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Sub-global parallel optimization design of servo performance of

electric cylinder lifting mechanism

WAN Ziping, XIE Xin, REN Guang'an, ZHENG Jieji, FAN Dapeng”
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract : Aiming at the influence of the nonlinear part of the electric cylinder lifting servo mechanism on the servo performance of the weapon

station, the optimization method of servo performance was studied based on the application background. The mechanism of gain fluctuation, gap

width , unbalanced moment, and friction moment in the designable nonlinear part was analyzed. The mathematical models, design constraints, and

objective optimization functions of kinematics, dynamics, and control strategies were established based on the mechanism layout and controller

parameters. A sub-global parallel optimization method was proposed. The multi-objective optimization based on the interior point method was

carried out for the designable nonlinear part, and the local optimization problem of local serial optimization was solved. The composite control

strategy based on PI controller + DOB observer was designed separately, and the mismatch between the mechanical inertia parameters, controller

parameters, and observer nominal model was solved. It is verified that the optimization results of the sub-global parallel optimization method are

better on the whole and more in line with the engineering practice.

Keywords: designable nonlinear part; mechanism layout; compound control strategy; sub-global parallel optimization method
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Fig.1 Direct push lifting mechanism
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Fig. 12 Prototype of electric cylinder lifting

servo mechanism
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Tab.1 Constant parameters of prototype Tab.1 Dependent variables of prototype
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Tab.3 Layout design variables
A Jm 2 A(xy,5)/m B<x1 ,¥1)/m C(x,,y,)/m Ls/m
JE A AT R (0.172,0.674) (0.324,0.528) (0.100,0.100) 0.05
JFEL R A R (0.139,0.706) (0.324,0.528) (0.324,0.001) 0
LRI AL R (0.147,0.698) (0.324,0.528) (0.178,0.032) 0
WA RIFATIAL AR ™ (0.145,0.701) (0.324,0.528) (0.177,0.030) 0
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Fig. 13 Open loop model of electric cylinder lifting servo mechanism
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Tab.4 Target value of nonlinear sector
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Tab.5 Controller design variables
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Fig. 15 Closed loop model of electric cylinder lifting servo mechanism
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Tab.6 Target value of servo performance
453 V-5 I35 JEE 8 14 [Fa] B2 8 132
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S5/ (%) b/ % S5/ (%) /%  8/((°)/s) W% fH/((°)/s) /%
JEHA AT R 8.55 9.88 2.2 0. 60
B EATFRAL AR 7.44 13.0 7.44 24.7 2.32 -5.5 0.61 -1.7
2R AT A R 8.06 5.7 8.06 18.4 3.14 —-42.7 0.85 -41.7
WA R AT A )R 7.45 12.9 7.45 24.6 2.06 6.4 0.59 1.7
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