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Vision of the Mechanical Engineering Department:

To bring forth quality engineers embodying societal ethics to serve national and multinational
organisations as well as harping on higher studies.



Mission of the Mechanical Engineering Department:

1. To create a modern ambiance focusing on advanced pedagogy and tools for mechanical
engineers.

2. To collaborate with domain industry and research institutes to enhance the skills and
knowledge of the graduates.

3. To inject necessary professional skills to serve the industry and the nation.

4. To inculcate humanitarian ethical values in graduates through various social-cultural
activities.



Program Educational Objectives (PEOS) :

PEO1 | The graduates will be able to demonstrate knowledge and skills of mechanical
engineering to obtain solution to engineering problems.

PEO 2 | The graduate will able to apply the mechanical engineering concepts while pursuing
academic and research activities.

PEO 3 | The graduates will be able to showcase professional skill and expertise.

Program Outcomes (POSs) :

PO1 Engineering knowledge: An ability to apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to get the solution of the
engineering problems.

PO 2 Problem analysis: Ability to Identify, formulates, review research literature, and
analyze complex engineering problems.

PO 3 Design/development of solutions: Ability to design solutions for complex
engineering problems by considering social, economic and environmental aspects

PO 4 Conduct investigations of complex problems: Use research-based knowledge to
design, conduct analyze experiments to get valid conclusion.

PO5 Modern tool usage: ability to create, select, and apply appropriate techniques, and to
model complex engineering activities with an understanding of the limitations.

PO 6 The engineer and society: Ability to apply knowledge by considering social health,
safety, legal and cultural issues.

PO 7 Environment and sustainability: Understanding of the impact of the adopted
engineering solutions in social and environmental contexts.

PO 8 Ethics: Understanding of the ethical issues of the Mechanical engineering and
applying ethical principles in engineering practices.

PO 9 Individual and teamwork: Ability to work effectively as an individual or in team, as
a member or as a leader.

PO 10 Communication: An ability to communicate clearly and effectively through different
modes of communication.

PO 11 Project management and finance: Ability to handle project and to manage finance
related issue

PO 12 Life-long learning: Recognize the need for, and have the preparation and ability to

engage in independent and life-long learning.

Program Specific Outcomes (PSOs) :

PSO 1 Students will be oriented towards research in engineering technologies like Advance
Manufacturing, 3 D Printing, Alternative Fuels to contribute the evolving research
and development in the field of Mechanical Engineering.

PSO 2 Students will be able to learn and apply software like AutoCAD, Ansys, Catia for

various applications.




Course Description

In this course students will probably start with basic understanding of design of machine element,
whether it is an automobile or other consumer products. In this course we will study to design an
existing machine or new machine with the help of knowledge of scientific principle, technical
information and imagination.

Course Obijectives

The objectives of the course are to:

* Cover the basics of machine design, including the design process, engineering mechanics and
materials, failure prevention under static and variable loading, and characteristics of the principal
types of mechanical elements.

« Offer a practical approach to the subject through a wide range of real-world applications and
examples.

* Encourage students to link synthesis and analysis.
* Encourage students to link fundamental concepts with practical component specification.

Course OQutcomes

At the end of the course students will be able to

1. Understand the various components used for assembly.

2. Apply the scientific principle and technical information to analyse the existing
components.

3. Relate the manufacturing with design.

4. Calculate the dimensions of the mechanical component by using fundamental equations.

5. Select suitable mechanism from given alternative mechanism.



SYLLABUS FOR DESIGN OF MACHINE ELEMENTS

1. Introduction : Engineering material and their properties, Manufacturing consideration in
machine design, factor of safety.

2. Simple stresses in machine parts, torsional and bending stresses, dynamic loads, stress
concentration.

3. Design of riveted joints, welded joints, bolted joint, cotter joint, knuckle joint, pressure vessels
and pipe joints.

4. Design of keys, couplings, shafts levers, columns, studs, power screw, belt drive, pulley.

5. Springs, clutches and brakes.

GATE SYLLABUS FOR DESIGN OF MACHINE ELEMENTS

Design for static and dynamic loading; failure theories; fatigue strength and S-N diagram; principles of the
design of machine elements such as bolted, riveted, and welded joints; shafts, gears, rolling and sliding
contact bearings, brakes and clutches, springs.
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College Name Darbhanga College of Engineering
Program Name B.Tech Mechanical Engineering
Course Name Design of Machine Element
Course Code Course Credit |5
Lecture/Tutorial

Per Week 03/00

Course Coordinator

Name Mr. Prashant Kumar Singh

1.Scope and Objectives of the Course

In this course students will probably start with basic understanding of design of machine
element, whether it is an automobile or other consumer products. In this course we will study
to design an existing machine or new machine with the help of knowledge of scientific
principle, technical information and imagination.

The objectives of the course are to:

 Cover the basics of machine design, including the design process, engineering mechanics
and materials, failure prevention under static and variable loading, and characteristics of the
principal types of mechanical elements.

* Offer a practical approach to the subject through a wide range of real-world applications
and examples.

* Encourage students to link synthesis and analysis.

* Encourage students to link fundamental concepts with practical component specification.

2. Text Books

TB 1 : Design of Machine Element by V B Bhandari, Third Edition ,Mc Graw Hill
publication

TB 2 : Singley’s Mechanical Engineering Design by Richard G. Budyans , Ninth Edition,

3. Reference books

RB 1: Machine Design by Timothy H. Wentzell, P. E.
RB 2: Machine Design by R. S. Khurmi and J. K Gupta, S Chand publication.

3. Other readings and relevant websites :

S. No. | Link of websites

1 http://nptel.ac.in/downloads/112105125/

2 https://www.youtube.com/watch?v=nghyCzrFpls&list=PLHpC4 VH4uh0blK
MtFgOhXFckep6sBzwi



https://www.youtube.com/watch?v=nqhyCzrFp1s&list=PLHpC4_VH4uh0bIKMtFg0hXFckep6sBzwi
https://www.youtube.com/watch?v=nqhyCzrFp1s&list=PLHpC4_VH4uh0bIKMtFg0hXFckep6sBzwi

4. Course Plan

Lecture
No.

Date of
Lecture

Topics

Web
links for
video
lectures

Text Books,
Reference Books and
other reading
materials

Page numbers
of the text
books

Introduction

TB1,RB?2

1-75

Machine Design, basic
procedure of machine
design,  design  of
machine element,
Engineering materials,
Manufacturing

considerations in
machine design

https://w
ww.yout
ube.com/
watch?v
=mzWM
dZZaHw
|&list=P
L3D4EE
CEFAA9
9D9BE

Assignment 1

5-12

Stress in  Machine

Parts

TB1,RB2

76- 84
101- 177

and

Simple stresses,
bending stresses,
torsional stresses,
eccentric axial loading,
static load, factor of
safety, stress
concentration, Design
against fluctuating
loading, fatigue failure,
endurance limit,
Reversal stresses-
design for finite and
infinite life

https://w
ww.yout
ube.com/
watch?v
=2xLHFi
BOA4M
&index=
7&Iist=P
L3D4EE
CEFAA9
9D9BE

Assignment 2

13- 22

Design of riveted joint,
welded joint, bolted
joint, pressure vessels

231- 235, 272-
325 and 768-
791

Bolted joint- simple
analysis, eccentrically
loaded bolted joint in
shear, welded joints,
strength of butt and
fillet joint, maximum
shear stress in parallel
fillet weld, riveted joint,
type of riveted joint,
strength equations,
efficiency of joint, thin
cylinders, thick

https://w
ww.yout
ube.com/
watch?v

=C5ZPa

Cvoigw

&list=PL
3D4EEC
EFAA99
D9BE&i
ndex=22




cylinders- principal
stresses, Lames
Equation,Clavarino’s
and Birnie’s equations,
Autofrettage,
compound cylinder
Assignment 3
22- 30 Design of keys, TB1l,TB2andRB2 |TB 1 (330-
coupling and shafts, 376), TB 2 (
columns and studs 181- 190)
Solid and hollowShafts | https://w
designed on strength | ww.yout
and torsional rigidity | ube.com/
basis, ASME code for | watch?v
shaft design,Keys, | =dKfrivV
Types of keys, design | 8H9-
of square and flat keys, | 8&index
design of kennedy key, | =34&list
Couplings, Muff | =PL3D4
coupling design, Rigid | EECEFA
flange coupling | A99D9B
design,Columns  and | E
type  of  columns,
Euler’s equation,
Rankine’s theory,
Instability of column
Assignment 4
31-42 Power screw, belt drive, TBlandRB 2 184- 206, 499-
pulley, springs, clutches 540, 393- 439
and brakes and 448- 496

Forms of threads, multiple

threaded SCrews,
terminology of power
screw, Torque

requirement- lifting and
lowering load, self
locking screw, Efficiency
of screws, trapezoidal and
Acme thread, Belt
constructions, geometrical
relationships, analysis of
belt tensions, condition
for maximum power,
selection of belts from
manufacturer  catalogue,
Pulleys for flat belt and V

https://w
ww.yout
ube.com/
watch?v
=PEKTS
2Q1Wq
M&list=
PL3D4E
ECEFA
A99D9B
E&index
=19




belts, Torque transmitting
capacity of clutches, multi
disc clutches, cone
clutches, centrifugal
clutchges, Energy
Equation, Brakes, energy
equations, block brake
with shoe, Internal
expanding brake, band
brake and disc brake

Assignment 5

5.Evaluation Scheme

Component 1 Mid semester examination 20
Component 2 class test 5
Component 3 TA 5
Component 4 End Semester Examination 70
Total 100
6. Syllabus
Topics No. of lectures | Weightage
Introduction: Engineering Materials and their properties, 4 9%
Manufacturing consideration in design, factor of safety
Simple stresses in machine parts, torsional and bending 4 10%
stresses, stress concentration
Design of riveted joint, welded joint and bolted joint, cotter 12 28%
joint, knuckle joint, pressure vessels and pipe joints
Design of keys, coupling and shafts, columns, studs, power 14 33%
screws, elt drive and pulleys
Springs, clutches and brakes 8 20%
7. This document is approved by
Designation Name Signature

Course Coordinator Prashant Kumar Singh

HoD Mr. Vishnu Singh

Principal Dr. Achintya




Topics Lecture Number
Introduction

Engineering materials and their properties (Ferrous Material) 1
Non ferrous material 2
Manufacturing consideration in machine design 3
Allowable stresses and factor of safety 4
Stresses in machine parts

Simple stresses in machine parts 5
Torsional stresses in machine parts 6
Fluctuating loading 7
stress concentration 8
Design of joints

Design of riveted joints 9
Design of riveted joints 10
Design of welded joints 11
Design of welded joints 12
Design of bolted joints 13
Design of bolted joints 14
Design of cotter joints 15
Design of cotter joints 16
Design of knuckle joints 17
Design of knuckle joints 18
Design of Pipe joints 19
Design of pressure vessels 20
Design of shafts

Design of keys 21
Design of coupling (Rigid flange coupling) 22
Rigid flange coupling 23
Bushed pin flexible coupling 24
Bushed pin flexible coupling 25
Design of shaft levers 26
Column and strut

column and studs basics 27
Design of column and strut 28
Forms of thread, Terminology of power screw, Torque requirement 29
Design of screw jack 30
Design of screw jack 31
Belt drive and pulley

Construction, geometrical relationships, analysis of belt tensions 32
Selection of flat belts from manufacturer's catalogue 33
Pulley for flat and v belt 34
Springs

Type of springs, Terminology of Helical Springs, stress and deflection equation 35
Design of springs 36




Design of springs

37

Clutches

Type of clutches, friction clutches,Torque transmitting capacity 38
Multi disc clutches, cone clutches 39
Centrifugal clutches and energy consideration 40
Brakes

Energy equations, block brakes, band brakes 41
Internal expanding brakes 42
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DARBHANGA COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

Design of Machine Element

Assignment 1

Explain the properties of materials briefly.

