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UNIT 111 DESIGN OF FASTENERS AND WELDED JOINTS 12
Threaded fasteners — Design of bolted joints including eccentric loading — Design of welded joints for pressure vessek
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LESSON PLA
&. KARPAGAM ACADEMY OF HIGHER EDUCATION
KARPAGAM (Deemed to be University Established Under Section 3 of UGC Act 1956)
e Pollachi Main Road, Eachanari Post, Coimbatore — 641 021. INDIA
FACULTY OF ENGINEERING
DEPARTMENT OF MECHANICAL ENGINEERING
LESSONPLAN
Subject Name : Design of Machine Elements
Subject Code : 16BEMES502 (Credits - 4)
Name of the Faculty : S. ARAVIND
Designation : Assistant Professor
Year/Semester /v
Branch : Mechanical Engineering
Sl No. of . .
No. Periods Topics to be Cowered Support Materials
UNIT - 1: STEADY STRESSES AND VARIABLE STRESSES IN MACHINE MEMBERS
Introduction to the design process - factor influencing machine design, ) )
L ! selection of materials based onmechanical properties - Factor of safety T1111-120, R[1] 1-20
Direct, Bending and torsional stress equations — Impact and shock
2. 1 loading -eccentric loading, calculation of principle stresses for various | T [1] 131-150, T [2] 76-83
load combinations
3. 1 Solving problems fromprinciple stresses for various load combinations | T [2] 138-141, R [3] 177-181
4 1 Design of curvedbeams — crane hook and ‘C’ frame T [2] 130-134
5. 1 Solving problems fromcrane hookand ‘C’ frame T [2] 138-141
Tutorial - 1: Problems fromprinciple stresses for various load i
6. ! combinations, crane hookand ‘C’ frame T[2]138-141
7. 1 theories of failure — stress concentration T [1] 162-166, T [2] 106-116
8. 1 Solving problems fromtheories of failure, stress concentration T [2] 138-141, 181-184
9. 1 design forvariable loading — Soderberg, Goodman and Gerberrelations | T [1] 312-348
10. 1 Solving problems fromdesign for variable loading T [2] 181-184
11. 1 Solving problems fromdesign for variable loading R [1] 402-414
Tutorial—2: Problems fromtheories of failure, stress concentration,
12 1 design for variable loading T[2]138-141, 181-184
13 1 Discussionon Competitive Examination Related Questions/ University
' previous year questions
Total No. of Hours Planned for Unit - | 13
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LESSON PLA
SI. No. of Topics to be Cowered Support Materials
No. Periods P PRo
UNIT - 11: DESIGN OF SHAFTS AND COUPLINGS
14, 1 D(_as_ ign of solid and hollow shafts based on strength, rigidity and T [1] 716-725, T [2] 330-346
critical speed
15. 1 Solving problems fromDesignofsolid and hollow shafts based on T [2] 389-393, R [1] 569-576
strength
Solving problems fromDesign of solid and hollow shafts based
16. 1 on strength T [2] 389-393, R [1] 569-576
17 1 Sol\{ir!g_problermf from Design of solid and hollow shafts based T [2] 389-393, R [1] 569-576
on rigidity and critical speed
Tutorial—3: problems fromDesign of solid and hollow shafts
18. 1 based onstrength, rigidity and critical speed T12]389-393, R [1] 569-576
19 1 Desig n ofkeys and key ways, Designofrigid and flexible T [2] 346-372, R [3] 214-236
couplings
20. 1 Solving problems fromDesign of keys and key ways T [2] 389-393, R [3] 274-280
21, 1 Solving problems fromDesign of rigid couplings T [2] 389-393, R [3] 274-280
22, 1 Solving problems fromDesign of flexible couplings T [2] 389-393, R [3] 274-280
Tutorial—4: problems fromDesign of keys and key ways & ! i
23. 1 Design ofrigid couplings T [2] 389-393, R [3] 274-280
Introductionto gear and shock absorbing couplings - design of ) )
24, 1 knuckle joints. T [2] 94-103, R [1] 558-565
25. 1 Solving problems fromdesign of knuckle joints T [2] 94-103
% 1 Discussionon Competitive Examination Related Questions /
' University previous year questions
Total No. of Hours Planned for Unit - 11 13
Sl No. of . .
No. Periods Topics to be Cowered Support Materials
UNIT - 111: DESIGN OF FASTNERS AND WELDED JOINTS
27 1 Threaded fasteners - Design of bolted joints including eccentric T [1] 411-470
loading
28, 1 ﬁ)c:;/iirr:g problems fromDesign of bolted joints including eccentric T [2] 269-272, R [1] 871-876
29, 1 %c;l(\j/iigg problems fromDesign of bolted joints including eccentric T [2] 269-272, R [1] 871-876
20 1 Solving problems fromDesign of bolted joints including eccentric T [2]269-272, R [1] 871-876

loading
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Tutorial—5: Problems fromDesign ofbolted jointsincluding

3L 1 eccentric loading T [2] 269-272, R [3] 401-406
Design of welded joints for pressure vessels and structures- Theory ) )
32. 1 of bonded joints, T [1] 474-486, T [2] 272-298
Solving problems fromDesign of welded joints for pressure vessels ] i
33. 1 and structures T [2] 325-330, R [3] 494-502
e 1 Solving problems fromDesign of welded joints for pressure vessels T [2] 325-330, R [4] 268-274
and structures
Solving problems fromDesign of welded joints for pressure vessels ) i
35. 1 and structures T [2] 325-330, R [4] 268-274
36. 1 Tutorial—6: Problems fromDesign of welded joints for pressure T [2] 325-330, R [3] 494-502
vessels and structures
37 1 Discussionon Competitive Examination Related Questions/
' University previous year questions
Total No. of Hours Planned for Unit - 111 11
Sl. No. of . .
No. Periods Topics to be Cowered Support Materials
UNIT - 1V: DESIGN OF SPRINGS AND FLYWHEELS
Design of helical, torsional & concentric torsion springs under :
38. 1 constant loads and varying loads T [1]497-528
Solving problems from Design of helical springs under constant :
3. 1 loads and varying loads T[2]443-447
Solving problems from Design of torsional& concentric torsion : i
40. 1 springs under constant loads and varying loads R 1] 807-810, R [4] 155-190
a1 1 Tutorial-7: Problems f_rom& Design of helical springsunder T [2] 443-447
constant loads and varying loads
42. 1 Design of leaf springs under constant loads and varying loads T [1] 522-527, T [2] 437-440
el 1 Solving problems fromDesign of leaf springs under constant loads T [2] 443-447
and varyingloads
m 1 Tutorial - 8: Pr_oblems fromDesign of leaf springs under constant R[1] 807-810, R [4] 155-190
loads and varying loads
Design of Belleville springs - Design of flywheels involving I )
4. 1 stressesin rim and arm. R[1] 792-797, 539-546
Solving problems from Design of Belleville springs & Design of !
46. 1 flywheels involving stresses in rimand arm. T [2] 749-767
47 1 Tutorlal_— 95 Problems fromDesign of flywheels involving T [2] 749-767
stressesin rim and arm.
48 1 Discussionon Competitive Examination Related Questions /

University previous year questions

Total No. of Hours Planned for Unit - IV

11
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LESSON PLA
Sl . .
No. Periods Topics to be Cowered Support Materials
UNIT - V: DESIGN OF BEARINGS AND LEVERS
49, Des ign ofbearings —sliding contactandrolling contacttypes — T [1] 587-619, T [2] 564-597
Cubic mean load
50. Solving problems from Design of rolling contact bearings T [2] 597-600, R [1] 630-634
51. Solving problems from Design of rolling contact bearings T [2] 597-600, R [1] 630-634
52. Tutorial—10: Problems from Design of rolling contactbearings T [2] 597-600, R [1] 630-634
Design of journal bearings — McKee’s equation — Lubrication in
5. journal bearings— calculation of bearing dimensions T [1]546-586, R [1] 577-607
54, Solving problems fromDesign of journal bearings T [1] 546-586, T [2] 643-645
55. Solving problems from Design of journal bearings T [2] 643-645, R [4] 301-315
56. Tutorial—11: Problems from Design of journal bearings T [2] 643-645, R [4] 301-315
57. Design of Levers T [2] 117-127, R [3] 132-156
58. Solving problems fromDesign of Levers T [2] 117-127, R [3] 132-156
59. Tutorial— 12: Problems from Design of Levers. T [2] 117-127, R [3] 132-156
60 Discussionon Competitive Examination Related Questions /
: University previous year questions
Total No. of Hours Planned for Unit - VV 12
TOTAL PERIODS 160
TEXT BOOKS
S. No. Author(s) Name Title of the book Publisher Pu\{)eI?cra(;{on
. Juvinall R.C and Fundamentals of Machine Component . .
T[1] 1 Marshek KM Design, 5e John Wiley and Sons, New Delhi 2015
T[2]- 2| BhandariV. B Design of Machine Elements, 4e E?IﬂiMCGraV\FHi” Book Co, New 2016
REFERENCES
S. No. Author(s) Name Title of the book Publisher Puzﬁ?cra(i{on
R[1]- 1] NortonR.L Design of Machinery EztlﬁiMCGraV\FHi” Book Co., New 2011
R[2]- 2| Orthweinw Machine Component Design Jaico Publishing Co., New Delhi 2013
R[3]- Bhandari V B Introduction to Machine Design McGraw-Hill Book Co., New York 2013
R[4]- 4| SpottsM.F, Shoup T.E | Design of Machine Elements Pearson Education, New Delhi 2008
WEBSITES

W [1] - nptel.iitk.ac.in/courses/Webcourse-contents/.../Module-3_lesson-2.pdf
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W [2] - web.itu.edu.tr/temizv/VTDN/4_Fatigue.pdf

W [3] - www.ignou.ac.in/upload/Unit-7-60
W [4] - www.staff.zu.edu.eg/matta/userdownloads/My%20Courses/.../ch7.pdf
W [5] - www.engr.sjsu.edu/youssefi/mel54/notes/Threaded%20Fasteners.pdf
W [6] - nptel.iitk.ac.in/courses/.../Machine%20designl/pdf/mod10les4.pdf
W [7] - nptel.ac.in/courses/lIT-MADRAS/Machine_Design_II/pdf/4_3.pdf

W [8] - www.cpo.conVipcres/pdfs/unit2/Ch4Sec2.pdf

W [9] - www.engr.sjsu.edu/youssefi/mel57/notes/Bearings.ppt
W [10] - turbolab.tamu.edu/proc/turboproc/T13/T13179-188.pdf

JOURNALS

LESSON PLA

J[1] - Feras Darwish, Mohammad Gharaibeh, Ghassan Tashtoush, 2012, “A modified equation for the stress concentration factor
in countersunk holes”, EuropeanJournal of Mechanics - A/Solids, Volume 36, Pages 94-103.

J[2]- G. Urquiza, J.C. Garcia, J.G. Gonzalez, L. Castro, J.A. Rodriguez, M.A. Basurto-Pensado, O.F. Mendoza June 2014,
“Failure analysis ofa hydraulic Kaplan turbine shaft”, Engineering Failure Analysis, Volume 41, Pages 108-117.

J[3]- A.Esderts,J. Willen, M. Kassner, January 2012, “Fatigue strength analysis of welded joints in closed steel sections in rail

vehicles”, International Journal of Fatigue, Volume 34, Issue 1, Pages 112-121.

J[4]- Mohamed Taktak, Khalifa Omheni, Abdessattar Aloui, Fakhreddine Dammak, Mohamed Haddar, March 2014, “Dynamic

optimization designofa cylindrical helical spring”, Applied Acoustics, Volume 77, Pages 178-183.

J[5]- Gengyuan Gao, Zhongwei Yin, Dan Jiang, Xiuli Zhang, July 2014, “Numerical analysis of plain journal bearing under
hydrodynamic lubrication by water”, Tribology International, Volume 75, Pages 31-38

UNIT | Total No. of Periods Planned | Lecture Periods | Tutorial Periods
[ 12 10 2
1l 12 10 2
1] 12 10 2
v 12 10 2
\Y/ 12 10 2
TOTAL 60 50 10
I CONTINUOUS INTERNAL ASSESSMENT 1 40 Marks

(Internal Assessment Tests: 25, Attendance: 5, Assignment:5, Seminar: 5)

1. END SEMESTER EXAMINATION

TOTAL

: 60 Marks

: 100 Marks
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UNIT I

UNIT 1
STEADY STRESSES AND VARIABLE STRESSES IN MACHINE MEMBERS

Introduction to the design process — factor influencing machinedesign, selection of materialsbased on mechanical properties —
Direct, Bending and torsional stress equations — Impact and shock loading — calculation of principle stresses for various load
combinations, eccentricloading — Design of curved beams — crane hook and ‘C’ frame — Factor of safety — theories of failure —
stress concentration —design for variable loading — Soderberg, Goodman and Gerber relations.

MACHINE DESIGN

Machine design can be defined as applying the basic scientific principles and technical information of machine elements
like gears, pulley, fasteners, shaft, bearings, flywheel, keys, welded joints etc to create a machine which complies the
basic functions that has to be performed as per the requirement in an efficient and economical way.

Simply design can be defined as the collection of data’s or details that are required to convert the designer’s idea into
reality which in turn satisfies the customer requirements.

DESIGN PROCESS:

In order to create a new design or improvising the existing design of a product, a designer involves into various stages.
The following flowchart shows the various stages involved and are called as design process.

S 4@_.
- 4@_.
S 4@_.
S 4@_.

| Recognition of the need

| Definition of the problem

| Synthesis

| Analysis & Optimization

| Evaluation & Presentation

The design process starts with the recognition of the customers need. The need analysis is performed with the data
collected by the marketing team. This is a crucial stage as it provides the basic knowledge for starting the design.

The next stage of design process involves the collection of information related to mechanisms, physical arrangement,
specifications (material, dimensions, bill of materials, drawings, cost, manufacturing details, operating condition,
expected life, reliability, performance etc,.), standards, codes (design & Safety) and ends up with feasibility study.

In synthesis stage, the designer combines separate parts to produce an overall new idea or concept by using various new
and old ideas & concepts. The philosophy, functionality, and uniqueness of the product are determined during synthesis
stage.

During this stage, the designer tries to find out the performance level and efficiency of the design created so far by
conducting necessary tests. If the design fails it leads back to the synthesis stage. Hence the analysis & optimization
process goes in hand with the synthesis stage. This stage ends up in providing a prototype of the design.

The prototype produced undergoes testing and evaluation process to confirm the customer requirements. Several
iterations are performed to make necessary alterations to meet the requirements before presenting the design to others.
The last stage of the design process is presenting the design created to the others in an understandable patterns like
visual, written or verbal format. Normally this stage gives the detailed drawings of various parts to be manufactured &
assembled.
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FACTORS INFLUENCING MACHINE DESIGN:

UNIT I

A machine which is to be designed involves various processes and it is influenced by various factors. They are

Strength, Rigidity & Stiffness of the material selected, surface finish, tolerance & fits, Manufacturing conditions,
economic conditions, ergonomics, aesthetics, noise, environment, wear rate, reliability etc. while designing a machine

it is mandatory to consider these factors for obtaining a better design.

Materials:

Materials are majorly classified into metals & non-metals.

Materials

non-metals

ferrous

cast iron, steel, structural steel, alloy steel,
wrought iron etc

non ferrous

examples: tin, zinc, copper, lead, chromium,
vanadium, phosporus, magnesium,
manganese, cobalt, silver, gold, platinum etc.

J

examples:

glass, ceramic, wood, brick, stone, concerte,
plastics etc

From the broad classification of materials, it is required to select a proper material that will suit the design. The
following four factors can be considered for selection of material

a. Availability,

b. Cost,

c. Manufacturability &
d. Mechanical properties.

The following are the various mechanical properties of the material
e Elasticity - ability of the material to get stretched and regains its original shape after removal of the load
e Plasticity — ability of the material to retain its deformed shape after removal of the load

e Ductility — ability of the material to get elongated under the action of tensile load

o Malleability —ability of the material to get compressed under the action of compressive load

e Resilience —ability of the material to absorb energy and release it under elastic limit

e Toughness — ability of the material to absorb maximum energy before the sign of crack or failure
e Hardness — ability of the material to resist penetration or scratches

e Brittleness — ability of the material to break without any plastic deformation

DIRECT, BENDING & TORSIONAL STRESS EQUATIONS (PSGDB pg.no. 7.1)

Stress can be defined as the resisting force offered by the material per unit cross sectional area normal to the direction

of the applied external force and it can be expressed as

external load P

" cross sectional area A

—, N/mm?
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UNIT |

The direct stress can be tensile or compressive in nature based on the nature of load applied. If the force applied is an
axial pull force material produces tensile stress. If the force is an axial push force it creates compressive stress.
Tensile force

Tensile stress,o, = N/mm?

cross sectional area ’
Similarly
compression force

Compressive stress, o, = N /mm?

cross sectional area’

Normal to the
Resisting direction of

force applied Force
(F)

Force

(F)

Section
X-X
Cross
sectional
Area (A)

If the direction of the applied force is parallel to the cross section of the part, then it is subjected to transverse shear
stress.
shear force

T= ; , N/mm?
cross sectional area

Shear Force, F

Shear Force, F

When a material is subjected to bending load (bending moment) it produces bending stress and it is given as

My
op = I B

N /mm?

Meutral
Axis™,

For most beams
_ y = half dapth (d/2)
Compression

Tenswn
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Where
y — Distance of the centroidal axis from the top or bottom layer of the cross section, mm

| — Area moment of inertia of the cross section, mm#

When a material is subjected to torsional load (Torque or twisting moment) it produces torsional shear stress and it is

given as
TXr

7

N/mm?

T =

Where
r — Radius of the circular cross section, mm

J —Polar moment of inertia of the cross section, mm4
TORQUE T

— Radiusr

T = Shear Stress (MPa)

r = Radlus (ram)

T = Torque (Nmm)

J = Polar 2nd M of Area (mm?)
G = Mod. of Ridigity (MPa)

0 = Angle of Twist (rad)

L = Length {mm}

TORQUE T

ECCENTRIC LOADING: (PSGDB pg.no. 7.1)

When an object is subjected to eccentric loading it produces combination of stresses (Tensile or compressive stress &
bending stress)
Pe

Z

| o

o=—+=

Where z = é

P — External applied load, N

A — Cross sectional area, mm?

e — Eccentric distance form central axis to the load applied, mm
z — Section modulus, mm3

Section modulus is the ratio of area moment of inertia of the cross section to the distance of the top or bottom layer of
the cross section from the centroidal axis.
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UNIT I

P

=lelo 3 )

Fig. Eccentric Loading

IMPACT & SHOCK LOADING

PRINCIPAL STRESSES: (PSGDB pg.no. 7.2)

When a part is subjected to biaxial or triaxial stress conditions, it is required to calculate equivalent stress and they are
called as the principal stresses. The maximum & minimum principal stresses are given as

¥ ¥]

Oy \ 0 I

P
G2
'ny = V (F_; /
—
Txy /<
0
o X
-— l 0 L | — P
Tyy

Stresses in given

coordinate system Principal stresses

Maximum & minimum principal normal stresses

1
012 = E{(Gx + ay) + \/(O-J? - 0—3?) + 4 Txy}

Maximum & minimum principal shear stresses

1
Ti,= x5 \/(a,?—af)+4rxy
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DESIGN OF CURVED BEAMS: (PSGDB pg.no. 6.2 & 6.3)

A curved beam can be defined as a beam in which the neutral axis of the beam is curved even under unloaded condition.
The curved beams are subjected to bending stress and it is given as

M,y

=, Nmmz
ae(n,—y) /

Op

The maximum bending stress acts on the inner and outer fibre are given as

M, h;
Opi = ) N/mm?
aer;
Mb ho
Op, = ——, N /mm?
bo
aer,

Where

hi & h, — Distance of the N.Afrom the inner & outer fibre, mm
hi=r—n, mm
h, =1, —1, mm

ri & ro —radius of the inner & outer fibre of the curved beam, mm
T, =1;+h, mm

e - Eccentricity in the position of N.A& C.A
e=R-—r, mm

R - Radius of the Centroidal axis (C.A), mm

rn — Radius of the Neutral axis (N.A), mm
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UNIT I

Factor of Safety, n
It is defined as the ratio of maximum stress to the working stress of the material.

maximum f ailure stress

n= - —
working or permissible stress

The failure strength of the ductile material is the yield strength of it and for the brittle material the failure strength is
the ultimate strength.

yield strength o,

for ductile material, n= — =
permissible stress o,
_ ] ultimate strength oy,
for Brittle material, n= — =—
permissible stress o,
.. Factor of Safety
Applications " EOS -
For use with highly reliable materials where loading and environmental
o Lo . - 1.3-15
conditions are not severe and where weight is an important consideration
For use with reliable materials where loading and environmental 15.9
conditions are not severe '
For use with ordinary materials where loading and environmental 995
conditions are not severe '
For use with less tried and for brittle materials where loading and 95.3
environmental conditions are not severe '
For use with materials where properties are not reliable and where
loading and environmental conditions are not severe, or where reliable 3-4
materials are used under difficult and environmental conditions
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UNIT I

Stress Concentration: PSGDB pg.no. 7.8

It is defined as the localization of high stresses due to abrupt changes in cross section or irregularities present

in the component. To consider this effect in design, a factor known as stress concentration factor is used. It is

defined as the ratio of maximum stress to the nominal stress at the net section.

maximum stress Omax

t = . . =
nominal stress at the net section  Gyom

The subscript ‘t’ represents the theoretical stress concentration factor.

Reasons for stress concentration:

1.

Variation in the material properties (due to internal cracks, flaws like blow hole, cavities in weld, air
holes, foreign material inclusions etc.)

Load application (due to load concentration on small area)

2
3. Abrupt changes in cross section
4.
5

Discontinuities in the component (oil holes, oil grooves, keyways, splines etc.)

Machining scratches (stamp marks, inspection marks, surface irregularities)

Reduction of stress concentration:

It is not possible to eliminate the stress concentration, but it can be reduced to certain level. The following

methods can be used to reduce the effect of stress concentration.

1
2
3.
4

By providing additional notches and holes for members under tension.

By providing fillet radius, undercut and notch for members under bending load

By drilling additional holes for shaft

By either reducing the shank dimeter of the threaded component or by drilling hole in the axial part of

shank portion.

The theoretical stress concentration factor, k; can be found for some standard components subjected to axial,

bending and torsion load from graphs provided in PSGDB pg.no. 7.9 to 7.17.
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UNIT I

Variable stressesor Fluctuating stresses:

In many engineering applications the load applied is not static. They vary with respect to time. The stresses

induced due to such loading is termed as fluctuating stresses or variable stresses. It can be observed that about

80% of failure of the mechanical components are due to fatigue failure resulting from the fluctuating stresses.

For the study purpose and design analysis, simple models of stress-time relationship are used. The most

popular model among all is the sine curve.

Types of mathematical models for cyclic stresses:

1. Fluctuating or Alternating stress cycle:

In this model the stress varies with time in sinusoidal form and it has its mean value as well as

amplitude value as it varies between two limits — maximum and minimum stress value.

Tension
—_

Compression
-

Mean stress, oy, =

Amplitude stress,o, =

2. Repeated stress cycle:

e

Y

Omax + Omin

2

Omax — Omin

2

In this case the stress variation is in the form of sinusoidal pattern. But the minimum stress is always

zero in this stress cycle.

— Stress —=

o}
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UNIT I

Omax

2

Mean stress, o, =

Omax

2

Amplitude stress, o, =

Hence, a,,, = o, for repeated stress cycle, since o,,;, = 0

3. Completely reversed stress cycle:
In this cyclic stress pattern, the minimum stress value is equal and opposite of the maximum stress

value in the cycle.

E .‘l ! Gnm.r

"t

5 A

O + = Time

E + rjm =0

= o

AN

{3 "’ Grnfn

Mean stress,o,, =0

Amplitude stress, 04 = Omax
For completely reversed stress cycle, omin = —Omax

Fatigue failure:

It is defined as the time delayed fracture under cyclic loading.

