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Inertia Force Problem and Nozzle Contact Mechanism
of Linear Motor Drive Injection Molding Machine

Young-bong Bang’, Susumu Ito™"

ABSTRACT

This paper presents the inertial force problem of ultrahigh-speed injection molding machine using linear motors, and
presents its solutions. To make very thin products by injection molding, very high injection speed is required, and linear
motors are used for this purpose. But direct drive by linear motors may cause brief nozzle separation from the sprue
bushing because of the inertia force as large as the total output thrust of the linear motors, and this momentary separation
can cause molten plastic leakage. In this paper, two solutions are proposed for this inertia force problem. One is the
mechanical cancellation of the inertia force, and the other to increase the nozzle contact force. With the latter solution,
the stationary platen bending worsens, so a new nozzle contact mechanism is also proposed, which can prevent the

stationary platen bending.
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Fig. 1 Typical construction of all-electric injection
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Fig. 2 Structure of ultra-high-speed injection molding
machine
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Fig. 3 Control system for four linear motors
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Fig. 5 Examples of molded card shell (smart media)
(Material: PC+ABS, Size: 45mm’37mm,
Thickness of thin part: 0.15mm)
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Fig. 6 Examples of molded card shell (smart media)
(Material: PC, Size: 45mm’37mm, Thickness of
thin part: 0.15mm)
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Table 1 Comparison of inertia and maximum acceleration
of injection mechanism: Ball screw type versus
linear motor type

Maximum motor torque 264 N-m
Servomotor rotor inertia 0.0117 kg-m®
Driving pulley inertia 0.00393 kg-m”
$lav§ pulley & ball screw 0.159 kgm?
inertia
Ball Reduction ratio of pulleys 38/102
screw | Ball screw pitch 16 mm
type Maximum injection force 278000 N
Moving part mass 210 kg
Equivalent moving part 0.600189
inertia kg-m?
Total equivalent inertia 0.0379 kg-m®
Maximum acceleration 6.61 m/s’
Linear Maximum motor thrust 62000 N
motor | Moving part mass 310kg
type Maximum acceleration 200 m/s’
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where
f, = output thrust of linear motors
f,  =reaction force
fi = injection force
J» = pressure force
/. =nozzle contact force
fi = preload by spring
m,, = mass of moving part
my = mass of mainframe
a, = acceleration of moving part
as = acceleration of mainframe
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Fig. 7 Inertia forces of ball-screw-type injection unit
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Fig. 8 Forces applied to the injection unit during
injection operation
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Fig. 9 Inertia force vs. injection force
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Fig. 10 Inertia-force-canceling mechanism 1
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Fig. 13 Link mechanism linearly-connecting the upper
and the lower moving part
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Fig. 14 Stationary platen bending caused by nozzle
contact force

Ring gear, Spur gearN Geared motor
u N \ .
R s
~--- &
N
o
Ball screw & bearing unit
Stationary platen
Mold Injection unit
o :l?;
_--.L__'J—- X -

Pivot Extruder bed

Fig. 15 Existing nozzle contact mechanism preventing
stationary platen bending
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Fig. 16 Nozzle contact mechanism preventing stationary
platen bending
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