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1.5 NSAULUIAA

IasanistilasunisduaSusagatvayuiiadnasianiiisy CubeSat Inai1nuni9laas
aniedlviulssnalnegdagUszianaila 5-15 uiiideseu wagilesaudnuiu 2-5 A iy

WeaufUan1sianisnaaeuwmalulageinall 4 7o fie

Mshavan

1. mfaunssuvdeansanifisasiuaduingasinsidy

2. nsdsdeyansseylng (Remote Sensing) NM3ANEAMAININFA
1319589

3. N1SAIVANNIINIWIVDIITBNLUY 3 wnulaeld Magnetic Torquers (MTQs)

4. nsnagdeu Technology Deorbit Ay MTQs

anlsuiiazdnadredululasenisinnelddedn KNACKSAT (811270 KmutNb Academic
Challenge of Knowledge SATellite) LfJumia’emLLUULLazﬁ’mmmaLﬁauﬁﬂﬁﬁ’ﬁmsﬁ%?ﬂummﬂ
A1uUTENBUNANYBIRINILTIBL KNACKSAT Usenaulunag Solar Panel, Antenna, MTQ, CMOS

Camera, Sensors, Battery, Communication, On-Board Computer tag Power ﬁﬂLLamﬂugUﬁ 1.1

Solar Panef
Trple Junction GafAs
Power Salar Cell
Charge Circuit, DCDC Converter, Shunt Regulator, Antenna
: : Half-Wave Dipole / Monopole
and Power Distribution Module. “, AR
‘“&\H\.
ety
On-Board Compurer ) o MTQ
PIC1BEETT Active Magnetic A tutude Control
S ——— — System with A Custom-Built Magnetics
—— Torque

CMOS Camera
™, MD:??D Pixels Resolution

Communication
UP 140 MHz band, FSK, 1200 bps f
DL 430 MHz band, FSK, 1200 bps /
Beacon 430 MHz band, CW ,_,// /

Sensors
IMU, Violtage, Current, Temperature

Barttery
5000mah LiHon Battery

5UN 1.1 duusenaunminasniiieyd KNACKSAT a1insauwuifn
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Tun1599nkUUTEUUTDY KNACKSAT Tanusntninsyiiauldasdiusanidussuudas

[

(Subsystem) 6 SEUU AILAB

1. TzuuYeslaTeas e (Structure Subsystem, STR)
suugasn1aeas (Communication Subsystem, COM)
seuulninmas (Electrical Power Subsystem, EPS)

iz‘uusjaUﬁﬁé’mazﬂﬂﬁmmﬁaaﬂa (Command and Data Handling Subsystem, CDH)

AR T

FTUUBUNITNILALAITUANNITNTIAI (Attitude Determination and Control Subsystem,
ADCS)

6. FrUVgRINARIAIENN (MFowmndluan) (Camera Subsystem (or Payload), CAM)

LHudan1sviukaznsienleiureiiagsruugesuandlusun 1.2 lagdl On-Board

Computer (OBC) mIUANNSNU AN5199 2.1 a5UdammuaiugIunIunsauludan

E Com i E Etc. E
1 1
: . —> | Ant. Latch | E
1
! 435MHz i i !
! CW/FM- | | 1200bps | CDH : Flight Pin !
| T AX.25 > ! Deploy S/W |
1 1 1 1
' 145MHz ! ! \17 |
! 1 U
| FMRX [ ] | oY
1
e e e e . ] ' EPS !
! 1
‘cAaM y L SolarlPaneI |
| 1 ! 1
| ] rm——- === "F === ==== 1
i | Camera Iéf— i Sensors E : | DC/DICCV. | E
1 1
ST | IMU/Temperature E ' | Chalrger | E
I 1
' ADS i ' | /Magnetic/Current/ i ' [ Li-ionBatt, | i
1 | 1 1 | \
i | MTQ | . i Voltage Sensors i i | DC/DC Cv. | :
1 1

JUT 1.2 NTOULWIANYDITZUUNNTYINATUVBIAN TN KNACKSAT

o
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A15999 1.1 ToMMUANUFINYBY KNACKSAT ANiNToURUIAn

JTUUEREY Forvunitugiu
Structure - 10 cm cubic, 1 ke
- Al-A7075 body
Main Processor - PIC16F877

- AMHz(8k, RAM 368)
- Data Recorder: EEPROM 256kB ~ 1MB

Communication - DL: 430MHz Band, FSK, AX.25, 1200bps, 0.8W
- UP: 140MHz Band, FSK, AX.25, 1200bps
- Beacon: 430MHz Band, CW, 80mW

Power - Battery: Li-ion
- Solar Cells: Single crystal silicon

- Bus Voltage: 5V

Attitude Control - Active stabilization using Magnetic torquer

Sensors - Voltage, Current, Temperature, Gyroscope

lunsesnuuuszuulaseaiie (STR) seuulassasnsadegnaenwuulvinsaiudenivuaniu
YUANdIARY WU Launch Interface wagiiuiiiieaneliszuugesdus asnsadensoiuldinaonau
ArienausaUjuinisialaegsUasndienaentisetgnisldnu suuuulaseaiiaes KNACKSAT

p Ya o Y v v v X A g o 1 =
Tnariiveldoanuuuuazdnasatuiioduioguanduui 1.3

5UN 1.3 fegaguuuulaseaineued KNACKSAT

enuatuvauysal KNACKSAT : 1afl foyeunSunu T2-1-0009/57 1-5



o Al

Tannldluszuulassasiaasdesaiusnsessunisduasiioutazlavinliinnisildsundas
¥ A d’ 14 Ao & ! 1
yadlassaadefinsasuwdasmnusouluannigeinie luvaeianaunsalnldluusavssuudesy

[

epsanunsainulueInald fegeiagunsgiungnimuall waneiannsen 1.2

A15199 1.2 AR TANNINTIIU

Fudau EANINTFIY
Structure A70xx or A60xx
PCB Glass Epoxy
Battery Li-ion
Solar Cells Si-Cell
IC Plastic Packaged
Wiring Teflon coated
Bolt, Nut Steel
Antenna Convex tape

Tudruvesszuulniimds (EPs) Tu szuudesdrendnvlniiededeiiies Ineldunas
W&191497n Solar Cells wazld Li-ion Battery wiiaiAundsaulildluaniildivasainaisending
vasavaszuu iz Usznaulufieasasysn Battery way DC/DC Converter daimiindiang
i 5 v Iduszuudossngg duanslugud 1.4 Tasiinanisuszanansnisldndsauagulily

AN19N 1.3

| OBC < | OBC

«—TNC «—

! l

Electronics Communication

T
Subsystem Subsytem

UM 1.4 nsaunwifnvasszuulniinidaves KNACKSAT

U
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A15197 1.3 KNACKSAT Power Consumption

Components Power (mW) Frequency in use
OBC 20 All times
Sensors 20 All times
Tx TNC 20 During downlink
Tx 6000 During downlink
W 300/125 All times (ON / OFF)
CW TNC 20 All times
Rx 125 All times
Rx TNC 20 All times
Camera 150 Sometimes
Magnetic Plg. 800 Antenna deployment
MTQ TBD All times

Tudruvesszuudeans (Communications) A1ILTY KNACKSAT A¥i1n15n38 1@y ayos
ue$a (Morse Code) Continuous Wave (CW) uag Beacon shegnumnuiingadasiau deyaanius
ypannLfisugnaszaeruaduingsaedneu Beacon) ludiuvesnisdeindanaznissudoya
szovlna (Telemetry) 95ldAAuINYE1UANT 140MHZ/430MHzZ 1BQIARWUY FM AFSK Packet
Communication

a 1 [

s . . o Y A U = d’f =
UB3nd@ed13 (Communication) MRUIMNABAITAVFNIUNIANUAUAIYLATDIAIAEY Y1 (TX) 2

T o

¥
[ 1

S¥UU AD FM wag CW daztasossudyaiu (RX) 1 53Uv 1A50sudsdygiaivaiiifidiudssaiana
WYt Encoding/Decoding Uayauaydeansriu On-Board Computer (OBC) Aauanslugu 1.5
szuvdeansgnesnwuulimhanuludasslitusseiu OBC wWisldaniflsuaunsodeansiuniaiiumu

Talpensalunalin OBC luanuisavinauladni

o
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0BC

Telemetry Beacon m command
Neg| Jtialion (2.5 Rx TNC
Tx TNC | Morse encoder
PLL AX25
PLL AX25
Modulator PLL PTT Demodulator
Control
FSK FSK
FM transmitter 1 CW transmitter 7 FM receiver
T swittlhing I

Half wave length

Half wave length
dipole antenna Antenna SW

monopole antenna

Ul 1.5 nsounLIAnYaIszUUARANTYB KNACKSAT

TUEINUBINITAIVANNITNTIAY ANUTEL KNACKSAT 38lEN13ATUANNITNTIFILUY Passive
meld Permanent Magnet @319 Magnetic Moment Liiea31s Torque Aiduusivauiuusimanian
Jundn wenaniluds dmsunisiases aueiduldlivwiAalunisiiunisaiuauwuy Active 1ty

mglagld MTQs 390 LWBAIUANNITNTITILUUAIURNUAIY FIDE19DI MTQ LUULNULALY Landby
U7 1.6
Y

[N TRE IR ST ST R ST A RS E A BT ST R
v z 3 o 5 i

31]17; 1.6 A19819 Magnetic Torquer (MTQ)

Tuduaavinevesn1sia asdunismeaeunis Deorbit agld MTQ Lietharuiienesnuan
1015 Wunsuidamaezeinia lnesilunis Deorbit vesnniisnvualvejaunsanseitle 2 38
A [ Y = 1 £ (% o | = = <
Ao Nsldszuutunu WionslalssiuYeIeINIAMElATIEs e LARLBLILIA CubeSat HvunaLan

aY o w 1% 961 3 1 o . VY adal 1 = o o A
uazddedndnneaudminislaanisariinig Deorbit lmieisnnanun Jadutymdfgiisenis

wily oy Yaqiu
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Y

' [
fal a =

nszvisenatanlueINA Asansluzun 1.7 nadnsiiaduazasnausinunuviiiaiinsoanseiu

Anuasvesnnwiielalaglisaslilassasivsaweindaiiuiu [7]

Magnetic wall by MTQs

Plasma flow
/ \

8km/s MTQ Plasma drag force
s

< =

Larmor radius

;J‘Uﬁ 1.7 wavpd Plasma Drag Force caused by MTQs
1.6 wiuN15ANIUIATING
LNUNITANTULATINSNTATIF IS uAUlATINSandlun1s197 1.4 p8elsAnny Lilp9an

Jaymnisideuivuansdsnnaufisusenludud we. 2561 ildnsaniufanssugiaudl 16-19 Tu
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1. | M39AVNTaULLIAA LaglNuN1IALEuUlATINIg < 25

2. | msUszanunuiioveldnduniud o 2.5

3. | psUsanuanuiuneassmaiiovesianiainisih 2.5
AL eINA g

4. | msponuuuATion CubeSat Tudy «> 5

5. | MsnruakazUTslun1sAAveIITigunauA L auATE5 5
A1 (Mission Analysis) N

6. | MIsUseiuuaznsIE ULUULD DRy (PDR, Preliminary 2.5
Design Review) g

7. | nsAnwianLiion CubeSat arnssUsEina LiloUSuUe 2.5
puiealiviuade hig

8. | msiaseaiussifiutudiunazasasiiiondsunisadig 5
AATBLAULUUIAINTIHN (Engineering Model) N

9. | msfnseaaniisu fadeyyauLarAIuANANIIAEN (Ground ) 10
Station)

10. | MIaSNAITIYLAULUUAFINTIN (Engineering Model, EM) 10
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11. | msfindaviesdaenduiiiewiounisusznaunafieuiidadi 5
GENGER N
12. maﬂsmﬁumiaaﬂLLUU%uqmﬁw (CDR, Critical Design 2.5
Review) <
13. | managoun1ienluaninuinaauriauslInie (Space 10
Environment Test)
14. | msasnaufigunieudadngialaas (Flight Model) niay 10
LWIENTNE
15. | NM137naaulusunINaBNgLwaEnAgaUAILLIATIIUNTE ) 15
1ihgrlarsvesinasimaiiudesasia
16. | MsUszydivIng © 2.5
17. | msUdeganiiieuingralaas DI 2.5
18. | msfemuuazUszidiuiunudnianisyiauveminiion 2.5
KNACKSAT <
19. | Whdenenuatuauysel < 2.5
39U 100%
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Pico Dragon, http://space.skyrocket.de/doc_sdat/picodragon.htm

Pico Dragon, http://space.skyrocket.de/doc_sdat/innosat.htm

VELOX-P Pico-satellite, http://www.sarc.eee.ntu.edu.sg/Research/Projects/Pages/VELOX-
P.aspx

D. Selva and D. Krejci, “A survey and assessment of the capabilities of Cubesats for Earth
observation,” Acta Astronautica, Vol. 74, 2012, pp. 50-68.

L. Alminde, M. Bisgaard, D. Vinther, T. Viscor, and K. Ostergard, “Educational value and
lessons learned from the AAU-CubeSat project,” Proc. Int. Conf. Recent Advances in
Space Technologies, 2003, pp. 57-62.

S. Nakasuka, N. Sako, H. Sahara, Y. Nakamura, T. Eishima, and M. Komatsu, “Evolution
from education to practical use in University of Tokyo’s nano-satellite activities,” Acta
Astronautica, Vol. 66, 2010, pp. 1099-1105

T. Inamori, R. Kawashima, P. Saisutjarit, N. Sako, and H. Ohsaki, “Magnetic plasma de-orbit
(MPD) system using MTQs for nano-satellites”, The 5th Nano-Satellite Symposium, Tokyo,
2013.
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2.3 NIENTNAINALNDLATYINALALTIANUYIIYIRA

ANENTTUNTATTALNELATUFNALALAIAUWIYF NTENTIRTALNBLATUFN LA FIAULYIA
Tugugunuveslseinalne ladeenals Advance Publication Information (API) 984a1347e

KNACKSAT 13#fu International Telecommunication Union (ITU) i3eu¥esud dauanslusui 2.3

Mo, 0407/ B 5T i Office of the National Digital Econgrmy
and Society Commission
The Government Comiplex, Bldg B
Chaeng Wattana Rd. Laksi
Bangkak 10210, Thailand

A April 2017
Dear Sir,

Subject: APl of KNACKSAT Amateur-satellite network

In accordance with the provisions of Article ¥, Sub-Section -4 an Appendix 4 gf
the Radic Regulations, the Administration of Thailand is providing Advance publicaticl
information for the KMACKSAT satellite network.

=

T

Enclosed is a CD-ROM containing an electronic copy of the subject Advance|
publication information for the KNACKSAT satellite netwaork, have been un through the (T
validation software program and all appropriate comections to any ermors have been made.

| —

Please add King Mongkut’s University of Technology North Bangkok (KMUTNE) tp
the list of operating agency. We understand that Cost-recovery fees are not application
this neteork.

=

Your kind consideration and your further processing our notice would be highly
appreciated.

Sincerely yours,

s

(Mr. Putchapong Modthaisong)

Deputy Director-General for Administrations
Of Thai Meteorological Departrient, Acting
Secretary-General of National Digital Econarny
and Society Cormmission

5UT 2.3 aavungdaenans API ity ITU
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2.4 International Amateur Radio Union (IARU)

TAasaN15lasunIsinassAIIuAaN The International Amateur Radio Union (IARU) tJuf

Seuesuduileuin 10 natau 2559 daenaisuandlugui 2.4

‘*‘x,_. The International Amateur Radio Union

‘. ‘;: -“I.‘-h‘:‘\_\
O

since 1925, the Federation of National Amateur Hadio Societies
Representing the Interests of Two-Way Amatewr Radie Communication

IARU Amateur Satellite Frequency Coordination

; o ; lly i
Apiwat

Knacksat Updated: 10 Oct 2016 Responsible Operator Jirawattanaphol
HSOK

Supporting King Monghut University of
Orgamisation  Technology North Bangkok

Contact Person  apiwatjira26{@ gmail com nospam

Headline Details; A 1U cubesat. The main nussions of KNACEKSAT mcludes: (1) testing m-house
developed subsystems 1n orbit (2) studying 3-axis attitude control using magnetic torques (3)
testing in-house developed transmitter and recerver in orbiat and (4) take picture of Earth by CMOS
camera. The earth images will be shared through radio amateur networks. Another mission 1s
message relay service for amateur radio community. Details of the service will be determuned. The
on-board subsystem 1s the in-house developed by engineening students After satellite launched 1
the orbit, KNACKSAT attiude control system 1s active controlled by three axis magnetic torquers.
The attitude determunation uncertainty will be less than =10 degree. The attitude determination will
be done using sun sensors. magnetometers and rate-gyros. The communication subsystem 1s using
in-house developed transmitter and recerver. The transmmtter 15 able to work with GFSK modulation
at 1200/9600 bps speed. The recetver 15 able to recerve FSK at 1200 bps speed. KNACKSAT 15
carry a 5M pixel CMOS camera module onboard satellite and aim to capture images of the Earth.
The image will be widely distibuted and use for educational purpose. This mussion has both
research and outreach objectives. The image will be distributed to communication and space based
Science, Technology, Engineening and Mathematics education (STEM program). Proposing a UHF
downlink. More information is available here https://drive. google com/open?
1d=0B4dwLLK3X5%yekdoekc5a284TEE and here: https://www knacksat space/#amateurRadio No
Launch opportunity has been finalised but aiming for polar orbit around 550 -600km kms. Planning
aFY 2017 launch. **A downlink on 435.635MHz has been coordinated**

Application
Date:

Freq coordimnation

X loted v 10 Oct 2016

30 Aug 2016

The IARU Amateur Satellite Frequency Coordination Status pages are hosted by AMSAT-UK as a
service to the world wide Amateur Satellite Community

E‘Uﬁ 2.4 Laﬂ?{’]’iLLE!GNﬂ?‘iﬁjﬂﬁi‘iﬂglmj’ma?laﬂﬂ’nLﬁ‘&lll KNACKSAT 1ag 1ARU
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2.5 International Telecommunication Union (ITU)

ITU laussnel AP vestneeuaaifien KNACKSAT iWuiisausosudimauwaiui 13 guieu

2560 Tnefilavdl SSN winfu 11991 Fauandluguil 2.5

Space Services Department (S50) - SNL Part B - Query result

=
Home : ITU-R : Space Serviges : SNL : Query result Search
SNL Part B - Query result
The Parts and Special Sections are not available anline. They can be found in the callection of the BR WIC and BR IFIC DVD-ROM.
You can grder it or i j i
Your query : / IFIC = 2847
Complete list - Explanations ,u - Export in txt format —_L" - Export in Excel format 1’!:'
Total line = 2800/2812
Gotopage:123456783101112131413
(sNS) (ific.mdb)
up down (updown |updown | updown up down up down | wpdown |updown |up down up down
DATARSAT-G4-
116540546 QAT e2w -162 | 19.04.2016 | API/A 11704 | s 2847 | 13.06.2017
DATARSAT-G4-
116540547 QAT -168 | 19.04.2016 | API/A 11705 | S 2847 | 13.06.2017
legw
QATARSAT-G4-
116540548 QAT -174 | 19.04.2016 | API/A 11706 | S 2847 | 13.06.2017
DATARSAT-G4-
116540549 QAT 7ow -179 | 19.04.2016 | API/A 11707 | S 2847 | 13.06.2017
116540550 QAT 156E - 156 15.04.2016 | API/A 11708 | S 2847 | 13.06.2017
116540552 G UKMMSAT-BX -34 28.04.2016 | API/A 11710 | S 2847 | 13.06.2017
116540554 USA LUSGOVSAT-14A -77 25.04.2016 | API/A 11712 | S5 2847 | 13.06.2017
116540560 USA USGOVSAT-2A -151 | 29.04.2016 | API/A 11718 | S 2847 | 13.06.2017
116540561 USA USGOVSAT-1A 180 | 29.04.2016 | API/A 11719 | s 2847 | 13.06.2017
117545288 E STRIPE N-GSO | 01.03.2017| APL/A 11982 2847 | 13.06.2017
117545239 G VANGUARD N-GSO | 01.03.2017| APL/A 11983 2247 | 13.06.2017
117545290 G VERA N-GSO | 01.03.2017| APL/A 11984 2847 | 13.06.2017
117545291 usa DISCOVERY N-GSO | 07.03.2017| APL/A 11985 2847 | 1z.06.2017
117545315 usA RANGE-A-B N-GSO | 07.03.2017| APL/A 11986 2847 | 1z.06.2017
117545305 wusa FOX-1B N-GSO | 07.03.2017| APL/A 11987 2247 | 13.06.2017
117545233 wusa SWOT-USA N-GSO | 16.02.2017| APL/A 11988 2847 | 13.08.2017
117545293 CHN JILIN-15PW-2 N-GSO | 23.03.2017| APL/A 11983 2847 | 1z.06.2017
117545295 1 EQUULEUS N-GSO | 03.04.2017| APL/A 11990 2847 | 13.06.2017
—
117545297  THA KNACKSAT N-GSO | 05.04.2017| APL/A 11991 2247 | 13.06.2017
— —
117545303 wusa USCSU N-GSO | 10.04.2017| APL/A 11532 2847 | 13.06.2017
117545304 1 JCUBES-B N-GSO | 11.04.2017| APL/A 11993 2847 | 13.06.2017

sUfl 2.5 lnansuaninisuszne APl yatnaauaIiien KNACKSAT Tag ITU
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AN Foenen1saIn ey CubeSat Wihglaasiaemilaunsansevile 2 35 il

1. d31n28 Launch Vehicle (LV) r;hu;ﬂﬁu%mﬁ’@ﬁﬂmuﬁw (Launch Service Provider,
LSP)

2. @991n International Space Station (ISS)

099N 38AUAINEIV09LARTIUNTAAIRIN ISS EdANUTENIM 350-400 Alawns Vil

= a1 oA = v O Koo = | v P o
91898923LATVDIA NI AN IUTTUIM 3-5 1ou AslulAsINsHAndenfagdene LV Nseau
AUgIUIZINN 550-600 Alaluns ee18ve93dlAvsia1 1-10 U n1sdwine LV azsifunisrindawuy
58N Piggyback e Rideshare n1sasludnwaurainatniunisiindslunseuiunrnfisusuin
Ina@stioinduafisunan warlundeutunuiisudnraienis lngslaasuazTunalunisdeas

Julumudeulvvesnaiieundn sgrslstianuealdanglunisdwing LV azasnitnisdeinu ISS
3.1 wan1saiun1sAaaeny liusnsdndenaiiey

lasanishivinnisindeuazasuaudeyaluds LSP Sruiuvanguvisdmiunisdg LV wu
Group of Astrodynamics for the Use of Space Systems (GAUSS Srl) Uszin@dnna, China Great
Wall Industry Corporation (CGWIC) Usz L@ au, Innovation Solutions In Space (ISIS) Us gL A
LULGOSIAaUA, UTIAS Space flight laboratory Uszineilaunni, Antrix Corporation Usgineadulae

waz Tyvak INC. Ussinmansgausni uazlasunishinsianauain 3 518 laun

1. US¥wn Group of Astrodynamics for the Use of Space Systems (GAUSS Srl) Usgine
3n1a Uszunun1sAanaaindu 80,000 USD

2. US®¥W China Great Wall Industry Corporation (CGWIC) UsetnAdu Usenanisadngs
Wiy 150,000 USD

3. UM Innovative Solutions In Space (ISIS) UsgineLulsashaus Useuian1saIdnas

WINAY 75,000-95,000 Euro

o
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va o

NNTAAFBUATARUAINTDYANUI $IAINTTRdUANTUgIN 91N 2 U NAeKIdY
Weudaiausvasunisatvayy lnssulszuiavaslasinisludiuvasandiniiisunsliiies
1,400,000 UM fatulasinsAslavesuRuativayuisanaInnemue dunsumdimniiion Faasu

nsatuayuiiiududiua 542,500 v waglilasenisldnissulszanaludiuduanaunudag

NNsAaseiu GAUSS Srl lausuansnan Jufl 1 wwiew 2559 Tassmshesuluiauesian
NUSEN GAUSS Srl 1iladnden1aifiony KNACKSAT #28952¢ DNEPR Tus1a1 70,000 USD wag
Tasenshifinisinsiafuusen GAUSS Sl egsaifienfiedudyandnenisdinafioy wiilesann
Smuannsdeanaiioudslifinnuuduey doiuusen GAUSS s 3ldvzasmsidudayaildou
sunazldtmuanisdmnadisufiuuueu

Aawn Uil 12 ngeRntew 2559 1a5anstasundaninyiausem GAUSS Ssrl ladinisideunis

deniieneanllulasunausnuest we. 2561 lngldasn Indian PSLV Astulasinisdalany
ndulufanisivdeundas waglasuA1noudnasia DNEPR gnseiun1sldaudinsnd wasnisusem
GAUSS Srl udaifianindn sianAnadsasinsiindudu 100,000 USD #esimsanaaiiusulssananios

N

Tuvaeziieatu Tasenishéfinasnn LSP ifianfy Ao usew Spaceflight Inc. Uszinea
andgoniing dndaudanuiFesandimiieuiuuen GAUSS srl fianuadh Tasan1s3ald
audunisvelulauesinanuish Spaceflight Inc. uagldsuluiauomanlutud 29 wgednneu 2559
Wiedndsnfion KNACKSAT $aeasan SpaceX/Falcon 9 Tus1an 70,000 USD Taefifivunnisds
sewinetuil 30 ngednieu 2560 e 28 AUAUS 2561 waznsunnInendelanndunisidudya

ns9edaluiui 26 un1AN 2560 dauanslugui 3.1

1 -3 o 1 =1 v A g./’ o 1 Ly = a
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SPACEFLIGHT

AUNCH SERVIC EEMENT

This Launch Services Agreement {"Agreement’) is efiective £ & Tﬂhmﬁ( 2007 (“Effective Date") by and between King
Mongkut Universily of Technology Morth Bangkok (KMUTNB) with offices &t 1518 Pracharat 1 Road, Wongsawang, Bangsue,
Bangkok 10800, Thailand ("Customer’) and Spaceflight, Inc., wilh offices at 1505 Westlake Avenue North, Suile 600, Sealile,
WA 98109 U.8.A. ("Spacellight”). Customer and Spacellight may be referred to individually as a “Party” or collectively as the

"Parties”.

BACKGROUND

Customer desires to obtain launch capacity and certain associated services from Spaceflight; and

Spaceflight is prepared to provide such capacity and services under the terms and eonditions of this Agreement.

NOW THEREFORE, based an the mulual promises and terms and cenditions set forih balow, the Parties agrea as follows:

AGREEMENT

1. DOCUMENTS AND PRIORITY

This Agreement consists of the documents below, listed in order of priority if there is a conflict, Each document is attached
hereto and incomporated herein by reflerence.

(1)
(2)
(3
(4)
()
8

Exhibit A — FAA Cross-Waiver, see 14 C.F.R, § 440.17;
Launch Services Agraement (this document);

Exhibit B — Spaceflight Standard Terms and Condilions;
Exhibit G — Spaceflight Launch Services Document Package;
Exhibit D — Definitions (for capitalized terms in this Agreemeant);
Exhibit E — Launch Risk Guarantee (if applicable)

2. AGHREEMENT SCOPE

A

Subject to the terms and condilions below, Customer agrees lo purchase and Spaceflight agrees to provide Launch
Services and Integration Services for the Spacecrafl on the Spacellight S50-A Mission ("Mission”). Gustemer may
add additional services as detailed and priced in Exhibit C.

Spaceflight's duties and abligations are made expressly subject to the Launch Provider's reasonable efforts to
provide the products and services Spaceflight requires to provide the Launch Services and Integration Services.

The Launch Provider shall be SpaceX. The Launch Vehiele shall be Falcon 8. The Spacecraft shall be one
KNAGKSAT CubeSal with maximum dimensions of 10 x 10 x 10 cm, and a maximum mass of 1.5 kg, excluding any
adapters, separation systems, and other similar compeneris as a Rideshare customer. Further, the CubeSat must be
compatible with the Innovative Selutions in Space Quadpack Deployer or equivalent. Additionally, the Spacecraft
shall be exclusively for peaceful purposes and adhere to the provided Spaceflight Payload Users Guide.

The planned nominal orbital parameters for the Mission are 575 km SSO 10:30 LTDN.
Because the Customer and Spacecraft are in lhe Rideshare Class of Service, Customer shall have no input inlo any

aspect of the Launch characleristics, including, without limitation, scheduling, orbital parameters, and Spacecrait
placemenl/iocation on the Launch Vehicle.

3. TERM
This Agreement begins on the Effective Date and ends seven (7) days after the Launch, or Launch Failure (if applicable).

4, SCHEDULING; NO RIGHT TO DELAY *

A.  The Launch will cccur on a Launch Date set within the Launch Period of November 30, 2017 to February 28, 2018,

B.

Under no circumstancas will the Customer have the right to delay any aspect of the Launch, including the Launch
Period, Launch Slot, Launch Interval, or Launch Date {as applicable).

7 (CONFIDENTIAL & PROPRIETARY — 5 fiev 1.3
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3.2 M3USTAUNUAUUTEN Spaceflight Inc.

1591159 Ansdeansiufunuuiem Spaceflight Inc. ag1sdetilosnauniin1sdudygins
1 | a A ) a | = Yo § va ) = o
Jedanaiien wWeduniswisunisdsnnuiiey Ingladnlviinisuseyuiu Mr. Drew Hess &4y
NN Mission Manager n19lnsényivng 2 §Uav lasiin1sussyuasansn (Kickoff Meeting)
Tuil 5 Wwweu 2560 ag Mr. Drew Hess Latlausn1msinves Mission uazfnuanisnieg sun
3.2 war3un 3.3 uanmusnvesalanvesnisinaue uazdaladniuanadoyatiasuyas Mission
Tneaiiey KNACKSAT agdalufiu SSO-A Mission

b °
|

SPACEFLIGHT

v

KMUTNB Mission Kickoff
OR: )
Spaceflight SSO-A Dedicated Rideshare Mission

Spaceflight, Inc. Proprietary and Confidential

E‘U‘ﬁ 3.2 Kickoff Meeting

o
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SPACEFLIGHT

SSO-A Mission Overview

*  Sun-Synchronous Orbit — A (Mission Name: SSO-A)
— SpaceX Falcon 9 —Vandenberg Air Force Base
— Target Orbit: 575 x 575 km +/- 20km SSO (LTDN 10:30)
— Current Window: 01 Feb 2018-30 Apr 2018

?—} PPEflight, Inc. Proprietary and Confidential
sUTt 3.3 dayaidasiunas Mission 910 Kickoff Meeting
Sufi 28 wwnew 2560 UTEN Spaceflisht Inc. Teudslilasenisa ns1udn usEnlésu BIS
Export License 970 Bureau of Industry and Security, U.S. Department of Commerce @113un1s
Zoarsmanafinfiisadoenisdeniaiion KNACKSAT fuuuniinerdoimaluladnszaouinadn
wszuaswiloduiliZaudesud fefu ussnanunsasusndunisiniitenans Interface Control

Document (ICD) 520AUTASINNS KNACKSAT 191

1590154 909ena1T ICD dun1elusinsy JAMA (Aeiansluguil 3.4) $9uiy Mr. Drew
Hess wagidany wNonAuUnsIeastdgnlunIsinseun1 ey KNACKSAT Trdaannaadnulaniunved

Mission SSO-A LasIRSFIUNNITDIs9

o
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Customer

Jama User’s Guide

Ui 3.4 Wsunsu JAMA Alilunsdaviienans ICD

UONINT USEN Spaceflight Inc. laaiun1sirsUserduiusn1d9n12 KNACKSAT
gans1sauy 1wy duivvesuitnies fauandugui 3.5 Auiu GUNTER’S SPACE PAGE fauansly
gﬂﬁ 3.6 6 forum.nasaspaceflight.com éfﬂLLamslugUﬁI 3.7 hay satellitetoday.com AaLana

Tugui 3.8 1usfu

o
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C | @ spaceflight.com/who-wera-taking-to-space-knacksat/

SPACEFLIGHT

WHO WERE TAKING TO SPACE: __Em ToNEWS
KNACKSAT

By Jodi Sorensen

The first entirely Thai-built sateilite, KNACKSAT is going to be sboard Spaceflight’s 550-4 mission in 2018

KMACKSAT is going to space! KNACKSAT, an acronym for KMUTNE Academic Challenge of Knowledge
SATellite, iz a 1U-CubeSat satellite {roughly ¥0 3 10« 10 cm, 13 kg) developed by King Mongkut's University of
Technology Morth Banghkok {(KMUTME], Thailand. The satellite uses amateur radio frequencies for the
communication between the satellite station and the ground station. It's the first zatellite entirely built in

Thailand, entirely by 3 university team.

