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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
P-POD - Poly-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

PRS — PRe Sine sweep vibration test

RV - Random Vibration test

POS — POst Sine sweep vibration test

CMD - CoMmanD

N/A - Not Applicable

P - Pass

F - Fail

NF — Natural Frequency

FRF — Frequency Response Function
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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 FM (Acceqtance Model) by falcon
9 environment data. The sine sweep vibration test and random vibration test will be conducted at
KAIST Satellite Research Center in Korea as SIGMA FM vibration test.

1.1 Characteristics of SIGMA

Table 1. Specification of the SIGMA

Characteristics

3-unit CubeSat (100 mm x 100 mm x 340.5 mm)

3.6kg, 4W

Nadir mode (Focus on earth)

(Attitude Control Rod 1-unit torque rod
System) Actuator 2-axis magnetic torque coil

Communication Uplink VAE
Downlink UHF, S-band

3 months

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

2. Equipment for the vibration test

2.1. Shaker

- Model 1216VH Electrodynamics shaker, Ling electronics

836.00
(914.4)

39,75
9937
l ! ° 19.16
0441848 | [486.8]
(112231 ol
| 1.
6,88 ‘
174.8) !
' |
|

(12985

I* siie 4] Wm

56.88 .
(1444.8) = 678.7)

Figure 1. Front side of shaker 1216VH Figure 2. Left side of shaker 1216VH
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Table 2. Specification of shaker 1216VH

106.8 kN Shock

Half-loop metallic flexures

100 g sine vector
53.4 peak sine

53.4rms random

- Model V964 Electrodynamics shaker, Briel & Kjaer

Figure 3. Inner structure of shaker V964

Table 3. Specification of shaker V964

Lo
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2.2. Accelerometer

- <P/N: 8763A500, KISTLER>

5-40 UNC-2Bx3

Typ. 3
Figure 4. KISTLER accelerometer(3 axis) Figure 5. KISTLER accelerometer(1 axis)
Table 4. Specification of KISTLER accelerometer(3 axis)
Range g + 50
Sensitivity, £ 10% mV/g 100
Frequency response, = 5 % Hz 0.5 to 7000
Threshold, nom grms 0.0003
Transverse sensitivity, typ. % 25
Non-linearity %FSO + 1
Temp. coeff.: sensitivity %/ C -0.06
Operating temperature T -55 to 90

Mass grams 4.5
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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 acceptance 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. Work flow of SIGMA FM vibration test

Run #

AUIAN X _axis vibration test Sine sweep vibration test

Y_axis vibration test Sine sweep vibration test

S| Z axis vibration test Sine sweep vibration test

Run 3 Function Test Check by Eye and check the CMD

Run 5 Function Test Check by Eye and check the CMD

Run 7 Function Test Spacecraft functional checkout

Run 1 Function Test Spacecraft functional checkout

Sine sweep vibration test — Random vibration test —

Sine sweep vibration test — Random vibration test —

Sine sweep vibration test — Random vibration test —
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X - Axis Vibration Test

Function Sine Sweep Random Sine Sweep
Vibration Vibration Vibration
Test Test Test

Y - Axis Vibration Test

Function Sine Sweep Random Sine Sweep
Vibration Vibration Vibration
Test Test Test

Z - Axis Vibration Test

Function Sine Sweep Random Sine Sweep
Vibration Vibration Vibration
Test Test Test

Function

Figure 6. Block diagram of SIGMA FM vibration test work flow
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3.1. Test requirement

Vibration test requirement based on ISL document(ISL.ISILaunch09.EL - Environment Levels
ISILaunch09 v1.2_07JUL2015MB.pdf). According as document, vibration test was conducted as
sine sweep vibration test and random vibration test with acceptance level of each test requirements.

3.1.1 Sine sweep vibration test characteristics

Table 6. Test characteristics of sine sweep vibration

owwise | Jowltom | seomiree
Required Required

{BRF} XY,z XY, Z

Harmonic Harmonic

T o

5 - 2000 [Hz] 5 - 2000 [Hz]

2 [oct/min] 2 [oct/min]

** First natural frequency: > 90 Hz

3.1.2 Random vibration test characteristics

Table 7. Test characteristics of random vibration test

[ I e
Required Required
{BRF} X,Y,z X,Y,Z
Frequency range Amplitude Amplitude
[Hz] [g72/Hz] [g"2/HZ]
20 0.026 0.013
Pl 50 0.16 0.08
800 0.16 0.08
2000 0.026 0.013
14.1 [q] 100 [g]
180 [sec/axis] 60 [sec/axis]
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3.2 Accelerometer points

Accelerometer and control sensors are used for vibration test as triaxis measurable snesor. Sensors
are mounted to three points such as on CubeSat, Test POD and Fixture. Details of accelerometer
points and information of channels are shown below.

