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Electromagnetic acoustic transducer array of pipeline inspection technology
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Abstract: The utilization of electromagnetic ultrasonic sensor arrays for pipe defect detection not only improves the signal-to-noise ratio,
sensitivity and resolution of electromagnetic ultrasonic detection signals, but also enhances the intuitiveness and flexibility of
electromagnetic ultrasonic detection. In this paper, the working principle of the Lorentz force-based periodic permanent magnet array-
type electromagnetic ultrasound transducer (PPM-EMAT) for excitation of ultrasound guided waves was referred and the mechanism of
defect localization and imaging was used by the TFM and the SCF. Then the FE model was built to verify the process of quasi-T (0,1)
mode guided wave propagation in a pipeline structure. Finally, the developed multi-channel electromagnetic ultrasonic inspection system
was used to perform actual inspection of stainless-steel pipelines with defects and verify the simulation results. The experimental results
show that the developed system can detect multiple through-hole defects in the pipeline specimen, and the longitudinal positioning error
can be controlled below 1. 5%, which verifies that the array electromagnetic ultrasonic sensor pipeline inspection method can realize the
defect imaging and defect positioning of the pipeline.

Keywords : ultrasonic guided wave; pipeline inspection; sensor arrays; electromagnetic ultrasound

BT E A, B A EOR B RS R, LI
TR T BOR HER R 1) S D BB A B R o )32 L]
TR BRI,

0 3l

[l

EIEAE A RN AL TSRS fi ATl i OB Ll
B, PRUEHEIE 38 45 0 22 4 A 7 A Tl A it e A A T
TR PRI, Ml A ARG T B A 1 9 R P 52

ki H . 2023-06-29  Received Date: 2023-06-29
* SEATH . ERK A RRHAIE4 (12172016,51875010) T H %2 Bl

P S e FL AT AN B B R AR AUSAR A
A3 Al 35 Tl A B A B A 0 2 ) —
7T W0 7 G I 2 AR B 88 47 1 B4 1) 2% A A A Y



5113

Y T R P A R S A AR ST - 25 -

T SE SR I IR] DA S B0 o D 7 AN SR AT A TR
FHEAAN P A S EAT S A N | R JH I 37 AL SRl A
B RENS U — A0 v T R A I AR R AE SR
B0 BRI, T S i RS R AL BE 1 B 2t
ARS8 1725 O R RE T 2540, Gn o] i v A8 T - 5 P 71 A
TR REAT R — PR, Niu 25748 1 —Fh b ) 2 A% k28
W3 B IS 2R, AT A 4 3 R R X B T (0, 1) BEAS
T, SLEGAERR YR P2 A B RS AT R ] = B 25
PRS0, FLMERIXT AR T (0, 1) B 5 I 045 T8 il ) Bk
WA R AR &5, Wang S5 R I RUMR B 74 14 S5 I 41 7
LR P IR Lamb 3, ) 3L 68 75 137 49 )
FRAY RN BUARE A X5 487 18 2 [ 468 T80 R i 1) 8 T R AT
SRS FUR EBRIETE 2. 6%, Wang %% 2514
BT 1 2 ke I 1 A 1 % 0 5 1) S B T o) A 1Y 52
Wi, S5RFEM, 2 L(0,1) 5L (0,2) BEASSEIEAHE
VERIIE, 2 R A et 2 BRBE TR 1) 3 N, S SR
S E L(0,1) A1 L(0,2) HEAST A SR 2R B R 1
T T 2P AR AR 2 %) U DL S T B R A T 5 >
B vy S ) 4 R I, B AG BAS 1 S St AR B e g,
T 2O FH A PR 40 R 7 B4 80 43 ) 4 Wi 5 A T B
A S/ 33 5, R AR S A2 o3 b i X5 5 R A T
DRI, TE SRR b R4 /)N e 788 i AR A ke s 52 A8 1) 5 9 I
AR ST E AL BB

