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UNIT = | (SYLLABUS)

Mechanisms

 Kinematic Links and Kinematic Pairs
 Classification of Link and Pairs

 Constrained Motion and Classification

Machines

« Mechanism and Machines
 |nversion of Mechanism
* Inversions of Quadric Cycle

* Inversion of Single Slider Crank Chains

* |nversion of Double Slider Crank Chains




UNIT = Il (SYLLABUS)

Straight Line Motion Mechanisms

« Exact Straight Line Mechanism

« Approximate Straight Line Mechanism
« Pantograph

Steering Mechanisms

« Davi’s Steering Gear Mechanism
« Ackerman’s Steering Gear Mechanism

« Correct Steering Conditions
Hooke’s Joint

« Single Hooke Joint

 Double Hooke Joint
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UNIT = 11l (SYLLABUS)

Kinematics

« Motion of link in machine
« Velocity and acceleration diagrams
« Graphical method

« Relative velocity method four bar chain

Plane motion of body

Instantaneous centre of rotation

Three centers in line theorem

Graphical determination of instantaneous center




UNIT = IV (SYLLABUS)

Cams

« Cams Terminology

« Uniform velocity Simple harmonic motion

« Uniform acceleration

« Maximum velocity during outward and return strokes

« Maximum acceleration during outward and return strokes

Analysis of motion of followers

* Roller follower circular cam with straight

« concave and convex flanks




UNIT = V (SYLLABUS)

Gears

« Toothed gears types

« Condition for constant velocity ratio

« Velocity of sliding phenomena

« Condition for minimum number of teeth

« EXpressions for arc of contact and path of contact

Gear Trains

Simple and reverted wheel train

Epicycle gear Train

Differential gear for an automobile




COURSE OBJECTIVES

UNIT -1

To impart knowledge on various types of Mechanisms
and synthesis

UNIT - 2

UNIT - 3

UNIT - 4

UNIT - 5

To Synthesize and analyze 4 bar mechanisms

To impart skills to analyze the position, velocity and
acceleration of mechanisms and synthesis of mechanism
by analytical and graphical method

To familiarize higher pairs like cams and principles of
cams design

To study the relative motion analysis and design of gears,
gear trains




UNIT 1

CO1l: To impart knowledge on various
types of Mechanisms and synthesis




UNIT = | (SYLLABUS)

Mechanisms

 Kinematic Links and Kinematic Pairs
 Classification of Link and Pairs

 Constrained Motion and Classification

Machines

« Mechanism and Machines
 |nversion of Mechanism
* Inversions of Quadric Cycle

* Inversion of Single Slider Crank Chains

* |nversion of Double Slider Crank Chains




COURSE OUTLINE

LECTURE | LECTURE TOPIC | KEY ELEMENTS

LEARNING OBJECTIVES

1 Mechanisms Definition of Mechanism
Definition of Machine

2 Kinematic Link Definition of Link
and Classification Definition of Pair
of Links Classification of Links

Classification of Pairs

3 Constrained Definition of Constrained
Motion and Motion
Classification Classification of
Constrained Motion
4 Mechanism and Definition of Machine.
Machines Determine the nature of
chain.

Definition of Grashof’s law.

Understanding the
mechanics of rigid, fixed,
deformable bodies (B2)

State the basic concept of
link and pair (B1)
Understanding the
classification of links and
pairs (B2)

Describe the constrained
motion (B1)

Understanding the direction
of motion (B2)

Analyse machine and
structure (B4)
Evaluate the nature of
mechanism (B5)
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COURSE OUTLINE

KEY ELEMENTS

LEARNING OBJECTIVES

LECTURE LECTURE
TOPIC
5 Inversion of
Mechanism
6 Inversions of

Quadric Cycle

7 Inversion of
Single Slider
Crank Chains

8 Inversion of
Double Slider
‘ Crank Chains
]

Definition of inversion.
Classification of
inversion of mechanism

Working of 4-bar chain
mechanisms

Working of Single slider
crank chain
mechanisms

Working of Double slider
crank chain
mechanisms

Understanding the inversion of
mechanisms and its
classifications (B2)

Understanding the important
inversions of 4-bar mechanism
(B2)

Analyse the inversion of 4-bar
mechanism (B4)

Understanding the important
inversions of single
mechanism (B2)

Analyse the inversion of single
mechanism (B4)

Understanding the important
inversions of single
mechanism (B2)

MRCET CAMPUS
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LECTURE 1

Mechanisms
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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)




Rain acoabber

BASICS

Motr /
SN )"‘E
OO :
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
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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:
Connecting rod, crank
2. Flexible Link
Partially deformed link. Example: belts,
Ropes, chains &
3. Fluid Link o

(b) (c)

Formed by having a fluid in a receptacle Binary link Ternary link Quaternary link
and the motion is transmitted through the (2 vertices) (3 vertices) (4 vertices)

fluid by pressure or  compression  only.
Example: Jacks, Brakes

Sohed
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BASICS

Kinematic Joint; Connection

between two links by a pin

. Types of joints in a Chain
Types of Joints:

»Binary Joint (2 links are 1. Binary Jomt : 2

connected at the joint) {3
_ 2. Ternary joint

> Ternary Joint (3 links are o2
ConneCted) 3. Quaternary joint 2

» Quaternary Joint. (4 links are . :

4

connected)

Note: If " number of links are connected at a joint, It
IS equivalent to (L-1) binary joints.

et
4 iﬁte“ﬁ;
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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

FIXED
PVOT

CAANK AND SLIDER 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

&

*w ,; Outer Race L I n kS Of p al rS h ave a
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

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

Wi The joint by which two

2 ———-—-F-Y members are connected

i has surface (Area) contact
2. Higher Pair

The contact between the
pairing elements 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

/J Two elements of pair are held

2. Unc

> Elements are not helo

»Held In contact by the action of

external forces.

Eg. Cam and spring loaded follower

pair

together mechanically to get

;ﬁ required relative motion.
Eg. All lower pairs

osed Pair

mechanically.




CONSTRAINED MOTION

1.Completely constrained Motion: | /1
Motion in definite direction DAL == == - LY
Irrespective of the direction of the ‘//////////////// i

force applied. .
I 2. Successfully (partially) constrained Motion:

»Constrained motion is not completed by itself

but by some other means.
»Constrained motion is successful when

compressive load is applied on the shaft of the
foot step bearing

‘Foor “ L V/’ /co //////// vl

3. Incompletely constrained motion: 74 ((3 2

Motion between a pair can take place in ' % ////////

SHAFT

¢

\
NN
\\\\\\\\\ |
N

more than one direction. u

Circular shaft in a circular hole may have rotary
and reciprocating motion. Both are independent of each other.




KINEMATIC CHAIN

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

Example: 4 bar chain

The following relationship holds for kinematic chain

[=2p—4 Where |
p = number of lower pairs
_3,_5 L = number of links
=7 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 .l.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 7=° J=3

- (K2:U) From equation
[=2p—4
| | =2x3-4=2
Link 3 Link 2 LH.S. > R.H.S.
j=51-2
A Link 1 5




EXERCISE

Determine the nature of the chains given below k2:u
Hint: Check equations  /=2p-4, = %; )

C

Link 3
Link 2

Link 4
A Link 1 B A Link 1 B
[=5,p=5.andj=35
[ = 4‘_ pP= 4‘_ Ell'ldj =4 L.H.S. <R.H.S.
[LHS =R HS unconstrained chain
s constrained kinematic chain

UGC Autonomous —



NUMERICAL EXAMPLE-2

Determine the nature of the chain (kK2:u)

>L= 6
»] = 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

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. of Binary Joints =1 (p)

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

. =15

i
UK
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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

. h 3
+—==1-2
/T2

where j = Number of binary joints,

h = Number of higher pairs, and

[ = Number of links.




LECTURE 4

MECHANISM AND MACHINES

—
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CLASSIFICATION OF MECHANISMS

Mechanism:
When one of the links of a kinematic chain is fixed, the chain is called
Mechanism. .
Inout
Types: e
»Simple - 4 Links “

»Compound - More than 4 links




Classification of mechanisms

»Complex - Ternary or Higher order f
Links

»Planar - All links lie In the same
plane

i\ S ) %E; I 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, 1t 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 is the number of independent coordinates required to
describe the position of a body.

3, .

xy

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

- _pe ] b o &7
QD) &) =& f]
. —— } ~ — /A ~. \:/
S \__,- ;__1
R r SUH)
== 3 : "‘ ': *‘ '. \
{ N \4 r—/\/ ‘\)‘-. //f" >
’\_\_ S— "/ \“ g i y v /l.‘_:/’
N—r e ) ——
il "S-
¢ G(S) N iy
Pair Symbol Pair Variable l).cgrec of Rcla?nr
Freedom  Motion
Revolute R A0 | Circular
Prism P As | Rectilinear
Screw SUHY  ABor As (As= hAO) | Helical
Cylinder G Afand As 2 Cylindric
Sphere G(S) AO A, Ay 3 Spheric
Flat FP,) \rv, Av, A0 3 Planar




DEGREES OF FREEDOM/MOBILITY OF A
MECHANISM

It 1s the number of inputs (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)-27-1

L = number of links

] = 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:

C . L
D 3 n=3(—-1)—-2j—h Kutzbach Criterion
. 5 l=5;]=2+2*(3-1)=6;h=0
A 5 n=30-1)-2x6=0
]

DoF =0, means that the mechanism forms a structure
L=5;]=5h=0
n=305-1)-2*5-0=2

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




NUMERICAL EXAMPLE -3 &4

Determine the Dof for the links shown below:

n=3(-1)—2j—h Kutzbach Criterion
234

16 56

Note: at the intersection of 2, 3 and 4,
=1 two lower pairs are to be considered

i.e., one input to any one link 1=6;j=5+1(31)=7h=0
n=3(6-1)-2(7)-0=1

will result in definite motion of B
. Dof=1
all the links.

; ,ﬁ}}
-.;' .l"_'-t___: :

s
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NUMERICAL EXAMPLE - 5

=3(/-1)—2j—h Kutzbach Criterion

l=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

f

{J 1
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KUTZBACH CRITERION FOR HIGHER
PAIRS

n=3{-1)-27-h

.

3 Wheel
[=3,j=2and h=1 2 4/
n=33-1)-2x2-1=1

F AP rrrrrrrsy

1
[=4, j=3and h=1

n=34-1)-2x3-1=2




KUTZBACH CRITERION

n=3{-1)-2j-h

L:4,j:5,h:O L:3,j:2,h:1
n=3(4-1)-2(5)—-0=- n=33-1)-2(2)-1=
1 1

Indeterminate structure




GRUBLER’S CRITERION FOR PLANE
MECHANISMS

Kutzbach Criterion =3 (/-1)-27-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)-2j or 3[-2j-4=0




GRASHOF’S LAW

[+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

Pin or rotary joints

Link 1 This is the grounded (held still)

Link 2

Link 3
Link 4




LECTURE 5

INVERSION OF MECHANISM
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INVERSIONS OF MECHANISM

» A mechanism Is one in which one of the links of a
kinematic chain is fixed.

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

> It Is 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)

Piston
rod —Y|

Link 3

T TTT)

—
F iy

ff;f 1
NIFFF7FrT

Cylinde

PV

(Link 2)

e A VA

Beam engine.
[Source: R S Khurmi]

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

'l
S
b .Lt‘-t __;\:
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INVERSIONS OF FOUR BAR CHAIN

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

Link4 /" Whe_e's

Link 3

Link 2

Link 1
[Source: R S Khurmi]
»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.

Iﬁ %\Jg

’ i sy n-l
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INVERSIONS OF FOUR BAR CHAIN

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

Indicator _7
plunger ‘f\_

71 11 #=— Indicator
,,,,,, cylinder

Copyright 2000, Kaveney.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

- "l 4 "4
P
- itﬁt_; ~
UGC Autonomous




LECTURE 7

INVERSION OF SINGLE SLIDER CRANK CHAINS
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SINGLE SLIDER CRANK CHAIN

Connecting rod Cr.ank

Guides
Piston rod \ -— —» i H\\
.A Y \

N
% V;///////////////ﬁr:///.fll |
1 N !
Cylinder J Piston Cross-head (Link 1) . 27
(Link 4) -

Single slider crank chain

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




INVERSIONS OF SINGLE SLIDER CRANK

connecting rod fixed  slider fixed




INVERSIONS OF SINGLE SLIDER CRANK CHAIN

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

» Crank and slotted lever quick return motion mechanism

» Whitworth quick return motion mechanism




PENDULUM PUMP OR BULL ENGINE




PENDULUM PUMP OR BULL ENGINE

’/f////f‘ ::_,
7 A 2 Cylinder
Z 4— (Link 4)
777; Connecting rod
_ (Link 3)
Piston rod _
(Link 1) —” -
== Crank
(Link 2)
; ;— Cylinder
2z ‘///f (Link 4)
ff///ff;:

[Source: R S Khurmi]

This Inversion Is obtained by
fixing the cylinder or link 4 (i.e.
sliding pair)

when the crank (link 2) rocks,
the connecting rod (link 3)
oscillates about a pin pivoted to
the fixed link 4 at A.

The piston attached to the piston
rod (link 1) reciprocates.

It supplies water to a boller.




OSCILLATING CYLINDER ENGINE

/" OSCILLATING CYLINDER ENGINE "\




OSCILLATING CYLINDER ENGINE

Piston rod
(Link 1)

Connecting

[Source: R S Khurmi]

»used to convert reciprocating motion into rotary motion

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

- "l 4 "4
P
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MULTI-CYLINDER RADIAL IC ENGINE

v

{

AA ; N ’ » o . %7,
Modify and Resolve Constraint Tool

STRUCTURES AND MECHANISMS

MRCET CAMPUS
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ROTARY INTERNAL COMBUSTION ENGINE (OR)
GNOME ENGINE

Connecting rod

(Link 4)
A=
ixed crank 1O E 9
- y E = .
Piston (Link 2) %Q!‘. i .‘@
(Link 3) - V“\ SN
-l’.iﬁgc‘\;‘.
"a/ O \}..
.—\ﬂ%’& PE
Ol
Cylinder SR
(Link 1)
[Source: R SIKhurmi] 7% ~

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

Ay
Wby
4 iﬁte“ﬁ;
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CRANK AND SLOTTED LEVER QUICK RETURN
MOTION MECHANISM

13| 0.00000%
Stey| 0

X0

|_ How Crank and Slotted lever Quick Return Motion mechanism works




CRANK AND SLOTTED LEVER QUICK RETURN
MOTION MECHANISM

Connecting — Cutting stroke

tod 4—— Return stroke
A ~p Tool Line of
1. a1l |}i“ 00 J strﬂke
. # P._ ll:;.l'_.__:-—:"_'_:_,_-_‘t?_ﬁ__ ~
~="" 1 ! T~
P4 f{-- R L T e The line of stroke of the ram (i.e.
|\ P,

Sh;jer (Link 1)

R1R2) is perpendicular to AC
'Crank (Link 2) /

\ {f\‘x In the extreme positions, AP1 and
P AP2 are tangential to the circle
\ | £40) /
- \ Ai{%& /. Time of cutting stroke  J or 360° — o
1 \ \F !9/82 Time of return stroke o  360°— o
(90°~ 3) U Fixed
'. (Link 3)
Slotted bar ﬂ/
(Link 4) ¥

A
ﬁ%‘\} [Source: R S Khurmi]

o s san v s




CRANK AND SLOTTED LEVER QUICK
RETURN MOTION MECHANISM

— Cutting stroke
— Return stroke

tr::-d
N\ — Line of
TO OI Sl roke

"‘r"‘_:_‘ =

Connecting

P1'\é/-——-—-4|.._ _JQ_

\\ I".,II".,I Sh;ljer {LI-I"I_k _1 )_ _ _/_/ ’Pg
\ {fcra”k R length of stroke =R R,=P P, =2P,0=2AP sin ZP /AQ

z’

\ \& \ /
I\' .j{ o }
o1 X{ \ /B2 = 2AR Sin(*)(}" - E) = 2AP cos & . (VAP = AP)
(90°= ) L&V Fixed 2 2
(Link 3)
Slg_titﬁszar I. . CB
A | =2APx —* o [ cos 2= B
[Source: R S Khurmi] AC VRS T AC
—24Px B .. (+ CB, =CB)

AC



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

THE SHAFING MACHINE




WHITWORTH QUICK RETURN
MOTION MECHANISM

Connecting rod

. F )
—> Cuttlng stroke ® © © X ganimate
<«—— Return stroke

V4 -~
/o7 R | Hext | | Prewv | | All | | Go | {oBnee 1 Fasy i Bles
A2 "P am-— Tool . _ - : -
- — g0 _1 -~ - D O N i i Anination of the Hhitworth Quick Return Hechanisn

< Line of

C >Fixed | stroke
& -~ (Link 2)
!

