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o metA Az Gad dade] 4 23S A FERIAY] AHEHT ey ofE 98 Jhg F4tol
L33 A2 oA F2 £4E Tt AA AHEA 2 FTE AdNTIE 2UeE REdE AR
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1.M B H1 e Algol FYEF A (hydroproof testing)
olct Bl davel FURIABE Aoue) Hy)

AH73E BgA2 Aztd 24 98 2AxE o] A+ A}-8-9t2 (maximum expected operating pressure
Aol x(o)st B4 dAixde w©2 AHE Paid :MEOP)& 9FzF A3lsl= 8 Z 42 (proof pressure)
E gQigdoz B Holld, 9539 AU, & £ AXNE B3 /18 F Jawe) F2A A
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43, 243 5 oy Adoz FAs o A dxwe) ASE BF AL A9 AE £l
ARF A71A 2 Aol BARAU ALg Fol o8 davel 42 AFANE ndE AAL
g0 AHY AsAel HEATL Atk WA A AR stol, FYRFAY) FAY ATl 2 th

A @29 AaTo] ASUY olge] YNE 5 BANA o BadHR WA Be dPeld 3
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ERo 2 RE FFe FUtd wE I3 AFe Wi
o} yolrt g KA 2 ¢gHEE A& 42
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<+ 34& A ¥ (acoustic emission testing : ©] 8 AE
Ag)e Age AN #oEe E3FWE(acoustic
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o} olgj g BEA W& AF7A BEA 4 §7
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o] 4% 8% 29%F9 e e F dEd
Aol wakd ol d #Fol uid ATt Y
g} gled, $UAIE Aol AP A(spherical shell)
£ 2APE vigd $3iAZ Fo] FUNEE 34
AE dataZ 38381 F4&402 % FA4HY
wzts BFsAY’, d3HE FI4ge 80%9
A FEAPE T AW Fo] BFET
indenterg €% EoldA d3iAA FZE& 718
. A F£EAEE 39 AE data® FF 4%
o ojg}l B& FALELE UM BIRA APHe 2
FAEE dEste 4797 £98 9 A

ojaol M HAME RAAY 99 HF AE AT
28 Ef¢A AoAFE diEde dd o
APz AFge] Fo o AP v o
FYJAE oFd old &G AT/t FAW <7t H
¢ =59 g & dFNE vhasE e da
o Aty ¢FPuc) A4Es te hger 44
F FURZANFA DA AEAEE FAsHA,
234 dawe 23 e &4 AL Fusty,
A/ Axwe FHAT vAE IFE 3
7+ e 71EY g AlEEArt

2.4 #

20, SEN A4 AEY

B d7dME A42 AEH3 e aAdsR
2AREA 20 EEANPH7IE BEA d2x#H
9% Aoz AFF 5719 NSTEB 4@

(“NSTEB"*|& EFAAH7/HE 4wy & F/E
Ydelie G3d)E AEHANEH WEE NSTEB
9 - 2%E 96-6)08 AF AP W AF
o 3F HdEF o AFHKFE U] s
+30° Wgo 2 HHWE Ao 1.3mm FA <
A7) 4 (hellical) & HEX, 2 o Al 7k
2 v dig 90 Wz HHWE 449d9
&ty 1.3mm FAY FZ(hoop)EFS FAHAZC A
A% AdyE AL 254mm(10inch)elz A -
= wxel AZle 47 4H57mml8inch) R
97.0mm(3.82inch)el ¥, AUvIF-o ZHolx 465mm
(18 25inch)elth. ©] Al@HL A F o 100psi ~
200psi & FAANE FolA Fart goe e &
A3t t.
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FABZAFA HEHE AEY SAH22RH
28 E3AAS FAddEE 3 J1EY A
wg 93 A 12 FLRFAND 2 SHFEFEAE(
3 $£Y/AEN ), FAAY, A 23 FSWAEAE,
agn FEANYELE oA e 4374 4EE& 4
Alstgieh. olgie d¥e A FEAFAAY AE
NEAxN2 F48 FYAENEZA, Gtz 4AE
719 X-ray NE712 FAHE FEAEFA 2dn
FAAHE FAANY LA S AHgtAH,

