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 FAST FACTS BEPICOLOMBO 
 

Launch date: October 2018 

Mission end: Nominally 1 year in Mercury orbit after arriving in late 2025 

Launch vehicle: Ariane 5 

Launch mass: 4100 kg 

Mission phase: Implementation 

Orbit: 

Cruise: 

Heliocentric transfer orbit 

 

At Mercury: 

MPO polar orbit 480 × 1500 km, 2.3 hr period 

MMO polar orbit 590 × 11 640 km, 9.3 hr period 
 

BepiColombo is Europe's first mission to Mercury. It will set off in October 2018 on a journey to the 
smallest and least explored terrestrial planet in our Solar System. When it arrives at Mercury in late 
2025, it will endure temperatures in excess of 350 °C and gather data during its 1 year nominal 

mission, with a possible 1-year extension. The mission comprises two spacecraft: the Mercury 
Planetary Orbiter (MPO) and the Mercury Magnetospheric Orbiter (MMO). BepiColombo is a joint 
mission between ESA and the Japan Aerospace Exploration Agency (JAXA), executed under ESA 
leadership. 

 

 

MISSION OBJECTIVES 

BepiColombo has been designed to provide the measurements necessary to study and understand the 
composition, geophysics, atmosphere, magnetosphere and history of Mercury. In particular, the 
mission has the following scientific objectives: 



 Investigate the origin and evolution of a planet close to the parent star 
 Study Mercury as a planet: its form, interior structure, geology, composition and craters 
 Examine Mercury's vestigial atmosphere (exosphere): its composition and dynamics 
 Probe Mercury's magnetized envelope (magnetosphere): its structure and dynamics 

 Determine the origin of Mercury's magnetic field 
 Investigate polar deposits: their composition and origin 
 Perform a test of Einstein's theory of general relativity 

  

MISSION NAME 

BepiColombo is named after Professor Giuseppe (Bepi) Colombo (1920-1984) from the University of 
Padua, Italy, a mathematician and engineer of astonishing imagination. He was the first to see that an 
unsuspected resonance is responsible for Mercury's habit of rotating on its axis three times for every 

two revolutions it makes around the Sun. He also suggested to NASA how to use a gravity-assist 

swing-by of Venus to place the Mariner 10 spacecraft in a solar orbit that would allow it to fly by 
Mercury three times in 1974-5. 

ESA's Science Programme Committee decided at its meeting in Naples in 1999 to name the Mercury 
cornerstone mission in honour of Giuseppe Colombo's achievements.  
  

 

SPACECRAFT 

The BepiColombo mission is based on two spacecraft: the ESA-led Mercury Planetary Orbiter (MPO), a 

three-axis stabilised and nadir pointing spacecraft with an instrument suite of 11 experiments and 
instruments, and the JAXA-led Mercury Magnetospheric Orbiter (MMO), a spinning spacecraft carrying 
a payload of five experiments and instruments. A summary of the spacecraft characteristics is given in 
the table below. 

  
Mercury Planetary Orbiter (MPO) Mercury Magnetospheric Orbiter 

(MMO) 

Stabilisation 3-axis stabilised 15-rpm spin-stabilised 

Orientation Nadir pointing Spin axis at 90° to Sun 

Orbit 
Polar orbit, period of 2.3 h 

480 × 1500 km 

Polar orbit, period of 9.3 h 

590 × 11 640 km 

Spacecraft Mass 
4100 kg (at launch) 
1150 kg (in Mercury orbit) 275 kg (in Mercury orbit) 

Payload Mass 80 kg 45 kg 

Payload Power 100-150 W 90 W 

TM band X/Ka-band X-band 

Data volume 

(downlink) 
1550 Gbits/year 160 Gbits/year 

Equivalent average 
data rate 

50 kbits/s 5 kbits/s 

Antenna 
High-temperature resistant 1.0 m X/Ka-
band high-gain steerable antenna 

0.8 m X-band phased array high-gain 
antenna 

Operational lifetime > 1 year > 1 year 

 

INSTRUMENTS 

The Mercury Planetary Orbiter will carry a sophisticated payload of 11 instruments, comprising 

cameras, spectrometers (IR, UV, X-ray, γ-ray, neutron), radiometer, laser altimeter, magnetometer, 

particle analysers, Ka-band transponder, and accelerometer. Of these, ten will be provided by Principal 
Investigators through national funding by ESA Member States and one from Russia. 



