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Influence of Strand Structure on Fretting Friction and Wear
Characteristics between Spiral Contact Steel Wires

XU Chunming'’, PENG Yuxing”’, WANG Yanfeng', ZHANG Liwei'

(1. School of Mechatronic Engineering, Sugian University, Jiangsu Sugian 223800, China;
2. School of Mechatronic Engineering, China University of Mining and Technology, Jiangsu Xuzhou 221116, China,
3. Jiangsu Province and Education Ministry Co-sponsored Collaborative Innovation Center of Intelligent Mining
Equipment, Jiangsu Xuzhou 221116, China)
Abstract: As the key component of mine hoisting system, hoisting wire rope is responsible for lifting coal, gangue,
personnel and equipment. In the working process, the fretting wear between steel wires will aggravate the fatigue
damage of hoisting wire rope, reduce the service life of wire rope, and seriously threaten the safety of the mine hoisting.
In order to study the influence of strand structure on the fretting friction and wear characteristics of spiral contact steel
wires, the fretting wear tests of steel wires under tension-torsion coupling force were carried out on a self-made test rig.
The micro wear characteristics of steel wire surface were observed by the scanning electron microscope (SEM), and the
fretting wear mechanism and fracture failure behavior of spiral contact steel wires under different strand structures were
revealed. The results show that with the increase of contact force, the frictional coefficient between steel wires under the

same diameter contact pairs decreases from 0.748 to 0.646, while that under different diameter contact pairs decreases
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from 0.941 to 0.911. The friction degree between steel wires under different diameter contact pairs is obviously greater
than that under the same diameter contact pairs. In addition, in the stable stage, the friction coefficient between steel
wires under the same diameter contact pairs presents a horizontal change trend, while that under different diameter
contact pairs shows a slight upward trend. Under different working conditions, the depth and width of wear scars
increase with increasing the contact force. For the same contact force, the wear depth of steel wires under the convex
contact pairs is significantly greater than that under the concave contact pairs, and the greater the contact force is, the
more obvious the difference of wear depth of steel wires under different contact forms is. Whether the diameter of the
loading wire and the fatigue wire is the same or not, the wear coefficient of steel wires under different contact forms
decreases with the increase of the contact force. The wear depth and coefficient of steel wires under different diameter
contact pairs are significantly greater than that under the same diameter contact pairs. For the microscopic wear
characteristics of steel wires, compared with the same diameter contact pairs, the worn surface of steel wires under the
different diameters contact pairs presents more serious wear characteristics, and the worn surface of steel wires under the
concave contact pairs is rougher than that under the convex contact pairs. Furthermore, there are a lot of wear
characteristics on the surface of worn steel wire, such as wear debris, material adhesion, plastic deformation, fine
scratches, material delamination, micro cracks and furrows. Therefore, the main wear mechanisms between steel wires
are abrasive wear, adhesive wear and fatigue wear, and the fatigue wear of steel wires under different diameter contact
pairs are more serious, which is caused by the "cutting" effect between thin steel wire and thick steel wire. As the contact
force increases, the fatigue life of steel wires under different strand structures decreases gradually. And for the same
contact force, the fatigue life of steel wires under different diameter contact pairs is obviously smaller than that under the
same diameter contact pairs. The fracture surface of steel wires is obviously divided into fatigue source region, crack
propagation region and final fracture region. Abundant secondary cracks and dimples exist in the final fracture region,

and the fatigue fracture failure mechanism of steel wires is mainly ductile fracture.
Key words: steel wire; strand structure; fretting wear; wear mechanism; fracture failure
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Convex contact pairs

Concave contact pairs

Fig. 1 (a) Structure of wire rope; (b) contact form between steel wires
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Fig.2 Common strand structure inside hoisting wire rope
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Table1 Chemical composition of steel wire

w (Fe)/% w (Mn)/% w (Si)% w (Ni)/% w (C)/% w (S)/% w (P)%

98.71 0.42 0.02 0.01 0.83 0.001 <0.001

A direction

+0 ]