“We are very excited about this KNACKSAT project because it is our first e —
time to design and build a real satellite. KNACKSAT will be the first
satellite that is fully developed in Thailand and by Thai people.” says Dr.
Suwat Kuntanapreeda, professor at KMUTNE. “Cur students, the most
important part of our team, have been learning so many things that
they have newver learm from textbooks. | would like to emphasize that

this project iz not only design and build a satellite, but also, more

importantly, build a Thai team who know how to design and build

Part of the KNACKSAT team

satellites.”

v 61 1

JUN 3.5 Usgwduiusdansisnsrinuivuesu3en Spaceflight Inc.
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C | O space.skyrocket.de/doc_sdat/knacksat.htm

Please make a donation to support Gunte

Thank you wery much for

ful and informative fa

If you appreciate the information provided on this si
ark by m a simple and secure denatic

pace Page.

iting Gunter's Space Page. | hope that this site is

===

please consider supperting
ase help to run the website and keep

KMNACKSAT

LoemgtSogoaoegfi oo coime FThallged

The

1 KMNACKSAT (KMUTNE Academic Challenge of Knowledge SaATellite) iz
et

hai-bwilt satellitz,

The 1.3 kg satellive is developed and entirely buik by an university t2am of King Mongkut's
University of Technclegy Morth Bangkok (KMUTHNE], Thailand. The satellite uses amateur
radic frequencies for the communication between the satellite station and the ground
station.

The main missions of KNACKSAT includs
* developing a communication system wsing amateur radio frequencies,

*szking images from spece.

* testing 3-axis attitude control algerithms by using magnetic torquers, KNACKSAT [KIMUTNE]

* verifying & decrbit technclegy by 2 magnetic torgue and
* confirming the uses of Commercial Off-The-Shelf (COTS) componen:s in space.

Alsz the educstionsl objsctive is t2 enhance the knowledge and sxperiencs of the students in satellite design and construction.

The satellite will be an-bezard Spaceflight’s dedicated rideshare mission "550-&7 aboard 2 SpaceX Faloond 1.2 rocket in 2018,

v 61 I

31]17'i 3.6 MaUszduiusgasnsaeniuiy GUNTER’'S SPACE PAGE
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afin | https/forum.nasaspaceflight.com

¥ Follow @MASASpaceFlghi e
NASA¥

SHIT.'EFHGHT coMm

HEik BT L el IS5 Commercial Shoittle S1S5/0non  Roes=ian ECuropean  Chmnese  Unmanne

Hoeme Help Tags Calendar Lagan Regitist

HASA Spaceflight L2 Subscripbon Sections

L2 Master Section Last post by
The home of L2 Epace Shuttls Content and all Current Vahicle Protected
. 58672 Posts
docurmentaton gbe. Everything that is not already n 3 spacific 4379 Topics 1 Brotectaed
L2 hame. an 12/03/2017
Click L2 SIGN UP above for access to ALL L2 sections QBx4S P
Last past by

Drmtbmtard

O gongora Rae: SpaceX Falcon 0 - Spacsflight S50-A
I {El.ll'l- Synch Express) - 2018
I « Raply #64 on: 05/07/2017 12:31 AM =

Senior Member

SREEm [This pest will be updated as we find out mere paylosds for 550-A.]

-
J ‘I- Epaceflight's 2017 Sun Synch Express mission manifest includes satellites as small as 5§
n kp U CubeSat up to 373 kg satellite. Over 20 satellites from 10 countries will be

Posts: 2045 daployed during the mission, Currently at 90 percent capacity.

s

Liked: 1426 Terra Salls Skysat 14 & 15 (laad payvisad, centraly schadubs) (87ky sach?)

Likws Ghoan: 1023
Compact Ccean Wind Vector Radiomater [COVWR or ORE=6) [Alr Force) (~300kg

sceording to Gunter)
ELLCACEIS The EuiCROPIE spacecraft will ba manifested as 3 commarcial customar on

ona of frve available ports on Spacaflight’s SHERPA rideshare wehicle going to 8 sun
synchrenous orbit. (250ky sccording to Gunber)

Cubesats:

Audecy Zera (IU)

Efysiurn Star 1T (10 Cubesat)

Fox-1CHF (1U) "The launches of AMSAT satsllites Poo-1CHF and Fox-10 have been
rabooked from the criginal Spacefight Formosat-3/Sherpa mission aboard a SpaceX
Falean 3 on to bwe saparate new launches...Fox-1CIHF will launch on Spaceflight’s 550~
A dedicated rideshare mission abosrd 8 SpaceX Falcon 5 scheduled to lasunch from
Vandenbarg Air Force Base in California in late 2017 or early 2018.°

J¥18AT (1U Cubasat from Jordan]

[ nacksat (3 cubesat, Thaiiand) |

Myriots (U 10T Cubasat from Australia)

JUN 3.7 mMsussanduiiusdansisaenuiy forum.nasaspaceflight.com
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= | ()] www._satellitetoday.com/launch/2017/10/04/spaceflight-completes-moda

Spaceflight Completes Modal Survey for
SSO-A Spacecraft

By Kendall Russell | October 4, 2017 | Launch, North America, Regional, Satellite News

Feed, 5T Briefs

o] f [w]Glin|S]e]+]

Rideshare broker Spaceflight announced its 550-A
Integrated Payload Stack has successfully completed &
modal survey of the primary structure. The series of
tests, conducted by a third party, subjected Spaceflight’s
nearly 20-foot satellite rideshare structure to low-level
vibration to excite the core structure. Results from these
tests are used to correlate the detailed finite element
model of the structure with flight structure, ultimately
allowing engineers to calculate flight environments that
the structure, avionics, and customer spacecraft will be
exposed to during the launch.

The survey marks an important milestone for the
company’s first dedicated rideshare mission, dubbed
"550-A," which plans o launch many small satellites into
sun-synchronous orbit from a SpaceX Falcon @ next
year, Spaceflight's 550-A mission will carry spacecraft

from nearly 50 government and commercial

550-A, with satellite mass simulators arganizations acrass 16 different countries, including

attached for testing. Photo: Spaceflight. ir‘Iar‘d, Germany, Australia and Singapore. It
will deploy all of the smallsats te a sun-synchranous

Low Earth Orbit (LEQ), which is popular for Earth-imaging satellites. The mission, scheduled to

launch from Vandenberg Air Force Base in California, will transport both microsats and cubesats,
with 90 percent of the manifest accounted for by commercial and/or internaticnal organizations.

JUN 3.8 NsUszduiusdansn ey satellitetoday.com
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A15ANUARAZUSLLAUNTITNAVIINIASUNDUANRUNITAS19A1 LT DY

AIMruakazUsziun15Aa (Mission Analysis) Ao N5EUIUNTUIBTUADULUNITIATIZH
A151993IN1A LBNNUARAUTEAIAYDINTTAT (Mission) a8 edalau wazs1uTIndedninmnee ves
1ASINIT BNNILANLAITIEazdenilaainni1simsigiielilau1FeniIuneIn1599901509
(Requirements) U139l UMUUALUINIINITOOALUUTEUULAZAUNTIBNITUIBAINBY (Solution) 91

[ 1% o (% a ow 1 = a v
Wululauagungaudmsunisnaiidesnis wiu Ussianeesaniiion vliaveundlvan snvazuey

241A95 NIAIVANNIITNTIN wazdadiinsne) Wusuy

dmfuanaiiien KNACKSAT flagsinniseanuuuuazdnadrstululasinisi iuanadien
sULUU CubeSat Aiidarmuadniaudt FesfivunalsiiAu 10 ou. x 10 #3. x 10 gu. wazdwiinlal
\Au 1.3 Alandu vilildannsofiasfidudeniivarnnansls ludmveandivanazidundes CMOS
dmsumsfanmsaneninsseslnaanneinid @useuunIIAIUANNINTIRIElENISAIUANNI TN

wuu 3 unulpeld Magnetic Torquers (MTQs) mun1sAanAmuall

Tudiure9laas A1wiien KNACKSAT aggndadidilaasaienisdauuurindsluiu
Aufiuvan (Nsdaluy Pigeyback) vinlulianunsaidenislaasiaies Nimsﬁléf%ﬁfuagiﬁ’mﬂma
yoem i flsundniiug ImEﬂmqmiﬁﬁaﬂmiﬁﬂL%wﬁwiﬂaiﬁwmuﬁ'}dqmu Launch Service
Provider (LSP) uagimuadnuueiugiuresislaasiidenis Ae sedunrugeuesislaasussaia

600-800 Alawns wazlduielaasuuu Sun Synchronization Orbit
4.1 N1SNNUANITN

A IElAAMUANITAIVDIAITBY KNACKSAT lagfiansanainingussasdnanyes

lasen1sanaiiien KNACKSAT @e n1sasnsesdnnuiiavasntamalulagnindulunisasimuiien

UIALEN Favadun1sAanantarnA15AaseIRIdl

A1snanan (Main Mission)

1. MyRansEULFRa I INRuAT U aTATIAY

2. M3d1sateyaannszezlng (Remote Sensing) lAENSENEAIMNIINGINIA

o
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N15n39589 (Advanced mission)

1. NMIAIVANNINTIIVDIMATBLLUY 3 wnulagld Magnetic Torquers (MTQs)

2. NM3nadau Technology Deorbit f18 MTQs

4.2 n15UsiuRaLIATILIRNISHY

[

TunsuseiiunistanseyilaenisiuunseauaNudsa (Success Criteria) WU 4 seeusiail

52AUT 1| Minimum Success: @31989AANIAUNNTBONLUULAYAT AN TN (60/100)

o a

- AnIUlATIMSIAgNIUYNTUADUAILANITEBNHUUIURINTFUIUNTATI

IS (3 v

- 99AANS (Expertise) ANUATN1T08ALUY

U

) 2 Y a Y a o o
- llaﬁﬂﬂ'mllgl,l,agllﬂ']iWWU']LV]ﬂIUIaEJLﬂEJ'JﬂUﬂ']ﬁﬁﬁ']ﬂ

- anufleuiaeanasasudeayadniuy (Housekeeping) Wudayayias Beacon (CW) 1o

52Ut 2 | Nominal Success: Uplink mdauaz Downlink Toyan1naele (80/100)

- @NTRaNeNNAIENand CMOS Camera

[ o

- anunsodsdyamdsinuaiuivgld

[ [

- ansedudygadeyaruaiuingle

58U 3 | Full Success: AIUALNNTNTI (100/100)

- @UNIOAIVANNIIUTIIMUY Active 738 MTQ 14l

32AUN 4 | Extra Success: aunsaufjufinisfiasesla (Over 100)

- MA@UN1S Deorbit Al MTQ ¢

FFUN15IATIZNN15AD 1ATINNSRAZWUINITIATIzean Ty 3 du Ap (1) N5 IATIER
2191ATBILYININITIATILHAAMUD B94287 haLTLezN19NA1LABN KNACKSAT 981Aasuuand

AANUAY (2) N15IATIEANGTNAALALUTZ LI UAIMUL MU AUV AT UGBS AIUTUNITADE AN
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WWanasnazduldeu way (3) n1931A3189% Disturbance Torque NnsgyinAuaInisulultlaasen

WinthlumMuusAMUsaINIsveIsTUUsaly
4.2.1 A15AIITANAS

TunmsfmuaiasUssiliuaslaasiivanzaudmiu KNACKSAT du tasannisdadngasiaeg
auifunuurindslufuaaiisnndn Wde Pissyback) eldanunsaidanidlaasidios egrelsiniy
Tnsenisifmunetuings 3 faiden fie Dnepr [1] PSLV [2] way Atlas-V [3] Fadugnuirdeiiil
UseiRnsdamauion CubeSat lihgaslaasunuda faifu Tasamsifaylideyavesnaiion Cubesat
ﬁdwﬁwajwiﬂmﬁw Dnepr, PSLV wag Atlas-V Tun1sitasiziaelaas Iagldlusunsu Orbitron [4]
Tun1931809n15V97U (Simulation) Tupsufivmed fegrmtinvevedlusunsy Orbitron fildanu

LLamﬂugﬂﬁ 4.1
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FLOCK 1E-B
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FLOCK 2B
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FLOCK 2B-2
FLOCK 2B-3
FLOCK 2B-4
FLOCK 2B-5
FLOCK 2B-B
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FLOCK 2B-9
v | Fox 14
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(Simplified General Perturbations No. 4) Tun13531a99n19%11974 LagsuAsul9lAas (Orbital
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Anualidugasiatds KNACKSAT winglaas
A159AS123291A3S N5 Dnepr

Dnepr [1] tugrutiidsnielinisguavreauisgn ISC Kosmotras Fafidntneulugjoglu
UseinaTalde dg1u8e (Launch Site) 2 uia @@ Baikonur Cosmodrome UsginAa1daan1y uag

Yasny Useinesaige

ALlen CubeSat figndsidngrslaasime Dnepr uazdanslnasoglutlagiuilassnisfiazld
Tun1siinsieiaalaas Ae araiten UWE-3 [5] dudumifion CubeSat vuin 1U Jufl 3 vaq
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A1579% 4.1 AaLU5291A95 (Orbital Parameters) Waaniieal UWE-3

fiawUs29lAag Andivnld
Mean anomaly 61.367 Degrees
Mean motion 14.77379 Revs per day
Semi-major axis 7016 km
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Inclination 97.705 Degrees
Eccentricity 0.0069922
Argument of Perigee 298.048 Degrees
R.A. of Node 34.751 Degrees
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JreEnNIENINAIsLwazan lnauAudaudn Ao 2,860 Alawwns waviingn A 3,090 Alawns

3150
3100
3050
3000
2950
2900

Range (km)

2850
2800
2750

2700

~ [s0] Lo N D <o) o N~ <t (¢ Y9 (o]
~ N N [sp) [Ye] o © M~ [e¢] (&}

106
113
120
127

[se) ~ N
~ N~ [©)]

Accesses No.

JUT 4.5 szgemneseninmaiisuivaniilniaiusiui Max Elevation Tu 1 1ew (n5&d Dnepr)

U
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A153LAI1ZM29LARS NSl PSLV

PSLV (Polar Satellite Launch Vehicle) [2] 1ugutindenigldnisguaves Indian Space
Research Organization UsginaduLie laeiig1udia Aa Satish Dhawan Space Center, Sriharikota

USENADULAE

AIfisy CubeSat figndaingralaassne PSLV uazdsadlaaseglutlagiuiilasanisiiasldly
nsiAsIzialaag fe Ardien AAUSAT3 [6] daiduaniiiion CubeSat vutn 1U ufl 3 909
Aalborg University Usginalausngn anaiiies AAUSAT3 gﬂﬁwﬁwéaﬂmﬂui’uﬁ 25 .. 2556 laedl
ARLUTI9LART (Orbital Parameters) 11311310A1 TLE (Two Line Elements) lag) North American

Aerospace Defense Command (NORAD) & Sufl 8 5.0. 2558 Fauandluans el 4.2

A1519% 4.2 ALUT291A9S (Orbital Parameters) 999aLii88 AAUSAT3

RPN T Andivnld
Mean anomaly 211.7142 Degrees
Mean motion 14.35245 Revs per day
Semi-major axis 7152 km
Alt. Perigee 772.3 km
Alt. Apogee 790.5 km
Inclination 98.5907 Degrees
Eccentricity 0.0012768
Argument of Perigee 148.4817 Degrees
R.A. of Node 180.2447 Degrees

HadnsaINNTTIaeelasmenasuLilugui 4.6 Segui 4.9 ludnwaeiieaduiulunsd
Dnepr 9190 21n5U7 4.6 wazguf 4.7 wudn a1ufiguazlaasiiuanidniaiuiy o unine1dy
wialulaBnszaeuinanszuaswiiaduszesnaninndt 10 wii visiun 105 A3 wasidussesioan

$p8N731 10 W9 V199UA 35 A9

seuatuanysal KNACKSAT: @il foyeunsunu T2-1-0009/57 4-7



60
50
40

30

20
| I I I
R . - I

0-100 100-200 200-300 300-400 400-500 500-600 600-700 700-800 800-900 900-1000
Accesses Time Duration (sec)

Number of Accesses

o

JUN 4.6 AmnudvesssezaianIinaiufuteuiunuiienly 1 Weou (nsd PSLV)

1000

Y]
o
o

800

700

600

500

400

300

200

Accesses Time Duration (sec)

100 | ‘

T O =+ O = O +d O =+ OV =4 O a4 OV « O 4 O «d O
A N NN NN O O NN 00 OO0

101
106
111
116
121
126
131
136

Accesses No.

JUN 4.7 sezanfiaandneiuAuueaiuniiiedly 1 Weu (nsdl PSLV)

913U 4.8 w1 anflenaglaasiiuaniiianafiuudiye Max Elev 1mnndn 10 pen
$1uau 95 afa Pnviamunsiuau 140 ads Tnedinrsuneniglunsdilaasinudunannnnd 10
it wazyy Max. Elev 1100 10 9 agiiianuadiuau 86 asy dedunelu 1 ey muflouas
mmia%’uﬁﬁzgzyﬂmﬁuamﬁmﬂﬁuﬁﬂﬁlzjﬁastfw 14.3 F3luq LLasmﬂgﬂﬁ 4.9 WU TN

sgrianfieuuazaninaiufuntesan Ae 3,280 Alaluns Lazungn fe 3,320 Alawwns

U
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o

101
106

i
o

Accesses No.
JUN 4.8 Ay Elevation gegafiaaniinaiiufuuesiiuaaiienlu 1 wew (nsdl PSLVY)
3330

3320

3310

Range (km)
w w w
® »® &
o o o

3270

3260

3250
A O H O H VWO dV VoV VO A O
A 9 NN ®MmOMm S TFTODNOONNO®GOWOO N

101
106
111
116
121
126
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136

Accesses No.

UM 4.9 szgznneseninaaiisuivaniilnaiufiui Max Elevation Tu 1 Weu (nSal PSLV)
a ¢ ]
N13ATIEN9lART n3el Atlas-V
Atlas-V [3] \ugrutidinielinisguasiuiuveauiem Lockheed Martin uay Boeing

Useineansgowsn lauilgnuss Ao Cape Canaveral Air Force Base, Florida kaw Vandenberg Air

Force Base, California Usgineamnigaiisn,

U
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Afioy CubeSat figndadngadlaasie Atlas-v uazdnstnasoglutiagiuiilasansiiazld
Tun1531A51294291A95 Ao A1dien Fox-1A [7] @udun1ifien CubeSat 1u1m 1U 183 AMSAT
i Fox-1A gnaaiigadlaasaing uds Vandenberg Air Force Base Tufudl 8 m.a. 2558 Tagdl
AAILUS29lARS (Orbital Parameters) 111121nA1 TLE (Two Line Elements) Iag North American

Aerospace Defense Command (NORAD) & Juil 8 5.0. 2558 fauandlun1snad 4.3

A1579% 4.3 AUs291A9S (Orbital Parameters) 90991248 Fox-1A

RPN T Andivnld
Mean anomaly 88.372 Degrees
Mean motion 14.744 Revs per day
Semi-major axis 7025 km
Alt. Perigee 494 km
Alt. Apogee 800 km
Inclination 64.777 Degrees
Eccentricity 0.0217735
Argument of Perigee 269.243 Degrees
R.A. of Node 164.523 Degrees

wadnsannsiiaesslassauiisuazulilugud 4.10 feguit 4.13 Tudnwaiedtuiuly
A3t UWE-3 oy AAUSAT3 §196fu 990307 4.10 uag 4.11 wuth madisuaslaastiuaniiniaiiuiu
 winedemaluladnszasnd mszuasmioduszosnanfiuinndt 10 uit danun 92 ads
waziussaziaiiosndt 10 Wil siovun 44 ada waranguil 4.12 wuth muftesaglaasiiuanni
mﬂﬁ”uﬁuﬁgu Max. Elev 31 10 83 $1u7u 89 afs anitavmunduau 136 Ay lasdfiansan
anglunsdifilasiudunaiunndt 10 unft uazys Max. Elev 1nndn 10 aemn azdisianun
$1uou 88 ass fetuniely 1 ey maileneraunsasuasdyaaivanineiuiulalidesnda
14.7 $3l49 wagaIngUdl 4.13 wud sssenssewineiflenuazanidniafiufutenga fo 500

Alalns uazuIngn fie 3,150 Alans

o

seuatuanysal KNACKSAT: @il foyeunSunu T2-1-0009/57 4-10



40

35

30

25

20

15

10

5 i 1]
) L]

0-100 100-200  200-300  300-400  400-500 500-600  600-700  700-800  800-900

Number of Accesses

Accesse Time Duration (Sec)

JUN 4.10 pmudvesszeznafiannidnaiiviunesiiuaaiienlu 1 e (03t Atlas-V)
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U 4.11 szevnanfaondaafiufuneaiuaaiiedlu 1 deu (nsd Atlas-V)
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JUN 4.12 Au Elevation asgafiaanfiniaiufuvesiuariiienly 1 fieu (nsd Atlas-V)
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Accesse No.

JUN 4.13 szugnesenineeniiiguivandniaiufiui Max Elevation lu 1 wwisu (nsel Atlas-V)

4.2.2 ayun1snvuauayseiiiuelaes

91nN15U52L N U9IA5TUINTD7 4.2.1 TagRa1SUNIININUIUASINA T eNTARSH UanT
d' & = P P X a . . P
syagauauiunisrilaaniiainiiufu wazyy Maximum Elevation aunsaagulaan
= f-:! < a d' o 1 a
191A93n38 Dnepr @9tJu29lAASLUY Sun Synchronous UAULRUICAUNGAGINIUNITNIVB

AL KNACKSAT ilasannaniilniaiiufuaiunsadeansiunniiigudiyy Elevation gend1 10
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29AlaBilsrerIaINe1IUIUNgN WBNIINULAITBAVDIINLAITHUY Sun Synchronous D 414
LA AATHAINNAIN LANIZAUNITAIAIGAIMTILET DNNIANIASUAINITOSUNSIULEAID1ARE Lo

) Y & ] ¥ o w v o
AaALIaN YNLduN1sSHaUAaNETaIN R luAUNISERNLUUSEUU NN AN
4.2.3 A15ATIZANG AN

Tun1siruanasdszidundlnannisndssaronmdadiiiululdvasianumnzay
#1115Un1573909A1 BN KNACKSAT lamiuusitninenanluniseenikuussuunded Ao seUU
ﬂé’aqmmaﬂﬁm&gmgﬂu@hmaLﬁau?ﬁaﬁmmmﬁ’ﬁmiﬁ wasiidormundasolul

1. fenwsneauaziBenetetioniign fio VGA (640x480) uazamazidununndian fe

Full HD (1920x1080)

2. 8182MNWUU HDR gt

3. ghewvustaiies (Snapshot) 14 nmiuly srepnuaziBenlisnin QQVGA (160x120)

YJarnuatiadudaIndudatirusiianusiwatowazinnie vnlmianisas1aussaunisal

wazasnuivdlumsiawssuuaenmduasseslnaliiuunains

52UUNEDITBINNITIBNFULU CubeSat daunnnazlugandesiimliniusiosnain (COTS)
\losanddunuilige 19y avudien XHV uag X1V vosusunaguld CMOS Camera Fafia
avlden 0.3 d1u fintga vum 16 On wazausaaienmlueinmadundlantimdudivaumin (8, 9]
wAnuAmvInIniidsldduananiengluaania [10] araufie Swiss Cube 189UszLNA
aneasuaudlilugandes MTOV032 wuy Monochrome CMOS Gsanansadienmainednieldiiy
NN kazdusednsama [11] auiiey Compass-1 Yauszimalgosiuldlugandesainaiey
Omnivision LUa$ OV7648 wavaunsaatenimlueanald uwissuundasidyminainssuunis
USu Exposure wuuUSaluid vidlinmitldiAnainuaaimaiauludnuae Over Exposed [12] 910
waratisssndufiazdondiu ND Fitter iihanlussuundes uazaifioy ESTCUBE [13] vosUseine
walawleldluga MTOVO11 Tusnaitey wagld ND Filter $aglunnsanenin uazanunsaaenniis
anuandaaIneINelddTa Wusu JUR 4.14 uanssedralugandesililunaiiien CubeSat uaz

A 1Y)
Annanela

o
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(n) (%)
sUTl 4.14 fhegraszuuienn
(n) C3188A camera module (OV7620 sensor) Tuaaiiay XI-IV

(¥) sUaiies XHV  (R) Megreguangananiiies XV [8]

[

wielianusaufiRnnstaciennladnsa tassnstildfiansanndesdinuu 6 faden sl

nase OV7720

ndos OV7720 udalagudsvm Omnivision Miaslnihauin 120 mw Wundesiifinnulase
n1sviugaedegluaniizuaitos Aunmvesguninalntsanluauls 1w Auanda Color
Saturation kagn15USUASATUTRAANMLET UV NapasassunInauin VGA uag QVGA @11nsaLiu
Gﬁagﬂammﬁu Bayer Raw, RGB, YCbCr fiszuu ISP ﬁamé’mmmsumuuammwﬁLmu'wnws'aﬂ

uanvNIsEnsaUsuAn Edge Enhancement waz Noise Suppression laonludf
n&ae OV7648

&1 OV7648 nAnlABU3EM Omnivision Mi&slnivuia 40 mw Wundesfidainulase
miﬁﬂmu&jﬂLLﬁ@gjhﬁﬂﬂzLLﬁdﬁ@ﬂ @mm‘wsuadgﬂmwmmimw@ﬂﬁ LU AUANTR Color
Saturation Hue Lag3935UNINUUIA VGA Lag QVGA mmsmﬁu%’agammﬁu Bayer Raw,
RGB, YCbCr, YUV @1u15aUSuUA1 Saturation Exposure, White Balance, Brightness, Black Level

Calibration laonlus
nase MT9VO11

ndes MTOVO011 wanlagu3em Aptina Imaging Corporation Tdfaslvirvuin 70 mw 10u

ndesnanEnsavinunglaansiasiesldedad Idndanum s1agn Tdseuy PC sesfunmauuia

U
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VGA, QVGA, CIF U5UA1 Black Level Calibration lagnlugl@ wavaiu1samiuaual Gain, Frame

Rate, Window Size, Panning Wag Image Reversal 16
néaa MT9V032

N889 MTOV032 Nanlaau3em Aptina Imaging Corporation Tdidslninauin 320 mw
Jundosiianunsadienmlueanialdniniifiussansamgedu lainu Near Infrared (NIR) 270
wasadng Buseansnmvestmmesgs Tdseuu IPC s895uninvwIn QVGA, CIF, QCIF @1u1sausuan
Saturation Exposure, White Balance, Brightness, Black Level Calibration TaomludfLasdiseesu

A15E18ANLUU HDR 9na7e
nasy OV5642

naaa OV5642 wanlmeusen Omnivision Traslnihaua 270 mw iundesiiuse@nsam
44 a1u130AUANENITINITAEAINTWIAT 1 3uniild (Fame Rate) 191 Mirror Scaling Cropping
Panning i’ejﬁumwlﬁé?ﬁwi%mﬂ 5 Megapixel a31n LﬁU“ﬁ'@;ﬁamWLi‘]u Bayer Raw, RGB, YCbCr, YUV,
JPEG Compression aru15au5uA Saturation Exposure, White Balance, Band Filter, Black Level
Calibration l#8nlusfA annsasessunmsauanlnifasnlusii (Auto Focus Control) wagdsnisienu

\Ju Video %30 Snapshot laaneae
ndaa OV7670

n&es OV7670 uanlaeU3eM Omnivision Toi&slniivuin 60 mw Hundssfildngsanu
torlunsvhan Tiszuu 12C sesunmaunn VGA, CIF uazvuadiannit CIF adly iudeyanimiy
Bayer Raw, RGB, YCbCr, YUV G’ﬁq@mm‘WﬁUaqgﬂmwmmmmwmléf WU ANANT e, Color
Saturation, Hue, Anti-Blooming a1:u150UsuAn Saturation Exposure, White Balance, Gain, Band
Filter, Black Level Calibration Mé&lusi fiszuu ISP flandyanassuniu uenanildanunsadsue

Edge Enhancement lag Noise Suppression laonluif

NNIsANEIeLandeat AuEIdulavinsUTsuguamanUAreINaea 6 Auden lng

nantunsiasanAuaudivendosUsznaune

o
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Image Size ilosanamitldfvuallunisiafivundusdianie VGA 640xa80 waxd
YUIANINTGN 1920x1080

JPEG Compress Lﬁm'mﬂmmmmaamwﬁéfmmﬂumiﬁfmmmiwgﬁqmﬁ'uimﬁmwa
duumafudoyadu RAW Tnd dsiudsioaiinis Compress Iididu JPEG

Auto White Balance d@wsunsangn1mazin1syinaunauwasud \ile497n White Balance
wwdsulumuunasiidauadusssunnd fufun1svih Auto White Balance e n1sU§u
Tanmuasidnenmmszuvasindauasinsiuligumgiannaiu ilelvindesannsn
thuiindduligniemielndidssiudiiuiasewesingunniiga

Exposure Value lasannderimuniilaas3lunisia fmuslianunsadionmmuuy HOR
1§ fefundosdefesanunsausuen Exposure Value liwuu Manual weusulilanmene
Afrufinainssinetu Ing Exposure Value (EV) iueilélunisinauainsvesuasly
nsteam ervuanessuadluamenduwesiunm dunainiedeiidmali
uasRunaeslauntessaiufe niindes (F-Number) tagauisitnmes (Shutter
Speed) Wazn15a18A MUY HOR Wunadanisadanmiielinniisneasidennsu
yndau Meludrudiauazdiuadng Inodenmlugufeatu Widuasiunndiediy
Uszanm 3-5 n Isviafuuszanas 1 Stop wdsanntuflihanmusuiuiie g

UALDIAATU NIRINUUILALTRINNRT NI LUAIUT ALALAIUNEIN

a a = wa v
$1519%0 4.4 LLE‘W\IQNaﬂ’ﬁLUifoLVlEJUV’!maiJ‘UG]EUE]\Tﬂa@ﬂ

=] = = wa %
M1919N 4.4 B\lamiL‘UiEJULVIEJU@man‘UWJaﬂﬂaEN

@mauﬂ’ G OV7720 | OV7648 | MT9V011 | MT9V032 | OV5642 | OV7670
Image size 3 3 3 4 5 3
JPEG compression 0 0 0 0 5 0
Auto White Balance 5 5 0 5 5 5
Exposure Value 3 a4 4 5 5 3
Result (20) 11 12 7 14 20 11

N8R

4.2.4 agUn15ATzindivan

5- 5310 4 = 7 3 = U1UNas 2 = Wakd 1= i1 o = Ll

NATNN 4.4 WU A OV5462 THIATUA1NUINAIINADIRAIDUY) Ineindos OV5642

a1u150UsvILInInINlANINd s 5 Yu1n Ae 5 Megapixel (2592x1944), 1080p (1920x1080),

seuatuanysal
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720p (1280x720), VGA (640x480) thaz QVGA (320x240) Feaziiuirvuinningiedns 5 wuui
ATEUARUUUIATBININTINGBITUDUY vinl# Taendos OV564 a1u1303i1 JPEG Compression 16
Tuvnigiindesdadug liamnsavinld ludu Filter vaandos OV5642 g Filter insounqu Filter
Yosndesiidug wazndomnsndlssuusilusiAlndiAsiuusindes Ov5642 fsvuusmluiiAiddny Ao
Auto Focus anunsadanisvhanndussuudalende Snapshot Wdnde wiefiarsansiaivziiuig
OV7720 H51AiAndn OV5642 wianaaaulRnd ndos OV5642 Hilsdduilweznimnzaniv
AshaunnIT wag MTOV032 Aflanumuzaufunsiaduiiy uindesl lfinswansminednsely

WA MItuINNFIAITiiauafinaunduduamalunisidenldndes OV5642
4.2.5 N153A512H disturbance torque

Tuns3As1294 Disturbance Torque Ax¥N1sRANTANIINBIAUTZNRUAINY ATiSVENasenIs
nsefvesnnfisalundlaasidarelli Ao Atmospheric Drag, Solar Radiation, Gravity Gradient
ae Residual Magnetic torque [14] I nTuazINI5AIWI Disturbance Torque #1499 lAN13
fvuniwefigndidulule (Worst Case Value) wéndsvinnnsuseidiuen Torque fianniian itevily

