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Energy Based Source Location by Using Acoustic Emission for Damage
Detection in Steel and Composite CNG Tank
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Abstract Acoustic emission (AE) is an effective nondestructive test that uses transient elastic wave generated by
the rapid release of energy within a material to detect any further growth or expansion of existing defects. Over
the past decades, because of environmental issues, the use of compressed natural gas (CNG) as an alternative fuel
for vehicles is increasing because of environmental issues. For this reason, the importance and necessity of
detecting defects on a CNG fuel tank has also come to the fore. The conventional AE method used for source
location is highly affected by the wave speed on the structure, and this creates problems in inspecting a composite
CNG fuel tank. Because the speed and dispersion characteristics of the wave are different according to direction
of structure and laminated layers. In this study, both the conventional AE method and the energy based contour
map method were used for source location. This new method based on pre-acquired D/B was used for overcoming
the limitation of damage localization in a composite CNG fuel tank specimen which consists of a steel liner
cylinder overwrapped by GFRP. From the experimental results, it is observed that the damage localization is
determined with a small error at all tested points by using the energy based contour map method, while there
were a number of mis-locations or large errors at many tested points by using the conventional AE method.
Therefore, the energy based contour map method used in this work is more suitable technology for inspecting
composite structures.
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Fig. 1 CNG tank with four AE sensors
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Table 1 Wave propagation speed at each direction
on the CNG fuel tank

Tank type Axial direction Cirz‘;;zgfirsgﬁal

1 5,405 m/s (+36) 5,555 m/s (£75)

| 5,263 m/s (+£71) 5,774 m/s (£185)
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Table 2 Error rate(%) of source location using
arrival time method

Th |30 dB | 35 dB | 40 dB | 45 dB | 50 dB
P1 1280 7090 96, 148] 502
[ 2 | 431 43 5048 77777 5.7]
7777777777777777 I I A A
P3 1231 81! 66! 1021 705
[ pa | 2931 245 ""27776*3""2767643""276"57
P5 131 16! 08! 13! 14
[ P | 645, 640! 612 880, 521
[ | 4831 465! 4761 4671 478
AVG | 247 314 225] 275] 363

(a) error rate(%) of source location on the Type-I|

Th | 30 dB\ 35 dB\ 40 dB| 45 dB| 50 aB
P1 156, 132! 23.4j 22.5J 66.8
[ | 4 553 "75573 4820 4801 483
[ P3| 10000 100.00 1000} 100.0% 100.0
[Py | 2 3"2; 7"53791 T35 290 243
[ ps | 67773””9.7573””6717 77777 530 53
[ P | 10000 10000 10007 77.21 757
[ | 621 501 33, 51 89
AVG | 49| 424 435] 401] 471

(b) error rate(%) of source location on the Type-I|
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Fig. 3 Results of source location using arrival time difference method
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Table 3 Error rate(%) of source location using energy
based contour map method

Location error (%)

Impact

Point PLB PLB Metal

(< 0.3 mm)|(Z 0.5 mm) impact
Pl 14.48 | 6.06 15.84
o | 20000 7350 20.00]
o | 23250 1356 | 13.32)
B I
PS 2141 1149 20.48
e | 1514] 1514 16.24,
e | 1256 13561 2245
AVG 16.78 11.86 17.26

(a) error rate(%) of source location on the Type-I

Impact Location error (%)

Point PLB PLB Metal

(0.3 mm)| (< 0.5 mm) impact
P1 9.87: 6.06J} 15.63
o | 1387 465! 750
e | 832  832) ¢ 8.32|
| s e
P5 10.40 | 6.57 6.24
e | 1249 793 19.74]
7 | 857, 193 5.8
AVG 10.12 ] 6.97 9.91

(b) error rate(%) of source location on the Type-lI|
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Fig. 5 Comparison of source location error(%)
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