A
Time of cutting stroke ¢ o 360° -
- = = or —_—
Time of return stroke [3  360° -« B
Ak
1=7F

ThiraaT
MRCET CAMPUS
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LECTURE 8

INVERSION OF DOUBLE SLIDER CRANK CHAINS
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INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(1. ELLIPTICAL TRAMMELS)




INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(1. ELLIPTICAL TRAMMELYS)

|
*A«—— Slider A
Bar + (Link 3)
(Link 2) |
i Slotted
I plate (Link 4) Q
) - J ! \\\ J [Source: RYS [Khurmi]
-t R AR — X' | X
///\)‘< )7‘)';5:&// i 777 /////l!/ 777 B I':H-X—DO
Slider ™ =-F- -
(Link 1) i
Y x=PQ=APcosB;and y=PR =BP sin 6
»used for drawing ellipses . or .
>any point on the link 2 such as P traces = p = cos®:and 5 =sin®
out an eIIip;e on the ;urface of link 4 Squaring and adding,
»AP - semi-major axis; . ,
»BP - semi-minor axis X —cos?@+sin’0=1
e (AP)”  (BP)
S

I (YT .
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INVERSIONS OF DOUBLE SLIDER

'CRANK CHAIN
(2. SCOTCH YOKE MECHANISM)

» This mechanism Is used for

Crank Slider

(Link2) \ _ (Link 3) converting rotary motion into
- AAe a reciprocating motion.
I ‘1
Link 1 . >Link 1 is fixed.

P A A A AV A A A .
Frame (Link 4) »when the Ilink 2 (crank)
o rotates about B as centre,
Scotch yoke mechanism. _ _ _ ]
(Source: R S Khurmi] reciprocation motion taking

place.

o 'F 'g\‘-
s [P S
§§ a'.‘"“

. ¥
f
p I
P
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INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(3. OLDHAM’S COUPLING)

{ ™=




INVERSIONS OF DOUBLE SLIDER CRANK
CHAIN

(3. OLDHAM’S COUPLING)

Flange Intermediate Link 4
(Link 1) piece
c (Link 4) To
Driving D __ Flan Ty
ge
shaft }rA E - | " (Link3)
S Gy Sl i Y g A B
1rETED
! B
_ ' \-Driven
St;fgn?]g'ng ! shaft Link 4
i t
(Link 2) | Link 3 Slo [Source: R S Khurmi]

LV A A A T A A A
(a) (b) (c)
Oldham’s coupling.

T, and T, two tongues (i.e. diametrical projections)
on each face at ri 1cht angles to each other

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




SOME COMMON MECHANISMS : TOGGLE
MECHANISM




TOGGLE MECHANISM

F=2Ptan a

»If a approaches 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. PAWL

— SHAFT

*.
.
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.




APPLICATION OF RATCHET PAWL MECHANISM

B W Rvan

Used in Hoisting Machines as safety measure




INTERMEDIATE MOTION MECHANISM

GENEVA MECHANISM (INDEXING
MECHANISM)

40 e Yem poert Medg Ohert Joo Mwdew Mg ~ x

Wi Nastras Desctop - Lufop] ” —Q

NeEd Pleo . 03aX OB A v hiade « vd a0 ROOD &
POy + LI Y-

oamrtes

(@ E T L S i
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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




APPLICATIONS OF GENEVA MECHANISM

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

alignment . 4
H i fates drive pin

Iong ’oclzmg Iocking extension

surface
. Drawing courtesy of PRODUCT ENGINEERING Magazine; June 8,
Fig. 9-15. Six-slot external Geneva used for light-duty 1964: pp. 67, 68
instrument applications. Fig. 9-18. Chain-mounted drive pins with blocks for lock-

ing during dwells,




COURSE OBJECTIVES

UNIT -1

To impart knowledge on various types of Mechanisms and
synthesis

UNIT - 2

UNIT - 3

UNIT - 4

UNIT - 5

To Synthesize and analyze 4 bar mechanisms

To impart skills to analyze the position, velocity and
acceleration of mechanisms and synthesis of mechanism
by analytical and graphical method

To familiarize higher pairs like cams and principles of
cams design

To study the relative motion analysis and design of gears,
gear trains




UNIT 2

CO2: To Synthesize and analyze 4 bar
mechanisms




UNIT = Il (SYLLABUS)

Straight Line Motion Mechanisms

« Exact Straight Line Mechanism
« Approximate Straight Line Mechanism

« Pantograph

Steering Mechanisms

» Davi’'s Steering Gear Mechanism
* Ackerman’s Steering Gear Mechanism

« Correct Steering Conditions

Hooke’s Joint
» Single Hooke Joint
 Double Hooke Joint

I-&"\ . -
m‘“‘ﬁ  Ratio of Shaft Velocities

MRCET CAM PUS
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COURSE OUTLINE

LECTURE | LECTURE KEY ELEMENTS LEARNING OBJECTIVES

TOPIC

1 Straight Line » Definition of Straight » Understanding the inversion of
Motion line motion mechanism mechanisms and its
Mechanisms » Classification of exact classifications (B2)
straight line motion
mechanism
2 Approximate « Working of approximate <+ Understanding the inversions
Straight Line straight-line of approximate straight line
Mechanism mechanisms mechanism (B2)
« Analyse the approximate
straight line mechanisms (B4)
3 Pantograph * Purpose of « Understanding the Pantograph
mechanisms mechanism (B2)
« Applications of « List the applications of
Mechanism Pantograph (B4)
4 Inversion of « Working of Double » Explain the inversion of double
‘ Double Slider slider crank chain slider mechanism (B3)
] Crank Chains mechanisms

MRCET CAMPUS
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COURSE OUTLINE

LECTURE

LECTURE
TOPIC

KEY ELEMENTS

LEARNING OBJECTIVES

SEM wa .

N E R B

Davi’s
Steering
Gear
Mechanism

Ackerman’s
Steering Gear
Mechanism

Single and
Double
Hooke Joint

Ratio of Shaft
Velocities

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

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)




LECTURE 1

STRAIGHT LINE MOTION MECHANISMS
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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.

* Let OA be any chord and B is a point
on OA produced, such that,

OA x OB = constant

0A_00

OP OB Exact straight line motion mechanism

OP X OQ = OA X OB But OP is constant as it is the diameter of a

circle, therefore, if OAxOB is constant, then

OQ will be constant.
OA X OB Hence the point B moves along the straight

OQ = path BQ which is perpendicular to OP.

‘). OP
1=
af




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?+RC* ...({)
Subtracting equation (i7) from (i), we have
OC*-BC*=OR*-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.

* 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.

 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 OB=—
FC OF FC
and from similar triangles FCD and OCA
FD OA
_ or OA = FD x OC
FC 0OC 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.

~
~f1 7
:(L*‘-t ak
Ll;m.nmﬁ! -
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HART’S MECHANISM

Multiplying equations (Z) and (ii), we have

OA X OB — FDxOCxCExOF :FDXCEXOCXOF
FC FC FC?
Since the lengths of OC, OF and FC are fixed, therefore
OA x OB = FD x CE x constant ...(100)

( . . 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 (" 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 (ii7) and (iv),
OA x OB = constant

A
m&
Lk

o s san v s
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LECTURE 2

APPROXIMATE STRAIGHT LINE MECHANISM
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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 OBx0=0/Ax¢

/-'\I'AI
Il )'“-\_,
\\ |’ “‘--__‘ 0}
A ¢(‘~-ﬂ_\ I OB/0,A=¢/6
. T Also A'P=IP'x0,and B'P =IP' x 8
——"’B’*"—/ A'PIBP=0¢/6
o: -y B\ From equations (i) and (ii),
/,'\\_,' %_ AP _ £ 0OA PB
0A BP BP o oB PA

o am
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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 Aon 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.

It 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 AOA1l which
causes the pin P to move along a circular arc with O1 as centre

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




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. 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 Ol 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: OO1: OA=1:2:25.



ROBERTS MECHANISM

e It iIs 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.




LECTURE 3

PANTOGRAPH

| LIVE TO LEARN & LEARN TO SHARE |7

MRCET CAMPUS

UGC Autonomous

DEPARTMENT OF MECHANICAL ENGINEERING




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, suchthat 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 D \’“\4’\

the same path as described by point D.




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/OFE = OD’/OFE’

A pantograph is mostly used for the
reproduction of plane areas and figures
such as maps, plans etc., on enlarged
or reduced scales.
« Itis, sometimes, used as an indicator rig
In order to reproduce to a small scale -
the displacement of the crosshead - f
i

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.




PANTOGRAPH

1
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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 BOa4 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 |< Outer front

wheel 5 Left turn ¥ AR wheel

0.0 I

0
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

NS
A |
~IN
-\
\
v

N/ P
' -

.
Back axle
——c—>

Back or rear wheels

- b
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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 © 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
cot = —
IP
and from triangle /AP,

coto_ AP _AB+BP _AB BP c o
P P P IP b - IP=1b)

scotg—cotO=c/b

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

;f%} satisfied, there will be no skidding of the wheels, when the vehicle takes a turn.
g_n;.z:&[
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DAVIS STEERING GEAR

* Itis 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 ACto AC "= 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
AC d+x T X m’l"%
tan (ot + ¢) = — = H C
AA a Bf D’ 2 JEL
.74 S—— A
T 6 ! C \\ o L
From triangle A A'C, a N [L” D \
PN L= W P o
'C d Rl e’ 15 ] 9 ’A’\‘
tanQl = — = — ! O\ L, Leftturn .
AA | A
From triangle BB'D’, : A P -
' .7 b .7
BD  d-x e -7
tan(ot — 0) = — = l - s < c >
BB a | 7’ ke
| /’/ ’/”
: ///,/”’
T . \
N Back axle
tan ot + tan ¢

We know that tan (00 + §) =
I — tanot.tan O

d+x dla+tan¢  d+atan
or a 1-dlaxtand a-dtand

...|From equations (Z) and (i1)]

e
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DAVIS STEERING GEAR

(d+x)(a—dtan ¢) = a(d + atan ¢)
a.d—d?*tan 0 +a. x —d.xtand = a.d + a®> tan ¢

tan 0 (> +d*+d.x)=ax or tan = 5 a.zx ..(iv)
a +d +dx
Similarly, from tan (ot — 0) = — x, we get
a
ax
tan @ =

a*+d* - dx (V)

We know that for correct steering,

1 | c

c _ _—
cotq)—cotezg or tand  tan® b

a2+d2+d.x_a2+d2—d.x_£ . _
d.x 4.x b ...[From equations (iv) and (v)]
2d.x ¢ 2d ¢
= — or —_— = —
a.x b a b
C C
s 2tanol=— O tanQ = — ..(d/a=tan o)
dget b 2b

it o s san s [

MRCET CAMPUS
UGC Autonomous



LECTURE 5

ACKERMAN’S STEERING 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 Lefttun
BC and AD are equally inclined to the P A B ‘j A
longitudinal axis of the vehicle, as ‘ BC ‘\' N \
shown by firm lines in Fig. P ; /"“D 'Y)D'

\
\
2. When the vehicle is steering to the left, 1
the position of the gear is shown by /
dotted lines in Fig. In this position, the |
lines of the front wheel axle intersect |
on the back wheel axle at I, for -
correct steering. e
| ﬂ Back axle U

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

e
5%
rfi..f&r
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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




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.

* Itis 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 opyiew
two shafts by a universal joint are shown Driven /\I//
shaft Ot/
0}
A

in Fig. 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 D/
shaft
shafts.

« Let the driving shaft rotates through an
angle 6, so that the arm AB moves in a
circle to a new position A1B1 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.

I
I
|
the plane containing the axes of the two Driving_+~"] !
I
I
|
I

e Front view
¥ s vd
5%
AL Tk
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RATIO OF SHAFT VELOCITIES

« 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.

» Thus when the driving shaft turns through an angle ©, the driven

shaft turns through an angle .
In triangle OC M, £ OC M =6

tan O =

and in triangle OC,N, L OC,N=¢

ON _ON
NC, MG

tan ¢ =

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

tand6 MC, ON ON
But OM = ON1 cos o= ON cos o




RATIO OF SHAFT VELOCITIES

tan®  ON cosa

tan ¢ ~ ON
tan O = tan ¢ . cos &

= COS X

Let ® = Angular velocity of the driving shaft = d6 / dt
®, = Angular velocity of the driven shaft = d¢ / dt

Differentiating both sides of equation (iii),
sec’0xdO/dt =cos o.sec’ O x do / dt

sec? 0 X 0 = cos 0. sec” ¢ X M,

W sec” 0 1

® coso.sec’d cos”O.coso.sec” O




RATIO OF SHAFT VELOCITIES

) ) tan‘ 9
We know that ~ sec” ¢ =1+tan" ¢ =1+ — ...[From equation (iii)]
cos” o
14 sin’ @ B cos” 0.cos’ ol + sin’ 0
cos? 0.cos” o cos’ 0.cos” o

B cos?0(1 —sin® o) + sin’ 0 B cos” @ — cos” 0.sin” o + sin® O

cos” 0.cos’ o cos® 0.cos’ o

1= cos” 0.sin’ o,

.o 2 L) —_
(o coscO+sinc6 =1
cos” 0.cos’ o ( )

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

o, 1 cos” 0.cos” o cos ot

— = X = (V)

® cos’0.cos0t 1-—cos’O.sin0o0 1 - cos’0.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
N; cos Ol
N } 1 - cos’@.sina

¥

ey
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COURSE OBJECTIVES

UNIT -1

To impart knowledge on various types of Mechanisms and
synthesis

UNIT - 2

UNIT - 3

UNIT - 4

UNIT - 5

To Synthesize and analyze 4 bar mechanisms

To impart skills to analyze the position, velocity and
acceleration of mechanisms and synthesis of
mechanism by analytical and graphical method

To familiarize higher pairs like cams and principles of
cams design

To study the relative motion analysis and design of gears,
gear trains




UNIT 3

CO3: To impart skills to analyze the
position, velocity and acceleration of
mechanisms and synthesis of mechanism
by analytical and graphical method




UNIT = 11l (SYLLABUS)

Kinematics

« Motion of link in machine
« Velocity and acceleration diagrams
« Graphical method

« Relative velocity method four bar chain

Plane motion of body

Instantaneous centre of rotation

Three centers in line theorem

Graphical determination of instantaneous center




COURSE OUTLINE

LECTURE | LECTURE

TOPIC

KEY ELEMENTS

LEARNING OBJECTIVES

1 Motion of
link in
machine

2 Velocity and
acceleration
diagrams

3 Graphical
method

4 Relative
velocity
method four
bar chain

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

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




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 respect to B (i.e. v, ;) may be written in the
vector form as follows :

O Source : R. S. Khurmi

Va
A VA - y
= VB
B VB = >|
»
0 > b VF a
- AB >
v
BA -
(a) (b)

Relative velocity of two bodies moving along parallel lines.

Similarly, the relative velocity of B with respect to A,

vga = Vector difference of vy and v, =vg — v,
ab = ob — oa

= T .
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RELATIVE VELOCITY

= Vector difference of v o and vy = vy — vp

—_— = Source : R. S. Khurmi

V

Vb (@) )

Relative velocity of two bodies moving along inclined lines.

Similarly, the relative velocity of B with respect to A,

vga = Vector difference of vy and vy, = vy — vy
ab = ob — oa

From above, we conclude that the relative velocity of point A with respect to B (v, ;) and the
relative velocity of point B with respect A (v, ) are equal in magnitude but opposite in direction, i.e.

Vag = —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.

ARB? BA?

i s
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MOTION OF A LINK

Source : R. S. Khurmi

I,_../‘E_j_:x:-f"’”ﬁ”‘ »Let one of the extremities (B) of the link move
\ ;_El relative to A, in a clockwise direction.
\-\. l'". I"- - . H
Ve \ . 3' »No relative motion between A and B, along
\ \al " — theline AB
Y | \ B
.\\ | ,Ir‘,.r'

— »relative motion of B with respect to A must be

(@) ®) 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.

Sohed
\,“\o
~ T %‘FY
p. " o
. ﬂ-'-ﬂ-?iﬂ't
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MOTION OF A LINK

Source : R. S. Khurmi

/B VeA Let ® = Angular velocity of the link A B about A.
|'\ fj We know that the velocity of the point B with respectto A,
x\k‘. LI‘ ’,,El_‘ VpA = E =mwAB vel)
| ;‘? \ a_ fifﬂ’;, Similarly, the velocity of any point C on A B with respectto A,
I\!A/-'I HIA/’\]%F -I':Cﬁ = E = m‘AC “l’]
From equations () and (i),
(@) (b) —
Motion of a Link. o} ac _ ©.AC _ AC

VBA " b o.AB AB . {iii)

Thus, we see from equation (ii7), that the point ¢ on the vector ab divides it in the same ratio
as C divides the link A B.

o am
MRCET CAMPUS
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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

'8 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

7 % diagram

Motion of points on a link. bt
»With suitable scale, Draw oa = VA N ¢ v
Y, T~ YBA
»Through a, draw a line perpendicular to AB W # b A
Vo
»Through o, draw a line parallel to VB intersecting \
the line of VBA at b 0 A d

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

w»>ab = velocity of the link AB
q«}‘

»
~ E—i 5
p. M 8

A%y
P ot 4
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VELOCITY OF A POINT ON A LINK BY
RELATIVE VELOCITY METHOD

Ve Source : R. S. Khurmi

»How to find V¢ ?

Fix ‘c’ on the velocity diagram, using

| ac _ AC
3, ab  AB
Motion of points on a link.
b >oc = V¢ = Absolute velocity of C
: :: Vea,
XA A >the vector ac represents the velocity

of C with respect to Ai.e. Vca.




VELOCITY OF A POINT ON A LINK BY RELATIVE
VELOCITY METHOD

How to find the absolute velocitv of anv other point D outside
AB?

Source : R. S. Khurmi

(a) 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'.
»0d = absolute velocity of D.

