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Inverse and Forward Kinematics Analysis of
6 DOF Multi Axis Simulation Table and Verification
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Abstract

A 6 DOF Multi axis simulation table (MAST) is used to perform vibration and fatigue tests for parts or
assemblies of automobiles, aircraft, or other systems. It consists of a table and 6 linear actuators. For its
attitude control, we have to adjust the lengths of 6 actuators properly. The system is essentially a parallel
mechanism. Three actuators are connected to the table directly and other three actuators are connected
indirectly. Because of these, the MAST shows also a serial mechanism’s property: the inverse kinematics is
more complicated than a pure parallel mechanism and each actuator can operate independently. The authors
have performed a kinematics analysis of the 6 DOF MAST. We have presented an analytical and a numerical
solution for the inverse and forward kinematics, and we have verified the solutions by a 3D CAD software.
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Table 1 Notation and variables

gy | oe ] Xvz | A B

SR Xyz A4 P

gHo]E | WA | x(sway), y(surge), z(heave)

+5 31 | g(roll), & (pitch),  (yaw)
CEEAN) l, j=1,...,6

Table 2 Positions of joints in the upper plate

P P1 P2 P3 P4 P5 P6
X 0 280 | 280 | 200 | -200 0
Y | -385 | -295 | 295 | 295 | 295 | -295
Z 0 0 0 -70 -70 -70
Table 3 Positions of joints in the lower plate

B Bl B2 B3 B4 B5 B6
X 0 910 | 910 | 200 | -200 0
Y |-1015] -295 | 295 | 295 | 295 | -295
Z 0 0 0 0 0 0

Table 4 Positions of bell crank joints and hinge joints

B D1 D2 D3 C1 C2 C3
X 0 680 680 0 910 910
Y | -785 | -295 | 295 | -1015 | -295 | 295
Z 750 750 750 680 680 680
B H1l H2 H3

X 0 769 769

Y -874 -295 295

Z 629 629 629
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Fig. 3 Schematic diagram of the MAST
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Fig. 5 Length and angle parameters of the MAST

Fig. 6 Motion of the upper table and position vectors
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Fig. 7 Position of a strut bar due to actuator’s
displacement
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Fig. 9 Parameters describing the rotation of a bell crank
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Fig. 10 Bell crank and strut bar’s possible positions
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Table 5 Table positions and attitudes for verification

Xo Yo 2o (MM) | ¢ 6,y (degree)
1 -17 8 17 -1 -2 -2
2 10 16 4 3 -2 -4
3 -6 8 -6 -2 1 -1
4 18 -7 11 -1 1 2
5 18 -11 3 4 -1 -3
6 5 -7 -3 2 1 -4
7 0 2 10 -2 0 1
8 20 12 7 3 -3
9 17 -9 15 2 -3 -4

Table 6 Comparison of computing times
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Fig. 11 3D design of the MAST system
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