T 6 P 3 O o 0 AR W) A7 7 1) 53— A [ L
TAR IR IR, SR FH s Ho R P A% SRR B 91 A 7 4 1 e
BRI F, 388 A et S A I B AR 6, — MR
T FHRE 5 0 SRR W A A 0 R T, 0 T IR R R T
HUBE RO TE T 5, 30 T ZON A T AR T AT AT B AL B 3
)4 T Tt o ) PRSI 5 S B AR P R
R electromagnetic acoustic transducer, EMAT) B4R 1)
PEFIAE T IO HIAS G 5], 30K A 45787 10 5 e o 71 A )
SR EPREE | AREE R RS R R S A
TGS 246 2800 A 25 S HLER B Al R 300 5 55
AGE T T BRBEMERA R, T 948 2% ) FILBE B T 1] 1Bk il e
PR AT T ARERRETEA B, Wang 5511 2 tH—Fh Hi 2k
PEZCIE EMAT [451) 2 i S50 fo 4 Wl A e REA (MPT)
A RE A BES AR L B TE R TG A AU T(0,1)
RS T, HA T 58 (071 B, AT S 9 3 S R )y ik
Thon %' | I A B JC A U B T S [W] i (1) PPM-
EMAT X {55 B SH RS S0 19 82 0 AFF 58 R W ik 5 808
0P 0 P S T R S A R AT T
KR 24 00 EMAT PRSI R ST, U T8 o (B A7 A A
— SO FEZS 2 R ), WF5T T MR E- S B TR L AR K
HCAE R R T A 13 JE R4S B L AR R R

AW ON=ST=07N EpER v il [P NS @0 4 R S U R
SR T8 A28 I WL PR A FE G P e RE ML AT T 40

Mr, i 7 A BR G AR T T HE T(0,1) A S
WAE 8 P R IEXT LIFERY PPM-EMAT #Hf72
Bittk, AT —ELlEEESEEN RS, % 16 4
PPM-EMAT ¥y 38 8 [ #4151 HES1 , 78 153 kHz 3 Jah
T(0,1) BT, X —AR 75 0Lk B i AN 5 40 7 1
T TR, S5 3R M 1% 3 S0 AR % PRl S B AE 25 0 1%
AR, Xof 5t 1 N o) R ] ) SRS B v, R AR AR
PELF

1 EEEIERR[BERGTTIE

L1 2RENMGHE

A A5 (total focusing method , TFM ) 2 —Fh 3
TR R 1) i 40 A U A BRI B R i vk
a3 R A PR SR A SRR USSR 4

XFT N AT R A% AR 51 | H 4 R S0 1 R 4
TLRE R A AR RS P S 1 ARG, 450 R BT
MEoT R RS AT SR EL N AR (RS, SRR
i AL AR B S A BT, B Rk AR R 3t
AIARAT N? AR 5 o B2 EB R AE B (5 5 3 L A
I HELA 24 O 245 i v A 4 2R 1R ) 4 R PR
P, a1 s R B s P A AR S Y I 1)
ERESSH

T 1 2 j N
1 n| Po - y W
2 P, P P, P,
i P, P, P, P,
N P,Vl P.’\': o P’\] e P\',’\'
D P A B E

Fig. 1 Full matrix data

TFEM BAZ R IANE 2 FroR B B8 1 (GRS 5
A AL B 22 1) 14 il o) 300 SRRSO T | 3 57 - T LA A
FRZ , IFA 7818 o 00 DXl R X o R 4 Al
SR DX IR BT A R AR AR AR, X TR R AR
SRS BEC RS R OC R SRR A (5 5 7
2 B WRAEL B 45 R A 64T B AR AT SRR 12 S5 8 1Y
i, M EE DL Lo R, BRI SR A BT A R A 09 I (E
fFE,

BB M IR (x,,y,) PTRIEN .