Endurance limit:

The fatigue or endurance limit of material is defined as the maximum stress amplitude of completely reversed
stress cycle that the standard specimen canwithstand for an unlimited number of cycles without fatigue failure.

Since the fatigue test cannot be conducted for unlimited number of cycles, the number of cycles is limited to

106 cycles.

Fatigue life:

It is defined as the number of stress cycles that the standard specimen can complete during the test before the

appearance of the first fatigue crack.

S-N curve:
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SN
It is the graphical representation of stress amplitude versus the number of stress cycles (N) before fatigue

failure on alog-log graph paper.

Fatigue Stress Concentration Factor

When a machine member is subjected to cyclic or fatigue loading, the value of fatigue stress concentration
factor shall be applied instead of theoretical stress concentration factor. Since the determination of fatigue

stress concentration factor is not an easy task, therefore from experimental tests it is defined as

_ Endurance limit without stress concentration
F = Endurance limit with stress concentration

Notch Sensitivity

In cyclic loading, the effect of the notch or the fillet is usually less than predicted using the theoretical factors
as discussed before. The difference depends upon the stress gradient in the region of the stress concentration
and on the hardness of the material. The term notch sensitivity is applied to this behaviour.

It is defined as the ability of the material to withstand the damaging effects of stress raising notches in fatigue

loading. The notch sensiticity factor is defined as

Increase in actual stress over the nominal stress
9= increase in theoretical stress over the nomial stress

_ kf Onom — Onom

1= ktanom ~ Onom
kr—1
q:;—1
t

Endurance limit approximation:

The endurance limit of components is different from the endurance limit of the rotating beam specimen, this
is corrected using certain factors known as derating factors. The derating factors include size factor, load

factor, surface finish factor.

From PSGDB pg.no. 1.42, standard relationships are available to calculate the endurance limit of the material

under study. Then in PSGDB pg.no 1.43, the relation for calculating approximate endurance limit is given.

_0'_1ABC
ke
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Where, A is the load factor, B is the size factor, C is the surface finish factor. The factor values are listed for

different cases in the same page.
Design for Fatigue loading:

The failure points from fatigue tests made with different steels and combinations of mean and variable stresses
are plotted in Fig. as functions of amplitude stress (o,) and mean stress (a,,,). The most significant observation
is that, in general, the failure point is little related to the mean stress when it is compressive but is very much
a function of the mean stress when it is tensile. In practice, this means that fatigue failures are rare when the
mean stress is compressive (or negative). Therefore, the greater emphasis must be given to the combination

of a variable stress and a steady (or mean) tensile stress.

Failure points
T [ Gerber parabola
/ Goodman line
’.-?-‘ ........... = AR
b TR i
= R A N Soderberg line
m ...........
Al !
¥
=
I
2
s
=
=
=
0 U_v Oy
—-«—— Mean stress (g, ) —
= | T
Compressive ‘ Tensile

There are several ways in which problems involving this combination of stresses may be solved, but the

following are important from the subject point of view :
1. Gerber method, 2. Goodman method, and 3. Soderberg method.
Goodman Method for Combination of Stresses:

A straight line connecting the endurance limit (o e ) and the ultimate strength (¢ u ), as shown by lne AB in
Fig. 6.16, follows the suggestion of Goodman. A Goodman line is used when the design is based on ultimate

strength and may be used for ductile or brittle materials.
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line AB connecting ¢ e and ¢ uis called Goodman's failure stress line. If a suitable factor of safety (F.S.) is

applied to endurance limit and ultimate strength, a safe stress line CD may be drawn parallel to the line AB.

g LA
¢ Goodman line
T {Failure stress line)
e Safe stress line
ol
EF
B
L]
E G.E H
=2 Rl—————
& ES.
- |
[
[
[
l B
o Ty Q l Su
- |
ES.

Soderberg Method for Combinati

— Mean stress (o,) —

on of Stresses

A straight line connecting the endurance limit (o_4) and the yield strength (oy), as shown by the line AB in

Fig. 6.17, follows the suggestion of Soderberg line. This line is used when the design is based on yield strength.

The line AB connecting o_; and ay , as shown in Fig, is called Soderberg's failure stress line. If a suitable

factor of safety (F.S.) is applied to t
parallel to the line AB.

he endurance limit and yield strength, a safe stress line CD may be drawn
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Soderberg line
(Failure stress line)

Safe stress line

Variable stress (G,) —

B
. G_],’
-~ .

—— Mean stress (g, ) ——>

Problems:
COMBINED LOADING (Principle of superposition concept)
1. An offset link subjected to a force of 25 kN is shown in fig. Itis made of gray cast iron FG300 and the factor of

safety is 3. Determine the dimensions of the cross section of the link.

It

Given Data:

Load, P=25kN=25x 103N

Ultimate strength of the grey cast iron, oy = 300 N/mm?
Factor of safety, n=3

To find:

Dimensions of the cross section

Solution:

The offset link shown in the fig is subjected to tensile and bending stress, therefore the total stress acting on the

link is given as
o= 0 + 0y
Hence
P M,y
= At
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Where the bending moment, My, = Load x perpendicular distance
M, =P x (10+1)
M, =25x 103 x (10 +t)

The area moment of inertia of the given cross section is,

3 3 4
1=bd =t><(2t) =2t .

12 12 3 M
Therefore
. 2t
25x 103 25% 10 ><(10+t)><7
B 2t
3

On simplification
50% 103 t3+37.5 x 10* t?
g =
t5

The permissible stress is
300
o :_:T: 100N/mm2

Therefore

_ 50 103 ¢34 37.5 x 10* t2
= s

100t°>—50x 103 t3—-375 x10*t? =0

Dividing the above equation by t?
100t2—-50x%x 103 t—37.5 x10* =0

On solving the above cubic equation, we get
t=255mm
Result:
The cross sectional dimension of the given section in the offset link is determined as
b=t=25.5mm =26 mm
d=2t=52mm
2. Determine the diameter of a steel bar, which is of ductile nature subjected to an axial tensile load of 60 kN and
torsional moment of 1600 N-m. Use the factor of safety of 2.5, E = 200 Gpa.
Given data:
Axial tensile load, P =60 kN
Torsional moment, T = 1600 Nm
Factor of safety, n=2.5
To Find:
The diameter of the steel bar, d =?

Solution:
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Thegiven steel bar is subjected to tensile stress due to axial tensile load and torsional shear stress due to the torsional

moment, hence the total stress produced in the steel rod is given as

o= 0y +7T

And
P Tr
O'=Z+T

The permissible stress of the steel bar is taken from the PSGDB pg.no 1.9, for C15 steel the yield stress is given as
o, = 240 N/mm?

Therefore
0y 240 _ )
o= =% =80 N/mm
On substituting the values,
60 x 103 1600 x 103 x%
V) d 35 d

On simplification
80 d°=76394.37 d® +8.149 x 10° d?
Dividing the above equation by d?
80 d3—76394.37d —8.149 x 10°=0
On solving the above cubic equation,
d =53.48=54mm
Result:
The diameter of the steel rod is determined as
d =53.48=54mm
3. Acantilever of span 800 mm carries uniformly distributed load of 12 kN/m. The yield value of material of cantilever

is 400 MPa. Factor of safety is 2.5. Find economical section of cantilever among

i) Circular cross section of diameter‘d’.

i) Rectangular cross section of depth‘d’ and width ‘w’ with d/w =2.5.

ii) ‘I’ section of total depth 7t and width 5t where‘t’ is thickness.
Find the dimension and cross sectional area of the economic section.
Given:
Length of the beam, 1= 800 mm
Uniformly distributed load = 20 kN/m
Yield stress, oy =400 MPa =400 N/mm?
Factor of safety, n=2.5
To Find:
Economical section for the cantilever beam
Whether circular cross section or rectangular section of depth ‘d” and width ‘w’ with a d/w = 2.5 or I section of total

depth 7t and width 5t where ‘t’ is the thickness
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Solution:
The cantilever beam is subjected to bending moment, My, due to the uniformly distributed load, hence it has bending
stress, ob
To find the bending moment acting on the cantilever beam, use the formula from PSGDB pg.no 6.4,
For a cantilever beam loaded with uniformly distributed load,
M, = wl? _ 20 x 103 x 80072
2 2
M, =6.4%X10° N —mm

Hence the bending stress,

o = My y
b7
The permissible stress for the given material is given as
oy, 400
o=, 7325 ®d, mm
o =160 N/mm?
Case (i) circular cross section
6.4 x 10 x %
160 =
L xd
On simplifying and solving,
d=741.34mm

The cross sectional area of the circle is

A—Exdz—zx741342
T4 T4 '

A = 431643.04 mm?
Case (ii) Rectangular cross section

Given,d/w=25=d=25w —m

6.4x10°%x < &
160= —————2 3
wd3 3

12

6.4% 10° x 2'3 w
160 = w(2.5w)3
12

On simplifying and solving,
w = 33737 mmand d = 843.43mm
The cross sectional area of the rectangle is
A=w Xxd =337.37%x843.43
A = 284547.97 mm?
Case (iii) I - section

To find the area moment of inertia,
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BD3® bd3
~ 12 12
5t x 7t3 4t x 5t3
==
_ 15¢* .
I = 12 mm
Then,
6.4x 10° x 77t
160 = 1T a—
12
On simplifying and solving,
t=482.03mm

The cross sectional area of | —section is
A= (7tx5t)— (4t x5t) =15t%=15x 482.03?

A = 3485271.44 mm?
Result:
Out of the above three cross sectional area, the cross sectional of the rectangular section is the lowest, hence the
economical section for the given cantilever beam is Rectangular section
The cross sectional area of the rectangle is

A= 28454797 mm?

4. For mounting worktop to a cabinet, an angle bracket as shown in figure below is used. Design angle bracket for the

following requirements to serve for the above purpose.

Static load - 5000 N acting at 60° to its horizontal axis.
Cross section - rectangular (b = 2t)
Material used - Plain carbon steel (45C8)  Factor of safety -2

bl j | 5000 N
7
t ~IL— % B _l‘ Pv
l
|
fe——— 120mm ———>|

Given Data:

Load acting on the angle bracket, P =5000 N @ « 60°
Rectangular cross section with b = 2t

Material used = 45C8

Factor of safety, n=2

To Find:
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Cross sectional dimensions of the given section

UNIT I

Solution
From the given fig it is clear that, the angle bracket is subjected to tensile stress due to the horizontal load, Pr and
bending stress due to the bending moment of the P, and Py, forces.
Resolving the given load into horizontal and vertical components
P, =P cosf8 = 5000 X cos 60° = 2500 N
P, =P cosf =5000x sin60°= 4330.13 N

The tensile stress acting on the bracket,
P, 2500 2500

T A Thxt 2txt
1250 5
0 =2 N/mm
The bending stress acting on the bracket,
My y
O-b = Ii
The bending moment My is
My = (P, x80) + (P, x 120) Free Body Diagram mph = 2500 N
M, = (2500x 80) + (4330.13x 120) Mh
M, = 719615.6 N.mm o0
mm
Therefore the bending stress
My y 120 mm
% =7 Fixed Point I M.
b 2t
B bei B 719615.6)(7 P, =4330.13 N
T T3 T 2rxt3
12 12
On simplifying and solving,
4,318 x10° 5
op = t—3 N/mm
The permissible stress for the given material 45C8 is
9y
o=—
n

Where oy is the yield stress of the material taken from PSGDB pg.no 1.9 as
o, = 360N/mm?

Therefore

o = 180 N/mm?

This permissible stress must be equal to the sum of the stresses acting on the bracket, hence

o= 0,10y
1250 4.318x 10°
o= +
t? t3
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On simplifying the above equation a cubic equation shown below is obtained

180t3— 1250t— 4.318x10°=0
On solving the above cubic equation,

t=2892 =29mm
Result:
The cross sectional dimensions are
b=58mmé&t=29mm
THEORIES OF FAILURE

1. A boltis subjected to an axial force of 10000 N with a transverse shear force of 5000 N. Find the diameter of the
bolt required using
i) Maximum principal stress theory
i) Maximum shear stress theory
iif) Maximum principal strain theory
iv) Maximum strain energy theory
Take the factor of safety as 2 and Poisson’s ratio as 0.3.

Given Data:
Axial force, P=10000 N
Transverse shear force, S =5000 N

n
Ll

Factor of safety, n =2

Poisson’s ratio, v =0.3
To Find:
Diameter of the bolt section using given theories of failure S

Solution:

The given bolt is subjected to axial and transverse shear forces, hence this bolt is subjected to axial tensile
stress and shear stress

Axial tensile stress,

P 10000
O’t = — = T
A = 2
7 d
12732.39
0 =3 /mm?
The transverse shear stress,
_ P _ 5000
T= A - E X dz
6366.19 5
T= d2 mm

To find the principal stresses use the formulas from PSGDB pg.no 7.2

1 2
0_1,225 [(0x+ay) t \/(Ux_ay) +4Txy2

Here
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12732.39 5 6366.19 5
O, =0; = TN/mm and Ty, = TN/mm also o, = 0

Therefore on substituting the above values in principal stress equations we get
1[/12732.39 12732.39\° 6366.19\°
Qﬂ:i( dz )i ( dz )+4< dz )

15369.35
T

131848
O, = d2

UNIT I

On simplification

N/mm?

2

N/mm

The permissible stress for the given material 45C8 is
Oy
o=—
n
Where oy is the yield stress of the material taken from PSGDB pg.no 1.9 as

o, = 360N/mm?

Therefore
o, 360
TwW T2
o = 180 N/mm?

From PSGDB pg.no 7.3

(i) According to maximum stress theory
04 0ro, =0 = &
1 2 = - n
15369.35
— =
On solving
d=9.24mm
(i) According to shear stress theory
0,— 0, =0 = &
1 2 n
15369.35 1318.48
a2 dz
On solving
d =8.84mm
(iii) According to maximum strain theory
04— V0o, =0= &
1 2 n
15369.35 1318.48
T—O.Sx 72 =180
On solving
d=9.12mm
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(iv)  According to maximum strain energy theory

2 2 2 y\?
0,°+0,° — 2v0o,0, =0° = (7)

15369.35\%> /1318.48\° 15369.35 1318.48 ,
( e )+( E >—<2x0.3>< X ):180

On solving
d=9.14 mm

(v) According to distortion energy theory

2

2 2 2 %y
0,.“+0,° — 0,0, =0 =(?)

15369.35\° (1318.48\° (1536935 1318.48
( dz ) ( dz )_( az_ T qz ):1802
On solving
d =9.05mm
2. A Machine part is statically loaded and has an yield point strength of 350 N/mm?2. If the principal stresses are 70
N/mm?2 and 35 N/mm?2, both are tensile. Find the factor of safety for the following cases,
i) Maximum normal stress theory
i) Maximum shear stress theory

iii) Distortion energy theory
Given Data:
Yield strength, oy = 350 N/mm?
Maximum principal stress, 61 = 70 N/mm?
Minimum principal stress, 62 =35 N/mm?
To Find:
Factor of safety, n =?

Solution:
From PSGDB pg.no 7.3
(i) According to maximum stress theory
0,0rc, =0 = &
1 2 n
35
70 = —
n
On solving
n=>5
(i) According to shear stress theory
01— O0p =0 = &
1 2 = - n
0

35
70— 35=—
n

On solving
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(iii) According to distortion energy theory

On solving

STRESS CONCENTRATION:
1. Taking stress concentration into account determine the maximum stress when it is subjected to axial tensile load

of 20 kN for the following

2
&)

0,2+0,2 — 0,0, =0% = (n

2
(70)2 + (35) — (70 % 35) = (3—50)
n

n=>5.17

i) A rectangular plate of width 80 mm and thickness 20 mm with a central transverse hole of diameter 16
mm

i) A stepped shaft of diameters 80 mm and 60 mm with a fillet radius of 6 mm.

Given:

Tensile load, P =20 kN =20 x 103 N

Width of plate,
Thickness of the plate, h =20 mm

w =80 mm

Diameter of the transverse hole, a=16 mm
Diameters of the stepped shaft, D =80 mm & d = 60 mm

Fillet radius, r
To Find:

=6 mm

Maximum stress, Gmax =?

Solution:

From PSGDB pg.no 7.8, the stress concentration factor is given as

Case (i)

Jmax
=

Unom

From PSGDB pg.no 7.10 from the graph,

A

25 ¢

ki

16 _
80

== 0.2
For the above value, from the graph the stress
concentration factor value is selected or
plotted as

k. =25
w.k.t

Omax = Kt Onom

alw

[

o
(N

v
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The nominal stress acting on the rectangular plate can be found using the relation
P 20 x 103
Tnom = (0w ")k~ (80— 16) x 20
Opnom = 15.625 N/mm?

Therefore the maximum stress,
Omax = 2.5 X 15.625
Omax = 39.06 N/mm?

Case (i)
From PSGDB pg.no 7.11 from the graph
'y r 6
D/d=13 2 6001
D 80
1.65 ¢ 160" 1.33
ke i For the above value, from the graph the stress
i concentration factor value is selected or
E plotted as
g k. =1.65
¢ > w.k.t

r/d 0.1

Omax = Kt Onom
The nominal stress acting on the rectangular plate can be found using the relation
P 20 x 103
T I 2
Z d 7 ¥ 60

Unom -

Onom = 7.074 N/mm?
Therefore the maximum stress,
Omax = 1.625 x 7.074
Omax = 11.5 N/mm?
DESIGN OF CURVED BEAMS
1. A crane hook having an approximate trapezoidal cross section is shown in the figure. It is made of 45C8

steel and the factor of safety is 3. Determine the load carrying capacity of the crane hook.

Section x-x

30mm I G ISO mm
‘\RASO mm
—

100 mm

‘P’ kN
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Given:

Material —45C8 Steel

Factor of safety, n=3

From Figure

Radius of inner fibre, ri =50 mm

Radius of outer fibre, ro =ri + h =150 mm

Cross section dimension, b; =80 mm, b, =30 mm, h =100 mm
To Find:

Load carrying capacity, ‘P’ =?

Solution:

The permissible stress for the given material 45C8 is

Oy
o=—
n

Where oy is the yield stress of the material taken from PSGDB pg.no 1.9 as
o, = 360N/mm?
Therefore
o. 360
ER
o =120 N/mm?

The crane hook is subjected to tensile stress and bending stress due to the applied external load, therefore

4
n

Q) Tensile stress, ot

Cross sectional area of the trapezoid is given as

1 1
a=75 (bi+by)h=2x(80+30)x 100
a = 5500 mm?

Hence
P
~ 5500
o, =182x107™*x P N/mm?

Ot

(i) Bending stress, ob
The bending stress will be maximum in the inner fibre so let’s find the bending stress of the inner fibre, from

PSGDB pg.no 6.2

My h;
%i = aer;
h; — distance of the neutral axis from the inner fibre and it is given as
hi=m1n—-rn
Where rn is the radius of the neutral axis

Bending moment is given as
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M, = PXR
Where R —radius of the centroidal axis

The r, and R can be determined using the formulas from PSGDB pg.no 6.3

h(b;+2b,)
R=1% 3. +5)

R = 50 100 x (80+ 2 x 30)
=>0+ 3 (80+ 30)
R=92.42 mm

1
i(bi-l_bo)h
W=7 —br T
L'0 0l 0]
(T
5500
Tn=
80 x 150— 30 % 50 150
( 100 )1“(50)‘(80‘30)

r,=84.12mm
Therefore
h; =1, —1,=84.12—-50=34.12 mm
M, = PXR=Px9242 Nmm
Eccentricity, e
e=R— 1, =92.42—84.12
e =83mm

Bending stress,

P x92.42x34.12
%i = 5500 x 8.3 x 50
op; = 1.382x 1073 x P N/mm?

This permissible stress must be equal to the sum of the stresses acting on the bracket, hence

0 = 0; + 0p;
120=(1.82%x107*x P) + (1.382%x 1073 x P)
On solving and simplifying the above equation,
P =76.7kN
VARIABLE STRESSES

1. A cantilever beam made of steel Fe 540 (oy =540 N/mm? and oy =320 N/mm?) is subjected to a completely reversed
load (P) of 5 kN is shown in Fig. The shaft is machined (K. = 0.8) and the reliability is 50% (Ke=1). The
factor of safety is 2 and the notch sensitivity factor is 0.9. Calculate (i) Endurance strength at the fillet section and
(ii) Diameter (d) for infinite life.
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r=0.1d
E R
16 b do o PR A I —
¥
- 100mm

Given Data:

Ultimate strength, oy = 540 N/mmn?

Yield strength, oy = 320 N/mm?

Reversed load, Prin = - 5 KN & Prax =5 kN

Surface finish factor K. = 0.8

Reliability factor, Kc=1

Factor of safety n=2

Notch sensitivity factor g =0.9

To Find:

(1) Endurance limit, -1 =? (ii) Diameter of the shaft, d =?
Solution:

The applied external reversed load produces bending stress, therefore the maximum and minimum bending
stresses are determined as follows

Maximum bending stress,

d B d
; :Mb’maxszmaxx100x§=5x10 X100 x5
b,max I %_X 4 &X 74
5.09 x 10° )
ab,max = T N/mm
Similarly the minimum bending stress,
d 3 d
S My, min y_ Prnin X 100X 5 _ —5Xx10°x100x 5
,min I %-)( d4 %x d4-
5.09 x 10° )
ab,min = — T N/mm

To find the mean stress and amplitude stress,
Ub,max + Ub,min

mean stress, o, =

2
0,=0
o, — Opmi
amplitude stress, g, = b.max > bamin
5.09 x 10° 2
o, = B N/mm

To find the endurance limit, use the empirical relation provided in PSGDB pg.no 1.42
o_; = 0.46 g, = 0.46 x 540

o_, = 248.4 N/mm?

By considering the endurance limit correction factors, the modified endurance limit is given as
0, =K, XK.xo_; =08x%x1x248.4

o', = 198.72 N/mm?
To find the fatigue stress concentration factor, ks
From PSGDB pg.no 7.6

kp=1+q (k,—1)
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To find the theoretical stress concentration
From PSGDB pg.no 7.14 from the graph

A r 01d
D/d=1.5 E= a4 =0.1
D 1.5d
E —_ —d —_

For the above value, from the graph the stress
concentration factor value is selected or
plotted as

k,=1.5

v

r/d 0.1

Therefore
kp=1+09(15-1)
k;=1.45
From PSGDB pg.no 7.6 according to the Soderberg equation

1 o o

_=_m+kf+l

n o, o,
5.09 x 10°

L0 a5 @&
2 =320 % 19872

On solving the above equation
d =42.03 mm

2. A cantilever rod of circular section is subjected to a cyclic transverse load; varying from -100 kN to + 300 kN as
shown in Fig. Determine the diameter d of the rod by (i) Goodman method and (ii) Soderberg method using the
following data. Factor of safety = 2., Theoretical stress concentration factor, K = 1.4, Notch sensitivity factor, q =
0.9, Ultimate strength, ou=540MPa, Yield strength, cy=320MPa, Endurance limit, 5.1 =275 MPa, Size correction
factor, Kp=0.85

7]
/]
y 4 300k
y
/
#
y I
4 ¥
—— :._. 1.5d [P S — d -——a=
y 1 ¥
/
/
#
y
: ¥ 100N
 S0mm | 120mm

Given Data:

Reversed load, Prin=- 100 KN & Prax = + 300 kN
Factor of safety, n =2

Theoretical stress concentration factor, Ki = 1.4
Notch sensitivity factor, g =0.9

Ultimate strength, ou = 540 MPa =540 N/mm?
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Yield strength, oy =320 MPa = 320 N/mm?

Endurance limit, .1 = 275 MPa = 275 N/mm?

Size correction factor, Ky =0.85

To Find:

Diameter of the shaft, d =?

