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Design and simulation analysis of force control model for industrial robots
LI Wanbo', ZHOU Jing', DING Li', ZHANG Jiayou®, JIA Ying'

(1 Department of Automotive Engineering, Guizhou Equipment Manufacturing Polytechnic, Guiyang 550000, China;
2 Spring Department, CRRC Guiyang Co. , Ltd. , Guiyang 550000, China)

Abstract; To improve the force control accuracy and robustness of six—degree—of —freedom industrial robots in complex contact
tasks such as grinding and assembly, this paper proposes an end—effector force control method based on an impedance model. Using
the ABB-IRB4600-60 robot as a case study, a comprehensive control framework is developed, incorporating impedance modeling,
inverse kinematics, and control law design. The robot dynamics are formulated via the Lagrangian method, with a virtual mass—
damper—spring system introduced to map the relationship between external force and end-effector displacement. The control strategy
integrates PD feedback, dynamic feedforward compensation, and a Radial Basis Function ( RBF) neural network to adaptively
compensate for unmodeled dynamics and external disturbances. Link mass parameters are estimated through SolidWorks, and
dynamic simulations are conducted in Matlab. Results demonstrate that the system maintains force estimation errors within +0.3 N
under external disturbances, with stable joint torques and accurate trajectory tracking. These findings confirm the effectiveness and
practical applicability of the proposed control approach.
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Fig. 1 Link coordinate system of the robot
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Table 1 D-H parameters of the robot

HEFF KATHE R AR E RS BN S
T i d;/ mm a;/ mm a,/ rad 0./ rad
1 495 175 -m/2 0,
2 0 900 0 0, —m/2
3 0 175 -m/2 0,
4 960 0 /2 0,
5 0 0 /2 05
6 135 0 0 0,
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Fig. 2 Operational logic design of the robot force control model
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Fig. 3 Kinematic simulation model of the robot
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Table 2 Mass parameters of each robot link

RS i R m/ kg HEFFBLOARR (X,Y,Z)/ mm
1 114. 500 (77.66,24.81,400. 09)
2 76.076 (175.09,-170. 59,891. 69)
3 137.761 (215.50,49.38,1 514.29)
4 30. 060 (907.62,-2.10,1 567. 15)
5 3.285 (1132.62,-4.37,1 570.20)
6 1. 400 (1192.50,0.00,1 569.95)
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Fig. 4 End-effector trajectory tracking of the robot
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Fig. 5 Changes in control torque of each joint of the robot
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