The Mercury Magnetospheric Orbiter will carry a payload of five advanced scientific experiments, 
including a magnetometer, ion spectrometer, electron energy analyser, cold and energetic plasma 
detectors, plasma wave analyser, and imager. These will be provided by nationally funded Principal 
Investigators, one European and four from Japan. Significant European contributions are also being 

made to the Japanese instruments.  
  

LAUNCH, JOURNEY AND ORBIT 

The BepiColombo trajectory employs a solar electric propulsion system so that a combination of low-
thrust arcs and flybys at Earth, Venus and Mercury are used to reach Mercury with low relative 
velocity. A brief summary of the key stages in the journey to Mercury are given here: 

 Launch on Ariane 5 in October 2018 
 Cruise trajectory with solar electric propulsion stage - the Solar Electric Propulsion Module 

(SEPM), up to 290 mN thrust - plus nine gravity assists: Earth, Venus (twice) and Mercury (six 
times) 

 Approximately 7.2 year cruise phase to Mercury 
 Ion propulsion stage jettisoned shortly before arrival at Mercury 
 Capture and insertion by chemical propulsion engines within the MPO 

 On reaching MMO orbit the MMO is released 
 MPO is inserted into final orbit using thrust from chemical propulsion engines 
 For MPO and MMO: one Earth-year (4 Mercury years) operations in Mercury orbit with optional 

one year extension 
  

KEY MISSION DATES (FOR A 2018 LAUNCH) 

Date Mission event 

October 2018 Launch 

10 April 2020 Earth flyby 

15 October 2020 First Venus flyby 

11 August 2021 Second Venus flyby 

2 October 2021 First Mercury flyby 

23 June 2022 Second Mercury flyby 

20 June 2023 Third Mercury flyby 

5 September 2024 Fourth Mercury flyby 

2 December 2024 Fifth Mercury flyby 

9 January 2025 Sixth Mercury flyby 

5 December 2025 Arrival at Mercury 

14 March 2026 MPO in final orbit 

1 May 2027 End of nominal mission 

1 May 2028 End of extended mission 

 

OPERATIONS CENTRE 

Ground control: ESA is responsible for the overall mission design, and for the operation of the 
composite spacecraft up to the insertion of the MPO and MMO into their orbits. During the cruise, the 
European Space Operations Centre (ESOC) in Darmstadt, Germany, will coordinate the operation of 

the full composite spacecraft by using the Cebreros 35 m antenna in Spain. The ISAS/JAXA 
Sagamihara Space Operation Centre, using the Usuda 64 m antenna (Japan), will take over the 
operation of the MMO once it is in orbit around Mercury, while ESOC will remain in charge of the MPO 
spacecraft. 
Science operations: ESA is responsible for the mission and scientific operation of the MPO. The 

BepiColombo Science Operation Centre will be at the European Space Astronomy Centre (ESAC) in 

Villafranca, near Madrid, Spain. It will define and coordinate the scientific observations, and assist the 
teams in operating their instruments. 



BEPICOLOMBO ELECTRIC PROPULSION THRUSTER AND HIGH POWER 

ELECTRONICS COUPLING TEST PERFORMANCES 

MTM Electric Propulsion System (MEPS) The MEPS contains the 4 electric propulsion 
(Kaufmann) thrusters, their power processing electronics, 4 thruster pointing mechanisms and the 
xenon storage and feed system. The thrusters are the QinetiQ T6, Ø 22 cm, 145 mN thruster derived 
from the T5 flown on the GOCE mission. The system is planned to operate over 25 thrust arcs totalling 

880 days, with the longest continuous 
operation being for 167 days. The 

system typically operates using two 
thrusters. T6 thruster firing test The 
thrusters are mounted on individual 
pointing mechanisms which enable 

the thrust vector to point through the 
MCS centre of mass – either for a 

single thruster or the plane of an 
operating pair of thrusters. By off-
pointing of the thrust vector a 
moment is created for use by the 
AOCS for wheel off-loading. The 
xenon system, with its flow control 
units, pressure regulators and 3 

tanks, is able to store and deliver 580 
kg of xenon which can provide 5400 
m/s delta V. 

