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(Instantaneous Centre Method)

6.1. Introduction

Sometimes, a body has simultaneously a motion of
rotation as well
as translation,
such as wheel of
a car, a sphere
rolling (but not
slipping) on the
ground. Such a

motion will have
the combined ef- (@) (b)
fect of rotation
and translation. Fig. 6.1. Motion of a link.

Consider a rigid link AB, which moves from its initial
position 4B to 4, B, as shown in Fig. 6.1 (a). A little
consideration will show that the link neither has wholly a
motion of translation nor wholly rotational, but a combination
ofthe two motions. In Fig. 6.1 (@), the link has first the motion
of translation from 4B to A, B' and then the motion of rotation
about 4, till it occupies the final position 4, B,. In Fig. 6.1
(b), the link 4B has first the motion of rotation from 4B to
A B' about 4 and then the motion of translation from 4 B' to
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120 e Theory of Machines

A,B,.Suchamotionof link ABto A, il
B, isan example of combined motion it
of rotation and translation, it being
immaterial whether the motion of
rotation takes first, or the motion of
tranglation.

In actual practice, the motion
of link AB is so gradual that it is
difficult to see the two separate
motions. But we see the two separate
motions, though the point B moves
faster than the point A. Thus, this —
combined motion of rotation and Mechanisms on a steam automobile engine.
trandlation of thelink AB may be assumed to be amotion of pure rotation about some centrel, known
as the instantaneous centre of rotation (also called centro or virtual centre). The position of
instantaneous centre may be located as discussed below:

Since the points A and B of the link has moved to A, and B,
respectively under the motion of rotation (as assumed above), there-
forethe position of the centre of rotation must lie on the intersection of
theright bisectorsof chordsA A, and B B, . Let these bisectorsintersect
at | asshownin Fig. 6.2, whichistheinstantaneous centre of rotation or
virtual centre of thelink AB.

From above, we see that the position of the link AB goes on
changing, therefore the centre about which the motion is assumed to
take place (i.e. theinstantaneous centre of rotation) also goes on chang-
ing. Thustheinstantaneous centre of amoving body may be defined as
that centre which goes on changing from one instant to another. The I
locus of all such instantaneous centres is known as centrode. A line Fig. 6.2. Instantaneous
drawn through an instantaneous centre and perpendicular to the plane centre of rotation.
of motion is called instantaneous axis. The locus of this axis is known as axode.

6.2. Space and Body Centrodes

A rigid body in plane motion relative to a second rigid body, supposed fixed in space, may be
assumed to be rotating about an instantaneous centre at
that particular moment. In other words, theinstantaneous
centre is a point in the body which may be considered
fixed at any particular moment. The locus of the
instantaneous centre in space during a definite motion of
the body is called the space centrode and the locus of the
instantaneous centre relative to the body itself is called
the body centrode. These two centrodes have the
instantaneous centre asacommon point at any instant and
during the motion of the body, the body centrode rolls
without slipping over the space centrode.

Let |, and |, be the instantaneous centres for the Fig. 6.3. Space and body centrode.
two different positions A, B, and A, B, of thelink A, B,
after executing a plane motion as shown in Fig. 6.3. Similarly, if the number of positions of the link
A, B, areconsidered and acurveisdrawn passing through these instantaneous centres (1, 1.,....), then
the curve so obtained is called the space centrode.

Body centrode
Space centrode
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Now consider apoint C, to be attached to the body or link A B, and moveswithitin such
away that C, coincides with I, when the body isin position A, B,. Let C, be the position of the
point C, when thelink A, B, occupiesthe position A, B,. A little consideration will show that the
point C, will coincide with I, (when the link isin position A, B,) only if triangles A; B, C, and
A,B,C,areidentical.

O A C,=A,1, and B,C,=B,1,

In the similar way, the number of positions of the point C; can be obtained for different
positions of the link A,B,. The curve drawn through these points (C,, C,....) is caled the body
centrode.

6.3. Methods for Determining the Velocity of a Point on a Link

Though there are many methods for determining the velocity of any point on alink in a
mechanism whose direction of motion (i.e. path) and velocity of some other point on the same link
isknown in magnitude and direction, yet the following two methods are important from the subject
point of view.

1. Instantaneous centre method, and 2. Relative velocity method.

The instantaneous centre method is convenient and easy to apply in simple mechanisms,
whereasthe relative vel ocity method may be used to any configuration diagram. We shall discussthe
relative velocity method in the next chapter.

6.4. Velocity of a Point on a Link by
Instantaneous Centre Method

Theinstantaneous centre method of analysing themotion
in amechanism is based upon the concept (as discussed in Art.
6.1) that any displacement of a body (or arigid link) having
motion in one plane, can be considered as a pure rotationa
motion of arigid link as awhole about some centre, known as
instantaneous centre or virtual centre of rotation.

Consider two pOintSA andB on arlgld link. Let Va and Fig. 6.4. Velocity of a point on
vy bethevelocitiesof points A and B, whosedirectionsare given alink.
by angles a and B as shown in Fig. 6.4. If v, 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 perpendicu-
larstothedirectionsv, and v respec-
tively. Let these lines intersect at |,
which is known asinstantaneous cen-
tre or virtual centre of the link. The
completerigid link isto rotate or turn
about the centrel.

