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DB Displacer
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RERFR MR R X ET 2 SPICA

SPICA: the Space Infrared Telescope for Cosmology and Astrophisics

MR EB
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ERY—ARAF “3575“)”(2006)(:%%& =S aNESEIIN))
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FEREE=SY 3> SPICA(1/2)

o EX: ESA’s “Cosmic Vision 2015-2025"

The European SPICA Consortium (P.l.: B. Swinyard,
RAL, UK) submitted a proposal in June 2007.
(D SPICA Telescope Assembly

@ European SPICA Ground Segment

@ SPICA Far-Infrared Instrument System (SAFARI)
Engineering and Management

@ SPICA Mission support

The proposal was selected by ESA in October, 2007,
as one of candidates for M-class future missions.

ESA and the SAFARI consortium are studying at the
assessment phase from Nov. 2007 to August 2009.

H. Suditf@



FEREE=SY 3> SPICA(2/2)

o 7 A )A

The Background-Limited Infrared Submillimeter

Spectrograph (BLISS) onboard SPICA proposed
by NASA/JPL.

%| (KASI, Seoul National University)
Collaboration on MIR Instrument

H. Sudith
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SPICAZ W 3V &4 IS X T L(CRYO)

IR Telescope
(Secondary mirror)

- - LEGHEH (DEIMAR)
M ErEALTF (RS
| %6 KELR 2/ 4]

SR (ERD L DT,
3ELLEDHE EERE
32

 HEMRESAIES

[ | -EoRmmmson

Balffle

Telescope shell —— T [

0 L YAV AP
(20KHR, 4KER, 1KHER)

. S l =
Radiator for cryocoolers o | i 1/"

Bus module "_'____—'_Ai:\

——  Sun shield

Shield #3

Shield #2

* Shield #1
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AKAT—INDERAE

<40mW

AK-JTA B D A8 71 (EOL) |

D STA(SPICA
Telescope

Iy

Nil;or 1
TOEB (Telescope Optical Bench),

g & .

‘ 108 {Instrument Optical Bench)

FPI {(Focal plane instruments)
LT

A Sun Shield
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RERETHRAT SR

Parameter Value

Space background 3 K (fixed)

Upper panel of Service Module (SVM) | 253 K (fixed)

Solar array paddle (back side) 373 K (fixed)
4.5 K stage (STA, I0B, FPI) 4.5 K (fixed)

Solar heat flux density 1376 W/m?
Exhausted heat from cryocoolers 600 W@294 K (W x<K)
Heat dissipation from FPI at 4.5 K <15 mW

Wire harness ®0.1 mm x 1000 wires

4 K-Mechanical cooler (2ST + 4K-JT): 40mW (EOL) x 2 sets

H. Sudité



Ehr 2R BT 4 E1#E1E - Thermal Insulation and

Radiative Cooling System (TIRCS)

ruecpe  RESUltS Of thermal and structural analyses

(Secondary mirror)

/ € Heat flow to the 4.5 K stage: < 25 mW

® Heat dissipation from FPI: < 15 mW
44K mechanical cooler: 40mW(EOL) x 2
SAP » Failure mode analysis

« Cooling-down time analysis

Main truss:
ALFRP (hot) and CFRP (cold) with
low thermal conductivity

Baffle and Shell:

Radiator for cryocoolers o = — - CFRP Wlth hlgh thermal COﬂdUCtIVIty
| Sun shield and shield #1-#3:

——  Sun shield Aluminum

Shield #3 Average temperatures

Shield #2 v'Sun shield: 158 K

Shield #1 — v'Shield #1-#3: 50 K, 75 K, 110 K
v'Telescope shell: < 30 K
v'Baffle: < 14 K

H. Sudit@



e ETOHEHAENTaTI714)L(1/2)

2 sets of 4K-mechanical coolers are used for cooling
down the 4.5 K stage as soon as possible.

