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Abstract 

In view of the traditional monitoring of the contact of the rope crossbeam with the 
wear-resistant tail rope, there are problems such as incomplete monitoring and relatively 
few technical studies.  A set of active infrared radiation sensor is designed to monitor the 
wear between the tail rope and the crossbar frame beam.  The system mainly uses an active 
infrared radiation sensor to monitor the number of contacts between the tail rope and the 
crossbar frame beam. When the tail rope is in contact with the crossbar frame beam, the 
sensor output level signal changes and is uploaded to the upper computer. The upper 
opportunity records the number of contacts. When the number of contacts reaches a certain 
amount, the upper opportunity sends an alarm signal to remind the staff to repair and 
replace the tail rope.  Field test results verify the reliability and practicability of the system. 

Keywords  

Tail rope; splitter frame; active infrared radiation sensor system; mine hoist. 

 

1. Introduction 

The main function of the tail rope is to maintain the running balance of the hoist and occupy a very 

important position in the mine hoisting system [1].  Affected by the structural characteristics of the 

lifting equipment, there are two main situations in which the tail rope is in contact with the wear. The 

contact wear of the bottom coal pile to the tail rope and the operation of the tail rope are due to 

emergency stop, wellbore fall, internal stress or The cause of pressure change in the wellbore will 

inevitably lead to the improvement of the tail yaw and the bottom hole facilities, especially the collision 

contact with the rope-receiving frame. If the number of contacts is too much, the tail rope will be worn 

and the maintenance engineer is overhauling. In the process, it is not easy to find the wear condition of 

the tail rope in time. When the number of collision contacts reaches a certain amount, the tail rope will 

be seriously worn, resulting in a tail rope breakage accident [2].  Therefore, the corresponding 

measures are taken to find the friction condition of the tail rope and the rope separator in time. 

Traditionally, the research on the tail rope wear is mainly about the influence of the bottom coal pile on 

the tail rope wear, but the research on the contact wear of the tail rope and the rope separator is 

relatively insufficient. The related data and literature are relatively few, and the data collection is 

relatively small. difficult.  There is no relatively sophisticated monitoring system for real-time 

monitoring of the frictional collision between the tail rope and the rope separator.  The mine tail rope 

mainly maintains the state of the tail rope through regular inspection and maintenance and regular 

replacement, which will not affect the operation of the lifting system, which will seriously interfere 

with the mine working efficiency.  In view of this, this paper designs an active infrared radiation sensor 

technology to monitor and record the number of collisions between the tail rope of the mine and the 

beam of the rope. The system can be timely when the tail rope and the beam of the rope are in contact 
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with each other. An alarm signal is issued.  It also provides reliable data support for maintenance 

personnel. 

2. System Principle 

The swing of the tail rope causes frequent contact between the tail rope and the crossbar frame beam, 

and prolonged contact will cause excessive wear of the tail rope.  The tail rope wear is reflected by 

monitoring the number of contacts between the tail and the crossbar beam. 

In order to ensure that the tail rope collides with the crossbar frame beam, the monitoring and recording 

feedback is quickly monitored to the upper computer. The wear monitoring system between the mine 

tail rope and the crossbar frame beam mainly adopts the active infrared radiation sensor system, which 

is the installation position of the monitoring device. Design, a total of 6 sets of active infrared radiation 

sensors are fixed in a row on the wellbore wall, and the monitoring plane formed by active infrared 

rays is located above the tail ropes. cm2 At, as shown in Figure 1.  The installation position of the 

active infrared radiation sensor can be set according to the actual situation of the mine. 

The working principle of the wear monitoring system between the mine tail rope and the crossbar 

frame beam is shown in Figure 2.  When the system works, the active infrared radiation sensor system 

is turned on, and the active infrared radiation sensor transmitter emits an optical signal that is received 

by the active infrared radiation sensor receiver. When the tail rope swings, the active infrared light is 

passed and intercepted, and the change signal is transmitted. To the host computer, determine the 

position of the tail rope at this moment by judging the signal from a group of active infrared radiation 

sensors.  One of the sensors emits light and is flush with the crossbar beam. When the level signal of the 

sensor output changes, it can be determined that the tail rope and the cable stand are directly in wear 

contact.  At the same time, it is transmitted to the upper computer through the communication port, and 

the upper position records the contact. When the number of contacts reaches a certain amount, the 

upper opportunity promptly sends out an alarm signal to prevent excessive wear of the tail rope and a 

stock break. 

