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ABSTRACT

The optimal layout design is used in the development of various areas of industry.
In the field of space systems, components must be placed properly in the limited
space of spacecraft by considering mechanical, thermal and electrical interfaces. When
applying optimal layout design, a proper, even ideal placement of components is
possible in the limited space of a satellite platform. Through the optimal placement
design, the minimized moment of inertia enhances efficient attitude control, rapid
maneuver and mission performance of the satellite. This paper proposes 3D optimal
layout design that minimizes the spacecraft’'s moment of inertia and effect of thermal
dissipation between inner components as well as interference between inner
components based on a cubic-structure satellite platform. This study proposes the new
genetic algorithm for 3D optimal layout design of the satellite platform.
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Fig. 1. Exploded View of Satellite Platform
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Table 1. Assumed Componenis List in the Satellite

No. |Subsystem Component Size(cm) | Mass(kg) |Power(w)| Quantity
1 Payload EO/IR Camera Module 40 x 40 x 25 355 185.0 1
2 Scientific Measurement Equipment 28 x 25 x 16 6.5 11.0 1
3 MTQ 6.8 x 6.8 x 58 0.6 10.1 3
4 Reaction Wheel 25(r) x 20(h) 149 14.7 4
5 ADCS Earth Sensor Module 15 x 12 x 8 1.3 24 1
6 Star Tracker Module 15 x 145 x 14 2.7 8.5 1
7 Control Module 27 x 26 x 13 55 10.0 1
8 Transmitter 23 x 18 x 8 29 61.6 2
9 CS Receiver 22 x20 x 75 0.9 10.1 2
10 Control Module 25 x 22 x 12 45 8.0 1
11 Battery Box 25 x 16 x 15 16.2 10.0 1
12 EPS Power Control and Distribution Unit |40 x 36 x 26.5 28.7 44.7 1
13 Control Module 28 x 26 x 20 12.0 1.0 1
14 OBC OBC Module 27 x 22 x 13.7 10.5 22.0 1
15 | Propulsion Propellant Tank 45(D) x 5.5(h) 9.4 3.0 1
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Table 3. Design Input Parameters

Input Variable z,
Component | Coordinate
X y
Earth Sensor T, Ty
MTQ#1 Ty Tig
MTQ#2 T3 T
ADCS Module Ty Ty
Star Tracker Ty La1
Receiver#1 Tg Lag
Battery Box T Tog
Power Control and - T
Distribution Unit (PCDU) 8 24
Scientific Measurement
Equipment(SME) 9 25
CS Module Tqg Tog
Transmitter#1 T Loy
Transmitter#2 L1 Tog
Receiver#?2 T3 Tog
EPS Module Ty 30
OBC Module Ty L31
MTQ#3 L6 T32
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Fig. 6. Sensitivity Analysis Result of Mol
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VAEE 2 H3At Ax 4 MECME & o FAE e Molst € xS Had
RRgo] 1 A7 & FAFC] ARHeRE 4 o= HEE AlEdeldY Asfjer A A
A ok & S XA HA, T 4 e e AA ke Ae dd 3 FAEFY 1A
F AAE Uei= F e AAYdERTe € S AFer] 9% gz g,9 7FEAQ p, o)
T we NPEE ZHA "ok o A7] W&o, H¢H XY FHF 1] 1A
o4 A Hjx| MA Zo WAE Sl & ARy B Vs E A

) ) ] g3t Aot

2wz AAE A8 AT Fd s A W] A BN 6032 At on
LA 7 A2 7HEAE Table 49k Bk HH - gos)0) Alw) F TAFE gl 2HA0] BAHA ¢
darels dY AN 5A QarElge) AT o mor 4w gl6%e) ABHM HETES
4*(Population Size)= 50, At 4 (Generation)+ BTk oFA A AS 571 ABEA|~EH ] 2 -
300, 8731 §5F(Tolerance) & 182 HASNN  ygo) o) e 4059 A7 WA 47 29
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g el A FAF el S Aty 9l e g o
4 HelAH TAE ' I a2 Awerz] 4% A Molxxi= B 2015 kg » m’, Molyye i
Gz g;o TFEAQ pselm, 1 tgor 2 ) _ 5

