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Abstract This paper introduce the ground-based low pressure simulation tests of the Wire In-

sulation characteristic box that will aboard on SJ-10 scientific satellite (SJ-10). An experimental

system with reduced pressure is established to simulate the microgravity environment. The effects

of insulation type, insulation thickness and amplitude of the overloaded current on fire initiation

characteristics of wire insulation have been investigated at the representative 3 kPa environmental

pressure. The temperature rise trend and the smoke emission characteristics of wire insulation during

fire initiation are obtained. Compared with the results obtained at the normal pressure (1 atm), the

fire initiation features of wire insulation as the satellite fly in orbit, namely it is at 3 kPa pressure, is

predicted. The results provide important references for the choice of space experimental conditions

in SJ-10 satellite.
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�FQ*5GOSF# 5 M�&D4/, E,�
G 10mm, FE�G 5mm. H,GN (Ni80Cr20) 5
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Fig. 1 Experimental setup at low pressure and

weakly-buoyancy

P 2 OPHQRPH
Fig. 2 Light path of laser extinction method
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Fig. 3 Arrangement of thermocouples
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R&*5$*�43�8SK. 5REI 0.5mm,C
; 70mm, $*�C;3 40mm.

?9:A8145B@ [11−14], 3 kPa '4
5 10−3g 1��2/ (g 38+=��SL;). 6
0$E&)�3<*5$*�:6@:;&&�X
T#$*�2�='"7 ;F�,HM 3 kPa43
+6*1�2/, JU�8< K!! 1.

2�3ILT=UV

2.1 J@ABCDÆEKFGHILJKLM
3/K$*�2�='@)"7, 2E 3.2A,

3.9A & 4.5A *�&�< . +9< 4$*�&
S�*P�3VYN�;W,D�Z&/MXMOY
*P, '[M#2�='"7. Æ 4 LQ#4/ 3 $
*�!+ @;@)"7.

G*/KÆ 4 '�FQ, #!</:6@L<
:; $*� (PE, 0.4mm), P2&�NX, $*�
 9'@)L- (G& 50 s .) ()NX, $*�/
�L-SN, #O �P@;WNX. O9& 2, 4,

5 Q:< 4, �P B�,4@;/\3 195, 380

& 443◦C.'A,&�QXR$*� .�'QX, L
<(*��X"4$*�Q%*�,#%'3�'�
� �&2�'.

#!<:$*�, &L< *�&�4 (PE,

3.2A), P2$*�:; NS, $*� 9'@)
L-()GT, �P B�,4@;()P:. +�
0!$*� :;V;F##$ ��" . ]$

S 1 NOPQRSTTUVW
Table 1 Experimental conditions of

prior fire performance

�� ��
�� ��/mm ��/A 
�

1 QUY (PE) 0.2 3.2 3 kPa

2 QUY (PE) 0.4 3.2 3 kPa

3 QUY (PE) 0.5 3.2 3 kPa

4 QUY (PE) 0.4 3.9 3 kPa

5 QUY (PE) 0.4 4.5 3 kPa

6 QRZUY (F4) 0.15 4.5 3 kPa

7 QRUY (PVC) 0.4 4.5 3 kPa

8 QUY (PE) 0.4 4.5 1 atm
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�$*EI, P2$*�:; NS, #��>\D
NX, ��Z3NS [21]. $E�8SK $*�(
I(T!#S*�$*EI,1�P2$*�:;N
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P 4 ��
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 (3 kPa, 100%O2)

Fig. 4 Temperature histories of the wire insulation
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P 5 `�����
�WW\�a��bW`X
Fig. 5 Damage mode of wire insulation
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 b\09U e\^3(' d\.
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 03.

& 4.5A *�&�4,4, 3<$*�,& J
�KQ"7�]3<. PVC $*�KQ J�>
�> (iÆ 5 � ];'_-), PE $*� c�.
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P 6 �������
������m
Fig. 6 Smoke emission process of wire insulation

P 7 ��
����
����

Fig. 7 Temperature rise characteristics of the wire

insulation with various pressure

;. d4/ 1 &4/ 5 HO �&D@;7&C�
,(, 43Ge$*�!+ (4/ 3) 20mm "</
E,ffT4/ 1  @;, l3 T1; d4/ 2 &4
/ 4 �&D@;7&C�,(, 43Ge$*�!
+ (4/ 3) 10mm "</E,ffT4/ 2 @;,

l3 T2. ,$*�T`4/ @_ T3−T2 m T2−T1

[!/$*�cY @)"7, 9Æ 7 1:.