I(xq,5,) = zng(fg(%,yo)) (D)

i=1 j=1

o Py FORH  DBEIC AT A A BT IR



- 26 - LSRR R e o

8375

K2 REMGIEH
Fig.2 Focused imaging principle

FOSTE M AL BN, o W R R R T
AL M PRSI [T 5 R T R A A D A
ANEWF

(%, —x0)2 +y02 + (xj _xo)z +9’02

zij(x()’yﬂ): ¢

(2)

S, ) SR R A PETE 5 B TG 1O B s e o
UL
L2 BB

e RSPV R, FEAE TRV 5 2 R 4R I
L5 LML 5 B3 PRI AT 4 B A o 9 5
SR E ABGLIR O R WM X 5 I
FRO T L SR T, 1 5420 36 A £
B 7 AR 1 PR — B 00 AR T
PRI L

T HE 5 5, T L (3548 57 45 190 1 e
B SBE , 4f SRRL £ T — DX T £ 53 e
IR BT B T A NIA i
FIF R R M BORAZ (SCF) . SCE ML 19
T U — BT AT £ by 2
B XHBRA AR T SRR P 0
BB b, RN

+ l,Pij[tij(x,y)] =0

M%szlfJMLw]<0 <)

PV 51 B0 10 0 55 0 AR 76 B — 5
&H

1 N N 2
Lip(x,y) =1 -0 =1 —Jl - (PZ iz:,_bij(x,y))
(4)

Aol or TR R b, MO,

1E SCF v 45— MR A 15 ) P B 35 5 A
BB 2 RT3 1A BRMA O LB 5 0 b 2
AR RO T 28 e B PR 55 b
BLEY AR 2 ML BE T 0, I, 3 SCF ALHUR
H o P R R AR B R 0 i

2 ETRRENWBHBEREIIE

ST ARG I 19 EMAT £ i 5 2k P i ik
SR, SR B ML £ 7E R P A BRI L, B
TR L 2 B SR 7 A O B A R 5 L B 7
WO RES IO SE IR, 7 S IO 220 ™, AR ¥
1E2E TR R IR Bl , T EL AR SR v A
3o Y P DR 1, T A8 R O 1)
I A2 7 FIBH PR T LR

PPM-EMAT “TAR B AN IE] 3 B, AHAR K il Bk 2 1]
REPERRIZ , FERE 7 1 g JEEHE 7 0, BT R BB M) T2 X
B L A B, 24 2 S AR o 3
FRL DT, E P 2% T K VR E P9 7 2 5 B3 160 A 12 1
WAL M8 28 B, PR 6 B AR BRAE IR PRI
VRIE P37 3 407 ) ML A 990 3, AT 76 v
RO T RS S, R LR 1 T B R
SRR Y 172, 350 T DL 1Ll 1 2 8 0 i

i v

Iﬁ%&l\ ;l/ : /BE%&Z

s — QOO OO, AR .

(a) PURLAE

(a) Side view

TUAUNY ~
g?s S

S r
AJ" l} “ ":'r
L
—_—
S

AUNNL

3 PPM-EMAT T.{f 53
Fig.3 PPM-EMAT working principle

3 BEESRMAXARTHES N

IR ABAQUS BEAT EEBLT B0, 7 b HR
FE BT U1 IR BAS G B R 1w, E TR 5 Dk A Al
A% W L B, I LA B 3 R S f G ) AL, A
ABAQUS Hh 44z 8 52 56 45 18 1aURE 2 3kt i e oy A TE AR A
FERIUT R B SENER 1 s,

b TSN PPM-EMAT £ J8 7% 16 45 38 3 1 J4 & e T
(0, 1) B e A B R4 1 — i L 10 mm 25K 1Y
A T Al ) DA T ) 4 T RO R 6 B, TR
FRIRAR IS 6 41 10 mm FEAYRERR . [R]BFE 45 1 8] 1] )y 1)



5113

Y T R P A R S A AR ST - 27 -

®1 ARTHEEBSER

Table 1 Finite element simulation model parameters
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Fig. 4 Loading direction and waveform of the pipe surface load
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Fig. 6  Electromagnetic ultrasound sensors
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Fig. 9 Structure of the multi-channel electromagnetic

ultrasound inspection system
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