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CHAPTER

Design Against
Fluctuating Load

1.1 INTRODUCTION

The mechanism by which a requirement is converted into meaningful and functional plan is called a
design. The design is an innovative, iterative and decision making process. This book deals with analysis and
design of machine elements.

Purpose and scope of design

e |t presents a body of knowledge that will be useful is components design for performance, strength

and durability.

e |t provides treatment of design to meet strength requirements of members and other aspects of

design involving prediction of displacement, buckling of a component.

111 Design against fluctuating load

In many engineering application a machine component is subjected to a fluctuating load due to which it
fails at stress levels subsequently lower than the yield strength of material.

The phenomenon of progressive fracture due to repeated loading is called as fatigue and it is observed
that fatigue failure begins with a crack at some point inside the component. These cracks are not visible till they
reach the surface of component which results in sudden and total failure of component.

1.2 TYPES OF STRESSES

1.21 Fluctuating Stress Omean /\ GT
max
The stresses which vary from a minimum value to a maximum value \/ \.tc@
of the same nature (i.e. tensile or compressive) are called fluctuating stresses. Figure: Fluctuating stress cycle
1.2.2 Repeated Stress _ / ol
Stress variation is such that the minimum stress is zero, mean and \/

amplitude stress have the same value for repeated loading. p——
min ~

Figure: Repeated stress cycle
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Cyclic Stress

The stresses which vary from one value of compressive to the same

stresses.

value of tensile or vice versa, are known as completely reversed or cyclic ‘

1.2.4 Alternating Stress

The stresses which vary from a minimum value to a maximum value
of the opposite nature (i.e. from a certain minimum compressive to a certain
maximum tensile or from a minimum tensile to a maximum compressive) are

called alternating stresses.

1.2.5

1.3

Fluctuating Stress Cycle

Mean stress, Opean O o = 5

Stress amplitude, o,

2
Range of stress, 65 = 6., — Oy

. O

Stress ratio = —-

cmax

. . Ga

Amplitude ratio =
()

STRESS CONCENTRATION

Stress

mean

MRDE ERSY

|/\ / Gmax
Omean = 0 o
min
Omax ™~ ~Omin

Figure: Completely reversed or cyclic
stress

A
AR

Figure: Alternating Stress

Time Omax

Omin

Figure: Fluctuating Stress Cycle

Stress concentration is defined as the localization of high stresses due to the irregularities present in the
component and abrupt changes of the cross-section. In order to define stress concentration let as consider an
example of rectangular cross section plate of thickness twith a circular hole of diameter d at centre subjected to
tensile stress’

i —

- —

- | ——
Gy w

i —>

i —

- —

Figure: Plate with circular hole

Figure: Stress distribution around circular hole

By using photoelastic technique it is observed that the distribution of stresses near the hole are greater
than the nominal stress (6,), where nominal stress,

o, wt

o, W

%= w-d)t

(w-d)
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The main causes of stress concentration are:

(a) Variation in properties of material due to impurities, cavities etc.

(b) Abrupt changes in section in order to mount gears, sprokets etc.

(c) Discontinuities in component due to certain machine features such as oil holes, keyways etc.

So in order to consider the effect of stress concentration, a factor called stress concentration factor is

used.

1.3.1 Stress Concentration Factor

Geometric stress concentration factors can be used to estimate the stress amplification in the vicinity of

a geometric discontinuity.

* k (theoretical stress concentration factor) is used to relate the maximum stress at the discontinuity

to the nominal stress.
* k. is used for shear stresses
* ks based on the geometry of the discontinuity
_ Highest value of actual stress near discontinuity

k _ .
t Nominal stress obtained by elementary
equations for minimum cross-section
or k — Gmax. — Tmax.

' Go To

NOTE : Stress concentration in a machine component of ductile materials not so harmful as it is in brittle

material because in ductile material local yielding may distribute stress concentration.

