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Abstract

In this study, evaluation of damages on type 2 composite pressure vessel using acoustic
emission, including the specimen destruction test, pressure vessel signal transmission test, burst
and fatigue comparative test according to the destruction and evaluation of damages on the
pressure vessel through the probabilistic neural network.

The Amplitude of acoustic emission signal gets bigger as the cutting angle of knife increases.
Accordingly, the number of hits in destruction of composite materials specimen have more in
longitudinal direction (longitudinal direction to the fiber glass) than in hoop direction (horizontal
direction to the fiber glass) while the amplitude of signals were bigger in hoop direction than
longitudinal direction. Glass fiber~ It was found out that the-amplitude where the glass fiber
breakage is 40dB or more -and that the amplitude of signal for matrix crack was 40dB or less.
It was also found out that the source of acoustic. emission signal during the destruction of
specimen in the longitudinal direction is the glass fiber or main damage mechanism.

The transmission speed of acoustic emission signal of type 2 composite pressure vessel
according to the transmission ' angle showed little difference between when the water is filled or
not. As the transmission, angle increasesfrom acoustic emission source telative to the direction
when the glass fiber is wound “(0%), the speed is reduced from 5700 m/sec to 4500 m/sec and
the damping effects get increases, “showing the anisotropy.

The fracture mechanism of type 2 composite pressure vessel is follows; matrix cracking -
delamination - glass fiber breakage - metal liner fracture. The Kaiser effect is observed when
the pressure goes up to 60% of the bursting pressure. In more than 70%, the felicity effect is
observed and the creep effect is found as the vessel is so much damaged. In addition, In 70%
of bursting pressure, the matrix delamination and glass fiber breakage are found to be the key
causes of damage. Just prior to the destruction of the vessel, the mass breakage of glass fiber

bundle in the vessel and the rupture of metal liner occur.



The analysis of acoustic emission signal occurring when type 2 composite pressure vessel is
holding the load shows that the total count and the signal strength are the AE factors, which
can represent the damage of vessel and that the signal variables, such as mean amplitude, rise
time and duration and the AE signal, which is 60 dB or more, are the sound transmission signal
variables, which can estimate the damage mechanism of the vessel.

The pressure for destruction of type 2 composite pressure vessel which have the artificial
defects, is not related to the defect of matrix but the direction of defect is related to the position
of final leakage in the vessel. In the case of longitudinal direction, the thickness of wall of the
wall around the vessel, where the defect is located, gets thin and thus become weak. So, it is
likely that the leakage finally occurs where the crack appears on the metal liner though the
acoustic emission source is located.

The acoustic emission signal .occurring-in the fatigue test of type 2 composite pressure vessel
does not show any increase or decrease according to the number of accumulated fatigues of the
vessel. But it shows the increase or decreases after the specific signal variables such as
amplitude, rise time and count decreases or increases when the new damage source is found.
There are four patterns, in the. acoustic. emission parameters according ,to the increase in the
number of fatigues; pattern. of gradual rise up to a certain level before going down, pattern of
decreasing and then increasing, pattern ;of -gradual rise 'up to the leakage after the specific fatigue
cycle and the pattern of reduction to a certain fatigue cycle.

As type 2 composite pressure vessel does not show any simple increase or decrease, it is
effective to classify the pattern of acoustic emission variables coming from the fatigue damage
using the probabilistic neural network. It shows that the learning input variables for the
classification of signal pattern using the probabilistic neural network has better results when the
features of AE parameters are more diverse, the more acoustic emission signals are included in
the loading - holding - wunloading zone and the single after 2nd cycles of collected signal is

applied.
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Table 1-1. Classification of pressure vessels

Material Reinforcement
Type )
Liner Reinforcement wrapping method
1 Steel - -
2 Steel Composite Hoop
3 Aluminum Composite Full
4 Plastic Composite Full
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V(xt) = G(x,t) * S(xt)Z
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Table 2-1. Chemical composition of metal liner (unit : wt.%)

