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ABSTRACT 

Disclosed are an apparatus and method for detecting an interlayer friction of a steel 

wire rope of a winding-type hoist. The apparatus comprises a support, a loading steel wire 

rope positioning system, a connector-free steel wire rope positioning system, a brake 

5 system, a power loading system and a state monitoring system, the loading steel wire rope 

positioning system, the connector-free steel wire rope positioning system, the brake system, 

the power loading system and the state monitoring system being disposed on the support. A 

friction wear experiment between a loading steel wire rope and a connector-free steel wire 

rope on a rotational hub can be implemented, and the apparatus is configured to reveal a 

10 steel wire rope friction wear fracture mechanism and evaluate the wear damage evolution 

of each steel wire rope and the fatigue life of each steel wire rope. An interlayer friction 

situation of a steel wire rope on a winding-type hoist roller can be simulated, a stable steel 

wire rope contact load can be continuously applied by adopting a fixed pulley positioning 

apparatus and an electric pull rod loading mode controlled by computer software, a friction 

15 force, a temperature field and a friction coefficient between steel wire ropes and an 

expanding law of internal cracks of the steel wire ropes can be monitored in real time, and 

an effective experimental device is provided for revealing a steel wire rope friction wear 

fracture mechanism, evaluating the friction damage evolution of each steel wire rope and 

evaluating the fatigue life of each steel wire rope.  
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APPARATUS AND METHOD FOR DETECTING INTERLAYER 

FRICTION OF STEEL WIRE ROPE OF WINDING-TYPE HOIST 

BACKGROUND 

Technical Field 

5 The present invention relates to an apparatus and method for detecting an interlayer 

friction of a steel wire rope of a winding-type hoist, is particularly applicable to an 

experiment for simulating a usage environment and working situation of a steel wire rope 

on a winding-type hoist roller in a mine hoisting process, and is used to detect an interlayer 

friction situation of the steel wire rope on the winding-type hoist roller.  

10 Related Art 

As the national economy is rapidly developing, national demands for mineral resources 

greatly increase, which promotes mining of national underground mineral resources to be 

continuously deepened. As the mining depth of mines increases, the problems of deep 

mining and transportation are more concerned. The average national mining depth of mines 

15 approximates to 500m. As shallow mineral resources are consumed, the future mining 

depth will inevitably reach 1000 to 2000m. At present, a single-rope winding-type hoist 

(having a single drum or double drums) and a multi-rope friction-type hoist are adopted for 

national deep hoisting. It is generally not recommended to use a national multi-rope 

friction-type hoist while the depth exceeds 1200m. Otherwise, the service life of a steel 

20 wire rope will be affected by an over-large tension change of the steel wire rope. A hoisting 

steel wire rope, serving as a key transmission component of a winding-type hoisting 

system, connects a hoist to a hoisting container. The reliability of the hoisting steel wire 

rope severely affects the safety production of a coal mine and the life safety of staff. Once 

the hoisting steel wire rope is fractured by failure, a major disastrous safety accident will be 

25 caused.  

In a vertical shaft hosing cycle (terminal loading, hoisting and unloading), when the 

hoisting steel wire rope is cyclically wound in and out of a roller and multiple layers of 

steel wire ropes are wound around the roller particularly, cyclically winding the hoisting 
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steel wire rope in and out of the roller causes cyclic friction wear between the wound-in and 

wound-out steel wire rope and the lower-layer wound steel wire rope. As the hoisting 

height, the hoisting load and the hoisting speed increase, a friction wear function more and 

more affects the life of the hoisting steel wire rope. Consequently, the characteristic of an 

5 inter-rope coupling motion of a steel wire rope in a large-tension multi-layer high-speed 

winding process is revealed, and exploring a friction contact behavior in an inter-rope 

combination and separation motion is of great significance to prolonging the service life of 

a hoisting steel wire rope of a kilometer deep shaft, ensuring the safety production of a deep 

mine, avoiding casualties and device damages, and guaranteeing national energy supply.  

10 So, an apparatus and method for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist are provided for dynamically monitoring a friction force, a temperature 

field and a friction coefficient between steel wire ropes in a steel wire rope friction wear 

process and expansion of internal cracks of the steel wire rope in real time, revealing a steel 

wire rope friction wear fracture mechanism, and evaluating the wear damage evolution of 

15 the steel wire rope and the fatigue life of the steel wire rope.  

SUMMARY 

The present invention provides, in order to solve the problem that an existing apparatus 

cannot detect inter-rope friction wear in a multi-layer high-speed winding process of a steel 

wire rope roller of a winding-type hoist, an apparatus and method capable of simulating an 

20 interlayer friction situation of a steel wire rope on a winding-type hoist roller and 

dynamically monitoring a friction wear situation of the steel wire rope in real time.  

The present invention adopts the technical solution as follows.  