ﬁ?ﬂﬁﬂﬂ’l’]&lﬁ@ﬂﬂ’ﬁ%@\‘i MTQ GII’EJI‘U
Atmospheric drag

\flesaniiangesediu 600-800 Alawns seduanufuayaniadaliganntn ussiu
p1mmsgnszviuaLisnlufienisassdiniuienienisiedeuiivesnaiion wssfueinimazuys
fumusyiunugedlags BuAKazANISIvRIAITiBY KAaNSAUINLSWNueMATInsE YA
aiteuluniugafiszdu 600 Alawwnsuay 800 Alawuns uandlums1ad 4.5 uazans1ad 4.6

AUAIAU

o
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M15197 4.5 U UDINIANIAINES 600 Alans 3nTeRuInea

ATILE

WIS ELADS et
Alt. 600000 m
Length 0.1 m
Area 0.01 m?
Pair 1.137 x 10 kg/m?
Coefficient 2
Velocity of Satellite 8150 m/s
Fair 7.55224 x 107 N
length from c.g. to c.a. 0.03 m
Torque 2.26567 x 10 N'm

M15197 4.6 USIA1UDINATIAINES 800 Alalns 3nTeaunea

Afle

WIS ELADS Aeld
Alt. 800000 m
Length 0.1 m
Area 0.01 m?
Pair 1x10% kg/m?
Coefficient 2
Velocity of Satellite 7452 m/s
F. 5.55323 x 10 N
length from c.¢. to c.a. 0.03 m
Torque 1.66597 x 10?7 N'm

Solar Radiation

v A a . . a X I aa a X P [y
LSIAUNLANRIN Solar Radiation agtindutdussesluladaas wasddndnaunduiiaseay

ANNEAAY 800 AlatunsTuly Han1sAwIn Torque nseviiuaTifisuwanslunns1en 4.7
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M13197 4.7 Solar Radiation #1A313ge 800 Alaluns IMNsEAULMELA

WIS ELADS Andile e
Alt. 800000 m
Length 0.1 m
Area 0.01 m?
reflect coeff 1
Solar pressure 4.60 x 10°¢ N'm™
length from c.g. to c.a. 0.03 m
Torque 1.38 x 107 N'm

Gravity gradient

lunsal CubeSat aunsauseanas Torque MAiRN Gravity Gradient Ingn13AIUINAINING

Wtin 500 NS szeing 3 WwuRlues fie 1.23 x 108 Nm
Residual Magnetic Torque

awuwiwianiandnsluanaiiienilesnindan Ferromagnetic TUfAefuauuLLnanlan
vlimin Torque 7liisioans Tun1suseiliu Magnetic Moment 983an1iiga mMuualA Magnetic
Dipole wa4n T lEsiyiiu D = 0.1 Am? Aetumnivuaauiduduauuivaniantunsaiiaigs

g (Worst Case Value) n313ge 800 Alawns anseavdmelaasnsadwinlansauniseialil

M = (2) x (8 x 10% [Tm?))/ (7178 x 10%[m]) >
= 4.7 x 10° [T] (0.47gauss)

azgld Torque lngUszunufe

T=0.1x4.7 x 10 = 4.7 x 10° N'm

o
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4.2.6 ayun1snmiuaLazyseidiu Disturbance Torque

IINHANIAILIN Disturbance Torque Nilaualneygavinseindiu KNACKSAT @ Torque
Ainan Residual Magnetic Torque %ﬂﬁﬂ'ﬁgﬂﬂiﬁ Atmospheric Drag Waig Solar Radiation Usguned

1000 w1 kagu1nnin Gravity Gradient Usesngy 100 0

97nN15U52LEU Disturbance Torque @11150AIMUAALIUABINTT (Requirement) V89 MTQ
oAU Max. Torque = 4.7 x 10® N'm 1ufi® Magnetic Dipole Moment 483 MTQ #asilA131nn31

4.7 x 10° Nm 3992a10150AUANNIINTIVBIA BN KNACKSAT lamugausasanisna
LANE1591484
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A1598NLUUANTBN CubeSat YUAU

AN50DALUUTUAU (Conceptual Design) avidun1seanuwuussuugas (Subsystems) Laay
FEUUDE19AT129) LilonadaunIsvinuiugukazd msunaudussuunagldanuassioly dmsu

1ATINTISAN A8 KNACKSAT flauusseuudasanniu 6 seuu fail

1. szuuyeslaTease (Structure Subsystem, STR)

szuugasn3deas (Communication Subsystem, COMM)

syuueg A8 (Electrical Power Subsystem, EPS)
iz‘U‘UEJ'EJEJmﬁ@miﬁﬁbﬂuaz%’ayja (Command and Data Handling Subsystem, CDH)

FTUULBUNTNILALATUANNITNTIAT (Attitude Determination and Control, ADC)

AL

wiglvan (Payload) visenaedaiegy (Camera, CAM)

5.1 szuvdaslAseEsng (STR)

spuudeslassaine (STR) fmthiidudnssuudesuavgunsalineg Wiy wagdestuay
Fovneioafntunnussnssuiniasmsduasifeunnanmiradusarihnisudesnaiendng
2wlens vaillassadsesanifisumsaedvwiniuniian nedenmsananuudausmumul iy
laesEUU STR Y83Awigyd KNACKSAT aggneanuuuliszuugasusagseuuilanuwazn1sinauiuy
wenuefn (Module) Fasinlinsinnuvesusazszuuiaiaanysainieluveda waznisimuvio

USuusausiazseuudegannsanseiladiy wasnsenuiiussuugesaulesian
5.1.1 nMseenuuulaseEiIman

\lesnnnisihdanafiey CubeSat Wnghalaasdduseendunisnings (Piggyback) LUy
aflnunelnginiciu faiulasadwemmifionasfoeenuuulidenadesiudermunvesey
thds uagtitoandlddnglunisarsyaudesvie POD d1mdu CubeSat malassnisidenlddnume
Tnssadiiaonndosiuunsgiuves Poly Picosatellite Orbital Deployer POD w38 P-POD lagnns
senuuulaswadmadosfinnsandsdosiauasdoulusneg dueluil

- el 10 x 10 x 10 wufwes wasimdnUszana 1 Alandy

- Jaglassaingredanandininen naenndesiuianues POD Nawhenty

o
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- szuzlNAAuaULATBINABINIEN AL FBIANNSAUTIastuNUNTRd T umE ranla

gunsalingdeansavaeteglnaaueiniauiniige ielvinisanveudygraiiniutes
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Ngn

q

SUN 5.1 WEAIAINLUUNIIAINSSUYBILASIAS 1A nTaInfisuioankuulilaenu Tngld

Y

[

aneagilitlou A7075-T6 (M358 A7075-T7351) lagguhuun1sTudnuaII9s1Iauesnvedumayssuy

Y

goaifunuutudouiu (Stack) asyninadusie Spacer wagdaiulATI@S A TUULLALATUE

JUT 5.2 UanIN1s1inumie (Layout) ¥8dukiasvsavese mudidlagsaulaswaineasiy
da o ! s A a v 2 Aa o ! =3 ! I
anRsundlgagadiiondnnasulni uasilunfnasaneoinia sgdlsinuluseninedunaunis
o a . . = a o aa S A4 o Y
2BNLUULATNMUITI8aZLYR (Detail Design) %umiameﬁimaai’mLLazqmwQuaﬂmwm ANUU

N132198UMLUegUNI0dR19Y 9199siinswdeuwdadle
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Solar cell

COMM board

COH board

CAM board

EPS board 2

Battery

i

Rail

Antenna

UM 5.2 dusznouradlasaasianaznisind Layout veuese
5.1.2 Mnagaun1sUdeyagaIn Ao

lasansillavinisnaaesynisUdesaisainia (Antenna Deployment) @3a1881n1¢ae 604
Jansedunulilulassaiisluseninanstadidesnianiudeiivunves POD uavaieeInIAazgn

UangaanuliasaIniiniiieunanaeninangdiaasIna ity

Tunnsesnuuuidesdulgimualdarsenniaiildlunis Uplink uaz Downlink tJuuuy
Dipole Tngansa1nALuY Dipole asnieantulufirnsadiudanzanadvuiui LAz IeTIReann iy
Tuusiazd 3U7 5.3 uansnmiaesuaznndevesssuuldesangemaiinasduniitenaaauns
Faunaraeasfildeu Insluiidlduavnsunseinlans duaseiniawas ndhuiulifeain
luasu wazinisudesarsenialaenistounszualuiitldtuenainanudouiioninisdnain

luaou ﬂ’]i(ﬁ]i’)ﬁ]’?ﬂwaﬁﬁL%ﬁ]‘ﬂax‘lﬂﬁiﬂﬁ@ﬂﬂigﬁﬂﬂﬂ Antenna Switch
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AmaeNMIvageunIsUassaeeInIALanslugui 5.4 awudn wadnsailadulumudenis
wivuzaneeInIAnatefeanaziiaLstdniaziilinuieunyuls Jagdamansenuion1saIunu
AnLfiey AeliudsfatosnuuuagiauInIsINEIweINIALarNsiuAvaIsa Ny Woliin

a Ay oA
LLINUNNIUD EJ‘V]E!@I

' ”f . . - -- -l 'L. i -""-I | i - ; A--l-.l. o 2
UM 5.4 Mnaevaizn1seaeInIsUdsuaIgeIN1AveIgaUdoeNinas Uy

v

5.2 syuugaensaedans (COMM)

1 A ° Y oo | v ! = Y} ~ & a
STUUYYN15@0d1s (COMM) ‘V]']'Viu’]‘ﬂs‘ULLa%ﬁﬁmaHaszV')q\‘]ﬂqﬁLV]EJﬂJﬂUﬁﬂ']Uﬂ']ﬂWUQU

Toyafivyinsddliivaniiniafiufu (TX, Downlink) Usznaulumedeya 2 d fe

- deyaaniusveenniisy (Telemetry Data) lngavdaidu Continuous Wave (CW)
Beacon fignuAud UHF Tasdeyaazerluguiuu Morse Code uavdoassng Baud
Rate LYNU 8 bps

- Jayaninanunniiiiey (Digital Image) lngavdentgulasdyqyraiuuy Gaussian
Minimum Shift Keying (GMSK) fig1ua111@ UHF Tnadeyaazeglusuuuy AX.25

Protocol wagdeaseie Baud Rate Wiy 9600 bps

U
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' v o o a ) & a . v o
dudoyamdmagiuanainiiudu (RX, Uplink) azdssienisudasdyayias wuu Frequency

Shift Keying (FSK) fignuaadl VHF Tnedeyaazagluguuuu AX.25 Protocol wagdoansse Baud

Rate 11U 1200 bps

A199DNLUVUBSA COMM lanmuaniseankuul’ 2 wuwmng

WU a7 ulugun 5.5

WU a7 ulugun 5.6

[

&
JU

wwIne (A) fie n1sldledvisersasdniaguludiunes GMSK-TX wag FSK-RX dauandly

WWIINg (B) Ao N IuYes GMSK-TX way FSK-RX Inglalldleddniagy duansly

FofvotuuInig (A) A arudrevasnisiuildau Weswinduleddniagy wireudiaeed

a o w o ! A 1% Ay ] 3 X o vy
“U(ﬂ"ﬂ']ﬂ@I‘Nﬂ'ﬁUiULLMQLW@ImﬂﬁuiiﬁuzﬂG}@\‘iﬂﬁi AIULUINIG (B) 1UUNIT9DNLUUIUNLDS RIREY

daszlunsUsuwsAsaNssauULNUINAIN

W-Tx L UHF HE
C Crystall_rcfcrc{)ccd s ANT
CWMorse code MCU B~ PLL Transmitter - —
i = CW-T 10 dRm W = 200 kHz
Speed: 8 bits per second x Pow 0.1 W LEE
Beacon interval: 45 seconds PICTHRET (2 dbm) 437,55 MHz
Beacon length: approx. 12 seconds MANT4T2 Am}?hﬁcr
MGA-SMGE - .
Poul = 223 dBm RE swiich *
Gain = 143 dB SEY 1T "o
321K
- 1
GMSK-Tx | (T p UHF
| RF Transceiver 43755 MHz ower 437.55 MHz
Protocol: AX.25 Ul frames MCU I seeIve ! amplifier
Encoding: NRZI 0 GMSK-Tx : 20 dbm P H:: - f‘m t,_HH
il 2.5 W
Baud e D600 bips PICIEmST | I 134 dBm}
Beacon interval: 10 seconds ADEI0
| e I AFTOSMS00
I |
| | ANT
| |
I 1 -
I 1 145,85 MHz
FSK-Rx ! | -
L i |
Protocol: AX.25 Ul frumes MCU 5 RF Transceiver BPE 145,55 M
Decoding: NRZI | FSK-Rx I W = HI0 ke
Baud mute; [200 bps PICIGEET | | VHE
| o . 145 85 MHz,
C ADFT020 I 2-stage LNA

Sensitivity = -119.2 dBrw

MANIGIEUS+T
Ciain 30413

JUN 5.5 urwiansinanuvesuain COMM wuIna (A)
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PLAN B

MIMZZI

Mixer

MAMX-HITEHIT-

ELCMIH

2-stage LNA

I

| 144,45 MHz
I

I MAXZOHELSH]

CW-Tx -
- (‘.‘r_\-sta.lfreferelluced 437,55 M ANT
CWilarse code MCU —— PLL Transmitter - —
Speed: 15 words per minate CW-Tx {ldin ‘ IsI\ --ItIIJ:\‘A“I UHF
Beacon interval: 45 seconds PICL6EET AR} 437.55 M
Beacan ergth: approx. 12 seconds MANIET Amplifier
MG A- IO
'] 3 RF switch *
SEY1319%

'_ -32ILF

|

|
GMSK-Tx ! !

MCU H- GMSK BPF
Praincol: AX,25 U frames FH  modem ) BW = 200 ki
e | dkm Pont 25 W
au MEWEsT CMEEg H";‘l‘ll,;m Frequency Amplifi {34 dlieny

Feacon interval; |4 seconds | ‘ Tripler AETOAMS00Y

| RMEK-3-45] =

| [Freq 31

| MCU o

- IDT-MELT I

| VHF 14555 Mz ANT

| MCIEET ] e e e e e e e e e

| VHE

| 45,85 MHz

FSK-Rx | e
FSK 145,85 ML
Praweol: AX.25 Ul frames MCU [ d -4— LPK
T modem HW = 200 kkx

Docoding: NRZI | Sensitivizy = -1 10 dBm
Faud rate: 1200 bps pClET | ¥e = 300 ki VHF

|

|

|

1 Ciain 10 B

5UN 5.6 UHUIN15vIN91Uv8IU85A COMM Wianna (B)

dmsvlunisesnuuuilosdull azi3uainn1soenuuulutuanig (A) laguusdiueeenis
ponuuusenidu 6 d1u Usznounle (1) lUsinnoadoasuuu AX.25 (2) ssuudeashuu CW (3)
szuudeansnldnisueguaniuy FSK/GMSK (4) 199svgngidauszansaings (5) angeiniadniy

(%
[ A a

AITEN wag (6) annfiSudsdyananiaiufy Aesvazidunnaluil
5.2.1 nmseanuuulusinneadaasuuu AX.25

Tuslnasadeansuuy AX.25 iuldsiareailldsusdraunsnansluszuudeansvesaaiioy
99U nmsfudsdeyalisunuuiiviuounardislumsinnisteyaiinimisifeyagsld msiei 5.1
nanagUuuuves Frame Tuluslanea AX.25 fldlunisdeans Ssaziiulsiluslanea AX.25 Usznou
Ude Flag 7lddmiuudusazAuanues Frame Sduves Address, Control dmsuiiudiumun
wazddaludsgunsalitmanefidesnisdoats duves Info 3 Information e dauilifudeyai
#o3nnsds wazdugavineilu FCS wie Frame-Check Sequence Wuduildlunisnsiaaeuainy

gniesvestayalasy

91’1'3"1&17; 5.1 EULLUUSUEN Unnumbered Information Frame 283 AX.25

Flag Address Control Info FCS Flag
01111110 112 16 N*8 16 01111110
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Tunseanuuunarnageuluslnaoadoans Ax.25 lassnsldldlulasnoulnsaaesaasily
msdaaziuteya Inenaaeuleu 0x7E Anlulasreulnsameiiids Insldluslnaea AX.25 wagyih
nsfsdeyanduiniidsuiloniaaeunugndios sansmaaeulasyningudyyaiiesntnan
9110 uaz91n UART wanedslugudl 5.7 fanwudt ssuvanansndstoyaidulusinaea Ax.25 I6oens

gneies uarausanvuanusvesteyalanuiiseanis

UART
Pl 1 Nl
- f\.--uq ._:.ﬁ.q.q... pry EE e o ] - ID
LRl - L o

JUN 5.7 wamsinvesteyanidaeen (0x7E) MeLaATas Oscilloscope
5.2.2 N309NKUUITUUFRESUUY CW

A1588NLUUITUUARATWUU CW Juayldauiigny UHF Ainnudl 437 MHz fifidedsann
padien 0.1 3ast (20 dBm) Tagazldnsidnsianesaneufiazdsaneinia lnegud 5.8 wansszuy
dadyaanuy W Aldlunisvageunisineu Yseneudie (1) lulasaeulnsaaes (2) lugads
Toyeyraw CW (3) 29959818189 way (4) arweniagiu UHF Luganwdiadyayin CW et
sudadyarunnuiiiefididainuesn 10 dBm @mnasveneiidsgyhnifivensidlildigs

ANueBn 20 dBm wardiesnaInNFlngN1uageIN1Fe1L UHF

Han snaaeuanasunlianssuvdsdyaia CW kansislugun 5.9 wudi laanud 432.5
MHz lainssnuisoanis uaglaniawiiuesn 20 dBm a1ufineens laeda1 Power Consumption
Wirfiu 953 mW BadiednAeudnavzgaiuly dululuniseenuuusigazien (Detail Design) azfad

Usudgsmnudilgaulnduanud 437 MHz uwas Power Consumption vasszuulaliiu 500 mw
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Mioocontroller | CW Transmitter | Amplifier Antenna

3UN 5.8 syuudsdyanuy CW

Innritsu 01/06/2016 02:11:16 am -

Fave
Measurement
Save

Limit Line

Fave
Screen
as JPEG

Directory

Management
—

Amplitude Span Marker

JUN 5.9 ainasudyaailanniasdsdygisnuy CW Auaasvensng

5.2.3 N1399NUWUUTTUVRRA1INIYNNTHaQIAALUY FSK/GMSK

TudunseenuuussuUdeas FSK/GMSK tu auiteudildoanuuuazimuals Uplink 149
N13UBYLARLUY FSK ﬁﬂ’nuﬁwaﬁaaﬂa 1200 bps fienud 145 MHz wazludiuves Downlink 9%
Tén1suogLanuuy GMSK finnaisrvesdoya 9600 bps A11uE 437 MHz @eluga ADF7020
Bonlddanunsofiagfmunsuuuvveseguantuld warannsafinuaanudilisnld lnens
TWsunsuldlaemssanlulasaoulnsaiaes U7 5.10 wansyamaaeuiiltluszuuivdedyanauuy

GMSK wag FSK waggufl 5.11 ULaAINTNAABUTEUUFRANTTIN@DILUUAS GMSK lay FSK
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Uil 5. 11 MEVPERUMSIUAY ”zy, ANBILUU GMSK uag FSK

Tun1sneaaUsEUU GFSK hag FSK dunkutaanidu 2 du Ao n1531A512% kU Time Domain

UaZN1TIATIZIALU Frequency Domain fsil
N1531A5123 U Time Domain
N33l Time Domain 144 Oscilloscope Yaglunsindeyaiadoya Usenaume

2 @1 p9ll

[

Y] v A o A

- 331t EJ:J{,JJaVIENLLa 23U WN@@L@@LL‘U‘U FSK LW’eJL‘lJiEJUWlEJ‘Uﬁigﬁmm
Y] v a o A o

- EUeUEY @%a‘V]ﬂQLLa U WN@@L@@LLUU GFSK LW@L‘U?EJ‘UL‘V]EJ'U?{ 8UEY
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A159A5123 U Frequency Domain

AMTIATIZAlY Frequency Domain lm3ositasgvaunasy (Spectrum Analyzer) Tunns

v v

ToanaTuvesdyga LionTIERUANNYNABINIIANE JULUUNTHaAYY tagiaadayya

Y Y
(%

FeausauUINIsNaaEaUaanlu 2 du sl

- MsMAEsuLUY Wireline F9aztdunisnaasulnenisinaunniulnenseainluga
ADF7020 titefiansanfndsnueen anud wazguuuunisuogian dauanslugui 5.12

- MIAEBUKLUU Wireless ﬁ’\‘iLLﬂ@ﬂu;}Uﬁ 5.13 [Wunsneaeunsiudsdaya FSK was
GFSK 31aganunsaimsfuegandeyanduintiviely uazdulunisnaaeusselunis

Sudsdyeyraudneay

9 Volt
Input Data 5 Volt
MCU ADF7020 (Tx) | p.| Spectrum
Wire Analyzer

PIC16£887

3UN 5.12 unufansmaaeunsasdy1ues GMSK wag FSK Wuu Wireline

9 Volt ANT ANT
Input Data 5Volt
UHF VHF
\[ 437.55 MHz 145.85 MHz
UHF o _» L
MCU F— ADF7020(Tx) [ “rsvm Wireless ADF7020 (Rx) F—| Mcu
BW =100 kHz
Pout 2.5 W BW =100 kHz
PIC16f887 (34 dBm) PIC16f887
ANT
X Meter
Spectrum
Analyzer

5UN 5.13 wnuiansnaaeun1sasdeyay1aued GMSK wag FSK Wuu Wireless
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JUN 5.14 uansdyaadoyaiUSeumeuseninmadiuazn1aiu INN1THeAEALUY FSK 1

U o

o

= ; < 1 v av v [ = [ 1
AITNLIIVBIA 9600 bpS "?N"U%LMU?Wﬁ@/@JWNT@NﬂﬁWI@Q’]ﬂﬂ’?ﬂﬁ‘ULLﬁ%ﬂ’WﬂﬁﬁNﬁﬂHm%ﬁiym’mﬂﬂJ

AN
i soov/ B 200v/ @ '] & 1000s 20008/ Stop £ H 180V
e e e B L. ... ... .|
Data Tx

) N O N W O N O EE .

] | L . L L | | ] L

Freqil | 4.67kHz || Freqi2 |- 4 67kHz ]

= Source +3 Select: Measure Clear Thresholds
2 ‘ Freq l Freq Meas ‘ ‘ ~ ‘

5UN 5.14 dyaadeyalSeuiiguseninaniadiuazniaiu nnsUegianwuy FSK

dwiulunmaaeusEuy GMSK %38 GFSK 1u anunsnedutemeunuisisianslugun 5.15
Feazrulaindmsuszuu GFSK Wudnduazdeadinig Synchronize fuszninstayaddludsluga

¥

ADF7020 fiudayayrad CLK anlugaludslulasmeulnsaaes dmsunaiilaannismegeusudetoya

Y

(Y

WUU GFSK tuuanansluguil 5.16 Faziiiulain dyaradeyanindiwazninsuiianuwansieiu
2w A g A A a a . Y o v
dnes Mlwguililioaninainmalialun1s@sulusiunsualauaAunis Synchronize Wuldnis
Interrupt 9Ndeyay1ad CLK vadlugaluniuaudeyausazinlieenuiainlulasaeulnsaiass §991a
MliAe Delay Fulussuuld Genpaliniswauiinuinlusenininsesnuuusvasiden

ANT

SLE

MCU Data ADF7020 (Tx)
PIC16f887 e —CLK _ |

5UN 5.15 unufan15v9uYeesEuUdeasuuy GMSK
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0 soov B s00v/ @ ] & 1000s 20008/ Swop § @ 180V

Data Tx

Data Rx

A¥ = 240.0000 | 1/4X = 4.166TkHz AYi2) = -10.8700V

Wil s ] o |[ 100034 || 100058 [ X1 X2 ‘
5UN 5.16 dyaadoyailSeuiieuseninaniadauaznasu 3NNTUegLanwuY GFSK

HAGNEUDINITNAFDUNIIAUANTALUY FSK bag GFSK wansluguf 5.17 uay 5.18

AuddU easiiulainnisueguaniuy GFSK 9gld Bandwidth fidesnindlawisuiuwuy FSK

|nnrilsu 014042016 00:00.47 pe

uuuuuuuuu

Save
Seraen
a5 JPEG

Durectory

Maragement

a

5UN 5.17 ainasuvesdyaaunuaganwuy FSK

|.ﬂnritSL| 017052016 083647 pm

|||||

uuuuuuuuu

Diraciony

e

5UM 5.18 anasuvesdyyruiivegianiuy GFSK
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d' a o w o o Y a Y
M99 5.2 kagn1519n 5.3 LL?WNN@ﬂ']iV]@a@‘UﬂqaqmaqaﬁgﬁyﬂmmiUlﬂLUiEJ‘UL“V]EJ‘Uﬂ‘U

TLYLNPILUBYRALUY FSK Uag GFSK aua1siu

o o w o v Yy a Y] Y
A1919N 5.2 NaN1TNA@UNIRNIUDN ip)igmmiUimVlEJUﬂUizEme W]EJN@@L@G]LLU‘U FSK

a

Distance (meter) Received Power (dBm)
0.5 -18.78
1 -19.32
1.5 -23.23
2 -25.68
2.5 -29.28
3 -29.75

ldl o U U U Y U %
A13197 5.3 nan1mndeuiasuesdgyaansulaiisuiuszeznig AIBUBALRALUY GFSK

=

Distance (meter) Received Power (dBm)
0.5 -15.04
1 -18.11
1.5 -20.31
2 -24.18
2.5 -27.07
3 -30.76

NADINNNSNAROUTLUUADETIIABILUY GFSK/FSK nudn Adedueesnyedsyuy GFSK
Wiy 12.5 dBm @9@niuimunewesniseenuuy #e 34 dBm (30 dBm) fatuiedesiinns
9oNUUUNATTRIESLTiel R lFm& i uesnmufidesn1sdsaznartluidesely dwmsu Power
Consumption luaaueyinauuuy Full Duplex wudn fafies 163.3 mW wilssunandslyldsu
Power Consumption 911243398181189 (PA) ludiutes GFSK uar19939818d 15U Iue

(LNA) Tuduwag FSK
5.2.4 N1399NKUUINRTVEBINAIUTEENTAINES

TuN1999NKULIRTYENMAIUTEANTAINGITY 92I3UAINNTTN8093995Ve 18 aelagly

TUsunsu ADS tafansananudululaluniseanuuy nssad vuneniseanwuulined

o
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1. dmawueen 30-34 dBm (1-2.5 )
Power efficiency > 30%

AR 435-438 MHz

14 lvlFee 3-5.5 V

U099 TLENFAINTY 5x5 cm

Power consumption LitAiu 500 mw

N R LD

panuwuulvszuudu 50 Ohm

Msiaenasvreidaandusud 5.19 Tngldlusunsy ADS dedulszneuvesisasveny
Aasusznoulusae (1) Input Matching Network (2) Bias Network (3) Output Matching Network

wag (4) Power Device @3lun1sdnassanunsaimunnnud Mamdoud11ees ieadnsiveeiig

€

Power Efficiency wagfndsinueengianvesisasle UM 5.20 uanananisinaonsasveneidsild
sonuuy Tngoenuuuitldides 5 V Sussiuluda 2.9 V firnnud 437 MHz Tnowansnsinanudusius
S¥INNMAeRURBN, Power Efficiency, Gain wag Power Consumption WgUAUMAAIATULET HAdWS
9INN"5818091985VENURIENUT 2995anunsavieulgfilEsaiies 5 V lusaeildmdsduesn
g9am 34 dBm (2.5 i0¢)) & Power Efficiency q&ﬁﬂ 41.5% il Power Consumption U042435LA 8
4700 mW

Do Fmge
L ChuE o
Anplfier

0na Tonearevoni: Baia Jic s PAE
JimoBta ang gt - - - - - | ekugron - -

s

e
T
ey

rguatey vt v

5UM 5.19 N1591999239359818Mae lnglusunsu ADS
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PA 435MHz Vds 5V Vgs2.9V

70 - 20

S TP SVOT O R RURSS s S -7 T 18

60 - Pout(dBm) ,/

55 - — = = PAE(%) } 7/ . . - 16

50 f ceeeeenns Pgain(dB) 4 .. - 14
E 45 | — - Pdc(w) / 5 s
-] V4 - 3
2 40 ’ 12 b
3 -~
£ % L log
X 2
o / = -8 %
< 25 P St &

s .~ L

20 - /’ | B 6

15 _- il P ’ -4

10 -+ - - 3

R I -2
0 T T T T T T T T T T T T T T T T T T T T T T T T T T 0
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Pin(dBm)

5UN 5.20 HAN15918093995U818MAS
5.2.5 n1seanuuuagaInAdmIua1Iiiey

Tunseenuuuaseinatuagldlusunsy CST Studio TreluniseenuuuaiseIneiades
g1un2d Iﬂagﬂﬁ 5.21 WARSKANIT31ABY S-Parameter vasanboINAsAns oy S (2,2) 1ueq
a188n1AEL VHF finnud 145 MHz wag S (1,1) luvesanseinifgiu UHF finanud 435 MHz
Fsiioin Match Ifiusensi dmduguil 5.22 uavguil 5.23 uans 3D Far-Field Plot wag Polar Far-
Field Plot ¥83a1891MASL VHF fiA1ud 145 MHz LLazﬁm%’UgUﬁ 5.24 LLaz'gUﬁ 5.25 u#ns 3D
Far-Field Plot wa Polar Far-Field Plot ¥83an891neig1u UHF fiaanadl 435 MHz 91nxanisdiaed
\iofian50u1 Radiation Pattern vasans N Aluudazeuafiuléin a1se1niag1y VHF Sud
Radiation Pattern 1fugunsslatin (Omni-Directional) nssaaitldeenuuuly uidmiuangeiniely
611 UHF 1 1 Radiation Pattern ffsuzuly wesangnsunmudefauiiondifulany uas

@ne1n1AgIU VHFE

o
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S-Parameter [Magniude n dB]
5
py o= S1,1 : 0.23655512 :é,l-.-ﬁ.?\é:;sgge _:;1
52,1 : -18.390600 [T 2= 17 T8RS T

; : ey : — 1,2

5 51,2 ; -22.070803 F = DEESTECUE ] § S s R
\ 522 750 s2,2; -7.7669803 —;—.—,‘\ i

-10 e nen s e ik SRR A0, kY - -4 -

. ¢ A N N N

. e " o NS 3

20 e mf i e F/ <= B :

25

T v =

30 U W

35

-4

45

50 100 [1355] 200 250 300 350 a0 [a3shso 500 550 600
Frequency [ MHz
o Schematic 10 Remitsls Parameters [ |

JUT 5.21 nan1591a09A1 S-Parameter Y89EN80INAUUATIAEL

S —
Type: 1 Farfield
et > D
Companent Abs
Output Realized Gain z
Fretuency 145 o
Rad. er_ﬂc. -0.6025 dB x
o i £03
D | Schematic 10 Results'\S-Parameters [L]
= . ' = a
JUN 5.22 3D Far Field Plot Yasanga1niAkLuulalwagu VHF #A1ud 145 MHz
Farfield Realzed Gan Abs (Theta=0) Farfield Realzed Gain Abs (Phi=0) Farfield Realzed Gain Abs (Phi=90)

Phi / Degree vs. dB Theta [ Degree vs. dB Theta / Degree vs. dB

Frequency = 145
Mann lobe magnitude =  1.31 dB

5Ufl 5.23 Polar Far Field Plot vasansoImauuulealnagu VHF fiarwid 145 MHz

U
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S —
Type Farfiekd
Approximaion  enabled (kR == 1)
Monitor fae fled (1=435) [1]
Abs
ut Realized Gain
Frequency 435
Rad. effic. -0.2098
Tot.effic. 1096 dB
rizd Gain 3172dB

o | Schematic 1D Resuits'\S-Parameters [

gﬂ‘ﬁ 5.24 3D Far Field Plot vesangemauuulaliagiu UHF finnud 435 MHz

Farfield Realized Gan Abs (Theta=0) Farfield Realzed Gan Abs (Phi=0) Farfield Realzed Gan Abs (Phi=90)

1]

180 180

Phi / Degree vs. dB Theta / Degree vs. dB Theta / Degree vs. dB

Frequency = 435
Man lobe magntude = 2.81 dB

g'df/'i 5.25 Polar Far Field Plot ¥asanso1nauuulalnag iy UHF findnad 435 MHz
5.2.6 n1saanwUUaANTUdsd IR URAY

‘Luehumammﬁ%’udaé’mzmmmﬂﬁuauﬁ?u AN TUNnINe188IAINTINANEATUIUIVA
#5uss Ine-wesiy (TGGS) uninendemalulatwszasundmszuasiniie Wuanudifnds Fadu
fumisitgaiigauarlignsunmuainindeg dmsuludiuvesnsosnuuuiunansdslusud 5.26
Fauansudonlnezunsuvesaniisvasdyyanaiiuiu Ssszneuludie Computer, Transceiver
IC9100, Rotator, mﬂmmﬂﬂu’qamﬂmmmﬁ ILaL2999 LNA+BPF gﬂﬁ 5.27 w@ns Link Budget ¥4
isuuﬁaaﬁﬁy’wumz‘mﬁqamﬁ%’uaiﬂél’iyiy']mmﬂﬁuﬁuuazmaLﬁsm WavA13199 5.4 89 15797 5.6

U@ Link Budget AlA1nn1sAUIMTE UUEDET699)

U
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>

LAN CABLE - :
Output Power = 20W
4 =43.01dBm LLC400 CABLE
Low loss
Power-Rx = 3A d (8.8dB losses/100m)
. Rotator an >
Tranciever
Computer ’ Controll <
Control 1C9100 CW (sensitivity = -Ilzn 16dBm) o /
LLC400 CABLE MSK =-115.35 dBm MSK = -147.35 dBm ) .
b ( o nzan | [ O sy
[ spr |
<t LNA BPF
[
Loss = -2dB
Low Noise Amplifier
ZX60-33LM+
Gain =32 dB
i‘U‘VI 5.26 Uﬁ@ﬂlﬂ@”LLﬂ'ﬁN‘U@\‘iﬁﬂ?Uﬁ GG mmﬂwumu
Satellite
Uplink Gain 2.148 dB
FSK (1,200 bps) (dipole ANT)
-98.215 dBm
Minimum requirement -123 dBm
(Ref: Nishimusen board)
Downlink
GMSK (9,600 bps)
-115.35 dBm
Minimum requirement -116.11 dBm
0.35 1V @144-440 MHz
(Ref: IC9100 Radio Transceiver)
YAGI436CPUG
Gain 18.9 dBi
Need LNA approx. 10 dB gain
(for 10 dB margin)
Ground Station
The longest range = 2367 km
(worst case at 10 degree elevation angle)
o | o
3UM 5.27 Link Budget seninsanilSudsdyey TR T IR Y
o ¢ { o o
FngauatuaNysal KNACKSAT: tavfidayaynsuyu T2-1-0009/57

ANT-Tx
Yagi-Uda antenna
: 2MCP14/50 ohm

unbalanced

143-148 MHz

Gain 12.34 dBi
Beamwidth 52 Deg.

