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NOMENCLATURE

ACRONYMS
EPS Electric Power System
INSPIRE Intel.“planetary Nano-Spacecraft Pathfinder in Relevant
Environment
KMSL Korea Microgravity Science Laboratory
cFS core Flight System
MOS Margin of Safety
OBC On Board Computer
IFB Interface Board
CS Communication System
BAT Battery
MTQR Magnetorquer
ASS Analog Sun Sensor
TLM Telemetry
CEM Combustion Experiment Module
BEM Biological Experiment Module
BCR Battery Charge Regulator
PCM Power Conditioning Module
PDM Power Distribution Module
MPPT Maximum Power Point Tracking
IGRF International Geomagnetic Reference Field
EMF Earth Magnetic Field
— V —
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ABSTRACT

System Design and Development of a NanoSatellite
for Microgravity Scientific Missions

Kim, Jin-Hyuk

Advisor : Prof. Park, Seul-Hyun, Ph.D.

Dept. of Mechanical System & Automotive Engineering,
Graduate School of Chosun University

KMSL (Korea Microgravity Science Laboratory) is a 3U nanosatellite designed for the
purpose of carrying out two scientific missions: combustion and biological experiments in
extreme space environments such as microgravity, absolute vacuum and cosmic radiation. In
addition, one of the primary goals for the KMSL missions is related to replace the satellite
avionics which are heavily dependent on overseas products with domestic ones by verifying
their operational performance in the space environment and successfully performing all the
tasks with the KMSL nanosatellite. By doing so, the ultimate goal is to build a platform
on which scientific experiments can be performed in space for the future.

In order to design the KMSL nanosatellite to perform two scientific missions, mission
and system requirements were derived. The system was then designed based on the derived
requirements described in the present study. Following the requirements listed, the interface
and margin analysis were performed in order to design and implement each of subsystems
which complies with the requirements. The designed and implemented system to meet such
requirements was verified through structural analysis, orbital thermal analysis, attitude
control simulation, and power simulation. A engineering model (EM) of the KMSL satellite
(that are built following all the requirements and analysis results) has been verified through
a series of tests such as Electrical test bed test, environmental test (vibration and thermal
vacuum tests). The implemented EM in the present study was found to verify the function
and performance requirements The information described in the present study will be used

as a reference for future final flight model (FM) development.

_V|_
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Microgravity Cost

Microgravity Time

Mass upleading to ISS only
17.000 ~ 23,000 USD/kg

70,000 ~ 90,000 USD

20 Parabolic flights
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~ 20 seconds

Typically up to ~ 5 seconds
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A AE 39 (Preliminary Design Review :@ PDR)9} AAAA HAE 3] 9 (Critical

Design Review : CDR)Z 7]|# 2% % 4 Phase® WHA 7S 283},

Design &
‘ Analysis ‘

‘

Engineering

Preliminarily
Teslen (EQM)

Conceptual Design

Critical Design " Qualification Model

/ Verification
Breadboard Model Developing Model & _.'
(BM) (oM) . Test

Payload & Component Development 1

Flight Model
(FM)

a9 25 KMSL 94 71 A g

ERCELE

ol

Phase A& 78 A= odF 543 dF o R
d AFE AHAAE Fdgt. Phase BE on]dA @AIE Phase AolA ZAA ¥
AAE g o R A2 e4xdS AYsta gAY HE A2"(Fx 4
tlole, §4l, AHAl, Ad=n)e] duAdAE Fasta, As Fa du A o
TS S 53 33 #HAAIE BM(Breadboard Model)9] A2 A8 & &
v AR B gAAY A AdE vhsAds ddsta, 7sAES Fd A
ANE gl Al A @A Phase CE AAIAA dAR 949 BE HAAE v
ol

A A4

Aeleh o AN A% LTI A2Y 8TAFS wgow wE
Alz=gle] @ A E A jlo] &Rwal Al2® FA Q4o dls] xAMskA g es)

I,o94 £8 AUTes AF ¢4 2E AAE frmHool @t wxuom

Phase D& AAAA U&S Egiz dxyold R (Engineering Model : EM)S |
2t A Yojs RElS o] &3lo] A B Al 338k IR BAAC digk 75, &
T ATE FASY T3 WA AY, S5 SAAFS T8 AA dAeA T3
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F 22 FAA & A" WA A A8

B Az} H| 3} Model
T - NE BM DM EQM M
3U Structure EnduroSat O N N
OBC Soletop X ~ N N
Inteface Board Soletop X ~ N N
EPS + BAT Clyde O N J
MTQR DSW X N N N
UHF/VHF
. ISIS O N \
Transceiver
UHF/VHF
ISIS O N
Antenna
Solar Panel DSW X N N
CEM In-house X ~ N N N
BEM In-house X v N N N

A2 N RAAA A et s FAEAES A

A3 2ol E-QM /o= UHF, VHF <t Y
A BEe B X yoly REI vl Rds St A Zfekal v]g o
Al %3 E(On Board Computer @ OBC)¢F #3F <l HA A AlojE 913 Qe F o]
2~ HE=(Interface Board : IFB), AAAlo] +&57]9 #7134 &7 (Magnetorquer :

MTQR)= 7HERERE Azteto] Fxpe vy Alda H5S AA HS Al 2dS

=
Az = A= sidn #ek dF "= dFel 2ad A, Hshr], HE S
HAAE TASE B FEAATH FE AYEAS Al HAA ARs F3T
T RS Be WAy vd 2Elzkx] Azkd = gl skl
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A 3 A KMSLY Al2Hl A

3.1 Al2H /8

KMSL 228949 /A dste 4% 2me 95 948 289 73 Q58 =
ol A== Adedn, 94 &8

2g94 BAE FH RS Fol Ax" A4
7

3y = A &
Q3 713k F 6 4=
N A MY TE
HAA 3% 54 48 95
A4 A 100 x 100 x 340.5 mm
A AZ 3.595 kg
1x /A= 600km / EHSF S| AE
ZpA Ao < 2 deg/s (Omnidirection)
o AL 2 E 4.14 W
to] g A H o]~ USB, 12C, UART, Serial
ALSE 2] .
=4 94 AtSF 213 : VHF (145MHz, 1.2kbps)
otef &3 : UHF (437MHz, 9.6 kbps)
A7 A= UHF / VHF eteILt

A9l A7|= 3-Unit 242z 7F2, MZ, =ol7F 247 100 x 100 x 340.5
mmo]™, ¢4 & HAZFLS oF 36kgo|th WALA 7} FAE A ol mEe}
s

Az ARt AAE FReAT. Al AHEE AxEE 600kmel L,

;
4

=
- =4
= EHO]: %

¢

7] AEE2 AASHT. KMSLY BAlEE 33 dHox= dHre x|

L

o
el 2 Deg/s olate] Z&wE @ skqlal, ol¢h tEo] 38W ol T&3 d=A
AbabS @ Elg 7] wEo] A]~El 7bAsIel AA Aol AREE AHAL FH A3
A& Z+& = Ao} (Detumbling  Control)¥F &3t AAl= F A% ZA
(Omnidirection)E A&ttt Aol A Ao = YA 288 5

olHE Fay] 9% A= Sl WS A4 J= 0 VHF(145MHz, 1.2 kbps),
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I ©= : UHF437MHz, 96 kbps) WAe= Fddvt. o4 Wl A7/l FA<=
UHF/VHF <telut A7) A2 7F S48

32 A&E 87

Azd QAL Al 3 (System Level)9] QAo R R 8 FALEY
Cubesat Design Specification Rev.135 i3te] =&3t3om olE 7| L} 2 319
Z=Z(Part Level)2] & FA S A= A9 QFAgto 7 ARS 5o !

o

¥ 32 A2d 27

RE A 27
svsol | Asa gz g | TS BE FES AT IIE EAD) S FFeAA
] R o e K 2
Ol]A] o] WX H. 3 O =13 2 3 FHA 71 Al
SYS-02 }\]Z\_‘%ﬂ E% 712—]_ ‘A o-q ST T W w 7HE %_]'-U- T ] 1k_7]' X] o X
d FoE G AEs o ).
Y503 o o el mE FES Y Axe] 9 84S 42 F 4
' B e 5
ovsod|  wam ma | 8% BE REE QW AR A @48 A
] T T & slejo #
SYS-05 & AH 91739l F AL 3U olstz AAsoF At
SYS-06 % A% 4ol & AP 4Kg olstz AAHok @k,

CVCM(Collected Volatile Condensible Material)-&

SYS-07 | 3 7bs 4=
PO Jor s avrag wsshe Ans Asser v

TML(Total Mass Loss)S 1% °o|W¢ 8 7%AS =

_ = ;gak T./_:/\l
SYS-08 55 3 = = gz= Apasol stk
A A ] ] ] -~ o
SYS-09 e E gAsty] s Qe so]l~s AT ok s},
AEE DR
Y510 HEA} e AA PAS TART ClEH O AE WES L
] ol €] 7| o] 2 A F ok e},