Since A and B are the points
on arigid link, therefore there cannot
be any relative motion between them

Robots use various mechanisms to perform jobs. aongthelineAB.
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Now resolving thevelocitiesalong AB,
V, COSO = Vg Cosf3
Vp cosf _ sin(90°— PB) )
or —-— = =- (i)
Vg cosa  Sn(90°—a)
Applying Lami’stheoremtotriangle ABI,
Al _ BI
sn(90°—B) sn(90°- )
Al sn(90°-f) -
or BRI T &n(0n° _ ) (1)
Bl  sn(90°—aq)
From equation (i) and (ii),

va _ Al Va _ Vg _
v Bl or A Bl w ()
where o¥ Angular velocity of therigid link.
If Cisany other point on thelink, then
Va VB _ Ve iv)
Al BI CI -

From the above equation, we see that
1. If v, isknown in magnitude and direction and v in direction only, then velocity of point
B or any other point C lying on the same link may be determined in magnitude and direction.

2. The magnitude of velocities of the points on arigid link isinversely proportional to the
distances from the pointsto the instantaneous centre and is perpendicul ar to the line joining the point
to the instantaneous centre.

6.5. Properties of the Instantaneous Centre

Thefollowing properties of the instantaneous centre are important from the subject point of
view :

1. Arigidlink rotatesinstantaneously relative to another link at theinstantaneous centre for
the configuration of the mechanism considered.

2. Thetwo 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 centreis regarded as a point on the first rigid
link or on the second rigid link.

6.6. Number of Instantaneous Centres in a
Mechanism

The number of instantaneous centres in a constrained
kinematic chain is equal to the number of possible combina-
tions of two links. The number of pairs of links or the number
of instantaneous centres is the number of combinations of n
links taken two at atime. Mathematically, number of instanta-
Neous centres,

|
Ground 2"gaSound 1

Four bar mechanisms.

_ nn-12

N , where n = Number of links.
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6.7. Types of Instantaneous Centres

Theinstantaneous centresfor amechanismare
of thefollowing three types:

1. Fixed instantaneous centres, 2. Permanent
instantaneous centres, and 3. Neither fixed nor per-
manent instantaneous centres.

The first two typesi.e. fixed and permanent
instantaneous centres are together known as primary
instantaneous centres and the third type is known as
secondary instantaneous centres.

I . | I
Consider a four bar mechanism ABCD as Link 1 2 24

shown in Fig. 6.5. The number of instantaneous cen-

. AR Fig. 6.5. Types of instantaneous centres.
tres (N) in afour bar mechanismisgiven by

_n(n-10) _4(4-1 _
= 5 = =6 .. (o n=4)
The instantaneous centres |, and |,, are called the fixed instantaneous centres as they re-
maininthe same place for all configurations of the mechanism. Theinstantaneous centres|,, and I,
are the permanent instantaneous centres as they move when the mechanism moves, but the joints
are of permanent nature. The instantaneous centres |, and |, are neither fixed nor permanent
instantaneous centres as they vary with the configuration of the mechanism.
Note: The instantaneous centre of two links such aslink 1 and link 2 is usually denoted by 1, and so on. It is
read as | one two and not | twelve.

N

6.8. Location of Instantaneous Centres
Thefollowing rules may be used in locating the instantaneous centres in amechanism:
1. When the two links are connected by a pin joint (or pivot joint), the instantaneous centre

Arm moves to a
track to retrive
information stored
there
Track selector
mechanism

The read/write head

is guided by informa-
tion stored on the disk
itself

The hard disk is
coated with a

magnetic materials Computer disk drive mechanisms.

Note : This picture is given as additional information and is not a direct example of the current chapter.
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lies on the centre of the pin as shown in Fig. 6.6 (a). Such a instantaneous centre is of permanent
nature, but if one of the linksisfixed, the instantaneous centre will be of fixed type.

2. When thetwo links have a purerolling 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. 6.6 (b). The velocity of any point A on the link 2 relative to fixed link 1 will be
perpendicular to |, A andis proportional to |,, A . In other words

Va _ 1l A
Vg 1B

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

(a) When thelink 2 (slider) moves on fixed link 1 having straight surface as shown in
Fig. 6.6 (c), theinstantaneous centre lies at infinity and each point on the slider have
the same vel ocity.

(b) Whenthelink 2 (slider) moveson fixed link 1 having curved surface asshownin Fig.
6.6 (d),the instantaneous centre lies on the centre of curvature of the curvilinear path
in the configuration at that instant.

(c) Whenthelink 2 (slider) moveson fixed link 1 having constant radius of curvature as
shown in Fig. 6.6 (€), the instantaneous centre lies at the centre of curvaturei.e. the
centre of the circle, for all configuration of the links.

Link 2 Link 2
(disc) lyp @t b2 Va y/ (slider)
A A n
: : I
Link 2 P I\ Link2
N in I\ (slider
& (slider) ! i ! \‘( )
p v <— v
VAB<— A—JAA
ha Link 1 2 Link 1 Link 1 Link 1 Link 1
(fixed) (fixed) (fixed) (fixed)
(a) (b) (o) (d) (e)

Fig. 6.6. Location of instantaneous centres.

6.9. Aronhold Kennedy (or Three Centres in Line) 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

nin-1 _ 3(3 H
2 2

where n = Number of links= 3

N = =3

The two instantaneous centres at the pin joints of B with A,
and CwithA (i.e.1, and|_) arethe permanent instantaneous centres.
According to Aronhold Kennedy's theorem, the third instantaneous
centre |, must lieonthelinejoining | and | . In order to provethis,

Fig. 6.7. Aronhold Kennedy’s
theorem.
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let us consider that theingtantaneous centrell,  liesoutsidethelinejoining 1, and I asshowninFig. 6.7.
Thepoint I belongsto both thelinks B and C. Let usconsider the point 1, . onthelink B. Itsvelocity
Vgc Must be perpendicular tothelinejoiningl,, and I, .. Now consider the point I, onthelink C. Its
velocity v must be perpendicular to thelinejoining I and I, .