 Electric propulsion systems 
are being developed by QinetiQ to 

meet two current applications. One is 
the High Power Electric Propulsion System (HPEPS) for station keeping, orbit-topping and end-of-life 

de-orbit for geostationary orbit (GEO) telecommunications satellites. The second application is the ESA 
science mission to the planet Mercury, BepiColombo1, where the system will provide the impulse 
necessary during the inter-planetary cruise.  

QinetiQ has completed a successful Technology Demonstration Activity (TDA)2;3 of a T6 
thruster to retire the high risks associated with Europe’s first use of electric propulsion for a major 
science mission. This activity investigated new requirements such as sustained, stable operation over 

long thrust arcs, the simultaneous operation of two thrusters at high power in close proximity, low 
thrust interruption rates and the harsh thermal environment approaching the Sun.  
The Solar Electric Propulsion System (SEPS) for BepiColombo was awarded to QinetiQ in 2009 
following an open competition. SEPS is based on the HPEPS and benefits from its wide operating 
range, robust design and its ability to be easily adaptable to a wide range of platforms and 

applications.  
This paper briefly describes the common building blocks between HPEPS and SEPS and the respective 

architectures for each application. The paper outlines the overall SEPS Assembly Integration and 
Verification (AIV) programme before presenting in detail the Coupling Testing that has been 
performed to demonstrate the compatibility of the components of the system: thruster, power supply 
and control unit and the flow control unit and verify the performance of the coupled SEPS hardware. 

 

COMMON BUILDING BLOCKS AND SYSTEM ARCHITECTURE 

The QinetiQ electric propulsion systems are composed of the T6 thruster, a power supply and 
control unit (PPU – developed by EADS Astrium Crisa), Xenon flow control units (FCU – developed by 

Moog-Bradford Engineering) and associated harnesses. These hardware elements are common to both 

HPEPS and SEPS. In addition the consortium members are the same as the successful GOCE 
programme4,5 and build on the heritage and experience developed during this programme.  



The resultant QinetiQ electric propulsion system is capable of achieving a wide range of 
operational requirements, from low to high power applications whether constant thrust level, multiple 
thrust level or variable thrust level operation.  

Thrust vectoring is achieved in both systems via pointing mechanisms but due to the very 

different pointing requirements these mechanisms are not common to HPEPS and SEPS. The SEPS 
system boundary excludes the pointing mechanism and consequently is not covered in this paper. For 
HPEPS a pointing mechanism is being developed by RUAG Space Austria (referred to as the electric 
propulsion pointing mechanism or EPPM) – this is further described below along with the common 
building blocks: T6, PPU and FCU. 

1. QINETIQ T6 THRUSTER  

The T6 thruster was first designed in 1995 to meet the needs of science and telecommunication 
missions in the 21st century. The thruster was developed using experience and scaling laws identified 

during the early stages of the QinetiQ T5 development. Since 1995, the T6 design has undergone 

extensive development to optimise performance and lifetime and make effective use of advances in 
materials for insulators, grids and the ionisation chamber. All of this has been achieved and 
demonstrated within the BepiColombo Technology Demonstration Activity (TDA), the Grid Technology 
Research Programme (TRP) and the HPEPS development and qualification programmes, sponsored by 
ESA.  

The T6 thruster is shown schematically in Fig. 2. It is of conventional Kaufman configuration6, 
with a direct current (DC) discharge between a hollow cathode and a cylindrical anode used to ionise 

the propellant gas. The efficiency of this plasma production process is enhanced by the application of a 
magnetic field within the discharge chamber.  
A 22 cm diameter grid system, forming the exit to 
the discharge chamber, extracts and accelerates 
the ions, to The T6 thruster was first designed in 
1995 to meet the needs of science and 

telecommunication missions in the 21st century. 

The thruster was developed using experience and 
scaling laws identified during the early stages of the 
QinetiQ T5 development. Since 1995, the T6 design 
has undergone extensive development to optimise 
performance and lifetime and make effective use of 
advances in materials for insulators, grids and the 

ionisation chamber. All of this has been achieved 
and demonstrated within the BepiColombo 
Technology Demonstration Activity (TDA), the Grid 
Technology Research Programme (TRP) and the 
HPEPS development and qualification programmes, 
sponsored by ESA.  

The T6 thruster is shown schematically in 

Fig. 2. It is of conventional Kaufman configuration6, 
with a direct current (DC) discharge between a 
hollow cathode and a cylindrical anode used to 
ionise the propellant gas. The efficiency of this 
plasma production process is enhanced by the 
application of a magnetic field within the discharge 
chamber.  

