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1 Intr oduction

EFW probel (P1)onClusterSC3stoppedvorking properlyat2002-07-299:06:59UT.
Subsequentesetsandpower cycling of EFW hasnot remediedhe situation. Thefail-
ure shows characteristicwery similar to the failure of P1 on SC12001-12-28ascan
be seenwhencomparinghediagramsn thisreportwith thosein EFW-IRFU-AR-003.
We will frequentlyreferto this earlierreport.

2 Obsewationsduring the failur e

Figurel shavs EFW, WHISPERandSTAFF SA datafrom thetime of thefailure. At
thetime, all probeson SC1werein electricfield modewith a biascurrentsetat -35
digital units,correspondingo -137nA. At 09:06:59 the probe-to-spacecraftotential
of P1(blackline in top panel)suddenlyfalls from around-23V to -68.57V, which s
the saturationvalue of the A-to-D corverters. Comparedo Figurel of EFWIRFU-
AR-003, thereis not asmuchincreasen narrovbandWHISPER contamination put
otherwisethetwo failuresshav the samecharacteristics.

In Figure2, we seeablowup of the 20 secondsiroundthefailuretime. Most char
acteristicsare consistentwith Figure 2 of EFWIRFU-AR-003. The probepotentials
(top panel)canbe seento changefrom about-27 V beforethe failureto -32 V after
aninitial overshoot. As P1 now is at maximumnegative bias current,it emits more
photoelectronshan before,so the spacecrafpotentialmustadjustitself accordingly
which explainsthe change.The centralpanelshows the two spinningE-field compo-
nentsE12andE34. After someinitial excursionsE34reassumeis sinusoidapattern.
E12 of coursexchangedrastically with the new valueof around0.4 V/m essentially



beingthe differenceof the P1andP2 probepotentials 68 — 32 V= 36 V, divided by
the 88 m probeseparation.Theincreasedevel of variationsimply is the variation of
thespacecrafpotentialthatcanbeseenin thetop paneldividedby the 88 m, whichwe
shouldexpectto seeasV1 is stuckat-68V while V2 varieswith thesatellitepotential.

The similarity to the failure of P1on SC1is retainedin the one-seconglots in
Figure3. Theindividual probepotentialsare sampledat arateof 5 persecondwhile
El2andE34aresampled?5timespersecond All dataarelow-pasdfilteredat 10 Hz,
sothereis a time constantof about0.1 s associatedvith thefilters. E12 reachests
peakvaluein aboutthis time, while V1 immediatelygoesdown to -68 V (samplenot
shaown), without signsof ary time constant.This canbethe casebecausehe V1 data
areundersample(filteredat 10 Hz, sampledat 5 persecond).

In additionto thesesciencedata,the EFW digital subcomtelemetry(DSC, time
resolution32 s) carriessomeadditionalinformation. As in the caseof SC1,thereis
no changean the setbiasvalueon P1;noris thereary changeof the valueof the bias
currentmeasurednboard. The total currentto WEC, plottedin Figure4 for all the
day, doesnotshow ary clearsignatureat thetime of thefailure either



Overview of WEC data
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Figurel: WEC datafrom SC3at the time of the P1 failure. Fromtop to bottom: (1)
EFW individual probepotentials,n orderblack-igb for P1-P4.(2) WHISPERnNatural
modespectra.(3) STAFF SA electric spéIctra. (4, 5) Spectraof EFW E12 andE34,
respectiely.
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Figure2: SC3EFW dataat thetime of P1failure. Fromtop to bottom: (1) individual
probepotentialsjn orderblack-gbfor P1-P4.(2) E12andE34. (3) E34(shiftedplot).




Details of EFW data
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Figure3: SC3detailedEFW dataatthetime of P1failure. Formatasin Figure?2.
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WEC current sense (HK parameter)
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Figure4: SC3WEC currentfor the day of the P1 failure. Top panelis one minute
averagesbottomis full HK timeresolution(5.1s).
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Figure5: SC3EFW P1andP2 dataduringthe recovery attemptand diagnostictest.
Redis P2;black/magenté P1whenin E-field/densitymode.

3 Diagnosticexperiments

A recovery attemptanddiagnosticexperimentssimilar to thosecarriedout on SC1lin
January(seeEFWIRFU-AR-003) was performedon 2002-08-0605:30- 06:44 UT.
This is summarizedn Table 1, with further detailsin AppendixA (operationgeport
from PerArneLingvist). Asin thecaseof SC1,therecoveryattemptwasnotsuccesful,
while the diagnosticexperimentshonvedthe samegenerakcharacteristics.