1.3.2 Stress concentration factor for different geometry
1P tP P f
(¢

max 60
Sfiae b Ol
———
[t
2

—2a a

Ip ip Ip L

a=0 b=0
o 2a Omax Omax a=b
kf=—max=(1+—) h=—g =1 =g, =7 k = Omax 1,28 _3
Go b 0 0 o b
Omax = Op Omax = ° 0
(a) Elliptical Hole (b) Crack parallel (c) Crack perpendicular (d) Circular Hole
to load to load
Figure: Stress concentration factor for different geometry
1.3.3 Methods to find theoretical stress concentration factor (k,)
Experimental Method Mathematical Method
 Photo-elasticity method * Finite element method
« Brittle-coating method
« Strain gauge
MRDE ERSYH www.madeeasypublications.org Theory with | M
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1.3.4 Methods to reduce stress concentration

e For designing purpose, if there is some sudden change in stress line, smooth transition called fillet is
used due to this stress line have gradual change, hence k, value reduces.

e Forreducing k,magnitude small diameter holes are made near bigger diameter hole for converting
sudden change of stress flow lines into gradual change.

Fillet Fillet radius Holes
Sudden change in Gradual change in Sudden change in Gradual change in
stress lines stress lines stress lines stress lines

Figure: Stress concentration reduction methods

1.4 ENDURANCE LIMIT

The endurance limit of standard specimen is defined as maximum amplitude of completely reversed
stress that a standard specimen can sustain for infinite number of cycles without causing fatigue failure. As the
fatigue test cannot be conducted for infinite number of cycles so 108 number of cycles is considered as infinite
number of cycles in order to define endurance limit.

141 Methods toincrease endurance strength

Endurance strength (Fatigue strength) can be improved by including compressive pre-load and due to
this stress amplitude decreases.

1. Hammering 2. Shot peening

3. Burnishing 4. Coldrolling

1.4.2 Modified Endurance Limit (c,")

The specimen used in laboratory to determine endurance limit is prepared very carefully and tested
under closely controlled conditions. However, component material, manufacturing method, shape, size, residual
stress also influence fatigue. So to account for these effect various modifying factors are used.

1. Size factor, (kg,,.) 2. Load factor, (k)
3. Surface finish factor, (k) 4. Reliability factor, (K gjiapii,)
5. Temperature factor, (Kg,,) 6. Modification factor, (k)

7. Miscellaneous, (K s eliancous)
If designer considers effect of all these factors, endurance strength value can be determined by given

equation

o) = ky k

e sf “temp kload ksize kre\iability kmodi kmisce\laneous O¢
1.4.2.1 Surface finish factor

Endurance strength is sensitive to condition of surface because maximum stress occurs here in bending
and torsion. So we can say that as surface finish increases endurance strength increases.

MRBRDE ERSY www.madeeasypublications.org solveghg‘)’(‘;%‘;lig; ME
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- b
kee = alo,)
where value of a, bis given in table below.
Surface Finish a b
Ground 1.58 -0.085
Machined 4.51 -0.265
Hut Rolled 57.7 -0.718
Forged 272 -0.995

NOTE: For a polished specimen Kqe = 1

1.4.2.2 Size Factor

The endurance strength decreases with increasing member size. This is owing to probability that a larger
part has a defect somewhere in the member.

1.4.2.3 Load Factor

The endurance limit in axial loading is lower than the bending load because in bending it is only the outer
region near surface which is subjected to maximum stress. Whereas in axial loading whole cross-section is
uniformly stressed. So there is more likelihood of a micro crack being present in high stress region of axial load
as compared to bending load. For axial loading k, = 0.8 o,

1.4.2.4 Reliability Factor

Reliability factor depends on component life of serving. Greater the surviving time more the reliability
and lower the reliability factor.
As load increases, then the reliability decreases. For the reliability of 50 percent, reliability factor will be 1.

k50% =1

1.4.2.5 Temperature Factor
The effect of temperature vary with material in most cases. For steel a temperature factor k; can be

approximated at a moderately high temperature by formula.

kr=1,T<450°C

k;=1-0.0058 (T-450); 450°C< T<550°C
1.4.2.6 Modification Factor

y
kmodi = k_,r

Modification factor is used to compensate effect of fatigue stress concentration factor k.

Endurance limit of notched free specimen
Endurance limit of notched specimen

where, k=

1.5 NOTCH SENSITIVITY

As studied earlier, the stress concentration is very significant factor in failure by fatigue. For dynamic
loading the theoretical stress concentration factor k, needs to be modified on the basis of notch sensitivity of the
material. The notch is generic term and it can be hole, a groove or afillet. The test shows that k;is often equal to
or less than k, due to internal irregularities in material structure. An extreme case in point is grey castiron. The two
stress factor are related by notch sensitivity g.

