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Mechanisms and Machines

Revised Syllabus of ESE : Types of Kinematics Pair, Mobility, Inversions, Kinematic Analysis, Velocity and
Acceleration Analysis of Planar Mechanisms, CAMs with uniform acceleration and retardation, cycloidal motion,
oscillating followers; Vibrations —Free and forced vibration of undamped and damped SDOF systems,
Transmissibility Ratio, Vibration Isolation, Critical Speed of Shafts. Gears — Geometry of tooth profiles, Law of
gearing, Involute profile, Interference, Helical, Spiral and Worm Gears, Gear Trains- Simple, compound and
Epicyclic; Dynamic Analysis - Slider — crank mechanisms, turning moment computations, balancing of Revolving
& Reciprocating masses, Gyroscopes — Effect of Gyroscopic couple on automobiles, ships and aircrafts, Governors.

1. Simple Mechanisms

m The dimensions of different links of the crank and i
slotted lever quick-return mechanism shown in figure Tool
are given below:

0,0, =700 mm, O,B =250 mm

O,D = 1250 m, DR = 350 mm

The crank O,B rotates at 40 r.p.m. in the counter
clockwise direction and at the present instant of
consideration makes an angle of 45° with the vertical.
Determine:

1. Velocity of the ram R which moves in a horizontal direction.
2. Angular velocity of link O,D.

[20 marks : 2006]
Solution:

Bon crank O,B
Con O,D

r V.=1.27 01,0,

Space diagram Velocity diagram
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Scale 150 mm =1 cm, 0,0, = 700 mm = 4.67 cm
O,B = 1.67cm
O,D = 8.33cm
DR = 2.33mm

First of all draw the space diagram or configuration diagram. By assuming suitable scale.

Since o, and o, are fixed points therefore these points are marked as one point in velocity diagram, draw
vector o,b perpendicular to O,B such that

2nN 2n x 40
=V, =| —/— = x0.25 =
0,b=Vg ( 50 )xO1B ( 50 ) 1.047 m/s

Scale 0.5 m/s =1cm,
O,b = 1.047m/s =2.09cm=2.1cm

O,D 8.33cm o0, d = 0,d

0,C ~ 583cm o,c 1.7cm

0,d = 2.428cm
o,c =17m
o,R = 2.54cm
Velocity of point, d = 2.428 x 0.5 =1.2144 m/s
®p,pX O,D = 1.2144

1.2144

- =0.971rad/s
Pop = 250 /

Velocity ofram = 2.54 x 0.5 =1.27 m/s

m Determine the maximum and minimum transmission angle of the mechanism shown which is driven
by member O, A.

[2 marks : 2012]

Solution:
According to the Grashof law:
(I+s) < (p+Qq)
(8+3) < (4+6) = Not satisfied
and hence mechanism type is class-Il rocker-rocker mechanism.
m One of the turning pairs of a four bar chain is replaced by a sliding pair. Draw the inversions by fixing

different links. Give one application for each of the mechanism.
[10 marks : 2013]
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Solution:
First-inversion

Practical application.
Example: reciprocating engine diagram.

Second-inversion

Practical application.
Example: Whitworth quick return mechanism

Third-inversion

Practical application.
Example: Oscillating cylinder engine

w

Fourth-inversion

Practical application.
Example: Hand pump
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m Draw a crank rocker mechanism and identify all instantaneous centers. [4 marks : 2014]

Solution:
Crank rocker mechanism.

\ | Frame

Crank Rocker Mechanism
|dentified instantaneous centres.

Total number of link, n

Il
N

Number of I centres

Identification of Instantaneous Centres

m Explain Grashof’s linkage. Explain the inversions of this linkage.

[4 marks : 2015]
Solution:

Grashof’s Law : For continuous relative motion between number of link in a four bar mechanism the summation
of length of the shortest and longest link should not be greater than the other two links.

If Grashof’s law is not satisfied, motion will be discontinuous.

Inversions of linkage:

s, p, g, [ are the lengths of 4 links, where s is shortest and / is longest link and Grashof law is satisfied.
(i) when all links of unequal size.

S p=zxq=zl
if s —fixed — double crank mechanism.
if s—adjacent to fixed — crank rocker mechanism.

if s— coupler — double crank mechanism

(ii) When same sizes I
(a) Placed opposite to each others
sS=0p S p
I =q

q
When pair of links having equal size if fixed any one of them always get double crank which is
known by Parallelogram linkage.
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(b) When same sizes links adjacent to each other and it is known by deltoid linkage.

if s— fixed — double crank mechanism.
if /—fixed — crank and rocker mechanism.

m The crank of a crank and slotted lever quick return mechanism is driven at 120 rpm clockwise. The
vertical distance between the centres of rotation of the crank and slotted lever is 50 cm. What should
be the length of the crank if the quick return ratio is 1 : 2? Determine the angular velocity of the
slotted lever, when the tool-post attains maximum velocity during cutting stroke.