How will you designate plain carbon steel?

Explain manufacturing consideration in design and broadly classify manufacturing
processes.

What are the steps involved in design of machine element?



DARBHANGA COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

Design of Machine Element

Assignment 2

1 The frame of a hydraulic press consisting of two identical steel plates is shown in Fig.
4.28. The maximum force P acting on the frame is 20 kN. The plates are made of steel
45C8 with tensile yield strength of 380 N/mm2. The factor of safety is 2.5. Determine
the plate thickness.

-\
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Fig. 1: Frame of hydraulic press

2 The shaft of an overhang crank subjected to a force P of 1 kN is shown in Fig. 2 The
shaft is made of plain carbon steel 45C8 and the tensile yield strength is 380 N/mma2.
The factor of safety is 2. Determine the diameter of the shaft using the maximum
shear stress theory.

Fig. 2

3 A component machined from a plate made of steel 45C8 (Sut = 630 N/mm2) is shown
in Fig. 3. It is subjected to a completely reversed axial force of 50 kN. The expected
reliability is 90% and the factor of safety is 2. The size factor is 0.85. Determine the
plate thickness t for infi nite life, if the notch sensitivity factor is 0.8.



-
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100
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Fig. 4

I..._

4 A forged steel bar, 50 mm in diameter, is subjected to a reversed bending stress of 250
N/mm2. The bar is made of steel 40C8 (Sut = 600 N/mmz2). Calculate the life of the
bar for a reliability of 90%.



DARBHANGA COLLEGE OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING

Design of Machine Element

Assignment 3

1. A steel plate, 100 mm wide and 10 mm thick, is joined with another steel plate by
means of single transverse and double parallel fillet welds, as shown in Fig. 1. The
strength of the welded joint should be equal to the strength of the plates to be joined.
The permissible tensile and shear stresses for the weld material and the plates are 70
and 50 N/mm2 respectively. Find the length of each parallel fillet weld. Assume the
tensile force acting on the plates as static.

!

=

Fig. 1

2. A bracket is attached to a steel channel by means of nine identical rivets as shown in

Fig. 2. Determine the diameter of rivets, if the permissible shear stress is 60 N/mmz2.
I 00 !

”F\”\"—’\f] | P = 50 kN
L (]

: 1 2 3
mﬂ{ R S ¢

Bt o0 0l
o7 ©° o

100

t 100 100 _

Fig. 2

3. A steel plate subjected to a force of 5 kN and fi xed to a channel by means of three
identical bolts is shown in Fig. 3. The bolts are made of plain carbon steel 30C8
(Syt = 400 N/mm2) and the factor of safety is 3. Determine the diameter of the shank.

75

T
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Code : 021618
B.Tech 6th Semester Exam., 2018

DESIGN OF MACHINE ELEMENTS

Time : 3 hours Full Marks : 70

Instructions:
(i) The marks are indicated in the right-hand margin.
{iij There are NINE questions in this paper.
(iii) Attempt FIVE questions in all.
(iv) Question No. 1 is compulsory.

1. Choose the correct option (any scven) : 2x7=14

fa) Steels used for automobile bodies and
hoods are

{) medium carbon steel
fii) mild steel

fiif) high carbon steel
f:'l:'} alloy steel

(b) Material used for self-lubricated bearing

is
(i) acetal

fii} polyurethane

fiii) polytetrafluoroethylene (Teflon)
fiv) Any onec of the above

BAK/419

http://www.akubihar.com

{ Turm Over )
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( 2)

(¢} 1n forged components
f) fiber lines are arranged in a
predetermined way

i) fiber lines of rolled stock are broken

(iii) there are no fiber lines

(iv) fiber lines are scattered

{d)] When a circular shaft is subjected to
torque, the torsional shear stress is

(i maximum at the axis of rotation
and zero at the outer surface

(i) uniform from axis of rotation 14 the
outer surface

{itij zero at the axis of rotation and
meaximum at the outer surface

wod regignyesam/sdyy

(iv) zero at the axis of rotation and zero
at the outer surface and maximum
at the mean radius

fe) The thermal stresses are caused due tg

{¢ variation in temperature
(@) high temperature

(i} specific heat

fw) latent heat

http://www.akubihar.com
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(4)
{3)
e t force
ing condition, the ne
_ aal iy Inthe mnmﬂﬁm m of centrifugal <hatch
{) A stress that varies in sinusol acting on the
manner with respect to time from is f_-qua_]. to
tensile to compressive (or vice-versa) fi the centrifugal force on shoe |
i i . minus
and with zero mean is called (i) the cent fugal force on shoe
(i) reversed stress spring force 1
. n shoe plus
(i) fluctuating stress (ii) the centrifugal force ©
gpﬁng force

(iii) repeated stress (i) the spring force

=2 fiv) varying stress = = =
- = - -~
= = = () The maximum shear stress in sSpnng =,
ff {g) In order to find the endurance limit, the i g wire is induced at g
§ rotating beam specimen 1s subjected to i i J inner surface of the coil i
= = = =
s i) repeated siresses g, g (ii) outer surface of the coil z
£ = = | =
= .ru;; reversed stresses 2 = fii) central surface of the coil B
) e} L) . " s i . =
g (iii) fluctuating stresses g g (iv) end coils http://www.akubihar.com g
fiv) maximum Siress
2. {a) What are the factors to be considered
fh) In design of screw jack from buckling for Bﬂlﬂ‘:‘-mﬂ of engineering m.alcﬁals for
considerations, the end conditions are f‘ machine oomponcpt? Discuss the
assumed as important manufacturing considerations
in machine design. 7
fi) both ends are hinged
(i} both ends are fixed fb} How will you sclect direction of fiber
lines 1n forged components? i
fii} one end fixed and other hinged
: and other fr .
fiv) one end fixed ee o
s BAK/AL { Continued ,

igARY19 { Turn Over
£ http://www.akubihar.com http://www.akubihar.com
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[ 5 ) (6)
3. The g
orce i
eompnnentacm nn- a bolt consists of two torsional moments of steel FeE 400
transveras o 248l pull of 12 kN and a (S, =400N/mm? and S, =540N/mm?),
8¢ shear force of 6 kKN. The bolt is ’ -

made of stee] having g ' 2 and The corrected endurance limit of the shaft jg
factor of sag E yt =310 N/mm 210 N/mm®. Determine the diameter of the
disam salety is 25, Determine the . shaft using a factor of safety of 2-5. 14
o ¢ter of the bolt using the maximum

& .

ar stress theory of failure. 14 7. The layout of a wall crane and the pin-joint

connecting the tie-rod to the crane post is
shown in the figures fa/ and (b respectively,
| The tension in the tie rod is maxim:

: . . ] IS Maximuim,

Syt =620 N/mm 15 subjected to a the load is at a distance «f » when

4. A rotating bar made of steel having

= z = 2 m from the wall, =
] completely reversed bending stress. The < < The tie-rod and the pin are made of steel ]
%_: giir;e;ted t:nd}nanrf- limit of the bar 1s %: “%: having Sy =250 Nfmm? and oo of safety %‘“
;' /mm’. Calculate the fatigue strength ;r :"; is 3:0. Determine the diamerter of the 1 ;e'
'; of the bar for a life of 1,00,000 cycles. 14 ; i and the pin. n the tie-rod ;
5 _ H 5 H
hy 5. A forged steel bar of 55 mm diameter is hy h =
S subjected 1o a reversed bending stress of s g g
260 N/mm°. The bar is made of 40C8 steel
(S, =610 N/mm?). Calculate the life of the
bar for a reliability of 90%. 14
6. A transmission shaft carries a pulley midway
between the two bearings. The bending
moment at the pulley varics from 200 N-m to
600 N-m, as the torsional moment in the
shaft varies from 70 T't"“" to 200 N-m. The
frequencies of variation of bending and
8AK/419
BAK/419 ( Tum Over )

http://www.akubihar.com http://www.akubihar.com
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(7))

8. A gearbox weighing 6 kN is provided with a

steel eyebolt for lifting and transporting on
the shop floor. The eyebolt is made of 30C8
steel (S, =380 N/mm?) and factor of safety
18 5. Determine the nominal diameter of the
eyebolt having coarse threads if d, - 0-8d
where d. and d are the core and major
diameters respectively.

A cylindrical pressure vessel with a 08 m
inner diameter 1s subjected o an interTul
steam pressure of 2MPa The permissible
stresses for cylinder plate and nivets n
tension, shear and compression are B0, 60
and 120 N,’mm‘_' respectively. The efficiency
of longitudinal joint can be taken as B0% for
calculating the plate thickness The
corrosion allowance s 2 mun. The efliciency
of circumferential lap joint should be at least
62%. Design the circumferential lap joint and
calculate the thickness of plate, diameter of
the rivets, number of rivets and pitch of

rivets,

a h &

14

14

Code : 021615
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Code : 021615

B.Tech 6th Semester Exam., 2019

DESIGN OF MACHINE ELEMENTS

Time : 3 hours Full Marks : 70

Instructions :

(i) All questions carry equal marks.

(i) There are NINE questions in this paper.
(iii) Attempt FIVE questions in all.

{iv) Ql.;esﬁon No. 1 is compulsory.

(v) Students are allowed to use design data book.

1. Choose the correct answer of the following
(any seven) :

fa) Which of the following parameters can be
obtained by tension test of a standard

specimen?

(i) Proportional limit

(i) Yield strength

(iiij Percentage reduction in area

(iv) All of the above

{ Turm Over )

854
AKS/ http://www.akubihar.com

wod reyIqnye mma;/diy

wodreyignye mmay/diy

(b)

(c}

(@)

AK9/854

http:fx"wwvir,aﬁub}har,com

Which of the following is the definition of
compliance?

(i) Inverse of rigidity
(i) Inverse of stiffness
(ii} Proportional to elastic limit

(iv) None of the above

Yield strength is defined as the maximum
stress at which a marked increase In
elongation occurs without increase in

(i) load
(i) strength
(ifi) toughness

{iv) hardness

Relative density of aluminium is roughly
of steel.

