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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.

Key words: micro-expansion type heat switch;

uncertain factor

1 3 7

TR ik B R S S 5 B ek I i / v WA 4
1S 9 A 7 22 T S B AR T AL 5 S W T B S B
IPEAE . BNE b AT PR s R R A
FI R JR A BE 0 AR B L S B BRI
HRAYBE S ORI Y . (RSB, 2 T AR R
PR S AT AT S 2 R O SR IE AR T
75 () AT B B i B B R R AE AL R 4
ZALIFIK 1) B T AR 2 A 4 v AR 48 B A TiE
BUERAT BT o T b A 1) R, 2 RO 23 BT
AE A% 124 1 T 000 0ty 5% A 6 S DN 38 ) P i 1
P ) 52 0 R X A A I 555 4 AR G U O3 A
SRR R TR, o BE— 20 14 2 2 BOR & U E
OrHTBEE T AR . TR TR R G B TS R
JEE 3 M 1Y B AR BT BB ¥ il A PR R 5
BRI SO R BT

PR  A5 R T 5 R IR IR B A RS B
ZRCURENE S BT EAT T 3t T I AT AR B A R Y A
BERME IR, S T 05 B 22 A R T3 °C
W A M 551 SR TR 3 2 BURE A3 M v B T A
JERAR A R L U O B IR O 6L T R D R
GETCIF IR R AR oK . VR ARG A T/ LA
BBl IR AR G B0 R B ARE SR L B A THT Y
PPAG T BT IE M . 2 A A AR R T R
SRR ST T 4 A AR R RSl R L P
PR T FE A5 BT 2 O i 25 0 2 18 AR B B2
P /A 1w il 22 B2 WAL BRAT 5 BT bR A DGR Y
F/RENER . KB FR W] %05 1% Al A R
RGERY BT BE X P RIS A7 TSR, AN, HL P

thermal characteristics; parameter sensitivity;

Shen SV B XF 0 LED 42 4 £0 B2 /$4BH I 4
4 T R AT TN Bl E P B, C. Y. Han
SEUURESE T IR A R AR P R g D B
AN B S B

AR SR S BB BTk DR 58 T O i 2
TF ORI AR b 2% T B 12 D3R % i O FABH
P G A BH 2 T 5 L 25 5 B B P8 199 52 W) o A0 B 1
RE T AR A 246 X 78 Pk kR0 AH o 728 A e o A 0 7 PR R
Or RS BORM A UK S B, X T LA 45 K9 A1
L P /W T 5 A [] 9 TR0 ik 2 BT G, 3
Bt ARV BEURRR Y R AT A5 R R RE AT AL L R AR A
T B A TR R W) L S B Jik R 3RO OC
FEA R 2 A BOR GUR1 )32 TR R

2 BEAEE

T I PR AR T O fR FA  EAT 4R B N 7S
PR UBET IV ity S A A, 5 4 O R KORSH IR 1
TN o 3 A BT v AR IR ) 4 B ) 7 AR K/
R , BT S T HGEE 1 3 EH A S5 W
SR FHFATF S 8 12 56 560 0F A R 047 L B (1 1F
TR FE IR b, 20 BT DA 25 TR 6 2 R 3R OC T
TN M 750 R S TR 1) 2 B U
2.1 RIS

PTF S PEREI B0 25 B R 0. 9 CIHIERH KIS
FG0 TR e 9 AR H i AR R LR B W L i
TR B 28R Ak | - B ) A R i | Agilent-N5750A H
Ui L Agilent=34970A i 45 R B AL % 8 o 41
B WL T B . b, SR RS R H i B 4D
55 3Rt Bz fk 19 R ) R OoT s F, TAEHR R U,



1634 b=

k% TR

5 24 &

=14.997 V. TAEHIR L, =1.258 A;2kJH0.9 C
FE R A P1 7K ¥ FR G0 B 0L 5 v it 3 2 1 4 VA B
Tk E D SR BN KT 0.1 °C 5 % 48 5 5
VA B ARORE R} 45 5 it BR 1 1 90 R G i e A i

PRAE IR A R AN T 9000, A T S iEAT
FIR 5 0 L PR R ) T 1 L 7 AT O B P | o 4
B v i S5 45 K A0 3 TR 9 A4S D A5 B AR A7
B 1R,

kS 5 \\\\\\\\\ \\\\\ 9 ®
vl J”“ 'I_l' by Baly " | .
¥ i [ I
' r,!" : FH! ’ 10 * |'_1’L-'I4J'FEE B | @
/ S £ 4T r’/ / 002k ~
- N ' ' | ®
ARG BE i / r;‘rr y '
, % : |
/ Bt % / |
1 [ 80.02| 60 R25 ' wern W)
/ ) ! i B
. / T T rrr{ s
kbbb [ Y % ’ |
z oh | ®
/ i / ' S
1 !f ’ 10 [ —HL;"H& 6))
N SN =
S FR A l
NAANNANNNAEEN D e
1 U K R A IR e A B R IR S R R
Fig. 1 Experimental setup and temperature measurement points of heat switch

2.2 fHESH
PTF A PR IT i BB AL N & 2 ffs .

\
|

::Ui:‘utﬁjfﬁ‘@?ﬁ

HWH

SETFF4I32—

47 EE8A06 [

2 U ik B AR TT G AT RO upi 7

Fig. 2 Finite element thermal model 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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conductance of ON thermal resistance
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Parameter sensitivity to thermal facet-contact

conductance of ON thermal resistance
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