is known as
instantaneous centre of the link.

Velocity of a point on a link.




VELOCITY OF A POINT ON A LINK BY
INSTANTANEOUS CENTRE METHOD

Since A and B are the points on a rigid link, there cannot be
any relative motion between them along the line AB.

Now resolving the velocities along A B, Source : R. S. Khurmi Ve
v, COS O = v cos P
Va cosfp  sin(90°- ) _
or T am = — _ L
Vg coso  sin(90°— o)
Applying Lami’s theorem to triangle A BI,

Al B Bl
sin (90°— )  §in(90°— @)
Al sin(90°- ) i) -~
o BI = sin (90°— @) Velocity of a point on a link.

From equation (¢) and (i7),

. y W
Y. Al A VB _

= = = =@ ..(ii)
e Bl Al BI
where ® = Angular velocity of the rigid link.

HMRLCET CAMPUS
UBE Aulonemeus:



VELOCITY OF A POINT ON A LINK BY
INSTANTANEOUS CENTRE METHOD

Source : R. S. Khurmi

If C is any other point on the link, then

L ¢ : S & .
= = LAv)

Al Bl (I

Velocity of a point on a link.

If VA is known in magnitude and direction and Vs in direction
only, then velocity of point B or any other point C lying on the
same link may be determined (Using iv) in magnitude and
direction.




TYPES OF INSTANTANEOUS CENTRES

Source : R. S. Khurmi

lis Number of Instantaneous Centres = N
y =06

The instantaneous centres [, and / ,

fixed instantaneous centres

The instantaneous centres /,, and

permanent instantaneous centres
as they move when the mechanism moves,

4 Link 1 45 oy

Types of instantaneous centres.

but the joints are of permanent nature.

I, and I,, are neither fixed nor permanent instantaneous centres

13
as they vary with the configuration of the mechanism.

;{ 3
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LOCATION OF INSTANTANEOUS CENTRES
Source : R. S. Khurmi

& When the two links are connected by a pin joint
~'-‘7 (or pivot joint), the instantaneous centre lies on
I:2 - the centre of the pin f_/ (disc)

Pure rolling contact (i.e. link 2 rolls without slipping), Vs /
the instantaneous centre lies on their point of

contact. e Sl |
|1za’t<:: ] Ve . I’_ZB P Link 1
1 When the two links have a sliding contact,es
w2 | the instantaneous centre lies on the common
(slider) | | .
EZTB normal at the point of contact.

P Ty

Lrk1  The instantaneous centre lies at infinity and each point on the
(fixed)  glider have the same velocity.




LOCATION OF INSTANTANEOUS CENTRES

When the two Ilinks have a sliding contact, the

Instantaneous centre lies on the common normal at the
point of Contact

12

; The instantaneous centre lies on the centre
.' . unk2  of curvature of the curvilinear path in the
L &5 configuration at that instant.

/j;‘aﬂ Source : R. S. Khurmi

Link 1
(fixed)

w2 When the link 2 (slider) moves on fixed
< ¥ =% link 1 having constant radius of curvature,
,,HE;-,J}% the instantaneous centre lies at the centre
[\ of curvature i.e. the centre of the circle, for

~_ '/ all configuration of the links.

Link1

(fixed)




ARONHOLD KENNEDY (OR THREE
CENTRES IN LINE) THEOREM

It states that if three bodies move relatively to each other,
they have three instantaneous centres and lie on a straight
line. Vec

Vac
I.':u::
g )
C
Y" \><’ Source : R. S. Khurmi
& )Y
Iﬁ't' A Iar;

Aronhold Kennedy's theorem.
the velocity of the point /, cannot be perpendicular to bothlines / , I, and/_ 1, unless
the point /, _lies on the line joining the points / , and /_.

Thus the three instantaneous centres (/ . [ _and /, ) must lie on the same straight line.

