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Research on improving the performance of steel plate stress measurement
based on active magnetization

Liu Shan"?,Chen Qian',Ma Jinyu',Zeng Zhoumo',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 : Proposes a method to improve the sensitivity and consistency of stress measurement for steel plates based on magnetoelastic
effects. From the framework of the theoretical model of magnetoelastic, it analyzes the roles of strong magnetization and weak AC
magnetization ; Strong magnetization can improve the sensitivity and consistency of stress measurement by reducing the initial magnetic
permeability and unifying the parameters of the magnetoelastic model. Weak AC magnetization provides a minor oscillating magnetic field,
which can effectively eliminate the influence of interfering magnetic fields. A finite element simulation study on stress measurement of steel
plates based on the magnetoelastic method is conducted, and the results demonstrate that when the initial relative permeability is low, the
change rate of normal magnetic induction intensity of the steel plate under stress is relatively high, which indicates a high sensitivity of
stress measurement. Tensile experiments are conducted on steel plates with different thicknesses under different strong magnetization
conditions to measure the changes in normal magnetic induction intensity. The experimental results show that compared with unmagnetized
case, the sensitivity of stress magnetic measurement has been improved by strong magnetization by tens of times, and the consistency has
been improved by several to hundreds of times. The stress measurement sensitivity and consistency parameter of 3mm thick steel plates
using single magnet moving magnetization method have been improved to 1. 665 mGs/MPa and 2% . The sensitivity of 5 mm thick steel
plates using dual magnets moving magnetization method has been enhanced to 1. 41 mGs/MPa, and the consistency parameter of 5 mm thick
steel plates using single magnetic moving magnetization method has been increased to 0. 2%. The sensitivity and consistency parameter of 7
mm thick steel plates using dual magnets moving magnetization method have been improved to 1.2 mG/s/MPa and 1. 8%.
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®2 3mm BEERBFHNERYE S,

Table 2 Average sensitivity of 3 mm thick steel plate S,

Save 200Hz 500Hz 1kHz 2kHz 3 kHz
Kuifk
0.0250 0.0325 0.0750 0.0375 0.0225
(mGs/MPa)
HRER-F 3
. 1.200  1.525 1.665 1.550  1.400
Ak (mGs/MPa)
WG -H B
0.365 0.485 0.925 0.675  0.150
WAk (mGs/MPa)

32 ﬁf%ﬂ,ﬁ]%iﬁ%‘:f: 1 kHz 25F 7, % F 3 mm
JE R MR, R G Ak Ab PR3y O R R OB R
0. 075 mGs/MPa; 5.1 k-8 2h 6 4k 7 34 77w R 450 R
1. 665 mGs/MPa; XU 2k-5% 5l i A V- 35 ) 1 R 0% R
0.925 mGs/MPa, XFLEt 3 ZH %06 mT A1, 5+ F 3 mm 94,
AR St A Ak R RURKG kA% s i A Ak B 1) SF- X5
HE RAUEAR B, FUE AR BELALFRRY 22 fi5F0 12 %,

2 3 A% BREM f=1 kHz 05 F % F 5 mm J&
FERIMR , ARG AL BEF-35 T R FRE R 0. 125 mGs/MPay;
PAREER-FE SREACT- X 106 RSN 0. 66 mGs/MPa; SUHE
R B AL T34 00 G R AR R 1. 41 mGs/MPa, X
3 AUBEE T AL XTS5 mm JEEEARAR , BARE k- g fb b
PRI 0 -F sl A A B A0S X5 ) i RABUEAR i, HLJ2:
KHEACALFRAY 5 A5 11 £%

£3 5mmEERBFHNERYE S,
Table 3 Average sensitivity of S mm thick steel plate S,

Save 200Hz 500 Hz 1kHz 2kHz 3 kHz
Kk
0.0150 0.0200 0.1250 0.0250 0.0225
(mGs/MPa)
HRER- 8
. 0.450  0.610 0.660  0.150  0.120
A% (mGs/MPa)
WG -5 5l
1.265 1.275 1.410 1.165  0.965
AL (mGs/MPa)

12 4 AJA1 IREAER f=1 kHz 0 F 3T 7 mm JERE
TR, AR TEACAL B35 18 RABE 0. 115 mGs/ MPa; B
BR-FEIEACT- 3 1 RN 0. 925 mGs/MPa; B Bk -
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R SREAL T4 FIRE RAEE N 1.2 mGs/MPa, X H = 2%k
Pl X 7 mm JEERE AR, SRR - B R A A B RN 3L
- S RG A AL B ) T35 0 i RABUEAR 7, HOR AR Ak
b 8 A5 A 11 5,