Sel AgTe GFAe 74 & Pgow /-

SYS-11 | AZFA 91
SR 20mm o] o] o] of i},
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SYS-12 A= 374 948 LEO(Low Earth Orbit)ol] A &8 5| ojo} stt}
SYS-13 A= oA & AT Ax+e HY 57 o Axo]oof st
A AAR/A ] Al | A Al 1A E Qe FAEgA tEEY A
SYS-14 s Aol ere e g
: A AAE ZF o2 2 deg/s oJH=E Ao o
SYS-15 Detumbling o
SYS-16 ZFA Ao 35 AHAl A7t 7hsEfoF skth
A o] WAL A AEEH 7] #H7MR] A7 Ao =Z A
SYS-17 | @714 n &3} ﬁf LH Hel }_EQ b A7 A I
= F5o] glojof skt
YA 8ol a3t dgo] Fg3 7tedt APA~HS
SYS-18 K= _
A A s oF st}
SYS-19 = kA= Ao Hit F A8 ArEe 38W o] 4folojof i)
ol x] o] Bl x H =R I3
SYS.20 9 Ao YA gafA, 4B Al~ES 33 50, 12, 7.4Vl 7| uk
slo] zHEajoF it
SYS-21 e g &% e g &S 50Wh o|ulo]o]ol st}
AL v BroA g wpxl 30% o] g ok
SYS-22 A wp )
sho}
2~ 7F ¢lg#Ho] ~ 2 93 I2C, UART, SPI, USB %
SYS-23 | B2 ¢lE #H o]~ ! ( ]_ ﬁ i °
5 F2lo] 7hssloF st}
SYS-24 | 5 dlole = | 4 dFA A2 dolE FHo] 7ok st
SYS-25 Ha WA Aol el ofsl] Aloiwla WAl yhsaof S
OlA] Q9 = olx o] Ab ol E AA] A I3
SYS-26 @LEH Eﬂola _/_,[:;S "40-1__0 THo-/] oEH Eﬂ]% o ]Tti ]‘OH
of st}
SYS-27 otefj} 77 P-POD &2 15% o] %ol <teu7} A7) ofof i,
) SHelL A7) o] 3 18 oo H|E A5 E FAls|of 3t
SYS-28 Hl 2 A%
=
SYS-29 TR e YA ZTREFS AX25 S uglof s}
VHF #aada | 94 43k 834 145835MHz 9 B4 Fu42 4
SYS-30 N } .
F a4 A& oF s},
VHF &g a | 9142 43 J3A] 1200bps o T4 22 218 of
SYS-31 .
&5 3}
SYS-32 | VHF #&da | 9442 43 JdaA] AFSK ¥z W2& Al&3jof 3t
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Modulation t}.
UHF Downlink | 9142 3t @3 Al 437.266MHze] §4 F3+5
SYS-33 _ _
Frequency A ajof sk,
SYS.34 UHF Downlink | 9] 33k 853 A] 9600bps & 541 S22 FAl& ok
Rate s
sysas | b Downlnk o o ga 9z BPSK WMz wAS AlSelcl B,
Modulation
SYS-36 Link budget WA el 10°9 g7t A 6dB o] dolojofF gt

33 +& Ayl

3.3.1 <& /I

Aol BEAl &8I A" 245 98 948 TAF AFRH dF TR &
| Addg s AAsRT. KMSL2 &8 R= 7] RE, oF R= §4 Re <h
A RE F O RER 8 RS Uelal, 4 REd g AojE & 3.3 A
EIss,

i 33 8 B= A
= W e
c HAMKIS EALZOIA ?IE 2el Al
Zol ARIX S&
2cl 2& + 22l 158 ¥ UHF/VHF QHHILE &N
cHIZ2 ds Sa
* Detumbling Al &
o= s cXA= HY O] & HiE2 B
L] /\Ia
oo oo CEM &S
*BEM & &
=) 2 Al
sS4 oC 22 ol s
B s Na= FE 4
CEI HEE. OMEBHZ MO A|AE HA
olx D S ZFE, dFHE M AIAE HHA Off
<0l &I 2 oo
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g REE 94l WAMAZRE ®EE AFHE HE s F2
Aol AlA7EA S &-§ EEolth, A2 WARA L] LA A AlE =

29 A (Kill Switch)oll &3 A& A} G HAFEHol| Aol FaH7] Al2str). @A)

o,

AFH Aol aaHH HPLZESQ cFS7F R 94 A dHelEdl
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g o] AlFtE T a2dal A 15% § Abs dad] sl el FHuE HNE A
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E
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L#1Zmin

Dreploy Ant ) (I}r:lmbllng

L 1
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Qﬂ@,m.;
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stafi

IME' s Tmin

| Peacon oi I
{ Transmit beacon I

1 Normal mode h
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e REE A bgstel wiE Y S, 9148 AdH dHelH #H, Adw WE 7]
= T
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Al mrolty, =% KA wiEg g SOC7F 7.6V o]st2 WAl = kA Ao
2 WFn AGAN] FH2 F od BER AgsEs AAA
{ Normal mode )
N
(__h'i'_':‘_‘-.:'._":" Detumling
YES
‘ Normal mode ' l I'.nlrrgrnrli'llmlr I
aY 32 v R daugE
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o 4B $HUY BEE F oM 9F Boob EAet dady nes 249 g
EYA7 47 B WRe] 24 9 RER Ry, 4F $Y4Y mot

‘ Ground System '
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X0 NG
srsenssnnnns Subsysiem err? S rorassoraaneeansenasnnsennsennny sessesacemd Sustem Hesel

—r
: state

YES .
Paviead off ﬁn Fine? weras
: H HMW

1‘ : ; Check YES
MTQR off  fa=eess i

% Subsystem Reboot

Interface initialize

Report Power

seaeeiel Power charge

\
VES . §

{ Normal mede )

a9 36 OH RE gGugE

o

3.4 AlZ" B F o] =

Azg sl f4e] AsE BgelA Bt FE Aele] AAH, 1714
a3k QoA Qe dolE, A4 82 A% Y Aol gL dold BA M
WA maTh w3, 4% AT A P, AYFS TAFE dudole)

& 71EsATh

3.4.1 7= Qe o)A

Tz dEAolzd AL 94 TREY WE AEE S Axw mzel gaAe )

AR A& J1estanid KMSLY WY A2ES Fig 379 2ol #abetala 1,

FEAAL, Azwl ez g 4 ol YR AgE] wAs Asu Tkl
B

BEg 5 dre PAFAel AFFAT 20mmE WA L= WAET, Fetg

s F s o =

AR Tl 275 7hie FOV(Field of View)E w1717 €8] 7hvglel CEM
o] AYE 23mm ©| FE AT}
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a9 37 & Ao~

! 2" 2ol iH AAFEE wiAISkal Solid Worksell Al A &34 3 w4 &4l

A= R fiid

E

3 34 KMSL 9149 +% A5

AH s
&gk [g] 3595.37
& [mm’] 103.2 x 103.2 x 340.5
&l 2t X -52.10
EgAY Y -50.78
[mm)] z 184.77
Ixx Ixy Ixz
36832829 -92602 -65707
2 DHE I by b
5 -92602 37414392 76091
[G * mm?]
sz Izy Izz
-65707 76091 6873806
— 24 —
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3.4.2 A7) Qg H o]

AEAE FA% = st=dlol= vl ol o] 3l= Clyde jit9] EPSQ‘r 30Wh Battery
E AbgetATh B AR TFAA AakE WA= EPSS wiE g 57 @lg el o] B (Battery
Charge Regulator ‘BCR)E AX A& x4 X E(Power Conditioning Module :PCM)
2 AgEo] Al oA e sk 33V, 5V, 12V, BAT V& 7h7p ®igtgc
T3 deg 24 BE FHo dg #8] 2E(Power Distribution Module :PDM)S 53l

2914 IZE ZA ste] On/Off #Alej7F st HAA Alz~E
AEZ AAE]ATh KMSL Alx®l W F 2718 EA9 Qg
o]z~ HE QtelY, #}3t I gAA e AA7F PDMel ol&] H=o] FaHtth o&
F5Hgk KMSL Alz=dle] 7] Qg o] ze] tdt E5HEE Fig 3.89 =A|sHSth

....................................

3.3V 33v] svi

...............................................................................................................

BAT V

9 3.8 A7 A <lE H o]

A Aol AE A asHor Agaty] g8 Al 7R
AQsHA &2 Alad Baek §AA 5L EPSe PDM 2944 JEi‘lO s HE
]_

o 29122 B3l On/Off & & Y= Ak 53, o] A 2w

i)
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WAt AY EAL 7ARel wEse AEnd sEde OBCel A

On/Off Alol& Tl &g d7] A9 4AxE WA

3.43 Hlo]E] QAEHo]lX

KMSLe] dHolg FAWAL F= [2C 22 AMgstal 1 9] UART, USB,
Serial BAWA S AAFh dolE AEjHolx AN g i sl Aol
Azskels] 98] ek AR GAAS ek, BF DB ANAG 9 AsE 0
g TH}D 9 A4 BES PCIME B83ke] doje A slo)~g TAsYh

e _-'ul;llng

Solar Panel Antenna
SPI USB
Temperature Photo ;
Sensor Detector Bg hEEL — GPH) e— UART
EPS CEM
” Temperature
e Sensor
Pressure
COMM ‘Sensor
T " Camera
RX
BEM
Temperature
ADCS Sensor
MIQR | Water Pump
ASS : Interface L
_ ) | board

set wg g dolu slElsol 2t Agdols B TAE AvEd] <
A AdEm 58, USB FAWAe w8t A% walAel xatw shete] EawA e
= 11 EAAe)7] wEel USB AdE7l ¥Esitie USB Hu% Agalob &,
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Elg o] A=z} 7]7]e] ALgH 2

¥

On/Off A

A
Bet Q% AA A
of KMSL $14¢] <lejsio]

=
RN

A7} 745 Row Ay o

&tol Al 7

g 74

o USB Port

s

344 5 AEH o] 2

£ A

Al S1elA AL dolE

o
=

Al

]

s

S0tk KMSL 914 )

B

ANT SYS

VHF Uplink

SK modulation
1200 bps — 145.835MHz

AN.25 Protocol

UHF Downlink

BPSK modulation
9600 bps — 437.265MHz

AX.25 Protocol

Station

UHF Up/VHF Dowanlink

Remote Ground

Comm. Full—duglex

2% 310 S4 dEFH o]

VHF¢] 145.834MHz ]

-
1o

sl AbaFe) =1 (Uplink)

A=l fEer HolHE
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FoE 7AW Wit 1200 bpsel AESER Ealetam AFSK wWx WA olrh i)
2, s A Ao m HeolHE FAshE aaFd AL (Downlink)w= UHF9] 437.265MHz
}

BPSK ¥ *% tﬂ—/\1 S 7}%]1:} /\Lfﬂ:

stakgd 3 25 ISIS jit Transceiveroll A A 93+ AX.25 T2 EZS AFE3HT)

Az AE ol st ATe] dudlel T4L e

Zbadist HdE T o #IAAI 94 tHUR A E
g 4 JEE QHUY 2HIE i, RZHE Aojstr] f18 =EH 7
=8 Power SupplyS +H| 3Fdth &3k LNAES 53] <te|veol A <

Z3}o] Transceiverol] A&E 4 == 3t}

Power Meter
Tranceiver

AZ/EL Rotor

Power Supply

I //\"\
i

EVEEEIEE

a9 311 A= sk=dlo] QI Heo] 2~

3.5 A" vzl

351 A oA

A & AF2 2w QA e WSele s dkgo] HA
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A BEAL 36 TAH R TEAL.

