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Solar Intensity vs Sun Distance
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Narrow Temperature Ranges EEVEE &

- electronics equipment
* classical equipment
* battery
* propulsion system

[-10, +40]°C
[ 0, +20]°C
[ +10, +50]°C

limited Temperature Gradients EEEHE /)

- AT

- AT/Ax

=i L]

- Stable Temperatures REHEKS) /b

- AT/At

~ ATIAY

- AT/At

Why is it so important?
- low femperatures

- narrow tfemperature ranges
- small femperature gradients

http://www.tak2000.com/data/Satellite TC.pdf

<5°C  across optical instrument (1.5 m)
< 2°C/m for structural element

<5°C  between MMH and NTO tanks
<5 K/h for typical electronic unit
<0.1K/mn  for CCD camera

< 100 pK/mn  for cryogenic telescope

for reliability of components
for sensitivity of detectors, units
for pointing of instruments, S/C



PREMIER FEF B

y RADIATION #E&} CONDUCTION f£E:
o =
¢S FE - structural material
g Ao T*l | - absorber ,
_ doubler, filler_adhesive
CMLI blankeD % |2 g # B .
d"""'“- T A - washer, strap, bolt, tyrap,
iﬂﬂﬁj‘%% stand-off
L:.:;ENT HEAT - ABLATION P
e 7 EF}{L‘ 23 -
T
o ASSIVE s s PASSIVE.
ACTIV — ACTIV
) ;\ QHEATERS D Jtse EAT PIPES)>- FLOOPS :
LR - thermostat control - fixed/variable conductance
- electronic control - loop heat pipe
- ground control - monophasic/diphasic fluid
i
COOLERS
ENERGY - mechanical ENERGY
CONTRIBUTION - electrical TRANSFER

http://www.tak2000.com/data/Satellite TC.pdf 5



R = 5" R

2014.02.11

-

o HEREFTAA, BEEE300T
k. & _. o B AR H130°C
ﬁﬁzgﬁﬁ”aﬁ 1, £ F180C

it . BEAAM, mifibaefts IS




B 35 3% 4 FE D “IRIR= 5

MR EERAMKE, HEnfMes (RE) ? -180C +130TC
EE&EH. TER MK

RAEOSR: PEM“FTR”, EH S

RE: R




o (HEeW) FERLTMRLE?

H5E

s BRHFR RBER) - ARKFHE

o [RATFER----[HIERERAN. £

o THEIE---130 C

s WeH: (RFEE+HEBER) ZREBHAMSF. &
R RIRAIRIE; R AZ AR

Tl
P g §
i

o WEEWHE: M EiRiL 400°CLLE , KHEHEE

SEREE R

-200~300°C

)

5. RETERIRE, KT90%, 45660 C



L

% =@ ifeH A

. %AE I, g HEgimid Vg R, miaaﬁfﬁ’]
ibﬁﬁﬂ?ﬁ W LRI B RFH. H =34
Re, I V\PB%%X””_J’EF*ZE"JF%%J%%‘%‘*
KR S SRR B R AN S IR
o N TEBOFET RS PIRE, Bk N B4R
PPIRZAS AT VRGOl FEAEH TR AEL
B—FhECONE W, TBEMIKNEE ﬁ’JjWB/\%‘B%ﬁﬁ'ﬁ
J:T SNl R 2 B A k) -- 2 E R A . 1S
AT A PR IARCER . RIER, EARE L E"EE" AN
TSR TNRE, BEDERRKR"T .

http://discovery.cctv.com/20071109/101194.shtml



http://www.cast.cn/CastCn/Show.asp?ArticlelD=39591 httpfwww.tak2000.com/data/Satellite. TC.pf

% =R

2 2R (MLI, multi-layer insulation)

