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Elimination of Vibration in Turning Process
by an Active Work-Rest Mechanism

Nobuhiko HENMI and Ryoji MURATA

The purpose of this research is to increase the efficiency and accuracy of the turning process by
means of an active work-rest mechanism. An prototypical experimental mechanism which controls
one degree-of-freedom motion of a workpiece is made and experimentally investigated. The
mechanism supports the workpiece and controls its radial motion by means of a feedback system
composed of a noncontact sensor, a linear actuator and a PID controller. As a result, the active
work-rest mechanism effectively eliminates vibration of workpiece in terms of spindle rotation of
lathe. This mechanism is also applicable to workpieces with eccentric weight, and improves
roundness of workpiece.
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Fig.2 Schematic of piezoelectric actuator
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Fig.3 Schematic of experimental mechanism
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1 Table 1 Model parameters
I M I— - M  |Equivalent mass of workpiece- 0.13kg
£ f1 T Xo m |Mass of movable part of slide bearing 1.44kg
K . [Stiffness of workpiece(including chuck) [7.87 X 10°
d N/m
Ci C ¢ |Coefficient of viscosity of 7.45X10
f T Xy workpiece(including chuck) Ns/m
— K 1 [Stiffness of slide bearing 3.36 X107
N/m
C, C 1 |Coefficient of viscosity of slide bearing  {3.03 X 10
Ns/m
X, fo_ Tx2 K o [Equivalent stiffness of connecting parts  {3.03 X 107
7777 Mg o
] Equivalent coefficient of viscosity of 3.03X10
actuator 2 \4 ? ct?nnecting parts N Ns/m

4

Fig.4 Dynamic model

Fig.5 Block diagram
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X 0 |Displacement of workpiece

X . |Disturbance vibration input from chuck

X 1 |[Displacement of slide bearing

X ¢ |Displacement of actuator
d  |Disturbance force input to workpiece
v |Input voltage to actuator driver

f 12,3 |forces acting on each part

Table 2 Elements of block diagram
Dynamic characteristics of controller
Dynamic characteristics of actuator

. {Characteristics of sensor

QOO

= e

Dynamic characteristics determined by K, and
C,

Dynamic characteristics determined by K, and
G

G Dynamic characteristics between acting force on
m and displacement X,

Gm Dynamic characteristics between acting force on

@
)

M and displacement X,

Gy Dynamic characteristics determined by K. and
C c

k¢ Reference-input element
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Fig.6 Displacement of workpiece in turning
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Fig.7 Vibration of workpiece in cutting
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Fig.8 Vibration of workpiece without cutting
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Fig.9 Vibration of workpiece under 1800rpm spindle rotation
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Fig.10 Vibration of workpiece with eccentric load
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