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The quantitative method of phased array ultrasonic testing for type-B

sleeve fillet weld defects
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Abstract: Type-B sleeve repair is one of the main ways of oil and gas pipeline repair. In the welding process
of repair, the hole defects represented by pores and slag inclusions often appear in the annular fillet weld of this
structure. Due to the special structure of the fillet weld, it is difficult to analyze the defects quantitatively when
using phased array ultrasonic nondestructive testing technology. Through numerical simulation and experiment,
it is found that the peak value of defect echo signal obtained by phased array ultrasonic sector scanning
is positively correlated with the diameter of hole defect, which provides a reliable method for quantitative
analysis of hole defect.
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Fig. 1 Phased array ultrasonic testing for internal

defects of type-B sleeve fillet welds
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Fig. 2 Basic model for numerical simulation of

phased array ultrasonic testing of type-B sleeve

fillet welds
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Fig. 3 Numerical simulation model of phased array ultrasonic testing for type-B sleeve fillet welds
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Fig. 4 Numerical simulation of sector scan imaging of internal defects in fillet welds
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sizes at different scanning angles
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Table 1 Full width at half maximum of

echo peak value of defects with different

sizes

Hff/mm 0.5 1.0 1.5 20 25 3.0

Jemini/(°) 4.247 3.843 3.887 3.854 3.819 3.830

x2 AFRXRNRPEERKIEERKE
Table 2 Maximum echo peak value of de-

fects with different sizes

BEff/mm 05 1.0 1.5 2.0 2.5 3.0
EM
BKE/V

6.828 9.722 13.3402 16.0157 18.8117 21.2198




5542 55 1Y)

RIERSE: B AU SR B R 1 e P A E TV 149

26

LI C ViSRSNI
AR S

23

21.2198

20

17

SR/ V

e 13.3402

&

it y=a+bz
] REAA
AT
L
s 5.81735+0.17459
I 0.53341
Pearson's 7 0.9982
R?(COD) 0.99641
6.848 V%G R? 0.99551

11

7+0.33996

0.5 1.0 1.5 2.0 2.5 3.0 3.5
B HAZ /mm
(a) PERLS

26

LI RSN
E2E

231

21.2198

20 18.8117

17k 16.0157

/v

13.3402

Jitd v
2218
I
i 3.20949 +0.41006
By 7.22192+0.53654

14

Intercept+Byz+B,"
L

&

11r
By —0.40131 +0.15006
ST I 0.15764
R*(COD) 0.99894
6.848 MG R 0.99823

05 10 15 20 25 80 85
BFE AR/ mm
(b) “IREIWARLS
Kl6 [l ledl i KB S SR BAR T R &R
Fig. 6 Relationship between maximum echo peak

value and diameter of defects

1.3 AREIREREREFAENEREEEST

N Y HE— A B AIE SRR (] U5 0 A A K AR SRR
FLARZIF) 5% F 0 3 1, 75 AR UL BE 2 A Bk
FRRE 2 B 5 o o DRI, AR S d A R e v o
N2 s, 43 PR 12 mm 120 mm. A 2R
2522 mm {9 O E G, BB H A2 0.5 mms 1.0 mm.
1.5 mm. 2.0 mm. 2.5 mm A1 3.0 mm ] 5 5,
Forb & B2 1.0 o SR B H A 07 G2 BUE BB A 0
TR

Xof T S 3L ) 12 AL AT AR A O S A
BUEAA TS, IR & S BE S Ik
T AUN 5 SRV 0 AN [R) VR B o 4115 21 1 a5 o [ g
W A8 55 B [ ELAR BEAT 4005 (A &I 8 i) AN 8
AILLE H, TR RN 12 mm BRI 2 IR FE R
20 mum KGR, FL Rl I AE B R E S B B Y &
1B SR HLH T Ik 2 W& Fris 2 7% 221 5 F

/T 2SR R 221 T A, AL [ 30 84 4 K
{5 REE ELAR Z T8 INAT & IR PRBCR & - T %L
(ARSI AT AT 0 UE B« 30 e A 2 0 75 e 39 15 21 10
B 72 ] A 5 4% P9 70 FL 2R SR A 110 [ Y5 WA e KA T
PAHI 0 Hedt AT B br. oy 7 IEWIZ 4R i vl 58
P, 7 Bl St P IRE .

