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Abstract: As the carbon-fiber reinforced polymer (CFRP) composite material common used for truss
structure of space camera has the drawback of low thermal conductivity, great temperature gradient is
easily formed in the truss. The method that copper grid was adhered and aluminum film was pasted on
the surface of CFRP was proposed to enhance thermal conductivity for carbon-fiber truss of a space
camera. Firstly, thermal conductivity model of CFRP was established. Then heat transfer models for
four kinds of plates(including bare CFRP plate, two plates respectively pasted aluminum films of 0. 05

mm and 0. 5 mm, and one plate adhered copper grid with equivalent diameter as 0. 08 mm on the
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surface) were established, and corresponding thermal analysis was conducted on the four different
states of plates. Then equivalent thermal conductivities of four kinds of plates were obtained through
finite element software. Test result indicates: equivalent thermal conductivity could be improved in
different degrees through adhering copper grid/pasting aluminum film on the surface of CFRP.
Structural equivalent thermal conductivity was increased to 41. 3 W/(m * K) to paste aluminum film
of 0.5 mm on the plate surface of CFRP. Finally, thermal design was conducted on carbon-fiber truss
of a certain space camera according to structural equivalent thermal conductivity in the test. Thermal
analysis result of truss structure indicates that axial temperature difference of a single truss rod
reduces from 6. 8 C to 0. 8 °C, and the temperature uniformity of truss structure is significantly
improved.

Key words: space optics camera; truss structure; carbon-fiber composite material; thermal conductivity

enhancement; equivalent thermal conductivity
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Tab.1 Thermal parameters of different materials

/(kgem™) /(Jekg' KD /(Wem '« K™)
500 mm X100 mm X5 mm; A =4.99,
1 600 1 000
0.5 mm 0.05 mm 3 Ae=24:=0.6
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Fig. 4  Cross-section schematic of package state of carbon
fiber composites plate with 0. 5 mm aluminum film
) ( 17Z+1 9i:
5 1,2,3,4)
Fig. 3 Arrangement of temperature measurement points AQ/M*I’/J”'( 1
and heat chips »j=1,6,11),
? i +1
y 4 AQivi1.,+i=Qii 1 — Q. (10
, (1) @D) (10),
dT. .. dT. ..
, AQ iy i =2S ittt g initi
s (2) dxl~./+1 1 dx}-ﬂri
- , as(SLurm i) (1D
d~Tj.j+i*l dI].j+;
;(3) i
) i+1 s
; (4)

. AT
Q_AQjJrfﬂ.jJr,':/\»S dﬂrilﬁ (12)

’ Tjti—1.j+i
’ Q R

Ql \QZ ’

(1D,



2410 2
2, : (8 (13)
_QQdT, e dT e dT !
A= + .
S d~r],j+i*1 dxj.]-i dxj+171.j+l , 3. 3
(13) O
3
Tab.3 Comparison of thermal test results and thermal simulation analysis results
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Tab. 4  Maximum temperature difference of truss at
5

Fig.5 Distribution diagram of truss heater chips
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Fig. 6 Temperature distribution of single truss with

equivalent thermal conductivity of 41.3 W/(m + K)
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