" [
The angular velocity of the linkAB = @yp = VBA _ 4P

AB AB




VELOCITIES IN SLIDER CRANK MECHANISM

Source : R. S. Khurmi b
vg = @.F
10OB
B_~
E ,“5 @ A
<7 B
ity — r, O a
- - — — —
SRR AR ey \"IA D
A b
Slider crank mechanism. F,,f’#;..
~ \ '
i ¢ ! 1 vE .-..-..-..- II.III I '
Fix ‘e’, based on the ratio v VasY |
' 0> ;‘ Vi
be/lba= BE/BA Va

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

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

Wpp = TBA _ ab (Anticlockwise about A)
AB AB

[T
MRCET CAMPUS
UG
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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 ®, = Angular velocity of the link OA or

AS~ ©4 @y the angular velocity of the point A
) ] with respect to O.

@ j B ®, = Angular velocity of the link OB or

0 the angular velocity of the point B

Links connected by pin joints. with respect to @, 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




LECTURE 3
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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 scalg 46 Ny, =120p.m. or @y, =2 7 x 120/60 = 12.568 rad/s

AB =0.04m;BC=0.15m; CD =0.08 m; AD =
I.'IIB{] 015 m
40“\\ Step-3 : Calculate VB
'ﬁ*;\};xﬁ;uw NNNN;NNE FBF‘L: FH = l:l'_"'l-]i.-i‘ll xAB=12.568 x 0.04 =0.503 m/s
A 150

Space diagram (All dimensions in mm).

Source : R. S. Khurmi




NUMERICAL EXAMPLE-1

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

1 mm |
A0 Source : R. S. Khurmi
2 /80
4&}\\ V a,d
!{héﬂ.—’h‘r’ffff .-".a"f’.ffﬁ.f,—";".-",—’f.".-"'-l
A 150 1 BC
Space diagram (All dimensions in mm). ab =50.3
mm
Question: Find the angular velocity of link CD b

Vep = cd = 38.5 mm (by measurement) = 0.385m/s, CD =0.08 m
~. Angular velocity of link CD,

1"':[) ﬂ385

Wep = cD = 008 - 4.8 rad/s (clockwise about D) Ans.

- ". 4 "4
P
- itﬁt_.; ~
RCET CAMPUS
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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
IS 11 mm below the fixed point C. The slider m

path and OC is vertical. Source : R. S. Khurmi - A . A

Find: VD, ®gp ,f'f |

/
/
/

Solution. Given: N, , =600 r.p.m. or Ef‘{
W, =2 T x 600/60 = 62.84 rad/s e I—vi

. : L D Yc
Since OA = 28 mm = 0.028 m, therefore velocity of Mﬂu&fj&f/

A with respect to O or velocity of A (because O is a fixed point), * - - - -
ST

'I._J

=V, =0, 4% 0A=62.84x0.028=1.76 m/s
... (Perpendicular to OA)

AD




NUI\/IERICAL EXAMPLE -2

o
Find: VD, ®@gp A &'

Source : R. S. Khurmi /™

Bd.
e T

D //,/z/"'/ "'--._______.-----ﬁrc

LLELLLEL AL it
-

1 e _ _ _ _

STy

(a) Space diagram.

Velocity diagram

Velocity
diagram

By measurement, cd = od = Vo =1.6 m/s
Angular velocity of the link BD
By measurement from velocity diagram, we find that velocity of D with respect to B,
Vpp = vector bd= 1.7 m/s
Since the length of link BD = 46 mm = 0.046 m, therefore angular velocity of the link BD,

© _
BD o T 0.046

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

.‘ W'
3:‘*“{
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NUMERICAL EXAMPLE -3
Source : R. S. Khurmi %
Af/ X

A quick return mechanism of the crank o
and slotted lever type shaping machine ||
IS shown in the Fig. The dimensions of Tool
the various links are as follows :

0102 =800 mm : O1B = 300 mm ; O2D

= 1300 mm ; DR = 400 mm. | | )
The crank O1B makes an angle of 45° 800

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

In the counter clockwise direction. v O] H_
Find : 1. velocity of the ram R, or the Ly, 5

All dimensions in mm.

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




NUMERICAL EXAMPLE -3
fiiff

DOE

VeO1

Veooe

T

“T7~B on crank O, B

S
Vcoz.-E?\ ConO,D
777?47_ I-'

Source : R. S. Khurmi

|

D1 I

|

I

I

I

I |

1/ |
02 I.'I 1) | Iull
N —.C-/_?:;__H_‘ N

All dimensions in mm. FIFIIT

O,

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

Vo = V=W X OB =42x0.3=1.26 m/s
. (Perpendicular to O, B)

i s
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1L AL EXAMPLE -3

Veo1

Veoe

“TTB on crank O, B

Source : R. S. Khurmi

Veo ‘>\ C on O,D
.!|¢ :.'
0, !
!
|
| | RD
|
0 .
Space diagram Draw bc parallel to O2D, to intersect at 'c
> o . cd CD
Fix ‘d’ using the ratiocd/o0,d = CDIO,D ) =
Ve . B - Cd + OZD
Y Find VR & ®pp, CcO2
. |
ory T B} measurement, velocity of the ram R, v, = vectoro,r=1.44 m/s Ans.
— e . Angular velocity of link O D
Velocity diagram. o By measurement , vy, = vy, = Vector o,d = 1.32 m/s
_ o2 _ [.32 ' |
07 ~ 0, D13 12 = 1015 1adfs (Anticlockwise about 0,) ~ Ans,
f@}
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TUTORIAL PROBLEM

Fig. 7.22 shows the e

structure of Whitworth quick return mecha- FE{:\--* S “~. Source:R.S. Khurmi

nism used in reciprocating machine tools. The TN =—,\f1

various dimensions of the tool are as follows : i }\g R s

d = — - — — — g

0Q = 100mm; OP =200mm, RQ= /| TN " ey

150 mm and RS = 500 mm. Co N S

1 | I \ E_.I‘_;ﬁ[} “\K R

The crank OP makes an angle of 60° R I NP ,'

with the vertical. Determine the velocity ofthe ' 1607 g N T

. . - A . \;{_\f
slider S (cutting tool) when the crank rotates . A
at 120 r.p.m. clockwise. N Lo

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.

.. -4
o am
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TUTORIAL PROBLEM (SOLUTION)

Source : R. S. Khurmi

fiigd

i |— —
TITTiT

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

Vg = vector os = 0.8 m/s Ans.

Velocity of the sliding block T on the slotted lever QT

Angular velocity of link RS Vp = vector pr=0.85m/s  Ans.

=—— =1.92rad/s Ans.

STRS 05

i s
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LECTURE 4

INSTANTANEOUS CENTRE OF ROTATION
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INSTANTANEOUS CENTRE METHOD

Translation of the link AB may be assumed to be a
motion of about some centre I, known as
the instantaneous centre of rotation (also called centro or
virtual centre).

these bisectors intersect at | as shown in Fig., which is
the instantaneous centre of rotation or virtual centre of
the link AB.

(also called centro or virtual centre). |

Instantaneous
centre of rotation.

Source : R. S. Khurmi

[- )
\,“\o
‘f&i P, 3
Ie=k

> uﬂ..‘..m..?i-'ﬁ
MRCET CAMPUS




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,
v, COS O = vy cos B

Va cos _ sin (90°— B)

or — =
Vg cosol  sin(90°- o)
Applying Lami’s theorem to triangle A BI,
Al BI

sin(90°— B)  sin(90°— o)
Al sin(90°- )
o BI  sin(90°- o)
From equation (7) and (i1),

Va Ve

Va _ Al
- or

Vg Bjr

where ® = Angular velocity of the rigid link.
Solud

A
L=k
St 4
IRCET CAMPUS

poA

Source : R. S. Khurmi Vg

Vg COS 3

...l1)

. (0T) ~—
Velocity of a point on a link.

= =@ ..(fi)
Al Bl

UK



VELOCITY OF A POINT ON A LINK BY
INSTANTANEOUS CENTRE METHOD

Source : R. S. Khurmi

[f C is any other point on the link, then

Va VR Ve _
= = el V)
Al BI Wi

Velocity of a point on a link.

If VA Is known in magnitude and direction and Ve 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.

3

pa—
<l o
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TYPES OF INSTANTANEOUS CENTRES

Source : R. S. Khurmi

g Number of Instantaneous Centres = N
f.rf \\ — 6

The instantaneous centres /,, and /,,

fixed instantaneous centres

The instantaneous centres /,; and [,

permanent instantaneous centres
as they move when the mechanism moves,

4 Link 1 4o I,

Types of instantaneous centres.

but the joints are of permanent nature.
I, and I,, are neither fixed nor permanent instantaneous centres

as they vary with the configuration of the mechanism.

- b
e
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LOCATION OF INSTANTANEOUS CENTRES

Source : R. S. Khurmi

Ny When the two links are connected by a pin joint

*‘37 (or pivot joint), the instantaneous centre lies on

™ 1 Lir'l|k2

T the centre of the pin e
,/’ A Vg \

Pure rolling contact (i.e. link 2 rolls without slipping), ‘4 /
the instantaneous centre lies on their point of
contact. 't A

l,, at o« vg I B

—

|1:= Link 1

i+ When the two links have a sliding contact, s

the instantaneous centre lies on the common

Link 2
(slider) .
w === hormal at the point of contact.
!ff‘:f/‘j;j/&ff/#!/
Lrk1  The instantaneous centre lies at infinity and each point on the
xed) — slider have the same velocity.
¥

UK



LOCATION OF INSTANTANEOUS CENTRES

When the two links have a sliding contact, the
Instantaneous centre lies on the common normal at the
point of Contact

‘IE

The instantaneous centre lies on the centre

iz of curvature of the curvilinear path in the
"\ (slider

v B | ¥ configuration at that instant.
- ‘j: LA _ .
/7%- il 2 Source : R. S. Khurmi
Link 1
(fixed)

e When the link 2 (slider) moves on fixed
R V/‘i“d”’ link 1 having constant radius of curvature,
;ﬁig’jrf@% the instantaneous centre lies at the centre
-\ ofcurvature i.e. the centre of the circle, for

"/ all configuration of the links.
Link1 o -~
in;%} (fixed)

i
pesremel DEPARTMENT OF MECHANICAL ENGINEERING



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. Vac

| VBC
he

Source : R. S. Khurmi

lap A I

Aronhold Kennedy’s theorem.

dé

the velocity of the point /, _cannot be perpendicular to both lines / , 1, and/ 1, unless

the point /, Ties on the line joining the points /

" and fw-

Thus the three instantaneous centres (/ ,, I 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 .




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

- i oC
Source : R. S. Khurmi a6 T “
Solution. Given: N, = 100r.p.m or E,:r \@
®, , =2 T x 100/60 = 10.47 rad/s & \3
Since the length of crank A B = 300 mm = 0.3 m, ng? 50° \2

oD

therefore velocity of point B on link A B, AS S
|«——— 600 mm ——»
vy = 0,5 XA B=10.47 x 0.3 =3.141 m/s
Location of instantaneous centres: y=nr-D_4G@-D)_

2 2

1. Find number of Instantaneous centres




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

A gy
centres by inspection ks, 5 ©)\
/ f : B 4 II.-'.
l12, 114 — Fixed centres: /2 |
|23, 132 — Permanent A D\
1 I
centres lie 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
At equal distance locate Links 1, 2, 3 &
4 as points on the circle.
4

Source : R. S. Khurmi

-
¥
<
b
L
MR
uGe




NUMERICAL EXAMPLE-1

Locating lis

2 13 is common side to Triangle 134 & 123
| 14 134 . . .
| < Therefore, 113 lies on the intersection of
13 . ... .
1 3 |1, 1,s  thelines joining the points l14lss & Iz 123
\ / I13
Source : R. S. Khurmi
| _j; '! |34
/B n
ﬂ—i‘IE III.'.
A-If Dh
o 1 l14
¥

MRCET CAMPUS
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NUMERICAL EXAMPLE-1

Locating Iz

2 24 is common side to Triangle 124 & 234
12 la i i ]
| Therefore, 124 lies on the intersection of
+ the lines joining the points l12l14 & 134 123
|32 I23
his
Source : R. S. Khurmi ,
|23.:f_i_:__. 2 -----"'!,III|34
A 4
T A, /™ D\
(P lis 1 lia




NUMERICAL EXAMPLE-1

Find Angular velocity of the link

BC Vg =0, XAB=10.47x0.3=3.141 m/s |
We know that: ., lys
/B 4
____________________________ A, H\‘ D\
I24 |12 1 |14

Source : R. S. Khurmi

Let . = Angular velocity of the link BC.
Since B is also a point on link BC, therefore velocity of point B on link BC,
Vg = W X1 B

By measurement, we find that / ;B = 500mm=0.5m

vg  3.141
Pec= 7B 05

= 6.282 rad/s Ans.

o s san v s
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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 \/elacitv nf thn <lider
A, and 2. Angular velocity a0/

LLEEL R EEE T e

AH:_____________ 0

SEEEENETTEE T

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

We know that linear velocity of the crank OB,

= vH:mUHxOB: 10x0.1=1m/s

'L:'

OB




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, 14, 123, l24, |34.

_B
’*‘ ligat o« L, 3 } loq 2
.__,,_ __________________ =,
| Source : R. S. Khurmi 4 1
| By inspection Locate |12, 123& I34.
E Since the slider (link 4) moves on a
| ., straight surface (link 1), l14, will be at
: - Infinity.
ly ! 3 by 3
;r:‘.!:{:!n

\ B
=

£ 77/
A *‘—--_'.. ..................... — I_|2




NUMERICAL EXAMPLE-2

»Ins. Centers are li2, 113, l14, 123, 124, |34.
»Fixing lis...... ?

>
s
=3
8

-
PR

Source : R. S. Khurmi

2

/72 N
N

e
s

N
-

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




NUMERICAL EXAMPLE-2

»Ins. Centers are li2, 113, l14, 123, 124, |34.

»Fixing loa...... ? A lat o
: b4 at o
e
1
S
l12 114 i
124 i
l32 23 !
Source : R. S. Khurmi ! "
|14 can be moved to any convenient i _
j Oi nt Iij &!{i{!fﬁ £ - --_3-__-_'_
A R O . il
SEFREINEREEEEY VA
4
:?’;?ih\'}:
..hf_‘- S

MRCET CAMPUS
UGC Autonomous

utol




NUMERICAL EXAMPLE-2

Solution:

By measurement, we find that

Source : R. S. Khurmi I,A =460 mm=0.46m; and/,, B = 560 mm = 0.56 m
1. Velocity of the slider A
A lgat = Let v, = Velocity of the slider A.
i lisat o . v
i, A We know that A B
413 i I,A I,.B
i !
P - I3 A 0.46
i AN i or Vy = Vg X 37 —1x =082 m/s Ans.
- s I I;B 0.56
- 1
: I
! N 1
I N I
- N !
i R H 2. Angular velocity of the connecting rod AB
1 \
E \\\ E Let ®,, = Angularvelocity of the connecting rod A B.
1 \\ 1
! “\.\ i Vo Vg ®
E \\\\ Va E We know that I.A 1,.B AB
i ~.B by
—— 1
! — I
L. 1 3 _— |2 1 v 1
?'1-'\1.-;.'."; —— : mAH: B _ = 1.78 rad/s Ans.
= I3B 056
A \l-h'_... ..................... — |12 13
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VISIT THE FOLLOWING VIDEOS IN YOUTUBE

» https://www.youtube.com/watch?v=-tgruur80O0Q

» https://www.youtube.com/watch?v=WNh5HpOIg
ms

» https://www.youtube.com/watch?v=ha2PzDt5Sh




EXERCISE-1
The mechanism of a wrapping machine, as shown in Fig. 6.18, has the follow-

GIA = 100 mm; AC = 700 mm; BC = 200 mm; {}36‘ = 200 mm; GZE = 400 mm;

ing dimensions :

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
Source : R. S. Khurmi

bell crank lever by instantaneous centre method.

C

B "

— /
=L T_E

o

A 400 mm ——

ol kLA LS
- 1
e
MRCET CAMPUS
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EXERCISE-1: SOLUTION

_n(n-1)_ 66-1)
- ==

N 15

thf 5/, 4/ Source : R. S. Khurmi

|
| !
%
i | I
\ I 1
\ | |
W, I ¥ 12_
4 I J S
5 | ' - . \
| i - ,
. .
\.\ | ! ray A, 'nj ,
| P "
\ o -\
\ [ 1 f=--—-——- B-—------ >3
i = 7T
8 | , D AN
\ | | [ - Fan
N | ! \ - \
A | ! | \ - 5 = |
3 | i | ? A ., i’ ?
A | ! | A - |
N | i | v e |
4\ I - !
% | i %. d ",
% | A
. Lo 6 . 4
i o
Y Iy \\ -.6 \\ F, //
l"_ [ il % s -
\ ., !
\ 1 ., -.__H\\ ‘__.r -
.l el
|
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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.
Va 10
vg=—""—X[3B=—-x082=901m/s Ans.
I; A 0.91

: 01
B %I D = 208 0.05=3.46 m/s Ans
I B 0.13

Vp =

Vg = D, L E = % x 0.4 =692 m/s Ans.