¥ 37 48 93

24 BE
A0 A&H 3-8}
H I e = H 1 ! EX o
AHE HE %]
A AFH 1.4 100 100 100 100 100
=7 0.15 100 100 100 100 100
Hl ] 2] 0.75 20 20 20 20 20
14/07/]18/0/]0/8/|0/8 / |0/ 80/
Z}A| A o] A 0
0.4 20 20 20 20
SAHF) 432 10 10 10 10 10
SA(EA 432 /048 | 0/ 90 0/ 90 0/90 | 10/ 90 0
ALAY BE 31 0 0 1 0 0
B 8 AE
JoT 1 0 0 1 0 0
=
AR A E (W] 3.31 4.14 4.14 4.14 3.31
AH] A= W] 3.76 3.20 3.52 3.96 2.13
e vz (W] -0.45 0.94 0.62 0.18 1.18
344 P32 " A
A-Ag= T e A FAdA HA v B2 AYS ddetr] 913
F83 Zgolgl o7 4, gay dwrrgow F 1A B AFAE dAdsE B4
Ads ousity, Ha vple S8 FA A4S e 582 HolHe & A4S &
Sxolu A&eA 7] Yol 1o WE YA BAE Fsle] FEI npHe 7t
TE FAAAES Aol ok Ha v B4 = Aol Ao Al e

S7F 59 EAb A ¥ (Equivalent Isotropic Radiated Power :

EIRP)# &4l As7t AEem =4, vhal, 314, Abdste] 2A8E = = &4 (Loss)
S ol gk KMSLO f= mpxl A A = & A 71 2 &S AR 8=
A FEA, d7IEA, AgEARtS aEetglnh o] felx: F3(Noise) ¥ FAIA 2~
g5 et uHsA] X =492 ¥ &4 (Implementation Loss)S %83}
gzl FA S s Fa vkl A4l AREE stepn]E o At A mkxl
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¥ 38 #H= vpx

g = VHF UHF
Frequency [MHz] 145.7 437.5
Tx Power [dBW] 13.01 0(30dBm)
Tx Line Loss [dB] -3 -1
Tx Ant Peak Gain [dBi] 14.8 1
Tx Ant Pointing loss [dB] -2.5 0
Equiv lIsotropic 31 0
Radiated Power [dBW]

Propagation Path Length [km] 2329.03 2329.03
Free Space Loss [dB] -143.1 -152.6

Atmospheric Loss [dB] -0.2 -0.2
Polarization Loss [dB] -0.3 -0.3
Rx Ant Peak Gain [dBi] 1 14.8
Rx Ant Pointing Loss [dB] -1 -2.5
System Noise Temp [K] 290 290
Data Rate [kbps] 1.2 9.6

Bit Energy/Noise Ratio [dB] 49.9 25.85

Bit Error Rate 107 107

Req’d Bit Energy/Noise Ratio 133 133
[dB]

Implementation Loss [dB] -5 -5

Margin [dB] 31.6 7.55
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WAt AT 3, 7P 2 7§90l RASAE Z5el el A
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oed gt 2 wES AW ;elste] AE HAolF & (Margin

< FR4+= 275MPa, AL60612 276MPa® Al4tetict. 7 whe obd ol &2 10.07%
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Q.07
W) 2% & AAH4 29

79 313 KMSL +

& A4 57t €8 [MPa] | ¢tAAF&
QHE Y AL7075 1.84 92.75
H B 2 FR4 15.53 10.07
A HE FR4 1.87 90.91
A=A FR4 3.54 47.55
AHFHo|~HE FR4 6.48 25.52
A E 7 FR4 9.27 17.54
A 7 ST E FR4 5.21 31.99
ArdARE AL6061 3.43 49.29
Besd 435 s AL6061 2.22 6.7

b oA, Ad ol weh dEnts gkl
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e &5 & [Hz]
1 A=A 393.99
2 v E 2 411.3
3 A 7 37 426.63
4 v B F/] 443.79
5 AEFH |~ HE 499.65
6 FAHE 559.73
7 A=A 640.33
8 RN 691.35
9 A=A 740.15
10 QlE]Ho] AR E 864.09

LE ]%fgﬂ/ﬂ>

4

<

Ay s WARA 7 SAREHEA BASE 5= 9l 1] 24 A (non-Deterministic)
AEEe g 91480l 724 AAALS Fre=AE AT H8 Fad) Az
ALS 3E 3119 AHuEl® Falcon-9 ¥AMAle] WAL AE S 7oz Al a, X AH

o
=
W9 BE Fusold FAL FAs: FEHAS BAHA

¥ 311 Falcon 9 99 A& &4
T35 HY [Hz] AEZ [G'/Hz]
20 0.026
50 0.16
800 0.16
2000 0.026

AddorES F 3120 Attt FdFES g = AHsYlA AtstAH
W At Arteksl e, 0 ooz FxAom HH3 A AL +
[e3]
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nE E 57t &8 [MPa] AH A#E

ohg| L} AL7075 1.14 149.52
H| B 2] FR4 93.8 0.83

EA HE FR4 3.85 43.67
A=A FR4 295 4.83
QEF o]~ HE FR4 23.15 6.42
A4 7 FR4 4777 2.6
A 7 FR4 8.64 189

A 6;4, e AL6061 1.35 126.97

AE SAAE 25 | AL6061 1.05 163.76

ad JAEsA S FxEd gk SrF SNt ofyet d e 2HER dn
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HEY e Fug g0 wE Ao X7 oA9A HEHUE=AE BT 5, ©f
= Fao A e Aol A vYEuEA A YEedeAE & Uth

10° T T T
——EP8 : ; i
=— Communication board : :
5 | == Interface board
107 [aamas MTQR -
---- F'awacH
10! | === Elatter\ . 5
w —— STD-7000
T : A
~ : 3 B k i
(m] : ;
10° i :
10" 10°
Frequency [Hz]
a9 315 Z% &9 99 2¥EY dr A%
S8 e 29EY ARE FaY) 98 AFHoR AW ABANS WAL A
$ 27 Ao 57h eo] wANY RS JEow A4 AdgRen 2aBA

Collection @ chosun



A

o] tg—xg 3l

==
=

KoR
°©

14 AnlA g 2 57

3|

1% 31590

b gee] wARH wEAA Y 2

7} gEA, W PRed mol: ¥ae)

Zkzy 443Hz, 507.99Hzol Al A8 gl ok,

=
=)

o A

—_
file)

o

g

=4
[}

B

B
pa

il

Fh

1

no

olo

o
are)

‘A
oF

0
N
ol
TR

A

0

¢

oW

H

ol A 1732 mE=e} ghe vte oA A o] e}

o) %

841

rE

2dEY ARE

‘?’4

U= AL o) wat 53 3347t 443Hzol A A

A 9l 2

=

7] w2l AR ol

S

3.62 A% 4 34

el 94 A

A 3

s

g
B WYl 85

14& KMSL $14 0]

9]

Az <€

A ol A

T
5)

=9

Z}
2}

3

ol

—_—
o

tol gl @ Aol Alxw Al o

3|

|

0
o
uj

I

—_
file)

N

=}

i
o]

el
N

M
ol

|

o)

o

]_(}i \:}[15].

636‘

H71 fls

o) == =]
= 715‘1'6‘0

3

Eha4

o

19 316 2

_39_

{ZICollection @ chosun



/}jl
i3
of i}

El

S

A0 A
=

R

O;

[e]
o

A7kl

3

o

’

14 Aztel] =

S

ARg-sto] RdlE | Mesh,

R

[e)
R

S

o
=
Al
X
A €]
4 &

&l

S

= 3D Mesh& }Fiuh

=

=

-

T

)

=4

o

st ek,

S

14 29

g

A k= 8APCB BHE A&z, YA 1

PN
T

<)

KeX
=

34

O]

o] %7} wokd

dold ¢A =2

=

h=

342 NX 10.0 Space Systems Thermal

S

]
=
244, Al

A%
3

al

=

Hi T oo W W N
£ Mw A
- T
il X2 R
o T 52, & o
) - E F XX
P 5 — S o o mm o ® R
- ¢ Jllgmezeg Rz
0 Al en | - ~ 3 )
ud ced, 2R w £ 0 %%1%3@_
- w (I o go X ook ™
i ) B S & B
< M SN R
o)
i =[x el o T od
i) - [F st gsSs] Hm kAo
i L oy g4 - Mg e i P
W 3 MO.ZS%BST@ I o AR e _
i i Oo0ox & SE T o= T oy X
. - X o= Wy
mm B3 mnm wﬁ - o
s o5 o X X0 T
70 ™ an Y ~ — W:.U
® = 9 g . |E 5 . o
< @ J_/;L]w WWW M cillny \ﬁ/ . e
o # N B | & (| = = = I B S B
Al |14 o S| o GO I TR
3 il To| |0 || = | ma o 7 -
0 s m —_ = . .
b o[ oM s N ® o
L@m % = X o F £ CH
,ul —— — oT M ,UF %O
RO B
i T T T o ”
= o) oV X iy
= - B oS o) W o
S % H M3 o
SR TR R oF @ o
o o ok O

_40_

Collection @ chosun



S~

7] A4S e

il

— Anienna board

— Payload1

80

Temperature |'C|

— PaylbadZ
— Communication bogrd
— 0BG

Time [sec]
7h = 18 x4 A Ax
— Antenna board
—Payload1
o : —TPayload2
: ; —Communication bogrd

40
&)
Q_
o 20
|
-]
2
£
)
H

20

0 110 210* 310 410" 510 6 10"
Time [sec]
b = Ae 27 84 A

Collection @ chosun

a9 3.