300.0

Sun shield

(1) @anjexadwag,

e

/ Shield #3

FPI, Primary mirror,
i Telescope shell
* 4K-JT cooler
— ./
0-0 Il Il Il i i Il

0 50 100 150 200 250 300
Time (day)

(a) Cooling profile in the overall temperature range

H. Sugii@



B E E TOMESENT7AT7AIL(2/2)

168 days by 2 sets of 4K-MC, 284 days by 1set of 4K-MC

30.0

250 r

20.0

150 |

100 |

50 r

0.0

Telescope shell

(b) Cooling profile in the less than 30 K range

H. SudgiQ
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SPICAT E#EDE K

18K heat 18K heat

4.5K heat  SWiteh 4.5K heat ~ SWIh

switch

Optical
Coronagraph Spectrometer
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JTEEDIAVE VAV AT RFICKEN=O IJTHENE (1.7, 4.5K) DE—F R/ YFFTE

D

D

4KJT[28T] [ZST] 4K JT 1KJT{28T] [ZST]

1st 1st 1st 1st

1K JT

rmm——

T 90K T 90K

"2s8T | [ 2ST "238T | [ 2ST
i 2nd 2nd i 2nd 2nd

58 8 8-

18K

Heat Switch
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FE2HR2EERA—1) T A E

AEIEE N EEFEE D A E
2B TARTL—HEZDILK | =

o 7TMmm¢ = 8mmo ; / >
200mW = 325 mW @ 20K Franee

TARTL—H X EFEENDHER i
o IR/ANRIZKDHIEREM —ILIE T e <
BRI DT I RS HTEEIE tor et
o MEBEERNAADBLIZKSHREIE T B 5

2ST BBMZmiESEHCEREIL -5 & D KA EE

200 mW at 16.0 K : 2B B AR TF—
1W at 83.6 K: 1B B ARIRT—

F2HA2ST (EM) O R4 LETHMZ it
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2B MHIRT—URE (K)

2STRF LD T-0H D FF{H&ER (1/2)

B R R (CO, N,)IZkBEBTKELEEEL. SUE L EHERBEDAE
HDIERES L% EE1E,

30 i 1140 28 | 100
28 : m\alfolfsv(; 26 : 1st Stage —p

: 1st Stage —» e ~—~ 1130 f 19
26 | ' ) X u— & : Heat Load

! - = ' (1W,0.2W) ! 90

I X ! -
247 2nd Stage EE 120 2 Y '

I ;.\\ mg : <— 2nd Stage | g5

L | A _—‘/

“ : "| 1110 04— 4N |
207 | I~ wf | : 180

: HeatLoad ¢ |, 0 I~ :
184 owow e 16 % . 1t Stage — | s

1 I
ol 1st Stage 4e . 1wl 48 /L/ﬁ,/""/ﬂ Heat Load

: u% ;M; | (ow,ow) 170
1+ - 12 I 4 2nd Stage

1 |

<4— 2nd Stage 180 ]
12) S 101~ : 65
|
10 ! : - : : ' 70 8 : ' : : : 60
0 1000 2000 3000 4000 5000 6000 0 500 1000 1500 2000 2500 3000 3500 4000
N
CORE (ppmv) N (ppmv)
(@) CO, HRIZ&DEH (b) N, HRIZ&ZER

ARMBEAT —ORE L, FHARCO, . N,REAHZHEHS500, 1000 ppmy
X UTTHNE RELISHENERIET S LA TE S, (REMIEOHES

1BRRHIRT—URE (K)
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2STRF (L DT-0 O FF{H&ER (2/2)

O—I)LEAYR B LV EEEEO BRI MOMEHZDWNTT ORI AR
R—X T NRICEET 5T —2%HE.