ANT-Rx
Yagi-Uda antenna
1 436CP42UG
430-438 MHz,
Gain 18.9 dBIC
Beamwidth 21 Deg.
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A1519 5.4 n15UsEAn Link Budget d1113U FSK Uplink

Parameter Symbol Unit Telemetry Note
frequency f MHz 145.85 input
transmit power P Watts 20 input
transmit power P dB-W | 13.01029996 10log(P)
transmitter line loss L dB-w -3 input
peak transmit antenna gain Gpt dB-i 12.34
transmit antenna beam width et degrees 52 input
transmit antenna pointing offset ey degrees 15 input
transmit antenna pointing loss Lot dB -0.99852071
transmit antenna gain (net) G dB-i 11.34147929
equiv isotropic radiated power EIRP dB-w 21.35177925
propagation path length S km 2367 input
space loss Ls dB -143.2120938
propagation & polarization loss L, dB -0.47 Figure
peak receive antenna gain (net) Gp dB-i 2.148 input
receive antenna beam width Gr deg 110 input
receive antenna pointing error e deg 90 input
receive antenna pointing loss Lor dB -8.033057851
receive antenna gain G, dB-i -5.885057851
system noise temp T, Kelvin 1288.25 Input
system noise temp TS dB-K 31.10000151
data rate R bps 1200 input
Received Power Pr dB-W | -128.2153724
Ev/N, En/No dB 38.4928136
carrier to noise density ratio C/Ng dB-Hz 69.28462606
bit error rate €p bps 0
required Ep/Ng (Eo/No)equired | dB-Hz 13 Figure
implementation loss IL dB -5 input
Final Margin dB 20.4928136
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A157971 5.5 NsUszanas Link Budeet @m5U GMSK Downlink

Parameter Symbol Unit Telemetry Note
frequency f MHz 437.55 input
transmit power P Watts 2.5 input
transmit power P dB-W 3.979400087 10log(P)
transmitter line loss L dB-w -3 input
peak transmit antenna gain Gpt dB-i 2.148 half wave

dipole
transmit antenna beam width et degrees 110 input
transmit antenna pointing offset e degrees 90 input
transmit antenna pointing loss Lot dB -8.033057851
transmit antenna gain (net) Gy dB-i -5.885057851
equiv isotropic radiated power EIRP dB-w -4.905657765
propagation path length S km 2367 input
space loss Ls dB -152.7545189
propagation & polarization loss L, dB -0.47 Figure
peak receive antenna gain (net) Grp dB-i 18.9 Input
receive antenna beam width er deg 21 Input
receive antenna pointing error e deg 15 Input
receive antenna pointing loss Lor dB -6.12244898
receive antenna gain G, dB-i 12.77755102
system noise temp T Kelvin 371.535 Input
system noise temp Ts dB-K 25.69999732
data rate R bps 9600 Input
Received Power Pr dB-W -145.3526257
Ev/No Ev/N, dB 17.72466468
carrier to noise density ratio C/Ng dB-Hz 57.54737701
bit error rate ep bps 1
required E/N, (Eo/No)equired dB-Hz 5 Figure
implementation loss IL dB -5 Input
Final Margin dB 7.724664681
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A15797 5.6 NMsUszana Link Budeet dm5U CW Downlink

Parameter Symbol Unit Telemetry Note
Frequency f MHz 437.55 input
transmit power P Watts 0.1 input
transmit power P dB-W -10 10log(P)
transmitter line loss L dB-w -3 input
peak transmit antenna gain Gpt dB-i 2.148 monopole
transmit antenna beam width et degrees 110 input
transmit antenna pointing offset ey degrees 90 input
transmit antenna pointing loss Lot dB -8.033057851
transmit antenna gain (net) G dB-i -5.885057851
equiv isotropic radiated power EIRP dB-W | -18.88505785
propagation path length S km 2367 input
space loss Ls dB -152.7545189
propagation & polarization loss La dB -0.47 Figure
peak receive antenna gain (net) Gp dB-i 18.9 input
receive antenna beam width Gr deg 21 input
receive antenna pointing error e deg 15 input
receive antenna pointing loss Lor dB -6.12244898
receive antenna gain G, dB-i 1277755102
system noise temp Ts Kelvin 371.535 Input
system noise temp Ts dB-K 25.69999732
data rate R bps 1200 input
Received Power Pr dB-W | -159.3320258
Ev/N, En/No dB 12.77616446
carrier to noise density ratio C/Ng dB-Hz | 4356797692
bit error rate €p bps 0
Threshold (C/No)equires | dB-Hz 10 Figure
implementation loss IL dB -5 input
Final Margin dB 28.56797692
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5.3 szuugaglniinnias (EPS)

syuugaelninmas (EPS) dnthiinanluinliiussuugessies saudsnisusmsdnnisnasia
‘ﬂIQ gj

nasUlnA AT A Rmnzan wdsnulniivesnnfisuazunanwialaaeas (Solar Cell) NRnRa

agsoudnafien uardninundsnuluguvaiunnes
HAN1TUTEUIUNTVRINTLIENG v sBudIundn T agulilun1s1en 5.7 anasranudn
Fuarunlindanuuiniiga Ae FM Transmitter Aia 6000 mW agslsfinu FM Transmitter Ta1u

wnglutsdadeyalvifivanlniaiuausinty Faviswaninugeaaldiiu 10 wnd

o 1 Y o O )
M990 5.7 mi‘dixmmmmﬂsﬁwaﬂ\‘nwﬂawumuwaﬂ

Component Power Consumption( mW ) Operating time
Receiver 125 All time
CW Transmitter 510/67.2 Most time
FM Transmitter 6000/100 During downlink (10 min)
Microcontroller Unit 120 x 5+100=700 All time
Sensor 460 All time
CMOS Camera + FIFO 973 Capturing image
ADCS (MTQ) 1000 Stabilizing and Pointing

A1IRATUINSIENE I UTBUlIANTISYIunaneanidu 4 Tvua Usenause

1. CW Mode 19 CW transmitter @sdeygy1ad Beacon

2. FM Mode 19 FM transmitter detoyaaniuzuazaineney
3. Camera Mode 14 Camera segulanszeglna

4. MTQ Mode 14 MTQ AuANNINTIFIveINTI LY

NaN15UsEaunIsNsknasnuluwsazlnuanisvinaukanal lunnsen 5.8

o
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dl 1 ¥ U o o
A15°97 5.8 N15UTENAAINS IINAIUBIIANANITVINUREN

Sub-System CW Mode FM Mode Camera Mode MTQ Mode
(mw) (mw) (mWwW) (mw)
Communication 850 6432.2 850 850
Main + Sensor 330 330 330 330
Power 120 120 120 120
Camera 5 5 1093 5
ADCS 255 255 255 1259.9
Total 1,560 7,142.2 2,648 2,564.9

Tunsidenunsloavadasiosdrdedemiuanuisalunisatendsnulnilmduliegng
sewiloslugaesnisvhay CW Mode satunialasenissadonldunslednaaduuy Triple Junction
Galluim Arsenide (GaAs) Wu31 a@unsasrendsaulndinlg 2400 mw dofiudl 1 Fruvesaiion
KNACKSAT Fadnrvuslidsyansninvesnisuiamasauluilngiiu 70% agldamdsaulnding

a1unsatnunlgasalawingu 1680 mw faiieanadnsunisvinaulu Cw Mode

Tudrurasunnesdmsuiniundsulildlunsdldndsnuanuasdsansadliiiomely
n5UHTRNUY azssmidafianisinaulu FM Mode Wundn Wosaniduluuanisvitanuildnd sy
gegn lneritvuad DOD (Deep of Discharge) ¥8n15ldnununineIdzdaslaiiiu 15% o

a1gnsldauliuniign

WHURINSYIN9LYRITEUUEeY EPS wandlugui 5.28 lasnmsulandsauluiiainunleen
waaazlyhuu Maximum Power Point Tracking (MPPT) tinalvansnsainwassuluirainunslean
wadulduseleyduiniian uenainilseuuges EPS gl MCU vivinfintuAukasusn1sn1shed

WasUlUEIUAIS) MR T EL

o
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| Solar Cell Y+ | Solar Cell Y- | Solar Cell X+ | Solar Cell X- | Solar Cell Z+ I Solar Cell Z- |

. . . . . . Battery CellA Battery CellB
b B, 5 . ) y v . = . ry Kill Switch
= ]
I 2
MPPT Driver MPPT Driver MPPT Driver Battery Protection Battery Protection
X 2 z cell A celln
A 1 'Y
% r 3
G Main Power Bus 3.7-4.2V
FP [>"<[ FP [>"<I FP ]>"<r FP l>r<] FP D”ﬂ
Current Limit | | Current Limit | Current Limit | | Current Limit | | Current Limit !4 RX Reset
1
O] o et @/ ;
5V DC-DC 5V DC-DC 5V DC-DC 5V DC-DC 5V DC-DC
Converterfor Converterfor Converterfor Converterfor Converterfor
MTQ RX ™ Electronic PW MCU
v v i & i2c v
Standard Pin +—| Powermcy

>

5UN 5.28 unudan1svinnuvesszuugey EPS

5.3.1 2935 AvaeszUULa8 EPS

Tuduresasiiitvesssuvges EPS ladnnsaanwuuleastuluianiamednuiuwauta

o £ % a < 1 % 1 < al' [y} 1 [y} I
199191991991 Taekenfia1suly 3 @1 Usenauaie (1) dunutieInassny (2) duinunu

PAMIU WAL (3) FIUINNITILUUNAINY

AUAUNEINA Y

29A5VDIAIAUNLINGIU (Energy Harvesting) wandbuguil 5.29 wasililudmilddmsu

FuRsmdinuanunslvaieadiileldsunainasening Tnoundaawadin 6 fuasevuuiy
wieuiiunsz el %aiuwiazé’m%ﬁmﬁmmsLLﬁiWﬂﬂaehwiaLﬁmLﬁaﬁﬁa;ﬂalﬂiﬂumiﬂizmm
nsnsssvesfion warudazsuazideuseiulalendmiuilostunseualnadouainunslean
WwadTsusasanaseinglugundedneadiilildsuuaninaiseniing uonaniuda delvinnsld
naauveslwawasiluliegadiussnSnin 2995801591158 UU MPPT (Maximum Power Pointing
Tracking ) tilelvansnsathndsnlihanusslsasadunlivsslovdinniian seduussiulaing
90NNV MPPT fviualivingu 4.2 1aad Jadusiuusaiudmdunisiiundsaiu (Charee) 13

lununmes uwagdiuganevensasiinisldlalendnasafiedesiunseualnadoundulotluldnu

o
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AuUNMAUNE 19U

29a5vRsdILANAUNGsI N (Energy Storage) wandluzuil 5.30 mifivdnuesses Ae Anuiu
wdrulnihonleanvadimdeainnisidauluszu Inelduumneslunisifiundsay 293
US¥NaumienN13¥i1aId 2 @1 Ao (1) §I12995RUNSa9U (Charge) Lay (2) @1u9asuanendeay
(Discharge) Fadun1ssendsnulniiilitussuu lunsaifindsouliihanundeansadline udaz

19959gUsEnaumegUnsaldnianseua (Current Limit) dmsumiuauuazdnnisnislanaanulngi
dUIANTTZUUNAIU

1995U8IEINIANTITTLUUNGIU (Power Management) wansluguil 5.31 dudnnsseuy
wasuiiudnalddmivavauwssdulnihlldnunszuusenis Yseneudiggunsalasy
w3eAuli (Boost Converter) dmsuiasuusaiulniig 4.2 1aad il 5 Tiad auiissuudenis
= § o [ o s [ < [
wazilulasmoulnaesdmiuaiuaunisinnuvesssuuluvesa EPS lddraslunisaiugunisiiy

NAIUMIDNITUADYNSIU LATANUNTOFISLYANTEUUANTEULRR LU

o
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5.3.2 NMSNAEBUNTSINULUDIAU

NFIINTN00NKUVINATIIEUTRELAT AnEIdeladidun1In1snaaauIeas MPPT Lile
AsIRdBUANgNFBtLaTANBIN1IUYesgUnsel nsasuuintsnadeveanily 2 sUkuy Ao
(1) nsneaeuilenduvesgunsal waz (2) N1INAFBUNITVINIUYDINAT MPPT Inelisivazidunds

LAMIAUAS

nsnagaunanduvesgunsal

o

Tunsnaaeuilsiduresgunsalagiinneas MPPT deldeuiuunaisnondsanu (Power
Supply) wazlteaadalaalay (Oscilloscope) Indeyqaunaan (Output) U8452UY LLamﬂugﬂﬁ 5.32
lgnudn 2995 MPPT @11130 Boot-up 91nuseiu 1 Taad 1luseduusediu 4.33 1aad (Munewme A
wsstulnihiidosnisie 4.2 Taad enfiewanalufitiAnainnisfigdldfnisuiuguasasesaasiden g

ALADIANIUNITNAIIINT AT ITNUITINAULAS )

JUN 5.32 Msvegeuilsiduresgunsal MPPT Wisliusasudunamindu 1.0 Taad
N1SNAFAUNITHINUYBIINAT MPPT

ANINAFDUNITNIIUVDI2995 MPPT 9241101560199 Uk leagadnazinaniidu

AIAUNIU dakanslusuil 5.33 waziun 5.34 laglunisnaaesilldunsledioadyiia Mono-

U
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Crystalline 31u3u 5 waddesunsuiu Faaglissaunssiulnihgegamindu 2.5 Taad egelsinnu

&

Tunisneasall Anuainaveakastnfdeslidunnalaanaadianin vnlalausssuluidlaeUssuna

Wiga 1.5 1oad wag19as MPPT Aaunsa Boot-up tluseaunsesu 4.33 1aad laednediiadiosnw

3UN 5.33 undlganwaanldlunimesaeu

5U# 5.34 MIMAaaUnI157NaUv893995 MPPT

U
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5.4 szUUEaEN1sIANTIIANEILAzdaya (CDH)

szuvgesnsinnismduazdeya (COH) imihiivdnlunisdnnisudasidsuazdoyariie
wandneliusiasssuudosfiAsatesufReu szuull Main MPU shwihiiaauaunisviaunntisnun
Tnglunsiazszuugos (Eniussuudoslasaaine) azll MCU Wuvesiates wiidoudeiinfmefufy
szuvdeaaneluguiuy 12C Fuandusudl 5.35 daifu MCU stuugoslaidene MCU vo9szuy

go8dUANNTONNIAIUANNITYITLLNULA

Camera Subsystem

C&DH Subsystem

EPS Subsystem

1

Main 12C BUS

ADCS Subsystem

JUT 5.35 unuranisiyeusieves MCU

3.4.1 gunsaindnvasszuugay CDH

pUnsaindnfiasfinfsoguuuedn CoH asulilunssdl 5.9 lasgunsaldlng)fugunsaid
Hunsnageunsidnuiunfisnduiud gunsalangluvuveinaginsideusodearsiuse
Main 12C Bus usifiifiss Temperature Sensor LM335 iinifufigneuesinums ADC Tnsanansasiu
1#fies Main MCU wirifu fauandlusuil 536 Tudauvesnisidnida Central Memories fiagdl 12
Multiplexer PCA9548A Vinutifiduildsunsidniia Central Memories Ine Central Memories 4¢
gnuuseenilu 2 du e (1) FRAM MB85SRCIMT dwsusiudayagunin a1n Camera Subsystem

wag (2) EEPROM 24L.C256 dwisuvhnisiivdeya Housekeeping Data

o
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1%
a o 1

M13199 5.9 s1ensgunsalvanfiazfinasegunuesa COH

Type of element Model Number
Main OBC PIC16F877
Memory FRAM MB85RCIMT
EEPROM 241.C256
RTC DS1307
Temperature Sensor LM335
12C Multiplexer PCA9548A
EEPROM ~
241C256 x 8 « .
Main I12C Bus R RTC
DS1307
12C | 12¢ Multiplexer | ADC
| pcagsasa |
Temp Sensor
FRAM Control LM335x 8
MB8SRCIMTx 8 |

sUT 5.36 maidousioneluves OBC

n1seenwuuganduisatslugneanuuuilu 2 dulngq Aa Main Process uag Task
Schedule fsuandlugud 5.37 dauues Main Process azi3ua1n Power Input Taennslé3u Power
910 EPS Uasa 91n1usavin1s Initialization 52Uy W&a3winnns Command Wait Loop fie sofds
31Nd7u283 Ground Station waziielduA1d931n Ground Station w&3 A¥1n15 Command

Processing Ao YINauaNA1&filasunnann Ground Station
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Every 5ms

Every 5min

TBD

JUN 5.37 laseasnaoniuas

dmiudiuved Task Schedule Agyinaumuguuadial e 5 7ueinn1s Check
Heartbeat Signal 910 EPS Subsystem wagyne 5 u1Mazyvin1siligudayadiuved Housekeeping

Data a4 EEPROM wagfagdinig Generate C/W Message gy Transmit C/W Message
5.4.2 NMSNAEBUNISINNULUDIAU

SUN 5.38 LANYANAFDUNISNIUVDI5EUUEDY CDH NINES 19U ULNONAABUNITYINGIUYD

Y 9

Tsunsu lagldvinnisnaaeseuAiian aaumnil wasduiind1as EEPROM lanuiifaanis feiaee

nandlugui 5.39
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U COM22:9600baud - Tera Term VT [= |1l 28

File. Edit Setup Control Window Help
G 10:

24.42 22.70

70 24.42

3UN 5.39 HAN5AABIBIUAT Sensor YBIYANABUINAT CDH
5.5 S$UULERINTUIUATAIUANNITNIIAT (ADCS)

SPUUEUNTNILAZAIUANNITNTIN (ADCS) vt Detumbling Araifigslumnousuwsni

A1LTIBNYNUaBEaBNNIINATIA LAyt NIATUANNITNITIRIVBIANILTBY (Attitude Control) 11

o
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anunsaumilulufiaiidesnis Weshnsarenmlaniiadunisinesnisiaegredii@dosnin aiies
KNACKSAT a¢14 Magnetic Torquer (MTQ) tuuangioines (Actuator) Ineldnannisasiq
auusmaninintuin Weadusedannunvaufvauuudinanlan §m5uni1s Detumbling Lag

AUANNINIIR MTQ astulurnainldfivnudsuanslugui 5.40

JUN 5.40 vaadn MTQ uuuliifiununlevaaesdnaieiu

s o w

meluuasa ADCS Usznaumegunsniiddgy baun MCU, Magnetometer, Rate Gyro was

[
v ==

Sun Sensor flauansluguN 5.41 wag3ui 5.42 wansuesandaadelulitenaaaun1svngIuYes

gunsal
H
Sun sensor
. —»  MTQX > %f%'}%g‘
A 4
Magnetometer o MCU-32bit o  MTQ-Y »| MTQ-Y
X
Gyro

3UN 5.41 unudanisviuvesueia ADCS

o
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5UN 5.42 veianidnasisluiionaaaunsvinausyuugey ADCS

gunsaluuvesaUseneumelulasaoulnsiaas 32 Bit Ju STM32F401 viwmtinidanugunsal
AU vuLeIA UazsulayauAiuwiuneaainans talsyia Triple Axis Digital Output Gyro 14l
NInANUEITNVDIATTIY 3 wnu JU ITG-3200 wundilafitnessu HMC588L Wuaunsalina

! [ aa © 3 a Lot} 2 o !
auuuiwdnianluaulia Wuiweswaofingu S3931 gneaniuuinialas@sadewINseny
dulilalalenuazldsunsausvindaniauduniseruainudredndnsliiifioAuiae ey
ANNTENUVBIE I IATTILMUIYeINI9e1TIndle wavditunseua MTQ $u TB6612FNG Tu MTQ

medayaa PWM Jilandunisaiunn H-SW fsm151e9 5.10 ansnsatunseualudisdnalagegn 1.2

wond warlureninseuanseunlagegn 3.2 woud

M13199 5.10 HaAdunismauad H-SW ey MTQ

Input Qutput
IN1 IN2 PWM STBY ouT1 ouT2 Mode
H H H/L H L L Short brake
H H L H CCwW
L H
L H L L Short brake
H H H L Cw
H L
L H L L Short brake
OFF
L L H H o Stop
(High impedance)
OFF
H/L H/L H/L L o Standby
(High impedance)

[%

AnSUNI998NLUU MTQ ANiiay KNACKSAT wdanld MTQ wuulufiwny wilasannduinidn

winduuknulangiasinauuwivinand1manisnenienssuatosnin dafvuadmiunis

U
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POALUU AD MTQ 9%FBIaIN1T0&319 Magnetic dipole moment #111An31 Disturbance Torque

YA 4.7 x 10° Nm wan1seenuwuuagulunised 5.11

A519fl 5.1 Aauanti MTQ vesamidiss KNACKSAT

AENUR AfoBnUUY

Coil Material Copper

Coil size AWG 33

Core Material No core
Magnetic Dipole Moment 0.15 Am?

Turn 199

Supply Voltage 33V

Size 80 mm x 80 mm x 5 mm
Weight 30 ¢

Residual Magnetic Flux Density 7.5 x 107 Tesla (75 Guass)

5.6 \wwdlvian (Payload) w3andasniggy (CAM)

wdlvan (Payload) v3enasadiegy (CAM) vinunihfidsamaineiniaLagdaninnguinds
lan Tunseenwuuszuunassiuaziniseanwuuludnwauzvedduga (Module) Feniseaniuuly
Y a

Y Fy = = = | o Y a = = ]
dnuauriliiven Ao sruulianudavguas aunsathluldlavanranenaisialuaifieunisdus sely

Tuawanle
5.6.1 s¥uuUNdesangzy

Tunseenuuubesiuilldmmualianusadienmldmiuasdenlitionndt VGA (640x480)
warldaziBenunaauun Full HD (1920x1080) daududenldiduirosndas Ovseaz Fayaams
wanslunisnad 5.12) waziaud LS-40207 (Fauandluguil 5.43) Tneld MPU ATmega2560 Tunns
Uszanana Tunsdifisziuanugaslasvesnaiiousindu 600 Alawns axldvuinniwaseungy
fuftenauszana 787 Alawns waeniaUszana 587 Alaiwns Fladnegnanwluguil 5.44 uauifanns

UTBITTUUNRRIRIEIUMTaURTA CAM Landlugui 5.45

o
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A13797 5.12 dayaenizrenduigesndos OV5642

AMHUUR

=
INYAaTLYN

Type

CMOS

Active Array Size

2592 x 1944 Pixels

Operating Voltage

core 1.5VDC +5%, analog: 2.6~ 3.0 V, I/0: 1.7~ 3.0 V

Resolution 5 megapixel (2592 x 1944), 1080p, 720p, VGA, QVGA
Pixel Size 1.4 pm x 1.4 pm
Shutter Rolling Shutter

SPECIFICATION : A e

3.FOCAL LENGTH (EFL)
4.F/NO (INFINITE)

5.BACK FOCAL LENGTH
6.FLANGE BACK LENGTH
7.FIELD OF VIEW (DIAGONAL)

8.0PTICAL DISTORTION (DIAGONAL)

9.Thread Size
10.Element

mm

mm N

4,44

@14.0040,15

3.50

20.71

IMAGE PLANE

M12.00%P0.5

464

sUfl 5.43 1aud 15-40207

enuatuanysel
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Camera System
-
Low - 33N DC-DC 5\ é
I: 1 < : v & %
lator (3v3)
28V (2.85V) 5
Heartbeat > §
oMo M’ FIFO FRAM
Image Sensor P
(OV5642) ( AL440B ) 33V (1Mbit )
£ 12C 2 A8
£ (D0..D7) £
= n o
7 12C_2 £ i T b i
) . ] =
7 1C 1 ’ { ATmega2360 ) EE
< — > < > -
Trigger & 12C 1

UM 5.45 uruian1sviauveuesa CAM
5.6.2 N1SNAFIUNITANININLUBIAY

MnusuifanisTunulugud 5.45 dundnaraduyameaousauandusud 5.46 ionnaeu
N1361801 AI@BUAIUNGNABILALANYINITYINIUYesaUnTallalUTUNTUAIUANNITVINGIY
NANITA18AINVUIN QVGA (320 x 420) wag VGA (640 x 480) LLamiugUﬁ 5.47 LLangﬁ 5.48
audu Tnenudn ndesanunsavhauldnuiifeanis dauwuy Multiple Images (QQVGA 160 x
120) waz Full HD 1080P (1920x1080) Ssogflutuneunisfinu uenainiidslémaaeudisninuuy
HDR (High Dynamic Range) ?ﬁqLﬁuﬂwsLVIﬂﬁﬂmsa%ﬁqmwLﬁ@lﬁmwﬁﬁwazLﬁaﬂmunﬂa"su el

drudanavaiaing dwandluguin 5.49 linadndiluiinela

5UN 5.46 Uain CAM Nnas1siudmsunageaunisaenmuazlusunsuniuaun1sineny

o
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5UT 5.47 nan1snaaeua1enIMIUIn QVGA

o
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U 5.48 nan1snaaeua1en1nuuIn VGA

o

enuatuanysel KNACKSAT: @il foyeunSunu T2-1-0009/57 5-43



5UN 5.49 Han1svadeuangn nuLa HDR
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uni 6

n1sUsziliunaznsvdaunuuLUasdy (PDR, Preliminary Design Review)

n1sUsELIluLaznII9daunuuLleenu (PDR, Preliminary Design Review) Wudunounis
Ui ulasATIIauANUMNIZaNY0INTTEDNLUUATL BN TUAUTLAR LU SN ae ey oy d

UsgaunIsInIUA1 LA

6.1 N1SAIUNANTTUNITUTLLAULALATIVEDURUULUDIAU

TasanslddaRanssunsussfiunasasivaeunuuttesduiuluiud 13 unsiay 2559 Taed
AMUAANEIAINTIUAIERS UR1INedenaluladnssanunainssuasuiiolmnesauntaau
é’QLLam‘LugUﬁ' 6.1 LLazﬁiJJLs?imﬂmzymauaﬂ 3 Ay Wunssunsuseiliunaniseanuuy 3'1&1%@114@
U5Eneusie (91n¥2151418) Dr. Shinichi Nakamura (§1882%18)) Mr. Masanobu Tsuji (1#8v12y)
Professor Shinichi Nakasuka (1869915 03, 9auiesi uunii (aufinuzdmnssumans uom.)
a3. adad nasuuIan (hntlasanig) a3, waAss a1egase (§3an1slasants) uae as. s Wesidy

a s a
ARN9A (T99ABIUR)

UM 6.1 nmiangsw

o
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[

UseiRlnevasilieivigy 3 au asulnugalanall

1. Professor Shinichi Nakasuka 910 The University of Tokyo ‘Uizmmﬁlﬂlu Feviudedn
\udsisalassnisanadien Cubesat vosuszmadiu uasusfmiilassnisaadion
PUIALANAAIUA

2. Dr. Shinichi Nakamura 99 Uuvi191utdu Visiting Professor 484 Asian Institute of
Technology (AIT) 8AnYiN91UAU Japan Aerospace Exploration Agency (JAXA) Ussine
FUu fszaumsaiifetunaioudiuiusnn

3. Mr. Masanobu Tsuji §aqUuLdu Director d19ns1u Japan Aerospace Exploration

Agency (JAXA) UszanUszinelng

AMUTIEI8YRIRINTTU POR wandlugui 6.2 fsgu 6.5

JUT 6.2 nwongvaiiniilasinsilauenIiavesn ey

o
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=nna deployment system

Uil 6.5 mmanevarileiyginnuiusasiwuetingg
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6.2 nan15UsEIiuLaznIAdaULUULUDIAY

v
U X Ay Y o1 a

AANTSUNIRTUTETTIMAINTTUN MU 26 AU Usenaulusie

Y

1. iy 3 AU
2. wnthlAsenig 1 Al
3. gianslasenis 1 AL
4. vy 5 AU
5. ey 14 Ay
6. yAAANILUBN 2 AU

Y a =

AANIsaLTUAULIAN 09.00 W. Uazduanluiial 15.00 u. INUUHT8IV 188wy

U o

Y]

Vol UAn15619 uiaaan 17.00 u. wemnisdnaustulsasdiuanunsaasulagiail

- szuulassailiiaueniseanuuulassasiman wazlassadasedilivuinaiuuinsgiu
¥99 P-POD Badusnnsgruildiuegiluvesnaifien CubeSat

- szuunisdeansldinauslassaiisvesszuvdeans nsidenguuuunisdoans uasnans
nN3AUI Link Budget 1Juvidn

- szuulihdumdsldiiauenisidonsuuuumsianssnundssu msidonuunness uas
n1sien Solar Cell

- sEUUNsInNsteyalminauanisdendiusyaians 1ileAud LagninLses Format
ULNIRHE

- szuumsAUaNNIssilfiaueifeaiu Actuator lddmiualuaunmsfives
AT I5N1sAIVAYN warn1sidenaunsaldmsussuunIuAY

- szuudenmvidemndlvan lsiauenisidenndes Inefinnsieuiivuden Tede e
denldndesifinnumnzauiunisiavesanauiion KNACKSAT Tiunndign naenaunisidenialy’

ANNSUNSTUNNAINGE

NNTUTEEINTZUUE08AN9Y VaInTLTieN KNACKSAT fiiieaiglininudiuii tasanisd

Aa a 19 Y & A A o Ao a o a
Hauna danunmuiiduiuineladeiisuduszezaiNaniun1smn Lagn15eenLuuALEunIs
wluiiansiungausazanunsailulglunisadte Engineering Model aasa1tiias KNACKSAT Tu

Junausalula

o
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unin 7

UANEIANITNBYN CubeSAT ana19UsEINA

Wislinseenuuuafisuyinuiuadslazinisidenld@udiusiee) TRmuzaumnuanyue

n9ldeu Tastaniznisidenlatudiunsunisnaasslaiunainua1iinen CubeSat 19919

[y

arldpdalaatiunisfuniuasfnydayaiieitesiuniiien CubeSat MNunaoyan1aT lny

o]

(%
v v

ﬁmmaaﬂamﬂ Website 189a1L78a CubeSat A296199 WAZAINUNAIILITINITAIE)

Aog1IUNANLINNITALATINISANE WU Klofas tazamy [1] ladausnan1sd1siassuy
goun13deansguluuieg Nlildudmiuniiey CubeSat Nakasuka kagamg [2] las1e91u
Usglegiludunis@neflasuainniswauiniiisy CubeSat nelusauminegnas University of
Tokyo Woellert uazaug [3] lodnausnisimuiiaznisidn1idion CubeSat Wuiasasiladnsu

v a s a o o/ QII o v w . . v
AMSHAIUIINEIAId@nsuazaluladd nsulssinannndanmun Selva way Krejc [4] Tasiuanu

