SUBJECT: Theory Of Machine
SUBJECT CODE: 2037471(037)

UNIT-1.0 POPULAR PLANAR MECHANISMS

1.1 Kinematics of Machines: Introduction to Statics, Kinematics, Kinetics, Dynamics.
Mechanism and machine, rigid and resistant bodies, Kinematic links, joints, pairs, chain and
its types, degree of freedom, Constrained motion and its types.

1.2 Four link planar mechanisms and Inversions:

1. Four bar chain: Locomotive coupler, Beam engine and Pantograph.

ii. Single slider Crank chain: Pendulum pump, Rotary I.C. engine mechanism, Oscillating
cylinder engine, Whitworth quick return Mechanism, Quick return mechanism of shaper.

iii. Double Slider chain: Scotch Yoke mechanism, Elliptical trammels, Oldham’s Coupling.




SUBJECT: Theory Of Machine
SUBJECT CODE: 2037471(037)

UNIT-1.0 POPULAR PLANAR MECHANISMS

ASSIGNMENT -1

1. Define the following:

(1) Static

(i) Dynamics

(ii1) Kinetics

(vi) Kinematics
(v) Resistant Body
(vi) Rigid Body

2. Define the following:
fraferRad &1 gRuINd Hiferu
(1) Degree of freedom

(11) Kinematics Link

(111) Kinematic chain

(vi) Kinematic pair

3. Define the following:
fraferRad &1 gRHINT HIfSTT:
(1) Mechanism

(1) Inversion

(111) Inversion of Mechanism

(i) AT
(ii) SShHUT
(iii) T BT IhHUT

4. With the help of neat a sketch, explain the types of constrained motion.

W3 A &1 TgTaar ¥ Aty UeR &1 a1fed 71fd & I9su|

5. Explain double slider crank chain with the help of its inversion.

S9d TS SR Theh o Bl I7dh IchHUN B! FETIdT & JHSSU |

6. What do you understand by the word inversion? Write down the name of different types of
inversions of 4 bar chain and explain beam engine mechanism.

g0l Ve J {TT T JHSIA & 2 4 IR = & 34T UPR & =01 & A1H foIfau iR iH

o1 o7 B! ARAT Y|

7. Describe with the help of heat stretch the crank and slotted bar quick return motion

mechanism. & T4 Tifd (FACS) TaR gaTid = &1 Y@ Wigax Jaemsu|




8. A crank and slotted lever mechanism used in a shaper has a centre distance of 250 mm
between the centre of oscillation of the slotted lever and the centre of rotation of the crank. The
radius of the crank is 100 mm. Find the ratio of the time of cutting to the time of return stroke.

% AR A e Td Wit citar JATaa 1 SUaRT foear a1 § o @ifed iR & aled
&< dUT b & YU B & s 1 gt 250 e 81 Thp &1 B3 100 firedt B 1 S b
& JHY qUT AT b ob JHY DT SHUTd J1d BT |

9. Define degree of freedom. Find degree of freedom of the given mechanism:

Waaar d dife @ gRYIg Sive gyt Fufiieg Asfsa & e Wdaa ot sife
(ECAINE

D C

B

10. What is single slider crank chain mechanism? Describe with the help of a neat sketch the
crank and slotter lever mechanism.

IR WSS b o AT T 82 Thp 3R TS diark HbAoH P IWTRIF FThR
JHLARU |

11. What is kinematic link? Explain in short with a suitable example.

T ol TN B § 2 SUGad ITER0N < &l... §U HaU & gHgngd |

12. A crank and slotted lever mechanism used in a shaper has a centre distance of 300 mm
between the centre of oscillation of the slotted lever and the centre of rotation of the crank. The
radius of the crank is 120 mm. Find the ratio of the time of cutting to the time of return stroke.

TP AW H oheep UG Witard SR Gardet o1 IuanT forar mar § forgs @iferd dtar & aled
P75 qYUT hh P YU b5 & d1g Bt 300 ol B1 heep 1 FBsam 120 it 81, A g R
& JHY qUT AT I o THI THT DT SUTd J1d BT

13. Explain difference between Mechanism and Machines.

T3 fa=amg quT AR H 3Rk WY Hifo |

14. What do you understand by Kinematic Pair? Describe with neat sketch different types of
Kinematic Pairs.

ISI® A O Y T 99 82 fafid UeR & Yo gia &1 9 afgd auH
DIt




15. In a Whitworth quick return motion mechanism distance between the fixed center is 60 mm
and the length of the driving crank is 80 mm the length of the slotted lever is 160 mm and the
length of the connecting rod is 140 mm. Find the ratio of the time of cutting stroke to the lime
of return stroke and also the effective stroke.
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UNIT-1.0 POPULAR PLANAR MECHANISMS

THEORY OF MACHINES:

Theory of Machines is a branch of engineering science that deals with the study of relative
motion between the various parts of a machine and the forces that act on them. It's essentially
the study of how machines work, focusing on both their motion and the forces involved.

TN RIGId (Theory of Machines):

AR Rigia SoNaneT s &1 U ImaT g o fae A7=iH o fafle il o ofta amder ifd
3R 3T WR BT B 91 I & 3Hemu T Fefdd g1 g ifard ©u 3 I8 siega- g
AN HT BTH B! 5, ForgH 3! i 3R 38 e g 1 IR &= bigd fohar S
gl

Statics:

Statics is the branch of science which deals with the force and their effects, while acting the
body in rest or in a state of constant velocity. It focuses on the analysis of forces acting on a
system that is in equilibrium, meaning the net force and net torque acting on the system are
Zero.

Rfd:

Rfaet g8 fag= &1 98 Irar & S foRmma § fifs R @ ard 9 3R 396 yuyat 3
Tafdd g1 a1 fad 9T o gy A s ¥ Tefdd 81 U8 U oFf R 1 H4 ard 9l b
fazaiwor R FHfed & off Iga H &, ot o1 § foh & R S &7 aral $df 9 3R Hd

g 3mef I B

Dynamics:

Dynamics is the branch of science which deals with the force and their effects, while acting the
body in motion or that studies the motion of bodies and the forces that cause or change that
motion.

RIRCAPAIIGIERIGE

T fa &1 98 T & S A fis TR & aTd 9 3R 3 UHTal & Jefdd g an
S fist ot TIfd SR 31 9l T 31e8 el & ol 39 Ifd BT HRUI§-d © AT 34 Jead g |

Kinematics:




Kinematics is the branch of science that studies the motion of objects without considering the
forces that cause that motion.

