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Article history: Herein, we reviewed satellite applications for the film heater with a silver-paste
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calculationcharacteristics. For Flying Model class application, it was possible
to maintain the temperature above 200°C, which can be shielded by PI using a
silver element of thickness 6.26 um, width of 2 mm, bus-voltage of 28 V, and
electrical resistance of 25.8 €. If the maximum temperature does not exceed
200 °C, a suitable heater for the sink temperature is used, and the maximum
allowable power density is lowered to less than half of the European Space
Components Coordination regulation (0.54 W/cm?®). The calculated results
Screen printing showed an error when with the measured temperature in the test mode
attaching a heater to the CFRP plate due to the high thermal resistance of film
and adhesive layers.
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Fig. 1 Printings for manufacturing silver-paste heating element
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QARATALTAIV=

® Element length = = 976.43 mm
(a) A type (heater size 152.4 x 25.4 mm®)

® Actual heating area = 3464.46 mm’
® Element length = 980.63 mm
(b) B type (heater size 76.2 x 50.8 mmz)

10um below

Pl tape

PIfilm
Adhesive tape

Ag-paste

(c) Vertical layers structure

Fig. 2 Heating element pattern and silver-paste heater structure
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‘Applied material properties ‘

‘ Application area ‘
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- Warm-up
- Critical temperature
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- Heating area

‘ Ohm density |

Fig. 3 Design issues considered in the film heater
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Table 2 Operating conditions for the film heater

Table 3 Material properties used in the film heater
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&, for FM ciass Internal heat generation

Rair for EM class / (Qgenetaion)
Control volume 1~ N[~ oo —
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1
4 el h
1
I
1
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I
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g;for FM class, h,; for EM class at CV 2
Only radiation dissipation : & = 0.87 for the polyimide film surface
& = 0.85 for the CFRP surface
Convection dissipation : /1, = 25 W/m*-K (in air)
i =1, 2, 3 (I=polyimide, 2=adhesive, 3=CFRP)

Fig. 4 Boundary conditions
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P/D 1.2564 W/cm®
P/D 0.7125 W/cm®
P/D 0.4642 W/cm®
P/D 0.2045 W/cm®
P/D 0.1057 W/cm?
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Time (s)

100 300

Fig. 7 Time history of the surface temperature (maximum

allowable temperature) for various power densities (P/D)
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