
TEKNİK
DOKÜMAN

Bu dokümanda CAEfatigue ile frekans düzleminde yorulma analizi ve teorik 
temelleri ele alınmıştır.
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hK! ^+%'+A!='>I>?>!

hhK! ^+%'+A!0'$6'$?$.0!

hhhK! i-6-'?+!
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2+'1$?$'$64$! C=6>'?+@! A+C?+!J+/%'+6-/4+!?0A6=! F+%'+A'+6-/! ='>I?+.-C'+! J+I'+6! H$! F+%'+A! ='>I>?>!

%=,'+?! W?6&/! J&C&A! A-.?-/-! A+,.+6K! jA0! +I+?+4+! 4+! J06J060/4$/! B+6A'-! %+3?0/$! 4+C+'-! ?$%=%'+6!
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.=B0.%0A$!J06!%$=60406K!^+%'+E-/!0'$6'$?$.0/0!D$60'?$!C=E>/'>E>!0'$!4$E$6'$/406?$A%$406K!

!



!!!!

k!
!

!

9"#:&,;*07#<5=(,).0-,#$%&'()*#20*(.=.#>,),((,&.#
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%+/-?'+C+/! ?+%$?+%0A.$'! J06! B=/A.0C=/4>6K! Y6$A+/.! %+J+/'-! C=6>'?+! +/+'01'$60/4$! XTL@! 1+?+/!

4&1'$?0/4$A0! %0%6$I0?! H$60'$60/0/! B6$A+/.! 4&1'$?0/$! 4W/&I%&6&'?$.0C'$! $'4$! $40'06! H$! J060?! B6$A+/.!
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•! n+?+/! 4&1'$?0/4$! W'F&'$/! 0H?$@! 3-1! H$C+! A>HH$%! .0/C+''$60! 4=E6>4+/! C=6>'?+! 3$.+J-! 0F0/!
C$%$6'0!4$E0'406K!

•! #>!.0/C+''$6!Y=>60$6!4W/&I&?&!0'$!B6$A+/.!4&1'$?0/$!F$H60'06K!

•! XTL@! J>! 4W/&I&?! .=/>G>! $'4$! $40'$/! H$60'$64$/! %&6$%0'$6$A@! J$'06'0! J06! B6$A+/.%+! %0%6$I0?!
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O(PB+%0D>$!C+1-'-?-/4+@!XTL!H$60'$60/0!A>''+/+6+A!%0%6$I0?!+'%-/4+!C=6>'?+!W?6&/&!3$.+,'+67!

"K! H1.I1)D*J!p!L-I!C&A'$?$'$60/!6+.%D$'$!%0%6$I0?!.,$A%6>?'+6-!%+/-?'+/-6K!

8K! ?EIA7)"@A71K)*E@9L7A.M!p!2TO!M+.%6+/!H$C+!(,$q!&1$60/4$/!4=E+'!B6$A+/.'+6!H$!?=4!I$A0''$60!
+'-/-6K!
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NK! *-./0)D*J)!/0AF7ANA!p!2=4+'!.=/>F'+6'+!D060I!XTL!J06'$I%060'06@!D$60'?$!C+/-%!.,$A%6>?'+6-!$'4$!
$40'06K!

kK! 'E.97NA)ON.P)!/0AF7ANA!p!T%6$.!XTL!.=/>F'+6-@!T`M!$E60'$60!H$!3+.+6!?=4$'0!0'$!J06'$I%060'$6$A!
,+6F+!W?6&!3$.+,'+/-6K!
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?@<A0.0#:&,;*07#>*F*0(1#20*(.=-,#@*D(*-1D1#2E*0C*G(*&#

•! !MK<!n+?+/!4&1'$?0/$!DW6$!F=A!4+3+!A-.+!FW1&?!.&6$'$60!.+E'+6K!

•! JEQ.979C<!Z+.%D$'$!%0%6$I0?!C&A'$60!+'%-/4+!C=6>'?+!W?6&/&!3+..+.!J0F0?4$!%+3?0/!$4$6K!

•! R/.1)R/.1N7171Q1<!#&C&A!1+?+/!.$60'$60!C$60/$!W1$%!XTL!$E60'$60C'$!F+'-I-'-6K!