Solution:

The applied external reversed load produces bending stress, therefore the maximum and minimum bending
stresses are determined as follows

Maximum bending stress,

My max Y PmaXX100X% 300x103>< 120x%
Opmax = = T =
I T g4 T s
64 xd 64 xd
366.69 x 10° )
Opmax = T N/mm
Similarly the minimum bending stress,
d 3 d
o _Mb,miny_PminX]-OOXE_—100><10 XlZOXE
bmin — T =
’ I RS 4 i 4
641->< d 64X d
122.23 x 10° )
Opmin="""_g3 N/mm

To find the mean stress and amplitude stress,
Jb,max + Ub,min

mean stress, o, =

2
366.69x 10° 122.23%x 10°
ds3 B ds3
Om = )
122.23 x 10° 2
Om = T N/mm
Op,max — Obmin

amplitude stress, g, =
366.69x 10° 69>< 10° ( 122. 23 X 106>

Oq = )
244.46 x 10°
d3
By considering the endurance limit correction factors, the modified endurance limit is given as

0!, =K,XxXo_, =0.85%x540
6’ , =459 N/mm?
To find the fatigue stress concentration factor, ks
From PSGDB pg.no 7.6

2

G, = N/mm

kp=1+0.9(14-1)
ky=1.36

(i) From PSGDB pg.no 7.6 according to the Goodman equation

YO
n oy 0_1
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122.23x10%  244.46 x 10°

1 d3 d3
7 = LA 320 T 459
1 1.280x10°
2 d3
On solving the above equation
d =136.8 mm
(ify From PSGDB pg.no 7.6 according to the Soderberg equation
1 o, Oq
—=—tkr——
n o, 04
122.23x 10° 24446 x 10°
1 _ d3 136 d3
2- " 320 %% T 459
1 _ 1.1063 x 10°
2 d3
On solving the above equation
d =130.3 mm

3. A simply supported beam has a concentrated load at the centre which fluctuates from a value of P to 4P. The span
of the beam is 500 mm and its cross-section is circular with a diameter of 60 mm. Taking for the beam material an
ultimate stress of 700 MPa, a yield stress of 500 MPa, endurance limit of 330 MPa for reversed bending and a factor
of safety of 1.3, calculate the maximum value of P. Take a size factor of 0.85 and a surface finish factor of 0.9.

Given Data:

Concentrated load, Prin =P & Prax =4 P

Span of the SSB, L =500 mm

Cross section —circle, d = 60 mm

Ultimate stress, oy = 700 MPa = 700 N/mm?

Yield stress oy =500 MPa =500 N/mm?2

Endurance limit .1 =330 MPa = 330 N/mm?

Factor of safety n=1.3

Size factor Ky =0.85

Surface finish factor K, =0.9

To Find:

Load, P =?

Solution:

The given simply supported beam is subjected to bending stress due to bending moment produced by the applied
external concentrated load.

The bending moment can be found using the equation taken from PSGDB pg.no 6.4

M. = PL
b= g
Maximum bending moment,
4P x 500
pmax = ———— = 500P N.mm
Minimum bending moment
P x 500
My min = 2 - 125P N.mm
The distance of the centroidal axis of the given circular cross section,
_d_60_ .
Y=o T T ovmm
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Area moment of inertia of the given cross section is

T T
_ 4 _ 4 _ 3 4
1—64><d 64><60 636.17 X 10° mm

UNIT I

Maximum bending stress,
_ Mpmaxy 500 P x30

Opmax = T 636 17x 103
Opmax = 0.024 P N/mm?

Similarly the minimum bending stress,
_ Mb,min y _ 125 P x 30

Tomin = T 63617 x 103
Opmin = 0.006 P N /mm?>

To find the mean stress and amplitude stress,

Op,max + Gb,min

mean stress, o,, =

2
0.024P+ 0.006P
Om =
2
0,, =0.015 P N/mm?
o; — Opmi
amplitude stress, g, = b.max > banin

0.024P— 0.006P
Oq = 2
o,=0.009 P N/mm?
By considering the endurance limit correction factors, the modified endurance limit is given as
0l =K, XK,xo_;=09x%x0.85x700
o', =535.5 N/mm?
From PSGDB pg.no 7.4 according to the Soderberg equation
1 o, o,

!
n o, o0,

1 0015P 0.009P
13~ 500 @ 5355

On solving the above equation
P=16.43 kN

4. A spherical pressure vessel with a 500 mm inner diameter is welded from steel plates. The welded joints are
sufficiently strong and do not weaken the vessel. The plates are made from cold drawn steel 20C8 (ou=440
N/mm? and oy = 242 N/mm?). The vesselis subjected to internal pressure which varies from 0 to 5 N/mm?2. The
expected reliability is 50% and the factor of safety is 3.5. The vessel is expected to withstand infinite number of
stress cycles. Calculate the thickness of the plates.

Given Data:

Inner diameter, d = 500 mm

Ultimate stress, oy =440 N/mm?

Yield stress, oy =242 N/mm?2

Internal pressures, pmin = 0 and pmax = 5 N/mm?
Reliability 50%, reliability factor K. =1
Fcator of safety, n=3.5

To find:

Thickness of the steel plate, t =?

Solution:

The spherical pressure vessel is subjected to circumferential stress and it is given as
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pd 2
ir’ N/mm

Therefore, the given spherical pressure vessel is subjected to maximum and minimum stresses due to pmin and
prax pressures applied and it is given as

g =

Pmin d
Omin = 4t

Omin = 0 N/mm?
Pmax d (5 X500)
Imax =TT T T 4t

625 5
Omax = T N/mm

To find the mean stress and amplitude stress,
Omax + Omin

mean stress, 0, = B

625
& 0

Om = 2

312.5
t
amplitude stress, o, =

625
< 0

2

o= N/mm

Omax — Omin

2

Og =

312.5 ’
. N/mm?
By considering the endurance limit correction factors, the modified endurance limit is given as
ol =K.xX0o_4=1x%x440
o', = 440 N/mm?
From PSGDB pg.no 7.4 according to the Soderberg equation
1 o, o,

- [

n o, o0,
3125 3125

o, =

L RN
3.5 242 440

On solving the above equation
t=7mm
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MULTIPLE CHOICE QUESTIONS
S.No | Question Optl Opt2 Opt3 Opt4 Answers
1 Hooke's law holds good upto yield point | elastic point plastic point | breakingpoint | elastic point
Theratio of linear stress tolinear | Modulus of | Modulus of Bulk Poisson's Modulus of
2 strain is called elasticity rigidity modulus ratio elasticity
. X m m m m m
5 STt:iI'\goa‘:)‘;)':’;g;g'taeﬁ;'zgﬁg‘l’trom"d 8OKN/m? | 100KN/mme | L10KN/mne | 210KN/me | 210KN/mme
When the material is loaded - . .
L B directly inversly directly
. \i/;nthln etlgssttlrcalilnmlt thenthestress | equal proportional proportional none of these proportional
The ratio of the ultimate stress to T . factorof
5 | the designstress is known as elastic limit | strain safety bulkmodulus | factorofsafety
The factorofsafety forsteeland
6 | forsteady loadis 2 4 6 8 4
Steels are designated by group of . composition
letters or numbers indicating------- ;rtigrillfh carbon content | of alloying ?lesgne of ?Qgsgne of
7 - properties 9 elements
55C4 indicates a plain carbon 5%C& 55%C &4% | 0.55%C & | 0.55% C & 0.55% C & 0.4
8 | steelwith 4% Mn Mn 4% Mn 0.4 % Mn % Mn
The IS code used fordesignation | IS 1762- IS 7162-
9 | of steels 1974 IS 1570 - 1978 1974 IS 1762-1984 | IS 1762-1974
Blackheart malleable castiron is S motorcycle | fittings for
10 | used formaking brake shoes | pipe fittings frames bicycle brake shoes
1 L/\éggigfﬁgli?ggeable castironis pedal levers pipe fittings | wheelhub pipe fittings
- is popuarly called as low carbon | high carbon medium allov steel medium
12 | Machinerysteel steel steel carbon steel y carbon steel
13 16Mn5Cr4 is used for making Sﬁ:;ts & axe cam camshaft Gears & shaft
An aluminium member is . elastic limit ultimate .
14 | designed basedon yield stress stress proofstress stress yield stress
In abody ,athermal stressis one
which arises because ofthe latent heat temg_eratture totalheat specific heat temé)_eratture
15 | existence of gradien gradien
A localised compressivestress at . .
the area of contact between two i?es s"se bendingstress gfrzzgg shearstress bearing stress
16 | members is known as
17 | fepoissonsratioforsteelvaries | 5110025 | 02510033 | 03310038 | 03310045 | 050033
Formoderate soze steel forgings,
the minimum corner radii for a 1.5 mm 2mm 25 mm 3.5 mm 3.5 mm
18 | depth of50mm is----------
for steelforgings, the
recommended value ofthe 5mm 2 mm 3mm Armm 3mm
minimum sectionthickness is -----
19 | -
The stress in the barwhen load is
applied suddenly is .............as doubl three i fourti doubl
compared to the stress induced same ouble reetimes ourtimes ouble
20 | dueto graually applied load
The energy storedin abody when proof strain impact
” sk;rgwﬁc;g/vnhm elastic limit is resilience resilience energy energy strain energy
The maximum energy thatcan be resilience proof strain modulus of | proof
22 | stored inabodydueto external resilience energy resilience resilience
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SN
loading uptothe elastic limit is
called
The strain energy storedin body,
when suddenly loaded,is....... the . . .
strain energy stored whensame equalto one-half twice fourtimes fourtimes
23 | loadis applied gradually.
fﬁgo atboth maximum at é:;otfoti dtgle zero at the
When amachine memberis centroidal both the axis and centroidal axis
subjectedto torsion, the torsional axis and centroidal axis maximum at | none ofthe and maximum
shearstresssetup in the member outer and outer the outer these atthe outer
is surface of surface ofthe surface of surface ofthe
24 the member member the member member
The torsional shear stressonany directl
cross -section normal to the axis is 0 o%ional inversely 2010 none of directly
.... the distance fromthe centre of ?0 P proportional to above proportional to
25 | theaxis
The nuetralaxis ofa beamis 2610 stress maximum (r;:)ar)rqu:ggive maximum 2610 Stress
subjectedto tensile stress P shearstress
26 stress
the layers
2Lebjectedto the layers are g;g layers the layers do | the layers do
Atthe neutral axis of abeam - subjectedto . notundergo | notundergo
maximum tension subjectedto any strain any strain
bending compression y y
27 stress
zero atany . zero atany
. . zero atthe . maximum at .
The bendingstressinacurved . point other point other
beamis g;r;trmdal than centroidal ;r;desneutral none ofthese than centroidal
28 axis axis
The maximum bending stress,in a centroidal
curved beamhavingsymmetrical axis neutral axis inside fibore | outsidefibre | inside fibre
29 | section,alwaysoccur, at the
Two shafts under pure torsionare
of identical lengthandidentical . . both the .
weightand are made of same ﬁzggr?rgn Szﬁgrﬁhlgn shaftsare none of EZSEr?P:Zn
material. The shafts A is solid and shaft A shaftB equally above shaft A
the shafts Bis hollow.We cansay good
30 | that
. . brittle ductile elastic plastic brittle
31 Rankine's theory is used for materials materials materials materials materials
: ; brittle ductile elastic plastic ductile
32 Guest's thearyis used for materials materials materials materials materials
Atthe neutralaxis of abeam, the . - none of .
33 | shearstressis zero maximum minimum above maximum
The maximum shear stress
developedin ab.ea”.“’f equalto 4/3 times 1.5 times none of 1.5 times
rectangularsection is.............. above
34 | theaverageshearstress
The stresswhich vary froma
minimum value to a maximum repeated ield stress fluctuating | alternating fluctuating
value ofthe same nature(i.e. stress y stress stress stress
35 | tensile orcompressive)is called
The endurance or fatique limit is Without without failure | without Without
defined as the maximumvalue of | Failure for L . Failure for
the stress which a polished infinite no :‘:orcl;lar:te no of ffglguge (]:IOers None of these infinite no of
36 | standardspeciman canwithstand | of cycles y y cycles
without failure, for infinite \s,\sgltllggs completely completely
?Oumberofcycles ,when subjected | staticload | dynamic load dynamic reversedload | reversedload
37 load
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UNIT |
Failure ofa material is called atthe belowthe attheyield | belowthe belowthe
38 | fatique when it fails elasticlimit | elasticlimit point yield point yield point
The resistance to fatique ofa .. | Young's ultimate endurance endurance
o elastic limit tensile L L
39 material is measured by modulus strength limit limit
Theyield point in static loading f
is........as compared to fatique higher lower same ggg\e/g higher
40 | loading
elastic limit | Young's endurance Con
Factorofsafety forfatique tothe modulus to the | limit to the f(lﬂshtéc I:gllg ﬁnm?tu{?)rl%i
loading is the ratio of working ultimate working ey .
41 stress tensile strength | stress point working stress
When a material is subjected to
fatique loading, the ratio of the
endurance limit to the ultimate 02 0.35 05 0.65 05
42 | tensile strengthis
The ratio of endurance limitin
shearto the endurance limit in 0.25 0.4 0.55 0.7 0.55
43 | flexure is
If the size of the standard have same
specimen fora fatique testing value as none of
machine is increased, the that of increase decrease b decrease
endurance limit for the material standard above
44 | will speciman
The residential compressivestress | . . .
by way of surface treatment ofa ;Wg;g; ez e deteriorates gf?rgztr}?wte If?;rl]fudrgstihl o improves the
machine member subjected to l q the fatique life fatique lif - fatique life
45 | fatique loading ife atique life | specimen
The surface finishfactor fora
46 | mirror polished material is 045 0.65 0.85 1 1
maximum nominalstress | maximum nominal .
Stress concentration factor is stresstothe | tothe stresstothe | stresstothe Q?g??(ﬂh o
defined as the ratio of endurance | endurance nominal maximum AT
- - L L nominal limit
47 limit limit limit limit
brittle as
In static loading ,stress brittle ductile well as elastic brittle
concentration is more seriousin materials materials ductile materials materials
48 materials
brittle as
In cycle loading, stress brittle ductile well as elastic ductile
concentration is more serious in materials materials ductile materials materials
49 materials
The notchsensitivity q is
expressedin terms of fatique (KF+1)/(kt-
stress concentration factor Kfand 1) (kf-1)/(kt-1) (kt-1)/(kf-1) | (kf-1)*(kt-1) | (kf-1)/(kt-1)
theoretical stress concentration
50 | factorKt,as
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UNIT 1l
DESIGN OF SHAFTS AND COUPLINGS

Designofsolid and hollow shafts based onstrength, rigidity and critical speed — Design of keys and key ways — Design of rigid
and flexible couplings — Introduction to gear and shock absorbing couplings — design of knucklejoints.

1. DESIGN OF SHAFTS

1.1. TRANSMISSION SHAFTS

It is a rotating machine element usually circular in cross section, which is used to support power, torque and motion
transmitting elements like gears, pulleys, sprockets etc.

1.2. CATEGORIES OF TRANSMISSION SHAFTS
a) Axle:

Itis a type of shaft which is used to support rotating elements like wheels, hoisting drums, rope sheaves, which are fitted
to the housing by means of bearings. Such shafts are subjected to bending moment due to transverse reactions of the
rotating elements.

s

Axle Spindle
b) Spindle

Itis a short shaft which is commonly used in machine tools such as small drive shaft of a lathe or a spindle in drilling
machines.

c) Counter shaft:
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It is a secondary shaft for which the power is transmitted from the main shaft and thereby it transmits power to the

machine components. These are used in multistage gear boxes.

Pinion

d) Jack shaft:
Itis an intermediate shaft between two shafts which are used in transmission of power.
e) Line shaft:

A line shaft consists of number of shafts which are connected in axial directions by means of couplings. It is popular in
workshops using group drive.

1.3. MATERIALS USED FOR SHAFTS:

e Ordinary transmission shafts — medium carbon steels (30C8 or 40C8) (Machinery steels).

e For greater strength — high carbon steels like 45C8 or 50C8 or alloy steels can be used.

e Alloy steels — (16Mn5Cr4, 40Cr4Mo2, 16Ni3Cr2 etc.,)

e Thesealloy steels are costlier when compared to plain carbon steels but these are used when higher strength,
higher toughness & hardness is required. It also provides higher resistance to corrosion.

e The material selected for shafts should have good strength, good machinability characteristics, low notch
sensitivity factor, good heat treatment properties and higher wear resistance.

1.3.1. MANUFACTURING OF SHAFTS:

Commercial shafts are made of low carbon steels, which are manufactured by cold drawing or hot rolling or by turning
& grinding operations. Cold drawn shafts are stronger than hot rolled shafts but they do not meet the required tolerance
& straightness, it also produces residual stresses on the near surfaces of the shafts. When machining is performed on
such shafts, it leads to the release of residual stress causing the shaft to get distorted. And it becomes an expensive
process to straighten such distorted shafts. Hence most of the shaftsare hot rolled and machined & ground, also hardened
by oil quenching process.
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1.4. DESIGN OF SHAFTS

The shafts are designed based on the following categories

UNIT 11

a) Based on strength
b) Based on torsional rigidity and stiffness

c) Based on critical speed

1.4.1. DESIGN OF SHAFT BASED ON STRENGTH
The design of shaft based on strength is classified into different types depending on the type of load the shaft is

subjected to

(0 Transverse load (Bending moment)

(i) Torsional load or Torque (Twisting moment)

(iii) Combined transverse and torsional loads (Bending & twisting moment)

(iv) Combined axial, transverse and torsional loads (axial, Bending & twisting moment)
(V) Variable loading or Fluctuating loads

() Shaft subjected to Transverse load (Bending moment)
Consider a shaft of circular cross section of diameter ‘d’ is subjected to bending moment My. Due to this loading the
shaft material develops internal resistance for the applied bending moment leads to formation of Bending stresses, cp

M

The bending stress, oy is given by simple bending equation,

M
o, = ;’y e vee e . (From PSGDB pg.mo 7.1)
Mo — Bending moment, N-mm
y - Distance of the inner or outer fiber from the neutral axis, mm

| — Area moment of inertia, mm#

For a circular cross section,

. d
y = > ,mm
md*
& I = or ,mm*................(From PSGDB pg.no 6.1)

On substituting the above values in the bending stress equation we get,
d
op = M 2

b T d4

64
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32 M,

Oy = W ,N/mmz

Similarly for a hollow circular cross section shaft, having
D —Outer diameter, mm

d — Inner diameter, mm
y= E ,mm
n (D*— d*)
& I = —r ,mm*...............(From PSGDB pg.no 6.1)

On substituting the above values in the bending stress equation we get,
D

op — —Mb ?

b — T[(D4— d4)
64

32M, D
O0p= ———— ,N/mm?

b™ m (D*— d*)
(i) Shaft subjected to Torsional load or Torque (Twisting moment)
Consider a shaft of circular cross section of diameter ‘d’ is subjected to Twisting moment T. Due to this loading the
shaft material develops internal resistance for the applied twisting moment that leads to formation of torsional shear

stress, T.

And it is given by the simple torsion equation,
T=— N/mm?.........(FromPSGDB pg.no 7.1)

T —Torsional load (Torque or Twisting moment), N-mm
r - Radius of the shaft, mm

J — Polar moment of inertia, mm#

For a circular cross section,
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Similarly for a hollow circular cross section shaft, having

UNIT 11

D - Outer diameter, mm
d — Inner diameter, mm
D
r= E ,mm
n (D* — d*%)
& ] = T ,ymm

On substituting the above values in the bending stress equation we get,

4

D
w (D*— d*)
32

_ 16T D
T w(DA— d%)

T

T ,N/mm?

(iii)  Design of Shaft subjected to Combined transverse and torsional loads (Bending & twisting moment)
When a shaft of circular cross section of diameter‘d’ is subjected to combined bending and torsional load, it involves

the formation of bending stresses, op and torsional stresses, T.

For shaft subjected to such combined static loads, failure theories are used for designing such shafts. Mostly maximum
normal stress or principal stress theory and maximum principal shear stress theory are used out of different theories of
failure.

(a) According to maximum normal stress or principal stress theory

The principal stresses for a biaxial stress condition is given as

1 2
012 =5 (o, + ay) + J(0x+ ay) + 41,,%|...PSGDB pg.no 7.2
Here ox=on,oy=0and txy =1
1
012 =5 [ab + Jo,? + 472]

And the theory states that,

9y
01 0T Oy m
Where,
32 M, 6T
Op=—5 andT= —3 ,N/mm?
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On substitution

UNIT 11

o, 1]32M, 32 M)\ 16T\
et Y ()
fos 2| md?3 md3 md3
On simplification, we get

s
Equivalent bending moment, M, = [Mb + ’sz + TZ] = 1g X 01 X d3

Similarly for Hollow circular shaft,

_ . 5 T (D*— d*)
Equivalent bending moment,M, = |M,+ |M,"+ T?|= 16 X 0, X D

Equivalent bending moment is the bending moment which when acting alone will produce the same effect as caused by
the combined bending and torsional load.

(b) According to maximum principal shear stress theory

The principal stresses for a biaxial stress condition is given as

1
Tmax =5 \/(gx +0,)" + 47,2 ......PSGDB pg.no 7.2

Here ox=op,oy=0and 1y =1

1
Tmax =5 0p* + 412
And the theory states that,
. _ 0.5 ay
max fOS
Where,
32 M, 16T N )
gy L B /mm

On substitution

On simplification, we get

Equivalent Twisting moment, T,= |M,

Similarly for Hollow circular shaft,

. . . 2 2 T (D4_ d4)
Equivalent Twisting moment, T, = |M,"+ T? = 16 X Tax X — D

(iv)  Design of Shaft subjected to Combined axial, transverse and torsional loads (axial, Bending & twisting
moment)

Consider a circular shaft of diameter (d) is subjected to combined axial, bending and torsional loads. Such a shaft will

create axial (compressive or tensile) & bending stresses which are acting normal to the plane of the cross section of the

shaft and torsional shear stress.
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Mp
W.KT

Since both these stresses are acting normal to the plane, these two can be combined together to get the resultant stress,

UNIT 11

) 32 M, 5

Bending stress, Op = 33 ,N/mm
] _ 4P 5
axial stress, op = T ,N/mm

9
32 M, 4 p
o= 0.+ 0, = W-I_ m
32 Pd
7= m[ bT g

When the shaft is long and slender, it acts like a column and hence it tries to buckle, so in order to consider this effect,

column factor () is to be included in the above equation,

32 aPd
e + =5}

7= md3 8
Similarly for hollow shaft,
32 aPd
7= wd3 [Mb + 8 ]
From PSGDB pg.no. 7.21
1
Column factor, a= ] for =< 115
1 -0.0044 () r

o, (1\’ l
Column factor, a= (—) for - > 115

m2nE \r
Where,
- Length of the shaft under axial load, N
E- Young’s modulus, N/mm?
r - Radius of gyration, mm (see PSGDB pg.no 6.1)
n - End condition coefficient, (See PSGDB pg.no 6.8)
oy - Yield stress, N/mm?

For such loading condition,
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Equivalent Bending moment,

a) For solid shaft of diameter, d

[ ]
| aPd a P dy’ o 3
MeZl[Mb+T]+ [MD+T]+TJ=EXO'1Xd

b) For hollow shaft of outer diameter, D and inner diameter, d

a P D2+ d? a P (D2+ d? s D*— d*
o= (e L] gy PO O

8D 16

Equivalent twisting moment,

a) For solid shaft of diameter, d

a P d1? 5 T 3
T, = [Mb+ 3 ]+T=RXTmade

b) For hollow shaft of outer diameter, D and inner diameter, d

aP D2+ d2)]? , (D4— d*)
Te= |My+——gp | +T*= g XTmax X —

(v) Shaft subjected to Variable or Fluctuating load

Consider a solid circular shaft subjected to variable loading or shock loads, for such loading conditions two factors, Ko
and K; are used.