Study of motion of mechanical points, bodies and system without considering of force acting
on them. Study of position, displacement, speed, velocity, acceleration, rotation

ez TlcIap:

I Tt fag &1 98 AT & off aegsif & 71fd &1 Sreqa fom T 39 9al &l & | 9
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Kinetics:
Kinetics Study of motion with reference of force. Study of inertia force

Kinetics is the branch of science that studies the motion of bodies and the forces that cause or
change that motion.

g Tfdot:

§d Tiae! fa3T &1 98 IRaT g oY fie) ot fa 3R 39 9l BT HIT Bl g o 39 i
BT HRUITd & I 3 Jead g |

Id TMfde! 96 & GeH | 711 BT 31T | SIS 9 BT 3

Rigid Body:
A rigid body is a solid body in which deformation is zero or so small can be neglected.
A rigid body is an idealized object that does not deform under the influence of external forces.

In simpler terms, it's an object where the distance between any two points on the object remains
constant, regardless of the forces applied to it.

22 fUS (Rigid Body):

7¢ fis HoR IRR Te 31 IRR ¢ o H faeuor g a1 391 Sier gian g i 39 Torsiars
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Resistant Body:

A rigid body is said to be resistant if it is capable of transmitting the required force with
negligible deformation. These bodies are the parts of the machine which are used for
transmitting motion and forces.

Qi?m?ﬁ ﬁg” (Resistant Body):

e HER T & UfcRieh FHe1 oraT § afe 98 T0d faegur & 91y Mawad 9 aid
B T Jem gl A et a=iiF & 3 URT § T U i 3R 9t ! I<TRd B &b
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IMPORTANT

TERMINOLOGY e .
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Kinematics Pair

3 : Kinematics Chain

Min — 2 Link Min — 4 Link Chain

No relative motion
(Structure)

Mechanism Machine

1 - Link Fixed Relative motion (Desire
motion — Only 1 motion)

CONSTRAINED MOTION / RELATIVE MOTION

Constrained motion describes the movement of an object with respect to another object where
its freedom of movement is restricted in some way.




Types of Constrained Motion:

1. Completely Constrained motion (Constrain motion or Desired motion)
2. Incompletely Constrained motion (Unconstraint motion or undesired motion)
3. Partially Successfully Constrained motion (Constrain motion or Desired motion)

1. Completely Constrained motion (Constrain motion or Desired motion)

The object's movement is restricted to a single direction, regardless of the applied forces.
Motion between two element of a pair is one direction irrespective of the direction of force
applied.
Ex:

= Square bar in square hole.

= Circular shaft with collar.

Square bar in square hole Circular shaft in circular
hole with collar

2. Incompletely Constrained motion (Unconstraint motion or undesired motion)

The object can move in multiple directions, and the direction of motion can change based on
the direction of the applied force.

Motion between two elements of a pair is more than one direction and depends upon direction
of force applied.

Ex:

= A circular shaft moving within a circular hole. It can rotate or slide within the hole, and
the direction of motion depends on the applied force

1.

Circular shaft in circular hole




3. Partially Successfully Constrained motion (Constrain motion or Desired motion)

The object can move in multiple directions without external forces, but the application of
external forces restricts the motion to a single direction.

Motion between two elements of a pair is more than one direction but it made to have motion
only in one direction by applying some external force.

Ex:

= Foot step Bearing
= (Cam & follower
= Piston inside in cylinder (IC engine)

A shaft moving within a footstep bearing. Without an external force, it can rotate or move
upwards. However, applying a compressive load can constrain the motion to rotation only.

Piston inside in cylinder (IC engine) Foot step Bearing

CIBRIGH (CONSTRAINED MOTION / RELATIVE MOTION)
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Square barin square hole Circular shaft in circular
hole with collar

2. 3quf = & srfera nfd (SrfFrfa wfd ar saifesa mfa:
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Piston inside in cylinder (IC engine) Foot step Bearing

KINEMATICS LINK:

Every part of a machine which is having some relative motion with respect to some other part
is known as kinematics link.

It is a resistant body which is capable of transmitted power and the motion from one element
to another element.

Types of Kinematics Link to transmitted motion:

1. Rigid Link
2. Flexible Link
3. Fluid Link

Rigid Link:
A rigid link is one which does not undergo any deformation while transmitting motion from
one link to another link such as Crank shaft, piston rod, connecting rod, cylinder.




CONNECTING ROD
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Flexible Link:
A flexible link is the link which deform while transmitting the motion but does not affect its
function of transmitting motion such as belts, chains Rope, spring etc.

Fluid link:
Fluid link is the link which uses the fluid pressure to transmit the motion such as hydraulic
jack, Hydraulic Ram, Hydraulic press, hydraulic brakes and lift etc.




Small
force
applied

force
produced
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TYPES OF LINKS BASED ON ATTACHMENT:

1. Binary Link ==————> Having two connection (One with two nodes)
2. Ternary Link == Having three connection (One with three nodes)
3. Quaternary Link =——> Having four connection (One with four nodes)




Binary LINK TERNARY LINK

JcTHE B IATYR W i & ToNR::
1. T i —— R A PIRAEA S (Th H A AISH TN B)
2. TRl ———— A FIRAEN S (@ BT AgU T §)
3. BN R ———> A IR FARA A § (@ FIR AT A7)

QUATERNARY LINK

Binary LINK
ry TERNARY LINK QUATERNARY LINK

Examples:

KINEMATICS PAIR:

The connection between the two link is always a joint on a pair but this pair will also be a
kinematics pair if the relative motion between the link is a completely or successfully
constrained motion.




A joint of two links that permits relative motion is called Kinematics pair.

Every kinematics pair is a pair or joint but every pair or joint may or may not be kinematics
pair.

Pin joint / Welding

Hinged point

kinematics pair No relative motion
takes place (Structure)

YTdD! g

3l foip & ST BT B9 gAY TH Siel W TH SIS il §, Al g el Hi T
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Pin joint / Welding

Hinged point

kinematics pair No relative motion
takes place (Structure)

CLASSIFICATION OF KINEMATICS PAIR
A. According to the type of relative motion (Nature of relative motion between the link)




Turning pair (Revolute pair)
Sliding pair (Prismatic pair)
Cylindrical pair

Rolling pair

Spherical pair

Helical pair (Screw pair)

B. According to the type of Contact (Nature of contact between the link)

= Lower pair
= Higher pair
*  Wrapping pair

C. According to the type of Closure (Nature of mechanical arrangement)

* (Closed pair / Self closed pair
= Unclosed pair / Force closed pair / Open pair

[P GTH BT TITBIL:
A. U T & PR & AR (e & atw arde i &t wpfa)

« TR (Rafea TR
TS ST TR (U TR
»  SEATHR IR

B. HU$ & YHR & AR (e & g dud &1 upfa)
» el St
= IS

C. §€ B & UPR & AJIR (T3S oqaxd1 &t Ypfa)
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Turning pair (Revolute pair):
Connection of two elements such that only a constrained motion of rotation of one element
with respect to other elements.