Table 8. Test point location

Test Point Location

Chassis XY, Z Near patch antena (-Z) External
POD B XY, Z Top plate External
Fixture C XY, Z Top plate External

Figure 7. Location of external accelerometer points (A)
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Figure 8. Location of external accelerometer points (B, C)

Table 9. Information of accelerometer sensors

o Seosor Asix of Sensitivity
5

X X 52.01
On CubeSat

(-Z Chassis: near patch antena) Uleited Y g z Sl

A 7 Y 48.72

X 8 Y 54.55

On POD
(+2) TA925 Y 9 X 53.54
A 10 A 52.14
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Table 10. Information of control sensors

Sensor Asix of | Sensitivity

Verthal Control SA458 11 Vertical 104.1
(fixture)

4]

Table 11. Channel information of each axis

Body Reference Frame Measurement channel information

Y axis Ch7, Ch8
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4.Vibration test

4.1 Issues of vibration test

Table 12. Issue items of vibration test

-_

Function Test N/A

Run 2

Weak noise was checked inside the SIGMA.

Cireet Same noise was reproduced when the SIGMA position was changed.

Run 3

Run 4 Check N/A

Run 5

Run 6 Check N/A

Run 7

Run 8 Function Test N/A
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4.2 X axis of SIGMA

Table 13. Channel informations of accelerometer sensors (X axis)

Chassis (-2)
Accelerometer sensors
Top on POD X 9
Control sensor On fixture X, Y (Lateral) 1

4.2.1 Response data

4.2.1.1 Pre sine sweep vibration test (X axis)

Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 4.0000 oct/min Filer Type: Proportional Test Range: 5.000, 2000.000 Hz
20_Compression: 20% FLndamerl.a[: 140.00 %, BB RMS: 227 mcyc Pomts Per Sweep: 2000
n
“Auxiiary Ch 5
A F al -
Ch 5 {on CubeSat)
Auyiliary Ch 9
Eui .
A A Ch % {on POD)
: A\ ,
i a— i g H
Log i . HH
Accrlerat gy ————— TTIHL k rlI'ﬂnl'l
905 W LRI T
_ i w24
| ] M b
ACP: 1
01 WY b
;" ¥
1
i
00
5 10 100 1000 2000
Log Frequency (Hz)
A
18:11:22 KHU CubeSat SIGMA FM Modal Survey (in X) A
Wed Nov 11 2015 Test by SaTReC (Nov. 11, 2015)

Data Review File A: TO13_KHUFM_1X1_LLS1.001

Figure 9. Pre sine sweep vibration test result (X axis)
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4.2.1.2 Random vibration test (X axis)

Test Range: 20.000, 2000.000 Hz

Test Time: 000:01:00 Clipping: Off
1
“Control
A
7
///
g N
.
0.1 ! | i ~
PUAYNLIN 11, Y01 P
, 2 A W
[Log] i S Uil f it -
Y Al '
g?Hz _ -~ f \"‘1 . pd ™~ L N
DOF 120
RMS:
9993 g A
001 < -
ACP: 1
0.001
20 100 1000 2000
[Log] Frequency (Hz)
18:21:39 KHU CubeSat SIGMA FM Random Vib. Test (in X)
Wed Nov 11 2015 Test by SaTReC (Nov 11, 2015)

Data Review File A: TQ13_KHUFM_1X2_RND.001

Figure 10. Random vibration test result of accelerometer control sensor (X axis)

Test Levek 0.000 dB Reference RMS: 9.096 Test Range: 20,000, 2000.000 Hz
Test Time: 000:01:00 Clipping: Of Resolution: 0.625 Hz
20
0
Auxiliary 5 tHII
:u . o Ml Ch 5 (on CubeSat)
- Auxiiary - H
A 1 , Ch 9 (on POD)
: o i
T 1
Leg] ) - 1§
L] N i
gnis o1 R VAV AW i
DOF 120 e R RS o8 e e
os: = T = S =
R WA "
125409 f' i 1 !
18.478¢g \J ] Ii 1
0.0 : 1
ACP: 1 S5 —
y |
0.001
20 100 1000 2000
[Log] Frequency (Hz)
18:21:30 KHU CubeSat SIGMA FM Random Vib. Test (in X)

Wed Nov 11 2015 Test by SaTReC (Nov 11, 2015)
Data Review File A: TO13_KHUFM_1X2_RND.001

Figure 11. Random vibration test result (X axis)
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4.2.1.3 Post sine sweep vibration test (X axis)