An overview of the probedatafrom the testis seenin Figure5. Redis probe2,
which stayedn currentbiasmode(E-field) duringthetest.Blackis P1whenin E-field
mode,magentas P1whenin biasvoltage(density)mode. The voltagebiastestdata
aresummarizedn Table2. A slightrespons®f the probepotentialto the puckvoltage
changeat 05:43canbe seenin thedetailedplot in Figure®.



uT Commanding Plbias | Comment
05:30:00 | SWECJ015X'19’, X'01’ -10.8V | Setprobel to densitymode
05:31:00 | SWECJ015X'19’, X'00’ -133nA | Setprobel to E-field mode
05:32:00| SWECJ015X’01’, X'00’ OnA | Setprobel biasto 0 nA
05:33:00| SWECJ015X’01’, X'DD’ | -133nA | Setprobel biasto -140nA
05:34:00 | SWECJ015X'19’, X'01’ -10.8V | Setprobel to densitymode
05:35:00| SWECJ015X'01’, X'7F’ +39.1V | Setprobel biasto +40V
05:36:00| SWECJ015X’01’, X'81’ -39.1V | Setprobel biasto -40V
05:37:00| SWECJ015X'01’, X'23’ +10.7V | Setprobel biasto +10V
05:38:00| SWECJ015X’01’, X'00’ 0.0V | Setprobel biasto0V
05:39:00| SWECJ015X'01’, X'DD’ -10.8V | Setprobel biasto-10V
05:40:00 | SWECJ015X'19’, X'00’ -133nA | Setprobel to E-field mode
05:41:00 | SWECJ015X'19’, X'01’ -10.8V | Setprobel to densitymode
05:42:00| SWECJ015X’01’, X'00’ 0.0V | Setprobel biasto 0V
05:43:00| SWECJ015X'09’, X'7F’ Setprobel puckto +1.25V
05:44:00| SWECJ015X’11’, X'14’ Setprobel guardto +6 V
05:45:00| SWECJ015X’09’, X'80’ Setprobel puckto -1.25V
05:46:00| SWECJ015X’11’, X'EC’ Setprobel guardto -6 V
05:47:00| SWECJ015X'01’, X'DD’ Setprobel biasto -10V
05:48:00| SWECJ015X'09’, X'66’ Setprobel biasto -10V
05:49:00| SWECJ015X'19’, X'00’ -133nA | Setprobel to E-field mode
05:55:00 | WEC switchoff
05:58:00| WEC switchon
06:15:00 | Switchoneach

WEC instrument

andsetup EFW
06:44:06 | WEC macrorestarted,

testscompleted

Tablel: Summaryof WEC/EFWcommandingduringthe recovery attemptanddiag-
nosticexperiment.Furtherdetailsareavailablein AppendixA. Thecommentmaysay
"140 nA” atthe sametime asthebiascolumnsays’-133 nA”: the commentusesthe
nominalvalueof 4 nA or 0.3V perbiasstep,while the biascolumnusesthe actually

measuredaluesduringgroundtests.

Bias[V] | Measuredralue[V]

-39 -48
-11 -21
0 -10
+11 0
+39 +28

Table2: Responsef P1to biassettingswhenin biasvoltagemode.
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Figure6: Detail of the SC3EFW P1 dataduring the diagnostictest. The probeis in
biasvoltagemode. Thereis a small effect of the puck voltagesettingto +1.25V at
05:43,andanevensmallerof its settingto -1.25V at05:45.
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4 Failureidentification and possibleremedy

Thedataabove canbe summarizedsfollows:

¢ Whenin E-field mode(currentbias),the voltagereturnedfrom the probeshowvs
maximumnegative value.

e Whenin E-field mode,the probereally is at maximumnegative bias,asthe s/c
potentialis seento adjustitself accordinglyat thetime of thefailure.

e Whenin Langmuirmode,the probereturnsa voltage9 — 12 V lower thanthe
biasset(seeTable2).

As in the caseof P1on SC1,theresultpointsto a failure of the 12 V power to the
preamplifierin the puck. Sucha failurewould have immediateimpacton thefeedback
to the biascircuitry, so thatthe probegetsstuck at maximumnegative biasasis ob-
sened,andalsogivetheobseneddifferencebetweersetandmeasureghotentialwhen
in Langmuirmode.The smallcross-talkobsenedwhenchangingthe puck potentialis
alsoconsistentvith this interpretation.

A power failureonthe 12V line could occurfor a variety of reasonsfrom com-
ponentbreakdavn to micrometeoroidmpacton the wire boom. Most of the possible
failure scenarioggive no hopeof recovery, with the exceptionof the possibility of a
loseconnection.If thisis the explanation thenthe problemmay possiblybe curedby
deplgying the booma little more, saya few decimeters.The vibrationsin the boom
whenrunningthe motor could possiblyrectify the situation. If thelocationof the bad
connectiorshouldbe oneof theslip-springs/brushesmountedat bothendsof the cable
spool,afurtherdeploymentwould in this casebeverylikely to fix the problem.