C Mn Si P S Cr Mo

Max. 0.38 1.00 0.40 0.015 0.010 1.20 0.40

Min. 0.25 0.40 0.10 - - 0.80 0.15
P+S =0.020

Type 2 EFAE #H&7|A = Z3AIQ] Glass fiber composite®] I A] WA h=
+FLEAS Y EA ohs sl 1" 229 o] AAS AFStS JhEstRth AlES A
SshA ¥ ARY BHRAE 4HE7 ERARSTE IEAE 2 200 mm A7|2 A

1ol EW &7]Y EdAEFY FWHo °F 1 mm FAY
longitudinal *¢&F fiber$} resin ¥ F°] US| A, hoop 3] fiber®t matrix A LA
2

A7) s AlE FGE 2HS A5 AA}A T
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Table 2-2. Result of AE parameters (threshold value : 40 dB)

L . Risetime Energy Duration | Amplitude
H
Direction its () Count (i - sec/count) (1) (dB)
Hoop 48 23.8 10.7 1.96 107.7 48.0
Long. 110 12.7 24 0.02 40.3 43.2
Table 2-3. Result of AE parameters (threshold value : 32 dB)
o . Risetime Energy Duration | Amplitude
D H
irection its (1) Count (i - sec/count) (5) (dB)
Hoop 210 36.1 19.5 3.45 311.7 43.8
Long. 582 26.1 %2 0.79 142.9 39.2
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Figure 2—1'5.. Photo of a) and c) gle : breakage expe.‘_gi'ments setup,

b) “before Ke,akage, d) after breakage (scale ;_,56 Lam)
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Table 3-1. Chemical composition of metal liner (unit : wt.%)

C Mn Si P S Cr Mo

Max. 0.38 1.00 0.40 0.015 0.010 1.20 0.40

Min. 0.25 0.40 0.10 - - 0.80 0.15
P+S =0.020

I 328 #Zo] & Al 8" APAHI= PCI Digital Signal Processing HE=
(16bit, 1I0MHz A/D converter)”7} Wl”d% DiSP-52 (AE Workstation, model by PAC)o]il
AR FEFHE AAXEe ZYdzrt WEd S4F9%S 150 kHz 33X & (R151, model by
PAC)# Fth<(WDI, model by PAC)°lt}. A& rlavlg EHE Ag3te] J3ags
(Dupont)S HFwA=Z &t &7} o] F2saL, Ale]E2 4ol 5 me| RG58A/UE
AH&-3F AT

AFE Sensor é

AFE Instrument

Figure 3-2. Schematic diagram of experiment
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Table 3-2. Velocity and attenuation of Wave propagation
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. . Velocity Attenuation
Vessel filling Material (m/sed) (dB/0.1m)
0 5729 2.0
dir. | 30 5224 5.3
Composite | .
Air ) | 60 4645 6.5
90 4506 7.3
Metal 4324 3.9
0 5689 4.7
dir. |30 5134 5.2
Composite | ..
Water )1 60 4710 6.8
90 4512 8.7
Metal 2938 24
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Table 4-1. Load holding and unloading time

| e | g e |
30% 18 02:06 12:08
50% 30 04:50 14:55
60% 36 06:36 16:37
70% 4 10:12 20:18
80% 48 13:03 23:04
90% 54 19:30 29:31
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Figure 4-12. Total hits each pressure loading stage
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Table 4-2.

