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SOHO-EIT, 2000/07/14 @ 07:00 UT
Close-up from SOHO EIT Sensor
Bastille Day 2000 Event (minutes later)
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GOESS Proton Flux {5 minute data}
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Satellite Anomalies: 14-16 July 2000 Proton
Event & Geomagnetic Storm, Ap*=192

ASCA (Advanced Satellite for Cosmology and Astrophysics) — lost
attitude fix resulting in solar array misalignment and power loss,
satellite probably lost (in P.C. Klanowski list).

GOES-8 & -10 — SEM Electron sensor problems, power panels
ACE (Advanced Composition Explorer) — Temporary SW and other
sensor problems

WIND - Permanent (25%) loss of primary transmitter power &
Temporary loss of Sun and star sensors

SOHO (also YOHKOH & TRACE) — High energy protons obscure
solar imagery

GEO and LEO Satellites — S/C orientation problems during MPE
GEO Satellites lost ~0.1 amp output from solar arrays

Satellite Anomalies at LEO
South Atlantic Anomaly (SAA) & Auroral Zone
Recent and Historical

* TERRA-MISR 3-16 Feb 2000

« TERRA-SFE off 26 Oct 2000

« TERRA-MODIS 15 June 2001, 03:56 UT
« TOPEX 1992-1998

« NOAA-11 Sept 1988 - Aug 1990

» STS-37,-39,-43, & -44 1991

TERRA - MISR Data Before Shutter Opening
3-16 Feb 2000

TOPEX - 1992-1998 and TERRA-MODIS 2001
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COMPUTER ANOMALIES: STS-37, -39, -43, & -44 1991 Missions

Solar = rayseGOES 10

27| Mg bt

riecs s—1a TERRA EC;OSTAR-I‘V-

l ns®GOLs—10

Solar Activity in 2000 affects SUN Computers and Satellites

GEO ANOMALY TYPES

« PHANTOM COMMANDS - surface charging,
seasonal, orbit time dependent, 10-50 KeV e-

» DEEP DIELECTRIC CHARGING - surface or
interior, cycle dependent, > 2 MeV e-

e SINGLE EVENT UPSET (SEU) - proton/ion
event, > 10 MeV p+

» LOSS of ORIENTATION — magnetopause
crossing events, star bursts

* POWER PANEL DEGRADATION - > 10 MeV p+

LOCAL TIME DEPENDENCE OF ANOMALIES
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GEO Communications Satellite Anomalies — J. Fennell (Aerospace)
Early 1970’s
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Magnetospheric Specification Model
& Spacecraft Charging

Electrons
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TDRS-1 Attitude Control System

Memaory Device: Fairchild 831422 (1otal of 8)
1-MegaBit / Chip
Usage: 51 % of bits used in operations
38% comain changing parameters making upset detection
difficult. 13%, holding static parameters, have regular up-
sat detection via check-sum. The remaining 49% are
completely unused. All unused bils are scanned for up-
S¢is once por week,

Single Event Upsets due to protons, alphas, heavier ions

TDRS-1 MEMORY UP\ TS and SOLAR PROTONS
989

TDRS-1 SEUs and GALACTIC COSMIC RAYS
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Satellite Anomalies at GEO

Recent and Historical
e GALAXY-VII 13 June 1998 SCP-1
« BRAZILSAT 09 April 2000 TWTA
e SOLIDARIDAD-I 27 Aug 2000 SCP
« ECHOSTAR-IV 31 Oct 2000 Transponders lost
« INSAT-2B 4 Nov 2000 Service Outage
e GALAXY-VII* 22 Nov 2000 SCP-2
« ECHOSTAR-VI ? April 2001 service
¢ GALAXY-HIR 21 April 2001 SCP
e TELSTAR-6 22 April 2001 SCP

RECENT ACTIVE TIME
2-11 April 2000

* High levels >2MeV electrons, 04/02-
12 except during storms
 Proton event, 04/04-06, 55pfu

 Large geomagnetic storm, Ap*=137,
04/06-07

* Brazilsat-A2 lost TWTA on 04/09

Anomaly Analysis -- actual electron Mux at spacecraft location

Correcred 1 nregral ProTon=EGoES— 10
Max pfu = 31,700;
3 largest since 1976
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Satellite Environment (3 day)
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Redesigns

(Some Mission Loss)

These systems had extensive SWx problems and follow-ons required
redesign -;

DMSP F2 - 1977 chronic charging on one component ¢

METEOSAT F1 11/77 extensive charging

GPS Blk I- clock failures

GPS - 6/13/80  solar array tracking

GOES-4 81/82 ungrounded radiator

HEO signal degradations - subassembly redesigned

TDRSS-1 4/83 attitude control system

Telecom 1A- 8/84 ungrounded thermal shielding

CLAS - extensive loss of data/noise

SUPERBIRD-1 12/90 - SEU affecting attitude control led to

hardened microprocessors
MARECS-A 3/91 continuous safeing
TEMPO 4/97 New technology - increased power,use of GaAs, solar panel problems

CONCLUSIONS-1

 Sunspot cycle decline and minimum years are
ideal for “killer electrons” at GEO and lower
orbit altitudes.

» Sunspot cycle maximum years are ideal for
energetic proton and heavier ion events that
cause SEUs and sensor optics & power panel
degradation.

» Major magnetic storms may happen at any
time and cause spectacular effects on satellites,
technology and humans.

CONCLUSIONS-2

» Every satellite (or object) in orbit is a probe of
the Space Environment from which to learn.

» The history of satellites should be the basis for
learning what causes operational problems.

» Combining space environment data with
satellite histories is necessary.

* Solar Cycle # 23 still may be highly active. Are
we any more ready today?

» What about cycle # 24? Can engineering cope?