The exact location of /, online/, I depends upon the directions and magnitudes of the
angular velocities of B and C relative toA .

o
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NUMERICAL EXAMPLE-1

In a pin jointed four bar mechanism, as shown in Fig. AB = 300
mm, BC = CD = 360 mm, and AD = 600 mm. The angle BAD =
60°. The crank AB rotates uniformly at 100 r.p.m. Locate all the
instantaneous centres and find the angular velocity of the link

BC
Source : R. S. Khurmi - mmac
Solution. Given: N, = 100rp.m or Eg %
@, =2 7 x 100/60 = 10.47 rad/s S/ 13
Since the length of crank A B = 300 mm = 0.3 m, fﬁ [ 50° 3
therefore velocity of point B on link A B, A %WWW D

|l«——— 600 mm ——»

vy =@, XA B=10.47 x 0.3 = 3.141 m/s

Location of instantaneous centres: Nty Sl o
1. Find number of Instantaneous centres

s n e
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NUMERICAL EXAMPLE-1

Links 1 2 3 4
Ins. Centres 12 13 14
23 24
34

3. Draw configuration (space) diagram with suitable scale.
And, Locate the fixed and permanent mstantaneous

9 gy

centres by inspection by 5 C\
/B 4\
12, [14 — Fixed centres; /2 :
23, I34 — Permanent Ay D\
1 I
centres h Source : R. S. Khurmi

How to locate 113, 124 — Neither fixed nor Permanent centres




NUMERICAL EXAMPLE-1

4. Locate the neither fixed nor permanent instantaneous
centres by Aronhold Kennedy’s theorem.

2

Draw a circle with any arbitrary

5 radius
1 At equal distance locate Links 1, 2, 3 &

4 as points on the circle.

4
Source : R. S. Khurmi




NUMERICAL EXAMPLE-1

Locating I3

2 13 is common side to Triangle 134 & 123
14 I34 . . :
" Therefore, 113 lies on the intersection of
1 3 ' <I 0 Tbs the lines joining the points l14134 & I12 123
|13
4 #s;‘ l'ﬁ
Source : R. S. Khurmi
WE B~
Ry _—3 CH
B 4
A/ D\
li2 1 14

3
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NUMERICAL EXAMPLE-1

Locating 24

2 24 1s common side to Triangle 124 & 234
I12 T4 : : .
" < Therefore, 124 lies on the intersection of
24 . o .
1 3 [ Dns the lines joining the points 12114 & 134 123
b
4 .n'.'l-ll-"r I“ f
Source : R. S. Khurmi
4 laa
'23;___.. 3 2\
St ; B 4
- /2
B o i e O S A_g T?—‘ D=
los s 1 L4

Thus all the six instantaneous centres are located.

54
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NUMERICAL EXAMPLE-1

Find Angular velocity of the link
BC V=0, XAB=10.47 x 0.3 =3.141 m/s

We know that:

Source : R. S. Khurmi

Let {:JBCI: Angular velocity of the link BC.
Since B is also a point on link BC, therefore velocity of point B on link BC,
Vg = Ogc x5 B

By measurement, we find that IH B = 5300mm=05m

vg _ 3.141
mHE o JIHB

= 6.282 rad/s Ans.

gl
X ,-t.‘.'! :
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NUMERICAL EXAMPLE-2

Locate all the instantaneous centres of the slider crank
mechanism as shown in the Fig. The lengths of crank OB
and connecting rod AB are 100 mm and 400 mm
respectively. If the crank rotates clockwise with an
angular velocity of 10 rad/s, find: 1. Velocity of the slider

A, and 2. Angular velocity gomm

PRIy e

Al:'______________

SRR

Source : R. S. Khurmi
Solution. Given : Wy = 10rad/s: OB=100mm= 0.1 m

We know that linear velocity of the crank OB,

Vo = Vg = @py X OB=10% 0.1=1m/s

o
i )
A

b e e
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NUMERICAL EXAMPLE-2

» Draw configuration diagram with suitable scale.
»Locate Ins. Centres (Here, n = 4; No. of Ins. Centres N = 6)
>|Ins. Centers are 12, 113, 114, 123, 124, [34.

.
Algat L, 3 1,42
A.__,___ ................ w0,

i Source : R. S. Khurmi ¢ 1
By inspection Locate 112, [23& [34.
E Since the slider (link 4) moves on a
. straight surface (link 1), I14, will be at
: - infinity.
ly ! 3 l2s 3
A= e 50




NUMERICAL EXAMPLE-2

> Ins. Centers are l12, 113, [14, 123, 124, I34.
»Fixing I1s...... ?

-
=
=3
H

/ —
s =
[

Source : R. S. Khurmi

lia I34

L3
1 3 [12 123

-
i

;;;;;;;;;;;;;;;




NUMERICAL EXAMPLE-2

> Ins. Centers are l12, 113, 114, 123, 124, I34.

