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Laser ultrasonic guided waves cross energy level mapping transfer
detection method in air-conditioning condenser pipelines

Hong Xiaobin, Huang Liuwei

(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract : The air-conditioning condenser is a key component of air-conditioning equipment. Its elbow connection makes it difficult to
apply traditional contact damage detection methods due to various types of damage and complex geometric shapes. This article proposes a
non-contact laser ultrasonic guided waves non-destructive testing method based on an energy mapping transfer network. Firstly, the
approximate waveforms of the ablation signal and the thermoelastic signal are extracted through wavelet decomposition. An autoencoding
energy mapping function is designed to map the thermoelastic signal feature space to the ablation signal feature space. The mapped
thermoelastic signal close to the ablation signal is obtained. Then, the feature space of thermoelastic and ablation signals are aligned
through the energy mapping transfer network. The network model uses the sum of domain conversion error and sample label error as the
feature space alignment error value. Finally, the performance of the proposed method is evaluated through detection experiments on the
air-conditioning condenser damage such as leakage, delamination, and cracks. The results show that the damage accuracy of the
proposed method is 93.09% , which is 7.23% higher than the traditional laser thermoelastic excitation detection method.

Keywords : air-conditioning condenser; pipeline damage; laser ultrasonic guided wave; deep transfer learning; energy mapping
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Fig.2 Transfer characteristics of laser energy mapping
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Fig. 3 Flow chart of the energy mapping transfer

1
i
i AE BBAGERS % (EMIN)
H
"

detection method

5 b PSR F T 2 ORI 15 5 (A M3 0, O
THEOGHE R WS 4506 LTEDS e 5 3] MTS, FRiF %>
BH TR U5 B 4ERRAE . 4015 sR AR E TP A
BRI 5, 38 i A RIS A R S50,

1) RIRBEOGRE A IS 5 BB, B AR TR0
RS VARSI i A 4R 2 B HiE 23 R UR I LAEDS 1 H ik
LTEDS, @it /Nl #3545 T LAEDS F1 LTEDS A9 HES

P, T8 3 O BE B W 268 LTEDS $3AF 23 [a] e 5
F| LAEDS $#fiE25[0], $-45 MTS,

2) et BT IE RS I ZE N SR, il ek WS S 19 2 A 72
At DL BT ISR, H S, 23T ResNet 715 MTS
PR R K A S (AT R ) BOARAE, YR, WodE
LAEDS f M a5 y5,,,0 6=, 3&F n" 0% Fly),, T8
SRR Ly o B5 , FUTEAL RS 08T At 2 S 10 7% I 265
R,

3)LTEDS Wik, FRA5 RE i Wi & W 45 Bl j | B
AR LTEDS ., [RIA, He e 6 0 540 mT B e i A 2] g
WL T RS X AR A T
1.3 HEAEBESHESHAmAE

A THOCKINE S PR IE 55 , (50 LU AR, BT LA SOl
FH/NI A 4ok S OB S D 0% . (RIS, 38 33 /0N g 1) 3 e A
T, SR TR 1 RS AT PR T I 225 R S ) 1
. JRIRIRENE S T Meyer /NI RN R 3 2, H R
BRESUES (R A B 85 5 ) . B T ok [ s
RE LG 45K LTEDS FRAE %S (8] WL 21 LAEDS F§fiE 25
] o DR84S 2 R AR A R 19 358 4, 4 591 L R 4 R B
Bl JTHE S O AR S I R 25 A AR 1 s

R1 HALREEMRS MK LS

Table 1 Structure of laser energy mapping network
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Fig.4 Diagram of the energy mapping transfer detection method
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Fig.5 Experimental device for condenser damage detection
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Fig. 9  Detection accuracy of laser thermoelastic excitation received signal
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