MRBRDE ERSY Theory with ME
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Increase in actual stress over nominal
Increase in theoretical stress over nominal
/(fGO —0'0 _ kf—1

kio,—-0, Kk —1

e When material has no sensitivity to notches then g = 0 and k, = 1

e When material is fully sensitive to notches then g = 1 and k; = k,

1.6 GERBER LINE/SODERBERG LINE/GOODMAN LINE

1. Gerber Line:

A parabolic curve joining 6, on the ordinate to 6, on the abscissa is called the Gerber line.

2. Soderberg Line

A straight line joining 6, on the ordinate to 6, on the abscissa is called the Soderberg line.

3. Goodman Line

A straight line joining o, on the ordinate to 6, on the abscissa is called the Goodman line.

1.6.1 Gerber Method

Ga
Oyl
N
N
N
\\
N
. \\
Failure ~, . .
points s Yield line
/ v
o 0,° S .
el e ® N Gerber line

Stress amplitude —

0 Mean stress — Oyt Out

Figure: Gerber, Goodman and Soderberg lines

Failure points
5 / Gerber parabola

Q.-
D st

|-Stress amplitude, G'a-:

o
e}

Mean stress(o,,) ut

Compressive Tensile
Figure: Gerber line

Here, o= fatigue strength corresponding to the case of complete reversal (5, = 0)
c = Static ultimate strength corresponding to 6,=0

Theory with
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e Generally, the test data for ductile material fall closer to Gerber parabola, but because of scatter in
the test points, a straight line relationship (i.e. Goodman line and Soderberg line) is usually preferred.

According to Gerber,

2
1 GmJ c
—— = |—| FOS + =%
FOS. (Gut (OR
where, F.O.S. = Factor of safety
¢ Considering fatigue stress concentration factor (k)
1 ) K
m O, K¢
— = |—| FOS. + 2+
FOS. (%t] O¢
1.6.2 Goodman Method
A Goodman line is used when the design is based on ultimate o\
strength and may be used for ductile or brittle materials. Line AB Goodman line
connecting 6,and o ,is called Goodman’s failure stress line. If a suitable T (failure stress line)
factor of safety (FOS) is applied to endurance limit and ultimate strength, 3 Sufo strece I
a safe stress line CD may be drawn parallel to the line AB. Tg’ ale stress e
=}
1 _O%m, % i na—
F.OS. o, o, §
(2}
Considering the load, surface finish and size factor. §
(5}
B
L — G_m+ Ga—kf 0 Q Oy
FOS. Ou  Oe Kur K Mean stress (G,,) —>

Here we have assumed the same factor of safety (F.O.S.) for the Figure: Goodman line

ultimate tensile strength (c,,) and endurance limit (c,). In case the factor
of safety relating to both these stresses is different then.

O, _ q_ Om
o, /(F.0.S), c,/(F.0.8),

1.6.3 Soderberg Method
A straight line connecting the endurance limit (6,) and the yield strength (o) is a soderberg line. This line
is used when the design is based on yield strength.

e |f a suitable factor of safety (FO.S.) is applied to the A
endurance limit and yield strength, a safe stress line

Q
®

Soderberg line

CD may be drawn parallel to the line AB. T Soderberg e
1 _ Om Sk 5 |
FOS Oy Ge § Safe stress line
Considering the load factor, surface finish factor and §
size factor the relation is ; —————————
| _Sm, ok G
@ ) Oyt Oep 'ksur 'ksz 5 5 G‘i
e The Soderberg method is particularly used for ductile -~ o, Mean stross (6,) -
e Figure: Soderberg line

MBDE ERSYH www.madeeasypublications.org Solveghgign‘glig; ME
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For areversed shear loading:
1 _ O G 45 -Kis

Keur -K

sur sz

O -

1.6.3.1 Application of Soderberg’s Equation
(i) Axial loading:

Wn

Mean stress, Sn= "4

. . Wa

Variable stress or stress amplitude, o, = "y
where, W._ = Mean or average load

W, = Variable load
A = Cross-sectional area

FOS. = y

(ii) Simple Bending Stress:

_My M
%= "7 T 7Z
. My,
Mean or average bending stress, Sp =
Variable bending stress or bending stress amplitude,
Ma
%= 7
6, Z
FOS = .
M +(GV‘J/<M
| Kr
m Ge a
(iii) Simple Torsion of circular shaft:
T
- — 3
T = 16 c.d
167,
Mean or average shear stress, s = g0
16T,
Variable shear stress, O, = 3"’1
nd
c
FOS. = a

16 o
TCdS |:Tm + (G: kaS'Ta:|

MRDE ERSY

www.madeeasypublications.org
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]
Soderberg, %2 Om _ (for ductile)
G, Oy FOS
REMEMBER o o 1
Goodman, 240 = —— (for brittle)
o, Oy FOS
2 1
Gerber’s, %Jr{c_m) (FOS) = F0s (for brittle)
c c
e ut
G Gerber's criteria

Goodman's criteria

Soderberg's line

Oy —> Gyt Out

1.6.4 Modified Goodman Diagram for Axial and Bending Stress

In this diagram yield line is plotted by joining yield strength on abscissa and ordinate represented by line
AD. Also goodman line is plotted by joining endurance strength and ultimate strength represented by line CE. So,
modified goodman diagram is OABC.

D
\
G, N\
\
\
o \
y AN
\
\
\
N
(o8 \\\ G
o \
\
\
B
F X
~
S
AN
° AN
Cl 45° A\ A S
Gm

oy E
Figure: Modified Goodman Diagram for
axial and bending stresses

The points which will lie inside OABC will neither fail by fatigue nor by yielding. In order to solve problem
a line OG with slope tan® is plotted such that,

tan® = Oa
Gm
The point where OG intersects BC is represented by F and the coordinates of F are used to determine
dimensions of component.

1.6.5 Modified Goodman diagram for torsional shear stress

In this diagram torsional amplitude stress are plotted on ordinate while torsional mean stress are plotted
on abscissa. A yield line at an angle of 45° is drawn from T,0Nn abscissa and a line parallel to abscissa from 1, is
drawn. The point of intersection of these two lines is B and region OABC is safe region.

MRDE ERSYH www.madeeasypublications.org smveghﬁigngfg; ME
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A

o 3 Tm

Figure: Modified Goodman Diagram for
torsional shear stress

EXAMPLE : 1.1 The peak bending stress at a critical section of compression varies between 100
MPa to 300 MPa. For the material, ultimate strength in tension is 700 MPa, yield
point in tension is 500 MPa and endurance strength is 350 MPa. Which of the
following statements is/are correct?

[(MSQ]

(a) FOS on the basis of Goodman criteria will be lesser than that of Soderberg
criteria.
(b) FOS on the basis of Gerber criteria is 2.16.
(c) Stress ratio is 3.
(d) Amplitude ratio is 0.5.
Solution: (b, d)
Given: Cray = 300MPa
6., = 100MPa
Ornears O = —Gmaxgcmi” - 200 MPa
Gamplitude’ O, = Gmaxz_cmin =100 MPa
Gendurance’ce = 350 MPa
6, = 500MPa
Gultimate’ Gut = 700 MPa
Soderberg criteria, Sa  Om _ 1
C. Oy FOS
= FOS = 1.4583
Goodman criteria, Sa + Om _ 1
C. Oy FOS
= FOS = 1.75

Thus, FOS on the basis of Goodman

2
Gerber Criteria, %2 wFOS + [G_mj =1

Ge Oyt

= 0.2857FOS +0.08163F0S? = 1

FOS = 2.163167

criteria is greater than that of Soderberg criteria.

www.madeeasypublications.org
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Smin 100
i —— = ——=0.333
Stress ratio, G 300
100
Amplitude ratio, G, 500
Range of stress, Opax— Omin = 300 - 100 = 200 MPa
EXAMPLE : 1.2 A forged steel shaft with uniform diameter of 30 mm is subjected to an axial force

that varies from 40 kN compression to 160 kN tension. The tensile, yield and
endurance strength 600 MPa, 420 MPa and 240 MPa respectively. What will be
factor of safety against fatigue endurance as per soderberg criteria?

