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List of Abbreviations and Acronyms

SIGMA - Scientific cubesat with Instruments for Global Magnetic field and rAdiation
KHUSAT — Kyung Hee University SATellite
KHU — Kyung Hee Univeristy

SSR — School of Space Research

YU — York University, Canada

UNH — University of New Hampshire, USA
VT — Virginia Tech, USA

TestPOD - Test Picosatellite Orbital Deployer
UUT — Unit Under Test

TEPC — Tissue Equivalent Proportional Counter
MAG — miniaturized fluxgate MAGnetometer
[1B — Instrument Interface Board

OBC — On Board Computer

RBF — Remove Before Flight

P/N — Part Number

TVAC — Thermal Vacuum

QM — Qualifying Model

FM — Flight Model

TC — ThermoCouples

Page 3/23

.. SCHOOL OF

%" SPACE RESEARCH
RS KYUNG HEE UNIVERSITY

CubeSat SIGMA

Scientific cubesat with Instruments for
4 Global Magnetic fields and rAdiations

/S

9




SIGMA Production Document 10003 — QM Thermal Vacuum Testing

Special Notes

CAUTION

Note: CAUTION notes identify situations where flight hardware may be damaged
without proper attention.

Note: DANGER notes identify situations where bodily harm may occur without proper
attention.
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1.0 Objective

This document describes TVAC test procedure of the KHUSAT-03 for QM. TVAC
test consists of thermal cycling test and thermal balance test. The objective of thermal
cycling test is to verify the system performance under the thermal vacuum condition which
the spacecraft will encounter in space. The objective of thermal cycling test is subject the
KHUSAT-03 satellites to the temperature extremes that have been derived from the
combination of thermal analysis results and component-level operational temperature
ranges. Functional TVAC tests will be performed in a thermal vacuum chamber at the KHU.

2.0 Personnel

KHUSAT-03 Date: [/ |/
Mechanical Engineer(s): Date: /[ [/
KHUSAT-03 Date: [/ |/
Electrical Engineer(s): Date: _ / [/
Test Facility Engineer(s): Date: /[ [/
Date: /1

3.0 Proper Hardware Handling

All Flight Hardware to be bagged and kept clean. Personnel to handle hardware should
only use appropriate gloves. Solar Panels should not be touched on the top surface, except
by appropriate plastic covering.

4.0 Reference Documents

GSFC-STD-7000A GENERAL ENVIRONMENTAL VERIFICATION STANDARD (GEVS)
For GSFC Flight Programs and Projects
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5.0 Thermal Vacuum Test Specification

5.1 Test Profile

Table 1IKHUSSAT-03 Thermal Cycling Test Parameters

Item Qualification Acceptance
Number of Cycling 4 times 2 times
Soak Duration(Dwell Time) 2 hrs 2 hrs
Temperature Range -20 ~40 °C -15~35°C
Temperature Transition Rate < 2°C/min <2°C/min
Stabilization Condition <3°Clhr <3°C/hr
Pressure <10° Torr <10° Torr

Close the Door
Pump-Up

Ambient -
(247T)

Pressure

Ambient
(760Torr)

—LEGEND -

Y Turn-On /. Tumn-On, if perform the Battery Heater Test § Performance Test

#€ Turn-Off ~/ Turn-Off, After perform the Battery Heater Test

Figure 1 KHUSAT-03 QM Thermal Cycling Test Profile
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FT® H1e
23:00 11:00

35°C
F/T(®
1@ 14:00
13:00 1
2 Cycele
-15°C
Time
1% Cooling 1* Heating 24 Cooling 27 Heating
14:00 19:00 24:00 07200
—LEGEND —
Y Turn-On  /\ Turn-On, if perform the Battery Heater Test § Performance Test
¥4 Turn-Off  °/ Turn-Off, After perform the Battery Heater Test
Figure 2 KHUSAT-03 FM Thermal Cycling Test Profile
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5.2 Temperature Range

Component Operating Temperature Limit (°C)
S-band Transmitter -40 to +85
OBC -40 to +85
SD card -40 to +85
RTC coin battery -30 to +80
EPS -40 to +85
Battery -40 to +85
Transceiver -20 to +50
UHF/VHF Antenna -20 to +60
11B -40 to +85
MAG Board -40 to +70
ACS Board -40 to +85
TEPC Board -40 to +85
TEPC Sensor -10 to +30
MAG Sensor -40 to +80
Solar Cell -100 to +100
Structure -45 to +65

5.3 Thermo Couples

Omega Engineering 5TC-TT-T-30-36

CubeSat SIGMA

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations
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5.4 Location of Thermo Couples (QM)

Thermo couple Location Thermo couple Location
T1 Shroud 1 T2 MAG Sensor
T3 Battery T4 TEPC Mount
T5 TEPC Chamber T6 UV ANT(+Y)
T7 Chassis +X T8 Chassis -X
T9 Chassis —-Y T10 Chassis +Z
T11 Chassis —Z T12 Shroud 2

CubeSat SIGMA

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations
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5.5 Location of Thermo Couples (FM)

Thermo couple Location Thermo couple Location
T1 +Z Chassis T2 -Z Chassis
T3 (Optional) +X Chassis T4 (Optional) -X Chassis

