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Development and Verification for Flight Model of CubeSat LINK

Jongbum Kim*, Youeyun Jung, Yeerang Lim, Hyochoong Bang and Mikael Marin
Dep. of Aerospace Engineering, Korea Advanced Institute of Science and Technology(KAIST)

ABSTRACT

Little Intelligent Nanosatellite of KAIST(LINK) is a 2U-size CubeSat which is
developed by Aerospace Systems & Control Lab.(ASCL) of KAIST as a part of the
international cooperation project QB50. The objective of the QB50 project is to carry
out atmospheric research within the lower thermosphere and ionosphere and CubeSats
are planned to be deployed at the International Space Station(ISS) from the first
quarter of 2017. To implement this objective, a flight model(FM) of LINK has been
successfully developed and the design and performance of the satellite have been
verified by performing environment and function tests in accordance with acceptance
requirement level. This paper describes the development of flight model and the
results of vibration and thermal vacuum tests.
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3| t)(SIGMA), ZAT)(STEP Cube Lab.), Zdth
(Paillon-sail)]©] 417 = I TH1].

°] ¥ LINKE =AEs Z2AEQ QB50[2]
o] d3o = KAIST ASCL ASTRIS ®ollA 7
& 20 =79 FFEAGolH, I HehE dF =
e AAE(90~380km) EH L o]L&F V=
"33t ZloltH3]. QB50-> A AlAINA F 50
Mol f48E Al Az EASE Y =24
ER, 20179 1R7I%H  Pl=el EARIAIR]
NanoRacksE &3l Aoz =A¢-FHA1%
oA TAEM ‘AFEHo) FHE WA F
5o ARE s Ak metA 27] £99)
e FAFFAAZY A=Y AR 1x ¢
415km, A% 7 AFZ(Inclination) 51.6=7F 2 A
°F didEtt V|aE ZUoRRH E4%
78S 67hE oo, 87 dF 8
Commissioning 17§€, Payload operation 27}
2 H& 3otk

 "olAd= QB50IA AlFsts AAE F
Mullard Space Science Laboratory(MSSL)ll Al
A ol&/FAA A 29 EZv]E(NMS,
Ion/Neutral Mass Spectrometer)[4]¢} 7}o|~E
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Fig. 1. 2U CubeSat extended volume(mm)

7} A Fsh= Fig. 19 27473 (Extended volumes)
o FZHE=F AAHo ok it

2 FEAY MU A= QB0 ZEZAEQ]
AA LA wet f48S AEsta, A AR
AdEE Hasstr] fske] KAIST =g 3ellA
AL LPS QB50 ZEAHEEZ s qdd
INMS, ADCSE A| 2|8}l Table 29k o] of+F
Y ABAZ"ES 7] ASE AE&AF(COTS,
Commercial Off-the-Shelf)& 73t 143 7l
etk LINKel g8 d8AFe] 7A4d
22¥ (Specification) @ 25 92 IAYE Adxde 7
AA FHOIAAA AT AF iR
(Manual)oll M &1 4= U},

e FASALS ¥ dFRES
I AR AAAI] B S s =4l A
20mm - Skl fIA|SjoF st 2T7EAS WE
sfoF stm, 2+ MBEAZEL o] a7
W= =5 Fig. 29 o] wi A H .
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A
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Table 2. List of subsystem products

H, 78 FFo IFAYE, dIFAREB] 2 7
TAES B3l MAdRdY He % 2AS AT Subsystem Part name Provider
< gaIY
OBC Nanomind A712D GomSpace
H =
. = = ADCS QB50ADCS Surrey Space
Center
21 RELIM LINK 74 EPS 3° generation
gdulzr el FH YA 202 AYL Table 174 2 Battery Standalone(10Wh) Clyde
AFA7} B2E7) Py 9o zHo| ¢ Solar Body-mounted
KR ol x] o v} ) =
HAE o AL LA X (Deployment system) panel(SP) Deployed(135°)
Table 1. Generic CubeSat dimensions Transceiver
COMM ISIS
Property 2U Antennas
Footprint 100x100£0.1mm STR 2U Structure ISIS
Height 227+£0.1mm LP In-house
Rails External edges shall be rounded Payload
Rx1mm or chamfered 45°x1mm INMS MSSL
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Fig. 2. PCB stack (left: cad model, right:
integration model)

Fig. 3. LINK FM

Figure 33 #eo] HF =YE LINK FM2
KAIST 74 W HAAANA =HERew, &
AP ARl NanoRacksZ Hl$H7] A vE@E=
ISISO| A 48 F Fit checks E3f A= &
ARE 9F2AE WEse Ae gl

B AFAolA 743k LINK FMe] EAS 2
oF5}H Table 33 Zt}.

