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Development of High Energy Pulsed Magnetoelastic Instrument and
Experimental Study on Cable Force Characterization

YAN Shuangsheng, WANG Yujue, LIU Xiucheng, WU Bin, GAO Zhichao
(Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China)

Abstract; Based on the mechanism of magnetoelastic effect, a high energy pulsed magnetoelastic cable
force detector was developed to meet the demand for cable force detection of bridges in service. First, a
portable pulsed magnetoelastic cable force detection instrument powered by solar energy was designed.
The instrument could output high energy spike pulse signals with adjustable voltage in the range of 0 —
600 V and current peak up to 60 A, to realize full magnetization of cables with different diameters. The
instrument mainly included an upper computer (including software), a lower computer of the pulse
magnetoelastic instrument with feedback control and an improved magnetoelastic sensor based on multi-
core cables. Besides, the loading and unloading tension tests of the 7-core steel strand with a nominal
diameter of 17.8 mm were carried out, the saturation magnetization of the strand was realized, the

winding efficiency of the magnetoelastic sensor was increased by 8 times compared with the traditional
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method, and the linear correlation between the traditional cable force characterization parameters and the

tension was analyzed. Finally, a parametric, saturated permeability, u_ of cable force characterization

was proposed, which had linear goodness of fit greater than 95% and higher sensitivity (0. 05) compared

with traditional parameters. By analyzing the tension characterization errors, the parameter shows lower

prediction error (3.7% ) and hysteresis error ( +1.54% ) than traditional parameters. The parameter

proposed in this paper can provide a characterization method for detecting tension by the pulsed

magnetoelastic method.

Key words: magnetoelastic effect; cable force detection; pulse magnetoelastic instrument; magnetic

characteristic curves; characterization parameters; performance evaluation
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Table 1 Specifications of pulsed magnetoelastic

instrument
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Fig. 1  Winding method of the improved

magnetoelastic sensor
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Fig. 11 Error analysis of magnetic characteristic

parameters of cable force

3 3K A R S 25 T A A ) R R 2
A AL H R IINE TR xRS 400 28 15 P Y
FITHEATIN , A5G IE R RRAE S % 28 7 1) T 00 A
JE,NE 1L (b) FioR . $FRIES R U, 3R 1 5w iR
ZIK(T.7% ) , TH PP FRES & u MR I
TR ZE /N (3. 7% ) , FRHRHES & uw X 0. 98 kN
FIVBAH) FAL R & TR RIS i,
LR VA BB AR SCHR I REE S0 p WP T 3R
fIEI5 22 fie /N, X6 3 () AF T8 HE A, O T 1% Ge R AiF

i}'ﬁ:o
5 it

AR AT S B K s A
A8 R RZALER S IG5 T AN [0 3/ L i it
TR RS T AL, I 00 TR S A RFIES
HXTRIIRIERE ST BRI LA FELL58 .

1) B8 ok b 3 AT i O ~ 600 VO FE R AT
PR LI Ak 60 A IARIGTE ik i (5 5 .
FR K 534Sl FL AR B 1/3 (200 V) SEBE T X B

AR 5 AR BT ) SEL B AT 12

SE

[1] LIH N, XIU C Z, REN L. Influence of bias magnetic
field for sleeve eddy current sensor ( SECS) in tension
measurement [ J ]. Sensors & Actuators A: Physical,
2017, 263 451-460.

[2] YANGY C, LIS L, NAGARAJAIAH S, et al. Real-time
output-only identification of time-varying cable tension from
accelerations via complexity pursuit [ J ]. Journal of
Structural Engineering, 2015, 142(1) ; 04015083.

[3] YU Y, ZHANG C, ZHU X, et al.

experimental investigations of a vibration based wireless

Design and

measurement system for bridge cable tension monitoring
[J]. Advances in Structural Engineering, 2014, 17(11) ;
1657-1668.

(4] S0, 20, XUFHAL, 45, JETRERFIE I Z RAT 1R

Ty K m RO L], AR AR R, 2015,
36(3) : 560-567.
WU B, LI Q G, LIU X C, et al. Tension estimation
method for rod-like structure based on magnetic
characteristic curves measurement and its influence factors
analysis [ J ]. Chinese Journal of Scientific Instrument,
2015, 36(3) : 560-567. (in Chinese)

(5] MERUrT. HET 30 Rl B0 45 R0 FO) G 5 R A% S AR T 5T
[D]. K% KIEM TR, 2019.