LECTURE 5

ACCELERATION IN MECHANISMS
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ACCELERATION IN MECHANISMS

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

Let the point B moves with respect to A, with an H""‘}(_ E\
angular velocity of w rad/s and let a rad/s? be the / |
angular acceleration of the link AB. o /

Source : R. S. Khurmi /
-

which is perpendicular to the velocity (i.e. parallel to link

1. The centripetal or radial component of acceleration, /
/ /

AB) of the particle at the given instant.

| A d /
7 B W II
ahs = @ x Length of link AB = ” X AB = v, / AB ( o BA ] %

AR
_ o Acceleration for a link.
2. The tangential component, which is parallel to the velocity

(i.,e. Perpendicular to Link AB) of the particle at the given
' ah, = ax Length of the link AB= o, x AB

- ". 4 ' 4
P
- itﬁt_.; ~
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ACCELERATION DIAGRAM FOR A LINK

Acceleration for a link.

Source : R. S. Khurmi

- Total acceleration of B with respect to A
" /_,-f7 IS the vector sum of radial component
s and tangential component of

3 ‘\/ acceleration
e\

t
dpa Ty

—r% —
i
dgp = apgp t dpa

Acceleration diagram.
Solud
\,"‘\f
Q’n ”
-.iitft‘%}:
| ETCAMS
IGC Autonomous
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ACCELERATION OF A POINT ON A LINK

| Let the acceleration of the point Al.e. aa
Tangential . . . . :
oathof 8 1S Known in magnitude and direction
and the direction of path of B is given.

How to determine as ?
Draw acceleration diagram.

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

B
// I

“ 11 AB

a’ e 2
’ HBA = VA ;[AB

N /"/ :
o The values of g ly, 0 (,’B My be measured, to the scale,

X

La 9 me
MRCI PUS
Ui s




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 f-.‘i_ Source : R. S. Khurmi
path of B

Points on a Link.
Acceleration diagram.

Mathematically, angular acceleration of the link A B,

{IAB — {’TEA J(AB




ACCELERATION IN SLIDER CRANK
MECHANISM

A

FEAELIERE S,

.-'."

—
TTFTTTTTTT 1.D.C. e —+ /
%

—_—

Slider crank mechanism. Source * R. S. Khurmi

Veo = Vg = Wpo 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
_acceleration.

gy
I ok
'-{r.-*?":
RCET CAMPUS
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(g = dg = Wy X OB =




ACCELERATION IN SLIDER CRANK
MECHANISM

Vg
-
A AN
2L, \
\
F - 1 _J OI DICI O,
TITTTTTTT I_D.C_ \ 9 !
A

—_ -

Slider crank mechanism.

Source : R. S. Khurmi

ag = dpo

acceleration of the piston or the sliderA « A and
may be measured to the scale b’

' BA

2
HEA = VBA / AB

1
AR

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

angular acceleration of A B, O,g = 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
y777777478}
=
TTFTTTTTTa T 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 =600 mm=0.6m

b Vo = Vg = Og X OB =31.42x0.15=4.713 m/s

By measurement, Vap = vector ba = 3.4 m/s

v, = vector pa =4 m/s

Since D is the midpoint of A B, d is also midpoint of vector ba.

y velocity of the midpoint D

A v, = vector od = 4.1 m/s Ans.
] Velocity diagram.
e

MRCET CAMPUS
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NUMERICAL EXAMPLE -1

Source : R. S. Khurmi

0
0 f
dg
ag
bf P}‘ }(
r a ap
b 5
vap _ (3.4)° 2
_%aﬁm =ag = Vso _ (47137 _ 148.1 m/s? = 0.

OB 0.15




NUMERICAL EXAMPLE -1

a '
Vi o N a
‘]l
- \
A 7 150 mm “
FIrrIIITIT T I 4 50 \ t
o— _ i ag [
TTFTTTTITIT T IDC O \
\
Space diagram. j
bf _’E X
Source : R. S. Khurmi d AB

By measurement, @, = vector o' d’ = 117 m/s* Ans

Angular velocity of the connecting rod
Vag 34

Wap = — 5.67 rad/s> Ans.
BA 0.6

Angular acceleration of the connecting rod

From the acceleration diagram, ayp = 103 m/s>
I

Opp = das _ 103 —171.67 rad/s® Ans.
BA 0.6

MRCET CAMPUS
UGC A
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TUTORIAL PROBLEM-1

The dimensions and o B
configuration of the four bar mechanism, shown in A T
Fig. 810, are as follows :

PA = 300 mm; P,B = 360 mm; AB = 360 & \* 360 mm
mm, and PP, = 600 mm. @6; \
i/
The angle AP P, = 60°. The crank P A has n::f 359" 1-.,
an angular velocity of 10 rad/s and an angular 7T RT77
acceleration of 30 rad/s?, both clockwise. P4 Py

Determine the angular velocities and angular |"‘7 600 mm —""l

accelerations of P,B, and AB and the velocity and

. .. Fig. 8.10
acceleration of the joint B.

Source : R. S. Khurmi
a, = 29.6 m/s* Ans.

. ai-}P_j_ 26.6

Vop, =V = 2.2 m/s Ans. o = = =73.8 rad/s® Ans.
BPz B B PB 0.36
FHPE 22 - I
BB 0.36 AB = e T 0,36 Ans.
VBA 2.05

Wap = = -= 3.7 rad/s Ans.
AB 036

o am
MRCET CAMPUS
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TUTORIAL PROBLEM-1

B — L'B
A _— |
/5_\':_: III
i H‘ lII
Va = Oppy
@ \
/ AP1 \
Uap Ogp2
iR EEE f{{f///{f/{fffi
Py P2
Space diagram.
b
NB |
.--'r II|i
- L B
AB
P T \
%\H II|
~_ |
~J

Source : R. S. Khurmi

EEAL X
",I ;} N
T'j"-'-

Y

Acceleration diagram

i s
MRCET CAMPUS
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B Vg

—5
- AL PROBLEM-1

Ogpg |

P, Pa
Space diagram.
p-ll i pEI
Source : R. S. Khurmi ,f
.rF,l'l
!
."'ll. .'I
L |
Y |
r |
{
@ ppy” |
.‘rl III:'I
#.a’r [
/! fan
¢
X :}“ ) II|III
d

‘ 2
vector p; x = a,p =30 m/s
.
vector xa’' = ajyp, =9 m/s"
By measurement,

a, =a,, =31.6 m/s*

i s
MRCET CAMPUS
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Py P2
/
/
/
/
/
/
/
/ J
r P
aAP1 ]
,’ /
’
/
| /
\ /
“ // aA
g 3 /:',
agah X a
\ ( > '
l\ a’%}’, a
O,n
y

vector a'y = ap, =11.67 m/s’

apy, Magnitude is yet unknown




EXERCISE-1

Find out the acceleration of the slider D and

the angular acceleration of link CD for the engine mechanism shown
in Fig. 8.14.

The crank OA rotates uniformly at 180 r.p.m. in clockwise
direction. The various lengths are: OA = 150 mm ; AB = 450 mm;
PB =240 mm ; BC = 210 mm ; CD = 660 mm.

Source : R. S. Khurmi

All dimensions in mm.
Fig. 8.14

- b
o am
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ANSWER

Source : R. S. Khurmi
D
\ o,p
P B Illl |
I Vep o |
C * ™
a »- b |
0O VBa / |
A . g
Voc
Va
(a) Space diagram. (b) Velocity diagram.

(c) Acceleration diagram.

ap = vector o'd' = 69.6 m/s* Ans.

MRCET CAMPUS
UGC Autonom
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LECTURE 6

CORIOLIS COMPONENT 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  , +sv A
A

Let ® = Angular velocity of the link OA at time 7 seconds.

v = Velocity of the slider B along the link OA at time 7 seconds.

w.r = Velocity of the slider B with respect to O (perpendicular to the link OA)
at time 7 seconds, and o)

(0 + dw), (v +dv) and (® + dw) (r+ or)
= Corresponding values at time (7 + &) seconds.

-
T -

MRCET CAMPUS
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CORIOLIS COMPONENT OF ACCELERATION

Vv + 0V A

The  tangential component  of
acceleration of the slider B with
respect to _the coincident point C on ¢
the link is known as coriolis ¥
component of acceleration and is
always perpendicular to the link.  goyrce : R. S. Khurmi

(0+dw)

.. Coriolis component of the acceleration of B with respect of C,
ape = dpe = 20w
where ® = Angular velocity of the link OA, and
v = Velocity of slider B with respect to coincident point C.

'l

S

b .Lt‘-t __;\:
ET CAMPUS

i
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CORIOLIS COMPONENT OF ACCELERATION

A A A A
® ® ® ®
AV AV
2mV 20V 20V 20V
o Co———» Co———» <« (C
B B B B
Yv Yv
Q) @ w ®
] ® ® ®
O 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 @y, =2 © x 120/60
= 1257 rad/s ; AB =150 mm = 0.15 m; OC = 700 mm = 0.7 m;
CD=200mm=0.2m

We know that velocity of B with respectto A,

Source : R. S. Khurmi vpa = s X AB
5 =1257x0.15=1.9 m/s
g‘:‘[;;:;[; ...(Perpendicular to A B)

BSlider : Coincident
point B'
va©
A
Vaa .

L~
L

O e<rTTTTTT T TR IS




NUMERICAL EXAMPLE -1

v = vector od=2.15m/s Ans.

From velocity diagram, we also find that

From VelOCIty Velocity of B with respect to B',
dlag Fam by v = vector b'b=1.05 m/s

measurement
Velocity of D with respect to C,

Vpe = vector cd=0.45 m/s

Velocity of B’ with respect to O

Viro = Vector ob'=1.55 m/s

Velocity of C with respect to O,
Voo = vector oc = 2.15 m/s

-, Angular velocity of the link OC or OF’,

"’JED i ]5
= Wy = = = 3.07 rad/s
Weg BO = 50T 07

o am
MRCET CAMPUS
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NUMERICAL EXAMPLE -1 (CONSTRUCTION OF
ACCFEI ERATION DIAGRAM)

LEEERETER T
C f;l[;:;[;"' Link Radial accel. Tangen. accel. | Coriolis Accel.

B Slider Coincident aha = wpp X AB
point B’ AB in = O ; Zero Nil
KPle = (12.57)"x0.15
A =237 m/s’
2 BB’ r app’ = 20y
” Direction “BB"wn. - BB 2
. = 0-VBE
-. # =2%x3.07x1.05=645 m/
Space diagram. | [
' : bC Vb
I'. ﬂr _ . . .
E D¢~ op Direction known Nil
o (045 2 t
= =1 01ms apc
C
B'O . Veo Direction known.  Nil
, ago =
B ¢ 0% BQG
k/ﬁ/”' _ {1597 4.62 m/s*
Bl | | 0.52
I‘:VB'E:' .
: Ay'g
N4 Source : R. S. Khurmi

L Direction of coriolis component.

i
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NUMERICAL EXAMPLE -1 (CONSTRUCTION OF
ACCELERATION DIAGRAM)

¥/ JJEHJ i B
C*F';E%[;' Source : R. S. Khurmi 3
Coincident 2’0’ d, ;‘ § ’
point B' |
A ‘ ‘B’Oy\\ ﬂ;}f
2 4.62 m/s? aggo
2
" [ o
|~ r 7
\ apc 1.01 m/s”
Space diagram.\ [
\ b
5 ; / o'b"/o'c' = OB/OC
c 4 aAB :ab:23 7
. By measurement, acceleration of the ram D, o
@ S ap, = vector 0'd’ = 8.4 m/s* Ans. BB
gl 7| Angular acceleration of the slotted lever 7
| 1) . ¢, 2
—\ By measurement apqg = 6.4 m/s> agg’ 6.45 m/s
Yvee: _ :
'. angular acceleration of the slotted lever,
49 dyo 6.4
w ] / .-
c "0 = B0 _ =12.3 rad/s® Ans.
Direction of coriolis component. )R (.52

i
MRCET CAMPUS
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TUTORIAL PROBLEM

In a Whitworth quick return motion, as shown in the Fig., OA is a crank
rotating at 30 r.p.m. in a clockwise direction. The dimensions of
various links are : OA = 150 mm; OC = 100 mm; CD = 125 mm; and
DR = 500 mm. Determine the acceleration of the sliding block R and
the angular acceleration of the slotted lever CA.

Source : R. S. Khurmi

MANNN
—§ — |—
NANANNN

All dimensions in mm.




D
A
C R B
""h-.__
O
Wgc

Slider (A)

Direction of coriolis component.

X
Coincident pt. (B) aCAB <N
# \ r

A on OA Y W2 AB
Vao B on BD a_-

Space diagram.

Source : R. S. Khurmi d

i ap = vector ¢r'= 0.18 m/s* Ans. Ay
® ! 2
RS a Uy = Olpe = dep _ 014 _ 0.583 rad/s® Ans. Acceleration diagram.
" - BC 0.24

Velocity diagram.

i s
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COURSE OBJECTIVES

UNIT -1

To impart knowledge on various types of Mechanisms and
synthesis

UNIT - 2

UNIT - 3

UNIT - 4

UNIT - 5

To Synthesize and analyze 4 bar mechanisms

To impart skills to analyze the position, velocity and
acceleration of mechanisms and synthesis of mechanism
by analytical and graphical method

To familiarize higher pairs like cams and principles of
cams design

To study the relative motion analysis and design of gears,
gear trains




UNIT 4

CO4: To familiarize higher pairs like cams
and principles of cams design

Sohed
\,"‘\f
b ot
'-{r.-'%';:
RCET CAMPUS
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UNIT = IV (SYLLABUS)

Cams

« Cams Terminology

« Uniform velocity Simple harmonic motion

« Uniform acceleration

« Maximum velocity during outward and return strokes

« Maximum acceleration during outward and return strokes

Analysis of motion of followers

* Roller follower circular cam with straight

« Concave and convex flanks




COURSE OUTLINE

LECTURE LECTURE

TOPIC

KEY ELEMENTS

LEARNING OBJECTIVES

1 Cams
Terminology

2 Uniform velocity
Simple harmonic
motion

3 Uniform

acceleration

t‘ W'
1k

o s san v s

Classifications of CAMs
Cam nomenclature
Types of Followers

Classification based on
Motion of the Follower
Follower Moves with
Simple Harmonic Motion

Follower Moves with
Uniform Acceleration
and Retardation
Follower Moves with
Cycloidal Motion

Understanding what is cam
(B2)

Analyse cam with examples
(B4)

Evaluate tangent cam (B5)

Remember different types of
follower (B1)

Evaluate motion to a knife
edged follower (B5)

Understand line of stroke of
the follower passes through
the centre of the cam shaft
(B2)

Create profile of a cam
operating a roller reciprocating
follower (B6)

MRCET CAMPUS
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COURSE OUTLINE

LECTURE | LECTURE TOPIC KEY ELEMENTS LEARNING OBJECTIVES

4 Maximum velocity < Derive maximum velocity of <« Evaluate the expression
during outward the follower during its for maximum velocity
and return strokes ascent and descent during its ascent and

descent (B5)

5 Maximum « Derive maximum « Evaluate the expression
acceleration during acceleration of the follower for maximum
outward and return during its ascent and acceleration during its
strokes descent ascent and descent (B5)

6 Roller follower * Numerical Examples using < Evaluate roller follower
circular cam with Roller follower circular cam cam mechanism (B5)
straight with straight * Apply roller follower cam

mechanism to generate
cam profile (B3)

7 Concave and « Specified contour cams « Analyse undercutting in
convex flanks * Pressure angle and cam (B4)

] undercutting & sizing of
= cams

UGC Autonomous —



LECTURE 1

CAMS TERMINOLOGY
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OUTLINE

» CAMS

» Classifications of CAMs
» Cam nomenclature

» Motion of the Follower
Uniform velocity
Simple harmonic motion
Uniform acceleration and retardation,
Cycloidal motion

A
mi
Lk

ey
<l o
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CAMS

Cam - A mechanical device used to transmit motion to a
follower by direct contact.

Cam — driver; Follower - driven

In a cam - follower pair, the cam normally rotates while
the follower may translate or oscillate.




CLASSIFICATION OF CAMS
(BASED ON SHAPE)

 Disk or plate cams

 Cylindrical Cam

 Translating cam




CLASSIFICATION OF CAMS
(BASED ON SURFACE IN CONTACT )

Knife edge follower

Roller follower

Flat faced follower

Spherical follower




CAM NOMENCLATURE

Base circle : smallest circle of the cam profile.

Pressure angle

Trace point :
Reference point on the follower
Which generates the pitch curve. Q§Z;
Pressure angle: Y :
Angle between the direction of \

the follower motion and a normal e

to the pitch curve

[T
MRCET CAMPUS
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ut;

(Maximum)

Pressure
A% angle
v




CAM NOMENCLATURE

Pitch point: Point on the pitch curve having the maximum
pressure angle.

Pitch circle: circle drawn through the pitch points.
Pitch curve: curve generated by the trace point

Prime circle: It is tangent to the pitch curve.

Lift or stroke: maximum travel of the follower from its lowest
position to the Top most position.




MOTION OF THE FOLLOWER

1. Uniform velocity
2. Simple harmonic motion
3. Uniform acceleration and retardation,

4. Cycloidal motion




LECTURE 2

UNIFORM VELOCITY SIMPLE HARMONIC MOTION
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UNIFORM VELOCITY

A

B O

1b) ] i

ks

& g B

TATTiB Ci (D E -

. (a) Displacement diagram »The sharp corners at the beginning and
| | RS ’ at the end of each stroke are rounded off
2 by the parabolic curves in the displacement
2 .

o diagram.

T

) B i / »The parabolic motion results in a very low
5 (b), Velocity diagram; | acceleration of the follower for a given
o 8 | ' stroke and cam speed.

g ] U

T

(c) Acceleration diagram

Modified displacement, velocity and
acceleration diagrams when the follower

moves with uniform velocity.