We have dready discussed in Art. 6.5, that the velocity of the instantaneous centre is same
whether it isregarded asapoint on thefirst link or asapoint on the second link. Therefore, the velocity
of the point I, cannot be perpendicular to bothlines| I, and | I, unlessthepoint| liesontheline
joining the points 1, and | .. Thusthe three instantaneous centres (1, 1. and 1, ) must lie on the same
straight line. The exact location of I, onlinel , 1. depends upon the directions and magnitudes of the
angular velocities of B and C relativeto A.

Drawing\
Plencil

", | -

Winding handle to
operate the device

Ellipses drawn by
the ellipsograph

The above picture shows ellipsograph which is used to draw ellipses.
Note : This picture is given as additional information and is not a direct example of the current chapter.

6.10. Method of Locating Instantaneous Centres in a Mechanism

Consider apinjointed four bar mechanism asshownin Fig. 6.8 (). Thefollowing procedure
is adopted for locating instantaneous centres.

1. First of al, determine the number of instantaneous centres (N) by using the relation

nn-2 .
N :T’ where n = Number of links.
4(4 -1
Inthe present case, N =% =6 (o n=4)

2. Make alist of al the instantaneous centres in a mechanism. Since for afour bar mecha-
nism, there are six instantaneous centres, therefore these centres are listed as shown in the following
table (known as book-keeping table).

Links 1 2 3 4
I nstantaneous 12 23 34 —
centres 13 24

(6 in number) 14
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3. Locate the fixed and permanent instantaneous centres by inspection. In Fig. 6.8 (), |,
and |, are fixed instantaneous centres and | ; and | ,, are permanent instantaneous centres.
Note. Thefour bar mechanism hasfour turning pairs, therefore there are four primary (i.e. fixed and permanent)
instantaneous centres and are located at the centres of the pin joints.

A
7
S

(@) Four bar mechanism. (b) Circle diagram.
Fig. 6.8. Method of locating instantaneous centres.

4. Locate the remaining neither fixed nor permanent instantaneous centres (or secondary
centres) by Kennedy’stheorem. Thisisdone by circle diagram as shown in Fig. 6.8 (b). Mark points
onacircle equal to the number of linksin amechanism. In the present case, mark 1, 2, 3, and 4 on the
circle.

5. Join the points by solid lines to show that these centres are already found. In the circle
diagram [Fig. 6.8 (b)] theselines are 12, 23, 34 and 14 to indicate the centres |, 1 5, I, and | .

6. In order to find the other two instantaneous centres, join two such points that the line
joining them forms two adjacent triangles in the circle diagram. The line which is responsible for
completing two triangles, should be a common side to the two triangles. In Fig. 6.8 (b), join 1 and 3
to form the triangles 123 and 341 and the instantaneous centre* | , will lieon theintersectionof 1,
I3 andl,, 1,,, produced if necessary, on the mechanism. Thustheinstantaneous centrel ; islocated.
Join 1 and 3 by a dotted line on the circle diagram and mark number 5 on it. Similarly the instanta-
neous centrel,,, will lieon theintersection of | , I, and |5 | ;,, produced if necessary, on the mecha-
nism. Thusl,, islocated. Join 2 and 4 by adotted line on the circle diagram and mark 6 on it. Hence
all the six instantaneous centres are located.

Note: Since some of the neither fixed nor permanent instantaneous centres are not required in solving problems,
therefore they may be omitted.

Example 6.1. In a pin jointed four bar mecha-
nism, asshown in Fig. 6.9, AB = 300 mm, BC = CD = 360
mm, and AD = 600 mm. Theangle BAD = 60°. The crank
AB rotates uniformly at 100 r.p.m. Locate all the instanta-
neous centres and find the angular velocity of the link BC.

Solution. Given: N,g =100r.p.m or
(g = 211x 100/60 = 10.47 rad/s
Since thelength of crank AB=300mm=0.3m,
therefore velocity of point B onlink AB,

* Wemay also say asfollows: Considering links 1, 2 and 3, the instantaneous centres will bel ,,, 1, and I 5.
The centres |, and | ,; have already been located. Similarly considering links 1, 3 and 4, the instantaneous
centreswill bel ,, 1,,and 1, fromwhichl,, andl,, have already beenlocated. Thuswe seethat the centre
|5 lies on the intersection of the lines joining the points |, I, and 1, I5,.
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Vg = W,g XAB=1047 x 0.3=3.141m/s

Location of instantaneous centres
Theinstantaneous centres are located as discussed below:
1. Sincethe mechanism consists of four links (i.e. n=4), therefore number of instantaneous
centres,
nin-1) _4(4-1
2 2
2. For afour bar mechanism, the book keeping table may be drawn as discussed in Art. 6.10.

3. Locatethefixed and permanent instantaneous centres by inspection. These centresarel .,
o Iz, and 1, asshowninFig. 6.10.

N = =6

4. Locate the remaining neither fixed nor permanent instantaneous centres by Aronhold
Kennedy’stheorem. Thisisdone by circle diagram as shown in Fig. 6.11. Mark four points (equal to
the number of linksin amechanism) 1, 2, 3, and 4 on thecircle.

