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Research on non-volume damage of pipeline based
on dual magnetic field detection

Liu Bin,Luo Ning, Wu Zihan,He Luyao, Yang Lijian

( College of Information Science and Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract : The stress quantification in the stress concentration area of pipeline plays an important role in pipeline life evaluation and safety
prevention. Weak magnetic detection technology is an effective stress concentration detection method. However, the presence of hard spots
on the pipeline can generate similar signals to those of defects, interfering with stress quantification. This paper establishes an analytical
model for the magnetic signal detection of non-volumetric damage in pipelines, analyzing the effects of hard spots and stress on the magnetic
properties of the pipe material. The signal characteristics of hard point and stress concentration area are studied under different excitation
intensities, and the dual magnetic field stress detection method using strong and weak excitation is proposed to eliminate the interference of
hard point on stress weak magnetic signal. Experimental verification of the theoretical research was conducted. The results show that under
weak excitation, the magnetization intensity decreases with the increase of stress and hardness. The attenuation gradient of magnetization
increases with the increase of stress and decreases with the increase of hardness. Under strong magnetic excitation, the magnetization
decreases linearly with the increase of hardness and is not affected by the change of stress. The signal characteristic magnetic sensitivity
coefficient is introduced to characterize the detection ability of non-volume defects under different excitation intensities. Under 10 kA/m
excitation, the tangential magnetic sensitivity coefficient of magnetic signal increases from 1. 54 to 25. 87 with the increase of stress, and
from 7. 46 to 33. 87 with the increase of hardness. Both stress and hard points have good recognition ability. Under a 30 kA/m excitation,
the tangential magnetic sensitivity coefficient of the magnetic signal increases from 0. 07 to 0. 54 as stress increases and from 0.49 to 4 as

hardness increases, with hard spots being well identified but low stress identification capability. Therefore, the use of strong and weak
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magnetic two-field detection method can eliminate the interference of hard point on stress detection.

Keywords : hard spot; stress; dual magnetic field detection; magnetomechanical relationship
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Fig. 1 Different stress-dependent magnetization curves
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Table 1 Magnetization strength of different stressed steel under different excitation strengths (Am™)
10 MPa 50 MPa 100 MPa 150 MPa 200 MPa
10 kA/m 1322 441. 807 1 292 439. 651 1 254 109. 078 1118 533.303 818 359.912 6
20 kA/m 1 484 407.01 1475 333.228 1 466 808. 715 1 438 168. 615 1 341 959. 03
30 kA/m 1 526 373. 607 1 522 509. 094 1 520 188. 347 1 513 522.535 1494 699. 172
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Table 2 Magnetic charge density at the end surface of different stress concentration area under different

excitation intensity (T)
50 MPa 100 MPa 150 MPa 200 MPa
10 kA/m 0.037 682 708 0. 085 825 908 0.256 109 081 0. 633 126 859
20 kA/m 0.011 396 67 0.022 103 459 0. 058 075 424 0. 178 914 663
30 kA/m 0.004 853 828 0.007 768 687 0.016 140 946 0. 039 783 090
N7 I3 AR R XA S BEAT AR A TSR A P 2 410"
1.5x<10° —=— 50 MPa
) —e— 100 MPa o 210
1Lo-10°T —+— 150 MPa j;
T 504100 ——+— 200 MPa % ol
<
B0 =
B -2x10*
g -5.0x10%
-1.0x10° —Ax104 1 L I )
-40 -20 0 20 40
~1.5%10° : : : : %
a0 20 0 20 40 ( );ﬁ{’f .
- a CkERs)
zﬁf\_% (a) The normal signal
(a) EAfE
(a) The normal signal 3.0x104 —=— 50 MPa
10-10° —e— 50 MP2 —+— 100 MPa
100 MPa ~ 2.0x104 | —+— 150 MPa
7.5%10* | £ ———— 200 MPa
~ —— 150 MPa <
E 50410¢ ——+— 200 MPa i 1.0<10°
: :
% 2.5%10° i 01
R
= 07
-1.0x10*
-2.5x10* . . ) )
-40 -20 0 20 40
-5.0x10° . ' : ! KB R
40 20 B 0 20 40 o) WIAEE
KA R (b) The tangential signal
(b) LI5S
(b) The tangential signal K3 20 kA/m RGN G ES
B2 10 kA/m FIREA [RRE RG A 2 Fig.3 Different stress magnetic signal at 20 kA/m

