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1 professor 45 research assistants

4  secretaries & office/ program managers 28 student workers
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Small satellites at TU Berlin

1991 TUBSAT-A (35 kg)
Communications

1994 TUBSAT-B (45 kg)
Earth observation

Space Technology

1998 TUBSAT-N/N1 (8 + 3 kg)
Communications

Miniaturized Distributed Applications of :
Space Systems Space Systems Space Systems R\ w\ o 1999 DLR-TUBSAT (45 kg)

Earth observation

Small Satellites Satellite ‘ ‘ 2001 MAROC-TUBSAT (47 k)
Constellations ; Earth observation
AR 2007 LAPAN-TUBSAT (56 k
Satellite Formation e \ Earth observation 136
Planetary Rover ateflite Formations p %
and Networks | e & 2009 BEESAT ko)

) \ Technology demonstration
Sounding Rockets Satellite Swarms < &1 v . a4 2013TECE53§9T;%Q#'§%QMW
el . Y J ° 2013 BEESAT-3 (1 kg)
b & v Ly ¥ 2016 BeESAT4 (14g)
y [y $ I Technology demonstration
Attitude Control Component LN e e
i ol o e 2019 BEESAT-10/11/12/13 (each 0.33 k

_ Multifunctionality N - b ” Technology demonstration = -
. e 2019 BEESAT-9 (1 k
Space Sensor Automation of ‘ o Do gy ¢ Tachnslogy demonstahin
Technology AIV and Operations oy /M sasaT 21

2017 TechnoSat (20 kg)
Technology demonstration

N N Education
Satellite Fractionated and
Ground Stations Modular Satellites
A @ 2018 S-Net 1/2/3/4 (each 8 kg)
Communications
Communications

TUBIN (20 kg)
Earth observation

. =
v’ BEESAT-5/6/7/8 (each 0.33 kg)
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BEESAT-9

Technology demonstration mission
= 1-U CubeSat
= Successor of BEESAT-4
» Precise GNSS (GPS and Beidou) receiver
» Demonstration of fluid dynamic actuator (pFDA)
» Attitude determination using MEMS
gyros and magnetic field sensors

» Three axis stabilized platform
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BEESAT-10/-11/-12/-13

Two technology demonstration missions with

picosatellites:

» 0.25U CubeSats (0.375 kg)

» Redundant satellite bus

» inter-satellite network

» star sensor and magnetic coils
» Navigation (GNSS receiver)

» X-band transmitter (2 Mbit/s)

= Retroreflectors for laser ranging

BEESAT-10...13: launched 05™ July 2019
Image credit: N. Korn BEESAT-5...8: to be launched in 2020
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Mission TechnoSat

“Demonstrating novel satellite
technology on orbit”

Spacecraft mass: 20 kg

Orbit: 600 km, SSO
Launch: 14" of July 2017 on Soyuz

Platform: TUBIX20
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Mission TUBIN

“To demonstrate wildfire detection with

a TIR microbolometer on a nanosatellite”

Mass: 20 kg
Launch: 2020
Project status: Phase D

Platform: TUBIX20
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Facilities — Ground Station
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Facilities — Mission Control Center
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Student Projects
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Student Projects
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Facilities — Assembly, Integration, Verification & Test Lab

SALSAT | HZB Workshop | February 10th 2020
slide 16



Technische .
Universitat

Berlin

SALSAT: Mission overview
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Background source: https://wiki--travel.com/images/map-of-earth-jpg/map-of-earth-jpg-2.jpg
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SALSAT: Satellite overview

SALSA spectrum analyzer i UHF antenna
Fluid Dynamic Actuator 5 VHF antennas

Camera and optics 6 S band antenna

SLink transceiver & STNC
UHF transceiver & UTNC

Electronic box (EPS, OBC, PDH)
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SALSAT: Payload Overview
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SALSAT: Payload Overview

Primary Payload: Secondary Payloads:
©® Full duplex S band transceiver (SLink)

©® Camera & Optic with image processing unit
@ Three-axis fluid dynamic actuator (FDA)

@® Passive laser ranging reflectors
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SALSAT: Primary Payload “SALSA”

® LMS7002M RF Transceiver

® Intel Cyclone IV FPGA

® STM32F4 ARM

® S band, UHF, VHF Bandpass Filter
@ PDH Connector

@ S band, UHF, VHE COAX Connector

SALSAT | HZB Workshop | February 10th 2020
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Filter FM