I14
Fig. 6.10

5. Join points 1 to 2, 2to 3, 3to 4 and 4 to 1 to indicate the instantaneous centres already
locatedi.e. ,,, 15, I3, and |,

6. Join 1to 3toformtwo triangles1 2 3 and 3 4 1. The side 13, common to both triangles,
isresponsible for completing the two triangles. Therefore the instanta- ]
neouscentrel ,, lieson theintersection of thelinesjoining the points| 12
l,;andl,, |, asshown in Fig. 6.10. Thus centre |, is located. Mark S /
number 5 (because four instantaneous centres have aready been located) .
on the dotted line 1 3. 4 X 2

7. Now join 2 to 4 to complete two triangles2 34 and 1 2 4. doN
The side 2 4, common to both triangles, is responsible for completing ,/ N
thetwotriangles. Therefore centrell,, liesontheintersection of thelines
joiningthepointsl,;1,,and| ,,, asshowninFig. 6.10. Thuscentrel,,
islocated. Mark number 6 on the dotted line 2 4. Thusall the six instan-
taneous centres are located.

Angular velocity of thelink BC
Let & = Angular velocity of thelink BC.
Since B isalso apoint on link BC, therefore velocity of point B on link BC,

Vg = WX 13B
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By measurement, wefindthat 1,,B = 500 mm=0.5m
0 wBC = 2 =—"_—"=6.282radls Ans.

Example6.2. Locate all the instantaneous centres of the slider crank mechanism as shown
in Fig. 6.12. 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 of the connecting rod AB.

N

V777777177774 4 5 o

A — — — — e|0

s

3

Fig. 6.12
Solution. Given: Whg =10 rad/ s;OB=100mm=0.1m

We know that linear velocity of the crank OB,

Vo

Location of instantaneous centres

:VB:ooOBXOleoxo.lzlm/s

Theinstantaneous centresin a slider crank mechanism are located as discussed below:
1. Sincetherearefour links (i.e. n = 4), therefore the number of instantaneous centres,

N:n(n—l) _4(4-1 -6

Bearing block

Slider

Connecting

Crank B

o

Slider crank mechanism.
2. For afour link mechanism, the book keeping table may be drawn asdiscussed in Art. 6.10.

3. Locatethefixed and permanent instantaneous centres by inspection. These centresarel
I,3and |, asshownin Fig. 6.13. Since the dlider (link 4) moves on astraight surface (link 1), there-
fore the instantaneous centre |, will be at infinity.

Note: Sincethe slider crank mechanism hasthree turning pairs and one sliding pair, therefore there will bethree
primary (i.e. fixed and permanent) instantaneous centres.
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4. Locate the other two remaining neither fixed nor permanent instantaneous centres, by
Aronhold Kennedy’stheorem. Thisisdone by circlediagram asshownin Fig. 6.14. Mark four points
1,2, 3and 4 (equa to the number of linksinamechanism) onthecircletoindicatel,,, 1.5, 1,,and 1.

|14 at oc
lis at o

| A
13
N

N

1
1
1
1
N I
e 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
1 N |
! 1
[ 1
! 1
! 1
! 1
[ 1
! 1
! 1
! 1
! 1
! 1
! ul
1
1
1

|34

&I/}////

1
Y777 :
A Ne— a l2 3
(77777777777 7777 VA
4 1
Fig. 6.13 Fig. 6.14

5. Join 1 to 3 to form two triangles 1 2 3 and 3 4 1 in the circle diagram. The side 1 3,
common to both triangles, is responsible for completing the two triangles. Therefore the centre |,
will lieontheintersectionof I, I, and 1, I,,, produced if necessary. Thus centre |, islocated. Join
1to 3 by adotted line and mark number 5 on it.

6. Join 2to 4 by adotted line to form two triangles2 34 and 1 2 4. The side 2 4, common
to both triangles, is responsible for completing the two triangles. Therefore the centre |, lies on the
intersectionof 1, 1,,and 1, 1,,. Join 2to 4 by adotted line on the circle diagram and mark number 6
onit. Thusal the six instantaneous centres are located.

By measurement, we find that

l,3A =460mm=0.46m;andl,, B =560 mm=0.56 m

1. Velocity of thedlider A

Let v, = Velocity of the slider A.
Va Ve
We know that =
or vA:valliAzlxo'%:O.SZm/s Ans.
l13B 0.56
2. Angular velocity of the connecting rod AB
Let @ws = Angular velocity of the connecting rod AB.

Va Vg

We know that = Whp

>
(o8}

|13 |13
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Exhaust
e waste heat
-
B 8 Engine

Hydraulic
rams

. : .ﬁ:‘
" wh,.
T

e

T

15 L i
i
1 i
g

The above picture shows a digging machine.

Note : This picture is given as additional information and is not a direct example of the current chapter.

0 Gpg =B =1 =178radls Ans
IsB 056

Note: The velocity of the slider A and angular velocity of the connecting rod AB may also be determined as
follows:

From similar triangles | 5 15 15, and [, 1,5 15,

lio 123 _ 123l2a

lizlos  l2slas (1)
l13l3q _ l12log ,
and l3glaz  l23l2g (1)
_ VB _posxOB
We know that wAB—IlsB = 3B (7 Vg = Wy X OB)
| [P
_ 12123 2312
= Opp ...[From equation (i)] ...(iii
131 23 lysla [ eq (01 -..(iii)
I 5al
Also Va = Gpg X113 A= g X222 gy, ...[From equation (iii)]
l23 13
= Wpg X lyp 154 = Wz X OD ...[From equation (ii)]

Example6.3. A mechanism, as shown in Fig. 6.15, has the following dimensions:
OA =200 mm; AB = 1.5m; BC = 600 mm; CD = 500 mmand BE = 400 mm. Locate all the
instantaneous centres.