A 13 FY/AEAN DA Aad o4 4t
gol o 30%, 50%, 70% AEY tHoZ Jghd
FAANEE HAstae oy WEEHE AE eventsE
AENE BAAE 53 FRASRAC olw A2#d) 7}
% loading cycle2 Fig. 13} Zth

A
j— Expected Burst Pressure
{load-hold-unload) ramp to

H/AE Testing 10min failure
0%~

10min

Burst Testlng

50%—

30%}—
slowly

y Time

* H/AE : Hydroproof/Acoustic Emission
Fig. 1. Loading cycle applied to ithe motor cases
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3 A 7IATEE dodvld AR 279 T3
AUAE AT kel gt 7 F, o2 A%
£4¢ X-ray AEE T3 £ FH4EEE
74 dadel distd A 12 FUA/AEAZAISY F
A loading cycleZ A 23} FU/AEA B & A%
Ack. Al 22 FA/AEAPE v d4#S Fig 1
o Yetd ramp - to - failure loading A o2 7+t
g FEAEL 9 FEA7iz o Bd dEe
g

1) +4/AEA

Fig. 201 & 70X A83 FU/AEANE FA
o FAEE YeEhAU

Fig. 2 vehd AT sIANEZA= =LA
dagd £4& 7] 9§ FABE} FUAHZ
o JMt&xg =dsrl A TYEE, st o
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Composite Pressure Vessels

Fig. 2. Schematic diagram of the experimental set
-up for acoustic emission during hydro-
proof testing
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& loading - holding ~ unloading® 7}t cycle® +
g F ISR ST 24 A3 =AU &
2 FAE 9 AXNE EF 23y vt FEEEL
(HarkelAte] 22 M -and MS)9] Ao} 71¢F 58&
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500mve] Z<te]l AAE & UEE uwAHE AAF
Sk DPIOIA] Yo obvbEg dg AEE AE A
z9 Aot 48 93 A& PAC(Physical
Acoustic Corporation)A}®] Spartan 2000 AE A%
el FRo AYANA FF EHd AR T UE
& 3k

AE N3 EXNE 93] Spartan 2000 A& A 7
#¢] 97) channelg A& 1, Z+ channelol &3
AE AA<Ql RI5(FR F94 150kHz)e] &8& A
2ZZ7] PACAFS] 1220A(band pass filter 100~
1200kHz)E 60dBR FEAIZl 4358 Y4FHstdth
48" Az F A= ZXdAME FFEAINA U
th. AE A% 5L 93 Fig. 39 Jebd AAH
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Fig. 3. Schematic diagram for location of AE
sensors
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stk ol e EA b A
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3 ERGERE, dAREw)e AAE BAshe o
TP B @70 oo A%Hez FHPsych 1
Y AT 2 AT A& BA e Asps
£g 8 d7E 2834 2o

o

2) =AME

B A7 4 AEE 48 AHE A 5
A dawd FAE ey A% GeFAAY
719 £7 &4 A=g E£43= X-ray AE”
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Table. 1o & AFoA AF7AA FPg 2494
o A3 MeE g okstgoh

Z7]o] 4¥S AAF NSTEB 9%6-29 96-49
AY, 2Ty dFaddE-E 3000~3500psi A=
2 FA3e o] 479 30% 4= 1050psi(eF 7okg/
cmd), 50% &9 1750psi(eF 125kg/cm?), 70% %
#91 2450psi(9}F 175kg/cm?) 5 394 ¢S &
Hoz 7hehe FWAENES AN o,
NSTEB 96-2%= 1050psis 7}tat A3k $U/AEA]
g Al 194 7F4Al hoops Adr3tdhe], NSTEB
96-4F 22 tgxdoA oA fEA(FHER L)
o] WAEIE) ool NSTEB A4 oitsldet
2% 1400psi (100kg/cm)o.2 W3o] tha] HAs
i, NSTEB d4#e] 96-3, 5 6& o] odsidyd
9] 30% %39 420psi(eF 30kg/cmd), 50% FE
700psi(F 50kg/cm®), 70% 421 980psi(eF 70kg/
)9 394 4Ee sAd oz 78RS loading
cycle® FA39, A 13 FA/AEAEE HAER
t}. o] HAdx NSTEB 9%6-6& 70kg/cm’e] 3+d
o2 713 Al 1A $U/AEA G Al 3D 71l
A hoop% Ieto] AAEH7] wWfEd X-ray AE
o AAE F ddA48E& HASA.
NSTEB 9%6-32 13 £4A8% 132]9 $4&4¢
7vsta Al 23k £U/AEAE S AR T dENES
AN 8l es NSTEB %6-5& 14 ¢ AEAIE ¥