A 22 cm diameter grid system, forming the 
exit to the discharge chamber, extracts and accelerates the ions, to provide the required thrust. The 
velocity of the ejected ions depends only on the beam potential, whereas the thrust is a function of 
this and the ion beam current. An external hollow cathode, referred to as the neutraliser, emits the 
electrons necessary to neutralise the space charge of the emerging ion beam.  

T6 THRUSTER HARNESS  

At an early stage of the HPEPS programme it was recognised that the harness between the 
thruster and the PPU was a critical system element and that it was imperative that the system 



engineering of the harness must be performed concurrently with the thruster. The design is driven by 
the high voltage, high current and high temperature operation in conjunction with the need to traverse 
the moving interface presented by the pointing mechanism. It was also recognised that to allow the 
mechanism and harness integration to be performed in isolation to the thruster (earlier thruster 

designs have always included an integral flying lead design) it was necessary to introduce a connector 
block on the thruster.  

To maximise heritage the harness design employs the same commercially available ePTFE 
(corona resistant) coaxial high voltage cable technology qualified on the GOCE programme with the T5 

ion thruster. 
 

POWER SUPPLY AND CONTROL  

The Power Supply and Control Unit (PPU) provides the required functionality to power and 
control the T6 thruster and the Xenon Flow Control Unit (XFCU) as commanded by the satellite’s on-
board computer. The PPU also provides the necessary telemetry and telecommand interfaces to 
control and monitor all thruster functions.  

In order to minimise the mass and volume of the PPU its design takes advantage of the fact that a 
number of the thruster and XFCU control functions can be supplied by a common power supply 
without impact to the performance or operation of the system.  

This results in a total of 5 power supplies being required to power the T6 thruster. This is 
illustrated in Fig. 3.  
The 5 PPU thruster supplies are as follows:  

1. Neutraliser Heater (Primary & Redundant) + Neutraliser Keeper supply  
The keeper can be powered by the same supply as the heater as the two are not required to operate 
simultaneously.  

2. Accel Grid Supply  

3. Beam Supply  
4. Anode + Cathode Keeper supply  

In the case of the Cathode keeper, it is operated in parallel with the Anode supply.  

5. Magnet + Cathode Heater (Primary & Redundant) supply  
The Cathode heater and the 

solenoids share the same supply, as they are 
not required to operate simultaneously.  

Where supply functions share a 
common transformer within the PPU, the 
changeover between supplies, is only 

performed when the supply is in a shutdown 
state i.e. hot switching is eliminated.  

In addition to the above nominal 
functionality, the PPU design makes 

use of the high current capability of 
the Anode supply to provide a grid 

clearance function. This functionality 
means that should a conductive 
particle cause an electrical short 
between the Accel and Screen grids, 
and in the event that this particle 
does not ‘self clear’, the Anode supply 
can be switched to the Accel grid to 

‘burn-away’ the contaminant. The PPU 
architecture is illustrated in Fig. 4. The 
PPU design incorporates a Faraday 
housing as was employed in the IPCU 

for GOCE. In this design the high 
voltage referenced power supplies; 
i.e. the anode, solenoids, cathode 

keeper and cathode heater supplies, 



are enclosed in a housing which is floated at beam potential and the whole unit is isolated from the 
unit chassis via conventional ceramic isolation techniques. This concept has 2 major advantages. The 
first is that it virtually eliminates difficulties associated with parasitic elements within the high voltage 
(HV) referenced supplies, e.g. unexpected current paths for the common mode currents are contained 

within the enclosure. Secondly the power supplies can be readily designed without having to deal with 
any HV isolation design complexities, i.e. isolation is achieved once using simple ceramic stand-offs, 
because the components within the supplies are referenced to the HV enclosure.  

