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hkwD � ẁQW |=ypm}U x@ `=HQ= =@ =yvD |UQR=@ |=yxQwO 'OvDUy lQD OWQ |=kr=
|L=Q] Qta x@ C@Uv |QD|vqw] Qta |rm Cr=L QO u}=Q@=v@ w CU= u}}aD p@=k
VqD u}=Q@=v@ w OQ=Ov |oDU@ |}xS} w |UQR=@ |xt=vQ@ x@ |vt}= "OwW|t u}t[D
pwtat |=y|UQR=@ =yvD xm |r=L QO 'O@=}|t Vy=m |Q=Oxov |=yxv} Ry w =yQwD=QB=

"OwW s=Hv= O}=@ """w x@ Q[ ?}U; '|oOQwN X}NWD |=Q@
'Eurocopter p}rO u}= x@ w xOW xDiQ}PB CavY QO lQD OWQ sOa VwQ

|=yVvDC@Uv |=Q@ 7475-T7351 sw}v}twr; S=}r; |=Q@ =w=o =D}m Q=Owtv "9 pmW
[1]"hrDNt

108



1|
xQ=t

W'
33

�3
|xQ

wO'
�13

96
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt

[47]"|oDUN |oOv=t=w p=tDL= p}rLD x@ \w@ Qt G}=Dv "10 pmW

[47]"=yuwtR; G}=Dv "11 pmW

uOw@ CUQO |xOvyOu=Wv R=wQB Ca=U 25000 Qta |m}ORv QO |@ QHD CQwYx@
"CU= xOW |v}@V}B |oDUN Qta

OQor=@ |oDUN |L=Q] hrDNt |=yVwQ xU}=kt "6"3
"OwW|t xU}=kt sy =@ OQor=@ |oDUN |L=Q] hrDNt |=yVwQ VN@ u}= QO
|oDU@ p}rOx@ ?}U; ptLD w u�t]t Qta |=yVwQ R= s=Om I}y u=v}t]= C}r@=k
u=v}t]= C}r@=k '|rm Cr=L QO |rw 'CU}v XNWt Q}eDt |O=} R O=OaD x@ u;
u�t]t Qta VwQ R= xm |D=a]k R= ?}U; ptLD VwQ R= xOW |L=Q] C=a]k
ptLD VwQ R= xOW |L=Q] C=a]k u=v}t]= C}r@=k "CU= QDW}@ Ov=xOW |L=Q]
VwQ wO Qy =} 'QDk}kO |UQR=@ VwQ l} R= xO=iDU= '|UQR=@ O=OaD V}=Ri= =@ ?}U;
=@ =Q u�t]t Qta VwQ R= xOW |L=Q] C=a]k u=v}t]= C}r@=k "CU= V}=Ri= p@=k

"O=O V}=Ri= u=wD|t =yv; OQ@ Q=m Vy=m =} |oDUWvR=@ u=tR Vy=m
u�t]t Qta p}rLD QO xm CU= |}=yC}r@=k |xOvyOx�=Q= ?}U; ptLD p}rLD
ZQi xDU@=w u; pw] x@ =Q lQD l} OWQ xm ?}U; ptLD p}rLD =Q} R 'OQ=Ov OwHw
|=yx=Q R= |m} "OQ}o|t Q_v QO =Q Q=@ |r=wD w �x}rw= lQD� ?}U; Qw[L w 'Ovm|t
|@=} RQ= 'Ov=xOW |L=Q] u�t]t Qta VwQ =@ xm |D=a]k u=v}t]= C}r@=k V}=Ri=

[19]"CU= ?}U; ptLD VwQ R= xO=iDU= =@ =yv; |xQ=@ wO
CU= u}= OQ=O ?}U; ptLD VwQ Q@ \w@ Qt xDUy; lQD OWQ VwQ xm |D} Rt
|xR=Ov= R= lQD |x}rw= |xR=Ov= xm |}=H =D� CU}v syt lQD |x}rw= Cra =} `@vt xm
xR=Ov= 'C=}YwYN =@ ?w}a =} Xk=wv u}=Q@=v@ "�OW=@ QDnQR@ |@=}OQ p@=k smCUO
Qy x@ "CU= pQDvm w |UQQ@ p@=k sy CiQ|t Q=_Dv= xJv; x@ C@Uv Cw=iDt pLt =}
OQmrta O=YDk= w =yC}OwOLt '=yC} Qwt-=t =@ O}=@ |UQR=@ |xQwO w VwQ Qy p=L

