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"�1 pmW� OQ}o@ Q=Qk =yu; |wQ Q@ =} =yu; Q} R =} xJQ=B x}qwO u}@ Ov=wD|t Rri |x}q
|=yQDt=Q=B Q}=U w x}=B jQw |wQ Q@ xrYw Q=QkDU= |xwLv |xQ=wKQ] 2 pmW QO
CU= lQD pw] a w xrYw ZQa w 'lQD |x} w=R � "CU= xOW xO=O V}=tv j}kLD

"CU= xOW xDiQo Q_v QO 6 mm Q@=Q@ 'j}kLD u}= QO xm

"x}=B jQw |wQ Q@ u; |Q}oQ=Qk w xrYw |}x}q u=tO}J -xwLv "1 pmW

"x}=B jQw |wQ xrYw C}akwt |xQ=wKQ] "2 pmW

126



2|
xQ=t

W'
33

�3
|xQ

wO'
�13

96
R}}=B

�h
}QW

l}
v=mt

|U
Ovyt R= �K� VvD COW ?} Q[ xm OwW ?=NDv= |Qw] O}=@ xa]k x@ |r=ta= Q=@

x@ C@Uv |Q}tN |x}L=v pw] w OW=@ QDtm (KIC) |v=QL@ VvD COW ?} Q[
[7]"(ry=r � 0 1) OwWv QDW}@ 0 1 R= �lQD OWQ Q}Ut� Cvt=o}r pw]

QO xa]k Q=DiQ p}rLD w |R=UpOt ltm =@ w \QW wO u}= uDiQo Q_v QO =@
pmW "OW x@U=Lt 12000 N Q@=Q@ xa]k x@ |r=ta= Q=@ u=R}t '17?rDt Q=Ri=sQv
?U=vDt R}v |Q=PoQ=@ Ot=U@ w 'R = 0 1 18VvD C@Uv '|Uwv}U CQwYx@ Gwt

"OW xDiQo Q_v QO 9 Hz Q@=Q@ x=oDUO C}r@=k =@
'C=a}=t Pwiv 19|QY@ VwQ R= V}=tR; u}L QO lQD pw] |Q}oxR=Ov= |=Q@
Q} R VwQ x@ �PT� 20Pi=v `}=t uwtR; "OW xO=iDU= 'OQ=O xm |@ wN |=}=Rt p}rOx@

[36]%OwW|t s=Hv=
=@ u=wD|t =Q Q=m u}= "OQm R}tD ,qt=m O}=@ =Q V}=tR; K]U %K]U |R=UxO=t; "1
=} |t}U TQ@ |xr}Uwx@ R=}v CQwY QO =} xOvvml =B O=wt x@ xDWe; |xJQ=B

"O=O s=Hv= CUq@OvU =} CH nvU
=@ u=wD|t xa]k \}=QW =} C=v=mt= x@ xHwD =@ =Q pta u}= %Pi=v `}=t p=ta= "2
|xJQi |xr}Uwx@ =} 'Pi=v `}=t |w=L uRNt QO xa]k |Qwx]we 'uOQmxv=Wi=

"O=O s=Hv= nvQ
�xk}kO 30 =D 5 u}@ ,qwtat� u}at u=tR uDWPo R= Oa@ %|i=[= Pi=v uOQml =B "3
Pi=v `}=t R= =Q K]U O}=@ 'OQ=O xa]k C}U=UL w |L]U \}=QW x@ |oDU@ xm
xm xOvvml =B pwrLt x@ xDWe; |xJQ=B =@ ,qwttat pta u}= "OQm l =B |i=[=
xOvwWl =B Pi=v |=Q@� ?; x@ xDWe; =} OwW|t x}YwD Pi=v |xOvR=UCmQW\UwD
s}kDUt Qw]x@ xOvvml =B pwrLt p=ta= R= O}=@ |rw "OwW|t s=Hv= CkOx@ �?; =@
w =yRQO R= Pi=v `}=t GwQN p=tDL= =Q} R &OwW |Q=OOwN V}=tR; K]U |wQ Q@
pDNt ?}a |R=UQ=mW; CQwY u}= QO "OQ=O OwHw |L]U |=y|oDUw}B=v