HAF

% J= I IR AN ]

b8 J= 2H ke FE T A R ) 2 00 R T AR R A8 B 20 e A I

MLIZ N =, (KIE. RN,
KiEMLL: -196 °C ~+120 C

— R E R AR B

—  [ARBEMR R RS

HIEMLL: 0 °C ~250 °C
_ R R B BT
_ AR R R R B T

EUEMLE: 0 °C ~900 °C
_ RS R
IR R AR R IR LT 4

M H
— BHTE RN

Tha’r
e N
e 5
<
€< .
Tcald
That
EE:_-: €/n
i B
é
Tcold
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o MM R —FE ﬂ%ﬁﬂ@&ﬁﬂ WHTURAS . SRR
M FERAOUN T IR, 3 AEVH FR e LB J S S8 . 7
= da VAR AR fdE — a%ﬁ%\fﬁﬁ%\L%%¢HF<mw
NREEpl. 2K apet (AR IR 4 —lERE) , pi CEBLEAZ) Fifep

(B IERIELRY)D .
) EL IR FPANENEE  FERESE RmEPE O EEE A R
]
—NFEEmEm Faffer COHm fep 0. 14 0. BD
E0  fep/ tee EOMm fep 0. 19 =0, B0 <10°
FHE S/ B0Mm fep %:0.09 0. B0
fep
AR R BOMm fep =0, 14 S0, B <105
fep/ tec
e pi PSHm pi £.0.39 =082
0 fpiftee CSHm pi £0. 44 =0 82 <10°
e R pidipet 0. 14 =005
EHHESE piffipet <10°
FiEpi pi =£.0. 48 =075 <105 0. 1db
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622K FH s 85 ( Optical Surface

reflectors, OSR) ,

o B/NBET, RIEEEHANN, BER
B CRESTES)

o MhE7E BEARER", “HA R,

o BERF90% 1 K FHER Y Be B EL B [T

%S, TR 5 R A A 3

15,  MANEERES HR IR IS i) P

AR N ER e A i —HeR 1)

OSRiES %, IR BER"TA2",

http://discovery.cctv.com/20071109/101194.shtml
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http.//www.lipcast.cn/english/weixing/Optical/20110308151904.htm

———

Front surface

Rear surface

Front to back

sheet

Solar absorptance | Hemi-sphere sheet resistance : conductivity
resistance
emittance
Non-conductive
0.07+0.02 0.78+0.02 =10 sq =200kQ
fused quartz
OSR
Conductive
fused
0.07£0.02 0.78£0.02 = 21kQ /sq =10/ sq =200kQ
quartz OSR
Non-conductive
.0910.02 82+0. _— = =
CeO2-doped 0.0910.0 0.8210.02 1€¥ sq 200kQ
glass OSR
Conductive
3.
e 0.09+0.02 0.8240.02 <21KQ /sq <10V sq <200kQ
glass OSR
ITO Coated
Aluminized =0.40 0.60 —0.80 =250K Q /sq =3Q/sq —;
Polyimide

TiBE5100

EER 7 HOH _IRRES
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Multi Layer Insulation

(EFIER] ML ( SEER)

ZIRERNZ B E MR 2 RS K
PSS ARBAYE, B EA AL, PRIEAE

Optical Solar Reflector

(#FlER] OSR

JCA R B, B R R, B ki BT
B ST PN RS R R B ) | I

http://gz-vision.jaxa.jp/PLAY/

http://gz-vision.jaxa.Jp/READ/gz-naviO4.html 17



E# K (thermal doubler, #f%4)

Thermal doublers
to spread on the radiator surface the heat dissipated by equipment

R Bt e A B B A B R A A AR T

Structural Material Selection
- Alalloy 120-170 W/m.K

- Tialloy 7-15 W/m.K
- steel 10-40 W/m.K
sS/C wall facesheets neyc omb
wa ﬂ% %
unit

Thermal Doublers
-4 - spread heat dissipation under unit
- 1 mm thick Al alloy sheet

Straps/Braid (detector to radiator)
- Cu, Al alloy wrapped in MLI/SLI
radiator - short <10 cm

S/C structure - Contact Area
http://www.tak2000.com/data/Satellite TC.pdf




T THFRL

+ Interface Fillers
- better unit to S/C conductance
- graphite (Sigraflex®)
* laminated graphite sheet 2R )4 52
- electrical conductor
 thickness 0.25 mm
ARSI, Sop Bt SRR
- silicone elastomer (Cho-therm® 1671) filler

» silicone binder, filled with boron nitride
particles, reinforced with fibreglass
cloth

