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Thermal Design and On-Orbit Thermal Analysis of 6U Nano-
Satellite High Resolution Video and Image (HiREV)
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52828, Korea
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resolution video and image)S 7HSIRCE. 6U HIREV ZAS 49| IR = X7 UES Qfeh ToiME
I 2 SYY BH0|H, YR 3 Al D20 702t RER Q5 XL} BE 70| & X[t @Rt LM
g = QU E X[ @Xh= SHY=0l 2 Fakg 0|XI2E, 0| dhdot| o & AA7t Zsict. £t

HIREV &8t 7tH2te XIM0IM M0lE MEHMIZ(COTS, Commercial Off The Shelf)S 023510 7HEISH
20|22 AR20iM 7HE £2 M52 7N, I2/K2 2Z01 LF0M 22E7| Lol Bl & AL
HMEE|00F siT}. 2 =20Als R 72t EAE sl 37HK1Q] a5 @ AV +3EJCH, Hx

& oS Sot0] & AA7t SUERJUS ERIGINILCH.
Abstract

Korea Aerospace Research Institute has developed 6U Nano-Satellite high resolution video and image
(HIREV) for the purpose of developing core technology for deep space exploration. The 6U HIREV Nano-
Satellite has a mission of high-resolution image and video for earth observation, and the thermal pointing
error between the lens and the camera module can occur due to the high temperature in camera module
on mission mode. The thermal pointing error has a large effect on the resolution, so thermal design should
solve it because the HIREV optical camera is developed based on commercial products that are the
industrial level. So, when it operates in space, the thermal design is needed, because it has the best
performance at room temperature. In this paper, three passive thermal designs were performed for the
camera mission payload, and the thermal design was proved to be effective by performing on—orbit thermal

analysis.

HAol : 25 G HA, A D 4, 6U 24F 4, T 94 L ol vl A|(HREY)
243 94

https://www.jstna.org | 257


https://crossmark.crossref.org/dialog/?doi=10.52912/jsta.2023.3.3.257&domain=pdf&date_stamp=2023-8-31

D
(e
ol
P
B
gt
40
0x
ne
nx
Y
=)
ne
:Ioé
1%

258 | https://doi.org/10.52912/jsta.3.3.257

Keywords : passive thermal design, thermal analysis, 6U nano-satellite, high resolution
video and image (HiREV) nano-satellite

1. NE

249 82 1750 kg Atol9] AFe 2= AT o EREH, 247 9449 ™ol
HESEe FHQALS FHWORS 7]1:] M= Aol FELALS 10 x 10 x 10
emi(1U)E 99 2712 7Hm 30, 6U, 120F 59 thefgt 2718 71k

6Ud 243 9182 1U % 3Us 247 9140l HlshA Woldl s
02 o g2 JE82 352 7 = e 7L Sl s 22 AES 2 FE
A aL2o] WY 4= Q1o &S] &7t S8-LE=HY oA EASRAIE Blsfor
stell], A A et 7}‘3113}?1 73% 4 A% EXKthermal pointing error) E= E

AN

82 & siAE Sl I Y /do] AFEoof gt
1U 9 3UF 249 91489 4%, @ 245 3t & side 3% 357 Bt olgdot
oflA= xﬂﬂE—J 10U 24 2140l tis AvkaQl 4 siA] & 470 B gloH2], =
Aol A= 1UF 249 9143 STEP Cube Lab—J A= & A& B3l o 7HA] & Ao A
AE 4 ?0}—1]} SIIHH3). A3ldolA= 3UE 4% 914d TRIO-CINEMAC] sl 5 &
Ao} AlAElE &gt FAAS] & ] £ FstoHd], AHdel gE 53 st
KTH(Kungliga Tekiska Hogskolan)oll A= 3UF 4% YA MIST(the Miniature Student
saTellite)®] ThIRr A5 FAAC] sl of2] @ Alo] AAEE AASte] @ A9 ans
PSSR,

d AlolE gt AA A2 HES FeE k= 55 ¥ Aol AA(active thermal
control design)¥ AHE WA T 51K Y= 5 & Ao} HA(passive thermal control
design) #2lo] EAgE 248 S IFE & U AR AL o, 5
Alo] AA W& Aask= Ho|oHll.

Z24F 2 Rl 98 5 Qe FFolE Alofo] 7] whizol| 94 +RAIY 2 ®#

A o]-8sto] 5 E AlolE Aot e vt AllEol EARI.

ZAYA= 1UF 247 2150l teiA Bidks AdFohke 724 idol & 4714 A=
9l anodizing A, black anodizing, MLI(multi layer insulation), white paint®& € I&<
sto] g4 A= Hlwstlom(o], Bl719] Sakarya thelollA= 1UF 4% f1/dol tish
A 2 BHO| PR 24 B Tt AEO HlES HEA sto] E4S 3 AL
7t AcH7]. A 3+ D 2 SHChilean Airforce ¥ University of Chile)oflAl& -4
AL P& ol&sto] 3UF 91499 2 FH 47149 tE A=E AREste] WA 23S
et A F AAE XPsHATHSL.

