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1. TET-1 as core component of the OOV programme 

Since space missions are generally subject to extremely high demands for finance and resources, 

projects of this kind must be based on the superior reliability of all components used. That means 

that in addition to the high requirements in terms of materials, processes and documentation 

(governed in Europe by the ECSS standard), component assemblies and devices, which have 

previously been flown into space successfully (TRL 9), will be preferred. 

In order to provide the German industry with an opportunity to develop new products for this 

market, the DLR created the On Orbit Verification (OOV) programme, within the scope of which 

devices can be verified in space that have not been tested to date.  

The TET satellite (TechnologieErprobungsTräger) has become the core element of the OOV 

programme, providing the required LEO (Low Earth Orbit) platform. Furthermore, fly-along 

opportunities into various other orbits are provided. The payloads to be verified within the scope of 

the TET-1 mission were selected by the DLR as part of an accommodation study. According to 

current plans, the TET-1 satellite will be launched with the Russian Soyus Fregat rocket in late 

2010.  

 

 
Fig. 1: The TET satellite bus 
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2. TET project partners 

The main contractor for the TET satellite (TechnologieErprobungsTräger (technology testing 

medium)) and responsible for the overall mission, overall payload (payloads and NVS), as well as 

the launch segment (in collaboration with NPO Lavochkin), is Kayser-Threde GmbH. 

DLR-GSOC is providing the ground segment, and is therefore responsible for safeguarding the 

actual operation of the satellite during the LEOP phase (Launch and Early Orbit Phase) and the 

subsequent mission phase.  

Within the scope of the project, the Astro- und Feinwerktechnik Adlershof GmbH has the 

responsibility for the TET satellite bus. The satellite itself is based on the technology of the BIRD 

satellite (Bi-spectral InfraRed Detection), which was developed and launched by the DLR in 2001. 

The TET satellite bus therefore complies with the requirement of being a previously orbit-verified 

and tested satellite bus for the execution of verification missions. Various German companies and 

research institutes, incl. Fraunhofer FIRST and DLR-Optische Systeme have been subcontracted 

by Astro- und Feinwerktechnik Adlershof GmbH to provide assemblies for the satellite bus. 

 

 
Fig. 2: The project partners 
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3. TET satellite bus 

The concepts, ideas, and technical features, on which the actual satellite is based, can be found 

on the following sub-pages. We would like to specifically stress their superior reliability and 

flexibility with regards to payload accommodation in comparison with our competitors. 

 

3.1 The TET satellite bus concept 

The TET satellite is a typical "piggyback" payload with an envelope of 670 x 580 x 880 mm, and a 

total weight of 120 kg. It provides a payload mass capacity of 50 kg with an envelope of 

460 x 460 x 428 mm. 

 

 

Fig. 3: Envelope of the TET satellite bus 

 

The satellite bus is subdivided into a service segment, an electronics segment, and a payload 

segment. The satellite bus contains the components of all sub-systems (Power, Thermal, On board 

computer, TM/TC, AOCS). These components are completely independent of the payload 

components, which can be integrated into the payload platform at a later time by way of their own 

secondary structure. 
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Fig. 4: TET satellite bus segments 

 

3.2 Flexibility and superior reliability 

The TET satellite bus is designed as a multi-mission bus. That means it is capable of fulfilling a 

variety of different missions in LEO (Low Earth Orbit), for example high-precision Earth observation 

and scientific missions. Its multi-mission capability is facilitated by its subdivision into the actual 

satellite bus and an adaptive payload supply system (NVS). Only the NVS is adapted to the 

relevant payload, using the required electrical and data interfaces (Spacewire, RS422/485, CAN 

Bus). 
 

 

Fig. 5: The TET satellite concept 
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The most remarkable feature of the TET satellite bus in comparison with a conventional micro-

satellite bus is its superior reliability of 0.95 for a mission duration of 14 months (in comparison: 

MYRIADE 0.85 for 12 months, SPT-SIV-Spacecraft 0.9 for 7 months). This high reliability is 

facilitated by multiple redundancies and HighRel EEE components, as well as by strict compliance 

with all requirements of the current ECSS standard in manufacture, integration and verification 

(AIV).  

The EEE component selection and AIV processes can be adapted to customer requirements for 

each new mission. This has a significant impact on scheduling and cost planning, but may result in 

a reduction of calculation reliability. 

