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ABSTRACT

An electromagnetic linear actuator is controlled precisely and securely and is useful in devices that require
linear motion. The most commonly used method in the performance verification process for an electromagnetic
actuator is finite element analysis that utilizes CAE. However, finite element analysis has the disadvantage that
modeling and analysis consume a lot of time. Accordingly, lumped parameter analysis can be an alternative
approach to the finite element method because of its computation iteration capability with fair accuracy. In this
paper, the lumped parameter model and simulation results are presented. In addition, the results of the lumped
parameter analysis are compared with those obtained from finite element analysis for verification.
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Fig. 1 Schematic diagram of electromagnetic linear
actuator
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Fig. 2 Principle of operation (a) at the upper position
(b) at lower position
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Fig. 3 Lumped parameter model of
electromagnetic linear actuator
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Fig. 4 Magnetic circuit for lumped parameter analysis

Table 1 Design parameter for lumped parameter
analysis

Parameter value [mm]
H Height of device 15
L Width of device 15
hy Height of upper stator | 2.5
hy Height of amateur 2.5
hg Height of coil 7.5

d, Width of side teeth 1.5
d, Width of center teeth | 4

ds Width of coil 4
t Thickness of device 5
2 ApolE dA7] Az eyl FdlolE 7t

A
el S o] g3t Anto=m ol o
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Fig. 5 Lumped parameter half model for analysis

Table 2 Reluctance of lumped parameter analysis

Parameter Value [A/Wb]
R, | Reluctance of upper steel 2.78<10°
R, | Reluctance of amateur 0.9810°
R, Total reluctance of yoke 3.76 < 10°
R, | Reluctance of left air gap 2.6510°
R, | Reluctance of right air gap | 1.98x10°
R, Total reluctance of air gap | 4.63x10°
R= L (1)
1A
239 dYEAE 4 Q@R Ed T 5 9
=3
lsl +l92 +l93
_ b s 5t 5
R, AL (2
ls4 + lsS +lsﬁ
Y ©
Rs = Rsl +R52 (4)
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Fig. 6 The electromagnetic 2-D simulation model
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Table 3 Design parameter of electromagnetic linear
actuator

Parameter value [mm]
Height of stator 2.5

Height of coil 7.5

Width of coil 4

Width of teeth 4

Air-gap 2.5

Height of amateur 2.5

Width of amateur 15

Table 4 Properties of electromagnetic linear actuator

Name Properties

Stator S10C

Amateur

Coil Copper Number of turns | 467
PP Resistance((?2) 3.08
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Fig. 7 B-H curve of S10C compared with a linear curve

Table 5 Force Comparison of lumped parameter

analysis
section

and finite element analysis

at linear

result of finite element

analysis[N]

result of lumped

parameter analysis[N]

2.86

2.62
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Table 6 Force comparison of lumped parameter
analysis at linear curve and finite element analysis
at non-linear section

result of finite element

analysis[N]
2.59 2.62

result of lumped

parameter analysis[N]

B[tesla]

. 28624000 |
.1231e+000
9600e+000

. 7970e+000

.6339¢+000 [N
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Fig 8 B field of linear analysis
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Fig. 9 B field of non-linear analysis

WHE W OO RN

Fig 72 A& F7tollA 9] S10Ce] FA-&S o] &
A 3B ﬁur,] B field®] 1, Fig 8- HIX1 ¥
T A o] BEAES o] &34 sz A#el B
fieldo]t}. o]k o] e HRE AJlsHigt=
AystE FAYe] A dubzoz FFoA 2
£959 AFgoew AT o W, ALEUEE
AR T8 89le AR HIFEAEoIT 1Y
B2 Ay bl BASE s 2HEA L &
2l (hysteresis loss), 2}%F(eddy current)e] ZAJo 2
A Y& W7o AE FUAE AEUE] Fhol
g2 o]y g o) f wEe HNY Tt AL
S o] &3 d|MA ALo] T EIHE AL T

