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ABSTRACT

Solenoid valves for space launch vehicles require the strict limitations on the size,
weight and current consumption comparing to industrial solenoid valves. The preliminary
design of a cryogenic and high pressure solenoid valve for propellant tank pressurization
which can ensure the operation of solenoid valve under such strict limitation conditions
was preformed. The Copper and Constantan materials in coil design have used to prevent
the excessive rise of the current at cryogenic state. The measured current of solenoid valve
at cryogenic temperature satisfies a design requirement.

= =
-1 —

AL o] A& 5= SHlzol= BB B FAE ’;Eﬂl-‘—o]E Buo vs) 4% A
T O3 R, A7 AR 2AE 78 oY E AY 21 S, Sdlisol= WH
o HES HAH) AT FAADL AAClE Ealol= WH AAZ FASATY. T
AL FHA SdlisolE AR e WA A8 TEo 228E ARE AHEE A
2% FH9 2L 2AS Ao, AAFES o83 ANFEHR SAHE ARe= A4
TAS WS Ao
Key Words : Solenoid Valve(&#=o]= WH) Coil(Z%), Constantan(Z2EE,

Cryogenic(5 #<), Current(% )

.M B A A7t 7hesty] Wiel Asah, 337
9 AFFoR Y A FHLASA AR
&Yool WMHE= AY|H AFE 1x8o7 Ha o
W}ﬂﬂ MR = tﬁ%f& o, 71AIA A S EALA] A A 7FPA 2 E ol A
+EoE HIAA 4E, 74, BF & Aot AL 1St SHleol= WBEE AhskA Ba R
= AAZ, BEHE ol%é‘}% ARG Fx7 e 9 JitAl B3 AFE e FAL 1Y
slal 7hZo] AEstAME AT WYl Hlu FIIAE dudrE S FAA4 BHI2 FF

t Received : July 13, 2015 Revised : October 6, 2015 Accepted : October 12, 2015
** Corresponding author, E-mail : ysko5@cnu.ac.kr



43 4 28 11 %%, 2015, 11.

FAL $4S 1YF FFIAE &Y ols WH A 1029

A4 FFOE olyd WA FIAYA 7}
Al 2=EE 1960 JHEE Saturn ICO) A F-E
Ariane 5 ¥ Space Shuttle®] ©]27] 7}x] Z Y
A ol &= JTH1-3].

Yoon 52[4] £dlizeol= MBS FUHS =¥
2

2 (r

ofl FUIO O
Ml‘r FUIO
A

ox
o 1o
N
J4

9
e 2 10 A
= 2 2

bodn b
Fot (o
O T g d
N WD oft M U o 2L (T bR e X

Mo
offt
L

rE 2
o
2
vl

oo
oo 2
(n

N
-

s

2EZA7} 2 27] e AF A}
H

©
e

b orlo b Ju QB [T o ox 10 >

fpr
o)
b
e
[

fr

J|m

ox

tlo

e

op

o

2

>,

4

b

=
o [T

=

ok,

P

~N

2
007 L 5%

dubx o g Lgol= WH =
Jo| A= AF7F 2 3d Lo 9
U] Ado] Frtsta o|2 <l AF A %
LY ol=9] FYgHo|l TAFAY, A A
Yol FtEFo] &Y olE o=
AEekA s TR Utk gEA &=

s

T 2 ARV S48 FUksth ol o
2k 8 EeeolsE WHgME & FAV F
A A NE wALA e} Zo] wlE A HYS F
FHE AlzdHe A9 wEHE &5t <13
A" BA F7Fe] dQle] "o B Age =
Ao 2Fdtes Eelwols WHO AF AL
FS HAE 7] A AEE SE=ol=E ZY
AAE A A ST

Table 1. Solenoid Valve Requirement

Initial Position N. C
Working Medium He, N2
Working Temperature, K 70 7 323
Working Pressure, MPa 2728
Flow Coefficient, Cv > 0.2
Open/Close Time, s < 025
Voltage, VDC 28 £ 4
Max. Current, A < 3.0 (@70 K)

Max. Mass < 1.4 kg
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Fig. 1. PCTFE seal penetration depth
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Table 2. Coil properties with material[9]

L Temperature
R?;'fmty Coefficient
(1/K)
Copper 1.68x10°® 0.0039
Constantan 4.9x10” 0.000008
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Fig. 2. Coil resistance with temperature
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Fig. 3. Resistance and current variation
with temperature
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Table 3. FEMM Analysis Parameter

Parameter Value
Input Current 0.8 A
Resistance 30 @
Plunger Diameter 26 mm
Stroke 0.65 mm
Non-Magnet Material STS 316
Magnet Housing VIM VAR Iron
Material | Plunger etc. 430FR
Coil Copper ®0.4 mm, 1203 turn
Constantan ®0.32 mm, 11 turn

1.900e+000 : >2.000e+000
1.800e+000 : 1.900e+000
1.700e+000 : 1.800e+000
1.600e+000 : 1.700e+000
1.500e+000 : 1.600e+000
1.400e+000 : 1.500e+000
1.300e+000 : 1.400e+000
1.200e+000 : 1.300e+000
1.100e+000 : 1.200e+000
1.000e+000 : 1.100e+000
9.000e-001 : 1.000e+000
§.000e-001 : 9.000e-001
7.000e-001 : 8.000e-001
6.000e-001 : 7.000e-001
5.000e-001 : 6.000e-001
4.000e-001 : 5.000e-001
3.000e-001 : 4.000e-001
2.000e-001 : 3.000e-001
1.000e-001 : 2.000e-001
<0.000e+000 : 1.000e-001

nsity Plot: |B], Tesla

Non-Magnetic Ring| Magnetic Ring
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Fig. 5. Distribution of magnetic flux line
and density with ring material
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Fig. 9. Solenoid force with current
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Parameter Value
Orifice Diameter 25 mm
Stroke 0.6 ~ 0.65 mm
Plunger Diameter 26 mm
Housing Thickness 3.0 mm
Coi Copper ®0.4 mm, 1203 turn
Constantan ®0.32 mm, 11 turn
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Fig. 10. Solenoid valve resistance and
current with temperature
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