 

3.3 TET models 

Within the scope of phase C/D, Astro- und Feinwerktechnik Adlershof GmbH manufactured and 

tested a structural and thermal model (STM) of the satellite bus, an engineering model (EM) of the 

satellite bus, and an engineering model (EM) of the attitude control as well as the prototype flight 

model (PFM) of the satellite bus. 

 

                

  

 

 

Fig. 7: TET-EM, incl. NVS (payload 
supply system) and payloads 

Fig. 6: TET STM on the Shaker 
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Fig. 8: TET-PFM during solar generator integration 

 

The environmental testing division, which is part of Astro- und Feinwerktechnik Adlershof GmbH, 

also carried out the qualifications of components developed in-house (e.g. PCU, laser gyros, 

sensor cards) and those of other manufacturers in accordance with ECSS, where this step had not 

already been covered by the component supplier. 

 

 
Fig. 9: Thermal vacuum test for high frequency assemblies 
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3.4 Technical specifications of the TET satellite bus 

Parameters TET satellite bus characteristics 
Orbit type LEO 
Average orbit height 450 - 850 km  
Orbit inclination 53° to sun-synchronous 
Attitude control/path control Three-axis stabilised 
Alignment accuracy 2 arcmin (5 arcmin required for TET-1) 
Pointing knowledge 10 arcsec 
Jitter 12 arcsec/sec (2 arcmi/sec required for TET-1) 
Possible payload alignment Sun, Earth, nadir, zenith, flight direction, deep space 
Geo-positioning Accuracy of ±10 m via GPS 
Payload capacity 20 W continuous output (optional 80 W with modified radiator design) 
Top performance 160 W for 20 mins (5 x per day during day phase) 
  
Nominal battery voltage 20 V (min: 18 V, max: 24 V) 
Max power  8 A 
Payload data rate 2.2 Mbps (using S band) 
Envelope TET satellite (L x W x H) 670 mm x 580 mm x 880 mm 
Payload volume (L x W x H) 460 mm x 460 mm x 428 mm 
TET gross payload mass 50 kg 
TET overall mass 120 kg 
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3.5 The TET satellite bus sub-systems 

The satellite bus consists of the following sub-systems: 

 

 

 

 

 

 

Fig. 10: Sub-systems of the TET satellite bus 
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3.5.1 Structure and mechanisms 

The load-bearing satellite elements, as well as the mechanical and thermal interfaces for the 

components are structurally integrated. The base frame consists mainly of high-strength aluminium 

and carbon-fibre composites (CFC). 

              

Fig. 11: Satellite envelope   
       Fig. 12: Structure of the electronics segment 
 

The satellite also contains various mechanisms, e.g. the fold-out solar panels and the separation 

mechanism, which allows for the satellite to separate from the carrier rocket. 

 

Fig. 13: Separation mechanism 
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Where required, the satellite can be equipped with a payload platform, which serves as an optical 

bank, i.e. does not show any geometrical changes due to temperature fluctuations. This is of 

particular importance if several sensors are tasked with observing the same point on Earth or in 

space. 

 

 

3.5.2 Energy supply  

The solar generator, which is equipped with 246 triple-junction gallium arsenide solar panels, 

supplies the satellite with electrical power. The generator produces 240 W. 

 

     

Fig. 14: Solar generator front and rear 

 

In order to ensure optimised efficiency of the solar panels, the reverse of the unfolded side panels 

is designed as radiator surfaces. The panels remain cool and produce more energy. This energy 

then flows via the power control and distribution unit (PCDU) to the various consumers. 

Superfluous energy is fed into the nickel hydrogen accumulators, which ensure the satellite's 

power supply when in Earth's shadow. 
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Fig. 15: NiH2 cells and PCDU 

 

During the sun-synchronous orbit of the TET satellite, sun (approx. 60 min) and shadow (approx. 

30 min) phases alternate once per orbit. 

 

3.5.3 Thermal control 

A semi-active thermal control system was developed to keep the temperature of the satellite and 

all of its components within the parameters of normal operating temperatures. It consists mainly of 

a multi-layer insulation (MLI), heat pipes, the radiator, temperature sensors and heaters. 

