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SORA

Kwak SeungJo

1

1.1

1995 20

2015 6 18 1931

1 2 3

2

� 300mm 2500mm

�

2

1.2

WASP

1:

15

2048 2048 CCD 200mm

70

13

WASP 8

1.3

50cm

1



2:

1.4

MOST

MOST

15

300mm

, .

.

1: CCD

CCD KAI-11000 -

1100 pixcel

4008×2672 -

CCD ( ) 36.07×24.04 mm

9×9 μm

A/D 16bit(65536 ) -

3.5

94×107×120 mm

730 g

2: CCD (KAI11000)

60000 electrons

(500nm) 50 %

66 dB

800 e/p/s

10 electrons

2

2.1

2.1.1

, ,

,

CCD . CCD

BS-43L . 1,2

.

2.1.2

FGK 690

1

5000 1

1 3

9 3

0.74

2



0.8 1

1000 3

0.16 2

5

2.1.3

15

1500

15 1

360

0.85 15 1850

0.5 90

1000

2.1.4

m , ,

p .

p = 1.1× 1010−m/2.5 (1)

, 15 ,

p = 11000[photon/s ·m2] (2)

. S

Np Q t

S = NPQt (3)

,

.

2.1.5

,CCD

.

. ,

, 0.0054

. CCD h ,

f θ

h = f tan θ (4)

3.8μm

. ,

CCD ,

.

.

, ,

, ( )

, ,

. AD , D,

f , λ(500nm) ,

AD = 2.44λ
f

D
= 10.16μm (5)

, 4 6

.

2.1.6 CCD

CCD ,

. .

CCD , ,

,

.

,

.CCD ,

,

.

,

. ,

, ,

SN .

(Nph)

,

Nph =
√
NPQt (6)

(Nr)

CCD

3



3: SN

SN

10 278.6657

11 175.6557

12 110.5624

13 69.3395

14 43.1042

15 26.2477

10e

.

SN

CCD

.

=
√
(N2

r +N2
ph) (7)

2 , 10 15

SN 3 .

L ,ΔL ,S

,N

ΔL

L
>

N

S
(8)

, ,

3

.

2.1.7 A/D

CCD AD 16bit ,65536

.

10 15 ,

10 , .

, 2 10

, 38877 .

60000electrons

. 1e−/count
,1e− .

2.1.8

,1100 ,16bit

1100 × 2byte = 2200 byte ≈ 20Mb (9)

20Mb .

, ,

. CCD 6

, 90

, 540

. ,

540[ ]× 16bit× 24bit = 25920byte ≈ 25kb (10)

,

.

2.1.9

1

1

( )( ) < ( )( ) (11)

2 0.5

2672

10000 1

2.1.10

3

4

100mm

4



3:

4:

-

300 mm

1800 mm

-

100 mm

1200 mm

2.2

2.2.1

�

�

�

�

2.2.2

adrag = −1

2
ρv2

SCd

m
(12)

v S

CD m

ρ

H0 ρ0

ρ = ρ0exp

(
− h

H0

)
(13)

lnρ = lnρ0 − h

H0
(14)

2.2.2

4:

H0 = 70.92[km] (15)

ρ0 = 1.0536× 10−9[kg/m3] (16)

2.2.3

IADC

2000km 25 50

700km

2.2.3

25

2.2.4

ISS

30[deg]

5



5:

2.2.5

5

5:

a 6921 km

h 550 km

e 0 -

i 30 deg

Ω 0 deg

2.3

2.3.1

2.3.2

2.3.3

1 15 1

6 5

3 1

1 1

2.3.4

2.4

50cm

2500mm

2.4.1

CCD

6 7

6

4

CFRP

CFRP

6

6



6:

7:

7

4

AR46AA-H100

8 7

2.4.2

2

1 9

CFRP

6: CFRP

1.7 -

150∼200 kgf/mm2

24000∼49000 kgf/mm2

60∼120 kgf/mm2

15000∼42000 kgf/mm2

-0.8∼-1.3 10−6/◦C

4∼5 Kcal/(m·h·◦C)
2× 10−5 Ω·cm

8: AR46AA-H100

1 10

MLI

MLI

2.4.3

CCD

7: AR46AA-H100

5 N·m
7.5×10−7 kg ·m2

100 -

0.0036 ◦/

5 N·m
11 N·m

0∼35 r/min

7



9:

10:

MST-TA1202XD MST-TA1202XD

1 3

x,y,z 1μm 12mm

MST-TA1202XD

11 8

2.4.4

2

�

�

θt[deg]

d CCD f

11: MST-TA1202XD

8: MST-TA1202XD

x -

-10∼+50 V

12000 μm

0.25 mm/s

0.1 μm

1 μm

4000 g

8 N

220 g

θt =
d

f
× 180

π
(17)

CCD 24.04 × 36.07[mm]

CCD 0.5∼0.6◦

24.04mm

17 2296∼2755mm

2500mm

0.55◦

1100[mm]

2.4.5

12

12 Δx

CCD

8



12:

Δx

ΔS

ΔS = R2π

(
1− 2

π
cos−1

(
Δx

2R

))
+Rx sin−1

(
Δx

2R

)
(18)

1% 10 1 0.1%

(18)

0.470[mm]

13

θs ΔL

r

θs =
1

2

(
tan−1 2L

f
+ tan−1 2r

f

− sin−1

⎛
⎝r cos

(
tan−1 2r

f

)
√

f2

4 + L2

⎞
⎠
⎞
⎠ (19)

ΔL CCD

10 1 1.202[mm]

θsmax 19 θsmax = 0.0287[deg]

4

0.180[mm]

9

13:

9:

0.470 mm

0.180 mm

2.4.6

287[K] 304[K]

17[K]

6 1.3× 10−6/◦C
x[mm]

x = αLδT = 1.3× 10−6 × 1245× 17 = 0.0275 (20)

2.4.7

14

4

3DCAD Autodesk

Inventor 14

2.9 × 10−5[N m] 1.0 × 10−4[N m]

2 1.2× 10−4[N]

3.36×10−6[mm]

1.93× 10−7[mm]

9

9



14:

2.4.8

3.5

3

3.1

15

3.2

16 17

10 17

MLI

4

18

15:

16:

3.3

11

12

3.4

JAXA

PAF-239M

50[cm3] 50[kg]

3.5

19

10



17:

10:

x[mm] y[mm] z[mm]

490 460 450

490 1220 1525

[kg]

M 32

Ixx[kgm
2] Iyy[kgm

2] Izz[kgm
2]

0.836 0.905 1.01

4.40 4.38 1.13

Ixy[kgm
2] Ixz[kgm

2] Iyz[kgm
2]

-0.0133 -0.0480 0.0267

-0.0138 0.0404 0.0454

3.5.1

Dyneema

3.5.2

20

18:

11:

Al A2024-T3 0.5 mm

Al 1/8-5052-.001 9.0 mm

Al A7075-T6 - -

3.6

H-IIA

H-IIA 13

13 3DCAD

Autodesk Inventor

. 21

21 1 59.98[Hz]

13

13

1.5

22

19:

11



12:

A2024-T3 A7075-T6

2700 2800 kg/m3

72.4 71 GPa

27.6 26.9 GPa

0.33 0.33 -

324 483 MPa

269 476 MPa

Al 1/8-5052-.001

72 kg/m3

0.44 GPa

2.4 MPa

2.7 MPa

20:

22

6.74[MPa]

A2024-T3

269[MPa] MS

MS =
σcr

σ
− 1 =

269

6.74
− 1 ≈ 38.9 (21)

MS 0

3.7

23

13: H-IIA

30Hz 4.0G

10Hz 1.8G

21:

3.8

GPS

3.8.1 GPS

GPS

SpaceLink

IGPS-1 14

22:

12



23:

13



14: GPS

7 m

±15 m

230 g

90× 70× 10 mm

1.0 V

5.0 W

−30 ∼ 70

3.8.2

3

AXELSPACE AxelStar-3

15 24

15:

(yaw/pitch) 7 arcsec

(roll) 77 arcsec

8× 8 deg

2,1,0.5,0.2 Hz

6.1

0.5 deg/s

35 deg

516 g

150× 80× 75 mm

9.0 ∼ 35.0 V

2.5 W

−20 ∼ 50

24:

3.8.3

3

SYSTRON

DONNER QRS116 QRS116

21

25

16:

100 deg/s

0.004 deg/s

φ37.85× 16.38 mm

60 g

0.1 W

−40m+ 80

25:

3.8.4

2

AXELSPACE AxelSun-1

17 26

3.8.5

3 2

Honeywell

HMR3400 18 27

14



17:

1 deg

100× 100 deg

46 g

30.5× 49.7× 21 mm

5 V

0.165 W

−20 ∼ 50

26:

27:

18:

3.75 g

15.2× 38.1 mm

8 Hz

5 V

15 mA

−20 ∼ 70

±2 gauss

1 deg

0.1 deg

3.9

3.9.1

Iω̇ = −ω × (Iω + hRW )− ḣRW + Tc (22)

I :

ω :

hRW :

Tc :

3.9.2

�

�

�

�

RW

Ta = r × Fa

r

Fa

Fa

Fa =
1

2
ρv2CdA

15



ρ : = 2.384× 10−13[kg/m3]

A : x y z

Ax = 0.33[m2]

Ay = 0.54[m2]

Az = 0.58[m2]

v : = 7.5[km/s2]

Cd : = 2.0

r :

rx = 0.43[m]

ry = 0.43[m]

rz = 0.02[m]

Ta =

⎛
⎜⎝

3.2× 10−6

−3.2× 10−6

1.2× 10−6

⎞
⎟⎠ [Nm] (23)

Tsp = Ps(1 + q) cos iLs ×A

Ps : = 4.617 · 10−6[N/m2]

Ls :

rx = 0.43[m]

ry = 0.43[m]

rz = 0.02[m]

i :

= 0[rad]

q : = 0.6

Tsp =

⎛
⎜⎝

1.8× 10−6

−1.8× 10−6

0.7× 10−6

⎞
⎟⎠ [Nm] (24)

Tg =
3μ

R3
u× Iu

19:

x [Nm] y [Nm] z [Nm]

3.2× 10−6 −3.2× 10−6 1.2× 10−6

1.8× 10−6 −1.8× 10−6 0.7× 10−6

8.4× 10−6 9.6× 10−6 0

9.6× 10−6 9.6× 10−6 9.6× 10−6

2.3× 10−5 1.4× 10−5 1.1× 10−5

I u

Tg =
3μ

R3

⎛
⎜⎝

|Iz − Iy|θex
|Iz − Ix|θey

0

⎞
⎟⎠

R : = 6928[km]

θ :

= π/4[rad]

Tg =

⎛
⎜⎝

8.4× 10−6

9.6× 10−6

0

⎞
⎟⎠ [Nm] (25)

Tm = m×B

m : = 0.2[Am2]

B : = 4.8× 10−5[T]

Tm = 9.6× 10−6[Nm]

19

16



3.9.3 RW

RW

RW 1[Nms]

VECTRONIC Aerospace RW-VRW1

20: RW-VRW1

1.8 kg

115× 115× 77 mm

2.0× 10−3 kgm2

25 W

−20 ∼ +70

±5000 rpm

1.0 Nms

28:

3.9.4

T = M ×B (26)

M :

B :

550[km] 4.8×10−5[T]

RW

1.0× 10−4[Nm]

Mt =
1.0× 10−4

4.8112× 10−5
= 2.08[AM2] (27)

Surrey Satellite Technokogy

Magnetorquer-MTR-5

21:

500 g

66× 252× 39 mm

2.0× 10−3 kgm2

0.5 W

−30 ∼ +60

±5000 rpm

5.0 Am2

29:

3.9.5

45

ḣRW = kd(ωd − ω) + kpV (q†qd)

ωd : [rad/s]

ω : [rad/s]

q :

qd :

(·)† :

V (·) :

kp : 0.125

kd : 0.5

17



30:

31: RW

50

RW

3.9.6 RW

RW

APC

RW

3.10

3.10.1

22

550km

23 32

24

32:

24:

Panasonic -

NCA596080 -

-

22 (11 2 )

8.08 Ah

39.6 47.9 V

0 40

-20 60

3.10.2 BUS

BUS

BUS

BUS

BUS 33 33

BUS 35-55[V]

BUS

18



22:

P 138 W

Pc - W

PBAT - W

ηBAT 0.9 -

Xrad SA (2 ) 0.05 -

Xradv SA (2 ) 0.016 -

Vd 47.85 V

Ve 39.6 V

Td 1.025 h

Te 0.569 h

C 8.08 Ah

DOD - %

23:

Planet -

GaAs -

144+120 (24 6 +24 5 ) -

48.6 V

33: BUS

3.10.3

PPT

BUS

BUS

BUS

BUS

BUS

BUS

BUS

19



25: 5V DC/DC

Murata Power Solutions -

UQQ-5/20-Q48-C -

48 V

75 V

18 V

5 V

20 A

100 W

91 %

3

34

34:

5V

12V DC/DC

2 DC/DC 36

72

5V DC/DC

25 , 35 , 12V DC/DC

26 36

3.11

35: 5V DC/DC

26: 12V DC/DC

Murata Power Solutions -

SPM25-120-D48 -

48 V

75 V

36 V

12 V

2.1 A

25.2 W

87 %

1.

