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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

QM - Qualifying Model

FM — Flight Model

BRF — Body Reference Frame

LRF — Launcher Reference Frame
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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. Introduction

This document provides the vibration test procedure of SIGMA QM (Qualification Model) by falcon 9
environment data. The sine sweep vibration test, sine vibration test, random vibration test and quasi-static
test of the SIGMA QM are going to do at KAIST Satellite Research Center in Korea.

1.1 Characteristics of SIGMA

Table 1 Specification of the SIGMA

R
3-unit CubeSat (100 mm x 100 mm x 340.5 mm)
36 kg, 4W

Nadir mode (Focus on earth)
Rod 1-unit torque rod
Actuator 2-axis magnetic torque coil

Communication Uplink VHF
Downlink UHF, S-band

3 months

Pavioad TEPC Effect with human skin tissue and radiation exposure
4 MAG Research of Electro Magnetic lon Cyclotron (EMIC)

ACS
(Attitude Control System)

2. Equipment for the Vibration Test
2.1. Shaker

- Model 1216VH Electrodynamics shaker, Ling electronics

®36.00

(S14.4> 39.75
(993.7)
l ! ° 19116
44,1848 | [486.8)
[1122.3] . ! .
ws‘es ._T_ ]
<17i;.9> % !
|
L .
o [ e |
ey ~— 58—
Figure 1. Front side of shaker 1216VH Figure 2. Left side of shaker 1216VH
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Table 2. Specification of shaker 1216VH

77 kN/m
438 mm
54.43 kg
Half-loop metallic flexures
454 kg
1.78 mis
4103000 Hz
100 g sine vector
123 KVA
53.4 peak sine
Force rating 53.4rms random
106.8 kN Shock

- Model V964 Electrodynamics shaker, Briel & Kjaer

T 1 I 6

Figure 3. Inner structure of shaker V964

Table 3. Specification of shaker V964

89 kN

B9 kN

100g

2.0 mis

38.1mm

432 mm
cooling

5 t0 2500 Hz

59.0kg
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2.2. Accelerometer
- < P/N: 8763A500, KISTLER>

"- |
10,2 i -
cube )
¥
5-40 UNC-2Bx32
Typ. 3

Figure 4. KISTLER accelerometer (3 axis) Figure 5. Dimension of accelerometer (1 axis)

| o
=

0.40 0.30

T
i

--—— 0.40
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\, KISTLER _|
K-SHEAR

0.20 ‘
T T—mcﬁunting surface [
0.06 # @0.035 dia. x 6ft. long teflon®

jacketed coaxial cable terminated
in 10-32 neg. connector

Figure 6. KISTLER accelerometer (1 axis) Figure 7. Dimension of accelerometer (1 axis)

i
i

Table 4. Specification of KISTLER accelerometer

(3 axis) (1 axis)
Range g + 50 + 500
Sensitivity, = 10% mV/g 100 10
Frequency response, = 5 % Hz 0.5 to 7000 2 to 10000
Threshold, nom grms 0.0003 0.01
Transverse sensitivity, typ. % 25 15
Non-linearity %FSO + 1 +1
Temp. coeff.: sensitivity %/ C -0.06 -0.03
Operating temperature T -551t0 90 -65 to 250
Mass grams 4.5 "3

Specification
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3. Test Procedure

Prior to arrival at the test facility shakedown test will be conducted using mass dummy (1 to 2kg) in
order to validate the Qualification level random noise. This shall be conducted in lateral directions.

The test sequence for each of the three orthogonal axes is normally as follows:
I. Spacecraft functional checkout
I1. Qualification random noise

I11. Spacecraft functional checkout

Note: The test pod should not exhibit significant resonant frequencies below 2000Hz.
The order in which the axis tests are carried out may vary due to the initial configuration of the shaker.

Accelerometer readings will be inspected after each test in order to identify possible anomalies.
Visual Inspection of the FM spacecraft shall be performed after the test sequence.