0.05 0.05
0.04f 0.04
g 0.03 0.03
=
0.02 0.02
0.01F 0.01

0 . . . . . 0 . . . . .
0 0.010.020.030.040.05 0 0.010.020.030.040.05
X/m X/m

(a) BRFETRIZ12 mm (b) BRFEIARE20 mm

K7 & EAR 1.0 mm SREE MR SERUE A AR Y
Fig. 7 Numerical simulation model of fillet weld with

1.0 mm diameter defect
2 SCIGIE

N Tk — 0 Bk T8 O O A A1 B 1) A
BV I LAE R FE 16 mm. B0 25 A 458 48 28 [m) 10 7
3 mm b, FEEEA S AN 1.0 mm. 1.5 mm+2.0 mm
13,0 o AR FL 28 R e P S 36 ke (& 9 FHIET 10
FT7R) , DA SR L0 T A5-4% A 8 Al e A2 1) <AL
BT SR

X 0 T AR AT R 4 o A 7 A I, i S A
FI X708 480 T — HA R Z . B2 2.0 mm
R FLAE bR R, R HSPA20-E AH{Z [ 8 5
AL AR A T HR AT AR I, 385 1 95 3 25 10 77 X
W SRR FE TR 33 mum PR IE L 1) [0 8 D A R 55 A R
FE RN 80% o PR FH 12 AR 428 B0 75 Al ASO0 S B
A B e AT AR 2 R0 P A, R R A
Fr NFERE, PARKR N B4k s 1) A 70 B, 045 2 B 4
Kol 5 (4P 11 7). IR 11 o] LU e 5
56 vh 45 3 1 R B B 4 BRI R /N 5 BB B AR W
LR R R, £S5 b W GV i 2 i v 1 7
B T RRE R DR/ o 8 BN [R) RN BB B 4315 5 15 2
[0 5 M L 1 B KA (W3R 3 B s ), G v [ 8 Ui
FE (e o B AR a L () 1 A ok R AR . T RAR IR, E
S5 v o [ sk W 1 B KB B A R B LA 1 19
TGN, AU 5 BUE S 2 B — 2.



150 2023 £ 1 J
26 26
; = w PRI R R AN
p3f | " IR 23} PATENTIN
sy . 21.2115
20+ 19.2163 212115 20 F 19.2163
z L 16.4838 z L 16.4838
pod . o]
= 13.4042 £ 13.4042
5\5 4y ’ pAE v=atir 5\:{ 141 : 7E V=T B B
~ 5] i R B 22 VAR
BUE AL BE At
11+ o 1.09806 % 0.51653 111 E}E 2:45109:£0.27105
R 5.93526 +0.26526 B: 8.30;075220_32491519
SRFEPIIR 1.23139 2 =0 *04
Pearso's r 0.99603 REVIIR 0.06887
8r R?(COD) 0.99207 8r R (002) 0.99956
"6.57029 g R? 0.99009 6.57029 iR R 0.99926
L L L L L L L 5 L L L L L L L
0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.5 1.0 1.5 2.0 2.5 3.0 3.5
P EAR /mm BkFE EAZ /mm
(a) BRFEREZ12 mmiY LIRS (b) BRFEREEL2 mm iy ZIRE IS
20 20
w R R R m AR R R
LR ZIWARE
15.936
16 1 15.936 16 [
Z >
o ~
S S
.1.‘;% 12 .1.‘;% 12 F
iz 9.829 it y—atbe i 9.829 it y=Intercept+ Bo+ By’
el AT 750l TR PR
Rl ML R I
(@8 2.875+0.26208 | i 2.216+0.37364
8r e 4.46149+0.13450) 8r ﬁ: f’ﬁng;ffﬁ:;
iﬂzﬁ D?E‘)Z;ZS REFTIR 0.13088
e - mcon | oo
Al R 0.99547 -
4.8786 4.8786
4 L L L L L L 4 L L L L L L L
0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.5 1.0 1.5 2.0 2.5 3.0 3.5
BB/ mm HRFEHE AR/ mm

() BRFETRE20 mmWZIERIE

(d) BRRATRIE20 mmfY Ik Z WA

B8 ANIRIVRIEEBRIE ) [ 37 WAE i K E 5 AR Z IR R 2R

Fig. 8 Relationships between maximum echo peak value and diameter of defects with different depths

300

(a) BFEEAEL.0 mm

300

(c) HRPEEAE2.0 mm

300

130

2
ok
L

(b) HEFEEAR1.5 mm

300

ZERER SO ST

Fig. 9 Design of experimental specimens

2 130

3

(d) HFEEA23.0 mm



5542 55 130 RIERSE: B AU SR B R 1 e P A E TV 151

(a) HFEEAEL.0 mm (b) #FEHEARL.5 mm

(c) BfEEAZ2.0 mm (d) BRFEEAZ3.0 mm

K10 s2a6idie

Fig. 10 Experimental specimens

TR 272 0

(c) BRPEEAR2.0 mm (d) BEFAEAE3.0 mm

BI11 B RUE R A SRS 12 B e P R & 4 BT S 5 1
Fig. 11 Quantitative analysis of experimental results of phased array ultrasonic testing of type-B
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Fig. 12 Quantitative analysis of experimental re-
sults of phased array ultrasonic testing of type-B

sleeve fillet weld
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