Ky — combined shock & fatigue factor for bending load

Kt — combined shock & fatigue factor for torsional loading

Ky and K; —are taken from PSGDB pg.no. 7.21, for different loading conditions

a) For combined variable bending and torsional loading,

(i) Equivalent Bending moment,

s
M, = | KoM, + JRyMp)2 + (K2 | = = X o x d

Similarly for Hollow circular shaft,

(D* - d*)
D

VA
M, = |KpMy+ JEMZ T (K12 = = X0 X

(i) Equivalent twisting moment, Te

T == \/(Kbe)Z‘l‘ (KtT)Z = T

16 X Trpax X d3

Similarly for Hollow circular shaft,

(D*— d*)

T, = JK M2+ (KT)E= —— >

16 X Tnax X

b) For combined variable axial, bending & torsional loading,
(0 Equivalent Bending moment,

For solid shaft of diameter, d
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. ]
| aPd aPd | =
M, = [Kbe+ —] + [K,,Mb + —] + (K;T)2|= — X 0y X d3
[ 8 8 J 16
For hollow shaft of outer diameter, D and inner diameter, d
a P (D% + d?) aP(D2+ d2)]? N (D*— d*)
Me= Kbe+8—D+ Kb b+8—D +(KtT) =1—6X0'1XT
(i) Equivalent Twisting moment, Te

For solid shaft of diameter, d

aPdy’ T 3
Te = [Kbe+ T:I + (KtT)z = E X Tmax X d

For hollow shaft of outer diameter, D and inner diameter, d

aP (D2+ d?))? , (D4— d*)
To= [|KoMy+ —Fp—| + (K, T)2 = T X Tmax X —

1.4.2. DESIGN OF SHAFTS BASED ON ASME CODE:

According to ASME code, the permissible shear stress for the shaft without keyways is taken as 30% of the yield
strength in tension and 18% of the ultimate strength of the material;, the minimum of the two is taken for design
calculation.

T =030y or1=0.18 Gy

If key way is present, then 75% of the above value is taken.
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1.4.3. DESIGN OF SHAFTS BASED ON TORSIONAL RIGIDITY:

A shaft can be treated as a rigid body based on its torsional rigidity, which is if the shaft does not twist too much on the

UNIT 11

application of external torque. Otherwise if the design is based on lateral rigidity, the shaft should not deflect too much
under the application of the external transverse loads (Bending moment).

According to simple torsion equation,

r_gs
Ji l
From which the angular twist or angle of twist 0 is given as,
oI
GJ
Where,
0 — Angular twist, degree
T — Torsional moment, N-mm
| — Length of the shaft, mm
G —Rigidity modulus, N/mm?
J — Polar moment of inertia, mm#

The permissible angular twist for machine tool application is 0.25° per meter length and for line shafts 3° per meter
length of the shaft.

In case of lateral deflection, the permissible deflection is around 0.001 to 0.003I for machine shafts between two
bearings, 0.011 m for shaft mounted with spur gears.

There are some possibilities to reduce the lateral deflection by,

i) Reducing the span length
i) Increasing the number of supports
iii) Selecting the cross section in which the area moment of inertia is large as in case of tubular or hollow shafts.

1.4.4. DESIGN OF SHAFT BASED ON STIFFNESS & CRITICAL SPEED
The critical speed or whirling speed of the shaft is defined as the speed at which the additional deflection from the axis

of rotation of the shaft becomes infinite. Simply it is the speed at which the shaft meets its natural frequency resulting

in resonance condition.

Shaft running under
normal condition

\ Shaft deflected

!__J' under critical
speed

k g 1 [k g
Natural frequency, w, = —orls or f = o |m s ,Hertz
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Where,
k - Stiffness of the shaft, N/mm
m - Mass of the shaft, kg

UNIT 11

g - Acceleration due to gravity (9.81 m/sec)
o - Deflection of the shaft, mm
Stiffness is defined as the ratio of load per unit deflection, k = W/, N/mm
For shaft carrying ‘n’ no of transmission elements like pulley or gear or flywheel or sprocket, the natural frequency for

such systems can be found using Dunkerley’s rule
1 1 1

PROBLEMS:

i) Design of shaft subjected to torsional load (Twisting moment or torque)

1. A hollow shaft for a rotary compressor is to be designed to transmit a maximum torque of 3500 Nm. The shear
stress is the shaft is limited to 50 MPa. Determine inside and outside diameters of the shaft, if the ratio of inside &
outside diameters is 0.4.

Given Data:

T =3500 Nm = 3500 x 103 N mm

=50 MPa = 50 N/mm?

d/D=0.4

To find:

D=?&d=?

Solution:

The torsional shear stress acting on this hollow shaft is given as

16TD

=T = dv’

N/mm?

Whered=0.4D
On substitution of the values

16 X 3500 X 103 x D
T T (D*— (0.4D)%)

16 X 3500 x 103 x D
T D1t — (0.4)Y)

16 x 3500% 103

bi= = 4
x50 % (14— (0.4)%) 365873.43

D = ¥365873.43
D=71.5mm

ii) Design of Shaftsubjected to Combined transverse and torsional loads (Bending & twisting moment)
1. A mild steel shaft transmits 23 kW at 200 rpm. It carries a central load of 900 N and is simply supported between
the bearings 2.5 meters apart. Determine the size of the shaft, if the allowable shear stress is 42 MPa and the
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maximum tensile or compressive stress is not to exceed 56 MPa. What size of the shaft will be required, if it is

subjected to gradually applied loads?
Given Data:
Power, P = 23 KW =23 x 108 N-mm/s; Speed, N = 200 rpm; load, W = 900 N; Length, L =2500 mmy; =42
N/mm2; ¢ = 56 N/mm?2
To Find:
Diameter of the shaft, d =?
Solution:
The given mild steel shaft is subjected to torque, T and bending moment, My due to the central load.
To find the torque, T

2T NT
~ 60
P><60_23><106><60
2w N 2T x 200
T =1.098 x 10°, Nmm

watt

Torque,T =

To find the Bending moment, My
From PSGDB pg.no. 6.3, for SSBsubjected to central load,
Iy _ WXL 900x2500
bPT o4 T 4
M, = 0.563 x 10°, Nmm

To find the equivalent bending & torsional moment

Case(i) Steady loading
According to Equivalent bending moment, the diameter of the shaft

M, = |M,+ JO1,)2 + (D?]= 116 X g, X d3

M,= [My,+ JOLYZ+ (1?|= [0.563x 106+ |/(0.563 x 106)2 + (1.098 X 105)?|

A
M, = 1.796x10°= = x oy x d°

T 3 6
Tg X 01 X d* = 1.796x 10

= X 56 X d3 = 1.796x 10°
16 )

d=54.67mm

According to Equivalent twisting moment, the diameter of the shaft
T
T, = + (Mb)2+ (M2 = E X Tax X d?

T, = J(M,)?+ (T)? = /(0.563x106)2+ (1.098 x 106)2
T, = 1.234x 10°

T
Tg X Tmax X d3=1.234%x10°

T
— X 42x%x d3=1.234x10°

16
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d=53.08mm
Case (ii) fluctuating load
Kb and K; — are taken from PSGDB pg.no. 7.21
Ko =15and K =1

According to Equivalent bending moment, the diameter of the shaft

Vs
M, = | KMy + M2+ (KD |= = X o x d3

M, = | KoMy + oM)? + (K2

M, = | 1.5x0.563x 105+ /(1.5 0.563 X 10)2 + (1 x 1.098 x 105)? |

T
M, = 2.23><106=E X o, X d3

lxa x d3 = 2.23x%x10°
16 1 '

lx 56 X d3 = 2.23x10°
16 '

d=58.75mm

According to Equivalent twisting moment, the diameter of the shaft

s
T, = \/(Kbe)Z + (KtT)Z = 1_6 X Tax X a3

T, = (K,Mp)2 + (K,T)2 = /(1.5% 0.563% 106)2 + (1 x 1.098 X 106)2
T, =1.385%x 10° N— mm

T
Tg X Tmax X d3 = 1.385x 10°

£><42>< d3 =1.385x 10°
16 )

d=55.17mm

2. Power is transmitted to a shaft supported on bearings, 900mm apart, by a belt drive, running on a 450 mm pulley,
which overhangs the right bearing by 200 mm. Power is transmitted from the shaft through a belt drive, running on
a 250 mm pulley, located mid-way between the bearings. The belt drives are at right angle to each other and the
ratio of belt tensions is 3:1 with the maximum tension in both the belts being limited to 2 kN. Determine the diameter

of the shaft, assuming permissible tensile and shear stresses are 100 MPa and 60 MPa respectively.

Given Data:

L =900 mm; da =450 mm; I, =200 mm; dp =250 mm; Ip =450 mm; T1:T2=3:1; Tmax = 2X10° N; T
=60 N/mm?; ¢ = 100 N/mm?

To find:

Diameter of the shaft

Solution:

To find the load acting on the shaft, in this case the load is nothing but the tensions prevailing in the belt.
To find the belt tensions of the pulley A

Given, T1:T2=31
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To find the torque produced by the system,

d 450
T=(T,—-T,) x 7“: (2000~ 666.67) x ——

T=3x%x103N.mm

Let us assume that the troque transmitted by both pulleys Aand B are same, therefore

T3
_=3=>T3=3T4_
Ty

d
(T3—T4)x73=3x103

250

T,= 1200 N
Inturn,
T, =3T, =3 %1200 = 3600 N
Since the two belts are running at right angles to each other, the direction of load acting on the shafts are in vertical
and horizontal direction, it is calculated as below
Vertical load, Py
P,=T, +T, =2000+666.67
P, =2666.67 N
Horizontal load, Pn
P,=T;+T,=1200+ 3600
P, =4800 N
The shaft is subjected to bending moment due to these horizontal and vertical loads, and it is found as
Bending moment due to Horizontal load, Mo (From PSGDB pg.no 6.5 for SSB subjected to concentrated load not
at the centre is given as)

Poly (L—1,) 266667 x 200x (900 —200)
4 - 4
My, = 93.33x 10% N.mm

My, =

Bending moment due to vertical load, Myy (From PSGDB pg.no 6.5 for SSB subjected to concentrated load at the

centre is given as)

. - Py lp _ 4800 X 450
bv 4 4
M,, = 0.54 x 106 N.mm
To find the resultant bending moment, My
My, = J(My,)2+ (Mp,)? =+/(93.33 % 10)2 + (0.54 % 106)2
M, = 93.33x 10° N.mm

According to Equivalent bending moment, the diameter of the shaft
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M, = |M,+ JO1,)2+ (12| = 156 X g, X d?
M, = | My + JOIL)TF (12| = |93.33x 10 + [(9333x 109)2 + (3 x 1097

s
M, = 186.66><106=1—6 X o, X d3

UNIT 11

T 3 6
T¢ X 01 X d* = 186.66 x 10

s
16 x 100 x d3 = 186.66 x 10°

d=211.84 mm
According to Equivalent twisting moment, the diameter of the shaft

T
T, = \/(Mb)2+ (T)z = E X Tnax X d3

T, = J(M,)? + (1)? = /(93.33x 105)%2 + (3 x 103)2
T, = 93.33x 10°

s
T X Tmax X d*=9333x 10

= X 60x d3=93.33x10°
16 '

d=199.35 mm

3. Anhollow transmission shaft having inner diameter 0.6 times the outer diameter is made of plain carbon steel 40C8
and the factor of safety is 3. A belt & pulley drive of 2000 mm diameter is mounted on the shaft which overhangs
the left hand bearing by 250 mm. The belt is vertical and transmits power to the machine shaft below the pulley.
The tension on the tight & slack sides of the belts are 3 kN and 1 kN respectively, while the weight of the pulley is
500 N. The angle of wrap of the belt on the pulley is 180°. Calculate the outer & inner diameter of the shaft.

i) Design of shafts subjected to combined variable fluctuating loads

1. Aline shaft supporting two pulleys Aand B is shown in Figure. Power is supplied to the shaft by means of vertical
belt on pulley A, which is then transmitted to pulley B carrying a horizontal belt. The ratio of belt tensions on tight
and loose sides is 3:1 and the maximum tension in either belt is limited to 2.7 kN. The shaft is made of plain carbon
steel 40C8 (Sut = 650 N/mm?2 and S¢= 380 N/mm?. The pulleys are keyed to the shaft. Determine the shaft diameter
according to the A.S.M.E. code if. ky =1.5and ki = 1.0

450 mm @

ezl

450 mm| 450 mm | 250 mm |
)

|
| 1 ’| | 2700N | 00N

2. A hollow shaft of 1000 mm outside diameter and 500 mm inner diameter is used to drive a propeller shaft of a
marine vessel. The shaft is mounted on bearings 5 m apart and it transmits 3200 kW at 200 rpm. The maximum
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iii)

axial propeller thrust is 500 kN and the shaft weighs 70 kN. Determine the maximum shear stress developed in the
shaft and angular twist between the bearings. Take G = 84 GPa and assume the load is applied gradually.

Design of Shaft subjected to Combined axial, transverse and torsional loads (axial, Bending & twisting
moment)

In an axial flow rotary compressor, the shaft is subjected to a maximum twisting moment of 1500 Nm and a
maximum bending moment of 3000 Nm. Neglecting the axial load on the shaft determine the diameter of the shaft,
if the allowable shear stress is 50 N/mm2, If the shaft is to be a hollow one with D/d = 0.4, what will be the
material saving in the hollow shaft. It is subjected to the same loading and of the same material as the solid shaft.
A hollow steel shaft is to transmit 20 kW at 300 rpm. The loading is such that the maximum bending moment is
1000 N-m, the maximum torsional moment is 500 N-m and axial compressive load is 15 kN. The shaft is supported
onrigid bearings 1.5 m apart. The maximum permissible shear stress on the shaft is 40 MPa. The inner diameter i
0.8 times the outer diameter. The load is cyclic in nature and applied with heavy shocks. Determine the size of inner
and outer diameters.

Design of shaft based on Torsional rigidity

A turbine shaft transmits 500 kW at 900 rpm. The permissible shear stress is 80 N/mm? while twist is limited to 0.5
%in a length of 2.5 m. Calculate the diameter of shaft, Take G = 0.8 x 10 5 N/mm?2. If the shaft chosen is hollow

with D/d = 0.6. Calculate the percentage of saving in material.
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2.5 DESIGN OF KEYS
Itis a mechanical element used on shafts to secure rotating of the elements like gears, pulleys or sprockets and prevent

UNIT 11

relative motion between the two.

Keyway is aslot or recess in shaft and hub of the rotating element to accommodate the key.
2.5.1 CLASSIFICATIONOF KEYS

Sunk keys, Saddle keys, Tangent keys, Kennedy keys, Round keys, splines

SUNK KEYS:
They are provided half in keyway of the shaft and remaining half in the keyway of the hub or boss of the rotating

element.
TYPES OF SUNK KEYS
Rectangular key, Square key, Parallel key, Gib head key, Feather key, Woodruff key

(o) ®)
Section st XX
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Gib Head Key Feather Key

&)
O SOOI, # AN

A7

2.6 DESIGN OF SQUARE & FLAT KEY
The key subjected to force systemas shown in the above figure will have

8
P .,0"
DIRECT SHEAR STRESS
_ P _Pr
'~ area of the plane AB~ bl
Where
b — Width of the key, mm
| — Length of the key, mm
d
Torque, T =p X >
Therefore
_ 2T
P="4

On substitution the direct Shear stress becomes
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2T N )
t=anr /mm
Crushing or compressive stress
, - P _p _2p
¢ areaof the surface AC El l
2
On substituting the load value,
4T
Te=gp 7 N/mm?
From the above two equations, we see that
o, =21

RECTANGULAR
TANGENT KEY

(a) Hollow saddle key, (b) Flat
saddle key Round taper pin

2.7 DESIGN OF TAPER KEYS:
The torque transmitted due to the wedging action of the key
T=05ubldo,
2.8 DESIGN OF KENNEDY KEY
It consists of two square keys on either side of the axis at an angle of 45° to each from its diagonal axis
Torque, T =p X d
Therefore

On substitution the direct Shear stress becomes

Crushing or compressive stress
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o, =—— N/mm?
2.9. DESIGN OF COUPLINGS
Itis defined as a mechanical device that permanently joins two rotating shafts to each other.
Itis applied over the places where two different shafts of two different machines to form a new machine.
It introduces mechanical flexibility between two connected units.

YV V V V

It reduces the transmission of vibrations and shocks between two connected units.
> It makes the provision for disconnection of two units for repair or alterations.
2.9.1 CLASSIFICATION OF COUPLINGS
> Rigid couplings

e  Muff or sleeve coupling

e Split muff or clamp or compression coupling

¢ Flange coupling
» Flexible couplings

e Bushed pin type coupling

e Oldham coupling

e Universal coupling
» Therigid couplings are used to connect shafts which are perfectly aligned.
» The flexible couplings are used to connect two shafts having a small amount of lateral or angular misalignment.
2.10 BOX OR MUFF OR SLEEVE COUPLING

I L=35d i
Key
d
Input shaft Qulput Shaft
“-D=(2d+13) Sagve

It consists of a sleeve which is fitted over input and output shafts by means of sunk key.
Itis simple in construction, safer, cheaper.

Itis difficult to assemble and dismantle, needs accurate alignment

Itis used for shafts upto 70 mm in size.

V V V V V

The standard proportions used in practice
D=(2d+13)
L=3.5d

e D — diameter of the sleeve, mm

e | —axial length of sleeve, mm

e d— diameter of shaft, mm
2.10.1 DESIGN PROCEDURE
Step: 1 to find the diameter of the shaft, using
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Torque or the twisting moment acting on the shaft is given as
60 xP
=3 N’ N.mm
The torsional shear stress due to torque M is given as
16 M, )
T=— N/mm

Step: 2 find the dimensions of the sleeve by using

D=(2d +13) mm
L=3.5dmm
Check for torsional shear stress,
16T D
“r (Dt - db’
Step: 3 Design the sunk key for its dimensions, take length of the key, | = L/2
The dimensions of the sunk key is to be taken from the PSGDB
Width of the key, b =?
Height of the key, h =?

2

T N/mm

Check for shear and crushing stresses

_2 N 2
t=anr /mm

4T

9= ThT N/mm?

h
2.11 SPLIT MUFF OR CLAMP OR COMPRESSION COUPLING

In this sleeve is made of two halves split along a plane passing through the axes of the shaft.
It is connected by means of 4 or 8 bolts.
Easy to assemble and dismantle

YV V V V

Difficult to balance dynamically and unsuitable for shock loads

D=2.5dandL =3.5d are the standard proportions
2.11.1 DESIGN PROCEDURE
Step: 1 to find the diameter of the shaft, using

Torque or the twisting moment acting on the shaft is given as
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The torsional shear stress due to torque M is given as

T

UNIT 11
60 xP
2@ N’ -mm
_16T N 2
md3 fmm

Step: 2 find the dimensions of the sleeve and clamping bolts by using
D=25d, mm&L=35d, mm
dp =0.15d + 15 mm

Step: 3 calculate the diameter of the clamping bolts

To find the clamping force per bolt

P, =2 g2 N
b=7 % O,

It is assumed that the half the number of bolts gives clamping pressure over input shaft and remaining to the

output shaft, therefore clamping force on each shaft is given as

_Py.n
c — 2
The frictional force acting on the bolts is given as
F=uXxF,
And the torque acting on the bolts due to frictional force, F
T=F><g
2
From the above equation the diameter of the bolt can be found
Where
Pb = clamping force per bolt, N
Fe = total clamping force = (frictional force F)
db = diameter of the bolt, mm
Gt = tensile stress of the bolt material, N/mm?
[ = coefficient of friction, (always 0.3)
n = no of bolts (even number of bolts to be selected)

Step: 4 Design the sunk key for its dimensions, take length of the key, | = L/2

The dimensions of the sunk key are to be taken from the PSGDB. Pg.no.5.16
Width of the key, b =?
Height of the key, h =?

Check for shear and crushing stresses

2.12 RIGID FLANGE COUPLING

2T 2
app N/mm
4T ”
ﬁ, N/mm
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» This coupling has two flanges, one keyed to input shaft and the other to output shaft and connected by means of
bolts.

It has three regions inner hub, central flange with bolts & holes & peripheral outer rim.
It has high transmitting capacity and easy to assemble & dismantle.

It cannot tolerate the misalignment and requires more radial space.

YV V V V

There are two types 1) Protected type & 2) Unprotected type

# 180

Standard proportions for various dimensions of the flange
v" Outside diameter of the hub, dy=2d
Length of the hub or effective key length, Ih=1.5d
Pitch circle diameter of bolts, D=3 d
Thickness of flanges, ti=0.5d
Thickness of the protecting rim, t,=0.25d
Diameter of spigot & recess, ds=1.5d
Outside diameter of flange, Do = (4d +2 t)
No of bolts

AN N N NN

i. n = 3, for shafts upto 40 mm dia
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ii.  n=4,forshafts upto 40 to 100 mm dia

UNIT 11

ii.  n=6, for shafts upto 100 to 180 mm diameter
Design procedure
Step: 1 to find the diameter of the shaft, using

Torque or the twisting moment acting on the shaft is given as

60 xP
~2zn MMM
The torsional shear stress due to torque M is given as
_ 16T 2
T= a3 N/mm

Step: 2 find the dimensions of the flange
Check for torsional shear stress of the hub,
w (d,* —d*)
=16 d—h T
Check for torsional shear stress of the hub & flange junction

T

m 2
T=E dh th

Step: 3 calculate the diameter of the bolt
8T

d?=———
b nDnrt,
Th — permissible shear stress of the bolt, N/mm?