Table 5. SIGMA vibration test work flow

Run 1 Function Test Spacecraft functional checkout

Run #

Sine sweep vibration test — Sine vibration test —
s X _axis vibration test Sine sweep vibration test — Random vibration test —
Sine sweep vibration test — Quasi-static test — Sine sweep vibration test

Run 3 Check Check by Eye and check the CMD

Sine sweep vibration test — Sine vibration test —

UL Y_axis vibration test Sine sweep vibration test — Random vibration test —

Sine sweep vibration test — Quasi-static test — Sine sweep vibration test
Run 5 Check Check by Eye and check the CMD

Sine sweep vibration test — Sine vibration test —

UG Z axis vibration test Sine sweep vibration test — Random vibration test —

Sine sweep vibration test — Quasi-static test — Sine sweep vibration test

Run 7 Function Test Spacecraft functional checkout
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Sine Sweep Sine Sine Sweep
Vibration Vibration Vibration
Test Test Test

Functional
Test

Random Sine Sweep o Sine Sweep
o - Quiasi-static o

Vibration Vibration Test Vibration
Test Test Test

Y - Axis Vibration Test

Sine Sweep Sine Sine Sweep
Vibration Vibration Vibration
Test Test Test

Random Sine Sweep : : Sine Sweep
o o Quiasi-static D
Vibration Vibration Vibration
Test
Test Test Test

Z - Axis Vibration Test

Sine Sweep Sine Sine Sweep
Vibration Vibration Vibration

Test Test Test
Check

Random Sine Sweep . . Sine Sweep
o o Quasi-static -

Vibration Vibration Test Vibration
Test Test Test

Functional

Test

Figure 8. Block diagram of SIGMA vibration test work flow
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3.1. Test Requirement

Test characteristics of qualification followed ISL pre-document(TBD). ISL document
(ISL.ISILaunch09.EL) was not delivered before QM vibration test. Levels in parenthesis
on table 6, 7, 8, 9 are characteristics of ISL pre-document.

3.1.1 Sine Sweep Vibration Test Characteristics

Table 6. Test characteristics of sine sweep vibration

| [Qualification

Characteristic

| Characteristic |

Required Required
(RF) xY.2 xY.2
Harmonic Harmonic
04(02)g 049

5 — 2000 [HZ] 52000 [Hz]
2 (2) [oct/min] 2 [oct/min]

** First natural frequency: > 90 Hz

3.1.2 Sine Vibration Test Characteristics

Table 7. Test characteristics of sine vibration test

| Qualification

Characteristic

Test Not required Not required
Directions {BRF} XY, Z XY, Z
Frequency range Amplitude Amplitude
[Hz] [] [9]
Profile 5 13 1.0
8 2.5 2.0
100 2.5 2.0
Sweep rate 2 [oct/min] 4 [oct/min]

Tolerance

Amplitude: + 3dB

** Qualification test of sine vibration is not required but test was conducted based on Falcon9 level.

CubeSat SIGMA

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations
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3.1.3 Random Vibration Test Characteristics

Table 8. Test characteristics of random vibration test

Characteristic | ] Qualification

———
{BRF}

0.026 (0.016) 0.013
Prof ———
0.16 (0.1)
141(112) g 100(g]
e eofesi

3.1.4 Quasi-Static (Sine Burst) Test Characteristics

Table 9. Test characteristics of quasi-static(sine burst) test

9] 9]

EOUM s s

Test Required Required

Longitudinal
RO =90 s
Transverse

+18.75 (22.5) g +150¢

{LRF}

Duration
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3.2 Accelerometer Points

Table 10. Test point location

Test Point Location

Chassis Near TEPC Internal
Chassis B Z Near TEPC Internal
TEPC mount C Y TEPC mount Internal
DC-DC Converter DC-DC

D XY, Z Internal

mount Converter mount
Test POD E X, Y, Z Top plate External
Fixture F X, Y, Z Top plate External

