|

&)

35500

FATIGUE EFEAILURE

D Mot Ma«:hrﬂc/ .:Pa [ure- cave clue s
c..,—h Loy Hiu ether 4nevn. SHedrc

2) F‘""‘\}C{«Lf p‘»*J\Ja"’f” LL-";.*:.“/ "‘S*ufi ‘:"‘L"L
cr &'ld.)"lczb\ © e T Stntss concead rodion,

5-’“5' nee fo ‘viin g WA i 2@
dress concew: f/aw[mus )

1'; gr)-limm —['V\a{r C(yr}an/\fc__a([\/ fpac[@cj
Par .

w“\ ////AM)E;EARINQ __ e ?W

SThESS e e

SHAFT CONCENTRATION oy ey
_7 AREA D
‘T // / /4/1““*/5?;!/%#{4
STEP <REATED ®
o RIDE : CZI{/@F:T
AGAING T ,();E’W'Wﬂ 7
REAR NG fﬂufﬁ”’.‘”‘ -
POIR QESIGN RETTER DES/IGN
// - pERn« o} BEaRm
SRR /i 8
o T / i 'T;“‘\_.-—.
///// et/ ST WATHER
STRESS i il
(oNCH‘/RA—ﬂO gl
R EOUCPO

METUo03 T REQUCE
STRESS CONCENTRATIONS




| cl

35500

c Veeeks
596- pzﬁfij ‘.,\, scvdice,

ﬂ3) Crack YC"LU“)‘\ C,u\c( QCL—] e po’—(.tf\ﬂf@j
O\ {{,(A ‘{D “‘IIC"L{SJ{(O fp.:-sfnsl

FATIGUE MONELS
There ave Fhree
1y 5N = res = /__fvpt
2YEN 2drain Lile
DLEEM  Lineear elasiic Lracduce mechauisn

s

l wo CI’QJ-)QVB'/O(‘ pﬁaﬁl*'auw@_ Ve gime
\5 LCI’ L(9u.) C)/C[Q p rﬁue /000 (/({(7
) HeF  H e b c‘yc D@i’éwe N Z /000 cyclds

SIRESS (L IFE

. l -_) ce '5"{&0'35 b@fé"‘c/ W!Dofé( [/l{(v“\_
1"y el o Ccewm e « Wi & Y@ WA LA WA 5 ress
U/ 'y low evo. g Fued Latfuve
el Oe™3 MDY ety
_——— ( / I | { / ”
J(\L" e % «6@?@;.\ I =5~ ek re sse— & vc
S rednm v EVerJUnhenre e e 5 :,-\_ e The &, s Jc
lon, awe Mo lecal yieldin Qccu /o
“}co"'.w\-ltabe < c:\i“r:o.c_h f (/

This wmedwed 13 mosl aﬁ o T n

I'J
cl@'ﬁ »'amr‘m,g par‘{j U// fae ,unguw [ 4 60,3:,

STRMM LI EE

This ME‘JrhocP \ o 4 den eepplied
4 LCF Linile :Qé pwf-‘)h\@c;f W“e“g—oycyc“c
(eo5e 5 C“”C Lo Tevneuglk te ceute

}0(«( y:e( tLLE),
LEFM  APPRoACH

Uo u@u f]tgcﬂ whewc 34@55?5 aAve hf-olm eu0u6k+o Cousq




35500

FATIGUE (o ADSs

Fwees 5
¥ TENTON . f e

IR
skl

cOMPRESTION L

e Vm bw :
Ful REVERTED REPEATED

FLUCTUATING

S [
) I’? & oo 4{(:.‘(‘ ( [_Q,)Co S - }} 5 {J e ‘_:,_’/{7':)./" 5 A e H !ﬁ] (4:," :__,l ¢

MUt e W | e lwe W& E O + e \Weed ,‘Q itg ',r +le
/ : :