Check for crushing stress,
2T

Oc= ndbtf D

Step: 4 calculate the dimensions of the key
Take length of the key as, [ = [, + ¢t
The dimensions of the sunk key is to be taken from the PSGDB. Pg. no. 5.16
Width of the key, b =?
Height of the key, h =?
Check for shear and crushing stresses

2T 9
‘l'=d—bl, N/mm
_4T 2
O'C—m, N/mm

2.13 BUSHED PIN TYPE FLEXIBLE COUPLING
e ltis similar to rigid flange coupling but a rubber bush and pins are used.

e This gives a 0.5° of angular misalignment and 0.5 mm of lateral misalignment
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‘ . ) shah oah

W Iy . *
e (a) Lateral misalignment

7 N
ZIN ) é- ..... ﬁ

B s oy 3 L

Fe B 7 = ) 43 (b) Axial misabgnment
4 - ik, O % { d
ll ; l (c) Angular misabgnment

DESIGN PROCEDURE:
Step: 1 to find the diameter of the shaft, using
Torque or the twisting moment acting on the shaft is given as

60 xP
= 2N N.mm
The torsional shear stress due to torque M is given as
_ 16T 2
T= T3 N/mm

Step: 2 find the dimensions of the flange
From PSGDB pg.no. 7.106-7.108
- Diameter of the shaft (d)
- Outer diameter of the flange
- Diameter of the hub
- Pitch circle diameter of the pins or bolts or bush
- Length of the hub
- Diameter of bolts or pins
- Length of the bush in the flange
- Protective layer thickness

5 T o M mg o @ >

- Number of bolts or pins
db - Diameter of the bush
t - Clearance
Check for torsional shear stress of the hub,
_n (¢t -4)
16 Cc
Check for torsional shear stress of the hub & flange junction
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T= ;—t Citpt
Where ts — thickness of the flange taken as 0.5 A
Step: 3 check the dimensions of the pin or bolts
The force acting on pin or bush is given as
D

T=P xn x—
nxy

The bolts or pins are subjected to shear stress and bending stress
Shear stress acting on the pins or bolts is given as
P
T=
T
1 F

Bending stress acting on the bolts or pins is given as

_Mby_SZP(g+t)
T T mps

The resultant shear stress acting on the pins or bolts is found as

1
Tax = E\/abz + 412
The resultant shear stress should be less than permissible value
Step: 4 check for the dimensions of the bush

Length of the bush is taken as

2
L=G+t—- § F
The clamping or bearing pressure acting on the bush is given as
P
Py = d, XL

Step: 5 calculate the dimensions of the key

Take length of the key as, I = E + ¢¢

The dimensions of the sunk key is to be taken from the PSGDB
Width of the key, b =?
Height of the key, h =?
Check for shear and crushing stresses

2T 5
T=gpy  N/mm

4T 5
S =gy N/mm

2.14 DESIGN OF KNUCKLE JOINTS

UNIT 11

e A Knuckle joint is used to connect two rods which are under the action of tensile forces, when a small amount of

flexibility or angular movement is necessary.

e Examples- link of aroller chain, tension link in a bridge structure, tie rod of roof truss, tie rod of jib crank.
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e |tconsists of three parts —an eye, a fork and a knuckle pin. The end of one rod is formed into eye and the other end

of rod into fork (or double eye)

DESIGN PROCEDURE FOR KNUCKLE JOINT:
Step: 1 To find the diameter of the rod,
The rod is subjected to tensile stresses due to the applied tensile load, therefore

P P
O't = — = T
A It
s
Step: 2 To find the dimensions of the knuckle joint
Diameter of the pin, dp =d
Diameter of the pin head, dn =1.5d
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Outer diameter of the eye, D =2d
Thickness of the eye, t =1.25d
Thickness of the fork, t1 =0.75d
Thickness of the pin head, to =0.5d

Step: 3 To check for various modes of failure
a. Failure of the solid rod in tension

P P
O-t = — = T
A I
7 d
b. Failure of the knuckle pin
e By double shear
P
T =
2 X% d,’
d=b P/ t per unit length
n L
/ ///// :
[
] l l 1 IR
5 Piztyper | 4 t | 4
unitlength | Fork Eye |” Fork
PI2 (a)
P! t per unit length
//// {// =P TS TEER
2 ____I d l__ 3 | 1 I
t u [ 1
Shear Failure of Pin Pi2 Pi2
e By bending stress
t;  t
; »(¢+3)
b =" T 3
32 b
c. Failure of the single eye or rod end
e By tension
P
(D—-d,)t
e By double shear
P
(D—-d,)t

Hi3

UNIT 11
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x ~— (do— d)/2 approx.
(a) Tensile Failure of Eye (b) Shear Failure of Eye

e By crushing
P
O, = dp_t
d. Failure of forked end
e By tension
P
=200-d)t;
e By double shear
P
"2 - d,) t;
e By crushing
P
%3 d,ty

All the values obtained should not exceed the permissible limit provided for the knuckle joint material.
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MULTIPLE CHOICE QUESTIONS
SN QUESTION opt1 Opt2 Opt3 Opt4 ANSWER
1 Thetaperon the rectangular sunk key is 1in 16 1in 32 Lin 48 1in 100 1in 100
2 'krei;eigsualproportlonfortheW|dth ofthe /8 d/6 d/4 /2 a/4
When_a_pulley orother mating pirce is
3 | required toslide alongthe shaft,a Rectangular | square parallel Round parallel
sunk key is used
A key made of cylindrical disc having Gib head Wood ruf Flat saddle
4 segmental cross-section, is known as Featherkey key key Flat saddle key key
- Loosein Tightin Tightin Loose in bith Tightin
5 | Afeatherkey is generally shaftand shaftand both shaft shaftand hub shaftand
tightinhub | looseinhub | and hub loose in hub
Shearing,
6 The type of stresses developed inthe key | Shearstress | Bearing :?éhbzz(;.?]r bearing and aB:éthZﬁ?]r
is/are alone stressalone stressesl g bending stressesl 9
stresses
Shear Shear Shear Shear
7 Fora square key made of mild steel, the | strength= | strength> strength< | Noneofthe strength=
shearand crushing strengths are relatedas | Crushing Crushing Crushing above Crushing
strength strength strength strength
Both the . Both the
The _— The ductility
8 | Akeyway lowers strength of Tpfhrlg 'g 't% s_tr_edn_gth ?cnd of the material s_trgdn_gth ?cnd
the shaft orthesha rigidity o of the shaft rigidity 0
the shaft the shaft
The sleeve ofthe muffcouplingis Thin Thick . Hollow
9 designed asa cylinder cylinder Solid shaft | Hollow shaft shaft
: . Which have . Which have
N Whichare | Whichare Whose axis
10 Sr:g?taslmcoupllng Is used to connect two perfectly notin exact :i?:::.l nme intersectata :]a{.[:;‘?.l nme
designed alignment ntl 9 small angle ntl 9
11 | Thestandard lengthofthe shaftis 5m 6m ™m All of these All of these
Two shafts A and Bare made ofthe same
material. The diameter ofthe shaft A is
12 | twice as that of shaft B. The power Twice Fourtimes Eighttimes | Sixteen times | Eighttimes
transmitted by theshaft A will be
ofshaftB
Two shafts A and Bofsolid circular
cross-sectionare identical except for their
13 | diameters dA anddB.Theratio of power | da/ds (da)¥(ds)y’ | (da)®(de)® | (da)¥/(de)* (da)®/(de)®
transmitted by theshaft A to that of shaft
Bis
Diameter of mg%?f Materialof | Twisting -rrw\é)v:mswélr?tgo £
14 | Two shaftswill have equal strength, if ';fs]z?t?;h both the Eﬁ;?ttize g‘gtm%;%fi;he the both
same shaftsis same same shaftis
same same
15 \The maximum permissible deflection for | 0.001 Lto | 0.01 L to 0.1Lto0.3 | 0.0001 Lto 0.001 L to
the transmission shaft is taken as 0.003 L 0.03 L L 0.0003 L 0.003 L
The stiffness & strength of a hollow shaft
16 [ is____ thanthesolid shaft with same more equal less more & less more
weight
17 | ——— Is an a_uxillary shaftused in Line shaft | JackShaft counter spindle Jackshaft
power transmission between two shafts shaft
Ordinary transmission shafts are made High Low carbon | Medium medium
18 alloy steel
of carbon steel | steel carbon steel carbon steel
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The concept of equivalenttorsional . .
- - . Guest's Rankine's St. Venant's | Von mises Guest's
19 | momentis used in the design of shafts
based onwhich theory theory theory theory theory theory
The permissible angle of twist for
20 | machinetoolapplicationsis __ per | 0.15° 0.25° 0.35° 0.45° 0.25°
meter length
Theterm'axle' is used forashaftthat hoisting rope
21 supportsrotatingelements like___ _ Wheels drums sheeves Allof these Allof these
A transmision shaft subjected to the m;:):g}um Maximum m?muarz d | Fatigue rl\}/(l)z:m]um
22 Eggguor}g loads mustbe designed onthe stress fr?:grstress shearstress | strength stress
theory Y theories theory
Combined
: action of
. L Combined : ;
2 which ofthe following loading is 5;?3;2? ;\év:ri;wtg bending 2;“&2? iing
consideredforthe designofthe axles? moment !
only only and torsion twisting only
momentand
axial thrust
When ashaft is subjected to a bending
moment M and a twisting moment T, then 2., T2 2., T2 2_ T2 2, T2
24 the equivalent twistingmoment is equal M+T M+ T VMZ+T VM- T VMZ+T
to
o5 The ASMEcode is based on which Guest's Rankine's St. Venant's | Von mises Guest's
theory theory theory theory theory theory
%6 The maximum shear stresstheory is used | Brittle Ductile Plastic Non-ferrous Ductile
for materials materials materials materials materials
7 The maximum normal stress theory is Brittle Ductile Plastic Non-ferrous Brittle
used for materials materials materials materials materials
28 The designofshaftmade of brittle Guest's Rankine's St. Venant's | Von mises Rankine's
materials is based on theory theory theory theory theory
29 Egtrvtvvevgnp\i/Lacl)lseel 2;1?2;2%3 E;a; ce Muff Universal Falnge Oldham's Oldham's
variable, which coupling will you use? coupling Joint coupling coupling coupling
S . Rough and Roughand
30 Flfen nedy keys are used forapplications (Fj’re%ms ion Lightduty | heavy aNt?(?eeofthe heavy
' uty services v services
Which key transmitts power through
31 frictional resistanceonly sunk Kennedy Flat Saddle Saddle
Is the
Whose axes . . .
A - Have lateral | . Arenotin Isthesimplest | simplest
32 mgg:\?vﬂ?g;]ng Is usedto join the two misalignme ;n;iz;ﬁctat exact type of rigid type of
nt alignment | coupling rigid
angle .
coupling
The flexible coupling cantolerate
33 of lateral misalignment — [ 0.8 mm 0.3 mm 0.5 mm 0.05 mm 0.5 mm
A____isapiece of M.Sinserted between
34 the shaft and hub Sleeve Key Stud Bolt Key
35 | Keyisinsertedalways ___ totheaxis Parallel Perpendicul | Towards Axially Parallel
ar
36 | The key is easily adjustable Sunkkey Saddle key I:;gent Woodruffkey \Ig;? odruff
37 In the following keys whichis the type of | Flat saddle | Square Tangent Solid saddle Flat saddle
saddle key key saddle key | key key key
The ___ key s fitted in pairat right Tangent Wood ruf Tangent
38 angles keys Saddle keys key Feather key keys
The IS code used for specifyingthe 1S 2048 - IS 2292 - IS 2293 - _ IS 2048 -
39 parallel keys and keyways is 1983 1974 1974 152048 - 1974 1983
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A key atached toone member of pairand
40 | which permits relative axial movemient is Tangent Saddle keys Feather Woodruffkey Peather
K keys keys keys
nownas _
__ affectsthe load carrying
41 capacity of the shaft Key Key way Hub sleeve Key way
42 The stress concentration is occurs in the Centre Corners Edges Face Corners
Light More Easyto Corossion Easy to
43 | Agoodshaftshouldbe weight weight connect resistance connect
L No Non L No
44 | Agoodshaftshould have P;c#gctmg projecting uniform (l:\lr?) : Sn ;tg::'lf?on projecting
P parts area parts
_ is usedto connecttwo Sleeve Flexible Shaft - . Rigid
45 shaftsrigidly connected coupling coupling coupling Rigid coupling coupling
____ shaftsformanintegralpartof | Machine Transmissio | _. . Transmissio
46 the machine itself shafts Short shait nshaft Rigid shaft n shaft
Polar s Polar
. . Internal Rigidity Moment of
=7
47 | Intorsionequation J=" mom_entof stress modulus inertia _mom_entof
inertia inertia
In designofthe shaft main reason should Corrosive | Wear
48 be consideredis Strength Roughness resistance | resistance Strength
- is important in design of Torsional - Wear Torsional
49 camshaft rigidity Rigidity Torque resistance rigidity
50 Compressioncoupling is also called as Universal Muff Falnge Oldham's Muff
joint coupling coupling coupling coupling
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UNIT — 111
DESIGN OF FASTENERS AND WELDED JOINTS

Threaded fasteners —Design of bolted joints including eccentric loading — Design of welded joints for pressure vessels

and structures — theory of bonded joints.

Introduction

In threaded joints two or more machine members are joined together with the help of threaded fastening e.g. a nut and
bolt. These are non-permanent type joints i.e. members can be disassembled without damaging the component parts for
the purpose of maintenance, checking and replacement. Threads are formed by cutting a helical groove on the surface
of acylindrical rod or cylindrical hole.

Advantages & Disadvantages

Threaded fasteners are standardized, and a wide variety is available for different operating conditions and applications.
These are easy to manufacture, and a high accuracy can be maintained. Holes are required in the machine parts to be
assembled by threaded joints, which lead to stress concentration. Another disadvantage is that, threaded joints tend to
loosen up when subjected to vibrations.

Terminologies of Screw Thread

Angle of thread Flank

Slope —~{=— \'f Tantl

9'.

I II
I|||| ||'I '|'I |'” sal
.L.I I | I| l -t
lmy ~ s=s
i Fag ||l
||I| |II||| ‘ =% |
ORI t"i jat)
Crest _""LJ"‘ Pllch :

Root
Depth of thread

Figure. 1Terminology of Screw Threads
Figure .1 shows some important terms used in screw threads
Major diameter: It is the largest diameter of an external or internal screw thread. The screw is specified by this
diameter. Itis also known as outside or nominal diameter.
Minor diameter: Itis the smallest diameter of an external or internal screw thread. It is also known as core or root
diameter.
Pitch diameter: It is the diameter of an imaginary cylinder, on a cylindrical screw thread, the surface of which would
pass through the thread at such points as to make equal the width of the thread and the width of the spaces between the
threads. It is also called an effective diameter. In a nut and bolt assembly, it is the diameter at which the ridges on the
bolt are in complete touch with the ridges of the corresponding nut.
Pitch: Itis the distance from a point on one thread to the corresponding point on the next. This is measured in an axial
direction between corresponding points in the same axial plane.

Mathematically,
1
No.of threads per unit length of screw
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Lead: It is the distance between two corresponding points on the same helix. It may also be defined as the distance

which a screw thread advances axially in one rotation of the nut. Lead is equal to the pitch in case of single start threads;
it is twice the pitch in double start, thrice the pitch in triple start and so on.
Crest: Itis the top surface of the thread.
Root: It is the bottom surface created by the two adjacent flanks of the thread.
Depth of thread: It is the perpendicular distance between the crest and root.
Flank: It is the surface joining the crest and root.
Angle of thread: It is the angle included by the flanks of the thread.
Slope: Itis half the pitch of the thread.
Various forms of screw threads:
1. 1SO Metric thread

2. ACME thread
3. Square thread
4. Buttress thread
5. B.S.W (British standard whit worth)
6. British Association
7. ANS (American National Standard)
ROUNDED
=]
"‘ _"{ OR FLAT
%
®
7 s
000 7
SHARP V UNIFIED
e P —wd P
456P 4o F> A} 50 -];:T T
] T .
— Qe g;
v 7 o= :
Y 7/ i7 v
MODIFIED SQUARE ACME
/0° INCLUDED ANGLE al®
plocegd)
=76 F6 P28
A 1AL
g NUT o
NNETN \\é\\\\ 128N
DARDELET

Screw threads.

Designation of ISO Metric Screw Threads

Metric threads are divided into

1. Coarse series:

Thread profiles in both the series is similar. These are the basic series,
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e Have higher static load carrying capacity, are
e [Easier to cut,
e Have less effect on strength because of manufacturing errors and wear and
e Have more even stress distribution.
Coarse threads are used in members, which are free from vibrations.
Coarse thread designation:
A screw thread of coarse series is designated by the letter 'M' followed by the value of the nominal diameter in mm. For
example, ‘M 12°.
2. Fine series:
fine threads have
e Greater strength against fluctuating loads and
e Have greater resistance to unscrewing because of its lower helix angle.
¢ Fine series threads are more dependable in terms of self-loosening.
fine threads are used in parts subjected to dynamic loads and hollow thin walled parts as the coarse threads will weaken
the members considerably. Fine threads are also used in the parts where the threads are used for the purpose of
adjustment.
Fine thread designation:
A screw thread of fine series is specified by the letter ‘M’ followed by the values of the nominal diameter and the pitch
in mm and separated by the symbol ‘x’. For example. M 12 x 1.25.
Material
Threads are produced by rolling or machining. Because of cold work, the rolled threads are stronger and have better
fatigue properties. Threads can also be produced using casting. Selection of material for threaded fasteners depends
upon type of loading, operating environment and temperature etc. Plain Carbon Steel is used for common applications
and Alloy Steels are used in high temperature applications and where high strength, better fatigue and corrosion
resistance is required. Aluminium, Brass and Bronze are also used in specific applications. Generally, a factor of safety
of 2 to 3 on the basis of yield strength is considered in case of carbon steels and 1.5 to 3 for alloy steels.
Types of Screw Fasteners
1. Bolt (Through Bolt): Itis a cylindrical bar with threads for the nut at one end and head at the other end. The
cylindrical part of the bolt is known as shank. It is passed through drilled holes in the two parts to be fastened
together and clamped them securely to each other as the nut is screwed on to the threaded end. Bolts have
hexagonal or square heads.

i

Through bolt

Figure 12.3 Through Bolt, Tap Bolt and Stud
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2.
3.

7.

Tap bolts: Tap bolt is screwed into a tapped hole of one of the parts to be fastened and nut is not used with it.
Studs: A stud is a round bar threaded at both ends. One end is screwed into a tapped hole of the parts to be
fastened, while the other end receives a nut on it.

Cap screws: The cap screws are like tap bolts except that they are of small size and a variety of shapes of heads

are available.
VAN
%4
I |
|
1D i |
1 I
! 1 B
I Eﬂ
@ ® © @ o

{a) Hexagonal head ; (&) Fillister head ; (c) Round head ; {a) Flat head;
(¢} Hexagonal socket; (/) Fluted socket.

Types of Cap Screws
Machine screws: These are like cap screws with the head slotted for a screwdriver and are generally used with
a nut.
Setscrews: Setscrews are used to prevent relative motion between the two parts. Asetscrew is screwed through
a threaded hole in one part so that its point (i.e. end of the screw) presses against the other part. This resists the
relative motion between the two parts by means of friction between the point of the screw and one of the parts.

_ﬁ%_

HHi

Figure 12.5 Types of Set Screws
Washers: They are annular shaped metallic discs; its function is to distribute load over a larger area on the
surface of the clamped parts. It prevents marring of clamped parts, bolt and nut surface during assembly. It is

also used as a bearing surface over large clearance holes.

Types of Bolts & Nuts, Screws and washers:
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Carriage Bolts
Bolts with a smooth rounded

Hex Bolts
ficad yiiat fias 3 small squarg Bolts with a hexagonal head Eve Bolt B
secticnundemeati sith threads for use with a nut cye bolts ek ye Lags I
or tapped hole. Abbreviated A boit with a circular ring on Similarto an eye !JO" but with
HHMB or HXET. the head end. Used for wood threads instead of

attaching a rope or chain. machine thread.

J-Bolts U-Bolts Shoulder Bolts Elevator Bolts
Jshaped bolts are used for Bolts in Ushape forattaching  Shoulder bolts (also knownas  Elevator bolts are often used in
tie-downs or s an open eye to pipe or other round stripper bolts) are used to conveyor systems.They have a
bolt. surfaces. Also available with a create a pivot point. large, flat head.
square bend.
D) )V )
%m @ ) @ NS S
Sex Bolts Mating Screws Hanger Bolts Lag Bolts
Sex boits (ak.a. barrel nuts or Mating screws have a Hanger bolts have wood Bolts with 2 wood thread and
Chicago bolts) have a female thread on one end and pointed tip.
shoulder that matches the 3 %
thread and are used for " machine thread on the other Abbreviated Lag.
% 3 diameter of the sex bolts
through bolting applications they are used with end
where a head is desired on .
both sides of the joint.
BOLTS

@

Ilumul )

FEHE VR

GRADE( GRADE2 GRADE5 GRADE6 GRADE7 GRADES ALLEN CARRIAGE

® ©OH 08 @m

JAM CASTLE .

(CASTELLATED) SELF-LOCKING SPEED
SCREWS
ROUND FILLISTER HEXAGON SHEET

METAL
LOCKWASHERS

INTERNAL EXTERNAL SPLIT PLAIN
TOOTH TOOTH
STUD
01 A 111
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Types of Screw Heads:
Flat Oval Pan Truss
A countersunk head with a flat A countersunk head with a A slightly rounded head with An extra wide head witha
top. rounded top. short vertical sides. rounded top.
Abbreviated FH Abbreviated OH or OV Abbreviated PN
@t GF Ok @b
Round Hex Hex Washer Slotted Hex Washer
A domed head. A hexagonal head A hex head with builtin A hex head with builtin
Abbreviated RH Abbreviated HH or HX washer. washer and a slot.
Socket Cap Button
Asmall cylindrical headusinga A low-profilerounded head
socket drive. using a socket drive.

Manufacturing of Bolts:

They are manufactured either by means of thread cutting or thread rolling. In thread rolling, there is no wastage of
material, also it gives radius to root and crest. They inturn minimizes the stress concentration. This improves the residual
compressive stress which increases the fatigue strength of the bolt.

Bolts of Uniform strength:
When bolts are subjected to impact loading, the normal bolt does not have that high resilience capacity to withstand the

shock loads. In order to increase that capacity, the following methods are adopted
1. The shank diameter of the bolt is reduced to the core diameter of the thread or even less.
2. The length of the shank can be increased which increases the modulus of resilience.
3. An axial hole is drilled in the center of the bolt, reducing the cross-sectional area of the bolt.

3 ¥ et S iy |
F—m e B
_{ E Shank _+- k_$ + _f
(@) (b (c)

Bolts of Uniform strength
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Stresses acting on the screw fasteners:

The stresses acting on the screw threads due to static loading are as follows
1. Initial stresses:

When the bolt is screwed up tightly, they are subjected to

Tensile stress, g, due to stretching of bolts

Compression or bearing stress on the thread

Shearing stress across the threads

Torsional shear stress due to friction between the threads

Bending stress due to non-parallel surface mating of bolt with the clamped surface

® o0 o

2. Stresses due to external forces

If the bolt is subjected to axial tensile load, the weakest section will be at the root of the thread, due to its minimum
diameter,

External forcce P P
O't = = —= —T[
core area or stressarea A, pnx 7X d2

Where, n—no of bolts, d.= core diameter.
3. Preloading of the bolts and combined stresses:

In applications like pressure vessel and cylinder covers, it is essential to apply in an intial tightening torque to the
make the joint leak proof. For such joints, the initial tension in the bolt is given by

P, =2840d, N
If the joint does require any leak proof joint, then
P,=1420d, N
Where, d is the nominal diameter of the bolt.

When the bolts are subjected to above combined stresses (initial & external) it undergoes elongation and compression
for certain rate. This is included in design by considering stiffness of the bolt g,and joining part material q,,

Total load acting on the bolt,P; = Preload, P; + Increase in load, AP
Where,

Ap:px(L)
qp+qb

Where, P is the external load or force, N

Design of bolts under easy situation:
The following empirical relation is used to calculate the stress or core area of the bolt, by knowing this from PSGDB
pg.no. 5.42, the bolt size can be found out.

2

60 x PT)2/3
, mm

stress Area, A, = (
Oy

The above relation is applicable for d <45 mm, and for d > 45 mm, the below shown relation is used

40 x PT)2/3 ,
, mm
Oy

stress Area, A, = (
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Where, Py is the total load, oy is the yield stress of the bolt material, N/mm?

Design of bolts subjected to eccentric loading:

The bolts are subjected to two different forms of eccentric loading based on the plane in which the external load
acting,

i. loading of bolts in a plane different from the plane of the bolts

ii. loading of bolts in a plane of the bolts

1. Eccentric loading in different plane (perpendicular to the bolts):

|-(—64>-T
P

Second row $, na 11
11
first row $1 24$_ _g{_£ _g{-" ._7|
T

O

-

The above figure shows the eccentric loading of bolts in plane different to the plane of the bolts. That is the eccentric
load is acting perpendicular to the bolts.

P - Eccentric load, N

e - Eccentric distance, mm

l; & I, - Distance between the first row and second row of bolts from the fulcrum point, ‘O’

n, &n, - no of bolts in the first and second row

q - Stiffness of the bolt material (load per unit distance), N/mm

F; & F, - force acting on the first and second row of bolts, N

The following relation is used to find the forces acting on the bolts
Pxexly

FF=——"7——, N
g 24, 12
. P xexl, N
2T Btny 12
Due to these forces, the bolts are subjected to
1. Tensile stress,
maxof For E
o, = $, N mm?
Cc
2. Shear stress,
P
N /mm?

=",
(ny +n,) X A,

To find the maximum principal normal stress and shear stress
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Omaxi = E[ o, + /atz+412] , N /mm?
1
Tmaxi = 5 /atz +412, N/mm?

ay 0.5 % ay
maxi fOS maxi fOS )

By solving the above equations, stress area can be found out, then from PSGDB pg.no. 5.42, for the stress area

UNIT I

For safe design,

N /mm?

A., mm?, the bolts size can be selected.

2. Eccentric loading in same plane (parallel to the bolts):

I
}
Second row @ l
I

first row o ©)

The above figure shows the eccentric loading of bolts in plane of the bolts. That is the eccentric load is acting parallel
to the bolts.

p - Eccentric load, N
e - Eccentric distance, mm
x&y - Distance from the C.G point of the bolts in the x and y direction, mm

n = ny;+ n, -noofbolts
r - radius of the bolt center from the C.G point, mm
r=Jx+y?, mm
The bolts are subjected to direct shear stress due to the eccentric loading, P and secondary shear stress due to
secondary shear force, F

i. Direct or primary shear stress, 1,

P
T, =—, N /mm?
Cc
il. Secondary shear stress, 7,
— F 2
T, = A—C, N/mm
Where,
PXxe
Taxr

If all the bolts are having same radii, for bolts of different radii,
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F , etc.