Figure 9. Location of internal accelerometer points (A, C, D)
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4

g , o 'I .
-

: ‘ Control channel
! (3
o

7

-

Figure 11. Location of external accelerometer points
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Table 11. Information of accelerometer sensors

. Seosor Asix of Sensitivity

Left Plate

10.83

10.18

10.86

DC-DC Converter

Mount SN751

On Fixture SN334

Table 12. Information of accelerometer control sensors

Sensor Asix of Sensitivity

SN492 Vertical 101.30

(fixture)

SN717 Vertical 101.40

*replaced to SN494 at random vibration test of Z axis

Page 16/39

SCHOOL OF

SPACE RESEARCH
KYUNG HEE UNIVERSITY

@ CubeSat SIGMA
e it ehdiations.




SIGMA Production Document 10004 — QM Vibration Testing

Table 13. Channel information of each axis

Direction of SIGMA Measurement channel information

Y axis Ch9, Ch13, Ch14, Ch19
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4.QM Vibration Test

4.1 Issues of Vibration Test

Table 14. Issues of vibration test per each axis

Type of
vibration

test

Because of spring, all axis of satellite was tested under more high amplitude
QSS level. But by checking data of control sensor, we confirmed input amplitude

level as 22.5 g.

PRS

POS #1

POS #2

POS #3

@ CubeSat SIGMA
Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations
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In 18 ch, unusual peak was occurred. We considered simple noise problem
SIN about that peak but origin was unknown. Sensor of 18ch position was placed on
fixture, we decided peak wasn’t affect satellite.

After sine vibration test, NF peak and shape was changed. We considered some
POS #1 part was non-fixing by sine vibration test. In functional test and visual
inspection, we checked a loose screw.
RAN SN493 that vertical control sensor was changed to SN494.

Because of change of NF peak and graph, we couldn’t find accurate NF. But

Ao overall shapes of graph was similar with other sine sweep vibration tests

Because of spring, all axis of satellite was tested under more high amplitude

QSS level. But by checking data of control sensor, we confirmed input amplitude
level as 22.5 g
POS #3 Because of change of NF peak and graph, we couldn’t find accurate NF. But

overall shapes of graph was similar with other sine sweep vibration tests

*PRS : Pre sine sweep vibration test, SIN : Sine vibration test, POS : Post sine sweep vibration test,
RAN : Random vibration test, QSS : Quasi-static test
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4.2 X Axis

4.2.1 Response Data

4.2.1.1 Pre Sine Sweep VibrationTest (X AXxis)

W?ﬂ'l:er.‘l e Elﬂ,un-d T D000 18 quTﬂ (L oee]
Tl Ty [ Fam Bt L0, 08 0 b
Mhaty ©h W
AF ChE
“mpkary Ch 11
A Furamonial i Chll
Mmlary Th Tk
A Fursiamonesl =
Mmhary ©h 171 fQ\ ! . s
[ f—=t—h S ChlT
(i X 1
L L =
- & o f
e pope e Ay L
k1P .] !
AP 1 1] k' T § "
o
H] 1] 190 1o rated
Log Frequoncy Mz
LFAFET] Ky By Uiy, Crabairil SHGCR Ol Modisl Survry1 6 X) :
“Wos] Do 10 004 Ted by SalRel Moo WL 2004] ™
D Evwttnar Tl A TOOE_KH_N0O8_LLS B8 "
Figure 12. Pre sine sweep vibration test (X axis)
4.2.1.2 SineVvibration Test (X Axis)
'Sbe-cpnrt-l.:)%]m :ﬂ&mﬂ Test I?.l'-;rI B0, 0860 He
70 Compeesson: 2% Fundamenta 10000 %, B FMS 237 mo Pty oy Smoop 200
Moy Ch B
a ¥ kL1 ChE
Mamiliaty ©h 11
A Fundemenl Chll
"holary ©hoO5 .
A Fundementsl ﬂﬂj Chls
Mamiary Ch T e .
A = e ma Y
Ly =
Astior ston #
i) 1
[ o= ]
(8]
5 10 L 1)
Log Froguoncy 1
1TERAS K] e Unie. Cubesal SICAUA OB SINE Tesd (00 :‘
‘Wil Db 70 1074 Tirit by SaTReC Dec. 10 794 &
Dol R Fill Ac TONDE_RHUI_X0Z_SIRLOOY .