NASA9A= oUH 4% 91499 2 ®Ho A= 7 5 & Alo] A&’ Louver &
A-goles A7t AReH[9)], v FHUSA Air Force)ollXE 6UF 243 /0l sl 2
A TRt @ 77 A9 7hsdS USSIATHIOL Fig. 13 o] JAXAOA & "ANE
3l A 5 6UF 243 914 EQUULEUSO= 91499] 2 B MLIE #-835to] 371
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Fig. 1. MLI passive thermal control design on structure for 6U Nano—Spacecraft EQUULEUS

[11]. MLI, multi layer insulation.

S EEEEEER L

N

2] FCH11]. 3 HA3} daeE&E ol&ste] MLIZ &84l
1730l sl A 9] W WS A5t A=t ASITH12,131.

2 =xode e I 2 s Y dFE 7= oUg 4% 94
HiREV(high resolution video and image)?] Y5 BAA 45t 712t s TS ¢t
g AA7F AFE AL o] Y8 Thermal Desktop® v5.5(C&R Technologies, Colorado,
USA) ¥ SINDA/FLUINT® v5.5(C&R Technologies, Colorado, USA) A& T2 13:-& ARS
sto] A= & sMS sstlen, AR il FAAIY @ A € 2 #H ML € 7%
75 @ AAE FE5le] S B EdS A5kt

AR 6UF 248 Aol tigt G/7=x A9} s tigt =22 Qo= 3t
7] G4 gt wEbA & =72 0UF 249 e /I o f-8% - AlmTt E AL
2 ok

2. HIREV(High Resolution Video and Image) € AA|
2.1 AT EH F A

HiREV 45 9AAI 38} 7hil2h= Fig. 29F 2Zo] 274 90 mmE 2= Hdai=e} 71
2} ZE0| AFFHE o|FolA glo, FUA=AMRE YE T4t 7t BES] oF
ol upA[eko 2 Afo] Wa] = glojElE dA Hrt.

Fig. 3 ¥ Table 13} Zo] Y5 g 7hHjet o siA= HAE A}, 420 717k MY
Q1 20C30ColA 7F =2 =Rl 4 mE Bo)om, FaA=e} o] mpxjuto 2 W=
ZHigt B HE 710 2% il o7t S E 2 TS 7S ERIsHGIT.

ol& HIFOoE PYP=O] W 2 JESP| 95) Fig. 29} o] A= FxA ZHH
o] W& (emissivitiy)°] R EFH|%E Ho|Z(aluminum tape)s X ©F H 2EA4S &
g A} 59)om, Ao] uiAeo 2 Wal= yhdet wE FRY AR PRARES 94
E8o] 2 & o]F0fA copper bridgeE & 47400l Z-8dl0] 2% HjE HAAA
7hiEte] A A o5 FoluAt okt
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Fig. 2. Thermal design of HIREV optical camera payload. HIREV, high resolution video and

image.
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Fig. 3. Temperature vs. ground sample distance (GSD) graph.

Table 1. Temperature vs. ground sample distance (GSD) and resolution table

Temperature range (C) Resolution (m) GSD (m)
-40-0 8.1- -
0-9 4.1-8.1 8-16
10-19 2.5-4.1 4-8
20-30 2.5 4
31-60 2.5-4.1 4-8




J. Space Technol. Appl. 3(3), 2567-279 (2023)

B, Tl 2ol W 7k A 29 5.1 W7F AvlE= 4709] PCB F50] '
A=l gloH, o]z H*zlﬂ% %% ot R A d A 9 BEs] Hstod
GSIAE A Fho] 22 9=

2.2 HIREV(High Resolution Video and Image) & M|

AR FAAE 213t 2714] A Lol 25 E Alo] HHAQl FHH] & I/ HHALS o]-8slo]
A AotE Al=st3irh HIREV 5 A4 JaLOP 7Hlehe AVdE- AF8AREHCOTS, Commercial
Off The Shelf)o]=& A5 Alo]] 420 77k 2% WA 7HE =2 sEE 7HH, 2%
&5 2 sl DA LS Sk MLEE HIREV 7-2A419] 9]Fof 2853t

OURE 249 982 1UF 4 307 247 943 99 grtdos g sidAeE

Zhech meb, 914e) TEA] 2 EWS 45 2 Ao] AA%E H8dte] & Aol 3]
2o 24 253 Ytk

6UT HIREV 243 949 4% g me] A7/ld Solle L2A419] 2 #H oA
T Fo] HA| A g AolH, Fig. 49 Zo] £ ofetto|H(black anodizing) A&
Slo] 94 YR REZO] Y delo] 4oz HY U HkEo| & o]Rojx WP olF
4 UEF SFIth HIREV 243 91449 4%, AA Fujof Hlsf Ydso] zoHg 24|
£ &3] 5ido] 2= 4= A black anodizing @ 2 A= {ct.