Fatigue wire Loading wires

A direction
+0

Fig. 3 Working principle of the test rig
K3 R e r TR

)

1. PLC controller; 2. indexing plate; 3. servo electric cylinder; 4. tension sensor; 5. stepper motor; 6. stepper motor;

7. concave loading block; 8. indexing plate; 9. tension sensor; 10. servo electric cylinder; 11. servo electric cylinder;

12. tension sensor; 13. fatigue wire; 14. tension sensor; 15. stepper motor; 16. angle sensor; 17. counterweight block;
18. convex loading wire; 19. concave loading wire; 20. convex loading block; 21. smooth cylinder

Fig. 4 Self-made friction test rig: (a) overall structure; (b) convex loading mechanism; (c) concave loading mechanism;
(d) tension-rotation mechanism; (e) enlarged view of the contact area
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Table 2 Test parameters

Parameters Specifications Parameters Specifications
Diameter of fatigue wire 1.4 mm Number of cycles, N 3.0x10"
Contact force, F, 40 N; 60 N; 80 N; 100 N Frequence, f° 3.0Hz
Displacement amplitude, 0 80 um Torsion angle, 6 6.0°
Crossing angle, a 30° Initial tensile force, For 500 N
Contact radius, R 50 mm Temperature 3043 C
.. _ Fy
13 ShEE YT 2XF, @

VL5 it 7 iy B0 22 [ B % 0 I I (1] A e it 2, L
T 55 AN 22 P B PR K O 22 R AR BE B R B A (D
()Hfi & . K FI SM-1000 = 4 JE A [ B i R (L
W) A R 2 7 T A9 2 BE IR ) = 4R TR 5, A ) AN
17 P 52K FE 5100, 1 pm, 3 B 77 ) PR e R Y L A
1300 pm, 8@ 2 5 40 3 A Mountains Map 3R 1544 22
() BT R FEE R BE B A A Ak, R FH 414 FEL 4 (SEM) WL
AN 2.3 T R AROU B R ALE .

Froax = Fi
Fav — max min 1
e M

180

120

Friction force/N

00 01 02 03 04 05 06 07
Time/s

Fig. 5 Variation curve of the frictional force between steel

wires with time
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Fig. 6 Variation of the frictional coefficient between steel wires with contact force under the same diameter contact pairs:
(a) change curve of the frictional coefficient; (b) average value of the frictional coefficient
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Fig. 8 Change law of wear scar profile of steel wire with contact force under different contact forms: (a) same diameter contact
pairs - convex contact pairs; (b) same diameter contact pairs - concave contact pairs; (c) different diameter contact pairs - convex

contact pairs; (d) different diameter contact pairs - concave contact pairs
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Fig. 9 Variation of the wear depth of steel wire with contact force under different contact forms:
(a) same diameter contact pairs; (b) different diameter contact pairs
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Fig. 10 Variation of the wear coefficient of steel wire with contact force under different contact forms:
(a) same diameter contact pairs; (b) different diameter contact pairs
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Fig. 11 SEM micrographs of morphology of wear scars under the convex contact pairs:
(a) same diameter contact pairs; (b) different diameter contact pairs
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Fig. 12 SEM micrographs of macro morphology of wear scars under the concave contact pairs:

(a) same diameter contact pairs; (b) different diameter contact pairs
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Fig. 13 SEM micrographs of micro morphology of wear scars under the convex contact pairs: (a~d) same diameter
contact pairs; (e~h) different diameter contact pairs
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Fig. 14 SEM micrographs of micro morphology of wear scars under the concave contact pairs: (a~d) same diameter
contact pairs; (e~h) different diameter contact pairs
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Fig. 16 SEM micrographs of micro morphology of fatigue fracture of steel wire:
(a) same diameter contact pairs; (b) different diameter contact pairs
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Fig. 17 SEM micrographs of micro morphology of crack propagation region of fatigue fractograph:
(a) same diameter contact pairs; (b) different diameter contact pairs
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Fig. 18 SEM micrographs of micro morphology of final fracture region of fatigue fractograph:
(a) same diameter contact pairs; (b) different diameter contact pairs
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