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3 Abstract 
 
The purpose of this document is to present an overview of GomSpace propulsion products for micro- 
and nanosatellites. Focus is on miniaturized propulsion systems that already have flight heritage from 
several cubesat missions. On-orbit results is presented, and as an example recent flight data from the 
GOMX-4 mission is discussed. In this mission, our propulsion system has been used to demonstrate 
both orbit corrections and formation flying maneuvers. Furthermore, the development of a resistojet 
propulsion system capable of above 1000 Ns total impulse and still suitable for an 8U cubesat is also 
presented.  

4 Introduction 
 
GomSpace Sweden (formerly NanoSpace) has since 2005 developed various miniaturized components 
and subsystems for space. The main application area is propulsion and with the emergence of 
cubesats and the “new space” sector the past decade, focus has been on miniaturization, and the 
added value is simply through reduced mass, volume and required power of components and 
subsystems.. The inherently low mass, volume and power consumption does add value to the system 
in terms of reduced costs, but can also enable increased redundancy, better performance and new 
functionality. 
 

5 Cubesat propulsion solutions 
 

5.1 Standard modules  
 
Our strategy has been to develop two standard propulsion modules; one called “3U” and one called 
“6U”. The 3U module is suitable for cubesats up to the size of a 3U satellite and the 6U module is 
typically used on larger cubesats. Both these standard modules are flight proven and Figure 1 shows 
the 3U and 6U propulsion modules.  

 
Figure 1. The 3U baseline design of the cubesat propulsion system installed in a 1U cubesat frame (left) and the 

standard 6U propulsion module including the mechanical interface to the satellite structure (right). 

In the standard products (both the 3U and the 6U modules), four thrusters are integrated together with 
propellant tanks, fill valves, filters, ON/OFF isolation valves (two or three in series between propellant 
tank and thruster), tank heaters and temperature sensors, and electronics for handling all sensors, 
heaters and valves.  
The propellant, which is butane, is stored in liquid phase in the propellant tank. Due to the vapor 
pressure of butane in the operational temperature range, the propellant is self-pressurizing and will 
vaporize to supply gaseous feed pressures of about 1 to 4 bar [7]. With such low storage pressures, the 
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tanks can be designed to have lower mass than when using a propellant stored as a high pressurized 
gas.  The design in scalable and for instance, the propellant tank size or the number of thrusters can be 
changed. A summary of the current standard 3U and 6U specifications are listed in Table 1.  
 

Table 1. CubeSat propulsion module specifications for standard 3U and 6U designs. 

Specification Standard 3U Standard 6U 

Number of thrusters 
 and operating principle 

Four thrusters with closed-loop 
thrust control or pulse-mode 
operation 

Four thrusters with closed-loop 
thrust control or pulse-mode 
operation 

Thrust level 1 mN or 10 mN 1 mN or 10 mN 

Thrust resolution 10 µN or 100 µN 10 µN or 100 µN 

Total Impulse (Ns) 25-40 65-100 

Size (mm*mm*mm) 95x95x49 95x206x49 

Dry Mass (g) 375 770 

Propellant capacity (g) 50 130 

Average operating power 
(W) 

<2.5 <3.6 

Temperature range, 
oper/non-oper. (ºC) 

0 to 50 / -10 to 50 -5 to 50 / -20 to 60 

Electrical Interface I2C, CAN, bus voltage I2C, CAN, bus voltage 

 
  

5.2 6 DOF Propulsion modules 
 
In order to meet the current trend towards larger and more capable Cubesats, sometimes with a need 
of Six degree of freedom (6 DOF) propulsion capability, GomSpace can offer propulsion systems with 
customized thrust directions from up to 6 thrusters per module. Such a propulsion system (typically with 
two modules per satellite and hence 12 thrusters) is designed to provide thrust in direct translation 
along each of the 3 orthonormal axes (i.e. x, y, z spacecraft axes) and direct rotation around each of 
the 3 orthonormal axes. This is an enabler for a range of highly advanced Cubesat missions such as 
autonomous formation flying, rendezvous and docking, close inspection etc. 
Our 6-DOF propulsion solutions are based on the standard 3U and 6U modules and will hence have 
similar technical specifications.  
As an example,  
Figure 2 below shows the design of such a 6DOF propulsion module for the ESA mission RACE. Two 
of the thrust vectors are aligned with the Z axis in the coordinate system, while the other four form 
angles of 48 degrees with respect to the X axis. 

