
 

Fatigue of Engineering Materials

Why is cyclic loading so problematic
How do we design against fatiguefailures

1 Total Life the component is initially free of anyflawsthat aresufficientlysized forgrowth
or ideally that the component is defect free

SN plot
Basquin
Goodman

Miner'sRule

2 Defecttolerant thecomponent has an existing initialflaw capableof propagating

daldNcurve
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Te theendurance limit at zero meanstress
An endurance limit isgenerallydefinedas thecyclicstresslevel

thatenables infinite life in the material

Tf the failurestress that is defined as the ultimatestrength of thematerial Guts

Basquin Equation Ja Tf fNflb Ta Of12Nf
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Example
Stress Amplitude Oa Mpa Cyclic tofailuresNfl

Unnotchedspecimens 379 8ooo
frequency 20Hz 345 13 ooo

276 53 ooo
207 306 ooo
172 1,169 ooo

ai Determine thecoefficients andbasicform ofthe Basquin equation
b Ifthestressamplitude is 20014Pa how manycycle will it last

Ta
37914Pa gdope b Basquin Equation Ja Tf'fNflb

17214Pa

fooo 1,169ooo107 Nf

logJa log TENfb dog379 log172be 0.159
dogOf bdogNf dog8ooo dog1,169ooo

degFa defgoff.IE

eosogYfIIJcsiampa oe.carooi

logTai logTae b dogNfa logNfa i Tf 1,58214Pa

0.159
D logTai logTae Ta 1,582 Nf

dogNfa logNfa Ans

Y
Nf Tagg b c Ta_zooMPa

ZAMPA 0159 445,600cycles
158214Pa Ans



Basquin Equation Ja Tf1Nflb

of materialTa stressamplitude
property

The use of the Basquinequation assumes that the meanstress is zero fullyreversedloading

If themean stress is not zero then these effects mustbe considered

Asthe meanstress of afatiguecycle is increased
thenumberofcyclestofailureandthe endurance limit is decreased substantially
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Y Theendurancelimit decreases proportionately
Time with increasing meanstress
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Example

endurance limit Te 54714Pa
fracturestrength Of 105014Pa

How is the maximum cyclicstress allowable when stress ranges from 0 to theMax 12 01
Joe I
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Ta 5 oslo
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Miner's Rule Cumulative Damage

Variable amplitude loading and fractional life calculations
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Example StressAmplitude Cycles

Oa Mpa Nf Ti Mpa Ni
Unnotchedspecimens 379 8ooo 250 I

345 13 no zoo 3
276 53 ooo 100comp too
207 306.000 too tensile too
172 1.169 on

Basquin Equation Ja Tf'l2Nflb thespecimen is expected to undergo thefollowing

logTa logof't b log Nf
bad cycles each hour

dogTai logff'tb bgC2Nf
logTaz fogOf b dog2Nfz

dogon dogJaz log1379 log472 0.15g
LogkNf logc2Nfz log 2 fooo log 2 1169000

37914Pa Tf 2xfooo 59 Tf 176614Pa

o159 2Nf 19g Ito159 Nf L mtg Ito159Toe 1766 CZVf1

StressAmplitude Cycles Cyclesto Damage

Ti Mpa Ni failureNfl di NilNf
250 I 1.0937e5 9He 6
Zoo 3 4.4505e5 2.25e 6
100comp too 3.4808 7 287e f
tootensile too 3.4808ET 2.87C8

D Edi 1.14505

Blocksto failure Bf Yp 4use 5 8.7404 blocks

8.7404hours 365daysyrxathounslday 8760hourslyn

9.97years Ans



Example

The variations in load are Basgame Oa TfNfb
7 reversal onfoompa
10reversals i 220 fooMPa

a Determine Tf and b

b Using Miner's Rule estimate the numberof loadingblocks

TacMPa Nf Cycles
948 222 b dog948 load5241 o oof
834 992 dog422 log432150 Ans
703 6004
631 14130 Of JoyNfb

948 1565MPaAns
579 43860 zzz 00928

524 132150

Oa Mpa Tm cyclesat this amplitude Ni Nf Damage di_NilNf
400 400 I too 662 9.93 e to
290 510 lo l 105,834 9.04e to

Ta Tf Fm Nfb 400 1
00928

too 662Ja Yb
1565 400Nf

Of Tm

290 y
0.0928 1,105834

1565510

D Edi 1.89e 5

Blocksto failure Bf Yp Y fge5 52.706blocksAns

52 of hours