R4 7Tmm EERREHNEREES,
Table 4 Average sensitivity of 7 mm thick steel plate S,,,

Save 200 Hz 500 Hz 1 kHz 2 kHz 3 kHz
EN A
0.070 0. 060 0.115 0. 050 0. 040
(mGs/MPa)
W73
. 0. 600 0.875 0.925 0. 040 0. 040
Ak (mGs/MPa)
XU R -# 5l
1.235 1. 190 1. 200 0. 750 0.205
Ak (mGs/MPa)

ZEA VLAY MR AL, 3T 3 mm SRR, PR k-2
BIHEAL S,y B KT 5 mm A7 mm BRI, RURE ik-
RGN S,y o i 5 B SURE K-35 3 i A T 15 de e
¥ 10 RAE SRR L 2L+ f5 . Aie
WREESEZ /0 KA T RS e 55, Wb 2 )5
B 77 0 R AR R T v I R B s Ak il K R AR
Yo KR W, T R A T R R R R T e, 5 B
WHER— 3,

3.3 ¥IMENRIE B,, —E ST

SeR A — 17 TR 8 3 ) B 1 B B A, ) —
Ji D BE WA R B 4 5] — Bk T E W iR G AL —
ket R AR J1 R 0 MPa I A [ )5 B2 A AR AN [
AT 2T AR 2 Tk 1) R B 7 W D 00 B W AEL B,
SERNE 13 FR,

WA 13 Bz, S ATxd bl A 5 A8 A0 AN [ g Ak 7
M A 463 WL 4 52, T DA & B, 8 A R AR Ak, oA
Tl A A9 L R 1 A0 A 2 8 K, BG40 -F8 0 l A FD UL R
K-8 Bl AL A) iy (A 25 AH 25 0/, BEBH B OBURE
K-8 sl Ak =T 0400 G S (L GT Dl A 3 A8 A AN UK,
FEXSRERGGE . A BT A [] 5 B 5 Al ) 6 I 1L 174 B0 R AT
91 L s (1P 5 R B AR A 25 R, M X A 25 = e 22/
I, S5RIIETHRS~T,

R 5~7 Al YRR £=1 kHz B, %7 F 3 mm
B , W0 (AR R 2 e /Nl 2% , 6 I i g A T =R
PR RS EIREAL . X T 5 mm BN, 400 Uh 8 E AH X 22
He/NR 0. 2% % g ) R Ak T 5k B RR RS Bh G Ak, X
T 7 mm N, 00U EAEAF XA 25 /N Ry 1. 8% , Xof g K4 1
75 R WG k- R Ak . 3 IR RE AR AE AR W% Ak 7 =X
BT 4 e (R AR XA 22,3 mm JEEE R 16. 8% ,5 mm JEJEH
22% ,7 mm JE R 44. 6% . 38 6] S ARG 7 S
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Fig. 13 Initial amplitude of B. /mGs

*£5 3 mm WRYIIRIEEMEIT R E
Table 5 Relative limit difference of initial

amplitude of 3 mm steel plate

RSD 200 Hz 500 Hz 1kHz 2kHz 3 kHz

HHEA % 1.4 2.4 16.8 39.9 50.6

MR- ehiite/ % 2.0 3.2 2.0 2.8 2.3

WHERR- R st A/ % 2.0 2.7 6.0 5.9 3.3
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=6 5 mm WRYIIRIEEMEXT R ZE
Table 6 Relative limit difference of initial

amplitude of 5 mm steel plate

RSD 200 Hz 500 Hz 1 kHz 2kHz 3 kHz

KWtk % 0.3 4.0 22.0 80.7 94.0
M-t/ % 0.5 0.2 0.2 0.1 0.0
WRER-FE it/ % 4.9 1.4 8.0 11.1 12.5

=7 7 mm WIRYIRIEEEXTRE
Table 7 Relative limit difference of initial

amplitude of 7 mm steel plate

RSD 200 Hz 500 Hz 1 kHz 2 kHz 3 kHz

KwgAt, % 2.1 14.0 44.6 15.5 40. 5
k-t % 4.6 5.2 4.9 0.2 2.0
WRER-FE it/ % 1.6 0.19 1.8 2.0 1.1

ARG R RT, WTUR R AELAR X B 254 B 2 E A R ARG, — 32
PEARA TR

4 & it

ARSI 1 — R TR 5 A0 (4 H A g A
RTINS BRI N A% S iR wE A, 2205 AR5 AL
TR ACAE T X S AR I A3 Ak 157 3, 00 ek 9 A = T )
SR 5 JEE A LA R ) U i R R R, SR A R R T X
T35 9 IO 0 ek SR ABCE KA SRR 5 P — B A ]
H5iE

MBIE i B, 45 5 0 W 5 B Y 5 A il 4G
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