+ Sband (BFCV-2610+) range from 2000 to 3220 MHz
* UHF (RBP-400+) ranges from 292 to 490 MHz

*  VHF (RBP-160+) from 120 to 210 MHz




SALSAT: Payload Data Handling (PDH) & Jsgf' E
PayLoad Electrical Power Supply (PLEPS)
——Y

[[venes |

DCDC

— 1

SENSOR

SWITCH

o] [ [ 7 1@

@ Payload Electrical Power Supply
® Payload Data Handling 0

@® Payload Data Handling 1

® Multiplexer

® UART CTS Circuit Node & RF Switch Trigger Logic
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SALSAT: Mechanical Test — Resonace

* Frequency:
» Acceleration:
« Sampling Rate:

Vorspannun

5—-2000 Hz

0,35¢g
2 oct/min (one upsweep)

einzustellen auf ca. 1200N £ 100Ncm

£: Ré (4x)
.
I
|

255
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SALSAT: Thermal Cycle Test

TNO—max 60 °C
Tsy—max Und T g_max 50 °C
T sy—min Und Tg_min -20 °C
TNO-min -40 °C
Dwell Time min. 1/2 h
Cycles 4

Thermal Cycle Qualification

0
18
28
63
83

TEMPERATURE [°C]
iy
o
48
53

R
o
Laufzeit [min]

TIME [MIN]
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SALSAT: Vacuum Testing

@ Power:
Linux - PC
5[V]

6 Temp.
Sensor

= @
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SALSAT: TID Testing
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MR-01 SALSAT shall have a mission lifetime of at least 1 year.

ER-02

The space segment shall withstand the accumulated radiation loads over the entire
lifetime in orbit without loss of functionality.

Mission Requirements

ESCC (European Space Components Coordination) No. 22900 by ESA (Chapter 4)

» Radiation Source:

= Accurancy & non-uniformity:
» Radiation Level:

» standard® / ,low" rate:

= ambient temperature:

» Exposure time:

= Test steps & exposure:
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Cobalt 60 or electron accelerator beam
+/- 10%

M = 30 Gy(Si) up to H 10.000 Gy(Si)
36 — 360 Gy’/h or 0.36 — 3.6 Gy/h

+20 + 10°C

<96 h

1
3steps: S+ Drip | 1+ Dyip | 3+ Drpp
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Serialise Test Samples Room Temperature Anneal Under Bias
Electrical Test 24 hours
Room Temperature Electrical Measurements of the Detail Specification
Fail
Replace Part Accelerated Ageing Under Bias
For multiple bass
SXPOSUIES . 168 hours 100 °C
Irradiation |
Specified dose rate to specified dose(s) Electrical Test
| Fail
Electrical Test Reject Lot
Pass
Fail
Reject Lot
Pass Accept Lot

ESCC No. 22900 (Fig. 2, cpt. 8.2)
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SALSAT: TID Testing
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SALSAT: TID Testing
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Legend:

1 — Radiation Source (Cobalt 60)

2 — SALSA EQM board

3 — SALSA Data connector

4 — USB Logic Analyzer

5 — Amplified USB Extension Cable

6 — Mobile PC (Data
Logging)

7 — SALSA Power Cable

8 — Regulated Power Source
9 — Worktop / Desk

D — Distance

SALSAT | HZB Workshop | February 10th 2020
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Workstation
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SALSAT: TID Testing
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SALSAT: TID Testing

NUCLEO-H743ZI

PDH component board
NUCLEO-H743ZI

Other test =
boards
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SALSAT: TID Testing

=== Control Room

ST Workstation PC

PWR Sources ==

.
D
O

A..... Spectrum Ananlyzer/
Frequency Generator
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SALSAT: TID Testing

Periphery FPGA Reset all Flash
configuration initialization memories

PMUA/B FPGAmem 1/2 :
Write & Read
Bulk erase (OxFF) Bulk erase (OxFF) pattern: OXAA
: PMU A/B FPGAmem 1/2
Write & Read
pattern: OXAA Bulk erase (OxFF) Bulk erase (OxFF)

v

PMU A/B FPGAmem 1/2 .
Write & Read Write & Read Infinite Loop

pattern: 0x55 pattern: Ox55
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SALSAT: TID Testing

Voltages
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Current [mA]
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SALSAT: TID Testing
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Thank you for your attention!
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