Figure 13. Sine vibration test (X axis)
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4.2.1.3 Post Sine Sweep VibrationTest_1 (X Axis)

Swrvop Number: 1.00 Elapaad Tame: D004 T8 [Fosmisining Tiene: DOC-00-00
Sartsigy Rin 1 80000 oELmn Filter Ty Propoenal Tiest R 5000, 0000 HE
yo_Compression: M ; 14000 % BE RS- 327, Pongs. Por Swoep: 2000
Apilisy Ch B —
A F ChE
"Auiliary Ch T
A Fundamental Ch1l
ch 18
Amlay €n 17 1 "
A& F i
Pr A ; cur
Fi . 1 I}
Ly J %"“".\‘ L
Aot Bl o
=
{10k ] i X " J‘I
AR 4 i
1|
'F T
Wi
5 W 100 L] 2000
LE ] Frisguaay (Hay
e
11365 [Kyung Hise Liniv. Cubesal SHGMA O Modal Suneey2 [in X) A
Wod Dec 10 2014 Tesd by SaTRel [Dec., 10 2074} m
(Dt Foview File A TOO6_KHU_X03_LLS.00 A

Figure 14. Post sine sweep vibration test_1 (X axis)

Natural frequency was changed because of non-fixing of satellite with spring and pod.

4.2.1.4 Random Vibration Test (X Axis)

Ted Lowed: 00000 0B Reference RMS: 11,161 Tesd Fange: 200000, 2000.000 Hx
. T Timay: 0000200 Clippng: OA Resohson: {625 Hr
L]
Mplisry 8
A Chs
Maiiary 11 —_—
A Ch1ll
amliary 13 L —
A : : i Chls
Ailiary 17 1
A : Ch17
el
g S==5r as
DOF 120 7 1
“r.‘,TJiﬁ-
51066 g 1
06T g —
1EIFg Ca
w957 g ] i
ACR: 1 i
o
Fail 100 1000 Far 1 1]
ILogl Frequency (Hi)
175620 Koyang Hiose Uini, Cubsesal SKEMA 0M BANDOM Test fin X)

‘Wed Dec 10 2004 Tl by SaTReC [Dec. 10, 3004
Diain Fowiew File A TODS_KHU_X04_ R0

Figure 15. Random vibration test (X axis)
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4.2.1.5 Post Sine Sweep Vibration Test_2 (X Axis)

Sty Mumbie: 1.00 Elagriesd Tieste DOCH04:15 Roesuaining Tierse- O00-00:00

Swenp Raie 1: 4.0000 octimin Fillee Type: Proponisnal Tost Range: 5 000, 2000000 Hr
o Compression:_ Ane Furdamenial: 16000 % BA RS- 227 Poarts, Por Sweop: 2000
Mmilaty Ch 8
A F ChE
“Amliary Ch 11
A Fundamentsl Chll
Aumliay  ©ho 18
A Fundamontsl Chlé
Ay Ch ¥7 L /
& Fund el - y -
- Lk 1 Ch17?
) jf"a LY f:
o 1 T
Accrioration ¥~ ] I\:\u"’ I‘ |
9 k) Ju v e - S L N
ACP: 1 a1 | !
(i R i i
1 I 1
W T
o
5 m 100 1] 2000
Leg Feoquesncy {2}
LY Koy o Uy, Cubisal SIGAM O Modal Suranyd (n X) :
Woed Dec 10 2014 Test by SaTReC [Dec. 10, 2014) &
Data Roview File A: TOO0E_KHU_X04_LLS.001 A

Figure 16. Post sine sweep vibration test_2 (X axis)

Natural frequency was changed because of non-fixing of satellite with spring and pod.