»Fixing Ia...... ? e at =
baat o
2 la

iz Tia

1 3 24 <

Source : R. S. Khurmi

34 1I23

4

I14 can be moved to any convenient
jOint I?

R:----------------7"/---*

'_'p“
fs‘f’
l'.
|

|

|

|

!

|

!

|

!

|

|

I




NUMERICAL EXAMPLE-2

Solution:

By measurement, we find that

Source : R. S. Khurmi I,A =460 mm=046m;and/,, B =560 mm=0.56 m
1. Velocity of the slider A
f lisat o« Let v, = Velocity of the slider A.
: |14 at o« i ”
d ls ) We know that A= B
N i I;A 1B
1™, 1
RN 1 I; A 0.46
N 1 or Vo =g X = —=1x —0.82m/s Ans.
: \\ 1 I IIJB 0.56
: :
1 - 1
1 AN I
- v I
i \\\ ! 2. Angular velocity of the connecting rod AB
E \\\ E Let ®,, = Angular velocity of the connecting rod A B.
1 \\ !
: \\.\ E 1’."\ - VH_ - m
E \\\\ Ve E We know that 1,A 1,B AB
E \\\B _:|24
1 — 1
- I i
| 1 K 23 1 y 1
s _— - D= =1.78 rad/s Ans.
N 3 1,;B 0.56
A \l-;_,.. ..................... - |12 13
ST Erry VA
4 1

g
L ;-t ‘.'!

L
et i
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VISIT THE FOLLOWING VIDEOS IN YOUTUBE

> https://www.youtube.com/watch?v=-tgruur8 O0Q

» https://www.youtube.com/watch”?v=WNh5HpOlg
ms

» https://www.youtube.com/watch”?v=ha2PzDt5Sb




EXERCISE-1

The mechanism of a wrapping machine, as shown in Fig. 6.18, has the follow-

ing dimensions :
OA = 100 mm; AC = 700 mm; BC = 200 mm; O,C = 200 mm; O,E = 400 mm;
0,D = 200 mm and BD = 150 mm.

The crank O A rotates at a uniform speed of 100 rad/s. Find the velocity of the point E of the
bell crank lever by instanmtaneous centre method.

Source : R. S. Khurmi

-— 300 mm 400 mm ——

Fig. 6.18

o
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EXERCISE-1: SOLUTION

nin—1) 6(6-1) _
2 2

N

:—h:? \ \ I".III".I g . — c
Source : R. S. Khurmi




EXERCISE-1: ANSWER

Velocity of point E on the bell crank lever

Let v, = Velocity of point E on the bell crank lever,

vy = Velocity of point B, and
v, = Velocity of point D.

?

10
Vg = S T I, B= 001 X 0.82=9.01 m/s Ans.

Ii; A
01
V5= B Iis D= —9 ® 0.05=3.46 m/s Ans.
I B 0.13
: 3
e T g g 348 04 =692 m/s Ans.
LD 0.2

o
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ACCELERATION IN MECHANISMS

Acceleration analysis plays a very important role in the development of machines
and mechanisms

{
4BAN Vg

Let the point B moves with respect to A, with an .1‘:;.::"- E
angular velocity of w rad/s and let a rad/s? be the vl :}‘
angular acceleration of the link AB. [ ol
J Source : R. S. Khurmi J,-'I / /
. _ . 0L S
1. The centripetal or radial component of acceleration, i f
which is perpendicular to the velocity (i.e. parallel to link  / fa"
AB) of the particle at the given instant. s =
ahs = @ x Length of link AB = ® x AB = vjj, / AB ( m::ﬁ] RS

Acceleration for a link.
2. The tangential component, which is parallel to the velocity
(i. e Perpendlcular to Link AB) of the particle at the given

| 4i, — o x Length of the link AB— o, x AB

L L&E‘
R0
‘1;’%.”?.5:}’
N e e
uac Auls s




ACCELERATION DIAGRAM FOR A LINK

Acceleration for a link.

Source : R. S. Khurmi

o Total acceleration of B with respect to A
. _ oy is the vector sum of radial component
. v and tangential component of
N ' acceleraton
i dpa = arBA + ap,

Acceleration diagram.