The present invention provides an apparatus for detecting an interlayer friction of a 

steel wire rope of a winding-type hoist. The apparatus comprises a support, a loading steel 

25 wire rope positioning system, a connector-free steel wire rope positioning system, a brake 

system, a power loading system and a state monitoring system, the loading steel wire rope 

positioning system, the connector-free steel wire rope positioning system, the brake system, 

the power loading system and the state monitoring system being disposed on the support.  
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The support comprises a base (17) and four upright columns (14) fixed to the base (17), 

the four upright columns (14) enclosing a rectangle, a beam (25) being disposed at the top 

of a part between two longitudinal upright columns vertical to an axis direction of a 

transmission shaft (28), a fixed pulley supporting beam (11) being disposed in the middle 

5 of a part between two horizontal upright columns parallel to the axis direction of the 

transmission shaft (28).  

The loading steel wire rope positioning system comprises a fixed pulley supporting 

seat disposed on the fixed pulley supporting beam (11), and two fixed pulleys (13) 

symmetric about a vertical plane where the axis of the transmission shaft (28) is located, the 

10 two fixed pulleys (13) being connected to the fixed pulley supporting seat via a pin shaft 

(10), a loading steel wire rope being located at a gap position between two connector-free 

steel wire ropes (27) tensioned on a hub (01) via grooves in the circumferences of the two 

fixed pulleys (13).  

The connector-free steel wire rope positioning system comprises the hub (01), two 

15 parallel circular arc-shaped grooves provided on the circumference of the hub (01), a first 

flange-type top cover (33), a second flange-type top cover (30), a T-shaped bolt (29) and 

the connector-free steel wire ropes (27), circumferential outer edges of two sides of the hub 

(01) being set as inclined surfaces, inner sides of the first flange-type top cover (33) and the 

second flange-type top cover (30) being provided with inclined surface structures matching 

20 the inclined surfaces.  

The brake system comprises a brake disk (09) disposed at a middle position of a third 

coupling (06), and a pneumatic drive brake (07) disposed on the brake disk (09), the hub 

(01) being braked by means of a brake force exerted on the brake disk (09) by the 

pneumatic drive brake (07).  

25 The power loading system comprises a rotation drive system and a loading system. The 

rotation drive system comprises a motor (08) disposed on the base (17), the third coupling 

(06) connected to an output shaft of the motor (08), a speed reducer (05) connected to the 

third coupling (06), a second coupling (04) connected to an output shaft of the speed 

reducer (05), a dynamic torque rotation speed sensor (03) connected to the second coupling 
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(04), a first coupling (02) connected to the dynamic torque rotation speed sensor (03), the 

transmission shaft (28) connected to the first coupling (02), and the hub (01) in key 

connection with the transmission shaft (28), the rotation of the motor (08) driving the 

rotation of the hub (01). The loading system comprises a pull ring (16) connected to the 

5 base (17), a tensioner (15) connected to the pull ring (16), a loading steel wire rope (12) 

connected to the tensioner (15), a rope hook (21) connected to the other end of the loading 

steel wire rope (12), a tension sensor (20) connected to the rope hook (21), an electric pull 

rod (19) connected to the tension sensor (20), and a foundation bolt (18) connected to the 

electric pull rod (19), wherein the foundation bolt (18) is connected to the base (17), and a 

10 pull force exerted by the electric pull rod (19) acts on the loading steel wire rope (12), such 

that the loading steel wire rope (12) generates pressure loads on the two connector-free 

steel wire ropes (27) on the hub (01).  

The state monitoring system comprises: the dynamic torque rotation speed sensor (03), 

which is disposed on the rotation drive system and configured to dynamically monitor a 

15 dynamic alternating load torque and rotation speed of the hub (01); the tension sensor (20), 

which is disposed on the loading system and configured to dynamically monitor a load 

exerted on the loading steel wire rope (12) by the electric pull rod (19); a thermal infrared 

imager (24), which is disposed at the upper right part of the loading steel wire rope (12) and 

configured to dynamically detect a temperature change law of a friction contact side face in 

20 a friction wear process of the loading steel wire rope (12) and the connector-free steel wire 

ropes (27); and an acoustic emission sensor (26), which is disposed above the loading steel 

wire rope (12) and configured to monitor an expanding law of internal cracks of the loading 

steel wire rope (12) in a steel wire rope friction process.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

25 winding-type hoist, circular arc-shaped rubber washers (31) are disposed in the circular 

arc-shaped grooves, thereby increasing an adhesive force between the two connector-free 

steel wire ropes (27) and the hub (01) and preventing the connector-free steel wire ropes 

(27) from being damaged by an acting force of the hub. Parts, in contact with the two 

connector-free steel wire ropes (27), on the inner sides of the first flange-type top cover 
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(33) and the second flange-type top cover (30) are provided with L-shaped rubber washers 

(32), which prevent the connector-free steel wire ropes (27) from being damaged by the 

first flange-type top cover (33) and the second flange-type top cover (30) in a tensioning 

process.  