 

 
Figure 2: Location of the thruster nozzle exits of an isolated module (left) and in a rendered 6U structure (right).  
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5.3 A custom design high delta-V system for larger cubesats and microsats 
 

Based on the heritage from the standard propulsion modules, GomSpace can also offer a flexible 
propulsion design concept that can deliver up to 100 m/s delta-v for a typical 12 kg CubeSat. This 
system was designed to fit on an 8U cubesat (in a 10x20x40 configuration) but could be adapted to 
other configurations of 6U+ cubesats and other microsatellites. In this case focus is on platform 
flexibility and high delta-V. Hence the thrusters are of a high temperature resistojet design that can 
deliver a specific impulse around 75 seconds. The closed-loop thrust control is in this case not used. 
Instead pulse mode operation and closed-loop impulse control is available. A challenge in this design is 
to keep the dry mass low. This is achieved by using thin walled, all welded titanium propellant tanks, A 
summary of the high delta-V system specification is shown in Table 2 and a CAD rendering of the same 
system in Figure 3. 
 

Table 2. Custom designed high delta-V propulsion system specifications for 6U+ satellites. 

Specification High delta-V propulsion systems for 6U+ cubesats 

Number of thrusters and 
operating principle 

Four thrusters with pulse-mode operation and 
closed-loop impulse control 

Thrust level 10mM 

Thrust resolution N/A 

Total Impulse (Ns) > 1100 

Size (mm*mm*mm) 99x240x198 (exl. 

Dry Mass (g) fill/drain) 

Propellant capacity (g) 1100 

Average opering power (W) 1600 

Temperature range, 
oper/non-oper. (ºC) 

5 – 60 W (pending thermal environment and 
needed Isp) 

Electrical Interface 0 to 50 / -20 to 65 

 
Figure 3. Illustrations of the custom design high delta-V system for larger cubesats  

in an 8U structure (left) and self-standing (right). 
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6 Propulsion system control 
 
All our propulsion systems are controlled over CAN and/or I2C interfaces. CubeSat Space Protocol, 
CSP, is often used but for satellites that do not implement CSP a proprietary simple command structure 
also exists.  
 

6.1 Propellant conditioning and thermal control  
To ensure that the propellant pressure is high enough to produce nominal thrust, all tanks have heaters 
and temperature sensors. The propulsion system control board can, on command, heat tanks to 
operating temperature and keep them warm while thrusting.  
 

6.2 Thruster firing  
The thruster firing interface supports a wide range of operational scenarios and is highly flexible. Firings 
are controlled with a vector that is sent to the propulsion module from the controlling system. Each 
element of the vector holds the firing command for a thruster.  
 
In duration-based firing, an opening time is provided as an argument, and this time will set for how long 
the thruster will be firing. It is allowed to send a new command to overwrite a previously commanded 
opening time. This gives the user freedom to either abort or prolong the firing, for as long as required.  
 
In impulse-based firing, an impulse is instead provided. In this mode the propulsion system will actively 
monitor the delivered thrust, integrate it over time, and stop firing when the requested impulse has been 
reached. Like in the duration-based firing, an ongoing burn can be overwritten.  
 
The propulsion system also has a thruster pulse-width generator that can be combined with any of the 
above firing modes. This generator can be seen as an automatic refresh of the last command received 
for a thruster. As an example, by combining the PWM generator with duration-based firing, a firing 
scheme where one thruster fire at 100% opening time, one at 85% and one at 95% is easy to achieve, 
without having to send several commands per second. This feature is very useful when doing longer 
orbit-changing manoeuvres, to compensate for misalignments between spacecraft center of mass and 
propulsion system thrust vector.  
 