Bursting pressure by defect type

bursting pressure

Defect type ID (MPa) Remark

A 59.0 location
Longitudinal

B 61.0 -

C 60.5 souree

location
Transverse
D 59.0 -
E 60.5 -
Sound
F 61.5 -

T

———

/—-. =
artificail defect

artificail defect
i (opposite side)
7 A

Figure 4-21. The position of artificial defect

: a) longitudinal, b) transverse and final fracture.
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Figure 4-27. The result of source location-with cycle for longitudinal defect: a) 0 , b)

4000, c) 8000, d) 12000, ) 16000, f) 20000 cycle.
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Figure 4-30. The rise time distribution of hits connected with event during fatigue cycle

for longitudinal defect cylinder: a) 0, b) 4000, c) 8000, d) 12000, e) 16000, f) 20000 cycles
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Figure 4-33. The amplitude distribution of accumulated hits connected with event during
fatigue cycle for longitudinal defect cylinder : a) 0 , b) 4000, c) 8000, d) 12000, e) 16000,
f) 20000 cycles
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Table 4-3. AE parameters Classification of patterns

AE parameters Initial stage | Hold stage Final stage
number of hit o o [
sum of count o ®
average count [ ®
average energy o [
average rise time o
average duration [ ] o
average signal strength o o
Pattern type P-1 P-2 P-2 P-4 P-1 P-3
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- avr_duration(CH)

;A Aol A A= AE(CH)S DBF A duration®] H&

rol

o},

- num_duration_over(CH,lowV)

D A Wl dst= AE(CH)S DBFolA duration®] AT Fh(lowV)FE
tlZk(max) Akelel A= hit 5 3o

- ratio_duration(CH)

c 893 WYl A= AG(CH)Q % hit E°1A duration©] 51°0]73¢1 hite] B&
< T8

- top20_avr_duration(CH)
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x>

D AEg Heel A fek= AE(CH)2l DBFolA duration©] 2o 2 20709 Hdt <
Tk 20707F k2 Ae=, L AFY Hds 73

- band_avr_duration(CH,lowV,highV)

c AEE AWM Hbst= AL (CH)Sl DBF A duration®] #7483 A gt(lowV)H-H
H 13k (highV) Atele] Q1= hit S ¥ H it durations T 3T}

- avr_duration_over(CH,lowV)

o,
o

Ak YA dst= A (CH)S DBF A durationo] XA Fk(lowV) ©]
hite] S T3
- slop_amp(CH,lowV, highV)

DA HE oA dst= AE(CH)S Amplitudedt ol HA h(lowV) B gk

B A%A A5 =70 ## S Feature

- avr_sl(CH)
;A9 g AR A dste A'd(CH)S DBZollAl Signal Level®] oS 3t}

- avr_rms(CH)

: e 3 WYl Hste AL (CH)S DBFolA RMSS] HH S +

<
e
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Table 5-1. Feature of AE parameters and Classification of patterns (O : matching case)

no. AE Features Full stage Initial stage | Hold stage Final stage

1 num_amp_band O @) O @)

2 max_amp

3 max_eng O @)

4 sum_eng o O ©)

5 num_of_hit O O @) O

6 avr_eng O O O

7 num_eng_over O O O

8 ratio_eng

9 topl0_avr_eng @) ©)

10 top20_avr_eng @) O

11 sum_count O O

12 avr_count @ @) @)

13 max_count O O

14 num_count_over O @) © O

15 ratio_count

16 over6_avr_count O O O

17 sum_strength O @) O

18 avr_strength O @) O

19 top20_avr_strength O @)
Pattern type P1 P2 P1 P2 P2 P4 P1 P3

(5 elA A%)
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(g oA A%)

no. AE Features Full stage Initial stage | Hold stage Final stage

20 max_Rtime

21 avr_Rtime O

22 num_Rtime over O O O O

23 ratio_Rtime

24 top20_avr_rtime

25 over6_avr_Rtime O O

26 max_duration O

27 avr_duration O O @)

28 | num_duration_over O ©) O O

29 ratio_duration

30 top20_avr_duration O

31 band_avr_duration O 0 @)