CubeSat SIGMA

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations

Page 12/23

.o SCHOOL OF

SPACE RESEARCH

KYUNG HEE UNIVERSITY




SIGMA Production Document 10003 — QM Thermal Vacuum Testing

5.6 Check List of Functional Test

Component Criterion
No broken components or connections on electronics boards
TEPC No loss of functionality
MAG No loss of functionality in MAG boom deploy

No loss of functionality in miniaturized fluxgate sensor

No mechanical damage

Torque coils/rod - —
Retain full functionality

Deployment Switch — Plunger travels smoothly

RBF Switch — remain closed

OBC — Retains full functionality, no mechanical damage

EPS — Retains full functionality, no mechanical damage

Avionics Bus Battery — Retains full functionality, no mechanical damage

Transceiver — Retains full functionality, no mechanical damage

11B — Retains full functionality, no mechanical damage

MAG board — Retains full functionality, no mechanical damage

ACS board- Retains full functionality, no mechanical damage

No structural damage that causes loss of functionality

Solar Panels
Electrical Functionality
Chassis No galling on chassis rails
MAG Boom No loss of deployment functionality
UHF/VHF Antenna No loss of deployment functionality

No physical damage
S-band Antenna Py g

Electrical Functionality

DC-DC converter Pins still intact and physically undamaged
Harnessing Electrical Functionality
Note

MAG Boom 1} UHF/VHF antenna = Chamber 7+ AN IS £ gl7|

M=0f Part Thelo] Erof ETIAIY ER.
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5.7 QM Test Environment

® Location

B110, Clean Room, Kyung Hee Astronomical Observatory, Korea

® Monitoring S/W

LabVIEW 2007(SIGMA_QM_Thremal test 141215.vi)
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6.0 QM Thermal Vacuum Test

6.1 QM T-VAC Test Log and Issues
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6.2 QM Test Result

6.2.1 Overview

——Shroud 1
—— Shroud 2
—— MAG Sensor
—— Battery
80 - —— TEPC Mount
—— TEPC Chamber|
—— UV ANT (+Y)
—— Chassis +X
40 —— Chassis -X
i —— Chassis -Y
) —— Chassis +Z
o Chassis -Z
® 04
52
~
=
5 40
—
(O]
£
[0} -80
'_
-120 +

T T T T T T
2015-12-17 10:12:30 2015-12-18 08:58:02 2015-12-1908:16:25

Time

Thermal vacuum test was conducted at temperatures -20 to 40 degrees Celsius. Four cycles
were completed with a hold at each extreme for 120 minutes. SIGMA was placed in the

vacuum chamber and brought down to a hard vacuum (a least 5 x 107 Torr).
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6.2.2 Inner Side

—— MAG Sensor
—— Battery
—— TEPC Mount
——TEPC Chamber
40 -
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z
o
=
©
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&
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I " I 4 I
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Time
6.2.3 Outer Side
UV ANT (+Y)
—— Chassis +X
—— Chassis -X
—— Chassis -Y
——— Chassis +Z
—— Chassis -Z
40 -
m
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o
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2 204
o
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o
S o0
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T ¥ T T T
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6.24 TEPC
TEPC Mount
—— TEPC Chamber
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6.2.5 MAG
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6.2.6 Battery

] Battery
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6.3 QM Pass/Fail criteria

Table 21. Check list of pass/fail criteria

1. TEPC
1 TEPC No mechanical damage P N/A N/A N/A N/A P
2 TEPC Electrical functionality P P P P P P
2. MAG
1 MAG No mechanical damage P N/A N/A N/A N/A P
2 MAG Electrical functionality P P P P P P
3. Avionics stack
Deployment
1 Plunger travels smoothly P N/A N/A N/A N/A P
switch
2 RBF switch Remains closed P N/A N/A N/A N/A P
3] Motherboard Retains full functionality P P P P P P
4 Motherboard No mechanical damage P N/A N/A N/A N/A P
5 EPS Retains full functionality P P P P P P
6 EPS No mechanical damage P N/A N/A N/A N/A P
7 Battery Retains full functionality P P P P P P
8 Battery No mechanical damage P N/A N/A N/A N/A P
9 UV Transceiver No mechanical damage N/A N/A N/A N/A N/A N/A
10 11B Retains full functionality P P P P P P
11 11B No mechanical damage P N/A N/A N/A N/A P
4. Chassis
1 Chassis No galling on chassis rails P B P B P P
5. Torque coils
1 Torque coils No mechanical damage P P P P P P
2 Torque coils Retain full functionality P N/A N/A N/A N/A P
6. Solar panels
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Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations

No structural damage that causes
1 Solar panels P P P P P P
loss of functionality
2 Solar panels Electrical functionality P B P B P P
7. UHF antenna assembly
No loss of deployment
1 UHF antenna P N/A N/A N/A N/A P
functionality
2 UHF antenna No loss of radio functionality P N/A N/A N/A N/A P
8. Patch antennas
1 Patch antennas No physical damage P N/A N/A N/A N/A P
2 Patch antennas Electrical Functionality N/A N/A N/A N/A N/A N/A
9. Calex DC-DC Converter
Calex DC-DC Pins still intact and physically
1 B N/A N/A N/A N/A [
converter undamaged
Calex DC-DC
2 Electrical Functionality N/A N/A N/A N/A N/A N/A
converter
10. Harnessing
1 Harnessing No loss of captivity P P P P P P
2 Harnessing Electrical Functionality P P P P P P
* P: Pass, F: Fail, N/A: Not Applicable
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