DOF =1
Ex:
e Pinjoint / Hinged joint
e Circular shaft in circular hole with collar.

1 R (RaTege TR):
&l dcal BT U1 o fo Y dad U dcd BT 3= dcdl o TU&] GOi- &1 i i 8l

DOF = 1
33|6?U|
o SIS/ fePprgansie

o PHIR & Y MATHR B¢ H MATHR LTI

Pin joint / Hinged joint

Turning pair

Sliding pair (Prismatic pair):
Connection of two element one is constrained to have a sliding motion relative to the other
DOF =1
Ex:
= Square bar in a square hole
= Reciprocating engine cylinder

TTgfe wet (et sigh):
&l Il T HaRM foTH T IR & Qrief TemsfeT 1fa & fog a1 8
DOF = 1
EARRLUE
» TH PR B¢ J FNHR IR
» IRUTHTET S5 Ricier
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Square bar in a square hole

Cylindrical pair:
If the relative motion between the pairing elements is the combination of turning and sliding.
DOF =2
Ex:
= Circular shaft in circular hole

AAIHR T
gfe g Il & st araes TIfd HieA 3R fhe &1 SaeH g

DOF =2

JalerUl:
2 JATHR B¢ # qUIHR ATIE

Circular shaft in circular hole

Rolling pair:
When the two pairing elements have rolling contact relative motion between two element pure

rolling without slipping.
DOF =2

Belt & pulley

Bearing (ball & roller bearing)
Wheel rolling on surface

Gear




T St
Od & g dcdl H AT U BId1 | al &l dedl o aird T T e o forT e AfeiT
B 5l

DOF =2

RTARRLE
» 9T 3R gait
% SR (S 3R AR Jafim)
% g R Ui &1 g

% R
Pure rolling (General motion)
!

Rotation & Translation

Wheel rolling on surface

Spherical pair:
spherical pair is a type of lower kinematic pair. This means it involves surface contact between
the two connected links.
A spherical pair will have surface contact and three degrees of freedom.
DOF =3
Ex:
e Ball & socket joint

MATPR AT

TAPR H U6 UHR S 9 Tfds T 71 391 3 § & I3 gu &l foier & g ¥ush
T8 &7 S HTAA Y I ¢ |

TS MAPR sl # el U 3R i {3 Tdzar st

DOF = 3

« Tl 3R Fidbe TS




Ball & socket joint

Helical pair (Screw pair):
Contact between the elements of a pair is such that one element can turn about the other
elements by screw threads.
DOF =1
Ex:
= Nut & Bolt
= Lath screw

afRred St (3p Sh:
SIS & dl & o Jueh THT 81T § b U o & 98 §RT 310 dcdl & IRI 3R gH bl
gl
DOF = 1
SEARRLE
% 7 3R diee

Lower pair:
If the two elements are connected has surface contact.

A lower pair is a type of kinematic pair where the two connected links have surface contact
with each other.
Ex:

e Pinjoint




Shaft rotating in a bush
Slider crank mechanism
Turning pair

Sliding pair

Spherical pair

Helical pair

Cylindrical pair

o g (e sten):

TSt ZEHT & Bicio |, FY il & SIS | &l ST Sl § ofg! & Uardl o dig A9 ¥dg
&3 % T I gar g |

Tt gt & arffepor B, g g 39 Siist o) Tefa $d1 § oigl & ddl & ofg Jud
g &7 S A Y I g |

Gyroscope

Steering gear mechanism
Pantograph

Universal joint (Hooks joint)

k4

All are turning pair

W

Lower pair

Higher pair:
Higher pair is a type of kinematic pair where the two connected links have point or line contact
with each other.
If the contact between the pairing of two elements has a point contact or line contact
Ex:
= Ball bearing




Gear teeth in contact
Cam & follower
Wheel roiling in surface

point contact

Wheel rolling on surface

3 g (Higher Pair):

I T U YHR &1 ol i ¢ oTe1 9 gU al foich Th-geik o w1y foig a1 wam dueh o
gBId gl

g 1 Il Bl Slist & o YU foig Huh a1 3a1 WU §
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point contact

Wheel rolling on surface




> Wrapping pair

Belt & pulley (belt drive)

Wrapping pair

Higher pair

) @

Belt & pulley (belt drive)

All wrapping pair are higher pair
But all higher pair are not wrapping pair

Closed pair / Self closed pair:
Element of a pair held together mechanically due to their geometry.
Permanent pair. All lower pair are self-closed pair.

Ex:
Turning pair
Sliding pair
Spherical pair
Helical pair
Cylindrical pair

aaﬁﬁ@/ﬁ-a‘a\_rﬁ@:
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Unclosed pair / Force closed pair / Open pair:
Element of a pair held together by the action of external force

Ex:
=  Cam & follower




= Automatic gate closer
= Automatic clutch
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DIFFERENT TYPES OF JOINT OR PAIR

Pin/hinged
joint

» Binary joint

» Ternary joint /|\
» Quaternary joint 4?

n—-link —» (n-1) BJ

3-link =——>» 1-T] —> 2-B]

4-lik —>» 1-Q] —> 3-BJ




DEGREE OF FREEDOM / MOBILITY / DOF:

The minimum number of independent variables require to define the position or motion of the
system is known as DOF.

