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Multi-Motor Synchronization Control Strategy for Servo Drive

System of CNC Machine Tools

BAI Zicen, CHEN Shaohua
(School of Automation and Electrical Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: Taking the multi-motor synchronization control of
computer numerical control machine tool servo drive system as
the research object, a synchronization control strategy based
on multi alternating current servo motors is proposed. This
strategy combines a virtual spindle and a deviation-coupled
synchronous control approach with back propagation neural
network proportional integral derivative control as well as
adaptive robust control. The system operation state is
simulated by building a Matlab/Simulink simulation platform.
The simulation results show that the proposed synchronous
control strategy has good synchronous performance and servo
effect, and shows superiority in improving the control
accuracy and response speed of the multi-motor linkage
system, reducing the influence of friction and backlash, and
enhancing the robustness of the system.

Key words: computer numerical control machine tool; servo
drive system; multi-motor synchronization control; adaptive

robust control
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Fig.1 Block diagram of FOC-based PMSM
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Fig.3 Block diagram of BP-PID controller
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Fig.5 Control flow for the combination of improved

deviation coupling and virtual spindle
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Fig.7 Mechanical structure of servo drive system
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Fig.8 Stribeck friction model
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Fig. 10 Block diagram of the structure of adaptive robust control compared with conventional PID

control under the influence of friction tooth gap

RIS, kg 1 B A A A 7 6 e 4 o ) 45
il P RE LB b 3R 2 BOBE X 1l SR B 52 0, 5
AN B IRZEVERER IR «

(1) FH548 %1% 2% (Integral Absolute Error,
IAE) ;

IAE =j| e(1) | de (29)

(2) B4 )7 iR 2 (Integral Square Error,
ISE) :

ISE =j[e<t)]2dz (30)

(3) WRIAAUR A7 J7 15 2% (Integral Time-
Weighted Square Error,ITSE) .

1T5E=jt x [e(t)]2ds (31)

(4) F TR 4 6 5222 (Integral Time-
Weighted Absolute Error,ITAE) ;

ITAE =ﬁ x| e(t) | dt (32)

AP e () N BUE O (5 S PR ER 7
HEE A 22

e L DRIEFM RSB, BRERRT RE K 17
B Ho TAE BUNRIR RGN/ MR ZET ]
RORBUT 5 ISE J#U/INE 7R 38 58X R0 22 1 410 11 24
AGBLF S ITSE #/INR 7R 28 0 B4 i A8 49 15 ]
/)N 1R 22 W S PR 5 ITAE 3O3R ZR 480
Je B3R 22 100 ) 5 RS e (L A 7 R L X g 2 e

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



FIREZS 45  BCPRAIL IR AR I 3K 3l 28 48 14 22 R AL IR 2545 il S

102 BAI Zicen, et al; Multi-Motor Synchronization Control Strategy for Servo Drive System of CNC Machine Tools

ZEAN AL 2%

PrEARNE 11 s, Hd(a) Ak ge PID
PER B 0L B R ER 6,05 (b) i A 18 P& 44 1l
( Adaptive Robust Control, ARC) | 77 & IR iF
0,015 () TGS PID F2 i T AOo JE BREE 0,05 (d)
J9 ARC TR BRES 0,0 %2 R4 PID Fiil
5 ARC BN E R BEBREAPEREFE AR AT L. K3 N
WK g1/ g, I 1/3 78k 1/5 .D M\ 120 75 5 100
E 16 254 12 F )L 0.2 2% 0.4 J5 ARC Ay PERESS
PRAEAE

M 2 UL, ARC i | 380 i B3 5% 22 4R
PRI TALSE PID Fiihil o AHES T AL 58 PID #5546,
ARC HA HUF AP BESR b , BE RS Il /N BE 52 147 B 45
E[R2JERET=P ST YA CUINZR Gl RIS~ B2 bRl
FioRo ALLIE 11 20 55 0,00, %0 5 0,00,
AL 258 0.4 s AR EIE NS, HARfE S & A
e 7 B A P PEE A AT TR I 11 57 L M R
FEAR /N BEREVG B SR (9 ST A0 SE X AR ]
RIS, RGBT RE . RSB IER A
£ A 45 X B A B AT B S e Y
EIEAE T, AR W AR T 48 PID Fihl, A A1
TR H B F 53 B E R RCR R e
SE o MR 3 455 05 ELF A T LA, g, /g, 227NN,
TR I 5 8 o B ) A R G R G I
i, ERER A ISE (ITSE A2 K, HAbf br2e /N ; D
AN AR REFE IR /D, 9 BE B R B ISE I/, H
MBARFRARTE s B A2/, 2R S8 REFEFIHT IR I SR ARG
PEREFAAR AL 255 F 78 K, 22 48 BE AR 1P s et o o
I, PERETR R AL 22 0 7R SE PRl I AT AR 4 B4R
R AR R i 7 N E % B A S

