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This paper presents a velocity-synchronizing control for the multiple axes of an injection unit;
based on MBS, a virtual design model has been developed for the multiple-axes
servomechanism. Prior to the design of the controller, a linear plant model was derived via open-

loop response simulations. To synchronize

the motions of the multiple axes, a cross-type

synchronizing controller was designed and combined with the PID control to accommodate any
parameter mismatches among the multiple axes. From the tracking control simulations, a
significant reduction of both velocity-tracking and position-tracking errors was achieved through

the use of the proposed control scheme.

KEYWORDS: Multiple axes velocity-synchronizing control
7t &), Virtual design model (H £ C| X9l

71849

€ i(i-1-4)»Cpigi-1-a) - tracking error, synchronizing error
Vi s Viio1-ay - teference input, ball-screw velocity
d,i__4y>U;;-1-4) - disturbance, control input

G,T,,T,: proportional, integral and derivative gain

o,,¢, : natural frequency, damping ratio
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Fig. 1 Duty cycle of an injection molding machine
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Fig. 2 3D CAD model for injection unit
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Fig. 3 AC-Servo system for single axis

Table 1 Component specifications

Parameters Value
Injection AC Rated torque 1,100Nm
servomotor Rated rpm 300rpm
Ball-Screw Pitch 20mm
Injection part Total weight 5,156kg
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Fig. 4 Validation of linear model
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Fig. 7 Reference profiles for position and velocity
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Fig. 8 Input window for design parameter

Table 2 Parameters for two axes

Gain Time Friction | Ball-Screw
constant(s) | coeff. | pitch(mm/°)
I"axis | 1.0 0.01 0.0 0.05560
2™ axis | 0.5 0.02 0.2 0.05004
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Fig. 9 Tracking error due to coulomb friction

Table 3 Controller parameters

G | 1 |1, [ p
PID 50 0.02 | 0.001

Synchronizing control | 50 0.02 | 0.001 | 2.0
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Fig. 10 Tracking error due to ball-screw pitch
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Fig. 11 Tracking error due to AC servomotor dynamics

Table 4 Parameters for four axes

Gain Time Friction Ball-Screw
constant(s) | coeff. | pitch(mm/®)

1*axis | 1.0 0.01 0.0 0.05560

2" axis | 0.8 0.008 0.1 0.05282

39axis | 0.6 0.006 0.2 0.05004

4% axis | 0.4 0.004 0.3 0.04726
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