•! 8"=2A-1G9/)=@-/G.A0SE@9<!2TO!M+.%6+/@!(,$q! H$!(4+?.! 0'$!J06'0A%$!=%=?+%0A! +/+'01! +A-I-/-!
4$.%$A'$6K!
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H"#I2JK*C.L',#2&*M5=5#

O(PB+%0D>$@!1+?+/!H$!B6$A+/.!4&1'$?0/4$@!D$60'?$!\.%6$..]!H$!J060?!I$A0'!4$E0I%06?$!\.%6+0/]!.=/>F'+6-/-!

A>''+/+6+A!C=6>'?+!3$.+J-!C+,+J0'$/!J06!FW1&G&4&6K!#&C&A!?=4$''$60/!C=6>'?+!+/+'01'$60@!A='+C'-A'+!H$!

3-1'-!J06!I$A0'4$!C+,-'+J0'?$A%$406K!*+,-'+G+A!+/+'01!.%+%0A@!40/+?0A@!?=4+'!.&,$6,=10C=/!H$C+!B6$A+/.!

+'+/-/4+!='+J0'?$A%$406K!PA!='+6+A@!A>''+/-G-!4=.%>!J06!+6+C&1$!.+30,%06K!

d$6F$A'$I%060'?$A!0.%$/$/!+/+'01$!DW6$!O(PB+%0D>$!0F$60.0/4$!J06F=A!0I!+A-I-!H$!I+J'=/>!J>'>/?+A%+4-6K!

_6/$A!='?+.-!+4-/+@!e#+.$!T3+A$!h/,>%!XTLf!I+J'=/>/+!+0%!+/+'014$@!%$A!J06!.+6.-G-4+/!D$'$/!.0/C+'0/@!

D0640C$!\0/,>%]!J+E'-!J06!0I!+A-I!W6/$E0/$!+0%!DW6.$''$6!c$A0'!k!H$!c$A0'!<S%$!DW.%$60'?0I%06K!i>''+/-G-@!J>!%+61!

I+J'=/'+6-@! +/+'01! %&6&/$! J+E'-! .$A?$'$64$/! \e#+.$! T3+A$! h/,>%! XTL! 5$?,'+%$f! !3 !! ! Y0'$`! M$U! g!

X6=G$..$.!Y'=U!g!Y6$[>$/G$!L=?+0/]!+F+6+A@!.=/'>!$'$?+/'+6!A-.?-/4+/!D$'$/!.=/>F!4=.C+'+6-/-!D0640!

='+6+A! J$.'$40A%$/! .=/6+! O(PB+%0D>$! 0F$60.0/4$! J>'>/+/! T`M! C+! 4+! P`M!?+'1$?$! H$60! %+J+/-/-! D0640!

='+6+A!H$6?$.0!D$6$A?$A%$406K!T=/6+A0!+I+?+4+@!C+,-C+!>CD>'+/+G+A!C&A!.,$A%6>?'+6-!4+!D0640!='+6+A!

H$60'0,@!+/+'01!.=/>F'+6-!3-1'-!I$A0'4$!$'4$!$40'$J0'?$A%$406K!
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c$A0'!<K!O(PB+%0D>$!(6+C&1&/4$!e#+.$!T3+A$!h/,>%!XTLf!c+J'=/>!_6/$E0/$!(0%!(/+'01!T=/>F'+6-/-/!

j/G$'$/?$.0!
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#>!JW'&?4$@!O(PB+%0D>$!C+1-'-?-!A>''+/-'+6+A!D$6F$A'$I%060'$/!W6/$A!J06!C=6>'?+!+/+'010!DW.%$60'?0I%06K!

^+'-I?+4+@! B6$A+/.! %+J+/'-! \XTL]! C=6>'?+! +/+'010! +4-?! +4-?! >CD>'+/+6+A@! %0%6$I0?! A+C/+A'-!

C=6>'?+'+6-/!3-1'-!H$!$%A0/!J06!I$A0'4$!4$E$6'$/4060'?$.0!3$4$B'$/?0I%06K!!

_6/$A! +/+'014$@! O(PB+%0D>$S0/! es0J6+%0=/:Y6$[>$/GC! L=?+0/! Y+%0D>$f! ?=4&'&! A>''+/-'?-I%-6! H$! J>!

C+A'+I-?!.+C$.0/4$!1+?+/!%+J+/'-!FW1&?'$6$!A-C+.'+!F=A!4+3+!A-.+!.&6$4$!D&H$/0'06!W?&6!%+3?0/'$60!

