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Abstract: Conventional ultrasonic detection of oil and gas pipeline welds is deficient for bulky scanner struc-
tures and difficult on—site installation and calibration. This paper proposes a detection method for CRC—type pipe-
line welds based on the principle of ultrasonic phased array layered focusing. By groove morphology and structural
characteristics, the CRC—type pipeline welds are divided into 12 depth layers. The ultrasonic phased array layered
focusing laws and detection process were designed, the delay time for each layer was calculated, and specific adja-

cent array elements were selected to excite the focused acoustic beams. On this basis, a finite element two-
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dimensional transient simulation model for ultrasonic phased array detection containing typical defects such as lack
of fusion and pores was established to obtain the A—scan signal during the single deflection focusing process. Fur-
thermore, ultrasonic phased array layered focusing scanning comparative experiments were performed. The experi-
mental results show that, at the lack—of—fusion defects in the 5th and 10th layers and the root—pass pore defect in
the 12th layer, the maximum amplitude of the echo signal can reach about 40% of that of the excitation initial
wave, verifying the feasibility of the layered focusing detection technique. The layered focusing detection tech-
nique exhibits good layer—by—layer analysis capability for welds. Compared with conventional TOFD detection, it
measures the defect height with a relative error controlled below 8%. The research provides technical support for
ultrasonic phased array detection of welds in oil and gas pipelines.

Keywords: oil and gas pipeline; CRC—type pipeline weld; layered focusing detection; ultrasonic phased

array; finite element simulation
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Table 1 Layered detection array elements
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delay law calculation
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Fig. 4 Simulation of layered focusing delay time and

acoustic beam focusing paths
2 BEBFMEELSERERNGE

2.1 {FEER

R 4 b 28, R COMSOL B
2 ol e A Gl g A ok AR AT L, (5 AR AN ] 5
P o HoPBEITIE LB E N 0. 25 mm, P ICIA] Bl
B0 1 mm; BRI E 214 mm, KEXR
BN T0 mm; SFE EAA R E N 2 mm, KE SEHRIL
P J2 DAWSCER 73 A s o LR RHR S Sy I v ) 9
Rh, A AL S R XSO BN, BB B AR
HREAL HRSRI 2R

[157H I
\/ > > SRR

ﬁkl{ﬁ /‘\‘

A5 45 AR

Fig. 5 Simulation equivalent model



— 130 — & AL

K, 2026

%54% %o

F2 HEMBSH
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Table 3 Results of layered detection
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4 4 2.76 2.58 2.54 2.54 7.4
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7 6~7 6.37 6.15 6.13 5.72 5.8




— 132 — & H M M 2026 4 % 54% % oM

MUSL2UNR2UILLU RV VBU  V4U V3U  V2U VIV MAPY TOFD MAPD VID V2D V3D V4D VSD RD LD {(1I{2171I72073[74I7617617 71 AP')1)Z)Z)4IE)E|

YYYT
TUT

600.0
T
Ty

wUYT
\ag
Ty

VY

B 11 xFrbaXsk o BAan B

Fig. 11 Layered detection image of reference test block

ol
- r

I
rw't&m"m -—TTTarTT

-
T VT

7=\
ol B

— —
TR -
e TR

. | S
e

| 3 18
B 12 XS A B g
Fig. 12 Layered detection image of simulated test block




2026 5 % 54% %9 Be o2, . HAEHE CRCRIZLA FAiE o BB BN 2R — 133 —
1R GF B R B R SO o R B R (7], WA HHbE TR, 2019, 38 (3

FAh, RSB Tl A Al R b, A
PP R LA P TR0 R A A A R
BT b AR GRS I T S8 T OB 2 AR Sk A
b 1) AT A S A AL A A AN () TR 8 A 35 1
AT, 3 S5 SO YCAGE I )l B o IR DG L IR A
T IEAE L BRI, 712 27 S0 1 A BE 2R 16
PEAT R AMEPUB R 2y, Rk PN DU AR FE bk o
IR A TR T 18] L 58 B3 T2 P AR PR L
5. XA BR T A A% 31 A LA £ Al 16
A3 B AL AR 1) S5 0 R A, R R AR A T AR
SR

