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Background

Micro/Nano satellite: Low-cost and fast-delivery using COTS.
Existing testing standard not suitable for micro/nano satellites.

The unit QT(Qualification Test) for large/medium satellite require
too many margins.

Needs to Define an adequate level of the unit test level.

KIT initiated NETS (Nano Satellite Environment Test
Standardization) project in 2011.

Proposing affordable and reliable tests to the space community.
Various environment tests according to NETS projects.
Basic research- QT level vibration test.
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Unit QT level strategy

e Existing QT- too much margins
e QT-guarantee design for space
 Products- no test history

e Unit QT level in this standard - give minimum
assurance

* Buyers get minimum assurance
e Customer may test again to their specification
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Approach

Statistics of experimental data
20-300Hz : Statistics of various satellites
300-2000Hz : Vibration test measure at various
internal points
Amplification factor of base vibrations
ldentify the minimum amplification factor
Propose Unit QT level by multiplying PSD by AF.
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Experimental System
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(the Hodoyoshi-3 satellite AT test data was used
for update dummy satellite test results)
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Outline of vibration test

Test article: Dummy satellite

Size: 50cm x 50cm x 50cm

Weight: 50kg class

Vibration: Random vibration.

Base acceleration: Adopted from SMC-S-016 (US Standard)
Peak PSD levels and resonant frequencies were identified.

To compute Normal tolerance limit, followed the “Dynamic
Environment Criteria”, NASA-HDBK-7005.
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Test article
Dummy satellite

Size: 50cm x 50cm x 50cm

L

RF transmitter
PCU(Power Control Unit)
OBC(On board computer)
Battery

DM (Dummy masses) with
heater inside

Hodoyoshi-3 satellite vibration
test data are also used for update.

Structure - flight quality
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Test article ﬁ:l

s “Four quarter tatami” -
viewed from the top
+** Seen as the popular layout

of tatamis
% yo-jou-han
] www.uemura-tatami.com/archives/491
4.5 tata MI room The 5th Nano-Satellite Symposium,

November 20-23, 2013, Tokyo, Japan
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Test procedure

Satellite fixed to vibration machine
Accelerometers attached
Random vibration tests

g

Peak PSD and resonant frequency
Finding vibration modes

-

Statistical methods
to find Unit QT level
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e Power Spectral Density (PSD) plot: Mean square acceleration

per unit bandwidth

« Random vibration excites all the frequencies in a defined

spectrum at any given time. 1

For the experiment:

Adopted from SMC -S-016

(US Standard)
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Amplification Factor(AF)

1

pre (2

AF : Amplification factor
PSD. : Measured PSD value
PSD, : Base level

Acc. 4(2)

If AF=1, no amplification

Acc. 3(2) AC9'5’6 for If AF>1, vibration amplified
hprlzqntal If AF<1, attenuated
vibration vibration

ACC. . ACCE|er0mete I'S The 5th Nano-Satellite Symposium,
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Test results and data analysis
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Test result: PSD waveform

’ —DM1
A —PCU . .
A —Battery| | * Measured at 18 points
r | e Position: +x internal
A panel

O 1R N | — , * Base level: 9Grms
‘ e Vibration : Vertical
e Accelerometer: z axis

PSD, G"2/Hz
o
=

0.01 : “““% ‘ L T R B R
100 1000

Frequency, Hz

The 5th Nano-Satellite Symposium, November 20-23, 2013, Tokyo, Japan 13



. KYUSHU INSTITUTE OF TECHNOLOGY

boratory of pacecraft nvironment teraction ngineering

Example of Test results: Amplification Factor

Sensor position: DM1, vertical

10

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ | Peak AF=1.69

******************************** e

Amplification Factor
=
|

100 300 1000
Frequency [Hz]
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Test data statistics of dummy satellite(300-1000Hz)

* The peak amplification factors and resonant frequencies were deduced
within three frequency ranges.
e Approximated these data by lognormal distribution.

Resonant frequency[Hz] Amplification factor

. Horizontal  Axial . -
Horizontall ) direction Horizontall Hor%ontal difé)c(:lt%n

DM1 566.4 546.9 322.3 DM 1.35 2.83 1.69
820.3 517.6 317.4 PCU 2.50 5.97 1.54
463.9 546.9 463.9 BATTERY 4.31 1.85 2.18
| DM6 546.9 9271.7 302.7 DM6 2.40 2.31 1.00
561.5 302.7 341.8 5.50 9.86 0.72
D 5469 493.2 307.6 3.07 8.48 1.41
B 5518 542.0 302.7 1.80 0.99 1.16
B2 5713 498.1 302.7 DM2 2.50 4.35 1.22
" ovs RS 546.9 302.7 2.38 1.05 152
BEE 5713 498.1 302.7 2.41 5.13 2.03
 ovo  [ECRIA 996.1 302.7 DM9 1.04 1.79 1.33

