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Abstract: The effects of various uncertain factors in the conduction path of a micro-expansion type
heat switch on its thermal characteristics including OFF thermal resistance, ON thermal resistance
and ON/OFF ratio were researched using parameter sensitivity analysis method. By comparing with
the property experiment, the validity of heat switch finite element thermal model was verified. Based
on the model, the relevance between thermal conductivity of structural components, thermal contact
conductance of mating surfaces and OFF thermal resistance, ON thermal resistance and other thermal
characteristics was analyzed. Then, the sensitivity of uncertain factors was classified by the absolute/
relative variation of performance indexes. Research shows that the thermal conductivity of positioning

shaft is the sensitive parameter about OFF thermal resistance and ON/OFF ratio, and the sensitivity
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indexes are 6. 716 m®’ ¢« K/W and 5. 129 m"® « K%°/W"® respectively. The thermal contact
conductance between cold side and disc is the sensitive parameter about ON thermal resistance, and
the absolute variation and the sensitivity index are 1. 865 K/W and 0. 267 m + K/W respectively. The
thermal contact conductances of other mating surfaces are the insensitive parameters about ON
thermal resistance. Moreover, the shaft thermal facet-contact conductance is the sensitive parameter about
OFF thermal resistance and ON/OFF ratio, and the absolute variations (sensitivity indexes) are 56. 495
K/W (0.307 m « K/W) and 32. 936 (0. 235 m « K%°/W%°) respectively. These conclusions could
provide the targeted reference for the structure-performance optimization of micro-expansion type heat
switches.
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Fig.1 Experimental setup and temperature measurement points of heat switch
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Fig.3 Steady temperature field of ON heat switch structural components
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Fig.4 Temperature comparison between simulation and

experiment of heat switch
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Fig. 8 Parameter sensitivity to thermal facet-contact
5.027 K/W  0.262 m « K/W;

conductance of ON thermal resistance

56.495 K/W 0. 307 m » K/W,

’ Y.
’

32.936  0.235 m -+ K"? /W%

9 , o
Fig. 9  Parameter sensitivity to disc thermal contact s

conductance of ON thermal resistance N



1638

24

2.25°C;

’

6. 716 m*® « K/W 5,129 m*° «

Ko.s/Wo.s ; _

(1]

(2]

[3]

(4]

[5]

L6]

HENGEVELD D W, MATHISON M M, BRAUN
J E,et al.. Review of modern spacecraft thermal
control technologies [ J]. HVAC&R Research,
2010,16(2) :189-220.
[Jl.
,2014,35(8) :863-870.

LI CH L. Research on space optical remote sensor
thermal control technique [J]. Journal o f Astronau-
tics »2014,35(8) :863-870. (in Chinese)

, s ) CCD

LJl. ,2009,17(11) ;

2665-2671.
HAN D,WU Q W,LU E,et al.. Thermal design of
CCD focal plane aasemblies for attitude-varied space
cameras [J]. Opt. Precision Eng. ,2009,17 (11);
2665-2671. (in Chinese)

, . [Jl.

,2014,23(4) :46-51.

PAN W,ZHAO X. Complete passive thermal design
and its verification for small satellite [ J]. Space-
craft Engineering ,2014,23(4) :46-51. (in Chinese)

’ s s

[Jl. ,2011,40(9):
1724-1729.
XIN H W,YANG ] S,GAO M H,et al.. Support
design for secondary mirror of high resolution space
telescope [ J]. Infrared and Laser Engineering ,
2011,40(9):1724-1729. (in Chinese)

. .2012,41(7) ;
1872-1778.
WANG B X,WU F,JIANG SH L,ez al. . Optomechan-
ical analysis and structure optimization of infrared cas-
segrain optical system [ J]. Infrared and Laser Engi-

neering »2012,41(7) ;1872-1778. (in Chinese)

1.

56. 495 K/W (0. 307 m -

865 K/W  0.267m +« K/W,

. ( )

K/W) 32. 936

(0.235 m« K"°/W*®),

L7]

(8]

[9]

[10]

[11]

(12]

[13]

(Il ,2010,55
(20):2056-2061.
CHENG W L, LIU N, LI ZH, et al.. Application
study of a correction method for a spacecraft ther-
mal model with a monte-carlo hybrid algorithm [J].
Chinese Science Bulletin,2010,55(20):2056-2061.
(in Chinese)
[Jl. ,2014,22(11) ;
3019-3027.
YANG H B,CHEN L H,LI Y,et al.. Thermal de-
sign and verification of transmission filter for wide
angle aurora imager [ J]. Opt. Precision Eng. ,
2014,22(11) :3019-3027. (in Chinese)
(1] .2015,44
(2):572-5717.
L1Y W,ZHANG H W,ZHENG L N,ez al. . Sensi-
tivity analysis of thermal design parameters for alti-
tude optical sensor [J]. Infrared and Laser Engi-
neering ,2015,44(2) :572-577. (in Chinese)
SHEN H P,ZHOU X L.,ZHANG W L,etal.. Un-
certainty analysis in measurement for LED junction
temperature and thermal resistance [ C]. Proc. of
SPIE ,2010,7544(6]) . 1-6.
HANCY., YOU]J H. LEE K H.ez al. . Sensitivi-
ty analyses of satellite propulsion components with
their thermal modelling [J]. Advances in Space
Research ,2011,47:466-479.
s . (
,2006.
YANG SH M.TAO W Q. Heat Trans fer (Fourth
Edition) [ M]. Beijing: Higher Education Press,
2006. (in Chinese)
GILL J, DIVO E, KASSAB A J. Estimating ther-

) [M].

mal contact resistance using sensitivity analysis and



1639

[14]

regularization [ ] ]. Engineering Analysis with
Boundary Elements,2009,33:54-62.

LIl .
2012,26(4) :54-58.
SHI'Y A,GUI Y W,DU Y X, et al.. Study on

thermal contact resistance estimation in the phase-

(1988—), ,
, ,2013

N

E-mail: zxs1933@126. com

change material thermal control device [J]. Jour-
nal of Experiments in Fluid Mechanics, 2012, 26
(4) :54-58. (in Chinese)
[15] SHOJAEEFARD M H, MAZIDI M S, MOU-
SAPOUR V K. The estimation of time-varying ther-
mal contact conductance between two fixed contac-

ting surfaces [J]. Mechanika,2013,19(2) :167-171.

(1982—>, s
. ,2006
, 2013

s

E-mail: guoliang329(@ hotmail. com