4.2.1.6 Quasi-Static (Sine Burst) Test (X Axis)

Reference Peak: 22.500 Pulse Type:Import Reference
Pulse: 1o 1 Pulse Polarity: +
Control
Acceleration
20 J 'q ‘ h ﬂ H 3

——
[ ——

e |
[ —

_ ,.,/\/\(\H‘l

|

— S

[
R S

—

R I—

[

S ——

¥ i T " !
-30
0 100 200 300 400 500 600 700 800
Linear Time (msec)
18:42:27.7 Kyung Hee Univ. Cubesat SIGMA OM SINE BURST TEST (in X)

Wed Dec 10 2014 Test by SaTReC (Dec. 10, 2014)
Classical Shock Data Review Name: /usrhomefves/shock/data/TQ06_KHU_X06_SB.001

Figure 17. Control data of quasi-static (sine burst) test (X axis)
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Reference Peak: 22.500 Pulse Type:import Reference
Pulza: 1of 1 Pulsa Polarity: +
100
Auiliary 1"
Accaleration
s NN ‘ | l 1
] . e
Lingar Y 2
]
-50 |
Paak:
74.435
-52.543
-100
-130
] 100 200 300 400 500 600 700 800

Lingar Tima (msac)

18:42:21.7 Kyung Hee Univ. Cubesal SIGMA OM SINE BURST TEST (in X)
Wed Dec 10 2074 Test by SaTReC (Dec. 10, 2014)

Classical Shock Data Review Name: fusthomahcs/shockidatai TOO0E_KHU_X0E_S8.001

Figure 18. 11ch data of quasi-static (sine burst) vibration test (X axis)

Because of spring, all axis of satellite was tested under more high amplitude level. But
by checking data of control sensor, we confirmed input amplitude level as 22.5 g.

4.2.1.6.1 Real Input Data of Quasi-Static (Sine Burst) Test (X Axis)

Table 14. Real input data of X axis quasi static vibration test

Characteristic | | | Realinputdata

2259*1/2 11.8
Amplitude [g] 11ch g g
225¢g 24.203 g
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4.2.1.7 Post Sine Sweep Vibration Test_3 (X Axis)
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Accrieration Py Ly f f
g0kl *':*.-"“‘m“?\ ulm
o B - T
ACP 1 0.1 |IIII y ) '
I
I
| L
i) ] "r I
L 10 100 1000 2000
Leg Frequency (Hrl
185107 Kypursy Hist: Uiy, Caibiat SHCMA B Madal Surveyd {in o
Wd Dax: 10 2014 Torst lby SaTReC ([Dec. 10, 3004 A
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Figure 19. Post sine sweep vibration test_3 (X axis)

Natural frequency was changed because of non-fixing of satellite with spring and pod.
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4.2.2 Result
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Figure 20. Comparison of chll sine sweep vibration test

SN751 (chl1l, ch12, ch13) was placed on DC — DC converter mount. DC — DC converter
mount is well fixed satellite. So SN751 was less-affected by vibration damping. For that
reason, we checked channels of SN751 for verification natural frequency of each axis.

Table 15. Comparison of X axis natural frequency

PRS  21310Hz

SIN -
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4.3 Y Axis

4.3.1 Response Data

4.3.1.1 Pre Sine Sweep Vibration Test (Y AXis)
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Figure 21. Pre sine sweep vibration test (Y axis)
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4.3.1.2 Sine Vibration Test (Y Axis)
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Figure 22. Sine vibration test (Y axis)

In 19 ch, unusual peak was occurred at 14 Hz. We checked problem of SN334 and
decided to ignore data of 19ch.