[45]"|rm}U xv=DU; VvD COW ?} Q[ |=Q@ xOt; CUOx@ G}=Dv "4 pwOH
�Kth (MPa

p
m) |=Q@ xOt; CUOx@ Q=Okt VwQ
6 75 K-increase

7 22 K-decrease

Oy=wN�Kth u=ty�K u}= &OwW|t x@U=Ltda=dN = 10�10(m=cycles)

"CU= QDl}ORv C}ak=w x@ VvD COW ?} Q[ |Wy=m VwQ R= pY=L G}=Dv "Ow@
xO=O u=Wv 4 pwOH QO |rm}U xv=DU; VvD COW ?} Q[ |=Q@ xOt; CUOx@ G}=Dv
CUOx@ |QDlJwm �Kth ,=twta VvD COW ?} Q[ |W}=Ri= VwQ "CU= xOW

"CU= xv=Q=mx_i=Lt u; |=v@t Q@ |L=Q] =Pr w OyO|t

49?}a ptLD VwQ "4"3
CyH QO xm CU= ?}U; ptLD |L=Q] |=Q@ O}OH |WwQ ?}a ptLD VwQ
"CUq=@ pm}U |oDUN =@ |=yxR=U O=} R |=y|UQR=@ CNU Q=m uOQm QDCL=Q
u; QO xm '50pO=at |x}rw= Xkv |xR=Ov= swyit Q@ CU= |vD@t VwQ u}=
'Xkv ptLD VwQ x@=Wt "OwW|t ZQi lQD x@W Xkv l} =@ pO=at ?}U;
u=tR |v}@V}B Qw_vtx@ CUmW l}v=mt p}rLD QO Xkv pt=W |=yxvwtv
OQwt |UQR=@ C=t=Rr= h} QaD Qw_vtx@ w hrDNt ?}U; \}=QW |=Q@ |oOv=t=w
|DvU CUmW l}v=mt |=yVwQ R= Cw=iDt VwQ u}= "OQ}o|t Q=Qk xO=iDU=
s=UH= ?}U; w |oOQwN uwJty |}=y?}U; |=Q@ =y|UQR=@ u; QO uwJ CU=
'=ylQD |=Q@ XwYNt CQwYx@ xv w 'OvDi=|t j=iD= =ylQD R= p@k xm |HQ=N
51?}U; ptLD VwQ R= |Qo}O |xNUv ?}a ptLD VwQ "OwW|t h} QaD

[25]"CU=
?}U; xm OW |iQat ZQi u}= T=U=Q@ pO=at |x}rw= Xkv xR=Ov= swyit
VQDUo |Q=PoQ=@ u=O}t CLD xm OwW|t pO@ lQDx@W Xkv l} x@ CaQUx@
|xR=Ov= |v}@V}B Qw_vtx@ Ov=wD|t VvD � Qta C=aq]= |xty 'u}=Q@=v@ "O@=}|t
"OwW xO=iDU= 'OwW |oOv=t=w Ea=@ w OW=@ xDW=O OwHw xa]k QO O}=@ xm |mQD
CLD xvwtv l} |oOv=t=w |v}@V}B Qw_vtx@ sRq lQD xR=Ov= EIFS 'Qo}O CQ=@ax@