4Ry QFzAL ISISolA AR 39
Fit checkoll Al ZQ13I A"t Table 32 ALl <}
#Zo|l FAHOEE Fig. 19 87x1S et
A& A8k, 39 WAl A A B o)
(DOD, Depth of discharge)7} EPS x| A 2
A FH(=£20%)= TF3he AE AT

Table 3. Summary of the properties

Fig. 4. LINK configuration in orbit

Table 4. Dimension of deployed parts

Magnetometer
~ Body-mounted SP 86.92mm
Between 2 deployable SPs 217.71mm
Between 2 LP tips 352.64mm
UHF antenna ~ VHF antenna 794.99mm

Figure 4%} Table 4% 91/4d°] #A|=7elA LP,
A F, Ev, mtadErE e 22 7
& AMAE We 43 Ade RoEn
22 0|dERY M5 2 HdA HS
221 ME &5 H Ex
LINK9 AlgdE =EZ(EQM, Engineering
Qualification model)oll W3t AA AFL AFT
+(Qualification level)®] 8 7z7o| we} Table
59} ol ST vk glor], ASAU6 L S
shed $14e] B4 A RE Slsisit

QB50 ZEAES gFFALE FHAV|H
VKI(von Karman Institute for Fluid Dynamics)
ERE ATk, AA ASe AT AES A
T2 A ZEIAS e E JAPHAOH,
HBNE  aTEAE 67HA LA
(VEGA, Cyclone-4, Dnepr, PSLV, Rokot, Soyuz)
T Hoo 21& 13t =AU

Ao F& a7z wE Fig. 59 2o

Zz=20
ST

. =
Physical properties AAAL, DA SAATHL 72 Sk
Mass 2299.54¢g
Dimension 109.8x115.6x253.6mm Table 5. Qualification tests
Power budget analysis Test Facility Date
Depth of discharge 16% Vibration[7] SaTReC 14. 12. 22.
Link budget analysis EMC DMI 15. 1. 16.
Downlink budget 16.70B _ DShOfAk S — tKlAFl"t_H 14. 12. 25,
R : aegu echatronics aterials Institute
Uplink budget 17.4dB KARI: Ko?ea Aerospace Research Institute
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Table 10. Shock test characteristics

Quallification Acceptance
Q-factor 10
Number of 5
shocks
Freq. Spectrum
(Hz) )}
30 5 Not
100 100 required
Fig. 5. Body-axis definition Profile 700 1500
o 1000 2400
Table 6. Resonance survey test characteristics 1500 2000
Qualification Acceptance 5000 4000
10000 2000
Type Harmonic
Sweep rate 2oct/min Table 11. RE test characteristics
Frequency(Hz) | Amplitude(g) Frge. range 30MHz ~ 1GHz
Profile 180 812 Limit 50dBuV/m at all freq.
- Remarks Procedures : refer to
ECSS-E-ST-20-07C

Table 7. Quasi-static test characteristics

Qualification e Table 12. RS test characteristics
Amplitude 13g Not required Frge. range 30MHz ~ 10GHz
o 10 V/m outside the main frame
Ellt or at proximity of beams
Table 8. Random vibration test characteristics N Procedures © refer 1o
Qualification Acceptance ECSS-E-ST-20-07C
RMS
acoeleration 8030 6.59 5t Tables 6~109] SLT-Z7o) weh 5w 9
Duration 120s 120s o AP AR gE A BEHY 4
(Interference)©] A=A &A3tr] 93t
Freq. Amp. Freq. Amp. _ _ - .
o | iy | b | ey | EQMOl AR A AYEMO) Aol S
20 1001125 | 20 0.007 FHelow, EMCY st A8 F WA AIE
Profile 30 0:05625 ) 0:007 (RE, Radiated emission)®} WA AIE(RS,
800 | 0.05625 | 200 0.035 Radiated susceptibility)©] Tables 11~12¢] &7
2000 | 0015 | 640 | 0.035 2230 we} A=A,
- - 2000 | 0.010 a8 3 VKIZE AEFE d37] A wol=a

