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Introduction: Aiming at the problem of structural damage of top beam and column in the actual bearing process of top coal caving hydraulic support caused by uneven roof pressure in the process of fully mechanized caving mining in thick coal seam coal mine, this paper analyzes the dynamic bearing performance of ZF20000/26/48 top coal caving hydraulic support based on the working conditions given by the 101 working face of Shaanxi Zheng-tong Coal Mine.
Methods: Genetic algorithm was used to optimize the top beam of hydraulic support.
Results: Under the same loading conditions, the maximum stress of the optimized support is reduced by 22.28MPa, and the stress of the top beam is more uniform, and the maximum stress is reduced by 24.53MPa.
Discussion: The purpose of optimization design is achieved, and the bearing performance of hydraulic support is improved,A new method using genetic algorithm to optimize the top beam of hydraulic support is developed.
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1 INTRODUCTION
With the popularization and application of the top coal caving mining method in the thick coal seam coal mine working face, on one hand, there are serious problems, such as roof caving, due to the violent movement of overlying strata on the working face of top coal caving; on the other hand, due to the poor bearing performance of hydraulic support, it is impossible to achieve effective control of the roof, resulting in large-scale caving, which hinders the efficient and safe production of the working face. As the core equipment of the fully mechanized mining face, the hydraulic support is the main bearing part, which is the key to supporting the roof and ensuring the safe and efficient operation of the working face equipment (Yetkin et al., 2016; Rajwa et al., 2019; Ghorbani et al., 2020; Ren et al., 2021). In the current coal mine equipment, the probability of hydraulic support failure is very large, and the bearing performance of hydraulic support determines the safety of a fully mechanized mining face. Xu (2015) analyzed the load position of the top beam of the hydraulic support and determined the length of the top beam of the support according to the ratio of the distance between the front and rear ends of the top beam to the action point of the support force. Li et al. (2015a) analyzed the bearing characteristics and adaptability of the hydraulic support; they found that the structure of a hydraulic support determines its bearing characteristics and that the bearing characteristics determine its adaptability. Pang (2017) and Zhu et al. (2017) further analyzed the coupling relationship between the bearing load of the support and the roof, and they concluded that the bearing load of the support is closely related to the position of the roof and the roof fault. It lays a foundation for the subsequent dynamic bearing research of the support.
Under the action of variable load, the top beam, column, and other components of the hydraulic support are impacted, resulting in serious problems, such as fracture of the pin shaft at the hinge joint of the support and tension and compression failure of the column (Li et al., 2015b; Zeng et al., 2022). This article will focus on the working conditions given by the actual working environment, study the dynamic bearing characteristics of the support, and adjust the structural parameters of the top beam, which reduces the amount of material and makes the top beam force more uniform, greatly improving the support performance.
2 SIMULATION ANALYSIS OF THE DYNAMIC BEARING PERFORMANCE OF HYDRAULIC SUPPORT
2.1 Load and boundary condition setting
The components of the bracket are mainly connected by pins to prevent the stress singularity caused by the local deformation between the structural contacts during the simulation analysis, which leads to the deviation of the simulation results (He et al., 2017). By setting the pin connection part as a rotating pair, the error caused by the huge calculation of transient dynamics can be reduced and the relationship between the components of the bracket can be accurately reflected (Xu et al., 2016; Tang et al., 2017; Wang et al., 2020). The whole frame loading method after the definition is completed is shown in Figure 1A. The maximum load of four sockets and caps is 5000 kN. The dynamic load loading process is shown in Figure 1B. The internal loading is used to simulate the bearing performance of the support. During the analysis, fixed constraints are added to the cushion blocks of the top beam and the base.
[image: Figure 1]FIGURE 1 | (A) Loading diagram and (B) loading process.
2.2 Hydraulic support dynamic load simulation analysis
Under the partial load of the top beam and the concentrated load at both ends of the base, the trapezoidal wave variable load-bearing simulation analysis of the support is carried out. The simulation is set up with eight load steps; each load step is divided into three sub-load steps, and the stress of the whole frame under the trapezoidal wave variable load is analyzed (Meng et al., 2018; Szurgacz and Brodny, 2019). After analysis, it can be seen that the stress of the support is the largest at about 37 ms, and the stress cloud diagram is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Stress nephogram of the whole frame.
As shown in Figure 2, when the support is carrying the trapezoidal wave, the maximum stress appears near the column head and column nest on the bearing side, and the maximum stress reaches 586.44 MPa. With the increase of the variable load, the affected area and stress value of the top beam of the top coal support the increase. It is concluded that the top beam is the most easily damaged structure in the hydraulic support. In practical applications, direct contact with the roof is the main bearing component of the hydraulic support and it is also the structure with the highest maintenance rate. The reliability of the top beam is the main factor for the stability of the hydraulic support (Liu et al., 2010; Pan et al., 2021).
3 OPTIMIZATION OF THE TOP BEAM BASED ON THE GENETIC ALGORITHM
The genetic algorithm is an optimization algorithm based on Darwin‘s evolution theory and Mendel’s genetic theory. It has the characteristics of high efficiency, parallelism, and global search. It can automatically obtain and accumulate the information on a search matrix when seeking the optimal solution. Different from single fixed test solution sequence information generated by a single metric function gradient and high-order accumulation, the optimal individual is sought according to the evolution process of the biological world (Hao, 2015; Tie and Jiao, 2015). The genetic algorithm optimization process is shown in Figure 3.