"CU= 52|oDUN |Q=PoQ=@

xOv=t|k=@ s=mLDU= Vy=m VwQ "5"3
VwQ 'OQ@ Q=m x@ OQor=@ <=RH= |oDUN Qta u}}aD Qw_vtx@ u=wD|t xm |Qo}O VwQ
s=Hv= xm |k}kLD QO [47]Vv=Q=mty w Kwon "CU= xOv=t|k=@ s=mLDU= Vy=m
xO=iDU= =@ xQw_vtOvJ OQor=@ l} |D} RwBt=m xQB |oDUN Qta w s=mLDU= OvO=O
|=Q@ |oDUN |=yuwtR; "OvOQm |v}@V}B =Q xOv=t|k=@ s=mLDU= Vy=m swyit R=
10 pmW QO "OwW xU}=kt =y|v}@V}B G}=Dv =@ =D OW s=Hv= R}v |}xR=U |=yxvwtv
OQor=@ Mrt |rY= lQ}D w xDUwB QO |oDUN |oOv=t=w p=tDL= p}rLD x@ \w@ Qt G}=Dv
�90 |oOv=t=w p=tDL= uDiQo Q_v QO =@ w 'pmW x@ xHwD =@ "CU= xOW xO=O u=Wv
lQ}D |=Q@ R=wQB Ca=U 23000 xQB |oDUN Qta '|}xR=U s=mLDU= Q=}at u=wvax@

"OW xOR u}tND xDUwB |=Q@ R=wQB Ca=U 23800 w |rY=
xW} Q l}ORv CtUk R= xOW xDN=U xQB xvwtv R= xO=iDU= =@ |oDUN |=yuwtR;
R= xO=iDU= =@ ?}DQDx@ 54|atHD |SQv= w 53Cv=mU pwOt C=Q}}eD w xOW s=Hv= xQB
xOW Oa@|@ G}=Dv "CiQo Q=Qk |@=} RQ= OQwt AE |=yxO=O w xOW |Q}o xR=Ov= VvQm
xOW |Q}oxR=Ov= |=yQDt=Q=B QO O}OW C=Q}}eD "CU= xOW xO=O u=Wv 11 pmW QO

109



OQo
r=@<

=RH=
|o

DUN
|L

=Q]
hrD

Nt
|=y

Vw
Q|oDUN Qta |v}@V}B G}=Dv "OQ=O |QDy@ j@=]D =yuwtR; G}=Dv =@ wQ u}= R= w OQ}o|t

CtU QO |tm CU= S-N Q=Owtv \UwDt Q=Okt T=U=Q@ xm u�t]t Qta VwQ R=
"OQ}o|t Q=Qk uwtR; G}=Dv |xv=Q=mx_i=Lt Q}e

'VvD � Qta |=yVwQ [25]'OvOQm x�=Q= Vv=Q=mty w Forth xm |k}kLD QO
|Q=Oxov w |oDUN Qta |L=Q] |=Q@ ?}a ptLD w '?}U; ptLD 'Xkv ptLD
w u=LDt= 'OQ=O Q=Qk q=@ pm}U |Q=PoQ=@ \}Lt l} ZQat QO xm OQor=@ |=yxR=U
|[Qi QwLt xQ}o l} |=Q@ VwQ Q=yJ |@=} RQ= 'X=N CQwYx@ "OwW|t |@=} RQ=
|rta Q=Okt w |vt}= '|@Uv |xv} Ry u; QO xm OwW|t s=Hv= �13 pmW� OQor=@
CUO |=Q@ xQ}o |}xR=U s=mLDU= ^iL "OwW|t xU}=kt sy =@ VwQ Q=yJ uOw@
|=Q@ VwQ Q=yJ Qy R= xOt; CUOx@ G}=Dv "CU= |QwQ[ R=wQB Ca=U 10000 sm

