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Development and Experimental Verification of an Error Compensation Model for a Five-
axis Machine Tool using an Error Matrix
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This paper proposes a new model to compensate for errors of a five-axis machine tool. A matrix
with error components, that is, an error matrix, is separated from the error synthesis model of a
five-axis machine tool. Based on the kinematics and inversion of the error matrix which can be
obtained not by using a numerical method, an error compensation model is established and used
to calculate compensation values of joint variables. The proposed compensation model does not
need numerical methods to find the compensation values from the error compensation model,
which includes nonlinear equations. An experiment using a double ball-bar is implemented to
verify the proposed model.

Key Words: Five-Axis Machine Tool (5 & &% *7\74\) Error Compensation Model (2 Xt2 8 2, Error Matrix (2 AHA &),
Error Synthesis Model (2 Xt &4 2 &), Geometric Error (7| 5t&H4 2 })
7|sMd9H A = angular error components with function of joint
variables
7, v = HTM (Homogeneous Transformation Matrix) 4 = positional error components with function of joint

representing a motion of the i-1" coordinate system with variables

respect to the i coordinate system not including errors h, = distance between base of workpiece and bottom

7/_, = HTM representing a motion of the i-1"™ coordinate circle of cone frustum

system with respect to the i coordinate system including
errors

E} = error matrix of the tool coordinate system with
respect to the workpiece coordinate system

r = joint variables in general expression

r, =nominal joint variables

r. = compensated joint variables

D = base diameter of cone frustum
¢ = angle between base of workpiece and cone frustum
« =inclined angle of cone frustum
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Table 1 Setup parameters for DBB test
D (mm) a () hy, (mm) ¢(°)
200 15 78.37 20
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Fig. 5 DBB test on the five-axis machine tool
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Table 2 Error values before and after compensation

Peak-to-Peak error | Max. error
(um) (um)
Before compensation 29.5 26.5
After compensation 11.3 5.8
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