5 In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, an interlayer friction situation of a steel wire rope on a winding-type 

hoist roller is simulated by a contact friction between the loading steel wire rope (12) and 

the connector-free steel wire ropes (27) symmetrically disposed on the rotational hub (01).  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

10 winding-type hoist, counter bores are provided in the upper flange circumferential direction 

of the second flange-type top cover (30) at the same angle intervals, and through holes are 

provided in the upper flange circumferential direction of the first flange-type top cover (33) 

at the same angle intervals, thereby making it convenient to fasten by the T-shaped bolt 

(29).  

15 In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, a load of the loading steel wire rope (12) is applied by the electric pull 

rod (19), and the friction wear performance between the steel wire ropes under different 

loads can be tested by changing the load.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

20 winding-type hoist, contact wrap angles of the loading steel wire rope (12) and the 

connector-free steel wire ropes (27) can be changed by replacing the fixed pulleys (13) with 

different diameters, and the friction wear performance between the steel wire ropes under 

different contact wrap angle states can be tested by changing the contact wrap angles of the 

steel wire ropes.  

25 In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, a law of influence on a friction between steel wire ropes caused by 

different steel wire rope structures is tested by the loading steel wire rope (12) and the 

connector-free steel wire ropes (27) with different structures.  
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The present invention also provides a method for detecting an interlayer friction of a 

steel wire rope using the above apparatus. A first flange-type top cover (33) and a second 

flange-type top cover (30) cooperate with a hub (01) via inclined surfaces, a T-shaped bolt 

(29) passes through bolt holes in the first flange-type top cover (33) and the second 

5 flange-type top cover (30), a nut is screwed, and under the action of a fastening force of the 

T-shaped bolt (29), and the first flange-type top cover (33) and the second flange-type top 

cover (30) continuously extrude two connector-free steel wire ropes (27), such that the two 

connector-free steel wire ropes (27) enter two parallel circular arc-shaped grooves in the 

hub (01) along inclined surfaces on the hub (01), the two connector-free steel wire ropes 

10 (27) are tensioned under the action of an own radial elastic force and fixed into the circular 

arc-shaped grooves in the hub (01), a gap is reserved between the two connector-free steel 

wire ropes (27), and after the connector-free steel wire ropes (27) are tensioned in the 

circular arc-shaped grooves in the hub (01), the first flange-type top cover (33) and the 

second flange-type top cover (30) are disassembled.  

15 A motor (08) drives the hub (01) to rotate so as to drive the connector-free steel wire 

ropes (27) to rotate, and frictional wear is generated between a loading steel wire rope (12) 

and the two connector-free steel wire ropes (27) under a load applied by an electric pull rod 

(19).  

A contact friction force between the loading steel wire rope (12) and the connector-free 

20 steel wire ropes (27) symmetrically disposed on the rotational hub (01) is calculated by 

means of a torque variation measured by a dynamic torque rotation speed sensor (03).  

A temperature change law of a steel wire rope friction contact side face in an 

experiment process is monitored by aligning a thermal infrared imager (24) with a contact 

position between the loading steel wire rope (12) and the connector-free steel wire ropes 

25 (27) symmetrically disposed on the rotational hub (01).  

An expanding law of internal cracks of the loading steel wire rope (12) in a steel wire 

rope friction process is monitored by an acoustic emission sensor (26) above the loading 

steel wire rope (12).  
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The hub (01) is braked by means of a brake force exerted on a brake disk (09) by a 

pneumatic drive brake (07), and the friction wear performance between the loading steel 

wire rope (12) and the two connector-free steel wire ropes (27) in a brake process is tested.  

Contact wrap angles of the loading steel wire rope (12) and the connector-free steel 

5 wire ropes (27) are changed by replacing fixed pulleys (13) with different diameters, and 

the influence on the friction wear performance between the steel wire ropes caused by 

different contact wrap angles is tested.  

The influence on the friction wear performance between the steel wire ropes caused by 

different steel wire rope structures is tested by replacing the loading steel wire rope (12) 

10 and the two connector-free steel wire ropes (27) with different structures.  

The present invention continuously provides a method for tensioning and fixing a 

connector-free steel wire rope, which is applied to any one of the above apparatuses. A first 

flange-type top cover (33) and a second flange-type top cover (30) cooperate with a hub 

(01) via inclined surfaces, a T-shaped bolt (29) passes through bolt holes in the first 

15 flange-type top cover (33) and the second flange-type top cover (30), a nut is screwed, and 

under the action of a fastening force of the T-shaped bolt (29), and the first flange-type top 

cover (33) and the second flange-type top cover (30) continuously extrude two 

connector-free steel wire ropes (27), such that the two connector-free steel wire ropes (27) 

enter two parallel circular arc-shaped grooves in the hub (01) along inclined surfaces on the 

20 hub (01), and the two connector-free steel wire ropes (27) are tensioned under the action of 

an own radial elastic force and fixed into the circular arc-shaped grooves in the hub (01).  