4 b FOAIR

(1) ST CRC YR 48 M 12 4 0 J2 B AR SR
VT T, ST T CRC R4S T8 1 4 M 75 AR 9%
B4 2 R AR R T 2T ik o %0y Tl i A
EJZRH L RERNGS, BEEA 7RG S
TH AT RE FRADRG B, AR T BRFEIRBIEE S, IR
JESEMEE T AR AL T ] S

(2) #3727 CRC A T8 M7 48 1 75 A 4 )2
RARGI A BR o EARLRY, 78R J) 75 2= s
Yyrh, SRS S)E . 102 O RIGH A 12
JERAE LG AL, H AR5 5 10 5 K B 38 1T
IR B R B B R Y 40% A, BAE T AR R A
K T2 T A7

(3) £ CRC BUA5 B IR 42 oA MR s o, 43
JZ 5 FEAG I A o 4 i B L 0 3 U2 0 T
J1, SHEMTOFD KA L, S A B e R
AHXT 1R 25 72 I AE 8% LA

(4) ZJrdim i FImi o K T 2 22 1AL
Fa 1 A5 AU AL B, 7E B2 T+ 30 6 A Al &80 %
R AV A 45 25 5 R T s A T e B i B R AT AT
BA B4 TR .

Z % X W

(1] ZEpkds, &WI4E, SR, 2. 2020 4F Bkl U E
HB PR Sk Y (1], ks, 2021, 40
(12): 1330-1337, 1348.

Li Qiuyang, Zhao Minghua, Zhang Bin, et al. Current
construction status and development trend of global oil
and gas pipelines in 2020 [J]. Oil & Gas Storage and
Transportation, 2021, 40 (12): 1330-1337, 1348.
(2] Zkkiz, RWIME, AR27%, 45 b b U E R

(3]

(4]

(5]

(6]

(7]

(8]

(9]

). 14-17.
Zhao Minghua,

Li Qiuyang, Ren Xuejun, et al. Con-
struction status and development trend of Chinese oil &
gas pipeline [J]. Oil-Gas Field Surface Engineering,

2019, 38 (S1): 14-17.

EPRT, REETE, mMS. 2022 4F b [ A B
Btk (1], EPRamsst, 2023, 31 (3): 16-23.
Gao Zhenyu, Zhang Huiyu, Gao Peng. New progress in
China’s oil and gas pipeline construction in 2022 [J].
International Petroleum Economics, 2023, 31 (3) :
16-23.

B BT S 2 A R R B (]
oAl B S R CEATD 2021, (10) -
131-133.

He Yang. Analysis of safety hazards and preventive mea-
sures in oil and gas storage and transportation [J]. Man-
agement & Technology of SME, 2021, (10) :
131-133.

AR, Obfd, SKERNE, 4F. X804 IFREEAE R X
Hpmg R fr (0], R4 4%, 2024, 41 (7):
32-39.

Ren Wei, Shuai Jian, Zhang Yinhui, et al. The analy-
sis on reliability and affecting factors of X80 pipeline
girth weld [J]. Pressure Vessel Technology, 2024, 41
(7): 32-39.

RS, WA, REMNE, S TBLE XT0E LN R 4
R Koy [J]. RJ1%4R, 2021, 38 (2): 66-
72, 86.

Li Liang, Huang Lei, Nie Xianghui, et al. Inspection
and analysis of defect—containing girth welds cut off from
the X70 pipeline in service [J]. Pressure Vessel Tech-
nology, 2021, 38 (2): 66-72, 86.

e, ETR B A IO LRI S A T B
w0 THEEAR, 2018, 52 (11): 7-10.

Wu Chong, Wang Zicheng. Application and development
status of simulation software for ultrasonic testing [J].
Tool Engineering, 2018, 52 (11): 7-10.

SRAS, BE—E, T2, SF. HIEUEDhERIE A ETE N
WAk 1], Al B, 2020, 48 (5):
107-113.
Zhang Jie, Xue Yihan, Ding Yi, et al. Optimization
method of pipeline inspection period considering corro-
sion defects [J]. China Petroleum Machinery, 2020, 48
(5): 107-113.

Ehede, Brab, B30k, % MUEEZSLIEN
Bl B AR BETE [J]. A HLBK, 2021, 49 (8):
152-158.