 
Fig. 1 Schematic diagram of installation of inspection device 
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Fig. 2 Working principle of system 

3. System Key Technology 

The active infrared radiation system is mainly composed of 12 sets of infrared emitters and infrared 

receivers [3]. As shown in Fig. 3, the infrared transceiver is divided into left and right side monitoring 

devices and arranged symmetrically, wherein a and b form one side. Monitoring device, f represents 

the active infrared radiation sensor transmitter, and j represents the active infrared radiation sensor 

receiver, a total of 6 groups.  The optical monitoring plane formed by it can ensure the real-time and 

accuracy of the monitoring system.  Infrared transmitter and infrared receiver adopt GUG8F mine 

intrinsically safe infrared sensor transmitter and receiver, and the power supply DC voltage is V5.12 , 

the current is30, 10 mA.  When the tail rope does not touch the light monitoring plane of the active 

infrared radiation sensor system, the active infrared radiation sensor system outputs a low level 

( V5.0 )When the tail rope touches the light monitoring plane of the active infrared radiation sensor 

system, the output of the active infrared radiation sensor system changes from low level to high level 

( V10 ) and upload to the host computer.  The upper computer records in time, and sends an alarm 

signal when a certain amount is reached. 

 

 
Fig. 3 Schematic diagram of testing device 

4. System Test 

In order to verify the reliability and practicability of the wear monitoring system between the mine tail 

rope and the crossbar frame beam, the system was tested in Zhaolou Coal Mine.  The connection test is 

performed before the monitoring device is installed in the well wall.  The monitoring device is installed 

in a simulated wellbore environment, and the awakening simulation test is performed.  There are two 

left and right monitoring devices, each of which has 6 sets of active infrared sensors, as shown in 

Figure 4, which is a wear monitoring screen for the tail rope and the crossbar frame.  During the 

operation of the lifting system, the tail rope will swing back and forth due to faults, vibrations, etc. 
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When the tail rope moves to a certain sensor position, the corresponding sensor position in the picture 

will change from green to red. 

The test is introduced with the right monitoring device as an example.  In the simulation test, you can 

use a finger or a wooden stick to move back and forth between the six sets of infrared sensors to 

determine whether there is a signal when an object blocks the light.  As shown in FIG. 5, the sensor 

groups can be numbered 6 #, 5 #, 4 #, 3 #, 2 #, and 1 #, respectively.  When the finger and the wooden 

stick pass through the infrared sensor respectively, the corresponding sensor group in the monitoring 

screen will turn green to red.  When 1 # is passed, the monitoring system alarms and counts once.  Also, 

perform the above operation on the monitoring device on the left side. 

The simulation test experiment determines that the system is normal, and then performs the on-site 

installation test to integrate the monitoring system into the original system bus of the mine.  First, in the 

case that the lifting system is stopped, the staff swings the tail rope, and the simulated tail rope moves 

under the working condition. The test result shows the same result as described above; then, the lifting 

system is operated to observe the monitoring picture and observe after a certain time. After that, the 

system can meet the monitoring needs. 

Through the monitoring of the bottom rope, the monitoring system can complete the monitoring of the 

tail rope wear and prevent excessive wear of the tail rope. 

 
Fig. 4 Tail and stand frame cross beam wear monitoring screen 
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Fig. 5 Monitor screen 

5. Conclusion 

The wear monitoring system between the mine tail rope and the crossbar frame beam is mainly 

composed of an active infrared radiation sensor system.  When the tail rope collides with the 

cross-beam frame beam, the sensor will output the level signal to the upper computer, and the upper 

computer records the collision data. When the collision times accumulate to a certain amount, the 

upper-level opportunity controls the alarm device to alarm. 
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