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B/ R EREBRIEAEIS0-19693)DHETICDINT

Mengu Cho, Joseph Ofosu, Takashi Yamauchi, Hirokazu Masui
Laboratory of Spacecraft Environment Interaction Engineering

Kyushu Institute of Technology

Kitakyushu, Japan

s ER B fiTwS
2022411248 HEFHEEVI—

4= e 1E &>
N 18 R A 2.
No. Title PL Content Published | Next action
IS- Cube Satellites (CubeSats) |F. Slane (US) General 2017.6 SR (due 2022)
17770 requirements
Deployer interface
IS- Design Qualification and |M. Cho (JPN) |+ Testing 2017.7 SR (due 2022)
19683 |Acceptance Tests of Small |K. Bemeziane
Spacecraft and Units (FR)
TS- |Requirements for Small M. Cho (JPN) Minimum 2018.7 SR (due 2021)
20991 |Spacecraft requirements Continue as TR
or promote to IS
NP  |CubeSat Interface M. Cho Internal interface CD/C (Due
17981 ICD March 1, 2023)
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Design Qualification and Acceptance Tests of
Small Spacecraft and Units

BN R 2R ERIEAE

2010F hIKB/NEFERBRE 22—
20115 BEFEFXEDHEMBZRICTER

201356 A NWIP# Z (EMRNEFESTNG)
2014441 NWIPE % Z & &

201543 A CD/V @&

201546 A-20164F68 E&ET

20165118 DIS@&E &

201748 8 ISFIT

1SO-19683 #B/|\EU i 2 SRERIE S

« 2011 HEORKRR
- B/NEFEEDEEEAEL

— B4 -EMiiaiEL DD BN EGEDEEEM L.
FICHHREDE Rz BIEL-E/NEFEEICSSHLOE
BRAAAE

- BIMNEBEQIVKR—RUMBAIZRYNTELONET

- ERE®
- RITERE. HBREROT 2T EAERT
- REBREELNHNIL, SO EMEAEREHNILOK

« ENDEOICREZEAIELI-FIC. BEEEDETHERLA

JL-HEIZDODWTEETANE
— ISO-*** £ ER L 224912 & (F(XO0K
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Approach <L°>

GOAL

Existing test standard for Test standard for
large/med satellites nanosatellites

Very expensive, but highly reliable Affordable and reliable

Based on 50 year’s A
experience
Tailoring

Rationales T New inventions

Basic researches using
nanosatellites and their
components 5

1S0-19683 HB/NEBIEHERIEHRE S

L.a SEINE

BREEXEEDHBEXRQ0MEFEE~)ELTHE
1ISO-11221 (KIGEM/ AR ILHEREBIRER, 2011FEFKIT) = E =R D&
- B®

« EFR(ZKBET—HayT

s NEIGIREZHLTTHAZES
- EfE

s MDBEMREMESELEITORERELE

- R EELERT 4
— 1T

« BAMNEBRIZEOTULVASCI4/WGITHED S

c Fo=-BHL, ZMI REEIAIEZRR
— hfEE @

s FUEWEDZEEAIETHARELZEMRAEST

« ASAZTADHEEBOE=OHICHHLHIFED

- EEABRECRILEDHEES
20MENBET—IavTE5E
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History of International Workshops

+
«
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La SEINE

TIME VENUE TITLE Participants
Japan |Overseas

Dec. 2011 |Kitakyushu |International Workshop on International 54 36
Standardization of Nanosatellite Technologies

Dec.2012 |Kitakyushu [International Workshop on Micro/Nano Satellite 29 15
Testing Standardization

Nov.2013 |Tokyo International Workshop on Small-Scale Satellite 37 23
Testing Standardization

Nov. 2014 |Kitakyushu |International Workshop on Small-Scale Satellite 43 45
Standardization

Dec. 2015|Rome International Workshop on Lean Satellite 3 42
Standardization

Jan. 2017 |Tokyo International Workshop on Lean Satellite 48 35
Standardization — 2017

