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SN Contents Hours
1 | Introduction: Objective, scope and outcome of the course. 1

Fatigne Considerations in Design: Variable load, loading
pattern, endurance stresses, Influence of size, surface finish, notch 3
sensitivity and stress concentration.

Goodman line, Soderberg line, Design of machine members

subjected to combined, steady and alternating stresses. 3
Design for finite life, Design of Shafts under Variable Stresses, 2
Bolts subjected to vanable stresses.

3 | Design of IC Engine components: g
Piston, Cylinder, Connecting Rod and Crank Shaft.

4 |Design of helical compression, tension, torsional springs, springs 4

under varable stresses.

Design of belt, rope and pulley drive system, 4

5 |[Design of gear teeth: Lewis and Buckingham equations, wear
and dynamic load considerations.

Design and force analysis of spur, helical, bevel and worm gears,
Bearing reactions due to gear tooth forces.

6 |[Design of Sliding and Journal Bearing: Methods of
lubrication, hydrodynamic, hydrostatic, boundary etc. Minimum film 4
thickness and thermal equilibrium.

Selection of anti-friction bearings for different loads and load
cycles, Mountingofthe bearings, Method of lubrication.

TOTAL| 41




Course Overview:
Student shall gain appreciation and understanding of the design function in Mechanical
Engineering, different steps involved in designing and the relation of design activity with
manufacturing activity.

The student shall learn to choose proper materials for different machine elements depending on
their physical and mechanical properties. They will learn to apply the knowledge of material
science in real life situations.

Student shall gain a thorough understanding of the different types of failure modes and criteria.
They will be conversant with various failure theories and be able to judge which criterion is to be
applied for a particular situation.

Student shall gain design knowledge of the different types of elements used in the machine
design process, for e.g. bearing, gear, i.c.engine etc. and will be able to design these elements for
each application.

Course Outcomes:

CO. NO. | Cognitive Level | Course Outcome

1 Synthesis Ability to design mechanical system for fluctuating loads.
) Synthesis Ability to decide optimum design parameters for mechanical
systems.
Ability to analyze the stress and strain of mechanical components
3 Design and understand, identify and quantify failure modes for

mechanical part.

Enhancement in proficiency of CAD software for designing

4 Desi . . }
esign Mechanical systems and to generate production drawing.

Making actual models of machine elemnts like bearings, gears

S Design connecting rod with all calculations.




Course Outcome Mapping with Program Outcome:

Course
Program Outcomes (PO’s
Outcome 8 ( )
CO. NO. Domain Specific (PSO) Domain Independent (PO)
Course
PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 | PO12
Outcome
Cco1 2 1 0 2 2 1 0 0 1 1 0 1
CO2 1 1 1 2 1 1 0 0 1 1 0 1
COo3 2 1 1 1 0 0 0 0 1 0 0 0
co4 3 1 1 1 1 0 0 0 0 1 0 0
C0o5 3 2 3 2 2 0 0 0 0 1 0 1
Average | 2.20 1.20 1.20 1.60 1.20 0.40 0.00 0.00 0.60 0.80 0.00 0.60

Course Coverage Module Wise

Lecture Unit Topic
No.
1 1 Introduction: Objective, scope and outcome of the course.
2 2 Fatigue Considerations in Design: Variable load, loading pattern,
3 2 endurance stresses, Influence of size, surface finish
4 2 notch sensitivity and stress concentration.
5 2 Goodman line, Soderberg line,
6 2 Design of machine members subjected to combined, steady and alternating stresses.
7 2 Design for finite life,
8 2 Design of Shafts under Variable Stresses, Bolts subjected to variable stresses.
9 2 Numerical
10 2 Numerical
11 3 Design of IC Engine components:- Introduction
12 3 Design of Cylinder
13 3 Numerical -design of cylinder
14 3 Design of Connecting rod
15 3 Numerical -design of connecting rod
16 3 Design of piston
17 3 Numerical — design of piston




18 3 Design of crankshaft
19 3 Design of crankshaft
20 3 Numerical — design of crankshaft
21 4 Design of helical compression,
22 4 tension, torsional springs,
23 4 , springs under variable stresses.
24 4 Design of belt ,
25 4 rope and pulley drive system
26 4 Numerical
27 4 Numerical
28 4 Numerical
29 5 Design of gear teeth: Lewis and Buckingham equations,
30 5 wear and dynamic load considerations.
31 5 Design and force analysis of spur
32 5 helical, bevel and worm gears
33 5 Bearing reactions due to gear tooth forces.
34 5 Numericals
35 5 Numericals
36 5 Numericals
37 6 Design of Sliding and Journal Bearing:
38 6 Methods of lubrication, hydrodynamic, hydrostatic, boundary etc
39 6 Minimum film thickness and thermal equilibrium.
40 6 Selection of anti-friction bearings for different loads and load cycles,
41 6 Mounting of the bearings,
42 6 Method of lubrication.
43 6 Numericals
44 6 Numericals
45 6 Numericals
TEXT/REFERENCE BOOKS
1. Design of machine element by R.S.khurmi

2.
3.