/KÆ 7�$*�mcY/ @)h . 4/ 3

", T3, 3 kPa < #9U@)L- (G& 30 s .) X
! T3, 1 atm <  9U@)L-, 7]�P @;
X 443◦C g5! T3, 1 atm <  @;X 337◦C. +
!�:A 3 kPa �, $*� (*��%!, #�#
�[�Y�]i*. Ge$*� 20mm " 4/ 1

", & T1, 3 kPa < 4, G&S�(#@;i9U
 28◦C ()T)A 97◦C; D& T1, 1 atm < 4
4/ 1 @;R $3^. 60, 3 kPa < 4$*�
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eg �>'�S�Ge$*� 20mm " 4/;

D 1 atm < 4e/R $3YS�.1�:A2/
2�i*##�#�[� ;F,iO$*�E,+
fTcYj�@;^�]T).

/KÆ 7 �$*�cY@;/S (`7, '
�FQ4/ 3 �4/ 2  @_, T3 − T2, 3 kPa <
  9U@)L- (G& 30 s .) ,X! T3 − T2,

1 atm <  9U@)L-; G& 40 s �(, T3 − T2,

3 kPa<  @_NCL;"U�]P:, D T3−T2,

1 atm <  @_]njnaB[ NCL-; 50 s

�(, T3 − T2, 3 kPa <  @_"UT! T3 − T2,

1 atm @_; (' T3−T2, 3 kPa @_ (262◦C) T
! T3−T2, 1 atm @_ (303◦C). 60 3 kPa4$*
�!+&Ge!+ 10mm 4/�� @_^T.

4/ 2�4/ 1 @_,G&( T2−T1, 3 kPa 
@_()T), ]G& 100 s �, e@_X`A 86◦C,

0(/E\a3^. D T2 − T1, 1 atm <  @_
&hMG&*P $3^, ]f1T) 2◦C. 60,

1 atm 4Ge$*� 10mm 4/& 20mm 4/�
� @;/V,  $^^YS�, D 3 kPa 4+g/
(YS�, ]@;^�]T).

T`/K!�, 3 kPa :A*1�2/'�^
Zij#�#�, i*$*� ��, oi@)S
N, <�oiE,+f$*�cY @;T)#N.

+:@)^!"7op1��4 $*�@)"
7 [14,16]. 60,'.,:A8145+9[<H SJ-

10 >?�*5"7k^Z�q ���8< .

2.3.2 ÆEKLXYZZLM
aaA�#$*�KQ J�/S_� ;F.

0Æ 5 '�FQ, < 8  J��'(p $h2
$*�J+fT�q, ralC_/S, D< 5  
J�&E,+f^/E C), ^^mJ�q, kU
rak_/S_�. Æ 5 ]]:, < 5  J�C_
\ θ c3 12◦, D< 8  C_\ θ R]^ 2◦. +!
� 3 kPa:A'^Zij#�#�4,,iOJ�&
9UcdL;4,4&E,+fJ^/E C�l
q,&/EP;T45#1��4J�&$*�!+
 C�"/ [17].

/KA�#J�KQ*P ;F. 0Æ 6 �<
 5 &< 8  J�KQ*P'�FQ, 3 kPa 4$
*� J�KQL;#N,D]KQ( J�X>8
sr&$*�!+, <�J��ql"!��"�,

^n8h2$*�!+oq;D 1 atm4�' J�
&��4,4NLh$*�J+To, 7]�' J
��q6Ni��"�m^Ap�"�, nh^o8
lq. #<1���8�$*�J��qsi [17−18]

'C, � 1 atm4 03L<, 3 kPa1[H J�K
Q"7#EY1��4J�h2$*�!+(`C
� "/.

pT1`, 3 kPa :A'^Zij1�1% #
�#�4,, iOJ�&E,+f^/E C�, /
EP;T-4#1��4J� C�"/.

3�Lj

.,:A8145)�#*1�4$*�:;@
:6m&�XT#2�='"7 ;F, 7aa#A
�#e"7 ;F, q,0a94.

(1)#!<:<:; $*�,P2&�NX,$
*� 9'@)L-NX, J�KQ#kl, #%'
�2�h .

(2)&L<*�&�4,4,#!<:$*�,P
2$*�:; NS (lT!S*EI), $*� 
9'@)L-()GT,�P [�B�@;()P
:, iD^)!�r$*�*�.

(3) &L<*�&�4,4, #!<:; $*
�, P2$*�:6 ^!, 9'@)L- $/V,

?'�7_\]Y,#(' @)"7&J�KQ"
7_\TX, 1�3-�� , �'��D,H,m
s�7U^ $*�.

.,:A8145+9HO#Ym1��4 
2�='"7.�803!�, 3 kPa :A8145
1t^Z8ij1�1% #�#�4,, 7-4#
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7, 3n(���8<  HtVu#�, go.
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