[4 marks : 2016]

Solution: 120 rpm (clockwise)

crank
2n x 120
Ok = T = 47 rad/s
. oo 1
Quick return ratio > B2
B_2
= o 1
360 - o = 2u
3o = 360°
o= 120°
OA =50 cm
o OB OB
COS— = — = —
2 OA 50
600 —_ %
cos =50
1 _08B
2 50
= OB =25 cm

Length of crank = 25 cm
Velocity of slider, Vg = r_ . X ® = 0.25 x 4n = © m/s
Maximum velocity of slotted bar in cutting stroke (Mid position)
For maximum velocity position

50+ 25
AC = 100 =75¢cm =0.75m
Vc = AC x Ogotted lever
Vc = VB =nm/s =075 x Ogjotted lever
® = 4,188 rad/s

slotted bar
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(i) Distinguish and differentiate between machine and mechanism. Define the term inversion of a
kinematic chain.

(ii) Discuss about the possible inversions (with figures) of a four bar chain.
[12 marks : 2018]
Solution:

(i) Machine and 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. A mechanism is
a fundamental unit. A mechanism transmits and modifies a motion.

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

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

If number of links in a kinematic chain =/
Number of inversions < [/

(ii) Inversions of a four bar chain:

If Length of shortest link = s

Length of longest link = [

Length of remaining two link = pand q
By Grashof’s law,
For continuous relative motion,
s+l < p+q

Case-l:
If s+l < (p+q)
1. If shortest link is fixed — We obtain double crank mechanism.

2. If shortest link is adjacent to fixed — We obtain crank rocker mechanism.
3. If shortest link is opposite to fixed link — We obtain class -I double rocker mechanism.

! Double rocker

Case-ll:
If s+l =(p+9q)

1. Iflink are not having equal length but law, (s + / = p + q) is satisfied. Then the conditions mentioned
in case | will be applied in this case also.

2. Iflinks are having equal lengths:
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A. Ifequallength links are parallel to each other — By fixing ether shortest link or longest we are going

to obtain double crank mechanism. It is known as golden chain or parallelogram linkage.
i

K s & Circles| g .
LAY
! \

B. If equal length links are adjacent to each other.
(i) If we fix shortest link — we obtain double crank mechanism.
(i) If we fix longest link — we obtain crank roker mechanism

Case-lll:
If s+l > (p+q)
In this case by fixing any link we are going to have class -1l double rocker mechanism.

KB} What is kinematic pair? How are kinematic pairs classified? Explain.
[6 marks : 2019]
Solution:

Kinematic pair: The connection between the two link is a joint or pair and this pair will be a kinematic

pair if the relative motion between the links is a constrained motion (completely constrained motion or
successfully constrained motion)

Kinematic pair can be classified according to
1. Nature of contact

2. Nature of mechanical constraint

3.

1. According to the nature of contact.

(@) Lower pair : When pair/joint having surface or area contact between the members.

Example: Nut turning on a screw, shaft rotation in a bearing, all pairs of slider crank mechanism and
universal joint.

Nature of relative motion

(b) Higher pair: When pair/joint having line or point contact between members.
Example: Wheel rolling on a surface, cam and follower pair, ball and roller bearings.
(c) Wrapping pair: When one link is wrapped over other link.
Example: Belt and pulley, rope and pulley.
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(i)

Solution:

According to the nature of mechanical constraint.

Closed pair/self closed pair: When the elements of pair are held mechanically. Generally all the lower
pair and some of the higher pair are closed pairs.

Force closed pair/ unclosed pair/forcefully closed pair: When the elements of a pair form contact either
due to force of gravity or by some spring action, then it is known as force closed pair.

Example: cam and follower pair.

According to the nature of relative motion:

Sliding pair: If the two links having a translatory/sliding motion to each other.

Example: A rectangular rod in a rectangular hole in a prism is a sliding pair.

Turning pair: If the two links having rotary/turning motion relative to each other then they form turning
pair.

Example: Circular shaft inside a bearing forms turning pair pin joint.

Rolling pair: When the links of pair have pure rolling motion.

Example: A rolling wheel on a flat surface in a ball bearing, the ball and the shaft constitute one
rolling pair.

Screw pair (helical pair): When links of pair having a turning as well as sliding motion between them.
Example: Lead screw and the nut of a lathe form screw pair.

