
ClusterEFWAnomalyReport

Problemwith Probe1 on SC3

AndersEriksson,Per-Arne Lindqvist,LennartÅhlén,MatsAndré
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1 Intr oduction

EFWprobe1(P1)onClusterSC3stoppedworkingproperlyat2002-07-2909:06:59UT.
Subsequentresetsandpowercycling of EFW hasnot remediedthesituation.Thefail-
ureshows characteristicsvery similar to the failureof P1on SC12001-12-28,ascan
beseenwhencomparingthediagramsin this reportwith thosein EFW-IRFU-AR-003.
We will frequentlyreferto thisearlierreport.

2 Observationsduring the failur e

Figure1 shows EFW, WHISPERandSTAFF SA datafrom thetime of thefailure. At
the time, all probeson SC1werein electricfield modewith a biascurrentsetat -35
digital units,correspondingto -137nA. At 09:06:59,theprobe-to-spacecraftpotential
of P1(blackline in top panel)suddenlyfalls from around-23 V to -68.57V, which is
the saturationvalueof the A-to-D converters.Comparedto Figure1 of EFW-IRFU-
AR-003, thereis not asmuchincreasein narrowbandWHISPERcontamination,but
otherwisethetwo failuresshow thesamecharacteristics.

In Figure2, weseeablowupof the20secondsaroundthefailuretime. Mostchar-
acteristicsareconsistentwith Figure2 of EFW-IRFU-AR-003. The probepotentials
(top panel)canbe seento changefrom about-27 V beforethe failure to -32 V after
an initial overshoot.As P1 now is at maximumnegative biascurrent,it emitsmore
photoelectronsthanbefore,so the spacecraftpotentialmustadjustitself accordingly,
which explainsthechange.Thecentralpanelshows thetwo spinningE-field compo-
nentsE12andE34.After someinitial excursions,E34reassumesits sinusoidalpattern.
E12of courseschangesdrastically, with thenew valueof around0.4 V/m essentially
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beingthedifferenceof theP1andP2probepotentials,
���������

V 	
���

V, dividedby
the88 m probeseparation.The increasedlevel of variationsimply is thevariationof
thespacecraftpotentialthatcanbeseenin thetoppaneldividedby the88m, whichwe
shouldexpectto seeasV1 is stuckat -68V while V2 varieswith thesatellitepotential.

The similarity to the failure of P1 on SC1 is retainedin the one-secondplots in
Figure3. Theindividual probepotentialsaresampledat a rateof 5 persecond,while
E12andE34aresampled25 timespersecond.All dataarelow-passfilteredat 10 Hz,
so thereis a time constantof about0.1 s associatedwith the filters. E12 reachesits
peakvaluein aboutthis time, while V1 immediatelygoesdown to -68 V (samplenot
shown), without signsof any time constant.This canbethecasebecausetheV1 data
areundersampled(filteredat 10Hz, sampledat 5 persecond).

In additionto thesesciencedata,the EFW digital subcomtelemetry(DSC, time
resolution32 s) carriessomeadditionalinformation. As in the caseof SC1,thereis
no changein thesetbiasvalueon P1;nor is thereany changeof thevalueof thebias
currentmeasuredonboard.The total currentto WEC, plottedin Figure4 for all the
day, doesnot show any clearsignatureat thetimeof thefailureeither.
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ISDAT igr 3.3           aie@strix 2002-09-09 17:40:44.0 File:  fail_20min.ps

Overview of WEC data

q0 = Cluster 3 efw E p1 10Hz lx (2.8.2.2.2) q1 = Cluster 3 efw E p2 10Hz lx (2.8.2.2.2) q2 = Cluster 3 efw E p3 10Hz lx (2.8.2.2.2)
q3 = Cluster 3 efw E p4 10Hz lx (2.8.2.2.2) q4 = Cluster 3 whisper natural (2.8.2.1.1) q8 = Cluster 3 staff E_SA a_E 8-4096Hz (2.8.2.0.0)
q12 = Cluster 3 efw E p12 10Hz hx (2.8.2.2.2) q16 = Cluster 3 efw E p34 10Hz hx (2.8.2.2.2)

Figure1: WEC datafrom SC3at the time of theP1failure. Fromtop to bottom: (1)
EFW individual probepotentials,in orderblack-rgb for P1-P4.(2) WHISPERnatural
modespectra.(3) STAFF SA electricspectra.(4, 5) Spectraof EFW E12 andE34,
respectively.
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ISDAT igr 3.3  <fail_20sec.igr>           aie@strix 2002-09-13 18:49:47.0 File:  fail_20sec.ps

q0 = Cluster 3 efw E p1 10Hz lx (2.8.2.2.2) q1 = Cluster 3 efw E p2 10Hz lx (2.8.2.2.2) q2 = Cluster 3 efw E p3 10Hz lx (2.8.2.2.2) q3 = Cluster 3 efw E p4 10Hz lx (2.8.2.2.2)
q4 = Cluster 3 efw E p12 10Hz hx (2.8.2.2.2) q5 = Cluster 3 efw E p34 10Hz hx (2.8.2.2.2) q8 = Cluster 3 efw E p12 10Hz hx (2.8.2.2.2)