The beneficial effects are as follows. Due to the adoption of the technical solution, the 

present invention can implement a friction wear experiment between a loading steel wire 

rope and a connector-free steel wire rope on a rotational hub, and is applied to revealing a 

25 steel wire rope friction wear fracture mechanism and evaluating the wear damage 

evolutions of the steel wire ropes and the fatigue lives of the steel wire ropes. An interlayer 

friction situation of a steel wire rope on a winding-type hoist roller can be simulated, a 

stable steel wire rope contact load can be continuously applied by adopting a fixed pulley 

positioning apparatus and an electric pull rod loading mode controlled by computer 
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software, a friction force, a temperature field and a friction coefficient between steel wire 

ropes and an expanding law of internal cracks of the steel wire ropes can be monitored in 

real time, and an effective experimental device is provided for revealing a steel wire rope 

friction wear fracture mechanism, evaluating the friction damage evolution of each steel 

5 wire rope and evaluating the fatigue life of each steel wire rope. The experimental device is 

simple and convenient to operate, good in effect and wide in practicality in the present 

technical field.  

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top-view structural diagram; 

10 Fig. 2 is a left-view structural diagram; 

Fig. 3 is a structural diagram of an A-A direction hub in Fig. 2; 

Fig. 4 is a structural front view of a connector-free steel wire rope positioning system; 

Fig. 5 is a B-B direction view of Fig. 4 in a connector-free steel wire rope tensioning 

process; and 

15 Fig. 6 is a B-B direction view of Fig. 4 after a connector-free steel wire rope is 

tensioned.  

In the drawings: 01, Hub; 02, first coupling; 03, dynamic torque rotation speed sensor; 

04, second coupling; 05, speed reducer; 06, third coupling; 07, pneumatic drive brake; 08, 

motor; 09, brake disk; 10, pin shaft; 11, supporting beam; 12, steel wire rope; 13, fixed 

20 pulley; 14, upright column; 15, tensioner; 16, pull ring; 17, base; 18, foundation bolt; 19, 

electric pull rod; 20, tension sensor; 21, rope hook; 22, bearing seat; 23, nut; 24, thermal 

infrared imager; 25, beam; 26, acoustic emission sensor; 27, connector-free steel wire rope; 

28, transmission shaft; 29, T-shaped bolt; 30, second flange-type top cover; 31, circular 

arc-shaped rubber washer; 32, L-shaped rubber washer; and 33, first flange-type top cover.  

25 DETAILED DESCRIPTION 

One embodiment of the present invention will be further described below with 

reference to the drawings.  
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As shown in Fig. 1 to 6, an apparatus for detecting an interlayer friction of a steel wire 

rope of a winding-type hoist comprises a support, a loading steel wire rope positioning 

system, a connector-free steel wire rope positioning system, a brake system, a power 

loading system and a state monitoring system, the loading steel wire rope positioning 

5 system, the connector-free steel wire rope positioning system, the brake system, the power 

loading system and the state monitoring system being disposed on the support.  

The support comprises a base 17 and four upright columns 14 fixed to the base 17, the 

four upright columns 14 enclose a rectangle, a beam 25 is disposed at the top of a part 

between two longitudinal upright columns vertical to an axis direction of a transmission 

10 shaft 28, and a fixed pulley supporting beam 11 is disposed in the middle of a part between 

two horizontal upright columns parallel to the axis direction of the transmission shaft 28.  

The loading steel wire rope positioning system comprises a fixed pulley supporting 

seat disposed on the fixed pulley supporting beam 11, and two fixed pulleys 13 symmetric 

about a vertical plane where the axis of the transmission shaft 28 is located, the two fixed 

15 pulleys 13 being connected to the fixed pulley supporting seat via a pin shaft 10, and a 

loading steel wire rope is located at a gap position between two connector-free steel wire 

ropes 27 tensioned on a hub 01 via grooves in the circumferences of the two fixed pulleys 

13.  

