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Abstract

The Synthetic Aperture Radar (SAR) is equipped with a Transmitter/Receiver (TR) module, which serves as the signal
transmission and reception unit for acquiring image data. The TR module generates significant heat during signal
generation and amplification, potentially degrading performance or causing mission failure. Furthermore, launch and
operational environments may result in structural damage to the components. Thus, assessing the thermal and structural
safety of the TR module through thermal and vibration tests is essential to guarantee its safety. Safety assessments can
be verified through environmental tests prescribed in MIL-STD-883. This paper explores the thermal and structural safety
characteristics of the TR module by simulating test environments using finite element analysis prior to conducting
environmental tests.
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Fig. 1 Configuration of TR module
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Fig. 2 Thermal vacuum experimental model

Fig. 3 Thermal analysis model of TR module
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Table 1 Thermal properties of the components

Thermal Specific Density
Component | Material conductivity heat [ke/on®]
[W/mK] [J/kgK]

Housing KOVAR 17 439 8,360
Lid KOVAR 17 439 8,360
CuW block CuW 190 174 16,300
PCB HTCC 18 850 3,600
HPA GaN 65.6 700 6,100
Circulator GaN 65.6 700 6,100
JG AL6061 167 896 2700
JIG PCB FR-4 1 1150 1800
Pogo pin AL6061 167 896 2700
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Fig. 4 Steady-state thermal analysis result
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Fig. 5 Temperature profile from HPA to jig

306

305

w
2

w
i

Temperature [K]
g€ B

w
2

]
&

(]
&

20

o
w
3t
&

Distance [mm]

Fig. 6 Temperature profile from circulator to jig
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Fig. 7 Steady-state thermal analysis for TR module
with high temperature case (398 K)
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Fig. 8 Transient thermal analysis for TR module with
thermal cycle
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Table 2 Materials applied to the components

Young’s . .
. Poisson’s Density
Component Material modulus ratio (kg/m’]
[GPal
Housing KOVAR 140 0.3 8,360
Lid KOVAR 140 0.3 8,360
CuW block CuWw 300 0.3 16,300
PCB HTCC 310 0.23 3,600
Circulator GaN 295 0.19 6,100
HPA GaN 295 0.19 6,100

Fig. 9 Structural and modal analysis model of TR module

f, = 3567.4 Hz f, = 4000.5 Hz f; = 5024.9 Hz

Fig. 10 Modal analysis of TR module
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