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Abstract

This paper describes motion errors due to acceleration and deceleration types of servo motors
in NC machine tools. Motion errors are composed of two components . one is due to transient
response of a servomechanism and the other comes from gain mismatching of positioning servo
motors. It deals with circular interpolation to identify motion errors by using Interface card. Also
in order to minimize motion errors, this study presents an effective method to optimize parame-
ters which are connected with motion errors. The proposed method is based upon a second order
polynomial regression model and it includes an orthogonal array method to make the effective
results of experiments. The validity and reliability of the study were verified on a vertical

machining center equipped with FANUC 0MC through a series of experiments and analyses.
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Fig. 4 Experimental results for acceleration and deceleration motion in servo driver

Table 1 Factors and their levels

Factor Fevel 1 2 3 4
Feedrate (A) (mm/min) 1000 (A1) 1500 (A2) 2000 (A3) 2500 (A4)
Radius (B) (mm) 50(B1) 100(B2) 150 (B3) 200(B4)
Inertia ratio (C) (%) 30(C1) 0(C2) 70(C3) 90 (C4)
Time const. (D) (msec) 15(D1) 25(D2) 35(D3) 45(D4)
Gain(F) (msec) 30000 (F1) 33000 (F2) 36000 (F3) 39000 (F4)
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Table 2 Table of orthogonal arrays(L,s4°)

Column number
Number|

A B C D F
1 Al Bl C1 D1 F1
2 Al B2 C2 D2 F2
3 | a1l | B3 | 3 | D3| F3
4 Al B4 C4 D4 F4q
5 A2 B1 C2 D3 F4
6 A2 B2 C1 D4 F3

B N D R

7 A2 B3 C4 D1 F2
8 A2 B4 C3 D2 F1
9 A3 B1 C3 D4 F2
10 A3 B2 C4 D3 F1
11 A3 B3 C1 D2 F4
12 A3 B4 C2 D1 F3
3 A B[ o [ D2
14 A4 B2 C3 D1 ] F4
15 A4 B3 C2 Dy F1
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Fig. 5 Schematic diagram for experiments
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Error due to Transient
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Fig. 8 Gain mismatching of positioning servo (equals to 4R.’s pattern)
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Fig. 10 Experimental results of circular Interpolation using Linear and Exponential type
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Table 3 Theoritical Values for linear type

=
44 %

No. Type AR1(gm) AR2 (um) AR (um)
Theoritics | Experiment | Theoritics | Experiment | Theoritics | Experiment

1 3.09 3.0 0.05 1.0 3.14 4.0
2 1.28 1.00 0.07 0.0 1.35 1.0
3 0.71 2.0 0.09 1.0 0.80 3.0
4 0.46 2.0 0.12 1.2 (.58 3.2
5 4.11 4.00 0.64 0.5 4.75 4.5
6 2.41 2.80 0.53 0.7 2.94 3.5
7 L 1.91 2.0 0.04 0.5 1.95 2.5
8 2 1.74 2.00 0.08 1.0 1.82 3.0
9 2 10.20 10.0 1.88 3.0 12.08 13.0
10 6.17 6.0 0.57 1.0 6.74 7.0
11 2.44 1.5 0.19 0.0 2.63 1.5
12 2.14 3.0 0.05 0.0 2.19 3.0
13 13.40 9.0 0.90 1.0 14.3 10.0
14 5.71 5.0 0.16 1.0 5.87 6.0
15 6.4 5.5 0.98 1.0 7.38 6.5
16 3.99 4.3 0.44 0.9 4.43 5.2
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Table 4 Theoritical values for exponential type

AR1(um) AR2 (um) AR (pm)
No. Type
Theoritics | Experiment | Theoritics | Experiment | Theoritics | Experiment
1 3.09 3.7 0.63 0.5 3.72 4.2
2 1.28 2.8 0.87 1.0 2.15 3.8
3 0.71 4.0 1.13 2.0 1.84 i 6.0
4 0.46 0.5 1.41 1.5 1.87 2.0
5 4.11 5.01 7.66 8.8 11.77 13.81
— E
6 X 2.41 3.46 6.33 5.04 8.74 8.5
—— P
7 0 1.91 2.2 0.47 0.3 2.38 2.5
_— n
8 e 1.74 1.5 0.98 1.3 2.72 2.8
_— n
9 t 10.20 12.0 22.5 22.0 32.70 34.0
—] i
10 a 6.17 6.3 6.81 7.2 12.98 13.5
— 1
11 2.44 2.3 2.32 3.2 4.76 5.5
12 2.14 1.9 0.63 1.2 2.77 3.1
13 13.40 17.5 10.85 10.5 24.25 28.0
14 5.71 3.5 1.95 2.4 7.66 5.9
15 6.4 6.0 11.72 13.0 18.15 19.0
16 3.99 4.8 5.32 4.7 9.31 9.5
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Table 5 Regression coefficients of 4R
B N . , .
0 1 2 3 4 11 12 13 14 22 23 24 33 34 44
AR
E Linear| 2.9834 | 2.3645 | ~1.8834 | 0.3311 | 0.2661 | 3.8394 | -1.3170 | 0.7164 | 0.0676 | -1.9595 | - 3.7871 | 0.2035 | -0.5966 | 4.5273 | 0.0835
e
9 |Expon
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v | entia
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t
th |Expon-
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