17 A= 4 314 A3

_41_



Ao M= tiuge] Hdap BE ol
2 7P =oka, 914

S Btk = Ao
Ha IRl A - 30%= 74

KMSLY 9% 24394 WPelA molaz3d #d 73 453 598 4

1

ol7] W&ol f14dol 4 HxE AFYE el glvh. wek KMSLE ApA| Ao A

o] A= Alx®l 7+Aste} AHE npe] =HS Fu AAES sy o

Seperation

ADCS /0 App Off |
> w>25degs T
y No
S0C > 60% Check No Yes Sensing? (Zsec)
Ve ¢ ~ RIP. ‘\/ No .,r\" RiPY Mo }ﬁ]}ds
A = Bdol(+) b \Bdnt(—}/ o |
Y N S -
ADCS /O App On
| (MMT, IMU, MTQ) Yes Mo
‘ . — —
rer | RIPIY w>5
¥ = H PVWM(#) ‘ MO |
3 Axis ) e o
| B, Bdot, w }’7 Actuating {8sec) L
| ) Yes
Sensing1 {2sec) . i 9 : ,
Centrel Time Divide (Sensing/Actuating/1Cycle Duration)
1) Sensing1 - MTQ on (2/8/10) ¥

2) Sensng2 - MTQ off(2/0/10) -
o e

< 80C » 40% Check >
Yes \L/

1% 318 KMSL AHAl Alof &rare]&
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A o 2 2AFYPLGE TALA ] WAL A AlEEE WA o RE 94 AEd WY
ShAl AL g o 3 (Tumbling)e] A & F A=d o]
kg & ﬂﬁol A AEL oY A Hdl d¥ ¥ F2(Maximum Power Point
Tracking : MPPT) &&¢°] Ast= dg kg Fael <dlo] @ = k. wehA
KMSL®| #Al Aloj= A =gle] 1b4stE el AgF A Alol= aestA &g 7z
=9 ZEEE 25 deg/s oW E AodtE= Detumbling AHAl Alojuts 4
Detumbling #HAl Aol & F&3l7] 918 19 318 =AlE AojdnaFS 49353
o Alojdag 52 27 WAk AFE - g #E & (State of Charge @ SOC)
o] 60% old& W=HstH cFS MTQ 1/0 &g AoldE gt ofF A Eas
HEA A7) 7] &l A A}A (Earth Magnetic Field : EMF), A AHA W3l ZF& =5 AALs)
A 4EE AojgdugFs Fd 25 deg/s oWl FHEHsIES s A5 A&
T7F 25 deg/s olHZ FHIAS Al MTQ /O o Zg Ao 2e On/OffE

7] &l F8 4527 5 deg/s oY A5 MTQ IO ofE8j Aol o] A4 )
A A8

e’i

jﬂ
JW

30 Orbi

L R B0 il

IGRF2015 S~~~ 'KMSL Orbit

% 319 2015 = A EF ARG 23 KMSL 329 A%

KMSLS AAAAE 9149 27] walet A% ol F AH gahs Fas] 9
B-dot Aol71% #&35to] MTQRE T84 0] Matlabd AH&3tel M3 7143
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5 #74& EUZ Detumbling Aol AlEdHIAS FA3sA k. 9142 Detumbling
ZA Ao AlgHeldS syl flal E 3190 =Al" 2015 = Al FEAATG
(International Geomagnetic Reference Field : IGRF) R9& A g&3le] 714 A x7] &
23 A8t B-dot Alo171Z MTQRS T&A7|%=5 AAsATE AlEd o]l
43k B-dot #Alol7] WA 2] 3113 o 24 3114 M2 Dipole Moment, k&
B-dot °|5 %, TE E3E YeRITH

M=—1F ﬁ, T=MXx B (3.1.1)

KMSL FE.9142] Al Alo] AlEaoldS 91449 27] wAl# A A& o] F AA]
FgstE FAs7] s B-dot AoJ7IE &E&3dte] MTQR &5 3Filxt aF3la,
Matlabs AFg3to] 3E 314 A9 M $ AE EE Detumbling A4 A o]
Al g ol dS Fstth WA A AMEEHSS W AR 27 AERE X Y, Z
o2 747} 45, 35, 25 deg/s®E Uha =2 %27 4%

ST

rﬂ

=2
T
A
L& 7HAEstaL AlEdoldS 8

X 314 AA Ao AlEHOAHAE A AR

A Ar ZX [Unit]
Right of Ascension of the Ascending Node 74.06 [deg]
Ol E 0.0022 [-]
21 BN E 6942 [km]
AL 97.79 [deg]
H2 2XE el 0 [deg]
1Z=J] A2t 5671 [sec]

AA Aol Algdold A3E 19 3200 m=ASRAL AlEdEelAd Ad 14500% ©]
ol AR 25 deg/s ol 2 A&mAlo7E HASE AT F UM o] AIE
o]l Boks Wl A2 TARROA ALE o % Hl=e] 3F7] owjel Al Al 7E A

sElold aFEhe ASE oluz £EES FAT 5 Atk
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B0

,;- T W W
S 40 X Y ¥
% Initial Angular Velocity [45 35 25] 14500
£ =20 » sec
z {\
o — i E—
= 7
E =20
=
=T1)
é -a0
-80 = 1 1 1 1 i 1 I i i
o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 4
Time (sec) =10%

19 320 AAl Ao} AlEE ol A

3.64 AHY EA

A DA 27 AEEA] Aol ARE EUR Y AT A4
AT I ool A Age 4ol HPAAH Wil Hoe] mF
2ol wheh Aakael Gl AH N g AlFeel Aol Az AojEE Aol A
312% Agste] AN AEol A FASATh A 312004 pt HF AX B
8, AL A WA NE A9 A% BCRS ¥ 78, St A% QAR e

o

rir

(=

ol

i, X A, x N, x coslay,,) x BCRx S (3.1.2)

AHAL AlEH o)A AH&H J=E7kS 3% 31590 AEskArt. KMSL 91449 B

A AL & 32709 A AFEsklal, ZEHl4 Triple-Junction Cells AF8-38F3ATH
22X

¥
=
Aol e 28%, 7k &4l o3 EAE 10%2 7Hg el

3 315 AskAdE AlEdold deEgk
Parameter Zt [Unit]
Al i 32 [EA]
M HA 30.18 [cm’]
d S= 28 [%]
EHQF SALESE 1326 [W/m?]
JIet =4 &= 90 [%]
MPPT + Buck &8 60 ~ 80 [%]
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At Algdeld A¥tE a9 3219 2§ 3220 E=Alsklvh I 3212 1A
o] WMAT A HE AFEE o] 7] ZLme] Bak Ao]2 el 35379 e A

FS el Aow 157719 A= AL oF 366Weolal, 19 3225 AAl ¢
b=3 SN

43t ol = REoA MY ANES YEhla 157 "t dE BAES 466W
o Ass A
% KMSL (Detumbling Include MPPT) Average Power(1 Orbit) : 3.66W
= 8
g g
: o Mﬂm|||'|||||I|||||"|||||H|||H||||||||"I|||||||||||
c 4 :
2
% 2000 4000 5000 5000 10000 12:300 14000

Time (sec)

a9 321 AxrAE AlEY ol A3 (Detumbling)

KMSL (Omuilrectmn Include MPPT) Average Power(l Orbit) : 4.66W

mmmmmmmm------‘(

Power (W)

ol L L 4 il 4 | il

a 5
Time (sec) <10

a9 322 AAkAE AlEH ol A3 (Omnidirection)

At Adol o de AY AN ngowr AY ANFY 74 &8 mE
W oA REOA ARFE AP AETIE ANse A9 AEe FsAD )
Heel wed $Ae saeach 19 3238 B RedAel wEe Wl $ag
Astolth. 3 377 27] A&Ee] tlg f£ye] o|FoxA ro} MPPT &&ol 1
A A guol Aol vAl Ve, Fel mEdA BAs: A4 BES §4 2
FEo A% B7, AL e 2an B4 wEs) ok old] W Az 357 &

b wig e A= o] st 4TS HolAw AAZE kA7 | ol F vl HjE e

H
Ao ol S7beta as Bola vk 2§ 324 =T RENA wiEY WHy A

3
sdlold 235 e Aola, = R AA ool AUt S dEAgLke] o
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~——~IFBoard

— MTQR

—_—ErRs
Beacon

—Recelver|

Load[W]
)[R Y [ Ay L et |

I

—

Battery [V]

T T T T

1 2

-
=
1+
'
—
s
=S

SOC [%]

T T T T

Battery SOC
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Al 4 7 At AF HAA 2A
4.1 A5t A5 Y5 HAA 24
4.1.1 Z BAA 1 47

Aok GAA 1S 7 AN AdxdFS
Experiment Module2] ¢Fx CEMe]&} il )
Plate, 7hWlet®= F-/do] HojqlaL, 17He] FE A A 1 ALETS 3T 5+ 3
L2 A7tk 7JFEE A= CEM Plateol] z+7 124 % o]

L5 sl =3, StEYA A H3AZ 39s 29T A=E JhHeet THER

A¢] AE 24mm o] R

Camera

CEMS| % a%
TOIeIRE, AP WEBE AT, CEMe] AEaA WETAe 19
429) o] AEA el 247 HaAL Aaroldwrrt E3E AR F9
g 5 e 9 AYEY A AARe AL ¢ dE A, AEdA Uy e

Y 5 Qe ex AAs oH AA, AEA R "E)e e A

o=

rlo
00
S
S
]
=
(e
lo
utl
10
X
ol
ol
iﬁ
es)
=
2
2
4
>,
2
i)
o
- JIN'
o,
i
i

r

o} ore

mlo
B\
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tol deE& F53st7] 93 Feedthrough=

mlo
ol

2 UE 7Ae] 7EE fAS 2As e
T k. 1A 7} E(Optical Fiber)S 1143t7] $13] ds 2= 9o 2719 &

HE WX 1A4sY Uﬂ] ALFs HAa3sl7] Ys) 7tER A ¢ HHE Stiffener |
= sk 3 Z9S Y Fst e BK7 WindowE AM&3la, 238k Zo] &

A= =87 AA 71Eel Wt Smm= AR

BKT Window 'ﬂ ! 1 1
Socket head cap wrew
IS0 476202 0 8

Housing [top]

Flame spread experiment device = Aliminu

Silicone O-Ring

Minfature

Quick - .

