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Abstract: Traditional BP neural network PID (BP-PID) control has a slow convergence speed due
to its random initial weights, resulting in significant errors in the early stages of control. This
paper focuses on the initial weight optimization problem of BP neural network, establishes a servo
three loop model of the ball screw feed system, designs a BP-PID controller, and proposes a
second-order oscillation chaotic mapping particle swarm optimization algorithm (SCMPSO) to
optimize the BP-PID controller of the ball screw feed system. Firstly, the chaotic mapping
initializes the particle position, making the particles evenly distributed in space and increasing the
diversity of particle solutions. Then, a nonlinear cosine adaptive inertia weight is proposed to
balance the global search ability and local search ability of the algorithm. Finally, a second-order

oscillation link is introduced in the algorithm, which can timely jump out of the local optimal
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solution in the face of sudden multi peak interference. The results show that when external

interference is added, the average displacement error of SCMPSO-BP-PID during the forward feed
period is 0. 013 mm, which is about 45. 8%, 55. 2%, and 61. 7% higher than the three control
strategies of SAWPSO-BP-PID, LDWPSO-BP-PID, and PSO-BP-PID, respectively. When step
response is added, the maximum overshoot of SCMPSO-BP-PID is only 0. 029, and the system

adjustment time and peak time are significantly improved compared with the three control

strategies, representing high control accuracy and stability.

Keywords: ball screw; control; chaos mapping; second-order oscillatory particle swarm
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Fig. 1 Schematic diagram of the structure of the ball screw
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Fig. 2 Structural schematic diagram of ball screw feed servo system
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Fig. 4 BP neural network PID control schematic
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