Fa‘figue Failure
Most failures in machirery are dueto Fime -vavying laads vather than o

static loads. Trzge feiluyes -/gpi:aﬂou, occur a t siress levels aigniﬁ'can'fg Jocser
than the y;eld Sfrerg ths of the materials . ms,us;r; oa{'«y_ the sdatic Feilure
theories can lead #o wns.fe cleséjns when Joads are olynamic .

Mechanism of Fa#jue Failure

There aye three steges of faﬁjve failure

L crack ;nitia 7‘;'9;—, :a'fage
T+ 75 oceur in 4 I"”JC’O"COPI'C Scale , where some regions have sorme jtome‘ir}c

‘stress conantration (rro-fches) - when tht stresc at Jhe nadeh oSc}ﬂﬂ'f‘//o(“’

Y ;eld}g may eccthr due ‘fo Tha strecs concemtyation . The localized plastic j)e’cﬁg
causes distertion ang creats 50p bands (duets sheay modion) clong the ckysta)

boundavies of the material - Ps He styesr eyeles , additional slip band s

occuy and Initiate microscopic craks .

R. Crack Propaga‘/;oﬂ sdage
Dun'rg Hhe €yclic stress , the crack grews in asmall amount and

the crack ‘S(Ayf,;lq wil] epen and closc where the crack il grow

Jue.‘!"o -lens/‘/e .S')re.sf aboue './‘ls.g —/e,{g,i/( “j;f,’/ o’f .)},{g ma-/e'y,'gﬂ q?“
7‘/\.{ Crack 7’/’}9 .

3. suwdden fracture a-kgé’

Simes 1he Pemairu‘;g materidl canaot support the Joad s , 4 Sudelen

and Fast froucture occur.
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Fm"i?u e-/ ,’[8 Method s .

' The Phoee ,,,‘,J'o,,/;#;ue life methoes used in olesign wid analysis are
. stress - life metheed -
2. sdrain - life 4‘4’)8}"\0&” -

2. Lireay_ elastic fracture mfc}laﬂics ’me-}hcd-

The stvess life Method

To esdablish Fhe fnf'gwﬁ' strevath of armaterial | o pumber of dests are re cassayy.
For aretating bear 265F ; o tanstnnt bending load is applied , Soal il ﬁumber
of vev;lwfio'u (Stress vevevsals) o £ 4+he beam ??uived'p_‘”’ feu 'MV(’. is
vecoveed . The First test is made ot
astress $hatis som_ew);a-f under the
ulbmate 's}rggf/\ of the material.
The sec:md tes# s made ot g

stress that s less than +hat

Fafigue life test machine

QJed /i the 7(’;}5'& . 7;“:: Préfe:,r

s Lo gyele b Hipl gyt e o
TSRS Finila |ife ——--- !

15 continm@e] , und He vesults are F s

plated as an 5N diagram, where

g, 1epye_<enf‘ the ﬁw{gue ererg_f/\ and

N represent the number aae'c(gc/es ]

Fatigue strength, S ksi (log)

_In $he case Of the 57{96/5 3 ﬂkﬂee o € Cuvrg

o Fhe 5',“,))\ /dﬂg('lae\jana( this kree

TR

160 1w 1! (G
Crcles to faiture, & (og!

S-N diagram
greal Jhe numberofeycles , T s}reg-'})\ correspording 4y fhe free IS

Lailuye ciill rnot occuy , po matter how

Sl Bt duvamey Vil s fatigue limi?

¢,



Fa }igue loads

/?n; loads that vary with fime can ,aofen'fia//d.! cause Fa?‘ng feibure .me-/ypf(a/

stress _ $ime functions expe”‘fnced éay ro?‘aﬁrg ,ﬂgchﬁmg can be moddeld as

shown in the f—’:;/ below -
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Fluctua H"j

This Fg- shows the FM”} Yever sed case foy cohich the mean value /s zevo,

The rc_‘/)dﬂ/ec/ care inwhich the wave form rarges Brom Zeyvo 4o amaximum

with Om = Ty .