- electrical isolator

TEEBE LA, H7E T BNRUKL, JFH honeycomb
PR YEAT I 5k
o 144 2%

unit

http://www.tak2000.com/data/Satellite TC.pdf 19
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PR HME R e
Thermal Conductivity
1.E+03
S A A
1.E+02 B s g ff’j-;-'“ —&— Copper
// e, A —*— Aluminium
1.E+01 : | ’A*-fg ‘ ‘w —#— AA5083-TO
< 5 —#— 304 ss
£ o —>— G-10// to warp
“'§ 1E+00 @74 e | —— T
= e, oy
1.E-01 e— PE /]
) —+— Cu-Ni (70-30)
1.E-02 X —@— Brass Cu-Zn (90-10)
ca’ga/ ——— Mylar PET amorphous
1.E-03
1.E-04

1 10

100 1000

Temperature (K)

http://www.tak2000.com/data/Satellite TC.pdf
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bi-tube

csa ESTEC

mopES+IE=SEsEEa SMED4, 25jun04, Philippe. Poinas@esa.int &6 of 66 [hermal & Strudure Division

http://www.tak2000.com/data/Satellite_ TC.pdf 29
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%51 Loop Heat Pipe for High Density

Small Satellite Thermal Control
=N RS R H B B s

Condenser Line Radiating Surface

g S st T) RS R IH

‘ e AV PR AT el i
ﬂﬁ/ﬁg IEI E% High-he:t Fliz Sn:nllJ_lJrce - “apor Line
Liquid Return Line Pﬁ*ﬁiﬁ%ﬁ

vaporator with Bidisper=s Structure Inside
http://sbir.nasa.gov/SBIR/successes/ss/5-043text.html
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ALADIN &£ F s

« ALADIN FE FEH#VEBIRY

Dutch Space

http://www.esa.int/Our_Activities/Observing_the Earth/The_Living_Planet Programme/ADM-Aeolus_reaches milestone_as_instrument_testing_begins 25
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Aladin Laser Radiator Back-end http://www.dutchspace.nl/pages/products/content.asp?id=258
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Satellite thermal control constant
conductance heat pipes

http://www.1-act.com/resources/heat-pipe-fundamentals/heat-pipe-gallery/
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Satellite thermal control loop heat pipe

EA g

http://www.1-act.com/resources/heat-pipe-fundamentals/heat-pipe-gallery/
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n#gs Heater
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http://discovery.cctv.com/20071109/101194.shtml
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n#gs Heater

ROSETTA FM Heaters

heaters  TC 391 Lo

itk

foes, "R

aunschweig
Exp: ROSINA
Model: FM
SIN: 04

institut fir

DV-Anlagen
Tu B

OSETTA
Unit: DPU
1D; A120D

- 7 .
o ¥ .
| L I.. g
| . o
) ;  § oo
= o ™ g'a =
- > | = w
R & ;
-
iy =T ‘ B o
"“ e i Ez 1 '

http://www.tak2000.com/data/Satellite TC.pdf 30



n#gs Heater

metal
run

http://www.tak2000.com/data/Satellite TC.pdf 31



n#gs Heater

ROSETTA FM OSIRIS PEM-H

http://www.tak2000.com/data/Satellite TC.pdf
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_bi-metallic 5pr|ng
housing (low €) “
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frames

(low €)
ROSETTA

FLEE LOUVRE T QM -
radiator =

SENER (hl

UKz as

actuator

S/C radiator

S/C radiator

bearings P& bearings bearings

http://www.tak2000.com/data/Satellite  TC.pdf
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Louvre 1M &

SENER Louvre on ROSETTA* PFM

*without Solar Panels

http://www.tak2000.com/data/Satellite  TC.pdf

Louvre on CASSINI-HUYGENS
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* 1. Philippe Poinas (KX R JHESARI# T T
F£JM) Satellite Thermal Control Engineering, T
ZCHUAE:  http://www.tak2000.com/data/Satellite_ TC.pdf

o 2. http://en.wikipedia.org/wiki/Spacecraft_thermal_control

o 3. BRMLKBIIE, MoK AL
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