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1. Introduction

All satellites require a separation system to separate the spacecraft from the launch vehicle. Traditionally, spacecraft designers have relied on
pyro elements and compression spring pushers separation systems to separate objects in space. Launch vehicles often use pyrotechnic devices
such as explosive bolts to decouple the two objects. The use of pyrotechnics provide instantaneous operation, are low weight, and require little
inputenergy.

The use of pyrotechnics for separation systems has some severe drawbacks: they are not reusable, can be hazardous, may generate space
debris, and worst of all they generate high magnitude, high frequency shock waves that can damage sensitive electrical components.

In response to these concerns, a multitude of alternatives to pyrotechnic separation devices have been developed. These systems address
many of the shortfalls of pyrotechnic systems, but still some issues have remained.

Most systems, while still lower shock than pyrotechnic systems, still generate significant shock loads on the satellite due to the release of stored
energy. Some systems do not provide instantaneous deployment, are difficult to reset, are difficult to adapt to different launch vehicles, or are
restricted in their application due to export regulations.

The CarboNIX Microsatellite Separation System has been developed in this context. It generates extremely low-shock values, can be reset in
minutes, opens instantaneously when commanded, and can easily be adapted to any launch vehicle without restriction.

1.1 What is CarboNIX?

CarboNIX is a family of separation systems for small satellites. CarboNIX uses a unique shock-free technology to reduce the risk of damaging
sensetive satellite optical payloads and electronic components. CarboNIX also uses a unique spring pusher system which separates the
satellite before the shocks are generated. This means that all shock forces can only reach the spacecraft by traveling through the linkages, and
since shock forces are attenuated by joints and distance, the shock loads that reach the spacecraft are much reduced. In addition, the
mechanical linkage system has a separation action up to 7 times longer than competing systems, providing the spacecraft a much gentler
separation experience. All these features make CarboNIX the lowest-shock separation system ever used in space.

CarboNIX is also designed and manufactured entirely within Europe, meaning it is not subject to strict export regulations such as ITAR. This
reduces the cost and complexity of using CarboNIX, and allows it to fly onany launcher in the world. CarboNIX has been specifically designed
to easily adapt to any launch vehicle.

CarboNIX is manufactured using only COTS components. As with all EXOLAUNCH technology, CarboNIX is manufactured in Germany in a
facility certified to 1SO 9001:2015 standard, which requires regular inspection of the manufacturing and assembly facilities and ensures a
stable quality of the final product. These same quality standards are applied to the qualification and acceptance testing processes.

CarboNIX has some unique advantages over other microsatellite separation systems:

9 Shock-free separation. Very low shocks are generated during separation, making it very gentle on delicate satellite components.
In comparison with other separation systems on the market CarboNIX is a shock-free separation sytsem.

Fast reset time. The whole system can be triggered and reset in minutes .
Flexible. CarboNIX can be used and adapted with any launch vehicle.
Cluster compatible. CarboNIX can be easily added to a large cluster launch.
Lightweight. CarboNIX weighs just 2.6 kg.

Thin. In the stowed state, CarboNIX is less than 50 mm thick.
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Space qualified. CarboNIX was successfully qualified in space in 2019.
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Figure 1: Qualification of CarboNIX 15 for 100 kg Payload on Soyuz

Figure 2: CarboNIX 15 IM Units
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Figure 3: Qualification of CarboNIX 15 for 120 kg Payload on Falcon 9 Rideshare

Figure 4: CarboNIX and payload integration with upper stage.
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