$'4$!$40'?0I%06K!

T=/6+A0! +I+?+4+@! O(PB+%0D>$! C+1-'-?-/+! ?=4$'! H$! +/+'01! .=/>F! 4=.C+'+6-/-/! C&A'$/?$.0!

DW.%$60'?$A%$406K!eZ$.=>6G$.f!.$A?$.0!&1$60/4$/!KJ4B@!K3<@!K=,8!D0J0!?=4$'!H$!.=/>F!4=.C+'+6-!C+1-'-?+!

A='+CG+!0F$60!+A%+6-'+J0'?$A%$406K!
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c$A0'!rK!O(PB+%0D>$!(6+C&1&/4$!es0J6+%0=/:Y6$[>$/GC!L=?+0/!Y+%0D>$f!2=4&'&/&/!c+J'=/'+6-!

_/G$.0/4$! C+,-/-/! B6$A+/.! G$H+,! +/+'010! 2TO! M+.%6+/! &1$60/4$/! D$6F$A'$I%060'?0I! H$! J>! +/+'01!

.=/>G>/4+!%6+/.B$6!B=/A.0C=/>!$'4$!$40'?0I%06K!P'4$!$40'$/!J>!%6+/.B$6!B=/A.0C=/>@!O(PB+%0D>$S0/!3+1-6!

I+J'=/'+6-!+6+G-'-E-C'+!A>''+/-'+6+A!B6$A+/.!%+J+/'-!C=6>'?+!+/+'010!C+,-'+J0'?$A%$406K!
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#>! CW/%$?'$@! %0%6$I0?! A+C/+A'-! C=6>'?+'+6-/! 3-1'-@! 4=E6>! H$! $%A0/! J06! I$A0'4$! 4$E$6'$/4060'?$.0!

.+E'+/-'?+A%+4-6K!

eY60/D$!X'=%f!,$/G$6$.0/4$!?=4$'0/010/!.=/'>!$'$?+/'+6!+E!\?$.3]!DW6&/&?&/&!+A%0B!$40'$J0'?$A%$406K!

c$A0'!9S4$!DW.%$60'?$A%$406K!

!

! !

c$A0'!9K!O(PB+%0D>$!(6+C&1&/4$!eY60/D$!X'=%f!X$/G$6$.0!

!

Y6$A+/.! %+J+/'-! C=6>'?+! +/+'01'$60/4$! 4=E6>! H$! D&H$/0'06! .=/>F'+6! $'4$! $4$J0'?$A! 0F0/! ?+'1$?$!

W1$''0A'$60/0/! $A.0A.01! H$! 4=E6>! J06! I$A0'4$! %+/-?'+/?+.-! J&C&A! W/$?! %+I-?+A%+4-6K! O(PB+%0D>$!

C+1-'-?-/4+! ?+'1$?$! %+/-?'+?+! 0I'$?0@! +6+C&14$! J>'>/+/! T?A-/.1A70U! .$A?$.0! &1$60/4$/!

D$6F$A'$I%060'?$A%$406K!

#>!+I+?+4+!A>''+/-G-'+6!0A0!B+6A'-!CW/%$?!01'$C$J0'067!

!

•! ?A@9/7)VA@MN7ANA<!i>''+/-G-@!+/+'014$!A>''+/-'+G+A!?+'1$?$C$!+0%!*+(),H/.17N/)W)ONP.;!H$C+!

=+(),X/C17)J/Q1Y-1.N/)W)ONP.;!$E60'$60/0!A$/40!4$/$C.$'!H$60'$60!4=E6>'%>.>/4+!='>I%>6+J0'06K!

•! !AKM.) ZP-PF6A@/) Z977A@MNM<! O(PB+%0D>$! 0F$60.0/4$! C$6! +'+/! TJA-A[A0/U! JW'&?&! &1$60/4$/@!

.%+/4+6%!?+'1$?$! W1$''0A'$60! J+6-/4-6+/! 3+1-6! H$60! %+J+/-/+! $60I0'$6$A@! +/+'014$! A>''+/-'+G+A!

?+'1$?$!4=E6>4+/!.$F0'$J0'06K!
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2+'1$?$! W1$''0A'$60/0/! 4=E6>! %+/-?'+/?+.-@! O(PB+%0D>$! %+6+B-/4+/! D$6F$A'$I%060'$/! C=6>'?+! W?6&!