Black anodizing®@ & g A] A AA” BES2 G182 9] 24 Qo] 2=
T, A5 'AA e B Al yRe] Fol A9 BXIoR HA HgEo] ¥ 2

£ 7H 4= Qith wEbA, Fig. 59 2ol AR EAA Y 24 2 HHY YFEI
MLIE #4850 & @ AA Astoict

3. 8 x| oY 7|H

9] AA B2 ALKAola v B4t 7|5l P42 7HAIAL QI E R SiAE 9
3f| olAkslEl(discretized) 93t 84 Zdz HESH T ar} Qlch

Fig. 4. Black anodizing thermal design of 6U HIREV nano-satellite. HIREV, high resolution

video and image.
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Fig. 5. MLI thermal control design of HIREV 6U nano—satellite. MLI, multi layer insulation:;
HIREV, high resolution video and image.

* Forward — Backward Method :

miC N Gco

i i
TIf'l(Tin+1 _ Tin) — Z 2“ 1) [(Tin+1 _ T]_n+1) + (Tin _ TjN)]

j=1

N
+Z@ [(Tin+1)4 _ (T]_n+1)4) + ((Tin)4 _ (T]N)zt)]
j=1

ey

+(Qune + Qext)

T, @A AZE nolA k& 9] Rk

T;" @A AlZF nollA k& o] 2%

T T AIZE n+lolA & 9] 2%

T, ohe AIZE nt1oA =T jo] 2%

Geonayj: =& 1% 1eE j 7H] A Ak 4 AYH(e.g., kA/L)
Gragjj: = i k& j 7H] BAME A (e.g., € 0AF)
m;Cp;: = 949 E83Ke.g, VioC,)

Qe Qext: =& i9149] 8-9)51= G (heat source) F= FE5E G (heat sink)

4. HIREV(High Resolution Video and Image) HT & &
4.1 oM =2

4.1.1 HIREV(high resolution video and image) &€ 2% 3=

9= H1gA19] & s4S 91t = 7391 Thermal Desktop® v5.5& o|-85to] 7151514
o] BeYlS Fig. 61} Zo] 1=319ith 4 RS 7&517] Yol AMEE node?] = At
L5 B39 g0l Ql8f HlmA @ Ji4Ql £ 3,127707F AF_Ele ™, quad HoFO] 33}



J. Space Technol. Appl. 3(3), 2567-279 (2023)

Fig. 6. HIREV nano-satellite thermal model. HIREV, high resolution video and image.

A A 8 4 (solid element)= 58770, 2XF A QA (surface element)y= 58371, shte] A
A9l FHEE YEFN7] $J3F conductor= 2587Y, THE: @4 719] dHTE YERf7] 9
3t contactori= 1847Y, F-32] WA heat load)> 17707} AREE| it

HiREV &€ HEojlA z} B20] viX|= Fig. 73 Zo] vix|=3leH, 1U 571l sidshe= st
9] Stack Qtell F-E=0] DA viA7F EQdet. Stack Aol F2 BAIA FE=0] B4

ol

Stack A Payload
Stack A 1
a. UHF/VHF Antenna

Payload

b. s-Band Antenna a. Camera Lens

b. Camera Module

€. UHF/VHF Transceiver

d. S-Band Transceiver

e. Interface Board 1

Stack B

a. Interface Board 2

b. Main OBC Board

€. EPS Board

d. Battery
e, Payload OBC Board

Stack C

a. Star Tracker

Stack D

a. Reaction Wheel

b. GPS Receiver

€. Ethernet Switch Board

d. GPS Antenna

Stac C Stack D
Fig. 7. Components configuration of 6U Hirev thermal model. HIREV, high resolution video

and image.

https://www.jstna.org | 263



264 | https:/doi.org/10.52912/jsta.3.3.257

7h Eon, 4 420 2RE FAFONE Holr| flof AR =RE MY W Xow
BRI Stack Boll= 'E®o] Bl A HW2 FEE0] 1449 SUol wiA7F Hlow, o]
£ 5ol SYoERE 949 BE ol do] AL = UL 53t E3 HiE 2 (battery)
7b A 8eHT WA vk A& WAISH] fste] Stack BolAl gl B
OBC(On Board Computer) &5 Atolof vje]g] 7+44&2 vix|s}AL}. Stack CollA= GPS
BEea) 7)et WA A A REEo] wjx)7} E9itk Payloadoll: 2.509] 37+ AA|FH=
U5 FAA ZHEE viR7F Hlom AT BEZ S17] St HRFe = vix|7t H ]l
ulR|eko 2 Stack A, B, C2} payloadE ®AISI @& 211 0.5U9] 27191 Stack Dojl=

A AloE Y3t reaction wheel F-&0] BA= YLt

1
d mdo) agt 244 A 27HK1Q1 "EE8d &/ X(thermophysical property) 2}
et &/ X (optical property) & WirolAH, HBY WA At Al A3t ghEo] 23E
of At

IETA EAA= Y- Z(thermal conductivity) ¥ E-83Hthermal capacitance)}= st
HEEN F HArE{conductivity), Wx(density) ¥ T &= H|A(specific heat, C)E T+
/JEt}. Table 201 E&E24 44 #&2 UEHSITH

