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Acoustic Emission Source Location in Filament Wound CFRP
Pressure Vessel
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Abstract Acoustic emission(AE) can be very effectively applied to locate the damaged area in large structures
by detecting the elastic waves generated during the damage process within solids. Source location in the
composite structures has been, however, extremely difficult due to the acoustic anisotropy with the velocity
dependence on fiber orientations. In this study, it has been shown that a newly proposed method for 2-D
source location of anisotropic structures is practically applicable to the real structure. The method employes
wave velocities obtained with different velocities from 0° to 90° for a filament wound composite pressure
vessel under the air-filled and the water-filled conditions.
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Fig. 1 A schematic of the test vessel with AE
sensor location
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Table 1 The nominal coordinate of AE sensors
w % y)
Sensor
St {0, 0)
S2 (300, O
S3 {150, 260)
S4 (450, 260)
Table 2 The exact coordinate of AE sources
Coordinate x y)
Source '
1 (150, 130)
2 {150, &7}
3 (150, 43.5)
i 4 (150, 0)
5 (230, 73.5)
6 (225, 130)
7 (300, 173)
8 (300, 260)
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Fig. 3 Array of AE sensors with the position of
simulated sources and the schematic of
velocity measurement
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Fig. 4 Experimentally measured wave velocities
with different angles at 5° interval; (@) the
air-filled and (b) the waterfilled
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Fig. 5 Waveforms detected at 45° in the air-filed
condition; (a) d=300mm and {(b) d=150 mm
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HAEEE ALEstgon ¢gE87)7 vlolge u Table 3 Error analysis of the results of source
= 1470m/s, E°] 715 AYRE s 1377m/sE location in filament wound CFRP pressure
4839t} Fig 73 Fig 8< Hlms) 2 o Q= vessel in the air-filled condition
Wulel o3 YAy Aztel Aol A Hyperbola Method. ) e Methiod (V)
Holle Weh e 1S e el thatel W= Bract [ (V- LAT0mA) .
= 4 Detected - .| Error(mm)-| Predicted: | Error(mm)
‘ 1 (150, 130) | (144.1, 132.0) 62 (149.0, 129.0) 14
& 2 (150,87) | (1449,87.2) 51 (149.0, 87.0) L0
3 (150,435)| (146.0,39.8) 54 (151.0,43.0) 11
405,00 | (153.0,-140) | 143 (1510, 1.0) 14
5 (230,73.5)| (227.9,672) 66 (229.0,75.0) 18

6 (225,130) | (252.7,148.4) 333 (225.0,129.0) 1.0

7 (300, 173) | (305.3, 169.8) 62 (301.0, 173.0) 10
| 8 (300, 260) | (304.7,275.4) 161 | (299.0,259.0) 14 |

Table 4 Error analysis of the results of source
location in filament wound CFRP pressure
vessel in the waterfilled condition

erbola Method
- ij\lj:'j(”;ym") Proposed Method (V)
Detected | Error(mm) | Predicted .| Error(mm)
1 (150, 130) | (152.9, [27.7) 37 (149.0, 131.0) 14
2 (150,87) | (152.6,95.6) 9.0 (151.0, 87.0) 1.0
3 (150,43.5) | (141.3,33.3) 134 (151.0, 45.0) 18
<b) 4 (150, 0) (142.1,-17.3) 19.0 (1490, -1.0) 14
Fig. 7 Results of source location in air-filled; 5(230,73.5)| (2224,59.8) 157 (229.0,73.0) 11
(@) conventional threshold method and 6 (225,130) | (2573, 110.7) 376 | (225.0,133.0) 30
{b) proposed location method
7 (300, 173) | (2927, 171.6) 74 (301.0,173.0) 10
8 (300,260) | (303.4,2813) | 216 | (301.0,261.0) 14
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