%+3?0/'$60/0/! 4=E6>'>E>/>! 4=E6>4+/! $%A0'$?$A%$406K! _1$''0A'$! =%=?=%0H@! 3+H+G-'-A! H$! .+H>/?+! D0J0!

C&A.$A!D&H$/0'06'0A!D$6$A%06$/!.$A%W6'$64$@!3+1-6!?+'1$?$!A&%&,3+/$.0!+/+'010!3-1'+/4-6+/!H$!A>''+/-G-!

3+%+.-/-!$/!+1+!0/406$/!W/$?'0!J06!+H+/%+o!.+E'+?+A%+4-6K!
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c$A0'!tK!O(PB+%0D>$!(6+C&1&/4$!eh/%$6/+'!2+%$60+'!L+%+J+.$f!X$/G$6$.0!

!

Y6$A+/.!%+J+/'-!C=6>'?+!+/+'01'$60/4$@!%0%6$I0?!C&A'$60/0/!%+/-?'+/+J0'?$.0!0F0/!XTL!H$60'$60/0/!.0.%$?$!

4=E6>! J06! I$A0'4$! D060'?$.0! D$6$A?$A%$406K! O(PB+%0D>$! C+1-'-?-/4+! J>! 0I'$?@! +6+C&14$! C$6! +'+/!

T>./\9/@BS)&EAI)*B6/I97/.U!,$/G$6$.0!&1$60/4$/!D$6F$A'$I%060'?$A%$406K!

i>''+/-G-@!XTL!H$60'$60/0!&F!B+6A'-!CW/%$?'$!%+/-?'+C+J0'067!

•! ?A@9/7) H1.1Y<! e5+J'$f! .$F$/$E0! A>''+/-'+6+A! B6$A+/.! H$! D$/'0A! 4$E$6'$60! 4=E6>4+/! C+1-'-?!

+6+C&1&/$!D060'$J0'06K!

•! JMY) R/.1) "C-A.MNM<! eY0'$f! .$F$/$E0! +6+G-'-E-C'+@! PqG$'! H$C+! J$/1$60! B=6?+%'+64+A0! 3+1-6! XTL!

H$60'$60!C+1-'-?+!+A%+6-'+J0'06K!

•! !AKM.)R/.1)VA[A@M)Z977A@MNM<!*+1-'-?!0F$60.0/4$A0!TJA-A[A0/U!JW'&?&/4$!C$6!+'+/@!.%+/4+6%'+6+!

>CD>/!XTL!,6=B0''$60!4=E6>4+/!.$F0'$J0'06K!

#>!CW/%$?'$6!.+C$.0/4$@!%0%6$I0?!C&A'$60!B6$A+/.!$A.$/0/4$!4=E6>!I$A0'4$!%+/-?'+/+6+A!O(PB+%0D>$S0/!

D$60'?$@!3+.+6!3$.+,'+?+.-!H$!C=6>'?+!W?6&!%+3?0/0!0F0/!D$6$A'0!%$?$'!H$60!.$%0!='>I%>6>'>6K!XTLS/0/!

4=E6>!%+/-?'+/?+.-@!+/+'01!4=E6>'>E>/>!4=E6>4+/!$%A0'$C$/!A60%0A!J06!+4-?4-6K!
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c$A0'!mK!O(PB+%0D>$!(6+C&1&/4$!eY6$[>$/GC!)=+4!TG3$4>'$6f!X$/G$6$.0!

!

!

c$A0'!";K!O(PB+%0D>$!(6+C&1&/4$!eXTL!L+%+J+.$f!X$/G$6$.0!
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XTL!%+/-?'+?+.-!C+,-'4-A%+/!.=/6+!eY6$[>$/GC!(/+'C.0.f!,$/G$6$.0!&1$60/4$/!+/+'01!,+6+?$%6$'$60/0/!

%+/-?'+/?+.-! D$6$A?$A%$406K! #>! +I+?+4+@! e(/+'C.0.! X+6+?$%$6.f! .$A?$.0/4$/! +/+'01! %0,0@! D$60'?$!

A=?J0/+.C=/>!H$!A>''+/-'+G+A!3$.+,'+?+!CW/%$?'$60!.$F0'?$A%$406K!