ACCELERATION OF APOINT ON A LINK

ranenial Let the acceleration of the pointAi.e. aa
\ /_pathgofg is known in magnitude and direction
\. and the direction of path of B is given.

How to determine as ?
Draw acceleration diagram.

4 I
2 =
/}.«”
i =
A ap

Points on a Link.
b’ R Source : R. S. Khurmi

‘“‘x

"

"

dp "\ agp,

\\\\ = ’ % | AB

3 & a SO\
# N

\\EA ,’
o The values 01 g, nd ”’B L be measured, {0 the scale,

X

“BA = "BA"‘AB

&

St
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ACCELERATION OF A POINT ON A LINK

For any other point C on the link, draw triangle a'b'c’
similar to triangle ABC.

z _ .
Vga Tangential \’\Q-..L Source : R. S. Khurmi

Points on a Link.
Acceleration diagram.

Mathematically, angular acceleration of the link A B,

H‘AB = f.ll'.]!_J,A | AB




ACCELERATION IN SLIDER CRANK
MECHANISM

A

§770177003) :/

'.:d" —. -

FEELTEEEEFY

2

—

Slider crank mechanism. Source  R. S. Khurmi

Vgo = Vg = Wgp X OB. acting tangentially at B.

-

VBO
OB

A point at the end of a link which moves with constant
angular_velocity has no tangential component of

roo. ol -
g = g = Wy X OB =

acceleration.




ACCELERATION IN SLIDER CRANK
MECHANISM

—_——

Slider crank mechanism.

Source : R. S. Khurmi

ag = dpo

acceleration of the piston or the sliderA a, and
a\p May be measured to the scale b’

' BA

9
(?EA = l'ﬁA !/ AB

Point €’ can be fixed using a'¢'/a'b' = AE/AB

- - 4
angular acceleration of A B, O,p = dxg / AB




NUMERICAL EXAMPLE -1

The crank of a slider crank mechanism rotates clockwise at a
constant speed of 300 r.p.m. The crank is 150 mm and the
connecting rod is 600 mm long. Determine : 1. linear velocity and
acceleration of the midpoint of the connecting rod, and 2. angular
velocity and angular acceleration of the connecting rod, at a crank
angle of 45° from inner dead centre position.




NUMERICAL EXAMPLE -1

Source : R. S. Khurmi VB
A
Lfdeiteed,
Py
FITTTTTTITT i IDC O

Space diagram. Solution.
Given : Ny = 300 r.p.m. or @y, = 2 7 X 300/60 = 31.42 rad/s;

OB=150mm=0.15m: BA=600mm=0.6m

b Veo = Vg = Wy X OB =31.42x0.15=4.713 m/s

By measurement, Vap = vector ba = 3.4 m/s

vy = vector oa =4 m/s

Since D is the midpoint of A B, d 1s also midpoint of vector ba.

7 velocity of the midpoint D
A v = vector od = 4.1 m/s Ans.
] Velocity diagram.

HMRLCET CAMPUS
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NUMERICAL EXAMPLE -1

Source : R. S. Khurmi VB

A

L LLRLELd,

|

FIFFFEFITY,

Space diagram.

0
0 f
ag
dg
b’ "r X
' a AB
b 1 1
r Va (3.4)
va (4.713)? - dap = ;: = 0.6 =19.3 m/s®
gg:ﬂgﬂ =ag =—2 =— = 148.1 m/s~ :
i OB 0.5
T i

HMRLCET CAMPUS

UBE Aulornemes




NUMERICAL EXAMPLE -1

A

Leldeedeid,

."‘

FIFTFFREIY,

Source : R. S. Khurmi

Space diagram.

'
X ;-t ‘.'!
e

I R

HMRLCET CAMPUS

UBE Aulonemeus:

1

ag A das

\
\
\

\
_.’rd X
a B
P g
By measurement, ap, = vector o'd’' = 117 m/s~ Ans.

bf

Angular veloeity of the connecting rod

Wyg = 1;; = 3: — 5.67 rad/s® Ans.