-t v ! ! ] o~ 1y i\
e o Sinsgeidel Waeve Fhope (5 Ugsually

[ == ¢ ‘ef f

EO7hTIMG BEAM TES7

’TE:Jf/aNJ/\%LWQ,g P dteal u ?ogisf}%_

( ( - [5@’01 Vil V‘O”ch‘-(@ 9 Do 4:‘1&.4

: FWe = tde b ens Jo
ﬂ t \h (&KM‘}[}‘H e\ Ck;{ 6(}:,
| COMPRESTSIO N / N
: Bé’““"““? SM =09 Swé
VE
scdfe ] // KNE E

ety

FOrR s7eEc

?;_)E,_

Sk |
t& { L'MokWEak
10> ot 109 EO 1% e &
CRUE 3




35500

FOR  MiLp STEELS

Sl -4/1—)’99/\/1604:( "QS;?- 055&7

FoR Higd STRENGTH STEE L4

wr 7 /, HOO M P Se = 700 MFu

AU IR KU
;Q’Mm 1w i fl’&é"_s }’f&’"ﬂl he /e an
L !”I\r:‘ ’|€<L° 3 \,C l},}'” {E(»)

Fevr CLOWER STREMaTH BLUMIMUM

Q.O@ 57/"8:7{% Cy‘d{ SM‘;

W hew {}u_,{ - 75‘0 Mpq

Fo r {-x(‘ﬂﬂ?r[ Alaminu

= 130 MP«

“"0@554 /0% CYCLE S
fjjfa,gft S—MJ o 3—30 Mp(&.

ARIAL FATIGUE —TEST

Ly
'l‘/ﬂ""" B /)0/0

o S’Q < 6&%‘} <
B C Rold.
% baam\_

pit‘.’f’éa-j-ec( $on p i Fuls S%

thic{:i\é

TEs7 IHow le 4¢W(@

Vi wé f’;/’/(-*!‘e b b E8 Lt

f’mglu [ N 4
r/" f-c-t.ﬁ!

o<

& 81 S

Dowr




EsTienariNG FATIGUE FALURE cRITERIA

Deﬁlﬁr\er‘j mc‘"ﬁ’c;.! 'W.La.:rwu,‘.el.ﬂ% e au,!- [)‘* i uu.

eiluve fw e, whtes "f fr,s.fw? ﬂ{/\v@é @ A e \,f;\_/
C’(c-s g~y There e e = ,;;Y/-/ o ere e Lose cew,
f'fi';" F y
1) BULLD AND TEST — Done wik « :,(,,,/“J
c{'/\C‘ '3@}449 G"/l«.{‘r ,h{ﬂ h CC;)’) -’"!Z("l"ﬂ‘f 7’
’l.[-') vevy EXpPens Ve A Hr;f ?,;'“*"'?4"' EO Tl S g
i A e y
::/\ /(f’ = "/ ';,?’_#‘C l-*"' ! ey e '/j/ PR .;,/(. et L ,/ ! i,-’,f ;{’ e e (—‘--_”-
1 | .-" A Fia sl
1A i v T Jr et ¢ e
| ; Y /
e | r :
7) ii = l/ _, hees f! e Ve flreTee T i
/_7( V7 4(/,, _,‘/ ,’x U= )

) ' ‘ 7 /
#) E97pme "'/f“ '4;"“ et /"(‘;f/: Tl At S R T, j’[ _'/m(?

} (AP (““f’ l'ﬂ; Fa8 ;’ ¢

WC - Lu" \ chp le e 4(4-{} ) - Tlr e /f"(f 3 A Ve {"g-f‘r’{“ [

b e G e / (,‘/ ] j » '/‘r b =g 4 A E € e elo,

;" , - f - { “T + 1 L ! i ": ~ P’ f f
0 '}(' E oLt / L | tve 140G lg Qe ldy vwervr & [ e~ enwee iy
e (

ShElky ey 2L u Sut < [ HO0 Mfe

Se’= 700 /M. Swt 7 [H00 Al

ION S’ = O.4Sue St < 400 MP,
Se’z 160 MPe Swd 72900 MPy
Rlomyum 5%355, =0 49 %l Sut ¢ T3O0MPq