If crank OA rotates uniformly at 120 r.p.m. clockwise, find 1. the velocity of B, C and D,
2. theangular velocity of the links AB, BC and CD.
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Solution. Given: N, = 120rp.m. or  ,, =21 120/60 = 12.57 rad/s
Sincethelength of crank OA =200 mm = 0.2 m, therefore linear velocity of crank OA,
Voa = Va = Woa X OA=1257%0.2=2.514 m/s

Fig. 6.15

Location of instantaneous centres

The instantaneous centres are located as discussed below:

1. Since the mechanism consists of six links (i.e. n = 6), therefore the number of instanta-
neous centres,

~n(n-=-1) _6(6-2
o2 2

2. Makealist of al the instantaneous centres in amechanism. Since the mechanism has 15
instantaneous centres, therefore these centres are listed in the following book keeping table.

N =15

Links 1 2 3 4 5 6
I nstantaneous 12 23 34 45 56
centres 13 24 35 46
(15 in number) 14 25 36
15 26
16

Fig. 6.16
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3. Locate the fixed and permanent instantaneous cen-
tres by inspection. These centresare |, 15, |
|, asshowninFig. 6.16.

23 13w s I 146 @

4. Locate the remaining neither fixed nor permanent
instantaneous centres by Aronhold Kennedy’stheorem. Draw a
circleand mark points equal to the number of linkssuchas 1, 2,
3,4, 5and 6 as shown in Fig. 6.17. Join the points 12, 23, 34,
45, 56, 61 and 14 to indicate the centres| ., 1,4, 1oy, 14e, 1eg, |
and |, respectively.

5. Joinpoint 2to 4 by adotted lineto form thetriangles
124 and 2 3 4. The side 2 4, common to both triangles, is
responsible for completing the two triangles. Therefore the in-
stantaneous centre |, liesontheintersectionof 1, 1,, and |, 1, produced if necessary. Thus centre
l,, islocated. Mark number 8 on the dotted line 24 (because seven centres have already been lo-
cated).

127 723" 34 "45' '56’ "16

6. Now join point 1 to 5 by a dotted lineto form thetriangles145and 15 6. Theside 1 5,
common to both triangles, isresponsible for completing thetwo triangles. Therefore the instantaneous
centrel . liesontheintersectionof I , I .. and I | produced if necessary. Thuscentrel . islocated.
Mark number 9 on the dotted line 1 5.

7. Join point 1 to 3 by a dotted line to form the triangles 1 2 3 and 1 3 4. The side 1 3,
common to both triangles, is responsible for completing the two triangles. Therefore the instanta-
neous centre |, lies on the intersection |, |, and I, |, produced if necessary. Thus centrel ; is
located. Mark number 10 on the dotted line 1 3.

8. Join point 4 to 6 by a dotted line to form the triangles 4 5 6 and 1 4 6. The side 4 6,
common to both triangles, is responsible for completing the two triangles. Therefore, centrel , lies
ontheintersectionof I . Icand 1, 1, Thuscentre |, islocated. Mark number 11 on the dotted line
46.

9. Join point 2 to 6 by a dotted line to form the triangles 1 2 6 and 2 4 6. The side 2 6,
common to both triangles, is responsible for completing the two triangles. Therefore, centre | lies
on the intersection of lines joining the points |, 1, and I,,, | ,.. Thus centre | is located. Mark
number 12 on the dotted line 2 6.

10. Inthesimilar way thethirteenth, fourteenth and fifteenthinstantaneous centre (i.e. | ,¢, | ¢
and |,;) may be located by joining the point 3to 5, 2to 5 and 3 to 6 respectively.

By measurement, we find that

l,;A=840mm=0.84m;l,,B=1070mm=107m;l ,B=400mm=04m;

1,,C=200Mm=02m; |, C=740mm=0.74m; |, D=500mm=0.5m
1. Velocity of points B, Cand D
Let vg, v and v, = Velocity of the points B, C and D respectively.

VA _ VB .
We know that = ...(Considering centre | )
li3A  133B
0 Vo= A x1,B=2" 107 =32ms Ans
. VB _ V¢ .
Agan, — = ...(Considering centre | ,)
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Vg 32
0 V~ = x|,,C=—x0.2=16m/s Ans.
¢ 1,B M 04
larl e = b
Similarly, - ...(Considering centre |
O o cenety
V, 1.6
0 Y/ :_Cxl D =— x05 =1.08 m/s Ans.
°1sC °7 074

5
2. Angular velocity of the links AB, BC and CD
Let  w,g, Wy and W, = Angular velocity of thelinks AB, BC and CD respectively.

vV, 2514
Wek h Wpp = =—— =299radls A
‘e know that AB |13A 0.84 ns.
Vg 32
Wpe = =—— =8radls A
5T 1,B 04 ns
Ve 16
w, =—~ ="" =216radls
and 7 .C 074 AnS

Example6.4. The mechanism of awrapping machine, asshown in Fig. 6.18, hasthe follow-
ing dimensions :

O,A = 100 mm; AC = 700 mm; BC = 200 mm; 03C = 200 mm; O,E = 400 mm;
O,D = 200 mmand BD = 150 mm.

Thecrank O,Arotates at a uniform speed of 100 rad/s. Find the vel ocity of the point E of the
bell crank lever by instantaneous centre method.

