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Research on stress measurement of non-excited steel strand
based on inverse magnetostriction
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Abstract : In order to achieve accurate measurement of stress information, a new method of existing stress measurement based on inverse
magnetostriction for non-excited steel strand, which is the key loaded component of the prestressed structure, is proposed. Firstly,
through establishing the theoretical model of magnetoelectric coupling, the internal relationship of the external load and the permeability
of ferromagnetic materials versus the self-inductance coefficient of the coil system is analyzed. Secondly, based on the COMSOL finite
element software, the inductance variation of the self-inductance coil system is simulated quantitatively when the stress of the steel strand
changes. Finally, the test and measurement platform was built to carry out the test and verification. The results show that the inductance
value obtained based on the proposed measurement method has high repeatability; under the condition that the excitation current is
constant, the relationships of the inductance versus load for 15 groups of test data all exhibit a significant functional relationship and the
goodness of fit R* is greater than 0. 99. The detection sensitivily increases with the increasing of the effective magnetic circuit length of the
self-inductance coil. The error between the fitting value and the measured value is quite small, which meets the engineering requirement
and further verifies the rationality of the proposed method.

Keywords :inverse magnetostrictive effect; existing stress; self-inductance ; inductance
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Fig.2 The principle diagram of free axis measurement method
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Fig.3 Principle schematic diagram of the bridge circuit

K 3w Z, SRR BT, Z, S A T e e B 2 T HLREL,
W 1 1R T A B0 RO A 1) 7 A S, I A
Hedl o BRI BET T O R0 R BE B 3 (A R, 1D
MU0 0 V', I LU 42 s 0 60 i 73 A L2 A AN 2
JICT3 L 5 W A SR R R B, 1 U BELE 5 2 R R L P
X TF SR , 38 RO TS S 22 Bliz T A AR ) 1 fE
FERARE BN T A S IR X o T SR S Rl L A
FLIHG , X 22 B HOR Y SLRA R ZORWUAIR TARZ , fi e 1
e



5 10 19

RIS 45« T30t RE B 45 (4 0l B A9 2 40 0 ) B T 5 13

Jﬂ:é’l\ Tﬁi?"ﬁi?&* h(ﬂ]hﬁz&iiﬂﬁl\ﬁl? 1+

E'Fé;’%%ﬁifﬁg)%"—ﬁ Vﬂ%ﬁ’f‘lﬁ]?ﬂ%é’ééﬁ%ﬂ’ﬂ (7 Al e £, P
S e W PSR 0, B O P R AL i, L
FREEF A 4 P o

clip

C >
4-wire cable //
:f X Rsubject
Te—
—
clip

4 JFRICIH A Jr

Fig.4 Principle diagram of Kelvin fixture structure

ik, SEPRn A, R 1A 4 A C sk
PR AL S | S 1, P P e 4 =0 i F % 1 5 | S
Mo BT = B i A g9Ck i R BRbE &%, B T iz
SETROR & HE W RRE , AT AR T35 A A A, th
SR TT LA B 5 | 2 F BEL ) 8, i v PR AT 00 O T
2.3 WRAXRNEFER

AR 24 265 PR R SRV, R A, U L A S A i
— PO, SRR AR I R AT, A R R
IR R R G A 2 ARk Bl B AR (I BE | [T
85) AR g S R g 1. Y A IR I TR A
AR A ) L RS AL RS N S i T AR A A R, B
(LSS N

I = (f(l-’v)A/l"' ILLOAuir) N

m

(10)

AL O UL £ () I BB IR 5 5 PRI A, 9
AR SRR Z ) 2 I BB A A

455 PRGN AN ARG, T LR X (7)) 4 S AN
RN F 5 AR E R TR LHCR . fE—E R
J LT, SN T A IR ) 2 49 v S ) e B RT LA

FCID) Skliik
3AM, L N
F=FK K smzeocoseol(ﬁ - Z ,LLO) (11)
F=kL+b (12)

b A DAL RS A R TR AR

MG (10) AT, R T 2R S0 Y L R 5 I A 2 /Y
W AR RRBIOR &, X TR E RS A FIRER
E A M, K, .0, 1N, AH p, ZEHE ik, (11)
AR A 3 C12) , Hom kb SR R, R EEC(12) AT
I, FRE R ARG B R L SRR ) Z A A
PRECC R X R AT LAad i b 3R A i JRE A0 77 5,
R IR B AR G R BOR A E AN AR T

