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Spacecraft Summary giAjﬁ

» Less than 10 kg satellite comprising

= Multifunctional spacecraft design

= Distributed, redundant, and scalable system architecture
= >40 MMS silicon modules

= 3 axis stabilized (~70 m/s AV)

= Li-lon batteries

= CAN, SpaceWire (SpW)

= 1 Mbit/s telemetry downlink (S-band)
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Mission Outline ——— A=
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* Phase 1 — System commissioning, both satellites
» Phase 2 — Separation / docking manoeuvres

* Phase 3 — Close-range formation flying

* Phase 4 — Near-range flying

» Phase 5 — High accuracy pointing test / verification
Precision pointing using Cold Gas Microthrusters

* Phase 6 — Orbital change manoeuvre and post-
formation flying

P
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Systems Design Strategy (1) ‘%\Aj%
C

Function modularization

Packaging Segmenting spacecraft funcians into
Integrated Silicon Modules ele descrete units (MMS modules) devoted to
cortain hunctions |

Cariain uncticns,

High-level integration
Implement several high-tevel
functions in one card or MOCM module, etc. .

Structure
Use design modules as active

parts of the structure.

NanoSpace
MMS concept

Microtechnology Low-level integration
Micra System Technology (MST) Implement multiple functionsin
for Micre davices (Gyros, Acc, onea monolithic device (ASIC, FPGA, etc.)
Conductors, Resistors, Thrusters,
etc.)
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Systems Designs Strategy (2) — A
C

External Shell with MMS
Modules

Propellant
Tank

Substrate
Batteries

MTQ
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Flight Configuration \2/

* Front side * Back side
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Module Distribution
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Payload accommodation Nt

e Two silicon MMS modules

= ML-1-PL-NOSCI (IRF-U et al)
« Science package, electronics, antennas, LP, etc.
= ML-1-PL-FRM (ASTC et al)

« Flight Research Module, devoted to in flight verification of the
MMS concept
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Mass budget L
c.’

» Spacecraft
= Wet mass, 9937 gram (incl. 20% margin)
= Dry mass, 9073 gram (incl. 20% margin)
= Dry mass, 7561 gram (excl. margin)

" |
 Host docking I/F 2000 gram (incl. 20% '
margin)
F
Angstrém Aerospace Corporation WWw.aaerospace.com Sida 9

Power Budget ,ﬁfﬁlﬁ
g e

MODE, All values in W, Margin 20%
Standby Safe Precision Nominal
Option Default Margin __ Total | Default Margin  Total | Default Margin  Total | Default Margin  Total
No TRX 9.5 1.9 114 16.6 332 19.92 | 33.85 6.77 40.62 27.1 5.42 32.52
TRX 19.5 3.9 234 26.6 532 31.92| 4385 8.77 52.62 37.1 7.42 4452
Solar Power ~64 W

Batteries |
» Sony Hard carbon 18650 (Li-lon)

 BOL, 173 Whrs |
* EOL, 156 Whrs

Battery time, 14 hours (safe mode).
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Link Budget

* Uplink

N

c.’

= 14.5 kB/s (116 kbit/s)
= Spacecraft receiver <0.5 W
= 3 m parabola antenna

= QPSK

* Downlink

131 kB/s (1 Mbit/s)
Spacecraft transmitter 10 W

= 2W RF out
= GMSK
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Avionics Block Diagram
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Electrical Design L
c.’
Ground Control Level 0
___| Power Generation
& Conditioning S-band receivers
Power Conditioning Telecommand Level 1 |
Supervisor & i
~ Telemetry
& l
Spacecraft
controller
Module Power
> Controlers (MMCU)
CGS-AOCS
L »  ACS-AOCS1 Level 2
House Keeping
= = —
F !
Platform device Scientific payload Level 3
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Power System Hierarchy _— A
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Electrical Redundancy —_—p—
C
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General S/C I/F Module %AD@
C

* CAN & SpaceWire Interface Module (CSIM)
= Standardized user interface

External WR/RD strobe
8hitl/Obus o

a

L
6 bit addr. bus

8 hit status input

External SPI
6x/CS

FLEX
CONNECTOR

[ CAN A

SICIF CANB

ISP +12V
SOCKET

USER I/F
Interrupts

o 4x10bit ADC

4 x 12 bit DAC
—— |

Omxu>»TV0

4x 12 bit ADC

+12V

INCHEIMIIETS
I1F
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Data bus definition U4 vu. Ny
c.’

* 28 modules using CSIM
* 5 modules using CAN, SpaceWire in dedicated FPGA

» Group addressing to reduce bus latency and traffic

* Local 48 bit SCET

e CAN bus load simulated by KTH (MDA) to 27% with all
systems going (worst case)

L Originator Grou Destination M e Type P
28[27] 26| 25[24] 23| 22[21] 20[19[18]17|16[15[14|13[12]11]10[ 9| 8| 7[6 ][5 4[3] 2] 1] 0

»
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Thermal Control -@iAj%
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e Performed by Swedish Space Corporation (SSC) with inputs from
ASTC using THERMICA
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Thermal Control (2) ﬁA;@
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Temperatures during 1 orbit
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Telemetry, tracking & Control A7

¢ Distributed s-band

communication XA RX A
architecture OBC/
TMTC
TX B RX B
OBC/ |
TMTC
TXC (Red) RX C |
Thermal Spacer Patch Antenna '

IR Radiator Surface

Heat Pipe

RF Electronics

Heat Storage / Antenna
Substrate
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Cold Gas Micro Thrusters A7

"+ Isolation Valve

Pressure
reducer

=" /[ To Cold gas
system

Angstrém Aerospace Corporation Www.aaerospace.com

. N
Micro Rocket Motor
Motor [
Assermnibly
pa—
bdemalcontrul/ N
pressure vent
I_-_H-_ Lo A
: -(7)
o Cauayst || FuslA el
o mET
N0
1 control
Tank ) pressitr
pressure ©
relie :
Sl il
Dirive pressure
‘jiiémmm

Angstrém Aerospace Corporation Www.aaerospace.com Sida 24



N

G

* Power: 100 mW
« 0-90 deg elevation
* 0-360 deg azimuth

Detector element mounting ring Detector element

i Sun sensor mounting structure
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3D-Sun Acquisition Sensor _—
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* Total Power 64 W, 16 W per panel
« Estimated efficiency, 16%

ﬁ Back wafer
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GPS Antenna design S
G
Patch Antenna = ' Radiator Surface
GPS-
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Module
GPS-
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cPs / Module
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Module
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Thermal Switch
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Separation & Docking (SDS) z@iAjﬁ
C

Multifunctional docking —_—
cones (Kd) -

Communication, control and
power interface box (x2) --.___*_

suspension beirer (x8) -..__*
- i

Docking and separation
observation camera

Attitude and distance sensor (x4)
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Structure (STR) @iA j‘%

Angstrém Aerospace Corporation Www.aaerospace.com Sida 29

STR Module Tests - setup — A —
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v
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STR Module Tests - sim A5

o (W05
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STR Module Tests - Results A7

Equivalent stress(MPa)

Angstrém Aerospace Corporation Www.aaerospace.com Sida 32

16



N
_— A\ SN

\.c.”/

WWW.aaerospace.com

Angstrém Aerospace Corporation (AAC)

Contact information:
Fredrik Bruhn, CEO
Angstrém Aerospace Corporation, Dag Hammarskjolds vag 54, SE-751 83 Uppsala, Sweden
Mobile: +46 707 83 32 15, E-mail: fredrik.bruhn@aaerospace.com

17



