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Fatigue testing
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Fatigue strength S, kpsi
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The Endurance Limit (1)
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The Endurance Limit (2)
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Endurance Limit Modifying Factors

@ endurance limit 71ld1nN1Maass gnusuuilas factors 614 AIEUNN3

S, =k k k.S,
kb

S, :endurance limit at the critical K,
location of a machine part K,

S : rotary-beam test specimen k
k

endurance limit

: surface condition modification factor
: size modification factor

: load modification factor

: temperature modification factor

: reliability factor

: miscellaneous-effects modification factor

k, = ant

Surface factor, k_
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Factor a

Exponent
Surface Finish Sut, kpsi Su1, MPa b
Ground 1.34 1.58 —0.085
Machined or cold-drawn 2.70 451 —0.265
Hot-rolled 14.4 57.7 —0.718
As-forged 39.9 272. —0.995




Endurance Limit Modifying Factors

Size factor, k
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Modifying Factors, k,, k_, ki

Loading factor, k_

Fatigue test Ny rotating bending load,
N3l load Tiiaduazdasdasuun
1 : bending
kc = 0.85 : axial

0.59 : pure torsion

N30 torsion + bending Tkl k. =1

Effect of operating temperature

on the tensile strength of steel.

k, =—1
© Su

S, = Tensile strength at operating temp.

S = Tensile strength at room temp.

Temperature factor, k ,

WWuwaanmsidaouniiad tensile strength Lie
aawnndilfouudadly

k, =0.975+0.432(107)T,. —0.115(107)T;
+0.104(10°*)T; —0.595(10~"*) T}

i 70 < T_ < 1000°F

Temperature, °C St/Srt Temperature, °F
20 1.000 70
50 1.010 100

100 1.020 200
150 1.025 300
200 1.020 400
250 1.000 500
300 0.975 600
350 0.943 700
400 0.900 800
450 0.843 900
500 0.768 1000
550 0.672 1100
600 0.549

S1/Srr

1.000
1.008
1.020
1.024
1.018
0.995
0.963
0.927
0.872
0.797
0.698
0.567




Modifying Factors, k., k;

Reliability factor, k_
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factor %2 mmL%ﬂﬂ’nuvlajl,muamaaiaga

Reliability, % Transformation Variate z, Reliability Factor k.
50 0 1.000
90 1.288 0.897
95 1.645 0.868
99 2.326 0.814
99.9 3.091 0.753 Reliability factor ke corresponding
99.99 3.719 0.702
9 ndar viation of th
99.999 4265 0.659 to 8% standard deviation of the
99.9999 4.753 0.620 endurance limit.

Miscellaneous factor, kf
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Fluctuating Stresses
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Stress concentrations
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Notch sensitivity ¢

Notch-sensitivity, g
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Kf =1+q(K, -1) # O ox =Kf0'0

%7 (% 6
K, lapanuauwus
Notch radius r, mm
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0.8 \c)Q (07) __________
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0
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Notch radius r, in

Notch-sensitivity charts for steel and UNS
A92024-T wrought aluminum alloys
subjected to reversed bending or reversed
axial loads.

For larger notch radii, use the values of q
corresponding to the r = 0.16 in (4 mm)

ordinate.



Notch-sensitivity, Q..
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Stress Concentrations (1)

Stress concentration factor K, (bending) and K _ (torsion) for round shaft with shoulder fillet

3.0 3.0
2.6 2.6
22 22
Kt Kts
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1.0 1.0
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rld rld

Kf - 1+q(Kf _1) Kfs :1+qshear(Kts _1)
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Stress Concentrations (2)

Stress concentration factor K, (bending) and K _ (torsion) for grooved round bar
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Stress Concentrations (3)

Stress concentration factor K, (bending) and K

(torsion) of round shaft with flat-bottom groove

6.0
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6.0 -
K, 0.07 5.0 7
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Amplitude ratio S, /S,

Fatigue Failure Criteria (1)

Plot of fatigue failures for midrange stresses

in both tensile and compressive regions.
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Alternating stress g,

-1.0 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1.0

Compression S, /S,,. Tension S,,/S,,
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N
N
\\
\ Yield (Langer) line
N
<
AN
N\
N
N Gerber line
Load line, slope r=S,/S,,
\
N\
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Fatigue Failure Criteria (2)

Fatigue failure criteria m

Soderberg Of  Om _2
S, §, n
Modified-Goodman Cu  Ou _ 1
Se ut n
2
Gerber no no
a + m = 1
S@ Sut
ASME-elliptic o ¥ (ne )
a + m =1
S, S,
Langer static yield o,+0,=S8, / n