FnenInvaInIsiianiien CubeSat Wuannieudisialan Wudu

ludiuvensnyideyavesniiiuy CubeSat AvUsEwA ATIiEunImanY MlAsanisnle
nsenwnaznisindeyanlaanldussleviusenaunie aaiied XV [5], aafiey PW-SAT [6],

ALBY EstCube-1 [7], a1uiiesl SwissCube-1[8] waga1tiey Compass-1 [9]
7.1 wannsAnundayaiialuvesanadisn Cubesat

Aausiafnutadagiu (neanigluyie 2-3 Yk danaiiied CubeSat nasugdlaas

(%
Y

VamLANINAI1 400 A fauanslugun 7.1

o
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CubeSats Launched (2000-2015) pAN

120
80
40
2000 2005 2010 2015
- — N

sUN 7.1 nsmladiuansduiunsadmiiigy CubeSat [10]

[

doyanadnnudusavesmsimunamiiion CubeSat [10] ansnsnaguldssd
- emLﬁauﬁmu'ﬁaﬁwmulﬁwmﬁuﬁﬁaaeifmauyiai UL 17.4%

- prflendiansaviauldauiusiounsdi $5mau 25.7%

- anflenfiensavaoulfifiesssernandu Sy 10.4%

- GmLﬁauﬁﬁﬁugmimﬁLwilaja'lmiaﬁwmiéf 9 1UNINDS 21.5%

- amudenitllannsntugiiandesnanudumaiesnsinds S5mwu 14.2%

aa Yy o

NNADAVIIAUNUIT AIT0DNLUUANITABN CubeSat Tra1u15avi19ulanIunusAafiny

[ [

vmeas danu lassnstiliinnufinudeyaresniiien CubeSat NUszauaudNsy Weideya

1lrdmsunsoanuuunadisy lnslaniznisidonlgiud1unige
7.2 NanN15ANYINNBY CubeSat aMnNAN9USLNA
7.2.1 andieu XI-IV [5, 11]

Arniiey XHV (Fawandlugui 7.2) iWun1adisy CubeSat vu1a 1U vasdsinaguu

¥ '
S P v A

PaNLUUKazInas1elague1uaIn The University of Tokyo gndsdugeiniaiui 30 d.8. 2546

Y

A = aF Ao a o A v ¢
2193118 CubeSat sq@LLiﬂﬂJaﬂIaﬂ‘V]mu@'NIﬂsﬂﬁ Iﬂﬁ]ﬂJWUﬁﬂﬂ'ﬁaﬂﬂ@ﬂﬂﬂ@Uﬂ']iIsUQ']usU@\?QUﬂﬁm

U
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COTS dusiauauszauaudnsatuawiien XHV audslagiu Aunuiliinisesnwuu ass uaz

A9 igNDNA1IERAI9

3UN 7.2 i XI-V [11]
7.2.2 anaigy PW-SAT1 [6, 11]

ATlEy PW-SATL (Rawanslugudl 7.3) iWuanaifien CubeSat w1 1U vosUseinaluiaus
panuUuLazdnasalagug1uaIn Warsaw University of Technology gnasdugeiniaiiiaiun
13 n.w. 2555 aqueiile De-orbit luaq Yagtuiinaulasuiunisesniuukazinaiianiiiiey

PW-SAT2 uazegseninnissedndnglaas

Ul 7.3 a1audies PW-SAT [11]

U
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7.23.3 anawfisy EstCube-1 [7, 11]

ALY EstCube-1 (é’fummiugﬂﬁ 7.4) Wua1diey CubeSat vu1n 1U vaeUszine
alaidls sanuuuuazdnasislaefiueiuain University of Tartu gndstugeaniaiudl 7 w.a. 2556
wagldvganisvinauluudifaunuil 19 wa. 2558 iosandgmszuudesluiindids anaufeu
EstCube-1 @11130AUANATMTIFILUY 3 wnulagld MTQ wagannsadienmidanuaudnain

Yo & g ' ' q' ) Y = '
@'Jﬂ']ﬂlﬂa']lﬁﬂ TmzuwuﬂquagﬁgﬁﬁqﬂﬂqiﬁqﬁLLNUWQ%Q@ﬂiWQ@W?LV]EJ@JWNIM&JG]@bLU

sUfl 7.4 pauiten EstCuve-1 [11]
7.2.4 a1 aiey SwissCube-1 [8, 11]

ALY SwissCube-1 (Fanansluguil 7.5) 1uniiiien CubeSat vu1a 1U v93Uszineg
ARLEDILALA PRNLUULATINAI19IAE7NIIUIIN Ecole Polytechnique Fédérale de Lausanne
gnde¥ugdeiniadui 23 n.g. 2552 A1iigy SwissCube-1 14 Monochrome CMOS sensor uag

Y

a1unsaa1enmANaINE U LI NLarUsEANS A NR

Ul 7.5 anuiten SwissCube-1 [11]
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7.2.5 anigy Compass-1 [9, 11]

A1 EN Compass-1 (é’ummiugﬂﬁ 7.6) Wumaifisu CubeSat aun 1U vosUszing
Ussnagasud senuuuuardnadralasfiuaiuain Fachhochschule Aachen gndstiugaaniaiuil
28 131.8. 2551 A1udigy Compass-1 1Hluganaasaindte Omnivision asnsagiennwlueiniele
wiszuundaaiifayyiinanszuun1susu Exposure wuudludd ilinndldiinanunainadeu

ludnwedy Over Exposed

Ul 7.6 snidien Compass-1 [11]
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uni 8
A15ATITAUTLLAUTUEIULAZI9RS

o = v =) Y a . .
INBLASEUNITES19ANITBUAULUUIAINTIH (Engineering Model)
1A53n15LaviA15ANEY P9NLUU karnaasdIn1sinullssnuiiellaTssaudundniagi

wasnsndulunragsyuvgesnaunazinasamiisudunuudainssy (Engineering Model) Ingay

1 [~4 1 =
WUNEBNLUUN 6 SUUYRY AB

1. syuugeslaseadng (Structure Subsystem, STR)
yuugoulinA8e (Electrical Power Subsystem, EPS)
s¥uugosn1sdeans (Communication Subsystem, COMM)

SrUUgaEN1IINNIIANdILazYaya (Command and Data Handling Subsystem, CDH)

ook LN

'ﬁ%‘u&iaEJﬂ’l'imLLamaU@uﬂ’limaﬁ’J (Attitude Determination and Control
Subsystem, ADCS)

6. wdlvan (Paylaod) 3andesanesy (Camera, CAM)
8.1 szuULaylAsIa319 (Structure Subsystem, STR)

lunseanuuulasaainawesnniiiey CubeSat Walvilasunseudfneunazussyluasiniy
flAssas1eveInnILfisn CubeSat Aosilaunliliy Deployer waz@llaseadnenosiniuaIunse
Sunsdluvagfionndugilaasme Futemmvuavaniiludeinunaingiuraveulunisdwsindu

1an (Launch Provider)

lunisesnuwuunTiisn KNACKSAT #idelaeanuuulagdnedeiu Poly Picosatellite Orbital

Deployer (P-POD) LLamﬁquﬁ' 8.1 LLazgﬂﬁ 8.2
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ADDITIONAL NOTES:

“CubeSak eoordinate System
ocgted in g_m:#.c center
CUBESAT RAILS

- kerral components obher
) ph s g LI ot o
' inside of the P-POD.
ALl 1Y CubeSats must hove two (21
seporat ion springs d =as
DETAIL A T SR I B,
STANDOFF CONTACT SR oot T one ror more ata: s
DETAIL FOR +Z
_——B-% Califernia "ECG:&?‘" State Univers |ty
T TV il
Sorv Lvis Quispo. CA 93407
[ SiEiES|oesioneD B[S . FUR |FeaT sne e
orawn BY  |S.FLUR 1U CUBESAT
CUBESAT RAILS FTEE [ogoxep o [J.CAR 13
APPROVED BY | B, NG [STZE] FesenecT
AT s B I CUBESAT SPECIF ICATION
1|_r DRAWING @ |cts-13-001 | WOT T0 SCALE | DATE: 02/20c14 | SeEET | oF |

sUTl 8.2 yuInvasnLiien CubeSat 1U

lassaiamvdnveam ey KNACKSAT Usznaumelasaine O-frame 2 Tu uazlaseasn
Iframe 4 Fu (Uanwiagun 8.3) laseaseBafiniualy Stainless Steel Screw M3x5 dwiudani
Wenlddmiulaseasiman Aa Aluminum 7075 willeuriuianildvin P-POD Litedain1siilaseasng

ISP

1A1 Thermal Expansion 11

o
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|-frame

5
%

%
Ty

5UTi 8.3 Taseas1andnues KNACKSAT

O-frame

lassamdnvesnnifisuarfesdnnuundusaiismeluvaeiarnmdmeeuauglas
lnelasan1slainn153AsIeYt Quasi-Static Load 9NN lunstin KNACKSAT SuUksunniian
Fan1sfiarsauwundy 2 nsdnuiieani19n15319983 P-POD (JUN 8.4) @11150A1UIMNINTE RSN

aisulasulaiurlsiusanssimslunsali 1 wasnsdlil 2 ladagun 8.5

Other CubeSat
—— P-POD X
Y | -
T Ll
| KNACKSAT
\
(n) AN 1 () AT 2

35U 8.4 71AN19N1311967783 P-POD

o
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\l/ 7.8¢ 55N
55N

Rails Clamp
0.5¢
\
Ajg clamp
X
7 Y
(n) NN 1 (v) N3N 2

5UN 8.5 YUALALTIANI9UDILTIINTEYN

nadnsnsinassnIszusaenoufiamesuanslusuil 8.6 Laggudl 8.7 wui1 A1AdmLAy
geanfionufeuldfununissussiiiatulunsddl 1 Seuvindu 3.7 MPa uarlunsdid 2 fduifu
6.4 MPa \iieiUFeuifisuiuaaaudaussvesian Yields Strength dafidusiniu 503 MPa azifiuls
1 enuduiianifenldsuiisendodoutugm Yield vostan ludiuvesnsdosy vadesnsdll

nsidggUgegawiniu 0.0025 Tadiuns waz 0.024 Taduns MUa16U ity

3.7702e6 M4
335136
2932466
2513506
2094866
16757¢e6
1.2568e6
83795
4190185
113.74 Min

4.2922¢6
35776
2661766
2146486
1.4311e6
7.1581e5
526.23 Min

0.070 {m) /L .
e B X

(M) nsaifi 1 () N3G 2

5UN 8.6 AnuAunNAILewlasy
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3407e
- 10726e-6
8044126

26814eh
0 Min

(M) nsaif 1 (@) N3G 2

3UN 8.7 M3lduguveniey

8.2 szuutiadlNW1A189 (Electrical Power Subsystem, EPS)

syuugaelniinmas (EPS) fivthiinanluinlviiussuugesaes samfen1susmsdnnisnisia

[%
g 1 o

pas Ul AT A umNnzan wasaulnHIveIR1Aisuazu191n Solar Cell NANRIDEIDUF?

Y

¥
Y A

anflsuuaziniundsnulugives Battery lnesionsaunsaindnidenldauaulasei

- Maximum Power Point Tracking IC
- Power Switch and Current Limit

- Current Sensor

- DC-DC Converter

- MCU

- Li-ion Battery

- Solar Cell

o

enuatuvauysal KNACKSAT: 1@l foyeunuvu T2-1-0009/57 8-5



Solar Cell Solar Cell Solar Cell Solar Cell Solar Cell Solar Cell
Panel X+ Panel X- Panel Y+ Panel Y- Panel z+ Panel Z- Lithium ion Lithium ion
2.7V 2V 2.7V 2.7V 27V 2.7v Cell A CellB
¥ v ¥ L L ¥ B *
MPPT MPPT MPPT MPPT MPPT MPPT 37V-4.2v JV-4.2¢
panel X+ panel X- panel Y+ panel Y- panel Z+ panel Z- 2 2
Battery Battery
Protection Protection
4.2v 4.2y 4.2V 4.2v 4.2V 4.2V
Cell A CellB
Fy Fy
¢K il i
L
Current Current Current Current Current
Limit Limit Limit Limit Limit
T T 1 T 4 Digital 2 Digital
hJ ¥ L 1 y
DC-DC Dc-DC DC-DC DC-DC DC-DC
Converter for Converter for Converter for Converter for Converter for
X RX MTQ ELEC EPS
5V 5V 5V 1 5V —] l
r y r .
i2c N EPS
Standard Pin e
4 Heartbeat

5UN 8.8 UHuIN15YIN9UVRITTUY EPS

Tasansléiden Solar Cell Useian Triple Junction (GaAs) inszsduussianfitdu Space
Proven wazludtundasu Solar Cell UssLanildmdsusdontinszana 2600 mw daitosne
ROAIUFEIN15V0953UY warld1995 Maximum Power Point Tracking (MPPT) vt iuiien
W§191U910 Solar Cell iorfinyszan3nmarsindsaulnifilaann Solar Cell unldeu Tng
ludauaes Battery Laonld Battery Li-ion sﬁqgﬂiﬁﬁmulé’mumaLﬁawmama WU XV Lay

FSTCUBE-1 1usu

lulasaeulnsaiass (Microcontroller) dwsuszuu EPS lddnludedldnismuundudon
wazdaaulu MCU Aflauuniedsliuniigaluszuu Tnglaniz MCU §1man 8 bit Fefinasldeu

1a3luANey CubeSat anemg
8.3 53UULBYN1389813 (Communication Subsystem, COMM)

SEUUEREN1Siaeans (COMM) imthtiuuardeteyasenitemfisuivaniiniaiusiu

Yoyaiavyinsdsiiuaaiiaiaiuiu (TX, Downlink) Usznaulumedeya 2 dw fie

enuatuvauysal KNACKSAT: ta%fi fyeysunu T2-1-0009/57 8-6



- dayadniuzveIn1iien (Telemetry Data) Ingazdadu Continuous Wave (CW)
Beacon figuna1udl UHF Tnedeyavzogluguuuu Morse Code wardeanssng Baud
Rate V11U 8 bps

- Jayaninargadiiivy (Digital Image) InsazdenlsuUasdyy1auuy Gaussian
Minimurn Shift Keying (GFSK) ig1ua158 UHF Tnedoyaazegluguuuy AX.25

Protocol uazdeanssie Baud Rate Wiy 9600 bps

dausﬁauvaﬁwé"ﬁﬁ%%’mmmﬂﬁuﬁu (RX, Uplink) aganasnisulasdeyaia Wuu Frequency
Shift Keying (FSK) guaiud VHF lngdayadzagluguiuu AX.25 Protocol Uagdea3638 baud
rate 1Y11AU 1200 bps

[

F18N159UNSNANVRITEUY COMM Hdsil

- RF transceiver

- MCU

- CW transmitter
- Power Amplifier
- Antenna S/W

- UHF antenna

- VHF antenna
F15auIsTUTEUU COMM @unsaluady 2 @ A

1. U9Av8999501AdY (Transmitter Board): UBSAU893995N1AEIUD9UDSAFDANT LIE1USU

a0

msdadayanneaiionlusaaniinaiiuiu (TX, Downlink) Sadeyaiiddlugsaniaaiufuideya
aosduseiy fie (1) Yeyaaanuzvasnnafion (CW) uay (2) foyaamdraanaiion (GFSK) Fdld
ponuuullFaudsaty ieriuafiosnwlituszuu Tngludiuvesises cw dulfidenldannuid
g1u 430-440 MHz Ivifiindsdenuean 100 mW (20dBm) laeidnsiadeyawuusiauesa (Morse
Code) d§ulud1uve$1995 GFSK azidenldaduieu 430-440 MHz Aidndedefnueen 1w

(30dBm) TsTpmeaiildasiduwuy AX.25

o
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o

2. U95ATBINATNNASU (Receiver Board): UaSAUBIINITANASUTBIUDSAFDEANT bUbUNITSU

'
o v = (%

mdsananfiniaiiuAulidannaiion (RX, Uplink) dusuluniasull Wesanniludiuniiniudiasy

o

agantunsTuAdaInanitignu slaseniuulitinisdisensasniasulinme

8.4 izuueiaam'imLLazmuqunﬁmaéf’J (Attitude Determination and Control Subsystem,
ADCS)

s3UU ADCS 11 2 wihiivdn Ae (1) ¥insugavayu (Detumbling) A1Liiea KNACKSAT Tu
ﬂ%’aLLﬁﬂﬁgﬂUdaaaaﬂu’lmﬂf\]im (Rocket) waz (2) AIUANNITNTIAT (Attitude) VBN
KNACKSAT Tiumiidalan (Nadir-Pointing) wielufieniafifiviun

[y

ADCS Tpg518n15gunsaindnvasssuy ADCS fifall

- Sun Sensor
- Magnetometer
- Gyroscope

- MCU

M13197 8.1 Yayarnumalinves MTQ

AENUR AfoBnUUY
Coil Material Copper
Coil size AWG 33
Core Material No core
Magnetic Dipole Moment 0.15 Am?
Turn 199
Supply Voltage 5V
Size 90 mm x 90 mm x 5 mm
Weight 30 ¢
Inductance 12 mH

F1FUsEUU ADCS agtdanld MCU 32 bit 1#199971052UU ADCS 1Wussuunilainududau

fB9n135 MCU finsuszananafininusaneudaes

senuatuvanysal

KNACKSAT: taefidaysy

o
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8.5 izweiaan'liﬁ'ﬂn']sﬁﬂél'qu,azﬂ’iaga (Command and Data Handling Subsystem, CDH)

gunsaldrulngnreluvuuesnazyinnisieudadaansiunig Main 12C Bus fkandly

a v

JUN 8.9 Tnvgunsaindnvedsyuu CDH el

- OBC (On-Board Computer)
- FRAM

- EEPROM

- 12C Multiplexer

EEPROM

F 3

Main I12C Bus RTC

Y

12C | j2¢ Multiplexer

\ 4
F 3

Temp Sensor

ERAM Control

r 3

Uil 8.9 nsideusioneluvessyuy COH
8.6 \ndlvan (Paylaod) vivandasdesu (Camera, CAM)

Whnnenanlunisesnkuussuunded Ae seuundesauisafafegluiiniiiedadun

[y

Afele daununusenisidau wastdulusudaniivius saselud

1. fenmeeanuazBenenatiosiian e VGA (640x480) wazauazidenuniian e
Full HD (1920x1080) luguuuulwa JPEG
2. MSAEANLUY HDR

3. ghawuudewios (snap shot) 14 ALl fenuaziden QQVGA (160x120)

nmnendnluniseenwuy Seladonld CMOS camera OV5642 Lilpaainndes OV5642

a [y 1

UsgdnSamgs amnsaniuausnsnsaienmluig 1 3uiiild (Fame Rate) 1y Mirror Scaling

D

o
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Cropping Panning 583sunmlinauAvuin 5 Megapixel s wiudayanimiu Bayer Raw, RGB,

YCbCr, YUV, JPEG Compression a11150U5uA Saturation Exposure, White Balance, Band Filter,

Black Level Calibration laonlugia a111505995UN15AUANINAESRLWIIR (Auto Focus Control) wag

dan1599uu Video wse Snapshot leonaae

a o

lngsemsgunsainanuessyuy CAM Tdisil

- Lens

- CMOS sensor
- FIFO

- FRAM

- MCU

senuatuvanysal KNACKSAT: tauiidyey

o
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uni 9
n1sAnnsanlsudsdysya

AUANAILTBY (Ground Station)

|
< Y o o

anfisudsdyaanluesdusenauvesseuuieans Soihwihdsdyginmduaznisnivay

[ ] [

A199 nlantudimnafisundnasisazdadidisinasiueinie saunssudyaundwnanaiisy

Y

Moguuitlaasandalan wu Joyaaniurdaq veaniiiey MuaeiuRlan vsenndus nagle

91N91A95 Wiathunlguselewiluaunisarsiansnenns nsiseladsfvd vsen1sAnesald Ine

Wedlnsnsaafinnuiiendiu Aavaiuisasudyuiuainaiiieunlasimnisvinnisasnas Indelug

&

211AT FINTEIUITTUT Y IUANNATUNBNADUY Lazan1LIN1AUIUIYIA (International

[y |

Space Station: 1SS) Uszaunisalnsneaswanidnanuiululasinisi Jadussruseneunddgs

nsiaunaluladanifisureslsena Wesanawisanebitinanusiuilenuuseinedus) latu
[y 1 Y & a A 1 = & a . = &

FEAUAINA LYW AT NTUANNITNLATRUIFDIUAIANUAY (Ground Station Network) @9tduaIu

d‘ v = d;lj a d‘ gj I 1 QIJ 1 U [ o = -]
weneunzldanidnaiufunasedlulssinadigg vialan saudulunsfudyaaniiisusasi

Toyansulsuswiuliluteyayaiervulan dulassiedoasduwmesidaniniufiu lesain

Y

dMTUA1EN29LAASHT (Low Earth Orbit: LEO) 98319191981n155udygy1adfidu Lilolndouiiniy
o luusnanfesanidaiaiuauiity nssuiusudygruniisulagaaraiaiuaudn
nsrarwegluviane s Uszina Jadunmsiiuialunisiudyaranauielddusgiunn uwagld

AR9TaN1TUd Y UATUTIUlpran TR lurauTaULARS
9.1 UShaRnnsaganAsalSuddyyIauazAIUANA1ITEY

1A59N159 AU sIndanifudidyauazaiuauaigunaNuAnUsMaIaves

D1ANSUUNAINYNBAAINTTUANENTUIUNVIRASUST INe-La53U (TGGS) unnInedumalulagnse

FouNaNITUATINTE 1aUN 1518 auUUTEYI18L3 1 UYIAING LIAUINTR NTUNNT LiTBIRIN

[
1 =

Juvsnailifienansdug Gefienenissudedyaranifieunzdnd@ugidans dunsusdumnis

= U

fifamsgiimansvesaniilo (13°49'8.65 "N, 100° 30'49.30" E) U 9.1 uansudnmiiang

[

AN89INATUAIA QY10

o
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Ushuinensaanininnunu

I e 1 =t

CTELL]

dadeyey

5UN 9.1 UShandAndsaanfisu MULATATUANATILTIEY

ADUNISANGIANEBINA AEABIin1sAnsIanedati atasiuiunazyinliAnaAuLEsne

negunsnlvesaniila lasinsadainisinnsanedeiniavandsu seuusiaiaginas@ieainie
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Tnefiuiinistesiuaseunquusiunfnnaiseinia dmsugiunifnaeiimemandainlug
Usgnouiudugiu Mnuudvihnsarnhninunugiuaseiniamenriayu delavitnisaali
Suwssauledie 120 Alawasdetalus dnsunisiefsaigeniAnuTInMATnTe$e1A1T TGGS kand

Flaguit 9.2

3UN 9.2 M3faca Rotator waganga g miusudsdyaiu Nusiiunniienns

o
a Y

#a1InAnaIgIuLds Jussluidunisaaniiafings Rotator LleiIN1SRYUAANIID

(%
Y 1

awonia Wirullufienisindeufivesaidion vhnnsfindeanseiniagiu VHF d1uduninds uas
a189101A81U UHF d1m5un1a5U USuusean VSWR vesaneainiduiasiiu wdavinisideuss
Fyey1uaeapin YN UTIN 819UTZU 30 LIRS aandeusndu 11 vesenns saduiing
yesvinsanndinuauaiioy JUfl 9.3 uansiosanniaiuauaniion wazegunsalneluviosiuds

GV

o
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anntlanuaua ey uaw,

KMUTNB Ground Station

BIRDS Project Partnership Ground Station Network

JUT 9.3 vimamuAuaiigy uazgunsainiegluvies
9.2 wNukINsINUYasaaliSudedyyInuazaIuANA1 LTIy

wnudan1 s uvesEnifudedyginuaraiunun1 gy Lanaiegun 9.4 uagn1319N 9.1

[ a

wansasuseadealaswaiawazaUnsalvesanlsudedygauazniuaun ey

TM (1.2/9.6kbps) TC (1.2kbps)
UHF Antenna VHF Antenna
RF RF
A\ 4
LNA Booster Power
A
RF
RF Rotator
y Controller
ICOM 1C-9100 ADF7021-N 7'y
—”|  UHF Receiver VHF Transceiver
unit unit Power
Audio 1
USB Kantronics KPC- USB Rotator
9612Plus Interface
Radio modem (In House
RS-232 ! Dev)
A
Uplink/Downlink, RS-232

CW, Tracking Software

5UN 9.4 urulsn1svinauvesanliudsdyasuazauauni ey

o
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a a v ¢ =y Y] ~
M1919N 9.1 iqﬂazl@U@Iﬂi\‘]ﬁi?\‘iLLazq1Jﬂim7J@¢]aﬂ']u5Uﬁ\‘1 EUEUIEULLAZAIUANATILNYL

aunsal

ARANYIE

g1weInNAgIu VHF dmsudsdyainniuauluds

ATIIENREULINLATS

dr991n01A%Ua YAGI 10 elements 99519818
12.41 dBi

a1e91n1A81UY UHF daufududggiann

=
ANUNBUUUINLART

a1ge1navsin YAGI 20 elements (m2 Antenna

System Inc. 436CP42UG 9n31%818 18.9 dBi

[y 1

IngTudadeyaa

ICOM IC 9100
http://www.icomamerica.com/en/products/a

mateur/hf/9100/specifications.aspx

FIUKALLEAINAENTURAGY Rotator kagAudn

GUERRINIE

FukaziaInainanmanyudingd a1ude

angondinaniwiuesnana

Low Noise Amplifier

Mirage KP-2/440
Gain: from 15 dB to greater than 25 dB
Noise figure: less than 1 dB

LASeENdQIMEIUALED VHF

lAsan13Usehvivulaelydy ADFT021-N wa

29959818189 NIMadIUsEL 50 TR

Rotator WagtATeIAIUAY

YAESU G-5500, Azimuth turning range 450°,

Elevation rotation range 180°.

Terminal Node Control

Kantronics KPC-9612 Plus Radio Modem

LATRIADUNILABTNAAAILUTUATY AIUANKAE

TUSHATUNANLAUIVDIAN I

Orbitron + WispDDE (Satellite Tracking
Software) lUSUNTUATUANNTUNIANIENEDINA

wazUsutUasumuiesaIn Doppler Shift

Y =

wanangunsavanlunssudsdygyraua aeluresaaifivedinisinaasesdsuaina

(% (%

waziaNsagdyyIAINAYINALUAATININEIATEINY FINTFARINARIRTURINeATIAARY

NSUYUAIEINIAL LI T VLAZLLANWE WBNITUNIANIA LY

9.3 N159LATITINTHBENTIENINdNnIANURUKaTAN BN KNACKSAT

1A59n15 Iaadun1s3As1ENNS@eaNssenIsandnAnuAuLazAfey KNACKSAT Tag

IS a % 1 dy
s1vezidun Awoludl

seuatuanysal

KNACKSAT: Laiidayaniuyu T2-1-0009/57
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1. n13 Matching ¥99a1881n1#: %8In15USU Matching vesa1geinia vinluanuisainan
SWR 19 1.63 dwsuatwe1nia VHF uay 1.28 dusuaigainia UHF

2. NM9ILATIEY Link Budget: 91nn193LAS18% Link Budget wu3n dA1 Margin Usgan
6.44 dB d@1m15U GMSK Downlink 28.4 dB CW Downlink wag 31 dB d1msu FSK Uplink

3. n15 Tracking: 31ANAN159189924LA5A281UTLATY STK 993a13L7183 KNACKSAT
(Inclination 97.7 89f7 WazAIugeaslaas 575 Alawns) fuanslugud 9.5 wuin
ANLNgUilAT Azimuth Rate Lay Elevation Rate gegainniy 1.5 wag 0.85 83efe
Aundl puddy lelIeuliieuiuAdnsinsmauues Rotator Sy 2.68 uay 6.20
99N mudy Fauanslusuil 9.6 azwudn Rotator I¥amNaLNTaluATYIYY
fiandarvesnisiaasvesmniion fadu Rotor ANU1TONYUAIDINA track N3

= A = = i v =~ = & a Y]
Lﬂa@u%%a\iﬂqﬁW]EJNLN@IQQ?N’]U‘V]@Q‘W']Lﬁu@aﬂqu‘ﬂqﬂwu@ujﬁ‘ﬂu

5U# 9.5 115918093413

o
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G-5500 Antenna Azimuth-Elevation Rotators & Contoroller Instruction Manual

SPECIFICATIONS
Voltage requirement: 110-120 or 200-240 VAC
Motor voltage: 24 VAC

Rotation time (approx., @60Hz): Elevation (180°): 67 sec.

Azimuth (360°): 58 sec.

Maximum continuous operation: 5 minutes
Rotation torque: Elevation: 14 kg-m (101 ft-1bs)

Azimuth: 6 kg-m (44 fi-1bs)

Braking torque: Elevation: 40 kg-m (289 ft-1bs)

Azimuth: 40 kg-m (289 fi-lbs)

Vertical load: 200 kg (440 1bs)

gﬂﬁ 9.6 %’auﬂa Rotator

4. nsvedau Track Mfieunedu: lanageun1syiauRlen1sil Auto Tracking wagsu

deyay1ad Beacon (CW) vaannfigudIngadasiauniedus Usenaunig aniiey XI-V

(Inclination 98.69 841 UazAIINEMLLART 820 Alaluns), A1aLiey XI-V (Inclination

97.86 937 WAXAINEIINLATT 682 Alaluns), ANILHE Prism (Inclination 98.04 8¢

LAAI1NEIIlATT 627 Alaluns) Laga1iies Horyud (Inclination 31.00 84f1 kag

ANE9LART 565 Alawuns) Fawudn arursavinukassudygialaegiagnies

A18819N155Udayey18d beacon ¥81A13L gL Horyud wanslugui 9.7 uenaindu

1A59n157 SilanaanssudygyiuainaardenniAuiunsid ISS Nvinisasdygiunin

55UV SSTV Wielvitningadasiaunalantivaasssudyyin esuloniansusey 20 U

lasan1singadasiauuy 1SS lnanmiigaiinnaiien KNACKSAT anunsasuls wanslu

sUn
Y

enuatuanysel

9.8

ﬁ, AL et Unregistered — O -

File Filters Zoom Setup Help

fuoThy GoToManf suosTh [10 {300 ] arc Henluyl Save“”]l] 150

W W%WWW“ f\_A
I I ! I I T I i

1 1 T 1
|wun kg "

9ITttrtogﬁthhowulﬂaﬂﬁwmmsaﬂlﬁe eoe ttttmtttttgﬁth
horyu 4 8ab1014828e90829805e

I s, B s 8 | 10 s W s 1 e W

AT B LY N V) | . .'I|Lr|. it
T T I“I"'. ' T |I| ) 15§ |l L'} o KA f T % rl.lluuw\'.llﬂfww

MF: 140 Hz[BF: 200 [ 786 H2 |Auto | 108LPM [216WPM | | ' Fri:1
o I a
g‘tJ‘VI 9.7 MUY Beacon VaIMINU Horyud

o
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ARISS 20 Anniversary Celebration

Tulanaasuseu 20 Ulasansingadasiauuy ISS

Aeiil 91nuanisaiunistnsdusandlimiuladn anfaivaunianiufuddaaiiuauise

£
= 1

AansnuAITien KNACKSAT Nagdsdugisleashe

Y

9.4 nMsnadauNsaedasszezlna

d' [ ] ) A o [ ' (9 =
nsnedeun1sdeasszezlnalludiunilsvesnisnaaaundnluseninavauiniiey
K v o ) . . . ' a = & a =
nsnaasuildlidmiunsivaeu Communication Link szuinsanisuuazaariiniaiuau laeil
IngUszaruanveInIsnaaeu Ae (1) LilednasiAuwsvesdyaaingnaniniaiuiuazlasy
Wieanfiguegluidlaas lnemsiiiuianneudyayiaing (Attenuator) Whlulussuugesdeansves
= Y ° ~ & a a =~ | o @ =
ALY wa (2) litenTivdeunisvivesannniaiuAuwazaIivy IngasiinsdeynAdeainanil
aanuRulUdsua ey nasainaieusuygaadlauaiasinnundidsdyiunduuifand

AMANUAY

o
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9.4.1 NM5LATITHUTZNOUNINAGDY

ANsNeARUFRaNssrrlnalaviNNIINAZaUNISARE1TIINFIRAANUAUA1ILAEL KNACKSAT

a U Inendemaluladnseasunainssuasiie TUdinnien KNACKSAT AfubuUdFAINGSU

(Engineering Model) gnAnAaileyinn1snag@eu M A1aine1A15i3eu unIngdesiungny deeg

Y

Weanaaniniaiiudy 6 Alawns dwanddugin 9.9

('3
LINUNO NG
? mr 1020 [T FANE En
- 5 4
* u:ﬂ'l_"'"]"l “1"“’“?““ 4.D?km o uﬂw-
iy 2.00 km 1.00 Kim . 8

e VI G FLYSNY 6 Nl.

