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Integrated Design of High-speed Feed Drive Systems
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Abstract

High-speed feed drive systems have been widely used in the manufacturing and semiconductor industries.
Specifications for high-speed systems require more advanced capabilities than conventional feed drive
systems. It is necessary to devise special design concepts to achieve the level of performance for high-speed
feed drive systems. In this paper, an integrated design method is proposed for high-speed feed drive systems
in which the interactions between mechanical and electrical subsystems ought to be considered
simultaneously during the design process. Based on the integrated design method, a nonlinear optimal design
procedure of mechanical subsystems considering the Abbe and radius errors is accomplished through the
design process of electrical subsystems satisfying the control stability and the saturation condition of actuators
as well as the relative stability. Both mechanical and electrical parameters are considered as design variables.
Simulations and numerical case studies show that the integrated design method of high-speed feed drive
systems creates results satisfying the desired performances of mechatronic systems.
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Fig. 10 Feed drive structure model on elastic foundation
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Table 1 Constraints for integrated design

Operating constraints

- Maximum feedrate
12V, -V. <0

Mechanical constraints

- Maximum deflection
8, —065, <0
- Maximum axial deformation
Fr =K,00,
8y -84 <0
- Minimum batl-screw diameter (Buckling load)
FX -P, <0

Electrical constraints

- Relative stability
4, -4,<0

¢, —¢, <0
- Motor saturation

~ Ty <0
x <0

Table 2 Parameters specified by a designer

Electrical conditions

- Torque constant : K, {N-m/A,]
- Peak torque : 7,.. [N-m]

- Maximum current :  Jpor [ Amms]

- Rotor inertia: J,_ . [kg-m’]

- Controller time constant : T, {sec])
- Allowable gain margin : A,

- Allowable phase margin : ¢,

Mechanical conditions

- Table width : g, [m}
- Table length : b, [m]
- Allowable deflection : é‘mzax

- Allowable axial deformation : &%

Operating conditions

- Maximum acceleration : a,,,, [m/secZ]

- Maximum cutting force : Fx , FZ [N]
- Load capacity: F, [N)

- Input radius : R, [m]

- Input velocity : V,, [m/min]

Minimize

F(X) = C,[ARX)|+ C, 5 + Cy ., (X)

A (X)
subject to
g}(x)so ,j:l,-~-,8
Xtsx, <x? i=1,,6
X={D,, Dyy» 1K, K,, K.}’
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Table 3 Integrated design results - case 1

Design variable Unit ;2:11;11 Ig:f’:;id
Xi(D,) mm 15 12
X3 (Do) mm 95 65.8
X, (D mm 5 8.1
X, (K,) 1714 5 10.52
Xs(K,) 1714 2.8 2.13
X(K) 174 0.98 0.45

Table position (cm)

0 002 004 006 008 01
Time {sec)

Fig. 13 Step response — case 1
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Table S Integrated design results - case 2
. . . Integrated | Integrated
Design variable Unit Designl Design2
X 1(Db,) mm 12 14
XZ(DAbbe) mm 65.8 68
X mm 8.1 11
X (K,) Vv 10.52 12.8
X(K,) Vv 2.13 18.9
: X(K) 1714 0.45 2.8
270
Fig. 14 Circular error profile — case 1 : : : :
Table 4 Performance results - case 1 2 "55"'5""5'3‘3; ,még,a,edz """"""""""""""
. g 1 i 2
Design . Initial Integrated e
performance Unit desi desion 1 508 b
index csign esign g \ Integrated 1
AR % 0.9347 0.0104 2 :
o
A Hz 52 78 .
Iy kg -m? 0.195 0.098 l : : : :
A4, dB 4 2.6 % 002 004 006 008 0.1
Time (sec)

Fig. 15 Step response — case 2
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- Table 6 Performance results - case 2
)‘]f—% Aé]_o"% 7'1 Z; Table 5 9‘}' Table 6 0‘] ]’]’E}’LH A Design
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