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A Fast Forward Kinematic Analysis of Stewart Platform

Hyun-Pyo Ha and Myung-Chul Han

Key Words: Stewart Platform(X=F1E Z#¥), Forward Kinematics(7]78}), Newton-Raphson
Method(77 & H<SH)

Abstract

The inverse kinematics problem of Stewart platform is straightforward, but no closed form solution
of the forward kinematic problem has been presented. Since we need the real-time forward kinematic
solution in MIMO control and the motion monitoring of the platform, it is important to acquire the 6
DOF displacements of the platform from measured lengths of six cylinders in small sampling period.
Newton-Raphson method a simple algorithm and good convergence, but it takes too long calculation
time. So we reduce 6 nonlinear kinematic equations to 3 polynomials using Nair's method and 3
polynomials to 2 polynomials. Then Newton-Raphson method is used to solve 3 polynomials and 2
polynomials respectively. We investigate operation counts and performance of three methods which
come from the equation reduction and Newton-Raphson method, and choose the best method.
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Table 1 Motion specifications

6 DOF motion Single Composite
Roll(r) 20° 4°
Pitch(p) 20° 4°
Yaw(y) 20° 4°
Surge(u) 432mm 76mm
Sway(v) 432mm 76mm
Heave(z) 432mm 76mm
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Table 2 Operation counts
Method I | Method 2 | Method 3
Multiply/Divide 386 272 1608
Add/Subtract 296 244 1181
Square root 0 2 3
Trigonometric 29 7 l 7

Table 3 Specification's platform for simulation

Parameter Value Physical Meaing
kR, 0.79m joint circle radius in the plate
R, 0.93m joint circle radius in the base
8, 119° degree between p5 and pé
G, 9.24° degree between b5 and b6
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Table 4 Error bounds Table § Maximum error of forward kinematics
] Max Error
ﬁgf)] A<, G(gi)l 8a,(8%)(< e, (Ref-Out.) Method 1{Method 2|Method 3
u . Surege 0.0014 0.0000 0.0110
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i s z : Heave 0.0005 -0.0014 -0.021
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