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1. Introduction

High speed feed drives are generally designed
by rotary servomotors with high lead ball
screws. In such feed drives, a torque is
transmitted to a table via a coupling and a ball
screw. Therefore, the dynamics of feed drives
includes internal vibration mode. Guideways
with linear roller and ball bearings are usually
adopted, which don’t have sufficient damping
to suppress the vibration.

It was reported by Imagi et al. that the feedback
of relative velocity and position between the
servomotor and the table to the servomotor
torque can improve vibration characteristics in
electric discharge machine [1].

Matsubara et al. reported that dual actuation
with the main ball screw drive with small-size
linear motors can enhance the servo
performance of the feed drive by velocity
feedback [2]. But it generates the small
damping force when the relative velocity and
feedback gain are small because the damping
force is linearly proportional to the relative
velocity.

In this paper, two methods are used to modify
relative velocity feedback (RVFB) based on
nonlinear control to solve above problem. The
damping control performance of nonlinear
RVFB is examined and compared with RVFB
by experiments.

2. Theory of damping control

2.1 Dynamic model of feed drive

Fig. 1 shows the dynamic model of feed drive.
In Fig.1, J, :Inertia of rotational body [kg-m?],
6. :angular position of the servomotor [rad],
D :viscous damping coefficient of rotational
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motion [Nms/rad], K, :stiffness of feed
direction [N/m], M, :table mass [kg], x, :table
position [m], F,:feed force to the table [N],
C, :viscous damping coefficient of linear

motion [Ns/m], R :transformation coefficient
from 6. to x, [m/rad]

The equation of motion can be described as

follows:
Mi+Cx+Kx=f (1)
where,
M, 0 C. 0 K, -K,
M= ,C= ,K=
0 M, 0 C -K, K,

x=[x, x|'.r=[F, EI,
M,=J,/R,,C,=D/R* ,x, =R6, ,F, =T/R

2.2 Control rules of RVFB

A linear type in RVFB can be written as
follows:

F,=—C.x (%, ~ %)

where, C, :damping gain [Ns/m]

2)

An arctangent type is decided by the maximum
value of the damping force. The equation can
be expressed as follows:

F, =—C. xa xarctan(8 x (x, - x,))
where, «, 3 :constants.

A bang-bang type generates the control output
by the sign of the relative velocity and the force
scale. The equation can be described as
follows:

3)

Fig. 1 Dynamic model of feed drive
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Fig. 2 Schematic view of the test stand
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where, F,:force scale in the bang-bang type

3. Experiment

Fig.2 shows a schematic view of the test stand.
The test stand mainly employs a ball screw
drive as a main feed drive and two small-size
linear motors are attached in parallel with the
main feed drive to supply the damping force
directly to the table.

Fig. 3 shows the frequency responses from the
voltage command of servomotor torque to
servomotor’s velocity. At the anti-resonance
frequency, the gain valley of the bang-bang
type is recovered more than those of the linear
and arctangent types. Similarly, at the
resonance frequency, the gain peak of the
bang-bang type can be lowered more than those
of the linear and arctangent types.

The position and velocity feedback loops are
closed and time responses are measured. Fig. 4
shows the table position of each type. The
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Fig. 3 Measured frequency responses
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linear type shows the vibration at positioning
since the sufficient damping force is not
provided to the table. The arctangent type
shows that the table position reaches the
steady-state after only one vibration. The
bang-bang type shows the smooth response
with no vibration due to the sufficient damping
force.

4. Conclusion

Nonlinear RVFB is proposed to solve the
problem that the damping force is small in the
low relative velocity. Nonlinear RVFB was
validated through the experiment of frequency
and time responses. The bang-bang type had
the best performance to suppress the vibration
than the arctangent type and the linear type.
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