Slosey = 130MPe Sut 7 3F70MF

CoppE R =0, 4 S.€ Sue €280 MA,

ALeoks Sfpc%e‘z
Seosey = 100MPu  Tut 7 2TOML,

5—@ rﬁ)rgaavﬂi‘) ‘JL\«L eu,thWe (Hui‘é cw( ‘{'lcc, /c“g(e
[

Jom & where crowe—et [OF <y cles

)Q M’ rpwsw Je apa-b'(v’ﬁbb{ SJ»WVLI/&@ 5)(/05

CV c (@<,

35500




.. i

35500

CORRECTIONT

Several (‘é#’d‘ﬁ’ul‘dw @aa. of 9 wmust be a.a?/')lh‘aé
to HYuwese velues,

(

De = cLvo Csize Csupe Cffsw Cﬁé"un Sc?
) /

S = Cioan Coize Covar Cremp Creup S-Q

LOADING  Crpan ov Ko —=— SHigLE¢

\ b@mc_lfw .
/'%C h g C‘),%S ﬂ)l‘m,(.a

0:59 Tevsiouw

Iﬂ we uge Jou f‘tM;"Se"ﬁ stresses ' cowbines
rston. e e obfwr sYresses —  fewdwben

6‘6*/ = (9/5776'

‘Q\’\”% ::'["Tlo,f-;,ffﬁlr\, ‘%'}100"?/ Te ‘}t‘-d‘ ‘/f«t/o e e
L-’f"r"\/ G b lar,

S/ZE BENRING Khas Shigley
R@TQTJ Mé! CC/ /}%J&’V‘itc@/ Shzf@ )

TMPRRIAC |
Calre= OF1HL - Q.H"?_d S 2 Vwches
Caree = B LTHY 2 ed 20 ) vches
M2 TR\ C 107 |
Crimes liotd 2,79 ¢d &5 (mw
B I c/_'!” 5/ % d S48 muy
Above 16" or H5d wmm uUse '
Clhldazs G




|

JIA

35500

NOM - Ro7ATING

Fer now— r'oju-imﬁ st 3 we use .u)\wai
14 0 alled Aqs oY Hae avee béyonci duq
370 potwi

Fer o c\/[:w.;l-er - .
2
LR i) nces
SOII/IIMK l)¢v é’

24 EW
i i e

5!\‘1-0 ( prco ewl Afcﬁ far Jarltdu =

- Rt L5, T ,,;i,f\ C & b e € & A J},{‘(d
wWiitw e abw?Q ‘-—'?PKA«A(Q[ r ¢

@nl’:e JC‘?(}IJ ""a Cﬁf%f&(( 1(/ “Léé'j‘/f jz//f"

('I w0 e Drou | /A4 A et ig;f

542.f l.’.«* 5@\{ ‘7[I/LC ée.t![ﬂ.a/ t‘cﬁf‘fc‘zs//&fb\
gy

pp:
EFoR AXIAL LoaDs
Cﬁé’»c’ = (

6Mce 4\»14 @n*[-w‘e Croo = -:‘;;c?c.JMvL i~
uwneler Fhe Same [0 eel,




_12

35500

DURFACE. EFFECTS
CAST TROM. Csuype =10

e )
ff%y - < 0 A
s Compe & B Suf m
Couwap 7 10 Frew Cauge =10
FINITH A (o) b
Ground |,5% —-0,0%9
Cocp-ROUULED 4,51 -0,263
HoT RocLEQ 579 -~k 3
FORGE D 272 -0. 995
TEMPERPRTURE

Fovr 3Steel 0{1/7/

. 1{50°Q CTEM/J By

#30°C £ TE550%  Creme= (=0.0055/T-4%)

Do NOT wae ) pe 590 ¢

RecippiiiTy
€K v i Pr&-vv\ gt io h (e
/?e/lm_hx\rlﬂ,/ Crecing

50 oo O
22 0.397
'3 ©. 3¢
A O, 3l
19.9 a.787
rqc? 0170Q
s 0, 659
1979 Q.6 20




35500

EST/iMATIMNG S-N_ RIAGRAMS
FOR 10° CxcLes
Bending:  Im = 0.95u+
Aual Loading  Sm= 0,75 Sut