E3QF FR-4= PCB 7139 Amrt = S4=EA D714 Aot AgE] flsf +25
(copper layer)o] 9FAl A4Elo] PCB BEEE 443t} PCBS F4J5k= FR-4%} copper
layer®] F7= 212t 1.5 mm, 0.07 mmO = 7Pg=lom, GAEE&E 717 0.2 W/mK, 398
W/mKo]eH16]. ©]= vlEgo & FR-42} copper layer”} A% PCB 7|Hke] dE2|4 E4
A5 Foks g2 A (< 2t

Ap Cu aty atey a
Kai T + Kcy T~ Kai T + Kcy T - (Kaitar + Keutew) L
a Ay Acy a
= Kaircu(tar + tew) L= Kai T + KCuT = (Kaita + Keutew) L

¥)

a a
= Kaprcu(tar + tew) L= (Kaitar + Keutew) i
ko _ Kaitwt Keutey _ 02X 1,500 +398 x 70
CoARCE Tt 1,500 + 70

=18 W/m

5t BAA= BAMG A thermal radiationy AXISE7| Yot ZFE24 S<&(absorptivity)
2 AR emissivity)Z T3 EICE Table 30 38t 2414 52 eI

-8 capacitance)}> T9] AT T 255 ASAI7I= 233 IR FoEH, &
|o] 25 229 MIpt Hon, AepeE 250] ¥} A uEi 2= BXE A9E
D2 wiofl AA 91 By} & 2dl 7ko] A8F9] Aot A2 s 2 siA] Axt ge] Alo]
7 A EAgstn s = e 7He] J8E HFor T Rt Qi & AtollAl= Table 49
o] AA| mdlat o mdll 7+ F-&5F Xl 5 J/K ofstE B0 sialS ZPstirh
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Table 2. Thermophysical properties [17]

Materials Conductivity W/m-K)  Density (kg/m?®) C, U/kgK)
Al 6061 T6 167.9 2,700 896
Al 7075 T6 130 2,810 960
Copper 398 8,960 385
CFRP 38 1,800 800
PCB
(FR-4 + copper layer) 8 190 1200
Material in camera module 1 1,100 1,100
CFRP, carbon fiber reinforced plastics.
Table 3. Optical properties [14]
Materials Absorptivity (@) Emissivity (¢) ale
Al 6061 T6 0.15 0.05 3
Al'7075T6 0.15 0.05 3
Copper 0.3 0.03 10
CFRP 0.86 0.8 1.075
FR-4 0.6 0.6 1
Black anodizing 0.95 0.89 1.067
MLI 0.1 0.04 25
Tape, aluminum, 2 mil, BOL 0.1 0.04 2.5

CFRP, carbon fiber reinforced plastics; MLI, multi layer insulation; BOL, Begin of Life.

Table 4. Capacitance setting

Capacitance in 3D

Capacitance in

Difference of

Components thermal model capacitance
model (J/K)

(J/K) J/K)
Side frame 354.75 363.25 1.5
Bridge 12.57 12.57 0
Edge 13.72 13.72 0
Stack frame 20.87 21.03 0.16
Reaction wheel box 111.2 110.31 0.89
Camera lens structure 637.6 633.63 3.97
Camera module structure 284.67 284.9 0.23

https://www.jstna.org
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1.3 s182EHsl
A% AL B2 A48 BRG] HELE WS Table 52 LhehISIc), F09] 25

2742 /ML 95 BRI 9150] AP 28] ML RE HESo| 582
= 9] oAl 2-g=lojof gk,

dhie] ¥EEo0] 40Tl 8509 2L FHe, HjElele] 49 Lxo] /g wgte]
gl ~10CAA 50091 7H e Hele] 242 Atk

