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Research on on-line and automatic measurement system of part defects

using laser ultrasonic technique

Guo Miao"*  Zhao Jiyuan® Yuan Keyi'® Yan Jiangtao' Wang Chenwei’
(1. Key Laboratory of Nondestructive Testing and Evaluation, State Administration for Market Regulation,Beijing 100029, China;
2. College of Automation, Beijing Information Science and Technology University, Beijing 100192, Chinaj;
3. China Special Equipment Inspection & Research Institute,Beijing 100029, China; 4. Shanghai Spaceflight Precision Machinery
Institute, Shanghai 201600, China; 5. School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Aiming at the high-efficiency, high-resolution and non-contact measurement requirements for impurities,
holes, cracks and imperfections in industrial production processes such as additive printing, aeroengine blades and
complex components, a wideband laser ultrasonic signal modal separation method is proposed. Through the effective
combination of array signal time-domain average denoising method, improved empirical mode decomposition algorithm,
wavelet denoising method for wideband signal multi feature analysis, and variational mode decomposition algorithm,
the denoising. feature enhancement and modal separation of laser ultrasonic signals are achieved. Traditional ultrasound
B-scan, C-scan imaging, and synthetic aperture focusing imaging algorithms are used to achieve high-precision two-
dimensional imaging of defects is achieved. Based on forming a three-dimensional matrix through spatiotemporal
dynamic scanning, three-dimensional quantitative display of defects is achieved. Two sets of laser ultrasonic defect
measurement systems with high precision scanning type for five-axis machine tools and free scanning type for robot
arms are developed. High-precision ultrasonic array sensors based on optical interference and electromagnetic ultrasonic
sensor are designed. Four preset defect simulation test blocks are designed, including flat bottom holes, transverse
through holes, surface cracks, and internal cracks, for preliminary verification. The actual blade and turbine disk
defect detection results show that the system can effectively detect defects with a size of 0. 1 mm, with a defect size
error of less than 10% and a position error of less than 0.3 mm. The maturity of the developed laser ultrasonic
detection system has reached level 6, and it has further promotion and application value in fields such as aerospace,
navigation, nuclear power, rail transportation, pressure vessels and pipelines. toxic gas containers and pipelines, etc.
Keywords: laser ultrasonic;defect detection;five-axis machine tool;robotic arm;synthetic aperture focusing imaging
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Fig. 1 Principle diagram of laser ultrasonic defect detection system
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based on optical interference
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I ERES B JE v FBR{E/mm M AH / mm RSO 1 2% /00 B 4 0] 1R 2%
K 10 10. 240 2.4%
T 0.5 0.479 4.2%
i % 2 2. 110 5.5%
X A AR{E 0. 000 0 0.114 0.114 mm
Y A AR {E 225. 000 0 224.723 0.277 mm
Lz 0.1 0. 091 9%
R R 1.5 1.564 4.3%
X M ArfE —194. 856 —194. 657 0.199 mm
Y A AR —112.5 —112. 321 0.179 mm
Lz 0.5 0.531 6.2%
i W 1.5 1.573 1.9%
X A R{E 194. 855 7 195. 028 0.172 mm
Y A AR (E —112.5 —112. 286 0.214 mm
xR2 MAE(TCQ7)EMER
Table 2 Blade (TC17) detection information
BB b2 i b I 1k SEBR{H / mm M AH / mm JUST R 15 2% /60 B 4 0] 1R 22
Lz 0.1 0.108 8%
i W 1 1. 029 2.9%
X AR{E —27.925 —27.787 0.138 mm
Y A FRAA —284.128 —283. 934 0.194 mm
Lz 0.1 0. 092 8%
i R 2 1.874 6.3%
X A AR{E —27.925 —27.792 0.133 mm
Y A bR{E —466. 732 —466. 521 0.211 mm
Lz 0.2 0. 187 6.5%
i3 W 2 2.178 8.9%
X A tRfl —27.925 —28.103 0.178 mm
Y A AR (E —354. 428 —354. 253 0.175 mm
x3 HE(TC4)EAER
Table 3 Blade (TC4) detection information
e e b 2 R JE FBR{E/mm 6 I {6/ mm RUH AR R 22 /67 B 48 %] 1% 22
Lz 0.1 0.093 7%
W 1.5 1.579 5.3%
f X A dRfE —20. 875 —20. 687 0. 188 mm
Y A AR {E —134.528 —134. 658 0. 130 mm
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PO RSN B AR TG 5 M A T 9 AR R A R A
VO AT LA s PSR 5 590 A 8 P 77 2 B0 b ek 3 g K BRI 52 i
A A DAl 5 2 WA RT A A A 5 AL AT
AL AR e T B A 5 PR B LA
o BOGHE R AT LLSEBLBK 58 S AN B0 G 1 7 K e A 0
A G o G DN FRF ) S 3 R 45 8] 53 9 4 450 s WL 7 AT R R 2
AR B e o TS RS DR R R 4 A DL R TR A
X 0 3 ) DR ) SR AR L T T ARG 0 3 T LR | it
FREGI TLAT I R 52 % 9 1 R A0 52 B A 114 22 1] DX

N T AR A RCR A A L R E AR
0.1 mm, Kl 4r BERA R 0.1 mm., & SE ] AR 48 46 0K
TESRAE PR AR G D A% B I B T 0 2 A A A D K 4R
[ 73 B A AR TG IE T 32 1 T 412 A9 P 30 sl I3 i 15 7 1%
AR E T N N S A D D B S N DY T N o -
F1% P D 2 AP DR RE 0 R A G Il A ) A
T2 2O U B AR L X AR B 9 B o3 B s T
% T R P P R o A A I 40 T AT PR (LA IS B IR AR S

4 % it

B R T ) 3 e P A A 2 S A e o A T R R G A

T RS B R B 8 AL IR A B T EEMD. /N K W A5 4t

A/B/C HU B AL B B AR S OG5 7 5 FRAE 42

MR e b = 2 5 ik R A O BEHOR R O R LUK &

K RE T A 2 UL B E A = 2 O e T A A A

MR G FEHL, GG 3 BEFR T A 0.1 mm., Ky I V8 BE W] 3k

3 mm AL 3607, H R LAE 3k 6 9, T S AR LA

W J5 2] Bk — 204 N TE 2% 28 Tl il 3 5 A 5 72

FEFE T B
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