Design of Machine elements by V.B.bhandari
Machine design by shigley.

Assessment Methodology:

[98)

. Practical exam in lab where they have to prepare practical model related to design of

machine element.(Once in a week)

Assignments one from each unit.

Midterm subjective paper where they have to attempt numericals.
Final paper at the end of the semester subjective.



Teaching and Learning resources unit-wise:
Unit-1
Introduction, Objective & scope of the course

Video Tutorials: https://www.youtube.com/watch?v=g3Vi7uO86ps

Theory conchttps:_https://nptel.ac.in/courses/112/106/112106137/

Sample Quiz:




Unit-2
A. Fatigue consideration in design

Video Tutorials:https://www.youtube.com/watch?v=p41LFsvxhgo
Theory concepts:https://nptel.ac.in/courses/112/106/112106137/

Sample Quiz:
https://www.examveda.com/mechanical-engineering/practice-mcg-question-on-machine-design/

B.Design of machine members subjected to combined, steady and alternating stresses

Video Tutorials:https:/www.youtube.com/watch?v=1M Nh7aGJtU

Theory concept:-__https:/nptel.ac.in/courses/112/106/112106137/

Sample Quiz:
https:// www.examveda.com/mechanical-engineering/practice-mcg-question-on-machine-design/




Unit-3
A. L.C.engine element Introduction

Video Tutorials:https://www.youtube.com/watch?v=fw8Jfoif] BM

Theory concepts:https:/nptel.ac.in/courses/112/106/112106137/

Sample Quiz:

B. Design of cylinder, connecting rod, crankshaft.

Video
Tutorials;https:




Unit-4
A. Design of spring elements
Video Tutorials: https://www.youtube.com/watch?v=yQBmD7ZrVV4

Theory concepts:https:/nptel.ac.in/courses/112/106/112106137/

Sample Quiz:
https://www.examveda.com/mechanical-engineering/practice-mcg-question-on-machine-design/

B. Design of belt, rope , chain drive

Video Tutorials: https://www.youtube.com/watch?v=4)V10xBHnTQ
Theory concepts:https://nptel.ac.in/courses/112/106/112106137/




Unit-5
A. Introduction to gear
Video Tutorials: https://www.youtube.com/watch?v=QTCqDT7gEwo

Theory concepts: https://nptel.ac.in/courses/112/106/112106137/

Sample Quiz:
https://www.examveda.com/mechanical-engineering/practice-mcg-question-on-machine-design/

B. Design of various gears.

Video Tutorials: https://www.youtube.com/watch?v=VWkAp4AMmuZ8

Theory concepts: https://nptel.ac.in/courses/112/106/112106137/

Sample Quiz:



https://nptel.ac.in/courses/112/106/112106137/

Unit-6
C. Introduction to bearings

Video Tutorials:_https://www.youtube.com/watch?v=INzERggHCwIM

Theory concepts: http:

Sample Quiz:
https://www.examveda.com/mechanical-engineering/practice-mcg-question-on-machine-design/

D. Design of various bearings

Video Tutorials: https://www.youtube.com/watch?v=U6MYvYOST8Q

Theory concepts: https://www.learnthermo.com/T1-tutorial/ch09/lesson-C/pg10.php

Sample Quiz:



http://ecoursesonline.iasri.res.in/mod/page/view.php?id=2430

Previous Year Question Papers:

o, —— [Teial Ta ol an—sEi
- [ 6ET011 | -
& | B.Tech. VI Semester (Main/Back) Examination, AprilMay - 2017
r-.
=] Mech. Engg.
e 6ME1A Design of m/c Element 11
] AE, ME. P1
Time : 3 Hours Maximum Marks : B

Mim, Passing Marks : 26
Tmstrrctions fo Candidares:

Attempi amy five guestions. selecting owe guestion from each mnit. Al guessions

carry sgual morks. (Schemaric diagross misr be showa wherever secessar

Any data you feel missing switable be axswmed and sfared clearly. Units of
- quaniiites ured'calcwlmed must be staled clearly.