Li Xiaolong, Chen Jinzhong, Ma Yilai, et al. A com-



— 134 — fa

WML M

2026 F % S54% % oM

[10]

[11]

[12]

[13]

[14]

[15]

L16]

posite in—line detection technology for oil and gas pipe-
[l
2021, 49 (8): 152-158

AN, PREE, BB, SF. AU IE AR L
ARWFFERTHTIERE (1], ALk, 2022, 50 (5):
119-126.

line deformation China Petroleum Machinery,

Xin Jiaxing, Chen Jinzhong, Li Xiaolong, et al.
Advances in oil and gas pipeline internal inspection
technology [J]. China Petroleum Machinery, 2022,
50 (5): 119-126.

L W, BB, . KM RUEE R R
sy AR ST (1], AmBL, 2024, 52
(12): 125-133.

Cao Min, Tang Liping, Wang Xijun, et al. Propaga-
tion characteristics of circumferential surface cracks in
long distance oil and gas pipelines [J]. China Petro-
leum Machinery, 2024, 52 (12): 125-133.

JARE, HoKik. EE NI EOR R K REBUIR [J].
WRET., 2020, 37 (4): 57-58.

Zhou Lin,

Xiao Yongda. Current status of develop-

ment of in—pipe inspection technology [J]. Henan
Chemical Industry, 2020, 37 (4): 57-58.
RIS AU IE A PRI EOR [T]. RS

I3, 2017, 37 (2): 101-104.

Yuan Tingting. Ultrasonic internal detection technology
for gas pipeline [J]. Gas & Heat, 2017, 37 (2):
101-104.

RE, FiEF, U, 5. S ENRLEN TR
PRI ()] JEHUeI, 2023, 45 (12): 57-62.
Wu Yong, Qi Yingchun, Xu Kan, et al. Phased array
ultrasonic testing of grith weld of pipeline [J]. Nonde-
structive Testing, 2023, 45 (12): 57-62.

s, BB, WIERE, . RIE B R E
FEIR S R AR AR R S CIVA B SRR (D). A
L, 2022, 52 (12): 43-50.

Zhang Zijian, Lii Zhongjie, Shen Zhengxiang, et
al. Ultrasonic phased array CIVA simulation and detec-

tion of special structure of butt weld of pressure equip-

ment [J]. Electric Welding Machine, 2022, 52
(12): 43-50
W, s, P e, & R R

[17]

(18]

[19]

[20]

1 5 JsL P e L]
(3): 63-66.
Yang Fengping,

AME M5 E, 2015, 1

Zhuo Haisen, Luo Jinheng, et al.
Study of failure cause in some failure cases in oil and gas
pipeline [J]. Petroleum Instruments, 2015, 1 (3):
63-66.

W, ki, ERIUE, S I AUEIE IR GG
IR IIERTTE (). A S, 2019, 5
(6): 11-15.
Yang Fengping, Zhang Shuo, Wang Mingbo, et al.
Study on detection and evaluation method of girth weld
defects in oil and gas pipeline [J]. Petroleum Instru-
ments, 2019, 5 (6): 11-15

WOESE, A, YR, GF. O REUEIE MR AR
] R ABE ) K b (0], BREEOR, 2025, 54
(9): 32-36, 146.

Guo Lei, Yin Changhua, et al.
Axial carrying capacity and failure analysis of girth weld

2025,

Huang Liangliang,

crack in pipelines [J]. Welding Technology,
54 (9): 32-36, 146.

NB/T 47013. 15—2021 7R JE B & LRI 45 15
ROy AR A [S].

NB/T 47013. 15—2021 Nondestructive testing of pres-
sure equipment Part 15:
[S]. 2021.

JARAE, PN, SR, fE. EJmIEA S AR
GURABE T BR SRR [T]. A4, 2025, 48 (8):
1-8.

phased array ultrasonic testing

Lu Bingheng, Sun Miao, Zhang Jianxun, et al.
Research status and prospect of metal additive manufac-

turing in oil and gas field [J]. Welded Pipe and Tube,
2025, 48 (8): 1-8.

F—EEEN:

Wk W, SRR, A F 19824F,

2011 ARRENY TR AR DR L, BRE 200,
BN A7 2 2 TO AR I SR D SR IT R T AR . b
HE: (710077) B VH 44 P4 % 17 o email: yaohuan@cnpe.

com. Cno

& EFfEEE: 2026-03-09
Rxgmi 1E R



