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Abstract: Roller cage shoes are used as an important auxiliary guide device in the 

lifting and transportation of coal mine shafts. The structure consists of a base, a buffer, 

a swing arm, and a roller.  This article introduces a new type of roller cage shoe power 

generation system, and explains its structural principle. 
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1. Introduction 

The shaft is lifted in two forms: a rigid tank path and a flexible tank path. The roller 

cage shoe is a guiding device for the lifting container running on the rigid tank path and 

is one of the main components of the lifting container [1-2], which can slide the tank 

path and the cage shoes. Friction becomes rolling friction, which reduces power 

consumption, reduces noise, reduces wear of tank lanes and cage shoes [3], and is the 

key to ensuring smooth operation of lifting containers along the track. It plays an 

important role in ensuring the safe and efficient operation of lifting systems.  

 

2. Cage shoes’ Status and Problems 

At present, roller cage shoes used in coal mine lifting equipment in China are mostly 

made of rubber wheel rolling cans designed in the 70s or polyurethane instead of 

rubber [4], which can play a better role in buffering and guiding.  However, the 

high-speed rolling of the roller cage shoe during operation is used as an efficient power 

resource but is neglected. The lifting container needs a large amount of power to drive 

and run. If this efficient power resource is neglected, the power used by the system is 

improved. Resources cannot be recycled and supplemented, which indirectly leads to 

waste of resources and raises the cost required to upgrade the system, contrary to the 

concept of sustainable development.  For this reason, after theoretical research and 
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design, a new type of roller cage shoe power generation system is proposed, which can 

realize idle resource recovery. 

 

3. Structure of Roller Cage Shoe Power Generation System 

  In response to the above-mentioned issues, a new cage shoe power generation 

system capable of generating power by utilizing the high-speed rotation of the roller 

cage shoes as a power source is proposed. The power generation system can 

independently charge the battery box during the normal operation of the lifting 

container and can guarantee power is generated while the system is up and running.  

The power generation system is mainly composed of the following components: a 

lifting container, a roller cage shoe, a permanent magnet DC generator, a charging 

protection and processing device, and a battery box.  Among them, the roller cage shoe 

uses a pair of F6804ZZ type flange bearings, and a timing pulley is added on one of the 

flange bearings. The purpose is to use the timing belt to drive the permanent magnet 

DC generator to run. 

The belt drive is an intermeshing belt drive. Its advantages are as follows [5]: 

(1) Belt and pulley meshing transmission, no slip, and transmission ratio is accurate; 

(2) High transmission efficiency and good energy-saving effect; 

(3) Large range of transmission ratio and compact structure; 

(4) Convenient maintenance and maintenance, low operating costs; 

(5) Can adapt to harsh conditions. 

The structure and sectional view of the roller cage shoe are shown in Figures 1 and 2, 

respectively. 

 
1-Base 2-Bracket 3-Adjustment cylinder 4-Piston rod 5-Roller 6-Flange bearings 

7-support shaft 8-synchronous belt pulleys 

Fig 1. Structure Diagram of the Roller Cage Shoe 
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Fig 2. Sectional View of the Roller Cage Shoe Structure 

 

The battery box model is DXH10/12. The battery box belongs to a mine portable 

intrinsically safe battery box. The battery box is provided with a charging protection 

and processing device, and has a protection circuit function.  The battery box can be 

used in coal mines to provide a variety of monitoring equipment, sensors, provide 

stable and uninterrupted power, its function parameters are as follows: 

(1) Working voltage: 18V; 

(2) Working current: ≤650mA; 

(3) Ambient temperature: 0°C~+40°C; 

(4) Input: Ui: 18.2V, Ii: 650mA, Ci: 0uF, LI: 0uL; 

(5) Output: Uo: 12.5V, Ii: 1.3A, Ci: 5uF, LI: 50uH. 

Because the permanent magnet type generator has the advantages of simple structure, 

high reliability and high stability, and the permanent magnet type generator is very 

suitable for applications where the environment is humid and dusty, the permanent 

magnet DC generator is used in the power generation system. ZYS series is selected 

and its parameters are as follows: 

(1) Rated voltage: 20V; 

(2) Rated current: 1A; 

(3) Rated speed: 0~3000r/min; 

(4) Load resistance: 250Ω. 

The overall structure of the power generation system is shown in Fig. 3. Its working 

principle is as follows: When the lifting container is in the ascending or descending 

process, the roller will continue to run along the tank path. Under the action of the 

flange bearing, the synchronous pulley will run at the same time, through the timing 

belt. The transmission function, permanent magnet DC generator will continue to 

charge the battery. 
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1-lifting container 2-roller cage shoe 3-tank path 4-timing belt 5-permanent magnet DC 

generator 6-battery box 

Fig 3. Overall Structure Diagram of Power Generation System 

 

4. Power System Protection Circuit 

The power generation system utilizes the working characteristics of the lifting container 

running up and down along the tank path during operation, and is used to continuously 

charge the battery with the roller cage shoe and the permanent magnet DC generator.  

Because in actual working conditions, the roller cage shoe moves up and down along 

with the lifting container, that is, the permanent magnet DC generator needs to 

continuously perform positive and negative alternate operation, and the speed of the 

lifting container in one movement cycle is constantly changing. Need to limit the 

pressure on the generator, current limiting and other processing, in order to protect the 

battery behind, the charging protection circuit shown in Figure 4. 

The main functions of the above charging protection circuit are as follows: 

(1) Rectification. Since the generator is constantly performing forward and reverse 

rotations, its polarity will change. Therefore, the rectifier bridge is used for rectification 

to keep its polarity constant. 

(2) Regulatory effect. As the lifting container needs to undergo acceleration, constant 

speed, and deceleration during the lifting process, it can be known from the electrical 

theory that when the motor parameters are constant, the electromotive force of the 

generator is proportional to the rotation speed within a certain range, in order to 

prevent the rotation speed of the roller cage shoe from being too high. The resulting 

electromotive force is too large, so a voltage regulator is used here to regulate it. 

(3) Limiting effect. Current limiting using current limiting resistors is designed to reduce 

the effect of overcurrent on battery life. 
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(4) Extend the battery life. In order to better maintain the battery and prevent the 

battery from being charged by the generator after it is fully charged, the relay is used 

to switch the charging circuit. When it is fully charged, the comparator controls the 

closing of the relay to control the entire charging circuit. 

 
Fig 4. Charge Protection Circuit Diagram 

 

5. Conclusion 

Roller cage shoes are one of the essential components in the lifting system. Using the 

rotation of the roller cage shoes as power to generate electricity can partially recover 

the power resources consumed by the lifting system, save power resources, and 

comply with green development and sustainable development. The concept is worth 

further promotion. 
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