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Conceptual Design of 6U Micro-Satellite System for Optical Images of 3 m GSD
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Abstract

The purpose of this study was to present a conceptual design of the 6U micro-satellite system for optical image of 3
m GSD. An optical camera system with a payload of 3 m GSD image was designed and optimized. The optical system
has a diameter of @78 mm, length 250 mm, and 1400 mm focal length. The requirement and constraints were
configured for the 6U micro-satellite bus system with the payload. Satisfying the requirement and constraints, the
subsystems of the 6U bus were designed such as attitude and orbit control, propulsion, command and data handling,
electrical power, communication, structures and mechanisms, and thermal control subsystem. The mass budget, power
budget, and communication link budget were also confirmed for the 6U micro-satellite comprising the optical payload
and the subsystems of bus. To take optical images, a mission operation concept is proposed for the 6U micro-satellite in
a low-Earth orbit. A constellation comprising many 6U micro-satellites studied in this paper, can provide with various
data for reconnaissance and disaster tracking.
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- i ’ 340,559
gt i v goR AT A= A4S LT Ut
TAstE FERAAY FAEF 2A NE 9FS FF = o at 420 km
42994 AR JlE AAEe gug 4 o, w | Lifetime p3yrs Decay 413 yrs)| g
3 oA AAAk 3 A AHS . 3 A =] - - -
;’ ;i(; ;‘;;] _?_ql]:oﬂ Hﬂ%;; %i‘/jﬁ L‘r %j—]r 2 Image |GSD ~3 m (550 nm) with airy disc
e = = = o Quality |Swath >5km X 5 km |radius, 1.2 pm
TETATYAAE 5 ma B3 FFS A 24
Qo] =AEE Sa)st 7], Navigation <0.1° (30) On-board
B oope ) HZE 3 m 3 38 gare 29 <50 m (RMS, 3-D) process
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AF 7 e sy Y8 FH7) AMES 18 e} Data CAN-bus, I*C, optionally
o] Al BAS Sgstelnh Interface |RS-422, UART SPI
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21 ANAE @z o K FHE Mass  <IZkgBus<6kp |00 TN
gt -Og% g5 %%6& if}tsg%xé Alerel 8 Structural |Margin of Safety >0 launch
T 2 Agxd F£9S g, A8 A7 2 AA & .
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Fig. 1 Concept of Operations
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(a) Cross-section of Optical System
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Fig. 2 Maksutov Cassegrain Optical System Features with Aperture Diameter @78 mm and Length 250 mm [15]
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Table 2 Characteristics of Telescope with Aperture Diameter @78 mm and Length 250 mm [15]

Surface # e Type Y-radius Thickness Substrate Refract/ Semi-Dia.
(mm) (mm) Reflect (mm)
Object - Sphere Infinite Infinite - Refract

1 (Stop) Lens 1 Sphere -124.3911 6.3263 | BK7/Schott Refract 37.5862
2 Sphere -128.9602 225.6737 - Refract 39.0000

3 Mirror 1 Sphere -541.8396 | -225.6737 - Reflect 39.0000

4 Mirror 2 Sphere -128.9602 225.6737 - Reflect 10.1831

5 Imagine Sphere Infinite 3.0000 - Refract 18.8384

6 Lens 2 Sphere -69.1817 5.0000 | BK7/Schott Refract 18.8541

7 Sphere Infinite 10.0000 - Refract 19.7898
Image - Infinite 0.0000 - Refract 21.6766
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Table 3 System Mass Budget
Subsystem Component Budget (g) Mass (g) Margin (%)
Telescope 2,500 2,500 0.0
PAY

OBC (Image Process) 500 250 50.0
Star Tracker 100 55 45.0
Magnetic Torquers (3-axis) 200 118 41.0
AOQOCS Reaction Wheels (Pyramid) 1,500 940 37.3
GPS Receiver & Antenna 100 49 51.0
Propulsion 1,500 900 40.0
CDHS OBC (Flight Software) 150 75 50.0
Power Control Unit 300 148 50.7
EPS Battery 800 536 33.0
Solar Array 2,200 1,406 36.1
UHF Transceiver 50 25 51.0
UHF Antenna 150 92 38.5

COMS -
S-band Transceiver 400 271 32.3
S-band Antenna 200 110 45.0
Frame 1,100 731 45.0
SMS Fastener & Harness, etc. 250 0 (TBD) 100.0
Total 12,000 8206 31.6

Table 4 System Electrical Power Budget

Duty Cycle (%) for Operation Modes
Sub= Component Power Orbit Early
system Draw (W)? | Standby Image Comm. Safe ;
Control Orbit
PAY OBC 10.00 0 0 10 0 0 0
Star Tracker 0.87 100 100 100 100 0 100
MTQRs 2.25 5 10 10 5 5 20
AOCS RWs 10.00 5 20 20 10 5 0
GPS Rx & Ant. 1.10 100 100 100 100 0 100
Propulsion 15.00 0 10 0 0 0 0
CDHS OBC 0.17 100 100 100 100 100 100
EPS PCU 0.10 100 100 100 100 100 100
Battery 0.20 100 100 100 100 100 100
UHF TRx 2.81 10 10 10 10 10 10
UHF Ant. 0.17 100 100 100 100 100 100
COMS
S-band TRx 4.13 0 0 0 10 0 0
S-band Ant. 11.25 0 0 0 10 0 0
Orbit Average Power Generation (W)? 8.68 7.37 7.59 7.59 8.68 4.52
Required Battery Capacity (Wh)® 16.34 30.88 28.54 29.66 5.74 4.98
Charge (Wh) 8.23 7.00 7.20 7.20 8.23 4.29
Discharge (Wh) 5.42 10.24 9.47 9.84 1.91 1.65
Margin (%) 34.14 -46.40 -31.46 -36.61 76.86 61.49

1) included DC-DC conversion efficiency of each output channel
2) minimum values including conversion efficiency of battery charge regulator with efficiency of solar cells at the end-of-life
3) assumed depth-of-discharge less than 20% and nominal battery voltage 7.4 V
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Table 5 Pointing Error Budget

Elements Budget (°) |Estimated (°)
Ephemeris 0.29 0.06
Attitude Control 0.50 0.26
Launch Shift 0.09 0.05
Thermal Deformation 0.02 0.01
Optics Tolerance 0.05 0.04
Sensor Noise 0.03 0.01
Residual Jitter 0.03 0.02
Total (m/s) 1.00 0.45
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