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Pipeline displacement and deformation detection based on magnetic sensor array

Li Jian' Liu Tianyi' Wang Jialin' Liu Shan'” Huang Xinjing'
(1. State Key Laboratory of Precision Measurement Technology and Instruments, Tianjin University, Tianjin 300072, China;
2. School of Mechanical and Electrical Engineering, North China Institute of Aerospace Technology, Langfang 065000, China)

Abstract: The structural deformation of subsea pipelines increases the risk of pipeline fracture, which can cause significant economic
losses. This paper proposes a pipeline displacement and deformation detection method based on a spherical inner detector equipped with
a multi-channel magnetic sensor array. The stress in the pipe wall and the change of the magnetic flux density inside the pipeline caused
by the displacement deformation of the pipeline are analyzed according to the magneto-mechanical effect. The structure layout of the
detector and the magnetic signal acquisition scheme are designed. The collection of spatial rotational magnetic flux density information
inside the pipeline is realized, and the rotational magnetic signal is converted into translational magnetic signal in the pipeline coordinate
system. By extracting the magnetic data on the contour lines inside the pipeline, multiple channels of signals are integrated to increase
the space sampling coverage of the magnetic signal inside the pipeline. Finally, internal inspection tests were conducted on pipeline
vertical and equivalent lateral loading-induced displacement deformation. The results showed that under longitudinal force deformation
state, the magnetic flux density longitudinal component dispersion decreased by 136. 1 wT on the contour line inside the pipeline; under
equivalent lateral force deformation state, the magnetic flux density lateral component dispersion decreased by 123. 1 wT on the contour
line inside the pipeline. The magnetic flux density dispersion measured by the spherical internal detector can reflect the displacement
deformation of the pipeline in different directions, and the larger the deformation of the pipeline, the smaller the magnetic flux density
dispersion.

Keywords : pipeline bending; internal magnetic field of the pipeline; magnetic array; spherical inner detector

WsehR H 3 .2023-08-21 Received Date: 2023-08-21
AT H  H R HRPBL R4 (62073233) K HETH A 483 4 (21JCQNJC00690 ) il b 45 # F )T 8 &5 24 M Bl 22 W 52 1 H ( QN2020179,
7C2021004) ¥ 1y



5 2 3

BT A TR B ) A S R (628 T AR =77 -

0 35l

il

B P h BB MBI LA D Hi T K A=
RN AR | AL I A8 B st A I B G Bl i
IS AN T 2 SR Ak, KR N 7 4 9 57 W 4 XL
TR A TR Z TR VR BRI b, 52 3 U i kil 5
RIB BRI 25 0y R A B s S R A A8 | b A%
TE 2 AR TE ) 45 A2 B A, Bh i A5 2
AT A A T DR AR TE | () o 3t J00 4 T R ) 22 T
IR, S8 R B R B2 B
IAREZY D WK =81 E A R ON ) S R Rl K = ST ]
AR TR A8 T A A IS B H SRR L, Rtk XEAE
A TE AT M R AR RS A28 I A6 2
TR RES K R g s AT M R E AT A B TR
TE RS, HE K AE T Y IR AERR

R4 R AT B ik, BT HE 7 A AR ik
IR HLER AL (RIS I ) AT AR L X 3 28, 20 A
AR S F2 A VIS N b 0 AR 8 U A8 B R Dl 2T
JCHE AR BRI AR | 45 G B TR e
AR SRR OC R R LA AL AR TB R S, JeLF A
MIEAE 53 A ¢-OTDR 35, B-OTDR i, Y64 S i ( fibber
Bragg gratting, FBG) 5%, @-OTDR &5 FH s AH T80t #sE
HOGUR AEICET PR A T R ESCERS  38 5 o A UG, DU 8 )
S RIS O 1 AH AL A2 Ak, S X O £F JF A8 1 K5 B-
OTDR ¥ F FH IO bk X S 27 AT 4, 5 AR 4T
R AR T AT BRI (R 5, e G I A LK S
SCRIARNIAE AL, A5 B BE LOGEF R RIAE ) s ST i B ik
HORE M TEAEBE | 3 A S G, M S S OGS A Ak
ST ST A2 30 1 AR B S 5 (4 7 1 & A A A, 8
T 5 ST A AV R 4R O LS T DT S B D' T Y JE A8
iRl

KL N 322 1 2 1 7K 4% (remotely operated
vehicle, ROV ) 1 H 78 X JC 45 /K T ML #8 A ( autonomous
underwater vehicle, AUV) T Fh | FL38 #8 2 Fh A 3% 4%, 1R
SAELIFIC AL E, 38 i 2 1 R A Fil - S92 0 T e
(ESIERE A0S A< ralll I Rl 7S TR 28 Rl D 9520 N
T AR po | RS T JE W A e R TR SR T
T PRI, B AT 325 AR A 25 (PIG) FIERTE
PIASIN A (SD) P RAG I 28 - 1% P ARG T 32 £ 1) A
T2 74 T8 PN R T A G 3R 3 AT AR s
HEHT I 42 BT ((inertial measurement unit, IMU ) F1H,
R ST E A B Kok m R Z AR5
W EABARSFEI A . PIG A & AL | #5014 A ity
IR HEAR 76 30 B BT 4 7 R {H AR
VER GG IZ A%  AFTERL R R IEXURE 5 SD & —F ] LA

