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Thermal Vacuum Test and Thermal Analysis for a Qualification
Model of Cube-satellite STEP Cube Lab.
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Space Technology Synthesis Laboratory, Department of Aerospace Engineering, Chosun
University* ' ***, SaTReC(Satellite Technology Research Center), KAIST**

ABSTRACT

Qualification model(QM) of main payloads including concentrating photovoltaic system
using fresnel lens, heating wire cutting type shockless holding and release mechanism, and
MEMS-based solid propellant thruster have been developed for the STEP Cube Lab.(Cube
Laboratory for Space Technology Experimental Project), which is a pico-class satellite for
verification of core space technologies. In this study, we have verified structural safety and
functionality of the developed payloads under a qualification temperature range through
the QM thermal vacuum test. Additionally, a reliability of thermal model of the payloads
has been confirmed by performing a thermal correlation based on the thermal balance test
results.
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Fig. 1. STEP Cube Lab. Configuration and
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Fig. 4. MEMS Thruster

Table 1. MEMS Thruster Specification
Description Specifications
Mass 2.749

Dimensions 30 30x2.6mm
Burning Time 0.23ms

Max Thrust 3.62N

Total Impulse 0.384m- Nsec
Specific Impulse 62.3sec
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Fig. 5. Holding and Release Mechanism
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Table 2. Definition of QM Payload Level TVT

[tem Definition
. -35C ~ +35C
Test Temperature Limit (Qulification Level)
Number of Cycle 3
Test Tolerance +3C
Thermal Dwell Time 2 hour
Pressure <107* torr
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Fig. 7. Electrical I/F Configuration
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Fig. 8. Test Set—-up Configuration for QM
Payload Level for STEP Cube Lab.
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Fig. 9. Temperature Profile of QM Payload Level TV Test of STEP Cube Lab.
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Table 3. Cold/Hot Correlation Results of QM STEP Cube Lab. Thermal Balance Test

Cold Correlation Results
Test T PreT AfterT | PreE. After E. 16 —
= Pre E. ey
CPV System -35.303 | -28.773 | -34.998 | 6.531 0.305 R e
H&R Mech. -35.322 | -20.337 | -34.997 | 14.985 0.325 8
Thruster | -27.277 | -34.936 | -29.972 | 7.659 2.695 4 -
MEMS
Thuster BI’T -21.257 | -34.986 | -20.444 | 13.729 0.813 0 ! ! :
oard Thruster 1/F Board
Hot Correlation Results
Teern TestT | Pt | AdaT | P2 | A8 [° T ormc
CPV System 34.895 | 38.366 | 35.003 | 3.471 0.108 6 mafter E
H&R Mech. 34.879 | 42.433 | 35.008 | 7.554 0129 |* ]
Thruster | 38.342 | 35.212 | 37.782 | 3.13 0.56 R
MEMS == 5
Thruster i ‘ T i
Board | 42.043 | 35.007 | 42.656 | 7.036 0.613 CPV System HERMech  Thruster  U/F Board
« TestT:A|E 2C
* Pre T : TMM Cormrelation T sj& 2 & * PreE.:Test T2} Pre T2}2| 24}
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Fig. 13. TMM of Payload for Correlation time t+At

Tjﬂ“: temperature of node i at the next
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; ¢ linear conductor attaching node j to i
: radiation conductor attaching node j

g;Q

toi
: thermal capacitance of node i

LA

: source/Sink for node i
: iteration level
: time step

*

€ : convergence criteria
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Table 4. Orbit Parameter of STEP Cube Lab.

Parameter Orbit Condition

Coldest Hottest

Orbit Type Sun-Synchronous
Inclination angle 97.78
Altitudelkm] 600

Solar Flux[W/m~2] 1287 1420

Albedo 0.30 0.35

IR FluxlW/m"2] 227 249

Season Summer Winter

Variable Emittance Radiator

Fixed Emittance Radiator
|/F Panel
i~ GPS Antenna

Solar cell-

| CPV System
UHF Antenna

Fig. 14. TMM for STEP Cube Lab. for
on-orbit Thermal Analysis

» 0y

B

Fig. 15. Orbit Profile of STEP Cube Lab.

Table 5. On-orbit Thermal Analysis for
STEP Cube Lab.

Payload TinlCl | Tay Tl
CPV -37.98 29.08
H&R Mech. 1.69 30.89
MEMS |/F Board -18.65 26.16
MEMS Thruster -14.28 25.45
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