INTHAN -
VILLAGE 218 SIKHARIN

JUN 9.9 anuiivageumsdeansszeylng

ATIIEY KNACKSAT aglaasiinnuas 575 Alawmsinieiiusiu 31ndayaninugeuanniiiey
anusadwInAan sty ImTEnIandaaiufiulara ey a enauieuedlnaannil

L a = v
ﬂ’]ﬂWUﬂumWﬂ%?jfﬂlﬂ

lun1smaaeunstinmualiyaiin1uiieuvinyuae 10 aem Wuszeznisdeansiilnaiian
= = ° i
spegndeansninagn d(g,) au13aAIwIN LAgNITLNUAIANGNLART H wasiuwey g aly

aunsi 9.1

d(g) = R, {\/(%)2 — cos?gy — sineo} (9.1)

F9azledn vausaisalaasinyguwe 10 ssmduaninianuiu aaiieuasissoening
nandniaiuau 2,268 Alaluns Ansagdedyyinsenitvaniidniaiufukasaniiey (FSPL)

anunsadwInlalaenIsunue ssegndeansiinagn d wasanudldenu £ asluaunisn 9.2

o
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FSPL (dB) = 20log,,(d) + 20logyo(f) + 32.45 9.2)

a¥1$97 2 AR UHF 435.635 MHz 51 FSPL fiszegnng 2,268 Alawns wihiu 152.33 dB
LaziisyeEne 6 Alalwms da1yindu 100.79 dB war i AMNE VHF 145 MHz SiAn FSPL fiszaenng

2.268 Alawns WU 142.84 dB uazfisyeznne 6 Alawns SAnvinfu 91.29 dB

IINNITALINNUI INABINTINReINIsFeansiuan1isiawieueglnaaniniaiiusu

o N

WINNgn reiindaanaudynalussuugesdeasluauioy Feasiiaindudiusinesening
AINSAEYAENTEEENNg 2,268 Alaluns wazseaene 6 Alaluns Jalugiu UHF favindu 51.54 dB

WaYEU VHF danvnnu 51.55 visadlanuszaunad 50 dB
9.4.2 3UnuunIINAEIY

lunisnaaey maisumuluuIAINTTU KNACKSAT gnitlufinds s aaten1siseunes
UMNINYIFBTIINGNY ALTiBuReAUADNRIAE S NOALNANITYNULAZLAUAINITYNIUTEWIN

NAFBU JENINNINAFRUALTBNgAUANTIIUIe Ted I aYRAdIRInandaIAiusy e

'
o o ]

aisulasuyndzdsdyyrunduandaaniniaiuiu JUsuunsneaeudeaisseeglnanansly

al

JUT 9.10 4aggu 9.11 uanINISARAINIIAILN Bl ANAFDY

Y Y

AUIN.

1. 519NNy

JUN 9.10 sULUUMIVAgRUFRaTTEEElng

o
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9.4.3 HAN1ITNAEDU

UM 9.11 MsFnfsALigy o anaaey

[

anilnaiufulszaumnudnsalunisdagadslumunuaiiion wassudygyradoya

AFNINATBALUAULUVIAINTTY ANUTIBALLDYALUAITIN 9.2

M19197 9.2 NANITNAFBUNITAIUANANILTIENKAENTS UL

A15N3

NANIINAEDU

CW Beacon

- gondlnianuAuanansasudyula

GMSK Downlink

- AMLTENANTATUYAAAS
- AAeNasFY1ad GMSK Downlink

- annflnpdiuAuanansasudyaauLavaensiatayale

FTNINNNTNAFOUAINITATAAIULITIVOIFYy1ad GMSK Downlink i @ar1dnraiufy

AAnuLsesdyaalatansilun1sien 9.3 wasnanismadeuianduluaiunisiasgiainanu

ussdyalasldaunisi 9.3

Prx = P1x - FSPL - Atten. + G1x + Grx - LTx+Rx (9.3)
e P D AL IUNATOSU
Pre D AULNYQYIUNLATOIAINI LAY 29.03 dBm (0.8 W)

seuatuanysal

o
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Atten @9 AdIaANOUdYYIa

Gy 9 JNIIVENLVBIEIHRINIAATOIAS ARlUANIZUEFAWINTU 0 dB

o))

[

Gr,  A® 9M31981899981801NAASBISUMNAY 18.9 dB

Lrarc A8 Angagidesinluszuu (audeengayideluiaiossu insesds uazaneh

o

Foyeynew) Al 10 dB

o

[

Fa1naun1sn 9.3 aslaAmnuusavesdygunsailunism 9.4

A19199 9.3 NANITINAMULIIY QI Bl d@nnTn1ANURAY

ARaANBUH I AL ATald
Laild -63 dBm
10 -70 dBm
20 -80 dBm
30 -90 dBm
40 -93 dBm
50 -93 dBm

dl 1 L o
19999 9.4 ANAIIULLSY Q@)WNI@EJU?%SJ’]@NQ’WWWWM’JU

AFIAANDUATY Y AR nufis Il
Laild -62.86 dBm
10 -72.86 dBm
20 -82.86 dBm
30 -92.86 dBm
40 -102.86 dBm
50 -112.86 dBm

d' a{' = a a i 1y
A1NANT1N 9.3 LLaLA195197 9.4 UBLUIIUNEUAIANULSIFUUIUANNAITNAFDULALAIINANT

A Tuvasnlilddmaanoudyialiauisldmannaudygiuni 30 dB 9io1AIAINLTS
duaaunialaduluniunisdiuia egnslsinu Tunsafldsanmeudyaiuai 40 wag 50 dB

Y PN =€ a 1

wudyaaninnis Couple Jsvililiansoanneudygianinfuladn Ardygiuiiiala el

gandnAflaannnisAuIn

o
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undi 10

N19A319ANANIUAULUUIAINTIY (Engineering Model, EM)

luunilagnantawan1saininniiieuauiuuiaINgsy (Engineering Model) Fennue3dela
InsANEIwaEaankuUl) 57U89N15NAEUN15YINNULTBIR UL DA I AT UAIUNE NLALI99TN
Tudulunsagseuuges warn1INAABUAITYINIIIUTINVBITEUU (Integration Test) Iaglauusszuu

1 <@ 1 [ d’l
g9899nNUU 6 TEUUYDE AN

1. syuvgeslaseadng (Structure Subsystem, STR)

sruvgeglniAuae (Electrical Power Subsystem, EPS)
s¥UUEBENT330a1s (Communication Subsystem, COMM)
izwsiaamﬁ@msﬁﬂﬁ’qLLazSﬁauua (Command and Data Handling, CDH)

FTUUERUNTNILAZATUANNITNTIAI (Attitude Determination & Control System, ADCS)

A

widlvan (Payload) vendennegy (Camera, CAM)
10.1 szUUgaslnsea’dne (Structure Subsystem, STR)

TAS98519%8NU99AN A8 KNACKSAT Usenausie 1As9asng O-frame 2 TU waglAsIasng
I-frame 4 U (meﬁqgﬂﬁ 10.1) TAs9a5198n@nnUA2Y Stainless Steel Screw M3x5 ﬁm%uﬁ'aqﬁ
Wenlddmsulassadavan Ae Aluminum 7075 wlleuiuianildvin P-POD wiedain1shilasaasng

fiFin Thermal Expansion infiu UA1 10.2 wansguanevediasainaidnasiaaioug.

I-frame

O-frame

4
%i

%
T

U 10.1 Tasaas1avdnues KNACKSAT

o
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SRS wamawe e
[ e i |
[ e S |
| —TemeReeei s e . e |
[~ e e T e, s N |
EEEGTE e, A G 00000 Wl o o b
e A — = 2. ™
ELTE T AT T . 0 R
E T T, e - . 0000 2 GEaaaw. |
[ —a . S T o0 Ssaa|
C N, . Wi .. TG
O TE. = " A X 2 aaaar. 0 20 OB
BT WL W Ry O O .
[ T A W "7 e S|
T T~ v JAEEE . e |
e e W wy - 4. — T YScdW
LTl W A - S 2 TaEass 00
e~ TERVEL . TN TEEEAE 00000
e S R e, e BN - |
[EEE . WG 0 T A0 5 et v |
B i TS, S - B I A o -
CESesee . .  S R AT o e
S e~ R, W A T sl
|-~ s TR e T e, O i |
[ = s S e SRR T |

(n)

JUN 10.2 Iassadeiiusznauasauda (n) wnglasadng (@) Wevsenaudhiuiudiunieuendue)

1A53n15LAIN193tATIZA LT IS IuRalasIas1alaelduse Quasi Static FuduniTzuss

saafinsgyiiuaniienluvuzdiniieutiugralaas auderimuaveslayadsinnlyds wazsuus

fEaN]

[

mavageudu 3 nsdl dwandlugui 10.3

310N lZON

- ]

e

l

T—

J

(M) n3&if 1 (@) N3EIf 2 (A) NSEIN 3

UM 10.3 funian1sievesmniifisunasissilinseyivaeininismagaey

o
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NASNSUDINITNAADUNITTULTING 3 NTA WUIT 1ASIA519a 181505 UL Static tamui
Anun lneilassadildifinaauidenie (Visual Inspection) nansnaaeuainsaasulanem1sed
10.1

Y

A15199 10.1 ANMUFUNUSTENINILTINALAL TLULTARIVBIANUTEU KNACKSAT

nsei w39na (N) Total Deflection (Jtm)
1 310 113.1
2 20 6.32
3 101 37.78

10.2 szuvgasluinnas (Electrical Power Subsystem, EPS)
AINBNUEINITVINUVDITEUU EPS Fananaliluuny 5 ve951891uadud n1alasanista

AduNITaNKUVAIE995 PCB dauansluguil 10.4 wazldfndigunsaididnnselinduuunuy PCB

@saseuSesudiuandlugual 10.5

v

-

JElectrical:-PowersSubsystem

g‘ﬂﬁ 10.4 8187995 PCB 98935¥UU EPS

o
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| e—

Electrical Power Subsystem
e —

T
-

UM 10.5 Usiu PCB 98353UU EPS (§18) Uasnniuaukazdnnsnaasy (v31) uesa Solar Cell
PNUUTVIINITNA@BUNITYINIUVBITEUY EPS Tuiidenee) laun n1snageuin Power

Consumption YadkAALIEULEDY KaN1INAADUNIUTTENTAINYBY Regulator LaeNanIINAZDY

LAASIUAITIN 10.2 WAEANSI9N 10.3 ANUANGU

A19199 10.2 WAN1INAEBU Power Consumption 10duAazszulE oy

JYUUYDY EST Power Consumption (mW)

CDH 200

EPS 150

ADCS TBD

MTQ Coil 500/Coil

CAM TBD

CW TX 614.379085

FM TX 6175.163399

RX 260.5228758

Antenna Deploy 4500

enuatuanysel KNACKSAT: 18] foyeunSunu T2-1-0009/57 10-4



A15°97 10.3 Han1TVAdOUUIEENSAIWUDY Regulator

Current (mA) Regulator Power Input Power Output Efficiency
(mw) (mw) (%)
100 Elec 543.4 465 84
X 5453 468 85.82
RX 565.8 478 84.58
MTQ 553.5 471 85.18
200 Elec 1,135.7 900 79.25
TX 1,184.9 950 80.17
RX 1,156.2 900 77.8
MTQ 1,107 900 81.3
330 Elec 1,893.3 1,580 81.87
TX 1,996.7 1,600 80.1
RX 2,037.7 1,600 78.52
MTQ 1,988.5 1,600 80.46

IINNANITNAGBUNUIN 53UV EPS aunsavinauldgndesuaziiuliaiudedinuanis

BNLLUU

10.3 52UUEAENNTERE1S (Communication Subsystermn, COMM)

INBNUEINITVINIUVDITEUU COMM FauanalATuuni 5 muwuInig A n19laseaniste

AduNITRNKULAI87993 PCB Manandluguil 10.6 uaglafndagunsaididnnselinduuuny PCB

idsuseuiosudaiuandluguil 10.7

seuatuanysal
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;nlﬁ 10.6 81929395 PCB v8338UU COMM

"‘r.Cc >
rEeG & ;1 ’:’_ﬁ'., o

o {1
e j g_ it z.:
¥ o TR b s
2 11 d‘ 1= l-]-'::

ot 8 o

"‘l!

Cnmmumcatuén._Sﬁh’\ st

31] #1 10.7 Uy PCB ¥@353UU COMM (§18) uasa RX (¥31) uasa TX

NUUTHIINIINAFDUNITVIIUVI52UU COMM Tuiatanise Taun n1snadaunisas

aa o P

FruaNIUARLEINg WagnInaaeunsaslayafarianiu 12C bus nenansmaaeuLansiguil 10.8

Y

waz3UN 10.9 AINAIRU 1INNANIINAGRUNUI S3UU COMM aunsasunasdsdyainniuingla

Y

= 1%
AuReanwuuld

o
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o)

fowr
Q
o
@

wée

'
1 A

g‘dﬁ 10.8 NINAERDUAIA YY1 ”@aﬂammauﬁwquw FSK (9600bps)

oy &0 EE

A ) w:;

Y |

anu 12C bus

[

SUN 10.9 N5d9TpUAR

10.4 izuudaﬂﬂﬁsﬁmmiﬁﬂ’g\iLl,a::‘fj'aga (Command and Data Handling, CDH)

PNUHUEINTIIUBITEUU COH Fauanaliluuny 5 malasesnislaaiiunisesnuuuans

2435 PCB waglafnsisgunsaldidinnsetinduuunu PCB w@iaseuiosudiduandlugui 10.10

enuatuanysel KNACKSAT: 1@l foyeunSunu T2-1-0009/57 10-7



v ‘IC;;';:r'rwnan‘:_-i and Data Handling™ [l%F ahd Bata Handund

5U% 10.10 ($18) 8193935 PCB ¥045¢UU CDH (¥31) Wiy PCB va3s¥uy CDH
lun1snageun1YN9IUYeITEUU COH 98fa1Taun 2 %i3t8 Lakn n1snaaeuni1sdideya
WU 12C Bus Lagn1vn@oun1s1191u8d Temperature Sensor FaWan1svnagauainauanslilu

M1599 10.4 waz3Uil 10.11 audey

M13197 10.4 KaN1INARUNNTARYAK 12C Bus

nardmiurinmsdedayadnuay 255 Byte

in1Ineaes paudleruliwideya | nandededayastiufen
(ps) (ps)
1. detayaann Slave LU Master 222,580 25,724
2. dadayavn Master LU Slave 68,912 272,684
3. datoyaann Slave A2l 161y
Master uagSutayanig Slave i3 25,696 51,092
7l 255

31NA1319% 10.4 a3UlAdseuu COH aunsasudsdoyariu 12C bus Laag1egnaadniy

YOANRUANITEBALUL

o
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@ 4=

gﬂﬁ 10.11 HANINAADUNITYINIUVBY Temperature Sensor

[

N3UT 10.11 levinsmeaeuingamgilnewtseendu 5 933 Asil

a v

A fia Yasgaunnisuduluiigumngiviesund

B fie ¥tgaunginiinislimanundu

D fie rgauniininisiiniuseuliudu

E fie Hisgaumgiinuaegaindralvinnuiounduganmaiives

]

I1INNANITNARBINUT1 Temperature Sensor @111301ngun IILARTeiu Thermocouple
1INIFIU

10.5 S8UUERENTITUILATAIUANNTTNGIAT (Attitude Determination & Control System, ADCS)

NBEURINITYINUVDITEUU ACDS TFaukanal luunil 5 nnalasanislaniuniseanwuuans

2935 PCB uazldfnssgunsaididnyseiindunuriu PCB waSai3euiosudinauandluguil 10.12

o
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LA o o=

__Attitudé Dyn. & Chntrol

|

B A CETEWC N L

“ m AN,

=S S s X

g‘dﬁ 10.12 (¥18) a183395 PCB v@358UU ADCS (¥71) Wiy PCB ¥8358UU ADCS

NUUIWIINTATYANAFUTR Torque Y89 MTQ FeUsenaunig Helmholtz Coil d1wsy
a519EunLdivians1aouag Air Bearing wag Gram Gauge e iaunselafitinain MTQ felanalu
5U% 10.13

Y

5Ufl 10.13 Helmholtz Coil wag Air Baring

o
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10.6 wédlnan (Payload) w3andasaesu (Camera, CAM)

NLNURINITHUVDITEUU CAM Faandl A luund 5 nalasenistaeiduniseaniuuans

2935 PCB uazldnnssgunsaididnynselindunuiu PCB waSai3euiosudinauandluguil 10.14

Garoera.Sullsy

t

¥
L

Shermn | U1 TS Aelae

-
-

3 B :

Qf_éilr'ﬁera 3, fasgstem '

gﬂ‘ﬁ 10.14 (§18) a183995 PCB v8352UU CAM (¥31) Wi PCB 9@958UU CAM

PNUUTWAFDUNTAWANIULIRLAAEY LABNANITNAFDULEAIRIAITINN 10.5

A151991 10.5 NaN1SNAERUTEUU CAM

YUIANTWENY Test NAN1SNAGDU
RAW
QCIF (176 x 144) v
QVGA (320 x 240) v anunsagenmlaeduAdain DCH
VGA (640 x 480) v waglsenlsEnANaENLanIiIulUTLATY Visual C# 19
SVGA (800 x 600) v
YUV
QQCIF (88 x 72) v
QQVGA (160 x 120) v anunsagenmlaeduRdain DCH
QVGA (320 x 240) v uagisunsenANEIEILEAsnulUSILATY Visual C# 19
VGA (640 x 480) v
enuatuanysel KNACKSAT: @il foyeunsunu T2-1-0009/57 10-11



INHANITNAFDUNUINTEUU CAM @unsaananineide RAW way YUV lauanannildeaunsa
SennInaneuwannuluswnsy Visual C# laaenalsAnudidarinnisnagauaisnInein RGB
sall

10.7 AMMINAFBUNITNNIUIIUVDITEUU (Integration Test)

1% 1%
Y

NAINNYINTRNAQUNTAlaIUULEY PCB waznaaaun1svinaulasiuvesssuutasme

w@3auan Juhsyuugesnngg ulieuseasuu TableSat LioNAGEUNSYNIUTINYDITEUUAINEATLY

a

SUT 10.15 wagguil 10.16 Taedddsiltlunismaaeudsuandlugui 10.17

3U# 10.15 TableSat §MMFUNAAOUNTYINNUTINVBITEUY

o
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Tt Sl Tt

Gemson:  |aiMs

T Ll AA

a4/ R A

E T34 R
Y T

[T

AI_HT fra)

a2

7515

5 Cubesat Uplink Program O >

Setting Serial Port

Comport : |COI'\"I5| v|

Baudrate - [115200 v]

. Connect
Log
Clear Text
3UN 10.17 szuumsdsrdaiion1snageu
enuatuanysel KNACKSAT: @il foyeunSunu T2-1-0009/57 10-13




\WONRDTEUULBEANGY [WMEAULAITTULgRgaNsavnulanuioanuuull

M15199 10.6 S19ALLDYAAIAILALNANITNAADUNITVINIIUTINUDITLUU

AEY

au 3UALYA NANIINAGDY
1 CAM_ON Wanisanelwlissuu Camera Tganule
2 CAM_OFF Yansdeluliseuu Camera Tgule
3 INIT CAM | sadiSudiusyuu Camera Tl
4 CAM_FLASH | Uuiindayaniwadlu flash memory Tgaula
5 TK_PIC dnenmenelnunfifiue Tgulel
6 CAM_TEMP | Ingaungilsyuu Camera Tgaula
7 TX_OFF Wansanelwlnszuu TX Tgule
8 TX_ON Yansanellvszuu TX Tganule
9 RX_ON Wansanelnlasezuu RX Tgule
10 MTQ ON Wansanelnls MTQ Tule
11 MTQ_OFF Yansaelulsn MTQ Tganule
12 EPS NORMAL | lunan1svinauunfivesssuu EPS Tgule
13 EPS_ON \WUAN9YINUUeIsEUY. EPS Tganule
14 EPS OFF Unan1svineuwedszuy EPS Tgule
15 ADCS ON Wansanelnlisesuu TX Tule
16 ADCS OFF | Uanisanelwliszuu TX Tgule

HANITNAGBUNITYINIUTIUVDITEUULAASIUA1T197 10.6 LABANARNANITNAZDUNUTN LD

! I Ay v o ° 9 I
aglsimnunanlaannsageunsvihausnvesssuvazgni ldlunsususessuuges

a9 Tanunsaegelidse@nsanuazi Reliability 11nfign nounaziiluaieniieudunuy

dusuinluneasuluannzlndifeseniasaly

seuatuanysal

o
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undl 11

n1sAnAvissUaaniuiNanagaunIiiey

[

=3 1 v o a

n1susenaumisud miudediugralaas (Flight Model) agmasaniiunisiuiesuasny

Y

FevipsUaeanunazldlulasinisil Ae WosUasndu Class 10,000 Hufe J31uULNARUILIA 0.5

luasau LAy 10,000 eyn1adaeInie 1 gnuiaine lagluwkunisadunuiuvedlasanig

AzEITelkAnvzaiaissUaaniudulnml o viesUfURnTsEuveINIA ANAIYIAINTIHIATEINA

AENNSOU-8INF AMTAFINTTUAIENT UNNINYIBENALUIAENTLIDUNANTEUATIANLD

11.1 malSeuliisuuazanidansuuuuvasiasuaansy

NNsAnwdeyaigdiuiesUasarunuil eslaeaull 3 sULUUMAn Ao Clean Bench,

Clean Booth wag Clean Room sasngazLdennalull

1. Clean Bench (5U# 11.1 n) dauludnwasiiiunisaivnuduiiesegiaied gy

M Ay o W % 1 LY a 3 4 | 1
uiliidedndnuinin Liflszuudsvemeauenesnun dvwadn Tdeuldazain uadl
eR LI EVTRIRHRT)

Clean Booth (5U# 11.1 %) Tduludnwauzidunisaivauiuwazaudy laed

Usganinmnisiauiiuegiussuugauaznsadanid Inn1sAnwINUIT 51A1 Clean

Y

Y]

Booth UM 5 MIAT BETEVINg 150,000-300,000 U TuagiuTanlaseadns uay

STUUNALAENTBIBINTA LLaziwmé’ﬂhjiwmiﬂ%’wqqamwLL’mé’amaqﬁaqﬁm%’Uam&y’q

Clean Booth

Clean room (5Uf 11.1 A) Fdnunzidukosiifnilsiadenins dszuvuduoniauen

pomndwiuvisaandulasiany aunsamuauieUiIay ATty uargunnild
-

agaliUsEaAnsnm uilteidy fie T51Ange tnenaluaziisnangend Clean Booth 1lu

IR

o
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(%) . (@)

31117; 11.1 sduvuvesiasasntu (n) Clean Bench, () Clean Booth, (A) Clean Room

NN1siUSeuiieutes-teids sulszana wardnwuznisldauieaUasnduns 3 JULUY

lasan1stienavsidenidvesiasniuiuu Clean booth lnuilsiuasidenvas Clean Booth fauandby

JUN 11.2
2520
@) ASUS 304 2"X2"X1.5mm
(02 [ASUS 304 2"X2"X1.5mm
- 03 [AsUs 304 2"X2"X1.5mm
g It FAN FILTER UNIT 1200X600mm.
05 HEPA FILTER 1200X600X150mm.
PRE FILTER 300X300
©) Pvc STRIP CURTAIN
T useAu
TOP_VIEW
09
(=]
%
H H H
@- TP
S
n| <@ bl
@ g |
[aY]
03
% \ ) ) \,
P 1 @ 1

FROMNT VIEW BACK VIEW
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11.2 dadnfinlunisinnsiasuaansu

nHan1sAnwluiaten 11.2 wuit ieaUasniuguuuy Clean Booth Uag Clean Room
157A1g9070 Feaudszanalasenslifieame wazanuianeoynIITNNITNAUNTEIlATINITLAL
quuszana Wodun 21 Squiey 2559 Fadliaumiuliihauuszanannsenisou wu Ausuuss
viosaeniu IWaunuiuadndniiien anavililasinstaulssanaiimaeliiissnedmsusian
Clean Booth lunsaliidslimawemadentasnmsivldviesasnduiiiegnviesu jufinisaduaudineg
wazlulasian daudindinendedainssumansuiuvinasuss ne-twesdu uinningrdomalulad

v = Y v | = o A o

NIz INTTUATINTE wazai1aeslasndusuuuu Clean Bench FeilsiAignninfnnaly

Mo URANsITUURINAUNY
11.3 viswaaarduivissufjiAn1saauainudinguazlulasian

#asUaaniu (Clean Room) a Wasideadualudinguazlulasian Jufninande
FennssumansuIYIAasussine-wosiu v inedumaluladnszasundmszunsivile Wuies
Uaendudmsuianaaeuisasninuiigeuuuny Wafer 9843995534 (On-Wafer Signal Measurement
and Analysis) lnefinadnvuziluiesUasniu Class 10,000 A uu1nsgIu NASA Standard %38 US
Federal Standard 209E Classification of Clean Rooms 7ifiaaudlun1saeineIniauINnl 20 A3
Aadalus lnge1nAazgnanelna UL UNTBI0INA Hepa Unit UUH 1WA H1uYed Return Grille

v Y < g S - a = (% d' IS
wagntavonlunileansdu tienisarvAuaungll lneluuuwdaudsuanslugun 11.3 wazd

SNYRLLDYAVBINDINIL

- YUIAVRIIBIUaRANY N9 X 817 X g9 = 4.8 AT x 5.1 AT X 2.62 WAS

- fuiiedasrussinm 24.5 Mg

- gamginnglu 21 89 25 aerwaldea £ 0.56 A LYALTYA

- arwdunelusios 50 83 60 %RH

- AUEIN9 300-600 LUX

- ANAEe1ANINNIT Class 10,000 (HT1wiusyniaduazassliviy 10,000 Particles sio
anulAnm)

- Uanasauvsuisugean 35 asaedali

- WS9AU 20-22 PA (Overpressure)

- flueaduuuy Conductive Floor wietlasfunisdemuszqluiinadn (Electro Static

Discharge: ESD) Miudunsieneisasiiusenautasaudn

o
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= el‘ d’l’ £% 6@ I~ v Y 1 v I~
- unedUayuderILazLe TR oA LUUNDINNKUAIEUDNNDULYINDY Clean Room aziUu

V4 @ d’l’ 14 12 gj gj b4 A a 1 b4 1 . 1 Y v
WouAULHDNT Wiouratusawyn wWielldsuganiuiioalady (Air Shower) AauLt1vias

Clean Room
8.25
an 514
"MJ @ 015
rrrryrrrrrrrrrrrrrII YY)
= =
1.00
g u &l . & 3
G g © | neusnan AIR SHOWER o SIH o
- AS H=0.57 m.
-r - - E
5 I &
—L H=2.62m.

UM 11.3 uuuwlauveaisauaentuy
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Mt LA IuN1INTIVERUANEN B IEINUTT esUasndudinailinnnumnzaunagly
Juiessznouaniiioy s2unilunIdeavianssuinsauuauveieiduniuaudivguas
Lulpsinsiinidelulasanisaafisusie Jalasveygieldnuiesasaiuiinaiilalaeliseuds

Alda1e JUN 11.4 uansnmeangasavewinslaeniuiviesiRnseduanudinguaylulasi

11.4 WiasUaaadusuuuu Clean Booth

fawrinlassnsanunsaldviesresasaduiviesufinsaaunudinguas sl us
dielianunsamunueuazenuarautulussniumssenouaifisuiazdsdugoana (Flight
Model) ¢ Tasennsdsleidarinfiesasaiuguuuu Clean Booth lusieadfifinsszuueinia 3
Clean Booth #dpsinduifiu Class 100,000 uazfivuinning 60 wufiuns 817 120 wuflng ga 83

\wuAAS Asandlugun 11.5

U
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uni 12
N15U52IUNT8NUUUTUEATINY

(CDR, Critical Design Review)

1597157 MdnAanssunsUTEiuwaEn TIRaeULULTUARAYTINY (CDR, Critical Design Review)
Fuludun 31 Jurey 2560 lnedanufnnedaINTsuA1ans r3ngrdemaluladnszaounan
wszuaswile WiAsshunUniu dwanddugun 12.1 Wnedifi@eivynieuen 4 aulunssunis

U2UNanN1SaonLuU

JUM 12.1 weneiunanssunsusziiulayasIvdeuLuutugaiing

Y

Useiflaedovewulienuay 4 au asUlnegalasail

1. Professor Shinichi Nakasuka 310 The University of Tokyo Uizmﬂajiju Fevirudedn
ugzEulaseanisaaiiien CubeSat vesusumadiiu uaziduimilasinisaadioy
Elluqﬂl,ﬁﬂﬂaf]ﬁﬂjﬂ

2. Dr. Nakamura Tai {jmﬁ’ulﬂu Visiting Professor fi Asian Institute of Technology (AIT)
TneTuafinvinuiaeyineudl Japan Aerospace Exploration Agency (JAXA) ﬂizmmﬁﬂu
fuszaunsalfenfuaaiiesndiuiumn

3. Mr. Masanobu Tsuiji i’jwﬁ’mﬂu Director #11n 914 Japan Aerospace Exploration
Agency (JAXA) Uszdnuszinelng

4. 93 ar¥ad yuezaa aninerdomalulafumiues Suszaunisalifeafussuudeans

=
AILNBU

o
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12.1 AANTIUN1TATUNITUTHTULALATIVIDULUUTUGRATINY

n13UsziiluunazaTIRdauLuUTUanesuaulunan 09.00 u. wazduanluiial 17.00 u

M09 NUTIYINIAYRINANTTUNTU T wamalugun 12.2 fegud 125

JUN 12.3 nweneasg Professor Shinichi Nakasuka Tirnuiiuuazaiugtiissuu Reset System
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JUN 12.5 awenevasy Dr. Nakamura Tailviranuidiuuazaiiugiil Grounding Camera

12.2 wan13aiun1sU S LLaEATIRERULUUTUGATING

' [
[

a ) =2 av v 1 a 3 v
AINTINNIAVUNRNVTITINNANIIUVRIUUA 15 au Usznauldme

1. iy 4 au
2. vwhlasams 1 e
3. gianslasans 1 eu
4. 1nidy 3 AU
5. Heidy 5 Au
6. UAPAANEUDN 1 AU

o
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[

AudenyasUanuiiuludseiunaniasiluusulss del

[

- 55UV Reset Jaquudilddnyanal Reset ilssdnanauion iuszuuiideutraaznseyilsiie
AU §rn1ssunmnananeueneusssuUgosrhauiniiion 8199:9133 UL Reset ailaglal
NeUszanna ﬁ'ﬂﬁ?umiﬂ%’wqﬂﬁmi Reset Tdtygamnnnin 1 dyayie

- YAFINARIlTETaIN15AeNT1IALIIAUAILATIAT19UBINADY LN 12 IARMAINYBINN
anadla

~ msdtedhres MTQ osmTIvaeulignaes sv¥ainsadutn wazmsardedinisiannaaudie
NaYBINNIADETUTA ¥siilinns Detumbling mmzﬁmuﬁwlmaagﬁu Junisifiu Tumbling 17
off é?fa'mﬂﬂssaumia}uaﬂ@%mmmwudﬁ nagmannguestymAlalinatssernils uazdowi
15 Upload Tsunsuduldiiganadioslsl

- 13 Upload Wsunsulmiguldiisamaiteududsiingst wifdesnsevhediaseinseds
agmeslinalnleosiunaveinis Upload TusunsuRawainlisne

- nsh Current Limit 2 davwunulailadunis Redundancy wwsigdn Current Limit ¢l
smilslaivhau azdssalinszualuarudndagsndng Limit 13 vihlildanansavhaulsigudy

- Afiguléain Rate Gyro fanuemaindougs Tinsnaeurieaouifioudnads

- TUsHNTUD993UU ADCS Usdrudslaidnian AIm1913nosu1eA191998 A 0InIna991n
pfleveglundlaasids fdulsunsuunsdiueiaazdedddng Upload

—QL%&JQ%W@&@I%%MW N1999NWUUATIABNAULUULTIIFINTIN (Engineering Model) &
Anumngay nuanfuntsnadevluaninwindeunilouetnelinadnsiia faiuaunsatuuuly
fimuieainanfionaseiivzdndigralag (Flight Model) 16 Tnelsifiansanauaniiuuay
Torauonuzimualunsuiuuauuuie