Tgaadr o1 f$3t / fa=iedan / Stenue:

Rew ot fRufa a1 7fd &1 gRUIT B3 & AT siaxass Wdd =Rl &1 gAdH AT D
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2D plane / surface 3D space

* Inspace
In plane / surface maximum 6 DOF
maximum 3 DOF \ * (DOF)max =6

(DOF)max =3 :

<>

3 Translation

2 Translation 3 Rotation

1 Rotation

Degoree of freedom in Planer mechanism

Number of restriction = (DOF)max — (DOF )actual : )
Lower pait Higher pair

Rolling pair
Turning pair

DOF =1
Number of restriction =3 -1 ——= 2

&
DOF =2
Number of restriction =3 -1 ——= 1

Sliding pair

B g In general Lower pair have 1 DOF

Higher pair have 2 DOF

DOF =1
Number of restriction =3 -1 —




KUTZBACH CRITERIA

Kutzbach criteria is for determime DOF of body in planer mechanism (2D)

DOF=3(L-1)-2J-H

Where:

* L = Number of link

* J=Number of lower pair (Binary joint)
* H = Number of higher pair

3(L—1) =—> Maximum Number of motion in a mechanism
2] =——> Number of restriction in lower pair

H ——> Number of restriction in higher pair

LOOP METHOD
Determine DOF:

LDOF=L—(2N+ 1) ]

Where:
* L =Number of link
* N = Number of Loop

‘= Loop method apply only in
turning pair

* Does not apply when higher pair

. &sliding pair mechanism

.4/.




CONDITIONS OF DOF

/ IfDOF < (0 ——

If DOF =0

IfDOF =1

If DOF > 1

Preloaded structure / Super structure

Structure / Locked chain

Kinematics chain / Constramned chain

Unconstrained chain

J

To Determine DOF:







DOF OF AREDUNDANT LINK /FREE LINK

DOF =3(L — 1)) - 2]~ H-Fr ]

Fr — Number of Number of those motion which
redundant link are not the part of mechanism

Redundant link: Those link which 1s not a part of mechanism

To Determine DOF:

o,




GRUBLER'’S CRITERIA

1=3L-1)-2]
In these mechanism when:

» Higher pair, H=0 3L-2J-4=0

Then Grubler’s equation:

Grubler’s equation

DOF=3(L-1)-2J

3 Link (always) ——> Even
For Grubler’s criteria:
When Lmk (always) ——s Even
« Higher pair, H=0
+ DOF =1 L (minimum) =4 ——> Simple mechanism

KINEMATICS CHAIN:

If all links are connected in such that the last link are connected to first link in order to have
closed chain and if all the relative motion in this closed chain are constrained or to transmit
desire motion (definite motion).

To determine the given assemble of link form the kinematics chain or not

Condition of kinematics chain the three equations are:

L=2P-4 Where:
L = Number of link
J = (E L -2 P = Number of pair
2 J =Number of binary joint
H = Number of higher pair

h

J—I_E:

GL-2
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L=2P-4

I=(5L—-2)

h

GL-2)

Condition

LHS=RHS —_5 Kinematics chain / constrained chain

LHS=>RHS ——>  Structure /locked chain / Rigid

LHS<RHS ———> Unconstrained chain / Incomplete constrained

TYPES OF KINEMATICS CHAIN

= Four bar chain

> 4 Turning pair

= Single slider crank chain ———> 3 Turning pair + 1 Sliding pair

= Double slider crank chain ———s 2 Turning pair + 2 Sliding pair

For kinematics chain




GRASHOF LAW:

States that for a four — bar linkage system, for a continuous relative motion between the number
of links in the four — bar mechanism the summation of the length of shortest and longest link
is less than or equal to the summation of the length of other two link

For the continuous relative motion Consider this four-bar mechanism:
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Where, %5*

S = Shortest link ‘é\,
L = Longest link 2
P & Q = Other links Other link (P)
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The necessary conditions to satisfied Grashoff Law:

S+L)=(P+Q)

CASE -1
(S+L)<(P+ Q) = Law is satisfied

By fixing different link one at a time, this case produced three mechanisms. These mechanisms
are:

1. Double crank mechanism

2. Double rocker mechanism

3. Crank rocker mechanism

e Crank —» 360 degree rotate (1 complete revolution)
e Liver/rocker —— Oscillation
e S—Coupler —— Opposite to shortest fixed
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FIXED LINK MECHANISM OBTAINED

» Shortest link — Double crank mechanism
» Adjacent to shortest =2 Crank —rocker mechanism

*  Opposite to shortest ——= Double rocker mechanism

Rpaes Ris T T\
GO BIC & GHIT > P - AR ApfsH
oy Bic fawdla S AP Hb o &

1. Doble Crank mechanism / Crank — Crank mechanism / Drag link mechanism:
The shortest link s is fixed or ground. In this mechanism both the link pivoted to the fixed link
can rotate 360 degrees.

1. SI9d s APfAoH / $P - thep APfAoH / 371 foid Abfew:
e Biel i hee a1 71ds 71 39 dF # fRR ftiw ¥ IS T foiw 360 fSI & g0
THAa gl

2

>
o
(&)
8%
> %

7,
%

)
-
&

(&

2. Doble Rocker mechanism:

The link opposite to the shortest link is fixed or ground. In this mechanism the shortest link can
rotate 360 degrees. Shortest link called coupler. Both the links pivoted to the fixed link can
oscillated. This two link are called rocker.
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Shortest link
(Coupler)

3. Crank - Rocker mechanism:
The link adjacent to shortest link is fixed or ground. In this mechanism, shortest link rotates
360° degree(crank) and another link pivoted to the fixed link oscillated.
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CASE-1I

S+L)=(P+Q) —> Law is satisfied

In such case. two linkages are possible:

1. Parallelogram Linkage

In this linkage. links of equal length are
placed opposite to each other

L - Longest link

L - Longest link

any one of longest link Fixed

anyene.of shastest ik Fixed —> Double crank mechanism

Deltoid linkage

In this linkage, links of equal length are
placed adjacent to each other
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CASE -11I
(S+L)>P+Q) —2 Law is not satisfied

In this case, no link can make a complete revolution no matter which of the four link 1s fixed.
So this case has only one inversion

Double Rocker Mechanism
Longest link

(Coupler) 9 Shortest link fixed
' Adjacent to shortest fixed

Double rocker
“| mechanism
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MECHANISM:
A mechanism is a device design to transform input force and movement into a desired set of
output force and movement.

Mechanism generally consists of moving components such as gears & gear train, belt and chain
drives, cam & follower mechanism

MACHINE:
A machine is device by means of which available energy can be converted into desired form of
useful work.

If the mechanism is used to transmit power or to do work, then it is known as machine.

We can define machine as a device for transferring and transforming motion and force or power
from the input (source) to the output (load)

With the help of machines, we can do work by expanding less energy and force.
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Inversion of a mechanism:

Inversion of a mechanism is a method of obtaining different mechanism by fixing different link
in a kinematic chain.