EL E

Table 1. Summary of the experimental result

Specime Expected Burst 1st H/AE test Impact 2nd H/AE test Burst test Remarks
Pressure Test
NSTEB | o /e loading-holding up to _ - ABPO at | Fiber Breakage at 1st
%-2 kgf/cm T5kgf/cm’ 87kgf/cm’ H/AE test
NSTEB o50ket/cm’ loading-holding up to _ _ ABPO at | Fiber Breakage at 1st
%-4 ket/cm Tokgt/cr? 75kgt/cm’ H/AE test
NSTEB 100kgt/cm? loading-holding-unloading {Impact Energy :{same as in the 1st| ABPO at ~
%-3 glem up to 30,50, 75kgf/cm’ 13J I/AE test kgf/cm?
NSTEB 100kgf/crrt loading-holding -unloading |Impact Energy :| same as in the 1st| ABPO at B
%-5 o up to 30,50,75kgf/cm’? 0J H/AE test 112 kgf/cm’
NSTEB 100kgt/cr? loading-holding-unloading _ ~ ABPO at | Fiber Breakage at lst
9%6-6 kef/cm up to 30,50,75kgt/cm’ 93kgf/cm’ H/AE test
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(ABPOZ EA))2 NSTEB 9%6-4, 28z 7|A+4¥
(MCE EAD)E BE AgHANA 2As4 . Fig. 4
o EAG A™AM 20x 7 AZtime
window)S AA38t1 o] 20% Alolo] WEFE AEY
e 9AEAL AA A ob&# amplitude dis-
tribution plot (hit vs. amplitude), energy dis-
tribution plot (hit vs. energy), duration distribution
plot (hit vs. duration), 8|3 rise time dis-
tribution plot (hit vs. rise time) 5 4&%9 AE
parameter distribution plotE Ttk o] 471X
AE parameter distribution plot% amplitude dis-
tribution plote] 4o 71 A3tk s ol
B aAFoxE= AE source locationd 3¢} amplitude
distribution plot+-g o] &3t H3tAl dAie I
EAFS B89 &, AE source location® 25
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Fig. 4. Windows for analysis of AE behavior

;

B

2) EFAA B

FAAIA dadd s #4702 U
tZ&® AE 2139 Ajztel w2 Waks @A,
#38 E2AA AXER7IEE HEdtd AE
4] x& AAsArct. Fig. 55 NSTEB % -2
¥ A 13 FLAEAES A 194 ZikAl &
2 AFNEA, A Azt nE 4o WEE, b)

o

oo rf

Al

- 97 -



THRFAEAY a2l AT E3HA A2 FAAF o5 Val. 18 No. 2 (1988)
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a) Loading pressure vs. time Fig. 6. AE source location at 330 second in the
“FB” 1st level pressurization to the NSTEB 96-2
S— case during the 1st hydroproof & acoustic
emission test
1
P t}. Fig. 601] LERE A frabdo] Aot Al A T
¥ AESH SIAIY AHE MW Wfsteel Yo
» Age) AESHe] BFTel A& ¥ 4 Ak
Fig. 49 vebd zt zp8o X 4e AE A3l o
S TSRS A odge RS S99 29, 493HEB)Y
Time(Sec) ~ Futn 2o HABPO)Y Wigd @AYAE #AT
b} AE event count vs. time F dSek a8y, ZIAFEMO)Y] e Eaw
Fig. 5. Loading pressure and AE events in the o ol A FHAEA LS wEo] AEA
1st level pressurization to the NSTEB 96-2 N 7IATEY ARXE HEE] 2AY + gVl Wi
case during the 1st hydroproof & acoustic o Afaen FTuE rolgrs A9 BE £4S
emission test A dER s