Fig. 6.18

Solution. Given : w,,, = 100rad/s; O;A=100mm=0.1m
We know that the linear velocity of crank O, A,
Voia = Va = W4 XO; A=100%0.1=10m/s

Now let uslocate the required instantaneous centres as discussed below :

1. Since the mechanism consists of six links (i.e. n = 6), therefore number of instantaneous
centres,
_n(h-1 _6(6-19 -1

2 2

2. Sincethe mechanism has 15 instantaneous centres, therefore these centresmay belistedin
the book keeping table, as discussed in Example 6.3.

N 5
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! 5
Fig. 6.19 Fig. 6.20
3. Locatethefixed and the permanent instantaneous centres by inspection. These centresare

[101 Logs L34 I3ss 1140 15 @NA | g @ shown in Fig. 6.19.

4. Locate the remaining neither fixed nor permanent instantaneous centres by Aronhold
Kennedy’s theorem. Thisis done by circle diagram as shown in Fig. 6.20. Mark six points on the
circle (i.e. equal to the number of linksin amechanism), and join1t0 2,2t03,3to4,3t05,4to
1,5t0 6, and 6 to 1, to indicate the fixed and permanent instantaneous centresi.e. | ,, 1.5, 155, 1 56,
I 14 I @d | respectively.

5. Join 1 to 3 by adotted lineto form two triangles1 2 3and 1 3 4. The side 1 3, common
to both triangles, isresponsible for completing the two triangles. Therefore the instantaneous cen-
trel, lieson theintersection of thelinesjoining the points|, I ;and 1, |, produced if necessary.
Thuscentrel , islocated. Mark number 8 (because seven centres have already been located) on the
dotted line 1 3.

6. Join 1to 5 by adotted lineto form two triangles1 56 and 1 35. Theside 1 5, common to
both triangles, is responsible for completing the two triangles. Therefore the instantaneous centre |
lies on the intersection of the lines joining the points | I ., and |, |, produced if necessary. Thus

centrel . islocated. Mark number 9 on the dotted line 1 5.
Note: For the given example, we do not require other instantaneous centres.
By measurement, we find that
l,3A=910mm=091m;I,B=820mm=082m; |, B=130mm=0.13m;
l,sD=50mm=0.05m;|,,D=200mm=02m;I|,,E=400mm=0.4m
Velocity of point E on the bell crank lever
Let Ve = Velocity of point E on the bell crank lever,
vy = Velocity of point B, and
Vp = Velocity of point D.

127 723

Va _ VB

We know that

...(Considering centre | )
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0 Vg = |VAAXI138201_81 x0.82 =9.01m/s Ans
13 :
VB _ Vp ) .
and B 1D ...(Considering centre | ;)
0 Vp = VBB X|15D :% x0.05 =3.46 m/s Ans.
15 :
. Vo _ Vg i
Similarly, DT ILE ...(Considering centre I,
16 16
0 Ve = o ligE = 0 x0.4 =6.92 m/s Ans.
li6 D 0.2

Example 6.5. Fig. 6.21 shows a sewing needle bar mechanism
0O,ABO,CD wherein the different dimensions are as follows:

Crank O,A = 16 mm; [JB = 45°; Vertical distance between O, and
O, = 40 mm; Horizontal distance between O, and O, = 13 mm; O, B = 23
mm; AB = 35 mm; [J O, BC = 90°; BC = 16 mm; CD = 40 mm. D lies
vertically below O, .

Find the vel ocity of needleat D for the given configuration. The crank
O,Arotatesat 400 r.p.m.

Solution. Given: Ny, , =400rp.m or  ,,, = 21 x 400/60 =
41.9rad/s; O;A =16 mm=0.016 m

We know that linear velocity of the crank O,A,

Voia = Va4 = Woa X O,A =419 x0.016 = 0.67 m/s

Now let us locate the required instantaneous centres as discussed Fig. 6.21
below :

1. Since the mechanism consists of six links (i.e. n = 6), therefore number of instantaneous
centres,

_n(ih-1 _6(6-19 _15
2 2
2. Sincethe mechanism has 15 instantaneous centres, therefore these centresmay belistedin
the book keeping table, as discussed in Example 6.3.
3. Locate the fixed and permanent instantaneous centres by inspections. These centres are
oo lgg 1ig @nd 1, asshownin Fig. 6.22.

N

127 723" "34' 45!
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4. Locate the remaining neither fixed nor permanent in-
stantaneous centres by Aronhold Kennedy’stheorem. Thisisdone
by circle diagram as shown in Fig. 6.23. Mark six points on the
circle(i.e. equal tothe number of linksin amechanism) andjoin 1
t02,2t03,3t04,41t05,5t06, 6t0 1 and 1 to 4 toindicate the
fixed and permanent instantaneous centresi.e. |, |, Lo, |, |
l,gand 1, respectively.

12» 723" "34' 45’ '56?

5. Join 1 to 3 by adotted lineto form two triangles 1 2
3 and 1 3 4. The side 1 3, common to both the triangles, is
responsible for completing the two triangles. Therefore the
instantaneous centre |, lies on the intersection of I, I, and
I,4 13, produced if necessary. Thuscentrel ,islocated. Mark
number 8 (because seven centres have already been located)

on the dotted line 1 3.

6. Join 1to 5 by adotted lineto form two triangles1 56 and 14 5. Theside 1 5, common
to both the triangles, is responsible for completing the two triangles. Therefore the instantaneous
centre | . lies on the intersection of 1,4 I and |, | ,; produced if necessary. Thus centre | . is

located. Mark number 9 on the dotted line 1 5.

