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Analysis of constant tension stress and wear of 12x37 WS multi-strand
wire rope
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Abstract: Under heavy-duty and long-stroke operating conditions, multi-strand wire ropes demonstrate excellent
performance due to their complex spatial structure; however, this complexity also presents challenges in analyzing
their stress distribution and wear behavior. In this study, a mathematical model of a 12x 37 WS multi-strand steel
wire rope under both straight and bending state is established based on the Frenet frame. Using this model, the
contact and bending stresses between strands are calculated under a tensile load of 6 t. Next, the lay lengths of the
inner, middle and outer strands are treated as variables, and their influence on the contact stress is studied,
providing guidance for optimizing the structural parameters of multi-strand wire ropes. A finite element model of
the rope is then established in SolidWorks, and its mechanical performance is verified through simulation using

ANSYS Workbench. Finally, based on theoretical calculations and finite element analysis, it is concluded that the
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outermost wires are more susceptible to breakage due to wear under constant tension. Additionally, stress levels
increase in strands closer to the core. Therefore, a design recommendation is proposed: increasing the diameter of
the core strands and reducing that of the outer strands can effectively reduce the breakage rate and enhance rope
durability.
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Fig. 1 Straight wire rope winding diagram

SRR T ELAR o 28 mm B 12x37 WS 454 B 60 22 40 AT 40 B T8, 40 00 D 22 0k A TR 160 40, B
IR 2z, FAT B 1N L 5 TS 0O 0 . 028 mm B 22 48 JUAT 2 B2 1 B R B R A % A B 3
B



68 TR K F F IR %48 %

B2 THNZLEFELZTEE

Fig. 2 Bending wire rope winding
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Table 1 Geometrical parameters of 28 mm wire rope

JIRGE % A% /mm ¥ HE /mm i 2 42 /mm R 22 B AR I £ JE frad
e 2.00 137 0 1
piyie
B2 0.89 137 1.445 10 0
e 0.58 137 2.760 10 0
W2 .
R 4 0.58 137 0.580 6 0
24 0.88 137 5.870 8 0
2 B 2 0.88 137 0.880 6 0
= 4 0.92 137 1.790 12 0
22 0.78 137 10.750 12 0
022 0.78 137 0.780 6 0.061 26
A ZE B -
=y 4 0.82 137 1.580 12 0.078 02
Uy 4 0.83 137 2.380 18 0.339 82
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Fig.3 Schematic diagram of cross-section of the wire rope
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Table 2 Calculation value of tensile stress of a single wire rope for each strand Mpa

AR AN 220 N T j=0 J=1 j=2 =3
i=0 154.61 152.17 144.16 124.38
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=2 143.20 123.73
i=3 122.91
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Fig. 4 Curve of contact stress of 12x37 WS steel wire rope with lay distance
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Fig. 5 Wire rope and pulley contact interface
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