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CUBESATT ERMAL CONTROL
, ._THE PROBLEM -7 ¢

Low ’rhermal |

MASS

- e High sensitivity to
B cnvironment

e Rapid temp. swings

B * Thermal control
difficulties

N - Limited power
available to thermal
components

g e Reduced mass of
l  spacecraft

Small size
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CUBESATT ERMAL CONTROL
| ._CQQLING METHODS

Smart Radiator

e Device (SRD)

Traditional Radiator

g PROS ; PROS | 8 PROS

s Proven in space B e Regulated heat transfer |

| *Simple . e Proven in space 3 % e Regulated heat transfer |
o Light ). o et e ; 3 (B - Lioght

& - CONS ey
CONS s : CONS

e Unregulated heat 7 - Moving parts : *Not space proven (low
transfer rate (complicated) B RU)
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 CUBESAT T ERMAL CON;TROL':'
MPBSRDS A b

| Qrad e AFO_‘C:( urface T m-blent)
> Thin filmn'of VO doped wﬁrh Tungs’ren .

e A Areo of surface ; '
25 applied fo tile substrate ST e Ul e S Viswdactor , it
- e * . ¢ =Boltzmann constant ;
> Coa’rmg ma’rendl s’rruc’rure changes: .- - - &= Emissivity of surface /
-~ with: Temperd’rure wh|ch chonges The .+ Tsirsaee= Temperature of surface - |
emhsswl’ry | XA L ot Tempero’rure_ofombenf :

> Low emlsswl’ry 0.34-0. 36 at-10°C"
oz b ngh emlsswl’ry 0.75-0.76 CIT +1OOOC

> Resul’rs in variable heo’r rejec’non as
_._sq’relh’re femperafure changes
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~ CUBESAT THERMAL CONTROL:
C A THETESTCASE . sl Mu sl e

2 e Developing SRD
., Magellan manufacturing
and MPB process

._-\.

Increase
SRD TRL

 |[dentify Keler test mission

Magellan |8 Providing systems engineering
and Kepler [ integrate SRDs in mission

\

|- Providing opportunity to test flight SRs installed
Magellan ([EeTRille[aiRelailel
andUof M |8 Engineering support and facilities for testing
AN
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TVAC TEST_ING_i' |
| ._THE TEST ARTICLE +

;4 Til-es shown in
crosshq’rch/
purple

» Machined dluminum plafe: -
10cm x:10cm is one CubeScJ’r
3|de panel

r

o Four SRD.tiles epoxied fo ’rhe
_external side of the-panel

> Chc:m‘ne'ls on reverse side of
pla’re interface to- heo’r p|pe
e sa’relh’re |
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- TEACTESING: S il
THETEST APPARATUS. .. =

plate

b

_ Heater

Bracket » Heagt input through
Copper ! -

Ribbon - electric:heaters

Radiation Plate SED Plate

» Thermal gasket used to
. =upport : . - 3
~ Bracke maximize heat fransfer
- - from heaters 1o SRDs
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CTVAC TESTING: . 2
. ' : S : cause gradients

- LESSONS LEARNEDR: st S i 2o

stabilization :
- < 7 2
. ; ; Thermistor wires | )
i s b4 220 bqr(jeofegh?rmol Use a torque
ol oo s wrench to secure
. components fasteners
\

\

Inconsistent
contact between
thermistor beads
and apparatus

\

Avoid contfact
between wires
and apparatus

;
\ *
-
- .

Bond thermistors
with thermal
epoxy
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" Heater Power | Platen | Chamber | SRD Temp.
Input [W] Temp. [°C] | Pressure [ptorr] [°C]

TVAC TEST'NG bl - . (+/-0.05) (+/- 0.2) (+/- 0.) (+/-0.2)
S g 0. =746} Notf recorded | -62.
CTHERESUETS 2 thvncr i oo S ra— b
; - K3 -71. 9.1
| o | , . 9.7
> Tes’rinﬁg s"rar’r'ed with @ cold soak : o o
»-Plgtén set at 75°¢ -~ 05 98

5 iy . : SR 9.6
~» Heaters set fo known power inpufts

Ond Temperd’rures monitored until .
redching s’ready s’rd’re . -

> Crl’rerlq AT < 1°C/hr

- » Temperature data at 12 s’ready s’rd’re
pom’rs was collec’red it

7.6
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- DATA ANALYSIS
- ISSUES WITH CALCULATIONS

Control volume
analysis to determine

Quickly realized
sources of error in
these calculations
were too high

the emissivity of the
SRDs at each steady
state temperature

Considered in Not Considered
Analysis in Analysis

Radiation Radiation
from largest from smaller
surfaces surfaces

Conductive |+ Temperature
paths variations
through joints QCross

e Emissivity values were
outside of the allowable
range from 0-1

Approximate surfaces
view factors
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- DATA ANALYSIS
- ISSUES WITH CALCULATIONS

\elgYilgle
; : temperafures | .
¥ S : QACross
2 : : Low | surfaces
: . nknown
confidence in| * Unkno :
o emissivities of
calculated sUrfaces
view factors

S, _ 3 : \
Too many - RO W

much conductive

. complicated : :

, view factors paths through |
81To consider all| \error : joints =
A\ _ : : .
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- D__ATA ANAI—YSJS: , . » Able to solve for the
- .GENERALTREND - - .. .+ . ‘generdl frend in SRD
- ’ - eSSty

Proportional Emissivity of SRD L ot
vs Temperature » Rearranging the radiation

e, (8:(;):3’0'1A(TSRDJr - Tplateudr) . eqL.JO.Tl(.)n TO' SOl\/e _for
. emissivity

» Assuming the frendin heater - .
- power is'proportiondl to heat . .
| rodi_ofedfrbm the SRD plate

» Shows an increase in & with
: - temperature -

PROPORTIONAL EMISSIVITY

-80.0 -60.0 -40.0 -20.0 B 0.0 20.0 40.0 60.0
SRD TEMPERATURE [°C]
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CONCLUSIONS

» Data shows SRDs are funchonlng as expecfed

>S|mpI|f|ed control volume onalysw of TVAC ’reshng
e lS ex’rremely error prone . 2

» Especmlly frue-for.a small and comphca’red ’res’r Grhcle

» SmGII size. of SRD plate means a smc:ller S|gnql to n0|se |
) ro‘no compared o large spdcecraﬁ | : -

> S|m|ol|f|cc1’nons in cclculq’nons that are Gppropnq’re for
- large satellites mc:y no’r be Gppropnq’re for smaller
so’relh’res
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STEPS FORWARD

> F|n|’re elemen’r mmulo’nons in NX Spoce
Sys’rems Thermal to de’rermme ’rhe SRD
emissivity profile -

» Sof’rwore colculo’res view fcc’rors ond
radlohve couplings. ' b

o Con correlo’re test data to SImU|CITIOﬂ resul’rs o’r’ui
each plateau to de’rermme em|ssw|’ry

Ik Use calculated SRD ermssm’ry orofile to -
| perform mmulohons of SRDs on spocecrdf’r
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