2.

3.

4.

3.11.1

36: 12V DC/DC

20



1[deg] 1[deg]

27: Planet GaAs TJ

3.6 V

4.04 A

4.17 V

5.85 A

29.1 %

40 80 mm

47.9[V]

47.9[V]

VSA,

VBAT

VLOSS = 1.5[V]

VSA ≥ VBAT + VLOSS = 49.4[V] (28)

VSA

Vmp N

VSA = Vmp ×N (29)

TSA TSA, Vmp

Vmp = (1−XradV )(Ṽmp + αvΔTSA) (30)

XradV 2

ΔTSA αv Vmp

Ṽmp = 2.3[V], αv = −6.5× 10−3[V/K] (31)

37 22

24

24 53.0[V]

5.16[V]

37:

Psa = (PeTe/Xe + PmTm/Xm + PdTd/Xd)/Td (32)

P, T,X

e,m, d

M

P = (1−Xrad)(M × 24)× (Vmp + αvΔTSA)

×(Imp + αiΔTSA) (33)

Xrad, Imp, αi 2

Imp

Imp = 0.45, αi = 0.2× 10−4[A/K] (34)

Psa = 93.6

M = 4

6

144

P = 139[W]

144

2500[cm2]

4608[cm2]

144

38 1,2

1 3 2 1

120

21



264

38:

3.12

2 2 1.59[h]

1

10950 11000

DOD 39 DOD <

40%

39: DOD

Panasoic

BUS

11 Panasonic

NCA596080

28 , 40

28: Panasonic NCA596080 ( 1 )

3.6 V

4.35 V

0 40

-20 60

(min) 4.04 Ah

(typ.) 4.17 Ah

5.85 mm

60 mm

80 mm

67 g

40:

3.12.1

41

41

z

y 2

2

z

x,y

x,y

22



41: ·

x y,z

45[deg]

z

45[deg]

75[deg]

y

1

,

1

42: z

43: z

44: x

45: x

3.12.2

( )

Be e

Be =
PceTe

ηLineηDC/DCVe
(35)

( )

Bd d

Bd =
(P − Pcd)TdηBAT

Vd
(36)

(35),(36) DOD

DOD =
1

C

(∑
Be −

∑
Bd

)
(37)

(37) DOD

29

3.12.3

2

41

DOD 1

DOD 14.0% 1

DOD DOD < 40%

23



29:

550 km

1.594 h

1.025 h

0.569 h

35.7 %

64.3 %

0.797 h%

RW 0.016 h

0.097 h

127 W

8.08 Ah

BUS ( ) 47.9 V

BUS ( ) 39.6 V

ηLine 0.9 -

DC/DC 1ηDC/DC 91 %

DC/DC 2ηDC/DC 87 %

2

1 DOD

28.0% DOD

2

2

46:

3.13

3.11

30

30:

1 85.5 121 Wh

2 62.1 126 Wh

3 63.3 42.1 Wh

4 33.9 140 Wh

163[Wh]

3.14

3.14.1

� HK

�

�

0.1MB

30

=
0.1× 10242 × 8

30
= 28[kbps] (38)

�

CCD

CCD 1

20MB 1 300

24



850

1 6000

1

142[MB] HK 50[byte]

2[Hz] 1

HK 8.5[MB]

395 1

(39)

=
150.5× 10242 × 8

395
= 3.2[Mbps] (39)

3.5[Mbps]

3.14.2

�

1

1 131 1 2

30 33 7

31

31

= × 4×π×
2 (40)

31:

-

1 m

S -

10 W

0.6 -

50 K

3 -

300 K

�

5

590 2205km

395

HK

�

S

−

QPSK

�

SURREY S

S

SpaceQuest S

47∼50

32

32:

2.2∼2.29 2.025∼2.110 GHz

1.8 1.3 kg

200×191×80 190×135×60 mm

9.6∼10000 9.6∼19.2 kbps

-20∼50 -20∼50 ◦C

50 28 V

38 1.5 W

47: S

25



48: S

49: S

50: S

3.14.3

1.

