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(Design and Control of Solenoid for Pressure Valve for Electric Pressure Cooker)
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Abstract

In this paper, design by magnetic analysis software and proportional control of solenoid for pressure
valve for electric pressure cooker is described. The validation of design was proved by 3D finite
element analysis results. Also the efficiency of an air ventilation mechanism was considered when
pressure was happened by fluid analysis results. The linear proportional control system by AVR was
manufactured and its validation was proved by pressure control of solenoid.

Key Words : Fluid analysis, Linear proportional control, Pressure valve, Ventilation mechanism,
3D Finite Element Analysis
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Table 1. Materials of components

T = e I
Steem_Base S45C
Magnet N38SH NdFeB
Mover Copper Coil
Core Base S45C
Press - Non-Magnetic
Material

step '

(a) =7|1¢=x|
(a) Initial position

2ot
f—
-
smtesin
Lot
amsoion

Lunnnnaﬂﬂﬂ l § o
e fy e -

5.00000e-001

400000001

2000000001

300006000

et FluDereity (1 A
WO 200035800 158 0.5 8117
e 475737605 168 10.5 200

2 2(mm) ol=
(b) 2(mm]) displacement of coil

a2 7. ABeUs 2F (Vector)
Fig. 7. Flux density distribution (vector)

vt Aoj B AJAE] 33k AR XS
’“‘Bﬂﬁ}c’ﬂﬂ} NAEE 95 P22 FTAE )
zslo] 21:0] Core Base2] 4ol M52 &

ol
MJ_

= AAENY 17 62 vlEdHAlolEne] o]
™ 3ol 17k AF7F 250mAl, 2] o5
2= 2lmmlolth. ZY-2 (0.12X650 Turnsel™, Zt
}_?1__

Fo Ade &

O

1.40

e
N
S

e
o
8

-
@
8

Thrush [N]

e
@
3

0.40

0.0 0.5 1.0 15 2.0

Displacement [mm]

Ol 8. B0 mE L =
Fig. 8. Thrust according to displacement

14

B
°

2
@

Thrust [N]

e
o

°
i<

2
9

0.0

0 50 100 150 200 250

Current [mA]
a8 9. R0 mE L =8
Fig. 9. Thrust according to current

a8 10.

oIF AIEVIE 0|8
Fig. 10. Thrust experiment by tensile force tester

3..* FEAIE

Journal of KIIEE, Vol.26, No. 7, July 2012



K
e
o
Ho
IR
ol
o
o
fr
?
o
offt
>
(&
Ho
2
=
i

H9] 0.5[mm] A3 ell A 14[N]<
s 1[mmlE HlojubaA HE
5448 welth 17 9% AfFe] u}
A5re] A7)l ml#Hste] Fo] Al
54& vehdith 19 103 2] <
ato] Zidel mlH G AU o] 3
13} o] 32kl A e

gk o] =AY 2yt

£ o
jﬁu\'_%yrjulﬁo
031}“;_1&_&

o o m

r“‘mré

)

Xy
o

@ [o
T

Hogo 5
N
o
o, i N,
R I
° e
o
i)
—

Ar oy % o off i N KU o

Calculated

10

0.8 Measured

0.6

04
02 /
0.0

0 50 100 150 200 250

Thrust [N]

Current [mA]

a2 11, dR0 U2 FHEM Hw
Fig. 11. Thrust comparison according to current

3.2 {TUA

wlefl el Aol b o] Steem Basee] P50 qH
o qtelo] AZE wl Qo] Z71F WiFal=A] Bl
s17] glate] malgieilol RIS 3349) HEaAS
el e mege 17 193} 2ol A4
3D 21319l CATIA V5% o] 83jo] mula) 315

on] 7t REaw wdy sho] o e Sk oA
CFD #1412 5 Cycle® Aasto] Al2gle] ebgs)
AN, 17 138 FENN Anz Qe ¢
go o8] F7e e Ldbarl® 3717 9%

3 % o

it rlo

o

ot
o
e
r
¥,

zm - A7) AnE 3] =24 A2 A7E, 2012 749

oY,
=
ol
—o
ol
1o,

O3 12, Higuo{eHe| 3Xia TREl
Fig. 12. 3D modeling of linear pressure control
valve

J8 13. 7SollA Zaf
Fig. 13. Fluid analysis result

4. OX|& Moo 7o

el A o] §5 g Ay g
Aoi71E AASAT AGuleas 4 Aol
dal Feol AFHel 4L AT Jom W
Bol AFE Aofshs Yoz UAY A7
FARGom, e AF A WkE nels
o A7tel vhol7 om Fdo] FsEES 1A

Az &5 4

0

| s

\( 2
oSpl | oEMA

Hopl | dgst

U2 LY 221 7=(BMDO70, BOSCH)

a8l 14. CIXERI07] +=
Fig. 14. Configuration of digital controller



1
pas 3]
sBEER| | BERE i o— T—
o0 BFRRF | FRE = ; T
R c i xR i
iy T 7 iy
0K 12
H e
o = —
kT2 contonp
l ) B B
PR O vegon
= 103
N Bc2
vos ma HES
PE (uosypes PAY(ADCS PR o4
Pr7 PG
= i

vee

OSCILATOR
A

(a) OIO|AR FEE
(a) Circuit of micro-controller part

vec)

AD1

DIODE SCHOTTK!