3 ARMHESH

A COMSOL Multiphysics 47 FR 7 {7 FLARPF 413 TG
il 26 B RN 2 2k 52 ) A7 A1 BROT 0 073 B, S5 UEAR G
PSRRI Al 7 5 IR FIZ R £ I L S H AR Y
B, BB P B R MR AT BT B S PRk Bl th T
B AT S JE PR X 3 ) ], L JE R e iy 5 A PR
{14, AEATS PR A g I B i 3k D T B v A Y A
SRAFRIRGAENE , 42 P8l J i 2 U v 3 3R T AR B A1
(ERM (A S B E N 1), SLE SRR SR
N2 KRR BRLSR R 45 SR A 50 1] L2 AN A
PFESHBCE MR 1 PR,

®1 BRARFHESH

Table 1 Partial model simulation parameters
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Table 2 Steel strand geometry and material parameters
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Fig.7 Rendering of the sensor installation
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Table 3 The test parameters of steel strand tension
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Fig.9 The relationships of inductance vs. load for different self-induction coil systems under loading state
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Table 4 The fitting result of the relationship of inductance L vs. load F for G1# self-induction coil system
Gl-1 G1-2 G1-3 Gl-4 G1-5
iz fE|E=1 Pk fEIE=1 iz HEIE=1 ik I3 Tk ek
a(10-7) -10.07 -2.839 -10.38 -2.841 -9.933 -3.01 -10. 31 -2.918 -9.892 -2.836
b(10-5) 27.45 —2.453 27.72 -2.394 27.09 -1.589 27.81 -2.194 26.33 -2.512
c(10-2) —-46. 86 2.081 -39.8 2. 066 —44.32 1.981 —44.08 2.062 -29.05 2. 096
d 8.901 9. 986 8. 834 9.933 8.919 10 8.935 10. 02 8.919 10. 04
R? 0.999 1 0.997 6 0.998 5 0.997 8 0.998 9 0.996 4 0.998 8 0.998 1 0.998 9 0.997 4
n/% 2.208 8 1.820 6 2.349 4 1.711 8 2.2953 1.797 1 2.2955 1.786 9 2.2242 1.8459
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Table 5 The fitting result of the relationship of inductance L vs. load F for G2# self-induction coil system
G2-1 G2-2 G2-3 G2-4 G2-5
Z RS
ik HI# mak I piIE=4 ik pil1E=4 3 mak eIk
a( 10-7) -14.23 -3.84 -15.03 —-4. 836 -14.28 -4. 004 -14.18 -3.84 -14.42 -3.69
b(10-5) 37.3 -4.017 39.97 -0. 608 37.31 -3.627 37.28 -4.017 38.07 -4.408
c(10-2) -48. 89 2.86 -69.23 2. 565 -49.79 2.842 -47.99 2.86 -60. 92 2. 862
d 14.87 16. 43 14. 83 16.4 14. 84 16. 34 14. 89 16. 49 14. 84 16. 34
R? 0.998 2 0.997 1 0.998 3 0.993 7 0.998 2 0.996 9 0.998 3 0.997 1 0.998 1 0.997 2
n/% 1.874 5 1.441 6 1.963 7 1.648 5 1.8777 1.456 7 1.902 0 1.436 9 1.936 6 1.4450
x6 GHARKERZRAERELREHRF TUXRNBSER
Table 6 The fitting result of the relationship of inductance L vs. load F for G3# self-induction coil system
G3-1 G3-2 G3-3 G3-4 G3-5
hn#g a1 Jnzk 1% hnz AR hnag Ik Jnzk iE1E=Y
a(10-7) -15.22 -5.072 -15.62 -3.811 -16.2 -4.067 -15.19 —-3.887 -14.6 -4.16
b(10-5) 40. 25 -2.318 40. 88 -5.817 42.49 =-5.301 39.94 =-5.161 38.93 -4.261
c(10-2) -65. 61 2.939 -49.27 3.236 —-66. 46 3.231 -51.65 3.121 -69. 36 3.018
d 18. 84 20. 69 18.75 20. 56 18.7 20. 37 18.76 20.52 18.9 20. 36
R? 0.998 2 0.997 3 0.998 1 0.997 8 0.997 6 0.997 2 0.998 3 0.997 9 0.986 9 0.997 1
n/% 1.623 0 1.250 3 1.667 3 1.299 6 1.767 6 1. 36 1.643 1 1.267 9 1.602 8 1.2413
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