[image: Figure 3]FIGURE 3 | Basic process of optimization design.
The thickness of the upper cover plate, lower cover plate, rib plate, and side guard plate of the top beam is closely related to the material quantity and bearing performance of the hydraulic support. The thicknesses of each plate and of the top beam are taken as the control variables of the optimal design of the top beam. A pop matrix of 30 × 32 was created, and the maximum operation was 300 generations. The average fitness value of the population and the best individual of the population were stored. The crossover probability and mutation probability were set to 0.9 and 0.5, respectively. Some procedures of the iterative process are shown in Supplementary Material S1.
As shown in Figure 4A, as the iteration progresses, the objective function value that satisfies the constraint conditions begins to decrease rapidly and the individual gradually stabilizes after the average area of the population fluctuates up and down. Figure 4B reflects the best individual area of the population. The first 80 generations showed a step evolution state, and the subsequent iterations showed a step-by-step evolution and finally stabilized. Considering the manufacturing specification of the support material, the optimized size is rounded. The cross-sectional area of the top beam and the parameters of each part before and after optimization are shown in Table 1.
[image: Figure 4]FIGURE 4 | Iteration process. (A) Average area and (B) optimal individual area.
TABLE 1 | Parameters of the roof beam before and after optimization.
[image: Table 1]4 ANALYSIS OF THE BEARING CAPACITY OF THE OPTIMIZED TOP BEAM
The trapezoidal wave-bearing performance of the optimized bracket is analyzed, and the distribution of the maximum stress under the variable load condition of the optimized bracket is analyzed and compared. The stress distribution of the whole bracket under the trapezoidal wave variable load is shown in Figure 5.
[image: Figure 5]FIGURE 5 | Stress nephogram after optimization.
As shown in Figure 5, the force position of the optimized support is similar to that before optimization and the action area is slightly larger. At the same time, compared with the value before optimization, the maximum stress decreased from 586.44 to 564.16 MPa under the same bearing conditions, which was 22.28 MPa lower. The displacement and acceleration of the top beam are studied, and the displacement and acceleration curves are shown in Figure 6.
[image: Figure 6]FIGURE 6 | Displacement and acceleration change curves of each load step of the top beam.
From Figure 6, it can be seen that during the dynamic load-bearing process of the hydraulic support, the top beam begins to shift at 3.3 ms, indicating that there is a certain delay in the dynamic response of the top beam during load bearing and a certain fluctuation at the beginning of the load-bearing stage. After that, the maximum displacement appears at about 30 ms, about 2.3915 mm, and continues for about 20 ms; the acceleration of the top beam reaches the maximum value at the beginning of the variable load. At the same time, with the gradual increase of the variable load, the periodic fluctuation of the acceleration tends to be stable. The stress of the top beam under the trapezoidal wave variable load is analyzed, and the maximum value of the stress in each load step is shown in Figure 7.
[image: Figure 7]FIGURE 7 | Top beam stress change curve.
It can be seen from Figure 7 that the stress change value of the top beam is basically consistent with the trend of its displacement value. The stress reaches a maximum of 565.67 MPa at 40 ms, and the top beam bears the maximum stress. The stress comparison before and after the optimization of the top beam is shown in Figure 8.
[image: Figure 8]FIGURE 8 | Stress cloud diagram of the top beam (A) before optimization and (B) after optimization.
From the overall view of Figure 8, the stress of the top beam is mostly distributed on the side of the eccentric load and the overall distribution is local. With the increase of the variable load, the affected area and stress value of the top beam of the top coal caving support increase, the maximum stress of the top beam is reduced from 583.54 to 559.01 MPa, which is reduced by 24.53 MPa, and the local stress distribution is more balanced. On the whole, the stress of the top beam is more average and the maximum values of displacement and stress are reduced.
Based on the aforementioned analysis, the optimized support reduces the stress extreme value and displacement extreme value in the process of bearing under the condition of reducing the amount of material, and the local stress distribution is more balanced. The optimized stress area at the column head and column socket with larger stress increases, which reduces the stress concentration phenomenon, and greatly reduces the displacement of the front end of the top beam during bearing, which improves the reliability of the support.
5 CONCLUSION

(1) According to the actual pressure of the 101 fully mechanized caving face in the Zheng-tong coal mine, the dynamic bearing performance of the ZF20000/26/48 support is analyzed. The support is analyzed under the condition that the top beam bears the eccentric load and the two ends of the base bear the concentrated load. The results show that the top beam is the main bearing construction and the most easily damaged structure, and the maximum stress reaches 586.44 MPa.
(2) Through the genetic algorithm, the parameters of the top beam are selected, crossed, and mutated, and the optimal solution is selected as the final optimization solution of the top beam. Then, the bearing performance of the optimized support is analyzed. It is concluded that the maximum stress of the optimized top beam under the trapezoidal wave variable load is reduced by 24.53 MPa, the force is more uniform, and the maximum bearing stress of the bracket is also reduced by 22.28 MPa; a new idea of combining the support optimization improvement based on the genetic algorithm with the support bearing condition is put forward.
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