The r@v"’“ﬁ/l%{ discusse-d correction
0

J\gzric&‘fﬁ ARE N djlp!' el Sho S A
LOG -Loa [Prouy

m | STEEL

— UTE CORRECT NN

STRESS Oe ot &

v

|

OTHER MATERIALS

Lot [PLoT

SM
F CORRECT0M
\ \"‘--__‘
%I . ' i ‘—_—k C ol T£R yjjj,;/ﬁ
"03 10 b iO% [0({’ ES7T/MATE ’
5’“03/ C\CeES
Exarne e

Drvow tre SN DIAGRAM FoR STEEC
Sue = 70 Ml
Cold pollecd qqa%\,?t‘]r\} C\fom
Temga: E00°C. I — 7 o0 — B




| |

5500

FULC REVERSE BENDING
T E B T 0,9 (700) =630 M
(2 Ter = O55uc = 0.5(700) =350 MPq
167 Ceonp = /.0 Banelog

@ O SQUART <SHAPE
Aaa= 0,.05hh-= @05(2@0)(20a) Zeo

ber
ey
@(5’/&6 076(/ g

~—

6e@g!idiﬁrm%7
: 'D&O' E R . 0, 07
651;_2_;5 = /,/5?([5/,@) (716 .

@ _Téom/dff&vlvwf
Frm _l ble Q «f POE—Q Qﬁ’

St
CTzmp = i T AT

@ DURFARE Facroa 6
CSu/Qf-“ i /Q (SL&{\
(oc D ROLLEN A=4.,51 b s =-8.009

CaurF :ACSM\‘-)FJ = 8.4 (7(30) e

Caure= 0,795
@ CREC"B = 0# 8"‘}‘

/4




v

35500

e = Cc.cmn Csi%e CSURF CTEMp Cﬂﬁup Se

Se = (1 0)(72)(795)(768)(,814) 350

e B [1613 gy O
1000:/-76’0 A Pe /6)‘4”63 i

| \/ 106,35 MPy

C\\ 100 4
N LOG-19¢G  PLOT
&
v
O t t | I[ %‘i { \\ 1
10° o' 10® 19 o' 0 o 107 0% o
A
EXAMPLE
T30 % fNav f ehove 14 © A LY lica E.:"-.,f' ;/”fﬁr"n/
a4 Q Mpgl\ W‘\A“-J W}“ MCGJL-\( G’f/(:ﬂf f‘a:?f
Iff iw Cyelez /
I neee
b <y
SN) = qN /7/ e
E ( .
2 usE Loy
Whe e ' i

2:. La’o(/\'l!) -/"“"ﬁ CNC)
Ny= 1000 cycleq
i\{l = IOG C\‘/‘d {{az’-
2z Log(iveo) —Leg(10%) = 3-6 =-73

i ...:- (6653._ o
\ e —— .
== 5 LO?) ( 1063 " "5%?G3




s

35500

At S S e a8 N =100 0

S(H)s al b
S(D(UZ-MU Qwa ]

S(M) L3O -
“F TRED T oo 157865 Tt
~ 3./82) E-9
I\IObU :)zj((} #L'-%f 'pwr i\,l
SCM) = Cle |
Lco(OCS(N)):Z L&‘é CQ) + bL% CN)

Los (966 = L%(?HQ,@(\ =, 23265 éoa@\ |

LOG (00~ L6G(3142,6])
03005

1

Log (M)

Log(N) = 5,142

.','U\

o o '33/ é75 Cy(',//f’j

P
iy

N = 10




| 17

35500

/D(?lf rm;‘n,‘n.f( ‘I’kf S-N /]}’c—:ﬁ Vet un fpo'/' Non-~ /E_’ff/.fp /%\((,v/,u.(;

We have ec 0G| ~Te hoy heer teaied

S-M.'tT 3/0 Mp‘& /eﬁdt/kd( l"gww 6[’6(,:3&4’1{

Lcaacf,vud 3 puﬂ-/ Peubrand Toes v (ﬂ?@mm >
14\ D(‘(,L(,U -‘1’I/L,( eﬁ-LcM&{ec\ﬁ bl Cuide _ﬁwﬂﬁf&u-a’f