The connector-free steel wire rope positioning system comprises the hub 01, two 

20 parallel circular arc-shaped grooves provided on the circumference of the hub 01, a first 

flange-type top cover 33, a second flange-type top cover 30, a T-shaped bolt 29 and the 

connector-free steel wire ropes 27, circumferential outer edges of two sides of the hub 01 

are set as inclined surfaces, inner sides of the first flange-type top cover 33 and the second 

flange-type top cover 30 are provided with inclined surface structures matching the inclined 

25 surfaces, the first flange-type top cover 33 and the second flange-type top cover 30 

cooperate with the hub 01 via the inclined surfaces; a T-shaped bolt 29 passes through bolt 

holes in the first flange-type top cover 33 and the second flange-type top cover 30, a nut is 

screwed, and under the action of a fastening force of the T-shaped bolt 29, and the first 

flange-type top cover 33 and the second flange-type top cover 30 continuously extrude two 
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connector-free steel wire ropes 27, such that the two connector-free steel wire ropes 27 

enter two parallel circular arc-shaped grooves in the hub 01 along inclined surfaces on the 

hub 01, the two connector-free steel wire ropes 27 are tensioned under the action of an own 

radial elastic force and fixed into the circular arc-shaped grooves in the hub 01, and a gap is 

5 reserved between the two connector-free steel wire ropes 27. After the connector-free steel 

wire ropes 27 are tensioned in the circular arc-shaped grooves in the hub 01, the first 

flange-type top cover 33 and the second flange-type top cover 30 can be disassembled by 

disassembling the nut 23 and the T-shaped bolt 29.  

Circular arc-shaped rubber washers 31 are disposed in the circular arc-shaped grooves, 

10 thereby increasing an adhesive force between the two connector-free steel wire ropes 27 

and the hub 01 and preventing the connector-free steel wire ropes 27 from being damaged 

by an acting force of the hub. Parts, in contact with the two connector-free steel wire ropes 

27, on the inner sides of the first flange-type top cover 33 and the second flange-type top 

cover 30 are provided with L-shaped rubber washers 32, which prevent the connector-free 

15 steel wire ropes 27 from being damaged by the first flange-type top cover 33 and the 

second flange-type top cover 30 in a tensioning process.  

The brake system comprises a brake disk 09 disposed at a middle position of a third 

coupling 06, and a pneumatic drive brake 07 disposed on the brake disk 09, and the hub 01 

is braked by means of a brake force exerted on the brake disk 09 by the pneumatic drive 

20 brake 07.  

The power loading system comprises a rotation drive system and a loading system. The 

rotation drive system comprises a motor 08 disposed on the base 17, the third coupling 06 

connected to an output shaft of the motor 08, a speed reducer 05 connected to the third 

coupling 06, a second coupling 04 connected to an output shaft of the speed reducer 05, a 

25 dynamic torque rotation speed sensor 03 connected to the second coupling 04, a first 

coupling 02 connected to the dynamic torque rotation speed sensor 03, the transmission 

shaft 28 connected to the first coupling 02, and the hub 01 in key connection with the 

transmission shaft 28, the rotation of the motor 08 driving the rotation of the hub 01.  

The loading system comprises a pull ring 16 connected to the base 17, a tensioner 15 
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connected to the pull ring 16, a loading steel wire rope 12 connected to the tensioner 15, a 

rope hook 21 connected to the other end of the loading steel wire rope 12, a tension sensor 

20 connected to the rope hook 21, an electric pull rod 19 connected to the tension sensor 

20, and a foundation bolt 18 connected to the electric pull rod 19, wherein the foundation 

5 bolt 18 is connected to the base 17, and a pull force exerted by the electric pull rod 19 acts 

on the loading steel wire rope 12, such that the loading steel wire rope 12 generates 

pressure loads on the two connector-free steel wire ropes 27 on the hub 01.  

The state monitoring system comprises: the dynamic torque rotation speed sensor 03, 

which is disposed on the rotation drive system and configured to dynamically monitor a 

10 dynamic alternating load torque and rotation speed of the hub 01; the tension sensor 20, 

which is disposed on the loading system and configured to dynamically monitor a load 

exerted on the loading steel wire rope 12 by the electric pull rod 19; a thermal infrared 

imager 24, which is disposed at the upper right part of the loading steel wire rope 12 and 

configured to dynamically detect a temperature change law of a friction contact side face in 

15 a friction wear process of the loading steel wire rope 12 and the connector-free steel wire 

ropes 27; and an acoustic emission sensor 26, which is disposed above the loading steel 

wire rope 12 and configured to monitor an expanding law of internal cracks of the loading 

steel wire rope 12 in a steel wire rope friction process.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

20 winding-type hoist, an interlayer friction situation of a steel wire rope on a winding-type 

hoist roller is simulated by a contact friction between the loading steel wire rope 12 and the 

connector-free steel wire ropes 27 symmetrically disposed on the rotational hub 01.  