"�CU= RtQk ,=twta Pi=v |xO=t nvQ� OwW|t
Qw]x@ Io x}@W C=QP R= ,qwtat xO=t u}= %K]U |wQ Q@ xOvvmQy=_ |xO=t p=ta= "4
|RtU=C}Y=N j@] wCU= xOW p}mWD|Div |xO=tl} QO pwrLt =}lWN
OwW|t =y|oDUw}B=v w =yRQO R= Pi=v C=a}=t uO}Wm uwQ}@ ?Hwt �|ov}�wt�
QO �RtQk nvQ� ?w}a R= pY=L s�qa w �CU= O}iU ,=twta xO=t u}= nvQ�
p@=k |@ wN Kw[w =@ w OwW|t Q=mW; �xOvvmQy=_ |xO=t� O}iU |xv}tR u}=

"CU= xOy=Wt
CQwY XNWt Qwv l} w sWJ \UwD Q}UiD Pi=v O=wt R= s=Om Qy QO %|UQR=@ "5
R= OvDUy RtQk nvQ x@ ,qwtat xm |ovQ O=wt =@ x=Qty Pi=v O=wt |=Q@ "OQ}o|t
u=UQw�wri O=wt |=Q@ "OwW|t xO=iDU= CvUQwri Atq wO OL QO |rwtat Qwv

[36]"CU= R=}v 800� 1000�w=cm2 COW =@ Viv@=Qi Qwv x@

EL@ w G}=Dv "3
C=a]k pt=W |Qo}O |=yxvwtv 'xOWs}tQD |=yxvwtv Q@ xwqa Q[=L VywSB QO
Qta u=R}t 1 pwOH QO "OvDiQo Q=Qk V}=tR; OQwt R}v xrYw uwO@ Q=OQ=}W |tw}v}twr;
C=a]k Om w |Q=PoOm -xwLv x=Qty x@ xOWV}=tR; |=yxvwtv s=tD �|=yxQwO O=OaD�
|xOvvmu=}@ pw= OOa xmCU= CQwYu}=x@ =yxvwtv |Q=PoOm |xwLv "CU= xOW xOQw;
X=YDN= |=yxQ=tW j@] lQD |x} w=R swU OOa w 'xrYw ZQa swO OOa 'xrYw ẁv
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K]U uOQm xDWe; =@ TBU "OwW O=H}= |DUOl} ,qt=m \wrNt =D OvOW xOR syx@
uOv=@UJ pta =OD@= QO 'u}vJty "OW Q=QkQ@ =yu; p=YD= '?UJ =@ xrYw w Rri
CQwYx@ ?UJ Ct=N[ u=R}t =D OW s=Hv= |W}=tR; CQwYx@ xvwtv OvJ |wQ
CNB QwDUO j@=]t p=YD= |Q=QkQ@ R= TB "OwW s}_vD 0 2 mm OL QO |@ QHD
OvOW xO=O Q=Qk xQwm QO 700C |=tO QO xk}kO 35 COtx@ =yxvwtv [35]'xOWx}YwD
pt=m Qw]x@ Ovw}B =D OW s=Hv= xDiy wO pk=OL CWPo R= TB R}v =yxvwtv CUD w

"OwW Q=QkQ@
OW xO=iDU= '8502 16uwQDUv}= x=oDUO R= '|oDUN V}=tR; s=Hv= |=Q@
w |m}D=DU= CQwYx@ uD 30 u=R}t x@ Q=@ p=ta= |}=v=wD x=oDUO u}= "�3 pmW�
'|Uwv}U Ov=wD|t |Q=PoQ=@ pmW "OQ=O =Q |m}t=v}O w |oDUN CQwYx@ uD 10
=D 1 Hz u}@ R}v Q=@ Ot=U@ "OwW xDiQo Q_v QO x=wNrO Qw]x@ =} '|FrFt '|a@ Qt