XIU C Z. Study on magneto-elastic cable tension sensor
based on the inverse bagnetostrictive effect[ D]. Dalian.
Dalian University of Technology, 2019. (in Chinese)

(6] FESCE. MAEAE R WUV S H R R I L b iy
BHBEFE[ D], R B, 2017,

CHENG W X. Applied research on prestressed cable
tension test of the single cable curtain wall base on

frequency method[ D]. Chongqing: Chongqing University,



796

b =

T i ok

E 1 2024 4F

(7]

(8]

(9]

[10]

(1]

(12]

[13]

2017. (in Chinese)

KPR, IVER, SR, 5. BT PR 2k th
LA R T & [T]. (AR ¥ W], 2017,
38(10) : 2555-2563.

ZHU Z Y, SUN G M, WU B, et al. Tension measurement
method for rod-like structure based on low-resolution curve
of hysteresis loop change[ J]. Chinese Journal of Scientific
Instrument, 2017, 38(10) : 2555-2563. (in Chinese)
KT, S, A7 e. RESURS 5 R — L s
ML) ], BB TR, 2013, 49(22) : 46-52.

LIU X C, WU B, HE C F. Novel design of integrated
sensor based on magnetostrictive and elastomagnetic effect
[J].
49(22) : 46-52. (in Chinese)

DENG D, WU X, ZUO S. A steel wire stress measuring
sensor based on the static magnetization by permanent
magnets [ J]. Sensors, 2016, 16(10) ;:1650.

TANG D D, ZHU H, MOU ], et al. Research on the

Chinese Journal of Mechanical Engineering, 2013,

temperature influence and compensation technique in a
magneto-elastic cable tension sensor [ J]. International
Journal of Sensor Networks, 2014, 16(4) . 236-243.

WANG G D, WANG M L, ZHAO Y, et al. Application
of EM stress sensors in large steel cables[ C] // Smart
2005: Sensors and Smart

Structures and Materials

Structures  Technologies for Civil, Mechanical, and
Aerospace Systems. San Diego: SPIE, 2005 . 395-406.
JEEZR, B, BRAR, SF TR0 Y SR
RENM & PG wG s [ 1], AN IRF IR,
2006, 27(12) ; 1695-1699.

TANG D D, HUANG S L, CHEN W M, et al. Study on
the magnetic excitation circuit for measuring the cable
tension based on magneto-elastic effect in steel cable[ J].
Chinese Journal of Scientific Instrument, 2006, 27( 12) .
1695-1699. (in Chinese)

BT, AR5, 2R, AR I & B B A
HEmAT R [J]. AR AR, 2016, 37 (12):
2797-2804.

XIU C Z, REN L, LI H N. Theoretical model and

experimental research of self-inductance tension sensor

[J]. Chinese Journal of Scientific Instrument, 2016,

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

37(12): 2797-2804. (in Chinese)

BOGDAN L. Dyna force—an elasto-magnetic sensor for
force measuring of ground anchors [ C ] // 2009
International Foundation Congress & Equipment Expo.
Orlando: American Society of Civil Engineers, 2009 17-
24.

XA, AR, XISCwgE, Sk R AR X
CN304144535S [P]. 2017-05-24.

FENG H, LIU X C, WU B, et al. Temperature-
insensitive  cable tension monitoring during the
construction of a cable-stayed bridge with a custom-
developed pulse elasto-magnetic instrument [ J ].

Structural Health Monitoring, 2019, 18 (5/6) . 1982-
1994.

YIM J, WANG M L, SHIN S W, et al. Field application
of elasto-magnetic stress sensors for monitoring of cable
tension force in cable-stayed bridges [ J ]. Smart
Structures and Systems, 2013, 12(3/4) ;. 465-482.
ZHANG R, DUAN Y, OR S W, et al.

magneto-electric (EME ) sensors for stress monitoring of

Smart elasto-

steel cables: design theory and experimental validation
[J]. Sensors, 2014, 14(8) : 13644-13660.

ZHtln, BRI, BB, AF T WRLEUR 4R R
TGRSR HE 3T 5 S HOH 1], AU IR =,
2009, 30(4) . 738-743.

JIANG J S, CHEN W M, HUANG S L, et al. Magnetic
circuit and parameters of cable tension sensor based on
magneto-elastic effect [ J ]. Chinese Journal of Scientific
Instrument, 2009, 30(4) : 738-743. (in Chinese)
CAPPELLO C, ZONTA D, LAASRI H A, et al
Calibration of elasto-magnetic sensors on in-service cable-
stayed bridges for stress monitoring [ J ]. Sensors
(Basel), 2018, 18(2) . 466.

LIU X C, XIAO J W, WU B, et al. A novel sensor to
measure the biased pulse magnetic response in steel stay
cable for the detection of surface and internal flaws[ J].

Sensors and Actuators A: Physical, 2018, 269. 218-
226.

(FAEHH K F)



