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Abstract

The kinematics analysis of industrial robots includes forward kinematics analysis and reverse Ki-
nematics analysis. The problem of inverse kinematics solution is a hot and difficult point. Based on
the screw theory and geometry method, and combined with Paden-Kahan sub-problem solution,
this paper presents a kinematic inverse solution algorithm for robots. Taking a six-axis series in-
dustrial robot as an example, given a set of joint angles, the kinematic positive solution is solved.
And then several sets of kinematic inverse solutions are obtained as theoretical values. Then, the
above inverse solution algorithm based on the screw theory is used to verify its effectiveness. The
typical application results show that the inverse kinematics solution algorithm can avoid the sin-
gularity problem caused by the parallel joint axis in the D-H parameter method, which not only
meets the requirement of repeated positioning accuracy of industrial robot, but also can make the
robot move more stable.
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Figure 1. Spiral motion
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Figure 2. Schematic diagram of a series industrial robot structure
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Figure 3. The spiral motion of the
first three joints
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Table 1. Industrial robot each joint angle
=1L TANMBASNXTRE

S 0 0, 0, 0, 0, 0,
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B BRSNS NIERIS3h 20712, AR AR A ES8nE 2 Pos. i, n,
0. a FFEDAHNAHRT AR R ET oy, z B TS5 MAR R T IR GLs p AR AR R T3 5 bR &
EVAAEE

Table 2. Position parameter of end part

=2 RimEbHHILE S

n 0 a p
0.28885 —0.94859 —0.12941 497.54
—0.43301 —-0.25 0.86603 —2.2737e-13
—0.85385 —0.19411 —0.48296 1374.8
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Table 3. The angle of each joint obtained by solving the inverse kinematics solution

* 3 BHFREKBF/INSIXTARE

Fg a() a() o) o.() 4.() 4.()
1 90.0000 44.9979 60.0039 90.0021 29.9998 —120.0002
2 90.0000 25.2156 —263.3225 —64.8855 28.5824 129.8278
3 90.0000 16.3985 14.6339 —64.8855 28.5824 41.4952
4 90.0000 —52.8691 —217.9525 —132.7481 27.903 66.0441
5 —90.0000 44.9979 60.0039 36.4957 11.3563 55.4714
6 —90.0000 25.2156 —263.3225 36.7612 —8.0598 52.2931
7 —90.0000 16.3985 14.6339 103.5254 21.0919 71.6332
8 —90.0000 —52.8691 —217.9525 65.6932 28.9971 81.1997

Table 4. The position parameters of the terminal components obtained from the first group of inverse solutions
=4 HE L ARBERKRENREBHVLESH

n 0 a p
0.288840053917237 —0.948584702031102 —0.129454572440119 497.538891432996
—0.432990884874931 —0.250031741244792 0.866027148526720 —1.13686837721616e-13
—0.853867856795366 —0.194090678402296 —0.482947711133435 1374.80071059150
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Table 5. System resulting data of standard experiment

=5 NESHIRE

n 0 a p
8.57508276325136e-06 3.53596889834940e-06 4.50494401184887e-05 0.00380593299615839
2.18171250693233e-05 3.17412447920495e-05 1.74452672008218e-06 1.13313162278384e-13
1.39647953664168e-05 2.36055977041461e-05 1.52018665645626e-05 0.00518659150179701
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Figure 4. Comparison of the maximum acceleration corresponding

to the two inverse solutions at joint 4
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Figure 5. The comparison of the minimum acceleration be-
tween the two anti solutions at joint 4
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