Bnd the more ycneya/ case (called /’/ua‘ua*ig stress)

with all Com/oon.zn* valugs pon-gere .

Stress range AT s defined as
the meay Comparu’ﬂ'} Om Js

+he altevna #rg tomponent 7

Omax+ Smin
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Estimation of [leovetical Fa*i‘j% 5+revg_‘“w 57; or Enduvance lr’mi{S;

Frem +de experment data y4N a,of)laxima‘}( re/m‘}onsl‘;’os can be

stated between 8,y and §: or 5; .

N

Se = 05 fov
steels o Ut
(N:/é) Se = Foo MPa por
foe Ks/&
S; o4 Oyt Ffor
Tvons %
(n=18) Se = léo Mfa B
=4 24 Ksi
Sp = 0.4 dyut far
Aluminum = 125 MPa
k- Vs FoY
3 ’
(/V: 5;(}0) 19 ks,
SF\ = o4 out Baw
Caff’e}"‘ N
2. S = 100 MPa -?ov
(N: leo) o Ies;

(200 kg;)
Suy =Z 1400 Mfa (20 Ksi)

Oy < /400 MPa

(éo KSE)
(é'a Ksy)

Tt < Y00 MPa
Tutl > Yoo MFa

gt <320 MPa (l{S Ksi)

Tui 3 330 MPa (48 Ksi)

ouy < 2o MPa (WO KS;)

aut 2, 280 MFPa ("!0 k'Sf)

Correction Factovs 4o the Theoretical S;t or Se

Sine the Theoretical -3;-01' SC: 5 obtajned from Standard tests

specimens an d conditiors , 50 it must b€ modf/ed or corrected
+o account for f’)}js"c"/ i Hovence s be trween wyy /c:/*;/é’e'/men '

and the acdual pavt Leig 41659”50/4
Envivonmeotal and —fem/;. difference s Letween the Hes 4 Cond itions

cnd the actual conditions must be taken into atcount, Djflevences in

the rmanirner of foa&ug necal 4o b€ aceount for-
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So, the coyrectedd Fa+5j“@ -5713":'31”\ f{ or enduvan ce I;'m/'f_i_c; hessmes

S.= C ¢ C C ~
7 load Sige Suvfac, ‘femp. Cre/fqb;'l,‘-fy 570

e ®

7 Sl?@ Suy j
(4 frﬂ,?o rf.ll;gbl.”

Crea?‘f;g Estimated S_N Diajyams

B8 ® provide information about tha maleviaki strergth i The high
cycle vegion of The SLN Jiagram . Wi'th similay infoymalion fo, the loos
cyele reaj,,,, riecan construct an SN A;ajyam For the pay%mlarmdtr}o/
andl applicalion . Te bavduiclth sf jnferest is the high cycle fatigue region
Prom 16 40 10" cyeles and byond .

Let mafv}aaé/rer;ﬂ at 7039(&:; be called So

ééna/;f; Ses = 0.9 G:'it

ax;a, /Od;g SQ — O-?’S’ O—qk

IF the mateviall exhibit Knee (fevvous material), then the copyecded S, From
é
Eﬂ -® s plotted at N=lo C‘jC/eS and a.s/’ra;jhf hine ;s dyawn between
So and Se . 1Ff the material does not exhibit a Knee (non- feviwus /nafer}aﬁg
ther The torrected] S; From E?® s plotted at the N= leog cycles and
a shajgw Line s dvawn between Sa and S .
TRe eq- s lne Prowm S, 1o Se oy S, cun be wvillen asg

. é
b - used for Ferrous materials FN o ayeleis
Sﬂ = O\N ( ,ﬁor;a}f IF N‘,S)‘I"g ‘Jcie“

for non-ferrous m