Sweep Numbes: 1.00 Elapsed Time: 000:04:19 Remaining Time: 0000000
Sweep Rate 1: 4.0000 oct/min Filter Type: Proportional Test Range: 5,000, 2000.000 Hz
20_Compression: 20% Fundamentak 140000 %, BB RMS: 227. mecyc Points Per Sweep: 2000
10, |
“Auxliary Ch 5 +
A F Ch 5 (on CubeSat)
Aunliary Ch 9 |
A Fundamental ]\ Ch 9 (on POD)
Ao
Lm J ALY 1l 2 L
) = — T 7 i (i
Acceleration - il J 1 T ﬁ
a{0-pk) | \ _|h'1"1.j-lui
| |
ACP: 1 Wl A
01 . AL A\
it
" 1
T
001
5 10 100 1000 2000
Log Frequency (Hz)
A
18:30:01 KHU CubeSat SIGMA FM Modal Survey2 (in X) A
‘Wed Nov 11 2015 Test by SaTReC (MNov. 11, 2015)

Data Review File A: TO13_KHUFM_1X3_LLS2.001

Figure 12. Post sine sweep vibration test result (X axis)
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4.2.2 Result
Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 4,0000 oct/min Filter Type: Proportional Test Range: 5.000, 2000.000 Hz
100_Compression: 20% Fu 140.00 %. BB RMS: 227. moyc Points Per Sweep: 2000
*Hif)  Magnitude
A 15011 PRS
Hif)  Magnitude
B 1511 o POS
Log I
|
= I n| )
Rato VA Bldls |
7 | | f H}l.} JL T
ACP: 1 1 P el Ml Jl‘ oLl
11 1 1 1 1
1 I| 1 |
AR
"
|
0.1 I
5 10 100 1000 2000
Log Frequency (Hz)
) H(f) Pair Label 1
18:30-01 KHU CubeSat SIGMA FM Madal Survey1 {in X) H(P) Pair Label 1
Wed Nov 11 2015 Test by SaTReC (Nov. 11, 2015)

Data Review File A: TO13_KHUFM_1X1_LLS1.000
Data Review File B: TO13_KHUFM_1X3_LL52.001

Figure 13. Comparison of natural frequency about pre sine sweep vibration and post sine sweep

vibration test on ch 5 (X axis)

After vibration test of X axis, weak noise was checked inside the SIGMA during function test. Same
noise was reproduced when the SIGMA position was changed for several times. Inspection of inside
was conducted after + Z chassis of SIGMA was disassembled. Then, cause of noise was checked
as it of inside TEPC. We decided this issue is not effects other systems, so conduceted remaining
proceed of vibration test after re-assemble from next day.

By comparing response data of PRS and POS, change of their natural frequencies was checked.
During random vibration test of X axis, mechanical problem of TEPC was happen and that problem

caused to generate differentness with PRS and POS. For more details about TEPC issue refer to
Appendix A.

Table 14. Comparison of X axis natural frequency (X axis)

PRS

250.6 Hz
X RV N/A N/A
POS 215.7 Hz
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4.3 Y axis of SIGMA

Table 15. Channel informations of accelerometer sensors (Y axis)

Y 7

Chassis (-2)
Accelerometer sensors
Top on POD Y 8
Control sensor On fixture X, Y (Lateral) 1 — 11
* Ch 1 of lateral control sensor was replaced to Ch 11 at POS of Y axis due to data acquisition
problem of ch 1.
4.3.1 Response data
4.3.1.1 Pre sine sweep vibration test (Y axis)
Sweep Number: 1.00 ) E!apsed Time: ooo:pq:w Remaining Time: 000:00:00
agmfp o 200 o oo 120,00 %, BB RMS: 227. meyc Ponte Pl s’éﬁﬁ?‘zwm”‘
0
“Auxiliary Ch 7
A Fund | ' Ch 7 (on CubeSat)
.Ru:i':ary‘ Ch ? :
AE — Ch 8 (on POD)
1 Tt
i :
Log 704 1
Acceleration —1 —1 I |
a0-p) I

cP: w

0.1

0.01

5 10 100 1000 2000
Leg Frequency (Hz)
A
11:45:17 KHU CubeSat SIGMA FM Modal Survey? (in Y) A
Thu Nov 12 2015 Test by SaTReC (Nov. 12, 2015)

Data Review File A: TO13_KHUFM_2Y1_LLS1.001

Figure 14. Pre sine sweep vibration test result (Y axis)
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4.3.1.2 Random vibration test (Y axis)

Test Range: 20.000, 2000.000 Hz

Test Time: 000:01:00 Clipping: Off
1

“Control

A

7
///
pd > . .
= e R N
01 - S VU o I N S ; E
i Z e N WYL
~ BV 'W_mﬁ' iy <
[ng] P — Faii 1 T T L 1" 1
I Y I —

g7Hz 7 'V" ~

DOF 120 A /

RMS: VA ~
10097 g A P .