566.4 961.9 302.7 DM7 2.73 2.54 1.34
| DM10  [EEEECKYNI 493.2 356.5 1.02 1.80 1.42
D 5664 659.2 302.7 DM8 3.35 2.21 1.50
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Vibration response modes

Local vibration mode
 300-2000Hz
e Internal panel structure

—

300-1000Hz 1000-2000Hz

Whole satellite mode
e 20-300Hz
e Entire satellite structure

16

The 5th Nano-Satellite Symposium, November 20-23, 2013, Tokyo, Japan



KYUSHU INSTITUTE OF TECHNOLOGY

boratory of pacecraft nvironment teraction ngineering

Example of Vibration modes of micro/nano satellite

“ - Whole satellitemode

10 ..... . “ - Local vibration mode
P I LI AR 0 S OIS SN § L L * Noticed two vibration modes: “Whole
n satellite mode” and “Local vibration
{ﬁ mode”.
O 01 b AR R L
(i
o A LNMING | © The measurement data were divided
001 2 NG Ly NN B e e into three frequency range:
L INTTT——— 1.20-300Hz:  Whole satellite mode
| P PSP OME, PO 2.300-1000Hz: Local vibration mode
0001 0 1000 3.1000-2000Hz: Local vibration mode
Frequency, Hz
Horizontal Vibration response at
internal panel
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0.01 Loii| Base PSD (SMC. 9Grms) [iio. ...
| €=) : Whole satellitemode
“ - Local vibration mode

0.001 i ;
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Frequency, Hz

Vertical Vibration response
at internal panel

teraction ngineering

“Local vibration
mode” due to mostly
internal panels
arrangement
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Statistical method to deduce Normal tolerance limit

* To compute Normal tolerance limit, followed NASA methodology:

NASA-HDBK-7005

 The Handbook says:
- “there is evidence that the logarithm of the spectral values for

any motion parameter describing the response from one to

another have an approximate normal distribution”
- “The spatial distribution of structural response spectra in a
specific frequency resolution bandwidth approximately fits a

lognormal distribution”.

Examined whether our test data follow normal or lognormal

distributions.
. xz (Chi squared) goodness of fit statistics were used to check

normality.
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Example of Goodness-Of-Fit normality
distribution _1000-2000Hz_lognormal

0.7 I I 1 1 [ [ o !
—@— Perpendicular to the axial(x) | o |
R 06 [rodrem bt gl ]
! . ! ' ' . ! ' ' . ! ' . .
8
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After evaluating normality, we decided to choose lognormal
as the distribution of Amplification factor. 20
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Normal Tolerance Limit(NTL) calculation

y=logiox

NTLy(n: B,y)=yt kn,ﬁ,y Sy

x: data value (e.g. AF, frequency)
* ky gy : normal tolerance factor.

* n=18 and k,, 5, =1.67 for tested data.
95/50 limit
$=0.95, y=0.50
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Normal tolerance limit of amplification factor in logarithm of the
dummy satellite in the range: 300-1000Hz

Resonant frequency[Hz] Amplification factor

Horizontal Horizontal Vertical
(x) (y) () Horizontal Horizontal Vertical
(x) (y) (2)
Average 566.4 586.5 320.9
Star-lde-lrd )81 760.4 161 Average 0.39(2.4) 0.49(3.1) 0.14(1.4)
deviation I
anaard 5 55(1.6)  0.28(3.1) 0.11(1.3)
Lower value 97.3 -683 51.1 deviation
Uoper NTL (Min) 0.06(1.15) 0.02 (1.05) 0.04(1.1)
ppe 1035.7 1856.4 589.8
NTL (Max) 0.72(5.25) 0.96(9.12) 0.32(2.09)

value

1.15 : maximum value of minimum Normal tolerance limit among all direction.
1.15 was chosen as the unit QT level in the range: 300Hz and 1000Hz.
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Amplification factor, 20-300Hz

normal
Satellite :
Horizontal x Horizontaly  gifigl

Satellite-A 8.2 10.4 8.0
Satellite-B 4.21 5.18 5.86
Satellite-C 6.52 5.75 7.56
Satellite-D 7.31 71.27 5.05
Satellite-E 5.73 6.92 3.39

Satellite-F 6.78 5.19 3.27
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Normal tolerance limit of amplification factor in logarithm in the
range: 20-300Hz (real values are shown in bracket).