Note: For the given example, we do not require other instantaneous centres.
By measurement, we find that
l,;A=41mm=0.041m; [, B=50mm=005m;1,,
l,C=28mMm=0.028m;|,,C=65mm=0.065m;I,
Let Vg = Velocity of point B,

Ve = Velocity of point C, and
Vv, = Velocity of the needle at D.

We know that Y= B
0 Vg = Va ><|1sB:E x0.05 =0.817 m/s
lig A 0.041
VB _ Ve
and I, B = 1, C ...(Considering centre |
. Vo= 8 xiy,c =287 10028 =0.995 mis
1.4B 0.023
Similarl - deri
milarly, .. C “1-D ...(Considering centre |
15 15
0 Vo= ¢ x15D =29 %0062 2095 mis Ans

l15C 0.065

B=23mm=0.023m;
D =62 mm=0.062 m

...(Considering centre |

13)

14)

15)
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Example6.6. Fig. 6.24 showsa Whitworthquick ~ C
return motion mechanism. The various dimensions in
the mechanism are as follows :

OQ = 100 mm; OA= 200 mm; QC = 150 mm;
and CD = 500 mm.

The crank OA makes an angle of 60° with the
vertical and rotates at 120 r.p.m. in the clockwise
direction.

Locateall theinstantaneous centresand find the
velocity of ramD.

Solution : Given. N, =120r.p.m. or wg, =
21x 120/ 60 = 12.57 rad/s

Location of instantaneous centres
Theinstantaneous centres are located as discussed below :
1. Since the mechanism consists of six links (i.e. n = 6), therefore the number of instanta-
Neous centres,
_n(h-1 _6(6-19 _15
2 2
2. Makealist of al the instantaneous centres in a mechanism as discussed in Example 6.3.

N

3. Locatethefixed and permanent instantaneous centres by inspection. These centresare |
lge Igand 1, asshownin Fig. 6.25.

12

23 '34' '45

|16 at oc

o

///I//// 1/
=@
I 56

|
TTTN7TTTT

Fig. 6.25 g

4. Locate the remaining neither fixed nor permanent instantaneous centres by Aronhold
Kennedy’s theorem. Draw acircle and mark points equal to the number of linkssuch as1, 2, 3, 4, 5,
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and 6 as shown in Fig. 6.26. Join the points 1 2,2 3,34,45,56,
6 1 and 1 4 to indicate the centres | ,, |5, I, |
respectively.

5. Join point 1 to 3 by a dotted line to form two triangles
123 and 134 Theside 1 3, common to both the triangles, is
responsible for completing the two triangles. Therefore the instan-
taneous centre |, lieson theintersection of 1, 1.5, and 1, I, pro-
ducedif necessary. Thuscentrel ,;islocated. Mark number 8 onthe
dotted line 1 3 (because seven centres have aready been located).

6. Join point 1 to 5 by a dotted line to form two triangles
145and 156. The side 1 5, common to both the triangles, is
responsible for completing the two triangles. Therefore the instan-
taneouscentrel, . liesontheintersectionof I, 1 .- and I |, produced if necessary. Thus centrel . is
located. Mark number 9 on the dotted line 1 5.

7. Join point 2 to 4 by a dotted line to form two triangles 1 2 4 and 2 3 4. The side 2 4,
common to both thetriangles, isresponsible for completing thetwo triangles. Therefore theinstanta-
neous centre |, lieson theintersection of 1, 1, and |5 1, produced if necessary. Thus centrel,, is
located. Mark number 10 on the dotted line 2 4.

8. Join point 2 to 5 by a dotted line to form two triangles1 2 5and 2 4 5. The side 2 5,
common to both thetriangles, isresponsible for completing thetwo triangles. Therefore theinstanta-
neous centre | lieson theintersectionof 1, 1, and |, | .- produced if necessary. Thus centre . is
located. Mark number 11 on the dotted line 2 5.

9. Join point 2 to 6 by a dotted line to form two triangles1 26 and 25 6. The side 2 6
common to both thetriangles, isresponsible for completing thetwo triangles. Therefore theinstanta-
neous centre | lieson the intersection of |, 1, and I | ., produced if necessary. Thus centre | is
located. Mark number 12 on the dotted line 2 6.

10. Join point 3 to 5 by a dotted line to form two triangles2 35 and 3 4 5. The side 3 5,
common to both thetriangles, isresponsiblefor completing thetwo triangles. Thereforetheinstanta-
neous centre | . lies on the intersection of |, | and |, |, produced if necessary. Thus centre | ,.is
located. Mark number 13 on the dotted line 3 5.

11. Join point 3 to 6 by a dotted line to form two triangles 1 3 6 and 3 5 6. The side 3 6,
common to both thetriangles, isresponsiblefor completing thetwo triangles. Thereforetheinstanta-
neous centre | lieson the intersection of 1, 1, and | . | ., produced if necessary. Thus centre |, is
located. Mark number 14 on the dotted line 3 6.

Note. The centre |, may also be obtained by considering the two triangles2 36 and 3 4 6.

12. Join point 4 to 6 by a dotted line to form two triangles 1 4 6 and 4 5 6. The side 4 6,
common to both thetriangles, isresponsible for completing thetwo triangles. Thereforetheinstanta-
neous centre |, lieson theintersection of 1, 1, and I . | ., produced if necessary. Thus centrel ,; is
located. Mark number 15 on the dotted line 4 6.

Velocity of ram D

23 laa s s 1g @00 1y,

By measurement, wefind that I, |, = 65 mm = 0.065 m
0 Velocity of ram, v = Wy, * 1, |4 =12.57 x 0.065 = 0.817 m/s Ans.