P EREBRBSLUVEREOSMILOTANKE—REZANWT. 7O AR B &L
UZDZEILLEDREFITL., TOREFTHTE,

TIOHR#EF=E
FAE—Z HRE (g)
f 5 Bl 2% 1.26
EXEaqIL 1.98
BEHF. Tt 0.25
Total 3.49

| 4 mzﬁ*ﬁ’élﬂﬁfi’C%iTéT%@bZliﬁ%’ﬁlﬁli’tﬁs BREITA )L, EEFFIMDOD
LDONKEBRZLESH. TOHREFIS gIEELETE, (RFEMILDIERE)

& EERZRIBLI-7 M RERX R SBDFFMET T,




2STORE (1/3)

2BRBTARTL—HEROREIL:
/mm = 8mm
A HEIBE IR L FY20IZEMIZ &KUY 5%

HREEE I F E

200mW = 325mW@20K (1W@90K, ACIOW A 1)

(EEEM: 1.6 = S5FLE

BN RAERE (WARE ., PO RER. A—F27)
T IO ARERD DT KAEA . BB, #EH
—>TARE—X[Z&Y, H,O, CO,, CO, CH, 7% & D =% 53 #r 5l
€ Atmospheric pressure ionization mass spectrometric (API-MS) method

€ Gas chromatograph mass spectrometric

-FEEBELORR (FEENHIE: BES)E

(GC-MS) method

-FFan sl ER (e )

s NI, =S /N)




2STOR R (2/3)

BEREH1EB B TARTL—YZFay ¥ﬁ§§§i‘: 1B T4 ATL—Y
AR —)LIZEH- T ERARIZESOTE

1st. Stage
Displacer / Regenerator [ Fiexure Springs |
T Hermetic >
Coil Connector
2nd. Stage | VCM
Displacer / Regenerator II". .
'\ Sering End Plate i Magnet
Displacer Seal
r——-101 I/I 11
2nd. =i =i | il
Expansion Stage 1
Regenerator [
1st. A .
Expansion Stagedl.-"' Permanent \Ca ng
Magnet Active .
Displacer Seal Rod Seal Balancer Flexure Spring Suppo

SbIZ 2BRBTARTL—H DIV TS RE2.5FICHALTHLREFD &
HEAN TGOS EFHERL LYSLMEBMEEREI N gL S,
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2STH R (3/3)

o 2l HSHENRT—:200 mW at 16.0 K(ZEA]
o 1ERBMHEAT—T:1Wat83.6K

o 2BRRB—1) 7 MR DER BN S
¢ ANEN: 90WAC

o EEIH REAE: 0.9 MPa (/37U 1.0 MPa)
o EREIREIREL: 15 Hz

o TMEHEI—ILEANYEDERENEXDAFEE 170" (
J3F)L 180° ).




F21HR2ST EMD A HT4E8E (1/2)

o IRBEEEIIX T HAENTERESTM A ER
B{ERE : -70°C~30 °C
EFHAFH AL : 1.4 MPa(E ;B
EXEIA 1B F1:50W., 90W

i f_ \ I .
2ST Cold head ‘ - _ 7
L
| ‘
N1

Mounting plate "e
i ' | b : “3
-s§ ~ : '
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F21HR2ST EMD A HT4 8E (2/2)

90W power input

200mW@17K at 2nd stage
1W@83.4K at 1st stage
-

()]
S
o
%) .
&

o
Temperature on the cooler mounting plate ,év
—o— 30°C —e— 20°C —*— 0°C 5
—0—-20°C —0—-40°C —&—-70°C 2
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Heat load at 1st stage
O IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIII

60 80 100 120 140 160
1st stage temperature [K]
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1KRJT A B D4 [Ei#E (BBM)

= =
(~0.7 MPa ) Exhaust valve (3) Piston (3) (~0.7 MPa }
Supply pressure Parmanent magnet \\éz Diaphram springs &W?'I pressure

L

b :

10.1 MPa=p>0.7 MPa

st valve (4)

Moving coil ~ Suction valve (3)/ Eitgaft/ oL Sprin

4 Znd. Compressor
i 4
Piston (2)

(~01 MPa )} f

Parmanent magnet  Exhaust valve (2)

- —p
ig 1 1st, Compressor

Suction pressure
(~8KkPa ) (Vacuum pump
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AKIRJIT /5 B (BBM)