"CU= xOW x�=Q= 5 pwOH QO G}=Dv Qo}O w �t w R� xQ}o |L=Q] |v=QL@ O=a@=
QwLt |xQ}o |oOv=t=w p=tDL= u}vJty w |Q=Oxov w CN=U |xv} Ry xt=O= QO
R= s=Om Qy =@ xQ}o xm |irDNt |=yCr=L |=Q@ 'O}OH OQ@ Q=m \}Lt l} QO OQor=@
QwLt xQ}o |=Q@ "CiQo Q=Qk |UQQ@ OQwt 'OW=@ xOW |L=Q] xOW x�=Q= |=yVwQ
|i}a[ OQmrta Qta C} Q}Ot w |L=Q] Qw_vtx@ VvD � Qta |DvU VwQ Q_v OQwt
|}=y|UQR=@ T=U=Q@ xa]k l} |L=Q] =@ Xkv ptLD VvD � Qta VwQ QO "CW=O
=OD@= "Ci=} V}=Ri= xFO=L l} lU} Q =yvD 'OwW s=Hv= |vt}= ^iL Qw_vtx@ O}=@ xm
'\}Lt =} OQ@ Q=m QO |Q}}eD Qy |rw O@=}|t Vy=m QDsm uRw p}rOx@ QwD=QB= |xv} Ry
CUmW l}v=mt |x}=B Q@ ?}U; ptLD VwQ "OR=Ov=|t Q]N x@ +qt=m =Q |vt}=
VwQ C@Uv x@ ?}a ptLD VwQ "OW Q=oR=U xDi=} Q}}eD OQ@ Q=m \}Lt =@ |@ wNx@
xm Cio u=wD|t |Q}oxH}Dv u=wvax@ "CiQo Q=Qk |QDu}}=B K]U QO ?}U; ptLD
|}=yCmQW "CU= umtt OQor=@ x@?}U; ptLD QtaC} Q}Ot w |L=Q] VwQ p=ta=
|QDxiQY =@ w QDut= C=O}rwD 'OvQ=O =Q ?}U; ptLD |=yVwQ P=ND= |oO=t; xm

"CW=O Ovy=wN
=Q Xkv ptLD |=yVwQ |R}t;C}kiwt CQwYx@ [48] Agusta Westland

w OQm p=ta= 'AB139 xQwDwtwO \UwDt xR=Ov= =@ OQor=@ |oDUN C}i}m |UQQ@ x@

[25]"OQor=@ QwLt xQ}o "13 pmW
[25]"QwLt xQ}o |UQR=@ xQwO w VvD 'sQH 'O=a@= "5 pwOH

ptLD Qta
?}a ?}U; Xkv u�t]t

0 250 0 250 0 250 0 250 �QDt� |HQ=N `=aW
0 044 0 067 0 016 0 021 �QDt� Ct=N[
112 1 123 2 97 2 100 0 �sQowr}m � sQH
16 48 10 35 45 31 34 53 (MPa) xv}W}@ VvD

1000HD 3000 6000 p=ta= p@=k Q}e �Ca=U� |UQR=@ u=tR4000LD

?}U; ptLD VwQ p=ta= QO |v=QL@ pmWt u}= "OW=@ Q=oR=U =}vO QU=QU QO OQor=@
[27]"CU= OQor=@ |m}t=v}O |=RH= x@ xDUy; lQD OWQ

OvtR=}v x}rw= pL=Qt QO xm u}= =@Xkv ptLD w OWQ sOa?}U; ptLD |=yVwQ
QO &Ov=p=ta= p@=k 'OvDUy =y?}U; w =yXkv u} QDO}OW u}}aD Qw_vtx@ |}=y|UQQ@
\ki Xkv ptLD VwQ QO w CU}v |UQR=@ x@ |R=}v 'OWQ sOa ?}U; ptLD VwQ
Qy "CU= sRq syt |=yXkv |@=}OQ Qw_vtx@ |vqw] |UQR=@ xQwO =@ |}=y|UQR=@
VwQ =@ xU}=kt QO �Xkv ptLD w xDUy; lQD OWQ 'OWQ sOa� xOW QmP VwQ xU

"Ovvm|t sy=Qi |QDW}@ |oDUWvR=@ Qta 'u�t]t Qta |DvU
w CU= |@ QHD ,qt=m |WwQ xm CU= u}= Xkv ptLD VwQ x@ u}kkLt O=kDv=
Ovvm|t u=wva VwQ u}= u=Q=OiQ] "CU}v |@}U; `tHD |tra pY= I}y Q@ |vD@t
xm CU= |}xOWO}}-=D VwQ 'OW=@ x@ QHD T=U=Q@ Qo = |DL Xkv ptLD VwQ xm
uwJ Q[=L p=L QO ,=vt[ "CU= xOQm O=H}= Ow@y@ ,=O}OW u�t]t Qta VwQ QO
R= CU= sRq 'OQm p=ta= OQor=@ C=a]k |t=tD x@ =Q ?}U; ptLD VwQ u=wD|tv

