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ARTICLE INFO ABSTRACT

Article history:

This study has examined the performance and temperature change characteristics

Eec?ivgd ;7 Septemger gggg of a satellite film heater fabricated using screen printing technology using silver
Aizlespie 4 4 O?:z)nelr °r 2023 paste. The temperature variations .in the ﬁlm heater atta?hed to CFRP anq Al 6061
substrates were modeled numerically in an FM (Flight Model) environment
incorporating radiation heat transfers in a vacuum state under various sink
Keywords: temperatures. The results demonstrate that the constrained distance between
Silver paste heaters increases non-linearly with the sink temperature. The required power
Film heater density to reach the maximum allowable temperature diminishes with the sink
Satellite temperature. The required power density is higher than the ESCC standard of
Power density 0.54 W/cm?, which is assessed in an EM (engineering model) environment
Performance curve without substrate.
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Table 1 Materials properties

Value | Density | Resistivity | Conductivity | Specific heat
o Ro k G
Material [kgm’] | [£-cm] [W/(mK)] [J/(gC)]
Al 6061 2700 | 3.99x10° 167 0.896
CFRP 1620 0.025 10 1.04
Silver-paste | 10490 | 4.23x10° 8.9 0.3
Polyimide | 1420 1.5x10"7 0.12 1.09
Adhesive 15
(3M-966) 1012 4x10 0.178 1.47
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Fig. 1 Process of making sample for SEM imaging
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Fig. 2 Samples of SEM images



Jinwoo Choi, Jaeyong Sung, Joon Hyun Kim

Table 2 Average thickness and the measured range of resistivity
according to the sample’s resistance

R [2] 134.1 379.3 545.5
[um) 2.56 2.00 1.43
1.40%x10° ~ | 3.51x10° ~ | 3.09%x10° ~
RO[Lem] 15 105 | 530x10° 5.04x10°

379.3 Q& 1.68~2.54 um, 545.5 Q& 1.03~1.68 um= ZH%Y
o 0] BF e o) 220 £ olgetel S HlA

9] HeE Table 201 sttt 379.3 OxF 545.5 QO] ¢
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Fig. 3 Vertical layout and top view of the film heater attached
to the substrate
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Fig. 4 Schematic and photo of temperature measurement system
using FLIR in EM environment
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simulation
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Fig. 6 Initial and boundary conditions used in FM environment
simulation
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Table 3 Voltage applied to the film heater for both substrates
in FM environment simulation

Sink temp. CFRP Al 6061
-150C 27V ~33V 25V ~34V
-100C 260V ~32V 26 V~33V
-50C 25V ~32V 25V ~33V

0C 23V~30V 23V~32V
50C 20V ~28V 20V~30V
100C 1I5V~23V I5V~20V

L0 AUTC 106.9

FLUKE

104.1°C

MAX
106.9

MIN
19.2

MIN:49.0
MAX:106.8
AVG:93.8 19.2

¥ 10/21/22  20:59:02 E:0.85 BG:19'C  T:100%

FLUKE

AUTO 3909

39.1°C

MAX
399

200
L == 310

AL oans

MIN:33.6
MAX:40.2
AVG:37.7

ﬁ

20.0
E:0.94 BG:19C T:100%

[ 10/21/22 19:46:44

Fig. 7 FLIR images and simulated temperature contours for the
film heater attached to the substrates of CFRP(up) and
Al 6061(down)
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Fig. 10 Maximum and minimum temperature histories in FM
environment for various sink temperatures (Ts); (a)
Temperature history of the film heater attached to CFRP
when the applied voltages are 31 V, 28 V and 22 V,
respectively; (b) Temperature history of the film heater
attached to Al 6061 when the applied voltages are 31
V, 29 V and 24 V, respectively
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Fig. 12 Evaluation of the limited distance(D) between heaters
which can maintain the minimum control temperature
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Fig. 14 Maximum temperature of the film heater attached to the
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various sink temperatures; (a) CFRP substrate, (b) Al
6061 substrate
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