Jan. 2018 |Kitakyushu [International Workshop on Lean Satellite - 2018 62 40

Dec. 2019 |Tokyo International Workshop on Lean Satellite - 2019 50 38

Nov 2020 |Virtual International Workshop on Lean Satellite - 2020 79 38

Jan. 2022 |Virtual 4th International Workshop on Lean Satellite 51 88

PNEEERBREE O
1S0-19683 8/ B4 1§ 2 S ERIRZE £

201445 CD/CITxt L TA 1) AA D3RR FE

- 24 BLD

La SEINE

“Smal l-scale Satellite” [XSSTLMDSmall Satellite®

BESELMN, SSTLIE & LomY LEEBREZL TS, SSTLDT

v FIZEADL
- [ISmall SatelliteZE&HEE L] EWLWHBEE
20145128 EMRI—9 23y TTEMIZDODVWTI LA VR =305
- ESIPKREFSTEHLGL., ARCERDEETERITASE
— Low-cost satellite, Experimental satellite, Agile satellite, Small-scale
satellite,

Compact satellite, etc
— HEMIIZ “Lean Satellite”’| Z& 5 &<
20145108122 #% “Lean Satellite’(ZZEE L TCD/ViEH

— CDIVBBTBEDD . 7A)HA “Lean Satellite’ WLV FR LA ET
HHEL TR

2015468
— SCHUBETTAAhEAFYRADORKEKRTIHELTHSLY, “Small
Spacecraft’& NS AR T—

98
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1S0-19683 BB/NBEHAERIEE O
VM EEZ KB SE -0 NDKREBRDHAE LV
_EERICHA AN TNBERERE SR TEH VR E X5 H (=T

(RS TIH7ZRLY

$E7ZT

I3 4 i mIRN

Unit-QTILE E 7GR BRE M Z LS
— ZOEHEV)TTELRNAVKR—RUMIFERELTE
HbNHNETHLY
BRI DIRWZ T ER I8 HK
FREBRDEHFITOLTIE., REEFREDHERFIKISO-15864D
TH—TYNMIB>T ENETAI) T T HHICLHESTINS, R6E
Appendix AlZTailoring Guide

— 1SO 15864 (Space systems — General test methods for

spacecraft, subsystems and units)

Table 5 — Test level and duration of Unit QT

¥REh) [ZDLVYTRequired, Optional® Fll
— Optional DIFE D HEI7O—F v—h

Test level

Test item il diEEtion Requirement Note
The shielding effect
Radiation Total dose 10 kRad(= 100 Gy) due to the unit
or higher housing shall be
(Total dose) _ taken into account.
Dose rate 0,01 Gy/s or lower

interference, load
induced, frequency

Power bus conducted

10 kHz to 10 MHz

Equivalent to MIL-
STD.461 CE102[23].

EMC domain
Radiated electric . Equivalent to MIL-
field emissions 10 kBzio 1 Gizor higher STD.461 RE102[23],
Vibration amplitude 8,4 Go-p or higher
. . Frequency approximately 5 Hz to 100 Hz
Sinusoidal -
vibration Sweep rate 4 Oct/min up and down
Number of . .
s Once in each axis
applications
Root mean square 13,3 Grms or higher
1 -
= This PSD may be tai-
< lored according to
g 01 the satellite mass for
PSD 2 .
g which the manufac-
turer expects to use
Random i | | the unit under test.
vibration "10 100 1000

Frequency (Hz)

Lower tolerance

applications

limit on PSD Udb

Duration 1 min for each orthogonal axis
Frequency 20 Hz to 2 000 Hz
Number of

Once in each axis
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6 Satellite system tests

6.1 Testitems

The satellite system test items are listed in Table 1. Annex D provides test selection logic flows.

Table 1 — System test items

Test items QT AT PFT
Electrical interface R R R
Functional test R R R
Mission test R R R
Total Ionization Dose (TID) test Oa — 0ab
Single Event Effects (SEE) test 0a — Oab
?gggctrez;it Charging Induced Electrostatic Discharge T bs-done swthes nnitlevel.
Electromagnetic Compatibility (EMC) test R Oc R
Deployment test R R R
Magnetic field test 0d od od
Antenna pattern test To be done in the unit level.
Alignment measurement Oe Oe Qe
Physical property measurement R R R
Launcher/Spacecraft interface test R R R
Quasi-static load test of of of
Modal survey 0sg — 08

BN R A &R @

« CubeSat®Commodity(& &)1t

— CubeSat Platform&L THE &1L

— One-stop Shop

—- AR BElFHRE. EFAETHEEA#5
* Hosted Payloads
* Turnkey Solutions
+ Satellite as a Service (SaaS)