[ This Figure is taken from Book authored by R S Khurmi ]
s
=¥
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FOLLOWER MOVES WITH SIMPLE
HARMONIC MOTION (SHM)

oo

1 7

AN L H -

= it »Draw a semi-circle

. YA ssisere | on the follower stroke
- 0o > «— O —

as diameter.

(a) Displacement diagram

P N 5

§ . »Divide the semi-circle
| f :' M;\J—S " into any number of
to e demn . even equal parts (say
§ ke o . eight).

|

HMM ar Cosine curve

(c) Acceleration diagram

[ This Figure is taken from Book authored by R S Khurmi ]

I (YT .
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FOLLOWER MOVES WITH SIMPLE
HARMONIC MOTION (SHM)

Outward stroke in SHM is equivalent to T ;
Meanwhile CAM is making ©
At any instant of time ‘', angular disp. = 8 = wt

SHM, y = 3 (1-cos @
8

o

_dy _dvy d8 _dv ~_ mwS . m0
= d Tde dat T d8 VT 28, MM g
(8]

For Max. outward velocity V = nz—“éS
0

1 [
E”Er '4‘}..

= [Ha !
Hz| %
c 7
il"“

~ "
b0 e

-t
Ta
MRCET
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FOLLOWER MOVES WITH SIMPLE
HARMONIC MOTION (SHM)

Similar manner, acceleration can be found by
taking time derivative of velocity.

(OR)

Similarly, maximum velocity of the follower on the return stroke,

nTmwS
\'R =
A
maximum acceleration of the follower on the return stroke,
s | 2
T°m-.S

(IR-

2(0g)>




FOLLOWER MOVES WITH UNIFORM
ACCELERATION AND RETARDATION

= 910 N7 : ' : \ '

@ pZAas I AAN 6 maximum velocity of the follower during outstroke,
& Ee% s NS

2| [clPZe a7\ S 2aS

5 e N o =— ===

|A 1234 5678 1"234 5eTE . TDJIIIZ D

|« RN f— b5 —]

— Angular displacement——
! (a) Displacement diagram

maximum velocity of the follower during return stroke,

| P : 5 o _2as
T EMax Vo ' : . = BR
= : i H i ' '
.“g'; E | + i i i
g’f iEI\.-'Ia}'c VR
| :_ i Maximum acceleration of the follower during outstroke,
I El{b} Velocity diggram
| . Z | vo  2X20S  4@>.S
H H i i i il = = =
'. : : i E (8]
f * '0/2 1080 (8p)
= dg : : |
i= i H [
£ t f | maximum acceleration of the follower during return stroke,
g dr 4{:}2,5
=< do =
18 R 2
(Og)

{c) Acceleration diagram

[ This Figure is taken from Book authored by R S Khurmi ]

o am
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FOLLOWER MOVES WITH CYCLOIDAL MOTION

cycloid is a curve traced by a point on a
circle when the circle rolls without slipping
on a straight line

3I 4I 5I

Radius of the circler =S/ 2

N
B =
T —Angular displacement——
(a) Dlsplacement diagram
z < Where S = stroke
| Max. Velocity of the N
. _ .. 2aS
follower during outward - = 'o= 5
1 stroke 0
'..E -
Z
2
L] .
¥ Max. Velocity of the 5 0.8
follower during return L = v =’e—-
{c) Acceleration diagram ) stro ke R

[ This Figure is taken from Book authored by R S Khurmi ]
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FOLLOWER MOVES WITH CYCLOIDAL MOTION

maximum acceleration of the follower during outstroke,
P
_2n0°.S
- 2
(0p)°

maximum acceleration of the follower during return stroke,

aop

_2n@’.S

aR

(Br )2




SUMMARY

Max Outstroke Max return Max Outstroke Max return
Velocity stroke Velocity acceleration stroke

acceleration

TS TS 2w’.S .S
SHM
Uﬂlfoﬂ:‘l 20S 2mS 40625 4025
Acceleration —EI > -
and 8o R (8p) (Br)
Retardation
Cycloidal 2mS 208 2nw.S 2.5
Motion B0 Or (8p)> Og )2

i
o i
-
o o e
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LECTURE 3

UNIFORM ACCELERATION
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NUMERICAL EXAMPLE -1

A cam is to be designed for a knife edge follower with the following data :

1. Cam lift = 40 mm during 90° of cam rotation with simple harmonic motion.

2. Dwell for the next 30°.

3. During the next 60° of cam rotation, the follower returns to its original
position with simple harmonic motion.

4. Dwell during the remaining 180°.

Draw the profile of the cam when

(a) the line of stroke of the follower passes through the axis of the cam shatft,
and

(b) the line of stroke is offset 20 mm from the axis of the cam shatft.

The radius of the base circle of the cam is 40 mm. Determine the maximum
velocity and acceleration of the follower during its ascent and descent, if the

cam rotates at 240 r.p.m.




NUMERICAL EXAMPLE -1

Given : § =40 mm = 0.04 m; 6 =90° = n/2 rad = 1.571 rad
Op = 60° = n/3 rad = 1.047 rad : N = 240 r.p.m.

Return

<«———Qutstroke —| Dwell I_stroke >l Dwell——>—
o Y G H
I A
© EL IF T\ K
d d
c c' D L 40 mm
b blB C M N
a: S R P v
9 A0 1 2 34 56 0'1'2'3' 4' 5'¢' X
|<7 90— |« 30%>«— 60— 180%————

[ This Figure is taken from Book authored by R S Khurmi ]

Draw horizontal line AX = 360° to any convenient scale




NUMERICAL EXAMPLE -1

1 (a) line of stroke of the
’ follower passes through
the axis of the cam shaft

Base circle
Radius 40 mm



NUMERICAL EXAMPLE -1

Line of stroke of the follower passes through the axis of the cam shaft

Knife edge
follower | v|

e'|Y |
| >~ |
"

€] 40m
bl

Base circle

i s
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NUMERICAL EXAI\/'PLE -1

(b) line of stroke is offset 20 mm
from the axis of the cam shaft

Divide outstroke and return
stroke in to same number of
equal parts as in
displacement diagram

Through 1, 2, .. & 6,
Draw tangent to offset
circle.

Repeat the same for the
return stroke.

Mark the salient points (i.e. A, M
B, C .. G) by referring disp. 20 mm
,&\dlagram

>
iit%

T‘ o "r
UGC Autonomous

>Base circle Radius 40

mm




NUMERICAL EXAMPLE -1

line of stroke is offset 20 mm from the axis of the cam shaft

Knife edge follower

|
D |
|

F
/A
4 3 Base circle
S 5 |
Z 90
40 mm

Cam profile E? v} 0O
7 '
H 190 mmL— Offset circle
J (6




NUMERICAL EXAMPLE -1

Maximum velocity of the follower during its ascent and descent
We know that = EH_:N — 21X 240 =25.14 rad/s

60 60
b TS wx25.14x0.04 | m/s Ans
0728,  2x1571 TN
\) 25.14x0.04
VR = oo _ X . = 1.51 m/s Ans.
20g 2x1.047

Maximum acceleration of the follower during its ascent and descent

rfo’s  w%(25.14)20.04

7= 7 = 50.6 m/s® Ans.
2(8p) 2(1.571)

ap =

r0’.S  n2(25.14)%0.04

7 3 = 113.8 m/s® Ans.
2(8g) 2(1.047)

{'.TR =
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o am
MRCET CAMPUS
UGC Autonomous



LECTURE 4

MAXIMUM VELOCITY D OUTWARD AND RETURN
S

| LIVE TO LEARN & LEARN TO SHARE -2

MRCET CAMPUS

UGC Autonomous

DEPARTMENT OF MECHANICAL ENGINEERING




NUMERICAL EXAMPLE-2

A cam, with a minimum radius of 25 mm, rotating clockwise at a uniform speed is
to be designed to give a roller follower, at the end of a valve rod, motion
described below :

1. To raise the valve through 50 mm during 120° rotation of the cam ;
2. To keep the valve fully raised through next 30°;

3. To lower the valve during next 60°; and

4. To keep the valve closed during rest of the revolution i.e. 150° ;

The diameter of the roller is 20 mm and the diameter of the cam shaft is 25 mm.
Draw the profile of the cam when (a) the line of stroke of the valve rod passes
through the axis of the cam shatft, and (b) the line of the stroke is offset 15 mm
from the axis of the cam shaft. The displacement of the valve, while being
raised and lowered, is to take place with simple harmonic motion. Determine
the maximum acceleration of the valve rod when the cam shaft rotates at 100
r.p.m.

Draw the displacement, the velocity and the acceleration diagrams for one
complete revolution of the cam.

- b
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NUMERICAL EXAMPLE-2

Given: S=50mm=005m; 8 =120°=2 n/3 rad = 2.1 rad ;
Or = 60° = n/3 rad = 1.047 rad ; N = 100 r.p.m.

«— Valve raised —>|Dwell|«—"alve 1 Dwell -
Y G H lowered

e' F
/ c' / L

c D 50 mm
\ b’ M

b
\/ ag,”|" s T N5

A1 2 3 4 5 6 0123456
— 120°4+30°H— 60° —> e——150°

[ This Figure is taken from Book authored by R S Khurmi ]
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NUMERICAL EXAMPLE-2

Draw circle by keeping B as
center &

r = roller radius

Similarly from C, D, .. G.

Join the bottoms of the
circles with a smooth
curve to get CAM profile

Prime circle R =25 + .5(20) = 35mm

Base circle R =25 mm

CAM Profile



NUMERICAL EXAMPLE-2




NUMERICAL EXAMPLE-2

When the line of the stroke is offset 15 mm from the axis of the cam shaft

__\_1-5_ Roller follower

Base circle

g |
e | f |
T"_ | SJ"[, "'_ \ 4—— Prime circle
\_I _,r"/‘ - ||5 |II /l i
-~ \ .'l
/’-lﬁl_ - KG'I, q - / Offset circle
! T ' {
(6] (

I ,n".ll { '
) / Y.~
.'lllll 'II f l'. 'I
Cam pr%__ y f.f f A ’M_/J/
" f
Pitch cufve [ | (| / f\
N { \/ *“/

[ This Figure is taken from Book authored by R S Khurmi ]
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NUMERICAL EXAMPLE-2

oo 2N _ 27x100
60 60

maximum velocity of the valve rod to raise valve,
noS  mx10.47x0.05
0, 2x2.1
maximum velocity of the valve rod to lower the valve,

mnsS  wx10.47x0.05
T 28p  2x1.047

=10.47 rad/s

Vo = = DE!} m/s

=785 m/s

VR

maximum acceleration of the valve rod to raise the valve,
o o i | i |
T .5 w (1047)70.05

= " = 6.13 m/s* Ans.
2(8p)° 2(2.1)°

ap =

maximum acceleration of the valve rod to lower the valve,
_n*eo’Ss  n’(10.47)%0.05

= - "~ —24.67 m/s’ Ans.
28g)°  2(1.047)°

aR
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LECTURE 5
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NUMERICAL EXAMPLE -3

A cam drives a flat reciprocating follower in the following manner :

During first 120° rotation of the cam, follower moves outwards
through a distance of 20 mm with simple harmonic motion. The
follower dwells during next 30° of cam rotation. During next 120° of
cam rotation, the follower moves inwards with simple harmonic
motion. The follower dwells for the next 90° of cam rotation. The
minimum radius of the cam is 25 mm. Draw the profile of the cam.




NUMERICAL EXAMPLE -3

|<— Qut stroke —bl Dwelll-!— Return stroke—lli— Dwell —hl
Y G H

=] [

a/ \ E|TF J K

[ D L 20 mm : Flat faced follower
b c M i

. \a\/ B S_T N |P ) i

A1 2 3 4 5 6 o 12 3 4 5 ¢ X

Je—— 120 ——] 30° fe—— 1200 —}— 90° —]

[ This Figure is taken from Book authored by R S Khurmi ]

»Construction procedure is Similar to knife edge /
roller follower.

»Pitch circle is drawn by transferring distances 1B,
2C, 3D etc., from displacement diagram to the
profile construction.

»Now at points B, C, D ... M, N, P, draw the
position of the flat-faced follower. The axis of the
follower at all these positions passes through the
cam centre.

[ This Figure is taken from Book authored by R S Khurmi ]

»CAM profile is the curve drawn tangentially to the
flat side of the follower .

'l
s
1k
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NUMERICAL EXAMPLE -4

Draw a cam profile to drive an oscillating roller follower

to the specifications given below : R — i
(a).Follower to move outwards through an angular I@Iml e et 31 »|_'m 2
displacement of 20° during the first 120° rotation of the C

cam ;

(b).Follower to return to its initial position during next
120° rotation of the cam ;

(c) Follower to dwell during the next 120° of cam
rotation.

The distance between pivot centre and roller centre =
120 mm ; distance between pivot centre and cam axis
= 130 mm; minimum radius of cam = 40 mm ; radius of
roller = 10 mm ; inward and outward strokes take place
with simple harmonic motion.

@] ready [ [ [ |4 Unknown zone 7

Ly
\,“\o
/a S
tﬂt\f}:
B T
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NUMERICAL EXAMPLE -4

AN A,
- g Illllllt
- I|III
— ‘\20*’

—F==e— === —é}

A, A
i:: 120 mm ::i

+— Qut —>|<— Return stroke —D-I'— Dwell —hl
A, G
e _— P ] F Y
4/ \ E,F | H

-::If D/"| | JINK | . 41.88mm
b\ C \L
N/ | B S M N I

ADO 1 2 3 4 5 6 1" 20 3 4 5 ¢ Q

——— 120° v 120° ol 120° —

[ This Figure is taken from Book authored by R S Khurmi ]




NUME AI— EXAMPLE - Pivot circle

R =0A1l
Pivot point/ AAl =120

A1D——mm 0

Prime circle R\= 50

mm
OAl1 =130 mm

/7
O
120K/'

o

Base circle R 7 40
mm




1 as center, AA1 =120

mm as radius, make an

arc to intersect Prime 6
circle at 1

Similarly fix 2 & oth
points by 5
AL O

~ "I d v d
j.lf_‘-t 9 £
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NUMERICAL EXAMPLE -4

[ This Figure is taken from Book authored by R S Khurmi ]

Oscillating roller
/7 follower Raller
N
; - I-
S - ER-EATE LN
~ /b

Prime circle

5 |IL _________F,_

.
/
/
/
IIII
4

Set off the distances 1B, 2C, 3D... 4L, 5M along the arcs drawn equal
to the distances as measured from the displacement diagram

[T
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NUMERICAL EXAMPLE -4

The curve passing through the points A, B, C....L, M, N is known as
pitch curve.

Now draw circles with A, B, C, D....L, M, N as centre and radius
equal to the radius of roller.

Join the bottoms of the circles with a smooth curve as shown in
Fig.

This is the required CAM profile.




LECTURE 6

CONCAVE AND CONVEX FLANKS
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CAMS WITH SPECIFIED CONTOURS

In the previous sessions, we have discussed the design of the profile
of a cam when the follower moves with the specified motion - the
shape of the cam profile obtained may be difficult and costly to
manufacture.

In actual practice, the cams with specified contours (cam profiles
consisting of circular_arcs and straight lines are preferred) are

assumed and then motion of the follower is determined.




CAMS WITH SPECIFIED CONTOURS

« When the flanks of the cam are
straight and tangential to the base
circle and nose circle, then the
cam is known as a tangent cam.

« Used for operating the inlet and
exhaust valves of IC engines

Tangent cam with reciprocating roller follower having contact with straight flanks.

[ This Figure is taken from Book authored by R S Khurmi ]
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RADIUS OF CURVATURE

« It Is a mathematical property of a function. No matter how
complicated the a curve’s shape may be, nor how high the degree of
the function, it will have always an instantaneous radius of curvature
at every point of the curve.

 When they are wrapped around their prime or base circle, they may
be concave, convex or flat portions.

» Both, the pressure angle and the radius of curvature will dictate the
minimum size of the cam and they must be checked.




RADIUS OF CURVATURE

« Undercutting: The roller follower radius Rf is

larger than the smallest positive (convex) local e
radius. No sharp corners for an acceptable cam S
design. ¢

Pisch curve

* The golden rule is to keep the absolute value of
the minimum radius of curvature of the cam
pitch curve at least 2 or 3 times large as the
radius of the follower.

* Radius of curvature can not be negative for a
flat-faced follower.

Cam surface




MANUFACTURING CONSIDERATIONS

Materials: Hard materials as high carbon steels, cast iron.
Sometimes made of brass, bronze and plastic cams (low load and
low speed applications).

Production process: rotating cutters. Numerical control
machinery. For better finishing, the cam can be ground after milling
away most of the unneeded material. Heat treatments are usually
required to get sufficient hardness to prevent rapid wear.

Geometric generation: actual geometries are far from been
perfect. Cycloidal function can be generated. Very few other curves
can.




