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Large Thrust Linear Motor for Low-duty-cycle Operation

Young-Bong Bang’, Kyung-Min Lee”

ABSTRACT

This paper presents a linear motor, which generates large thrust with a low operating rate. In industrial fields there is
a need for actuators that work with a low duty cycle but generate large thrusts. An example of such a case is provided by
the actuators for ejector mechanisms in electric injection molding machines. The ordinary LSM (linear synchronous
motor) is unsuitable for this large-thrust and low-operating-rate usage, because of its large size and high cost. This paper
contains experimental results on linear motors that can generate large thrusts for a short time, and which can be cheaply
produced. The described linear motor could be contained space of 250mm x 250mm x 250 mm and generate a maximum

thrust of about 20000 N at a current of 250 A.

Key Words : Linear motor(2} 1 ©) 2 E), Large thrust(Z F2), Voice coil motor(}.©] =3 Y 2 E]), Ejector(¢] & E),

Injection molding machine(AF& 43 8 71)
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Fig. 2 Cross-sectional view of motor 1
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Table 1 Specifications of motor 1

Item Specification
Yoke 0.45 % carbon steel (345C)
material
Material of
moving part | Al12014
frame

Conductor diameter: 0.7 mm, 152
Coil turns for armature and 250 turns for

field, net resistance: 3 Q
Material of
experimental | Al2014
setup frame
Load cell for
thrust CAS SB-200L
measurement

___Spacer for setting
armature positon
Supporting ~— Motor 1
T structure of T\ /
toad cell \ —

== /

|l . iur -

FT
-

pe—

' Frame ——Load cell

Fig. 3 Experimental setup of motor 1 for thrust
measurement
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(b) Pulling thrust

Fig. 4 Thrust of motor | according to armature position
(current = 100A)

(a) When the armature current and the field current are

the same direction

N

/

T

(b) When the armature current and the field current are
the opposite direction

Fig. 5 Magnetic flux in motor 1 at a current of 100 A
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Table 2 Required specifications of linear motor for

ejector mechanism
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Item

Specification

Size

Below 250mmx250mmx250 mm

including linear guide

Maximum thrust

Over 15000 N

Stroke

100 mm

Applied electric
power

Below DC 300V, 360 A
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Linear bearing

.

Armature

t = - \ supports
1 ole shoe
L endplate bin field flux
(a) Force motor type
Armatre  Filed winding
supply End plate
]} and pole shoe
TNET R Armature
winding
. Cylindrical
Insulating outer shell

spacer
(b) Brush type
Fig. 7 Two-pole type heteropolar DC linear motor 6.7

Table 3 Operating conditions of the linear motor shown

in Fig. 7(b)
Item Specification
Applied voltage DCe6V
Total length excluding
armature 120 mm
External diameter 86 mm
Mass excluding armature 1.8 kg
Thrust at 40% duty cycle 14 N at 0 m/sec




Fig. 8 Cross-sectional view of motor 2

O[Wb]
Air gap permeance
line

T —— -

Electromotive Electromotive force U=NI [AT]
force drop in  drop in air gap
yoke

(a) In case of ordinary electromagnetic motor

@ [Wb]

Air gap
permeance line

P\ (AT

Electromotive Electromotive force
force drop in drop in air gap
yoke

(b) In case of large thrust motor with large
magnetomotive motor

Fig. 9 Influence of air gap on magnetic flux
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Fig. 10 Magnetic flux in motor 2 under 100A current
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Table 4 Specifications of motor 2
Item Specification
Yoke material 0.45 % carbon steel (S45C)
Conductor diameter: 0.7 mm,
Coil 208 turns for armature and

304 turns for field, net
resistance: 3 Q

Material of
experimental setup Al2014
frame

Load cell for thrust CAS SB-200L

measurement
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(c) Thrust according to armature position (current =
100A)

Fig. 11 Thrust of motor 2
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(c) Assembled motor 3 (d) Assembled experimental
with output bars setup (Motor 3 was
installed in the frame)

Fig. 13 Experimental setup of motor 3 for thrust
measurement

Table 5 Specifications of motor 3

[tem Specification

Yoke material S$S5400 (structural rolled stgel, yield
strength is 400-510 N/mm°)
Conductor diameter: 2.6 mm, 203

Coil turns for armature and 344 turns
for field, net resistance: 0.98 Q

Material of

experimental Al 2014

setup frame

Load cell for

thrust CAS SBA-5

measurement

170

25000
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15000 }
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0 : :

0 20 40 60
Armature position (mm)

Thrust (N)

80

(a) Thrust vs. current (armature is located at the center of
stroke)
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(b) Thrust according to armature position (current=250 A)

Fig. 14 Thrust of motor 3
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