(b) £ MFF 32E

(b) Circuit of output current part

Ve

1
X0k N2
1 C4 2 i "

2K 10 3
T HB w

c
o BMDOT0

ADO

AR

(c) LHHM HEE FEX
(c) Circuit of pressure sensor measurement

a8l 15. CIXERI07] 32
Fig. 15. Circuit of digital controller

D

g Aoj7)5 A3t Al AT 19 14

rir

EEERE
719l FaE epl Aoz ihee e vt g
A

H
A &
sto] AlFstal AlSHE olg 21 A5 el
£ AVRIZBo| 2= #7}o] mpo]f & o] &-35fo]
olE] A5 ¥ WF tAd PIAlo 7] & &35te] Bl
Aoy Y io] e s sE=
Alojste] APne Aol WH o] x| 9 FHE&
gt 4= 2l+= Closed-Loop ¢ Alo]7]E 3
Ak 19 165 7IdE gRgEAe 7] 3=
etk 139 162 e Alo] 7] R v ag

S AA HAeEa e 8 ks §

H
of MBI THS MlFI glon],
e}

Iy ®

S STt R )

e S 0.7[BarlE Alofst7] 913k On/Off F

of W ¥} nggE Al Ho R A3t

St bl Ul kS ASs] s <l F
ANE By BAsle] oAz AgTE E3)
Aol AHUEE IIstAnt 19 172 Ao W
Holl W2 Ao H=E Hug Ais HoFal 9]
th 2 17 (a)E 7]1F On/Off Ao S o]
|3 499 gHA AE HolFa glon
ol ==} 0.1[Barl, #2433k 0.05[Bar] 4%
olgl o} 1% 17 (b)E 7= vl glqtE Aol 7| <f

nH XSS

a8l 16. A0 A A
Fig. 16. Experimental set for pressure control

Journal of KIIEE, Vol. 26, No. 7, July 2012



2™ [Barl
us

Elﬂl‘_“xl- +0.1 Bar &4 H 3} : +0,05 Bar

:M;ﬁ.?; VA .ﬁ,' /\Y;u ARTA

0 18 300 300 460 500 6 700 800 900 1000
ZHE A2 ]

(a> 7|7< uuuo| Eix|01 OH/O OLEU tII-tH)
(a) Pressure control of existing valve(On/Off pressure control method)

= [Dar]
(L]

| O M3} : +0.085 Bar 2@} £0.03 Bar

AT ot

a3

0 M0 40 60 0 1000 1203 LM 1600 1800
b A )

(b) 7=l e 9 Hof7]<f Q=tx|of(H[2 2R of )
(b) Pressure control of developed valve(Linear pressure control method)

38 17. 2L{F0f WA 2 HOIEE Hlm

Fig. 17. Pressure control comparison according to
pressure control method

B =R A= 2784 T2 1S o] Lsfe] 9F
WH g Feliol =8 AT a4
9 °-«mg_ A4 Ashe Fatel A7)
S A meoA e
> 3% %ﬂfsM Aste gake vl ¢
o] 154[bar]2 &7]7} 9483 58S & 4 9
AT HE3E 7]1E2] On-Off Aozl vlal) A7} nlo]
7121 AVRS ©]83 A3 vldA|o] tA4d A o]7]
Foto] -9 dHAN7F o] A A T3 E
sl 591},

lo o
ol
-
32
5
w
Wi

L)
ox
e

mmm

zv - A7) Adnes =] A26d Al73, 20129 749

oY,
=
ol
—o
ol
1o,

References

(1) I. Boldea and Syed A. Nasar, “Linear Electric Actuators
and Generators”, Carrbridge University Press, 1997.

(2) Sung-Duck Kim, Sang-Lae Lee, “Impedance Analysis of a
Solenoid  Eddy  Current  Coil with  Cylindrical
Two—conductor Rods”, Journal of the Korean Institute of
llluminating and FElectrical Installation Engineers, Vol. 12,
No. 3, P. 89-98, 1993.8.

(3) HaeKyung Lee, YangHo Kim Seuk-Young Hwang,
“Analysis of Serial Piston Actuator on the Dynamic
(Characteristics by FElectromechanical Energy Conversion”,
Journal of the Korean Institute of llluminating and Electrical
Installation Engineers, Vol. 18, No. 2, p.110-114, 2004.3.

(4) S S. Jeong and S. M. Jang, “Armature reaction effect
and inductance of moving coil linear oscillatory actuator
with unbalanced magnetic circuit”, IEEE trans. Magn., Vol.
37, Issue 4, Part 1, July. 2001.

(56) S. M. Jang, “Static Characteristics of a Moving-Coil-Type
Linear Motor in Consideration of Interaction between PM
and Armature Field” KIEE International Transactions on
Electrical Machinery and Energy Conversion System, vol.
48B, no. 1, pp19~29, 1999. 1.

6) G. H. Kang, J. P. Hong, G. T. Kim, and D. H. Kim, “An
Approach Toward Improving Performance of Moving Coil
Type Linear Oscillatory Actuator Considering Asymmetric
Magnetic Circuit”, Industry Applications Conference, Vol.
1, 8-12 Oct. 2000.

(7) E. A. Mendrela, 7. ). Pudlowski, “Transients and dynamics
in a linear reluctance self-oscillating motor”, IEEE Trans.
Energy Conversion, Vol. 7, No 1, March. 1992.

(8) A. Canova, M. Ottella, D. Rodger “A coupled field—circuit
approach to 3D HFEM analysis of electro-mechanical
devices”, Electrical Machines and Drives, 1999. Ninth
International Conference on pp.71-75.

O MR

a3 (eXE)

1972 9¥ 2744, 20019 &FFdishal
et Arigetat 4 (AAh. 20079
& gt AARATIA o ASE s £
(4FA). 2001 ~2005 A AF b A4
AdATel 2006~2011d AAFFAT
HAEAMAdaATAE A 201149
~dA =gt A7)Ae e e

ESTAS

2BU (BR—)

19699 9¢ 6dA. 1997 s
st EA(AAh. 2001 5 diskdd
Z (AL, 20029 ~& A FAYE

A7) gt} Hag