ALNAANMNIFYR1YLND

1 [ v 1 v
AN AT > AIAIHVI (n = 1)
B30 1WIDLR n < 1

P="| o Y1 1 . .
NIaA1WIMIAAININNI static yield

Alternating stress a;,

N
AN
A S . .
N /— Yield (Langer) line
N
N
N
AN
N
N Gerber line
Load line, slope r=S§,/S,,
N
N
N Modified Goodman line
AN
| N ASME-elliptic line
Soderberg line | \\
| A
|
0 S S, Sut

Midrange stress @,

o, : Alternating stress
: Midrange stress

: endurance limit

: yield strength

: tensile strength

n : factor of safety



Combinations of Loading Modes

NI load NauTHE

Q

JVUGDWNITANI DA I b
1. WM O, T W8z O, T,
2. A9A Stress concentration factor

3. @NWITHLAT von Mises stress G'm LR G'a
, 1
—2[(O'x —O'y)2 +(o, —O'Z)2 + (o, —O'X)2 +6(ij +Ty22 +Tz2x)]

°

1/2

4. 1@ von Mises stress wnulu Fatigue criteria

5. @33R static yield

Ex. INa19UA19¢ bending

+ torsional shear stress

Gm Ga Tm TLZ
Ko, Ko, Kz, Kz,

> o' = (O'f + 3rfy)”2

O-r,n - ((I(fo-m)2 + 3(Kfsz-m)2)l/2

o, =((K,0,) +3(K,r,)")"

Ex. Soderberg



Example

A rotating shaft is made of 42 X 4 mm AISI 1018 cold-drawn steel tubing and has a 6 mm

diameter hold drilled transversely through it. Estimate the factor of safety guarding against

fatigue and static failure using Gerber and Langer failure criteria for the following loading

conditions:

(@) The shaft is subjected to a completely reversed torque of 120 Nm in phase with a
completely reversed bending moment of 150 Nm.

(b) The shaft is subjected to pulsating torque fluctuating from 60 to 160 Nm and a steady
bending moment of 150 Nm.

(Shigley’s Mechanical Engineering Design, Ninth Edition, Example 6-14)

Given: S, =440 MPa, S = 370 MPa

Equations for calculate stress and K,, K are given in Table A-16



Table A-16

Approximate Stress-
Concentration Factor K;
for Bending of a Round
Bar or Tube with a
Transverse Round Hole

Source: R. E. Peterson, Stress-

Concentration Factors, Wiley,

New York, 1974, pp. 146, 235.

Example

The nominal bending stress iS 0o = M/Zner Where Z, is a reduced
value of the section modulus and is defined by

A
Zoot = ——(D* — d*)

32D

Values of A are listed in the table. Use d = 0 for a solid bar

0.050
0.075
0.10
0.125
0.15
0.175
0.20
0.225
0.25
0.275
0.30

0.92
0.89
0.86
0.82
0.79
0.76
0.73
0.69
0.67
0.66
0.64

2.63
2.55
2.49
241
2.39
2.38
2.39
2.40
242
248
2.52

0.91
0.88
0.85
0.82
0.79
0.75
0.72
0.68
0.64
0.61
0.58

2.55
2.43
2.36
2.32
2.29
2.26
2.23
221
2.18
2.16
2.14

0.88
0.86
0.83
0.80
0.76
0.72
0.68
0.65
0.61
0.58
0.54




Example

Table A-16 (Continued)

Approximate Stress-Concentration Factors K, for a Round Bar or Tube Having a Transverse Round Hole and
Loaded in Torsion Source: R. E. Peterson, Stress-Concentration Factors, Wiley, New York, 1974, pp. 148, 244.

The maximum stress occurs on the inside of the hole, slightly below the shaft surface. The nominal shear stress is to = 7 D /2 /et
where J,, is a reduced value of the second polar moment of area and is defined by

T A(D* —d*)

-]nel = 32

Values of A are listed in the table. Use d = 0 for a solid bar.

0.05 0.96 1.78 0.95 1.77
0.075 0.95 1.82 0.93 1.71
0.10 0.94 1.76 0.93 1.74 0.92 1.72 0.92 1.70 0.92 1.68
0.125 0.91 1.76 0.91 1.74 0.90 1.70 0.90 1.67 0.89 1.64
0.15 0.90 1.77 0.89 1.75 0.87 1.69 0.87 1.65 0.87 1.62
0.175 0.89 1.81 0.88 1.76 0.87 1.69 0.86 1.64 0.85 1.60
0.20 0.88 1.96 0.86 1.79 0.85 1.70 0.84 1.63 0.83 1.58
0.25 0.87 2.00 0.82 1.86 0.81 1.72 0.80 1.63 0.79 1.54
0.30 0.80 2.18 0.78 1.97 0.77 1.76 0.75 1.63 0.74 1.51
0.35 0.77 241 0.75 2.09 0.72 1.81 0.69 1.63 0.68 1.47

0.40 0.72 2.67 0.71 2.25 0.68 1.89 0.64 1.63 0.63 1.44
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