The factthatit is the sameprobe(P1) that hasfailed on SC1landSC3is hardto
interpret:the probability for thisto happeris 25

We thereforeproposeto do a deploymentof the boomaccordingto the following
scenario.

Deploy theboomby oneclick, correspondingo 10 cm. This shouldtake about10
secondsTheproceduresisedfor deploymentduringcommissioningsanbe usedwith
somemodifications.For onething, we wantto deploy only oneboomin a pair. Also,
the valuesof someparameter$o stopdeploymentin caseof commandink loss,etc,
shouldbe modified. Basically thefollowing shouldbe done:

a) Setthe onboardmonitor of boom lengthto stop deploymentafter 30 cm. b)
Setatime-taggeccommando stopthe deployment20 secondsfterdeploymentstart
(correspondingo 20 cm boomlength). c) UseEFW commandgo deploy theboom1
click (correspondingo 10 cm boomlength,or 10 secondsieploymenttime).

This givesthreelevels of safetyin stoppingthe boomdeployment. As mentioned
above, the estimatedemainingcableavailablein the boomunit is atleast2.5 meters,
soa deploymentof 10 cm is well within this length. As a fourth safetylevel, if the
boomshouldreachend-of-wire thereis a switchwhich will stopdeployment.

During deploymentthe statusof the probewill be monitoredby EFW. A total de-
ploymenttime of 10 secondshowever, givesno time for reactionin real-timeto what-
ever might happen.After the deployment,a few diagnosticmeasurementwill easily

11



tell if the operationwassuccessfuli.e., if the probeis againcapableof measuringhe
electricfield. If not, it shouldbe consideredo try the operationonceagain,deploying
anotherl0cm. Thisshouldbediscussedvith all involvedpartiesat thetime. Whether
to continuewith evenmoretrials of coursealsoremainsto bediscussed.

For practicalreasonsit may be desirableto have EFW instrumentrepresentaties
presentat ESOCduring the operation.This is mainly for easeof communicatiorand
discussiorof whatshouldbe doneif the operations notsuccessfulThenearrealtime
monitoringand post-deplgmentanalysisof datacanbe doneat an EFW homeinsti-
tution, e.g.,in Stockholmor Uppsala. If this analysisshouldbe doneat ESOC,it is
necessaryo have accesso the PISALAN andIP numbersn the samewaysasduring
thecommissioningphaseat the endof 2000.
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Appendix A
Operationsreport 2002-08-06

From "Per-Arne Lindgvist, KTH Stockhol m' <lindqvist @l asma. kt h. se>

To: <wec-ops@cse. shef.ac. uk>, <ma@rfu.se>; <silvano.nmanganelli @sa.int>;
<j uer gen. vol pp@sa.int>; <Philippe. Escoubet @sa.int>

Subj ect: Special ops on SC3 EFW probe 1 2002-08- 06

Date: den 6 augusti 2002 09: 34

Dear All,

At 2002-07-29 09:06:59 UT, SC3 EFWprobe 1 went into negative saturation
at around -68 V (simlar to what happened to SCl1 probe 1 at 2001-12-28
03: 02: 57) .

Tests of SC3 probe 1 were nmade today 2002-08-06 to deternmine the state
of the probe and possibly correct the problem Unfortunately the tests
showed exactly the sane behavi our as on SCl probe 1, which neans that

al so here we suspect a failure in the supply of the +12 V voltage to the
preanplifier in the probe. The EFWinstrunment on SC3 has now been |eft
in a state identical to the instrunent on SCl, with probe 1 in density
nmode with a voltage bias of 0 V, and with the EFWtel enetry nodified
accordingly.

The timeline was as follows (UT on 2002-08-06).
1. Switch probe to density npde and back to E-field node:

05: 30 SWECJ015, X 19', X 01’ ! Set probe 1 to density node
05: 31 SWECJ015, X 19', X 00’ ! Set probe 1 to E-field node

2. Switch bias current to zero and back to -140 nA:

05: 32 SVEECJ015, X 01', X 0O’ I Set probe 1 bias to 0 nA
05: 33 SWECJ015, X 01', X DD ! Set probe 1 bias to -140 nA

3. Switch probe to density nmobde and play with vol tage:

05: 34 SWECJ015, X 19', X 01’ Set probe to density node
05: 35 SVECJ015, X 01', X 7F Set probe bias to +40 V
05: 36 SWECJ015, X 01', X 81’ Set probe bias to -40 V

bias to +10 V

PRRRRRPR

!
!
!
05: 37 SVECJ015, X 01', X 23’ I Set probe
!
!
!

