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Comparative study of ultrasonic detection methods for metal
weld defects in hydraulic engineering

WANG Guangxu, LI Weishu, TAN Xin
(Yangtze River Scientific Research Institute, Wuhan 430010, Hubei, China)

Abstract: In order to study the application of ultrasonic nondestructive (NDT) detection in weld defects identification of
metal structures in hydraulic engineering, three methods: conventional ultrasonic inspection method, ultrasonic phased
array technology and time of flight diffraction (TOFD) technique, are used to identify the defects in welded samples of
metal structures. The characteristics of various defects detected by the three methods are analyzed. The results indicate that
the conventional ultrasonic inspection method and TOFD technique can display a variety of defect signals; the ultrasonic
phased array technology can effectively detect these defects except porosity and transverse cracks; the conventional ultra-
sonic inspection method is difficult to determine the shape of defect; in TOFD inspection, the porosity and transverse cracks
show special arcs, the signals of the internal crack with a certain height and the incomplete fusion are composed of dif-
fraction waves at the up and down ends, and the diffraction waves at the up and down ends of incomplete root penetration
are not obvious. The detection results of ultrasonic phased array technology are intuitive and can be used to measure burial
depth, self height and the length of defects, however, the detection rate is very low when scanning spot defects or crack
defects parallel to ultrasonic beam.

Key words: ultrasonic nondestructive (NDT); metal structures in hydraulic engineering; ultrasonic inspection method;
ultrasonic phased array technology; time of flight diffraction (TOFD) technique

0 5 5

kS BHA: 2019-04-26; &[5 HEA: 2019-06-10

EETE: e g A R B T3 AR L %5 2% (CKSF2017043/CQ)
BT .

fEZ I £J6E1990—), T, HIRA, WL, Sh# TN, #5775
SRR T ARG S 4 W TG I

BIEE: T/, E-mail: wgxcsu@163.com

KM TR G R s fE vtk 2 e, 4%
AL AE DARE G dth o 47 4 — BB AE bt fo VR NI
SR IXERBR A TE KR TAE 4 I8 451 I IS AT B B
T3 Al AR TR A B IR 2 A AR TR, e
T RGEAR R, 4 /KF) TR R 2 2 Fa i, KR
TR REH PRSI T EON T MM IREE. X



440 B

2020 4

PoiR4E. BB R IRLE. Bk R RsE, Hoxd
FIRSE BN H W, G0 ) RO R A . AR
X AR 4% | THT AR B2 5 5% DL K BSOS B AR 45 55
HEHON— 2004, DL &S00 4% b BB 10 RS 1
ol 5 RE 4R R, KR TR IR 22 4 3s AT R R 2
EMAAEER .. RAENTFBORNEG M
PR AAFAETE 2 0, DUAT IR 7 2. A
AR Z 2R R AT E, PFEESENR
PR, Hfpdt— R . SuEmEE.
R R ROk 188 KO AR T
BIfFAE & B 8o, mAEEREY . AR AT
U} I 2 9%:(Time of Flight Diffraction, TOFD)#& "
S SRR (L 1 AL T B B X ek 4
RGN sk b 1 EZF B, H AR E K
P, T 1R B AN 38

BEXE BRI R, AR SO G T L AR I 4
R #HE SRR A TOFD X KR T4 @454
JREEBRRA PR EE ST, W 1 & PR ERE A ot
AR P RS R, DMERHAEAKR TSR
SRR AR B VU T ) B R AR

1 ke sk

ARG T R BN 300 mm=300 mmx20 mm (£
Q235B &G E IR, HrE BL—4 V I DX R2R
GEVEYL . IREE R TUHEKR R 4R g M I e A
DA SRR, BRI AR ORI A MR ARARE |
AL FRIAIRGA LN RREL S fLE SR
f, HOUBHRAEIEERE A), WK 1 iR, 3
CARAE A REBAIE B ARG B),
B2 fiae B 1. 2 FFBAA Oy mme. H S RS IAG
BB RN, W 1 fis. % 1 b E
R R AR A SRR S, KR A TAT TR L
R RE, REENBRE b PR s R T P 5

239 . +
178 -
30
d-hl
WA A AL
%%L/ \4)\[’@%&5&
i [ AL
300 B
¥

1 JREEE IR A(Q235B)
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Table 1 The dimensions of weld defect samples

NGRS A E/mm  KE/mm AP /mm
AL 30.0 2.0 9.0
WO RIGE 55.0 27.0 12.0
HRH AN 154.0 35.0 18.0
i AEERIA 178.0 / 11.0
ENEEIA 239.0 20.0 10.0
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Fig.4 Four basic scanning methods
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Table 2 Parameter setting of Omniscan MX2 phased array
detection system
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Table 3 Ultrasonic inspection results

T RIGRLE/, KR WREE R
mm mm mm 1835 /dB
<AL 30.0 2.1 10.0 -7.0
G AEEA3A 177.1 3.0 115 -89
NEESIAS 2383 21.3 10.2 +2.2
WORBE 561 25.6 13.9 +8.5
WHARIEE 153.0 34.8 16.8 +10.0
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Table4 TOFD detection results for defects in Sample

A and B
e 2T IR E KRz R HE g
/mm /mm /mm /mm
AL 293 2.8 16.1 /
18 ] 4L 179.0 3.2 13.7 /
£ NCIEA35'8 236.6 22.0 8.7 6.0
RIGE 54.4 29.5 6.3 8.7
NS 154.7 36.7 14.9 5.1
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Fig.7 Ultrasonic phased array display for Sample A and B
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Table 5 Results of ultrasonic phased array detection for

defects in Sample A and B
S 2T EWIANE, KB REE ASEE

mm mm mm mm

AL / / / /

i EEEEAe / / / /
£ NCIEA35'8 238.2 193 8.3 7.2
RIGE 54.5 29.1 5.3 8.3
NS 152.9 33.8 182 4.9
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