Resonant frequency [Hz] Amplification factor
Horizontal Horizontal :
1 5 Vertical
Horizontall Horizontal2 Vertical
Average 54 49 172
Standard
o 27 28 56 Average 0.80(6.3) 0.82(6.6) 0.72(5.2)
deviation
LO\INer 6.7 0 7 g?/ri]gt?cl;ﬂ 0.10(1.2) 0.12(1.3) 0.17(1.5)
value
NTL (Min) 0.62 (4.2) 0.61(4.1) 0.42(2.6)
upper 1012 98 270
value ' NTL (Max) 0.97 (9.3) 1.03(10.7) 1.0(10)

* 4.2 : maximum value of minimum Normal tolerance limit among all direction.
* 4.2 was chosen as the unit QT level between 20Hz and 101Hz.
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The amplification factor and resonance frequency range for
unit QT test level (20-2000Hz)

—_—

6 | .
T O SO PPPPPR PP PSRRI i
o : 5
E S Y S ............ 1 | e Results of three frequency
5 ’ ranges merged.
E,. D Lo e - . Amp||f|cat|on factor Of T
E QT level between 20Hz
and 2000Hz .
0 i |
100 1000
Frequency,Hz
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Unit QT level (20-2000Hz)

Unit QT level= PSD(AT level) x Amplification factor?

1 ! )
: : RMS
e SMC:12.9Grms
e RocketB:11.8Grms
g o1 e Rocket C: 8.4Grms
O
Eﬁ
0.01  Propose Rocket B as
Unit QT level.
——Rockets |
Rocket C

100 1000

Frequency, Hz 26
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Conclusion

e Basic research has been carried out to find Unit QT level.

 Amplification factor and range of resonant frequencies were
considered.

e Unit QT test level has been proposed.

Future work:

e Finite Element Analysis (FEA) of small satellites structures will
be carried out to update experimental results.

The 5th Nano-Satellite Symposium,
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Appendix
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Accelerometers attached at positions of internal and external panels.
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Accelerometer data Flowchart of Data analyzing

v
Charge amplifier

(output-10V-+10V) Time domain

A/D conversion

5000 samTIe[sec

Frequency

PSD _
l domain
ificati Resonant
Amplification RMS
Factor frequency
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Peak amplification factor, 1000-2000Hz

(X) (Y) Axial (2) Log(x) Log(y) Log(z)

DM1 2.27 1.07 1.83 0.36 0.03 0.26
PCU 3.36 1.44 2.07 0.53 0.16 0.32
BATTERY 2.86 1.42 2.60 0.46 0.15 0.41
DM6 1.72 2.17 1.76 0.24 0.34 0.25
OBC 1.96 4.35 2.94 0.29 0.64 0.47
RF 2.12 2.98 2.93 0.33 0.47 0.47
DM4 2.49 1.50 1.41 0.40 0.18 0.15
DM2 3.86 1.83 2.23 0.59 0.26 0.35
DM5 2.61 1.90 1.87 0.42 0.28 0.27
DM3 4.53 3.07 1.35 0.66 0.49 0.13
DM9 1.28 3.29 2.14 0.11 0.52 0.33
DM7 1.58 2.42 2.27 0.20 0.38 0.36
DM10 1.62 2.66 2.63 0.21 0.42 0.42

DMS8 2.44 3.29 1.94 0.39 0.52 0.29 L,
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Normal tolerance limit of amplification factor in logarithm of the
dummy satellite in the range: 1000-2000Hz

Resonant frequency[Hz] Amplification factor

Horizontal Horizontal Vertical

Horizontal Horizontal Vertical
(x) (y) (2) (x) (y) (2)

Average  1798.2 1798.2 1694.1 Average 0.33(2.1) 0.32(2.1) 0.29(1.9)
Standard g0 2 17461 6011 Standard ) (o4 8)  0.70(5.0) 0.47(2.9)
deviation deviation

Lower .

e 354.1 -1117.8 690.3 NTL (Min) -0.81 (0.15) -0.85 (0.14) -0.49 (0.32)
Uplper 32422  4714.2 2697.9 NTL (Max) 1.47(29.5) 1.49(30.9) 1.07 (11.75)
value

* No amplification in 1000-2000Hz range.
 We simply take the amplification is uniform at unity between 1000Hz and

2000Hz

32




~* KYUSHU INSTITUTE OF TECHNOLOGY

boratory of pacecraft nvironment teraction ngineering

Calculation of vibration transmittance
apart from resonant frequency range

\/ 1+(2¢%)°
(1—

K ) +(24K)” e T: Transmittance, {: damping rate, k:
frequency rate, fand f,: base and
ﬁ. resonant frequency.
1
o~ 20 * In our case, transmittance is equal to

o the amplification factor.

s | ] * For calculating the gradient vaiue from
3 270Hz to higher, amplification factor
é °r I and frequency were extrapolated until
% the amplification factor became 1.15.
&

 The amplification became 1.15 at
390Hz. Assumed ¢=0.1.

0 0.5 1 15 2 25 3 33
Frequency ratio k=f/fo