Counter bores are provided in the upper flange circumferential direction of the second 

flange-type top cover 30 at the same angle intervals, and through holes are provided in the 

25 upper flange circumferential direction of the first flange-type top cover 33 at the same angle 

intervals, thereby making it convenient to fasten by the T-shaped bolt 29.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, a load of the loading steel wire rope 12 is applied by the electric pull 

rod 19. The friction wear performance between the steel wire ropes under different loads 
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can be tested by changing the load.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, contact wrap angles of the loading steel wire rope 12 and the 

connector-free steel wire ropes 27 can be changed by replacing the fixed pulleys 13 with 

5 different diameters, and the friction wear performance between the steel wire ropes under 

different contact wrap angle states can be tested by changing the contact wrap angles of the 

steel wire ropes.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, a contact friction force between the loading steel wire rope 12 and the 

10 connector-free steel wire ropes 27 symmetrically disposed on the rotational hub 01 is 

calculated by means of a torque variation measured by a dynamic torque rotation speed 

sensor 03.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, a temperature change law of a steel wire rope friction contact side face 

15 in an experiment process is monitored by aligning a thermal infrared imager 24 with a 

contact position between the loading steel wire rope 12 and the connector-free steel wire 

ropes 27 symmetrically disposed on the rotational hub 01.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, an acoustic emission sensor 26 disposed above the loading steel wire 

20 rope 12 is configured to monitor an expanding law of internal cracks of the loading steel 

wire rope 12 in a steel wire rope friction process.  

In the apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, a law of influence on a friction between steel wire ropes caused by 

different steel wire rope structures is tested by the loading steel wire rope 12 and the 

25 connector-free steel wire ropes 27 with different structures.  

A detection method comprises: connector-free steel wire ropes 27 pass through a first 

flange-type top cover 33 and a second flange-type top cover 30, under the action of a 

fastening force of a T-shaped bolt 29, the two connector-free steel wire ropes 27 enter 
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circular arc-shaped grooves symmetrically provided in a hub 01 along symmetric inclined 

surfaces, having a certain taper, on the hub 01, the two connector-free steel wire ropes 27 

are tensioned under the action of an own radial elastic force and fixed into the circular 

arc-shaped grooves in the hub 01, and a gap is reserved between the two connector-free 

5 steel wire ropes 27. After the connector-free steel wire ropes 27 are tensioned in the circular 

arc-shaped grooves in the hub 01, the first flange-type top cover 33 and the second 

flange-type top cover 30 are disassembled.  

A motor 08 drives the hub 01 to rotate so as to drive the connector-free steel wire ropes 

27 to rotate, and frictional wear is generated between a loading steel wire rope 12 and the 

10 two connector-free steel wire ropes 27 under a load applied by an electric pull rod 19.  

A contact friction force between the loading steel wire rope 12 and the connector-free 

steel wire ropes 27 symmetrically disposed on the rotational hub 01 is calculated by means 

of a torque variation measured by a dynamic torque rotation speed sensor 03.  

A temperature change law of a steel wire rope friction contact side face in an 

15 experiment process is monitored by aligning a thermal infrared imager 24 with a contact 

position between the loading steel wire rope 12 and the connector-free steel wire ropes 27 

symmetrically disposed on the rotational hub 01.  

An expanding law of internal cracks of the loading steel wire rope 12 in a steel wire 

rope friction process is monitored by an acoustic emission sensor 26 above the loading steel 

20 wire rope 12.  

The hub 01 is braked by means of a brake force exerted on a brake disk 09 by a 

pneumatic drive brake 07, and the friction wear performance between the loading steel wire 

rope 12 and the two connector-free steel wire ropes 27 in a brake process is tested.  

Contact wrap angles of the loading steel wire rope 12 and the connector-free steel wire 

25 ropes 27 are changed by replacing fixed pulleys 13 with different diameters, and the 

influence on the friction wear performance between the steel wire ropes caused by different 

contact wrap angles is tested.  

The influence on the friction wear performance between the steel wire ropes caused by 
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different steel wire rope structures is tested by replacing the loading steel wire rope 12 and 

the two connector-free steel wire ropes 27 with different structures.  

The above is only preferred implementations of the present invention. It shall be noted 

that those skilled in the art can also make some improvements and modifications without 

5 departing from the principle of the present invention. These improvements and 

modifications shall fall within the protective scope of the present invention.  
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CLAIMS 

What is claimed is: 

1. An apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist, comprising a support, a loading steel wire rope positioning system, a 

5 connector-free steel wire rope positioning system, a brake system, a power loading system 

and a state monitoring system, the loading steel wire rope positioning system, the 

connector-free steel wire rope positioning system, the brake system, the power loading 

system and the state monitoring system being disposed on the support, wherein 

the support comprises a base (17) and four upright columns (14) fixed to the base (17), 

10 the four upright columns (14) enclose a rectangle, a beam (25) is disposed at the top of a 

part between two longitudinal upright columns vertical to an axis direction of a 

transmission shaft (28), and a fixed pulley supporting beam (11) is disposed in the middle 

of a part between two horizontal upright columns parallel to the axis direction of the 

transmission shaft (28); 