%2 ARC 5 PID = HI 25 p M REFE R YT L

Tab.2 The performance indexes comparison of

ARC and PID controller

PERETS AT 1AE ISE ITSE ITAE
ARC i & 0.0106  7.22e-5 0.01854  4.38¢-5
PID {3 & 0.318 3 0.025 0.7958  0.0625
ARC j#Ji 0.1075  0.026 61 0.1 0.003 4
PID i 2 0.987 5 2.467

6 ZEIEFIEGIRIEAESKIE

Z L HLIRI D 45 ] SR A5 B AL AN 8] 12 fr s,
FE WS R R L AZAL 3 5 PMSM 4] A,

B 11 EREEZET BFRMESE ARC X PID
EHETHIETER
Fig. 11 Operation of target signal under the influence of
friction and gear backlash with ARC and PID control
®3 MTIERRSBEHEREREW
Tab.3 Changes in performance indexes after changing

controller parameters

PEREFS AR IAE ISE ITSE ITAE
ARC 0.010 61 7.23e-5  0.0185 4.39e-5
g1/8,=1/5 0.00427 52le-5 0.01435 7.63e-6
fi%  D=100  0.0112  7.67e-5 0.02 5.07e-5
E=12 0.0154 1.00le-4 0.0309 1.078e—4
F=0.4 00137 876e-5 0.0265 7.95¢-5
ARC 0.1075  0.026 61 0.1 0.003 4
21/g,=1/5 0.07537 0.0285  0.0123 0.001 83
WE D=100 0.11 0.0258  0.1074 3.682¢-3
E=12 0.132 0.0274  0.1634 6.414e-3
F=0.4 0.123 0.0273  0.1418 5.268¢-3

PR e X 30 2 0 R AT DA 5 B 0 It ) 67 3
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A BP-PID S J3 A | BICi i 22 58 2 428 ] 5K LA
e B T R T A

12 ZEHESEH R EER KGN
Fig. 12 Overall structure of the simulation model for

the synchronous control strategy of multiple motors
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Tab.4 Model parameter

SHAR HALO L1 HAL2 HLHL3
PeE L/ (rad-s™h) 12w R AL (E
ETHLL/Q 3 2.8 3 3.5
d 5 T s/ mH 0.9 0.85 0.9  0.95
” q il S/ mH 0.9 085 09 095
M 2 2 2 2
L EFREHE/107 180 175 195 210
by TS E/107 8.25 8.19  8.75 9
B2 Z%0/107° 40 37.6 403 41
AL LA R AL 672 672 672  67.2
H B 4 BB L1 111 111 L1
AR (kg-m?) 9.3 347
WHBHE R 5L 0.024
R ARG B L 178
L P W 2R 3 160 000
# 14 B2 R A 0.036
] R/ (N-m) 10
KHpEEHE S /N 0.6
PGS /N 0.5
P R LR A A 0.015

13 EEpEER

Fig. 13 Overall simulation model
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Fig. 14 Simulation results

% 5 Comparison of performance indexes under three

scenarios
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In the context of the increasingly high-power and
high-precision large industrial computer numerical
control (CNC) machine tools, the use of multi-motor
linkage instead of a single high-power motor is an
important way to increase powertrain output and drive
capability. Therefore, the synchronization and control
accuracy of multi-motor linkage are key issues.

In this paper, a synchronization control strategy
based on multiple alternating current ( AC) servo

motors is proposed to realize the synchronization of

rotational speed and position of three permanent

( PMSMs )

Firstly, this strategy combines a virtual

magnet synchronous motors linkage
system.
spindle and a deviation-coupled synchronous control

( BP)

integral derivative

neural
( PID)

control as well as adaptive robust control. Secondly,

approach with back propagation

network proportional

the actual operation of the CNC machine’ s three-
PMSMs linkage system under the influence of friction
and backlash is simulated by Matlab/Simulink. The
synchronization control strategy based on multiple AC

servo motors is shown in Fig.1.

Fig.1 Schematic diagram of the synchronization control strategy based on multiple AC servo motor

In the proposed synchronization control strategy,
the PID control with BP neural network has better
dynamic performance and control accuracy, and the
optimal solution of the proportional integral derivative
of the PID controller can be transmitted to the master
computer in real time. The combining the virtual
spindle and relative coupling control synchronization
control method, relying on the virtual spindle master-
slave model to ensure the synchronization performance,
and at the same time, using the characteristics of the
improved deviation coupling control with short delay,
when the master-slave motor synchronization error is
synchronization

large, the rapid generation of

compensation to make up for the adjustment delay of

the virtual spindle. The adaptive robust controller can
ensure that the system can maintain ideal synchronous
tracking performance even when it is affected by
nonlinear factors such as friction and gear backlash,
and it can also automatically adjust the controller
parameters according to the nonlinear errors to cope
with the nonlinear factors and unknown perturbations of
the system to achieve asymptotic stabilization.

The Simulation results show that the proposed
strategy has good synchronization performance and
servo effect. It improves the control accuracy and
response speed of the multi-motor linkage system,
reduces the influence of friction and gear backlash,

and enhances the robustness of the system.
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