Inversion of a mechanism is a method of producing different mechanisms by fixing different
links in a kinematic chain. This is done to obtain different types of motion from the same
kinematic chain.
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Number of link (n) ———= Number of Inversion (n - 1)

n—Link —> n— 1 Inversion
4 —Link —> 4 — 1 Inversion
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S fixed

Double Crank mechanism

Shortest link {(Coupler)
Fixed link (adjacent to shortest)
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TYPES OF KINEMATICS CHAIN

TYPES OF KINEMATICS CHAIN:

b

= Four bar chain 4 Turning pair
= Single slider crank chain  ——> 3 Turning pair + 1 Sliding pair

= Double slider crank chain ——3 2 Turning pair + 2 Sliding pair

INVERSION OF FOUR BAR CHAIN

(r First Inversion =3 Beam Engine B

» Second Inversion == Coupling rod of Locomotive

» Third Inversion =3 Watt’s Indicator mechanism
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INVERSION OF SINGLE SLIDER CRANK CHAIN

» First Inversion m— Reciprocating Engine / Reciprocating Compressor
~ Second Inversion — Whitworth Quick return mechanism
Rotary engine / Gnome engine

# Third Inversion — Crank & slotted lever mechanism
Oscillating Cylinder engine

» Fourth Inversion —_— Bull engine / Hand pump
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INVERSION OF DOUBLE SLIDER CRANK CHAIN

» First Inversion : Elliptical Trammel

» Second Inversion Scotch Yoke Mechanism

» Third Inversion Oldham Coupling
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4-BAR CHAIN MECHANISM:

The 4-bar chain mechanism is a fundamental concept in mechanical engineering and is the
simplest closed-chain movable linkage. It consists of four rigid bodies (links) connected in a
loop by four joints. These joints are typically revolute joints (pin joints) that is Four Turning
Pair, allowing the links to rotate relative to each other.
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INVERSION OF FOUR BAR CHAIN

> First Inversion =——3 Beam Engine
» Second Inversion =33 Coupling rod of Locomotive

» Third Inversion ——3 Waftt’s Indicator mechanism




1. First Inversion Beam Engine:

Key Points:
= Inversion of four bar chain
= Crank — Rocker mechanism
= Converted rotary motion to Reciprocating motion
= Steam engine, water pump, sawing machine

A beam engine is a type of steam engine that uses a large, pivoted overhead beam to transfer
power from a vertical piston to a vertical connecting rod. This design was particularly popular
during the Industrial Revolution, primarily for pumping water out of mines and later for driving
machinery in mills.

Beam engine

Components and operation:

1. Vertical Cylinder: Steam is introduced into a vertical cylinder, pushing the piston
upwards.

Piston Rod: The piston is connected to a piston rod, which moves vertically with the
piston.

Beam: The piston rod is attached to one end of a large, pivoting beam. As the piston
moves, the beam rocks up and down.

Connecting Rod: The other end of the beam is connected to a vertical connecting rod.
This connecting rod is linked to a crankshaft or flywheel.

Crankshaft/Flywheel: The connecting rod's motion turns the crankshaft or flywheel,
converting the reciprocating motion of the piston into rotary motion. This rotary motion
can then be used to power pumps or other machinery.

Rocker / leyer - Dscillateld




Types of Beam Engines:

Atmospheric Beam Engine: Early beam engines, like the Newcomen engine, relied
on atmospheric pressure to push the piston down after steam was condensed in the
cylinder, creating a vacuum.

Watt Beam Engine: James Watt's improved beam engine incorporated a separate
condenser, increasing efficiency and power.

Compound Beam Engine: Later designs, like the Woolf compound engine, used
multiple cylinders to expand the steam further, further enhancing efficiency.

Rotative Beam Engine: This type of beam engine was designed to directly drive
machinery through a flywheel, rather than just pumping water.
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Rocker / leyer - Oscillated
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2. Second Inversion coupling rod of locomotive:

e Inversion of four bar chain
* Parallelogram linkage
* Double crank mechanism

A coupling rod, also known as a side rod, is a crucial component in certain types of locomotives,
primarily steam locomotives, but also some older diesel and electric locomotives. Its primary
function is to connect the driving wheels of the locomotive, ensuring that they all rotate
together.




How it works:

Connecting the wheels: The coupling rod is a strong, rigid bar that connects the driving
wheels on the same side of the locomotive. It is attached to each wheel by a crank pin,
which is an off-centre pin on the wheel.

Transferring power: When the locomotive's engine generates power, it is typically
applied to one or two pairs of driving wheels. The coupling rod then transfers this power
to the other driving wheels, ensuring that all the wheels rotate in sync. This distributes
the power evenly and provides better traction.

Link -3

k-2 Lixk -

Fixed link -1

e

Wheels

Key features and considerations:

Strength and durability: Coupling rods must be very strong to withstand the forces
involved in transmitting power and the stresses of constant motion. They are typically
made of steel or other durable materials.

Precision engineering: The design and manufacturing of coupling rods require
precision to ensure proper fit and function. Any misalignment or imbalance can cause
problems with the locomotive's performance.

Maintenance: Coupling rods require regular maintenance, including lubrication and
inspection for wear or damage.
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3. Third Inversion Watt's indicator mechanism:

Inversion of four bar chain

Double Rocker mechanism

Also known as parallel linkage

Today it is used Automobile suspensions

The Watt's indicator mechanism is a clever mechanical linkage invented by James Watt,
primarily used in early steam engines. Its main purpose was to accurately measure and record
the pressure inside the steam cylinder throughout the engine's cycle. This information was
crucial for understanding the engine's performance and making improvements.

Here's how it works:

o Piston and Linkage: A small piston is connected to the steam cylinder, so it moves
proportionally to the steam pressure. This piston is linked to a series of rods, forming a
four-bar linkage mechanism.

Tracing the Pressure: The linkage is designed so that a point on one of the rods traces
a line on a paper or indicator card. This line represents the pressure inside the cylinder
at different points in the piston's stroke.

Pressure-Volume Diagram: By synchronizing the movement of the indicator card
with the piston's motion, the traced line becomes a pressure-volume diagram. This
diagram provides valuable insights into the engine's performance, such as work done,
efficiency, and potential problems.

Indicator __2
plunger

Indicator
cylinder

Key features and significance:

e Accurate Measurement: The Watt's indicator mechanism provided a more accurate
way to measure steam pressure compared to earlier methods.