[35]"CU= s}_vD p@=k 200 Hz

'xHQO 25 =D 20 u}@ '\}Lt |=tO =@ x=oW}=tR; QO Q_v OQwt |=yV}=tR;
w Ct=N[ =@ ?U=vDt |xQ}o =OD@= 'x=oDUO QO xa]k |Q=Po|=H |=Q@ "CiQo s=Hv=
|xR=Ov= x@ hQ] Qy R= xa]k TBU w OW Q=wU x=oDUO |=yli |wQ Q@ u; ZQa
|wQ Q@ R}v xa]k uOQmS=Dvwt -xwLv "�4 pmW� CiQo Q=Qk =yxQ}o pN=O QO 50 mm

|wQ QO |WQ@ |=yxir-wt O=H}= Ea=@ |R=QD=v u} QDlJwm w CU= syt Q=}U@ x=oDUO
"O};|t CUOx@ Qta QO =]N uOQw; OwHwx@ w xa]k

"|oDUN uwtR; x=oDUO |rY= |=yCtUk "3 pmW

"V}=tR; s=Hv= Qw_vtx@ x=oDUO |wQ Q@ xa]k S=Dvwt "4 pmW
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@"=yv; |Q=PoOm |xwLv w xOWV}=tR; |=yxvwtv s=tD Qta "1 pwOH

|Q=PoOm

|x}w=R

3 = 35 mm 3 = P� F�Al� F

lQD

2 = 30 mm 2 = P�Al� F� F

�xHQO�

1 = 25 mm 1 = P� F� F�Al

3 = 450 1 = P� F� F�Al

3 = 450 2 = 300 1 = 00

Qta wQ}v Om xrYw xR=Ov= xrYw ẁv�xQwO� (N) mm�mm

6700 12000 { { xrYw uwO@ 0
20600 12000 2� 3� 1 40� 35 Pa� 0
21200 12000 2� 2� 1 40� 30 Pa� 0
26080 12000 2� 1� 1 40� 25 Pa� 0
26100 12000 3� 3� 1 40� 35 Pfaf 0
26630 12000 3� 2� 1 40� 30 Pfaf 0
23540 12000 3� 1� 1 40� 25 Pfaf 0
33850 12000 1� 3� 1 40� 35 P�a 0
35700 12000 1� 2� 1 40� 30 P�a 0
40320 12000 1� 1� 1 40� 25 P�a 0
12500 12000 { { xrYw uwO@ 30
21110 12000 2� 3� 2 40� 35 Pa� 30
22150 12000 2� 2� 2 40� 30 Pa� 30
24890 12000 2� 1� 2 40� 25 Pa� 30
32100 12000 3� 3� 2 40� 35 Pfaf 30
33200 12000 3� 2� 2 40� 30 Pfaf 30
35150 12000 3� 1� 2 40� 25 Pfaf 30
40300 12000 1� 3� 2 40� 35 P�a 30
41160 12000 1� 2� 2 40� 30 P�a 30
46700 12000 1� 1� 2 40� 25 P�a 30
17300 12000 { { xrYw uwO@ 30
47400 12000 2� 3� 3 40� 35 Pa� 30
49230 12000 2� 2� 3 40� 30 Pa� 45
71400 12000 2� 1� 3 40� 25 Pa� 45
59800 12000 3� 3� 3 40� 35 Pfaf 45
63450 12000 3� 2� 3 40� 30 Pfaf 45
66900 12000 3� 1� 3 40� 25 Pfaf 45
67610 12000 1� 3� 3 40� 35 P�a 45
68850 12000 1� 2� 3 40� 30 P�a 45
69230 12000 1� 1� 3 40� 25 P�a 45

"CU= xDW=O |O=} R ,=D@Uv V}=Ri= 'lQD pw] w wQ}v u=Um} \}=QW QO C=a]k Qta
R= QDW}@ Q@=Q@ 2 5 w 2 OwOL QO ?}DQDx@ 'xHQO 45 w 30 |=yx} w=R QO xm|Qw]x@

"Ov=xDW=O Qta xHQO QiY lQD |x} w=R =@ xvwtv
lQD OWQ Q}Ut lQD uOW Q=Ox} w=R =@ ,qw= %OQ=O OwHw Qt= u}= |=Q@ p}rO wO
uOW Q=Ox} w=R =@ ,=}v=F "O@=}|t Vy=m VvD COW ?} Q[ xH}Dv QO w V}=Ri=
w II |=yCr=L OQ=w lQD w OwW|t QDtm lQD OWQ QO I Cr=L Q}F-=D 'lQD

u}vJty w xrYw uwO@ Q=OlQD |=yxvwtv |wQ Q@ lQD |x} w=R QF= 5 pmW QO
xm Qw]u=ty "CU= xOW xO=O u=Wv '|oDUN uwtR; s=Hv= R= TB =yv; `]kt K]U
I Cr=L QO R}v Q=Ox} w=R lQD |=Q=O |=yxvwtv QO lQD OWQ OwW|t xO}O pmW QO