COURSE OBJECTIVES

UNIT -1

To impart knowledge on various types of Mechanisms and
synthesis

UNIT - 2

UNIT - 3

UNIT - 4

UNIT - 5

To Synthesize and analyze 4 bar mechanisms

To impart skills to analyze the position, velocity and
acceleration of mechanisms and synthesis of mechanism
by analytical and graphical method

To familiarize higher pairs like cams and principles of
cams design

To study the relative motion analysis and design of
gears, gear trains




UNIT 5

COb5: To study the relative motion analysis
and design of gears, gear trains

Sohed
\,"‘\f
b ot
'-{r.-'%';:
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UNIT = V (SYLLABUS)

Gears

« Toothed gears types

« Condition for constant velocity ratio

« Velocity of sliding phenomena

« Condition for minimum number of teeth

« EXpressions for arc of contact and path of contact

Gear Trains

Simple and reverted wheel train

Epicycle gear Train

Differential gear for an automobile




COURSE OUTLINE

LECTURE LECTURE KEY ELEMENTS LEARNING OBJECTIVES

TOPIC

1 Gears » Definition of Gear Drives ¢ Understanding an angle of
« Classification of toothed obliquity in gear (B2)
wheel « Remember the purpose of
gears (B1)

2 Condition for » Definition of Gearing Law <+ Evaluate arc of approach (B5)
constant * Number of Pairs of Teeth + State law of gearing (B1)
velocity ratio in Contact  Remember arc of recess (B1)

3 Velocity of » Definition of normaland + Evaluate the methods to avoid
sliding axial pitch in helical interference (B5)
phenomena gears. « Create normal and axial pitch

» Definition of interference in helical gears (B6)

4 Expressions for + Minimum Number of » Analyze interference occur in
arc of contact Teeth on the Pinion in an involute pinion and gear
and path of Order to Avoid (B4)
contact Interference * Analyse arc of recess (B4)

T -
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COURSE OUTLINE

LECTURE LECTURE KEY ELEMENTS

TOPIC

LEARNING OBJECTIVES

5 Gear Trains « Definition of gear trains
» Types of gear trains
6 Simple and » Definition of gear ratio.
reverted wheel » Definition of train value
train * Numerical Examples to
evaluate the number of
teeth
7 Epicycle gear » Definition of Epicycle

Train gear Train
« Methods to evaluate
velocity ratio

8 Differential gear < Applications of cycloidal
for an tooth profile and involute
automobile tooth profile.

Compare gear and gear train
(B2)

Evaluate co-axial used in the
gear train (B5)

Understanding the uses of
differential gear trains (B2)
Analyse compound gear train
(B4)

Remember the purpose of
epicyclic gear trains (B1)

Find the speed and direction of
gear (B3)

Evaluate the uses of co-axial
gear train (B5)

- ~
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LECTURE 1

GEARS
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POWER TRANSMISSION SYSTEMS

Belt/Rope Drives - Large center distance of the
shafts

Chain Drives - Medium center distance of
the shafts

Gear Drives - Small center distance of the

shafts




__| —_— ‘
1 R . .

\/_L 5 g / Pitch mrcles]

HN HN \\ /: 7 . -

| \ | / II | ' \

1 _|__ I|I I|I 1l

— T I Ly /.fffff
™ P = N -
Source: R. S. Khurmi Line of contact

Line of contact

Friction wheels

Copryright 1995 by Marshall Erain

when the tangential force (P) exceeds the frictional
resistance (F), slipping will take place between the two
wheels. Thus the friction drive is not a positive drive.

[T
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ADVANTAGES AND DISADVANTAGES OF GEAR
DRIVE

The following are the advantages and disadvantages of the gear drive as compared to belt,
rope and chain drives :
Advantages

1. It transmits exact velocity ratio.

2. It may be used to transmit large power.
3. It has high efficiency.
4. It has reliable service.
5. It has compact layout.
Disadvantages

1. The manufacture of gears require special tools and equipment.
2. The error in cutting teeth may cause vibrations and noise during operation.

i s
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CLASSIFICATION OF TOOTHED WHEELS

1. According to the position of axes of the shafts

(a) Parallel

Heringbone gears
(Double Helical gears)

53 External contact Internal contact Parallel Helical gears




CLASSIFICATION OF TOOTHED WHEELS

1. According to the position of axes of the shafts (b) Intersecting
(Bevel Gears) o,

Straight bevel gears

Idle
pinion

! Pinion
; mounting



CLASSIFICATION OF TOOTHED WHEELS

1. According to the position of axes of the shafts (c) Non-intersecting
and non-parallel

Worm & Worm Wheel




CLASSIFICATION OF TOOTHED WHEELS

2. According to the peripheral velocity
of the gears

(a) Low velocity (velocity less than 3 m/s)
(b) Medium velocity (between 3 to 15 m/s)
(c) High velocity (More than 15 m/s)




CLASSIFICATION OF TOOTHED WHEELS

3. According to the type of gearing
(a) External gearing
(b) Internal gearing
(c) Rack and pinion

External gearing Internal gearing Rack and pinion



http://en.wikipedia.org/wiki/Image:Rack_and_pinion_animation.gif

TERMINOLOGY : SPUR GEAR

& Addendum circle

0
/
Dedendum ‘

F,—I—’
__,_I—'-
__,_I—'-
= ]

Pitch surface element

—Working depth

[ Pitch circle

T

Circular pitch \ N
Total depth Tooth space J“
_ Clearance Root or dedendum circle

_ Clearance or
working depth circle

Source: R. S. Khurmi




TERMINOLOGY : SPUR GEAR

Pressure angle or anqgle of obliquity:

It is the angle between the common normal to two gear teeth at the
point of contact and the common tangent at the pitch point. It is

usually denoted by @. The standard pressure angles are 14.5° and
20° .

Source: R. S. Khurmi Common normal to the tooth
surface

Pressure
angle




TERMINOLOGY : SPUR GEAR

Circular pitch: It is the distance measured on the
circumference of the pitch circle from a point of one
tooth to the corresponding point on the next tooth. It

IS usually denoted by Pe .

p. Tt D/T
D = Diameter of the pitch circle, and

T = Number of teeth on the wheel.

Note: Two gears will mesh together correctly, if the two
wheels have the same circular pitch.

nD, =nD, DT
j'-](‘ = = = 01 = —
L D, T,

- = =

Y

ey
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TERMINOLOGY : SPUR GEAR

Diametral pitch.

[t is the ratio of number of teeth to the pitch circle diameter in millimetres.
It 1s denoted by p,. Mathematically,

, L _ T [ = E)
Pd D ]}E . ¢ T
T = Number of teeth, and

D = Pitch circle diameter.
Module.

[t is the ratio of the pitch circle diameter in millimeters to the number of teeth.
Module, m = DI/T

Note : The recommended series of modules in Indian Standard are 1, 1.25,
1.5,2.2.5,3,4,5,6,8, 10, 12, 16, and 20.




TERMINOLOGY : SPUR GEAR

Backlash: It is the difference between the tooth space and the tooth
thickness, as measured along the pitch circle.

Theoretically, the backlash should be zero, but in actual practice
some backlash must be allowed to prevent jamming of the teeth
due to tooth errors and thermal expansion




FORMULAE

(Teeth on pinion )
Center distance = +

Circular pitch

 Teeth on Gear

2XTT

~ (Teeth on pinion +Teeth on Gear)

2 x Diametral pitch

Base Circle Diameter = Pitch Diameter x Cos ¢




FORMULAE SPECIFIC TO GEARS
WITH STANDARD TEETH

Addendum = 1 + Diametral Pitch
0.3183 x Circular Pitch

Dedendum = 1.157 = Diametral Pitch
0.3683 x Circular Pitch

Working Depth = 2 + Diametral Pitch
= 0.6366 x Circular Pitch

Whole Depth = 2.157 + Diametral Pitch
= 0.6866 x Circular Pitch




FORMULAE SPECIFIC TO GEARS
WITH STANDARD TEETH

 Clearance = 0.157 = Diametral Pitch
= 0.05 x Circular Pitch

* Outside Diameter = (Teeth + 2) + Diametral Pitch
= (Teeth + 2) x Circular Pitch + 1

« Diametral Pitch = (Teeth + 2) + Outside Diameter




GEAR MATERIALS

Selection of materials depends upon strength and service conditions
like wear, noise etc.,

> Metallic materials (cast iron, steel (plain carbon steel or alloy
steel) and bronze)

» Non- Metallic materials — reduces noise (wood, compressed paper
and synthetic resins like nylon)

Note: phosphor bronze is widely used for worm gears in order to
reduce wear of the worms




LECTURE 2
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LAW OF GEARING

Involute Gear

The moving point ‘P’ is Pitch
point.

The profiles which give constant
Velocity ratio & Positive drive is

known as Conjugate profiles Driver

Driven

KL — Length of path of
contact

KP — Path of approach
PL — Path of recess

\)‘!{!
~ !—i iy,
=T
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?2 Source: R. S. Khurmi

\L/" Wheel

LAW OF GEARING

Base circle

& ;Pntch circle

\ Addendum
circles
D — pitch circle diameter

T — Number of Teeth |
Pinion ’q'\’\ f B:} Pitch circle

(Driver) o A ke
1

»In order to have a constant angular velocity ratio for all positions of the
wheels, the point P must be the fixed point (called pitch point) for the two
wheels. i.e. the common normal at the point of contact between a pair of
teeth must always pass through the pitch point.

Angular velocity Ratio Is Constant
o ON OF \ .
w, OM OP |

O O, P B D, _Ir‘”2
o, OP D T,

e

»This is the fundamental condition which must be satisfied while
designing the profiles for the teeth of gear wheels. It is also known as law
of gearing

A%

P

T-':..:"r
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INVOLUTE TOOTH PROFILE

Gear meshing and involute profiles

[https://www.youtube.com/watch?v=4QMOjuVXW54]




COMPARISON BETWEEN INVOLUTE AND CYCLOIDAL
GEARS

Involute Gears Cycloidal Gears

S.
N
0

1.

Advantage of the involute gears is that Not true
the centre distance for a pair of involute

gears can be varied within limits without

affecting velocity ratio

2. Pressure angle, from the start of the pressure angle is maximum at the
engagement of teeth to the end of the beginning of engagement, reduces
engagement, remains constant to zero at pitch point, starts

decreasing and again becomes
maximum at the end of engagement
(smooth running and less wear of gears) (less smooth running of gears)

3. The face and flank of Involute teeth are double curves (i.e. epi-cycloid and
generated by a single curve. Hence, easy hypo-cycloid) . Hence, difficult to
to manufacture. manufacture.

/
fﬁm
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COMPARISON BETWEEN INVOLUTE AND
CYCLOIDAL GEARS

Involute Gears Cycloidal Gears

4, Less strong Cycloidal teeth have wider flanks,
therefore the cycloidal gears are stronger
than the involute gears, for the same
pitch

5. Occurs Interference does not occur
6. Less weighted outweighed




STANDARD PROPORTIONS OF GEAR SYSTEMS

S. No. Particulars I'J%S composite or full 20° full depth 20° stub involute
depth involute system involute system system
1. Addenddm 1 m I m 0.8 m
2. Dedendum 1.25m .25 m 1 m
3. Working depth 2m 2m 1.60 m
4. Minimum total depth 225m 2.25m [.80 m
5. Tooth thickness 1.5708 m 1.5708 m 1.5708 m
6. Minimum clearance 0.25m 0.25 m 0.2m
7. Fillet radius at root 0.4m 0.4m 0.4m

. ~ ~. o .
The increase ot the pressure angle from lall2 to 20° results in a

stronger tooth, because the tooth acting as a beam 1s wider at the base.

o am
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LENGTH OF PATH OF CONTACT

Driven Driver
KL — Length of path of
contact

KP — Path of approach

PL — Path of recess




LENGTH OF PATH OF CONTACT

Source: R. S. Khurmi

»contact between a pair of
iInvolute teeth begins at K
ends at L

Base circle
; Pitch circle

»>MN Is the common normal
at the point of contact

tangent to the base circles

B; Pitch circle

KP — Path of approach
PL — Path of recess
KL — Length of path of contact

Iﬁ %\Jg

’ i sy n-l
UGC Autonomous
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LENGTH OF PATH OF CONTACT

Let r, = O,L = Radius of addendum 02
circle of pinion,

R, = O,K = Radius of addendum
circle of wheel,

Source: R. S. Khurmi

ﬁ Wheel

( Driven )

Base circle

r = O,P = Radius of pitch circle of . .
;Pm:h circle

I
pinion, and
R = O,P = Radius of pitch circle of

2
wheel. Addendum

circles

From Triangle O MP OM = rcos i)

Triangle O,NP.  O,N = R cos ¢

/Base Pitch circle
circle

Now from right angled triangle O, KN,

KN =[(0,K) — (O,N) = (R, | - R cos® ¢

PN = O,Psin¢ = R sing




LENGTH OF PATH OF CONTACT

. Length of the path of approach, o, Source: R. S. Khurmi
KP = KN — PN = J(RA )> = R? cos® 0 — R sino m Wheel
] ( Driven )

Base circle

Similarly from right angled triangle O ML, ; Pitch circle

ML = \(O.LY = (OM)* =J(ry)* = r*cos® ¢ and-

Addendum

_ _ circles
MP =0O,Psin¢ =rsmno

Length of path of recess, PL

PL = ML — MP = +/(rs)* = r? cos> ¢ — rsin
\/( A) ¢ 0 /Base Pitch circle

. Length of the path of contact,

KL =KP + PL = J(RA ) — R? cosij + \/(J‘A'}z — cnszq:- — (R + r)sing




LENGTH OF ARC OF CONTACT

Source: R. S. Khurmi
»arc of contact is the path traced O
by a point on the pitch circle ﬁ\ Wheel
) . ] ( Driven )
from the beginning to the end of
engagement of a given pair of
teeth ‘

Base circle
gPitch circle

Addendum
circles

» Arc of contact is EPF or GPH.

»The arc GP i1s known as arc of
approach

[Base Pitch circle
circle

»>»The arc PH is called arc of
recess




LENGTH OF ARC OF CONTACT

We know that the length of the arc of approach (arc GP)

_ Length of path of approach  KP

Cos O Cos O

the length of the arc of recess (arc PH)

_ Length of path of recess  PL

Ccos O Cos O

Length of the arc of contact = arc GP + arc PH = Kp + PL KL

Cos®  coso - cos O

_ Length of path of contact

cos O




CONTACT RATIO
(NUMBER OF PAIRS OF TEETH IN
CONTACT)

>t Is defined as the ratio of the length of the arc of contact
to the circular pitch.

Length of the arc of contact
P,

p. = Circular pitch = Tm, and

m = Module.

The contact ratio, usually, is not a whole number. For example, if the
contact ratio is 1.6, it does not mean that there are 1.6 pairs of teeth in
contact. It means that there are alternately one pair and two pairs of
teeth in contact and on a time basis the average is 1.6

Contact ratio =

Larger the contact ratio, more quietly the gears will operate
5%
| DEPARTMENT OF MECHANICAL ENGINEERING



LECTURE 4

EXPRESSIONS FOR A OF CONTACT AND PATH OF
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NUMERICAL EXAMPLE -1

The number of teeth on each of the two equal spur gears in mesh are
40. The teeth have 20° involute profile and the module is 6 mm. If the
arc of contact is 1.75 times the circular pitch, find the addendum.

Given: T=r=40;¢0=20; m =6 mm
Length of arc of contact = 1.75 p_
We know that the circular pitch,

p.=Tm=mX6= [8.85 mm
Length of arc of contact = 1.75 p_=1.75 x 18.85 =33 mm

Length of path of contact = Length of arc of contact x cos ¢ =33 cos 20° =31 mm




NUMERICAL EXAMPLE -1

We know that pitch circle radii of each wheel,
R=r=m.T/2=6x40/2=120 mm

length of path of contact =31 = \/(Rﬂ)2 — R? cos® O + \/(r;g,L}2 — r?cos? ® —(R+7r)sing®

= 2 [J(RA)Z — R2 CDSE(IJ - R ‘ﬁln(l):| L RZ.T, and RA:.?'A.]

R, =126.12 mm

addendum of the wheel.

=R, —R=126.12-120= 6.12 mm Ans.




NUMERICAL EXAMPLE -2

A pair of gears, having 40 and 20 teeth respectively, are rotating In
mesh, the speed of the smaller being 2000 r.p.m.

Determine the velocity of sliding between the gear teeth faces at the
point of engagement, at the pitch point, and at the point of
disengagement if the smaller gear is the driver. Assume that the gear
teeth are 20° involute form, addendum length is 5 mm and the
module is 5 mm.

Also find the angle through which the pinion turns while any pairs of
teeth are in contact.




NUMERICAL EXAMPLE -2

Solution. Given: 7T =40:7 =20:N, =2000r.p.m. ;¢ =20"; addendum=35 mm;m =5 mm
We know that angular velocity of the smaller gear,
_2mN;  2mx 2000

W = = 209.5 rad/s
60 60

angular velocity of the larger gear, ®, = 104.75 rad/s ( ! :%]
o,

Pitch circle radius of the smaller gear, r=m.t/2 =15 x 20/2 =50 mm
R=mT/2=5x40/2= 100 mm

Radius of addendum circle of smaller gear, r, =r+ Addendum =50+ 5 =355 mm
larger gear, R, =R + Addendum= 100 +5=105 mm

length of the path of recess,
PL = \/{r},L )2 — r*cos® 0 — rsino
= {(55)% = (50)> cos® 20° — 50 sin 20°

length of path of approach,
KP = \/(Rﬁjz — R?*cos® d — R sin¢

= .\/(105]2 — (100}2 IIIZlC“I'S2 200 — 100 Siﬂ 200 — llﬁ mm
=12.65 mm




NUMERICAL EXAMPLE -2

Velocity of sliding at the point of engagement
We know that velocity of sliding at the point of engagement K,
veg = (O, + @,) KP =(209.5 +104.75) 12.65 = 3975 mm/s Ans.