Performance Analysis: The pressure-volume diagram allowed engineers to analyze
the engine's performance and identify areas for improvement.




e Design Optimization: This information helped in optimizing the design of steam
engines, leading to increased efficiency and power output.
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SINGLE SLIDER-CRANK CHAIN MECHANISM:

The single slider-crank mechanism is a fundamental mechanism in mechanical engineering.
It's a four-bar linkage with one sliding pair and three turning pairs. It's commonly found in
reciprocating engines where it converts rotary motion into reciprocating motion and vice versa.

Components:

o Frame: The fixed link, often considered the base of the mechanism.

o Crank: A rotating link, typically a circular disc or a shaft.

o Connecting Rod: A link that connects the crank to the slider.

o Slider: A link that moves along a straight line (guided by a slot or guideway).
How it Works:

o When the crank rotates, it causes the connecting rod to move in a complex path.

o This motion, in turn, drives the slider back and forth along its linear path.

o Conversely, if the slider is driven back and forth, it can cause the crank to rotate.

Inversion of a Single Slider-Crank mechanism:

Inversion refers to the process of fixing different links within a kinematic chain. By fixing
different links in the slider-crank mechanism, we obtain different mechanisms with varying
functionalities. Since there are four links in the slider-crank chain, we can obtain four
inversions.




INVERSION OF SINGLE SLIDER CRANK CHAIN

# First Inversion —_— Reciprocating Engine / Reciprocating Compressor
# Second Inversion — Whitworth Quick return mechanism
Rotary engine / Gnome engine

» Third Inversion — Crank & slotted lever mechanism
Oscillating Cylinder engine

#» Fourth Inversion — Bull engine / Hand pump

1. First Inversion (Reciprocating Engine / Reciprocating Compressor):

= First Inversion of single slider crank chain
=  Cylinder is fixed, Adjacent to shortest link
* Crank — Rocker Mechanism (C — R Mechanism)

If input at piston and Output at Crank ——— Reciprocating Engine / IC Engine
If input at Crank and Output at Piston ———— Compressor

g 10d

Connecti®

Piston / slider

Fixed Cylinder

Fixed Link: Cylinder / Frame (link 1)
Crank: Link 2

e Connecting Rod: Link 3

e Slider: Link 4 (piston)

This is the most common form, seen in internal combustion engines. The rotating crank drives
the piston's reciprocating motion.

2. Second Inversion (Whitworth Quick Return Mechanism):

* Second Inversion of single slider Chain
* Crank is fixed, shortest link
* Crank — Crank Mechanism (C — C Mechanism)




* Application: Shaper, Screw press, Power driven shaft, mechanical actuator, revolver
mechanism

The Whitworth Quick Return Mechanism is a clever mechanical system that converts rotary
motion into reciprocating motion with a distinct characteristic: the return stroke is faster than
the forward stroke. This feature makes it highly valuable in various applications where the
cutting or working operation occurs during the forward stroke, and the return stroke is a non-
productive phase.

Slotted Bar

Connecting rod

Bull Gear

Connecting Rod

w we = FOrward Stroke

Slotted Bar
- w=w=  Retum Stroke

e Fixed Link: Crank (link 2)

e Crank: Link 3 (connecting rod)

e Slider: Link 4 (piston)

How it Works:

1. Components:

Crank: A rotating disc or shatft.
Slider: A block that slides along a slotted bar.

Slotted Bar: A bar with a slot that guides the slider.

Connecting Rod: Connects the slotted bar to the working tool (e.g., the cutting
tool in a shaping machine).

2. Mechanism:

The crank rotates at a constant speed.

The slider, attached to the crank, moves within the slotted bar as the crank
rotates.

Due to the geometry of the mechanism, the slider covers a greater distance along
the slotted bar during the forward stroke compared to the return stroke, even
though the crank rotates at a constant speed.




Quick return ratio(QRR) =

Quick return ratio(QRR) =

Quick return ratio(QRR) > 1

Cutting angle(a) > Return angle (B)
Cutting angle («) _ Cutting stroke _  Time to cut

Return angle ()

o

B

Stroke Length =2 * XC

Return stroke ~ Time to return

_360—[3: o
o B 360 — a

Applications:

The Whitworth Quick Return Mechanism finds widespread use in various industrial
applications, including:

e Shaping machines: Used for shaping metal parts.

o Slotter machines: Used for cutting slots and keyways in metal.

Milling machines: Used for cutting and shaping metal parts.

Presses: Used in various industrial processes like stamping, forming, and punching.

Other applications: Woodworking machinery, some types of pumps, and other
mechanical systems where a faster return stroke is beneficial.

In essence, the Whitworth Quick Return Mechanism is a valuable engineering solution that
enhances the efficiency and productivity of machines by optimizing the speed of their
reciprocating motion.

This mechanism is used in shaping machines and other applications where a quicker return
stroke is desired.

ROTARY ENGINE / GNOME ENGINE

Cylinder.
Link 2

rod.
Link 4.

Connecting ——

i
—~_‘ Ean
e N

Second Inversion of single slider Cham

Crank 1s fixed

In Gnome engine Number of
cylinder always = odd

For economic number of
cylinder in Gnome engine = 5




3. Third Inversion (Crank and Slotted Lever mechanism / Crank and Slotted
Lever Quick Return mechanism):

= Third inversion of single slider crank chain
= Connecting rod is fixed, Adjacent to shortest link
= Crank — Rocker Mechanism (C — R mechanism)

This mechanism is a clever way to convert rotary motion into a reciprocating motion where the
return stroke is significantly faster than the forward stroke. This is highly beneficial in
applications like shaping machines where the cutting operation happens during the forward
stroke, and the return stroke is essentially idle time.

———> Cutling stroke
<4— Return stroke
| Line of

\, Ram | L Tool y  Stroke
o R R2

Q

Connecting
tod \
Ry \

Slider (Link 1)
E /‘Crank (Link 2)

p
C
A
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2
(Link 3)
Slotted bar _-
(Link 4) ~

How it Works
1. Components:
o Crank: A rotating disc or shaft.
o Slider: A block that moves within a slot.
o Slotted Lever: A lever with a slot that guides the slider.

Connecting Rod: Connects the slotted lever to the working tool (e.g., the
cutting tool in a shaping machine).

2. Mechanism:
o The crank rotates at a constant speed.

o The slider, attached to the crank, moves within the slotted lever as the crank
rotates.




o Due to the geometry of the mechanism, the slider covers more distance along
the slotted lever during the forward stroke compared to the return stroke, even
though the crank rotates uniformly.