0.01 _ ~ !
ACP: 1
0.001
20 100 1000 2000
[Log] Frequency (Hz)
11:53:16 KHU CubeSat SIGMA FM Random Vib. Test (in Y)
Thu Nov 12 2015 Test by SaTReC (Nov 12, 2015)

Data Review File A: TQ13_KHUFM_2Y2_RND.001

Figure 15. Random vibration test result of accelerometer control sensor (Y axis)

Test Level: 0.000 dB Reference RMS: 9.995 Test Range: 20.000, 2000.000 Hz
Test Time: 000:01:00 Clipping: Off Resolution: 0.625 Hz
2
10
ﬂﬁu:iliary 7
Ch 7 {on CubeSat
* Auxiliary 8 i ( )
A | Ch & (on POD)
1 ﬂ“"i N |
[Leg) _ﬁj:ﬁﬁi{ H—
gtz HRR i i
DOF 120 I 1 ﬂ RN
RMS: I i | 11
ﬁ\ N{,J " [ il
10.905 g 0.1 N W W ] L
25.509g = e : F = —
/" L il L | 1 rn ey | 1 I
| T |1} LT POy U I T Ty
A1 ] 1 o T t T
AmAYI
001 / N
ACP: 1 —_—
H—
T
0.001
20 100 1000 2000
[Lag] Frequency (Hz)
11:53:16 KHU CubeSat SIGMA FM Random Vib. Test (in ¥)

Thu Now 12 2015 Test by SaTReC (Nov 12, 2015)
Data Review File A: TQ13_KHUFM_2Y2Z_RND.001

Figure 16. Random vibration test result (Y axis)
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4.3.1.3 Post sine sweep vibration test_1 (Y axis)

Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 4.0000 oct/min Filter Type: Proportional Test Range: 5.000, 2000.000 Hz
20_Compression: 20% Fundamental: 140.00 %. BB RMS: 227. meyc Points Per Sweep: 2000
10
“Auxiliary Ch 7 —
A Fund | Ch 7 (on CubeSat)
Pusiiary Ch 8 - -
A Fundamental - Ch & (on POD)
il \
1 +r ll !
LW .ff |I!"'I.!ﬂ l“nll 1 “’: i il'} l l
— 1 - 1 L 8 1
Accelerati ——— ot T_ﬁ- e -
9(0-pk) LIV i
L
1
ACP: 1
01 |
: t
T
T
0.0
5 10 100 1000 2000
Log Frequency (Hz)
A
12:43:20 KHU CubeSat SIGMA FM Modal Survey? (in Y) A
Thu Nov 12 2015 Test by SaTReC (Nov. 12, 2015)

Data Review File A: TQ13_KHUFM_2Y3_LL52.003

Figure 17. Post sine sweep vibration test result (Y axis)
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4.3.2 Result
Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 4.0000 octimin Filter Type: Proportional Test Range: 5.000, 2000.000 Hz
100_Compression: 20% Fund. al: 140.00 %. BB RMS: 227. meyc Points Per Sweep: 2000

“H)  Magnitude

A 1-71A PRS
H)  Magnitude
B 1-111 POS
10
I
Log T Jm
Ratio AN \ Ly |
ACP: 1 L 1 LR I |
1 il s LT T
17 L | I
1 T H it
1A ’
A ]
| Tkl
| /
|
01
5 10 100 1000 2000
Log Frequency (Hz)
Hf) Pair Label 1
12:43:20 KHU CubeSat SIGMA FM Modal Survey (in Y) Hif) Pair Label 1
Thu Nov 12 2015 Test by SaTReC (Nov. 12, 2015)

Data Review File A: TQ13_KHUFM_2Y1_LLS1.000
Data Review File B: TON3_KHUFM_2Y3_LLS2.003

Figure 18. Comparison of natural frequency about pre sine sweep vibration and post sine sweep

vibration test on ch 7 (Y axis)

Also PRS and POS of Y axis are effected by TEPC issue. By comparing response data of each
test, change of their natural frequencies was checked. On the other hand, overall graph shape was
similar with PRS and POS than other test results due to BRF of Y axis.

Table 16. Comparison of natural frequency (Y axis)

PRS

332 Hz
v RV N/A N/A
POS 291 Hz
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SIGMA Production Ducoment 10006 — FM KHUSAT-03 Vibration Testing

4.4 7 axis of SIGMA

Table 17. Channel informations of accelerometer sensors (Z axis)

Chassis (-2)
Accelerometer sensors
Top on POD Z 10
Control sensor On fixture Z (Vertical) 11

4.4.1 Response data

4.4.1.1 Pre sine sweep vibration test (Z axis)

Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
5weepﬂahe1 dODOrodmn FitEIT opurbunal Test Ran 5.000, 2000.000 Hz
20_Cs e I; 140.00 %, BB RMS: 227. meyc PomtsPE?ESﬂeep 2000
10
‘Audiory Ch & n
A Fund: J Ch 6 (on CubeSat)
Awdiary Ch 10 7 2R
A Fundamental ]i.. I I| I. Ch 10 I:UIIPOD]
AN |
1 N A | |
e
:::elemtiun " —— ¥ vaE.
g(0-pk) '
I
ACP: 1 |
L8]
1
0.m
5 10 100 1000 2000
Log Frequency (Hz)
A
16:36:37 KHU CubeSat SIGMA FM Modal Survey (in Z) A
Thu Nov 12 2015 Test by SaTReC (Nov. 12, 2015)