- uenandigidemauituiied amsegliuasnitenudsygdunsanunsaluvedn
PCB dflunsinatrsuesavesianuiionsia teanamidssvesnisasgunsaifilinaud 3l

annsadanaalenndants

o
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uni 13
ANSNAFDUAIINYU TUENINLINA DU DUDINA

(Environment Test)

Tasansiaaniunisneasuaniisuluaninuwindsuvileuadimadunissuiesuar Ingla
ANduni1snaaouil Center for Nanosatellite Testing (CeNT) 113e188 Kyushu Institute of

Technology UsginagiUu TusendneTui 27 nuatwus 2560 feiudl 10 dunau 2560 n1snadey
UsNoumemTeundn 3 %1 Ao

1. nmavegaunsduaziiou (Vibration Test)

2. msmaa‘uqmmﬁluamazqzyiyﬂmﬁ (Thermal Vacuum Test)

3. mMsnedeuinInsamnnil (Thermal Cycle Test)

MRgNuNNENgUTIEINIAlUSENINN SAaBUkAnslusUT 13.1
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5UN 13.1 amengussenAluseninmsnagau (n) AmeEesiy (1) MmEignmagaey
13.1 nMmageuMIHUEzIiou

AUTLAIAYBINTNAFBUNTAUALLTIBU AD NTUTEIUNANTENUVBINTTAUAZTIOUINATIA

Yurdn e Tuglaasludaiinniiien KNACKSAT wagszuugasnia 1aeniies

A5n1snagau

TUNITNARBUNISFUALLNIBUALYIINISATIVABUNITN I UYDIAN N YUTINDUBALRAINT
nagounsauaziiouluusazaTe nMmdtgvenATomAgRULAAlUTUN 13.2 Meaganmaeyaei

s KNACKSAT Andaginielu POD wazuuirdomaaeuuanslugud 13.3
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KNACKSAT

JUT 13.3 nnaneveindanniiiigy KNACKSAT melu POD waguulAsemadeunsauasiiiou
nsnadauNsduazioukundy 3 ¥da A
- Modal survey Tununnu x, y, z
- VRERUMTAUALLIBU sinusoidal wave TukuIkAY X, Y, Z

- NAEIUNTEUAELTIBU random wave Tulunau x, y, z

Inefunudadunaunsnageukandlugui 13.4

U
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X axis Z axis Y axis
Jig Modal e Jig Modal . Jig Modal
Survey Survey Survey
¥ I + I ¥
Modal Survey | Modal Survey | Modal Survey
+ I + I +
I I
+ I + I +
Modal Survey | Modal Survey | Modal Ssurvey
¥ I + I +
I I
+ I + I +
Modal Survey | Modal Survey | Modal Ssurvey
¥ I + I ¥
Sine burst AT | Sine burst AT | Sine burst AT
¥ I + I ¥
Modal Survey | Modal Survey | Modal Ssurvey
¥ I + I ¥
Sine burst QT | Sine burst QT | Sine burst QT
¥ I + I ¥
Modal Survey | Modal Survey | Modal Survey
+ I + I +
N N o= ]

5UN 13.4 unudansnaseunmsduasiiioy

Nan1INAsau

INNANITNAADUNITAUALLDU WUTT ANUASITUTIRIAUARSNTIAILINAIN 100 Hz Farduly

o w

ANUUDATNUAYDINITAIAIALY BATAINUDTITUVIA T n1sUAsuLUasE 9l dad AnaInng

o
(2

duaziilou dawanman1snaaeuluguyl 13.5 fegUn 13.7 Fearusaasuladn Lifivudiulaves
awieulasuaudsme uaniin wielUdgusy FudunaunaInnITduaziiou warAAsNa1LN50

719Ul A9 19UNRNINDULALNAINITNAFDUN ST DU

U
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5 CH1 . CH2 P CH3
107 10° 107

PSD (g*/Hz)
PSD (g%/Hz)
PSD (g°/Hz)

10° - 10° — 10 -
10° 10° 10°
Frequency (Hz) Frequency (Hz) Frequency (Hz)
CH4 " CH& g CHE

)

T

5 o
10 m
O

7]

o

PSD (g%/Hz)
=
'S
PSD (g%/Hz)

10° 10° 10°
Frequency (Hz) Frequency (Hz) Frequency (Hz)
CH7 CHa . CHY

10

10

PSD (g%/Hz)
=
h

PSD (g%/Hz)

10° 10° 10°
Frequency (Hz) Frequency (Hz) Frequency (Hz)

UM 13.5 nan1snadeumsduaziieueuifisunouwagraanmegaululuil x (CH1-3: -x)-

panel V99NN, CHA-6: (-y)-panel vBsAITBY, CHT-9: (-x)-panel 983 POD)
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CH1 CH2 - CH3

10° 10° 10
¥ ¥ 10° F 0’
B 10° B B
? @ 107" @ 10°
o o o
107° - 10° — 10° -
10° 107 10°
Frequency (Hz) Frequency (Hz) Frequency (Hz)
5 CH4 5 CH5 - CH6
10 10 10
F 10’ F 107 ¥
= B & 10*
o 107 » 107" @
o o o
10° - 107 — 10° -
107 10° 10°
Frequency (Hz) Frequency (Hz) Frequency (Hz)
5 CHT . CHs - CH9
10 10 10
¥ o0t 107 CIRTN
o o o
= = =
@ 107 @ 107 @ 10°
o o o
10° 10° - 10° -
10° 10°

10°

Frequency (Hz) Frequency (Hz)

Frequency (Hz)

5UN 13.6 Han1snadeunsduaziiouIsufigunaulasasn mage ULkl y (CH1-3: (-

panel ¥83AMBY, CHA-6: (-y)-panel VosnLiien, CH7-9: (-x)-panel 489 POD)

seuatuanysal KNACKSAT: @il foyeunSunu T2-1-0009/57 13-6



- CH1 i CH2 - CH3
10° 107 10°
= 10° & 10° ©
] -] O -4
7] 7] w10
o o o
107 - 107" - 10° -
10° 10° 10°
Frequency (Hz) Frequency (Hz) Frequency (Hz)
. CH4 - CH5 5 CHE
10° 10° 10
™ ™ ™
I r T
B 10° B 10" & 10
] e O O
73] 73] 73]
o o o
107 - 107" - 107 -
10° 10° 10°
Frequency (Hz) Frequency (Hz) Frequency (Hz)
5 CHY 2 CHB 5 CHY
10 10 10
T 10 ¥ 10* ¥
= = = 10"
@ 107} @ 10° @
o o o
10° - 10° — 10° -
10° 10° 10

Frequency (Hz)

Frequency (Hz)

Frequency (Hz)

sUN 13.7 Han1snadeunsduaziioulIsuiigunaulasndin mageulukuinu z (CH1-3: (-x)-

panel ¥83AMNBY, CHA-6: (-y)-panel VoInLiien, CH7-9: (-x)-panel 489 POD)
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13.2 NM1IMAFRUMNYN LUANIZEYYINIA

nsnaaeuaungiluannrayyInalinguizaidiiensisdeunuainsavesniienly

LA 9

nsUuRmuteivuasuauautiniglian 1 gyyInNALarg I anda

R A7)

ASn1snagdau
nsnaaeuamlluanzgyyINAUsENaumY

- aaeunshnuvssnisdluangayyNalugungiivieaUnd

9 Y

- ‘mmaaumiﬁwmmaqmaLﬁaﬂuaqu@zywmﬂﬁqmwgﬁqm%’a (-35 °C §i3 +55 °C) 1Ju

$1uam 7 cycles fauanslugui 13.8

a

- vageuMThuesITENvsTiegluanizanmgiisfigauargsiian

Test Temperature Profile
60
50
40
30
20
10

112 3 4 5 6 |7 8 9 1091 17 13 14 §5 14 17 18 §9 24 21 22 P3 24 25 26 §7 24 29 30 31
-10

shroud temperature, Celsius

-20

Test Time, Hr

Uil 13.8 Wslrldgamaifimaaeusamgiiluannizagaine

TLJ 13.9 LLﬁ@QﬂW‘WﬂWEJGU@QLﬂi@ﬂﬂ@lﬂ@‘Uam‘V]ﬂu el ‘U 13.10 LLﬁ@\‘iﬂ']WﬂWEJ?JmuVIG’I’]'DLVIEJN

Y

KNACKSAT Andsegnngluiniaamnzoy

o

enuatuanysel KNACKSAT: 18] foyeunSunu T2-1-0009/57 13-8



KNACKSAT

3UN 13.10 nwgneaaiiigy KNACKSAT dnsunigluinIsamaaeuanmgiluan1izayyinie

o
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Nan1INAsau

1 d

IINNANITNAFBY WUTT ANRTEU KNACKSAT anunsaiaulauniluvaenegluaniie

a

gauamawagluanreumniianign (-35 °C) uargaunilaiiagn (+55 °C)

q

a

13.3 NMINAFBUIYINTAUNNH

Y

n1snaaauingInseamniiinguszasdliiofigauinnniiiey KNACKSAT a1unsaegnielu

aa

an1znsisunlamamginsunsela
ad
BN1INagaU

nsnageun1siuresnfisuldliusindonmglinauandugui 13.11 91uiu 14 393ns

JUT 13.12 waggul 13.13 uansninaigveaniamaaauildnuiazyaeinninniieuegniely

Y U

LASDINAADU AUAIAU

55°C

-35°C .y
60min 30min

a

UM 13.11 WslWdgaumglinnaaeuiginsoamall

U

o
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5UN 13.12 nsemaaeuiginsoumai

Y

a

UM 13.13 a1uiien KNACKSAT vaugfndtagluinsemageuiginsaamgil

Y
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Nan1INAsEau

= o v oa cs' ax a Ay vo % o
afisuansainulaundnaeanaouvaliiinsuasuiuamnunlanvualiasinau

lgunfivdennsunisnaaeuduiu 14 1dns Neamiiund
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uni 14

n1sasemRisunIandeinga9laas (Flight Model)

m’mﬁiﬂidﬂ’lilﬁ%ll‘?f@Lﬂ‘L!E]LLuzﬁ]’lﬂﬁgL‘?jﬁl’J‘tﬁiyﬁ]’mmiUizLﬁuﬂ’li@@ﬂLLUUﬂ%’jﬂqmﬁ’lﬁl (COR) Tt
Favnuisnluuszimalneffivszaunsalasgunsaididnnsedinduuueda PCB dmiuanuiien Flight
Model lassmslaiaunsomuidnlulssimalnedifiussaunisalasgunsals arufisusndeuld uay
nsfndrsusdnlumsUssmadmivusznevgunsnidmiuaafisutuiialdanegemin wagld
syogalumsduiunisu Wesndesdinisudloseandeauisedisuiu fuiu Tasinisds
Feonflgdnfiumsasgunaniies Inewiiuduneunsasgunsalliifiauseunauuintian uazasraaey

nsasgunsalmendesuene
14.1 nsasgunsaluuuasa PCB ¥a3n1Liiey Flight Model

Tassnisladfiunisasaunsaluuuesn PCB 19955 UUE08RA19Y 1a39138U508UAY AeiI0E19
wanslugui 14.1 TeawiinduneunisasgunsalliininuseunsuuIniign waznsivaeuniIsasgunsal
¥ ¥ dl 1 G d‘ v cal 1 o a ¥
AILNADIVLENDMIPAUNNTBIMTOALELS wazuAbulinsasgunsaliiannuusiugn nasnauiinisly
Epoxy fiugudiuauialnguaztasealsliineg ag uanaintd na191nasgunsaiuasnagauns
uduiieusesuds 1nsin1slevinauaso1nlazn1snsI9aeUALAT 1N UBITUAIUYNTUEIU

TIIUDIA PCB U998 UUgaR199 fmgula UV wi dwieguuandugui 14.2

). Q.;'I
JUN 14.1 ameneveuesn PCB Niasgunsaliaiaudn
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UM 14.2 2eeveuesn PCB UaignTIIaaUANET0Inmsuas UV
14.2 n1sUsEnauANIiiBy Flight Model

lun1susenaunniiiey Flight Model azfiasusenaunelddninaeuiazeinniuainggiy
Aatiulasen153ladnasha Clean Booth (class 100k) Funiiveldlunisusenauaniiieussldngiidi

PAwarluuni 11

JUN 14.3 uananmanenisuseneuniliiguilafndsung Solar cell uarudI Belutunou
= 1% o U & oA = Y = = a &£ o Y 8 O
taedldausednsziaduiiiay ivedosduaudsnieneonavsiinfuiu Solar Cell lo 8n14
ndusedldgunsaiduendamaiienlvaestuun dwandlugui 14.4 uagguil 14.5 Wisagainiunis

Usznavaaluiienge

N3zUIUNITUIZNRUATITIBNLAYNISAAGY Solar Cell Mianualaniiunislu Clean Booth
ATdien Flight Model fisnauiasaauysaluaiuandluzui 14.6 wazarufiugniiuliluginw
ANNTULDTanIsAiun1sageulUsunsy Flight Software Lag¥1n1s Shipping TUds Launch

Service Provider sialu

AN BUTVUIALALUINUNIINANTINDTHVIINU 10 T, x 10 99U, x 11.4 @3, wag 1.052 nn.
muanu wagldrauinggruanuiingadasiaulunisdeans (Call sign: HSOK, Downlink: 435.635

MHZz)
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UN 14.4 P na18vzUsENaUANIIgY
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uni 15
N1INAFRULUTUNTUAITIEULALNATOUAUNINTFIUATTHLTIELART

YIRN19UTEINANUA D850

na9anUsENaUAIITEN Flight Model t@Saisausasuds Tasenise lasiluniswmun
TUsKN3UEaznaaaulUskNINAIRTALL AABAIUNITNAADUAIINEUAINNINTIFIUKATTONINUANNNA
U3EN Spaceflight Inc. lAdndanansuInsIgIUnsetaiMuAsigg ian3uuaAUNTaNdTUNI3

denuiieandngrelaas
15.1 n1snadaulusunsunLiey

Tudruveslusunsunisyinnumnselnaigeniuwas (Flight Software) tu Iassnstanviunaina
n1sufuRnisiasenilu 3 wa wagluuanisiinundned 3 nua lassnistanniunisiaun

Tsunsuiiugudmiunishausasnageunsinulusunsuanaiissiuindeusesudn
15.1.1 psimiuawan15U{URN15AR (Operation Phases)

Tunisiaugerdwisdmiuaiisnsudusesinuaainunisujifnisialasaiuise

wualu 3 g éfumwﬂugﬂﬁ 15.1
wWasudunsia (Initial Operation Phase)

wasuduarsadutisnisinuiusaufieusugnuaesdigaalans neaigeinia ds
foysy1ad CW (Beacon) 91uUauanunsasudygamdsiiugiuainaniiniaiunu (Ground Station)

lagndes Tumatideyan1uiieniosluiudyyia CW aziludoyaiiugiuinuy Usznousie

Y

annugnnvesinasirendsuliidndundn wazaduiunissesudyyimumdsainaiaiiuau

[ o

NFRINAMNAEUANNTATUT YY1 UAIFILATATINADUAIUYNABIVRIAIAUAT DRI NTEY
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wWiaUfjUAn151auszdn (Normal Operation Phase)

walfiRnisialszdndudnnisufiAnisfandnveseufisndsznaulusie n1ssumds

A9 NTOIULALNDATHAFYYIUATT NTYINUAUAIFT N1TATUANNITNTIAT NITE1LAIN Kag

msdsdyaadeyauuu GMSK liduaaninianuau Jusiu

Wan1endin1suuAn1sia (Post-mission Phase)

wagavine Ae waniendinisufianisia asluasseznisujifinisiafivey (Extra

Mission) #30n135108839139 NResnsvinfuiundsaintiufifnisfiendniidvualiiasadudug

SYUTOULAT LTU N1TAaBY Update Firmware N1MA889018AINLUUDUS LarN1TNAaDINIT

ATUANNINSIRIUUDUY LTudu

Launch

power Attituce
balance Stahilization

verification
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Changeto
power CAN shootir
balance Nurma‘MadE
verification

HE data, sensor HK data, sensor
dat 3 acguisition data acquisition
Ant. deploy

Attitude
W (beacon) Stahilization
transmizsion

FM packet

transmission power

balance

verification
H¥ data, sensor

clata acquisition

5UN 15.1 ununmadunsuiRnisia

power
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15.1.2 nsfualuuan1suinnisia (Modes of Operations)

FeauieuldtingFunsvhalaeinsiiendsnuanssuuluinmas EpS) wé lelav
waAwT (Flight Software) dmiuaniiniguasiilvuanisinnundney 3 Inuanleny Ae Safe
Mode, Normal Mode wag Recovery Mode fanansluguil 15.2 Tnousazlnunazgnaiunuuaz
fanslaszuudos EPS msadulnuslunsufdfnnshduannsonsesldainnisdsmdsanaand

AMANUAUNSININANTNALISTITUBE AUANIUNITAILATAN1ILVDIAN LU LY

Y

EPS powered
on

!

Recovery Mode l Safe Mode

1

Normal Mode

5UN 15.2 ununmnansasuiisulnunlun1sufiannisne

A0TUNNS LAY AN NANVBINMABUTILLAA Safe Mode AB NNSHEUNISYINIUVDS EPS way
WBS¥UU EPS M529@0UNUIN SEAUNaInUINANuawummassinninfinInum seuu EPS 9891101509
o 1 4:1' I3 [ [ & [ [
N5YIUSTUUA1e Wetdunsussudandsnulnin aswdsenensdsdymia CW Lagnssesu
Adanaaninanufudundn (auanddugui 15.3) aunseiassaundanulniivediunineigauy
31nn135 charge Uszglnilisae Solar Cells a1afisndeagnauntvinanululnunnisvineudn

(Normal Mode) 3nas54

23,25 packet
data

EPS DI COMM

HK

JUN 15.3 UNUAMUAAINTTIANTSToLAD4 Safe Mode
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15.1.3 msuszaradayalunsszuudas

Toyaanurvaaduirainneg luudagssuudesazgnussananamelulasroulnsaaesiey

U

UukAnzUasAveuiasEULges Inadoyawmailazgndwinuaie Bus (12, ISP wag UART) Tl

'
[ v =

sruuAIdan1sIn1sdeya (COH) wiavinstuiinaduniisanuduwazdaiuludassuunis

dea1s (COMM) sialuievinnisdedyraingludeaniiiniaiiufu UN 15.4 wane Data Flow
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data
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15.1.4 pan1snadaulusunsy
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Y

91017 (Flight Model) \Juiisausaauar velllunisnagsuuazuseifiunanisyinauvelusunsy

v o

Inavigeniuas gdelavinnsnaaeunisyituvadiusunsululnunnsufianisfavesnniiieuns 3

Y

uaangludiuvaanasuiun1sia (nitial Operation Phase) waginaufjUiAn1siaused1 (Normal

Operation Phase) 11111 Tudaunisnagaunisinauluiatisnienainisujuinisia (Post-

mission Phase) 3¥naaaulnen13ewanilsuwIs (Firmware) ndsainfinnneulagndadng

Y

lAvsuagfuRnisianmuanulanmualiduniseusosud gU 15.5 wanadieg1aseninenis
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JUN 15.5 manegeunsinnuvedlilavigenduisiuariiisunseudsgeinie (FM)

NAN1SNAAUNISYINIUYaslUskNsU Inavsandsaisnlanadnsidulumunlasanwuy

Nngivanisnagauiisivazidensanaluil
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Tsunsy Encode/Decode Aduazdaya

U
o v A
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daran15UszuIaAdaru Packet Data menislugianAfuinguuy GMSK (9600bps) Laviilaannil
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TUsunsuenegy
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5UN 15.12 Hadnsn15AIUANNITNTS
15.2 Mmagauaiisumuninsgunisdadigrlaasvasinssemanudasasin

IAssN1sadiunsnTIvdeuLasnagaun L guluidom199 LagiIuAIIAIUTEUIINUSEN

Spaceflight Inc. La7 A9l
15.2.1 Venting

Yon1vualan1uunlial Air Space Volume #io Venting Area @a4lilAy 2,000 47 9310

1
v

gﬂ‘ﬁ 15.13 A1 Air Space Volume (ASV) anunsauszananslanail

ASV

Spacecraft Volume — PCBs Volume — Connectors Volume - Batteries Volume
1,000,000 131.°> — 12,960 x 9 wa.> — 2161.41 x 18 uu.> - 17,529.19 x 2 1.’
809,396.38 w3.?
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Air spaces

3‘1]171 15.13 Air Space Volume

Wewnuuaeudsdmiuidey RBF Pin @ellituiiuszannd 7.42 x 3 = 2226 wu?

[

Fauandluguit 15.14 Fefuamifiend Venting Area (VA) laitfoondn 22.26 12 azléirn AVS/VA #ail
AVS/VA < 809,396.38/22.26 = 36,361.02 1.
- 1,431.54 iy

Faduluaudoriinug

REF Pin Hale

O
5i
FA2mm

O

gﬂﬁ 15.14 Venting Area
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15.2.2 Fit Check

U3 Spaceflight Inc. lads TestPOD diauansluguin 15.15 wlviivelddmsunisvaaeu Fit
Check wag Vibration Test Inaluni15yin Fit Check 2240159579800 3 9814 Aa (1) M1sniulavag
AUy TestPOD (2) Anua1u1501n RBF Pin aanlalaalifaalmniiasnudig kag (3) n1sannis

nuvesniienluragnaietussegly TestPOD

sUfl 15.15 TestPOD

JUN 15.16 wanawnuienaasnsdiandsnuliivesnnidiey 3ald RBF SW d1uiu 1 67 wae
Deployment SW d1uau 2 dlunisdandsauluinielianaiisuynssuulaviiem Ing RBF SW ay
gnnalvidalndiileidou RBF Pin Whiua1iiey @3 Deployment SW aggnnasaeg Deployment

SW Pin (fauansluguil 15.17) ileaniiienussqeglu POD (Deployer)

EBF 8W Deployment 3W=2

[3.5-4 UI/' 4
[ -|_
5V DC-DC
iy COMVOREREY &
ELEC
* ; 5W DC-DC g
l BPS Cell A BPS Cell B = convertor - g
5
o MAIN ®
el e B e e B o = TN
Battery Battery BUS
Cell A CellB [FER o
ity Comverter *
| S MTQ
/ W DC-DE
Denl ST = Comvwerter EPS = EPSMCY
Pawer eploymen =

GND

gih'?i 15.16 29359ANSIUNA
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Deployment SW#2 Pin

Seperation Sping RBF Pin

Seperation Sping

g‘i.lﬁ 15.17 @wnud RBF Pin waz Deployment SW Pin

uan1svaaeuuandlugufl 15.18 fegufl 15.20 Tngludtdldmmualusunsunisviouls
prfisudsdynna CW senuegisdaLiios Uil 15.18 aauiioudsdl RBF Pin Hovey fetuszuy
Inlfnvzgnandslaifinisvinaulag asdanndt Spectrum Analyzer asialiiiaadeyyin CW iy
5UT 15.19 l¢hinnsaena RBF Pin seniouilazussaanidiesldlu TestPoD iush Tnglsideannis
fudne aenndeatufedvundedn 2 uazardunnitvusiianniionyinanusy Tag Spectrum
Analyzer ss1anudgygin CW mmﬁ?ﬂugﬂﬁ 15.20 lavin1sUanT TestPOD dsnali Deployment
SW gnna uazszuulnihgndauazliinisiauleg AnTu Feazdanain Spectrum Analyzer R399
lilnedyanas CW U 15.20 wandliifiuanauiisuanmisaussgegnielu TestPoD 1¢ aenndosiu
Forimund 1 waziinsfnnisihanuvesaniesluvasiinniiisaussgeglu TestPoD Wuluny

JaMNRUAT 3

UM 1
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JUN 15.20 a1 laiviaundanintne TestPOD

15.2.3 Vibration Test
A15%1 Vibration Test An15nageUu 3 pe19AD
1. Modal Survey Test Liian5I980UINANUDSITUVIAVRIANIAEULAIEINTN 150 Hz

2. Random Vibration Test g UgUINAIBALUNUANIIENITAUINNAIITIA

3. Sine Bust Test 1iaguduInmIiguNULIINTEYINAINAITIA
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WeenlasanislaifiiaIes Vibration Test fatiudalaindnani59in Vibration Test AuuTem
TUV SUD THAILAND §U# 15.21 uansienianisdulunsaziunuiazaiuniinisfnfauduiges ¢ 67

AuanInieiiay 1-4 Tursnas

Vibration test setup: X Axis Maonitoring sensors locations

JUN 15.21 figmanisduluidazununagiumianisinaaduges

JUT 15.22 893U7 15.24 WAANANITNIAMUDTITUYIALULASZILILAY BI9ENUT

ANUDSTINMAMUALSNNNLLILAULAIEINIT 150 Hz denaresiutaiinuai 1
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—_— _— —
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gﬂﬁ 15.22 nan15¥1 Modal Survey Test Tuiuaunu X
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——— - — '
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;J‘Uﬁ 15.23 wan15¥11 Modal Survey Test Tukwawnu Y
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A Sine g [Contral] | B Sine g [CH 2] D Sine g [CH 4]
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gﬂﬁ 15.24 6an15%11 Modal Survey Test Tulwiunu Z

j;dﬁ 15.25 5ﬂgﬂﬁ 15.27 w@A3 Spectrum ¥83n15%1 Random Vibration Test Tndulunnu

JaMNUA
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A PED giH2 [Contrad] | B PE0 gHz [CH 2]

20 P34 Lok Control Status

20 50 100 200 500 1000 2000
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g‘dﬁ 15.26 Spectrum ¥8n15%11 Random Vibration Test Tuuwiuwnu Y
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o
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o
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gﬂ‘ﬁ 15.27 Spectrum ¥8In15%11 Random Vibration Test lulwiunu Z
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|A Sine Dwell Avg g [CH 1] |

29 30

20 208 216 224 23 236 244 25 25.6 264 27 276 284

g‘lh?i 15.28 Spectrum ¥84n15%1 Sine Bust Test Tulwanu X

|& Sine Dwell Avg g [CH 1] |

264 2? 2?6 284 29 30

g‘d 1 15.29 Spectrum Y9015 Sine Bust Test Tutwawni Y
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A Sine Dwell Avg g [CH 1] |
5O il 1;0:1; :

05

20 208 216 224 23 236 244 25 256 264 27 276 284 29 30
Hz

3‘1]‘17; 15.30 Spectrum ¥840113%11 Sine Bust Test Tutwnu Z

KA IegaUnuI andedliiinanudene duandugui 15.31 denngesiudarinuai

2 U8y 3

g‘dﬁ 15.31 AMNOYNDULATIAINISYIN Vibration Test
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15.2.4 Bakeout Test

13911 Bakeout Test Muualiaua1igy KNACKSAT fiaa1usulaiiu 1x10* Torr wag
gaungiladdinnin 60°C 1luszezailidesndn 6 42lua Lilensi9aoudna1 Total Mass Loss U89
Al 1% lnglasinislasuainueynszianan 1 tuidenasdulasnsou (a3An15umL)

luniseunuitey Tngldaes Vacuum Brazing Furnace dauanslugui 15.32

g‘dﬁ 15.32 na18LA3D9 Vacuum Brazing Furnace

JUT 15.33 wananeaneveeniien KNACKSAT vaizegnneglulaiesey Aulavednniiey
Aewvihmseuddwriniu 10515 afu dakandlugun 15.34(n) Arenuiusazeamginiglunieseu
FEMINMTOULAAILUSUN 15.35 LazAIATeIALTIEUNaIINTTaUIALYINAU 1051.0 NS Aauans

Tuguil 15.30(%) Bswuindlen TML = (1051.5-1051.0)/1051.5 = 0.048% < 1% aonadasiudorimun

\ S

5UN 15.33 ananevaiziiaifisnsgnieluiaied Vacuum Brazing Furace
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JUN 15.34 2 0aNgUARIAINIaYRIA BN ULAL Y YINNTOU

(A1) NBUYINANTDU (¥) NAIVINN15U

Bakeout Test
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15.2.5 Debris Analysis
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16.1.1 M3UseY3NNTTEAUUIUIIG

1. Apiwat Jirawattanaphol, Suramate Chalermwisutkul and Phongsatorn Saisujarit,
“Design and Development of Ground Station Network for Nano-Satellites, Thailand
Ground Station Network,” The 8th Thailand- Japan International Academic

Conference (TJIAC), 29 Oct. 2016, Tokyo, Japan (iﬂﬁ 16.1)

U

Conference Proceedings
The §% Thailand-Japan International Academic Conference 2016

Design and Development of Ground Station Network
for Nano-Satellites, Thailand Ground Station
Network

Apiwat Jir'm\'aﬂaunpholl'g'a, Suramate Chalermwisutkul', and Phongsatorn Saisuj:fn'it1

1 King Mongkut's Umiversity of Technology North Bangkok. Bangkok. Thailand

2 Laboratory of Spacecraft Environment Interaction Engineering Kyushu Institute of Technology.
Kitakyushu, Japan

E-mail: *apiwatjira26@gmail com (Corresponding author)

Abstract Thailand ground station network is designed to support the communication systems of
CubeSats by connecting the four ground stations of each member wvia internet to increase the
communication time between the ground stations and the satellites. Thus, the network operation can
increase the downlink data throughput. During the operation time, each ground station shall access the
operation schedule pre-programed in the network server, and uplink a set of command to the CubeSats,
as well as recetve mission data from them by usmg the satellites tracking system. Later. the received
mission data will be stored in the network server database for further post processing and analysis.

Kevwords: CubeSat, Satellite Commumication, Satellite Ground Station. Ground
Station Network

1. Introduction
KINACKSAT [1] 1s a CubeSat project under development by the students and faculty members of King
Mongkut's University of Technology North Bangkok (KMUTNB). The project was mitiated m 2012

with a financial support from the Office of National Broadcasting and Telecommumcations
Commuission of Thailand (NBTC) to design and fabricate a 1U nanosatellite named KNACKSAT
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2. Nawarat Worrakul, Krongkaew Laohalidanond, Phongsatorn Saisutjarit, Suwat
Kuntanapreeda and Takaya Inamori, “ Design and development of KNACKSAT: First
fully in-house developed satellite in Thailand,” Third Asian Conference on Defence

Technology (ACDT), 18-20 Jan. 2017, Phuket, Thailand (gﬂﬁ 16.2)

Third Asian Conference on Defence Technology (3rd ACDT)

Design and Development of KNACKSAT

First fully in-house developed satellite in Thailand

Nawarat Worrakul, Krongkaew Laohalidanond, Takaya Inamori
Phongsatorn Saisutjarit, Suwat kuntanapreeda Department of Aerospace Engineering, Nagoya University,
Department of Mechanical and Aerospace Engineering, Graduate School of Engineering, Furo-cho, Chikusa-ku,
Faculty of Engineering, Nagoya, Japan
King Mongkut's University of Technology North Bangkok, takayainamori (@gmail.com

Wongsawang Bang sue, Bangkok, Thailand
nt.worrakul(@gmail.com

Abstract—This study presents conceptual design and testing 3-axis attitude control by using magnetic torquers, (4)
development of a 1U CubeSat satellite named KNACKSAT verifying a deorbit technology by a magnetic torque, and (5)
(KmutNb Academic Challenge of Knowledge SATellite). The  confirming the uses of Commercial Off-The-Shelf (COTS)
minimum requirements of the satellite are that its maximum  components in space. Fig. { displays a model of KNACKSAT.
dimensions are 10 em x 10 em x 10 cm and a maximum mass is
1.3 kilogram. The components used are commercial off-the-shelf.
The main functions of the satellite indude transmitting
housekeeping data through a continues wave, sending uplink
commands and downlink data through radio frequencies, and
taking images by using a CMOS camera. KNACKSAT consists of
seven subsystems: (1) Electrical Power Subsystem, (2) Camera
Subsystem (or Payload), (3) Structure Subsystem, (4) Command
and Data Handling Subsystem, (5) Attitude Determination and
Control Subsystem, (6) Communication Subsystem and (7)
Deployment Control Subsystem. The satellite is planned to be
launched into a sun-synchronous orbit in 2017. Some results of a
functional integration test of the subsystems through TableSat
are also presented in this paper.