Maximum of the above will be considered for the design.
Since there are two shear stresses acting on the bolts, it is required to find resultant shear stress,

T, = \/T12+T22+2T1T2COS(9, N/mm?

Where,
Y
= -1(Z
6 =tan (x)
For safe design,
0.5X gy, )
T, =Ty = Fos N/mm

By solving the above equations, stress area can be found out, then from PSGDB pg.no. 5.42, for the stress area

A.,mm?, the bolts size can be selected.

Design of bolts in circular base:

The above figure shows the loading of bolts in circular base.

p - Eccentric load, N

e - Eccentric distance, mm

r - radius of the flange, mm

T, - radius of the pitch circle of the bolts, mm

n - no of bolts

2] - angular distribution of the bolts in the circular base,

When the bolts are arranged in circular pattern for joining to a circular base, the force acting on the bolt situated in
position 1, is given by
P x e X (r; —r, cosf)
1= 412 +212

and so on for other bolts

when the direction of the load P changes with relation to the bolts as in the case of pillar crane. Then, the maximum

force acting on the ‘n’ no of bolts is given as,
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2xPxe(r,+r)
maxi — n (2 7'12+ TZZ) ’

When the direction of load P does not change with relation to bolts, then

_2 XPXxe [rl +7, cos(%)]

Fo. i = ,
maxt n2r*+ r?)

Due to this force, the bolts are subjected to tensile stress and it is given by

N

F .
o = %, N /mm?
c
For safe design,
oy = i, N/mm?
fos

By solving the above equations, stress area can be found out, then from PSGDB pg.no. 5.42, for the stress area
A., mm?, the bolts size can be selected.
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Introduction
Welding is a process for joining two similar or dissimilar metals by fusion and provides a permanent joint. In welding,
the parts are coalesced at their contacting surfaces by a suitable application of heat and/or pressure, with or without the
addition of a filler metal. Welding provides a permanent joint but it normally affects the metallurgy of the components.
It is therefore usually accompanied by post weld heat treatment for most of the critical components. The welding is
widely used as a fabrication and repairing process in industries. Some of the typical applications of welding include the
fabrication of ships, pressure vessels, automobile bodies, bridges, welded pipes, sealing of nuclear fuel and explosives,
etc.
Advantages

1. Welding is more economical and is much faster process as compared to other processes (riveting, bolting,

casting etc.)

2. Welding, if properly controlled results permanent joints having strength equal or sometimes more than base
metal.
Large number of metals and alloys both similar and dissimilar can be joined by welding.
General welding equipment is not very costly.
Portable welding equipment’s can be easily made available.

Welding permits considerable freedom in design.

N o o bk~ ow

Welding can join welding jobs through spots, as continuous pressure tight seams, end-to-end and in a number
of other configurations.
8. Welding can also be mechanized.
Disadvantages
1. Itresults in residual stresses and distortion of the work pieces.
Welded joint needs stress relieving and heat treatment.
Welding gives out harmful radiations (light), fumes and spatter.
Jigs and fixtures may also be needed to hold and position the parts to be welded
Edges preparation of the welding jobs are required before welding
Skilled welder is required for production of good welding

N o o bk oD

Heat during welding produces metallurgical changes as the structure of the welded joint is not same as that of
the parent metal.

Types of Welding

Welding processes can be broadly classified in two groups: fusion welding and solid-state welding.

Fusion Welding Processes

Fusion Welding processes use heat to melt the base metals. In fusion welding operations, a filler metal is generally
added to the molten pool. Fusion welding processes can further be subdivided into following types:

Arc Welding: Arc welding refers to a group of welding processes in which heating of the metals is accomplished by an
electric arc.

Resistance welding: Resistance welding achieves coalescence using heat from electrical resistance to the flow of a
current passing between the faying surfaces of two parts held together under pressure.
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Oxyfuel Gas Welding: These joining processes use an oxyfuelgas, such as a mixture of oxygen and acetylene, to produce

a hot flame for melting the base metal.

Other welding processes that produce fusion of the metals joined include electron beam welding and laser beam welding.
Solid-State Welding

Solid-state welding refers to joining processes in which coalescence results from application of pressure alone or a
combination of heat and pressure. If heat is used, the temperature in the process is below the melting point of the metak
being welded. No filler metal is utilized. Some welding processes in this group are:

Diffusion welding: Two surfaces are held together under pressure at an elevated temperature and the parts coalesce by
solid-state fusion.

Friction welding: Coalescence is achieved by the heat of friction between two surfaces.

Ultrasonic welding: Moderate pressure is applied between the two parts and an oscillating motion at ultrasonic
frequencies is used in a direction parallel to the contacting surfaces. The combination of normal and vibratory forces
results in shear stresses that remove surface films and achieve atomic bonding of the surfaces.

Types of Welded Joints

Welded joints are primarily of two types: 1. Lap joint or fillet joint, and 2. Butt joint.

Lap Joint

The lap joint or the fillet joint is obtained by overlapping the plates and then welding the edges of the plates. The cross-
section of the fillet is approximately triangular. The fillet joints are of three types: - Single transverse fillet, Double

transverse fillet and Parallel fillet joints. These are shown in Figure 10.1.

i 11
z
Lae N

=

‘ J—— :D L—;l_l

Inside single fillet  Outside single fillet Double fillet lap Double fillet
corner joint corner joint joint Tee joint
Fillet welds
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Types of
Lap or Fillet Joint
Butt Joint

The butt joint is obtained by placing the plates edge to edge as shown in figure. In butt welds, the plate edges do not
require bevelling if the thickness of plate is less than 5 mm. On the other hand, if the plate thickness is 5 mmto 12.5
mm, the edges should be bevelled to V or U-groove on both sides. Figure 10.2 shows the types of butt joints.

TR AT N (]

{a) Square bult joint.  (b) Single V-buu {c) Single U-buu (d) Double V-butt {¢) Double L-butt
joint, joint. joint. joint,

e

Types of Butt Joint

Corner joint, edge joint and T-joint are some other types of welded joints.
(@)  Corner joint (b) Edge joint (c) T - joint

Some Other Types of Welded Joints
Welded joints:
It is defined as the process of joining two metallic parts heating them to a suitable temperature with or without
application of pressure.

Advantages and Disadvantages:

e It forms a stronger and lighter joint

e The cost of welding is less

e [t forms atight and leak proof joint

e The welded part looks smooth and pleasant when compared riveted joints.

e It is highly subjected to damped vibrations which leads to thermal distortion resulting in residual
stresses.

e Heattreatment is required to relieve the residual stresses

e The strength of the weld depends on the skill of the labour.

e The inspection cost of welding is high.
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Welding process:
It is broadly classified into two types:

1. welding process that use heat alone to join the two parts. Example: Thermit welding, gas welding, electric

arc welding

2. welding process that use combination of heat and pressure to join the two parts. Example: forge welding,

electric resistance welding, friction stir welding

Types ofwelded joints:

(1) Butt joint:

It is defined as the joint between two components lying approximately in the same plane. This kind of joints
are used in applications like pressure vessels and cylinders.

Types of butt joints:

(a) Square butt joint.  (b) Single V-butt (¢) Single U-butt (d) Double V-butt (e) Double U-butt
joint. joint. joint. joint.

(2) Fillet joint:
Itis defined as the joint betweentwo overlapping plates or components. They are also called as lap joint. A fillet weld

has an approximate triangular cross section joining the two surfaces at right angles to each other.
Types offillet joints:

a. Transverse fillet weld — (single and double)

b. Parallelfillet weld — (single and double)

e

 ——— .
(= Single ransverss, &) Dwuble transverse, [c) Parallel filled,

Weld symbols:
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S. No. Farm of weld Sectional representation Symbol
1. Fillet % B
2. Square butt i N ﬂ
3. Single-¥ butt 777/ v
4, Double-F butt % @ X
5, Single-U butt i, SN O
6. Double-U butt % N 8
7
7. Single bevel butt / oy —P
|
g, Double bevel butt m K

Design ofsingle Vand Double V butt joint:

When plates welded with single and double V butt joint subjected to tensile load, results in tensile stress in

the weld cross section.

Where, A,, is the cross-sectional area of the weld,

for singleV butt joint,

for doubleV butt joint,

=— N/mm?
Ay, =1Xh,
Ay =1lX=

2’

mm

mm?2

Where, | = length of weld, h = thickness of the weld (equal to thickness of the plate being welded)

Designof Transverse fillet weld:
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T ! T [T

| 1 I
| £ I
| [
1 * 11

-
P —HS e + [ Py —H S f 4 | 4

(a) Single transverse fillet weld. (b) Double transverse fillet weld.

The transverse fillet weld subjected to axial loading as shown in the figure, will be subjected to tensile stress

and it is given by
P
o; = 2 N /mm?
The area of the weld, A,, is given by
A,=1xt, mm?2

Where, [ = length of the weld, t = throat thickness, mm

t = 0.707 h, mm

t
Reinforcement c /\/

D/45° T;
\\ ¢
Ale h_»|B
, h = thickness of the plate, mm
Design of parallel fillet weld:
P P

Double parallel fillet weld.

The parallel fillet weld subjected to axial loading as shown in the figure results in shear stress and it is given

by

T= E' N /mm?

The area of the weld, A,, is given by

A, =1xt, mm?2
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Where, [ = length of the weld, t = throat thickness, mm

UNIT I

t = 0.707 h, mm

Design ofwelded joints under fatigue loading:
For above types of welded joints when subjected to fatigue loading, the stress concentration factor is to be
considered while calculating the permissible stress of the weld section. The following table shows the stress

concentration factor values for different types of weld.

Type of joint Stress concentration factor
1. Reinforced butt welds 1.2
2. Toe of transverse fillet welds 1.5
3.  End of parallel fillet weld 2.7
4.  T-butt joint with sharp corner 2.0
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Design ofwelded joints subjected to eccentric loading:

1. welded joints subjected to moment in the plane of the weld:

Such welded joints are subjected to

(i) Direct shear stress, T

Where, area of the weld A,, is given by

Ay, =1X¢, mm

Where, throat thickness, t = 0.707 h, mm
(i) Bending stress, gy,

_Myxy M, M,

op ) N /mm?

Where, bending moment, M, = P X e, N.mm; Sectional modulus, Z,, is taken from PSGDB pg.no. 11.5 &
11.6.

According to maximum principal stress theory and shear stress theory,

o =1 [a + /02+4rzl N/mm?
maxi 2 b b ’
1
Tmaxi = 5 /alf +412,  N/mm?

For safe design,

Oy
Omaxi = and Tmgxi =
fos fos

Where, oy is the yield value of the weld material in N/mm?
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2. welded connection subjected to torsion in the plane of the weld:

The welded joint shown in the figure is subjected to

i. Direct shear stress, 7,

— p N 2
T, = A /mm

Where, area of the weld A4,, is given by
A, =1xt, mm?2

Where, throat thickness, t = 0.707 h, mm, length of the weld, [ = (2 b + d) ,mm
ii. Torsional shear stress or secondary shear stress, 7,

TXr PXeXr
T = =
27 Jw Jw

Where, J,, is the polar moment of inertia of the weld section, it can be found using the relations provided in

PSGDB pg.no. 11.5 & 11.6

, N /mm?

Where, the radius of rotation, r = VGB% + AB%, mm

The resultant shear stress for the primary and secondary shear stress based on vector approach is given by,

TR = \/112+T§+211 7,c0s0 ,  N/mm?
For safe design,
0.5 x Oy
Tp = , N/mm?
R Fos /

Problems:
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1. A plate 100 mm wide and 12.5 mm thick is to be welded to another plate by means of two parallel fillet

welds. The plates are subjected to a load of 50 kN. Find the length of the weld so that the maximum stress
does not exceed 56 MPa. Consider the joint first under static loading and then under fatigue loading.
Given Data:

h=12.5mm; P=50 x 103 N, T = 56 N/mm?

To find:

=7

Solution:

Case (i) static loading

w.k.t the parallel fillet weld is subjected to shear stress, t

=—, N 2
T ™ /mm

The area of the weld,
Ay, =1Xt=1%x0.707 h=1x%x0.707 X 12.5
A, = 8.84 1 mm?
The length of the weld, 1

P
' T84l
c6 = 50 x 103 _ 5656.1
8.84 [ l
_ 5656.1 — 101 mm
56
Where, [ = 101 mm is the total length of the weld, for one parallel fillet weld,
= £ = & =50.5mm
2 2
Case 2: for fatigue loading
56 56
T= = — = 20.74 N/mm?

~ stress concentration factor 2.7

The length of the weld, !

P
78841
20.74 = 50 x 103 _ 5656.1
8.84 1 l
5656.1
= 2074 = 272.7 = 273 mm

Where, [ = 101 mm is the total length of the weld, for one parallel fillet weld,
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b= L_273 = 136.5
= > = ) = o mm
2. A bracket is welded to the vertical plate by means of two fillet welds as shown in figure. Determine the
size of the welds, if the permissible shear stress is limited to 80 N/mmz2.

SoKkN

4— 300

NOTE : DIMENSIONS ARE IN ‘mm’

Given data:

7 =80 N/mm?

From figure, P = 50 x 103 N;e = 300 mm, d = 400 mm
To find: size of the weld, h =?

Solution:

The given weld section is subjected to

(i) Direct shear stress, T

Where, area of the weld A,, is given by
Where, throat thickness, t = 0.707 h, mm
Ay =1Xt=2dx0.707 h=2x400 x0.707 X h

A,, = 565.5 h mm?

(i) Bending stress, gy,
op = AZ/I—: N/mm?

Where, bending moment, M,, = P X e, N.mm; Sectional modulus, Z,, is taken from PSGDB pg.no.
115 & 11.6.

According to maximum principal stress theory and shear stress theory,

o -=1la + f02+4‘rzl N/mm?
maxi = o b b ’
1 ’
Tmaxi = 2 0’3 + 412, N/mm?
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3. A shaft of rectangular cross section is welded to a support plate by means of fillet weld on its one end as
shown in figure. The other end is loaded by 25 kN. If the size of weld is 6 mm, find the maximum normal
and shear stress in the weld.

“100 x150mm

4. A 60 mm diameter solid shaftis welded to a flat plate as shown in Figure. If the size of the weld is 20 mm,

find the maximum normal and shear stress in the weld.

8 kN
200 mm__

3
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5. A bracket shown in the figure carries a load of ‘P’ kN. Calculate the value of P, if the weld size is 25 mm

and the allowable stress is not to exceed 120 N/mm?.

200
MULTIPLE CHOICE QUESTIONS
S.No QUESTIONS Opt1l Opt 2 Opt 3 Opt 4 Answer
Combunation
1 Only heat is Only pressure | of heatand None of Only heat is
used isused pressure is these used
In afusion welding process used
2 g/hpeeeclictrlc arc Weld\llr\;gl clisir?g Forge Fusion \Tvgfc; mge Gas welding | Fusion
The principle of applying Projection
3 | heatand pressure is widely Spotwelding | Seamwelding . Allofthese | Allofthese
used in welding
In transversefillet welded
o . . 0.5 X Throat | Throatofthe | V2 X Throat | 2 X throatof | V2 X Throat
4 ch;lrlg,lttf(1)95|ze of the weld is of the weld weld of the weld the weld of the weld
5 The transversefillet welded Tensile Compressive | Bending Shear Tensile
joints are designed for strength strength strength strength strength
The parallel fillet welded Tensile Compressive | Bendin Shear
6 jointh) is designed for strength strenpgth strengtﬁ strength Shearstrength
7 Thesize of the weld in butt 0.5 X Throat | Throatofthe | V2XThroat | 2 X throatof | Throatofthe
welded joints is equal to of the weld weld of the weld the weld weld
A double fillet welded joint
with parallel fillet weld of
lemgth land leg s is
8 | subjectedto thetensileforce | (V2 p)/(s.l) p/(2s.1) p/(2s.1) (2p)/(s.1) p/(2s.1)
p. Assuminguniformstress
distribution, theshear stress
in weld is given by
When a circularrod welded
toarigid plate by acircular
9 fillet weld is subjectedto a (2.83T)/(n (4.242T)/(n (5.66T)/(n None of (2.83T)/(n
twisting momentT, thenthe | sd2) sd2) sd2) these sd2)
maximum shearstressis
given by
Fora parallel load on afillet
10 | weld of equallegs,theplane | 22.5° 30° 45° 60° 45°
of maximum shearoccurs at
The Iargest_diameter_ofthe Minor Major Pitch None of Major
1 g)ci:/r\}?#r)er algtizrﬂr?(l)e\;ﬁr;fter diameter diameter diameter these diameter
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The pitch diameter is the
122 | ———— diameter ofan Effective Smallest Largest Medium Effective
externalor internal screw
thread
13 Major Minor Pitch Pitch Major
A screwis specified by its diameter diameter diameter diameter
The railway carriage coupling | Square Knuckle Buttress Buttress
14 have threads Acme threads threads threads threads
Spindles of Railway Feed Screw Feed
15 | Thesquarethreads are bgnch vise carriage mechanismof | cutting mechanismof
usually found on couplings machine took | lathes machine tools
Alocking device in which the
bottomcylindrical portion is
16 | recessedtoreceivethetip of | Castlenut Jamnut Ring nut Screwnut Ring nut
the locking set screw, is
called
Which one is nota positive . . Tongued Spring wire .
17 locking device? Spring washer | Cotterpin washer lock Spring washer
18 The\{vgsherl_s generally O_uter Hole diameter | Thickness Mean Hole diameter
specified by its diameter diameter
A locking device extensively .
19 used in automobile is a Jamnut Castle nut Screwnut Ring nut Castle nut
AboltofM24 X 2 means that Effective
. Nominal diameterof | Nominal
Pitch o_fthe The CTOSS diameter of the boltis diameter of
20 thread is sectionalarea the boltis 24mm and the boltis
24mm and of thethreadis
depth is 2mm | 24mm2 24mm and therearetwo | 24mm and
pitch 2mm threadsper | pitch 2mm
cm
Whenanutis tigntened by .
21 | placing awasherbelowit,the | Tensile stress gt(;en;psresswe shearstress m%ngf Tensile stress
bolt will be subjectedto
Lifting and . Lifting and
2 Transmission | Locking transporting ':;]ZSCOJE;T]% transporting
of power devices heavy vibrations heavy
Theeyeboltsare usedfor machines machines
The shockabsorbing capacity Making the
of the bolt may be increased A . . shank
7 by Lr;]%rsli\smg Its Increasingits ;I;]'g E’gelrslng diameter Increasingits
. length equaltothe | length
diameter properly core diaketer
of the thread
Increasingits - Decreasing . N
24 | Theresilenseofabolt may shank Ilgrsr?zsmg its its shank :?:gﬁa;']ng :Qr::re;zsmg Its
beincreasedby diameter g diameter 9 9
Design for Manufacture and None of
25 | assemble suggests Maximum minimum equal minimum
— these
number of threaded fasteners
Aboltofuniform strength . . Keeping the -
Keepingthe | Keepingthe - Keeping the
can be developed by core diameter | core diameter S%mtaelr of core diameter
of threads of threads threadseaual of threads
% equalto the smaller than tothe g None of equalto the
diameter of the diameterof | - these diameter of
diameter of
unthreaded unthreaded unthreaded unthreaded
portion ofthe | portion ofthe ortion of portion ofthe
bolt bolt p bolt
bolt
______bolthasroughshank . automobile carriage .
27 Machinebolt | eyebolt bolts bolts Machine bolt
28 Abolt Has ahead on oHr?: Qﬁgiﬁg Has bothends | Is provided | Hasaheadon
oneendand . threaded with oneendand
otherend fits
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nut fitted to in to atapped poointed nut fitted to
other hole in the threads other
otherpartto
be joined
_______ capscrewhas Hexagonal
29 | cylindricalhead with aslot buttonhead Fillister head head Sockethead | Fillister head
for the screwdriver
_____isusedto preventthe
30 | relative motion betweentwo | Setscrew Capscrew Studs Tap bolts Setscrew
parts
The normalheight ofa
hexagonal orsquare head of
31 | boltistakenas__ ofthe | 0.8 15 0.7 0.5 0.7
major diameter of the thread
of screw
30 The crest diameter of the Major Minor Pitch Core Major
screwthread is same as diameter diameter diameter diameter diameter
If the diameter of the bolt
hole then foraflanged pipe 20Vd t
33 | lointto be leak proof, the 10Vd 10Vd tp 15Vd | 15Vd tp 20Nd 30vd p 20Vd tp 30Vd
circulferential pitch ofthe
bolts should be
The included angle in unified
34 | of American Nationalthreads | 60° 55° 47.5° 29° 60°
is
The included angle in unified o o o o o
35 of Acme threads is 60 55 475 29 29
Provided with A Provided with
36 selflocking Same as stud hexagor_1a| _ ;Jpsgéidm high hexagor_1a| .
_ bolt depression in componenets depression in
Anallenbolt is the head the head
?c_)ef_ficient Hole for cqefficient
. riction . . friction
37 Finethreads | Coarse threads ST inserting
_ >Tangent of split pin >Tangent of
Aselflocking screwhas load angle PItP load angle
Machine screws are Similar to
Sos cxept | Sotedlors soteiore
38 f/g?};g Le:ter and generally sSt'lTélar to {\rlfézg of and generally
shapes of used with a used with a
heads are nut nut
available
What is the stress
39 | concentration factor forststic | 1 1.01 111 1.01 1
load?
Ascrewmade by cuttinga Single Double Right hand Left hand Single
40 z;;l“gnlg Qreigcl?rl g\:\%) Zse onthe gyrz?lsed threadedscrew | thread screw | thread screw ;r::rr(z%\clied
a1 | extemalor nematsarewis | Minor | Melor Pitch Noneof | Minor
KNOWN as diameter diameter diameter these diameter
42 ;rhhrg ;gp_su_rfaciof Root crest Slope Pitch crest
The distance fromapointon
43 | onethreadtocorresponding | Slope crest Pitch Root Pitch
point on next next is
British British Britain Britian British
44 Standard Standard Standard Standard Standard
B.S.W stands for Withworth Work Withworth Work Withworth
45 Am_erican Am(_erican Amgrica's Amgrica‘s Amgerican
ANST stands for National National National National National
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society of Standard Standard Standard Standard
thread thread Thread Thread thread
46 light loaded bolts are made of | free cutting allov steel high carbon | None of free cutting
steel y steel these steel
_____canbedefinedasa
47 t‘;‘”mtp%e;‘é‘fé';;:’r‘]’g Buttjoint | lap joint fillet joint | Allofthese | ButtJoint
approximately in same plane.
when the thickness ofthe
weld is more than 20 square butt . Double V - - -
48 mm welded joint is jc?int V - butt joint butt joint U - butt joint | U - butt joint
used
The permissible shear stress
49 | for fillet welds is taken as 120 200 94 87 94
N/mn? as per AWS
The permissible stress fora
50 | Buttweldin tensionload is 110 120 140 125 110

N/mm?
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UNIT IV- DESIGN OF SPRINGS AND FLYWHEEL

A spring is defined as an elastic machine element, which deflects under the action of load and returns to its

original shape when the load is removed.

Functions of spring

A) Spring act as a flexible joint in between two parts or bodies

1. Cushioning, absorbing, or controlling of energy due to shock and vibration
Eg: Car springs or railway buffers

B) To control energy, springs-supports and vibration dampers.

