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Abstract: With the development of China's economy, the demand for coal energy is 

increasing, and most of the coal mining is under the surface. This paper is mainly based 

on ZigBee wireless sensor network, designing and analyzing the portable node of coal 

mine underground, real-time monitoring of mine prisoners and preventing escape. 
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1. Introduction 

In order to effectively monitor underground prisoners, the position of underground 

personnel is monitored in real time to prevent individual activities. In order to solve the 

problem, this paper designs a new type of positioning and portable node device [3], 

based on ZigBee network connection technology. The device has the functions of 

anti-destruction and off-line alarm. The specific structure and function are shown in 

Table 1. This paper analyzes the hardware design and anti-vandal function of the new 

portable node. 

Table 1 positioning device design requirements 

Structure name Design Function 

Bracelet body CC2530, alarm device 

Timed report connection status 

Departure alarm 

Battery low pressure alarm 

Hand strap 

High-strength waterproof and 

wear-resistant ABS plastic 

multiple colour 

Built-in explosion-proof circuit 

design 

Waterproof and wear resistant 

Distinguish personnel attributes 

Cut off or violently destroyed, will 

alarm 

Lock Key lock adjustment seal Unauthorized opening, alarm 
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2. Hardware design of the positioning device  

The portable node is the mobile node of the serial number system. This type of node 

has certain randomness, and it is also an important device of the serial number 

subsystem. In the actual working process, the portable node is not only connected to 

the fixed node router, but also needs to be connected to each other between the 

portable nodes. Therefore, the portable node as the terminal should also be set 

according to the FFD device. In this paper, the CC2530 chip is used as the hardware 

platform, and the peripherals are equipped with an alarm module and a tamper circuit. 

In the design of the portable node, two points must be considered. One is to have good 

energy-saving effects, and the other is to prevent violent disassembly. Because the 

portable node takes into account its convenient carrying nature, the power supply uses 

a button battery, the node needs to work for a long time, and at the same time reduce 

the trouble of replacing the battery, so the portable node circuit design must save 

energy. The environment in which this system is applied is a prison, so it is also 

necessary to prevent prisoners from being tortured and violently dismantling and 

destroying the node. In general, portable nodes need to have low power consumption, 

micro-radiation, anti-interference features. 

 

3. The overall structure of the positioning device and the design of key 

components  

3.1 Overall assembly drawing  

As a portable device, the portable node needs to be worn on the prisoner's body 24 

hours a day. Considering the comfort of wearing, it is necessary not only to ensure the 

humanization of the design, but also to make the wearer comfortable. And the design 

also needs to pay attention to the equipment when the wearer wears, does not affect 

his work and life, so the design should ensure that the equipment is light and small. 

This article comprehensively considers the working and living conditions of prisoners, 

combined with the actual situation of the mine, designed a small, light, low-cost 

portable equipment, as shown in Figure 2 [1]. 

 

Figure 2 overall assembly drawing of the portable equipment 
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Figure 3 exploded view of the portable device 

 

4. Collision simulation of positioning device  

When designing the structure of the portable node, it is necessary to consider the 

environment and characteristics of the wristband when designing the outer casing. 

Since the wristband needs to be worn on the wrist of the mine prisoner for 24 hours, 

and their working environment is relatively bad, collision scratching often occurs. The 

phenomenon of rubbing. Therefore, the outer shell structure of the bracelet should be 

designed to ensure a certain strength under the condition of being able to withstand an 

appropriate degree of impact. 

 This section uses the display dynamics module of the ANSYS Workbench software to 

simulate the collision of the main ring of the opponent ring, and analyzes the 

stress-strain distribution of the main structure when the main body of the bracelet is 

subjected to collision in different situations, and improves the structure for the place 

where the stress is concentrated. A product with excellent structural properties is 

obtained [2]. This section mainly considers the collision of the main structure in three 

cases, namely plane collision, edge collision and sharp angle collision. 

 

4.1 Establishing a collision model  

Therefore, the collision model is mainly divided into two parts, one is the plane, the 

edge, the sharp angle model, and the other is the main body of the bracelet. 

model. According to the design of the previous section, the main structure of the 

bracelet is a rectangular parallelepiped of length, width and height of 34 mm, 14 mm 

and 9 mm, and the shell thickness is 1.5 mm. The model is shown in Figure 4. 

 

 (a)              (b)            (c) 

Figure 4 finite element analysis model 
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The body of the bracelet is made of polycarbonate and has a density of 1.22 g/m3, 

which is selected as a flexible material. Planes, edges, and sharp corners are defined as 

rigid materials, and the model is meshed and added constraints. 

 

4.2 Analysis of simulation results  

The model is analyzed by the solver of the display dynamics module in ANSYS 

Workbench. 

 

(a)                                (b)                       (c) 

Figure 6 equivalent strain cloud map 

 

(a)                                (b)                       (c) 

Figure 7 equivalent stress cloud 

Fig. 6 and Fig. 7(a)(b)(c) are simulation diagrams of plane collision, edge collision and 

sharp angle collision respectively, Fig. 6 is an equivalent strain cloud diagram, and Fig. 

7 is an equivalent stress cloud diagram. 

As can be seen in Fig. (a), in the case of a plane collision, the place where the stress is 

the largest is concentrated on the position of the body cover of the wristband, and 

deformation is likely to occur at this position. 

It can be seen in Fig. (b) That in the case of edge collision, the deformation and stress 

concentration are mainly reflected in the vicinity of the collision position, and the stress 

concentration is serious at the edge of the main body of the bracelet. 

It can be seen in Fig. (c) That in the case of sharp corner collision, the deformation and 

stress concentration are mainly reflected on the main body cover, and the collision 

deformation is severe, and the generated strain is large. The analysis shows that the 

maximum strain is at a speed impact of 100 mm/s. It is 0.05 mm/mm. 
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5. Conclusion 

According to the analysis results, the structure of the wristband designed according to 

the rectangular structure can meet the impact impact of 0.1m/s, and the stress and 

strain generated by the impact are within the permissible range without damaging the 

main structure. In order to meet the stronger impact impact, in the design of the main 

structure, consider adding some improvements, such as the structure of the main body 

cover with a certain degree of curvature, adding vertical ribs on the inner wall structure 

of the main body cover, which can enhance the impact resistance. 
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