Keywords—CubeSat;  Pico'Nano/Micro  satellite; Piggyback;
KENACKSAT; Conceptual Design

I. INTRODUCTION Fig. 1. {a) Model of KNACKSAT

The project “KNACKSAT” (KmutNb Academic Challenge
of Knowledge SATellite) is the design and construction of a | solarcent |

(n) RUSN
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Arpanutud, “Communication system development of the pioneer Thai CubeSat

3. Suramate Chalermwisutkul, Apiwat Jirawattanaphol, Vasan Jantarachote and Kirote

project: KNACKSAT,” 2017 International Symposium on Antennas and Propagation

(ISAP), 30 Oct.-2 Nov. 2017, Phuket, Thailand ('gﬂﬁ 16.3)

Communication System Development
of the Pioneer Thai CubeSat Project: KNACKSAT

Suramate Chalermwisutkul'. Apiwat Iirawananapholz__ Vasan Jantarachote’
'The Sirindhom International Thai-German Graduate School of Engineering (TGGS)
*Department of Mechanical and Aerospace Engineering, Faculty of Engineering
King Monghkut's University of Technology North Bangkok
suramate.c_ce(@tggs-bangkok org. apiwatjra26@gmail com. vasan j-ce2015@tggs-bangkok org

Kirote Arpanutud
Thailand Advanced Institute of Science and Technology and Tokyo Institute of Technology (TAIST-Tokyo Tech)
Department of Electrical Engineering, Faculty of Engineering, Kasetsart University
apc_mp5(@hotmail com

Abstract—Development of a 1-U CubeSat communication
system is presemted in this paper. GMSK modulated data from
the satellite is transmitted to the ground station via a UHF
channel. The uplink of the FSK modulated command from
ground to the satellite is carried out via a VHF channel. As Tx
and Rx antennas aboard KENACKSAT-—the CubeSat to be
created in this project. half wavelength dipoles were chosen. The
developed communication system have successfully been tested
with data communication between the satellite and the ground
station.

Keywords—CubeSat, VHF/THF Dipole Antenna, Bus sysrem

I INTRODUCTION

After specifications of CubeSat were 1ssued by Califorma
Polytechnic State Umiversity and Stanford University m 1999
[1]. this kind of miniature satellites with the size of 10x10x10
cm and the weight of approximately 1 kilogram was
developed by acadenues. private companies and orgamizations
in vanous countries around the world [2]. In case of Thailand,
the CubeSat activity has started with the capacity building and

design and mn-house development of the research team The
design concept was proven by the Preliminary Design Review
(PDR) i January 2016 and Cntical Design Review in March
2017 with the judges from the University of Tokyo, JAXA and
Astan Institute of Technology. KNACKSAT is planned to be
launched by Q1 of 2018 to a sun synchronous orbit with the
altitude of approximately 575 lan.

II. ENACKSAT COMMUNICATION SYSTEMS

Design process of the commumication system started from
analysis of the link budget given an altitude of 575 km, the
slant range from the earth station to the satellite with an
elevation angle of 10 degrees can be calculated to 1,874 km.
The communication system including Tx and Rx boards has
been designed to have typical RF parameters similar to other
1-U CubeSats [5] which are working properly at a comparable
orbit.  Techmical parameters of the KNACKSAT
communication system are shown in Table I The block
diagram and photographs of the KINACKSAT Tx and Rx
modules are depicted in Fig 1 and 2, respectively.

(n) RSN

=

Fig 2. Photographs of ENACKSAT Tx (above) and Bx (below) modules.

As one of the first satellites ever built and operated
completely m Thailand, the mamn objective of the
ENACKSAT project is the proof of the bus system’s
reliability for fiture nussions and payloads. Thus, simple half-
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4. Aekjira Kuyyakanont, Suwat Kuntanapreeda and Nisai H. Fuengwarodsakul, “On

verifying magnetic dipole moment of a magnetic torquer by experiments,” 8th

TSME-International Conference on Mechanical Engineering (TSME-ICOME 2017), 12—

15 Dec. 2017, Bangkok, Thailand (g‘dﬁ 16.4)

8th TSME-International Conference on Mechanical Engineering (TSME-ICoME 2017) 10P Publishing

I0OP Conf. Series: Materials Science and Engineering 297 (2018) 012011 doi:10.1088/1757-899X/297/1/012011

On verifying magnetic dipole moment of a magnetic torquer
by experiments

Aekjira Kuyyakanont™, Suwat Kuntanapreeda® and Nisai H. Fuengwarodsakul®

! Department of Mechanical and Aerospace Engineering. Faculty of Engineermg.
King Monghkut's University of Technology North Bangkok, Bangkok 10800, Thailand
? Department of Electrical and Software Systems Engineering, The Sirindhorn
International Thai-German Graduate School of Engineering, King Mongkut s
University of Technology North Bangkok, Bangkok 10800, Thailand

*Corresponding Author: aekjira25757@gmail.com

Abstract. Magnetic torquers are used for the attitude control of small satellites, such as CubeSats
with Low Earth Orbit (LEO). During the design of magnetic torquers, 1t 15 necessary to confirm
if its magnetic dipole moment 1s enough to control the satellite attitude. The magnetic dipole
moment can affect the detumbling time and the satellite rotation time. In addition, it 15 also
necessary to understand how to design the magnetic torquer for operation in a CubeSat under the
space environment at LEO. This paper reports an mvestigation of the magnetic dipole moment
and the magnetic field generated by a circular amr-cotl magnetic torquer using experimental
measurements. The experiment testbed was built on an ar-beaning under a magnetic field
generated by a Helmholtz coil This paper also describes the procedure to determine and verify
the magnetic dipole moment value of the designed circular air-core magnetic torquer. The
expertmental results are compared with the design calculations. Accordmng to the comparison
results. the designed magnetic torquer reaches the required magnetic dipole moment. This
designed magnetic torquer will be applied to the attitude control systems of a 1U CubeSat
satellite in the project “KINNACKSAT ™

(n) RSN
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5. Phongsakorn Meemak, Phongsatorn Saisutjarit, and Nisai H. Fuengwarodsakul,

“Design of power system for KNACKSAT satellite,” 8th TSME-International

Conference on Mechanical Engineering (TSME-ICOME 2017), 12-15 Dec. 2017,

Bangkok, Thailand (g‘dﬁ 16.5)

The 8 TSME International Conference on Mechanical Engineering

AMEQ002

12-15 December 2017
Bangkok, Thailand

Design of power system for KNACKSAT satellite

Phongsakorn Meemak!", Phongsatorn Saisutjarit!, and Nisai H.
Fuengwarodsakul®

'Department of Mechanical and Aerospace Engineering,

King Mongkut's University of Technology North Bangkok, Bangkok 10800, Thailand
"Department of Electrical and Software Systems Engineering,

The Sirindhom International Thai-German Graduate School of Engineering,

King Mongkut's University of Technology North Bangkok, Bangkok 10800, Thailand

*Corresponding Author: phongsakommyart@ gmail com

Abstract. This paper presents the design of a power system for a 1U CubeSat satellite i the
KINACKSAT project (KMUTNB Academic Challenge of Knowledge SATellite), which has
been started since 2015. The major mission of this KNACKSAT is capturing geographical
image. The power system has been designed for continuous operation with high efficiency. It
consists of four parts, power generation, power storage, power distribution and power
management. Many protections against fault situations have been designed and implemented to
enhance reliability and robustness of the power system. Furthermore, the system was constructed
using only commercial off-the-shelf components (COTS) in order to prove the possibility to
minimize component costs. This paper also discusses the testing conditions with simulated space
environment for validating the functionality of the developed power system.
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1. Space Environment and Kibo Utilization Workshop (SEKUW), 9-10 February 2017,
Bangkok, Thailand, 9-10 February 2017 (gﬂ‘ﬁ 16.7)
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64 ANTIavNA 17 Usewna esiudseimnalngagme fasingsanaltnglugui 17.1 [1-3]

[. SPACEFLIGHT
sma”saf Hﬂmss Microsats: 15

l' B4+ 35+

spacecraft customers

Cubes: 49

Countries E“‘ e gt e Pj- — - -.
represented 17 =2 ﬂl I [— I O, ﬁlﬂ = bl | l"l -O =

25% Who's on board?

University spacecraft

Tech demonstrations
Imaning spacecraft
Communication spacecraft
Art exhibits

40% High school spacecraft

75%

First time customers 8 Return customers

w

Notable Spacecraft
International W Domestic Commercial W Bovemment

(n)

o
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g‘dﬁ 17.1 fivdu SSO-A v83U3EW Spaceflight (n) Infographic () Patch [1]
17.1 msidanaiisuluusznausiuiuyagunsalideasaniieu

lunsuaeeaiien KNACKSAT wWhghalaasiu aaiiied KNACKSAT gnussqeglu Cubesat

Dispenser &19zfinfsaeiuyn Lower Free Flyer fiauanslugui 17.2

Y 9

- Upper Free Flyer (IIFF)
*+ ESPA
+ CubeStack (w/ LFF Avionics)
*+ Hub
+ Tap of MPC

Lower Free Flyer
* Upto 144U of
CubcSats in 12x 12U
Size Dispensers
» LFF Aviunics

_— Bottom of MPC
* Remains with I'9
Upper Stage

(n)
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SF’ACEFLIGHT.}

|

5U# 17.2 mwnayaddesanifiguiiviu SSO-A (n) diudsyneu (v) fndseguuiiama

(A) sEHI9N1sUaBY [3]

ATiEN KNACKSAT gniluusenauitniiu Cubesat Dispenser dmsuiaeeaiiieuluiun
24 fugneu 2561 a Wloawoldiu 5520 Ussimaansgosng lnenasainiinniiiey KNACKSAT

lasun1sasaaaeudnasedn Wulumudenmunmiee Inefiuudem Spaceflight WuiSsuioauda
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9Nt Ty KNACKSAT wasfinuusem Spaceflisht Tésaufuusynauniaiion KNACKSAT 1y

Cubesat Dispenser uazUszauanudnsalunisusenauluegnad danandlugui 17.3 lnggun 17.4

o
a v @

WAAINIIAAAY Cubesat Dispenser +NAUYA Lower Free Flyer (LFF) fowinlufinasiugnuaes

ArTieufedu SSO-A fell

3UN 17.3 n1sUsznaun1iifigy KNACKSAT iy Cubesat Dispenser
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3‘1]17; 17.4 n136nfe Cubesat Dispenser \1AU Lower Free Flyer

NTUYAUaRYITIANTouAIuAisuTanuafiusenovedntelugaldesasinlegn
waoudeluNgIudnsin Vandenberg Sguaanasitis Ussimaansgansni wasUsznaudniuasn

Falcon-9 auansu
17.2 wan15assinnaziassniiiiey

9590 Falcon 9 ¥aaU3¥ SpaceX Aldlunsdsanidios KNACKSAT igadlaasiissiuaina
g4 575 Alaluns meldiedu SSO-A vesusEn Spaceflight a53nnsnzeuay (lft-off) Tusudl 3
Suran WA, 2561 a1 18:32UTC (saffuiudl 4 5.0, 1381 01:32u. snunaniuussmelng) tnefivdu
5SO-A lgvnsdanaieundeufuimunis 64 aanstanun 17 Ussine Gaiinnaiiios KNACKSAT
voUszmAlneTINegiIY nsdsasinndeidosndundiseiimansidunisdemadivanseusy
Sruunnflganinedsainguanavesnssmaanizeinint weslundusniividaduadndin
Fandndiu (boosten) vasananuldsniuaiadt 3 foyaifiufunisdsaninasegluonaisunnn

YBIUTEN SpaceX Auandlugun 17.5 wazlulenansensds [4, 5] JUN 17.6 LanInMa1899497In
Falcon 9 fiv¥u SSO-A
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sSPaACEX SPACEFLIGHT

Spaceflight SSO-A: SmallSat
Express Mission

MISSION OVERVIEW

SpaceX is targeting launch of the Spaceflight SSO-A:
SmallSat Express mission to low Earth orbit on Sunday,
December 2 from Space Launch Complex 4E (SLC-4E)
Vandenberg Air Force Base in California. The primary
launch window opens at 10:32 am. PST, or 18:32 UTC,
and closes at 11:00 a.m. PST, or 19:00 UTC. A series
of six deployments will occur approximately 13-43
minutes after liftoff, after which Spaceflight will begin to
command its own deployment sequences. Spaceflight’s
deployments are expected to occur over a period of six
hours.

A backup launch window opens on Monday, December
Jat 10:32 am. PST, or 18:32 UTC, and closes at 11:00
a.m. PST, or 19:00 UTC.

Falcon 9's first stage for the Spaceflight SSO-A:
SmallSat Express mission previously supported the
Bangabandhu Satellite-1 mission in May 2018 and the
Merah Putih mission in August 2018. Following stage Official SpaceX Spaceflight SS0-A° SmallSat
separation, SpaceX will attempt to land Falcon 9's first Express Mission Patch

stage on the "Just Read the Instructions” droneship,

which will be stationed in the Pacific Ocean.

PAYLOAD

A total of 64 spacecraft from 34 organizations will be launched as part of the Spaceflight SSO-A:
SmallSat Express mission. The mission signifies Spaceflight's first dedicated ndeshare mission to a sun-
synchronous low Earth orbit and represents the company's effort to accommodate the growing number of
domestic, international, government, and commercial customers seeking affordable rideshare options to
launch their spacecraft into orbit. Spaceflight SSO-A: SmallSat Express is the largest single rideshare
mission from a U.S.-based launch vehicle to-date.

The mission includes 15 microsats and 49 cubesats from commercial and government entities, like
universities, startups, and even a middle school. The payloads, which vary from technology
demonstrations and imaging satellites to educational research endeavors, are from 17 countries,
including the U_S_, Australia, Italy, Netherlands, Finland, South Korea, Spain, Switzerland, U_K_,
Germany, Jordan, Kazakhstan, Thailand, Poland, Canada, Brazil, and India.

Spaceflight also constructed a unique payload stack, which is one of the most complex and intricate
endeavors that Spaceflight has undertaken. The smallsats will be integrated with a vanety of dispensers
and avionics to an upper free flyer and lower free flyer.

5UN 17.5 1onaNsuaasUnveIuTen SpaceX
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SPACEX SPACEFLIGHT

MISSION TIMELINE (ALL TIMES APPROXIMATE)

COUNTDOWN

Hour/Min/Sec Events

- 00:38:00 SpaceX Launch Director verifies go for propellant load

- 00:35:00 RP-1 (rocket grade kerosene) loading underway

- 00:35:00 1st stage LOX (liquid oxygen) loading underway

- 00:16:00 2nd stage LOX loading underway

- 00:07:00 Falcon 9 begins engine chill prior to launch

- 00:01:00 Command flight computer to begin final prelaunch checks

- 00:01:00 Propellant tank pressurization to flight pressure begins

- 00:00:45 SpaceX Launch Director verifies go for launch

- 00:00:03 Engine controller commands engine ignition sequence to start
00:00:00 Falcon 9 liftoff

LAUNCH, LANDING, AND SATELLITE DEPLOYMENTS

Hour/Min/Sec Events

00:00:59 Max O (moment of peak mechanical stress on the rocket)
00:02:21 1st stage main engine cutoff (MECO)

00:02:24 1st and 2nd stages separate

00:02:32 2nd stage engine starts

00:02:38 Boostback bumn

00:02:43 Fairing deployment

00:05:58 1st stage entry burn

00:07-45 1st stage landing

00:10:01 2nd stage engine cutoff (SECO-1)

00:13:47 Spaceflight SSO-A:SmallSat Express deployment begins
00:43:11 Spaceflight SSO-A:SmallSat Express final deployment

LAUNCH FACILITY

Space Launch Complex 4E at Vandenberg Air Force Base, California

SpaceX’s Space Launch Complex 4E at Vandenberg Air Force Base has a long history dating back fo the
early 1960s. Originally an Atlas launch pad activated in 1962, SLC-4E was in active use until its last Titan
IV launch in 2005. SpaceX’s groundbreaking was in July 2011, and extensive modifications and
reconstruction of the launch pad were completed just 17 months later.

SLC-4E consists of a concrete launch pad/apron and a flame exhaust duct. Surrounding the pad are RP-
1 and liquid oxygen storage tanks and an integration hangar. Before launch, Falcon 9's stages, fairing
and the mission payload are housed inside the hangar. A crane/lift system moves Falcon 9 into a
transporter erector system and the fairing and its payload are mated to the rocket. The vehicle is rolled
from the hangar to the launch pad shortly before launch to minimize exposure to the elements.

RESOURCES

SpaceX Contact | Eva Behrend, Sr. Communications Manager, 310-363-6247, media(@spacex.com.
Photos | High-resolution photos will be posted at flickr.com/spacex.
Webcast | Launch webcast will go live about 15 minutes before liftoff at spacex com/webcast

Uil 17.5 (5i0)

o

enuatuvauysal KNACKSAT: taefi foyeunsuvu T2-1-0009/57 17-7



(A1) SSO-A Fairing [5]

(¥) 9530 Falcon 9 gnuagBadu [6]

gﬂﬁ 17.6 2MWaN8Y093599 Falcon 9 ﬁﬁu%"u SSO-A

i = o a o a o a = 1 = a a
N15UAREANILNENDDNANWIVTIALTUANUUNITUANIINATITEIRTIAVULAD 43 U 11 U

%qmﬁui’uﬁ 3 5.A. 138119:32UTC (w’%aﬁ'u‘ﬁ 4 5.A. 1381 02:32U. mmaaﬂuﬂszmﬂlm) Tnelunns
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Uaouyansnusznaumienisuase Upper Free Flyer (UFF), Lower Free Flyer (LFF) uaganaiioy

w&nBN 4 es JUT 17.7 uansen Orbital Parameters ¥4 LFF

HansUdesA1iEa KNACKSAT lasun1stiududn aiien KNACKSAT gnudegaanainyn

Uaeeaniioy LFF o Jufi 3 5.0, 1181 22:49:57UTC (#595UTufl 4 5.0. 1981 05:49:57w. aunaily

Uszinelne) dauandugui 17.8

SpaceX CPM ocutput (generated 2018-12-03-Mon-11-27-21 PST):

UTC time at liftoff:

UTC time of current state:

Mission elapsed time (s):

ECEF (X,Y,2) Position (m):

ECEF (X,¥,2) Velocity* (m/s):

LVLH to BODY guaternion (3,X,Y,Z):
Inertial body rates (¥X,¥,2) (deg/s):
Ipogee Rltitude** (km):
Perigee Altitude** (km):
Inclination ({deg):

Lrgument of Perigee (deg):
Longitude of the Asc. Nods***
True ARnomaly (deg):

(deg) :

Notes:
e

Wk

e e ke

and the ascending node

ECEF wvelocity is Earth relative
hpogee/Perigee altitude assumes a spherical Earth,
LAN is defined as the angle between Greenwich Meridian (Earth longitude 0)

337:18:34:05.178
337:1%:17:20.137
+2554.9¢
+2598517.975,
+5458.1593,
+0.0003873,
-0.1570641,
+582.079
+559.569
+97.773
+116.138
+45.056
+165.009

+1606440.041, -6765323.000
+5050.077, +1448.050

-0.599%5%568, +0.0000773,
+0.0477549, +0.0014608

-0.0024353

6378.137 km radius

wuwk 1] orbital elements are defined as osculating at the instant of the printed state.
Orbital elements are computed in an inertial frame realized by inertially
freezing the WGSE84 ECEF frame at time of current state.

gﬂﬁ 17.7 A1 Orbital Parameters 484 LFF

senuatuvanysal

KNACKSAT: Laiidayaniuyu T2-1-0009/57

o

17-9



SPACEFLIGHT

20 December 2018

VIA ELECTRONIC MAIL - CONFIDENTIAL

Professor Suwat Kuntanapreada

King Mongkut University of Technology North Bangkok
1518 Pracharat 1 Road, Wongsawang, Bangsue

Bangkok 10800, Thailand

RE: 550-A Mission, Deployment Confirmation

Dear Professor Kuntanapreeda,

1505 Westlake Ave. N., Suite 600
Seattle, WA 98109 U.5.A.

This letter serves as official notice that Spaceflight confirmed deployment of your spacecraft at the time

below. This confirmation was originally provided via electronic mail on Monday, December 3 23:29 UTC.

Spacecraft Name

Deployment Status

Deployment Time

KnackSat

Deployed

Monday, December 3 2018
22:43:57 UTC

Please do not hesitate to contact me directly with any questions or concerns.

Sincerely,
™ T
P

Drew Hess

Mission Development Manager

Ul 17.8 nsBudfunsuaesnnidioy KNACKSAT eenann LFF

LONE1591999

[1] http://spaceflight.com/sso-a/

[2] https://directory.eoportal.org/web/eoportal/satellite-missions/content/-/article/sso-a

[3] Scott Schoneman, Jeff Roberts, Adam Hadaller, Tony Frego, Kristen Smithson, Eric Lund,

"SSO-A: The First Large Commercial Dedicated Rideshare Mission," Proceedings of the
32nd Annual AIAA/USU Conference on Small Satellites, Logan UT, USA, Aug. 4-9, 2018

[4]  https://spaceflishtnow.com/2018/12/03/timeline-of-falcon-9s-launch-on-the-sso-a-

mission/

[5] http://spaceflisht.com/spaceflight-successfully-launches-64-satellites-on-first-dedicated-

rideshare-mission/

[6] https://www.flickr.com/photos/spacex

enuatuvauysal

KNACKSAT: taefideya

o

JUNU 12-1-0009/57 17-10



uni 18
N13AAMIULAZUISIUTUAMUFNTANITNNIUVD
aay KNACKSAT

MAIINTIALTIEN KNACKSAT gnudegeaniannyaudesnniiien LFF uas a1iiiguagyinay
TuaiFusun13Aa (Initial Operation Phase) 1A8913UATI9d0UAIIUNTDUUDITLTUULASLUALADS
VU 189Nt 45 W Smnegediaunien AnLieuan1sEeeINIA dedeyeyias CW (Beacon)

wazsaSUdyumdugIvIInaanlniAiusv (Ground Station)

18.1 wan1shasadas1THIuAIBNiUaANdaIANTRY

Fryayaingvaan ey KNACKSAT gniuldnsausn (First Voice) Instiningadasiauildve
11 Mike Rupprecht ad Tul 4 5.A. 2561 1781 09:04 U. AIUIAIAINE (RTITUNAT 14:04 1. AL
Tudszindlne) WWunsduduinnaiien KNACKSAT lasuduufiifanulueiniauds duanslugud
18.1 uaztinIngadasiauvinufusudyyiaivevasniiioy KNACKSAT lagnassluiian 10:41 w.

ANLAEINA (ASINUNET 17:41 Y. eunantuusemalneg) Tutudelnu

KnackSat CW beacon

OTUESDAY, DECEMBER 4,2018 &DK3WN

09:04 UTC
c52..222..c0002cal1e000f
hsOk — www.knack...

10:41 UTC

..e000f

hsOk — www.knacksat.space — kmutb
hsOk — ¢ .. ¢4 .. 232.34411db2b00.e000f

18.1 dyarainesulansausninetningadasauinldvedn Mike Rupprecht [1] [2]

=D

su

Y

o
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ci LY a Ao 1% [d v v 1 L4 4 v v N
ﬁ]’]ﬂEU‘V] 18.1 azy;ywqumulmmmimamLﬂumaaﬂwilﬁlmamyim LAYINFIDAWINAININ

[
Y A

noneanuliudIl ansoagUlanad

09:04 UTC

D c52..222..c0002cale000f
D hsOk — www.knack...

10:41 UTC

L] ..e000f
[] hsok - www.knacksat.space - kmutb
L] hsok - ¢ .. c4 .. 232.33411db2500.€000f

soauit (D

[c52..222..c0002cale000f...] Ao Tayanariieudieanuiuddelianysal aru1sauya

gl
V-Batt A 3.85 v
Solar Z+ 1054.69 mA
Solar Z- 0.00 mA
Gyro A 0.04 deg/s
Gyro B 0.45 deg/s
Status 11110

Mndayaaniuzanunsasunsulanszaunssuliihvesunmetoglunamnund wnslean
waaau Z+ Inszualninlvadingssuy wazanaiieunyuseugaguiniunaiinausingsening
0.04-0.45 deg/s Behodegluszauuninuiilamanisalld uagludiuves Status laszynisienu

[

vo &
N EAIGAD)

- S¥UUNNANYRINABNAUYINUlaUNR
- SYUUARLIBNNINE887NNA A YIN9UUNR
- STUUAMIENNNNENEDINNA B vineuUn®

- m’;LﬁEmagﬂuﬁzUU safe mode (& EPS Ju master)

o

senuatuvanysal KNACKSAT: taefi fyeysunu T2-1-0009/57 18-2



- @indi@ee1nie A open

- @nta1ee1nd B close

Foruii @)
hsO A AIENET 3 Ausnaad call sign A1LiBy KNACKSAT @9Aa hsok
www.knack A9 @Unilavestio web site va9lATINTITAN AL KNACKSAT Feuseloaifiy Ao

[www.knacksat.space - kmutnb]

Fomnui B

Judeanuinlidauysal Fsduinevesdonnuiivivendniugvainniiiey

Foanuit @

web site U94lATINITANITABY KNACKSAT @eanunsnnandayaaisviaadlaauysal

Foauit B)
noaluimdnyslaliauysaliguiu uilideyaunsdiuiianysalinnniinsausn Usenaume
hsOk Ao call sign A1TiBl KNACKSAT Lagniumig

[c.. cd .. 232.34411db2b00.e000f] %aﬁaﬁamm%’aaﬂaamuz anuisanvannuvunela

TR aeatol

V-Bus 3.83 v

T- Batt B 12 °C
Solar X+ 175.78 mA
Solar X- 16.48 mA
Solar Y+ 373.54 mA
Solar Z+ 93.38 mA
Solar Z- 1203.00 mA
Gyro A 0.21 deg/s
Gyro B 0.00 deg/s

a

nanurdAuasanTuladn seduusadulniives bus nanveglusedunund gaumadl

'
= a a

YBILUALABT B o 12 aerdshednegluseaunund dnseualviinluaainureleaisnu X+, X-, Y+,

o
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Z+ wag Z- wandbiiuiusaleagadinulaunfuaraiunsomsandsnuliinidduunmeslaund

ANILTBNTLUTEUAALIaINIaNAISIUTEIN 0 - 0.21 deg/s

ABULLDIUN 5 5.A. 2561 4387 02:52 U. ANULIANEINA (RSINULIAN 07:52 U. A1uLIaNbuY

a

Ui%LVIﬂlVIEJ) WagIUN 7 5.A. 2561 1287 15:04 4. A1UIAIEINE (RTINULIAT 22:04 U. AULIAT LY

a =

Useinelne) dyaraingrasmniiieuiuangmngniulalaeiningadasidunldyedn Fatc Mubin A

1w J

wanslugui 18.2 Inetiningadasiawinuiludeidyauneutaazseu waglifinsnendudsnys

@ MubinYB3MBN N

Heard weak signal from KNACKSAT 0252 -
0305 UTC 2018-12-05 and 1504 -1517 UTC
2018-12-07 pass over Indonesia. @knacksat
#amsat

9:35 AM - 7 Dec 2018

sUii 18.2 dyaaiingiuldlastiningainsiauildtedn Fatc Mubin [3]
JagUuaniuzninvesn1iion KNACKSAT Tutiuves SatNOGS Network Talsaniug

AL KNACKSAT 18y alive fauansluguil 18.3 uazaniuzn1nvedn1aiiien KNACKSAT Tuiiy
93 DK3WN lelvantuganaiiien KNACKSAT 18y active fauandluguil 18.4
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99921 - KNACKSAT GELTY alive |
(% satNOGS Network Observations

http://www.knacksat.space/

31]17i 18.3 @1ULNINVBIAITEL KNACKSAT Turiuvad SatNOGS Network [4]

Status of active Satellites on Amateur Radio Frequencies

last update: Dec 22, 2018

CHOMPTT ACTIVE 43855 437.560 1k2 AFSK AX.25 WI2ZXVT latest details | YES

report

3CAT-1 ACTIVE 43743 437.250 9kb BPSK latest details YES
cw report

Reaktor Hello ACTIVE 43743 2410.0 437.775 9k6 2GFSK OH2RHW1 |atest detaills | YES H

‘World cw report

Al-Farabi-2 ACTIVE 43805 436.500 4k8 GMSK / CW UN1IGWA |atest details | NO
report

FacSat-1 ACTIVE 43721 437.350 9k6 GMSK latest details | YES
report

VisionCube thd tbd 437.425 oke FSK. i |atest details YES
report

RANGE-A ACTIVE 43798 437.150 FSK 4 |atest detaills | YES
report

RANGE-B thd thd 437.475 FSK 2 latest details | YES
report

VO-96 thd thd 145.900 145.900 145.90 45.45bd RTTY . latest details | YES
(ExSeedSat-1) 435.340 435.340 report

A0-95 (FOX-1C) ACTIVE 437697 435.300 145.920 145.920 9ke AFSK o latest details YES
1267.3 report

J0-97 (JY1SAT) ACTIVE 438037 435.100 - 145.855 - 145.840 1k2 BPSK JY15AT latest details | YES
435.120 145.875 report

KNACKSAT ACTIVE thd 435.635 1k2 FSK HS0K latest details ¥YES
report

MOVE-2 ACTIVE 43780 437.800 145.950 145.950 CW, 12ksk BPSK DBOMVE latest details YES
report

Ul 18.4 anuznmeean e KNACKSAT Turduves DK3WN [5]
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18.2 n1sUsEIUTUAUE NS

De

nan1sUsTIiuANdSaNTYINIUDIRITiEN KNACKSAT duaufianuisaussiiulavusil
Ao Aauisn KNACKSAT lasinsufuRnisfadudulusiniauds dufe Ussauaudusalunisds
Fryeurau CW (Beacon) nausniilan uadsliasnsauseiliusesduld wu n1satenw n1sdsdyaiu

AMAFUNTTaN N1srIUANNIINTI LDusu

INANSAINUATEAUAIUAWS (Success Criteria) WU 4 sEeu dawanaliluund 4 wuin Tu
Jagtuniiguriuseduil 1 e Minimum Success: @31409AAIIUIAIUNITOBNUUULAT AT

ANLTe (60/100) Usenausie

- AEUlATINTlAgN LY NTUNBUAILANITRONLUUIUDINTFUIUNNTAS
- TeeAAus (Expertise) AUITN1508NWUY

=~ I3 1% = 9 o Y v =
- Jesmanuiiazinsiauinalulaginesiunisasanniiiey

- anwleufiasanunsadiloyadnuy (Housekeeping) Wudsysyad Beacon (CW) lg

ludiuszaiuanudisanuie fe
2AUT 2 fie Nominal Success: Uplink A1daua Downlink Gayanine gla (80/100)
SeAUT 3 Aa Full Success: AIUANNITNTIAI (100/100)

58RAUT 4 A Extra Success: aunsaufjufinisiasesla (Over 100)
18.3 anuzdagiunaznanisiiasnsiilodu

Jagtuinidedslianunsasudyarnnniiion KNACKSAT lameanifiniaiufuresiuidy

o

'
1 A

104 uazdtegseminansihinnusudygyuegetimaliles

\ile391nAN TLE (Two-Line Element) ¥osnnaidioa KNACKSAT dslsiansnsavenlédaiau vin
Trpmesasameavasanilnaiuulunsfenuiumisveiniiioneisaedaianaings dema
Tnssudyananseilaeniy lnedaya o Fufl 23 unew 2561 910 CelesTrack [6] Saafleud
S TLE wdafins 24 aag 9nvianun 64 anfidstueananientufudvdu sso-A Turasiideya

97N Space-track [7] dAiigusen TLE uwaaliles 12 adavintiy

o
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nuan1Tiesgiilesiulagiansanaindeyaaniugvesaiiteigniulalaedning

ailmsiauiild¥ain Mike Rupprecht @1u1sadiasizianngietaaziulildveslgnivazuun

[

RNGIERGEER

1. anvniiengazdulle: Wieseindn TLE deldfianudaau wazaruwssvosdyyiu

[ e ]

Y

beacon 31nAEL KNACKSAT a13ageglussiuisuaziidayarasuniuluuiinuies
=) d’l’ a -] 4 a a ] ¥ U a
aonfaanufuvitlinisianuafisunseyilaenninung

[ '

wwvnawAly: Ehsesudyanegissiailie wazUiuussaniniaiuiulaianuaiunse
aa

Tun1sfudyrunfu naenaunisvenusindadvauinuingadasiaursluuay

AgUsTIna

d' < 2 ) = [ Ql' [ o
2. mmmwm%mﬂulﬂim:I‘UiLmiumimmumaamamawmmﬂmgﬂﬂaaaaaﬂm%mm
Tuaisudun1sia F99iin15n51952sulsInulniNvealunmeIae19maLiiad D1seaU
wsanulAndnAinIvun a1 ufenIsnganIsEIdYYIN AWNTIMUALADS LASUNTS
4 Ya v [ d‘ = = q' 1 (v 1w :JI a [~3 1
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