Connector Housing |bottom]
= Aluminum

Vacuum Feedthrough 1/4 ** NPT

Pressure Sensor

a9 42 Aadg 25 7tEA WE 74

4.1.2 IASEAA T AA

QA L= 5 SFAAA AE SAEETS 78T F v FAAZE Biological

Experiment Module®] ¢z BEMS. = At BEM2 &+ (Tardigrade) $4< ¢

gk IuolH et FH(Tun) FHO EHE A3t FE=E HgAAF7] A3 &5 F
1

e ol PE ela BHE BAY U @V A o Fold A, A
2 54492 99 48 87 249 UGS §A8% BA0 94 PR 3U

=) =<l
Frame¥ 1145 <13 Housings AASATE Wgh Qo] shito] & @A AiQl
VIP(Vacuum Insulation PaneD)E F-#éto] <Ifuleoly Wi-7h AlolA 0% o]st=
Holx = AL WA = A stk BEMXE CEM¥ wh37kA|2 BEM wWi-o] A<l
TF doly Fale 9% 2719 FeedthroughE 2t 4= Al sha ¢ 8w
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Pidthrew 2EA f

Incubator System

/%]_

%

e}
4

i

a9 43 A
ol EH = E® Ao AAuAE Ear
o]Fo A olth w3k F71A AEQ TPU &S

st o,

ole el &7 =& ¢ AEF

/ ‘Water Tank

Incubator Outlet

| —
Incubator Inlet

\

i

(“/Collection @ chosun
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VIP Insulator

Housing (Bottom)

s AA 74

o
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A5 A AAYAR 2E A 9 HS
51 XYooz »d A

51.1 AXYoY 2d 78

dA o)y BEle wa mu Az ol de] w]al ool gl AsEl WAE A
© A mEe A FEdAY Ve, A A Al="E FEAIEAA 7], el
A&aAel od d3e FAsuA AL £, AsY FH 27 o F WA
73, 7 BACAM 24, 4 Al FgrE=A ek, A =H A5,
4 LAE o] 3 A Axe] v He] A B Al A G A A g H oA <]
Ao Az, dAYolyg RdS FAstL e FEe 3E 510l Fsilv
F 51 dAYold 2 A
a3 she BE wg | A%
R 3U - &= EM 1
i EM 1
3U - EHFM K&
Dummy 3
_ EM 1
N 1U — B X2
Dummy 1
10Wh M| EM 1
BHE4 2l Dummy 1
sS& B Dummy 1
SO
OHEIILY Dummy 1
MAH NE EA EM 1
Of 3 -
El[)=] EHE=FH EM 1
XelH CIHHIOIA BE EM 1
HAMESRE EM 1
ETH A —
HESHLEDS EM 1
— 52 —
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5.2 ETB A&

52.1 ETB AN g - 718

KMSLe] ETB Alg2 Adigtn F3dist 13 65 43 /oA sl e
¥ KMSL ETBE 5@ A@e 249 4 43 = 94 AAE 4714 Q)
o]z, dole QEsols, HAA

Ho
—n
rx
of
>,
>
o
o

st Azg o

=
y )
2% TGN Qe A4 mE gF AN A

Stepl
ETB Set-up
| Step4d
> ' Subsystem
Step2 | Step3 Stepb6
OBC ! EPS & CNDH Integration
.| Step5
Payload

19 51 ETB A8 &4

ETB A8< 19 513 o] ETB Alg %

Bk ETB Agel 488 A4 B8 BT Aoy 2de Agstgon
A olEe] gl AAEL WAL

e Mg non Nge AYsda, T
A ol el A

shel o,

_VE
BN
)
N
D
o
@
i
L
fu
L
4
2
p
o
™

e

A %S ETB

29 (Development Model) 2 7%, A% AFo] 45% AEL AlE

5.2.2 ETB A]&d - Step 1 : Set-Up

R R R A R B
3 24 Y ], PC, sl Aol
at Aol Fz FEEy] wio

_53_

Collection @ chosun



SOLETOP jitoll A A u& EGSE(Electrical Ground Support Equipment)e] =& A

s| wag nAY 5 YRS ok

19 52 ETB A& +4

5.2.2 ETB AIg - Step 2 : OBC

WA @A deld AeAel e gAl AFE A5H 4L
FHE MPiZedels o 94 Uy
Se QR dolg®u ohd A4 HH e AR A

£ #Elsth 3 ZE ETB Testts ©A HAFHE

¥ 5.2 Step 29 AE &
= E W& H 1

H] 8<H iEE‘ﬂ]oi }\]@ -cFS ‘ﬁ%/%;ﬁ,‘ Q’%

€}
tlolH q‘ﬂ j f -Magnetometer skl
- 7 L
2] A A SAAFE A AE | MU AA gl
2T AA el
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g4 AFE HPLZEY SR A&E cFSE Porting $ PCS ©A AFHE o]
Hul FAlo=z AZdste] PCAAA &4l AFHE Alojstes HAoZ AFS WPt

b ®A AFE AlE 55 % 529 2 @A AFECA v ALZE 7} FA
Ko Fateh=Al gQlsta, HA HFH UFeol 74 ¥ Magnetometeret IMU Al A]

eE AAZ 3AoR FAtEA Gt

<Software Test>

H AT EQ o] = cFSE AFE3ta, olo] wel Debian linux OS7F Axd ©A] #A5F
Hol cFSE Porting § oltdl §4l& &3] OBCE Alojats BA o= AT
ATk 19 532 ®HA AFE A HPLZE o7} FAAHoR FEES HLAT

fow - Xshell 6

@ BW =8%H

n@15216802522

1% 53 cFS¢ OBC & 2 58 &<l

<Magnetometer Check>
Magnetometer~~ HMC1001/1002&5 AF&3tal ¥ =4 Al 123] Sensing gt
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Magnetometer= 12VE A}&3ta, A9 &5 ofFo webr &3 Degree #to] €zl

—_L
=]
th o] 542 ol AMe] B4 AF olN-T shebshgivh

:]%ag:':ll‘!;(&‘;(HMCIDm/]DUE)
==
¥senseSet 1.8872/ 1.70BB/ 2.7723] / VsenseRst 1.8866/ 1.7086/ 2.7733] / «[ 0.0005] / y| 0.0000] / z[ -0.0009] :: degree[ 0.0000]
YsenseSet | 1.8883/ 1.7053/ 2.7735] / VsenseRst| 1.8908/ 1.7053/ 2.7725] / »[ -0.0022] / v[ 0.0000] / z[ 0.0009] :: degree[180.0000]
VsenseSet [ 1.8884/ 1.7035/ 2.7716] / VsenseRst[ 1.8939/ 1.7053/ 2.7723] / =[ -0.0048] / y| -0.0015] / z[ -0.0006] :: degree[-162.5120]
YsenseSet | 1.8908/ 1.7041/ 2.776] / VsenseRst[ 1.8304/ 1.7066/ 2.7723] / »[ 0.0004] / v[ -0.0022] / z[ -0.0006] :: degree[-73.6352]
¥senseSet 1.8859/ 1.70BD/ 2.7723] / VsenseRst 1.8872/ 1.70B6/ 2.7732] / «[ -0.0011] / y| -0.0005] / z[ -0.0008] :: degree[-153.4372]
YsenseSet | 1.BBB3/ 1.7063/ 2.7729] / VsenseRst|{ 1.8308/ 1.70686/ 2.7v35] / = -0.0022] / v| -0.0003] / z[ -0.0005] ::- degree[-173.0888]
YsenseSet | 1.8908/ 1.7041/ 2.7713] / VsenseRst| 1.8933/ 1.7047/ 2.7v23] / =[ -0.0022] / v| -0.0005] / z[ -0.0009] :: degree[-1B6.3730]
YsenseSet | 1.B921/ 1.7041/ 2.776] / VsenseRst[ 1.8308/ 1.7066/ 2.7723] / »[ 0.0011] / v[ -0.0022] / z[ -0.0006] :: degree[-G62.7447]
YsenseSet | 1.B866/ 1.7044/ 2.7723] / VsenseRst[ 1.B866/ 1.70686/ 2.7735] / w[ 0.0000] / v[ -0.0019] / z[ -0.0011] :: degree[-90.0000]
¥senseSet 1.8859/ 1.7053/ 2.7736] / VsenseRst 1.8872/ 1.7048/ 2.7729] / «[ -0.0011] / y| 0.0004] / =z[ 0.0005] :: degree[160.5616]
YsenseSet | 1.B920/ 1.7041/ 2.7723] / VsenseRst| 1.8930/ 1.7053/ 2.7716] / =[ -0.0009] / v|[ -0.0011] / z[ 0.0006] ::- degree[-129.0933]
¥%$HEL?SDE§ ) 1.8923/ 1.7044/ 2.7723] / VsenseRst[ 1.8908/ 1.7068/ 2.7729] / »[ 0.0013] / v[ -0.0021] / z[ -0.0005] :: degree[-57.9346]
==
¥senseSet 1.8321/ 1,714/ 3.2850] / VsenseRst 1.9318/ 1.7163/ 2.8B266] / = 0.0003] / y| -0.0043] / z[ 0.3386] :: degree[-BB.4786]
YsenseSet [ 1.9195/ 1.7004/ 3.2953] / VsenseRst[ 1.9382/ 1.7166/ 2.8297] / =[ -0.0163] / v -0.0141] / z[ 0.4049] :: degree[-139.1301]
YsenseSet | 1.9232/ 1.7066/ 3.2892] / VsenseRst| 1.9373/ 1.7169/ 2.8315] / = -0.0122] / v| -0.0090] / z[ 0.3980] ::- degree[-143.7325]
YsenseSet | 1.9233/ 1.7060/ 3.3094] / VsenseRst[ 1.9433/ 1.7193/ 2.8296] / =[ -0.0174] / v -0.0116] / z[ 0.4172] :: degree[-146.3602]
¥senseSet 1.8232/ 1.7053/ 3.2934] / VsenseRst 1.9408/ 1.7188/ 2.8B277] / «[ -0.0153] / y| -0.0017] / z[ 0.4050] :: degree[-142.4193]
¥senseSet 1.8281/ 1.7078/ 3.2908] / VsenseRst 1.9373/ 1.7164/ 2.8B302] / [ -0.0080] / y| -0.0075] / z[ 0.4005] :: desree[-136.7208]
YsenseSet | 1.9236/ 1.7065/ 3.2873] / VsenseRst| 1.9380/ 1.7187/ 2.8199] / = -0.0108] / v| -0.0108] / z[ 0.4065] ::- degree[-135.5321]
YsenseSet | 1.8189/ 1.7038/ 3.2332] / VsenseRst[ 1.9390/ 1.7188/ 2.8290] / =[ -0.0175] / v -0.0130] / z[ 0.4036] :: degree[-143.4088]
YsenseSet | 1.9220/ 1.7056/ 3.2086] / VsenseRst[ 1.9353/ 1.7163/ 2.8149] / =[ -0.0125] / v] -0.0094] / z[ 0.4119] :: degree[-143.1300]
¥senseSet 1.8187/ 1.7047/ 3.28BE] / VsenseRst 1.9360/ 1.7176/ 2.B315] / =[ -0.0151] / ¢| -0.00111] / 2z[ 0.397%] :: degree[-143.4352]
YsenseSet | 1.9232/ 1.7060/ 3.2886] / VsenseRst| 1.9373/ 1.7182/ 2.8168] / = -0.0122] / v| -0.0106] / z[ 0.4103] :- degree[-138.9908]
VsenseSet [ 1.9189/ 1.7053/ 3.2864] / Vsensefst[ 1.9361/ 1.71689/ 2.8318] / =[ -0.0149] / y| -0.0101] / z[ 0.3353] :: degree[-145.9586]
YsenseSet [ 1.9238/ 1.7068/ 3.2959] / VsenseRst[ 1.9409/ 1.7193/ 2.8086] / =[ -0.0143] / vl -0.0111] / z[ 0.4238] :: degreel-143.4162]
debian@beag|ebone :~/work/soletop/source/inuf df -