Cutting angle(a) > Return angle ()

Cutting angle (a) Length of stroke

Return angle (B)

Quick return ratio(QRR) =

_ Cutting stroke Time to cut

QRR =

Return stroke Time to return

=% 30— f o
B B 360 — «

QRR

Connecting rod
Fixed link
Quick return ratio > 1

LENGTH OF STROKE Length of stroke

BC
Length of stroke,PQ = 2 = ( AP = AC

.._ﬁ"\
A

Where,

c a Cutting angle
B Return angle
PQ Length of stroke
AP Length of slotted bar
AC Length of connecting rod Connecting rod
BC Crank length Fixed link

angle[u}\

\
3 1
!

Crank length
Connecting rod length

Lengh of connecting rod = 2 * Length of slotted bar

Applications
This mechanism finds widespread use in:
e Shaping machines: For shaping metal parts.
Slotter machines: For cutting slots and keyways.
Milling machines: For cutting and shaping metal.
e Presses: In various industrial processes like stamping, forming, and punching.

Key Differences from Whitworth Quick Return Mechanism:

While both mechanisms achieve a quick return, they differ in their specific configurations:




Whitworth: Relies on a crank and a slotted bar with a specific geometry to achieve the
desired motion.

Crank and Slotted Lever: Utilizes a crank, slotted lever, and connecting rod in a
slightly different arrangement to achieve the quick return characteristic.

Both mechanisms serve the same purpose of increasing efficiency by minimizing idle time
during the return stroke.

3. Third Inversion (Oscillating Cylinder Engine):

= Third inversion of single slider crank chain
= Connecting rod is fixed
= Crank Rocker Mechanism (C — R mechanism)

Piston rod
(Link 1) o

: mnk” .

L(Link 2) "
///7//{///f/1/ ‘z

Connecting *
rod
(Link 3)

e Fixed Link: Connecting Rod (link 3)
e Crank: Link 2
e Slider: Link 4 (piston)
In this case, the cylinder itself oscillates while the crank rotates.

3. Fourth Inversion (Hand Pump/Pendulum Pump/Bull Engine):

= Fourth inversion of single slider crank chain
= Slider 1s fixed / cylinder fixed
= Rocker — Rocker mechanism (R — R mechanism)
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Cylinder
“«— (Link 4)
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Connecting rod
(Link 3)

Piston rod
(Link 1) —*] _ ..
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\AL

o Fixed Link: Slider (link 4)
e Crank: Link 2

e Connecting Rod: Link 3
This inversion is found in hand pumps and pendulum pumps where the piston reciprocates

within a fixed cylinder.
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ROTARY ENGINE / GNOME ENGINE

* Second Inversion of single slider Chain
* Crank 1s fixed

In Gnome engine Number of
cylinder. cylinder always = odd

Link 2

For economic number of

Connecting = N L k3 cylinder in Gnome engine =5

rod.
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DOUBLE SLIDER CRANK CHAIN MECHANISM

The double slider crank chain is a fundamental mechanism in mechanical engineering. It's a
four-bar linkage with a unique characteristic: it has two sliding pairs and two turning pairs.

Components:
o Two sliders: These are the key elements, moving along two different linear

guides (usually perpendicular to each other).
Connecting link: A rigid bar that connects the two sliders.
Frame: The fixed structure that supports the entire mechanism.

How it Works:
The motion of the sliders is constrained by the connecting link. As one slider moves along its

guide, it influences the motion of the other slider due to the fixed length of the connecting link.
This creates a specific pattern of motion for both sliders.




Key Characteristics:
e Four Links: Two sliders, the connecting link, and the frame.
o Two Sliding Pairs: The points where the sliders contact their respective guides.
e Two Turning Pairs: The connections between the sliders and the connecting link.

Inversions of the Double Slider Crank Chain:

Inversion involves fixing different links within the chain, which significantly alters the
mechanism's function. The double slider crank chain has three major inversions:

INVERSION OF DOUBLE SLIDER CRANK CHAIN

C First Inversion \

Elliptical Trammel]

» Second Inversion Scotch Yoke Mechanism]

( Third Inversiﬂn/ Oldham Coupling]

1. Inversion of Elliptical Trammels:

= First Inversion of Double slider crank chain
= Slotted bar is fixed

Application:
= Automatic tool changer in a machining
= Draw an ellipse

An elliptical trammel is a simple yet ingenious mechanism used to draw ellipses. It's a classic
example of how inverting a kinematic chain can lead to a useful device.

The Basis:
o It's an inversion of the double slider crank chain.
o The double slider crank chain has four links: two sliders, a connecting rod, and
a frame.
In the elliptical trammel, the frame is fixed.

Components:
o Two perpendicular grooves: These are fixed to the frame.
o Two sliders: Each slider moves along one of the grooves.




o Connecting rod: A rigid rod with pivots at fixed points along its length. The
sliders are attached to these pivots.

Slider
(Link 3)

Bar

(Link 2w
p/. i Slotted

23 / \ plate (Link 4)
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Slider ™~
(Link 1)

Drawing an Ellipse:
o As the two sliders move back and forth along their respective grooves, a point
on the connecting rod traces out an ellipse.
The distances between the pivots on the rod and the point tracing the ellipse
determine the semi-major and semi-minor axes of the ellipse.

SIXE 10Ul IS

emi major axis

AP = Semi major axis
BP = Semi minor axis

Applications:
o Drawing ellipses: Primarily used for drawing accurate ellipses in various fields like
engineering, architecture, and art.
Cutting ellipses: Can be adapted to cut elliptical shapes in materials like wood or
metal.



https://mm-nitk.vlabs.ac.in/exp/position-analysis-elliptical-trammel/theory.html#:~:text=Elliptical%20trammel%20mechanism%20is%20one,used%20for%20tracing%20an%20ellipse.
https://mm-nitk.vlabs.ac.in/exp/position-analysis-elliptical-trammel/theory.html#:~:text=Elliptical%20trammel%20mechanism%20is%20one,used%20for%20tracing%20an%20ellipse.

2. Inversion of Scotch Yoke Mechanism:

Second Inversion of Double slider crank chain
Slider is fixed

It gives perfect harmonic motion

Used to convert Rotary to reciprocating motion

Crank Slider
(Link2) \ _ (Link 3)

-
~

Frame (Link 4)

Application:
*  Most commonly used in control valve actuator

» It used to make double hack saw

* It used in reciprocating pumps to convert rotary motion into reciprocating motion for
piston movement
It used in Beam engine pumps to convert rotary motion into reciprocating motion for
piston movement

Fixed Link: One of the sliders.
Function: Converts rotary motion into reciprocating motion.
»  When the crank (a part of the connecting link or the frame, depending
on the specific inversion) rotates, the other slider reciprocates.
Used in applications like sine-cosine generators and vibration testing
machines.