(a) 0.8 (b) 1.26
(c) 0.69 (d) 1.45
Solution: (b)
F = —40 kN to 160 kN
£ _4x160 226.35 MP il
O = A4 X302 - . a (tensile)
4 x(40)
Srin = 3302 = -56.58 MPa
= 56.58 MPa (compression)
Omax —Omin ~ 226.35—(-56.58)
Gamplitude’ Ga = 2 = 2
= 141.465MPa
+ .
Gmean,Gm — Gmax 2 Gmln
226.35-56.58
=5 = 84.88 MPa
From Soderberg criteria,
Om  Ba _ 1
G, O FOS
141.46+84.88 1
240 420 ~ FOS
= Factor of safety, FOS = 1.26
EXAMPLE : 1.3 A machine component under fluctuating tensile stresses is considered to be

safe if the average stress and stress amplitude satisfy the following inequality,

Cavg = OCamp <

360 210 ~
The machine member is subjected to stress [120 + P sin (20 t + 0.8)] MPa. For
safe working of member, the minimum value of P is MPa.
MRDE ERSYH www.madeeasypublications.org Theory with | M
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L3

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Mechanical
Engineering

OBJECTIVE
BRAIN TEASERS

Equation of Goodman line is given by

o o S o

() [+ 2=1 (o) L+f=1
Syt Se Om  Se
6, G s

() 2m42a_q @ Zm 4% _q
Sut Se Sut  Oa

Ratio of increase of actual stress over nominal
stress to increase of theoretical stress over
nominal stress is called

(a) Endurance limit

(b) Fatigue strength

(c) Mean fluctuating stress

(d) Notch sensitivity

Stress concentration factors are used for
components made of brittle material subjected
to

(a) Static load (b) Fluctuating load
(c) Both (a) & (b) (d) None of these

Theoretical stress concentration factor at the
edge of hole is given by
a b

(a) 1+E (b) 1+g

© 1+ 2(2) @ 1+ 2(%)

where, a = Semi-axis of ellipse perpendicular to
direction of load,
b = Semi-axis of ellipse indirection of load.

Stress concentration is due to

(a) Irregularities presentin the component
(b) Abrupt change of concentration

(c) Both (a)and (b)

(d) None of these

Reduction of stress concentration can be
achieved by

(a) Additional notches in member under tension
(b) Addition holes in member under tension

(c) Both(a)and(b)

(d) None of these

A link is under a pull which lies on one of the
faces as shown in the figure below. The

Q.8

Q.9

MRDE ERSY

magnitude of maximum compressive stress in
the link would be
4 kN

=

kN «
Ve E 600‘(\
V
15 mm\
(a) 21.3N/mm? (b) 16.0 N/mm?
(c) 10.7 N/mm? (d) Zero

A loaded semi-infinite flat plate is having an

A
elliptical hole (E = 2) in the middle as shown

in the figure below. The stress concentration
factor for the plate is

I

fe— A —>1
b

(a) 1 (b) 3

(©) & d 7

A shaft is subjected to maximum and minimum
bending moment of 150 kNm and -50 kNm.
S, =600 MPa, Syt =400 MPa and corrected en-
durance limitis 375 MPa, then minimum safe ra-

dius of shaft using soderberg criteria [FOS = 2] is
(@ 200 mm (b) 158 mm
(c) 100 mm (d)y 192mm

Q.10 Statement (I): Endurance limit in axial loading

is lower than that in reverse bending.
Statement (I1): Possibility of microcrack being
present under high stress in axial loading is
higher than that of reverse bending.

www.madeeasypublications.org
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(a) Both Statement (I) and Statement (ll) are true
and Statement (I1) is the correct explanation
of Statement (I).

