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Fig 1. The definition of systematic and random error
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Fig 3. Rotating error parameters
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oA, A, -CA, *sA, A, L
SA *SA, *CR, +CAR, *SA, CA, *CA, -SA, *SA,*sA, -SA, *CA, L

T =
¢ |-CR. xR, *CA, +5A, *5R, SR, *CA, +CA, *SA, *sF, CA*CR, L,

0 0 0 1
where, c¢=cos, s=sin
L, = L, (8z) : x-axis directional translation error
L, =L, (02) : y-axis directional translation error
L, =L, (8z) : z-axis directional translation error
Ry =R, (82) : Reeling error with respect to the x-axis
R, =R, (8z) : Reeling error with respect to the y-axis
R, =R, (8z) : Angular positioning error
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Fig 4. 3-dimensional error vectors with respect to the tool
position
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C(Cx,Cy,Cz) : Center of Rotary Table

P(x,y,z) : 1deal tool position

P*(x’,y’,2’) : Actual tool position with rotating error

Cxy, Pxy, P’xy : Projection point of C,P,P’ to the x-y plane
Cyz, Pyz, P’yz : Projection point of C,P,P’ to the y-z plane

Original command : (X,Y,Z,C,A) = (0,0,0, 6z,0)

Step 1 : Calculate P’ for the rotating angle 6z

Step2:Find &(C) and 8(A) as follows
8(C) = £(Pxy,Cxy,P’xy)
6(A) = £(Pyz,Cyz,P’yz)

Step 3 : Calculate P” which is the rotating point of P with
angle 3(C), 8(A)

Step 4 : Find vector E=(ex, ey,
E=P"-P

Step S : Return 8(C), 6(A), E

Compensated command : (X,Y,Z,C,A) = (-ex, -ey, -ez, 0z

- 8(C), -8(A))

CNC Command gz
Tool Position :P

| Errored Tool Position : q

ez) as follows

1
Angle Compensatiof]

3(C), 5(A)

i
I?nd P" after-§(C) .—S(Aﬂ
|
Vector Compensatiof]
P"- P = (ex,ey,ez)
i

v

Compensated CNC Command
(-ex, -ey, -ez,5(C) , 5(A))

Fig 5. The algorithm for the C-axis error compensation
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Fig 6. Compensation of the C-axis rotating error
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Fig 7. The method for measuring the rotary table reeling and
angular error, Rx, Ry and Rz
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Fig 8.The method for measuring the rotary table translation
errors, Lx, Ly and Lz
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Fig 9. Master ball set-up error
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Fig 10. Picture for the rotary table experimental set-up with

an autocollimator
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Fig 11. Measurement results for the rotary table translation
errors
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Fig 12. Measurement results for the rotary table reeling and
angular errors
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