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A Study on Reducing Profile Error of Multi
Spindle Control in NC Machine Tools
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<Abstract>
This paper presents reducing method of profile error on a
mechanical tuning for multi-spindle control of NC machine
tools. To reduce the profile error in the feed drive system, it
is useful to adopt same transfer function of multi spindle

machine tools.

By selecting the correction vector of servo

rigidity and natural vibration on JK map, multi spindle
control can betuned by mechanical parameters with small

profile error.
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Fig.l Model of feed drive mechanism
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Table 1 Mass and natural frequency of
machine tools

—

Axis| M(kg) |M’ (kg) e ,
" Eq.(2) | Eq.(3) | Ratio

X | 241 3476 | 2063 | 199.6 | 0.97
Y | 676 5829 132.9 125.8 | 0.95
Z | 1061 5998 105.5 98.3 | 0.93
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& aEE AGE Table 225E Y59 Kp
7} 46(sHE 74 FAorm g X, ZE% Ad 7}
5 949e &5 Fxueivele] B/ Kp =
46z A E FH MRFZA H FHozt =
= Vg, Vig %o d3&M H7F Hu7t o
= Vg, Vie 129 28 42409 4
e} 2 Wlo] QAT =19 fEFO MK
v} 2} v E} &= Table 49} 2t}

Table 3 Specification of Machining Center
for experiments

is X b § Z
Ball screw
diameter(mm) 36 36 36
Distance between
bearing of 8775| 690.5 703.5
ball screw

CPU 32 Bit

Servo control Closed loop control

Table 4 Kp, Vg, Vi after tuning 1
-1 Vg “r_
Axi Kp(s ) (A - s/rad) Vi)
X 46 186 1705
Y 46 171 1805
Z 46 181 1405

NCE#7)1A A3 A0A FHHE 5 A
Ao Hl3le] A gRFo AME FAHL XF
ol A oF 4.18), YSoNA 418, ZFNA °f 34
Wl AEFAY. dgeg VeuEXYE o5 Kf
9 7434 ARG TsE AARG AFFE4 7
740l 749 Kp, Vg, Vig Table 4°] e
oz MAES ZFe Kf, TsE& T840
Table 59 #eo] Tst YX| = A Pk},

Table 5 Feedforward gains and
acceleration constants

Logarithm function| Linear function
acceleration acceleration

X Y Z X X Z
Axis| Axis |Axis | Axis |Axis |Axis

1.008 |1.0012 | 1.009| 0.72 | 0.67 | 0.71
Ts(s)| 0.026 | 0.027 | 0.028| 0.048 | 0.054|0.047

A5 714e A4S Z2F<e Tszk Hujzt
Heg X Y& TsE& ZF9 Ts9 dAAZ
%74 A= Table 63 #o. A7 7
Qo= Table 59149 o] YFH Kf7l Ha
7 #HAAJqck. (14+D/(Vg- KHh—KHE =9
A A1 7]7] 98tA4 X5 2 Z5¢ KfE 0.702
2 %l Tsye X, Z&9 Ts& SM(ms)= WA
dlo] =A% A} Table 79 &}

Table 6 Parameters after tuning with
logarithm function acceleration

Ax) Kp(s™)|Ts(s) (A ijd) Vi(-)| Kf(-)
X 46 0.028 186 1710 | 1.0008
Y 46 0.028 171 1810 | 1.0012
% 46 0.028 181 1410 | 1.0009

Table 7 Parameters after tuning with
linear function acceleration

- Vg N
b\l{ﬂ(s ) Ts(s) (A - s/rad) [Vi(-) [KEC)

X | 46 0.054| 186 1710| 0.67
Y | 46 0054, 171 1810 | 0.67
Z | 46 0054 18I 1410| 0.67

35 By SHAIE ¥ =H(2H2)

ol & & 7|2 wetwe FAE AIH}EFEH
¥ Z4Fe Ja, DO @& AHEske] A(15),
(16) .2 %€ Zt%e] Vig AASH Table 8%
2ol HAUH.

Table 8 Parameters after tuning 2

Xis X Y Z

Ja(N - m - s%) | 0.0057 | 0.0056 | 0.0048
DIN-m-+s ) | 0.168 0.252 0.170
Vi(-) 423 649 509
Vs(A - s/rad) | 188 186 159
Max. Kp(s™) 71 63 68
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Table 9 Kp, Vg, Vi after tuning 2

Axis Kp(s™') [ Vg(A - s/rad) Vi(-)
X 63 189 432
Y 63 186 658
Z 63 159 518

Table 10 Feedforward gains and

acceleration constants

Log. function Linear function
acceleration acceleration

X Y Z X | Y Z
axis | axis| axis | axis | axis | axis

1.030 [1.0028] 1.0029 | 0.52 | 0.50 | 0.59

Kf(-)

Ts(s)| 0.026 | 0.027 | 0.028 | 0.026 |0.027 |0.028

Table 11 Parameters after tuning 2

with logarithm acceleration

K06 | T8O | (4 . gy | VIO | KO

63 [0028| 187 | 425 | 1.0029
v| 6 |oos| 172 |6 | 10020
2| e loos| 161 | 509 | 1.0020
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stel viol tldk Vgel Agakd AAQsd X5
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Table 11 Parameters after tuning 2
with linear function acceleration

N [Kp(s™)| Ts(8) | (4 . g/baay| ViE)| KIO
x| 63| oo28| 18 | 422 1.0008
y| 63| 0028 171 | 648 1.0012
7| 63| 0o28| 181 | 509 | 1.0009
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Fig.4 Contour Error by simulation(XY Plane)
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