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o] R AN $2HEE A8 YAAAH Y2 I(PSICS, Protomodel Space Infrared
Cryogenic System)9] 4A& 3 +qY 434 R S4A B8 =98} o] YA 2D 2
e AE 94 AL A4 3 TdAY dA4A 2 AL A udFE AT ALY
oln], HHAEE AAdA #&%E& B3 =yt Y45E 25+ 80Kl 1, 80KA 500mW
o Y25 dag 2 AHE P57 107 P4 A28k AU dEoke] vk &L 4
3 YANADY] A, BA 59 Z 4AG R0 3] QR A@sn, 4R B
AHd A Fxol ohet 42 ~ 149mW IS Sk T P ukas F 9 2ERE X 0.12K o3t
o pde 2522 GAE ¢ S-S EUrh ol F F3 80KANA 500mWe] YE7]E o83}
o 2835 BN E & A2 FARA.

ABSTRACT

A Protomodel Space Infrared Cryogenic System (PSICS) cooled by a stirling cry-
ocooler has been designed. The PSICS has an IR sensor inside the cold box which
is cooled by a stirling cryocooler with refrigeration capacity of 500mW at 80K in a
vacuum vessel. It is important to minimize the heat load so that the background
thermal noise can be reduced. In order to design the cryogenic system with low heat
load and to reduce the remained heat load, we have performed numerical analyses.
In this paper, we present the design factors and the results obtained by the thermal
analysis of the PSICS.

Keywords: PACS 07.20.Mc low-temperature equipment, PACS 07.87.+v space research instru
ment, PACS 95.55.Fw infrared telescope
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IRAS (The Infrared Astronomical Satellite) Jan. 26 1983 NASA, NiVR, SERC
COBE (The Cosmic Background Explorer) Nov. 18 1989 NASA
IRTS (The Infrared Telescope in Space) Mar. 18 1995 ISAS
ISO (The Infrared Space Observatory) Nov. 17 1995 ESA
MSX (The Midcourse Space Experiment) Apr. 24 1996 NRL, JHU/APL, IPAC
SWAS (The Submillimeter Wave Astronomy Satellite) Dec. 5 1998 CFA, NASA
WIRE (The Wide Field Infrared Explorer) Mar. 4 1999 IPAC, NASA/JPL
ODIN (a Swedish Small Satellite Project Feb. 20 2001 SNSB, CSA, TEKES, CNES

for Astronomical and Atmospheric Research)
MAP (Microwave Anisotropy Probe) Jun. 30 2001 NASA/GSFC
Spitzer Space Telescope Aug. 25 2003 NASA/JPL
ASTRO-F 2005 ~ ISAS
Planck (COBRAS/SAMBA) ~ 2007 ESA
Herschel ~ 2007 ESA
James Webb Space Telescope ~ 2010 NASA/GSFC
SPICA 2010 ~ ISAS
Darwin 2015 ~ ESA
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(a) PSICS @H % (b) PSICS AR

1% 1. PSICS #+&.

2 457t golA Hla A A2 AA, @471 2719 E, 47k, LR 52 #F o F
"k

B2 ARALEAT LN B AEAT LT 3522 M o3 193 3G A" A
whg BEx g sto] AP R PSICS(Protomodel Space Infrared Cryogenic system)& A 783l c}.
AL 25 T4 YAAN2HolE JALF =+ A I 49 22 Yol E A= TG 71A
Al BE 7|8 o] &5+ WY (Narasaki & Tsunematsu 2000) ©] gloi}, 329 Y57 7lefdz B
A7 Hol g4 5719 A7 A A A (Marquardt 2002) = o) & AAE A3, AR Fuje] F-+ 3
o] AnA|Zte] o3 FEo] FAFE GFE Y] A B dFoMEe 263 35VI(HAA F
2003) & ©]-43t 80K o] 87t A H = WA A" AEE Ex2 AASAT o] =EolMe A
AR PAg st A dEAE AT AA%S L7453, 4R A dAE =93