15 the loading steel wire rope positioning system comprises a fixed pulley supporting seat 

disposed on the fixed pulley supporting beam (11), and two fixed pulleys (13) symmetric 

about a vertical plane where the axis of the transmission shaft (28) is located, the two fixed 

pulleys (13) are connected to the fixed pulley supporting seat via a pin shaft (10), and a 

loading steel wire rope is located at a gap position between two connector-free steel wire 

20 ropes (27) tensioned on a hub (01) via grooves in the circumferences of the two fixed 

pulleys (13); 

the connector-free steel wire rope positioning system comprises the hub (01), two 

parallel circular arc-shaped grooves provided on the circumference of the hub (01), a first 

flange-type top cover (33), a second flange-type top cover (30), a T-shaped bolt (29) and 

25 the connector-free steel wire ropes (27), circumferential outer edges of two sides of the hub 

(01) are set as inclined surfaces, and inner sides of the first flange-type top cover (33) and 

the second flange-type top cover (30) are provided with inclined surface structures 

matching the inclined surfaces; 

15



the brake system comprises a brake disk (09) disposed at a middle position of a third 

coupling (06), and a pneumatic drive brake (07) disposed on the brake disk (09), and the 

hub (01) is braked by a brake force exerted on the brake disk (09) by the pneumatic drive 

brake (07); 

5 the power loading system comprises a rotation drive system and a loading system, the 

rotation drive system comprises a motor (08) disposed on the base (17), the third coupling 

(06) connected to an output shaft of the motor (08), a speed reducer (05) connected to the 

third coupling (06), a second coupling (04) connected to an output shaft of the speed 

reducer (05), a dynamic torque rotation speed sensor (03) connected to the second coupling 

10 (04), a first coupling (02) connected to the dynamic torque rotation speed sensor (03), the 

transmission shaft (28) connected to the first coupling (02), and the hub (01) in key 

connection with the transmission shaft (28), the rotation of the motor (08) drives the 

rotation of the hub (01), the loading system comprises a pull ring (16) connected to the base 

(17), a tensioner (15) connected to the pull ring (16), a loading steel wire rope (12) 

15 connected to the tensioner (15), a rope hook (21) connected to the other end of the loading 

steel wire rope (12), a tension sensor (20) connected to the rope hook (21), an electric pull 

rod (19) connected to the tension sensor (20), and a foundation bolt (18) connected to the 

electric pull rod (19), the foundation bolt (18) is connected to the base (17), and a pull force 

exerted by the electric pull rod (19) acts on the loading steel wire rope (12), such that the 

20 loading steel wire rope (12) generates pressure loads on the two connector-free steel wire 

ropes (27) on the hub (01); and 

the state monitoring system comprises the dynamic torque rotation speed sensor (03) 

which is disposed on the rotation drive system and configured to dynamically monitor a 

dynamic alternating load torque and rotation speed of the hub (01), the tension sensor (20) 

25 which is disposed on the loading system and configured to dynamically monitor a load 

exerted on the loading steel wire rope (12) by the electric pull rod (19), a thermal infrared 

imager (24) which is disposed at the upper right part of the loading steel wire rope (12) and 

configured to dynamically detect a temperature change law of a friction contact side face in 

a friction wear process of the loading steel wire rope (12) and the connector-free steel wire 
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ropes (27), and an acoustic emission sensor (26) which is disposed above the loading steel 

wire rope (12) and configured to monitor an expanding law of internal cracks of the loading 

steel wire rope (12) in a steel wire rope friction process.  

2. The apparatus for detecting an interlayer friction of a steel wire rope of a 

5 winding-type hoist according to claim 1, characterized in that circular arc-shaped rubber 

washers (31) are disposed in the circular arc-shaped grooves, thereby increasing an 

adhesive force between the two connector-free steel wire ropes (27) and the hub (01) and 

preventing the connector-free steel wire ropes (27) from being damaged by an acting force 

of the hub; and parts, in contact with the two connector-free steel wire ropes (27), on the 

10 inner sides of the first flange-type top cover (33) and the second flange-type top cover (30) 

are provided with L-shaped rubber washers (32), which prevent the connector-free steel 

wire ropes (27) from being damaged by the first flange-type top cover (33) and the second 

flange-type top cover (30) in a tensioning process.  

3. The apparatus for detecting an interlayer friction of a steel wire rope of a 

15 winding-type hoist according to claim 1, characterized in that an interlayer friction situation 

of a steel wire rope on a winding-type hoist roller is simulated by a contact friction between 

the loading steel wire rope (12) and the connector-free steel wire ropes (27) symmetrically 

disposed on the rotational hub (01).  

4. The apparatus for detecting an interlayer friction of a steel wire rope of a 

20 winding-type hoist according to claim 1, characterized in that counter bores are provided in 

the upper flange circumferential direction of the second flange-type top cover (30) at the 

same angle intervals, and through holes are provided in the upper flange circumferential 

direction of the first flange-type top cover (33) at the same angle intervals, thereby making 

it convenient to fasten by the T-shaped bolt (29).  

