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Those who do not 
remember the past are 
condemned to repeat it. 
 

           George Santayana 



IUE spacecraft (external and exploded views) 



IUE Spacecraft Parameters and Timeline  

Launch: January 26, 1978 

End of mission: September 30, 1996 

Mission duration: 18 years, 8 months, 4 days 



Pluses and minuses for selecting a 24 hour orbit 

 

• Long continuous 
observing programs 
possible 

• Minimal Earth occultation 
means simpler 
scheduling 

• Minimal Doppler 
corrections 

• Can observe most of the 
sky at any time 

• More benign thermal 
environment 

 

• Less weight means 
smaller telescope and 
fewer instruments. 

• Harsh radiation 
environment in HEO 

• Telemetry constraints 





Some critical issues of spacecraft operations 
that kept IUE alive and scientifically 

productive for 18 years 
• Orbit 
• Electrical power (solar arrays, batteries, 

eclipses) 
• Operate with less than 3 gyros 
• Work around component failures 
• Work around computer failures (patching) 
• Work around detector problems and radiation 

damage 
• Work around fine guidance problems 



Spacecraft orbit and ground trace 

Need fuel to correct the orbit so 
that IUE is within sight of ground 
stations. Hydrazine fuel amount 
was much more than needed for a 
5 year mission. 

Delta-V orbital corrections to 
compensate for the westward drift 
of IUE induced by the ellipticity of 
the Earth. 



Electrical power issues 
• Solar arrays degraded 

2.8%/yr, but 9.7%/yr at 
solar max. (radiation 
damage). 

• Power positive criterion 
decreased viewing 
angles with time.  

• During eclipses must turn 
off gyros and heaters. 
Gyro 5 never restarted. 

• Batteries degraded with 
time. 



Beta angle (from anti-Sun direction) 
restrictions with time 



Operate with less than 3 gyros 
• Initially 6 gyros: #6 did not start after shadow 

turn-off (1979), #1 failed (1981), #2 failed 
(1982), #3 failed (1985), #5 failed because of 
conflicting commands (1996). 

• 2-gyro + FSS tested (3/1983) and implemented 
(8/1985). 

• 1-gyro + FSS tested (10/1990) and implemented 
(3/1996). 

• 4 reaction wheels but only 3 ever used. 
• Fine Error Sensor anomalies after radiation belt 

passages. 



Work around component failures 

• Panoramic Attitude Sensor (PAS) failed on day 
3. Redundant PAS work for 18 years. 

• In first 9 months 6 instrument subsystem failures 
including the SWR camera. 

• Command Decoder #1 failed in 1980, but #2 
worked for rest of mission. 

• Command Relay Unit (CRU) anomalies and 
often both on producing confusion. 

• Radiation damage to COS/MOS chips produced 
data corruption. 



Work around computer malfunctions 

• A partial list of OBC 
crashes due to high 
temperatures and other 
unknown causes. 

• Each crash required 
manual intervention, and 
lost observing time. 

• Uploaded 18 patches to 
the OBC code. 

• This was an old computer 
with large chips (more 
radiation hard than 
modern tiny chips) 



Work around detector problems 
and radiation damage 

• 4 SEC cameras (SWP, SWR, LWP, LWR) 
• SWR had an electrical failure during inflight 

checkout (2/1978). 
• Microphonics noise in the other 3 cameras 

induced by roll wheel spin changes during 
manoevers. 

• SWP enhaced noise (pings) when camaera 
head too hot. 

• Radiation damage to COS/MOS chips. 
• Occasional data corruption from Data 

Multiplexer Units. 



Work around fine guidance problems 

• Fine Error Sensors (FES) were star 
trackers to position the star in the 
aperture. 

• FES#2 occasionally gave false count rates 
after passage through the radiation belts. 

• FES#2 developed scattered light anomaly 
after 1/1991 with uncertain cause. 

• FES streak anomaly at certain roll angles 
after 9/1992). 

 
 



Important lessons for the future 
• Perverse acronymology 
• Redundant components may not provide 

redundancy. 
• The environment in space is very harsh 

(radiation, thermal, optical contamination, etc.) 
• Preplan responses to failures 
• Own the command and operations software 
• Designers must closely supervise the builders 

(hardware and software) 
• Thorough systems engineering is essential 
• Guest observers often find and correct the flaws 
• We live in an age of hacking 



A very partial 
list of acronyms 
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