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Estimating fatigue failure criteria
Based on experimental observations (bending, torsion, axial fatigue testing).
/| f data are not avail ablee research, €

Some materials with a o0 kneeo

e e S =055, for it < 200ksi(1400MPa)
or steels:
:’ S @L00ksi(700MPa) for S;; 2 200ksi(1400MPa)
, & S =049, for St <60ksi (400 MPa)
Forirons: j _ _
i S @24ksi(160MPa) for Sit 2 60ksi(400 MPa)
Some materials _without a o0 kneeo
& Stan=510 = 0.4 St for St <48ksi(330MPa)
For aluminums. _ _
i St@n=s10¢0 @9ksI(130MPa) for S, 2 48ksi(330MPa)
For copper € St an=s10¢ = 0.4 St for Sit <40ksi (280 MPa)

alloys: + Sy, @L4ksi(100MPa)

K



Fatigue failure
Theoretical or uncorrected fatigue data

F Wohler strength - life or S - N diagram

€ Theoretical oruncorrected  fatigue strength: S5

€ Theoretical oruncorrected endurance limit: S
log fatigue strength §

failure line for ;' UCOrTECted S - N diagram
Se4-—-—- — — - — endurance limit S, exists for some materials
fa
S
™~ ~, Other materials show no endurance limit
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Fatigue failure
Correcting theoretical fatigue data

F Materials with a oknee. 6 Correcting

& — Cload GI:sizeqi:surfaceGi:temperatusls Gi:reliability C&

F Materials without a oknee. 6 Correct.i

Sf — Cload GI:sizeqz:surfaceGEtemperatuslf GE:reliability CSf'

7

at5x 10 ¢ cycles

e

E Correction factors:
Cload, Csiza Csurface Ctemperatwf, Creliability

E Other f actors may need to
the type (& service) of components being designed...
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Fatigue failure
Correcting theoretical fatigue data

F Loading effects (correction):

_€1.0 Bending/ Torsion
=1 : :
oad 107 Axial Loading
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Fatigue failure
Correcting theoretical fatigue data

F Size effects (correction; cylindrical parts ):

e 1.0 d¢0.3in(8mm) {

i 0.097
1086511I 03in¢d ¢10in 1 - uU cylindricd parts

11.18@°9%7 gomme d ¢ 250mmy
i Largersizequse0.6 y

Csize

F Size effects (correction; non- cylindrical parts ):

d :lfdequiv' deqUiV:]/Ogg?SG 1U non-cylindrica parts
[ 6{/ (See page 327)

éportionof thecross sectionahreaof aﬂ

Ags = | nonroundpart thansstressetietweenu

l95%and100%of itsmax.stress i,
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Fatigue failure
Correcting theoretical fatigue data

F Surface effects (correction): Csurface= {SeeFlgure6- 2@
Brinell hardness (HB)
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FIGURE 6-26

Surface Factors for Various Finishes on Steel (From Fig. 12.6, p. 234, R. C. Juvinall, Stress, Strain, and ~ Jineering Department K
Strength, McGraw-Hill, New York, 1967, with permission)



Fatigue failure
Correcting theoretical fatigue data

F Surface effects (correction; Shigley and Mischke):

— b —
Csurt _{ A(SJt) If Csyri>1thenCgr =1

(Use this model in the required units, as indicated in Table 6-3)

Table 6-3 Coefficients for the Surface-Factor Equation

Source: Shigley and Mischke, Mechanical Engineering Design, 5th ed., McGraw-
Hill, New York, 1989, p. 283 with permission

MPa kpsi
Surface Finish A b A b
Ground 1.58 -0.085 1.34 -0.085
Machined or cold-drawn 4.51 -0.265 2.7 -0.265
Hot-rolled 57.7 -0.718 14.4 -0.718
As-forged 272 -0.995 39.9 -0.995
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Fatigue failure
Correcting theoretical fatigue data

F Temperature effects (correction):

& 1.0 T ¢ 450 C (840F) 0
11- 0.0058T - 450 450(:<T¢550c1
+1- 0.0037T - 840 840F <T ¢1020Fr
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Fatigue fall

ure

Correcting theoretical fatigue data

F Reliability effects (correction):

Creliab :{SeeTabIe6- 4}

Table 6-4

Reliability Factors

for Sy =0.08 u -

Reliability % Cieliab

50 1.000
90 0.897
99 0.814
99,9 0./53
99.99 0.702
99.999 0.659

Standard deviation
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Fatigue failure
Correcting theoretical fatigue data

F Once fatigue strength/ endurance |
construct estimated (corrected) S - N diagram

Corrected S - N diagram
log fatigue strength §

Sut failure line for ¢ *— 2— Corrected
st —————= Materials with a o0 kneead
Moy ~ - - —
; =~ Materials without a o0kneeo
| 1 1 1 | 1 1 | |

Corrected 10° 10! 102 100 104 10° 10° 107 108 10°

log number of cycles N




Fatigue failure
Creation of estimated S -N diagrams

F Fatigue strengthat 10 2 cycles: S

_ 80908 Bending 0 .

= U atN =10° cycles
=m %O.?SSUt Axial Loadingg,u Y
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Fatigue failure
Creation of estimated S -N diagrams

F Curve fitting of model (HCF

- high cycle fatigue):  S(N)=aN"
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at5x 10 ¢ cycles
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