25 5. The apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist according to claim 1, characterized in that a load of the loading steel 

wire rope (12) is applied by the electric pull rod (19), and the friction wear performance 

between the steel wire ropes under different loads can be tested by changing the load.  
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6. The apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist according to claim 1, characterized in that contact wrap angles of the 

loading steel wire rope (12) and the connector-free steel wire ropes (27) can be changed by 

replacing the fixed pulleys (13) with different diameters, and the friction wear performance 

5 between the steel wire ropes under different contact wrap angle states can be tested by 

changing the contact wrap angles of the steel wire ropes.  

7. The apparatus for detecting an interlayer friction of a steel wire rope of a 

winding-type hoist according to claim 1, characterized in that a law of influence on a 

friction between steel wire ropes caused by different steel wire rope structures is tested by 

10 the loading steel wire rope (12) and the connector-free steel wire ropes (27) with different 

structures.  

8. A method for detecting an interlayer friction of a steel wire rope using the apparatus 

according to any one of claims 1 to 7, characterized in that a first flange-type top cover (33) 

and a second flange-type top cover (30) cooperate with a hub (01) via inclined surfaces, a 

15 T-shaped bolt (29) passes through bolt holes in the first flange-type top cover (33) and the 

second flange-type top cover (30), a nut is screwed, and under the action of a fastening 

force of the T-shaped bolt (29), and the first flange-type top cover (33) and the second 

flange-type top cover (30) continuously extrude two connector-free steel wire ropes (27), 

such that the two connector-free steel wire ropes (27) enter two parallel circular arc-shaped 

20 grooves in the hub (01) along inclined surfaces on the hub (01), the two connector-free steel 

wire ropes (27) are tensioned under the action of an own radial elastic force and fixed into 

the circular arc-shaped grooves in the hub (01), a gap is reserved between the two 

connector-free steel wire ropes (27), and after the connector-free steel wire ropes (27) are 

tensioned in the circular arc-shaped grooves in the hub (01), the first flange-type top cover 

25 (33) and the second flange-type top cover (30) are disassembled; 

a motor (08) drives the hub (01) to rotate so as to drive the connector-free steel wire 

ropes (27) to rotate, and frictional wear is generated between a loading steel wire rope (12) 

and the two connector-free steel wire ropes (27) under a load applied by an electric pull rod 

(19); 
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a contact friction force between the loading steel wire rope (12) and the connector-free 

steel wire ropes (27) symmetrically disposed on the rotational hub (01) is calculated by 

means of a torque variation measured by a dynamic torque rotation speed sensor (03); 

a temperature change law of a steel wire rope friction contact side face in an 

5 experiment process is monitored by aligning a thermal infrared imager (24) with a contact 

position between the loading steel wire rope (12) and the connector-free steel wire ropes 

(27) symmetrically disposed on the rotational hub (01); 

an expanding law of internal cracks of the loading steel wire rope (12) in a steel wire 

rope friction process is monitored by an acoustic emission sensor (26) above the loading 

10 steel wire rope (12); 

the hub (01) is braked by means of a brake force exerted on a brake disk (09) by a 

pneumatic drive brake (07), and the friction wear performance between the loading steel 

wire rope (12) and the two connector-free steel wire ropes (27) in a brake process is tested; 

contact wrap angles of the loading steel wire rope (12) and the connector-free steel 

15 wire ropes (27) are changed by replacing fixed pulleys (13) with different diameters, and 

the influence on the friction wear performance between the steel wire ropes caused by 

different contact wrap angles is tested; and 

the influence on the friction wear performance between the steel wire ropes caused by 

different steel wire rope structures is tested by replacing the loading steel wire rope (12) 

20 and the two connector-free steel wire ropes (27) with different structures.  

9. A method for tensioning and fixing a connector-free steel wire rope, which is 

applied to the apparatus according to any one of claims 1 to 7, characterized in that a first 

flange-type top cover (33) and a second flange-type top cover (30) cooperate with a hub 

(01) via inclined surfaces, a T-shaped bolt (29) passes through bolt holes in the first 

25 flange-type top cover (33) and the second flange-type top cover (30), a nut is screwed, and 

under the action of a fastening force of the T-shaped bolt (29), and the first flange-type top 

cover (33) and the second flange-type top cover (30) continuously extrude two 

connector-free steel wire ropes (27), such that the two connector-free steel wire ropes (27) 
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enter two parallel circular arc-shaped grooves in the hub (01) along inclined surfaces on the 

hub (01), and the two connector-free steel wire ropes (27) are tensioned under the action of 

an own radial elastic force and fixed into the circular arc-shaped grooves in the hub (01).  

20
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