Z I A ERIE R4S | i T A/ N T IE AR,
PRARS A il 2 [ /s HL A e Bk, B B84 1) e i
PO HARE I N LR S R IR ST AR AT 2
FhSHL A AL 55

ARPRBAAL P I T — R FI T SD {94 IH A I J7
R B AT IC SR R R R A 2 o A R
B, LB A T E ) S A LA B B, W5 TR N
W o3 A WA T T 7% TE T RS R 1) A T N i A
PRAR S HIER AR R B AE BOC AR, SEBE X I B AR A
N 5 ol T SEBURS A Y SD AR BT RY A Ny 4R T 4R
i SD AT E PERE R I , 18 i A et SD A% Sl 15t
HEEE, 6 SD e 58 45 P — 1 7 AR 307 5 Huang
SFSUE S SD B BRE AL AR FIHT SD VR B35 Bl % I
B ST AR R NER i A B S Ol B s MUY -
A JTRBREEY WA TE RS T I T ST, 204 1
IR TP MR X G 55 F1 L T 22 18] Y R B G
T SD AR Al A SRR I A T N R,
i PEBAE T 32 25 P 3 R — 1P U (R XL R
T Sk 14 A5 T o 0 e il "

ST RIIABT ST, BTG A AR RE A5 R 4R B4 I 42
RASE 5 L BB 5 A 8, (FLUR L s 19 2 1) 8 i
AR WG AN TE 2 A o) A TE A s G S
FRAEPY  HeAh, BIROFSE BB X SD R SRS T R
KA AT A AR e KA AR S AR I, AN BE UL S il 45
RN 58 S AR R R A5 [ B AR R 2R
I, AN SO H 22 0 A JE A B 9 5 56 A R R SD
RS ERAER i H SRS AR R A I A bR R0
F M IR 1 B R 2 7 FEE 5 41 488 P08 X 7 e B8 g JL AT
KZR BRI I PN 45 b B PR N | S B A I
VR 25 ) 2 R 230 T RO R B 2 A v e R AR M, AR
TRERUMARSE , 0 B 30 A% 07 4 2 AR 28T A8 PA) Tl e 2 €
LIEER (R wEpNE IS ST AT EEZ VAN LR EAAILISIOR 2
IS5 A TEAEAN R 32 TPIRAS T, A0 P 458 v R o
R B R

1 IBigoth

1.1 WAL
AR A IR N 1 A A8k, B AR

ol DA e Zead Wi AR S BRI RE , i T REMLMSON T A

T M REACIRS L 23 Bl A5 I ) iy el s i el A, e, A IE

VA 0380 5 53 A 2= Bl A B8 (6 AR TR 1Y) R A T S I ARR B 1) 2

R, 28 J-A IR G BERIIR T RE 50N 2

RS FR, M= (1) fis .
M o

d
—=—(M_-M) +
do §E( “ ) *e do

an

(1)



- 78 - B IR SRR R

38 &

Hr, o AR, MONTEALRIE , E SR kg
OB, & BRRETEM B E*ﬁaé%é%&, SRR GRS
VI TCHE 5 AL R LA, M, e IR REAL . TR,
ACSRFE M o IS REAL M, RSB REAe M, 2[RI AE
KR (2) Fizs .

M=c(M, -M,) +M,
1 2
dM;, =7£(Mm - Mirr>d0- 2)
¢ E

LT REMUBR R J5 B Al 0, Ak RGBT 32 1 ) AR Ak
%ﬂszﬁz,ﬁ\%{tﬁﬁzii Sk, M 5 i) 245 (] i 308 2% 85
AL, PRI R I N A AR A
N7 S SERE A AT

FIH COMSOL @37 A FRe i B AL, 45K 1 m,
HAE 0.05 m, BEJE 10 mm, 7€ 4538 .0 40 B o,
5000,10 000 N W F{ [v] F 0y J1, &= EB A, |
B 1(a) A] UL, FEAS T8 &8 2 J1 I, 45 BE 45~ My 1 1 A
AT L 1 (b) A] WL B8 i 2 St A RE A
D7 W REACAAS 6], R Ak o3 A AR5 T 1 (e) i A T
BB 10 A2 BE A b 0% %8 2 R ] LA TE YRR R A6
EAS RGBT R A T RRIN AR,

r”jJ/MPa TEALKE/(A/m)
200 %103
180 4.0
160 F=0N 35
140 3.0
120 25
=5 000 N égo F=5000N [ 120
1.5
60
40 1.0
20 0.5
F= IOOOON 0 F=10 000 N 0
(a) EFBERL Sy 43 A (b) BREREAL 534
(a) Stress distribution on (b) Magnetization distribution
the pipe wall on the pipe wall
Tk SR 7 5 BE AR 1 T
420
418
. 416
F=0N 414
412
410
F=5000 N 408
. - » > & - - 406
S L iTLLey o
B 5 B S 402
F=10 000 N 400
(c) 9 T P9 I 25 FE AR A
(¢) Changes of magnetic flux density inside the pipeline
LB R AT A 1 T RER A 2

Fig. 1 Simulation of magnetomechanical coupling

in displaced and deformed pipelines
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Fig.4 Schematic diagram of contour data

integration of the sensor array data
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