Table 9. Sinusoidal vibration test characteristics

Qualification Acceptance
Sweep 2oct/min 4oct/min
rate
Freq. Amp. Freq. Amp.
. (Hz2) (9) (Hz) (0)
Profile =5.900 | 25 | 5~100 | 2
100~ 125 1.25 100~ 125 1

b Aol 8 FF71LS Tables 13~143 Z T
Table 137 #Zo] EXFAHE F EF7] AF
2 AFSAFAA T ofof AT FA EQM
o] RE MBA2AH BEJ F LE 30 9
g3tx] Eelo] BE Z EPS, BAT, Transceiver,
OBC ®H& 3% AHAI, QB50 ZZAE 9]
A A= asoF st A&olA EQMOo=E
e FYPs= AL FMAe] AR
AS37] A¥dT . FHste] BE AEA2HE &
2l FM< PEM &2 2 3o H|o]
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Table 13. TVAC cycling test characteristics

Qualification Acceptance
TVAC test Required
Min temp. -20+2C
Max temp. 50+2C
Temp. > 1°C/min Not
variation rate X
required
. 1 hour at
Dwell time
extreme temp.
Vacuum 10~ °mBar
Cycles 4

Table 14. TVAC bake out test characteristics

Qualification Acceptance
TVAC test Required
Max temp. 50+£2°C
Temp. > 1C/min
variation rate .
Not required —
Vacuum 10" °mBar
3 hours after
Duration thermal
stabilization
Table 15. Acceptance tests
Test Facility Date
INMS E2E test KAIST 16. 3. 29.~30.
18t RFT KAIST 16. 7. 12.
Pre-TVAC SaTReC 16. 7. 183.
TVAC (including
TCF) SaTReC 16. 7. 13.~15.
Bake-out SaTReC 16. 7. 15.
Post-TVAC SaTReC 16. 7. 15.
2" RFT KAIST 16. 7. 18.
Vibration tests SaTReC 16. 7. 18.
VFET KAIST 16. 7. 18.

E2E: End to end

RFT: Reference Func. Test
TVAC: Thermal Vacuum Test

TCF: Thermal Cycling Func. Test

3 ok Ndes X3F ¥

Z AAsAT
1 A3 FMe

Table 159} Z& Alg
2} A FRT, 72 Ag &5
A gtoll VFTO 7%

L
Ag o =
KR

=

AR FASAT. 2
AR o 142 A 2eHen, o

RFT: Reference Func. Test
VFT: Verification Func. Test

o] FE[OBC(8F5), ADCS(128%5), STR4Z ),

(¢} 1l
S M7 B FEo uisk HA/NAIELS RFT,
T+

=
AEANE & VFTlA Z2h 23 38ty 2+ 7
9 7I5E HAstar
A& A M 359 Zs 87

glstglon, FMe| =4,
< SE3ATH
222 DSAME

ol 8 FF7 Tables 6~10 5 FM2 &<
Foll A ol & IFAH FES LHNFT
ZAHResonance survey), &I} %I (Sinusoidal
vibration), #¥ Zl&(Random vibration) A| & °]
AL, FoI FEFFEY a7x2ddd wE 45
(Y—Z=X)oll tiet] 1{AFF ZAHANE A),
Ay WE, 1FAsFE 2ARAE F), A9
ZABAIE )Y AR T
L ERE AY AFRE 55
93l Table 167 22 91X 35 7H&EA 170

15 7554 371E Fasdn. 7HEEA s
A KAIST 1348 AT4(SaTReC)oN A
FMS zd3t= 34 Fol Fig. 73 2ol
A5t 3 B3 YA = Fig. 839 Zth
AL 3 A 2doA AFEES T35
#sl Fig. 99 #Zo] ARl P-PODel FM}

)

>
fred)
o
¥
og(=|
o
R
N

Table 16. List of accelerometers

Component Position Axis
INMS Top plate of INMS XY.,Z
Battery Center of board Z

sp body—-mounted panel X
deployable panel Y
Control .
Jig -
sensor
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Fig. 10. Vibration test configuration

1U Fx2&<& %o X&7]|(Shaker)oll 2283l
P-POD B}o. 2 A o] (Access port)= ol A3
AF 7lsANde Tyt