(/+'01! %0,0! .$F0?0/4$@! L06'0A@! M+66=U! #+/4@! T0/$.@! T%$0/J$6D! ! D0J0! CW/%$?'$6! %$6G03! $40'$J0'06K! L06'0A!

CW/%$?0@!6+.%D$'$!%0%6$I0?!+'%-/4+!C=6>'?+!+/+'010!0F0/!$/!C+CD-/!A>''+/-'+/!B=6?&'+.C=/4>6!H$!C&A.$A!

4=E6>'>A!.+E'+?+A%+4-6K!d$60'?$!A=?J0/+.C=/>!JW'&?&/4$!0.$!T0D/$4!s=/!20.$.@!(J.='>%$!H$C+!40E$6!

D$60'?$!4$E$6'$/406?$!A60%$6'$60!J$'06'$/$J0'06K!(C6-G+@!+C/-!.$A?$4$!J>'>/+/!eu/0%.!0/!YP!Z$.>'%.!Y0'$f!

JW'&?&!&1$60/4$/@!M+.%6+/!H$C+!40E$6!FW1&G&'$64$/!D$'$/!.=/>F!4=.C+'+6-/4+A0!J060?'$60/!\W6K!2X+@!M@!

??! HJK]! O(PB+%0D>$! 0'$! >C>?'>! ='+G+A! I$A0'4$! %+/-?'+/?+.-! D$6$A06K! #>! +4-?@! +/+'01! .-6+.-/4+!

3$.+,'+?+! %>%+6'-'-E-/-! .+E'+?+A! +F-.-/4+/! A60%0A! W/$?$! .+30,%06K! #>! ,+6+?$%6$'$60/! 4=E6>!

C+,-'+/4-6-'?+.-@!O(PB+%0D>$S0/!.%6$.0!4=E6>!3$.+,'+?+.-/+@!XTL!H$60'$60/0!4=E6>!I$A0'4$!0I'$?$.0/$!H$!

C=6>'?+!W?6&!%+3?0/'$60/0!D&H$/0'06!J0F0?4$!$'4$!$%?$.0/$!='+/+A!%+/-?+A%+4-6K!

!

(/+'01!0F0/!J&%&/!%+/-?'+?+'+6-!C+,-'4-A%+/!.=/6+!eZ>/f!,$/G$6$.0/$!%-A'+/-6!H$!?=4$'0/010!A+C4$%?$A!

0.%$40E0/01!'=A+.C=/>!J$'06%0'$6$A@!+/+'01!A=I%>6>'?+A%+4-6K!

(/+'01!.=/>G>/4+!$'4$!$40'$/!XTL!D6+B0A'$60/0!0/G$'$/$J0'06K!#>!D6+B0A'$6!&1$60/4$/!XTL!D060I!H$60'$60/0@!

%6+/.B$6!B=/A.0C=/'+6-/-!H$!eXTL!Z$.,=/.$f!DW6&/%&'$/$J0'?$A%$406K!

!

! !

c$A0'!""K!O(PB+%0D>$!(6+C&1&/4$!(/+'01!T=/>G>/4+!P'4$!P40'$/!eXTL!d6+B0A'$60f!
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eZ$.>'%.f! .$A?$.0/4$! DW6&/%&'$/?$A! 0.%$/$/! %&?! .=/>F'+6@! eY60/D$! X'=%f! ,$/G$6$.0! &1$60/4$/!

0/G$'$/?$A%$406K!*+,-/-/!XTL!C&A&!+'%-/4+A0!%=,'+?!W?6&@!e)0B$e!.$A?$.0!+6+G-'-E-C'+!DW6&/%&'$/$J0'06K!

*+,-4+A0!3+.+6!4>6>?>/>!+/+'01!$4$J0'?$A! 0F0/@!eL+?+D$!\L>%C!OCG'$]f!.$F$/$E0! 0I+6$%'$/$6$A! 0'D0'0!

JW'D$'$64$! ='>I+/! 3+.+6! 4$%+C'-! I$A0'4$! 0/G$'$/?$A%$406K! (C6-G+@! e2$+/! T%6$..f! H$! J$/1$60! 40E$6!

.=/>F'+6!4+!+C/-!eY60/D$!X'=%f!,$/G$6$.0!&1$60/4$/!4$E$6'$/4060'?$A%$406K!

!

c$A0'!"8K!O(PB+%0D>$!(6+C&1&/4$!eY60/D$!X'=%f!X$/G$6$.0!
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