The PPU is a single equipment in the T6 HPEPS. Comprising of 2 main functional elements, the 
beam supply and the DANS [2off].  
Beam supply: The beam supply is comprised of up to 5 parallel beam supply modules. In the case 
where 3 beam modules are required to fulfill the mission requirement a 4th beam supply module is 

also included for redundancy. As such the beam supply is tolerant of a single Beam Supply Module 
failure, i.e. 4 for 3 parallel redundancy.  
DANS: There are 2 DANS assemblies within the PPU, providing 2 for 1 parallel redundancy. The 

outputs of each DANS are switched to either one of the north thrusters or one of the south thrusters.  
The PPU is able to be a single equipment, with significant mass and cost savings, and provides 

all the necessary redundancy and failure tolerance required within that equipment. This also enables 

the S/C level thermal control to be simplified because the heat loads are always in the same place, i.e. 
provision does not need to be made for dissipation in two locations. 

 

 

FLOW CONTROL UNIT 

  During thruster operation the Flow control unit (FCU) when powered will deliver propellant at 

the required mass flow rates to a single thruster.  

The FCU uses a proportional valve in closed loop control with a pressure transducer to control the 
pressure at the inlet to a fixed restrictor (at 
constant temperature).  
The pressure based control method is a simple 
and robust solution for the Main and Cathode 
flow control.  

• It is a direct method of control based on the 
basic parameters determining the mass 
flowrate, i.e. pressure, temperature and the 
physical restriction.  
• Pressure sensing is considered to be more 
dependable than mass flow sensing which is 
less susceptible to temperature variations.  

• It is preferable to minimise the variety of 
functional components and control methods in 
a single design. In this solution the Main Flow 
and Cathode feeds will use the same flow 
control components and method  

A functional block diagram for the flow 
controller is shown in Fig. 5. The FCU includes 

a filter at its inlet to protect the system from 
particulate contamination.  

Immediately downstream of the inlet 
filter there is a single mono-stable isolation 
valve, after which the flow path divides into 3 
parallel branches for the Neutraliser Feed, 

Cathode Feed and Main Flow Feed.  

The Main Flow Feed and Cathode Feed 
branches each contain a proportional flow 
control valve, pressure transducer and fixed 



restrictor. The Neutraliser Feed branch contains a mono-stable isolation valve and a fixed restrictor 
only. The Neutraliser Feed can be operated independently of the Main Feed and Cathode Feed.  

Each valve type, IV or FCV, is capable of achieving the necessary internal leak tightness when 
closed, and both are normally closed devices so that in the event of a loss of power to those valves 

they would automatically close. Any combination of valves can be opened independently or 
simultaneously for test, venting and purging operations on ground or in orbit. The overall 
configuration of valves ensures that there are 2 in-series inhibits between the inlet and each outlet, so 
that in the event that any one valve failing open or leaking excessively the propellant upstream of the 
FCU can be isolated 

 

 

POINTING MECHANISM  

The role of Electric Propulsion (EP) thrusters in future commercial spacecraft (S/C) is 
expanding from the North-South Station Keeping (NSSK), which requires only limited angular pointing 
range, to include also Orbit Topping and Momentum Dumping Manoeuvres, and possibly East-West 
Station Keeping and Orbit Raising as options, in order to save fuel mass and therefore to increase the 
revenue gain (more payloads, increased lifetime, smaller launchers, or a combination of these).  

Existing mechanism designs 
have been able to facilitate limited 

thruster operation in the event of a 
mechanism ‘failure to deploy’ 
scenario, by stowing the thrusters at 
a nominal 45° pointing angle. 

However, the next generation of 
large electric propulsion thrusters, in 

particular due to their size, require a 
significantly different type of 
pointing mechanism. The ability to 
perform limited thruster operation in 
the failed deployment scenario has 
become an excessive constraint on 
the system and platform design, to 

a point that it significantly impacts 
the considerable advantages these 
thruster systems would otherwise 
provide. As such it is considered that 
the requirement to stow the thrusters at a nominal 45° to no longer be practical for the next 

generation of EP systems for telecommunication platforms.  
The EPPM illustrated in Fig. 6 consists of a mobile platform interfacing with a single T6 

thruster. The thruster can be pointed around two perpendicular axes due to a two-axis rotation 
mechanism and dedicated drive units. The EPPM can achieve up to 90° pointing angle for the first axis 
and +15° pointing angle for the second axis. The mobile plate is kept locked in a specific reference 
position during the launch phase by a Hold Down and Release Mechanism.  
The main parts of the EPPM are:  
• Mobile Platform  

• Two-Axes Pointing Mechanism  
• Hold-Down and Release Mechanism (HDRM).  
• Damping system underneath the HDRM  
• Harness and piping support for the T6 Thruster 
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