) AE amplitudeol] "X & pressurization®] <3
oAy £ #HF shve didd, 7R
g, e, FHEsolY Fof BER=S W
o wg} AE amplitude distribution®] o}% A H3}3}
©7tE #43ke Aotk oy d¥E Ed AE
amplitude®s ol2j3 z&ERzo ¥ #nk ol
4=9FA 8 9] 7}k Bl (pressurization)ol] WElM T @)

w

AL A, WA 7it 246 W& AE amplitude

i o wale nAI
Photo. 1. Flber breakage occurred in the hoop Fig. 7€ NSTEB 96 3 AdHe A 12 FUA
layer of the NSTEB 96-2 case ol A 197 NALBAAA st ANxFde] o)

3t AE amplitude distribution plot& B Qi)
= A7 mE AE event®] 479 WEE HoF1 o] zoll yebd uiel o] 7kl (loading)el AE
qlth. Fig. 52 B4, 7F¢A7be] 330% H#2o &2 amplitude distribution® 50~80dB A}olglw] W&,
49 AE events7} HEHE AL & 4 ded, © At (holding)2l AE amplitude distribution& 40
© Photo. 1o YEbA uvlel 22 hoopZ: A Fatetat ~80dBE uElstt}. o]2id AE amplitude?] #3%
FEE7 2ATE A Ao I F YA A Al 2dAe A 39A MG AAAME SHeE

=

l

=
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ilits >

Amplitude (dB) —

a) Loading

Hits —

Amplitude (dB) —
b) Holding

Fig. 7. Effect of load/hold on AE amplitude in the
NSTEB 96-3 vessels

gt A#Egle]l T4 AFE Jehded,
NSTEB 96-5 Al§HoME HA] & HEgE By
F9t} o] E A3E AE amplitude distribution®]
ZhaEle] odgke ed, 2 G¥elT FYRT
71¢tol L amplitudeE ZE AE events® o3
g ziths RAojth, Wk, AE amplitudeE o4&
o] HEdGS BAEA & 9 oY HE FE
kel

4) B3Rz Ay

B AN ALES AEHEA B4 dxud
Hir=E Afad, 08, 71xFge 377
AE F Al B HNAME o5 L Hd
AE events® amplitude distributionS AF&3F T
Fig. 8 547t AA 13 FSH/AEAEY A 1
@A loading) 9] Ze @719 744 (~30kgt/cm®)
sloll Al A3 NSTEB 96-29] A +3dH(Fig. 8. a))
#} NSTEB 9%6-59 7]X#<(Fig. 8. b))% v u3tH
th o] 2¥E B Afmdn JATEA T4
AE events® ¥H$+ 50~80dBE H]=3dhy, A#7
2ol AL of 656dBH T AE event’} 7HE ®ol
A B 7| AT B FE oF 58dBA T AE

Hits —

Amplitude (dB) —

a) Fiber breakage (2-1)

1000

e 106

40 (1]
Amplitude (dB) —
b) Matrix cracking (5-1)

Fig. 8. Effect of failure mode on AE amplitude

distribution
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Prediction of Failure Behavior in Composite Motor Cases by
Acoustic Emission during Hydroproof Testing
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Abstract Prediction of failure behavior in filament-wound composite motor cases is one of the important
issues for their reliable application. Acoustic emission during hydroproof testing of the cases is used to
solve this problem. Based on the acoustic emission behavior, failure sites can be located successfully. The
identification of failure modes is also possible using the distribution of acoustic emission amplitude. Due to
the limitation in the number of samples, it is not possible to predict the final burst pressure of motor cases

and the effect of impact damage on the final burst pressure.
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