> L] A% Bl PeA s o) 2] Sgesus 2t 5
S 9 48 Aol e SRS 1] el LR 200 300 L85 o
Ft

o]
o

Table b. Operating temperature range

MIN. operating T MAX. operating T
Subsystems Components . .
(o) ()
CDHS
(Command Data
OBC =40 85
Handling
System)
EPS Battery -10 50
(Electrical EPS board =40 85
Power System)  Solar panel =100 125
GPS antenna =40 8b
AOCS GPS receiver =40 85
(Attitude Orbit Star tracker -25 50
Control System)  Reaction wheel =40 85
Magnetorquer =40 70
TT&C S-band antenna -40 120
(Telemetry, S-band transceiver -40 50
Tracking & UHF/VHF antenna -40 70
Command) UHF/VHF transceiver -40 85
=40 80
Camera lens
(mission: 20°C) (mission: 30°C)
=40 80
Payload Camera module
(mission: 207C) (mission: 30C)
Payload OBC -40 85
Ethernet switch board -40 85
Structure Structure -40 80
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UHF/VHF
[ Antenna 0.03W
UHF/VHF
Transceiver 0.2W
EPS Board 039W
E
Batt
2 aten 0.1W
& ]
o Q
@ ;
r 2 GPS Receiver 019w g
" w0 -
-+
- Star Tracker 9
g 1w =
o 2
3 3
g Reaction Wheel 1.5W =
O s
Main OBC 26TW é
5907.55s
| Mission Mode
600s
Payload OBC 1 S osw
— ayloa
®
o : - 41W
- = Ethernet Switch
&
L camera Module W
323s 929s . 5907.55s
Time(sec)
Fig. 8. Power consumption in mission mode.
UHF/VHF
— Antenna 0.03W
UHF/VHF
Transceiver 0.2W
EPS Board 0.39W
£
[ Battery
= 0.1W
— 3
§ GPS Receiver oW g
L]
3 [a]
E Star Tracker ow g
o e
o ) 3
g Reaction Wheel W .g
¥ 5
Main OBC 2.67TW é
5907.55s
— Payload OBC
- ow
@
| 9 Ethernet Switch
5‘ ow
L Camera Module
ow
5907.55s

Time(sec)

Fig. 9. Power consumption in safe hold mode.
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F X E(mission mode)ollAe] WdFT} AFE F5HA] Yol AT FAAY Ldgo] ¢l
= P 2 E(safe hold mode)= W0 AW, 212t Fig. 8 ¥ Fig. 92+ o] Ueffjolzict. ¥
A2E BEEL 5907.55% Y o Aol B 483 gk 7, A5 9
A T BEES AYFS 1ol A, i AL 71E0& Bt WAl AZK108) B3t
2l oF 323-929% Afolo] 2H53tct,

)

>

415 He =A
HREVZ}F 2] s Al 232 JA| 3714 A=z Weold &= 3ok 71 2F-aol

B 7 drdgFo] Hoff 27491 worst hot orbit(mission mode)—fl S22 do] A1
3 Brdako] 2ol worst cold orbit(mission mode)] 7%, 12|31 93 Io] 1

H dtadaFo] A7) B worst cold orbit(safe hold mode)d] 7392 Lot

BRI G- EdT A 7] A7t 7P gronw o o] 7} Ew, ojuje] RA
of SUN Zte+= 270°7F ok, T3t 5HA] 2] -9 et 2|+t 719] A7} 7Hd Aol B = H]
F Xqﬁ(right ascension of SUN) Ze+ 90°7}F Ht}. RAAN(right ascension of ascending
node) Zt== &£8HS 718]7)= A} ascending nodeZ 71E]7]1& 419] AfQlZtog Aol
™, LTAN(ocal time of ascending node)®] Al7F& 11:00AMO.E 37| 9Js) 30°9HE Ze
Aol & Fol 5AY = 240°, SHAY W= 60°% A sl

HiREV 982 HYE7IHEE 7HAEE 1% 685 kmoll H= HAlE FARIR] 98.13°2&2
At or, QF HYUQl solar flux, albedo, earth IRS 5] U o} 20| 9t3=0] Table
63} Zo] A-g5kqirt

E3H HIREV 9182 Hl/dollAl Aefoll whet tE A4S 2H=tt. Fig. 10, 1101412k Zo] o
5 ¥k Afolle A7+ AHearth pointing) AAE 7HAH, 124 ek& Hole B
Z|SHSUN pointing) AAIE 7|20 2 St} Eclipse 77olA+ o] 5 49 A4S 98
Table 6. Orbit condition

Orbit properties Worst hot case Worst cold case
Inclination angle 98.13°
RAAN 240° 60°
RA of SUN 270° 90°
LTAN AM 11:00
Altitude 685 km
Eccentricity 0
Period 5,907.55 sec
Solar flux 1,420 W/m? 1,287 W/m?
Albedo 0.35 0.3
Earth IR 248 W/m? 227 W/m?
Season Winter Summer

RAAN, right ascension of ascending node; LTAN, local time of ascending node.
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Fig. 10. Worst hot orbit (mission mode).
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Fig. 11. Worst cold orbit (mission mode).
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Sun Pointing
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Fig. 12. Worst cold orbit (safe hold mode).
4.2 AT EHA| ZtHl2t B SHA Zat

floflA] AT AT} Lol AR FAAY 2714 & AAIRN 4719] copper bridge #2F & &l
2 24 2 399 aluminum tape A-83 724 ZHHO| MLI & AA /0l sl caseB=
o] S-S Bof 1 avE ASSIaih AT SAAIY 2714 € AAle Azt BE 7o)
2% 2lolE HAAAIA E A AFE £017] Y¥elH, MLI € A= dF BAA 7t &
Ao 2=E = it =0l 7P AeolA JdF-E $cteSE sk Ao F2o] k.

