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Fig.1 Composition of aero-engine blades
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Fig.2 Scheme of ultrasonic nondestructive testing system for robotic
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Fig.7 Deflection diagram of ultrasonic incidence angle
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Table 1 Design size of flat bottom hole
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Fig.12 Defect image intensity value display of flat bottom hole with 0.15mm diameter in group a
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Table 3 Test results of components with simulated blade surface thickness

AR FRFRIERE /mm
(~12.87,-7.84,200.00 ) 1.956
(-2.25,-5.59,199.99 ) 1.938
(~12.51,-6.46,180.00 ) 3.466
(-0.74,-3.95,179.99 ) 3.451
(~13.62,-5.52,159.99 ) 4972
(-1.46,-2.50,159.99 ) 4.96
(~14.36,-4.47,139.99 ) 6.468
(~15.64,-3.62,120.00 ) 7.964
(—4.95,-0.07,120.00 ) 7.957
(—4.82,1.44,99.99 ) 9.397
(6.23,3.76,100.00 ) 9.387
(5.60,5.64,80.00 ) 10.938
(16.75,7.06,79.99 ) 10.928
(—4.30,4.51,59.99 ) 11.937
(6.75,7.37,59.99 ) 11.932

K ZE AR /mm TRl R 2% /mm
1.9469 —0.009
1.9219 —-0.016
3.4624 —-0.003
3.4481 —0.002
4.9665 —0.005
4.9436 —-0.016
6.4577 —-0.010
7.9632 —-0.001
7.9725 0.015
9.4052 0.008
9.4073 0.020
10.9535 0.015
10.9207 -0.007
11.9556 0.018
11.9513 0.019

FE 5 AR5 R FH AR U JEE R b
7 S A A R B ARG, L
K25 SN 3 s, il LA H A
JEREIR 2% /N £ 0.03mm, T /2 H
JEL ARG R

(1) A4l e i, B2 AL T
R [ S ARSI %, SR FHMLR T
TR R, RS 4 R A [, ST
e B EHES R SR AL Y TS
D], [ sp S i e JER B R A 00 5

(2)FTFmHH i CAD BRI T
R T AR T & S,
HR A 45 2 B30 SR e 3 A S
DU NSRS , A8 SR A T EHE
1, IE LB e DR e B G
fiffy il

(3) AURABBI ] () ML T8 75
B 3l Ak I R 48 mT 58 iR ) - B
K BE R 50~300mm [ i F, Bk
MR K H i 4k, REE SCELN 5
il [ o I L i B R RE AN g o A
I &8 J7 ] K I AR A 0.15mm
B i FL B BA A 0.15mm x 10mm
() 24 50 gk B JE B I A N
0.5~12mm, Ml & K5 J& +0.03mm,
BT e T RS & sh ALt B
ARG 00 X R

Z % X #

[1] LAKSHMIM R, MONDALA K,
JADHAV C K. Overview of NDT methods
applied on an aero engine turbine rotor blade[J].
Insight, 2013, 55(9): 482-486.

[2] FRANKENSTEIN B, SCHULZE E,
WEIHNACHT B. Structural health monitoring
of major wind turbine components[J].
Structural Health Monitoring, 2013, 1(2):
2456-2462.

B]1 KRB, Ewb, skiwdt, & sk
AL A R RS B S 58 i R FR
ST SR BT E )], s g R | 2018,
61(19): 45-49.

SONG Kai, WANG Chong, ZHANG

2019438628 55 14M0] - i hiEEAR 47



PR .
—— IR oru

Lipan, et al. Design and experimental study of
automated eddy current testing system for turbine
blade crack[J]. Aeronautical Manufacturing
Technology, 2018, 61(19): 45-49.

(4] FB/NEE . s sl i g
BRI 5 2], A il HoR | 2014, 13(16):
68—69.

ZHENG Xiaohui. High-speed inspection
solution shop floor for aero-engine blade[J].
Aeronautical Manufacturing Technology, 2014,
13(16): 68—69.