"OwW xO=iDU= Xkv ptLD VwQ |=yC} Rt
R= xm u�t]t Qta VwQ CkO 'OW x�=Q= [13] Everett \UwD xm |Q=DWwv QO
|m}t=v}O <=RH=|oDUN Qta|v}@V}B |=Q@ Ovm|t xO=iDU= Qv}=t?}U; `tHD uwv=k
u=wva =@ u�t]t Qta R= Qo}O VwQ l} G}=Dv =@ u; G}=Dv w xOW |@=} RQ= OQor=@
|v}@V}B G}=Dv "OW xU}=kt ?}U; ptLD VwQ =@ u}vJty w �|rLt VvQm VwQ�
=yuwtR; R= xOt; CUOx@ G}=Dv =@ xOW QmP |=yVwQ R= xOt; CUOx@ |oDUN Qta
R= xO=iDU= =@ w 4340 Oqwi R= xOWxDN=U Q=OI=v |xvwtv Q@ =yuwtR; "OW xU}=kt
|=Q@ xO=iDU= OQwt ?}U; ptLD VwQ "OW s=Hv= felix/28 Q}eDt |xvt=O Q=@ h}]
10 pw] =@� �lJwm� x}rw= |=ylQD R= |oDUN lQD OWQ |x}=B Q@ pm Qta p}rLD
|vRxv=wH pLt l}B wmUwQm}t V}=tR; R= x}rw= lQD pw] "CU= �uwQm}t 20 =D
x@ \w@ Qt G}=Dv "OW xDiQo Q_v QO 2ai = 0 0006in CQwYx@ w xOW u}}aD lQD
x�=Q= 12 pmW QO VwQ xU R= xOW s=Hv= |=y|oDUN Qta |v}@V}B w =yuwtR;
|=yxR=@ R= =ypm}U xm |Dr=L QO |oDUN Qta xm OwW|t xOy=Wt "CU= xOW
'�CU= xOW xO=O u=Wv lo-hi uwtR; =@ 12 pmW QO� OvwW ?DQt q=@ x@ u}}=B VvD
"Ow@ Oy=wN QDW}@ �hi-lo uwtR;� OvwW ?DQt u}}=B x@ q=@ R= xm |Dr=L x@ C@Uv
ptLD VwQ QO "OwW|t =Qoty Q=@ h}] xU Qy |=Q@ Qta u}}=B |=yVvD QO xD@r=
Q=Qk Q_v Ot Q=@ pN=OD QF= 'xOW xO=O u=Wv TLA =@ pmW QO u; G}=Dv xm '?}U;

hrDNt |=yVwQ R= |oDUN Qta |=Q@ xOW s=Hv= |=y|v}@V}B xU}=kt "12 pmW
[13]"=yuwtR; G}=Dv =@

110



1|
xQ=t

W'
33

�3
|xQ

wO'
�13

96
Q=y@

�h
}QW

l}
v=mt

|U
Ovyt [48]"Xkv ptLD |=Q@ |@=} RQ= OQwt |v=QL@ |=yVN@ "6 pwOH

p}rLD/uwtR; O}}-=D VwQ xa]k
CVID w BVID K]U wO Qy QO x@ Q[ uwtR; + Xkv pt=W xa]k uwtR; Xkv ptLD VwQ |tO QwDwQ w |rY= QwDwQ xQB

uwtR; w p}rLD u�t]t |oOv=t=w lQD OWQ sOa |rY= QwDwQ |B wD
uwtR; p}rLD + uwtR; QDtwDUq= |=Q@ lQD OWQ Rri |=Q@ lQD OWQ sOa |tO w |rY= QwDwQ l} QDtwDUq= u=k=D=}