Spherical pair: When one link in the form of sphere turns inside a fixed link then it forms spherical
pair.

Example: The ball inside the socket forms spherical pair.

Explain about a double slider crank chain and its inversions.
The distance between two parallel shafts is 18 mm and they are connected by an Oldham's
coupling. The driving shaft revolves at 160 rom. What will be the maximum speed of sliding of the
tongue of the intermediate piece along the groove?

[12 marks : 2020]

(i)
Double Slider-Crank Chain

A
as shown.

kinematic chain consisting of two turning pairs and two sliding pairs is called double slider-crank chain
4
| & | 1
3 B

A%

1
Double Slider-Crank chain

Inversions of Double slider crank chain

1.

First Inversion (Elliptical Trammel) : It is a device to draw ellipses in which two grooves are cut at
right angles in a plate that is fixed. The plate forms the fixed link 1. Two sliding blocks are fitted into
the grooves. The slides form two sliding links 2 and 4. The link joining slides form the link 3. Any point
on link 3 or on its extension traces out an ellipse on the fixed plate, when relative motion occurs.



MRDE ERSY

Mechanisms and Machines

__3/__}?___. _______________

Elliptical Trammel

2. Second Inversion (Scotch Yoke) : If any of the slide-blocks of the first inversion is fixed, the second
inversion of the double-slider-crank chain is obtained as shown in figure. This mechanism gives SHM.
Its early application was on steam pumps, but it is now used as a mechanism on a test machine to
produce vibrations. It is also used as a sine-cosine generator for computing elements.

2.

o Y]

R W

Scotch Yoke

Third Inversion (Oldham’s coupling) : The Oldham’s coupling is used to connect two parallel shafts,
the distance between whose axes is small and variable. The shafts have flanges at the ends, in which
slots are cut. These form links 2 and 4. An intermediate piece circular in shape and having tongues at
right angles on opposite sides, is fitted between the flanges of the two shafts in such a way that the
tongues of the intermediate piece get fitted in the slots of the flanges. The intermediate piece forms
link 3, which slides or reciprocates in links 2 and 4. The link 1 is fixed.

4 Intermediate piece

____l__________.L_____
|
1
LT
1
|
1
!
1
!
et
Y
1
|
!

Oldham’s coupling
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Maximum sliding speed of each tongue along at slot = (Distance between the shafts)
x (Angular velocity of shaft)

(i)
r=18 mm = 0.018 m,
Ndriver = 160 rom
160
Oyer = 2nx¥ =16.7551rad/s

Maximum velocity of sliding = rwg,
= 0.018 x 16.751
=0.30159 m/s Ans.

EBI] Define kinematic chain. Find all the inversions of the chain shown in the figure.

A2 O
10 mm

3 mm

8 mm

[12 marks : 2022]

Solution:
Shortest link length, s = 3 mm
Longest link length, / = 12mm
Other two link length, p = 10 mm and g = 8 mm
(s+0)=3+12=15mm
(p+qg)=10+8=18mm
Here, (s+)<(p+0q)

Since the sum of the lengths of the shortest and longest link is lesser than the sum of the lengths of the

other two links, Grashoff’s law is satisfied for the inversion.

Inversions of the given chain are given below:

1. Double crank mechanism : It is obtained when the link of length 3 mm is fixed.

2. Crank-rocker mechanism : It can be obtained when the 8 mm link is fixed with 3 mm link adjacent
to it or when 12 mm link is fixed with 3 mm link adjacent to fixed.

3. Double rocker mechanism : It is obtained when 10 mm link is fixed and 3 mm link is the coupler.

EBE] Describe all the inversions of a slider-crank mechanism.
[12 marks : 2023]
Solution:
Taking a different link as the fixed link, the slider-crank mechanism shown in figure (a) can be inverted into
the mechanisms shown in figure (b), (¢) and (d).
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4 4 4 4
3 3 3
1 1 1 1] \3
2
2 2 2
(a) First (b) Second (c) Third (d) Fourth
(Cylinder is fixed)  (Crankis fixed) ~ (Connecting rod is fixed) (Slider is fixed)

First inversion [fig. (a)]

This inversion is obtained when link 1 (i.e.; cylinder) is fixed.

Applications:

° Reciprocating engine

o Reciprocating compressor

Second inversion [fig. (b)]

Fixing of the link 2 (i.e. crank) of a slider-crank chain results in the second inversion.
Applications:

e Whitworth quick return mechanism

e  Rotary engine (GNOME engine)

Third inversion [fig. (c)]

By fixing of the link 3 (i.e. connecting rod) of the slider-crank mechanism, the third inversion is obtained.
Applications:

e  Oscillating cylinder engine

e  Crank and slotted-lever mechanism

Fourth inversion [fig. (d)]

If the link 4 (i.e. slider) of the slider-crank mechanism is fixed, the fourth inversion is obtained.