2. HK

3.

4.

5.

6.

HK

HK

1

1

3

30

3.14.4

?? ?? 3[dB]

S

(PFD) 5 −154[dBW/4kHz/m2]

90 −144[dBW/4kHz/m2]

??

3.15

SEMC5701B

CPU VR5701A JAXA

51: CPU

26



33:

UPLINK DOWNLINK

2081 2260 MHz

144 132 mm

5 5 deg

2205 2205 km

EIRP 40.57 12.17 dBW

10 6.02 dBW

0 0 dB

30.57 6.15 dBi

0 0 dB

0 0 dB

165.68 166.39 dB

0 0 dB

0.436 0.436 dB

0 0 dB

G/T -21.54 5.99 dB/K

0 0 dB

6.15 31.29 dBi

0 0 dB

27.69 25.30 dBK

C/No 81.52 79.93 dBHz

10−6 10−5 -

0 0 dB

2.5 2.5 dB

5.2 5.2 dB

44.47 65.44 dBHz

Eb/No 10.5 9.6 dB

C/No 52.27 72.34 dBHz

29.26 7.59 dB

PFD( =5deg) - -158.1 dBW/4kHz/m2

PFD( =90deg) - -146.1 dBW/4kHz/m2

27



34: CPU

52× 52× 52 mm

5 V

16 MB

I/F USB1.1 CF Space Wire

3.16

3.16.1

3.16.2

3.16.3

52

53 15 n

i

micpi
dTi

dt
= Qi−

n∑
j=1

Cij (Ti − Tj)−
n∑

j=1

Rijσ
(
T 4
i − T 4

j

)

(41)

mi : i

cpi : i

Ti, Tj : i, j

Qi : i

Cij : i, j

Rij : i, j

σ :

Qi = Q1i +Q2i +Q3i + Pi (42)

Q1i :

Q2i :

Q3i :

Pi : i

Cij = hijAij (43)

Aij : i, j

hij : i, j

(44)

Rij = εiεjFijAi (45)

εi, εj = i, j

Fij : i j (46)

Fij

Fij =
1

πAi

∫
Ai

∫
Aj

cos θi cos θj

r2ij
dAidAj (47)

θi : i, j Ai, Aj

rij : i, j

(48)

52: 1

28



53: 2

3.16.4

Q1

S1

1339[W/m2] 1309[W/m2]

Q1

Q1 = S1Aμ (49)

A :

μ :

θ

μ = / = cos θ

Q2

S2 264[W/m2]

140[W/m2]

Q2 = S2AF (50)

F

F =
1

2

⎧⎪⎨
⎪⎩1−

√√√√1− R2
e

(Re +H)
2

⎫⎪⎬
⎪⎭ (51)

Re : (6378[km])

μ : (700[km])

Q3

Q3

Q3 = αS1AF (52)

α

α = 0.03 + (+0.30,−00.15)

3.16.5

34

3.16.6

±10

−10 ∼ 40

14,16

1,13,15,16,17

CCD

14,16

2∼10

35

19

3K

29



35:

[ ] [W]

3 RW −20 ∼ +70 25

7 −20 ∼ +50 2.5

−30 ∼ +60 1.5

8 RW −20 ∼ +70 25

−20 ∼ +50 2.5

−30 ∼ +60 1.5

−20 ∼ +50 38

9 RW −20 ∼ +70 25

−30 ∼ +60 1.5

−20 ∼ +50 1.5

−40 ∼ +80 0.1

36:

0.09 0.70

0.95 0.86

0.02 0.66

3.16.7

36

2

37:

[ ] [ ]

1 21.1 13.4

2 20.4 13.1

3 23.9 15.8

4 20.6 13.4

5 20.9 13.6

6 20.2 12.8

7 22.4 15.2

8 31.6 20.1

9 26.7 19.4

10 20.7 13.6

11 22.2 12.8

12 22.2 12.8

13 25.5 13.3

14 20.6 13.1

15 25.1 14.0

16 20.8 13.4

17 22.0 13.6

18 20.4 12.7

4

5 H-IIA

2

54
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