32 avr_duration_over @ O O

33 slop_amp @) @) e O

34 avr_sl O

35 avr_rms O O

Pattern type P1 P2 P1 P2 P2 P4 P1 P3

no. of matching 16 7 8 7 10 2 18 7
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st % FF data set®] FX+ 2 channel x 3 stage x 35 features = 2105 1 setZ 3}
7Yz} o] Vesselol thste] 2 A2 0 cycledl A AJZFske] 110,000 cyclesd] +4 wj7}%]
AANED 22 J2E2AS FuHE ste] 59 AEFF cycless 7HRIH

2 57]= H_CORE Algorithme 2 PNN<S AM&3ts 27 dlolelsh A3l dlole] n%
743 3 & HAdigeZ 19 APttt 7719 Weighting factore 25 1= AA3S
o HEAA 09 default valuew 052 AA3YT) sh<x 2 B F data sete= X 529 &
=3

Table 5-2. Training and test data set

No. Training data Set Classification Test data set 1 Test data set 2
1 1st cycle A, B, C D, E I, H,F IL H
2 2nd cycle A/B, C D, E I, H F I, H

AB, CD, E
3 Ist cycle I, H F I, H
AB, C, DE
AB, CD, E
4 2nd cycle I, H F I, H
AB, C, DE
5 Ist cycle A, B, C, DE I, H F I, H
6 2nd cycle A, B, C, DE I, H F I, H

(A:0~20k, B :30~50k, C:60~70k, D:80~90k, E:100~110k, IL:initial, H:hold, F:final stage)
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53 23 2 E9

FEANBWE olgstel 8719 SHEF A E 533 2ol 8% volEHE and cycled

5
A83la 5FE 357F(AB, C, DE)OR ERIAS A9 $5.402%% /M 2o BEEE B

Ak T3 A 59 Zo] dhgx HolEl= 2nd cycled] ©Hlo|HZE 39S A7t 73.17%
2 1st cycle®] HoHE StFHOEZE 33 459 63.01%Ett A UYESOo™, g A

# dlo]El= initial, hold, final stageS =7 X33t= 72-F7F 70.83% = final stages A<
SHHE 399 66.36%ET A UEEth Mt GEAAG

o L= HItl 3o St data®] Tl wEl ERZAdN FFS FH, 53] 1st
acquisition cycle SFHEHG feature$} final stage®] X3 o Fo| wel BEE Hfol&
Uetdth. st dEdee Wy 540l 2S5 5, loading - holding - unloading stage®]

TE, A o] F cyced) ATE FHLIETE 2 ZHE UEHES

e ol 8F BIAR FPE)
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Table 5-3. Result of classification on Vessel

Case Training set Test set Classification Result(%)
1 1st cycle I, H F A, B, C D ,E 52.08
2 1st cycle I, H F AB, CD, E 72.92
3 1st cycle I, H F AB, C, DE 77.08
4 1st cycle I H F A, B, C, DE 58.33
5 2nd cycle I, H F A, B, C D ,E 66.67
6 2nd cycle I, H F AB, CD, E 81.25
7 2nd cycle I, H F AB, C, DE 85.42
8 2nd cycle I, H,E A, B, C, DE 72.92
9 1st cycle I, H A, B, C, D ,E 45.83
10 1st cycle I, H AB, CD, E 60.42
11 1st cycle I H AB, C, DE 77.08
12 1st eycle I H A, B, ¢, DE 60.42
13 2nd cycle I, H A; B, C, DE 62.50
14 2nd cycle I, H AB, CD, E 77.08
15 2nd cycle L H AB, C, DE 77.08
16 2nd cycle I H A, B, C, DE 62.50
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Table 5-4. Result of classification by training data set

Case Training data set | Test data set | Result(%)
1-4 I H F
9~12 1st cycle 63.01
L H
I H F
5~8
13~16 2nd cycle 7317
L H

Table 5-5. Result of classification by test data set

Case Training data set | Test data set | Result(%)
1st cycle

1~8 L H F 70.83
2nd cycle
1st cycle

9~16 I, H 65.36
2nd cycle
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