19 54 Magnetometer <1 23}

19 54 g2 AFEH Y Magnetometer® =43+ Degree 3 UENH Ao E 12V

Aol FFHA ¢om EotA3 &3S Holx 12V Aol FHF %™ -140 Degree
AER Zho] dASHA UEES Bt

<IMU/Temperature Sensor Check>

[ MU A4 (MPUB0OD)

Temperature = 29,98880C

Gyro Offset »=-11391, y=B096, z=-G6434

Gvro Offset x=-113, v=B0, z=-B4fs[131]
0 Gyrol -2, 3, -7
1 Gyrol -2, 1, -7 2  Gyrol -2, 3, -3
3 Gyrol -3, 0, -2 4  Gyrol -2, 1, -2
5 Gvrol -4, 0, < 6 Gyrol -3, 3, -2
T Gyrol -3, 3, -2 B  Gvro[ -3, 2, -2
9 Gyrol -2, 2, -1 10 Gyrol -4, 4, -1
11 Gyrol -3, 7, -2] 12 Gvrol -B, B, -2
13 Gvro[ -6, 9, -2] 14 Gvrol -8B, B8, 0O
15 Gyro[ -5, 6, 2] 16 Gvrol -5, 6, 3
17 Gyro[ -5, 7, & 18 Gvrol -5, 7. &
19 Gyrol -4, 10, 3

2% 55 IMU AA ZH A

IMU A4 = MPU6000= Ab&3kal 7] AA Offset & 1130% AAH o] Qv
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718 Offset Fto2 A HAFENA Gyro #S =432, IMU WAH A= =&

L AR 2% s SASAT Tun Tabledt 22> AH|7F SH| H A k7] &
of &4 HFEE EGSEel 13 Fejels FAstAa, 54 23 Offseto] 285 o]

3% mF 0o A e 2+ Ak

5.2.3 ETB Alg@ - Step 3 : OBC + EPS

ETB Alge] Al WA dA= A=A Aade] Ass Aldsks @l A==

9739 BE AlaE Wz dEE Fulsta, Bl AitE dEe AR

AedS st Step 39A= HAHEA 7 Buse Y £, PDM =9 A Ao,
EPS Telemetry %1, EPS Ao} W& &<l 8] 290X A T5 Tt =3

EPS9l A4 dAZ2u = vy el Aol i3t 2w F3h%oh EPSY 75, 4
sAlAel tE A E 552 e 530 At 24 PCM, PDM =3 %o &3 A
Qteol 3% o= FHjE =X &lsttt PDM =% A2 OBCollA 2t PDM 2914 &
st AlojslHAl ZAsta olw] OBCS EPSe] I2C W& Alo] e wastr} =
&, EPS7F WA o= #sakA sty OBCAlA EPSE Alojd &=

% EPSE AAAAAF= Watchdog 715& &lgth EPS 59 &5 Ao &4
T EPS¢} wiEE & dZste] 94 B &%, WA} F wiHEE EPSS PCM# BCR
2ZHE SHAI7I7] 9% ZA0 Inhibit ~9A9] 2 oFE FQlsta, OBCHA]
EPS¢} vlE 2] ¢] TelemetryE AdH o= s F A=A Sty Aoz g g
AA A AAdste] BFHdARe] S5 AA et B AA ] Telemetrys €Hlshil, =
& Ao Ao A HH Aol HAFH o R o] FolA=A =lst7] ¢l Halogen

Lamp® W& BlSAXFof] ZALSe] AgAgal of 5

3 53 Step 39 Al &g

JE | BF W & H] 31
714 7% HEE ]
22 - A vu
A9A | -PCM <l o 1 a0
o
A pDM EHol (22} 3% o)
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Watchdog A&
~Elolm &2l - Watchdog 715 &<l
-Watchdog #1247
Inhibit =¢1 A Al &

-Remove Before g% A% o)
Switch
-Kill Switch
EPS Health Data
Check Telemetry data check
- Telemetry data chec
Al e 2] -EPS Temperature Y
-BAT Temperature
+ BCR Check - BCR telemetry data check
Solar Panel
%

Telemetry Check

- Sensor telemetry data check
~Temperature Sensor

2
=)

rl

-Carse Sun Sensor

Solar Array Voltage
Check

-3U Solar Panel

-1U Solar Panel

<PCM Check>
PCM(Power Conditioning Module) 3.3V, 5V, 12V Bus 2|1l vjE g]o]A] 23k
AgS 2= dIaiF= BAT_V Bus® 74 %2tk PCM Check®] Alg 54
Z} PCM =954 &3 Addae] a7t 3% o2 dds 98 & desAs &
sto] Z} st=gofel A A Fgol B F A=A ] 98 AT
AEle] EPSel ZF PCM Output(3.3V : H2-28, 5V : H2-26, 12V : H2-24,
BAT_V : H2-46)°l HE wE9 ARz S AZdste] HdA4S S48 7
TA AdIe] ex7F 3% ol E Eo]e =4 Felsla, EPSO Telemetry o] E <}
AA FA4%S vuste] oxE gl 19 562 OBCOlA EPS Telemetry%
Jolty. PCM Al @23 HE mEeA F4% gyt 2 PCM =85 &3 A
2H7F 3% olullS ERlet sl a, OBCAlA &R1st Telemetry #t¥ HE W H

ot
ol

i

|

r

r
fo

O
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oA ZAF kel 2A7} 3% oWl e EHelshrt

W soletop-em2 - deblan@beaglebone: - work/kmsl - Xshell & (Free for Home/Schog - O ¥

TTm Ew ¥y =&

=M Ak - L-@-4- €0 3 i - U

sshafl 44 SEH2 sterm 17 13820 B 14 U |

29 56 94 AFEES B A=A PCM Telemetry 21

E 54 A9 =4 BE APFAHY

O % 0,
peM HE] U [V] | PCM Telemetry [V] _*Z} ]
=9 (Z3 / Telemetry)
3.3V 3.333 3.337 1/0.12
5V 5.038 5.043 0.76 / 0.24
12V 12.026 12.073 0.22 / 0.28
BAT V 8.043 7.955 0.54 / 1.11

<PDM Check>

PDM(Power Distribution Modules)2 Z+zF 2719 12Ve BAT V 28]l Z+zF 3714
3.3V, 5V & 10719 =9 X2 FA4d =, o] OBCollA 12C 4122 EPSE Ao
A =912 E On/Off & 4 Atk PDM Check A8 #4-2 OBCelA PDM £=914 &

Aoldls w A= On/Off 5=, Z12ar F=Hgke]l &4 sk LA7F 3%

J
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WelA =Helstr] 9 =33 PCM Al 22 W or st o] EPSel &
E] |

one: ~/work/kmsl - Xshell & (Free for Home/School) = i} X |

DER 2TEp 2w =0 OSE Bw =E2E.

ssh://debian@ 192.168.0,25:22

21932 142 NuM |

¥ 57 94 AFEHES 53 A2 4 PDM Telemetry 3¢l 23}

E 55 AY B BE AFAY
O % o,
PDM HE] U [V] | PCM Telemetry [V] _*Z} ]
2913 (F* | Telemetry)
SW1 12.027 11.993 0.23 / 0.28
SW2 12.027 12.074 0.23 / 0.39
SW3 7611 7.653 0.14 / 0.55
SW4 7.977 7.959 0.29 / 0.23
SW5 5.037 5.044 0.74 / 0.14
SW6 5.037 5.050 0.74 / 0.26
SW7 5.037 5.044 0.74 / 0.14
SW8 3.333 3.341 1/0.24
SW9 3.333 3.341 1/ 024
SW10 3.333 3.341 1/0.24
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Aol okx 29 573 o] OBColA PDME Telemetry #tg WA g<lsladar,
olw Zt PDM &= A2 0.03V o= A2 #Hto] &8HHA &S AT = AN

th 71 % OBCelA PDM 291X & 1HEE 1007FA 17014 On/Off Alojste] zvzh &
HAYL Folslga, 1 AxE ¥ 550 AP, = PDM 29X oA &2 A
o

bt 97k 3%% WA R%ee FAAstark

<Watchdog Test>

Clyde Space jite] EPS& W% Watchdog 7]5°] &£A1st}. o)== EPSel A A3+
BT M B%E BF Asom EPSE #AAA EPSE 3 5A1717] 918 75l
o x27] AR AR 2402 AAo] Hojqla, ARRAE A AA TS
9t KMSL 9149 HPAZEY ol 7|22 o2 EPSe] 40%0] 3 WA Telemetry
NS E SAletes "Es $Aees AAHA, 1 9] 60xdd 3 | 12C S
& Fsta Aok weks Watchdog & 714-3kQ1 240%= A4t Alds W3k
o Alg A3} EPS A 2A7F & oF 240%7F At ¥ Watchdog Elol™ 7} & 2}slo]
EPS7} 244 1% 587 2ol oF 600ms A& AYo] AhE F A

N
= al
Aol Q7kRe sk

TE

A2

»

H:

<Inhibit 2=¢ % A ¥>
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Inhibit 2913+ 914 R/ 2AL F WEA S BEdA @ BPSel BUA77] $)F

Fx & Clyde Space®] EPSE 18 599 o] F 4719 292 FA
Inhibit 1, 2= Bl YA A7} wig 2l <ke] 2bdt, Inhibit 3, 4= EPS$F wiH g <bo] AdS

g
oce
uvp
EPS
INHIBIT 1 J
INHIBIT 2 I
S
crLL INHIBIT 3 INHISIT §
—— F
‘I‘§| Ral
= T —
Bve] [=F i
PTC %
FUSE
~|.»m31'5( I
= Battery

9 59 Clyde Space EPS¢} viE 2] Ho3| =

1 510 Inhibit =91 A9

KMSLol| A Inhibit 2= *+= & 3712 FAH, 2719 /=2 FEEH 3 |A=Z

_62_

Collection @ chosun



kAl Aol 7] A3F= RBF(Remove Before Flight) 2=91x ¢} & HA = Ado] Al
oA AtzEE W FFete el 29X 7F EASTE Inhibit 2912 A @AM e F TR
o] 29A BF AlYS 3R, 1Y 5102 29 532 Al EPSeF mlE s 1Y
o] AdH = A g Aiolty dF% ApxlolA = wiE oA EPSE AGA o ®
Aol ¥ 5 29AF Off A ZHS W dde] Add= AS SdsislaL, v