Fig. 133} 0] Case 12 &7 JT-& 517] ol obFd & AAE Z3ER] k2 7H-2-0]
™, Case 2= 47]9] copper bridge¥t Z-8% 7-9-0]1, Case 32 H=2| F2A|0) Al tapeRt
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Fig. 13. Thermal design (L) & analysis (R) result of HIREV optical camera payload. HIREV, high

resolution video and image.
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Table 7. Thermal analysis results of HIREV optical camera payload

Temp (C) Lens Module AT

Temp Min. -9.3 -5.3 4
Case 1

Temp Max. -1.75 13 14.75

Temp Min. -7.8 -6 1.8
Case 2

Temp Max. 0.65 11.35 10.7

Temp Min. -1.68 -4.5 2.82
Case 3

Temp Max. 1.26 14 12.74

Temp Min. -0.5 -4 3.5
Case 4

Temp Max. 4 13.5 9.5

Temp Min. 7.3 4.65 2.65
Case b

Temp Max. 10.85 17.5 6.65

HIREV, high resolution video and image.

S A3}, Fig. 139} o] 2= 23X7F AA= oM, Case 1+ HE AFEHE A=
TEO 27t HAHO R W1, Case 59 FF 257t 22 AlAHo2: QI 4= g{u}

Table 7°] of2I3t &%k &3 sS4l Autof tigt 314 A7} e UEISIHh Case 12
A=} g 7o) 7P & 2= Zjol2 14.75CHE Z}o)7t 919eH, Case 2= 10.7C, Case
3L 12.74C, Case 4= 9.5C, 281 ZE & Hoj7} AAH Case 5= 7FF 2R 2& Zjo]
Q1 6.65TC Y] gk AfolE Hort. ESF Case 59 A= TEA ATE of= MLIS JF
oz Qs A 19} HES F 257t e AR SR A AT 4 3o, o= 4

20] 7he eEOlUE © £ YRS B2 & 9L Lehi
AgA0R AT SAAC] A8 2719 & A% MLEZ o183 B AV 9% 9
Aol chote] Y-S Sak] 918 B e B FAS ABUS HES Bdte] FESAL.

4.3 HIREV(High Resolution Video and Image) Hl= & aiA Zua}

@A, 6U HIREV 249 9142 2219 gjgziAmo] obd Ay sl 7hos
W 9ol xA 2 FHo] ¥EE BIg REIo] ¥y EsHA| gon RE black
Anodizing® 2 @ I¥ A7} Ho] Qi webA, 24 2 ol MLI &80 7Fs3t 24
= 7HaL e, & Wﬂoﬂﬁ—‘: MLES ol-gsto] Ji =3 Alofl A5 7il=t FAA o] &
HOIS A3t Ao 7Phe LEHR WHE 4 YJEE i 55 G AAS AT

o4 A3E2 3A black anod1zmg 2]t o]20jR Ao9} MLI & AA7} o]&0iA A
F= WrolAH, Z42H9] A9= flolld AuESE F 37419 A= 2x0f tisiAl siAol
55|}

AEX o ML € AAE AAIRE 23t iFE9] WA AIAH HES0] 2u7) AE 7}
SFAATE -2 9] Hof| A5t o, AT HAAS] 2%+ black anodizing @ 257t A
23t ARET 257 ASsto] Aol 7K 2% EEE THAA ol ARl d A4

A Eelstaicth
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Fig. 14. Thermal analysis result of 6U HIREV designed by black anodizing on worst hot orbit

(mission mode). HIREV, high resolution video and image.

4.3.1 Worst hot orbit (mission mode)

Fig. 14= 7P =AL 272 worst hot orbit(mission mode)?] 7-9-0f] tgt &= 2L 3f
A Aitolw], 9139 AAAQ] 257t AU =2 AIF fje] 2% Fxolrh, 2% T1FIo] 4=
e sl 8uHAE S & F 1,740% FR1 49,000%014 IS =ESIAH HYe=
5H YA os IS Houg ggFHA|Ho] 9449 FRA|HTE HH R TP EAL &
L5 7 Ao R E gRRIgH 4= qlth

Table 82 black anodizing #2]%€ 73-¢-9] 54 Ao, He F5S9] si4 43 2=
7h 518 2= WS WSStk ES 18-2ke} siA 2&k9] AJolE margin ATE #
dotgom, E BEE0] 0C oMY margin ATEE HolBg JF o7 Fghs E1lst
At} Table 9= MLI @ AA7 -85 9ol black anodizing 42|9] 4-¢-Ht HE F
FE0| &F 550U BF S8 HRE WEollon, AF EAAY 2k A2l

g 7P 10C o139l 258 JAER o £ HIEE 71 st

Table 8. Analysis result of HIREV designed by black anodizing on hot case (mission mode)

Results (C) Worst hot case — mission mode (black anodizing)

Components Limit T,  Margin  Analysis Ty,  Analysis T,.,  Margin  Limit T

OBC -40 71.5 31.5 51.56 33.5 85
Solar panel -100 36.5 -63.5 97 28 125
EPS board -40 57 17 33 52 85
Battery -10 25 15 25 25 50
Reaction wheel -40 56 16 375 47.5 85
Star tracker 25 36.5 1.5 41 9 50
GPS R -40 56 16 33 52 85
GPS A -40 15 -25 45 40 85
Magnetorquer =40 36 —4 9 61 70
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Table 8. (Continued)

Results (C)

Worst hot case - mission mode (black anodizing)

Components Limit Ty,  Margin = Analysis T,  Analysis T, Margin - Limit T,
UV transceiver -40 35 -5 5 80 85
UV antenna -40 15 -25 30 40 70
S—band transceiver -40 355 -4.5 2.5 475 50
S-band antenna -40 15 -25 30 0 120
Camera lens -40 39.5 -0.5 4 76 80
Camera module -40 36 —4 13.5 66.5 80
Payload OBC -40 52 12 40 45 85
Ethernet switch -40 34 -6 56 29 85

HIREV, high resolution video and image.