Figure 103 #o] EAd TS <=3
ANde JPsith. A AsAPe dY

232 Table 90 we} 3= ofof spA| Tk
7] ¥l @A} bHE a#ste] Fig. 113
o]  5~8HzS %7] FIrolE 7.75mmY

=N OO Il

Fundaiiental: 140,00 % BB RMS: 227 meye

Poirts Peé Swoep: 2000

Eim

5 10
Log Frequency (Hz)

wo 1%

Fig. 11. Sine vibration test input in X axis

Table 17. Accelerometer response
for sine vibration test

Comp X axis Y axis Z axis
onent | (@) | H2 | (@ | H2 | (@) | (H2
INMS | 545 | 8490 | 4.44 | 71(B | 655 | 66.6

BAT - - - - 6.03 | 66.6
SP 21 | 843 | 6.12 | 7515 - -

Tost Lovel: 0.000 di kuwmrw's L)

Test Range: 20 000, 2000000 e
Tt Thm: 000:02.00 Cigpinn)

Reachuion: 0625 He

=—Control
—iNMS
i —BAT

P o e 2000
llogh Froouency (Hr)

Fig. 12. Random vibration test in Z axis

Constant displacements 2-&3}al Uw =] T3t
S 271 FYF Uy ZERYS HLE

o

2 Zol ta AU AEAY A3 A&
HE-g-2 Table 173 o] =&5 AT
Figure 12& Z% W&o 99 s A8 2
e :Lﬂ]ﬁii AL Ao (Control) Y= olH,
HoAIG 254 Y I 742 INMSSE BATO
w2ty AEEA A SHE AFE eI,
Table 182 7} =l tisto] WE & A9
HEA Wge Ao Aol
AT A3 AFAE (LLS Low-level sine
sweep test)S F3 FMQ IF{IFFE A3
RNew, Fig. 132 HFAABANA FAHE X=

o
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Table 18. Accelerometer response Table 19. Results of LLS tests
for random vibration test INVIS BAT Sp

Comp X axis Y axis Z axis (Hz) (Hz) (Hz)

onent (g RMS) (g RMS) (g RMS) LLST 356.91 - 256.67

INMS 9.834 11.946 14.183 Y | LLS2 371.10 - 254.37

BAT _ _ 4,957 LLS3 | 380.10 - 24392

(1-2) (1-2)

SP 12.761 6.874 - 308 0.89

Variation (2-3) (2-3)
o WL oy (%) 2.42 ) 4.11
e (1-3) (1-3)
Zti i 6.10 4.97
— s IR LLS1 312.82 324.27 -
Z | LLS2 345.34 345.34 -
LLS3 310.02 310.02 -
(1-2) (1-2)
9.42 6.10
Variation (-3 -3 _
(%) 10.23 10.23
R - . (1-3) (1-3)
Log Frequency (H2) 090 439
Fig. 13. Resonance test comparison at LLS1 | 298.17 173.84
body-mounted solar panel in X axis X | LLS2 325.25 - 163.73
LLS3 321.37 - 164.22
ko] 1/RAEFE A1, 2, 39 AFE 2RSS (1-2) (1-2)
Hl w3k Zlo]th 8.33 5.82

LINKS} o] 2o FH Aol A Al 2H 9 Variation (2-3) ~ (2-3)
AHAESFE SN E 4R 4 Aow wdd (%) 119 0.30
HEZ 7MEEAV F2E YA OA AFo=2 U (1-3) (1-3)
this 147548 welste] Table 1991 A7) 722 233
st ~ )

4 ASEANA 299 nfasee gasg N ACEATH GAA0T, LS AT A
A% golz gaol wAHA gov], gyae ME AW F AN A ‘J‘*E AAER 2
TERAESE= 0]—141]‘3’]- ZF AAoA =HE 14 Zé]ol'o:] thA] P-PODol 4 J stk Aol U
2557} 126Hz(90Hz*1.4) o] olets HE 1 otk A¥AT o] ¥ Z4H LLs39| Ade
Lo o T m= =
She AwhHel WAA A BT A g LS 5% ol wiaE nEmSH LLSS A9

i

a9 t“ii}(Vamation)ﬂ- 5% o]
L720E WA G ok 5“’/} —?—

< P-PODOl| AXA3ta Ago=z =44 Y—%—Ql
LLS19] A7} AolE Hol= o+ P-POD Y
o] FMI 10U FxE0] A3 AAE e 2
Ho=z A7t o]lF =43 LLS29 LLS39 2
ol Ms LFrEFe] MEIE 5% olWE ==

