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Characteristic Analysis of LPM for Proportional Control Valve

Kim, Sung-Heon®, Lee. Eun-Woong*.
Chonan technical college®,

Abstract - Because of linear operation by
direct drive and compact system, and the free
accumulation of position error, LPM is suitable
for proportional control valves actuator. In this
study, to develop electromagnetic proportional
valves actuator we designed tooth shape of
double sides LPM and suggested the driving
principle based upon the excitation method.
It’s the magnetic structure is so complex by
the cubic effect configuration that finite
element analysis is required. By the 3D finite
element analysis, we got the magnetic
distribution of LPM and analyzed static thrust
force characteristics. By this analyzation, we
obtained basic data required for the practical
use of driving system for the proportional
control valves. Thus, considering electrical and
mechanical constants we could design and
manufacture double sides LPM for the
proportional control valves.
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Fig. 1 Structure of Double sides LPM
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Fig. 2 Photograph of Prototype LPM
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Table 1. Spec. of Double-side LPM Model

No. of Tooth 10(ea/pole] -
Tooth Pitch 1.60 {mn) 1.60 (mm)
Tooth Width 0.64 (nmn) 0.64 (mn)
Slot Width 0.96 (mm) 0.96 (mn)
Thickness of Core | 44.5X2(mn) 93.00 (mm)
Thickness of PM 4 {mn)

SH—m O

MODE 1. MODE 2 MODE 3; MODE 4° MODE 1

> o—0

c —C
H

2% 3. vl Fe 2744R
Fig. 3 Bipolar 2 phases excitation
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Fig. 4 Operating principle of LPM(2 phase excitation)
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Fig. 5 Excitation sequence of LPM(2 phase excitation)
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(a) Analysis model (b) Initial mesh
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Fig. 6 Finite element model

3.2 HE2 AN

Ad SNl ool AR Ao HPRE AHUE
(BAWIE 23] tatel 7aha, AL AAZzUe
2 A¥E NS AT ASEE Dol o2
we Had gy o@ FART ALY F Ao
QAN # 29 AR A1 A,

F,‘ = Fx, L-n (1)
,': l”']&a—‘] 9] 59§

A7IA, F AR ¥z 7 1oty 39
L:34 Az % 29l A4

A LPM A A4 ‘3*3 }—‘E —r@i Fe @)=

erd # 9o,

Fr= iZ-—J.Fi_ i ZE—AF/ {2)
Fooids 28 5 39

714,

F;: jA 48 3 39
oebA LPMe 24 ztd) o3 A3y Fo JE
2 A(3)3} 7o,
F, = — —W_zr—”mm sin w—x (N) (3)

ri ANA, NI: 7148, 40, el @ ASE

3d 72 #g82dM HA sbEatel Wddd oE
FEE ZHE geld Ao Y540 JEAUA X
& veta gl

J

[

Nlate b o Fuoe [R]
i
T

Cispigcemart fnrl

EER A EUIET
Fig. 7. Static thrust force curve
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Fig. 8. 3D Finite Element Analysis
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