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Abstract: To overcome the limitations of current water injection methods for detecting washing machine
leaks and enhance the measurement efficiency of whole-machine sealing, a novel air-driven leak detection
scheme based on direct pressure testing technology was proposed. A test chamber fixture and seals tai-
lored to the internal dimensions of the detergent box are innovatively designed. Based on the STM32F1
microcontroller, the collection and preprocessing of air pressure analog signals were carried out for control-
ling the airtightness testing process. A denoising method based on moving average and wavelet analysis
was introduced during the preprocessing stage, and the required frequency band characteristics were
extracted using Fast Fourier Transform. Multi-aperture simulated leak tests demonstrated that the fre-
quency amplitudes remained at the lowest levels within the 0.120~0.963 Hz band when no leaks were
present. A leak determination criterion was established based on the low-frequency characteristics of the
signal, and the reliability of the proposed method and criterion was verified through leak detection tests on
multiple washing machines at a factory.
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Fig.1 Hardware layout diagram of an airtightness detection system
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Fig.2 Hardware system design diagram
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Fig.3 Software architecture diagram
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Fig. 4 Opverall data processing flowchart
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Fig. 5 Sliding window preprocessing before/after comparison
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Fig. 6 Three-level wavelet decomposition
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Fig.7 Comparison of four denoising methods
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Tab.1 Wavelet denoising signal to noise ratio
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Tab.2 Amplitude of low-frequency components below 1 Hz by hole size

A3 IR/ (kPasHz ')

LA/ mm
0Hz 0.120Hz 0.241Hz 0.361Hz 0481 Hz 0.602Hz 0.722Hz 0.842Hz 0.963 Hz
Ttk 2340.1 131.4 82.9 65.6 52.6 49.4 44.0 37.7 34.2
0.8 2221.1 169.2 107.9 81.2 75.7 58.4 48.2 49.1 35.9
1.0 2150.0 198.0 113.7 89.7 72.0 61.2 52.0 49.3 43.4
1.2 2094.9 218.0 125.2 88.7 76.7 66.4 58.3 50.7 44.2
1.4 2026.7 238.5 131.6 100.8 83.2 67.3 60.9 54.6 45.1
2.0 1730.3 333.3 175.0 122.6 100.7 89.8 69.6 64.8 55.4
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Tab.3 Repeatability results comparison
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FrifE 222/ % W24 3.35 3.15 3.48
34 3.55 3.18 3.55
4 % it

BT H AN 7 AR — A R R e AHL

PRI Ty 58 o MR RAEAS SR, a3 /D
T AT PSR L AR, X 228 3 AR B A 7
fE AT 0T o R PEACHLIEAT 2 AL AR B



474 il

(EVE 5 S NI S 4

2025 45 4 )

T i, A AL AR U 15 0 1 25 A5 55 A 7 bl
@iﬂf&a?ﬁ%,%ﬁﬁx AR A5 BERRAE , 38 3 A v 22
PUE IR HEATEE G 0T, i T A A
bR, XA Mmuémm,/\ﬁ%ﬁ&ﬁ/@%r“f
35.27 kPa/Hz LR, [6] B AR A3 B LA il £ A 40
N AN 49. 28 kPa® Hz, {04 13 45 [A] B il 2
B, I KA SR G A% o I X 22 5 SE PR AR
VA HLIEA T I U 4G 6, 96 0F T T SR A A
FR 5 RS A R R e B AT AT

Sk

(1. =R AR R B SE (D], AR : R
TR, 2014,

[2 )20 . T ARM S
[D]. Ml WivTKkes, 2010.

[ 3 1hRB1. 2 b 2 a0 P A D 3k A 4 AR 5% 2 P
[D]. FPE: B, 2007.

C4 ], XH, TR0, % 5T 455K 8 0% U B
37 TR G MR R [T, Pl R 3R CH SR
fi), 2018, 39(6): 786-792.

WANG Na, LIU Yi, WANG Xiaoxu, et al. A

denoising model based on the fourth-order partial differ-

A A A D R LT A

ential equation image of structure tensor[J]. Journal of
North University of China (Natural Science Edition) ,
2018, 39(6): 786-792. (in Chinese)

(5] AT, /7o, 208, 5. —MERRAERE T
B FR G0 B 7 2 Wa D A 2 b 3 75 vk (7). W+ F)
., 2023, 36(3): 55-61.
BAI Xingyu, GOU Yutao, JIANG Yu, et al. An
acoustic treatment method for on-line fault monitoring
of electromechanical systems in complex noise environ-
ment [J]. Electronic Science and Technology, 2023,
36(3): 55-61. (in Chinese)

[6]i& - TN AR 5 A S A A 3 AG DN
vﬂﬁm JWEBH: RFH TR, 2013.

L7 1078, k&, ghifgm, &5 . JL TS A IR e Rtk

BURZL AN il T U PRI B R SE [T ). A 3k
5%, 2023, 38(6): 76-80.
FANG Wei, ZHANG Dongying, FEI Haiqiang, et al.
Research on air tightness detection technology of tiny-
leakage from infrared images based on vessel capacitive-
resistance damping[J]. Automation &. Instrumentation,
2023, 38(6): 76-80. (in Chinese)

[ 8 JBetiie, £—, WRA, 5. 5T Pt 522

ALY B PR AR DG ITBELT ] Y6 T 244, 2010, 39
(12): 2246-2250.
YIN Songfeng, WANG Yicheng, CAO Liangcai, et
al. Fast correlation matching based on fast Fourier
transform and integral image [J]. Acta Photonica
Sinica, 2010, 39(12): 2246-2250. (in Chinese)

(9 T RGBT, ARAAE . /INBE 2 MR BT PP 05 125 B X LU
(D). K i i 5 4Bk 23 J) 2%, 2012, 32(2) »
128-133.

TAO Ke, ZHU Jianjun. A comparative study on valid-

Journal of

128-133.

ity assessment of wavelet denoising [J].
Geodesy and Geodynamics, 2012, 32(2) :
(in Chinese)

[10] AL-TOFAN M, ELKHOLY M, KHILQA S, et al.
Leak detection in liquid pipelines using lower harmon-
ics of pressure oscillations[J]. Journal of Pipeline Sys-
tems Engineering and Practice, 2020, 11 (4) :
04020033.

(11 XUMEAE, W Koo, CaEfe, &5 JET(E it i

M2 2 ROERIB [T ] s R 72A4), 2020, 49
(3): 587-594.
LIU Pengcheng, XIAO Tianyuan, Al Tinghua, et al.
Multi-scale representation of curves based on Fourier
energy metric[J]. Journal of China University of Min-
ing & Technology, 2020, 49 (3) : 587-594. (in
Chinese)