(i) one-third
(i} one-fifth
{iti) one-tenth
fiv) equal

. _ { Continued )
http://www.akubihar.com
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(3)

(e} Which of the following are true for
aluminium?

iy Low specific gravity
(i) Corrosion resistance
(i) High thermal conductivity
(iv) All of the above
() In alloy 4450, 4 represents
fi} silicon hitp://www.akubihar.com
() aluminium
(il manganese
{iv) zinc
(g} Ductile cast iron is
fij nodular cast iron
(i) spheroidal graphite cast iron
(iij carbon is present in the form of
spherical nodules
fiv) All of the above
(h) Grey cast iron is formed when
fij carbon content in the alloy exceeds the
amount that can be dissolved
(i) carbon content in the alloy is less than
the amount that can be dissolved
fiiif carbon content in the alloy is equal to
the amount that can be dissolved in the
alloy
(iv) None of the above

PsKngS’q' (T‘um OUE‘I‘J

http://www.akubihar.com
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4 )

()  Which of the following are true?
(i} Brass is costlier then copper
(i) Brass has excellent corrosion resistance
(i) Brass has good machinability

fiv) Brass has poor thermal conductivity

i)  Proof strength is defined as the stress which
will produce a permanent extension of how
much percentage in the gauge length of the
standard test specimen

i) 01
(i) 02
(@i) 0-3
{iv) 0-4

2. Two rods, made of plain carbon steel 40C8
[Syr =380 N /mmil, are to be connected by

means of a cotter joint. The diameter of each rod
is 50 mm and the cotter is made from a steel
plate of 15mm thickness. Calculate the
dimensions of the socket end making following

assumptions :

(a) The yield strength in compression is twice of
the tensile yield strength

(b) The yield strength in shear is 50% of the

tensile yield strength

The factor of safety is 6.

AK9 /854 ( Continued )
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3. A component machined from a plate made of steel

45C8 (S, =630 N/mm?) is shown in Fig. 1. It is

subjected to a completely reversed axial force of
SO kN. The expected reliability is 90% and the
factor of safety is 2. The size factor is 0-85.
Determine the plate thickness t for infinite life, if
the notch sensitivity factor is 0-8 :

http://www .akubihar.com

(6)

5. A cylindrical pressure vessel with 1m inner
diameter is subjected to internal steam pressure
of 15 MPa. The permissible stresses for the
cylinder plate and the rivets in tension, shear,
and compression are 80, 60 and 120 memg

respectively. The efficiency of longitudinal joint

wodreyignye mmay/diy

can be taken as 80% for the purpose of

calculating the plate thickness. The corrosion
t f allowance is 2mm. The efficiency of
circumferential lap joint should be at least 62%.

Design the circumferential lap joint and
calculate—

(a) thickness of the plate;

(b) diameter of the rivets;

[
" - S

b

[

Fig. 1

IIMIY

{¢) number of rivets;
d, itch of rivets;
4. A welded connection, as shown in Fig. 2 is (@ p .
subjected to an eccentric force of 7-SkN. fe) number of rows of rivets;
Determine the size of welds if the permissible
- 2 1)
shear stress for the weld is 100 N/mm“. Assume

wod reyIqnye mma;/diy
wodreyignye mmay/diy

overlap of the plates.

static conditions : 6. It is required to design a square key for fixing a

/\_/] gear on a shaft of 25 mm diameter. The shaft is

transmitting 15 kW power at 720 r.p.m. to the
gear. The key is made of steel 50C4
(Syt =460 N/mm?) and the factor of safety is 3.

For key material, the yield strength in
compression can be assumed to be equal to the

yield Strength in  tension. Determine the
Fig. 2 dimension of the key,

hitp://www.akubihar.com http://www.akubihar.com ( Continued )
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7. Design a mufl coupling to connect two steel

shafts transmitting 25 kW power at 360 r.p.m.
The shalfts and key are made of plain carbon steel
30C8 (Sy =Sy, =400 N/ mm?). The sleeve

is made of grey cast iron FG200
(Sut =200 N/mm?). The factor of safety for the

.shaft and key is 4. For sleeve, the factor of safety
is 6 based on ultimate strength.

h.hard-drawn steel wire extension spring has a
wire diameter of 09 mm, an outside coil diameter
of 63 mm, hook radii of n=2-7mm and
T2 =2:3 mm, and an initial tension of 5 N. The

number of body turns is 12:17. From the given
information—

(a) determine the physical parameters of the
spring;

(b) check the initial preload stress conditions;

(c) find the factors of safety under a static 23N
load.

9. The following data is given for an open-type V-belt

drive :
Diameter of driving pulley = 150 mm

Diameter of driven pulley = 300 mm
Centre distance = |

Groove angle = 40°

wod reyIqnye mma;/diy
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( 8)

Mass of belt = 025 kg/m

Maximurm permissible tension = 750 N

Coefficient of friction = 0-2
Plot a graph of maximum tension and power
transmitted against the belt velocity. Calculate
the maximum power transmitted by the belt and

the corresponding belt velocity. Neglect power
losses.

http://www.akubihar.com
Whatsapp @ 9300920012
Your old paper & get 10/-
e audr o 3R 10 w9 a,
Paytm or Google Pay ¥

Wwod reyiqnye mma/sdiy

AK9/854 AK9—1870/854

| _ ode : 021615
http://www.akubihar.com

{ Tum Ove
. : r
http://www.akubihar.com )



akubihar.com Code ': 02 1615

B.Tech 6th Semester Exam., 2014
DESIGN OF MACHINE ELEMENTS

Time : 3 hours Full Marks : 70

Instructions

(il The marks are indicated in the right-hand margin.

(ii) There are NINE questions in this paper,

(i) Attempt FIVE questions in all.

(tv) Question No. 1 is compulsory.

fv) Use of data books is permitted. Select data, if
missing, suitably.

1. Answer any seven of the following as
directed : 2x7=14

fa) Give two examples of bearing pressure
and crushing stress in the design
consideration of machine elements.

(b) A hollow shaft and a solid shaft are of
equal weight. The hollow shaft has

(i) lower strength but greater stiffness
(i) lower strength and lower stiffness
(iif) greater strength but lower stiffness

(v} greater strength and also- greater
stiffniess

( Choose the correct option )

14AK—700/681 akubihar.com (7w Oper )
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{c)

()

fe)

(a)

(h)

b

14AK—700/681

(2)

akubihar.com
If a helical coil spring of stiffness K is

- cut ‘into two identical half coil springs,

the stifiness of each of these half spring
will be —,
( Fill in the blank )

Cast iron is widely used for machine
frames, Give two reasons.

Give the composition of 25CryMo,.

The resistance of fatigue of a material is
measured by

(i) elastic limit

fii) proportionate limit
{iii) endurance limit

fiv} ultimate strength limit

( Choose the correct option |

What is the minimum efficiency
required for the circumferential boiler
joint?

Why are multiple threaded screws not
recommended in screw jack?

Suggest suitable coupling for shafts
with parallel misalignment.

Name the three stresses induced in belt
due to power transmission.

akubihar.com ( Continued )
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Design a cotter joint, made of 30C8 steel, to
support a load of 50 kN which is subjected to
slow reversals of direction. .

Determine the main dimensions of the
longitudinal joints of a boiler whose inner
diameter is 1'7 m and pressure of steam
is 20 bar. The allowable tensile, crushing
and shear stresses of mild steel rivet are
80 N/mm?, 120 N/mm? and 65 N/mm?
respectively. Assume quadruple rivetted,
zig-zag butt joint with unequal cover plates.

Determine the size of the welds to support by
means of fillet welds of a beam of rectangular
cross-section as shown in the figure below if
the permissible shear stress in the weld is
limited to 75 N/mm?.

25 kN

500 mm

%%

A mild steel shaft has to transmit 70 kW at
240 r.p.m. The allowable shear stress in the
shaft material is limited to 45 MPa and the
angle of twist is not to exceed 1° in a length

=

150mm|(—-

e

ke

100 mm

akubihar.com
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of 20 times the shaft diameter. Determine the
shaft diameter and design a cast iron flange
coupling of protected type for the shaft. The
shear stress in the coupling bolts is to be
limited to 30 MPa.

Design a screw jack for lifting a load of 20 kN
through a distance of 200 mm.

A safety valve of 60 mm diameter is to blow
off at a pressure of 12 bar. It is held on
its seat by a close-coiled helical spring,
The maximum lift of the valve is 10 mm.
Determine main dimensions of a
compression spring of spring index 5. Take
initial compression of the spring as 35 mm.
The maximum shear stress in the material
of the spring wire is to be limited to
500 N/mm?. [Take C = 82 GPa)

A crossed belt drive is to transmit 10 kW at
1200 r.p.m. of the smaller pulley which is
250 mm in diameter. The velocity ratio is 2
and centre distance is 1'2 m. It is desired to
use a 6 mm thick leather belt with coefficient
of friction equal to 025, If the permissible
stress for the belt material is 2 N/mrnz.
determine the width of the belt. [Take
the mass density of the belt material as
1000 kg/m 3]

akubihar.com
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9. A single-disc clutch is required to resist a

maximum torque 500 N-m. The outer radius
of the friction lining is 30% more than the
inner radius. The permissible intensity of
pressure between the contact surfaces is
0-08 N/mm:" . The coefficient of friction is
0-25. Eight helical compression springs are
used to provide axial force necessary to
engage the clutch. If the stiffness of each
spring is 36 N/mm, determine the size of the
friction lining and initial compression in the
spring.
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MECHANICAL ENGINEERING (61" SEM)
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Question Bank

Unit- 1
Objective Questions:
1.Which of the following material has the maximum ductility?
a) Mild steel (b) Copper (c) Zinc (d) Aluminium
Ans: (a)

2.According to Indian standard specifications, a grey cast iron designated by ‘FG 200’ means that the
(a) carbon content is 2%

(b) maximum compressive strength is 200 N/mm?2

(c) minimum tensile strength is 200 N/mm?2

(d) maximum shear strength is 200 N/mm2

Ans.: (c)

3.According to Indian standard specifications, a plain carbon steel designated by 40C8 means that
(a) carbon content is 0.04 per cent and manganese is 0.08 per cent

(b) carbon content is 0.4 per cent and manganese is 0.8 per cent

(c) carbon content is 0.35 to 0.45 per cent and manganese is 0.60 to 0.90 per cent
(d) carbon content is 0.60 to 0.80 per cent and manganese is 0.8 to 1.2 per cent
Ans.: (c)

4.The material commonly used for machine tool bodies is

(a) mild steel (b) aluminium (c) brass (d) cast iron

Ans.: (d)

5.The material commonly used for crane hooks is

(a) castiron (b) wrought iron (c) mild steel (d) aluminium



Ans.: (b)

6.The steel widely used for motor car crankshafts is

(a) nickel steel (b) chrome steel (c) nickel-chrome steel  (d) silicon steel
Ans.: (b)

7.The castings produced by forcing molten metal under pressure into a permanent metal mould is

known as

(a) permanent mould casting (b) slush casting

(c) die casting (d) centrifugal casting
Ans.: (c)

8.The metal is subjected to mechanical working for

(a) refining grain size (b) reducing original block into desired shape
(c) controlling the direction of flow lines (d) all of these
Ans.: (d)