4.3.1.3 Post Sine Sweep Vibration Test_1 (Y Axis)
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Figure 23. Post sine vibration test_1 (Y axis)
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4.3.1.4 Random Vibration Test (Y Axis)
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Figure 24. Random vibration test (Y axis)
4.3.1.5 Post Sine Sweep Vibration Test_2 (Y Axis)
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Figure 25. Post sine vibration test_2 (Y axis)
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4.3.1.6 Quasi-Static (Sine Burst) Test (Y Axis)

Reference Peak: 22.500 Pulse Type:import Reference
Pulse: 0 of 1 Pulse Polarity: +
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22:09:44.3 Kyung Hee Univ. Cubesat SIGMA OM SINE BURST TEST (in YY) 2nd
Wed Dec 10 2014 Test by SaTReC (Dec. 10, 2014)

Classical Shock Data Review Name: jusihomefvcs/shock/dataiTQ06_KHU_Y06_SBE2.001
Figure 26 Control data of quasi-static (sine burst) test (Y axis)
Because of spring, all axis of satellite was tested under more high amplitude level. But by
checking data of control sensor, we confirmed input amplitude level as 22.5 g

When we tested to quasi-static test of Y axis was applied reference peak level 22.5,
program shut down because of high amplitude level. So we couldn’t get quasi-static test
data of Y axis except control data. But as we can see, Figure 26 is shown that reference
peak level was applied to quasi-static test of Y axis as 22.5. And we verified quasi-static
test of Y axis by checking functional test of Y axis which was conducted after quasi-
static test, post sine sweep vibration test_3 .

4.3.1.6.1 Real Input Data of Quasi-Static (Sine Burst) Test (Y Axis)

Table 16. Real input data of quasi static vibration test (Y axis)

__ Real input
Characteristie || | "I
. 2259*1/2 16.986 g
Amplitude [g] 13ch
225 33.775g
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4.3.1.7 Post Sine Sweep Vibration Test_3 (Y Axis)
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Figure 27. Post sine sweep vibration test_3 (Y axis)
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4.3.2 Result
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Figure 28. Comparison of ch13 sine sweep vibration test

Table 17. Comparison of natural frequency (Y axis)

PRS  377.83Hz

SIN =
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4.4 Z Axis

4.4.1 Response Data

4.4.1.1 Pre Sine Sweep Vibration Test (Z AXxis)
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Figure 29. Pre sine sweep vibration test (Z axis)

Test was shut down at 1998 Hz. So we couldn’t get data of from 1998 to 2000 Hz
section.
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4.4.1.2 Sine Vibration Test (Z Axis)
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Figure 30. Sine vibration test (Z axis)

In 18 ch, unusual peak was occurred. We considered simple noise problem about that
peak but origin was unknown. Sensor of 18ch position was placed on fixture, so we

decided peak wasn’t affect satellite and ignored that peak.

4.4.1.3 Post Sine Sweep Vibration Test_1 (Z Axis)
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Figure 31. Post sine sweep vibration test_1 (Z axis)

After sine vibration test, NF peak and graph shape was changed. We considered some
part was non-fixing by sine vibration test. At functional test and visual inspection, we

checked a loose screw.

Page 33/39

P CubeSat SIGMA

)

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations

g SCHOOL OF

77 SPACE RESEARCH

KYUNG HEE UNIVERSITY



SIGMA Production Document 10004 — QM Vibration Testing

4.4.1.4 Random Vibration Test (Z Axis)
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Figure 32. Random vibration test (Z axis)
SN493 vertical control sensor was changed to SN494.
4.4.1.5 Post Sine Sweep Vibration Test_2 (Z Axis)
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Figure 33. Post sine sweep vibration test_2 (Z axis)

Because of change of NF peak and graph shape, we couldn’t find accurate NF. But
overall graph shape was similar with other sine sweep vibration tests.
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4.4.1.6 Quasi-Static (Sine Burst) Test (Z Axis)
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15:18:07.3 Kyung Hee Univ. Cubesat SIGMA QM SINE BURST TEST (in 7)
Thu Dec 112014 Test by SaTReC (Dec. 11. 2014)