Angular acceleration of the connecting rod

From the acceleration diagram, ayp = 103 m/s>

I -J! i
... 103 _ 191,67 radts? Adis.
BA 6




TUTORIAL PROBLEM-1

The dimensions and

configuration of the four bar mechanism, shown in st
Fig. 8.10, are as follows : fﬁr \

P.A = 300 mm; P,B = 360 mm; AB = 360 &/ \ 360 mm
mm, and PP, = 600 mm. s/ \

The angle AP P,= 60°. The crank P A has rb;‘ jﬁm \
an angular velocity of 10 rad/s and an angular 7TRTT7
acceleration of 30 rad/s’, both clockwise. v Fe

Determine the angular velocities and angular
accelerations of P,B, and AB and the velocity and Fig. §.10
acceleration of the joint B. e

Source : K. S. Khurmi
a, = 29.6 m/s> Ans.

. ":.IIE%P:J_ . 26.6

Vpgp = Vg = 2.2 m/s Ans, o = =738 rad/s~ Ans.
2 % PB 036
VBP, 2.2 ¢
MY s — 6.1 rad/s Ans. _ga 136 -
Wpsrp PB 036 Oy = . 37.8 rad/s” Ans.
Vga  2.05

Wap = = = 5.7 rad/s Ans.
AB 036

b e 4
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TUTORIAL PROBLEM-1
Source : R. S. Khurmi
B _»v
B e fﬂ_—_d—-f?f B Piry Pon
2N \ _ffn
_,,‘-IE'—FUJHP? _,-":flfl."l '.Lh
ovs /|
;] ‘
/;! » ;‘ %2

7&%5@1 \
HEFE’,’\\.—
.-"'--.F 4 AP1
.-* i "'"*II
- =Y
- 7 ! |
.

_f’ | Lap
FIITTFFTTTTITTTTT777®
P, P,
Space diagram.
==" . dpgpo
h' &~ /
'.h““*-._hh r'lll .:' EA
b | ~ II|'
"‘:'a _-'"-- -_-I|| ael L I 5.: |
_'_,_a-"rH- I|I EA ' \E\"“-\H III
" b oy -
a2 T R h,?r‘*’
\ y
Acceleration diagram

N .
o \
o L |
]
‘a
Velocity diagram.
| DEPARTMENT OF MECHANICAL ENGINEERING
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B » 'I.—'B

. “~RIAL PROBLEM-1

frs:;»‘
Va e
W
;/ Lapi Ugpp
AT TG TG TG G ETE T
P, P,
Space diagram.
p'[' ' pg‘
p-ll " pEI r
Source : R. S. Khurmi f /]
A
III.l' Illl I,r; rl'l
.-'JI |'I ;! Ir'|I
/ ,"I 4 ."l
’.-' ||I = I .'I
I |
app” | a AP J/
Fi | ! [
."‘ I|I flr .'I/
/ ! /
¢ ; \ F -‘I
i [ dp \ .t ’HA
f.‘; 'fl [ | ! fi
5 r )
X - agah X 3 /
a r !,. 1 P.\ _}‘_—,.' a
\ '-3_?*‘ e
m - -

# i
vector p; X = @,p, =30 m/s”

2
vector xa’ = ajyp, =9 m/s”

vector a’y = ap, =11.67 m/s’

apy Magnitude is yet unknown

By measurement,
— =1 2
a, =d,, =31.6 m/s
%
=
| DEPARTMENT OF MECHANICAL ENGINEERING




EXERCISE-1

Find out the acceleration of the slider D and D
the angular acceleration of link CD for the engine mechanism shown |
in Fig. 8.14, |
300—p]
The crank OA rotates uniformly at 180 r.p.m. in clockwise r_ | \
direction. The various lengths are: OA = 150 mm ; AB = 450 mm; | ' \
PB = 240 mm ; BC = 210 mm ; CD = 660 mm. %}f
P — \
| h
Source : R. S. Khurmi | \'\R
420 e
I 150 C
i
¥ _ I
i
30° A
All dimensions in mm.
Fig. 8.14

b e 4
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ANSWER

Source : R. S. Khurmi

_._ E r
i D s e b
|II i II,
H'. 4pc|
III
_ﬁ‘ﬁ\_ \ %P a' %4 "
p B I'.I = r |
Tl 2 I N
| N 5 b
4 .-*"fj BP y i BA | ¢/
o "~ Yo : /]
= o ."rb | a t £
. S AD -,\& BP/{ |
® VBa ,e"f | \ A |
] ¥ |
/’ A . i"l__——r‘__J d / -\J’In'
- Voo i R,
Va o.p
(a) Space diagram. (&) Velocity diagram. (c) Acceleration diagram.

ay = vector 0'd' = 69.6 m/s* Ans,

dies 174 5
o= = — 26.3 rad/s’ Ans.
20D 066 s

b e 4
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LECTURE 6

CORIOLISCOMPONENT OF ACCELERATION
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CORIOLIS COMPONENT OF ACCELERATION

Where?