Table 9. Analysis result of HIREV designed by MLI coating on hot case (mission mode)

Results (C) Worst hot case — mission mode (MLI coating)

Components Limit Ty,  Margin - Analysis T, Analysis Tr.x  Margin - Limit T
0OBC -40 77 37 55 30 85
Solar panel -100 37 —63 97.5 27.5 125
EPS board -40 62 22 37 48 85
Battery -10 30.5 20.5 29.5 20.5 50
Reaction wheel 40 62 22 415 435 85
Star tracker 25 42 17 44 6 50
GPSR -40 61 21 36 49 85
GPS A -40 21.5 -18.5 46 39 85
Magnetorquer -40 42.5 2.5 14.5 55.5 70
UV transceiver -40 42 2 10 75 85
UV antenna -40 24.5 -16.6 28 42 70
S-band transceiver -40 42.5 25 8 42 50
S-band antenna -40 24.5 -15.5 28 92 120
Camera lens -40 47.3 7.3 10.85 69.15 80
Camera module -40 44.65 4.65 17.5 62.5 80
Payload OBC =40 58 18 45 40 85
Ethernet switch -40 50 10 59 26 85

HIREV, high resolution video and image.
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4.3.2 Worst cold orbit (mission mode)
Table 102} Table 119] 7% ZH} black anodizing Xiﬂ 92 ML & AA A7t d H¢-
olH, ¥ A% BF BE RES0 257} HELEUIE WIS FIstc

4.3.3 Worst cold orbit (safe hold mode)

Table 129] 7% black anodizing A7} Elo] 912, worst cold orbit(safe hold mode)
o] AL A9=x :'_7}01] ARH o2 =EF o] Q1= UV antenna®t S-band antenna”l -8
EHRED 32 25 E 7S ERlskith

Table 130]A4] MLI & "473" 33t 49, UV antenna®} S-band antenna®] %7} o}
el we} 8-/ TEslo] BE FEo] 518l E WSS SRlsk

Table 10. Analysis result of HIREV designed by black anodizing on cold case (mission mode)

Results (C) Worst cold case — mission mode (black anodizing)

Components Limit Ty, Margin = Analysis Ty, Analysis T Margin - Limit Tpax
OBC -40 62.7 22.7 37.5 47.5 85
Solar panel -100 33.5 —66.5 84.5 40.5 125
EPS Board -40 47 7 20 65 85
Battery -10 156.7 5.7 1" 39 50
Reaction wheel -40 50 10 32 53 85
Star tracker 25 32 7 29 21 50
GPSR -40 48 8 20 65 85
GPS A -40 7.5 -32.5 28 57 85
Magnetorquer =40 23.5 -16.5 -6 76 70
UV transceiver -40 23.5 -16.5 9.5 94.5 85
UV antenna -40 6.5 -33.5 -1 71 70
S-band transceiver -40 23 =17 -12.5 62.5 50
S-band antenna -40 6.5 -33.5 -1 121 120
Camera lens -40 28 -12 -8.8 88.8 80
Camera module -40 255 -14.5 -1.7 81.7 80
Payload OBC -40 42.8 2.8 30 55 85
Ethernet switch -40 35.4 -4.6 54.6 30.4 85

HIREV, high resolution video and image.
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Table 11. Analysis result of HIREV designed by mli coating on cold case (mission mode)

Results (C) Worst cold case — mission mode (MLI coating)

Components Limit Ty, Margin = Analysis T, Analysis T, Margin - Limit T,
OBC -40 68.5 28.5 42.3 42.7 85
Solar panel -100 34 —66 82 43 125
EPS board -40 53 13 254 59.6 85
Battery -10 21.45 11.45 18.2 31.8 50
Reaction wheel -40 56 16 36.5 485 85
Star tracker -25 35 10 34 16 50
GPSR -40 53 13 25 60 85
GPS A -40 15 -25 31 54 85
Magnetorquer -40 315 -8.5 1 69 70
UV transceiver -40 31 -9 =2.75 87.75 85
UV antenna -40 16 24 35 66.5 70
S-band transceiver -40 31 -9 5.1 55.1 50
S-band antenna -40 16 24 35 116.5 120
Camera lens -40 36.6 3.4 -0.7 80.7 80
Camera module -40 34.5 5.5 4.3 75.7 80
Payload OBC -40 48.8 8.8 35.5 495 85
Ethernet switch 40 42.8 2.8 49 36 85

HIREV, high resolution video and image.