Data Review File A: TQ13_KHUFM_3Z1_LLS1.001

Figure 19. Pre sine sweep vibration test result (Z axis)
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4.4.1.2 Random vibration test (Z axis)

Test Range: 20.000, 2000.000 Hz

Test Time: 000:01:00 Clipping: Off
1
“Control
A
-
///
./I
|~ .
01 - A nn. I
— AT
e e e T A A I
[Log] — T T—1 R
O 1 W '
g7Hz < v T
DOF 120 /\ /
RMS: / NS L
9.973g A S
0.01 _ ~ -
ACP: 1
0.001
20 100 1000 2000
[Log] Frequency (Hz)
16:41:45 KHU CubeSat SIGMA FM Random Vib. Test (in Z)
Thu Nov 12 2015 Test by SaTReC (Nov 12, 2015)
Data Review File A: TQ13_KHUFM_372_RND.001
Figure 20. Random vibration test result of accelerometer control sensor (Z axis)
Test Level: 0.000 dB Reference RMS: 9.996 Test Range: 20,000, 2000.000 Hz
Test Time: 000:01:00 Clipping: Off Resolution: 0.625 Hz
20
10 |
T
Auxiliary [ IT
A ) I Ch 6 (on CubeSat)
*Auxiiary 10 ‘
A 1 || Ch 10 (on POD)
i
ILeg) |
(mmniey g{h ' l'
g7Hz ¥ | '[ |
DOF 120 01 ‘ﬂ.’l ]'h L e = H
RMS: - A I T
||\u\'ﬁ i!.'l v i 1 I
248739 ~ 1 Y9
378879 W
om S—
ACP: 1
0.007
20 100 1000 2000
[Log] Frequency (Hz)
16:41:45 KHU CubeSat SIGMA FM Random Vib. Test (in Z)
Thu Nov 12 2015 Test by SaTReC (Nov 12, 2015)

Data Review File A: TO13_KHUFM_3Z2_RND.O0T

Figure 21. Random vibration test result (Z axis)
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4.4.1.3 Post sine sweep vibration test_1 (Z axis)

Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 4.0000 oct/min Filter Type: Proportional Test Range: 5.000, 2000.000 Hz
Compression: 20% Fundamental: 140.00 %, BB RMS: 227. mcyc Points Per Sweep: 2000
0.
“Audiary Ch 6 : JR—
A Fundamental I Ch 6 (on CubeSat)
Awdiary Ch 10 |
A Fundamental )tl\ ]| - Ch 10 (on POD)
VA A
1 IM-A ...N \1" . Aﬂ” b
f 21 =
Log = = (a
Accok = v ]

|

==

g:n-pt:- 7 — | }ﬁ

ACP: 1 l
0.1

0.m
5 10 100 1000 2000
Log Frequency (Hz)
A
16:49:50 KHU CubeSat SIGMA FM Modal Survey2 (in Z) A
Thu Nov 12 2015 Test by SaTReC (Nov. 12, 2015)

Data Review File A: TO13_KHUFM_3Z2_LL52.001

Figure 22. Post sine sweep vibration test result (Z axis)
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4.4.2 Result
Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 400()Dncl.fmn Filter Type: Proportional Test Range: 5.000, 2000.000 Hz
100_Compression: 20% Fundamental: 140.00 %. BB RMS: 227. mcyc Points Per Sweep: 2000
*Hif)  Magnitude
A 161N PES
HIf)  Magnitude
B 1-81-M POS
10,
i
Py ) T
i A 1
Log L II 1
0N I, T U LR 1
Ratio SR
L |
,,J« VI
ACP: 1 1 = i il
I8 L
! 10T
1 L
| T
0.1
5 10 100 1000 2000
Log Frequency (Hz)
Hf) Pair Label 1
16:49:50 KHU CubeSat SIGMA FM Modal Survey1 (in Z) Hif) Pair Label 1
Thu Nov 12 2015 Test by SaTReC (Mov. 12, 2015)

Data Review File A: TO13_KHUFM_3Z1_LL51.001
Data Review File B: TQ13_KHUFM_3Z2_LL52.001

Figure 23. Comparison of natural frequency about pre sine sweep vibration and post sine sweep

vibration test on ch 7 (Z axis)

Table 18. Comparison of natural frequency (Z axis)

314 Hz
7 RV N/A N/A
POS 211 Hz
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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.

UUT has successfully passed vibration testing if the unit is not degraded mechanically, functionally,
or structurally. Success criteria shall consist of:

Verification will consist of visual inspections, inspection of accelerometer output data, and
acceptable functional deployment. Note: It is not possible to codify a completely comprehensive
PASS/FAIL Criteria for this type of Vibration Data. Test Conductor along with SSR/KHU
Mechanical Engineer shall evaluate all test data.