p}rLD lQD OWQ sOa |rY= QwDwQ s=o xr}t
CVID w BVID K]U wO Qy QO x@ Q[ uwtR;+ Xkv pt=W xa]k uwtR; Xkv ptLD VwQ |rY= QwDwQ |WWm p=YD=

p}rLD lQD OWQ sOa |tO QwDwQ |B wD
p}rLD + uwtR; lQD OWQ sOa |tO QwDwQ xQB xOvvm =Q}t Cq=YD=

p}rLD lQD OWQ sOa |tO QwDwQ |B wD xOvvm =Q}t Cq=YD=
uwtR; p}rLD QDtwDUq= |=Q@ lQD OWQ 'lQD OWQ sOa |tO QwDwQ l} QDtwDUq= xOvvm =Q}t

uwtR; Xkv ptLD VwQ CQOk p=kDv= <=RH=
p}rLD + uwtR; Xkv ptLD VwQ+ lQD OWQ sOa |tO QwDwQ lQLt |=yCiW

p}rLD lQD OWQ sOa |rY= xOvO x@aH Cq=YD=
p}rLD lQD OWQ sOa lQwD O[ xr}t
p}rLD lQD OWQ+ OWQ sOa sO |]wQNt CtUk
p}rLD lQD OWQ+ OWQ sOa QwDwt Cq=YD=

[48]"|rY= QwDwQ |BwD |v=QL@ |L=wv "14 pmW
[11]"p}rLD G}=Dv "7 pwOH

?}U; ptLD p}rLD u�t]t Qta p}rLD |R=UR=@ VwQ
R=wQB Ca=U pm}U O=OaD R=wQB Ca=U pm}U O=OaD Q=@

197 0 8820 5024 0 224976 xQO � xrk
195 8 8769 5023 7 224962 u=Q=@ u=} QH

|otQkJ ,qwtat O=wt u}= |rw 'OwW|t lQD |vRxv=wH Q@=Q@ QO Ctw=kt Qw_vtx@
Q@=Q@ QO |}q=@ Ctw=ktPH 13-8Mo Oqwi xm OwQ|t Q=_Dv= "OvQ=O |v}}=B CUmW
VwQ |Q}o Q=m x@ R= pY=L G}=Dv =@ C}Y=N u}= "OyO u=Wv OwN R= lQD |vRxv=wH
OwOLt OWQ x@ QHvt OwOLt VvD |otQkJ p=L Qy x@ "OQ=O Ck@=]t u�t]t Qta

"OW ?}U; ptLD VwQ QO lQD Qta
umtt u�t]t Qta |L=Q] |=Q@ |@=NDv= |xO=t OyO|t u=Wv xOW s=Hv= p}rLD
Qta R= Qta C} Q}Ot VwQ Q}}eD w OW=@v ?U=vt ?}U; ptLD |L=Q] |=Q@ CU=

"OwW xv=Q=mx_i=Lt Q=}U@ Qta G}=Dv x@ QHvt Ov=wD|t ?}U; ptLD x@ u�t]t

|=y|oS} w T=U=Q@ "OW pY=L [4] FAR 29 571 OQ=Ov=DU= =@ pt=m |ovy=ty
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48. K-decrease
49. fault-tolerance
50. equivalent initial 
aw size (EIFS)
51. damage-tolerance

52. fatigue specimen
53. Secant modulus
54. accumulated energy (AE)
55. M/R Hub
56. helicopter spectrum
57. corrosion
58. abrasion
59. abrasion strip
60. laminated composite helicopter blades
61. delaminations
62. transmission shaft
63. Rotor hub 
exbeam
64. full-scale whirl impact tests
65. glass-epoxy torque tube
66. sealing elements
67. the resin rich or poor areas
68. NRad
69. shearography
70. vibratory cordwise bending
71. vibratory 
apwise bending
72. vibratory torsional pitch motion
73. global fault detection
74. lag bending
75. yawing moment
76. online health monitoring
77. debonding
78. the main rotor grip device
79. typical beach marks
80. scanning electron microscopy (SEM)
81. helicopter longerons
82. fractography
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