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Comparative Research on Failure Mechanisms of Steel Wire Ropes
during Bending Fatigue under Constant and Variable Loads

WANG Dagang"*’, ZHANG Jun'’, ZHU Huilong"?, ZHANG Dekun'”

(1. School of Mechatronic Engineering, China University of Mining and Technology, Jiangsu Xuzhou 221116, China
2. Jiangsu Province and Education Ministry Co-sponsored Collaborative Innovation Center of
Intelligent Mining Equipment, Jiangsu Xuzhou 221116, China)
Abstract: In order to comparatively reveal fracture mechanisms and wear evolution characteristics of steel wire ropes
during bending fatigue under constant and variable loads, the self-made bending fatigue test rig of steel wire rope was
employed to carry out bending fatigue tests of steel wire ropes under constant and variable loads. The statistical method
by disassembling strands manually and VW-9000 series high-speed digital micro system were employed to
comparatively investigate distributions and number of fractured wires, morphologies of fractures and wear scars at
fractures of steel wires, evolutions of wear scar dimensions of unfractured and fractured wires in the rope. The results
showed that as compared to bending fatigue of steel wire rope under the constant load, the bending fatigue of steel wire
rope under the variable load presented later occurrences of fractured wires, more and fewer fractured wires in the outer
layers of core and outer strands, respectively, larger extrusion deformations at fractures of outer layer wires in the core
strand, lower ratios of crack propagation zones at fractures of steel wires at various layers in the core strand, overall

smaller dimensions of wear scars of steel wires in various layers, and easier discarding of steel wire rope.
Key words: steel wire rope; bending fatigue under the constant load; bending fatigue under the variable load; fracture
mechanism; wear evolution
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Fig. 1 Bending fatigue test apparatus of wire rope
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Table 1 Parameters of bending fatigue test apparatus and rope lengths at different segments

Positive and negative rotation Material of driving and Driven pulley Driving pulley ~Maximum thrust of

period of driving pulley driven pulleys diameter

diameter

Lengths of steel wire rope in each segment
Seg. 1 Seg.2 Seg3 Seg4 Seg5 Seg6

electric cylinder

30s Cast steel 284 mm

694 mm 20 kN

43 cm 104 cm 35cm 100 cm 40 cm 13 cm
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Inner layer Outer layer  Core strand

Center wire

Center wire Inner layer Outer layer 1
Outer strand

(a) Three-dimensional structure

(b) Cross-section

Fig. 2 Structure of 6x19W+IWS steel wire rope
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Table 2 Structural parameters of steel wire rope
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Table 3 Test parameters of bending fatigue of wire rope

Parameter Specification
Rope diameter/mm 12
Lay length/mm 78
Outer strand, lay length of strand /mm 36
Outer strand, diameter of center wire /mm 0.9
Outer strand, diameters of steel wires in the inner layer /mm 0.85

Outer strand, diameters of steel wires in the outer layer/mm 0.9/0.65

Core strand, Lay length of strand(upper lay)/mm 42
Core strand, lay length of strand(lower lay)/mm 21
Core strand, diameter of center wire /mm 0.8
Core strand, diameters of steel wires in the inner layer /mm 0.8
Core strand, diameters of steel wires in the outer layer /mm 0.8
Minimum breaking load/kN 90.7
Weight/(kg/m) 0.549
Sum of cross sections of rope wires/mm’ 68.64

Rope tension/ Bending fatigue cycles / 10*

Test condition

kN Seg.l Seg.2 Seg.3 Seg.4 Seg.5 Seg.6
11.5 1.7 34 51 68 85 102
9.2 26 52 7.8 104 13.0 156

9.2~11.5 1.7 34 51 68 85 102
9.7~11.0 1.7 34 51 68 85 102
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(a) Fracture and wear of steel wires in the
outer layer of outer strand

(b) Wear of steel wires in the
outer layer of core strand

(c) Fractures of steel wires in the
outer layer of core strand

Fig. 3 Fracture locations of steel wires and wear conditions of steel wire rope
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Table 4 Number of broken wires at different segments of steel wire rope

Outer strand

Core strand

Test condition segment __ Outer layer Inner layer Center wire Outer layer Inner layer Center wire  Bending fatigue cycles/10*
R R R R R R /R R R R R