Table 19. Explanation of run # for functional test, check
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.
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Table 20. Check list of pass/fail criteria

NO Category ‘ Check Item Runl Run3 Run5 Run7
1. TEPC

1 TEPC No mechanical damage P F F F

2 TEPC Electrical functionality P P P P

2. MAG

1 MAG No mechanical damage P P P P

2 MAG Electrical functionality P P P P

3. Avionics stack

1 Evsirf“l:%yment 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

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 11B Retains full functionality P P P P
11 11B No mechanical damage P P P P
12 HVPS (Mockup) | 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

1 Jsompnas [ Mosebmimmetstcass [p o [p [
2 Solar panels Electrical functionality P P P P

7. UHF antenna assembly

1 UHF antenna No loss of deployment functionality | N/A N/A N/A N/A

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations
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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 [Glecpone [Fmemmtmdiely  [ua wa WA |wa
2 ((:::rlli)/)ér?e(r:_DC Electrical Functionality N/A N/A N/A N/A
10. Harnessing

1 Harnessing No loss of captivity P P P P

2 Harnessing Electrical Functionality P P P P

CubeSat SIGMA

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations
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6. Appendix A

6.1 Mechanical problem of TEPC (Korean)

1. A

—

s Al

o

29}
* FM KHUSAT-03 Z1-5A|& (2015. 11. 12, SaTReC)oA XF %5 & BFolgd 4] &l

- TEPC UIRo]Aq s 222 gl

rS
ol

s
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= Cubesato] @& wAlA|2] Acceptance Levelo|419] Random ZI-SA|E 438
= A]|@+A = X(Lateral), Z(Lateral), Y(Vertical)® 02 Xsjstgdon, Zk 59 @2
» Low level sine sweep — Random Vibration — Low level sine sweep &0 2 %1354

- 7t &9] AJ@o] BUpw TEPC ¢t HA} 538

al

r

:
15418 A TEPC 71548 43

3. Ald A
Characteristic Qualification Acceptance Proto-flight
Test Required Required Required
Directions {BRF} XY, Z XY, Z XY Z
Type Harmonic Harmonic Harmonic
Amplitude See Notes, 2 0.4 [g] 0.4 [g] 0.4 [q]
Frequency range 5 - 2000 [Hz] 5 - 2000 [Hz] 5 - 2000 [Hz]
Sweep Rate 2 [oct/min] 2 [oct/min] 2 [oct/min]

Figure 25. Resonance Survey Test Profile

Characteristic Qualification Acceptance Proto-flight
Test Required Required Required
Directions {BRF} XY Z XY Z XY Z
Profile Frequency range Amplitude Amplitude Amplitude

[Hz] [g%/Hz] [%/Hz] [g%/Hz]

20 0.026 0.013 0.026

50 0.16 0.08 0.16

800 0.16 0.08 0.16

2000 0.026 0.013 0.026
RMS acceleration 14.1 [q] 10.0 [g] 14.1 [q]
Duration 180 [sec/axis] 60 [sec/axis] 60 [sec/axis]

Figure 26. Random Vibration Test Profile
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ARl At 2JEE AET oA ¥ Yo 35 MAE FASIAL,

Table 21. Sensor Information

Figure 27. Zig Axis (X, Z,Y)

) CubeSat SIGMA

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations

.,-\'-
(/S
G

Sensor
Position Sensor 1D o Ch. S/C Axis Sensitivity [mV/g] Remarks
Direction

X 5 Z 52.01

On TEPC I/F TA788 Y 6 Y 46.07

V4 7 X 48.72

Sensor . .
Control Sensor ID . Ch. POD Axis | Sensitivity [mV/g] Remarks
Direction

Lateral

Lateral Control S1004 11 101.50
X, 2)
Vertical

SA458 11 104.10

()
S/C Direction Measurement channel information
X Ch.7
Y Ch.6
V4 Ch.7
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Table 22. Vibration Test Summary

