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A Study on Synchronization Control Technique of Dual-Servo Press System

Sang-Gun Na*, O-Shin Kwon', Jae-Hoon KangH, Hoon Heo

Abstract

In this paper, a synchronization control technique of dual-servo motor driven press system is proposed. An independent
cascade PID control technique has been applied to the conventional press system for advancement of control stability.
However, it is not easy to reduce synchronous error using the independent cascade PID control technique when some different
load disturbances are involved in each motor. The eccentric error of the slide caused by the problem degrade the control
performance of the BDC(Bottom Dead Center). In order to achieve reduction of the synchronous error between two servo
motors and accurate position control simultaneously, a new control scheme comprised with cascade PID control loop and
cross-coupling loop is proposed. In simulation using Matlab SIMULINK, the AC servo system is designed. The control
performance of proposed technique is compared with conventional control technique to the model of AC servo system.
Also, the sub-scale model of dual-servo motor driven press system which can replicate the slide motion is constructed
for experimental verification for the performance of the proposed control technique. The cross-coupling control technique

reveals more precise and stable performances in the position and synchronization controls.
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Table 1 Definition of AC servo motor variables

Variable Definition Variable Definition
v Voltage w Angular velocity
i Current P Number of pole
L Inductance d d-coordinate
R Phase Resistance q g-coordinate
v Magne.tic flux » Differential
interlinkage operator
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Table 2 The spec. of Beckhoff's AC servo motor

Model AM3121 Driving voltage DC 24V
Rated torque 0.65N'm Rated current 4.6A
Maximum velocity | 2000rpm | Moment of inertia 0.15kg-cm2
Number of poles 8 Static friction torque|0.0195N-m
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Table 3 The specification of Beckhoff's Planetary gear unit

Model AG2250 Gear ratio 10 : 1
Rated torque 15N-m Combination AM312X
Torsional backlash < l6arcmin

Table 4 The specification of Heidenhain's linear encoder

Model LIDA487 Accuracy 1~10pm
M -
Signal period |  4~20um EZ:;E‘g 120~150mm
Interface s 1 Vpp
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CASE IV: The Control responses of master system(Left motor)
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CASE IV: The Control responses of slave sy stem(Right motor)
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(b) The control responses of slave system(right motor)

Fig. 21 The control responses of both master and slave systems

CASE IV: The synchionous enors belween masler and slave molor syslem
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Fig. 22 The synchronous enors between master and slave motor
system

214

A7k MEA 00 7PHe GoR S A
. 53], vhae] BEo] 283H 9jzio] dha) Lhept
AR $BAS 7120] 7R} oF 1024

w27 F71etE0] AR AojHe AL 2l

>

o d
il

x
-ELPO

]

oo -~ &

o

o He rr pok to
ofl
N
1o

4

rlezo 8
g

N
Y

Xﬂ°171t”ﬂr ARt Aoi71H o] 5715} @afof dfgh
Alol/ds& Fig. 24} Table S5 o]-&-5to] F2 o= H7tst
ek, ke o] eleto] walaly] A3 1 AT 7
o] Aloj7riol &gt 5713t eako] Al Bt Al (Root
Mean Square of Synchronous Error :RMSSE)X.t} A&7 A|
kgt Aloj7] o] eJgt 4417} o] A AR EE. s, 9le
Y 2, A& (cross-coupling) A|017|®H ¢] 7]} £ Z(Loop)
FFoE 1 A7 wEA AREH 7] Ao7|HE &

CASE IV: The difference between measured values of left and right linear encoder
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Fig. 24 RMSE of synchronous errors via two controllers

Table 5 Performance comparison of proposed control technique

Conventional Proposed Improved
technique technique Rate (%)
RMSSE 13.73 13.02 5.2
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