[5]1 BASCH, VET3 . SR T4 4%
FNEALE A R SR OEFRI]. i A 2
1k, 2019, 41(2): 1-4.

WEI Wenbin, WANG Qiangiang. Research
of the reactor pressure vessel inspection through
six-axis robot control system[J]. Manufacturing
Automation, 2019, 41(2): 1-4.

(6] JUHl , ffEts . s ksl A
Kl 5 2L I]. T AR, 2016, 36(S):
74-75.

YOU Jingye, HE Juanjuan. Aircraft

engine blade detection and crack analysis[J].

Metrology & Measurement Technology, 2016,
36(S): 74-75.

(71 MIET, B, ZEIRNI . fizs ksl
B 3 S2E AR F S B ARBIESEI]. HUAR
T AR, 2005, 41(4): 180184,

ZHOU Zhenggan, ZHAO Sheng, AN
Zhengang. Research on automatic inspection
techniques of real-time radiography for
turbing-blade[J]. Chinese Journal of
Mechanical Engineering, 2005, 41(4): 180—
184.

[8] ARG, sk RS, kM B PG
T TC4 gty E ], &
A , 2017, 47(10): 302-308.

JIA Yong, ZHANG Ruimin, ZHANG
Wei. Simulation of surface crack detection of
TC4 curvature structure by ultrasonic infrared
thermography[J]. Surface Technology, 2017,
47(10): 302-308.

[91 fdfd, SR, W% . FETICT
PR it =5 3 BIL S e I 1 B JEE RO
00 IR0 G A 2 i, 2006, 27(2):
325-330.

FU Jian, LU Hongnian, HOU Tao. Wall
thickness precision measurement method for air
engine turbine blade based on ICT images[J].
Acta Aeronautica et Astronautica Sinica, 2006,
27(2): 325-330.

[10] SRR, JAFE, X%, % s
RANHLIEE R =4E CT AT, TCHism
2017, 39(8): 34-40.

ZHANG Xiangchun, ZHOU Yanxian, LIU
An, et al. The three-dimensional ct detection of
aero-engine turbine blade[J]. Nondestructive
Testing, 2017, 39(8): 34-40.

[11] MOROZOV M, PIERCE S G,
MACLEOD C N, et al. Off-line scan path
planning for robotic NDT[J]. Measurement,
2018, 122: 284-290.

[12] BURGHARDT A, KURC K,
SZYBICKI D. Robot-operated inspection
of aircraft engine turbine rotor guide vane
segment geometry[J]. Tehnikivjesnik, 2017, 2:
345-348.

EWUEE : 455, E-mail : xucgbit@263.net.

Robotic Nondestructive Testing Technology for Aero-Engine Blades

XU Chunguang, MA Pengzhi, XIAO Dingguo, LIU Ran
(School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)

[ABSTRACT]

The aero-engine blade with characteristics of complex curved surfaces and variable thickness is

unable to be accurately and automatically detected by conventional inspection method. For this issue, an automatic
and non-destructive inspection method based on the combination of ultrasonic testing and industrial robot is pro-
posed. Firstly, according to the structural characteristics of the blade, the ultrasonic longitudinal waves are applied
to detect the defeats and measure the thickness of blade body through vertical incidence and to inspect the LTE (the
leading and the trailing edges) and roots of blade through oblique incidence, respectively. Secondly, the defeats and
thickness of a test block of blade are also detected and measured respectively based on the manipulator scanning
trajectory planned according to the CAD model of blade. The inspection results show that a flat bottom hole with
a minimum diameter of 0.15mm and a crack with a width of 0.15mm can be identified, the accuracy of thickness
is £0.03mm, and the inspection period for whole blade is less than 20min. These results meet the requirements of
inspection for blade and indicate that the robotic ultrasonic non-destructive testing technique is effective for auto-
matic inspection of blade.
Keywords: Aecro-engine; Blade; Nondestructive testing (NDT); Robot; Ultrasound
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