=
Flov
fn
32

2 o 227} WYstA| ooz
bRot Aste] /15AEL 230

vl sl A wstgleS &It @ebAl, TEPC FM Z-§AId

Sequence FRF@Natural Frequency
Test Files Ref. Remarks
(lateral) Ch. 7 (on TEPC I/F)
Ref=0.4g
1 | TQ13_KHUtepc_1X1 LLS1 Modal Survey 1 N/A
@5~2000Hz
o Control=10.016g
X 2 | TQ13_KHUtepc_1X2_RND Random Vibration 9.924g rms
rms (Ref.=10g rms)
Ref=0.4g
3 | TQ13_KHUtepc_1X3_LLS2 Modal Survey 2 N/A
@5~2000Hz
Sequence . FRF@Natural Frequency
Test Files Ref. Remarks
(lateral) Ch. 7 (on TEPC I/F)
Ref=0.4g
1 | TQ13_KHUtepc_271_LLS1 Modal Survey 1 N/A
@5~2000Hz
o Control=9.998g rms
Z 2 | TQ13_KHUtepc_272 RND Random Vibration 9.874g rms
(Ref.=10g rms)
Ref=0.4g
3 | TQ13_KHUtepc_273 LLS2 Modal Survey 2 N/A
@5~2000Hz
Sequence FRF@Natural Frequency
. Test Files Ref. Remarks
(Verticall) Ch. 6 (on TEPC I/F)
Ref=0.4g
1 | TQ13_KHUtepc_3Y1 LLS1 Modal Survey 1 N/A
@5~2000Hz
o Control=9.979g rms
Y 2 | TQ13_KHUtepc_3Y2 RND Random Vibration 9.4769 rms
(Ref.=10g rms)
Ref=0.4g
3 | TQ13_KHUtepc_3Y3_LLS2 Modal Survey 2 N/A
@5~2000Hz

Scientific cubesat with Instruments for
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Test Range: 20.000, 2000.000 Hz

Test Time: 000:01:00 Clipping: Off
20
Reference 10
" Augiliary 1
A
1
[Log]
. \
g?Hz 7 P
DOF 120 01 - — N T -
7 A I AR
RMS: - i i | )
= /\‘ T T ? Ll
99249 A A
0.01 \J _ :
ACP: 1 - -
0.001
20 100 1000 2000
[Log] Frequency (Hz)
15:40:04 KHU CubeSat TEPC FM Random Vib. Test (in X)
Fri Nov 20 2015 Test by SaTReC (Nov 20, 2015)
Data Review File A: TQ13_KHUtepc_1X2_RND.001
Figure 28. X axis Random Test Result
Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 4.0000 oct/min Filter Type: Proportional Test Range: 5.000, 2000.000 Hz
20_Comp on: 20% Fundamental: 140.00 %, BB RMS: 227. mcyc Points Per Sweep: 2000
10
*Auxiliary Ch 7
A Fundamental
Auxiliary 7
B Fundamental
1
Log
Acceleration — — » -
9 (0-pk)
ACP: 1
0.1
0.01
5 10 100 1000 2000
Log Frequency (Hz)
A:
15:47:41 KHU CubeSat TEPC FM Modal Survey1 (in X) B:
Fri Nov 20 2015 Test by SaTReC (Nov. 20, 2015)

Data Review File A: TQ13_KHUtepc_1X1_LLS1.001
Data Review File B: TQ13_KHUtepc_1X3_LLS2.001

Figure 29. X axis Modal Survey Comparison
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Test Range: 20.000, 2000.000 Hz

Test Time: 000:01:00 Clipping: Off
100
Reference
“H(f)  Magnitude
A 1-711-11
10
[Log]
DOF 120
RMS:
1
ACP: 1
0.1
20 100 1000 2000
[Log] Frequency (Hz)
15:40:04 KHU CubeSat TEPC FM Random Vib. Test (in X)
Fri Nov 20 2015 Test by SaTReC (Nov 20, 2015)
Data Review File A: TQ13_KHUtepc_1X2_RND.001
Figure 30. X axis Random Test FRF
Test Range: 20.000, 2000.000 Hz
Test Time: 000:01:00 Clipping: Off
20,
Reference 10
* Auxiliary 7
A
1
[Log]
g7Hz
DOF 120
RMS:
98744 0.1 e b b
- e H "u"‘ v" i I"'u N i"‘.'u‘"u“‘-"
AV W'rli- — 1 -
= AR VIV ki | L | L IR b A T
> AL - T | f =
0.01 _} . - - ( ‘
ACP: 1 == ' : 4
0.001
20 100 1000 2000
[Log] Frequency (Hz)
16:10:40 KHU CubeSat TEPC FM Random Vib. Test (in Z)
Fri Nov 20 2015 Test by SaTReC (Nov 20, 2015)

Data Review File A: TQ13_KHUtepc_272_RND.001

Figure 31. Z axis Random Test Result

Page 37/41

o2
D)