(b) Both Statement (I) and Statement (ll) are true

Machine Design
Design Against Fluctuating Load
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HINTS & EXPLANATIONS

but Statement (Il) is not a correct explanation 3. (c)
of Statement (1). The effect of stress concentration is more severe
(c) Statement (I)is true but Statement (I1) is false. in ca;e of brittle .materials dueto their.inability of
(d) Statement (1) is false but Statement (11} is true. plastic deformation. Stress concentration factors
are used for components made of brittle materials
Q.11 A cantilever beam of length 1 m undergoes subjected to both static as well as fluctuating
fluctuating load of 5 kN to 10 kN at it’s free load.
end. The theoretical stress concentrationfactor 7. (¢)
of beams is 2.5 and notch sensitivity is 0.4. Tension
The properties of ductile material of beam are [
o, = 150 MPa, 6, = 250 MPa, 6, = 550 MPa
and section modulus of beam is 5 x 104 mm3. ARN = ) 4m
The FOS of beam is (Using Soderberg Com riessive
theory of failure) P 4000 x 25 N-mm
(a) 0.88 (b) 1.133 500 mm ———|
(c) 1.071 (d) 1.65 15
Q.12 A component of amachine in subjected to biaxial '
state of stress as shown by stress tensor. 50
100 20
= MPa
[oko [20 50] l
The yield strength of the material is same is Equiv.alentfigure,
tension and compression and is equal to 400 Bending stress,
MPa. The ratio of factor of safety determined by o - My 4000 % 25 25 - 16 MPa
using maximum shear stress theory and b= 17 7 15 % (5012 X -
maximum distortion energy theory is 12 x15x(50)
(@) 0.87 (b) 1.15 Tensile stress,
(c) 0.72 (d)y 1.39 o F 400N s uPa
Q.13 A material is fully sensitive to notches, then the A 15x50mm?
fatigue stress concentration factor is Maximum compressive stress
(a) kf= kl+1 (b) kf= kl_1 :Gb—6[216—5.33
©) k= ki (d) k= 2k, — 10.67 MPa
mEEE 8. (c)
2A
ANSWER KEY kT:HF:HZXZ:S
1. (¢) 2.(d) 8.(c) 4.(d) 5.(c) 9 (©
6. (c) 7. (c) 8. (c) 9. (c) 10.(a) My = 150+2(—50) _ 50 KNm
11. (a) 12. (a) 18. (c)
MRBRDE ERSY Theory with
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(M), = m= 100 KNm
32x50%x10°

(Gb)m = TMP&
32x100x10°

(©p), = Jge

Soderberg line equation,

G_m+kf& _ l
Syl Se B N
32x50x10° . 32x100x10° 1
nd®x 400 nd®x375 2

2 x (1273239.545 + 2716244.362) = d°
d® = 7978967.814

d 199.82 ~ 200 mm

g:100mm
2

a
Il

10. (a)

In axial loading, the entire cross-section is
uniformly stressed to maximum value. In the
reversed bending, the bending stress is zero at
the centre of cross-section and it is maximum at
outer fibres. So less area is subjected to high
stress and also possibility of micro cracks or
cracks reduces than axial loading where whole
area is subjected to high stress.

11. (a)
P=5kN to 10 kN
1m |
P - Pmax_Pmin_1O_5=2'5kN
a 2 2

MRDE ERSY

P
Pm — max 2

+FPin =1O+5=75KN
5 :

M, 25x1x10°
6,= — = — a1

z 5x10%

Similarly o, = 150 MPa
As per soderberg criteria of failure,

=50 MPa

1 caxkf+cm

FOS =~ ©e Oyt

(k,is not required for ductile material)

ki = 1+ qlk—1)
= 1+04(25-1)=16
1 1.6><50+15O
FOS ~ 150 250
= FOS = 0.8823

(Hence material will fail after certain no. of cycles)

12. (a)
Given: Syt = SyC = 400 MPa

100 20
°= 20 50
o,=100,0,=250,1,, =20
Principal stresses, ¢, 6,

G, ,= %[(GX + Gy)i \/(ox —Gy)2 +4’c§y:|

0,p= 11150+ /507 + 4 x 207 21[150i64.03]
) 2 2

6,, = 107.015MPa, 42.984 MPa
From maximum shear stress theory,

Syt
Max [(c,-0,), (0,), (0,)] < N,

400

= 107.015 W

IN

N, < 3.737
From maximum distortion energy theory,
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5 13. (c)
62 +62 —616s < (S_yt) When a material is fully sensitive to notches
1 2 192 = N> - q=1
So, ki=1+qk-1)=1+(k-1)
400Y’ ke = ki
= 86999 < |
N, EEEE
= N, = 4.288