2 A9AE On A71A vl ddo]l g5 ss As i‘f‘ﬂ’é‘}%ﬁ/}. oj9} Z2 WH o

T
HU e

3 5.6 Inhibit =912 A]E

294 AV H 37 | 234
Inhibit - 1 1 23
Inhibit - 2 12 9t

Inhibit — 3 / RBF J3 /110 3t/ 3
Inhibit - 4 14 ot

<Solar Panel Telemetry Check>

BloraAghe] Batd ex Al we AA9] Hlo]E EPSE A OBCel A%
oo owEbA EFRA A 2= AlMel B AN AAA R FREleAE
Telemetry 2 &Q1stal 17 5113 o] T2AMER g FdA]Fol] W& At 2}
o] = H| w3}t
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a9 511 B FA A Telemetrty <1

9 512 HFHAAFH2] Telemetry dl o]

a7 51244 19 el BRI Tl dRANZ WS FAbety] ] AlA 9
#ola 2¥ HEE SFRANZZ g FAx T e FAGS u Ao e e
9tk FERANERE YSs 2AS u eSFdAwe] 2Rk B AlA ] FFghol
e s g AT

<BCR Connector Check>

Bef AARe] Ay AL S Al A ddAd e s EPSe BCR Connector=
e glo] A3 Z=xo] ¥+=X%], BCR Connector’} AAH oz AZAES A &2lst
7] 918 BCR Connectordll 3}¢] A Zgto]2 32Vel ¢S T332 OBCE BCRY
Ay AFE skt 1¥ 5138 EPS BCRY Telemetry #S OBCollA WHo
golth 39 MEgolol A FHd AAI v Mo Hola, BE 7Yy o

& Fo A7k 2 AS #AQdeen, 2 d3s % 5.7 A sl

=

o
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«& soletop-em2 - debian@beaglebane: ~/workskms! - Xshell & (Free for Home/School) - m] x

oE EHEE 20 EFO BE O EFW O ESEH)

ssho/fdebian@192.168.0.2522 S5H2 wterm 17 136x40 o 4032 143 AP NUM

19 513 EPS2] BCR Telemetry Hl o] ¥

# 57 BCR A9H ] A5, A SA%

E A A V] A mA]
BCRI )i 29 o553
BCR2 o 26 HENT
BCRS |5 a1 50830

5.2.4 ETB A& - Step 4 : Subsystem Test

ETB Alg9 vl WA dA= 574 73814 F2 A28 HAE
2 ZA A A e AES ek ZAA Al A ETB A8 Z2S& 3% 589
gtk ZA Ao A= MTQRS A &3 Dream Space World A% & AF&3Hc},
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¥ 5.8 Stepd A& &
IE S W & H| 3L
- PWM ™® A] MTQR Coil #F
AbA| A Eﬂ
A1 A A4 = PWM & Ao S0l
o 2= 3ol -2 A

<MTQR Command, Telemetry Check>

MTQRS OBCollA I2C Aoz wWaHs By Aojsitt DSWE MTQRS PWM,
Dipole, Current % 37}A¢] W o=z Aojdd 4 A v KMSL 9AdAE PWM A
ofARkE ARSI wekd ETB AlgelA= PWM =5 #kel b2 MTQRO =<4

23 MTQR HEolA WAslE %22 TelemetryE E3f &¢ldta, ¥ 590 A

2] 5} ok
¥ 59 PWM 4&zko 2 799 AF
HE = PWM [%] AF [A] 2% [C]

X 0 5.33

1 Y 0 5.33 23.73
Z 0 6.61
X 100 11.58

2 Y 0 5.47 24.70
Z 0 6.70
X 0 5.42

3 Y 100 11.73 25.03
Z 0 6.70
X 0 5.53

4 Y 0 5.62 26.00
Z 100 17.71
X 100 11.91

5 Y 100 12.14 28.12
Z 100 17.59
X 50 8.06

6 Y 50 8.12 24.70
Z 50 12.77
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5.2.5 ETB A& - Step 5 : Payload

ETB Ade oil WA dAl= dAAe] dgh Aldoz g4 =3 A F5E9
AR S sk dAlolth. KMSLe] % gAA= 3 iA 33k 915 ALY
g 4 9lx dA23¥ ®E(Combustion Experiment Module : CEM)¥} % W& )8
' SAAEE 79T F de AE SA447F 2 E5Biological Experiment
Module : BEM)2.2 F 27§¢] ®AAZF itk CEM2 270¢] 7tEAR 745 o3l
a, 109 FEEE A 1719 FhueEl, 2% AA, = AN, dErz FAE Q)
BEM2 =+& #9387 A dv4d ﬂuﬂa‘rQ} Tun FHe] ==& SH3E AT &

3 E 25 4y & H] 31
_ - FOV &<l
Spy 7HdlEl A& -ﬁo]
O i/é‘q - FPS =
ek ok A
®E A4 A
L g 1A% Cew A
3} Al - 8% A3
WEFA | @va e AE |- 29 99
A9 wy | B B A T ELED

ALAALE LA ZFAEo] A4 HAA 7IA 240 e st AREEE vulst
7] 9138 d3olnt. wopA G FFor A3 HolHE I5517] wfZel FhHgte] =
g ol 8FPS ol f7drh E3 Feo] dAuE= d=E Fdsr] A& uA 7k
9] 4em o F9E F A+ FOV(Field of View)7} gt s ojof sty ETB Al & ol
M Z2YE A7 43S ZF9s9 o, FOV gRls flal hvetel 7tE 2 ] <]
Hel= Ade 27 AT F AES Fdsd, AddA%E & 511

_67_

Collection @ chosun



3% 511 Spy ZHel2t FOV, FPS A3 4 ¥

0.1 0.2

Al Azt Fhvete] Z S 10FPSE 8FPS o4 gH eSS e 4 gl 7hv
Zte] FOV %3k 4dem oA #Fodeo] 39 dad g 14 7
7

A% s

_,d
r o
i
o
td
—n
e
o2
it}

<Sensor Test>

g FAEdE A FHE CEMO £ 2702 2% Ak 2709 o+ Al
A, BEMZ 1709 &% AA= FAHA U 2 AlAe Qe Fo]l 2~ HEe] AYEo
AZAEH, 44 dE deoly HEol] x3Eo] AN e o] Bl Zb AlAd A

A

of FEAUL W HolHE FH L AT & Ak BAA AMe] AFe 23T,
719 AP BHNA FBsAh

F 512 HAA AA A A

A A AA =74 Zk [Unit]
ex AA -1 2329 [C]
_ °x AlA -2 22.74 [C]
Ax2¥ 2E
T = ore] AlA -] 1.0049 [atm]
obed AlA] -2 1.0046 [atm]
BeE 54949 28 2= AlA -3 23.11 [C]
<Ignite Test>
— 68 —
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1= Spy Zhllel Al@ st EAlel o] Hler OBCelA

a7 Al oA A
7% e A3t ¥H S 5ol Spy hHlEtE G, AFEAARE & 5134 A
O AR A TR7HA Asrle] mde] mEA Zete == S glelaL, 72 o F
of A3 e FEE Eoles= Ae AL F AU

% 513 A3 2 sve 29 2w
3s 4s

10s

<Scope Camera Test>
Ae SAATLS ddloly dFolA 359 BEAE dFsts Aoty QA H
olE] Ul§-9 EFS #FEs] AsiAlE 200 ool wigo] @7tE i, AFHlolE
5 WA e 9 L= dasith wekA] o] F UHA 23S BEF vk dn
4 ekl J-Came AH&3FRaL, J-Camo = #9

5.140] Z=A]38}9)Th

r
ro
=
)
o
o
=
-z
>
>
R
i
N
juic)

a9 514 "Av g Fhdlet A A
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53 AAYo Y =2d 37 A

531 AF A Y

AxUoley mele] A% NHE 94 TEE o wABH N TEA AALL
Sols] glal FAE, S5 AAAAG B AT GAA vl ol o] Gt B
AN gA AFE, QedAels mEd vE AFL FAs7] s Fasac

Lresl - Alge s KAIST 394 AT 2 (Satellite Technology Research Lab
SaTRec)dl A =33t}

1% 515 KMSL dAlYeld 2d & A1gd

ZAFAAES A ow WARA o] Wwhabdkel] o5 EElEvh wepa AA] IAMA R
Y 2eHe Sy sd 2d1E FEsky] s 9 AR o]l AE EAbd
(Pico-satellite Orbital Deployer)oﬂ APE Ho] AE APS FdsAT Agdd AL

A EALIE A2 EA Pl 470 €] Raildt ¢
A AFES gk gy ii%‘, MHE &9 POM(Polyoxymethylene)ell )& 124 ® T},
AR Y He] POMY}; ~xge 3 E 7%t o F4ou JEow
FH AR W] A e mA = s HAastE 7 otk A dEE =
7l e 7HERE AL SHEAS Sl getation, TS AlAe] RA 91
of F-&stiom rpEe AlAe] R A AAFS FE
N4, 10, 3U e Fd A ol 2zt

ZF 1
2 R FAeglal, viAlm e s A dAE e e SAS wlashy] fsiA dAat

off
o
3
2
)
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T N — W oy T 2 = o N
= S R R I
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< 3 5140 AyEe] lar, WA GAEA k] wEel b w2 sEe]

17
272l Falcon - 9 AFAS] Qualification Level®] %I

Llow Level - R_andqm L L:ow Level ik — [jow Level
Sine Sweep Vibration Sine Sweep Sine Sweep
3-axis = T Functional
—  —

- Finished _—" Test

a9 517 As AE A

A& 54 #
Apel & 0.4 [g]
. T 919 5-2000 [Hz]
=Tl= 9T &S 2 [Oct/min]
T 19 e
20 0.026 [G*/Hz]
Rt )] 50 0.16 [G*Hz]
A s 800 0.16 [G*/Hz]
2000 0.026 [G*/Hz]
RMS 7}& 14.1 [g]
A& AIZE 180 [sec/axis]
< W3k 18.75 [g]
A}l 3] whak 18.75 [g]
rE RESE 5 [Cyles]
60 [sec]

