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abstract)

Force tracking control and test of adaptive hydraulic servo system
based on composite particle swarm optimization/su wenhai', LI Bing', YAN
Congjie?, ZHU Guanggiang®, YUAN Lipeng', Xl Xiaolin', HE Jingfeng®(1. School of Engineering,
Northeast Agricultural University, Harbin 150030, China; 2. School of Mechatronics Engineering,
Harbin Institute of Technology, Harbin 150001, China; 3. Harbin Boshi Automation Co., Ltd., Harbin
150078, china)

Abstract: In order to improve the performance of the force tracking control of the hydraulic servo
system, the terminal position force tracking of the hydraulic servo system had the problem of steady
state error and poor dynamic characteristic under the conditions of different environment models and
variable expectation forces, an adaptive impedance control strategy for composite particle swarm
optimization was proposed. Based on establishing the mathematical model of hydraulic servo system
and the impedance model, according to the environment stiffness and force deviation, using fuzzy
algorithm to determine the range of impedance parameters, combined with the improved Particle
Swarm Optimization based on Levy Flights quickly through the local and global search to found the
impedance parameters under different environment stiffness, the three spline interpolation was used to
fit the equation of the impedance parameters with the change of the environmental stiffness; then, the
mathematical model was established on the basis of the analysis of the cause of the steady error
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caused by the force tracking of the terminal position of the hydraulic servo system, according to the
terminal position force and the current end position, the environment stiffness and environment location
were estimated by adaptive algorithm, in order to compensate for desired position and select
impedance parameters. Through the simulation of Matlab-Adams virtual prototype, the effectiveness of
impedance algorithm of the composite particle swarm optimization adaptive for the force tracking of the
hydraulic servo system was verified. The results of bench test of two link series mechanism showed
that the force tracking control of hydraulic servo system using impedance strategy of composite particle
swarm adaptive enables the terminal position to track the expected force in real time and accurately,
and the steady-state error range was 0-1. The dynamic performance of the force tracking was fine when
the expectation of the force changed in the current period. It provided a reference for the agricultural
mobile platform of foot type with hydraulic servo system as a driving device and the end position force
control design of the large agricultural picking arm.
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Fig.1 Structure diagram of hydraulic servo system
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Table 1 Parameters of the hydraulic servo system
SRR 2R ZHH SHUAAL
Parameter name Parameter symbol Parameter values Parameter unit
T EEA RO Effective area of piston A, 4.9x10™ m’
T RL [ 45 45 Natural frequency of hydraulic cylinder 3} 69.12 rad-s™
B J17CBHJE X Damping ratio of power element S, 0.35 TeH R
IS £E Flow gain K 1.82%107 e AT
el IR 1 [ 47 45 % Natural frequency of servo valve w, 1.57x10° rad-s™
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X,~Trajectory of expected motion; x—Trajectory of Current motion; x,—Location of the environment; Ax—Corrections of position;
Ax.~Displacement deformation of environmental model; .~ Contact force between the terminal of a hydraulic cylinder and the
environment; F.—Reaction force of the environment model to the terminal position of the hydraulic cylinder; M, B, and K,
represent the desired inertia, expected damping and expected stiffness of the hydraulic servo system, respectively; M., B, and K.
respectively represent the parameters of the environmental impedance
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Fig. 3 Model of the terminal position and the contact environment
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Fig. 4 Position force tracking impedance control
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Fig. 6 Composite particle swarm optimization impedance control
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Table 2 Test results under different environments tiffness

PRGN K. MR E e HREE ST
Environmental M, B, K, Current Tracking
stiffness position force

0 1.334 25.01  800.0 10 0
50 1.279 3279 754.1 10 15.23
100 1.261 38.74 7303 10 28.96
150 1.249 4286 7122 10.010 41.40
200 1.242 4544 6987  10.010 52.55
250 1.244 4695 6842  10.010 62.40
300 1.240 4751 680.2  10.010 71.27
350 1.238 4785 6728  10.010 79.05
400 1.230 4821 6653 9.997 85.93
450 1.215 48.87  657.1 9.984 92.02
500 1.198 49.60  650.0 9.995 97.47
550 1.157 51.65 636.6 9.984 102.30
600 1.118 53.79 624.1 9.977 106.60
650 1.077 56.33 6103 9.969 110.40
700 1.039 59.12 595.6 9.961 113.90
750 1.000 62.35 5764 9.956 116.90
800 0.985 64.88  564.5 9.947 119.60
850 0.975 67.64 5489 9.941 122.00
900 0.976 70.24 5335 9.935 123.90
950 0.984 72770 5185 9.930 125.50
1000 1.000 74.80  506.5 9.927 126.60
1 050 1.017 77.38  489.2 9.921 127.60
1100 1.028 79.73 4747 9.917 128.10
1150 1.028 82.16  460.1 9.913 128.30
1200 1.016 84.69 445.1 9.909 128.10
1250 0.996 87.52  426.8 9.908 127.70
1300 0.951 90.01 413.7 9.900 126.90
1350 0.903 9270 3973 9.896 126.00
1400 0.849 95.32  380.7 9.891 124.80
1450 0.796 97.82 364.2 9.886 123.50
1500 0.743 100.00  350.2 9.881 121.30
1550 0.710 102.40 3322 9.877 120.80
1600 0.683 10450 317.4 9.873 119.30
1650 0.667 106.60  303.4 9.865 117.90
1700 0.662 108.80  290.1 9.865 116.50
1750 0.663 111.30 2753 9.865 113.30
1800 0.665 11370 264.2 9.858 108.40
1850 0.665 116.50 250 9.847 103.20
1900 0.66 119.40 233.6 9.829 100.50
1950 0.64 12220 213.7 9.813 100.10
2 000 0.638 12540  200.0 9.805 99.01
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