2. PSICS =X

AR 9= 7 FAANAH(PSICS)S] BHEEE 1 1ac], Y57 F2AL PSICS A&
1% 1bol vhebu Utk PSICSE A A MM(IR sensor) 9 el (Filter) & WY 2517] Yt 424, &
22 A% FeAe) 2R E02 A U £ Yok YAAE FAUAA FHADL P2t (cold
box)9} WE712 FAH T, FZhaE Y5719 ¥ 4E D cold finger)o H3= o YAt 1
ks ol A9l A9} A E 25.4mm, FHH Y 3.8 ~ 4.8um] Alto]o] A AQI HE]7} B3
o] WA oM MM HA $2 59 80KE YZH} AH 22 3 FeAE AR
£7] 4%l F4 5mm A F 25.4mm(FEA]F 18.4mm)2] CaF; A A9 Fo| RAHT I A A
F87) 9o RAE @= Zri(Lens holder)d] 3 T 7.6mm, A F 40mm(FEAE 32mm)2
A vHg (Gemanium) A 2) W7 A2 (Optical lens)7k LAAT. AFL7] dRce HAQ AA
9 AZ9 2=RYEHE §3 JF8 E9 8 (Electrical feed through)7} 27} REso] 93, A3
718 918 T E(Vacuum pot)7} B &= o] g} & 20] YA A" T4 S AesAct
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£ 2. PSICS 2484,

T84 AL ¥

A= AR : Avkw
AE : 40mm (FEAE : 32mm)
F4 : 7.6mm
53 : u12Zy vjzd

3 A3 : CaFa
g : 25.4mm(FEAE : 18.4mm)
4 : 5mm
39 : 0.19 ~ 7.2um

¥ AR : Apstole]
AE : 25.4mm(FEAF : 20.32mm)
F4 : 1.02mm
E7d9: 3.8~ 4.8um

)M wj¥darl . 320 x 256
A7} :12.2 X 9.8mm
kd Y359 : 0.5W @ 80K

3. QHE A

PSICS®] ¥4t 4L AN AXe D7t A= o] Y+t A2z, YZhdtao e G735
ZxE EAEAY, IRAA ASAe AEEIY © F29(Joule heating), F A A2l zpA2
do] Art o] F IRAA AAY BEL HA Zf9 EAH2z2 2 g3 30mWelrh Z8eg
PSICS2| &&3 Y2 Al BEA} ASHE 5T 430FS FoF it} BAQAYL &
o7l A P er T2 ASHE L, 5D AA(MLI, Multi-Layer Insulation) & A3+ 4
Hol Ark BAEIYS ASLEAE A5 F-A A0S - 2P ESY] 93
2717 Ao o3l ne st Aesgch AsAde dAYFS 78 83%, Bt 13%, U 4% F
450l Q& FUAAY AFE o] &3t At
3.1 SAMEAE

Yutao] AZGIAAE 3R GRS 499 ALV 2RE YAaao] A= BAE

AYFL 4 (1) 2ok
o (T -T})

(1)

QRadiation = T P ——
Aje; A;Fi Aje;

o] 714 o+ Stefan-Boltzmann 4+4(5.67 x 1073W/m? — K%), T 2%, A= 9Wld, ex= 9A}
& (emissivity), Fi,; = B e Al (view factor) 28] 1 ol A} i} j= 2t YRR Ao Res
QA 42(300K) ¥t as] 259 A2(80K)S vtebdch. ddA S PAES F4, 2%, A
mel A2 BAQAYFE 737 A= el A (Siegel & Howell 2002)E F3ojof 3t
th BAME JYF A& AolA FAES F4e% 2 A 3l dis At AANdeR
A YA A4 AFE3 Mg 2347 0.11, Window 0.96, cold box 0.06(2 AE A 2353
=R, dBALFTHS 1993)0lct. 2 A} P Aatao] RS PHAAHE AFHA GUS A9 BTG
UAZ AgsE BAG Y AFS 116.5mWe R 425 1, o] AL Ho) BALE W ko) g3t
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BAISAAY (mW)
-

0 5 10 15 20 25 30
Hacene 18 ¢
3% 2. A3UAAY A340) BE BAAAYT B

E 3. 7143 4(Manganin Wire) A= &3 A .