EXERCISES

1. Locate all the instantaneous centres for a four bar mechanism as shown in Fig. 6.27.
Thelengths of variouslinksare: AD =125 mm ; AB=62.5mm ; BC=CD =75 mm.
If the link AB rotates at a uniform speed of 10 r.p.m. in the clockwise direction, find the angular
velocity of thelinks BC and CD. [Ans. 0.63 rad/s ; 0.65 rad/s]



Chapter 6 : Velocity in Mechanisms ® 139

Fig. 6.27 Fig. 6.28

Locate al theinstantaneous centres for the crossed four bar mechanism as shownin Fig. 6.28. Thedimen-
sions of various links are : CD = 65 mm; CA = 60 mm ; DB = 80 mm ; and
AB=55mm.

Find the angular velocities of the links AB and DB, if the crank CA rotates at 100 r.p.m. in the
anticlockwise direction.
[Ans. 50 rad/s ; 27 rad/s]

Locateall theinstantaneous centres
of the mechanism asshownin Fig.
6.29. The lengths of various links
are: AB=150mm; BC =300 mm
; CD =225 mm ; and CE = 500
mm.

When the crank AB rotates in the
anticlockwise direction at a uni-
form speed of 240 r.p.m. ; find 1.
Velocity of the slider E, and 2.
Angular velocity of the links BC
and CE.

[Ans. 1.6 m/s; 24 rad/s; 6.6 rad/q

The crank OA of amechanism, as shown in Fig. 6.30, rotates clockwise at 120 r.p.m. The lengths of
variouslinksare: OA =100 mm ; AB =500 mm ; AC = 100 mm and CD = 750 mm.

Fig. 6.29

Fig. 6.30
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Find, by instantaneous centre method : 1. Velocity of point C; 2. Velocity of slider D ; and 3. Angular
velocities of thelinks AB and CD. [Ans. 0.115 m/s; 0.065 m/s; 3 rad/s, 1.3 rad/s|

5. A mechanism, as shown in Fig. 6.31, has the following dimensions :
O,A=60mm; AB=180mm;O,B=100mm;0O,C= 180 mm and CD = 270 mm.

The crank O, A rotates clockwise at a uniform speed of 120 r.p.m. The block D movesin vertical
guides. Find, by instantaneous centre method, the velocity of D and the angular velocity of CD.
[Ans. 0.08 m/s; 1.43 rad/g]

6. The lengths of various links of a mechanism, as shown in Fig. 6.32, are : OA = 0.3 m ;
AB=1m;CD=08m;and AC=CB.

Determine, for the given configuration, the velocity of the dider D if the crank OA rotatesat 60 r.p.m.
in the clockwise direction. Also find the angular velocity of the link CD. Use instantaneous centre
method. [Ans. 480 mm/s; 2.5 rad/q

180 mm |60 mm
<—>|
T 45°
ALY
Fig. 6.31 Fig. 6.32
7. In the mechanism shown in Fig. 6.33, find the instantaneous centres of the links B, C and D.

l

Fig. 6.33
If thelink A rotates clockwiseat 10 rad/s, find the angular velocity of link E. The lengths of various
links are as follows:

Link A =25mm; Link B=Link C=100 mm; Link D = Link E =50 mm. Thelink D ishinged to link
B at 25 mm from the left hand end of link B. [Ans. 1.94 rad/s]
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8. The dimensions of various links in a mechanism, as shown in Fig. 6.34, are as follows :

Fig. 6.34
AB=25mm;BC=175mm; CD =60 mm; AD =150 mm ; BE = EC ; and EF = FG = 100 mm.
The crank AB rotates at 200 r.p.m. When the angle BAD is 135°, determine by instantaneous centre
method : 1. Velocity of G, 2. Angular velocity of EF, and 3. Velocity of sliding of EF in the swivel
block S.

[Ans. 120 mm/s; 6.5 rad/s ; 400 mm/q]

DO YOU KNOW ?

1 What do you understand by the instantaneous centre of rotation (centro) in kinematic of
machines? Answer briefly.
Explain, with the help of a neat sketch, the space centrode and body centrode.

3. Explain with sketch the instantaneous centre method for determination of velocities of links and
mechanisms.

Writetherel ation between the number of instantaneous centres and the number of linksinamechanism.
Discuss the three types of instantaneous centres for a mechanism.

6. State and prove the * Aronhold Kennedy’s Theorem'’ of three instantaneous centres.

OBJECTIVE TYPE QUESTIONS

1 The total number of instantaneous centres for a mechanism consisting of n links are

n
@ 5 () n

-1 -1
© 5 @ "

2. According to Aronhold Kennedy’s theorem, if three bodies move relatively to each other, their
instantaneous centres will lieon a

(a) straightline (b) parabolic curve
(c) elipse (d) none of these
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3.

Theory of Machines

In amechanism, the fixed instantaneous centres are those centres which

(@) remainin the same placefor all configurations of the mechanism

(b) vary with the configuration of the mechanism

() moves as the mechanism moves, but joints are of permanent nature

(d) none of the above

The instantaneous centres which vary with the configuration of the mechanism, are called
(@) permanent instantaneous centres

(b) fixed instantaneous centres

(c) neither fixed nor permanent instantaneous centres

(d) none of these

When adider moves on afixed link having curved surface, their instantaneous centre lies

(a) ontheir point of contact (b) at the centre of curvature

(c) atthecentreof circle (d) atthepinjoint
ANSWERS

(d) 2. () 3. (3 4. (9 5. (b

o FIRST
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