9. The temperature at which the new grains are formed in the metal is called

(a) lower critical temperature (b) upper critical temperature
(c) eutectic temperature (d) recrystallisation temperature
Ans.: (d)

10. During hot working of metals

(a) porosity of the metal is largely eliminated

(b) grain structure of the metal is refined

(c) mechanical properties are improved due to refinement of grains

(d) all of the above

Ans.: (d)

11. The parts of circular cross-section which are symmetrical about the axis of rotation are made by
(a) hot forging (b) hot spinning (c) hot extrusion (d) hot drawing

Ans.: (b)

12. The process extensively used for making bolts and nuts is

(a) hot piercing (b) extrusion (c) cold peening (d) cold heading



Ans.: (d)

13. Factor of safety for fatigue loading is the ratio of
(a) elastic limit to the working stress

(b) Young's modulus to the ultimate tensile strength
(c) endurance limit to the working stress

(d) elastic limit to the yield point

Ans.: (c)

Subjective Questions:

1. Enumerate the various manufacturing methods of machine parts which a designer should
know.

2. What do you understand by ‘hot working’ and ‘cold working’ processes? Explain with
examples.

3. Give the composition of 35 Mn 2 Mo 45 steel. List its main uses.

4. What are the factors to be considered for the selection of materials for the design of
machine elements? Discuss.

5. What are the steps involved in in design of a machine elements?

6. Distinguish between design synthesis and design analysis.

7. What is standardization?

Unit- 2
Objective Questions:

1. When a machine member is subjected to torsion, the torsional shear stress set up in the member
is

(a) zero at both the centroidal axis and outer surface of the member

(b) Maximum at both the centroidal axis and outer surface of the member

(c) zero at the centroidal axis and maximum at the outer surface of the member
(d) none of the above

2. The stress which vary from a minimum value to a maximum value of the same nature (i.e. tensile
or compressive) is called



(a) repeated stress (b) yield stress
(c) fluctuating stress (d) alternating stress

3. The endurance or fatigue limit is defined as the maximum value of the stress which a polished
standard specimen can withstand without failure, for infinite number of cycles, when subjected to
(a) static load (b) dynamic load

(c) static as well as dynamic load (d) completely reversed load
4. Failure of a material is called fatigue when it fails

(a) at the elastic limit (b) below the elastic limit
(c) at the yield point (d) below the yield point

5. The resistance to fatigue of a material is measured by

(a) elastic limit (b) Young's modulus
(c) ultimate tensile strength (d) endurance limit
6. The yield point in static loading is ............... as compared to fatigue loading.

(a) higher (b) lower (c) same

7. If the size of a standard specimen for a fatigue testing machine is increased, the endurance limit
for the material will

(a) have same value as that of standard specimen
(b) increase
(c) decrease

8. The residual compressive stress by way of surface treatment of a machine member subjected to
fatigue loading

(a) improves the fatigue life (b) deteriorates the fatigue life

(c) does not affect the fatigue life (d) immediately fractures the specimen
9. Stress concentration factor is defined as the ratio of

(a) maximum stress to the endurance limit

(b) nominal stress to the endurance limit

(c) maximum stress to the nominal stress

(d) nominal stress to the maximum stress

10. In static loading, stress concentration is more serious in



(a) brittle materials (b) ductile materials
(c) brittle as well as ductile materials (d) elastic materials
11. In cyclic loading, stress concentration is more serious in

(a) brittle materials (b) ductile materials
(c) brittle as well as ductile materials (d) elastic materials
Short- Answer Questions:

1. What is fluctuating stress? Draw a stress—time curve for fluctuating stress.

2. What are the methods of reducing stress concentration?

3. What is the difference between failure due to static load and fatigue failure?
4. What are the factors that affect endurance limit of a machine part?

5. What is modifying factor to account for stress concentration?

Subjective Questions:

1. A rectangular plate, 15 mm thick, made of a brittle material is shown in Fig. 5.58
stresses at each of three holes of 3, 5 and 10 mm diameter.

J,_.. 10« -

— 3 — B
= [T A B
20kN -« 25 -5 _\_{_)_ _b _} 20 kN
' b & 4

<= T B

Fig. 1

. Calculate the

2. A solid circular shaft, 15 mm in diameter, is subjected to torsional shear stress, which varies from

0 to 35 N/mm2 and at the same time, is subjected to an axial stress that varies from —15 to +30

N/mm2. The frequency of variation of these stresses is equal to the shaft speed. The shaft is made of

steel FeE 400 (Sut = 540 N/mm2 and Syt = 400 N/mm?2) and the corrected enduran
shaft is 200 N/mm?2. Deter mine the factor of safety.

3. A 25 mm diameter shaft is made of forged steel 30C8 (S, = 600 N/mm?). There

ce limit of the

is astep in the

shaft and the theoretical stress concentration factor at the step is 2.1. The notch sensitivity factor is
0.84. Determine the endurance limit of the shaft if it is subjected to a reversed bending moment.

4. A rotating bar made of steel having Sut = 620 N/mm? is subjected to a completely reversed
bending stress. The corrected endurance limit of the bar is 310 N/mm? . Calculate the fatigue strength

of the bar for a life of 1, 00,000 cycles.
Unit- 3

Objective Questions:



1. A cotter joint is used to transmit

(a) axial tensile load only (b) axial compressive load only
(c) combined axial and twisting loads (d) axial tensile or compressive loads
2. The taper on cotter varies from

(a)1in15to1in10 (b)1in24to1in 20
(c)1in32to1lin24 (d)1in48to1in 24

3. In a steam engine, the piston rod is usually connected to the crosshead by means of a
(a) knuckle joint (b) universal joint
(c) flange coupling (d) cotter joint

4. In a steam engine, the valve rod is connected to an eccentric by means of a

(a) knuckle joint (b) universal joint

(c) flange coupling (d) cotter joint

5.A rivet is specified by

(a) shank diameter (b) length of rivet

(c) type of head (d) length of tail

6.The rivet head used for boiler plate riveting is usually

(a) snap head (b) pan head

(c) counter sunk head (d) conical head

7. Aline joining the centres of rivets and parallel to the edge of the plate is known as
(a) back pitch (b) marginal pitch
(c) gauge line (d) pitch line

8. If the tearing efficiency of a riveted joint is 50%, then ratio of diameter of rivet hole to the pitch of
rivets is

(a) 0.20 (b)0.30 (c)0.50 (d) 0.60
9. The longitudinal joint in boilers is used to get the required

(a) length of boiler (b) diameter of boiler

(c) length and diameter of boiler (d) efficiency of boiler

10. For longitudinal joint in boilers, the type of joint used is



(a) lap joint with one ring overlapping the other

(b) butt joint with single cover plate

(c) butt joint with double cover plates

(d) any one of these

11. The washer is generally specified by its

(a) outer diameter (b) hole diameter

(c) thickness (d) mean diameter

12. A locking device extensively used in automobile industry is a

(a) jam nut (b) castle nut (c) screw nut (d) ring nut
13.A bolt of uniform strength can be developed by

(a) keeping the core diameter of threads equal to the diameter of unthreaded portion of the bolt

(b) keeping the core diameter of threads smaller than the diameter of unthreaded portion of the
bolt

(c) keeping the nominal diameter of threads equal to the diameter of unthreaded portion of bolt
(d) none of the above

Subjective Questions:

1. It is required to design a cotter joint to connect two steel rods of equal diameter. Each rod is
subjected to an axial tensile force of 50 kN. Design the joint and specify its main dimensions.

2. Two rods are connected by means of a cotter joint. The inside diameter of the socket and outside
diameter of the socket collar are 50 and 100 mm respectively. The rods are subjected to a tensile
force of 50 kN. The cotter is made of steel 30C8 and the factor of safety is 4. The width of the cotter
is five times the thickness. Calculate:

(i) width and thickness of the cotter on the basis of shear failure; and
(ii) width and thickness of cotter on the basis of bending failure.

3. Design a knuckle joint which is used to connect two rods which are required to withstand a tensile
load of 100 kN. The rods and pin are made of plain carbon steel 30C8 (S, = 400 N/mm?) and assume
suitable factor of safety.

4.A welded connection of steel plates is shown in fig. 1. It is subjected to an eccentric force
of 50 kN. Determine the size of weld, if the permissible shear stress in the weld is not to
exceed 70 N/mm?.



Fig. 1

5.A bracket is attached to a horizontal column by means of three identical rivets as shown in
fig. 2. The maximum permissible shear stress for the rivet is 60 N/mm?.

Fig. 2

6. A pressure vessel of the boiler consists of cylindrical shell of 0.8 m inner diameter. It is subjected
to internal steam pressure of 2 MPa. Triple-riveted double-strap longitudinal butt joint is used to
make the shell. The straps are of unequal width. The pitch of the rivets in outer row is twice of the
pitch of rivets in middle and inner rows. A zig-zag pattern is used for arrangement of rivets. The effi
ciency of the joint should be at least 80%. The corrosion allowance is 2 mm. The permissible stresses
for rivets and shell in tension, shear and compression are 80, 60 and 120 N/mm?2 respectively.

Calculate:

(i)thickness of the shell;

(ii) diameter of the rivets;

(iii) pitch of the rivets in outer row;

(iv) distance between outer and middle rows;
(v) distance between middle and inner rows;
(vi) thickness of inner strap;

(vii) thickness of outer strap; and

(viii) effi ciency of the joint.

7.A gearbox weighing 7.5 kN is provided with a steel eye bolt for lifting and transporting on the
shop-floor. The eyebolt is made of plain carbon steel 30C8 (Syt = 400 N/mm?2 ) and the factor of
safety is 5. Determine the nominal diameter of the eye bolt having coarse threads

if, dc=0.8d



where dc and d are core and major diameters respectively.

Unit-4

Objective Questions:
1.The usual proportion for the width of key is

(a) d/8 (b) d/6 (c) d/4
where d = Diameter of shaft.
2. A feather key is generally
(a) loose in shaft and tight in hub
(b) tight in shaft and loose in hub
(c) tight in both shaft and hub
(d) loose in both shaft and hub.
3. The type of stresses developed in the key is/are
(a) shear stress alone
(b) bearing stress alone
(c) both shear and bearing stresses

(d) shearing, bearing and bending stresses

(d)d/2

4. For a square key made of mild steel, the shear and crushing strengths are related as

(a) shear strength = crushing strength

(b) shear strength > crushing strength

(c) shear strength < crushing strength

(d) none of the above

5. A keyway lowers

(a) the strength of the shaft

(b) the rigidity of the shaft

(c) both the strength and rigidity of the shaft
(d) the ductility of the material of the shaft

6. The sleeve or muff coupling is designed as a



(a) thin cylinder (b) thick cylinder
(c) solid shaft (d) hollow shaft

7. Two shafts A and B are made of the same material. The diameter of the shaft A is twice as that of
shaft B. The power transmitted by the shaft A will be ........... of shaft B.