1 5 1 1 0 0 0 0 0 0 0 0 0 0 8.5

1 6 1 1 0 0 0 0 1 1 0 0 0 0 10.2
2 5 0 1 0 0 0 0 5 2 0 0 0 0 13.0
2 6 1 1 0 0 0 0 3 3 0 0 0 0 15.6
3 6 0 0 0 0 0 0 3 3 0 0 0 0 10.2
4 6 0 0 0 0 0 0 0 0 0 0 0 0 10.2
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(a) R, region—fractured wire in the
outer layer of outer strand in Seg.5

I 57 75 B . 0 R G T34, 4K 22 4R AR5k J) T
B1k 1K AR, 5K DA AR AE PR 5 B0 22 48 25 ih
I8 95 F5 e B . X RIS Tl 1(1E 7K 11,5 kN) AR
36 T3 5K 179.2~11.5 kN), KIIAZTK 1 T N4
SR 22 HH DA W E IR A1 2 W 2 BN S AN E
W 22 505 2, 3X Ui AR K 7 T AR 22 240 i A 2 AN
22 W 55 75 AU,
3.2 NLBUrL2MT O SERER

EH T4 RT R, AR RS0 i o 28 RN L SO A R

(b) R, region—fractured wire in the
outer layer of outer strand in Seg.5

(c) R, region—fractured wire in the
outer layer of outer strand in Seg.6

(d) R, region—fractured wire in the
outer layer of core strand in Seg.6

Fig. 4 Morphologies of fractures and wear scars of steel wires in the rope in the case of constant tension of 11.5 kN(test condition 1)
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(a) R, region—fractured wire in the
outer layer of outer strand in Seg.5

(b) R, region—fractured wire in the
outer layer of core strand in Seg.5

(c) R, region—fractured wire in the
outer layer of outer strand in Seg.6

(d) R, region—fractured wire 1 in the
outer layer of core strand in Seg.6

(e) R, region—fractured wire 1 in the
outer layer of core strand in Seg.5

(f) R, region—fractured wire 2 in the
outer layer of core strand in Seg.5

Fig. 5 Morphologies of fractures and wear scars of steel wires in the rope in the case of constant tension of 9.2 kN(test condition 2)
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(c) Fractured wire 3 in outer layer of core strand in Seg.6

Fig. 6 Morphologies of fractures and wear scars of steel wires in the rope in the
case of variable tension of 9.2~11.5 kN(test condition 3)
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(a) Outer layer of outer strand
in contact with core strand

(b) Outer layer of outer strand
in contact with outer strand

(c) Outer layer of core strand
in contact with outer strand

(d) Outer layer of outer strand
in contact with pulley

(e) Schematic diagram of
measurement method of wear scar size

Fig. 7 Morphologies of wear scars of typical positions of steel wires
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(a) Dimensions of wear scars of steel wires in the outer layer of outer strand in contact with core strand
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(b) Dimensions of wear scars of steel wires in the outer layer of outer strand in contact with outer strand
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(c) Dimensions of wear scars of steel wires in the outer layer of outer strand in contact with pulley
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(d) Dimensions of wear scars of steel wires in the outer layer of core strand in contact with outer strand

Fig. 8 Dimensions of wear scars of steel wires in the rope in the case of constant tension of 11.5 kN
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(a) Dimensions of wear scars of steel wires in the outer layer of outer strand in contact with core strand
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(b) Dimensions of wear scars of steel wires in the outer layer of outer strand in contact with outer strand
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(c) Dimensions of wear scars of steel wires in the outer layer of outer strand in contact with pulley
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(d) Dimensions of wear scars of steel wires in the outer layer of core strand in contact with outer strand

Fig. 9 Dimensions of wear scars of steel wires in the rope in the case of constant tension of 9.2 kN
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(d) Dimensions of wear scars of steel wires in the outer layer of core strand in contact with outer strand

Fig. 10 Dimensions of wear scars of steel wires in the rope in the case of variable tension of 9.2~11.5 kN
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Fig. 11 Dimensions of wear scars of steel wires in the rope in the case of variable tension of 9.7~11.0 kN
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Table 5 Number of fractured wires of core strand corresponding to a rope lay length
in segments 5 and 6 under different test conditions
Speci Number of fractured wires of core strand corresponding to 1 rope lay length

pecimen Test condition 1 Test condition 2 Test condition 3 Test condition 4
Seg.5 R, region 0 9.75 0 0
Seg.5 R, region 0 0 0

Seg.6 1.95 18 0
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