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Abstract

To address the issue of large errors in weaving parameters when operating three-dimensional weav-
ing equipment, the article studies a parameter tuning control method based on an improved Harris
Hawk Optimization (HHO) algorithm with PID proposed for the synchronous motor connected to
a gear drive system. Firstly, the Tent chaotic mapping and small hole imaging reverse learning
methods are employed to ensure the diversity of the initial population and increase the number of
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elite individuals, enhancing the algorithm’s convergence performance. Secondly, a dynamic adap-
tive weight nonlinear expression is introduced into the energy linear decay mechanism to improve
the balance between the global search and local exploitation capabilities of the algorithm. Finally, the
proposed method is compared with HHO and PSO. Simulation results show that the initial speed error
of gear 1 is reduced by 1.9% and 2.9%, respectively, and the load torque fluctuation error is reduced
by 0.75% and 4.75%, respectively.
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Table 1. Test benchmark functions
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1 13
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Figure 1. Test result diagram of Sphere function
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Figure 2. Test result diagram of Ackley function
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Figure 3. Test result diagram of Schwefel’s 2.22 function
3. Schwefel’s 2.22 ERHUMIR &R E

10 °

RTHL

SR A

o L L L L L L L
0 50 100 150 200 250 300 350 400

450 500

EARUH

Figure 4. Test result diagram of Generalized Rastrigin function
4. Generalized Rastrigin EREUIR 45 R E
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Table 2. Comparison of calculation results of 4 test functions by 3 algorithms
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Figure 5. Simulation model of PMSM servo system
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Table 3. Parameters of permanent magnet synchronous motor
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Figure 6. Structure diagram of IHHO-PID controller
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Figure 7. Simulation model of PID controller
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Table 4. Basic parameters of spur gear
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Figure 8. Diagram of the positional relationship between the gear and the motor
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Figure 9. Diagram of the positional arrangement of the gear transmission structure
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Figure 10. Physical diagram of the placement of the gear motor
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Figure 11. Simulink-ADAMS combined model
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Figure 12. Simulation comparison diagram of the initial rotational speed of gear 1
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Figure 13. Simulation comparison diagram of the initial torque of gear 1
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Figure 14. Simulation comparison diagram of sudden changes in rotational speed and load
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Figure 15. Simulation comparison diagram of sudden torque load changes
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