- BRIBEZMAEET. T—32%L55E1T
« BENANBRBIELTELILDHER

HBNEBEIVRTICKAFHEANANZILX

- Information(loT), Earth Observation, Security (e.g.RF

monitoring)

- EvIT—AR&ED—E

12
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HNEFHEZRY SR

Satellite (1-10kg) launched per year

1S-1 T
e |
= |\ |
i \J/
o avVA
“ /N
0 w*%l

2000 2005 2010 2015 2020 2025
Year

1IS-19683 % E B C XAV R TIEF-IREHICH o1

350

- | === Constellation
300 | == Total

—

Number of satellite launched

13

CubeSat B IV R TFL— 3V Bk

CubeSat(or 10kgA ) DEFEDITH LITH

£ &% |BAD6D%K [Planet |Spire Swarm UnseenLabs |Astrocast |Lacuna
< (EO) (Traffic) |Technologies |(SIGINT) (loT) (loT)
(loT)
3uU 3uU 0.25U 6U 3uU 3uU/6U
us US/UK |US (GomSpace) |Switzerland |(Nanoavionics,
France Opencosmos)
UK
2013| 88 85 3
2014|139 46 93
2015|125 71 50 4

2016 | 86 37 32 17

2017| 289 103 140 46

2018 | 244 180 36 28

2019 167 115 31 16 2 1 1 1
2020 | 154 57 40 16 36 2 1 2
2021| 326 129 48 16 121 1 10 1

loTaAVATFHEZ TETLS 15
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50cm/50kg3Z DB E X L THRETHIEZR<ETNDIRE J%ﬁé%fﬁﬁ‘{

Assembly Integration e
Vacuum thermal shock

Thermal cycle

2010487 F LASEA00#E D #MERSAER % 518 (2022463 A 32) Oyjass
a&e measurement FE5RIFHRABIAKRE JAXABERE)ZE (ASTM E595)

List of Satellites tested

§ UNITEC-1
KSAT \

Launched in 2010

KSAT-2%,

BIRDS3

INVADER Uguisu,Raavana-1,NepalSat-1

Velox-II

HORYU-IV/
BIRDS2

FITSAT-1
HORYU-

Launched launched in 2015 BHUTAN-1,
in 2012 \ UITMSAT-1,MYYA-

Hodoyosh|3 Ui i | o
D Chubusat % - } (< - IZANAGI
- / TN Ca

AOBA-VeloxI

Spatium

launched in 2016

RISESAT

KnackSAT

PROCYON
launched
in 2014

Proiteres2
Kanazawa-SAT3 1

-13,-GG,-MM,-NN,-B

launched in 2017

BIRDS4

Tenkoh — v
CE-SAT-1B,1IB MAYA-2,TSURU,GuaraniSat-1

~ AOBA-VeloxIV

NARSSCube-1,2

launched in 2018

launched in 2019 Launched in 2020 & To be launched.
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1SO-19683 tET By

o 2TOISORKIL5EE(ZSystematic ReviewZZ74 T IEAESALN

— RBEFLYEIRRDEILICHIGT H1=6

« ISO-19683hMELN =B ICITE—BETONI S LMNFEAETH 1=,
« BEIOETH/NEFEIATL—av A KIEIZEEM

B—ERET DR ENEBIESNSIHEE DHERIZENILY,

- EROB/NMEGETIERLGARTIFE

- RIEBOHRIIOVWTRER - FHEMNT HHIEE

- BNEREGEI VX TORBRIREDRRE
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— 10FMICEBESIN-MR%E Rt

19

103



[SO-19683 ek 5] /3 &t

La SEINE

Current version

Proposed revision

Table of 5. General requirements
contents 6. Satellite system tests

7. Unit tests

5. General requirements
6. Satellite system tests
7. Constellation program tests

8. Test requirements 8. Unit tests
9. Test requirements
5. General Assuming a single satellite | Add constellation test strategy

requirements | project

9. Test Assuming a single satellite
requirements | project

Add constellation specific test requirements if any.