CubeSat SIGMA

Scientific cubesat with Instruments for
Global Magnetic fields and rAdiations

SCHOOL OF

SPACE RESEARCH
KYUNG HEE UNIVERSITY




SIGMA Production Ducoment 10006 — FM KHUSAT-03 Vibration Testing

Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 4.0000 oct/min Filter Type: Proportional Test Range: 5.000, 2000.000 Hz
20 Compression: 20% Fi 140.00 %, BB RMS: 227. mcyc Points Per Sweep: 2000
10
*Auxiliary Ch 7
A F
Auxiliary Ch 7
B F
1
Log
Acceleration
9(0-pk)
ACP: 1
0.1
0.01
5 10 100 1000 2000
Log Frequency (Hz)
A:
16:17:45 KHU CubeSat TEPC FM Modal Survey1 (in ) B:
Fri Nov 20 2015 Test by SaTReC (Nov. 20, 2015)
Data Review File A: TQ13_KHUtepc_271_LLS1.001
Data Review File B: TQ13_KHUtepc_273 LLS2.001
Figure 32. Z axis Modal Survey Comparison
Test Range: 20,000, 2000.000 Hz
Test Time: 000:01:00 Clipping: Off
100.
Reference
HI Magnitud
A 17N
[Log] 10,
DOF 120
RM5:
1] 1 E—
ACP: 1
01
20 100 1000 2000
[Log] Frequency (He)
16:10:40 KHU CubeSat TEPC FM Random Vib. Test (in 7)
Fri Nov 20 2015 Test by SaTReC (Nov 20, 2015)

Data Review File A: TO13_KHUepc_272_RND.OOM

Figure 33. Z axis Random Test FRF
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Test Range: 20.000, 2000.000 Hz

Test Time: 000:01:00 Clipping: Off
20
Reference 10
* Auxiliary 6
A
1
[Log]
g?Hz
DOF 120
RMS:
9476 0.1 i ) “ L Alah
TLY AT WP Y LY W1 i
W, AV MY/ BN il
AW A il !
v 7 i T T AL "
B 7 - I H I
- T
A V-
0.01 / _
ACP: 1 =
0.001
20 100 1000 2000
[Log] Frequency (Hz)
17:04:43 KHU CubeSat TEPC FM Random Vib. Test (in YY)
Fri Nov 20 2015 Test by SaTReC (Nov 20, 2015)
Data Review File A: TQ13_KHUtepc_3Y2 RND.001
Figure 34. Y axis Random Test Result
Sweep Number: 1.00 Elapsed Time: 000:04:19 Remaining Time: 000:00:00
Sweep Rate 1: 4.0000 oct/min Filter Type: Proportional Test Range: 5.000, 2000.000 Hz
20 Compression: 20% Fundamental: 140.00 %. BB RMS: 227. mcyc Points Per Sweep: 2000
10.
*Auxiliary Ch 6
A Fundamental
Augxiliary 6
B Fundamental
1
Log
Acceleration ] i
g (0-pk) _
ACP: 1
0.1
0.01
5 10 100 1000 2000
Log Frequency (Hz)
A:
17:12:15 KHU CubeSat TEPC FM Medal Survey (in Y) B:
Fri Nov 20 2015 Test by SaTReC (Nov. 20, 2015)

Data Review File A: TQ13_KHUtepc_3Y1_LLS1.001
Data Review File B: TQ13_KHUtepc_3Y3_LLS2.001

Figure 35. Y axis Modal Survey Comparison
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Test Range: 20.000, 2000.000 Hz

Test Time: 000:01:00 Clipping: Off
100
Reference
“HI)  Magmitude
A 'I-ﬁ?l'l-'l‘l
[Log] 10
DOF 120
RMS:
1
ACP: 1
01
20 100 1000 2000
[Logl Frequency (Hz)
17:04:43 KHU CubeSat TEPC FM Random Vib. Test {in ¥)
Fri Nov 20 2015 Test by SaTReC (Nov 20, 2015)

Data Review File A: TO13_KHUtepc_3Y2 RND.OO

Figure 36. Y axis Random Test FRF
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® ZNFAE A, T electron edgegto] 128. 72712 (F-SAIE A), 131452 (ASAIE &)

24 719 e AAN FYEAL.

o 2mEZo] YWHY o7te| 7127] Aol DAQY] threshold 3t Xfo] T2
o witx 7| SAIAAN FFAE A, § H45HIIt a2 &Y st¥S
Table 23. Test Result of FM TEPC
Pre Vibration Test Post Vibration Test
0.45 Fitting res"'ti 08 Fitting result:
oanf oy . <'m=10322‘ 95°%0 g, c,“:lOS.QTI :
e V "o $°% cﬂ-;-:l‘28.72 04 | B - .%:131_45.. R
0.35 > 5 ' ' O ' '
o 1 Ge=14105 o° | ae=144.66
b i oot !
\-? ! : 0.3
ot A -
5 BT 5
~ 020 |- ':X(E . i -
® 0.2
0.1 |
0.10 o1l
Yp =8.51 keV/pum 3 Ynex =8.51 keV /um
0.05 [~ 3755 = 1046 keV /pm - ! Y55 =10.46 keV /um
Yo =11.51 keV/pim the =11.51 keV /um
0.00 L - - - 0.0 ] N
10! 10? 10 10°
Channel, ¢ Channel, ¢
e 7ZHA&7] :D30-1 e 7A%7] :D30-1
® DAQ: DAQO4 ® DAQ: DAQO4
® edgech:128.72 ch ® edgech:131.45ch
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