3. Inversion of Oldham's Coupling:

Third inversion of double slider crank chain

Link is fixed

An Oldham’s coupling is a method to transfer torque between two parallel but not
collinear (not coaxial) shaft

Used to connect two shaft which have lateral misalignment




Flange /" Intermediate

(Link 1) piece
(Link 4)

Driving D__Flan
ge
shaft '&.. (Link 3)
=
Driven

Supporting shaft
frame

(Link 2) T !

APPLICATION:
= [t was basically invented to connect two parallel non co-axial shaft
= [t is a really good mechanism and transmits the same speed and same direction of

rotation.

intermediate
Flange 1 Flange (Link 4)
(Link 1)

Driver Shaft Flange 2

(Link 3)
Driven Shaft

Supporting
Frame

Supporting

Frame
(Link 2)

Fixed Link: The connecting link.
Function: Connects two parallel shafts with slightly offset axes, allowing them to rotate at the

same speed.
Used to transmit rotary motion between slightly misaligned shafts.
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GENEVA MECHANISM

» Common types of mechanism
=  Which is produces Intermittent rotary motion from continuous rotary
motion

Geneva wheel

Table spindle




PANTOGRAPH

» A pantograph is mechanical linkage connected in a manner based on a
parallelogram so that the movement of one pen, in tracing an image,
produced identical movements in a second pen. If a line drawing is traced by
the first point, an identical, enlarged, or miniaturized copy will be drawn by
a pen fixed to the other.

Mechanism is used to enlarge or reduce the size of a drawing

q/
o

Modification of watt’s indicator mechanism

Double rocker mechanism

Pantograph consist of four link Output link motion:

All pair are turning pair (Lower pair) Straight line motion —

= Exact straight line motion mechanism

=  Approximate straight line motion
mechanism

EXACT STRAIGHT LINE MOTION MECHANISM

= All pair are turning pair

» Peaucellier mechanisn) ) | ol S

= All pair are turning pair

» Hart’s mechanism sy il o et i

= 3 turning pair + 1 sliding pair

7 Scott Russell mechanisn sy SR L ey 4
(8] F% [ { -




APPROXIMATE STRAIGHT LINE MOTION MECHANISM

» Modified Scott Russell mechanism

Roberts mechanism q

Mechanism has the form of Trapezium in
its mean position

Grasshopper mechanism ﬂ

Mechanism was used in early days to give
long stroke with a very short crank

Watt indicator mechanism »'

Double rocker mechanism

Also inversion of four bar chain
All pair are turning pair

Total number of link - 4

Techebicheff mechanism »

Triple rocker mechanism
Total number of link — 4
1 Link is fixed and another link Oscillate

Cutting angle(a) > Return angle (B)

Quick return ratio(QRR) =

Length of stroke

Cutting angle (@)

Return angle (B)

_ Cutting stroke

Time to cut

QRR

Return stroke = Time to return

a

360 — B _
— @R 360 —«a

QRR =
B

a4
g =

Quick return ratio > 1




PROBLEM-1

If Quick return ratio, QRR = 2
Find, o and 3

RR_LT o
Q B 360 — a
o
360 — a
720-2 0=a
720=3 a
o=240

B=120

2 =

PROBLEM-2
If o =240
Find, Quick return ratio (QRR)
a+ =360
240 +p =360
B=360-240
B=120

QRR =

RR_240
QRR =155

TRICK
PROBLEM-1

If Quick return ratio, QRR =2
Find, o and B

PROBLEM-2

If Quick return ratio, QRR =3
Find, o and B

PROBLEM-3

If Quick return ratio, QRR = 5
Find, o and

PROBLEM-4

If Quick return ratio, QRR = 2.5
Find, o and 3

PROBLEM - 1

If Crank =250
Connecting rod =500
Find, QRR

Crank length
Connecting rod length

COS(B/2) =
250
COSCB/D) =550 (B/2) =60

B=120
o= 240

1
COS(B/2) =5

COS (B/2) =COS 60




TRICK

PROBLEM-1 Length of connecting rod > Crank length

If Quick return ratio, QRR =2 COS( B/2) = Crank length
Connecting rod length =500 Connecting rod length

Find Crank length, o and Crank length
C0S(120/2) =

Connecting rod length

Crank length

1/2 Crank length

Connecting rod length

- Connecting rod length COS( 60) =

Length of connecting rod = 2 * Crank length

Connecting rod length Connecting rod length

Crank length = _
2 Crank length

PROBLEM-1

If Quick return ratio, QRR = 2
Connecting rod length = 500 If Quick return ratio, QRR =3
Find Crank length, o and Connecting rod length =500
Find Crank length, o and

PROBLEM-2

_ Crank length
~ Connecting rod length

Lz Crank length

Connecting rod length

1 /N2 =

Length of connecting rod =2 * Crank length

Connecting rod length Length of connecting rod =2 * Crank length
2

500 Crank length =
Crank length == B V2

500
Crank length =250 Crank length = oy

Crank length =

Connecting rod length

PROBLEM-3

If Quick return ratio, QRR = 5
Connecting rod length = 500
Find Crank length, o and

Length of connecting rod = 2/v/3 * Crank length

Crank length = Connecting rod length * (+/3/2)

Crank length

Connecting rod length V3
Crank length = 500 (7)

V3 /2=




TRICK
PROBLEM -1

4 i Crank length
IfQRR =2 /2= Connecting rod length
Find length of stroke

Crank length
Connecting rod length

Lengh of connecting rod = 2 * Length of slotted bar =

1
Lengh of connecting rod = 2 = Length of slotted bar = 5

Lengh of connecting rod = 1 = Length of slotted bar

PROBLEM -2

I[fQRR =3 5 1 — Crank length
Find length of stroke b Connecting rod length

Crank length
Connecting rod length

Lengh of connecting rod = 2 * Length of slotted bar =

1
Lengh of connecting rod = 2 * Length of slotted bar # E

Lengh of connecting rod = V2 = Length of slotted bar

PROBLEM -3

IfQRR =5 3 /2 = CI‘H?lk length
Find length of stroke Connecting rod length

Crank length
Connecting rod length

Lengh of connecting rod = 2 = Length of slotted bar =

V3
Lengh of connecting rod = 2 # Length of slotted bar = T

Lengh of connecting rod = V'3 = Length of slotted bar