Qlgk 4 ik
3. &

HAemAdred 43 Fassiss vlugt
A7 AFelAE 9%, HIAZAAE 1.1%2] &4
7 S & & Uk o] ke e sl
o] At AAEA 549 obdF &I eddy
current)9} 3| ~E| Al &4 (hysteresis loss) S 3L
A M-S FdsAR HAeuAdsEd o
A2 olg g HArA %‘éi a3k Far & A

& FAsY] WEd LAt WASE A & 5
gtk Zel3 PFuANFED AHe Fe Az

of Be A4S FAY F dvks AYE A
ozl

A747] o] 2zl o]l
o) B%e AZT 4 Atk I AP T
AZuAR TR o4

3 7o fEessd Adss wndcd
g 24 e AH=E AL E 2o

TollA =
< FFuAurEd §4e o8t 7
1 A%E fBas o4 A vz 2
saeich AEMARERD AL 9
 Ad Fy vAE FAY Exe W
ol gste] AZFAMFEY 543}
sajde] Astg vwetel thgat e A

AR A7 Yo e

o) Frof o]

() FAzwAes 29 4 A 262N1E &
st om fFeteas|A Ax HF T3 2.86[N],
A S Fr A= 2

=3

2 °lg &
2 oF 9%, HW@‘ ?{ e FEAEE
A oF 1.1%e 2
At

(3) B fieldE® £33 Ay T3 AFES <rls
T I E e ASEEY 27 g vAy
R A8 PR A e A&o] ¥ E3E= 2
AT = AT

REFERENCES

1. Kim, J. H., Lee, J. H., Lee, J. Y, "Analysis and
Design of Hybrid Electromagnetic Linear Actuator
for Linear Pump", Journal of the Korean
Magnetics Society, Vol. 20, No. 3, pp. 28-33,
2010

— 23—



A7) eYel FoelE el HFuANS ww

ol
=

&4

D =7 AZFE S A, 21154,

A53%

. Yoon, S. M., Kim, J. H., Park, S. M., “2D
Equivalent Finite Element Model of Quadratic
Linear Electromagnetic Actuator”, The Korean
Society of Mechanical Engineers, pp.798-802,
2011

. Kim, J. H, Lee, J. H, Kim, J. H., Jeong, S. H.
and Han, B. W., “Lumped Parameter Modeling
and Analysis of Electromagnetic Vibration Exciter
for Vibrating Rapper of electrostatic Precipitator”,
J. of KOMAG, Vol. 21, No. 3, pp. 61-66, 2011

. Sung, B. J, “A Design of High-Speed Linear
Actuator for Valve”, The Korea Fluid Power
Systems Society, Vol. 1, No. 8, pp. 1-9, 2011

. Hyun, D. G., Shin, A. K. and Park, S. W,
“Theoretical Study on Magnetic Force of
Electromagnet for Physics Education”, Journal of
KOSSS, Vol. 9, No. 1, pp.50-59, 2015

. Lee, H. R, Ahn, J. H., Shin, J. O and Kim, H.
Y., “Design of a Cylinder Valve Solenoid for a
CNG Vehicle using Electromagnetic  Field
Analysis”, Journal of the Korean Society of
Manufacturing Process Engineers, Vol.15 No.2,
pp.89~96, ISSN 2288-0771(Online), 2016. 4

. Jang, J. H., Kim, J. H., “Optimal Design for
Improved Rotation Latch System Performance”,
Journal of the Korean Society of Manufacturing
Process Engineers, Vol.14 No.5, pp.102~106,
ISSN 2288-0771(Online), 2015.10

Robert M., Del Vecchio.,, Rajendra Ahuja,,
“Analytic Nonlinear Correction to the Impedance
Boundary Condition”, IEEE Trans. Magn., Vol.
49, No. 12, pp.5687-5691, 2013

. Ynu, S. N., Park, J. H, Han, S. M., Kwon, S.
W., “Experimental Analysis of Solenoid Actuator
for  Electro-hydraulic ~ Proportional  Pressure
Control”, Journal of the Korea Society For
Power System Engineering.,, Vol. 2009, No. 6,
pp.154-159, 2009.

— 24 —