2388 kg » m®, Molzze 1 375.7 kg « m°Z

Table 4. Simulation Conditions for Layout

Optimization

Condition Value

Population Size 50
Generation 300

Tolerance 1e-8

Weight Factor of J(X),,, * A\ 1000
Weight Factor of J(X).ma & Ao 500
Weight Factor of g5 @ ug 25,000
Weight Factor of gg @ g 1,000
Weight Factor of g; : uy 7,000

Table 5. Results of Optimal Layout Simulation

Result Max. Ave. Min.
Value Value Value
Molxx
(kg + m?) 223.3 201.5 182.7
Molyy
(kg + m?) 2511 238.8 231.1
Molzz
9 4449 375.7 323.8
(kg « m~)
Mol
(kg + m?) 886.1 815.9 765.6
TIE 0.0664 0.0516 0.0447
Operation | 437 3,370 1637
Time(s)
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Fig. 9. Top View of the Optimal Layout
Design Result
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Fig. 10. View of the Thermal Interference Effect
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Table 6. Results of Normal Probability Test b AU AHAAE Bole AL HFAHAY 42
with Sum of Mol and TIE 2 AL HolHEY BIYAS A= Ft
g 5 on, 54 HAFEE oA dad 2
Iltem Value 9= 74" 2= 9es ou s
Average 8145 TIES] i3t A4 723 A= AXME P-Value
= 0.0062.2 0.05 ©]3}9] e 71 AFEEZ
Standard 48,1 T °
Sum of Mol Derivation ) J;ET}E%)% 5—}(\)_]?—:} ‘/‘IY: %i(}i‘:]' TIE ﬁ]ﬂ'oﬂf H]J—J’—Zjl
(kg + m?) | Number GEsHAl Ao} FAlel vldE sk Mole] Ak
of Data 49 toted 7 pAEe ddauwEa Ale] 1+4
_Val 0.206 o] T8 WFE o7 HH, FAFE 3
aue ' wpel thekdt ANADE AEsA "ok ole A
Average 0.0513 By ol AE oA TIE FHE° ATEEE
SR
Standard LER A %= Jo*‘—]_oi deET
Derivation 0.0042 Table 7& 22342 71% 29 @2 Molst
TIE NUMber g ZHHZ(TIE)S] ALEHRE YeEdT 74]*}734%
of Data 49 = 7} 7t x| Wsteit 53] 9 /\H-_r‘v‘ﬂ ojdE AA
3l U2 AES HToE =& o}ﬁiﬁ‘r A
P-Val 0.0006 . - o =
aue AAFARE N\ E BAGSE JX),,,0 2A 7E
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Mol(kg*m?) TIE
Fig. 11. Histogram of Mol Simulation Result Fig. 12. Histogram of TIE Simulation Result

Table 7. Effect of Weight Factor on the Results of Optimal Layout Design

CASE 1 2 3 4 5 6 7 8 9
A 500 500 500 500 500 3,000 7,000 15,000 25,000
Ay 25,000 15,000 7,000 3,000 500 500 500 500 500

(iwol“g) 202.07 197.70 198.13 | 203.13 195.02 194.78 190.78 193.23 191.06
g m

U‘ZWO[@/%) 23743 | 23944 | 23765 | 23347 | 233.81 234.71 23425 | 23363 | 233.38
g m

U‘:WO[Z%Z) 374.78 376.06 368.77 363.92 361.14 357.19 357.13 350.72 350.15
g e m

ZMO[ 81428 | 81320 | 804.55 | 800.52 | 789.97 | 786.67 | 782.16 | 77759 | 774.60
TIE 0.0503 | 0.0501 0.0518 | 0.0567 | 0.0593 | 0.0635 | 0.0682 | 0.0777 | 0.0774
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