"CU= xO=Di= j=iD= [7]

"OyO|t u=Wv hrDNt |=}=wR =@ =Q Q=OlQD xrYw uwO@ C=a]k Qta '6 pmW
'xHQO 45 x@ xHQO QiY R= lQD |x} w=R V}=Ri= =@ 'OwW|t x_Lqt xm Qw]u=ty
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|xrYw =@ xHQO QiY Q=OlQD C=a]k |wQ Q@ hrDNt |}x}q u=tO}J "7 pmW
"=yv; `]kt K]U w 40� 25 mm

xrYw =@ xHQO QiY Q=OlQD C=a]k Qta Q@ hrDNt |}x}q u=tO}J Q}F-=D "8 pmW
"40� 25 mm

30 lQD |x}w=R =@ Q=OlQD C=a]k Qta Q@ hrDNt |}x}q u=tO}J Q}F-=D "9 pmW
"40� 25 mm |xrYw =@ xHQO

"hrDNt lQD |=yx}w=R =@ xrYw uwO@ C=a]k CUmW K]U "5 pmW

"xrYw uwO@ Q=OlQD C=a]k Qta |wQ Q@ lQD |x} w=R QF= "6 pmW

CQwY |oDUy; x@ lQD OWQ R}v =yCr=L u}= QO xm OwW|t OwN OWQ III

"OQ}o|t
Q}F-=D 'Ow@ xOW u}}aD VywSB u}= QO |rY= |=yQ}eDt <RH xm 'Qo}O syt QDt=Q=B
=@ xOWs}tQD |=yxvwtv 7 pmW "Ow@ C=a]k Qta |wQ Q@ xrYw hrDNt |v}Jx}q
|x} w=R w 40� 25 mm C@=F |xR=Ov= |=Q=O xm =Q Cw=iDt |v}Jx}q =@ |}=yxrYw

"OyO|t u=Wv xrYw uwO@ |xvwtv Q=vm QO OvDUy xHQO QiY lQD
|x} w=R QO xm OwW|t xOy=Wt "CU= xOW xOQw; 8 pmW QO C=a]k u}= Qta
Qta u} QDW}@ u; R= TB w OQ=O =Q Qta u} QDW}@ p�a |v}Jx}q 'xHQO QiY lQD
QO C}ty= R�=L |xDmv "CU= xOw@ pfaf w pa� |=y|v}Jx}q x@ \w@ Qt ?}DQDx@
uwO@ |xa]k =@ xU}=kt QO xOWs}tQD Q=OlQD C=a]k Qta Q}osWJ V}=Ri= pmW u}=
C=a]k QO xOWxrYw |=yxvwtv Qta �300 pk=OL V}=Ri= xm|Qw]x@ &CU= xrYw

"OwW|t xOy=Wt xHQO QiY |x} w=R =@ Q=OlQD
C=a]k Qta |wQQ@ OwHwt |=y|v}Jx}q QF= '10 w 9 |=ypmW QO u}vJty
pk=OL V}=Ri= 9 pmW QO pw= |xDmv "OwW|t xO}O xHQO 45 w 30 |=}=wR QO
|Oa@ |xDmv "CU= xOWvs}tQD x@=Wt OQwt x@ C@Uv xOWs}tQD |xa]k Qta �200
pfaf |v}Jx}q '40�25 mm xrYw |xR=Ov= w xHQO 30 |x} w=R QO xm CU= u}=
xm|r=LQO &CU= xOQm Q=OlQD xa]k ?}Yv =Q |QDW}@ Qta w xOQm pta pa� R= QDy@
pfaf xrYw =@ u; Qta R= QDW}@ pa� xrYw =@ xa]k Qta 'xHQO 45 |x} w=R QO
=@ Q=OlQD |xa]k x@ xrYw uOwRi= OwW|t xO}O 10 pmW QO xm Qw]u=ty "CU=

