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Design of Enveloping Magneto-elastic Cable Force Sensor

and Stress Test of Steel Cable
GUO Tao
(State Owned Wuhu Machinery Factory, Anhui Wuhu 241000, China)
Abstract: The magneto-elastic force sensor based on magneto-elastic effect is widely used in cable force measurement and
monitoring of in-service bridge cables due to its simple structure, large output power, long service life, good dynamic response and
strong overload protection. In order to solve the problems of poor consistency, difficult calibration, incomplete magnetization and
coupling effect of the existing sleeve type and bypass type magneto-elastic sensors, a novel envelope type magnetic elastic sensor is
proposed, which is based on flexibility. The detection coil of the printed circuit board has a better bonding effect. The steel cable
stress measurement test is carried out. The results show that the cable linearity and sensitivity of the full-envelope magneto-elastic
sensor are greatly improved and the magnetization effect is better. Further, the detection coil design of the flexible printed circuit
board better realizes the reconfigurable design of the magnetic elastic sensor, which is convenient for installation and disassembly.
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Fig.1 Hysteresis loop of ferromagnetic material
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Fig.2 Classic model of cable force measurement
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Fig.3 Semi-envelope magnetoelastic sensor
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Fig.5 Full-envelope magnetoelastic sensor
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Fig.6  Schematic diagram of the magnetic field line distribution of the
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Table 1 Dimensional dimensions of the excitation structure

Parameters L, L, L3 Ly Ls Lg¢ L, Lg Ly R

Size/mm 110 9 5 20 10 2 12 38 8 30

(b) Full-envelope
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Fig.7 Physical map of excitation structure
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Fig.8 Schematic diagram of flexible coil
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Fig.9 PCB design of flexible coil

B 10 @A FFC # 4%
Fig.10  Universal FFC connector

FEL B E 11 i, fe 1k Bdn se v,
LW sty S 2 L B AR B T LA A 22 2 SR TR
2B D)4 e 4 W8 T2 K FPC XU o 11 25
1PIN, 3% F 60PIN il FFC ZE M, BT AE A% 1%
A7 2 1Y FRC 32 0 JERE b, 0 S 4710 14 4%
FH I R S I MR R A R O AR T o T R A R



376 RGBT 5T 514 %
AT IR L, A AR AT, Al 12
PR i
L v
Spacing of 0.5 mm 'Ei—ﬂ_‘» :E':: %"llji*_I@]
i ; FifEs OE L KN e %
S oty mﬁ%gﬁ“\giﬁﬁg/ggl L

(a) Flexible coil
! Empty 1 pin !
1 ............. 59 59 ............. 1

(b) Pin distribution diagram

B11 FHEABEHAE
Fig.11 Physical map of flexible coil
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Fig.12 Installation diagram of flexible coil
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Fig.13 Measurement system for magnetoelastic cable force
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Table 2 Test results of semi-envelope and full-envelope magnetoelastic sensor cable force
Integral voltage /mV
Cable force /kN Semi-envelope Full-envelope
1 2 3 Average 1 2 3 Average
18 769.4 768.8 770.7 769.6 12375 1240.8 1240.7 1239.7
21 767.9 766.9 769.3 768.0 1232.1 1234.8 12349 12339
24 765.6 764.8 767.3 765.9 1225.1 1227.1 1227.6 1226.6
27 762.5 761.5 764.6 762.9 12171 1219.6 1219.6 12189
30 758.6 757.8 760.3 758.9 1208.6 1210.6 1210.2 1209.8
33 754.3 752.9 756.3 754.5 11979 1199.6 1199.4 1199.0
36 749.1 747.8 751.3 749.4 1186.4 1188.2 1187.7 1187.4
39 743.6 742.6 745.9 744.0 1173.4 11752 11745 1174.4
42 737.6 736.2 740.0 737.9 1160.7 1161.0 1160.1 1160.6
45 733.1 732.3 735.8 733.8 1152.6 11535 1153.6 11532
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Fig.14 Measurement result of magnetoelastic sensor for cable force
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