Velocity of sliding at the pitch point
Since the velocity of sliding is proportional to the distance of the contact point from the pitch
point, therefore the velocity of sliding at the pitch point is zero. Ans.
Velocity of sliding at the point of disengagement
We know that velocity of sliding at the point of disengagement L,
vgr = (0 + ®y) PL =(209.5 +104.75) 11.5 = 3614 mm/s Ans.
Angle through which the pinion turns

360°
Circumference of pinion

= Length of arc of contact X

360°
X

=257 = 29.45° Ans.

314.2




INTERFERENCE AND UNDERCUTTING

Source: R. S. Khurmi

Working profile
{invoute of circle)

} Lowest point of working
profile on which contact

of working Radial line of base circle



INTERFERENCE AND UNDERCUTTING

»if the radius of the addendum circle of pinion is increased to O1N, the
point of contact L will move from L to N.

»When this radius is further increased, the point of contact L will be on
the inside of base circle of wheel and not on the involute profile of tooth
on wheel O,

Base circle
; Pitch circle

The tip of tooth on the pinion will Actual add. circle

then undercut the tooth on the
wheel at the root and remove part
of the involute profile of tooth on
the wheel. This effect is known as
Interference

Max. addendum circle

Actual add. circle

N Pitch circle
The phenomenon when the tip pinion Source: R. S. Khurmi

of tooth undercuts the root on O
Its mating gear is known as
Interference.

Interference in involute gears.




INTERFERENCE AND UNDERCUTTING

Similarly, if the radius of the addendum circle of the wheel
Increases beyond O2M, the tip of tooth on wheel will cause
Interference with the tooth on pinion.

The points M and N are called interference points.
0,

Base circle

; Pitch circle

U

I\
wheel B/ O\
‘ Actual add. circle

Obviously, interference _may be
avoided if the path of contact
does not extend beyond
Interference points.

Max. addendum circle

Actual add. circle

!
Base circle ..__¢ Doy Pitch circle

The limiting value of the radius /" pinion
of the addendum circle of the 0, Source: R. S. Khurmi

piniOn is O1N and of the wheel Interference in involute gears.




INTERFERENCE AND UNDERCUTTING
To avold interference: Maximum length of path of approach, MP = rsin O

maximum length of path of recess, PN =R sin ¢
-, Maximum length of path of contact,

MN=MP+PN=rsmd+Rsino=(r+R)sino

Base circle
Pitch circle

Actual add. circle

Max. addendum circle

maximum length of arc of contact =

(r + R)sino
cos O

Actual add. circle

=(r+ R)tan¢
Pitch circle
pinion

0, Source: R. S. Khurmi
Interference in involute gears.

o am
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NUMERICAL EXAMPLE -3

Two mating gears have 20 and 40 involute teeth of module 10 mm and
20° pressure angle. The addendum on each wheel is to be made of
such a length that the line of contact on each side of the pitch point has
half the maximum possible length. Determine the addendum height for
each gear wheel, length of the path of contact, arc of contact and
contact ratio.

Solution. Given: ¢t =207 =40;m =10mm ; ¢ = 20° r =100 mm
R = 200 mm

Find pitch circle radius usig r=m.1/ 2

the line of contact on each side of the pitch point
(i.e. the path of approach and the path of recess)
has half the maximum possible length, therefore

Path of approach, KP = MP

J(RA}E — R? cos” ¢ — Rsin¢ = F'S;nq)'_> R, =206.5 mm




NUMERICAL EXAMPLE -3

. Addendum height for larger gear wheel
=R, — R =206.5—- 200 = 6.5 mm Ans.

Now path of recess, ~ PL =3 PN

R.sin ¢
2

'J(fﬁ }2 — ;'2 Cﬂﬂzq) —Fr Sinq) - |:> Fa = 116.2 mm

Addendum height for smaller gear wheel = r, —r = 6.2 mm Ans.

Length of the path of contact = KP + PL = %MP + %PN _r R}qu) = 51.3 mm Ans.

P )

Length of the path of contact  51.3

Length of the arc of contact = = 54.6 mm Ans.

coso cos 20°
Contact ratio

circular pitch, P =tm = © x 10=31.42 mm

Length of the path of contact — 174 Ans.

Contact ratio =

Pe




MINIMUM NUMBER OF TEETH ON THE PINION IN
ORDER TO AVOID INTERFERENCE

t = Number of teeth on the pinion,, 0, .
Base circle
T = Number of teeth on the wheel, Pitch circle
wheel R
m = Module of the teeth, /¢ Actual add. circle
r = Pitch circle radius of pinion = m.r/ 2 Max. addendum circle

G = Gearratio=T /t=R/r

¢ = Pressure angle or angle of obliquity. Actual add. circle

From triangle O,NP,

(O,N)* = (O,P)* + (PN)* —2x O,P x PN cos O,PN
=r” + R sin” 0 — 2r.R sin¢ cos (90° + @)
=r> + R*sin” ¢ + 2r.R sin” 0

Pitch circle

Interference in involute gears.

2 . 2 . 2 _
_ 2 {1 L R7sin" ¢  2Rsin ‘11: Source: R. S. Khurmi
r’ r

—r* {l + R (E + 2)sin‘2 cp]
rir

.. -4
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MINIMUM NUMBER OF TEETH ON THE PINION IN ORDER
TO AVOID INTERFERENCE

... Limiting radius of the pinion addendum circle,

.
(ON)” =r{l+£(£+2)5inz¢] 2 —
N 01N=r\/]+—{—+2]sin2¢=EJ]+—{—+2}sin2¢
r\r 2 t

t

Let Apm = Addendum of the pinion, where A, is a fraction by which the standard
addendum of one module for the pinion should be multiplied in order

to avoid interference.
addendum of the pinion = O,N —-O,P

1 T (T f
AP.m=m— 1+ — [ +7)51n¢—m—
2 r\r 2

Fa

(T OP=r=mt]2)

| R
wos )

2A, Ap
\/1+Z(E+2)sinz¢—] J1+G(G+2)sin‘¢—]
t

I

- 1
o S
MREET CAMPUS
Auton: us
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MINIMUM NUMBER OF TEETH ON THE PINION
IN ORDER TO AVOID INTERFERENCE

5. No. System of gear teeth Minimum number of teeth on the pinion
=]
1. 14% Composite 12
=]
2. 145" Full depth involute 32
3. 20° Full depth involute 18
4, 20° Stub involute 14

A
m&
Lk

o s san v s
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NUMERICAL EXAMPLE -4

A pair of spur gears with involute teeth is to give a gear ratio of 4 : 1. The
arc of approach is not to be less than the circular pitch and smaller wheel
IS the driver. The angle of pressure is 14.5°. Find : 1. the least number of
teeth that can be used on each wheel, and 2. the addendum of the wheel
In terms of the circular pitch ?

Solution. Given : G =T/t=R/r = 4; ¢ = 14.5°
1. Least number of teeth on each wheel
Let t = Least number of teeth on the smaller wheel i.e. pinion,

T = Least number of teeth on the larger wheel i.e. gear, and
r = Pitch circle radius of the smaller wheel i. e. pinion.
the maximum length of the arc of approach

_ Maximum length of the path of approach r sin¢

=r tan
cosO cos ¢

- - 2Tr . 2r
circular pitch, p. = mm = vl m = —

!




NUMERICAL EXAMPLE -4

Since the arc of approach is not to be less than the circular pitch, therefore

21r 2n 2T
or =

= = 24.3 say 25 Ans.
t tan¢ tan 14.5°

rtan@ =

T=Gt=4x25=100Ans. Lo G=TID

2. Addendum of the wheel
addendum of the wheel

T Y anre -
== {J1+T[F+2)sm o 1]

100 -
_mx 1+ 2 [ 2 5 sin214.5 — 1
2 100 | 100

= 085m=085x p./n=0.27 p. Ans.
om= p.Im)




GEAR TRAINS

Two or more gears are made to mesh with each other to transmit power
from one shaft to another. Such a combination is called gear train or

train of toothed wheels.

Types of Gear Trains

1.Simple gear train
2.Compound gear train
3.Reverted gear train
4.Epicyclic gear train




LECTURE 5

GEAR TRAIN
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SIMPLE GEAR TRAIN
One gear on each shaft

' i Driven or
Driver Driven or )
& follower ~ Driver Driven or ( Driver follower

— 1 follower
s ﬁ(";\ﬂ?}? %L:'\ ,,;X ¥ A . \ 4
LY AT o\ VA /
\_+_,/ 1 \%____/ e \____,/

\1/ ~

/

)
\ A
[-'.f_; + B 1

\MH\M\HHHI IR

L—-:-‘l T T -

——‘]

(a) (b} )  Source: R. S. Khurmi

If the distance between the two gears is large, intermediate gears employed. If the
number of intermediate gears are odd, the motion of both the Gears is like. If Even -

unlike direction _ _
N = Speed of gear I(or driver) inr.p.m.. N, = Speed of gear 2 (or driven or follower) in r.p.m.,

I',= Number of teeth on gear 1, and T, = Number of teeth on gear 2.
The speed ratio (or velocity ratio) of gear train is the

ratio of the speed of the driver to the speed of the
d |ven or follower. . _ N _ T

Speed ratio = —
pe 1 N




SIMPLE GEAR TRAIN

The ratio of the speed of the driven to the speed of the driver is known
as train value of the gear train

. N
5 Train value = -2 —
2 Nl

GIG

speed ratio for cear 1 & 2
P - L N, T

speed ratio for gear 2 &£ 3 —= =

S0 REVSMIN

The speed ratio of the gear train is obtained by multiplying the
above two equations

Ny Ny B T N, _ Ty

No N3 I B Ns T
|

~ "I d v d
.Iﬁ%' b
j.lf_‘-t 9 £
(T e
UGC Autonomous




SIMPLE GEAR TRAIN

Speed of driver  No. of teeth on driven

Speed ratio = — - :
Speed of driven  No. of teeth on driver

. Speed of driven  No. of teeth on driver
Train value = =

Speed of driver  No. of teeth on driven
The intermediate gears are called idle gears, as they do not
effect the speed ratio or train value of the system.
The idle gears are used
»To connect gears where a large centre distance Is
required, and

» To obtain the desired direction of motion of the driven gear
(.e. clockwise or anticlockwise).

2
27

,
Skt
5

SE

@

CEE ¢
m -
En'r B
= [, 5
3 B & ™
& @y ¥



COMPOUND GEAR TRAIN

GEAR A

More than one gear on a shaft

Driver Compound
gears

Driven

N,.N;..., N = Speed of respective gears in r.p.m., and . .
T,.T,..T,=Number of teeth on respective gears.

1 | 2

speed ratio 1 and 2 N, — T_ﬂ III l III i I o

N, T, || C

N, T s[5 | Ilt
- - 3 4 +5
speedratio 3and4, —=— L

N4 T3 5 I |||| 1 I]]B

Ns T,  Source:R.S.Khurmi b

gears 5 and 6, speed ratio — = —
Ne T




COMPOUND GEAR TRAIN

The speed ratio of compound gear train is obtained by
N T T T Driver Compound
N Ns T T, T,

gears

N, N Ny T, T, T

N, T, xT,xTg

or =
Ne T, xTyxT

Speed of the first driver . |[| | BI '
2
Speed of the last driven or follower ' s

Speed ratio =

3 Product of the number of teeth on the drivens 1| C

- . : - 3 ' 4
Product of the number of teeth on the drivers m = II

i
D
. Speed of the last driven or follower
Train value = —F — : 5 ' ml ! |]] 6
Speed of the first driver J il
_ Product of the number of teeth on the drivers Source: R. S. Khurmi

Product of the number of teeth on the drivens

MRCET CAMPUS
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COMPOUND GEAR TRAIN

Advantage of Compound Gear Train over simple gear train:

»a much larger speed reduction from the first shaft to the last
shaft can be obtained with small gears.

»|f a simple gear train is used to give a large speed reduction,
the last gear has to be very large.

Design of Spur Gears

x = Distance between the centres of two shatfts, Y = d, + d,
N, = Speed of the driver, 2

T, = Number of teeth on the driver, speed ratio
d, = Pitch circle diameter of the driver, N _dy T
N, ., T,and d,= Corresponding values for the driven Ny dp

» = Circular pitch.
C
¥

UK



NUMERICAL EXAMPLE -1

Two parallel shafts, about 600 mm apart are to be connected by
spur gears. One shaft is to run at 360 r.p.m. and the other at

120 r.p.m. Desian the gears, if the circular pitch is to be 25 mm.
Given : x =600 mm ; N, =360 r.p.m. : N,= 120 t.p.m. ; p_= 25 mm
d, = Pitch circle diameter of the first gear, and
d,= Pitch circle diameter of the second gear. 7, = 37, =114 (*.," Speed ratio =3)

speed ratio, N — dy _ 360 =3 or d,= 3011 (i) Now the exact pitch circle diameter of the first gear,
N, d;, 120 - Ty x p.  38x25

&
2 d]:
T T

= 302.36 mm

I
X = 6[}0:E (dy +dy) 1)

the exact pitch circle diameter of the second gear,
» Ty x p. 114x25
—2 % Pe = 907.1 mm

T [

From (7) and (1), dl = 300 mm, and *‘5”3 =900 mm d,

Exact distance between the two shafts.

Number of teeth on the first gear, o td

5 3
lend‘ _ X 00237.? _ 33

=604.73 mm

F=

Pe 25
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REVERTED GEAR TRAIN

Used in automotive transmissions, lathe back gears, industrial speed reducers, and

In clocks (where the minute and hour hand shafts are co-axial).

gear
—~ \

. \(/p\\

last gear (i.e.Last driven are co-axial)

The axes of the first gear (i.e. first driver) and the A
Let T1= Number of teeth on gear 1., )

I
r, = Pitch circle radius of gear 1, and \u_
N, =Speed of gear 1 in r.p.m. T

Similarly, T

,_-'

Compound

| ! I\._ L‘) .I

/x“/

T,, T, T,=Number of teeth on respective gears, .

rs, I3, 1y = Pitch circle radii of respective gears, and

N,.N,. N, = Speed of respective gears in r.p.m. Co-axial -

shafis
The distance between the centres of the shafts of
gears 1 and 2 and the gears 3 and 4 are same

3

Source R. S. Khurmi

rytr,=ry+r,

/

> 'N

1-‘:..:3.7
Auton: us




REVERTED GEAR TRAIN

Compound
I+ T':I= I+ T ..(11) gear
1 Tia= 3Ty
We know that circular pitch, / o \( \
2
po=emm o or r="E [ ,./p\,
T 2 - \_,J |. o |

A \
5= m.T, = m.T, h= m.15 = m.T, \ﬁ_ l /
2 2 2 2

from equation ¥y + 15 = 13+ F,
mT, ml, mT;  mT,
> T2 T2 T
I 2

T1+T2:T3+T4

Product of number of teeth on drivens Co-axial \(f;
Source: R. S. Khurmi

Speed ratio =

Product of number of teeth on drivers shafts H.
|

.. (i) “‘H

N, T, xT,
N, T,xT,

From equations (i), (ii) and (iii), we can determine the number of teeth on each gear
for the given centre distance, speed ratio and module only when the number of teeth

on one gear is chosen arbitrarily

Tr‘

CET CAMPUS
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e
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NUMERICAL EXAMPLE-2

The speed ratio of the reverted gear train, as shown in the figure is to
be 12. The module of gears A and B is 3.125 mm and of gears C and
D is 2.5 mm. Calculate the suitable numbers of teeth for the gears.
No gear is to have less than 24 teeth.

g Source: R. S. Khurmi
C
Solution. Given : Speed ratio, N,/Ny= 12 ; =%
my=mg= 3.125 mm ; Me= Mgy = 2.5 mm
Let N , =Speed of gear A, 200 mm
T', =Number of teeth on gear A,
o . \
r, = Pitch circle radius of gear A, . & l g
. . » river riven
Ny, N, Ny = Speed of respective gears, A
_ -af aQ v —— D
Ty, T, T, = Number of teeth on respective gears, and
Iy, I'e» Iy = Pitch circle radii of respective gears.




NUMERICAL EXAI\/IPLE 2

Speed of first driver

We know that speed ratio =

N, =12 B3 B
Speed of last driven N, C
Also Na _ Na X Nc ...(Nz = N. being on the same shaft) n f
) ND NH Nl] 200 mm
N, N¢ ‘
For N—H and N—n to be same, each speed ratio should be .fj2 so that & {
N, _N, KNC _2x 12 =12 Driver Driven
Nl] NH Nl) A D
therefore Ya _ Nc _ J12 =3.464 —> 1g _1p
No  Ne =280 — =—=3464 (i)
o N : ' - Source: R. S. Khurmi
We know that the distance between the shafts
X =ry+rg=ro+ =200 mm
T
mp . Tp N mg .1y _ me.Te . mp . Tp — 900 [ r :mT]
2 2 2 2
3125(T, +T3)=25(T+Tp) =400 (0 my = my, and me = myp)
r,+T,=400/3.125=128 ..(1)
I'. +T,=400/25=160 ... (1)

i
MRCET CAMPUS
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REVERTED GEAR TRAIN

From equation (1), TB =3.464 TA. Substituting this value of TB In equation (if),
r,+34647T,=128 or T,=128/4.464=728.67 say 28 Ans.
and T'y=128 — 28 = 100 Ans.
Again from equation (i), TD= 3.464 T{:' Substituting this value of TD In equation (iii),
Io+3464T.=160 or T.=160/4.464=35.84say 36 Ans.
and I'y=160-36= 124 Ans.
Note : The speed ratio of the reverted gear train with the calculated values of number of teeth on each gear is
Ny _TyxTy _100x124

= =123
Np Ty xT¢ 28 x 36

- b
o am
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EPICYCLIC GEAR TRAIN

Source: R. S. Khurmi

Arm C

In an epicyclic gear train, the axes of the
shafts, over which the gears are mounted,
may move relative to a fixed axis.

