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No. 4 - SMART-1 completes one month in orbit 
29 Oct 2003 

The spacecraft is now in its 64th orbit and has been flying in space for one month! The 

main activity of the last week was to continue the thrust firings of the electric 

propulsion engine in order to boost the spacecraft orbit. This operation was limited due 

to problems with the local radiation environment as a result of the recent, high 

intensity solar activity. The engine has now generated thrust for a total cumulated time 

of about 300 hours. 

Despite the rather short thrusting phase, the electric propulsion engine performance has been 

periodically monitored as usual by means of the telemetry data transmitted by the spacecraft and 

by radio-tracking by the ground stations. We noticed that the EP performance is still improving. 

From the original expected underperformance of about 3%, we went to last week’s slight over-

performance of about 0.5% and we now have an engine that gives about 1% higher thrust than 

expected. This confirms our confidence in the excellent conditions of the electric propulsion 

system.  

In this period we have also experienced an autonomous shut-down, or flame-out, of the engine. 

This happened on 26 October 2003 at 19:23 UTC, a few hours before a scheduled switch-off. The 

engine then re-ignited autonomously at the next scheduled thrusting restart without problems. 

The experts are investigating the problems. One curious coincidence is that at exactly the same 

time the radiation monitors on two ESA scientific spacecraft in highly elliptical orbits (XMM and 

Integral) had detected considerable radiation coming probably from a solar flare. This event was 

so large and potentially dangerous that one instrument on board Integral stopped operations 

and switched itself in to safe mode.  

The electric power provided by the solar arrays has been according to predictions - about 1850 W 

for this phase of the mission. The power degradation, due to the radiation environment, was also 

less than expected at 1-1.5 Watts per day. Recently however, starting from October 20, we 

noticed a sharper degradation of the power, probably due to the increased radiation environment. 

The communication, data handling and on-board software subsystems have been performing 

according to expectations so far. We are also detecting signs of an increase in the local radiation 

environment. An onboard counter records the number of hits produced by charged particles, like 

protons or ions, which cause a single bit in the digital circuits of the computer memory to change 

state, known as a Single Event Upset. We noticed a sharp increase in the count rate from 23 

October onwards. This is currently attributed to the increased solar activity.  

The thermal subsystem continues to perform well and all the temperatures are as expected. 

During the last period the spacecraft systems coped very well with a partial lunar eclipse, where 

the Moon obscured about 70% of the solar disk for around 80 minutes.  Although the average 

spacecraft equipment temperature has not changed much during the mission, some equipment is 

experiencing temperature fluctuations due to changes in both the spacecraft's attitude along its 

orbit and the Sun's position. The angle between the Sun direction and the orbit line of apses (the 

line joining the perigee and the apogee) has changed considerably during the mission. It has 

varied from about 16 degrees at the beginning of the mission to a current value of 35 degrees. 

This change could be responsible for the increase of the star tracker optical head temperature 

during part of the orbit. As the Sun gets further away from the line of apses, this effect should be 

attenuated and the star tracker conditions should improve.  

The attitude control subsystem continues to work, in general, very well. The main area of concern 

in this period has been the star tracker. This advanced autonomous star mapper has failed in the 

last two weeks to provide good attitude information in a few cases during different parts of the 

orbit. We have now found the explanation for all cases. It is due to a combination of several 

effects. The dominant effect is the increased background radiation level, especially protons to 
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which the star tracker CCD is sensitive. This effect, combined with the temperature increase of 

the star tracker optical head in some parts of the orbit, created 'hot spots' in the CCD which were 

mistakenly interpreted as stars. This problem has been corrected by a software change uploaded 

to the star tracker computer.  

Another problem was caused by the high star richness of some areas of the galaxy where the star 

tracker is pointing during part of the orbit. Too many stars require a computer processing time in 

excess of the allocated slot and cause 'drops' of attitude determination. The third problem was the 

blinding that the Earth disk produces to the optical head. These problems have been corrected by 

modifications to the software of the star tracker, which has been successfully updated onboard. 

Since these corrections have been made, the star tracker has been working very well and no 

further drops in attitude determination have been observed.  

Orbital/Trajectory information  

The SMART-1 orbit is continuously modified by the effects of the electric propulsion low thrust. 

The osculating orbital elements are periodically computed by the ESOC specialists. These 

elements define the so called 'osculating orbit' which would be travelled by the spacecraft if at 

that instant all perturbations, including EP thrust, would cease. So it is an image of the situation 

at that epoch. In reality the path travelled by the spacecraft is a continuous spiral leading from 

one orbit to another. The most recent osculating elements are as follows:  

 
This picture shows the osculating orbits at launch, the 

GTO, and at different times. The large orbit, marked 

'final', is the one we expect to achieve at the end of the 

radiation belt escape in about two months.  

From the start, the electric propulsion system has 

managed to increase the semi-major axis of the orbit by 

1804 km, increasing the perigee altitude from the original 

656 km to 2309 km and the orbital period by more than 

70 minutes, from the initial 10 hr 41 min to the present 

11 hr 53 min.  

Contact Point 

Giuseppe Racca 

SMART-1 Project Manager  

ESA/ESTEC - SCI-PD  

Keplerlaan 1- 2200 AG Noordwijk, The Netherlands  

E-mail: Giuseppe.Racca esa.int  

  

EPOCH (UTC) 2003/10/26 21:20: 0.0 

 

Elements WRT Earth (J2000) 

Pericentre Distance (km) 8687.994352 

Apocentre Distance (km) 44178.400580 

Semi Major Axis (km) 26433.191297 

Eccentricity 0.671323 

Inclination (deg) 6.914596 

Asc. Node (deg) 160.314652 

Arg. of Pericentre (deg) 194.821206 

True Anomaly (deg) 179.920219 

Osc. Orbital Period (h) 11.880450 

SMART-1's osculating orbits 

 

 

For further information please contact: SciTech.editorial@esa.int 
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