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Abstract

Guided by the carbon peaking and carbon neutrality goals, offshore wind power has become a key
focus of new energy developmentin China. Cross-linked polyethylene (XLPE) insulated submarine
cables are critical equipment for power transmission in deep-water offshore wind farms. In the paper,
PAUT technology was adopted. Sound velocity calibration and system calibration are carried out us-
ing dedicated polyethylene test blocks. It systematically studies the influence of probe frequency and
array element quantity on the distribution of the sound field and the detection ability of defects. The
signal-to-noise ratio (SNR) is introduced as the core evaluation index with clear definition and ac-
ceptance criteria. Process validation is conducted using submarine cable joints containing actual de-
fects. The results show that the longitudinal wave velocity of XLPE material is 2448 m/s, with a de-
fect positioning error < 0.5%. A 2.25 MHz, 64-element phased array probe achieves SNR = 12 dB for
@ 1 mm defects and SNR = 6dB for ® 0.5 mm defects within 40 mm thickness, meeting the acceptance
standard, which can be effectively applied to the quality control of welded joints in wind power sub-
marine cables, thereby providing reliable technical support for the engineering application of subma-
rine cables.

Keywords

Offshore Wind Power, Phased Array Ultrasonic Testing, Submarine Cable Welded Joints

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

TERRIEVE . BPRIES S R, REDINDR 7 B R RIS T BB R, RS (S REIRE B 15
AR R RS ) RN, L RSN ERE IS —, BN BRI R[] [2]. ¥
JEHE S R AR SR, [FIR B BUAIR . R T A RE, T DUGRIIE F A e SR AR, 2
A3 FRAS T Bk ) R R 4 . CBRR LI AR S LA BRI AR . SRR EL
(RIEERE s B YT T LSO RS AU S s, CAR RN BT it TR s i A 4 i) B8 4% [ 3]-[5 ]

{H 2 52 3 BB A0 2% e SR SR BTt T2 PR, W9 rR R e KK AN REIA 21 20 km~30 km, AN REH
FEVRIZE IR FEL AR B SR, DRI 5 S v R B SR B e W BRI P L, DAARIIE FL A R G 1 T S M
AIEEYE. WRFURIE, 2T 2. KEEEIE SRR, B Sk I A A 4 5 S 8L 70 5 KO 48 2558
TR AR GG X3, G PE AR R o = AR S AL R SO b, Tt 1 A BR (8 m 5 51 R R A 1
AR, B AGE R SR F T AR [6]-[8].  H ISR i Al AR B X SR A I A Sk Ak 1) S AL
RO IARATI A, H X S 2R I A7 E T AR B SR A UK XHBREE 7 MR . ARG XA
PRI 59 [10], AR R A AG I v] 38 4 3R X SRS I T A7 A I BOR B, RIS B RBUE
BV HEVERET . R m SR A11]-[15].

2. IRAR

ARSC S R A T SR — SRR L0 CSK-TA Ak iR, 52 B 5 W A AS IR LI b Rk i
PR, JF TN A R ST P EAHE, WP 1 PR R RS R I B, Rt

DOI: 10.12677/ms.2026.165128 357 PR R


https://doi.org/10.12677/ms.2026.165128
http://creativecommons.org/licenses/by/4.0/

Hard 55

Berb i BANFEA LA TIRAL, DA E A PR S A R ge e B A PR R SR S 8L, Wl 2 fos. At
TERE SLAF M EE(SNR) Ay e 1713587 04 L W L5 1 5 M 7 24 7 AR L 14 ELABL(AB), T A FE AL HY R BES ZE5K SNR >
6dB, ERIAHGRIEER SNR>12dB. H AW FEHELMR . FEncd. RoF. #ibfLiesE 2800 Big
Ay BREEE AR, JF T8 HSERIE A SRS LRI S5k AT T ERAE(F L 30 mm~38 mm), 414
3 PR . REHEE M T ARSI LRGSR MR A RN T A S T2, R A5 g gk
P A G R )3 T A P AR B N R

20mmFFEEFL

10mmiFHEEFL

Figure 1. CSK-IA standard reference block made of polyethylene
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Figure 2. Polyethylene stepped specialized reference block
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Figure 3. XLPE submarine cable joint containing natural defects
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Figure 4. Location of transverse holes at various depths