(e.g. testing multiple satellites together)

[SO-19683 tRET A &1

Satellite system acceptance test for a constellation program

20
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La SEINE

Test items 1%t generation 2"d generation 34 generation
Functional test R R R
Communication R R R
Random vibration R R R
Shock R O O
Thermal balance o N N
Thermal vacuum R N N

AV ATFOHRERERBSEIZLALTONWRERETTLS 21
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ISO-19683 BT A &t @

Acceptance test for a constellation program unit for second generation or later

Electrical Solar
Test items and Antenna | MMA arra Battery | Thruster | Optical | Structure
electronic y
Functional test R R R R R R R -
Deployment - (0) 0] 0] - - o (@)
Antenna pattern - R - - - - - -
Physical property R R R R R R R R
measurement
Random vibration O O O O R O O O
Thermal vacuum N N N N N N N =

R: Required for all the units delivered

O: Required for some units or not required for all

N: Not necessary

-: Not applicable 29

ISO-19683 HET A &t @

BHDOFEZHNRIGARTHAZE

Vibration of 3 satellites Thermal vacuum of 4 satellites

23
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1S-19683 (% IR 7E Systematic ReviewD %X E h(12/2#%4])
“confirmed” E7=IZ “retention with changes”"&L TEBEE 5
BETEEDIIWAED/N—Da ittt

WETEEZ20.00D EENORF—FEHE S

Schedule

— 2023468 20.00 ISO/TC20/SC14TDiRE)

— 2023412A31H 30.20 (End of CD/C)

— 202543 A31H 40.00 (DIS registered)

— 202653 H31H 60.00 (IS approved)

24
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HERTAICET ERMREL o
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(BIRILF—FERRERR (BRFRESE))
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- BINBRFEEIRTOIARN Y WEEME. (EEER £
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- 2022FFEHh 53 EE

HiE

- HITOB/NMNEEEAERIRIRIS0-19683)%FRET 3 B2 TISO/TC20/SC141Z
2ZEL ., 202538 FTOHODISEEEZHIET .
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- AER - ERET—2UIE
- BRERZNERIE
- HEBRIEE®RKRODOI Y IIEE
- FirsE
- ERSNEEEFHM
s AVATIRRAE
- ERSBERE EDRS - FHE
- JOYzY FEES
- EFE&:E (Lean Satel lite Workshop) Baf&E
- ERSNNEELRE
« 1S0/TC20/SC14TDAE
- EFERERBREREDER

26
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o HIEFMEMBR(RE. HE. REZE, ERFR)ICENT. &£
DIETENS VD DERBANNOTNENZHNET

® B —RETDBENERHOI-EZEIC. ETOFHEITHLTIT
HIETNIEDTLEOER (2BEBR) HEZREY 5.

¢ EUHRELELT SHARDARTTEDINELDIREIEAT
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o EHHEBODLENGTNEROLNDBLDICONT, EHEHERN
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La SEINE
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La SEINE

BIRDS 1 BIRDS 2 BIRDS-3 BIRDS-4 KITSUNE BIRDS-5
Mass or 1U x5 1Ux3 1Ux3 1Ux3 6U 1Ux2, 2Ux1
CubeSat size
Team size 15 1 8 14 18 14
(person)
[External Team 4
collaborators
Launch
Method ISS ISS ISS ISS ISS ISS
EEhi Szl BBM BBM BB
Development EM-1 EM-1 EM
Phase EM-2 EM-2 . — FM EM
EM EM EM-2FM FM FM
Number of 6 6 4 9 8 9
Missions
Testing time | ¢ 493 208 285 609 852
(person days)
From Kick-off]
to Delivery 15 18 16.5 23 26.7 23
time (Month)
Success level . Not deployed
(1-5) 3 3 5 4 Ongoing yet
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AT LRER (EM,FM)IZE®L-B#
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La SEINE

BIRDS-3 | BIRDS-4 | KITSUNE | BIRDS-5
HRENFAER 4 8 4* 9
HMEZZHER 8 15 11* 18
My A 7 R N/A N/A N/A N/A
ENL R 21 30 16 12
RS (RIEREAER) 3 4 3 0
MEEERBR(Z v>ay ¥Talb—vay) 13 20 45 26
7 v T RRARER 10 20 4 9
Rt tHiHardware-in-the-Loop it 5% 4 4 13 12
REARLER R 55 44 31 14
Z Dt 2 6 36 12
a5 a) 120 151 163 112

*FEFEZRTIEE2EPH-TNVS

BT IEHEREEER P EER D

EHEERIZDUNT

HERICEZELDOBEZEEILTLNS
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BIRDS @