(a) twice (b) four times (c) eight times (d) sixteen times

8. Which of the following loading is considered for the design of axles ?

(a) Bending moment only

(b) Twisting moment only

(c) Combined bending moment and torsion

(d) Combined action of bending moment, twisting moment and axial thrust

9. A connecting rod is designed as a

(a) long column (b) short column (c) strut (d) any one of these
10. The most suitable section for the connecting rod is

(a) L-section (b) T-section (c) I-section (d) C-section

11. Which of the following screw thread is adopted for power transmission in either direction?
(a) Acme threads (b) Square threads
(c) Buttress threads (d) Multiple threads
12. Multiple threads are used to secure

(a) low efficiency (b) high efficiency

(c) high load lifting capacity (d) high mechanical advantage
13. The material suitable for the belts used in agricultural equipments is

(a) cotton (b) rubber

(c) leather (d) balata gum

14. The power transmitted by means of a belt depends upon

(a) velocity of the belt

(b) tension under which the belt is placed on the pulleys

(c) arc of contact between the belt and the smaller pulley

(d) all of the above



15. When the speed of belt increases,

(a) the coefficient of friction between the belt and pulley increases
(b) the coefficient of friction between the belt and pulley decreases
(c) the power transmitted will decrease

(d) the power transmitted will increase

Subjective Questions:

1.It is required to design a square key for fi xing a pulley on the shaft, which is 50 mm in diameter.
The pulley transmits 10 kW power at 200 rpm to the shaft. The key is made of steel 45C8 (Syt = Syc =
380 N/mm?2) and the factor of safety is 3. Determine the dimensions of the key.

Assume (Ssy = 0.577Syt)

2.A rigid coupling is used to connect a 45 kW, 1440 rpm electric motor to a centrifugal pump. The
starting torque of the motor is 225% of the rated torque. There are 8 bolts and their pitch circle
diameter is 150 mm. The bolts are made of steel 45C8 (Syt = 380 N/mm2) and the factor of safety is
2.5. Determine the diameter of the bolts.

Assume (Ssy = 0.5775yt)
Assume that the bolts are fi nger tight in reamed and ground holes.

3.A bushed pin type fl exible coupling is used to connect two shafts and transmit 5 kW power at 720
rpm Shafts, keys and pins are made of commercial steel (Syt = Syc = 240 N/mm?2) and the factor of
safety is 3. The fl anges are made of grey cast iron FG 200 (Sut = 200 N/mm?2) and the factor of safety
is 6. Assume, Ssy = 0.5Syt and Ssu = 0.5Sut There are 4 pins. The pitch circle diameter of the pins is
four times the shaft diameter. The permissible shear stress for the pins is 35 N/mm2. The
permissible bearing pressure for the rubber bushes is 1 N/mm2. The keys have a square cross-
section.

Calculate: (i) diameter of the shafts;

(ii) dimensions of the key;

(iii) diameter of the pins; and

(iv) outer diameter and effective length of the bushes.

4. The layout of a crossed leather belt drive transmitting 7.5 kW is shown in Fig. 13.30. The mass of
the belt is 0.55 kg per metre length and the coeffi cient of friction is 0.30. Calculate (i) the belt
tensions on the tight and loose sides, and (ii) the length of the belt.



1500

Fig.

5. A V-belt drive is required for a 15-kW, 1440 rpm electric motor, which drives a centrifugal pump
running at 360 rpm for a service of 24 hours per day. From space considerations, the centre distance
should be approximately 1 m.

Determine

(i) belt specifications;

(ii) number of belts;

(iii) correct centre distance; and

(iv) pulley diameters.

Unit-5

Objective Questions:
1.A spring used to absorb shocks and vibrations is
(a) closely-coiled helical spring (b) open-coiled helical spring
(c) conical spring (d) torsion spring
2. The spring mostly used in gramophones is
(a) helical spring (b) conical spring
(c) laminated spring (d) flat spiral spring
3. Which of the following spring is used in a mechanical wrist watch?
(a) Helical compression spring (b) Spiral spring
(c) Torsion spring (d) Bellevile spring

4. When a helical compression spring is subjected to an axial compressive load, the stress induced in
the wire is

(a) tensile stress (b) compressive stress

(c) shear stress (d) bending stress



5.When two concentric coil springs made of the same material, having same length and compressed
equally by an axial load, the load shared by the two springs will be ............ to the square of the
diameters of the wires of the two springs.

(a) directly proportional (b) inversely proportional (c) equal to

6. A leaf spring in automobiles is used

(a) to apply forces (b) to measure forces

(c) to absorb shocks (d) to store strain energy
7. In leaf springs, the longest leaf is known as

(a) lower leaf (b) master leaf (c) upper leaf (d) none of these
8. A jaw clutch is essentially a

(a) positive action clutch (b) cone clutch

(c) friction clutch (d) disc clutch

9. The cone clutches have become obsolete because of

(a) small cone angles (b) exposure to dirt and dust
(c) difficulty in disengaging (d) all of these

10. A brake commonly used in railway trains is

(a) shoe brake (b) band brake

(c) band and block brake (d) internal expanding brake

11. A brake commonly used in motor cars is

(a) shoe brake (b) band brake

(c) band and block brake (d) internal expanding brake
12. The material used for brake lining should have ............. coefficient of friction.

(a) low (b) high

13. When the frictional force helps to apply the brake, then the brake is said to be
(a) self-energizing brake (b) self-locking brake
(c) universal brake (d) none ofthese

14. For a band brake, the width of the band for a drum diameter greater than 1 m, should not
exceed (a) 150 mm (b) 200 mm (c) 250 mm (d)
300 mm



Subjective Questions:

1.An automobile vehicle weighing 13.5 kN is moving on a level road at a speed of 95 km/h. When the
brakes are applied, it is subjected to a uniform deceleration of 6 m/s2. There are brakes on all four
wheels. The tyre diameter is 750 mm. The kinetic energy of the rotating parts is 10% of the kinetic
energy of the moving vehicle. The mass of each brake drum assembly is 10 kg 498 Design of Machine
Elements and the specifi c heat capacity is 460 J/kg°C.

Calculate

(i)the braking time;

(ii)the braking distance;

(iii)the total energy absorbed by each brake;

(iv) the torque capacity of each brake; and

(v) the temperature rise of brake drum assembly

2. State different types of brakes and give at least one practical application of each.

3. A multi-disk clutch consists of two steel disks with one bronze disk. The inner and outer diameters
of the contacting surfaces are 200 and 250 mm respectively. The coeffi cient of friction is 0.1 and the
maximum pressure between the contacting surfaces is limited to 0.4 N/mm2. Assuming uniform
wear theory, calculate the required force to engage the clutch and the power transmitting capacity
at 720 rpm

4. A centrifugal clutch, transmitting 18.5 kW at 720 rpm, consists of four shoes. The clutch is to be
engaged at 75% of the running speed. The inner radius of the drum is 165 mm, while the radius of
the centre of gravity of each shoe, during engaged position, is 140 mm. The coeffi cient of friction is
0.25. Calculate the mass of each shoe.

5. It is required to design a helical compression spring subjected to a force of 500 N. The defl ection
of the spring corresponding to this force is approximately 20 mm. The spring index should be 6. The
spring is made of cold-drawn steel wire with ultimate tensile strength of 1000 N/mm2. The
permissible shear stress for the spring wire can be taken as 50% of the ultimate tensile strength (G =
81 370 N/mm?2). Design the spring and

calculate:
(i) wire diameter;
(ii) mean coil diameter;
(iii) number of active coils;
(iv) total number of coils;

(v) free length of the spring; and



(vi) pitch of the coils.

Assume a gap of 1 mm between adjacent coils under maximum load condition. The spring has
square and ground ends.

6. A helical compression spring is required to defl ect through approximately 25 mm when the
external force acting on it varies from 500 to 1000 N. The spring index is 8. The spring has square and
ground ends. There should be a gap of 2 mm between adjacent coils when the spring is subjected to
the maximum force of 1000 N. The spring is made of cold-drawn steel wire with ultimate tensile
strength of 1000 N/mm2 and permissible shear stress in the spring wire should be 50% of the
ultimate tensile strength (G = 81 370 N/mm2). Design the spring and

calculate:
(i) wire diameter;
(ii) mean coil diameter;
(iii) number of active coils;
(iv) total number of coils;
(v) solid length;
(vi) free length;
(vii) required spring rate; and

(viii) actual spring rate.
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Step I Permissible shear stress for rivets
T — Ssy — 0'5 Sy[ — 0.5 (250)
s ) (2.5)

Step I  Diameter of rivets
Since there are three rivets,

3{%412}1:10 or 3{%012] 50=50%10>

. d=20.60 or 22 mm (1)

= 50 N/mm?

— t

1 e

50 kN =R

|
L%

Step III Permissible tensile stress for plates

S
2259 100 N/mm?

T 5y 25
Step IV Thickness of plates
As shown in Fig. 4.10(b),
0,(200-3d)t=P
or 100200 -3 x22) =50 x 103
t=3.73 or 4 mm (i)

%l_" 50 kN

——] - _i
@ 200

—— :

— |

| i

- T, | —
-

)L

- -

@ L-—x

(b)

Fig. 410 (a) Riveted Joint (b) Tensile Stress in Plate

49 COTTER JOINT

A cotter joint is used to connect two co-axial rods,
which are subjected to either axial tensile force or
axial compressive force. It is also used to connect
a rod on one side with some machine part like a
crosshead or base plate on the other side. It is not
used for connecting shafts that rotate and transmit
torque. Typical applications of cotter joint are as
follows:
(i) Joint between the piston rod and the
crosshead of a steam engine
(i1) Joint between the slide spindle and the fork
of the valve mechanism
(ii1) Joint between the piston rod and the tail or
pump rod

(iv) Foundation bolt

The principle of wedge action is used in a
cotter joint. A cotter is a wedge-shaped piece
made of a steel plate. The joint is tightened and
adjusted by means of a wedge action of the cotter.
The construction of a cotter joint, used to connect
two rods 4 and B is shown in Fig. 4.11. Rod-4 is
provided with a socket end, while rod-B is provided
with a spigot end. The socket end of rod-4 fits over
the spigot end of rod-B. The socket as well as the
spigot is provided with a narrow rectangular slot.
A cotter is tightly fitted in this slot passing through
the socket and the spigot. The cotter has uniform
thickness and the width dimension b is given a
slight taper. The taper is usually 1 in 24. The taper
is provided for the following two reasons:
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(i) When the cotter is inserted in the slot
through the socket and the spigot and pressed
by means of hammer, it becomes tight due
to wedge action. This ensures tightness of

Socket end
Cotter

Cotter

A

Na ==
Rod-A 1
Socket—/ |"5"

Socket collar:

~ ol

— Spigot

Clearance —
-+ t1 |“—
dl2 —
4 \i\ |

i
i
P
d3 d4__ {F} T
! !
il

the joint in operating condition and prevents
loosening of the parts.

Due to its taper shape, it is easy to remove
the cotter and dismantle the joint.