excitation field

Fig.2 Different stress magnetic signal at 10 kA/m

excitation field

H AT 0, 76 10 kKA/m (Y SSREBARH T, 8 14 X 1)
DT 55 VR (5 92 o {5 5 DA A I 7 ) 58 32 ) 34 A T 48
K, A5 SHHAE 13 K RS AR A (5 SR AR AT X T
10 kA/m BFMEgES T g, [AEERT LATHS 20 kA/m
F 30 kA/m filt 2F T AS 6] R 7 4 Hp X A G AR -5 R A 4n
& 3.4 P,

P I RT, 7E 20 kA/m % 30 kA/m B REE R T, 1
TR XY 5 SRR AR 35 10 KA/ m il At -40 -20 0 20 40
— B, AELR W TRl R B ) 45 57 3 50 3 £ 1 g RFER

(a) ¥hIUfE
e P AR 5 D 1 W R 35 16 £ 5 B AR S /N 4, () The normal signal

WA RBE/(Am ")




55 8 10 Xk A T UG A AR AR B R I A 81
6000 - —=— 50 MPa CR RS S T N A B AP A [ WA B A B €

—=e— 100 MPa

4000 } —&— 150 MPa

= s 200 MPa
=
< 2000
i
el
X ol
#

-2 000

-40 -20 0 20 40
(b) MIAfES
(b) The tangential signal

Kl 4 30 kA/m i REAN R ) REA 5
Fig. 4 Different stress magnetic signal at 30 kA/m

excitation field

TV EEROR 5 SRR B S ] I, D R T A il
e EE R, I 7 4 F X3 g 7 7 46 R XA A 2
FE(ELTZMTIR I , i o8 ) B A 4 P SRR D - S O[]l
ST BRI R R S A AR T A el 5 B

—=—10 kA/m

—o—20 kA/m
%10° F —4—30 kA/m

Sl

2.5x10° |

R RBE/(Am ™)
= 5 3
s =

w
(=}
X
(=3
-4

0 : :
50 100 150 200
R /338 % /MPa
(a) YA I W 1
(a) Normal peak-to-peak value
1.0x10° ¢
—=— 10 kA/m
8.0x10° - —e— 20 kA/m
~ —+— 30 kA/m
E6.0<10°
<
%4.0“0‘ 3
R
& 2.0x10*
0 1 1 i)
50 100 150 200
IS 7758 J§/MPa
(b) VI e

(b) Tangential peak value

K5 ARG SRR A A

Fig.5 Change plot of the eigenvalues of different stress signals

(T 50, B TAURABEE O 5555 255
s, BRI I ORI, (55 50 (LB 41 25 9

30 kA/m RGO, M 4tain P47, BB sR IR T,
N 75 B B S R AR e DL X 4y, ek e il ], (HE AR
WEARAT LT | 1 7 (R A8 AR R N 7 8 35 D28 V38 K
IR BETE ARG HER 5,
2.2 ERNHESHINS T

Bl A P RO v T I AL R Y e
R BBPEASIE ST RSN, TR A Y B AR I i R
SAPEAR T BT 38 AR IR AE A N T RN SRR N ) T
SR B T AR I PR

T=7, +BGb./p, (11)
K 7, IO TAREALI B B TIN J7 58 S S ARG 56
PR G BT IR b SR 85 I AIAS BTk & 50, WAV
BRE, AT, AR N 7 3G IR MR R
FERGT, BV 48 b4 s B2 38 SR I 2 Ak 9 5 b A7 % R 1
e mAE(8) L (9) nI A, i 5 2 IAT LI IR AL BH A48
MuEWEREZ B, SIS M I ET LR B IR R B

