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Study of Quantitative Assessment Standard for Type 1 and Type 2 Gas
Cylinders Using Acoustic Emission Testing
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Abstract Acoustic emission testing (AET) of cylinders is advantageous in that it can be directly conducted on
cylinders installed in a car, without needing to dissemble them on a real-time basis. Therefore, users prefer AET
over other nondestructive testing methods. Owing to these advantages of AET, it has been approved by the
Department of Transportation of the U.S. as a safety evaluation method for pressure containers or as an alternative
to the hydroproof testing method. This paper presents a study of the quantitative evaluation criteria for a container
having ultrasonic testing defects and also for Type 1 and Type 2 gas cylinders, which are defective seamless
pressure containers provided by NK, a manufacturer of pressure containers. For the Type 1 cylinder, the process
from crack growth to leak was observed in a repetitive fatigue test using a 113 L container according to ASTM E
1419-02. Further, for the Type 2 cylinder, integrity was evaluated using a 119 L sound container and a container
damaged by hydraulic pressure, by the slow-fill method according to ASTM E 2191-02. Based on the AET results
of the Type 1 and Type 2 cylinders, quantitative evaluation criteria were established for a defective and

non-defective container.
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Fig. 1 Structure of the system

Table 1 Specification of AE system used in test

Description Specification Remark
140 kHz (resonant type)
AE
SENSOT | 40 dB (built-in preamplifier)
Amplification 50~300 kHz filter
Unit 28V power supply
DAS 14bit, 3MSPS
ASTM E 1419-02 Typel
Test code
ASTM E 2191-02 Type2
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(a) Screen showing the result of PLB (pencil-lead
break method) prior to the actual hydraulic testing
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(b) Screen showing the source location during the
pressure holding period
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(c) Screen showing the testing of eight gas cylinders

Fig. 2 Developed software for evaluation of integrity
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Table 2 Specified cylinders, typical dimensions, and
service pressure of Type 1

Specification DOT DOT DOT DOT DOT
PECIICAlion | saax | 3T 3A | 3AA 107A
dia%gtse‘fem 2 2 | 963 | 963 18
(cm)’ (55 (56) (25) (25) (46)
Nominal Wall| 54 | 042 | 031 | 025 |075 or 086
(cm), | (1.37) | (1.07) | (0.79) | (0.64) | (1.9 or 2.2)
Length, ft 18 to 40 12 to 32 33
(m) 0.5 to 12) (4 to 10) (10)
Typical service| 2600 or
pressure, psi 2400 (16.6) 3300
(MPa) (18 or 23)
Typical fill
pressure, psi 600 to 3000 (14.14 to 20.68) 2632(())(;0
(MPa)
Alternate hydrostatic test, at 1.67 times marked service
retest method |PrESSure  every five years with volumetric
expansion measurement

Table 3 Specification of Type 2 container used in

test
Specification ANSI/CSA NGV 2-2000
DOT Type KGS C 024-2004
Working Pressure MPa(bar) 20.7(207)
Hyd. Test Pressure
MPa(bar) 31.1(311)
Auto-frettage Pressure
MPa(bar) 41.0(410)
Length(mm) 1520
Volume(L) 119
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Fig. 4 Test environment for Type 2 container
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Fig. 5 Slow-fill method for Type 2 container
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Table 4 AE count and accumulated hits per cycle
for Type 1 container used in the test

Cycle Average | Standard Cycle Average | Standard
count . L. count . ..
. Hit deviation . Hit deviation
(time) (time)
0~ 7,001 ~
1,000 3.91 1.86 8,000 5.07 1.27
1,001 ~ 8,001 ~
2,000 4.14 1.43 9,000 5.95 1.54
2,001 ~ 9,001 ~
3.000 5.01 1.33 10,000 10.31 2.16
3,001 ~ 10,001 ~
4,000 4.66 1.19 11,000 13.65 1.98
4,001 ~ 11,001 ~
5.000 4.6 1.20 12,000 16.81 2.18
5,001 ~ 12,001 ~
6,000 5.41 1.34 13.000 21.22 2.30
6,001 ~ 13,001 ~
7,000 4.69 1.26 14.000 24.28 1.85
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Fig. 7 Results of AET and UT testing for Type 1
container
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Type 2 Test Result
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Fig. 8 Result of tests for Type 2 container
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