When a point on one link is sliding along another rotating link, such as
In quick return motion mechanism

Source : R. S. Khurmi  , +s A
A

Let ® = Angular velocity of the link OA at time t seconds.

v = Velocity of the slider B along the link OA at time 7 seconds.

o.r = Velocity of the slider B with respect to O (perpendicular to the link OA)
at tume f seconds, and 0

(0 + 0w), (v +0v) and (® + dw) (r+ Or)
= Corresponding values at time (7 + &) seconds.

;{ 3
]
RN .
HMRLCET CAMPUS
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CORIOLIS COMPONENT OF ACCELERATION

v + OV A

The tangential component  of
acceleration of the slider B  with N3
respect to the coincident point C on & 4%
the link is known as coriolis ¥ \
component of acceleration and is

always perpendicular to the link.  source : R.S. Khurmi

(O+dwm)

.. Coriolis component of the acceleration of B with respect of C,
e =tpg = 26w
where ® = Angular velocity of the link OA, and

v = Velocity of slider B with respect to coincident point C.




CORIOLIS COMPONENT OF ACCELERATION

A A A A
o ® @ ®
AV AV
20V 20V 2V 2oV
-—C Co——>» Co——> <«—C
B B B B
Yv Yv
y A T Y 2 I
Q) @ w @
Y ® @ &
@) O O O

Direction of coriolis component of acceleration.
Source : R. S. Khurmi




NUMERICAL EXAMPLE -1

Source : R. S. Khurmi

A mechanism of a crank and slotted ©
lever quick return motion is shown in
the Fig. If the crank rotates counter B
clockwise at 120 r.p.m., determine for
the configuration shown, the velocity
and acceleration of the ram D. Also
determine the angular acceleration of
the slotted lever.

Crank, AB = 150 mm ; Slotted arm,

OC = 700 mm and link CD = 200

____*-_r-




NUMERICAL EXAMPLE -1 (CONSTRUCTION OF
VELOCITY DIAGRAM)

Solution. Given : Ny, = 120 rp.m or @, = 2 © x 120/60
= 12.57 sad/s : A.B = 150 mm = 0.15 s, OC = 700 mm: = 0.7 m
CD=200mm=0.2 m

We know that velocity of B with respectto A,

Source : R. S. Khurmi vga = Wy X AB
5 = 1257 ¥0.15= 1.9 m/s
C’f%ﬁ; ...(Perpendicular to A B)
BSlider Iﬁ' Coincident
e ) H VA
BA \

MRCET CAMPUS
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NUMERICAL EXAMPLE -1

From velocity
diagram by
measurement

'
X ;-t ‘.'!
e

I R

Vv = vector od=2.15 m/s Ans.

From velocity diagram, we also find that
Velocity of B with respect to B’

Vgg = vector b'b=1.05 m/s

Velocity of D with respect to C,

Vpc = vector cd=0.45 m/s

Velocity of B'with respect to O
Vo = Vector ob' = 1.55 m/s
Velocity of C with respect to O,
Ve = Vectoroc= 2,15 m/s

-, Angular velocity of the link OC or OB’,

. Yoo . 215

= == = 3.07 rad/s
oC 0.7

B-p = Wy

HMRLCET CAMPUS
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NUMERICAL EXAMPLE -1 (CONSTRUCTION OF

ACCELERATION DIAGRAM)
f?f%.%‘f
\

;
T
|III -
|III -

: \ ¥

Space diagram. |

ii
O

Ve

lUCD ® O

s

Radial accel. Coriolis Accel.

B Slider I Coincident
o point B' AB
Wiy o
A \ A
BA

BB’

DC

B’'O

Source : R. S. Khurmi

GHA T {fﬁﬁ X AB
=12 "n?] x0.15

—23.7 m/s’

;
Direction“BBE wn.

Direction known

2 .
= 1.01 m/s~

Direction known.

Direction of coriolis component.

ﬂ'hﬂ_’ = z[ll'h'
= 20c0-Vpy
=2x307x1.05=645 m/

Nil

Nil
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