W43 % 510 2/ M Fx % W Vol. 43 No. 10
2022 4F 10 H Chinese Journal of Scientific Instrument Oct. 2022

DOLI: 10. 19650/j. cnki. ¢jsi. J2209916

B F W5 FR IR B SR Sk K (R

B an ! 2sp HE R, H&
(L AR RZE N TR AR S A shik2ebs L 430074, 2. hEZE S8 IS S5 kB L
ZEUK S B BRVKE S SL80 = 430 621000)

B ONTUIRAG GRS, VKA RS J0 TR SN T I [l 22 DX B8 vk ER I 17 80, 18 H0 T — i 366 1 IR 3 100 76 19 22 285 K X R 67
B ORI R AL S VKT S R L RS A PR Bl , RIS IR (R R A O 8 L RRIE (R, R85 6 35 T 2 A A5 VKA U (9 EE A4
AR P U IR ARAT 3 A B K DX I i) v Al b, S BN SP- 18 Y T b A S K X RE 6, SRS [ 0.5~
5 kHz B, 7£ 70 mm FLARMIZE VKA T, FRbR Bl vk X808 T 3918 2550 27. 4 mm, PRZS VKX 380E P340 22 0 29. 04 mm; 3 TH]
SEVKBE I E PR 2E N 22,6 mm, R TR R E ARG AR I T — AT/ INE AL i Y SRR T B R AR B
DAl B SEBG 45 SRSR W  BRR BAE vK K I ARG B3R 0 1 34, 59% | iE iR 22 I Sh AR BERRAR T 45. 67% , 3 10 45 vk A% 1) 72 o kG
JEPRR T 54. 87% M 1) 5 (iR 25U SRR AR T 46. 63% , T T Al 8 14 22 45 VK X8 (3 R0, Ay T =08 vk R 443t 17—
TR R

SRSRIA) ;. SRR 5 I O s /NI A3 i BB

FE 4SS TM934.73 TH73 ERERIZES: A E RERAEF R 5> 248 460. 40

The icing area localization method based on piezoelectric
array vibration spectrum attenuation

Ge Junfeng'?, Bai Hongfei' ,Mao Junwei',Gui Kang',Ye Lin'

(1. School of Artificial Intelligence and Automation, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Key Laboratory of Icing and Anti/De-icing, China Aerodynamics Research and Development Center ,Mianyang 621000, China)

Abstract: To overcome the problem that traditional ice sensors cannot detect multiple icing areas in a wide range of airfoils, a multiple
icing area localization method based on the grayscale centroid method is proposed. The vibration spectrum of piezoelectric array before
and after icing is collected, and the attenuation rate of spectrum amplitude is extracted as the positioning eigenvalue. Combined with the
reconstruction algorithm based on multi-point icing probability detection ( RAMIPD) and the grayscale centroid method, the center
coordinates of the multiple icing areas are calculated to get the positions of the icing regions on a plane or a curved surface. When the
sweep frequency range is the full band of 0. 5~5 kHz and the diameter of icing area is 70 mm, the average positioning error of single
icing area on the aluminum plate is 27.4 mm. The average positioning error of two icing areas is 29.0 mm. The average lateral
positioning error of icing areas on the airfoil is 22. 6 mm. To improve the positioning accuracy, a feature extraction method for sensitive
frequency band selection based on wavelet packet decomposition (WPD) is proposed. Experimental results show that the single icing
area positioning accuracy on the aluminum plate is increased by 34. 59% , the fluctuation of the positioning error is reduced by 45. 67% ,
the lateral positioning accuracy on the airfoil is increased by 54.87% , and the fluctuation of the lateral positioning error is reduced by
46.63%. The proposed icing area localization method can detect the multiple icing areas with high precision and provide a new idea for
icing area detection.

Keywords :icing area localization; grayscale centroid method; wavelet packet decomposition; sensitive frequency band
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Fig. 17 Location results of single icing area of aluminum plate based on full band
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