05: 38 SVEECJ015, X 01', X 0O’ Set probe bias to 0 V
05: 39 SWECJ015, X 01', X DD Set probe bias to -10 V
05: 40 SWECJ015, X 19', X 00O’ Set probe to E-field node

4. Additional tests to determ ne crosstalk with puck and guard voltages::
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05: 41 SVECJ015, X 19", X ol | Set probe 1 to density node
05: 42 SVECJ015, X 01', X 0O’ | Set probe 1 bias to 0 V

05: 43 SWECJ015, X 09, X 7f’ I Set probe 1 puck to +1.25 V
05: 44 SVECJ015, X 11', X 14 | Set probe 1 guard to +6 V
05: 45 SVECJ015, X 09', X 80’ I Set probe 1 puck to -1.25 V
05:46 SWECJO015, X 11', X EC | Set probe 1 guard to -6 V
05: 47 SVECJ015, X 01', X DD | Set probe 1 bias to -10 V
05: 48 SVEECJ015, X 09', X 66’ | Set probe 1 puck to -1V
05: 49 SWECJO015, X 19', X 00’ | Set probe 1 to E-field node

5. Switch WEC off and on again, plus WEC reconfiguration to NVb2

05: 55 FCP_VWEC M)02 ! Switch off each WEC instrunent, and WEC LCL

05:58 FCP_VWEC M)01 ! Switch on the WEC LCL

06: 15 FCP_WEC MB02 ! Switch on each WEC i nstrument and set up EFW
(default paraneters)

06: 30 SWECJ275, X 1A, X AD , X 13’ ,X 50", X OF , X 4F ,X CB , X 10’ , X' 50", X 100’ ;
06: 30: 18 SWECJO019, X 01" ;
06: 30: 24 SWECJO013, X OF';
06: 30: 25 SWECJ004, X 17’ ;

6. Setup EFWon SC3 to run in sane way as SCl:

06: 39: 54 SWECJ134 I Stop VEC node
06: 40 SWECJ353 I Reset EFW
06: 41 SWECJ305, X 00’ , X DD , X DD , X DD,

X 00", X 66" ,X 66" ,X 66",

X 00',X EC,X EC , X EC | Setup bias etc
06: 42 SWECJ 355 I Load spin fit patch special for probe 3+4
06: 43 SWECJO015, X 19’ , X 01" ; | Set probe 1 to density node
06: 43: 10 SWECJO015, X' 46’ , X 08’ ; I Modify LX to V3, V4, V1, V2

06: 43: 20 SVECJO015, X 47", X 04’ ;
06: 43: 30 SWECJO015, X 47’ , X 00’ ;

06: 43: 40 SWECJ015, X' 46’ , X 00’ ; I Modify HX to V2LV34L
06: 43: 50 SWECJ015, X' 47, X 94’ ;

06: 44 SWECJ013, X OF ; | Restart correl ator
06: 44: 06 SWECJ004, X 17’ ; I Restart WEC nmcro.

In addition, the foll ow ng commands were uplinked for execution on SC3
to cancel the effects of EFWresets in the MSP schedul e:

2002-08-06T11: 39: 18Z SWECJ015, X 19',X 01’ | Set probe 1 to density node
2002- 08-06T11: 39: 24Z SWECJ015,X 01',X 00° ! Set probe 1 bias to 0 V
2002-08-07T17: 21:18Z SWECJ015,X 19',X 01’ | Set probe 1 to density node
2002-08-07T17: 21: 24Z SWECJ015,X 01',X 00° ! Set probe 1 bias to 0 V
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2002- 08-08T21: 45: 182 SWECJ015,X 19',X 01’ ! Set probe 1 to density node

2002- 08- 08T21: 45: 24Z SWECJ015,X 01',X 00" ! Set probe 1 hias to 0 V
2002- 08-10T02: 15: 182 SWECJ015,X 19',X 01" ! Set probe 1 to density node
2002- 08-10T02: 15: 24Z SWECJ015,X 01',X 00" ! Set probe 1 hias to 0 V

and the foll owing commands were uplinked for execution on SC3 to setup
WBD to use the Ey antenna:

2002-08-06T12: 14: 20Z SWECJ251 X 00, X D7, X 8863’
2002-08-06T12: 14: 21Z SWECJ251 X 01', X D7, X 8823
2002- 08-06T12: 14: 22Z SWECJ251 X 00', X 98, X 8843’

2002-08-07T19: 49: 20Z SWECJ251 X 00', X D7’, X 8863’
2002-08-07T19: 49: 21Z SWECJ251 X 01', X D7’, X 8823’
2002-08-07T19: 49: 22Z SWECJ251 X 00', X 98, X 8843’

An additional note on the CDDS: It worked perfectly for data retrieval
up until 06:00 UT. After this time, the files REQUEST. DDS were no | onger
pi cked up by the system At 06:35, the systemstarted working as
expected agai n.

Many thanks to Silvano and others at ESCC for help with this operation.

Best regards,
Per - Ar ne
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