2. Control of motion

C) Maintaining contact between two elements (cam and its follower)

D) Creation of the necessary pressure in a friction device (a brake or a clutch)

E) Restoration of a machine part to its normal position when the applied force is withdrawn (a governor or
valve)

3. Measuring forces- Spring balances, gages
4. Storing of energy - In clocks or starters
Types of springs:

Classification based on the shape of the spring:

1. Helical spring
a. Compression spring or open coil helical spring
b. Tension spring or extension spring or closed coil helical spring
Torsion spring
Laminated leaf spring
Spiral spring

a WP

Disc or Belleville spring
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Helical compression spring Laminated leaf spring Torsionspring

NN, -
e e S
- P ==
£ = =

ELEES

i

N [
( > \
D, » Sdaval Diavater of Dine
0, & rderns Dgmeter of Dae . e e —
* Fooe Maghtof Cac - ’ i L

1w bt Thawvwis of D 1 o ; = §

B, = Faee Conm magic o Do \
. = Belleville spring

Spiral spring

Terminologies of Helical compression spring:

Compressed length — Solid length—

l PITIEK.
L
¥ -
[

ga.;%%

> |

Where,

D — Mean coil diameter

d — wire diameter

D; & D¢ — Inner and outer diameter of the coil
1. Spring index (C):

It is defined as the ratio of mean coil diameter to the wire diameter
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Ul

This value ranges from 4 to 12
2. Solid length:

It is the axial length of ths spring, when the spring is compressed in such a way that the adjacent coils touch
each other.

Where, n, — total no of coils or turns
3. Free length:

It is the axial length of an unloaded spring

Ly = L+ 0.15 Yimaxi + Ymaxi
Where, Vmaxi — maximum deflection of the spring
4. Pitch of the coil:
It is the axial distance between the adjacent coils in uncompressed state of the spring

Ly
nt_].,

p= mm

5. Stiffness (Q):

It is the ratio of the force and deflection, that is force per unit deflection.

P
q=_
y
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6. Active coils (n) and inactive coils (n’):

The coils which contributes to the spring action are active coils and those which doesnot involve in the

spring action are meant as inactive coils.

End condition of the spring:

=t T

(a) Plain ends {b) Plain and ic) Square ends  (d) Square and
ground ends - ground ends

Design of helical compression spring:
A helical compression spring subjected to axial force of ‘P’,the spring results in

1. Direct shear stress in the spring wire

2. Torsion shear stress due to torsional moment
The equivalent of these two stresses is given by

8PD  8PC

Tzksm—ksm, 1\//7’!’11’77,2
The axial deflection of the spring is given by
8PD3n 8PC(C3n
y = = mm

Gd*  Gd '’
Where, G —modulus of rigidity, n—no of active coils

The strain energy stored by the spring is given as

1
U =5 Py, joules

KARPAGAM ACADEMY OF HIGHER EDUCATION



DESIGN OF MACHINE ELEMENTS

Leaf spring:

UNIT |

Simply supported beam and cantilever beam maybe used as springs because under certain amount of load,
these beams get deflected and thus absorbs energy. These types of springs are known as leaf spring or flat
spring.

Types ofleaf spring:

1. Laminated leaf spring

a. Cantilever types

b. Simply supported type
2. Semi elliptic leaf spring

Design of Laminated cantilever leafspring

SRR,

Laminated leaf spring

The leaf springs are subjected to bending stressand it is given by

_6PL

Op =7 N/mm?
And the deflection of the spring is given by
_ 6PL3
Y = Enbes’ mm

Refer PSGDB pg.no 7.104
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Design ofsemi elliptic leafspring:
Eye = B\
, Master
leaf
U-bolt
‘E— Two extra
— o full length
Rebound — leaves
clip —
-,mfm Graduated-length
| Centre leaves
2P clip

Semi elliptic leaf spring
The semi elliptic leaf spring consists of two types of leaves

1. Extra full length / master leaves (n.)

2. Graduated leaves (n)

This type of spring is also subjected to bending stress and it is given by

12PL N /mm?
Opg = , mm
P97 p ¢2 (3ne +2ny)
18P L N fmm?
Ope = , mm
P pe2(3n, + 2n,)
The deflection of the spring is given by
12P L3
y mm

TEbt?(3n.+2n,)
Nipping:

It is the process of prestressing the leaf springs by providing different radii of curvature for full length and
graduated leaves.

Nip: it is the initial gap between the leaves which is adjusted under maximum load condition so that stresses
in all leaves are same.

_ 2PIL3
T Enbt3’
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The amount of load required to close the initial gap while assembly of the leaves by means of U-bolts is
given by

B 2Pn,ng
" n(3n.+2n,)

N

The effective length of the spring for semi elliptic type is given by

2L = length of the spring — width of the central band

Problems:

1. Design a spring for spring loaded safety valve for the following condition:

Operating pressure = 1.2 MPa
Diameter of the valve seat =100 mm
Design shear stress for the spring = 380 MPa.
Shear modulus ' G =84 GPa.

The spring is to be kept in the casing of 130 mm inner diameter and 400 mm long. The spring should

be at maximum lift of 6 mm when the pressure is 1.3 MPa.

2. Aspring-loaded safety valve for a boiler is required to blow-off ata pressure of 1.5 N/mm2. The diameter
of the valve is 100 mm. Design a suitable compression spring for the safety valve, if spring index is 6 and
initial compression is 25 mm. The maximum lift of the valve is 15 mm. The shear stress in the spring
material is to be limited to 450 MPa. Take G = 0.84 GPa.

3. A rail wagon of mass 8 tones is moving with a velocity of 2 m/s. It is brought to rest by two buffers with
springs of 250 mm diameter. The maximum deflection of springs is 200 mm. The allowable shear stress
in the spring material is 600 MPa. Design the spring for the buffers.

4. Design a Leaf spring for a truck to the following specifications.

Maximum load on springs =150 kN

Number of springs =4

Spring material = chromium vanadium steel
Permissible tensile stress =600 MPa

Maximum number of leaves =10

Span of the spring = 1200mm
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UNIT |

Permissible deflection

Young’s Modulus for the material

=80 mm

=210 GPa.

5. A truck spring has 15 number of leaves, two of which are full lengthy leaves. The spring supports are 1.5
m apart and the central band is 100 mm wide. The central load is to be 8 kN with a permissible stress of
300 MPa. Determine the thickness and width of the steel spring leaves. The ratio of the total depth to the
width of the spring is 3. Also determine the deflection of the spring.

6. A semi elliptic leaf spring is of 5 m long and is required to resist a load of 60 kN. The spring has 15 leaves,
of which three are full length leaves. The width of central band is 100 mm. All the leaves are to be stressed

to 440 MPa. The ratio of total depth to width is 3. Take E =2 x 105> MPa. Determine
a. The thickness and width of the leaves.

b. The initial gap that should be provided between the full lengths and graduated leaves before

assembly.

c. The load exerted on the band for the assembly.
MULTIPLE CHOICEQUESTIONS:

S.N

o Questions Option A Option B Option C Option D Answer
Closely-
A spring used toabsorb shocksand | coiled Open-coiled Conical .
1 vibrationsis helical helicalspring | spring Leaf spring
spring
The spring mostly usedin Helical . . Laminated Flat spiral Flat spiral
2 gramophones is spring Conicalspring spring spring spring
. . - Helical ; ;
3 Whlc_h ofthefollqwmg springis compressio | Spiral spring Tor_S|on Bel!ewle Torsion spring
used in a mechanical wrist watch ? nspring spring spring
When a helical compressionspring _ _ _
4 |8 subjected to an aXIaIc_ompres_swe Tensile Compressive Shearstress Bending Shearstress
load, the stress induced in the wire | stress stress stress
is
In aclose coiled helical spring, the
spring indexis given by D/d where
D and d are the mean coil diameter | (4C- (4C+1/4C-
5 | and wire diameter respectively. For | 1/4C+4 ) + Eg%llé/dfcg‘l) * 4) - §4C(61éf5C/JCF:A)f gg%llsl/dfcc)zl) *
consideringthe effectof curvature, | (0.615/C) ' (0.615/C) ' '
the Wahl's stress factor K is given
by
When helical spring is cut into
6 | halves,thestiffnessofthe resulting | Same Double One-half One-fourth | Double
spring will be
Two close coiled helical springs
with stiffnesskland k2 KL K2/Kk1+k
7 | respectively are connected in series. 5 ' k1-k2/k1+k2 k1+k2/k1.k2 | k1-k2/k1.k2 | kl.k2/k1+k2
The stiffness ofan equivalent
spring is given by,
When two concentric coil springs
made of the same material, having
same length and compressed
8 equally by an axial load, the load Directly Inversely Equalto None of Directly
shared by the two springs will be proportional | proportional q these proportional

______ tothesquare ofthe
diameters of the wires of the two
springs.
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—_— T Toapply To measure Toabsorb Tostore Toabsorb
9 | Aleafspring in automobiles s used forces forces shocks strain energy | shocks
10 In leafsprings, the longestleafis Lower leaf | Masterleaf Upper leaf None of Master leaf
known as these
When thecompression spring is
compressed untilthe coils come in . - . None of .
1 contactwith each other, thenthe Solid Liquid Spring these Solid
spring is said to be
. Suspension | Flat spiral . None of .
12 | Leafspringsarealso knownas springs springs Flat springs these Flat springs
. . . . Torsional
13 | Helical springsare not subjectedto | Hoop stress | Force Deflection shear stress Hoop stress
Increases Increases after
. . . afterthe the largest
The spring rate of conicaland Remains . . -
14 volute springs, with increase in load | constant Decreases Increases Iar_gestactwe active coil
coil startsto | starts to
"bottom" "bottom"
The deflection ofhelical springis
15 | directly and inversely proportional | D2, d2 D3, d2 D4, d3 D3, d4 D3, d4
respectively to
: . Could be .
. . . Woundin Woundwith . Woundwith
16 Concentric helical springs should same oppositehand wound in None ofthe oppositehand
be direction helices any above helices
rect! ' direction '
Theseare Theseare
composed of composed of
These are coned discs Theseare coned discs
o whichmaybe | commonly | Thesetake | which may be
17 Wh'Ch. 1S true_statementabout used for stacked upto usedin up torsional | stackedupto
Belleville springs dynamic ) . ) .
loads obtainvariety | clocksand | loads obtain variety
of load- watches of load-
deflection deflection
characteristics characteristics
Type of spring suited forspace . Conical . . .
18 | limitations and forproviding Ee::ﬁ\“"e Helical spring | helical Sorrilr:cal SCOI!’ilrI]Ciﬂ helical
variable stiffness. pring spring pring pring
Type of spring for high . Conical . .
19 | compressioncapacityandto fit into Ee::ﬁ\”"e Helical spring | helical SC’:Or?rI]CM Ee::ﬁ\”"e
small space pring spring pring pring
20 | Springs are used for Transfering | Generating Storing None of Storing energy
energy energy energy these
The costindexfora music wire
21 based spring material is 35 25 15 0.5 35
The mimimum tensile strength for
oil hardenedandtemperedspring
22 steelwire diameter of 5 mm is 1440 Mpa | 1480 Mpa 1520 Mpa 1250 Mpa 1440 Mpa
T_m?zﬁ)rofsafetyforsprings
23 | basedontorsionalyield strengthis | 2.5 12 15 1 15
taken as
IS code used for Helical IS 7907 - IS 7906 - IS 7906 -
2 compressionspring is 1975 1S4454 - 1981 | 1975 1981 IS 7906 - 1975
The pulsating shear stress for
25 | patentedand cold drawn steelwires | 0.21 Sut 0.42 Sut 0.22 Sut 0.45 Sut 0.21 Sut
is taken as-----
L . Helical . . Helical Helical . .
% m_egygigrlsopcrll(r;gegz usedin door compressio IS-lerIilr(iaI torsion tension concentric IS-IerIilrc]aI torsion
9€s, ' nspring pring spring springs pring
7 The spring indexfor helical torsion 510 10 5108 510 15 510 12 510 15

spring is taken as
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- Helical - .
springis also known as .| Helical torsion . . . : :
28 pﬁv@r_spfingg compressio spring Spiral spring | Leafspring | Spiral spring
nspring
29 | Spiral springsare widely used in Watches cameras instruments | Allofthese | Allofthese
The factorofsafety foran
30 | automobile suspensionbasedon 1tol5 2t025 3t035 05tol5 2to25
yield strength is
Difference Variations of
of minimum Sumofthe | speedabove
3 fluctuation | Difference of maximum and below Difference of
of speed the maximum and the mean the maximum
The maximum fluctuation ofspeed | andthe and minimum [ minimum resisting and minimum
is the mean speed | speeds speeds torque line speeds
The coefficient of fluctuation of
30 speed is the _ __of
maximum fluctuationofspeedand
the mean speed. Product Ratio Sum Difference Ratio
In aturning moment diagram, the Coefficient
33 variations of energy above and Maximum of
belowthe mean resisting torque Fluctuation | fluctuationof | fluctuation | None of Fluctuation of
line is called of energy energy of energy these energy
If E= Mean kinetic energy of the
flywheel, Cs = Coefficient of the
34 | fluctuationofspeedand AE=
Maximum fluctuation ofenergy,
then AE=F/Cs AE=E2*Cs AE=E*Cs AE=2E*Cs AE=2E*Cs
The ratio of the maximum
35 fluctuation ofthe energyto the Minimum Maximum
____iscalled coefficient of fluctuation | Workdone per | fluctuation | Noneof Workdone per
fluctuationofenergy. of energy cycle of energy these cycle
Due to the centrifugal force acting
36 | ontherim, the flywheelarms will Tensile Compressive None of
be subjectesto stress stress Shearstress | these Tensile stress
The tensile stress in the flywheel
37 | rim dueto the centrifugal force
acting on the rimis given by p.v2/4 p.v2/2 3p.v2/4 p.v2 p.v2
38 The cross-sectionofthe flywheel
arms is usually Elliptical Rectangular I-section L-section Elliptical
Cantilever
beamfixed
Simply atthe hub Cantilever
supported Fixed atboth and carrying beamfixed at
39 beam ends and a thehuband
carryinga | carryinga concentrated carrying a
In orderto find the maximum uniformly uniformly load at the concentrated
bendingmoment on the arms, it is distributed | distributed load | free end of | None of load at the free
assumedas a arm overthearm the rim. these end ofthe rim.
Equaltothe | Twicethe Threetimes | Fourtimes Twice the
40 | Thediameterofthe hub ofthe diameterof | diameterofthe | thediameter | thediameter | diameterofthe
flywheelis usually taken the shaft shaft of theshaft | oftheshaft | shaft
Coefficient
M Coefficient of
The reciprocal of coefficient of of Fluctuationof | fluctuation | Noneof Coefficient of
fluctuation of speedis known as steadiness | energy of energy these steadiness
Tensile stress in flwheelarms is
42 | dueto__ actingon the Centrifugal | None of Centrifugal
rim Radial force | Axial force force these force
Bending stress in flywheelarms
13 duetothe transmitted
fromthe rim to the shaft orvice None of
versa Moment Torque Force these Torque
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The fluctuation ofenergy may be

14 determined by the Turning Bending Turning
forone moment moment Shearforce | Noneof moment
complete ycle of operation diagram diagram diagram these diagram
45 When flywheel absorbs energy its Remain None of
speed Increases Decreases constant these Increases
46 When flywheel givesup energy its Remain None of
speed Increases Decreases constant these Decreases
47 None of
Cefficient of fluctuationofspeedis | N1-N2 /N N1*N2/N N1+N2 /N | these N1-N2 /N
48 Mean speedduringthecycle in None of
r.p.m. is N1-N2 /N | N1*N2/N N1+N2 /N | these N1+N2 /N
Maxenergy Maxenergy | Maxenergy
49 | Maximum fluctuationofenergy, - Min Maxenergy + | / Min *Min Maxenergy -
AE= energy Min energy energy energy Min energy
50 Mean angular speed during the None of
cycleinrad/sec= 0l-02/2 | ol+wn2*2 ol+w2/2 | these ol+n2/2
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UNIT V
DESIGN OF BEARINGS AND LEVERS

Rolling contact bca.rings

* The purpose of a bearing is to support a load while permitting
relative motion between two elements of a machine.

® The term rolling contact bearings refers to the wide variety of
bearings that use spherical balls or some other type of roller

between the stationary and the moving elements.

¢ The most common type of bearing supports a rotating shaft,
resisting purely radial loads or a combination of radial and axial
(thrust) loads.

® The components of a typical rolling contact bearing are the

inner race, the outer race, and the rolling elements.

Rolling contact bearings
(@ (-

Retainer Contact-rolling
or Cage bearings usually
consists of four
Rollng Element | parts:-
(Ball)
Tnger Race **An inner ring
** An outer ring
—— :E:The balls
#* The cage or separator.

KARPAGAM ACADEMY OF HIGHER EDUCATION



DESIGN OF MACHINE ELEMENTS

Types of Rolling Contact Bearings

* Radial loads act toward the center of the bearing along a
radius.

* Such loads are typical of those created by power transmission
elements on shafts such as spur gears, V-belt drives, and chain
drives.

® Thrust loads are those that act parallel to the axis of the shaft.

® The axial components of the forces on helical gears, worms
and worm gears, and bevel gears are thrust loads.

* Misalignment refers to the angular deviation of the axis of the

shaft at the bearing from the true axis of the bearing itself.

Types of Rolling Contact Bcarings

/Ball Bearings\

" Radial Angular
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100 Sedes 200 Series 300 Series Axial Thrust Angular Contact - Self-aligning
Extra Light Light Medium Bearing Bearng Bearng

Surface Fatigue is the dominant failure mode

* The (:}-'c|i:_' subsurface Hertzian shear stresses
pruduced by the curved surfaces in rc}lling
contact may initiate and propagate cracks that
ultimatel}' dislc}dge particles and

generate surface pits

. T}-‘Pica“y, the raceways pit first, resulting in

noise, vibration, and heat

Ball Bearings

Ball bearings are made in a wide variety of types and sizes:

¢ Single-row radial ( carry mostly radial loads, but can also carry
axial loads).

* Angular contact bearing (Will take both axial and radial load).

* Axial thrust bearing (When load is directed entirely along the
axis, thrust type of bearing should be used).

* Self-aligning bearing (will take care of large amount of
misalignment).
* Anincrease in radial capacity may be secured by using rings with

deep grooves, or by employing a double-row radial bearing.
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-~
/

~
\

Ball Bearings

Deep Groove Fillina Notch Angular contact  Shielded Sealed

e =]
N G €

Extemnal Double row Self
Self- Aligning Aligning

*
ﬁ_:—‘ ] J

Singlc row dccp groove ball bcaring

*The single-row, deep groove ball bearing is what most people think of when

the term ball bearing is used.

* The inner race is typically pressed on the shaft at the bearing seat with a

slight interference fit to ensure that it rotates with the shaft.

* The spherical rolling elements, or ba

lls, roll in a deep groove in both the

inner and outer races. The spacing of the balls is maintained by retainers, or

cages %
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Double row deep groove ball bearing

e Adding a second row of balls increases the radial load-carrying

capacity of the deep-groove type of bearing compared with the

single—row design because more balls share the load.

N
- Needle roller
- Cylindrical roller
-Tapered roller
- Spherical roller

S
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Cylindrical Roller Bea.ring

o Replacing the spherical balls  with C}rlindrical rollers  with
ctlrresptmding changes in the design of the races, gives a greater radial
load capactt}-‘.

¢ The resulting contact stress levels are lower than for equivalent—sized
ball bearings, allnwing smaller bearings to carry a given load or a
given size bearing to carry a higher load.

® Thrust load capacity 18 poor because any thrust load would be app|ied

to the side of the rollers, causing rubbing, not true rnlling motion.

v

-~ \

Needle Bearing
—

* Needle bearings are actually roller bearings, but they have much

sma“er-diameter T(llle]"ﬁ_

* A smaller radial space is typically required for needle bearings to carry a
given load than for any other type of r()lling contact bearing_

* This makes it easier to design them into many types of equipment and
components such as pumps, universal joints, precision instruments, and

I'I()l.lﬁeh(lld appliances_
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Rolling Contact Bearing Materials

* High-carbon chromium steel 52100, 440C stainless
steel and M50 steel are used for balls and rings, and
are treated to high strength and hardness. T ( 360 -
600°F).

® Silicon nitride is used if high T (2200°F) and HRC
78.

® The surface are smooth ground and polished.
Minimum  accepted  hardness  for  bearing

components is HRC 58.

Bearing Life: Static Load Ca])acity

* Static Load Capacity (C,):

® The static capacity is ordinarily defined as the maximum
allowable static load that does not impair the running
characteristics of the bearing to make it unusable.

¢ The bearing is not rotating when the measurement is made.

® The life of a ball bearing is the life in hours at some known speed,
or the number of revolutions, that the bearing will attain before
the first evidence of fatigue appears on any of the moving part.

¢ Following nomenclature and definitions are used in the testing of
bearing.

* Rate life (L,y)is the life at which 10 percent of bearing have failed
and 90% of them are still good.
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* Median Life (Lsy)is the life at which 50%
of the bearings failed and 50% are still
good. It is generally not more than 5
time the rate life L,,.

il

porcent of bearings surviving

Basic Load Rating (C)For angular or
radial contact ball bearing is the
calculate, constant, radial load which a
group of apparently identical bearings
with  stationary  outer ring can
theoretically endure for rating life of one
million revolutions of the inner ring,

percent of bearings failed
& =
S

2 8 %2 & = =

= u

o
=

g 5=

For thrust ball bearing it is the calculated,

I 5 I 15 n . .
i constant, centric, thrust load which a
relative futigee life . . .
group of apparently identical bearing can
theoretically endure for a rating life of
one million revolution of one of the
bcaring washers,
A
4 ™
Load/ Life Relationship
}/ C = constant
a=3  forball bearin
Fe=C s
a=10/3 for roller bearing
Fl‘l]r"'a _FLZ],fa Associating F, with C,,
1 42 and L, with L, , the equation
becomes:
e A
a — a
(—-110[10 - FL The units of L is revolutions
Basic Dynamic Load rating (C,)
~The basic Dynamic load rating (C,;) is that load which will cause 10% of
sample of bearings to fail at or before 1 millions revolutions.
—90% of the bearings would achieve at least Imillion revolutions at this
load.
A

KARPAGAM ACADEMY OF HIGHER EDUCATION



DESIGN OF MACHINE ELEMENTS

* Bearing load

o If two groups of identical hearings are tested under loads P! and P, for
respective lives of L, and L, , then,

L

* Where, L, |

|I:U

)

s | . life in millions of revolution or life in hours

* a:constant which is 3 for ball hearings and 10/3 ftor roller bearings

* Basic load rating

* [t is that load which a group nl“apparently identical bearings can
withstand for a rating life of one million revolutions.

. ifﬁa)-', L,is taken as one million then the C(lrresp(mding load is,

1
C=P(L)*

* Where, C is the basic or d}-‘namic load rating

Equivalent radial load

* The load rating of a bearing is given for radial loads unly. Therefore, it a
hearing is suhjected to both axial and radial load, then an equivalent

radial load is estimated as,

P=VP or
P,=XVP +YP,
Where,
P_: Equivalent radial load
P, : Given radial load
P, : Given axial load
V : Rotation factor (1.0, inner race rotating; 1.2, outer race rotating)

X : A radial factor

Y - An axial factor
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* The values of X andY are found from the chart whose typical

format and few representative values are given below.

L Sce Sise

C, P P
X Y| X Y

0.021 | 0.21 1.0 0.56

0.0 215

0.110 | 0.30 10 0.56

0.0 1.45

0.560 | 0.44 1.0 0.56

0.0 1.00

* The factor, C,is obtained from the bearing catalogue

The selection procedure

* Depending on the shaft diameter and magnitude of radial and axial load a
suitable t}'pe of bearing is to be chosen from the manufacturer’s
catalngue, either a ball hearing or a roller bearing. The equivalent radial

load is to be determined

* Ifit is a tapered bearing then manufacturer’s catalogue is to be consulted
for the equation given for equivalent radial load.

* The value of dynamic load rating C is calculated for the given hearing life
and equivalent radial load.,

* From the known value of C,a suitable hearing of size that conforms to

the shaft is to be chosen.
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P

Introduction

* A bearing is a machine element which support another moving machine

element (known as journal). It permits a relative motion between the
contact surfaces of the members, while carrying the load.

s A little consideration will show that due to the relative motion between

the contact surfaces, a certain amount of power is wasted in (:-\-'erct)ming
frictional resistance and if the rubbing surfaces are in direct contact, there
will be rapid wear,

* In order to reduce frictional resistance and wear and in some cases to

carry away the heat generated, a la}r'er of fluid (knnwn as lubricant) may

be prm’ided.