A (¢ 0.127Tmm) B (¢4 0.203mm) C (¢ 0.254mm)

Thermal conductivity (W/m-K) 13 at 80K, 16 at 150K, 22 at 300K
Resistance (Ohm/m) 36.5 at 77K 14.3 at 77K 9.13 at 77K
38.8 at 298K 15.1 at 298K 9.69 at 298K

dztao]l A20AAE AFHAe 399 B4 GUYFL 4 (92 AVEHIEY S
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A5 § 2005), A2 U5 (Shibanuma et al. 1991) Sof whe}l o4 @13 £ g} a2z
AAANE AR 5] AAHLASE ALt AZALEAE 303 A3A, BALALZL
8.5mWOo g &3t o] AL EAlof o5 AEHE H42FAAFelgn & 5 Aok
32 IR MM MBS M| Pest
IR WA ArjAdgAde] gRees 42228 IAde A=FAIUH A7 P AF{F7H
32+ A g3 st F2Fo] Atk A=FIYL 4 )L B ALHY, ALt AHEE AF
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300
Qconduction = i;l- /8 Kk dT 3)
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F 3o B A7 Fo] GAEEL LEFTIRE A= AYASANE A (9

k = 9.4156 + 0.0458T — 1.3 x 107°T? (4)
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78 EERE u] 31
B} 9mW H3ddA 305 AFA
(116mW) (33294 nF3A)
IRAA AZH A= 3mW 117 A%
IRAAN AZH F& <107 ZmW 1170 A&
IRAA oY 30mW
AL 42mW HEddA 303 F3A

(149mW) (B34 o3 23A)

22 244 o2 #ddte] FEAT A, B, Coll ti g Zrzte] AFE A5 dojof iz 27 30 Y
BRIgich O/ 39 2 A2 AZAE AH83lE AFol Fa Poj7t A Pl A=FdILL
Fadte Ae € 5 Utk & AACdME 349 AT Fo AE A8 Do) 0.2me] Az S
ARt AZAH 14T A=ER Y-S 0.245mW ©]3t2 A3t A7z M) F2HL 4 (5=
Addc A7143H9) £22EL AZH AT 107°mW FER Fou2 AR dR3Ee 4TS
)2 g Axolnz FAY 5 Aot

QJoule hesting = IZR (5)

3.3 PSICSe| ¥ &5t

&€ PSICSY] R3S X 40 At AAIR = AZAIAE 35 F%S 3
2ol 149mWE, MLIE 303 3334€ 9o+ 2mW= A4&H 30t o) A3 Ygutsae) 3§
ZHIAE AE3NRA G BAGAYFE SAT A E AU 46mW vf¢ FAHSE BAE Ao
80Kl A 500mW Yz Y57]E AHE3te] $83 Y4ER 254 80KE Y4 E = e
GRS S FASFATHFH Y F 2005).
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H AN Z5 5o ZAALE(30mW)ll 2] 3 YZhitae] 2 FFAE Lot 7] B 93 2
Y 6acll AN AN AF Fo] 2ERE 9 6bo] ABCD RN AFIALE EGATE
e ek B IR (2™ 6bol A A7k 02] 2E)IAN FAAAAN AR LD 30mW Fdo] o
3 YZEts 2= A 0.01K 458t F40% Fole ¥57] FALAAM 743 A ARAD A
M= 0.12K o] 3te] YT e=FER YAFHE= AL ol Ytk o & T3 HAAM AME FAF
Bt AAAA L) Tdof o8] s 25 = A 0.01K A5 TE ¢ 4 gon, AN A9
Wdo] Y] 2x}se] 2 4FE WA = AL &+ Yok

ot o Hr
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AAH FHEE G2 AFRAE A AAANSS AR 3 =93t
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#E Aol 149mW, AFGLAAE AFAS o= 2mWE 4EH ] 500mW 28 F Y5
712 80K ¥ 7o} 7153 4R S Ak gt acdMe) 2xREE A AN FAF A
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