Classical Shock Data Review Name: fusrhomefves/shock/data/TQ06_KHU_Z06_SB.001

Figure 34. Control data of quasi-static (sine burst) test (Z axis)
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Figure 35. 12 ch data of quasi-static (sine burst) vibration test (Z axis)

Because of spring, all axis of satellite was tested under more high amplitude level. But
by checking data of control sensor, we confirmed input amplitude level as 22.5 g
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4.3.1.6.1 Real Input Data of Quasi-Static (Sine Burst) Test (Z Axis)

Table 18. Real input data of quasi static (sine burst) vibration test (Z axis)

- Real input
Aot o 2259*1/2 12.597
mpli
plitude [g] 2259 24.692

4.4.1.7 Post Sine Sweep Vibration Test_3 (Z Axis)
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Figure 36. Post sine sweep vibration test_3 (Z axis)

Because of change of NF peak and graph shape, we couldn’t find accurate NF. But
overall graph shape was similar with other sine sweep vibration tests.
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4.4.2 Result
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Figure 37. Comparison of ch12 sine sweep vibration test (Z axis)

Table 19. Comparison of natural frequency (Z axis)

PRS 30086 Hz

SIN =
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4.5 Pass/Fail Criteria

A successful test is defined by a component not being at all affected by the vibrations test.
This is measured by visual inspection, as well as performing a physical and/or electrical
inspection before and after the vibration test. This ensures that the component was
working before testing began, and continued to work after testing was completed. Even
if the component passes the physical/electrical test after the vibration test, any noticeable
changes made to the component during the vibration test will be enough to fail the
component.

Table 20. Explanation of run #
Run 1 Function test is going to start before all vibration test.

Run 3 After X_axis vibration test, check by Eye and check the CMD

Run 5 After Y _axis vibration test, check by Eye and check the CMD

Run 7 After Z_axis vibration test, function test is going to start.

Table 21. Check list of pass/fail criteria

NO Category Check Item Runl Run3 ‘ Run5 Run7 ‘
1. TEPC
1 TEPC No mechanical damage
2 TEPC Electrical functionality
2. MAG
1 MAG No mechanical damage P P P P
2 MAG Electrical functionality P P P P
3. Avionics stack
1 Deg\l\(/)i)t/grw‘ent Plunger travels smoothly P P P P
2 RBF switch Remains closed P P P P
3 Motherboard | Retains full functionality P P P P
4 Motherboard | No mechanical damage P P P P
5 EPS Retains full functionality P P P P
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6 EPS No mechanical damage P P P P

7 Battery Retains full functionality P P P P

8 Battery No mechanical damage P P P P

9 UHF Receiver | No mechanical damage P P P P

10 1B Retains full functionality P P P P

11 1B No mechanical damage P P P P
4. Chassis

1 Chassis No galling on chassis rails P P P P
5. Torque coils

1 Torque coils No mechanical damage P P P P

2 Torque coils | Retain full functionality N/A N/A N/A N/A
6. Solar panels

| sorpuens | NoSdmaetatcuses |, [, | |

2 Solar panels Electrical functionality P P P P

7. UHF antenna assembly

No loss of deployment

functionality N/A | N/A | N/A | N/A

1 UHF antenna

2 UHF antenna | No loss of radio functionality N/A N/A N/A N/A
8. Patch antennas
1 Patch antennas | Coax still intact P P P P
2 Patch antennas | No physical damage P P P P
3 Patch antennas | Electrical Functionality N/A N/A N/A N/A
9. Calex DC-DC Converter
1 Calex DC-DC | Pins still intact and physically P P P P
converter undamaged
2 Calex DC-DC | o irical Functionality P P P P
converter
10. Harnessing
1 Harnessing No loss of captivity P P P P
2 Harnessing Electrical Functionality P P P P
* P: Pass, F: Fail, N/A: Not Applicable
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