¢ The lubricant used to separate the journal and bearing is usually a mineral

oil refined from Petrnleum, but vegetable oils, silicon oils, greases etc.,
may be used.

* Depending upon the direction of load to be supported.

The bearings under this group are classified as:

* Depending upon the nature of contact.

The bearings under this group are classified as :

(a ) Sﬁding contact bearings. and (b) Ruﬂing contact bearin gs.

N

A
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Types of Slldmg Contact Bearmaq

* The sliding contact bcarings in which the sliding action is Emdcd in a
‘.tralght llnt‘ and carrv lng rat‘llal |uad‘. 'I‘: Lal Ed "I'IP er or gm bearlngh.
Q,lll(_h t}'p(" ()F bearlngs are usua“y i(lllﬂ('l 1mn LTU‘:‘nh("EE()F steam Engines,

* The E-ll(‘lll'lg contact hearlngs. in which the hlldll‘lg action is al(:—ng the
circumference of a circle or an arc of a circle and carrying radial loads
are known as journal or sleeve bearmgs When the angle of contact of
the bearlng with the ](mrnal is 360° as shown in Flg, then the bearing is
called afuﬂ }aurnaf bearmg This tv ype of bearmg is u:»mmunl} U‘-t‘(% in
industrial machiner){ to acct)mm()date bearing loads in any radial

direction.
/ !—B-mrlng
//4/ P
N D (+)
/ s b
/////;/ / Z //“/// 2t
Journal ]20' 12007
{a) Full journal bearing. (b) Partial journal bearing. (¢) Fitted journal bearing. ),
4 ™

Types of Sliding Contact Bearings

The sliding contact bearings, according to the thickness of layer of the lubricant
between the bearing and the journal, may also be classified as follows :

1. Thick film bearings.

The thick film bearings are those in which the working surfaces are completely
separated from each other by the lubricant. Such type of bearings are also called
as hydrodynamic lubricated bearings.

2. Thin film bearings.

The thin film bearings are those in which, although lubricant is present, the
working surfaces partially contact each other at least part of the time. Such type
of bearings are also called boundary lubricated bearings.

3. Zero film bearings.
The zero film bearings are those which operate without any lubricant present.
4. Hydrostatic or externally pressurized lubricated bearings.

The hydrostatic bearings are those which can support steady loads without any
relative motion between the journal and the bearing, This is achieved by forcing
externally pressurized lubricant between the members. y,
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H}fdrod}fnamic Lubricated Bearings

¢ In hydrodynamic lubricated bearings, there is a thick film of
lubricant between the journal and the bearing. A little
consideration will show that when the bearing is supplied with
sufficient lubricant, a pressure is build up in the clearance space
when the journal is rotating about an axis that is eccentric with the
bearing axis.

* The load can be supported by this fluid pressure without any
actual contact between the journal and bearing,

® The load carrying ability of a hydrodynamic bearing arises simply
because a viscous fluid resists being pushed around.

¢ Under the proper conditions, this resistance to motion will
develop a pressure distribution in the lubricant film that can
support a useful load.

AN S

4 N

The load supporting pressure in hydrodynamic bearings arises from
either

1. the flow of a viscous fluid in a converging channel (known as
wedge film lubrication),

® The load carrying ability of a wedge-film journal bearing results
when the journal and/or the bearing rotates relative to the load.
The most common case is that of a steady load, a fixed
(non-rotating) bearing and a rotating journal.

2. The resistance of a viscous fluid to being squeezed out from
between approaching surfaces (known as squeeze film
lubrication).

* If the load is uniform or varying in magnitude while acting in a
constant direction, this becomes a thin film or possibly a zero film
problem. But if the load reverses its direction, the squeeze film may
develop sufficient capacity to carry the dynamic loads without
contact between the journal and the bearing.
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4 ™
Properties of Sliding Contact Bearing
Materials

* 1. Compressive strength.
* 2. Fatigue strength.
* 3. Comformability.
* 4. Embeddability.
* 5. Bondability.
® 6, Corrosion resistance,
® 7. Thermal conductivity.
* 8.Thermal expansion.
A
-~ ™
Properties of Sliding Contact Bearing Materials
Bearing Fatigue Caontfor- [ Embed- Anti Corrosion [ Thermal
material strength mability dability scoring resistance conductivity
Tin base Poor Grood Excellent Exeellent Excellent Poor
babbit
Lead base Poor w Good Good Good to Fair to Poor
babbit fair excellent good
Lead Fair Poor Poor Poor Good Fair
bronze
Cooper Fair Poor Poor to Poor to Poor to Fair to
lead fair fair fair good
Aluminium Good Poor to Poor Good Excellent Fair
fair
Silver Excellent Almost Poor Poor Excellent Excellent
none
Silver lead Excellent Excellent Poor Fair to Excellent Excellent
deposited good
A
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Materials used for S]iding Contact Bearings

1. Babbit metal. The tin base and lead base babbits are widely used as
a bearing material, because they satisty most requirem'ents for
general applications.

Tin base babbits : Tin 90% ; Copper 4.5% ; Antimony 5% ; Lead 0.5%.

Lead base babbits : Lead 84% ; Tin 6% ; Anitmony 9.5% ; Copper
0.5%.

2. Cast iron. The cast iron bearings are usually used with steel
journals. Such type of bearings are fairly successful where lubrication
is adequate and the pressure is limited to 3.5 N/mm2 and speed to
40 meters per minute.

3. Silver. The silver and silver lead bearings are mostly used in aircraft
engines where the fatigue strength is the most important
consideration.

Materials used for Sliding Contact Bearings

4, Non-metallic l)earings. The various non-metallic bearings are made

of carbon-graphite, rubber, wood and plastics.

® The carbon-graphite bearings are self lubricating, dimensionally
stable over a wide range of operating conditions, chemically inert
and can operate at higher temperatures than other bearings.

® The soft rubber bearings are used with water or other low viscosity
lubricants, particularly where sand or other large particles are
present. In addition to the high degree of Embeddability and
Comformability, the rubber bearings are excellent for absorbing
shock loads and vibrations.

¢ The wood bearings are used in many applications where low cost,

cleanliness, in attention to lubrication and anti-seizing are

imporrant.
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Propcrtics of Lubricants

* 1.Viscosity. It is the measure of degree of fluidity of a liquid. It is a
physical property by virtue of which an oil is able to form, retain
and offer resistance to shearing a buffer film-under heat and
pressure. The greater the heat and pressure, the greater viscosity is

required of a lubricant to prevent thinning and squeezing out of

the film. P dv qv
T=—%—— o T=ZX
A dy dy

® where Z is a constant ot l:lroportionalit}-' and is known as absolute
viscosity (or simply viscosity) of the lubricant.
h N m

= 5> *——=N-s/m"
m- m/s

Propcrtics of Lubricants

* Oiliness: It is a joint property of the lubricant and the bearing
surfaces in contact. It is a measure of the lubricating qualities under
boundary conditions where base metal to metal is prevented only
by absorbed film. There is no absolute measure of oiliness.

* Density: This property has no relation to lubricating value but is
useful in changing the kinematic viscosity to absolute viscosity.
Mathematically
* Absolute viscosity = p X Kinematic viscosity (in m2/s)
¢ where p = Density of the lubricating oil.

® Viscosity index. The term viscosity index is used to denote the

degree of variation of viscosity with temperature.
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Propcrtics of Lubricants

* Flash point:
® It is the lowest temperature at which an oil gives off
sufficient vapour to support a momentary flash without
actually setting fire to the oil when a flame is brought
within 6 mm at the surface of the oil.
* Fire point:
* It is the temperature at which an oil gives off sufficient
vapour to burn it continuously when ignited.
* Pour point or freezing point:

® [t is the temperature at which an oil will cease to flow when

cooled.

Terminologies used in Hydrodynamic Journal Bearings

* A hydrodynamic journal bearing is shown in Fig, in which O is the

centre of the journal and O" is the centre of the bearing,

¢ D = Diameter of the bearing, Line of centres - i o Rene
N e ~Journal
* d = Diameter of the journal, and SF W f
1 = Length of the b AN
e | = _ _ ifd. L oA %y
ength of the bearing \ IR!;r& 5
o \\( ! *’-l'h{;.
\):/\l— __3.'

® Diametral clearance: [t the difference between the diameters of the
bearing and the journal. Mathematically, diametral clearance,
c=D-d

* Note : The diametral clearance (c) in a bearing should be small enough to

produce the necessary velocity gradient, so that the pressure built up will
support the load. J

KARPAGAM ACADEMY OF HIGHER EDUCATION



DESIGN OF MACHINE ELEMENTS

Terminologies used in Hydrodynamic Journal Bearings

® Radial clearance: It is the difference between the radii of the

bearing and the journal. Mathematically, radial clearance,

D-d ¢

® Diametral clearance ratio. It is the ratio of the diametral clearance
to the diameter of the journal. Mathematically, diametral clearance

ratio

¢ D-d

d d

* Eccentricity: It is the radial distance between the centre (O) of the
bearing and the displaced centre (O") of the bearing under load. It

is denoted by e.

Terminologies used in Hydrodynamic Journal Bearings

* Minimum oil film thickness: It is the minimum distance between the
bearing and the journal, under complete lubrication condition. It is

denoted by h;, . Its value may be assumed as ¢/4.

* Attitude or eccentricity ratio. It is the ratio of the eccentricity to the

radial clearance. Mathematically, attitude or eccentricity ratio,
e _¢ =h

.- =1_h“=l_2fru

¢ ¢ ¢ c
¢ Short and long bearing. If the ratio of the length to the diameter of
the journal (i.e. 1 / d) is less than 1, then the bearing is said to be
short bearing. On the other hand, if 1/d is greater than 1, then the

bearing is known as long bearing
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Bearing Characteristic Number and Bearing Modulus for Journal

Bcarmgs

® The coefficient of friction in design of bearings is of great importance, because it
affords a means for determining the loss of power due to bearing friction. It has
been shown by experiments that the coefficient of friction for a full lubricated
journal bearing is a function of three variables, i.e.
) il ; (i) “I; and (i) ‘:' Therefore the coefficient of
p N ¢ friction may be expressed as
* W= Coefficient of friction, ,

® p = Bearing pressure on the projected bearing
¥

2 d 1)
P ¢’ d

* = Load on the journal =1 > d
. . . /
* (= A functional relationship,

® 7 = Absolute viscosity of the lubricantkg /m s
* d = Diameter of the journal,

® N = Speed of the journal in r.p.m.,

® 1= Length of the bearing, and ¢ = Diametral clearance.

Bearing Characteristic Number and Bearing Modulus for Journal

Bcarmgs

¢ The factor ZN/p is termed as bearing characteristic number and is

a dimensionless number.

® Coefficient of friction,

33 (ZNd)
W= —=|" [ +k
10 \ P J\c)
* k = Factor to correct for end leakage. It depends upon the ratio of
length to the diameter of the bearing (i.e. 1/d). = 0.002 for

1/d ratios of 0.75 to 2.8.

* The operating values of ZN / p should be compared with values
given inTables of PSG data Book
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Critical Pressure of the Journal Bearing

® The pressure at which the oil film breaks down so that metal
to metal contact begins, is known as critical pressure or the
minimum operating pressure of the bearing. It may be

obtained by the following empirical relation, i.e.

* Critical pressure or minimum operating pressure,

(when Z is in kg / m-s)

v

P

Sommerfeld Number

* The Sommerfeld number is also a dimensionless parameter used

extensively in the design of journal bearings. Mathematically,

Z.'\'r (f 3
Sommerfeld number = — _]
ple

* For design purposes, its value is taken as follows :

N (dY
Z—[i| =143x%10°
p \c)

* (when Z is in kg / m-s and p is in N / mm?)

N
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/-‘-
Heat Generated in a Journal Bearing
* The heat generated in a bearing is due to the fluid friction and friction
of the parts having relative motion. Mathematically, heat generated ina
bearing,
Qg = W.W. ¥V N-m/s or J/s or watts
* o = Coefficient of friction,
* W = Load on the bearing in N,
= Pressure on the bearing in N/mm? X Projected area of the
bearing in mm?
=pxd),
* V= Rubbing velocity in m/s d is in metres, _ nd.N
* N = Speed of the journal in r.p.m. 60
S
/-‘-

Heat Generated in a Journal Bearing

# After the thermal equilibrium has been reached, heat will be dissipﬂted at
the outer surface of the bearing at the same rate at which it is generated in
the oil film., The amount of heat t‘lissipated will depend upon the
temperature difference, size and mass of the radiating surface and on the

amount of air ﬂnwing around the bearing.

* However, for the convenience in bearing design, the actual heat diﬁﬁipating

area may be expressed in terms of the pr(}jected area of the j(:—urnal_
Heat dissipated by the bearing, Qu’ =C.A (fh — fu) J/sorW

* = Heat dissipation coefficient in W/m?*/°C,
* A = Projected area of the bearing in m®=1%d,

* 1, = Temperature of the bearing surface in °C, and

® t, = Temperature of the surrounding air in °C.
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Heat Generated in a Journal Bearing

* The average values of C (in W/m?/°C), for journal bearings may
be taken as follows :

¢ For unventilated bearings (Still air)
= 140 to 420W/m?*/°C

* For well ventilated bearings

= 490 to 1400 W/m?/°C

* It has been shown by experiments that the temperature of the
I)earing (t,) is approximately mid-way between the temperature
of the oil film (t;) and the temperature of the outside air (t,). In

other words,

1
=1, = 5 (Z,—1,)

Heat Generated in a Journal Bearing

* For well designed bearing, the temperature of the oil film should not be
more than 60°C, otherwise the viscosity of the oil decreases rapidly and
the operation of the bearing is found to sufter. The temperature of the oil
film is often called as the uperating temperature of the bearing.

* In case the temperature of the oil film is higher, then the bearing is cooled
b}-‘ circulating water thr(:—ugh coils built in the bearing,

* The mass of the il to remove the heat generated at the bearing may be
obtained b}-‘ equating the heat generated to the heat taken away b}-‘ the oil.
We know that the heat taken away b}-‘ the uil,

Q~=m.St J/s or watts
where
* m = Mass of the oil inkg / s,
* 5 = Specific heat of the oil. Its value may be taken as 1840 1o 2100 ] / kg / °C,
.t = Difference between outlet and inlet temperature of the oil in °C.
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Design Procedure for Journal Bearing

The fu“uwing pr()cedure may be adupted in designing j(:—urnal hearings,

when the bearing |uad, the diameter and the speed of the shaft are known.,

* 1. Determine the bearing |engt|1 b}-‘ chuusing a ratio of 1/d from related
Table,

* 2 Check the bearing pressure, p =W / Ld from related Table for
prubable satisfactur}-‘ value,

* 3. Assume a lubricant from Table and its operating temperature (t;). This
temperature should be between 26.5°C and 60°C with 82°C as a
maximum for high temperature installations such as steam turbines.

* 4 Determine the operating value of ZN / P for the assumed bearing
temperature and check this value with corresponding values in related

Table, to determine the possibility of maintaining fluid film operation.

* 5 Assume a clearance ratio c¢/d from related Table.

Design Procedure for Journal Bearing

* 6. Determine the coefficient of friction (1) by using the relation
as discussed in previous slides.

¢ 7. Determine the heat generated by using the relation as discussed
in previous slides.

* 8. Determine the heat dissipated by using the relation as discussed
in previous slides.

® 9. Determine the thermal equilibrium to see that the heat
dissipated becomes at least equal to the heat generated. In case
the heat generated is more than the heat dissipated then either the

bearing is redesigned or it is artificially cooled by water.
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UNIT

MULTIPLE CHOICE QUESTIONS:

S.N

o Questions Option A Option B Option C Option D Answer
In afull journalbearing, theangle of
1 | contactofthe bearing with the 1200 1800 2700 3600 3600
journalis
Q;;Ej;qga%ia\:\:?{% owu?gcnhyﬁ'l]ast:ffon Zero film Boundary Hydrodynamic | Hydrostatic | Hydrostatic
2 . - - lubricated lubricated lubricated lubricated
motion betweenthe journalandthe bearing - - - .
bearing is called bearing bearing bearing bearing
In aboundary lubricated bearing, None of
3 |thereisa of lubricant Thickfilm | Thin film Wide film these Thin film
between the journal and the bearing.
Have Move Move towards {\g\?v\éf s Move
When ashaft rotates in anticlockwise | contactat mﬁ gdbsegﬁﬂg E ;grl:ghe rigtht ofthe ;[)(;:Vtvl’? gdbse[:r?n g
4 ?t:;encztu\)/\r/]iﬁt slowspeedin abearing, thoeh!(:\(/)v?st making metal | making metal 2:?(?:9 , making metal
E earing to metal to metal metal ?0 to metal
contact contact metal contact | contact
The property ofabearing material
which has the ability to . . - . .
5 | accommodate smallparticles of dust, Bondabilit | Embeddabilit | Conformabilit SFEarI;guteh Embeddabilit
grit etc., without scoring the material y y y 9 y
of the journal, is called
. . Low
Teflon is used for bearings because . Better heat Smaller space Smaller space
6 of coef_flc_lent dissipation consideration Allof these consideration
of friction
When thebearing is subjected to
large fluctuations of load and heavy
7 impacts, the bearing characteristic 5 times 10 times 15 times 20 times 15 times
numbershould be ___the
bearing modulus.
When thelength ofthe journalis .
8 | equaltothe diameter ofthe journal, Ezgr?n Long bearing l';/éz(:ill’lljm Eg:g;e Eg:g;e
then the bearing is saidto be a 9 9 9 g
If Z= Absolute viscosity ofthe
lubricant in kg/m-s, N- Speed ofthe
9 | journalinr.p.m., and p=Bearing ZN/p Zp/N Z/pN pN/Z ZN/p
pressure in N/mm2, then the bearing
characteristic number is
alongthe [ Paralleltothe | Prependicular In any along the axis
10 | In thrustbearings, the load acts axis of axis of to the axis of o .
rotation rotation rotation direction of rotation
. - Thick . Thin I el
1 'Il':g V:lzlgr;g contactbearingsare lubricated ELa;rtiLC . lubricated ﬁ\er:rlif:c;lon Qer;trl:‘:c;lon
bearings g beraings 9 g
The bearings of mediumseries have
12 | capacity overthe light 10t020% | 20t030% 30 t0 40 % 40 to 50 % 30 to 40 %
series.
The bearing of heavy series have
13 | capacity overthe 10t020% | 20 to 30 % 30 t040 % 40 to 50 % 201030 %
medium series.
14 The ballbearings are usually made Ic_:rvl;/on Medium High speed Chrome Chrome
from steel carbonsteel | steel nickel steel | nickel steel
- . . Both radial
15 | Thetaperedrollerbearings can take Radial load | Axial load Both rgdlal None of and axial
only only and axial loads | these loads
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UNIT

Needle

Cylindrical

16 The pistonpin bearings in heavy roller Tapered roller | Spherical roller Needle roller
duty dieselenginesare . bearings roller bearings . bearings
bearings bearings
Which ofthe following is antifriction | Journal Pedestal - Needle Needle
17 bearing ? bearing bearing Collar bearing bearing bearing
A More Low starting
Ball and roller bearings in .| Small overall :
18 comparisonto sliding bearings have accuracy n | ginensions ar_1d running all ofthese | all ofthese
alignment friction
A bearing is designated by the Lightseries | medium Heavy series | Lightseries | Heavy series

19 | number405. It means thatabearing | withbore | series with with bore of with width of | with bore of
is of of 5mm bore of 15mm | 25mm 20mm 25mm
The listed life of a rolling bearing, in Minimum Maximum None of Minimum

20 a catalogue, is the ﬁ?gected expected life Averagelife these expected life

21 ____typeofbearingis usedin gD;eopve ball cylindrical gnnaggr Taperroller gnngig(l:&tlr
agricultural machinery bearing roller bearing bearing bearing bearing

L . Deep I Angular
___ typeofbearing is usedin cylindrical Taperroller | Taperroller

22 rail road axle boxes groove ball roller bearing contact bearing bearing

bearing bearing

23 ___ typeofbearingis usedin %/Illlé]rdrlcal ﬁ)nn%gé?r Taper roller Thru_st ball Thru_st ball
worm gear boxes bearing bearing bearing bearing bearing

. Low high carbon case
24 ggaericr?g?ssr%;aheeor?"mg conatct carbon chromium Alloy steel hardened Is_%vevlcarbon
g steel steel steel
. 78
The minimum hardness level of balls 58 Rockwell 68 Rockwell | 58 Rockwell

2 used inrolling contact bearings Eockwell C 52 Rockwell C C C
The IS code used for Rolling IS 3824 - IS 3822 - IS 3821 - IS 3823 -

2% bearings for static load ratings is 1988 1988 1S 3823 - 1988 1988 1988
The force required to producea

27 | given permanent deformationofthe | kd kd"3 kd"2 k/d"2 kd"2
ball is given by
The bearing life for awheelbearing

28 | introlleycarsis _ _million 50 100 500 1000 500
revolutions
The bearing life for awheel bearing

29 | in Automobilecarsis _ _million | 50 100 500 1000 50
revolutions
Toavoid the seizure ofasliding
conatctbearing thebearing

30 characteristic nqmbershquld be 3to4 4105 5t06 6107 5t06
atleast times bearing
modulus whenthe coefficientof
friction is minimum

Load lifted | Mechanical
. . tothe advantageto | loadarmto Effort arm to | Effort armto
81 | Inlevers, the leveregeis the ratio of effort thevelocity | theeffortarm | theloadarm | theloadarm
applied ratio
In the levers offirst type, the

32 | mechanicaladvantage is Lessthan | Eugalto More than Notequalto | Morethan

one.

3 Thebellcranklevers usedinrailway | Firsttype [ Secondtype | Thirdtypeof | Noneof Third type of
signalling arrangement are of of levers of levers levers these levers
Therockerarmin internal None of

34 | combustionenginesare of First Second Third these First
L type of levers
The cross-section ofthe armofthe Rectangula L . Anyoneof | Anyoneof

3 bell crankleveris r Elliptical I-section these these
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UNIT

Combined
36 All the typesoflevers are subjected | Twisting Bending Direct axial twistingand | Bending
to moment moment load bending moment
moment
37 I?Sarn;t:ggp?gcﬂ%?Lljef\a/lgtrgrilgg Casting Fabrication Forging Machining Forging
Leverof
38 | Anl-sectionis more suitable fora Rockerarm | Cranked lever | Foot lever leversafety | Rockerarm
valve
Tensile, . Bearing, Bearing,
39 The designofthe pinofarockerarm | creepand gﬁf?gggﬁ;ﬂg shearingand None of shearingand
ofan I.C. Engineis based on bearing failure g bending these bending
failure failure failure
In designingarockerarm for
operatingthe exhaust valve, the ratio
40 of the lengthto the diameter ofthe 125 15 175 2 125
fulcrumand roller pin is taken as
Aleveris arigid rod orbar capable . . None of
4l of turning about a fixed point called Pivot Fulerum Hinge these Fulerum
1 The ratio of load lifted to the effort Simple Electrical Mechanical None of Mechanical
applied is called advantage | advantage advantage these advantage
The perpendicular distance between None of
43 | theload pointandfulcrum(ll) is Load arm Effort arm Fulcrum these Load arm
known as
The perpendicular distance between None of
44 | theeffort pointandfulcrum(12) is Load arm Effort arm Fulcrum these Effort arm
known as
45 :arr?r? E?I/I?Z;) ];;Zgﬁggon armto the load Fulcrum leverage arm m%g: of leverage
In orderto obtain a great leverage, Cranked Compound Compound
46 gmay be use?j. Footlevers levers Ieverg Hand levers Ieverg
The load and effort cause moments None of
47 |in___ directions aboutthe Parallel Opposite Perpendicular these Opposite
fulcrum.
The height of the leveris usually
48 | taken as times the thickness ofthe 2to5 5to10 10to 15 15t020 2to5
lever.
g9 | Inthebellcrank lever, thetwoams | gg, 1200 3600 1800 900
50 | Th . . : : None of :
erockerarmis usually of L-section I-section T-section these I-section
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