Z b iR KA BRI LR B B p, —MAE 10" ~
10%/em? , USRI L4 % FE TN [R) 6 B2 1 A Ak it 26
MAPRHE T I RS, 2 (8) L (10) HEE 2 Wik 0,
X (8) ~(10) B HBUE H: G, =6, =0.81x10° m,
G,=G,=3.8x10" m’ ,d=1.25%10"" m,k,=4.52x10” A-m™,
a,=1000,0,=1.44x107", KFETFHL R WEAL T LI AR
FE W RS REOT AL (5) th, L S 8OUE R
mo=4mx 107 NAZ M, = 1.58%x10° Am™, ¢ = 0.25,
Y= 7Xx107° A7m?, v/, = = 1 x 107 A”m’Pa”,
Yoy == 3.3 X107 A m*, v, =2. 1 x 107 A m*Pa”’
A3 AN [R) A2 i 5% B A B AN B 1) G Ak it 2 &1 6
F7R o

1.6x10°

1.2x10°

P

8.0x10° e

AL BRIE /(A m

—h— %102

4.0x10° 8x10"

—a—("3

0 10 000 20 000 30 000 40 000

SRR (A m )
6 AN [RIRE i phi 12 2
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Table 3 Magnetization of staggered steel at different excitation strengths (A-m™)

10'%/cm? 2x10'?/em? 4x10'/em? 6x10'?/cm? 8x10'2/cm? 10"/cm?
10 kA/m 1399 024. 964 1253 685.519 1017 347.399 900 815.241 6 803 737.194 4 739 039.279 1
20 kA/m 1512 998. 822 1 456 068. 495 1340 576.71 1254 175. 862 1 176 056. 387 1 114 454. 156
30 kA/m 1 540 579.901 1 512 040. 954 1 456 005. 181 1403 602. 99 1 351 886.073 1 306 591. 456
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Table 4 Magnetic charge density of different hard points under different excitation strength (T)
2x10"/em? 4x10"/em? 6x10'%/cm? 8x10"/cm’ 10" /em®
10 kA/m 0. 182 546 343 0.479 387 022 0. 625 751 411 0. 747 681 439 0. 828 942 02
20 kA/m 0.071 504 491 0.216 562 173 0.325 081 638 0. 423 199 698 0.500 572 1
30 kA/m 0. 035 844 917 0. 106 225 848 0.172 043 0. 236 999 448 0. 293 889 487
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Table 5 The magnetic sensitivity coefficient of normal signals under different excitation intensity

2x10"/cm? 4x10"/cm* 6x10"*/cm* 8x10"/cm? 10"/cm?
10 kA/m 7. 460 76 19.592 8 25.574 8 30.558 1 33.879 3
20 kA/m 1.461 215 4,425 505 6.643 15 8.648 2 10.229 3
30 kA/m 0. 488 333 333 1. 447 166 667 2.343 83 3.228 763 333 4.003 8
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Table 6 The magnetic sensitivity coefficient of tangential signals under different excitation intensity

2x10"/cm? 4x%10"/cm? 6x10"/cm* 8x10"%/cm? 107 /cm?
10 kA/m 2.701 139 7.093 491 9.259 245 11.063 44 12. 265 86
20 kA/m 0. 529 026 1.602 235 5 2.405 117 3.131 043 5 3.703 483
30 kA/m 0.176 799 1 0.523 941 333 0. 848 573 667 1. 168 960 333 1. 449 561
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Table 7 The magnetic sensitivity coefficient of normal

signals under different excitation intensity

50 MPa 100 MPa 150 MPa 200 MPa
10 kA/m 1.540 11 3.507 75 10. 467 3 25.876 2
20 kA/m 0. 232 894 0.451 69 1. 186 785 3.656 165

30 kA/m 0.066 126 0. 105 836 667 0.219 896 333 0. 541 986 667
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Table 8 The magnetic sensitivity coefficient of tangential

signals under different excitation intensity

50 MPa 100 MPa 150 MPa 200 MPa
10 kA/m 0.557 591 1 1. 269 966 3.789 647 9.368 38
20 kA/m 0.084 3183 0.163 53245 0.429671'1 1.3237005

30 kA/m 0.023 9407 0.038 317 767 0.079 612 533 0.196 223 5
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Fig. 11 Test specimen figure
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Fig. 13 Signal features under 10 kA/m external magnetic field
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Fig. 17 Signal features under 10 kA/m external magnetic field
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