<

Spigot
collar

(i)

=~

Rod-B

—>-| |-<— Clearance

d

Fig. 4.11 Cotter Joint

The taper of the cotter as well as slots is on one
side. Machining a taper on two sides of a machine
part is more difficult than making a taper on one
side. Also, there is no specific advantage of a
taper on two sides. A clearance of 1.5 to 3 mm is
provided between the slots and the cotter. When the
cotter is driven in the slots, the two rods are drawn
together until the spigot collar rests on the socket
collar. The amount by which the two rods are
drawn together is called the draw of the cotter. The
cotter joint offers the following advantages:

(i) The assembly and dismantling of parts of
the cotter joint is quick and simple. The
assembly consists of inserting the spigot end
into the socket end and putting the cotter
into their common slot. When the cotter is

hammered, the rods are drawn together and
tightened. Dismantling consists of removing
the cotter from the slot by means of a
hammer.

The wedge action develops a very high
tightening force, which prevents loosening
of parts in service.

The joint is simple
manufacture.

Free body diagram of forces acting on three
components of cotter joint, viz., socket, cotter
and spigot is shown in Fig. 4.12. This diagram is
constructed by using the principle that actions and
reactions are equal and opposite. The forces are
determined in the following way,

(i)

(iii) and

to design
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(1) Consider rod-A4 with a socket end. The rod
is subjected to a horizontal force P to the
left. The sum of all horizontal forces acting
on the rod 4 with socket must be equal to
zero. Therefore, there should be a force P to
the right acting on the socket. This force is
shown by two parts, each equal to (P/2) on
the socket end.

Rod-A
17 P2y
7 2

P P

P2 —I"

)

Socket

(i) Consider rod-B with the spigot end. The rod
is subjected to a force P to the right. The sum
of all horizontal forces acting on rod-B must
be equal to zero. Therefore, there should be a
force P to the left on the spigot end.

(i1ii)) The forces shown on the cotter are equal and
opposite reactions of forces acting on the spigot
end of rod-B and the socket end of rod-A.

P2 Rod-B
| G—
\Nl_ ; p
| Spigot
P2

Cotter

Fig.4.12 Free Body Diagram of Forces

For the purpose of stress analysis, the following
assumptions are made:

(1) The rods are subjected to axial tensile force.

(i) The effect of stress concentration due to the

slot is neglected.
(iii) The stresses due to initial tightening of the
cotter are neglected.
In Fig. 4.11, the following notations are used

P = tensile force acting on rods (N)

d = diameter of each rod (mm)

d, = outside diameter of socket (mm)

d, = diameter of spigot or inside diameter of

socket (mm)

d; = diameter of spigot-collar (mm)

d, = diameter of socket-collar (mm)

a = distance from end of slot to the end of

spigot on rod-B (mm)
= mean width of cotter (mm)
= axial distance from slot to end of socket

collar (mm)

t = thickness of cotter (mm)
t, = thickness of spigot-collar (mm)
! = length of cotter (mm)

In order to design the cotter joint and find out
the above dimensions, failures in different parts and
at different cross-sections are considered. Based
on each type of failure, one strength equation is

o o

written. Finally, these strength equations are used
to determine various dimensions of the cotter joint.

(i) Tensile Failure of Rods Each rod of diameter
d is subjected to a tensile force P. The tensile stress
in the rod is given by,

P

@

or d= 4P
\/71:0',

where o, is the permissible tensile stress for the
rods.

o, =

(4.252)

(ii) Tensile Failure of Spigot Figure 4.13(a) shows
the weakest cross-section at XX of the spigot end,
which is subjected to tensile stress.

T
Area of section at XX = [Z d3 — dzt]

Therefore, tensile stress in the spigot is given
by,

P
O,=
T o2
or P= |:Z dz _dzt:| O; (4.25b)
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From the above equation, the diameter of spigot
or inner diameter of socket (d,) can be determined
by assuming a suitable value of ¢. The thickness of
the cotter is usually determined by the following
empirical relationship,

t=0.31d (4.25¢)

(iii) Tensile Failure of Socket Figure 4.14(a)
shows the weakest section at YY of the socket end,
which is subjected to tensile stress. The area of this
section is given by,

@ iArea under

tension

L p : p A
dz:[- _l“ﬁ _____ i_ -_% Z + d2

L, = =
X Section at XX

Area under
tension

area = [% (df —d3)-(d, —dz)t}

The tensile stress at section Y'Y is given by,
P

O, =
arca

or P{%(dﬁ—d;)—(dl—dz)t}a, (4.25d)

From the above equation, the outside diameter
of socket (d,) can be determined.

o] //// (b)

ti =P ——1 P
T—»IO'CH—
(c)

Fig.4.13 Stresses in Spigot End (a) Tensile Stress (b) Shear Stress (c) Compressive Stress

(iv) Shear Failure of Cotter The cotter is subjected
to double shear as illustrated in Fig. 4.15. The area of
each of the two planes that resist shearing failure is
(bt). Therefore, shear stress in the cotter is given by,

S__P
" 2(bt)
or P=2btt (4.25¢)

where 7 is permissible shear stress for the cotter.
From Eq. (4.25¢), the mean width of the cotter
(b) can be determined.

(v) Shear Failure of Spigot End The spigot end is
subjected to double shear as shown in Fig. 4.13(b).
The area of each of the two planes that resist shear
failure is (ad,). Therefore, shear stress in the spigot
end is given by,

= P
" 2(ad,)
or P=2ad,t (4.251)

where 7 is the permissible shear stress for the
spigot. From Eq. (4.25f), the dimension a can be
determined.
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(vi) Shear Failure of Socket End The socket end P
is also subjected to double shear as shown in Fig. T= m
4.14(b). The area of each of the two planes that ¢
or P=2d,—-dy)ct (4.25g)

resist shear failure is given by,
area=(d,—d,) c
Therefore, shear stress in the socket end is given ~ be determined.

From the above equation, the dimension ¢ can

b
Y Area under

P/' shear

Section at YY

(a) p

P
p P C— 3 |t a1z
s Bt m— F—d—-

Area under_|
Oc crushing

— ()

Fig.4.14 Stresses in Socket End (a) Tensile Stress (b) Shear stress (c) Compressive Stress

—— Shear area

A —

- .z t Wz

M ~—b—

p_% P/2
T NN
P

T——

o0

\ P2 PI2

Fig.4.15 Shear Failure of Cotter
(vii) Crushing Failure of Spigot End As shown in  width d, perpendicular to the plane of the paper.
Fig. 4.13(c), the force P causes compressive stress ~ The compressive stress is given by,

on a narrow rectangular area of thickness ¢ and 5, = 5 (4.25h)
2
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(viii) Crushing Failure of Socket End As shown in
Fig. 4.14(c), the force P causes compressive stress
on a narrow rectangular area of thickness 7. The
other dimension of rectangle, perpendicular to the
plane of paper is (d; — d,). Therefore, compressive
stress in the socket end is given by,
P .

y —dy)i (4.251)
(ix) Bending Failure of Cotter When the cotter
is tight in the socket and spigot, it is subjected to
shear stresses. When it becomes loose, bending
occurs. The forces acting on the cotter are shown
in Fig. 4.16(a). The force P between the cotter and
spigot end is assumed as uniformly distributed over
the length d,. The force between the socket end and
cotter is assumed to be varying linearly from zero
to maximum with triangular distribution. The cotter
is treated as beam as shown in Fig. 4.16(b). For
triangular distribution,

3y3 2 )7 6

o, =

Y A

| P12 w “ 2|

| I (@ | |

| | | |

I .

| P/2!l|1P/2 ! t—
2= Neutral

axis

|
|
|
|
|
—7XL’12 Lo
|
|

dy

Fig. 4.16 Cotter Treated as Beam (a) Actual
Distribution of Forces (b) Simplified Diagram of Forces

The bending moment is maximum at the centre. At
the central section,

_ P d2
M, > [ > + x] 7 (2)
_P[dy di-dy] P[d,
212 6 2| 4
_Pld di-d)
2| 4 6
3 b
Also, = L y ==
12 2
M,y
d — b
an o 7
Therefore,
Lid [&Jr dy - dz] b
21 4 6 2 i
oy = (4.25))

tb*

12
The applications of strength equations from
(4.25a) to (4.25j) in finding out the dimensions
of the cotter joint are illustrated in the next
example and the design project. In some cases, the
dimensions of a cotter joint are calculated by using
empirical relationships, without carrying out detail
stress analysis. In such cases, following standard

proportions can be used,

d, = 1.75d dy = 121d
dy=15d d,=24d
a=c=075d b=16d
t=031d t,=045d

Clearance = 1.5 to 3 mm
Taper for cotter = 1 in 32

410 DESIGN PROCEDURE FOR COTTER
JOINT

The basic procedure to calculate the dimensions of
the cotter joint consists of the following steps:
(i) Calculate the diameter of each rod by Eq.
(4.25a),
4p
o,

(i) Calculate the thickness of the cotter by the

empirical relationship given in Eq. (4.25¢),
t=031d
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(iii) Calculate the diameter d, of the spigot on the
basis of tensile stress. From Eq. (4.25b),

T
P=&Vg—dﬂ}q

When the values of P, ¢ and o, are
substituted, the above expression becomes a
quadratic equation.

(iv) Calculate the outside diameter d, of the
socket on the basis of tensile stress in the
socket, from Eq. (4.25d),

P= {%(dlz _d22)—(d1 _dz)f} (of

When values of P, d,, t+ and o, are
substituted, the above expression becomes a
quadratic equation.

(v) The diameter of the spigot collar d; and the
diameter of the socket collar d, are calculated
by the following empirical relationships,

dy=15d
d,=24d
(vi) The dimensions a and c are calculated by the
following empirical relationship,
a=c=0.75d
(vii) Calculate the width b of the cotter by shear
consideration using Eq. (4.25¢) and bending
consideration using Eq. (4.25j) and select the
width, whichever is maximum between these
two values.

P 3P|d, d,-d
b=— or = |— |24+ =2
2t i \/mb[4 B ]

(viii) Check the crushing and shear stresses in
the spigot end by Egs. (4.25h) and (4.25f)

respectively.
P
o, =——
‘o,
. P
B Zadz

(ix) Check the crushing and shear stresses in
the socket end by Eqs (4.251) and (4.25g)

respectively.
P

(dy —dy)t
_ P

o, =

T

(x) Calculate the thickness ¢, of the spigot collar
by the following empirical relationship,
t,=045d
The taper of the cotter is 1 in 32.

Example 4.2 1 s required to design a cotter joint
to connect two steel rods of equal diameter. Each
rod is subjected to an axial tensile force of 50 kN.
Design the joint and specify its main dimensions.

Solution

Given P=(50x10°)N

Part1 Selection of material

The rods are subjected to tensile force and strength
is the criterion for the selection of the rod material.
The cotter is subjected to direct shear stress and
bending stresses. Therefore, strength is also the
criterion of material selection for the cotter. On the
basis of strength, the material of the two rods and
the cotter is selected as plain carbon steel of Grade
30C8 (S,, =400 N/mm?).

PartII  Selection of factor of safety
In stress analysis of the cotter joint, the following
factors are neglected:

(i) initial stresses due to tightening of the cotter;

and
(i) stress concentration due to slot in the socket
and the spigot ends.