 

6.3 Telemetry  
The propulsion system produces real-time telemetry data for various system temperatures and 
pressures, thrust, impulse and more.  
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7 Test results and flight data 
 

7.1 Test results - Closed-loop thrust control 
 

The following graphs demonstrates the the closed-loop control principle of the thrusters from laboratory 
testing. These results show the capability to control the thrust (or strictly speaking, and equivalently the 
massflow) with both precision and resolution. Tests are performed with both butane and nitrogen in 
vacuum and atmospheric conditions.  
In Figure 4, the mass flow signals from the integrated mass flow sensor compared to that of an external 
sensor are compared. Note the faster response of the integrated sensor (about 1 s). The small mass 
flow step at about 250 s, correspond to about 0.5% of the mass flow (the measured pressure drop in 
the thruster chamber is about 10 mbar) at nominal operation indicating that a resolution of 10 µN is 
detectable. 
The proportional valves have been cycled from open to fully closed position for more than 18,000 
cycles (fully operating after end of test). Figure 5 shows a comparison of the mass flow during cycles at 
the start, middle and end of the test. 

 

 

 
 

Figure 4. Comparison of mass flow signals from integrated sensor (blue, solid line) and an external sensor (red, 
dashed line) located upstream the thruster solenoid valve. The three images show the same run going from a large to 

small time scale. 
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Figure 5. Mass flow (mg/s) through the thruster in a closed-open-closed cycle at the start, middle and end of the test. 
The x-axis shows time in seconds. 

 

7.2 Test results - Resistojet 
 

Resistojet thrusters under development have been tested on a thrust stand in vacuum, and a result 
from this is shown in 
Figure 6. Thrust levels of 10 mN and an Isp of >70 s has been reached using butane. 
 

Figure 6. Mass flow (mg/s) through the thruster in a closed-open-closed cycle at the start, middle and end of the test. 
The x-axis shows time in seconds. 

 

7.3 Flight data from GOMX-4 
 

The GOMX-4 mission consisting of two GOMSpace-developed 6U cubesats, GOMX-4A and GOMX-
4B, flying in formation. GOMX-4B was funded by ESA and carries the 6U propulsion module, Figure 7, 
that was used for formation deployment and keeping. The CubeSats were launched from the Jiuquan 
Satellite Launch Center in China on a LM-2D launch vehicle on February 2, 2018.  
About 40 days later, the propulsion module was commissioned and then a series of propulsive 
maneuvers were done to actively control the orbit of GOMX-4B and in particular the relative distance to 
GOMX-4A. This series of events during a six months period is shown in  
Figure 8. Notably this series of maneuvers consumed only about 10% of the propellant. 
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Figure 7. The GOMX-4B propulsion module (upper left) and the two 6U satellites (upper right) before the launch from 

Jiuquan Satellite Launch Center on February 2nd 2018 (lower right). 

 

 
 

 
Event 

0 After Separation from launcher 

1 Orbit raise, 11 min prograde thrust to stop drifting apart and instead bring 
satellites closer together 

2 6 min retrograde burn to reduce the rate of closing the inter-satellite 

distance 

3 GOMX-4B passes directly overhead GOMX-4A 

4 3 min prograde burn to initiate controlled separation 

5 3 min retrograde burn to stop controlled separation 

6 Experimenting with drag management impact drift rate 

 
Figure 8. Series of propulsive maneuvers and events from launcher separation to six months into the mission. 
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7.4 Upcoming missions and future development 
 

GomSpace is currently working on multiple satellite projects that is and will be using the propulsion 
systems presented in this paper. One typical example of an ongoing flight programme is a constellation 
of 3U cubesats for an “Internet of Things” constellation will consist of some 80 satellites in 10 different 
orbital planes to achieve global coverage. Every satellite has propulsion and at the time of writing the 
first two satellites have been launched and the first batch of 10 propulsion systems have been 
delivered. Figure 9 shows one the 3U propulsion modules for this this constellation. 

 
 

Figure 9. One of the 3U propulsion systems delivered to a commercial customer for an IoT constellation. 
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