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Phased array ultrasonic testing of electron beam

weld penetration at generator head

ZHAO Can, WANG Jianchao, ZHANG Jian, ZHANG Nan, WANG Yonghong
(Xi’an Space Engine Company Limited, Xi’an 710100, China)

Abstract ;In order to solve the problem of weld penetration measurement at the head of gas generator
in liquid rocket engine, the phased array ultrasonic testing technology was studied. The principle of pene-
tration measurement was described according to the welding structure characteristics of generator
head. Through the inspection tests on the simulated parts with rectangular groove artificial defects, the ra-
tionality of the ultrasonic simulation model and the validity of the calculation results were veri-
fied. Transverse wave sound field information of phased array probes with different frequencies was ob-
tained through simulation analysis, and the probe frequency was optimized. According to the variation of
echo amplitude of incomplete penetration with the focus depth under different welding penetration depths
and the measurement results, the optimal value range of the focus depth was obtained. The simulation
specimen of the generator head was used for testing and compared with the metallographic measure-
ments. The results show that for the weld thickness of about 11 mm, the measurement error of penetration
is less than 1 mm compared with the metallographic value, when using 10 MHz linear phased array probe
and focal depth is 8 mm, which meets the quantitative requirements of engineering.
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Fig.1 Structure diagram of generator head
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Fig.2 Schematic diagram of ultrasonic beam at different positions
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Fig.3 Schematic diagram of weld penetration measurement
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Fig.4 Simulation model of generator head

2.2 EBVIGIE

5 BT FHA A 9 Olympus MX2 A 44 42 75 462
DAL, 8K 10 MHz (1) 16 PRI BRIk | 16 e &
KA EE R IE A BETG R 30° ~70°, 251 0. 5°, RAETR
JE S5 mm, HIE TAMEIRAAAE e S 7 HAA
AHFEALE T T 1 mm x 1 mm (58 x (5 ) BRI,

P E -SRI EE R S Fros, ol LR 25 A
BRI RED A R o I 45° 75 L Bk G ] i A
FOLE R R, (T BN 7.1 mm S5 R R
6.9 mm, Xf A5 REW] 7 B IEG K i 45 R 5 ik
BTG RAT  UEI T R EE ST 1 A S O A
AR



A8 E FHS M ABOAIL, 48 < e A A Sk S L AR AR s TRORE 42 2 1 s A 87
" FORZ%/dB 0 2%/dB
0 -3 -6 _-» 0 -3 -6 -

() (SR
1 N

B (S

N\
N\
\, £
N
\

(b) IR EE A
5 ESREERIE

Fig.5 Comparison of simulation and testing results
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Fig.6 Simulation images of 45° S-wave sound

field at different frequencies
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Tab.1 Simulation measurement results of different weld penetrations under different focal depths  F{i; :mm

o h=9.7 h=8.7 h=7.7 h=6.7 h=5.7 h=4.7
WE WA 4R WA 4RI WAHE 4R WRHE 4odiEE WARHE AR WAHE AR
4 9.8 0.1 8.6 -0.1 7.5 -0.2 6.3 -0.4 5.4 -0.3 4.4 -0.3
5 9.7 0.0 8.5 -0.2 7.5 -0.2 6.5 -0.2 5.4 -0.3 4.4 -0.3
6 9.7 0.0 8.7 0.0 7.6 -0.1 6.5 -0.2 5.5 -0.2 4.5 -0.2
7 9.7 0.0 8.7 0.0 7.6 -0.1 6.6 -0.1 5.5 -0.2 4.5 -0.2
8 9.7 0.0 8.7 0.0 7.6 -0.1 6.6 -0.1 5.6 -0.1 4.5 -0.2
9 9.7 0.0 8.7 0.0 7.6 -0.1 6.6 -0.1 5.6 -0.1 4.5 -0.2
10 9.7 0.0 8.7 0.1 7.6 -0.1 6.6 -0.1 5.5 -0.2 4.8 0.1
12 9.5 -0.2 8.7 0.0 7.6 -0.1 6.5 -0.2 5.2 -0.5 4.1 -0.6
15 9.3 -0.5 8.8 0.1 7.5 -0.2 6.2 -0.5 5.0 -0.7 3.8 -0.9
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Tab.2 Ultrasonic testing results and metallographic results of weld penetration PAL . mm
h=9.6 h=8.8 h=7.8 h=6.9
AN gaxiiReE RBANEE AXE EANREE xRz RANRE AXiRE

5 9.3 -0.3 9.1 0.3 8.0 0.2 6.7 -0.2
6 9.8 0.2 9.0 0.2 .6 -0.2 7.1 0.2
7 9.9 0.3 8.6 -0.2 7.6 -0.2 6.9 0

8 9.8 0.2 8.6 -0.2 7.6 -0.2 6.7 -0.2
9 10.0 0.4 8.6 -0.2 7.6 -0.2 7.1 0.2
10 10. 1 0.5 9.0 0.2 7.6 -0.2 7.1 0.2
11 9.8 0.2 8.7 -0.1 7.9 0.1 6.6 -0.3
12 10.0 0.4 9.2 0.4 8.2 0.4 7.2 0.3
13 9.8 0.2 9.2 0.4 8.0 0.2 6.3 -0.6
14 9.8 0.2 9.4 0.6 8.4 0.6 7.5 0.6
15 10.1 0.5 9.6 0.8 9.0 1.2 8.0 1.1
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