Applications:
e Handpump
Summary of slider Crank Chain and its Inversions
Links
Mechanism
Fixed | Rotates | Oscillates Reciprocates
Single slider crank chain 1 2 3 4
INVERSIONS:

Pendulum pump 4 2 3 1
Oscillating cylinder engine 3 2 4 1
Crank-slotted lever 3 2 4 1
Whitworth mechanism 2 3 1 4
Gnome engine 2 3 1 4
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2. Velocity and Acceleration

m A single cylinder two stroke vertical engine has a bore of 30 cm and a stroke of 40 cm with a
connecting rod of 80 cm long. The mass of the reciprocating parts is 120 kg. When the piston is at
quarter stroke and moving down, the pressure on it is 70 N/cm2. If the speed of the engine crank
shaft is 250 rpm clockwise, find the turning moment on the crank shaft. Neglect the mass and inertia
effects on connecting rods and crank.

[15 marks : 2001]

Solution:
Length of stroke = 40 cm
Length of crank = 20 cm

In quarter stroke the distance travelled = 40 _ 10 cm

x = r(1-cos9)

Given that when piston is at quarter stroke means
x = Stroke/d =2r/4 =12

r/2 = r(1-cos0)
1/2 = (1-cos 0)
0 = 60°
d 80
= —=_=4
n r 20

cosP = %\/nz—sinze - %\/16—sin260° =0.976

B = 125°
Now piston effort
/-_/D = FgaS—FI+(mg)—f )
/—'/O = Fgas - F,+(mg) [friction force neglected]
where Fg = gas pressure force = p,A,
F, = 70><%><(30)2 = 49.480 kN
Inertia force F, = mrw?® (cose+ COSQG) = 120x O.ZX(M )Z(COS6O+ 008120)
’ n 60 4
= 6.168 kN
Weight of piston, mg = 120x9.81 =1.177 kN

Put all these values in equation (i), we get

Fp = 49.480-6.168 + 1.17 = 44.489 kN
Turning moment, I'= Frxr
where, Fr = Fssin (6 +B)
where F, = connecting rod force = F,/cosf3
Fpsin(6+ 44.46x10° x sin(60+12.5)x 0.20
_ fesin(6+p) x 107 xsin(60+12.5) x 868 KNom

cosp cos12.5°
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m A single cylinder horizontal reciprocating engine mechanism has a crank of 8 cm length and connecting

rod 36 cm length. The engine speed is 2000 rpm clockwise. Determine the velocity and acceleration
of piston when the crank is 315° from inner dead centre. Also determine the angular acceleration of
connecting rod and total acceleration of its mid-point. Use relative velocity and acceleration method

only.

Solution:

As per given data:

Horizontal reciprocating engine mechanism.

Crank,
Connecting

rod,

Engine speed,
Velocity and acceleration of piston when the crank is 315° from inner dead centre.
Configuration diagram by assuming scale{1 cm = 4 cm}

OA=8cm

r=8cm
/| =36cm
N = 2000 rpm (CW)

AB =36 cm

Configuration Diagram

Velocity diagram:

Velocity of crank,

In diagram,

From diagram,

Velocity of piston w.r.t. crank = ba=3cm =3 x4 =12 cm/s

Assuming scale = 1 cm =4 m/s

[10 marks : 2003]

OA 0

oa = ¥=4.18750m

Velocity piston, ob = 3.4cm =34 x 4 =13.6 m/s

Acceleration diagram:

OLcrank =0
Assume scale 1 cm = 1000 m/s?
Point | w.r.t. Procedure
V2
r _YAO _ 3 2
A 0 axo = 20 3.507x10% m/s“ along A - O
alyo AOx a0 =0 1% to AO
VBZA 13.6° 3 2
pp =28 = =0.513x10° m/s” along B = A
B A | “PAT AB T 036 9
ak, = BAx aigs = unknown L% to BA
a,’gczvic:OalongBaC
B C BC
ahe = BCx age = unknown 1% to BC

From acceleration diagram

o’a’ = 3.507 cm

0.08x2nxN 0.08x2rx 2000

60

=16.75m/s
a
4.1875 cm
3cm
b
3.4cm o, ¢

Velocity Diagram

o,c

t
apc
Acceleration Diagram
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ax =0513cm
xb’ = 26cm
o'p’ =155cm
abp =265cm
o’g =235cm
The tangential component of acceleration of connecting rod, xb’ = 2.6 x 103 m/s? = a.,5 x AB
0Ly = 72'221603 =7.222x10° rad/s?

