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Detection method for broken wires inside elevator belts based on
segmented mutual inductance eddy current probe

Wei Yimin,Sun Xiaolong, Leng Xiaoli,Pan Jun

( Zhejiang Key Laboratory of Reliability Technology for Mechanical & Electrical Product, Zhejiang Sci-Tech
University, Hangzhou 310018, China)

Abstract: As a novel traction and load-bearing component derived from steel wire ropes, the elevator belt has been widely applied in
modern elevator systems due to its flexibility, corrosion resistance, and high transmission efficiency. However, long-term cyclic stresses
can induce hidden defects such as cord wear, broken wires, and strand fractures, which are difficult to detect in time and pose serious
safety risks. Existing methods often suffer from slow response, low efficiency, or dependence on shutdown inspection, making them
unsuitable for online detection of broken wires. To overcome these limitations, this study proposes an eddy current-based detection
method for broken wires in elevator belt steel cords. A segmented mutual-inductance probe with a spatially wound, openable
configuration was designed, and finite element simulations were conducted to optimize coil turns and lift-off parameters. Based on the
optimized design, a prototype was fabricated and a test platform established. Sensitivity was first evaluated by introducing different
numbers of broken wires into a single steel strand, followed by detection experiments on elevator belts. Results show that the probe can
stably detect at least four broken wires at a belt speed of 0.5 m/s. The induced signal amplitude increases with the number of broken
wires, and the system exhibits good dynamic detection capability. These findings provide a practical reference for online detection of
broken wires in elevator belt steel cords and offer technical support for enhancing elevator safety and enabling preventive maintenance.
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Fig. 1 Diagram of an elevator belt

B 22 288 T A ) — PR P 0 DR R Sk,
P 2(a) BTz SCHR[ 14 ] 22 WIS K X6 il 1) B 4 190 62
IR A | HLICVA T A — U A 71 W 4 J] B DB 22 e
AN 3R U AT UAR G 4 gk DR ik A4 1R AL, BE A R $2 T
R A3, W 2(b) Fizi

Y
R
R4 SR
L —
l——o
s — |
~
(a) PRk (b) ShE Rk
(a) Pancake probe (b) Through-type probe

K2 PRk Sk
Fig.2 Pancake probe and through-type probe

HAER IR I O, R B Bl — BN TE A i
B A PR, A e 5847 i o1 28 R Sk 32 1
SERG R ok TG T AR B ST, o e ikix — R R



9

B A LT3 BRI TR Sk B HRUB H9 AT P P 22 DB 22 A6 5 vk 325

Bt T AN 3 s 5 DO T AR S8 1) A7 S8 7
G HA ZE E IS 2 M 2Bl il 26 1 5
2 AT A S P — [ Rl BE LR I Sk o 1%
TR GEhI A%+ 758, Bl SRR S5 1 TT
AL B ) AEE A oK

LA ERE S
WRh 2
I//N////H///////{
]
WY [T
LT o]
Bl A
(a) EXE (b) fHLE
(a) Front view (b) Top view

K3 BB RER

Fig.3 Diagram of a segmented mutual inductance probe
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Fig.4 Principle of eddy current testing technology
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Fig.5 The structure of the mutual inductance probe
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Fig. 6  Equivalent circuit model of the mutual inductance coil
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Fig.7 Simulation model of the mutual inductance probe

with damaged steel wire rope
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Fig. 10  The influence of receiving coil turns to voltage
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Fig. 12 The influence of different damage levels to voltage
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Fig. 20  Elevator belt with different levels of broken wire
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