 

             

   

 

Fig. 17: MLI of the satellite bus Fig. 16: Heat pipe (top payload platform, 
bottom radiator) 
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The multi-layer insulation (MLI) detaches the satellite thermically from its environment, which 

means that an exchange can only take place via the radiator. The radiator is coated with a white 

specialist paint, which remains stable over long periods of time and has a good absorption-

emission ratio. The radiator is mounted on the underside of the satellite, which generally does not 

face either the sun or Earth. 

 

 
Fig. 18: Radiator (with holding plate for low gain antenna) 

 

The heat pipes lead waste heat emanating from the payload directly to the radiator to avoid 

compromising the satellite bus components. Additional heat can be generated by the heater, 

should the satellite cool down excessively.  
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3.5.4 Attitude control 

The TET-1 satellite bus is a triple-axis controlled bus. Control occurs in state space to allow for 

higher flexibility and accuracy. 

 

 
Fig. 19: Components of the attitude control system 
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The system contains four reaction wheels (RW90) and a redundant superconducting coil system 

as actuators. The sensors comprise one redundant GPS system, one star sensor system, two 

magnetic field sensors, one redundant solar sensor system and two laser gyros (inertial 

measurement unit - IMU). 

 

               

Fig. 20: Products by Astro- und Feinwerktechnik: RW90 (lefts), IMU (centre) and GPS system (without 
associated antennas) 

 

 

3.5.5 On board computer  

The on board computer system consists of four identical computers. Two of these function as a 

worker-monitor pair. Two further computers are available as cold redundants. The on board 

computers are connected to all components of the satellite via backplanes and the satellite's cable 

harness, with two redundant data buses. 

 

 

Fig. 21: Four on board computers (centre slot) 

 

The operating system is BOSS (Bird Operating System Simple), which runs all other software 

functions as applications (e.g. attitude control cycle). 
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3.5.6 Telemetry/remote controlling 

Communications between satellite and ground control are ensured via an S band communication 

system. Two receivers work in hot redundancy and cannot be deactivated. The two cold redundant 

transmitters are activated as required. 

 
Fig. 22: HF system of the satellite 

 

The system can emit the telemetry via the redundant transfer switches and the omni-directional low 

gain antennas, or the directional high gain antenna. 

The entire system is designed in accordance with the international CCSDS standard (Consultative 

Committee for Space Data Systems), and in its current configuration allows uplink speeds of 4 

kbit/s and downlink speeds of 2.2 Mbit/s. (In case of higher downlink requirements, an X band 

system is optionally available.) The system is therefore compatible with the majority of 

internationally available satellite ground control stations. This characteristic is of particular 

importance during the LEOP phase (launch and early operation), as significantly longer and more 

frequent contact times are facilitated. 
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4. Ground support equipment and test facilities 

Within the scope of the TET-1 project and based on previous experiences from other space 

projects, Astro- und Feinwerktechnik Adlershof GmbH has developed various EGSE (Electrical 

Ground Support Equipment) and MGSE (Mechanical Ground Support Equipment) for the satellite, 

as well as a new AOCS test facility. 

The TET MGSE manufactured by Astro- und Feinwerktechnik Adlershof GmbH included: 

 Satellite transport containers 

 Solar generator transport containers 

 Integration cart and set-down support 

 Load equipment and test adapters 

 Cooling systems for ground operation 

 

 

Fig. 23: TET structure thermal model on the integration cart 

 

TET-EGSE comprises EGSE for the operation of the entire satellite during integration and 

verification, as well as EGSE for the operation and testing of individual assemblies and sub-

systems. The system is based on SCOS2000 and SATMON, which is also used by DLR GSOC for 

later satellite operations. Commands and measuring data from the entire integration and test 

phase are stored in a database, which can be accessed by the project partners around the clock. 
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Fig. 24: TET prototype flight model EGSE in launch position configuration 

 

 

Fig. 25: Diagram of the EGSE-TET satellite bus 
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Within the scope of verification preparations for the satellite, a new AOCS test facility for the 

verification of the attitude control system was developed where the satellite bus EM-ACS 

(Engineering Model of the Attitude Control System) has been integrated. 

 

                 

 

        

 

 

Fig. 27: AOCS test facility 

 
Fig. 26: TET engineering model of the 
attitude control system at the AOCS 
test facility 
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5. Funding 

The project TET-1 satellite bus, i.e. the development, manufacture and verification of the satellite 

bus, was carried out on behalf of the DLR with funding from the Federal Ministry of Economics and 

Technology (BMWi) under the project code 50RV0801.  

 


