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Influence of geometrical angle of welding zone on phased
array inspection of pressure vessel
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Abstract: To address the issue of signal attenuation caused by geometric shadowing effects in PAUT of internal
porosity defects in pressure vessel mitered pipe weld zone. In this paper, by constructing a structural geometry tensor
angle-acoustic beam propagation attenuation model, combined with a sound range compensation algorithm. The
propagation characteristics of ultrasonic waves and defect detection effects under four sample bend angles of 45°, 60°,
90° and 135° are systematically investigated. The study employed an FDTD algorithm to establish a dynamic response
simulation model of the mitered pipe weld and validated the findings through experiments using aluminum alloy
specimens with pre-drilled defects. The results indicate that the signal amplitude of the 45° defect increased from 50. 4
to 97.4, and the SNR improved from 6.27 dB to 11.99 dB. Similarly, for the 60° defect, the signal amplitude
increased from 77.5 to 97.5, and the SNR improved from 9. 00 dB to 12. 00 dB. The calculated deviation in SNR was
less than 1.5 dB, and the defect detection rate increased by 23%. The study confirmed that the occlusion effect caused
by the bend angle significantly affects the sound beam propagation path and signal amplitude. The proposed model and
correction algorithm can effectively compensate for detection errors in non-standard structures, providing a quantitative
theoretical basis for optimizing ultrasonic testing procedures for the pressure vessel weld zone.
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0 3| KmE AT R 2 B A AR W] LA
BE B RS . RHEAE R T AR IE D7 1) B9 A AL

JE S B2 B T Al A T R I AT R R R e SR T SRR AL A3 S O TR R BT R

o U A B9 8 AT AT B 25 K R B R R BE B B RS RO s R AR 7 07 U SR AR DR 1 A5 5%
W DX TR ) 4% SO R A B AT A O R I 2 AR AR R A B oh 5 7 A e i R AL AR AN TR 2K Y gt

il

W H 9 :2025-04-18
* BT H . H A B AP LITRI- T 2R H (23YFGA0036) L 5 H SR RF 2 5 4 L X Bl 545 (52405594) T H % B

« 78 .



LR RN E BT XU A JE AT AR 35 A ) 69 % R

16 1

[, ik s i 4 7 T B TR ) 25 9 1) AR B R S 1k R ML
NGB B B W 7= 22 4 AR L 22 AR08 84T 7 2
S 0 AR A L R AR S A A G B A I T

HHEr, ¢ T & 48 A % BF B8 75 £ I ( phased array
ultrasonic testing, PAUT) iYW 7 3 B2 4L v 75 f o S5 4% Al
A BRI a0, Li ST AT X A 0 B2 AR 4k ST B
Bl {5 FAR Y, Zhou 455 HF & T 15 T B0 RO AR 4% B9 S 2k
BRFAR X BE 5 Sy 8 A R R R Y K R B E TR . AR
M e 1 25 28 RHZ A R IR A U A i 2 RE vk (B VAR Ll
10 X A6 T 14 BB 1 B2 W G R AR B R G AT Y . R E R
S5 AT IR T A A T B A R T2 R AR Y
R 30 DX SR P AR 5 R AL AT AR o 0 ol T A
(43 Py R L A W S L P S & S )
FRREFRN; THRSE S BAE ST e e
R DX R R AE R i e 43 T 25 40 22 3 P O R DRl i b
i) B, 75 T8 B9 /&, Virkkunen %5755 X 5 Fh 42 8 45
B 11 JE PLOE PRS2 B R WY, &2 A L) B TR 2% 5 805 IR A7 th
18, 3 AR BB s R L A5 i — 2B AR L v Bl O
G IR P 37 43 A1 8 JUART Sy R g B2 IR, A% 8 L A AR o LA
B BAERE S, ERPFRER T A kR R
P« — 5 T S B R 25 R 9 75 TROEE B AL N 5 T i B E R S M
Fo LA R A /N D AR R B R AR AR M 1L (HL R IR 3
e HEAILET T A R W {3 D 150 780 5 ) — 7 T Bl 5 A 1 75 IR
R Z BRSO R T YL, B B E A B i BRI
ERAENE P 0 BLJE A ST 4 B R G T 1 M DA M I A2 A
TRAME

FEXT LR () B, A% SCGE A 4 g L] 5K A -7 SR A% 49 2
BEHY, FE B 7R 457~ 1353 il P 75 I8 A% 40 e 1% 5 Bk B 15
50 R B DG R L R B T A R AMENE S B E R, W
IR 58 £ S P2 5 £ DR A0 RS OKG BE s m) , SE A B SR
BB UE o Ay A AR A 5 A 1 R 7 A DN T 2 0 R 3 AR
AR , AN A 5 AR 2 R L@ R B H .

1 PEEBFROUNEMEL

1.1 HEEFEBE

AH EG T B — B 0 1 7 R Sk A B PR AR Skt 24 O
20 W] LASE 3 LT 3R G 4 45 R T R S B A R Dk Y
ik [] CRHASE D) 52 I 75 SR AE — 8 A S R N B e R, B
7 S 1 (10 {5 R L T Sl 4 B 5 K P DA RE 7 O A AR
25 P TG ARAS I v %) 7 D S S A . R RS D A AR R TS
TEOLT » M 205 R 6] JLA] A BE B, & % 4B 3 5 30 4, 1 45
FH SR 154 T 1) RS 4 R S 2 52 A, T RE S 7 AR R LS
WIS B AR . 3X 28 O AR T BE 23 T 4 B B 0 HE o 2 7
FVEALT (45 X A2 45 PN &8 Y B [ 1R I A8 45 58 i IR 3. [
B A5 LT A B 1 ok A T e T BI0HE 7 U AR S A B T HE L
) 35 R T AR DX, DT 72 A T DX, 1 A5 5 S A 5l B TG Tk
AR m Y,