To account for these factors, a higher factor of
safety is used in the present design. The factor of
safety for the rods, spigot end and socket end is
assumed as 6, while for the cotter, it is taken as 4.
There are two reasons for assuming a lower factor
of safety for the cotter. They are as follows:

(1) There is no stress concentration in the cotter.

(i1)) The cost of the cotter is small compared
with the socket end or spigot end. If at all,
a failure is going to occur, it should occur in
the cotter rather than in the spigot or socket
end. This is ensured by assuming a higher
factor of safety for the spigot and socket
ends, compared with the cotter.

It is assumed that the yield strength in
compression is twice the yield strength in tension.

PartIII  Calculation of permissible stresses
The permissible stresses for rods, spigot end and
socket end are as follows:
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S
o, =—2= 290 _ 66.67 Nfmm?
(f5) 6
Sye 28, 2(400)
ye yt
o, = = = =133.33 N/mm?
5 (s 6 i
oo Sy 035, 0.5(400)
s () 6
=33.33 N/mm?
Permissible stresses for the cotter are as follows:
o, = = —— =100 N/mm
(f5) 4
S 0.58
_ Dw _D0w 0.3(400) _ o
s () 4

Part IV Calculation of dimensions
The dimensions of the cotter joint are determined
by the procedure outlined in Section 4.10.

Step I Diameter of rods

[4pP /4(50 x 10%)
= = = . 2
d p— 7(66.67) 30.90 or 32 mm

Step II  Thickness of cotter
t=0.31d=0.31(32) =9.92 or 10 mm

Step III  Diameter (d,) of spigot

p= Hdg —dzt} S,

50 x 10° = [% d2 - d, (10)} (66.67)

or  dj —12.73d, — 954.88 = 0
Solving the above quadratic equation,

1273 /12732 — 4(—954.88)

d, 5

d, =37.91 or 40 mm
Step IV Outer diameter (d;) of socket

pP= {%(dlz -d3) - (d, _dZ)t:|o-t

50 x 10° =[% (d? - 40%) = (d, — 40) (10)} (66.67)

or df —12.73d, —2045.59 = 0

Solving the above quadratic equation,

12.73 £ \/12.732 — 4(-2045.59)
dl =
2
d, =52.04 or 55 mm
Step V. Diameters of spigot collar (ds) and socket collar
(dy)
dy;=1.5d=1.5(32) =48 mm
d,=2.4d=2.4(32)=76.8 or 80 mm
Step VI Dimensions a and c
a=c=0.75d=0.75(32) = 24 mm
Step VII  Width of cotter
_ P 50x10°
T2t 2(50)(10)

po [P [dr, d—dy
to, | 4 6

50 mm (a)

or

_ [3(50%10%) 40 80 — 40
“\ (10) (100) | 4 6
=50 mm (b)
From (a) and (b),
b =50 mm

Step VIII Check for crushing and shear stresses in
spigot end
P _50x10°
O'C = —=
tdy (10)(40)

3
ro L 0107 04 N/mm?
2 ad,  2(24)(40)

0.<133.33 N/mm? and 7<33.33 N/mm’

=125 N/mm?

Step IX Check for crushing and shear stresses in socket
end

G P
¢ (dy —dy)t
3
= 90X s N/mm?
(80— 40)(10)
P
T

T2, —dy)c
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_50%10°
2(80—40)(24)
0,<133.33 N/mm? and 7<33.33 N/mm?

The stresses induced in the spigot and the socket
ends are within limits.

2 mm gap
30
o\ |

7

=26.04 N/mm?

550 —

——

Taper 1 in 32

320 —

100 I

.

Step X Thickness of spigot collar
t, =0.45d=0.45(32) = 14.4 or 15 mm
The taper for the cotter is 1 in 32.

Part V. Dimensioned sketch of cotter joint
The dimensions of various components of the cotter
joint are shown in Fig. 4.17.

—] —10

480 80D "1 100

ik B

=T

329

Fig.4.17 Dimensions of Cotter Joint

Example 4.3  Tiyo rods are connected by means
of a cotter joint. The inside diameter of the socket
and outside diameter of the socket collar are 50 and
100 mm respectively. The rods are subjected to a
tensile force of 50 kN. The cotter is made of steel
30C8 (S, = 400 N/mm?) and the factor of safety is
4. The width of the cotter is five times of thickness.
Calculate:

(i) width and thickness of the cotter on the basis
of shear failure; and

(ii) width and thickness of the cotter on the basis

of bending failure.

Solution
Given §,=400 N/mm* (fs) =4
P=(50x10°)N d,=100mm d, =50 mm

Step 1 Permissible stresses for cotter
Sy 400

0, = ="

(/) 4

Sy 058, _0.5(400)
WORN) 4

Step II Width and thickness on the basis of shear
failure

=100 N/mm?

=50 N/mm?

5t
From Eq. (4.25e),
P=2btt or

t=10mm and b=5¢r=50mm

50 x 103 =2 (57) £ (50)
(M)
Step II1 Width and thickness on the basis of bending
failure

d, =100 mm d, =50 mm
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From Eq. (4.25j),

Pld, di—d,|b
2|4 6 |2

B

50 x 10°[50 (100 - 50) ] (51)
2 |4 6 2

1 (50)°
12
S t=1077o0r12mm and bH=5t=60mm (ii)

Example 4.4 Tyo rods, made of plain carbon
steel 40C8 (S,, = 380 N/mm?), are to be connected
by means of a cotter joint. The diameter of each rod
is 50 mm and the cotter is made from a steel plate
of 15 mm thickness. Calculate the dimensions of the
socket end making the following assumptions:

O-b:

100 =

(i) the yield strength in compression is twice of
the tensile yield strength; and
(ii) the yield strength in shear is 50% of the
tensile yield strength.
The factor of safety is 6.
Solution
Given =380 N/mm? (f5)=6 t=15mm
d =50 mm
Stepl Permissible stresses
o - Sye _ 28y _ 2(380)
U () 6
Sy 055, 0.5(380)

=126.67 N/mm?>

T=—2 = = = 31.67 N/mm?
WA NNV 6
Sy 380
hid 2
o, = = — = 63.33 N/mm
s 6
Step II Load acting on rods

T
p=7d’c, or P= %(50)2 (63.33)

=124 348.16 N
Step III  Inside diameter of socket (d,)
From Eq. (4.25b),

T
P= {Z d; - dzt} o,

124 348.16 = [% d2 —d, (15)} (63.33)

or d; —19.1d, — 2500 = 0
Solving the above quadratic equation,

19.1 £ /19.12 — 4(=2500)
d2 =
2
d, =60.45 or 65 mm 6

Step IV Outside diameter of socket (d;)
From Eq. (4.25d),

T
P= [wa —d3) = (d, —dz)t}r,
124 348.16 =

[% (d} = 65%) = (d, - 65) (15)} (63.33)

or g2 _19.1d, —5483.59 = 0
Solving the above quadratic equation,

19.1 +4/19.1% — 4(~5483.59)
dl =
2
d,=184.21 or 85 mm (ii)

Step V. Diameter of socket collar (d,)
From Eq. (4.251),

P
(dy —dy)t
124 348.16
(d, -65)(15)
d,=130.44 or 135mm (iii)

O, =

or 126.67 =

Step VI Dimensions a and c
From Eq. (4.251),
y= P _ 124 348.16

2d, 7 2(65)(31.67)
From Eq. (4.25g),
_ P B 124 348.16
©2(dy —dy)t  2(135-65)(31.67)

= 28.04 or 30 mm v)

= 30.20 or 35 mm (iv)

c

411 KNUCKLE JOINT

Knuckle joint is used to connect two rods whose
axes either coincide or intersect and lie in one
plane. The knuckle joint is used to transmit axial
tensile force. The construction of this joint permits
limited angular movement between rods, about
the axis of the pin. This type of joint is popular in
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machines and structures. Typical applications of
knuckle joints are as follows:
(i) Joints between the tie bars in roof trusses.
(i) Joints between the links of a suspension
bridge.
(iii) Joints in valve mechanism of a reciprocating
engine.
(iv) Fulcrum for the levers.
(v) Joints between the links of a bicycle chain.
A knuckle joint is unsuitable to connect
two rotating shafts, which transmit torque. The

construction of a knuckle joint, used to connect two
rods 4 and B subjected to tensile force P, is shown
in Fig. 4.18. An eye is formed at the end of rod-
B, while a fork is formed at the end of rod-4. The
eye fits inside the fork and a pin passes through
both the fork and the eye. This pin is secured in its
place by means of a split-pin. Due to this type of
construction, a knuckle joint is sometimes called
a forked-pin joint. In rare applications, a knuckle
joint is used to connect three rods—two with forks
and a third with the eye.

|

|

i ,

I

I

|

|

Split pin l \— Pin
]

| Rod-B
Rod-A /‘_\ od
D ST m-—-—" T - — D

Dy

D,

Fig.4.18 Knuckle Joint
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The knuckle joint offers the following adva-
ntages:
(i) The joint is
manufacture.
(i) There are a few parts in the knuckle joint,
which reduces cost and improves reliability.
(iii) The assembly or dismantling of the parts
of a knuckle joint is quick and simple. The
assembly consists of inserting the eye of
one rod inside the fork of the other rod and
putting the pin in their common hole and
finally putting the split-pin to hold the pin.
Dismantling consists of removing the split-pin
and taking the pin out of the eye and the fork.
In Fig. 4.18, the following notations are used.
D = diameter of each rod (mm)
D, = enlarged diameter of each rod (mm)
d = diameter of knuckle pin (mm)
d, = outside diameter of eye or fork (mm)
thickness of each eye of fork (mm)
= thickness of eye end of rod-B (mm)
d, = diameter of pin head (mm)
x = distance of the centre of fork radius R from
the eye (mm)

simple to design and

Q
Il

S
I

(1) The rods are subjected to axial tensile force.
(ii)) The effect of stress concentration due to
holes is neglected.
(iii)) The force is uniformly distributed in various
parts.

Free body diagram of forces acting on three
components of the knuckle joint, viz., fork, pin
and eye is shown in Fig. 4.19. This diagram is
constructed by using the principle that actions and
reactions are equal and opposite. The forces are
determined in the following way,

(1) Consider rod-A4 with the fork end. The rod is

subjected to a horizontal force P to the left.
The sum of all horizontal forces acting on
rod-4 must be equal to zero. Therefore, there
should be a force P to the right acting on the
fork end. The force P is divided into two
parts, each equal to (P/2) on the fork end.
(ii)) Consider rod-B with the eye end. The rod is
subjected to a horizontal force P to the right
side. The sum of all horizontal forces acting
on rod-B must be equal to zero. Therefore,
there should be a force P to the left acting on

For the purpose of stress analysis of a knuckle the eye end.
joint, the following assumptions are made:
CT 1
Rod-A - | [e—Pi2 Rod-B
P2 |
P P P
p=—t | —
P12 |
b —] | P Eye D
Fork i PI2
i Pin

Fig.4.19 Free Body Diagram of Forces

(iii) The forces shown on the pin are equal and
opposite reactions of forces acting on the
fork end of rod-4 and the eye end of rod-B.