Unls-1
i. &) Expliin modified goodman dingram for bending stresses. {h)

by A cantilever beam made of cord drawn steel 4008 (S = BOON/mm andd
S = 380 N/mm?) as shown in fig. The force P acting at the frez end varies
firom = SO 1o + 150N. The expected Relishility is 0% and factor of sabety 5
2, Moich sensitivity at fillet is 0.9. Determine diameter of beam 2t the fille

cross section. (10
' A | 1
E“—T_._-._ : -l':F 41 W qp | 50N
4 s 4 !
14 1 =
4 0.2d
Mo 1041 —
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1. a) What is endurance sirengthT Diraw 5-M diagram, What are the faciors |I1=au-
affect enddurance strength, D]

by  The section of a sueed shafl is shown in fig

The shaft is machined by a tuming process. The section x-x is subjecied o a
comstand hending moment of 300N -me the shall materzal has 5, = S0 R m?
& S, = I50MN/m? and endurance limit in bending for 7.5mm diameter
specimen of 2 10 MM/mS. Notch sensativaty is U8, Expected reliability is 0¥,
Dretermime life of shafi. Theorerical stress conceniration factor can be taken

troem labulated values. (&)
ridl (LAKES 005 i1
Iﬂl 26 205 | i
Ulmis-IT

2. a) Explain Buckling of connecting rod. also prove for conmecting rod cross
section that 3.2 L, = 1, i (L]

by Dresign a conmecting rod for a high speed 1.C exgime wimg following data,

Cylimder bore = 125mm, lengih of connecting rod = 30mom
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A railway wagon moving et 8 velogity of |.Sm/s is brought 1o rest by a bumper
consisting of two helical springs amanged in paralle]l, The mass of wagon is
1500kg. The springs nre compressed by 150mm s bringing the Wagon o
rest. The sprang index can be laken as 6. The sprimgs are made of oil hardened
and tempered Sieel wire with S = 1250 MYmm? and modulus of mgdng <
21370 mmE. The permissible shear stress for spring wire can be aken as
20 of Sw. Design spring and coloulate. {my

il Wire diamster

i} Mesn coil diasneter

iiiy MMumber of active coils
ivh  Total namber of coils
v Salsd lemgth

wi)  Fres bength
wiil Pitch of coil
sui) Fequired sprimg rate
ixd Actual spring rabe
Le] LN

Prowve thal fior Beln drive - [Eh

Bom? e
B, —

Wheere &, and 5 are tension i tight and slack side

. g — coglficikent of friction



b}
4 a)
b)
4, a)
b
& a)

[ =

#=» Angle of lap
ot — fkss por meter of bel

It is required to design o V-Belt drive to connect a 7.3kW, 1440 rpm induction
matar to & fan, ranning at approsimaiely 480mm, for o service of 24h'day.

Space available for a center distance s about 1m. (E)
Unde-T%
Derive lewis equation for Beam strength of gear, (6}

It 15 required to design a pair of spur gear with 200 full depth involube teeth
consisting of 20 teeth pinion meshing with 50 tooth gear. The pinkon shft is
connected 1o & 22.5kW, 1450mm ¢lectric motor. The starting torque of motor
can be taken as 150% of rated torque. The material for pmion is plain carbson
stee] Fed 10 (5, = 410N'mm), While gear made of grey cast imon FGI00(5,,
= HWM/mm?). Factar of safety = 1.5, design of gear hased on Lewis eguation

& uging velocity factor 1o accoumt for dynamic kad, (10}
(OR)

Explain following : {H)

i)  Heming bone-gear

i) Wear strength of belical pear

A pair of paraliel belical gears consisting of a 20teeth pinion meshing with o
100 teeth gear, The pinion rofates at 720rpm. The normal pr. angle is 207,
While belix angle 15 257 The face width is #0mm and the normal madule is
4mm. The pinion as well as gear made of J0CE (5, = 600N/ mm?). and hes
treated to surface hardness of SMBHM. The service factor and Eactar of
safety are 1.5 and 2 respectively. Assume velocity factor aceount for dynamic
load and calculate power transmetting capacity of gears. EY

Unit-v

Write short note an Mounting of Bearings. (i
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b)

A Pransmisison shafl rotatiig e T20mm amd Ireasmilting power from tlse el kery
P 1o the spar gear G as shown in fig. the Beli iensions and gear inoth forces
are as follows P, = 38N Py = 166N, P, = 497N P = 181N, The weight of
the pulley is 100N, The digmeter of shaft st Bearing B, & B i 10mm &
20mm respectively. The load factor is 2, Sand the cxpectied life for 900 of
Bearing is 8000 hrs. Select single row deep groove hall hearings
B, & B, (1}

s
f\. 5
s F
& ‘e o 7
F.]
(IR}
Drerive Petrofi™y squatian for sliding contag Bearings. (%)

The following data is given for a 360° Hydrodynamic bearings,
radial land = 10kN

Viscosity of Lub. = 30 mPg—%

Joumnal speed = 1440 rpm

LUnit Bearing pr. - 1i0i) kPa

Clearanee ratio r'ch = Rin

Assuming that the tofal heat penerated in the bearing s carried by the 1otal ol flow
in the bearing caleulats - {#)

il

Dimensions of bearings



i

i}
iv)
vl

vi)

CoefT. of friction
Pawer kost in friction
Total odl flow

Sude leakage and

Temperature rise

i*I 1."!. I