T P A A I R A L e 0 9 R S I AR A A A
TSR TC A ARG DU 45BN Y BT SR R . — T D FETTZ LY
AR T T B 1 b, AR RS AL TR 2
M. PIABTZr S TE S F I 2 ==, 75 I N BE T R 4 5 &
BT BT R AT Tio et n N EEX Hr,=(x, sy,
2,0 HOR S P AT S AL B A S R T =2y
200 PRI SIS B A% R R Bl 5 R A

, a° y
VipGray = L 2P0 (D
c” dt

K p Gy )RR RO Pa) e i 2 5 A 5T Y 75 3
(B m/s) sr=C(x,y,2) S BIARFR AN m) .,

PR NFETT v, KT, BRI T 4 T 2 == Y75
HEAGRRE G AR r o ASTAT A bt AL 4%
B AR 5 43 S 32 S A

re =r,+t.d, (2)

Kb d, = % Ja % 597 1 B 1 e, R A B
AR K BE R m)

P <=, A

b= (3)
Kbrod, . Jod, W= 5k, ABH O, W

sind, = /d:,+d:, 4

Ad.d,, fid,, i kd, 8 x 5y 535, B 3E Snell
EHLITAM G, W

sind; sind,

= (5

I 2 € e AP L, o IR DL P . AR 7 Y
GG R AR AR A BE (A B D R R T 5 B (0 T 2)
AL

L,=r,—r, |+lr,—r,| (6>
L 2 Vi o

2
l(l) l(..)
n

£l ﬁi@é%%ﬁ%@o 7R S 5 AR R
(] A 2

L& L
T, = ——+— D)

e o, s AR 0 e 5 380 R s 114 £ 56 I 8] CRR2 0 )
2 8P YAE A 5T PN T ) FE IO L PTG e B R T TR -

(9] (2) (9]
U, @ 1P 4e, 0 ik 14,1

p.(rpst) =L : e

D e )

(8
KU, WEEIC n B9 R IHARIE (AL Pasm) by =w/
Coetie ko =@ /ey SRS BRI BEL ¢, N TR R A AL
G rad) o e G0 WIS RO E R B, A7 3 0 e
A B IC A TR BB

pmml(rj’t') == ZP,,("},,I) (9)

« 79



948 & 2 F o

T # K

1.2 ZHKAXNERERHZM
AHEAETE VT A A e v o 2 DA [8] 89 R B2 BT A
[l SEFY K . RHEAS S IR 1 Bs .

K1 R S A

Fig. 1 Physical diagram of mitered pipe
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Fig. 2 Schematic diagram of acoustic propagation

in R-area of mitered pipe
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Fig. 3 Dynamic response simulation model of R-area

structure for mitered pipe
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Table 1 Parameters of simulation materials

S 5 HE iR A

R P 2 700 kg/m’
L B Cy 68.9X10° Pa
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Table 2 Structural and material parameters of

aluminum alloy mitered pipe

Y f i

B e W R R
I/ Y/ N

_ ~ (kgem *) mm mm 5}/ mm
(mes ') (mes D)
6 300 3120 2 700 5 20 100X100X30
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Table 3 Parameters of linear array phased array

ultrasonic transducer

[5TH [ e 1A [T SR HehE
Bt BE/mm B /mm #/MHz K /mm
64 0.6 0.5 7.5 20X 10X5
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Table 4 Parameters of polymethyl methacrylate

(PMMA) conventional wedge

s/ FH#E/  EHE/ BN LS4/ mm
) (mes™) (kgem ™) F/mm X {RFERE ®E
36 2 337 1050  60X30X40 3 5
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Table 5 Defect parameters of specimens

B K B 3 A kA / 55 i T Y

ETR=2 Fr/mm ) Z w8 /mm
Al (87.39,16.94) 45 —1.94
A2 (86.93,16.00) 60 —1.00
A3 (85.65,14.34) 90 +0. 66
A4 (83.06,12.61) 135 +2.39
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(a) Sound pressure distribution with the bend angle of 45°
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(b) Sound pressure distribution with the bend angle of 60°
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(¢) Sound pressure distribution with the bend angle of 90°
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(d) Sound pressure distribution with the bend angle of 135°
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Fig.4 Acoustic pressure distribution in phased array ultrasonic

dynamic response simulation model
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(¢) Dynamic response simulation of the bend angle of 90°
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(d) Dynamic response simulation of the bend angle of 135°
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Fig.5 Simulation results of phased array ultrasonic dynamic

response in R-area of aluminum alloy mitered pipe
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(a) A-scan signal imaging of the bend angle of 45°
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(b) A-scan signal imaging of the bend angle of 60°
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(¢) A-scan signal imaging of the bend angle of 90°

2500
2000
1500
1000
500&»
ol

-500

2200 <

-1000
-1500
-2 000

-2 500 )
0 2000 4000 6000 8000 10000 12000

(d) REETRA M35 MARME SRR
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Fig. 6 A-scan signal imaging of phased array ultrasonic in

R-area of aluminum alloy mitered pipe
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Fig. 7 Aluminum alloy miter joint specimens with pre-drilled

porosity defects
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Fig. 8 Phased array ultrasonic testing system for

aluminum alloy mitered pipe
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Fig. 9 S-scan imaging results of phased array ultrasonic for

aluminum alloy mitered pipe
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Fig. 10 A-scan imaging results of phased array ultrasonic for

aluminum alloy mitered pipe
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