AKIRITmER + S B RI2E
A=) 5 E#($8mm)

1905 kPa

SENEE A7
50.1mMW@4.4K
ER/AH AC145.1W

(2ST: 89.2 W, JT: 55.9 W)

R EZE ]

E8EM: 5 FUE (@EEE)
v EBARRE HRER, 7
)~ RER)
v EfEHEOEEE/ LD DIEIR
IRIET CTOREE
v REREL
%ﬂﬂ n:l:mﬁn_t%%

W

SN .
H H (o]

FJH
JT Compre:
sumption 55.9W
Filt <€ J

“He: 8.660 mg/se 1999 kPa

| 2-Stage Stirling Cooler |
Power consumption 89.2W

' Cold HeadﬂF Compressor
298.7 K
Heat Exchanger 1

1st-Stage

90.26 K

2nd-Stage

17.52 K

442K [

50.1 mW

4K Stage

2nd Thermal Shield

JEM/SMILES FH4K-JTD A HBE N D IR IFZ{EEIZEL D) !

Evacuated vessel 35
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866 kPa

H
=

\KIRJTA 24 (BBM) ) ;(
1 K%&JT;%;iﬁ + gBﬁJ\E& E El_jzﬁfxb 7.30kPa [ Piin et 78.9 kPa JTc2
25— A R (o8mm) =

MHEIEEN:

Fiter | L, Power consumption 76.6W
L

16.0mW@1.69K . e
EX A7 AC165.6W oo
(2ST: 89.0 W, JT: 76.6 W)
HERSE! | =

Heat Exchanger 1

(2]

)

.

Cold Head Compressor

1st-Stage
/

107.65K

ZEQZ@—U‘/O“;'%}im (BBM) — |”:’: 9;,( 93.02 K
": B B TR ] [ = Eeat — e
. 11.81 K

11.77 K

11.79K

| Heat Exchanger 3

X  Bypass Valve for
1.66 K Precooling

Orifice— =

- _:Q_._k_n_ 1.69K
1 mw 1K Stage
JTEHE#E (BBM) ’

2nd Thermal Shield

Ant Tharmal Chinl —_—

“Space Cryogenics Workshop 2003” xEHF RN EZE

Evacuated vesse

36



TKERJIT A EEEMOD B FE K

o JTOVTLwH (UTC)
3BEMNIVTLyYHES|EGKL. 4B EHE (TkPa—600kPa),
Flexure springs and coil springs are used in combination

JTC-H, JTC-M

Exhaust vaiw Pi’ston F}wprings

Coil spring Suction valve

Permanent magnet  Moving coil

beeki a2 Piston (2)

Permanent magnet  Eyhaust valve (2) / Diaphram springs Pij 1
JTC-L : / /\ /' Exhaust valve (1)
7

1 | . ' = \

=
= =
; % =L =
/ : X
\ Moving coil/ Syction valve (2)/ 1T shaft \ml spring \Suction raueU)
o, SO

OV OE—" XS w——
" 1st. Co mgresso
Suct(ugri:s)sure “(Vacuum pump) 37




TKERJIT R EEEMOD B FE K

>3 /.0 KPa A

pPJ

e 5.4kPa A 769kPaA 2499kPaA
: @ H H
oL 12.28 TOM17oL  TcHss
<

A

Double-staged Stirling cooler

548.0 kPa A
Cold head Compressor m
1.18W 88.86 W

L=

EHEXZ . B
et =t
[ 10mW@1.7K
j Bypass Valve %[@J jj < 1 30W

(2 1 (HERZE )
|

1 04 NL/min
2.33 mg/sec

100K stage

Bypass valve

Heat load 1K Stage
10.07 mW 1.69K

20 K shield

4.97E-07 torr . " N __:‘ :' ’“ 20K Stage

6.62E-02 Pa

100 K shield
GM cooler Shield

1K stage

Vacuum vessel

2009/2/18 JT cooling data

1K stage of JT cooler in the vacuum vessel 38
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