Sweepoll A 13} 2725+ 459Hzol A EAsEG o AL oA 8l /A5
ol 90Hz o|gdS Folstar, TAbA el 2 Tsk 4= S FHow HAuHETh Alg %
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719 Al T8 ARlETE Husds W Lalese] WErh 5% wikellal, o
= 7% RS AdetuA R RE Txd wakse, A7t AATE AL ou] g
. z% A% AY 2R F GAAE T3 A4 A28 dvdor JsAEs 38
A FAAE T BE AR BFo] FAHor Eaes FelsArt
— Low Level Sine Sweep 1 — Random Vibration
@ ‘o
E 10 ::U l;:\?r Panel E 10
(=]
g 1—Cnnlm| 8 .1 2
E 0.1 § o1
3 @
3 Q
& 0.01 g 0.01
g &0.001 3
- 10 100 1000 a% 10 065
Frequency(Hz) Frequency(Hz)
7h Aol 2911 AR A} W A" A% @A
—Payloadz Sine Burst Low Level Sine Sweep 3
150 |—30 solar Pane ; : N‘t'n‘
100 e o . Lol » Ll E 10 ::SgﬂirPanm
N‘l; 50 I i ! oA ' 1L . g) —Control L\
o 0 © ©TVRLEA
g .50 % 0.1 | b *{
=100 < 0.01
-150 i i | (=
0 100 200 300 400 500 600 700 800 — 1 100 17000
Time(msec) Frequency(Hz)
th ARl H2E Al 43 2h) ARQl =913 Al A 3

Ea

1% 518 Z5 s AEAH

Yo gig e AldAdsdE 27 5199 =AY Y=o 1A AfdErs Z5
B} o 100Hz %2 F3k=2l 326Hzol A ekl om 19 569 7hHek ehel A i+

5ol WM3l7F 5% unko|9l7] Wi Y& HE Ao ® A Wi T2EE
of W3/t gles st =3 AE TE T A= VSAE AY GAHo=
=23S el gt YE AP A~ZY 3} Test Pode Rail Wakat z7zt wpgko=w

KeN O
= = AN
AEHe] 25 s A gdaae vustgls o 2zl g2 vlas A 2 Rail
s
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Low Level Sine Sweep 1

Random Vibration

{Q‘ 0
E 10500 eanel £ 10| ek
o — =2 — Cantrol
= i C‘"" .5 {I=Corial -
I g e
@ 0.1 & 01
& | g
oot 2 oot
2 i . i S0.001
| 10 100 1000 - 100 1000
Frequency(Hz) Frequency(Hz)
a) ARl =91 Z1 A4 9 ) e s AE A
i _gsv?a‘ézp Sine Burst o Low Level S.ine Sweep 3
——3U Sclar Panel )
100 —— Control E 10 ;;'jléc;;r:aarel 1
o o ——Control
s 0 i ©
5 r 2 ) NG SRRSO RECOT | _AMATOh R /]
£ B 3
—-100 < 001} d
2 ! |
-150 S 10 700 1000
0O 100 200 300 400 500 600 700 800
Time(msec) Frequency(Hz)
th ARl B 2E AF A3 2}) ARQl =913 Al A ¥
¥ 519 Y5 s Al9AY
XZFo| g As Algddxs 29 5200 ZAEA Tt AE Ay 263Hz oA 14}
LFAESTE Bolm QA o] vESSkinh sk Rt 1% 579 hel] =AlE Ay A
oA 1U Ao o] nAZgA R A BAS FRlstart &g dag X
E o] FE 29 520 thHe] ARl WAE A 1U ejFdA e 518 o]
e RED HRES W Akl o] ohd Azt BYPo = now myYYHoR &
geg st olst 2 HFS AEm Ao ngolt AR AL R
ool B Aol AYHA g W etk XF AP A, F 13 1RAER
ReE v wa e W 19 520 ShelA = E vkel o] 1U BFAA e HFol
woll A Wad As gl & AR, 1A f{dEFs dder] olee 23E
A AT
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Low Level Sine Sweep 1 Random Vibration

N--ng o s “’l:: — Paylaadi
—— Payload2 - L d2
‘_g’ 10 - 3ufSctarPana\ ‘g’ 10 —ESyISUo?ar Panel
cé) 1 7_0':".“0' g 1 — Control .
[} & 01
E 0.1t 5
8 S 0.01
< 001} <
i (=]
§j - i i 90.001
10 100 1000 100 1000
Frequency(Hz) Frequency(Hz)
7h AkQl 29121 Al g A} b ag A A9 g
B e Sine Burst Low Level Sine Sweep 3
150 | —— 20 Suiar Fanel S Fayloa T
100 |==Cerirol E 10 e lensnbes s oo
S b ——Control
% 50 5 10—t
= 0 T
@ o 01
3 -s0 ©
= 3
—-100 < 001}
1 . =2} i i
_1500 100 200 300 400 500 600 700 800 & 10 100 1000
Time(msec) Frequency(Hz)
th AkQl M= A @A ) Akl 29123 A2}

% 520 X3 Q% A@Ads

4
DY
By
=
e
|m
2
e

2% 521 Aza® s s
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a9 523 4 AE A AE&d A

A4 Ang =y

2 KMSL9 #A%=

o= ]
=

A A -20ColA +50C7HA 255715 X33ttt

3% 515 7eAE S
. o FAERE =4
=1 T _ _
b E¥4
oiaas o | Spy - JHOiet On/Off 20 REE
— 2CHA oIy =0l AMS S8
= IERI GIOIET =0l REE
oo AH0lE 3 EX9] AS 9=
_ 25 dA GOl =0l INE=Rr e =
2 == 2 BZ On/Off 20l a5 gis
IOl Xel _ 2y Mo _
SN EES - o AS els
Al Telemetry CIOIE 2 S
SEA DA Telemetry OIOIH &S MS Q=2
KEAIRIO A 8 EA Telemetry OIO0IH &< MS Q2

Hot
[+58’C] ° °
Ambient

[25°C]

15°C
co!d . ------------------
l-20°c] nnnnnnnnnnnnn . .
Pressure
Ambient
[760Torr]
Ambient
[10-5Torr]

Phase A B c D E F G H I J K L M
TestPhase Test Tran; Function | Trans | Fuoction | Tram Function | Trans | Function | Trans | Payload | Trams e
Description Start hot Test Cold Test hot Test Cold Test hot Operation bot =t

Time

2 2 2 2 2 2 1 2 1
(Total : 24 hrs)
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® Payload Operation

I 523 € AF AlE Z2ud
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g 24L& 10°Torr °l3t2 FABEE 3th 9 AF AY ZTzad9
717 3U HEAA T 258 7|Fo& dHom -20Te 50T =g F 247+
o] Dwell TimeS Zr=% 31031, Dwell Time 1A17F A3 & ghA a9} Al2wg]l B 2o
& 7IsHAE T8 5 AEF S, 7EAEY 55
AelstArt =3, 7 w9 Dwell 73l A E #3F 1Y GAIAE AA AlEdd A

QT Faste A3 LA HE 9T APS AW 5 Ju vk

IU Solar Panel
(Antenna Dummy)

8 524 9)H L Al 2F 93

OBC

4 JF A F 74 FEY 25F geofstr] s a9 5249 #Zo] F 5X A
Zretdt, = Al A T YA UFe] Al®]l vl @A A e
Ao A €4 Health Data(Telemetry Data) S Ej= 40%o] 1HA

do]HE & 53] Umbilical PortE &3 AAZte = dRlstal 7|58 4 EE &)

=
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Themal plate Payload_1 Payioad_2

80 — oBC 3U_Panel —— 1U_Panel
70 + )
60 - A '
50
=== 40 -
| .
£ 30
2 20
= J
= 10
2 ol
g 4
=10 -
— J
-20 -
-30
_40
=50 -
-60 L IS B S B S S S S S S S S R s S R e S |
5/15 14:00 5/1522:00 5/16 06:00 5/16 14:00 5/1622:00 5/17 06:00 5/17 14:00
Date Time
ey o) 1=}
% 525 @ WE Al@AF (9 2% AlA)
Temperature
7 70
: ——— - Y i
& 840
) i p 820
. i i s 4 o
5 580
5% 7 | il k) %0
o Tif 1 iy L 40
2 I A I I o
50 1 Y 17 |} 00
1, s A L4 i 180
& ¥ i i i} &
& 7 3 i 1} b
o i/ 1 I Y i
@ i \ 11 b 2
2 1 L\ i { “
% 7 %Y 1 %0
by £ 7 Y 1 ) =13
O Y ) i) s
L i i Y 7 2
s % i § i o
BTy \ i1 \\ 4 al
B % Fr i i =
2 % I \ 1 -
z R I % i 2
2 N i g i a
i b i An i i
b L Iy Y 1]l 140
4 e i i i u
1 S ] o I 100
b | S i e n
H el sy /] / e, 50
: = 2
i o
2 / 20
3 / / &
ES < - 80
40 S ! . 00
% | i S , I B
16 [Ty I 460
160022992 1847.02952 2334299 102022992 0307:02992 063342992 0840.22.992 12702992 141342992 170022.95 185359.008

me
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TG HK_TLM_PKT TEMPERATURE EPS HK_TLM PK™ BAT_BOARD _TENP
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9 5259 526 4 AF AlE T AT % Al A" WA U] A48}
T 25X AAMeA g535 225 At wEl 2 3tk Aot % Ao #E
Z+Zy vl HE OBCe PC104 AdE o B9 2% A= AU 64=7HA4 <5
3t al, OBC Wi IMU AlAe] E£3te &% AAME Ho 68%=71A As3Fsc). Al
Aol 2Zatol= OBCY F&tolA wAlsh= w2 gk Aolgta dAddHT, 19
5.269] ez olA CEM¥} BEME Wi Sl 2% AlAdA 40% o] 2%7F 54
HA s Hot ol 2% Al AYE 5VARE Al dolEH S 415 IFBO
MCU+= 33VE AFE317] wjio] 33VEV 999 &%= AYE 33V(SF 400)2 A
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ol 73t AN o= A o] §le AoE dAdHET

¥ 516 715218 23}
Pass/Fail
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. 7lsAE 2y CEMO As7 & Agsta BE FEFo] AdHor s33s g9l
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&3 AlFES HAA 7] wwol HErF AR @y, 4 JAF AlF olF By &
AAE AA & Ashr] 7lsAd AT Ay AAHoR 1S It e
d ¥ AlE FT5 T SbHA HAHAA a7 5279 2ol CEM<2] BK7 Window <]
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