"CU= xOW u; Qta �400 V}=Ri= ?@U 'xHQO 45 |x} w=R
|v}Jx}q 'xHQO QiY lQD |x} w=R QO p�a |v}Jx}q ?=UDL= uwO@ ẁtHt QO
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w xHQO QiY lQD |x}w=R =@ Q=OlQD C=a]k Qta Q@ xrYw ZQa Q}F-=D "13 pmW
"pfaf |xrYw

w xHQO 45 lQD |x}w=R =@ Q=OlQD C=a]k Qta Q@ xrYw ZQa Q}F-=D "14 pmW
"pa� |xrYw

=@ Q=OlQD |xvwtv OQwt QO =t= "CU= xOW R}v C=a]k Qta Vy=m Ea=@ '=yxvwtv
u=R}t xrYw ZQa V}=Ri= 'OQ=O pfaf |v}Jx}q =@ |}xrYw xm xHQO QiY |x} w=R
V}=Ri= =@ Qta Vy=m u}= |=Q@ u=wD|t xm|r}rO "CU= xO=O V}=Ri= =Q xa]k Qta
u=tt u=R}t 'xrYw ZQa V}=Ri= =@ xm CU= u}= 'OQw; =yxvwtv QDW}@ QO xrYw ZQa

"Ovm|t ltm lQD OWQ x@ w O@=}|t V}=Ri= xiQ]l} s}tQD QF= Q@ xa]k |WtN
w nv=J \UwD xOt;CUOx@ |@ QHD G}=Dv u=}t |}xU}=kt 2 pwOH QO
lQD OQwt wO Qy QO "CU= xOW xOQw; VywSB u}= |@ QHD G}=Dv =@ [31]nv=}
u=Um} R}v =yv; |D} RwBt=m |xrYw TvH w CU= |}x@r =} |Q=vm lQD ẁv R=
=@ 'VywSB u}= QO xOWxO=iDU= |D} RwBt=m |=yxrYw xm OwW|t xOy=Wt "CU=
|[a@ QO nv=} w nv=J |xrYw Ct=N[ swUl} |xR=Ov= x@ |Dt=N[ uDW=O
=yv; VywSB QO xDiQQ=mx@ |=yxrYw x@ C@Uv |QDW}@ Qta V}=Ri= '=y|v}Jx}q R=

"CU= xDW=O

|Q}oxH}Dv "4
|=Q=O |tw}v}twr; Q=OlQD jQw |oDUN s=mLDU= |@ QHD p}rLD 'Q[=L VywSB QO
CQwY (FML) |Rri |x}q |D} RwBt=m |=yxrYw \UwD xOWs}tQD |Q=vm h=mW

%Ot; CUOx@ Q} R G}=Dv w CiQo
|OYQO 200 R= V}@ V}=Ri= 'j}kLD u}= |xH}Dv u} QD|OQ@ Q=m w u} QDsyt "1
xm CU= |oDUN V}=tR; CLD xrYw uwO@ x@ C@Uv xOWxrYw |xa]k Qta

45 lQD |x} w=R =@ Q=OlQD C=a]k Qta Q@ hrDNt |}x}q u=tO}J Q}F-=D "10 pmW
"40� 25 mm |xrYw =@ xHQO

w xHQO QiY lQD |x}w=R =@ Q=OlQD C=a]k Qta Q@ xrYw ZQa Q}F-=D "11 pmW
"pa� |xrYw

w xHQO 30 lQD |x} w=R =@ Q=OlQD C=a]k Qta Q@ xrYw ZQa Q}F-=D "12 pmW
"pfaf |xrYw

w OvWN@|t xa]k x@ =Q |QDq=@ w QDy@ |}=Q=m xHQO 45 w 0 |=yxvwtv QO pa�

|=yxvwtv QO xm|r=LQO "OyO|t V}=Ri= pfaf |xrYw =@ xU}=kt QO =Q u; Qta
QO xOWxOwtR; |=yxvwtv QO =Q |QDW}@ Qta V}=Ri= pfaf |v}Jx}q =@ xrYw '300