8) U)h/azL '3 '\'kc C_&V‘f‘éc}leﬂl QWL)OU-Q '3«‘/}9%0 -!u ¢¢_{~
Dy 107 cyeles |

Use relrabilily et 99%

T\&.c’ bLLMcsr/ﬁc“/ee:f Fa‘lbn ue' 34"’6?-0«-46'1{'4 i 3 "}'u-(‘hﬁ,u\
et + Sy, 0% Cyales,

\ We elo n fjﬁ“@ \\w S e PC* h e < Te g tu s0 we
- ! [ 1. J (/
(-a =i Hecte H ..‘_ G

SP = 004Sus
e il N s N -
<s¢ = (0.4)3/0) = 1)9 N\Eit
This volie {4 ot M= 55108 cycles

2\ ’r}le lOc‘e
Bt i

"‘ﬁ ‘3 I Pwv‘e -Lar-;#&m go ‘lbtg

Tl o

(éoﬂ-o =10

Bc’(&ttbﬁ ‘}"we 4—@!"5}9&.4.9( -5—-}w¢s—5-j UJ?H b@
c Onveyted -}—o veown [Migms 54»09-5-7,

3 We (”WC@M(;’JW(Q fe srze (b witw
‘! We ns: v vaud &

=0y
(gig@ = 4/84 C[
0, c9°?7
Catee= C 13?5635 839

This Qgrkukq uwrd sy &we((ﬂpe(s,(( Qﬂ” ‘(’;‘Lee/l

\/‘f\t)-\( ‘u‘u){" he as ClC‘Cijv"c-w‘C_ - C.!, W AL A,




[

35500

@ “The 3ur-0az.€ Qtél@f HEN Dd’u,l/tc{ .pr{,%u‘ C”%V\ G¢7
Pu%e Seo ( bL‘jh“% C[c»lc-x e Tuble é"?,

From dne +ahle , A=272 h=-0,7995

b — O,
e =l §M - 272(?/0) q? JTO3
P

Eypressed i'n
TA L,

5) Cé&{/b&ﬁ = /’O /j("’(ﬁ’{,f{)(’ '/h: o ,‘-'j ye o ut

-%m-f-zﬁgp R -
CO’\ pg}icu‘r:}?/*'/(/
(ff/,‘ab = @l?l% = FrWWL Tﬂb/f
’), The C'pff'fc‘(-e:,( fa‘!’aue 54r£’|/16"}‘(« ce ¥ = SX/UJ

(\/ofco-s (5

S_ﬂ = Cmu,g.l C-}-‘.;;Q CJ-L“.Q__ C~}~mﬁo CV‘E;'Mh 5@/

S0= 00X, 83)(7o1(h0) (814) U2y
Sp= 76d MPe

@ U«f C can. (COWMAW "[&(‘ ‘: A !Qﬁ v k}@tefc:( / AJ@

S ¥ees :

499:1\(:3“‘\7 O‘Q(Su-{g: @:‘t(vS\O):-Q]C? M Pe

"Z.ODR;“:\ S V7 ‘\’

T R R S S




35500

N e o map wte 4+ ve \py--ll we 4 psig 4 .
a0~1w,&;}!07cc‘/g'wﬁ f 3 64“
S0 = eN® |

We can Solye ‘}5-; w e e ﬁzyuwiéwv-e,
G om
b ¢ = Lo% ( g—ﬂ
2= Log (f‘*\;;\\ e Larb (Ng_)
\Qi Q_ aj USE
Sm oL L2710
Z = Lob( ‘[03 ) vé@?(’gx;bﬁ)
Soelv! wg g"@-f })
\ L Sm | - (.’277)
w_f“ %
( ) 70 764
b = ‘-queé.cf% |
at Sm =279 N= (000
Sm =279= a([000)
= A e
= w4
ey dq’&"ﬁ 23 477
Clibak el SATE TR ~, 09848

SN)= a MU= 25277 (5yi0°)

X3 CHELK 3

= 761(

(&Y




| |

35500

’T]/b& -.()GL'(}-U{/LG S—j'ré’r\é»/h a,-f- Ql}{/¢97 [)/0{607
Cew he ~ compudedt

SCN):aNb - -,0989F
sy - 552,77 (2x00)

)= 1o4.T) @