N
The ratio of factor of safety = N_1 =0.87
2

4 CONVENTIONAL BRAIN TEASERS

Q.1 The section of a steel shaft is shown in figure. The shaft is machined by a turning process. The shaft is
machined by a turning process. The section at XXis subjected to a constant bending moment of 500 kN-
m. The shaft material has ultimate tensile strength of 500 MN/m?, yield point 350 MPa and endurance limit
in bending is 210 MN/m?. The notch sensitivity factor can be taken as 0.8. The values of surface finish
factor, size factor and reliability factor are 0.79, 0.75 and 0.897 respectively. The theoretical stress
concentration factor may be interpolated from following tabulated values:

% 0.025 0.05 0.1
k, 2.6 2.05 1.66
X
8 mm

4500 mm & Iaoo¢ mm

X

where r;is the fillet radius and 'd’ is the shaft diameter. Determine the life of the shaft.

Solution:

Given : M, =500 kNm, S,,= 500 MN/m?2, S, = 350 MN/m?, §; = 210 MN/m?, = 0.8, k, = 0.79, k, = 0.75,
k= 0897

Since - 8 000667

nee, d ~ 300
Fromtable, k, = 2.05+ﬁ(o.05 -0.02667)
0.05-0.025
MBDE ERSY www.madeeasypublications.org Solvec}-hggcgn\glig; ME
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k, = 2.563, q=0.8

ko=1+qlk,~1)

1+0.8(2.563-1) = 2.25
11

ky= —=——==0.444

ki 2.25

Corrected endurance limit, S, = kkk k,S, =0.79 x 0.75 x 0.897 x 0.444 x 210
= 49.5 N/mm?2
M, = 500 kNm
6
o, = 32></;/Ib _ 32 5OO><31O _188.63 N/mm2
nd 7(300)
0.9S . = 0.9 x 500 = 450 N/mm?

ut

log,,(0.95,) = log,,(450) = 2.6532
log,,(S,) = 10g,,(49.5) = 1.695
log,,(0,) = log,,(188.63) = 2.2756
The S-N curve for the shaft is shown in figure below

log;oS
26532 |\
22756 E !
16954 D [------- b ,
C i !
I | | i — log;oN
3| 4 T 5 6
ZO
g
From figure,
__ DBxAE _(6-3)(2.6532-2.2756)
EF=""aD (2.6532—1.695)
EF = 1.18221
Therefore, logoN = 3+EF =3+1.182=14.182
N = 15205.47 cycles Ans.
MRBRDE ERSY www.madeeasypublications.org Solve:irhg?cgn‘;lig; ME
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Q.2 A componentis subjected to completely reversed bending stresses as follows:
(i) + 400 N/mm? for 70% time
(i) = 300 N/mm? for 15% time
(iii) + 500 N/mm? for remaining time in work cycle.
The ultimate tensile strength and corrected endurance limit of the component are 660 N/mm?2 and 270 N/
mm? respectively. Determine the life of the component.

Solution:
Given: S, = 660 N/mm?2, S_ = 270 N/mm?,
l0g,,(0.9S,,) = 10g,,(0.9 x 660) = log,,(594)

= 27738
log,o(S,) = 10g,,(270) = 2.43136
log,,(o,) = log,,(400) = 2.6021
log,q(0,) = 10g,,(300) = 2.4774
log,q(c5) = 10g,,(500) = 2.6989
logyo (0.9 S, §
logyq (o)
logy (S.)
logio(N) 6 log(N)
Equation of line A-B
2.43136-2.7738
(y-2.7738) = ( )(x—s)
6-3
or y—2.7738 = -0.11414(x-3)
For o, = 400 MPa
(2.6021-2.7738) = —0.11414(x-23)

X = 45043
o N, = 31936.91 cycles
Similarly for 6, = 300 N/mm?
N, = 397423.06
and for o, = 500 N/mm?
N, = 4524.789 cycles
Fatigue life of component is given by Miner’s equation as follows:

O O o5 1
Ny Np o Nj N
0.7 N 0.15 N 015 1
31936.91 397423.06 4524.789 N
N = 18035 cycles Answer
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