BIRDS-1 BIRDS-2 BIRDS-3 BIRDS-4 BIRDS-5

Deployable antenna  Dipole antenna  3xDeployment switch ~ No rail switch
UHF uplink New OBC/EPS

o 2017EMD2022F(2H T TAH 1444 1SSELE IR HE
- FREtEH/RAIZHE
VDBEDEENEDD T NVRRATILIILARILAT Y —
- ZEEWO-OIZ. ZHAREICBBM->EM->FM% B EE

34

SMRE (SV L REOBAND) O

- BIRDSHEEDEBRNSTISARDEHFABRZELI-AHLLNED
s EERENHLIED
— EIRGAER
- BENEHEICEENAIETIFLEER(T—TIL) /LM XISBEE
[CEGSHaEEMEHY _
— PODAD 74y FT vy
— BB H—EIE
c MRt YITHIOERBHRDEE
o BH—#ERITHEYDOTED
— KEEM/ A ARILE S
- BECRYMFTIAKETEZRSL. EDTLAZHER
— 7T+ REH
« BE—HERLTDT, POHENERER
s EEEZBEDRXIELIFHAREZLZDOMN? vs FIEELFEMIET RELZDH?
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CubeSatDFAAIL T, TIERXE, B[R E <L°>

L— LR D& 2D+ A X(£100£0.1mm (99.9 — 100.1 mm)

BEDHEAILTAHRETIE0.1 MmMIBERELGLHIELHD

Bl BRI TIETEREZTH TN, ERZRETLHERBENZLT.
SERMNEARZRL TV HorllAILTAHICHENHS
S>BREFES<ED EHfTABE)

T4IMNF IO —XATDHEEE
(CubeSath' AB N EHEMND BT —X)
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aVER T B R

RENEER CubeSaty5 R Microsat75 X
IEREEH—EEY

{1+, HaesER, 5t 0.5 1
HREGE

RENEAER 1 2
MERELEH—HRY 0.5 |

SL, Ha

=) 2H 4H
MEZERER CubeSat7Z X Microsat? 5 X
REXREY TR E 1 2

BC#R, teeEatER 0.5 1
EZXEHR 0.5 0.5
BEZE 1 5
ARERERL 0.5 1.5

ast 3.5H 106
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B XA OF LA ZRVEAERANRY NUOBHIC &3 SBIERITOFE HR5

i ABHOARIE, &R\ (FA. KK RR ZB & Diffi s quantificati st chamb opy derived by the angular spect d I harmonics expansion”, [MEJ] [JOURNAL-JSME-D-22-00371] } (CETEHFELLLDTHS
1 EL=3=—1
« B52

mOovy hOEE iﬂiﬂ(gjjj5$$#&®mj|$7&*ﬁnﬂ£§_5r&3 BFEEEN TESD DRERIFLET
(&, BEHER(IREZEILEE IETEIT B ENBRENTINS, (F&RZR)

R C. BEHBROMERES & TERNIMLEE S "EDOERZE
gﬂﬁ(gmﬂ'}a ’CD%OD/?ET @'/\%%Eﬂifﬁ BRI (CEDHD CENTET TLIRNENDSRE
JANEZ I

SNCEHDET. REE ‘“L\b’aziﬁd)ifb\fct&@ﬁt%ﬁi%
Fﬁ ﬂ%ﬁﬁi@#ﬁk%ﬁﬂ’%%b‘@ﬂ FHEMESERBROMBZHLEL TS, HEROBRMEL
EREZR LI DT ENEAFTED.

Agency Standard Document (Reference) Acoustic Test Requirements

Acoustic tests shall be conducted in a reverberating chamber, with the
ESA ECSS-E-10-03-C (ESA, 2012) space segment equipment in launch configuration mounted on a test

fixture simulating the dynamic flight mounting conditions.

Acoustic testing may be performed in a reverberant chamber or may
be performed as a direct-acoustic field (DAF) test in which the
GSFC GSFC-STD-7000B (GSFC, 2021) acoustic pressure field is generated by banks of speakers. The
preferred method for performing acoustic testing on flight hardware is
with a reverberant chamber test.
JAXA  JERG-2-130C (JAXA, 2021) Acoustic test is specified by using a diffuse sound field.

H1SEARBRET—YavT RRE—Eviay 20224110248 JAXARERBREFL=vF
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