In order to find out various dimensions of the
parts of a knuckle joint, failures in different parts
and at different cross-sections are considered.

For each type of failure, one strength equation is
written. Finally, these strength equations are used
to find out various dimensions of the knuckle joint.

(i) Tensile Failure of Rods Each rod is subjected
to a tensile force P. The tensile stress in the rod is
given by,
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P 4p
sz(n'— or D= o
_DZ) ‘

(4.262)

4
where o, is the permissible tensile stress for the
rods. The enlarged diameter D, of the rod near
the joint is determined by the following empirical

relationship,
D,=11D (4.26b)

(ii) Shear Failure of Pin The pin is subjected to
double shear as shown in Fig. 4.20. The area of
each of the two planes that resist shear failure is

(% dz] . Therefore, shear stress in the pin is given
by,

P
=L o a- [
T 2 TT
2(2a")
where 7 is the permissible shear stress for the pin.

The standard proportion for the diameter of the pin
is as follows,

(4.26¢)

d=D (4.26d)
L —
W | / e P2 ,
e L ]

7

PI2

~—— Pin

?/—P/2_4a|<_

Fig.4.20 Shear Failure of Pin

(iii) Crushing Failure of Pin in Eye When a
cylindrical surface such as a pin is subjected to a
force along its periphery, its projected area is taken
into consideration to find out the stress. As shown
in Fig. 4.21, the projected area of the cylindrical

surface is (/ X d) and the compressive stress is
given by,

force P
(Ixd)

As shown in Fig. 4.18, the projected area of the
pin in the eye is (bd) and the compressive stress
between the pin and the eye is given by,

_ P
¢ bd

" projected area

o (4.26¢)

Fig. 4.21 Projected Area of Cylindrical Surface

(iv) Crushing Failure of Pin in Fork As shown in
Fig. 4.18, the total projected area of the pin in the
fork is (2ad) and the compressive stress between
the pin and the fork is given by,
P
O = 2ad
(v) Bending Failure of Pin  When the pin is tight in
the eye and the fork, failure occurs due to shear. On
the other hand, when the pin is loose, it is subjected
to bending moment as shown in Fig. 4.22. It is
assumed that the load acting on the pin is uniformly
distributed in the eye, but uniformly varying in two
parts of the fork. For triangular distribution of load
between the pin and the fork,

1(1 1
zZ = 5 (5 b) = Z b
The bending moment is maximum at the centre.

It is given by,

b
M, =§|:§+x:|—§(z)

_P\b al PIb|_Plb a
202 3| 214 214 3

(4.26f)

x = 3 a also,
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P

N (a) 3

P2 - < PR
e
PR P2
: . |

{ ]

i TP/Z PI2

(b)

Fig.4.22 Pin Treated as Beam (a) Actual Distribution of
Forces (b) Simplified Diagram of Forces

X

4

Also, = ﬂ;; and y =%
From Eq. (4.12),
Plb ald
- =Mby= 214 32
b Ji . 4
64
or o, =%x§ §+§ (4.26g)

(vi) Tensile Failure of Eye Section XX shown in
Fig. 4.23(a) is the weakest section of the eye. The
area of this section is given by,

area = b (d,— d)
The tensile stress at section XX is given by,
P P
= o, =—F— 4.26h
%1 = area " b(dy-d) ( )

(vii) Shear Failure of Eye The eye is subjected to
double shear as shown in Fig. 4.23(b). The area of
each of the two planes resisting the shear failure is

(do — d)/2 approx.

Fig.4.23 (a) Tensile Failure of Eye (b) Shear Failure of Eye
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[b (d,— d)/2] approximately. Therefore, shear stress
is given by,

_ P

~ 2[b(d, — d)/2]

B P

b (dy —d)
Standard proportion for outside diameter of the eye
or the fork is given by the following relationship,

dy=2d (4.26))

(viii) Tensile Failure of Fork Fork is a double
eye and as such, Fig. 4.23 is applicable to a fork
except for dimension » which can be modified as
2a in case of a fork. The area of the weakest section
resisting tensile failure is given by
area = 2a (dy— d)
Tensile stress in the fork is given by
P
o, = 2atdy —d) (4.26k)
(ix) Shear Failure of Fork Each of the two parts
of the fork is subjected to double shear. Modifying
Eq. (4.26i),

T

or T (4.261)

.o P
2a(dy, —d)
Standard proportions for the dimensions a and b
are as follows,

(4.261)

a=0.75D (4.26m)

b=125D (4.26n)
The diameter of the pinhead is taken as,

d=15d (4.260)

The gap x shown in Fig. 4.18 is usually taken as
10 mm.
. x =10 mm (4.26p)

The applications of strength equations from
(4.26a) to (4.26l) in finding out the dimensions
of the knuckle joint are illustrated in the next
example. The eye and the fork are usually made by
the forging process and the pin is machined from
rolled steel bars.

412 DESIGN PROCEDURE FOR
KNUCKLE JOINT

The basic procedure to determine the dimensions of
the knuckle joint consists of the following steps:

(i) Calculate the diameter of each rod by Eq.
(4.26a).

4P
o,

D=

(i) Calculate the enlarged diameter of each rod

by empirical relationship using Eq. (4.26b).
D,=11D

(iii)) Calculate the dimensions a and b by

empirical relationship using Eqs (4.26m) and
(4.26n).

a=0.75D b=125D

(iv) Calculate the diameters of the pin by shear

consideration using Eq. (4.26¢) and bending
consideration using Eq. (4.26g) and select
the diameter, whichever is maximum.

[P 32 _P[b a
d= [=— or 3= | =4+ =
T d \/mbxz[4+3]

(whichever is maximum)

(v) Calculate the dimensions d, and d; by

empirical relationships using Eqgs (4.26j) and
(4.260) respectively.
d,=2d d =1.5d

(vi) Check the tensile, crushing and shear

stresses in the eye by Eqs (4.26h), (4.26¢)
and (4.261) respectively.

P

% = dy —d)
P

Gc—g

o P
b(dy —d)

(vii) Check the tensile, crushing and shear

stresses in the fork by Eqs (4.26k), (4.26f)
and (4.261) respectively.

P
o, =———
2a(dy —d)
L _P
¢ 2ad
P
T=—"
2a(d0_d)

The application of the above mentioned

procedure is illustrated in the next example.
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Example 4.5 1 is required to design a knuckle

joint to connect two circular rods subjected to an
axial tensile force of 50 kN. The rods are co-axial
and a small amount of angular movement between
their axes is permissible. Design the joint and
specify the dimensions of its components. Select
suitable materials for the parts.

Solution

Given P=(50x10%)N

PartI Selection of material

The rods are subjected to tensile force. Therefore,
yield strength is the criterion for the selection of
material for the rods. The pin is subjected to shear
stress and bending stresses. Therefore, strength is
also the criterion of material selection for the pin.
On strength basis, the material for two rods and pin
is selected as plain carbon steel of Grade 30C8 (S,
= 400 N/mm?). It is further assumed that the yield
strength in compression is equal to yield strength
in tension. In practice, the compressive strength of
steel is much higher than its tensile strength.

Part 11  Selection of factor of safety

In stress analysis of knuckle joint, the effect of
stress concentration is neglected. To account for
this effect, a higher factor of safety of 5 is assumed
in the present design.

PartIII  Calculation of permissible stresses

S
o, == =ﬂ:80N/mm2
s 5

S S 400

ye ot 2

o, = = = —— = 80 N/mm
s s 5

— Ssy — 0'5 Sy[ — 0.5(400)
s ) S
Part IV Calculation of dimensions

The dimensions of the knuckle joint are calculated
by the procedure outlined in Section 4.10.

T = 40 N/mm?

Step I Diameter of rods
4P 4(50x10%)
D= ,— = |——— =282I
\/7770} \/ 7 (80) 8.21 or 30 mm
Step I Enlarged diameter of rods (D)
D, =11D=1.1(30)=33 or 35 mm

Step III Dimensions a and b
a=0.75D=0.75(30) = 22.5 or 25 mm
b=1.25D=1.25(30)=37.5 or 40 mm

Step IV Diameter of pin

fZP /2(50><103)
d: _— = _—
s 7 (40) 28.21 or 30 mm

Also,

NI
“\ro, 214 3

i 32 (50x10*)[40 25

= X 4 —
7 (80) 2 4 3

=38.79 or 40 mm

d=40 mm

Step V. Dimensions d, and d;
dy=2d=2(40) = 80 mm
d, =1.5d=1.5(40) = 60 mm

Step VI  Check for stresses in eye
P (50x10%)

= = = 31.25 N/mm?
O = e —d) ~ 40(80—40) _ - 125 N/mm
0, < 80 N/mm?
_ P (50x10%) _ )
Gc—bd— 20 (40) = 31.25 N/mm
6, < 80 N/mm?
P (50 x 10%) 5
= - =31.25N/
'y —d)  40(80 — 40) mm
7< 40 N/mm?
Step VII  Check for stresses in fork
3
o, P __COxX10) 55 \/mm?

" 2a(dy —d)_ 2(25)(80 — 40)

0, < 80 N/mm?
P (50x10%)

= = = 25N/mm?
Oc = 2ad ~ 2(25)(40) fm
0, < 80 N/mm?
S
= 2ad, - d)
3
(S0x107) 5 en/mmm?

= 2(25) (80 — 40)
7< 40 N/mm?
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It is observed that stresses are within limits.

Part V. Dimensioned sketch of knuckle joint
Main dimensions of the knuckle joint are shown in
Fig. 4.24.

Example 4.6 4 wall-rack, used to store round
steel bars, conmsists of two I-section cantilever
beams fixed in the wall. The bars are stacked in a
triangular fashion as shown in Fig. 4.25(a). The
total weight of the bars is 75 kN. The permissible
bending stress for the cantilevers is 165 N/mm’.

60D
10—
Sl

Select a standard rolled I-section beam from the
following table:

Designation b (mm)  h (mm) I, (mm?)
ISLB 150 80 150 688.2 x 10*
ISLB 175 90 175 1096.2 x 10*
ISLB 200 100 200 1696.6 x 10*
ISLB 225 100 225 2501.9 x 10*
ISLB 250 125 250 3717.8 x 10*

.

Fig4.24 Dimensions of Knuckle Joint

~ A b
> N~
% F
é
Z L
I 2000 2
(a) (b)
Fig 4.25
Solution
Given W=75kN 0, =165 N/mm?

Step 1 Calculation of bending moment
There are two cantilever beams and the load

supported by each beam is (75/2) or 37.5 kN. For
a triangular load distribution, the centre of gravity
of the resultant load is at a distance of (2000/3) mm
from the wall. Therefore,

M, =(37.5% 10%(@] =25%10° N-mm

Step Il  Calculation of (I,../y)
From Eq. (4.12),
I, M, 25x10°

XX

=151.51x10°mm?
y o, 165 mm

Step II1  Selection of beam
The cross-section of the beam is shown in Fig. 4.25

(b), v ="h/2)
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