"CU= xO=O u=Wv OwN R= x=oW}=tR;
|t}tQD C=a]k Qta u=R}t Q@ xrYw ZQa Q}F-=D '14 =D 11 |=ypmW QO
QO xm CU= u; R= |m =L G}=Dv "CU= xOW xO=O u=Wv 'x=oW}=tR; QO xOt;CUOx@
QDW}@ QO xmr@ xOWv Qta V}=Ri= Ea=@ xrYw ZQa V}=Ri= 'xOWQ}taD |=yxvwtv
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Ovyt u=tR hQY =@ |}=[i � =wy |=yxR=U s}tQD |=Q@ ?U=vt |WwQ |xOvvmu=}@

R}v =Q �600 Q=Okt =yxvwtv R= |[a@ QO Qta V}=Ri= u}= "CU= sm |xv} Ry w
u} QDtm w xHQO QiY |x} w=R =@ lQD x@ \w@ Qt Qta V}=Ri= u} QDW}@ "O=O u=Wv

"CU= xHQO 30 |x} w=R =@ lQD x@ jraDt Q=Okt
|oDUN Q=@ QF= QO C=a]k Qta 'xHQO 45 x@ QiY R= lQD |x} w=R V}=Ri= =@ "2
|=yxvwtv QO sy w xOWxrYw |=yxvwtv QO sy V}=Ri= u}= w O@=}|t V}=Ri=
|m} 'Qta V}=Ri= u}= p}rO "CU= xOy=Wt p@=k |@ QHD CQwYx@ xrYw uwO@
QiY |x} w=R =@ lQD x@ C@Uv Q=Ox} w=R |=yxvwtv QO lQD OWQ Q}Ut pw] V}=Ri=
"CU= II Cr=L x@ lQD uOW OQ=w w I Cr=L QF= Vy=m |Qo}O w xOw@ xHQO
u} QDW}@ |rw "OQ=Ov OwHw |O=} R Qta hqDN= 'xrYw hrDNt |=y|v}Jx}q QO "3
|v}Jx}q =@ xrYw 'u; R= Oa@ "CU= p�a |v}Jx}q =@ xrYw x@ \w@ Qt Qta

"Ow@ pfaf |xrYw R= QDOt;Q=m 'pa�

Vy=m Ea=@ |DL w CW=Ov Qta V}=Ri= QO |tyt Q}F-=D '=yxrYw ZQa V}=Ri= "4
s}tQD \UwD xOWO=H}= |WtN u=tt V}=Ri= p}rOx@ xr�Ut u}= "OW R}v Qta

"CU= xrYw ZQa uOW QDnQR@ =@ xiQ]l}

"nv=} w nv=J G}=Dv =@ Q[=L p}rLD R= xOt; CUOx@ Qta |xU}=kt "2 pwOH
(mm) xrYw |xR=Ov= |x}w=R

(40� 25� 0 8) (40� 25� 2 5) lQDQ[=L j}kLD [31]
�xHQO�V}=Ri= Qta ẁv V}=Ri= Qta ẁv

Qta �pm}U� xrYw Qta �pm}U� xrYw
{ 670 xrYw uwO@ { 44 200 xrYw uwO@ 0

3 51 23540 pfaf 5 01 221 500 xrYw =@ 0
6 02 40320 p�a 5 01 221 500 xrYw =@ 0

{ 12500 xrYw uwO@ { 74 000 xrYw uwO@ 30
1 99 24890 pa� 2 41 178 000 xrYw =@ 30
2 81 35150 pfaf 2 41 178 000 xrYw =@ 30

{ 17300 xrYw uwO@ { 112 000 xrYw uwO@ 45
4 13 71400 pa� 2 48 278 000 xrYw =@ 45
3 87 66900 pfaf 2 48 278 000 xrYw =@ 45

=yCWwv=B
1. aging
2. Aloha airline
3. composite
4. �ber metal laminate
5. stress intensity factor
6. peel
7. Boron/Epoxy
8. Bachir
9. hydra jet
10. wire Cut
11. e-glass
12. Aradur
13. Araldit
14. hand lay-up
15. cure
16. Instron
17. MATLAB
18. stress ratio
19. visual method
20. liquid penetration inspection
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