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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) :  

PEO 1 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 (POs) : 

PO 1 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. 

PO 5 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 Objectives 

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 Outcomes 

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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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=nqhyCzrFp1s&list=PLHpC4_VH4uh0bIK

MtFg0hXFckep6sBzwi 

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 

1- 4  Introduction  TB 1, 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

I&list=P

L3D4EE

CEFAA9

9D9BE 

  

  Assignment 1    

5- 12  Stress in Machine 

Parts 

 TB 1, RB 2 76- 84 and 

101- 177 

  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&list=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, 

coupling and shafts, 

columns and studs 

 TB 1,TB 2 and RB 2 TB 1 (330- 

376), TB 2 ( 

181- 190) 

  Solid and hollowShafts 

designed on strength 

and torsional rigidity 

basis, ASME code for 

shaft design,Keys, 

Types of keys, design 

of square and flat keys, 

design of kennedy key, 

Couplings, Muff 

coupling design, Rigid 

flange coupling 

design,Columns and 

type of columns, 

Euler’s equation, 

Rankine’s theory, 

Instability of column 

https://w

ww.yout

ube.com/

watch?v

=dKfriV

8H9-

8&index

=34&list

=PL3D4

EECEFA

A99D9B

E 

  

Assignment 4 

31- 42  Power screw, belt drive, 

pulley, springs, clutches 

and brakes 

 TB 1 and RB 2 184- 206, 499- 

540, 393- 439 

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

=PEKfS

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, 

Manufacturing consideration in design, factor of safety 

4 9% 

Simple stresses in machine parts, torsional and bending 

stresses, stress concentration 

4 10% 

Design of riveted joint, welded joint and bolted joint, cotter 

joint, knuckle joint, pressure vessels and pipe joints 

12 28% 

Design of keys, coupling and shafts, columns, studs, power 

screws, elt drive and pulleys 

14 33% 

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 

 



DARBHANGA COLLEGE OF ENGINEERING 

DEPARTMENT OF MECHANICAL ENGINEERING 

Design of Machine Element 

Assignment 1 

 

1. Explain the properties of materials briefly. 

2. How will you designate plain carbon steel? 

3. Explain manufacturing consideration in design and broadly classify manufacturing      

processes. 

4. 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.  

 

   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/mm2. 

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.  

 

 



                              
                                               Fig. 4 

 

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/mm2). 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/mm2. 

                                             
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. 

 

                             
Fig. 3 
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DARBHANGA COLLEGE OF ENGINEERIG, DARBHANGA 

SESSION- ( 2019- 2020) 

MECHANICAL ENGINEERING (6th SEM) 

DESIGN OF MACHINE ELEMENTS 

(021615) 

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/mm2  

(c) minimum tensile strength is 200 N/mm2  

(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) cast iron                        (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. Calculate the 

stresses at each of three holes of 3, 5 and 10 mm diameter. 

                          

                                                                    Fig. 1 

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/mm2) and the corrected endurance limit of the 

shaft is 200 N/mm2. Deter mine the factor of safety. 

3. A 25 mm diameter shaft is made of forged steel 30C8 (Sut = 600 N/mm2). There 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/𝑚𝑚2 is subjected to a completely reversed 

bending stress. The corrected endurance limit of the bar is 310 N/𝑚𝑚2 . 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) 1 in 15 to 1 in 10                                                                 (b) 1 in 24 to 1 in 20  

(c) 1 in 32 to 1 in 24                                                                 (d) 1 in 48 to 1 in 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. A line 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 (𝑆𝑦𝑡 = 400 N/𝑚𝑚2) 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/𝑚𝑚2. 



 
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/𝑚𝑚2. 

 

 
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/mm2 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/mm2 ) 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                                        (d) d/2  

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  

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/mm2) 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 = 0.577Syt)  

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/mm2) and the factor of 

safety is 3. The fl anges are made of grey cast iron FG 200 (Sut = 200 N/mm2) 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. 



                           

                                             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/mm2). 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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