The acceleration of piston,  o’b’ = 1.55 x 108 m/s2.
Total acceleration of connecting rod at mid-point,
o'g =2.35x 10° m/s?

m Define “Body Centrode” and “Space Centrode” for a link in mechanism. Explain how you will find these.

[20 marks : 2005]
Solution:

Body centrode and Space centrode:
e Theinstantaneous centre is a point in the body which may be considered fixed at any particular instant of
time, the locus of instantaneous centre in space during a definite motion of body is called space centrode.
e The locus of instantaneous centre relative to the body is called body centrode. The body centrode rolls
without slipping over the space centrode.
AC, = Al
B,C, = B,1,

Space centrode
In similar way C,, C,, ....... can be found out and body centrode can be drawn.

m Compute the velocity and acceleration of the slider in the quick return mechanism shown in the
figure below, if the crank rotates at 30 rpm

Coordinates
Q=(0,0)

0= (0, 40)

P = (8.66, 45)
Angle POQ = 120°
OP=10cm

o P.C 0OQ=40cm

(3)
Pisonlink 2
Cis on link 4 coincident with P at this instant

[15 marks : 2018]
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Solution:
Graphical Solution:
As per given data:

Configuration diagram by assuming:

Scaleof4cm=1cm

Velocity triangle: g, =

B 2nx 30

60

(0,40)0

= wrad/s

Voo = POX 055 =10 x 102x = 0.3141 m/s
0.1m/s = 1cm

Assuming scale:
Procedure:

1. Draw the line op, in the direction which is perpendicular to OP from

space point ‘0.

2. Draw the line which is parallel to the QP from point ‘p’.

3. Draw the line which is perpendicular to the QPfrom point ‘q’.

4. Mark the intersection pointas a‘c’.

From velocity triangle,

OP = 3.14cm
OC = 2.01cm
PC = 24cm

So, Velocity of slider Pw.r.t. to point O = 0.314 m/s

Velocity of slider Pw.r.t. to point C = 0.201 m/s

Velocity of slider Pw.r.t. to point Q = 0.314 m/s

Acceleration triangle:

Configuration diagram

Point | w.r.t. Procedure
Vo, . 0314%
_ PO _ Y _ 2
a = 0 (given) 0 0.9865 mys= along (P—0)
Pl o |, . .
app = POx app = 0 along perpendicular to (radial component)
o = (along PQ) (unknown)
PC
C
P a3 = 20pgxVpe(perpendicular to PQ)
V3 2
bo=-2 = 8?212; 5= w008818m/s? along (C->0)
C Q 4 . .
cq= CQx aco(unknown) perpendicular to (radial component)

Assuming,
Acceleration triangle:

From acceleration diagram:

=

0.2m/s? = 1cm

a. = 25cm=251x%x0.2=0.502m/s?
dy, = CQxo,,

0,0

0,q

Velocity triangle
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0.502
= Oy
Alternate:

As per given data: The quick retain mechanism as shown in figure.
Crankrotates = 30rpm

0.4582 x
1.0955 rad/s?

1t A

Coordinates
oo O N S Q=(0,0)

O = (0, 40)

P = (8.66, 45)
Angle POQ = 120°
OP=10cm
OQ=40cm

M

Pisonlink 2
Cis on link 4 coincident with P at this instant

In AOLP tand

0 = tan™" (i) = 30°
8.66

6 = 90 + ¢ =90°+30°=120°

= Angul dof crank = 2N _2mx30 _ o odss
0)2 = ngular speead or crank = 60 = 60 =

V, + Veonojo = 0+ @, X OP = mkx 10(?00330° +fsin30°)

Velocity of point Pon link 2

= TTX 10(f00330° + (—i)sin30°)

= 10m(-sin30° + ] cos30°) = (~15.7/ + 27.206

= J(-15.7)2 + (27.206)2 = 31.411cm/s
Velocity of slider = 0.31411 m/s
Acceleration of slider = &y + 8ponpi0 = 80 + Egonzi0 + dponzjo
= 04 @y X Vpgpjo + 0tp X OP

= 0+mkx 10n(]'00330" - fsinSO") +0

— 10m? (—f c0s30° — ]‘sin30°)

Acceleration of slider (—85.473? - 49.348f)

|Brons| = J(-85.473)% + (—49.348)2 = 98.695 cm/s?
Acceleration of slider = 0.9869 m/s?
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