Table 12. Analysis result of HIREV designed by black anodizing on cold case (safe hold mode)

Results (C) Worst cold case — safe hold mode (black anodizing)
Components Limit Ty,  Margin = Analysis Tin  Analysis T, Margin - Limit T,
OBC -40 56 16 30.5 54.5 85
Solar panel -100 28 =72 84 41 125
EPS board -40 39.5 -0.5 11.3 73.7 85
Battery -10 8.5 -15 3.1 46.9 50
Reaction wheel -40 42 2 21 64 85
Star tracker 25 12.8 -12.2 0.7 49.3 50
GPS R -40 30 -10 0.6 84.4 85
GPS A -40 2 -38 22 63 85
Magnetorquer -40 15 -25 -14 84 70
UV transceiver -40 15.5 -24.5 -18.5 103.5 85
UV antenna -40 -5 -45 -13.1 83.1 70
S-band transceiver -40 15 -25 -21 71 50
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Table 12. (Continued)

Results (C) Worst cold case — safe hold mode (black anodizing)

Components Limit Ty, Margin - Analysis T, Analysis Trac  Margin — Limit Tpax

S-band antenna -40 -5 45 -13.4 133.4 120
Camera lens -40 20 -20 -17.3 97.3 80
Camera module -40 17.5 -22.5 -11.5 915 80
Payload OBC =40 33 =7 0.5 84.5 85
Ethernet switch -40 255 -14.5 7 78 85

HIREV, high resolution video and image.

Table 13. Analysis result of HIREV designed by mli coating on cold case (safe hold mode)

Results (C) Worst cold case — safe hold mode (mli coating)

Components Limit T,;y Margin  Analysis Ty, Analysis Tos  Margin - Limit T
OBC -40 61 21 35 50 85
Solar panel -100 27 73 85 40 125
EPS board -40 45 5 15.5 69.5 85
Battery -10 12.3 2 6.9 43.1 50
Reaction wheel -40 48 8 26 59 85
Star tracker -25 18 -7 7 43 50
GPSR -40 36 —4 6.5 78.5 85
GPS A -40 10 -30 25 60 85
Magnetorquer -40 235 -16.5 -6.9 76.9 70
UV transceiver -40 235 -16.5 -11.5 96.5 85
UV antenna 40 5 35 -8 78 70
S-band transceiver 40 23 =17 -13.6 63.6 50
S-band antenna —40 5 -35 -8 128 120
Camera lens -40 285 -11.5 -9.3 89.3 80
Camera module -40 26.5 -13.5 -b.1 85.1 80
Payload OBC -40 38.8 -1.2 5 80 85
Ethernet switch -40 31 -9 12.5 72.5 85

HIREV, high resolution video and image.

5.

uy
rhu

£ =RoAE GUF HIREV 243 94e T olnlx] 8l 54 Bdoleh dng
Slef 17 90 mm WA=} A 250 2719 Fet Alebt g JRe] 5L
B I8 G Alo] A4 AL ool e,
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A Alo] Al2gle] AA Abdel] e A= ot Zt

1. A5 FAA 7idet A= F2A aluminum tapes 2-85t0] 7Hlgt A=9] 27}
SR, ZHEr A= - 7} BE 7 2537 AAaskeich

2. o] vR|eto & Ws]= 7} REY ZHHE) fl= Afojof] @M go] w2 AR
= FARI copper bridge 4715 5250 244 &} 2 710] LuEx7} 745

3. HIREV 243 9144 #2A19] 2 #H| MLIE A83oax A5 G449 2=7F A
AFog Ao 7k LE7A] ARSI ow, UHF/VHFUltra High Frequency
/very High Frequency) antenna ¥ S-band antenna®| 3-8 =7} W5 Qi)

S st 27 AT FAAO] 8= aluminum tape U copper bridge?] 2714 &
AAE Bl 7ilet BEdt A= 719 =) 7hA B3 RISkt ML € AAlE 9%
HAA 7Hete] A=) LEE AASAIA A2l 7HA 5kl em, UHF/VHF antenna 2 S~
band antenna®] }-8-2=H 95 T=EAZTH

B wRoAE T 22 AL 6UF 249 4 HREVED el ciE 2 o

HE $YFORA AT GAAE 13 D Alo] AL AL F ool Blstgic,
6UF 249 SIS 1U  3UZ 249 9140] wislel R 23 wee A% 4 9)

of vlee] 93 AP W HALE IR BT TS YRS SHY U TR WAISH

09Ik, whebd] Qo= GUF 2459 S14] o] B gol o)Fold 1oz wakErh
220 182 o] Y 2 SfelolA B T Bt 4T SIS BA 6U
F 249 94 NI vl 389 Au B Aoz Jlrhec

el =

B o Axs sty 20224 Fel|EEAIR ] Ao 7 FHEATAL v oFEy-S
AlE](2022M1A3C2074536)9] A9 Wtow o]of] A=Yt}
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