Gear A and the arm C have a common
axis at O1 about which they can rotate

Epicyclic gear train.

The gear B meshes with gear A and has
its axis on the arm at O2, about which the
gear B can rotate.




EPICYCLIC GEAR TRAIN

If the arm Is fixed, the gear train is
simple and gear A can drive gear B or
vice- versa,.

If gear A is fixed and the arm is rotated
about the axis of gear A (i.e. O1), the
gear B is forced to rotate upon and

around gear A. Such a motion is called
epicyclic.

Source: R. S. Khurmi

Arm C

Epicyclic gear train.

»The epicyclic gear trains are useful for transmitting high velocity
ratios with gears of moderate size in comparatively lesser space.

»The epicyclic gear trains are used Iin the back gear of lathe,

differential gears of the automobiles,
_;ﬁghoists, pulley blocks, wrist watches etc.,

p I .
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VELOCITY RATIOS IN EPICYCLIC GEAR TRAIN

The following two methods used for
finding out the velocity ratio of an
epicyclic gear train.

1. Tabular method
2. Algebraic method.




VELOCITY RATIOS IN EPICYCLIC GEAR

We know that N /N, =T,/ T,. Since N, = | revolution, therefore N, =T, / T . Arm C
When the gear A makes one revolution anticlockwise,

~ the gear B will make T, / T revolutions, clockwise.

Assuming the anticlockwise rotation as positive
and clockwise as negative, we may say that when gear A
makes + | revolution, then the gear B will make  Source: R. S. Khurmi

(— TA;" TB] revolutions.
Tabular method

Epicyclic gear train.

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
, T
l. Arm fixed-gear A rotates through + 1| 0 + 1 T
revolution i.e. 1 rev. anticlockwise B
. Ta
2. Arm fixed-gear A rotates through + x 0 +x e To
revolutions B

3. Add + y revolutions to all elements +y +y +y
Ta
. ; —xX =

4. Total motion + x+V y—X

y Y Ty

i s
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Velocity Ratios in Epicyclic Gear Train

Revolutions of elements

Step No. Conditions of motion Arm C Gear A Gear B
. T
L. Arm fixed-gear A rotates through + 1 0 + 1 - T_
revolution i.e. 1 rev. anticlockwise B
. Ta
2. Arm fixed-gear A rotates through + x 0 +x T To
revolutions B

3. Add + y revolutions to all elements ty +y Ty
. Iy
4. Total motion e X+y y—xX T_
. ) B

when two conditions about the motion of rotation of any two
elements are known, then the unknown speed of the third

element may be obtained by substituting the given data in

the third column of the fourth row.




Velocity Ratios in Epicyclic Gear Train

(Algebraic method)

»The motion of each element of the epicyclic
train relative to the arm is set down In the
form Of equations Source: R. S. Khurmi

Arm C

»The number of equations depends upon
the number of elements in the gear train

»But the two conditions are, usually,
supplied in any epicyclic train viz. some
element is fixed and the other has specified
motion

Epicyclic gear train.

»These two conditions are sufficient to solve
_all the equations

¥ "\'
b ke
1=°F

A

B ey
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Velocity Ratios in Epicyclic Gear Train
(Algebraic method)

Let the arm C be fixed in an epicyclic gear train as shown in the

figure _N,-N,

The sneed nf the near A relative tn the arm C Arm C
speed of the gear B relative to the arm C = Ny —N.

Since the gears A and B are meshing directly, they will revolve in opposite

directions. Ny — N, A
Ny — N¢ Iy

. L Ny N
Since the arm C'is fixed, N,=0. = -4

* : | Na Iy
[f the gear A is fixed, then N, = 0.
NB — NC _ T_A | > & — 1+ T_A Epicyclic gear train.

0— N¢ 1y Source: R. S. Khurmi

Note : The tabular method is easier and hence mostly used in
solvmg problems on epicyclic gear train.

ff*.‘ﬂ
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NUMERICAL EXAMPLE-3

In an epicyclic gear train, an arm carries two gears A and B having 36
and 45 teeth respectively. If the arm rotates at 150 r.p.m. in the
anticlockwise direction about the centre of the gear A which is fixed,

determine the speed of gear B. If the gear A instead of being fixed,
makes 300 r.p.m. in the clockwise direction, what will he the sneed_ of
gear B ?

Given : T, =36 . T;=45 . N.=

150 r.p.m. (anticlockwise)

Revolutions of elements
Step No. Conditions of motion Arm C Gear A Gear B
: Tp
. Arm fixed-gear A rotates through + 1 0 + 1 -
S o o Ty
revolution (i.e. 1 rev. anticlockwise)

: Ta
2. Arm fixed-gear A rotates through + x 0 +x - xXT—
revolutions B

3. Add + y revolutions to all elements +y +y +y
‘ Ta
4. Total motion +y X+y lr =i ==
Ty

Source: R. S. Khurmi

- b
o am
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NUMERICAL EXAMPLE-3

Revolutions of elements

| Step No. Conditions of motion Arm C Gear A Gear B E—
: Ty
. Arm fixed-gear A rotates through + 1 0 +1 -
R o o Tp
revolution (i.e. 1 rev. anticlockwise)

: Ta
2. Arm fixed-gear A rotates through + x 0 +x - xXT—
revolutions B

3. Add + y revolutions to all elements +y +y +v
. Ty
4. Total motion +y x+y y—xX T
B

Speed of gear B when gear A is fixed

Since the speed of arm is 150 r.p.m. anticlockwise, Source: R. S. Khurmi
therefore from the fourth row of the table, y =+ 150 r.p.m. B
A —
Also the gear A is fixed, therefore x+y =0 / \ / \
/ Arm C \
or x=-y=—150rp.m. \/ /_ \

X T II lIrI
. Speed of gear B, N, = y — x x & ‘ / " /
b Ty \_ \ /

3
= ]50+150x4—?=+270 r.p.m. o

= 270 r.p.m. (anticlockwise) Ans.

st
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NUMERICAL EXAMPLE-3

Revolutions of elements
Step No. Conditions of motion Arm C Gear A Gear B
B B
. = . . _ T_A A o~
l. Arm fixed-gear A rotates through + 1 0 +1 AN
wvolution (ie 1 rev anticlockwis Iy -
revolution (i.e. 1 rev. anticlockwise) \ /
- / /—Arm C \
2. Arm fixed-gear A rotates through + x 0 +x —xx2 |I A— Y . \
revolutions B \ “C——_J—_‘ T I|
\ f I'nl ,l'
3. Add + y revolutions to all elements +y +y +v \ / \ J
Ta o - J,../
4. Total motion +y X+y y—XX— ~—
Ty )
Source: R. S. Khurmi

Speed of gear B when gear A makes 300 r.p.m. clockwise

Since the gear A makes 300 r.p.m.clockwise, therefore from the fourth row of the table,
x+y=-300 or x=-300-y=-300-150=-450rp.m.

. Speed of gear B,

T 36
Ng = y —x x 2 =150 + 450 S 510 r.p.m.

Ty :
(

=510 r.p.m. (anticlockwise) Ans.

i s
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NUMERICAL EXAMPLE-4

In a reverted epicyclic gear train, the arm A carries two gears
B and C and a compound gear D - E. The gear B meshes
with gear E and the gear C meshes with gear D. The
number of teeth on gears B, C and D are 75, 30 and 90
respectively. Find the speed and direction of gear C when

gear B is fixed and the arm A makeg 1( CQ? ars”kh‘Llr(r%‘fk"‘”Qp

| - —I__H"“
Given: T,=75:T.=30:T. =90 — !
= 100 . (clockwise) /. {lE\
1S / P -~/ \/ N \
f \ _-l\ _.“'.: ) I

N, =100 r.p.m. (clockwise) .

—_—

' 'JII 'Ilr
——t '\T lllIII— A -]Tl _r":

II 5, )

Find the number of teeth on gear (1) \ 1 /< NG % /

-

|
Tg=Tc+Tp-Tp=30+90-75=45




NUMERICAL EXAMPLE-4

Revolutions of elements

Step Conditions of motion Arm A Compound Gear B Gear C
No. gear D-E
Iy Ip
1. Arm fixed-compound gear D-E 0 + 1 R g
- Iy Ic

rotated through + | revolution ( i.e.
1 rev. anticlockwise)

.. T Th
L Arm fixed-compound gear D-E 0 +x —XXT— —xXT—
rotated through + x revolutions B C
3. Add + y revolutions to all elements +y +y +y +y
4 Total motion 4y X+v y—xX - y—xX In
' ’ S Iy Ic
| i Ty
Since the gear B is fixed, y —x X T 0
B

1‘—.1'x4i=[) — > y-0.6x =0 ...(D)

Also the arm A makes 100 r.p.m. clockwise, therefore
y=—100 ...(if)

Substituting (i) in equation (i), we get
x==100/0.6=-166.67

4.8
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NUMERICAL EXAMPLE-4

Revolutions of elements

Step Conditions of motion Arm A Compound Gear B Gear C
No. gear D-E
.. I Tp
1. Arm fixed-compound gear D-E 0 + 1 Tn Te

rotated through + 1 revolution ( i.e.
| rev. anticlockwise)

. T Th
7. Arm fixed-compound gear D-E 0 +x —IXT— —IXT—
rotated through + x revolutions B c
3. Add + y revolutions to all elements +y +y +y +y
. S ) S i
4. Total motion +y X+y y—x I, y—X T
D . . . .
5 1 From the fourth row of the table, speed of gear C,
= — I
A GL: \ T, 90
,/ ,-\</ l N\ Noe=y—xx-2=-100+166.67 x — = + 400 r.p.m.
f A\ \ \ - .
[ ' N I '|\ 'I T{:' 30
_| - .\ Y .-'"I_ A L "I} _..'I - I|
) ]’ BNVAN l/ =400 r.p.m. (anticlockwise) Ans.

A
S
£ Sa
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COMPOUND EPICYCLIC GEAR TRAIN:
SUN AND PLANET GEAR




COMPOUND EPICYCLIC GEAR TRAIN: SUN

Annulus

comans ey T GEAR

» The annulus gear A meshes with the
gear B

»the sun gear D meshes with the gear C.

»when the annulus gear is fixed, the
sun gear provides the drive

»when the sun gear Is fixed, the
annulus gear provides the drive.

>»In both cases, the arm acts as a

: follower.
Source: R. S. Khurmi




COMPOUND EPICYCLIC GEAR TRAIN: SUN

/7N
ﬁ}m \\_ANET GEAR

\ / | Source: R. S. Khurmi

Revolutions of elements

Step Conditions of motion Arm Gear D Compound gear Gear A
No. B-C
Ip Ip Tp
] Arm fixed-gear D rotates 0 + 1 _T— _T— T
through + 1 revolution c € 7A
T;
2. Arm fixed-gear D rotates 0 +x — XX T_D —X X T—D X T—B
through + x revolutions C ITe Ty
3. Add + y revolutions to all +y +y +y +y
clements
Ip Ip Tp
/ . ' : ; y—XxX = y-xX =X =
4. Total motion +) X +Y Te Te T

ﬁj—
4 J,-t
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NUMERICAL EXAMPLE-5

An epicyclic gear consists of three gears A, B and C as shown in the
Figure. The gear A has 72 internal teeth and gear C has 32 external
teeth. The gear B meshes with both A and C and is carried on an arm
EF which rotates about the centre of A at 18 r.p.m.. If the gear A is
fixed, determine the speed of gears B and C.

—_— _--"'--\.\_

Source: R. S. Khurmi S R
/()

.

g
|l.
)
|
)

Given: T, =72;T.=32; Speed of arm EF= 18 r.p.m. -—- —l Eq

N e




NUMERICAL EXAMPLE-5

Revolutions of elements

Step No. Conditions of motion Arm EF | Gear C Gear B Gear A
: T Te T, T,

1 Arm fixed-gear C rotates through 0 +1 £ _ Ly B__°C
+ | revolution (i.e. 1 rev. Ty Tg Ty Ty
anticlockwise)

. Tc Tc

9. Arm fixed-gear C rotates through 0 +x —X X —= — XX —=
+ x revolutions Ty Ta

3. Add + y revolutions to all +y +y +) +)
elements

4. Total motion +y x+y |Y =X x < y—X X T—C

B i TA
Speed of gear C Source: R. S. Khurmi

the speed of the arm is 18 r.p.m. therefore, y = 18 r.p.m.

and the gear A is fixed, therefore

9
v—,rxiz(]—:} 18—.x'x3—b:{]%x=40.5
' T, 72
- Speed of gear C =x+y=405+18

=+ 585 r.p.m.

= 58.5 r.p.m. in the direction of arm. Ans.

st
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Revolutions of elements
Step No. Conditions of motion Arm EF | Gear C Gear B Gear A
: T Te T, T, P
1 Arm fixed-gear C rotates through 0 +1 £ _C - B__C -~ |
: c - 1 —
+ 1 revolution (i.e. 1 rev. Ty Iy Ty Ta / | /F\
anticlockwise) ler -\ 71
. T, T
) Arm fixed-gear C rotates through 0 +x —xx-=< —xx-< [ EA '
+ x revolutions Ty Ta ' /
3. Add + y revolutions to all ty a Ty +y
elements
- T
A. Total motion +y sty || I=E - y _x x-S
B TA

st
MRCET CAMPUS
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Speed of gear B
Letd,, dy and d be the pitch circle diameters of gears

lc d
y dc_ 9

from the geometry of Fig. d, 5 5 or

7 . —
2 dB+ dc— (I'A

Since the number of teeth are proportional to their pitch circle diameters,

2TB+TC=TA or 2TB+32=72 or TB=20

. T 32
. Speed of gear B =y—xXx T_C =18 — 40.5x 0= 46.8 r.p.m.
B e

= 46.8 r.p.m. in the opposite direction of arm. Ans.

Source: R. S. Khurmi




NUMERICAL EXAMPLE-6

An epicyclic train of gears is arranged as shown in -
Fig. How many revolutions does the arm, to which the pinions B and N D)
VAL
C are attached, make : /«* ._\,ff_,,\/B
o
c c ; f / \
I. when A makes one revolution clockwise and D makes half a (A /) )
. . . | \ / | |
revolution anticlockwise, and \ \/fff /
\ : /
2. when A makes one revolution clockwise and D is stationary ? fo C /D

The number of teeth on the gears A and D are 40 and 90
respectively.
Given: T, =40:T,=90

find the number of teeth on gears B and C (i.e. Tyand T).
or dy+2dy=dy (- dy=d)

Source: R. S. Khurmi

from the geometry of the figure, d, + dy+ d.= dj,

Since the number of teeth are proportional to their pitch circle diameters,
I',+2T,=T, or 40+27T,=90
I'y=25, and T-=25 wb B

o am
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NUMERICAL EXAMPLE-6

Revolutions of elements

Step No. Conditions of motion Arm Gear A Compound Gear D
gear B-C -
Ta Ta Ty Ta
1. Arm fixed, gear A rotates 0 —1 +-= T X =
T Ty Iy Tp Ip
through — 1 revolution (i.e. 1
rev. clockwise)
) Arm fixed, gear A rotates 0 s + x X Ta +xX% Ta
' through — x revolutions : Ty n
3. Add — y revolutions to all| _y _y _y —y Source: R. S. Khurmi
elements
Ta Ta
4. Total motion -y —X-=y ale To Y e Tn g
B D

1. Speed of arm when A makes 1 revolution clockwise and D makes half revolution anticlockwise
Since the gear A makes 1 revolution clockwise, therefore from the fourth row of the table,
—x—y=-1 or x+y=1 (1)

Also, the gear D makes half revolution anticlockwise, therefore

T ,
,‘NX—A__‘\.ZL or "Xﬁ_}_:l
Iy 2 90 2

40x-90y=45 or x—-225y
From equations (i) and (i), x=1.04 and y=-—0.04
Speed of arm=—y =— (- 0.04) =+ 0.04

1]
-2
Ln

..(1)

= (.04 revolution anticlockwise Ans.
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NUMERICAL EXAMPLE-6

Revolutions of elements
Step No. Conditions of motion Arm Gear A Compound Gear D
gear B-C
, Ta Ty T Ta
1. Arm fixed, gear A rotates 0 1 + +t =X ==+
e e Ty Iy Tn Tp
through — 1 revolution (i.e. 1
rev. clockwise)
) Arm fixed, gear A rotates 0 Ly F XX Ta + XX /N
' through — x revolutions ’ Ty p
3. Add - y revolutions to all} _y —y —y —y
elements
A Ty
4. Total motion -y —X-y XX == rxT—_ y
B D

2. Speed of arm when A makes 1 revolution clockwise and D is stationary

Source: R. S. Khurmi

Since the gear A makes | revolution clockwise, therefore from the fourth row of the

table,
—x—y=—-1 or x+y=1 ..(dit)
Also the gear D is stationary, therefore
.\"XT—A—_\':() or _x'xﬂ—v=0
s 9
40x-90y=0 or x—-225y=0 .(iv)

From equations (iii) and (iv),
x=0.692 and y =10.308

Speed of arm = — y =— 0.308 = 0.308 revolution clockwise Ans.
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