E 4. TEIREEBEFLER

DOI: 10.12677/ms.2026.165128 359 PR R


https://doi.org/10.12677/ms.2026.165128

Hard 55

3.2. HIERERIIAR S HNE

X TR IRIBOR I AC IR R 05, 77 B FE— MR AIZE (1~5 MHz), VAORIIEHE S 3E 9% (1 e & 270
AN R LR, A YGRS 7 548 5L64-0.6 x 104 2.25L64-0.6 x 10, 1L64-0.6 x 10 B4Rk A %k
AR O, MMHRIR o1, ©0.5. ©0.1 F-PRFLIATAN, PSR B FSRERAE R CAE R 144 576
REPE, ST 0T R 2 M PR SR e e I SR A RE ) s

5 8 5 MHz AB$EBEIRSLTE 0° BT 64 FEGRCE T, AR AP BB 10 mm (] 5(a))s 20 mm (/4]
5(b)) 40 mm (] 5(0))RFE @ 1 mm 5 @ 0.5 mm P EEFLBREE PRI AR S5 5L, e B v RURE 75 7 e S I8
TR 207 (XLPE) A 5 HH A 46 A 5 B M RS AE . 10 mm IR ER AT F, © 1 mm 5 @ 0.5 mm “FJi
LY ED IR B S EaREIS, SNR 43508 22.3dB. 15.7dB. A FEIERBIXIFR, B S0 R
TEWE . EALHERR, RIS U AEE IR R, KRB 5 MHz R EVT 7 X B &0 5 125 18] 20 R S s o2 &
AE7, FURSHER N FLARBRIA . 20 mm PRFERINZE R TR, © 1 mm SREA [ IRE A N BT = T )
JEBI{E, SNR=13.5dB. ® 0.5 mm SIS 5 AT AEHi 3K 5iRA0, SNR=7.2 dB FigF @& 5T g
A TE, AEEE AR W BB AT 396 2 e % 2 SRR HE 2SR . BN 40 mm PR ARSI X (6], XLPE A% S MHz
HR AR RE SR 548 5, P ORBEETE IR T SURRFE, RIS S e A, BRI R a5 f s =
SN AR, © 1 mm5 0.5 mm PRI R H, GG R EPERE . 1245 R I0IIE
TSR AE XLPE AR R 28 B IR 2B, SUE T 20 mm DA RS2 A0, Joidais i - X A iR 48 )5
B A 5 ) A )R B ARSI 75 R

g ReEE
2| Tl
{

mIFR P E Y

7 736 177 m Bt

Figure 5. Detection results of different-depth flat-bottomed holes by phased array at 2.25 MHz
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Figure 6. Detection results of different-depth flat-bottomed holes by phased array at 2.25 MHz
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Figure 7. Detection results of different-depth flat-bottomed holes by phased array at 1 MHz
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Figure 8. Detection results of flat-bottomed holes at different depths by phased array at a 2.25 MHz 32-element array probe
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Table 1. Statistics of defect SNR and positioning error under different probe parameters

% 1. TRHRASH TOIE SNR SEAIREGH
BESH GUERT RMEE/mm  SNRAB  EEOREME/mm  RAORERAR/mm

5 MHz + 64 [ 75 ® 1 mm 10 223 0.08 0.03
SMHz+64 FfJ6 @ 0.5mm 10 15.7 0.11 0.04
5 MHz + 64 [ 75 ® 1 mm 20 135 0.12 0.05
5 MHz + 64 [ 70 ® 0.5 mm 20 7.2 0.15 0.06
5 MHz + 64 (475 ® 1 mm 40 — — —
225MHz+64 570 @ 1 mm 10 20.5 0.07 0.02
225MHz+ 64 [£55 @ 0.5 mm 10 14.1 0.09 0.03
225MHz + 64 [£75C  ® 1 mm 20 153 0.08 0.02
225MHz +64 F76 @ 0.5 mm 20 8.4 0.10 0.03
225MHz+ 64 ffjt @ 1 mm 40 12.1 0.11 0.04
2.25MHz+64 . @ 0.5 mm 40 5.8 0.16 0.05
1 MHz + 64 75 ® 1 mm 10 42 0.25 0.08
1 MHz + 64 [0 ® 0.5 mm 10 2.1 0.31 0.09
225MHz+32 6 @1 mm 10 163 0.10 0.04
225MHz+32FEJC @ 0.5mm 10 9.5 0.13 0.05
225MHz+32FJC @ 1mm 40 43 — —
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Figure 9. Validation results of XLPE submarine cable joint process
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