L

==
Hh ZEAA LISt 92 afxEFe 2
Frg Z gow 2H AL LISl 43y A
SAE F 7leAE A T 2RE BRE 4F

T SARAAE B
A EO R X5

LLS1Y A& A7}t zpo]E Hol=

FpAol A A

WASA RYh
AN YEAAHSE ol

ool &
£ 97 A AY A AAE WA
Aoz AztEd. et LS

73 5t

o} LLS3e] A3} zel7t 5% Ollﬁi E%ﬂ‘ﬁ
71=Ad A3 RE AHA A" %

=

1oz
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Fig. 14. TVAC test configuration

Table 20. Operating temp. for all subsystems

Lower Upper
Subsystem limit(c) | limit(C)
Board -40 85
EPS BAT -10 50
SP -40 80
ADCS -10 60
INMS -20 40
Payload LP -40 100
LP board -40 80
OBC -40 60
Board -40 85
TRANS ANT -20 60
STR -50 90
Hie} o] EQMO 2 F3stA X3k dF7] AlY
T FM<$ o] &3ste] sttt
iy Iz AW viga 2d3e] d¥s

AE 95kl AA A v A7 9ol Fig.
149k 2ol FM< A X33t
949 LEUsE 5]
(Thermocouple) & 63(Cold plate, LP board,
BAT, OBC, ADCS, SP)°ll #2&tomn, 7z A=
NzEe] &8 LEWYE Table 20014 AT

& 9k

Table 139] &=® ¢l o} 457]
71 NS 3t o5 T3 9149 7]
oF &tAqF, ADCSS} BATS HA &
£ Hojus zHolojA dF7] AlE F
o] A ik HEV} BTt

Sstel A

o
=

.

-
[}
[¢]

ro o ol

2k ;Y
fo o oY MR
b do o Ay

BATE= A2olA d4&d 2 s 0T ol

stol A BAT S|IEHE ZHsAIA &
#(-10T) o8tz 2&=7F W7t

HA =4

o] WA=

=& AAE oy, dF7] Al HALE
2 Table 139 wa} BAT 3|E7} ZEstA4 AA
3t A F3ho] HAE JhsAe] dtgE AL

. Ist ’ 2nd ., 3rd ., 4th , DBake-out

Temperature (°C)

Time

(¢

AAEAoH, o2 dZE AolEre F4st
= Zol @AV dv= As Ao
ES BATSE 2] ol 3]
2] 7% Worst cased] €F7] Al EH|
I -10C= WH7ke 457 sle AS #dsA
I, 2016 6€ 19¥° HARE 27
Precursor[9]ol ©AE o] AA7tA] Aoz
G 97] wEol LINK FM Edo] FH =3
Ef2E Jlete A By 957 AP HA 2
£ SaTReC 7% % ¢FAIEEA o &
EAE FH7|H <l VKIY & do] HAs
I APe IYste Aoz AU
SaTReC 72 B ¢+FAIE g ¥ 15
71 BAT 3|E7} &vtEA| $2st=A &1lsl7]
A AL FF(Cold soak) =5 -15T7HA
WE o7 dsAl71aL I ol Fel= 0CE HAR
=2 dAs ANPS FR8AeH, 7 Soakl
A 71sANEBE FHsAY. olek o] A" &
= Hez 38 dF7 AdY &= HIs

Fig. 159} 234ttt

I
Q
o)
(o)
o

157114 Cold soak %5 XA &
22 ADCS$} BATS| &8 2599 A=
2o} gobd o e FE A BAT WA #3

woldlen, BAT 3|EHe A4Hd &7
ADCS®| 7leHA &< F HE 2EF A
Aok a2 2F7]o A2oA 7 AIZE HEY
g AL Ex1F AW Operatore] FAZ A &3

Ql Cycle 3] o9 2o 7| Fe=E
Al 715 A 3 Hot soak AL F335197]
uf Zol o}

A FME EF7] AlEL a7xddA
<5 229 met FyHAo Y 2zt
T3E 7leANE A7 EE ABEAXH
Ho=w FAStE AS AT =
Ao A A Y AA T8
R HFo] BF dXF AFES
3l 2] €] #| (Heritage) 7} & &

F

T e o pE i

o rr -4 o2
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A
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