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Trajectory Planning of a Shotcrete Robot Arm Based on an Improved Whale Optimization Algorithm
DONG Zhichao' » WANG Meng'+ SU Fa'+ WANG Shuai' » JIAO Xianyang® » ZHANG Mai*» WANG Jing®
(1.Shendong Coal Branch of China Shenhua Energy Co., Ltd., Yulin, Shaanxi 719315, China;
2.Laizhou Yatong Heavy Equipment Co., Ltd., Yantai, Shandong 261400, China)

Abstract : Shotcrete support is widely used in roadway excavation support, with the advantages of low cost and high safety. The
robot arm is the core part of the shotcrete robot. In order to improve the design theory, kinematics and trajectory planning
analysis were carried out taking a six-degree-of-freedom robot arm as the research object. For the time-optimal trajectory
planning of the robot arm, a trajectory planning method based on the improved whale optimization algorithm was proposed. By
introducing the Circle chaos mapping, Cauchy perturbation strategy and the pheromone mechanism of the ant colony algorithm,
the global search ability of the algorithm was enhanced, which effectively avoided being trapped in the local optimal solution.,
and significantly accelerated the convergence speed, while improving the efficiency and accuracy of the local search process. The
improved whale optimization algorithm enables the robot arm to reach the target posture more quickly, successfully shortening
the running time by 56.7% , thereby further verifying the feasibility of the algorithm.
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Fig.1 Structure of the shotcrete robot arm
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Fig.2 D-H coordinate system of the shotcrete robot arm
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Table 1 D-H parameters of the shotcrete robot arm
AT di/m 6:/(" a;/mm a;i /(")
1 1.015 01 0 —90
2 0 0 2.834 90
3 0 0 0 0
4 0.12 N 0 —90
5 0.26 05 0 —90
6 0.265 05 0.704 0
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Table 2 Motion range of each joint of

the shotcrete robot arm

P PE 32 Bl
1 et 5y —90°~90°
2 e Sy —90°~90°
3 PSS 2.834~6.834 m
4 e 5y —180°~180°
5 e Sy —180°~180°
6 e O —150°~150°
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Fig.3 Solution of the working space of

the shotcrete robot arm
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Table 3 Coordinates of shotcrete interpolation points

LA X /mm Y/mm Z/mm
1 2 800 4 800 0
2 2 800 4 800 2 000
3 2 800 4 800 3 500
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Fig.4 End effector trajectory
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Fig.7 Displacement curves after optimization
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Fig.8 Speed curves after optimization
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Fig.9 Acceleration curves after optimization
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Fig.10 Shotcrete robot arm test
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