Figure2: SC3EFW dataat thetime of P1failure. Fromtop to bottom: (1) individual
probepotentials,in orderblack-rgbfor P1-P4.(2) E12andE34.(3) E34(shiftedplot).
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ISDAT igr 3.3           aie@strix 2002-09-13 16:50:17.0 File:  fail_1sec.ps

Details of EFW data

q0 = Cluster 3 efw E p1 10Hz lx (2.8.2.2.2) q1 = Cluster 3 efw E p2 10Hz lx (2.8.2.2.2) q2 = Cluster 3 efw E p3 10Hz lx (2.8.2.2.2)
q3 = Cluster 3 efw E p4 10Hz lx (2.8.2.2.2) q4 = Cluster 3 efw E p12 10Hz hx (2.8.2.2.2) q5 = Cluster 3 efw E p12 10Hz hx (2.8.2.2.2)
q6 = Cluster 3 efw E p34 10Hz hx (2.8.2.2.2) q7 = Cluster 3 efw E p34 10Hz hx (2.8.2.2.2) q8 = Cluster 3 efw E p12 10Hz hx (2.8.2.2.2)
q9 = Cluster 3 efw E p12 10Hz hx (2.8.2.2.2)

Figure3: SC3detailedEFW dataat thetimeof P1failure.Formatasin Figure2.
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ISDAT igr 3.3           aie@strix 2002-09-13 19:40:35.0 File:  current.ps

WEC current sense (HK parameter)
�

q0 = Cluster 3 hkeep dwp wec ew5weccs (2.8.2.0.0)q4 = Cluster 3 hkeep dwp wec ew5weccs (2.8.2.0.0)

Figure4: SC3WEC currentfor the day of the P1 failure. Top panelis oneminute
averages,bottomis full HK timeresolution(5.1s).
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�
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�
Cluster 3 efw N p1 10Hz lx [-70,45 V] SC
�

ISDAT igr 3.3           aie@strix 2002-09-13 20:22:49.0 File:  recov_2.ps

q0 = Cluster 3 efw E p1 10Hz lx (2.8.2.2.2) q1 = Cluster 3 efw E p2 10Hz lx (2.8.2.2.2) q2 = Cluster 3 efw N p1 10Hz lx (2.8.2.2.2)

Figure5: SC3EFW P1 andP2 dataduring the recovery attemptanddiagnostictest.
Redis P2;black/magentais P1whenin E-field/densitymode.

3 Diagnosticexperiments

A recoveryattemptanddiagnosticexperiments,similar to thosecarriedout on SC1in
January(seeEFW-IRFU-AR-003)wasperformedon 2002-08-0605:30- 06:44UT.
This is summarizedin Table1, with furtherdetailsin AppendixA (operationsreport
from Per-ArneLinqvist). As in thecaseof SC1,therecoveryattemptwasnotsuccesful,
while thediagnosticexperimentshowedthesamegeneralcharacteristics.

An overview of the probedatafrom the test is seenin Figure5. Redis probe2,
whichstayedin currentbiasmode(E-field)duringthetest.Black is P1whenin E-field
mode,magentais P1whenin biasvoltage(density)mode.Thevoltagebiastestdata
aresummarizedin Table2. A slight responseof theprobepotentialto thepuckvoltage
changeat05:43canbeseenin thedetailedplot in Figure6.
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UT Commanding P1bias Comment
05:30:00 SWECJ015,X’19’, X’01’ -10.8V Setprobe1 to densitymode
05:31:00 SWECJ015,X’19’, X’00’ -133nA Setprobe1 to E-fieldmode
05:32:00 SWECJ015,X’01’, X’00’ 0 nA Setprobe1 biasto 0 nA
05:33:00 SWECJ015,X’01’, X’DD’ -133nA Setprobe1 biasto -140nA
05:34:00 SWECJ015,X’19’, X’01’ -10.8V Setprobe1 to densitymode
05:35:00 SWECJ015,X’01’, X’7F’ +39.1V Setprobe1 biasto +40V
05:36:00 SWECJ015,X’01’, X’81’ -39.1V Setprobe1 biasto -40V
05:37:00 SWECJ015,X’01’, X’23’ +10.7V Setprobe1 biasto +10V
05:38:00 SWECJ015,X’01’, X’00’ 0.0V Setprobe1 biasto 0 V
05:39:00 SWECJ015,X’01’, X’DD’ -10.8V Setprobe1 biasto -10V
05:40:00 SWECJ015,X’19’, X’00’ -133nA Setprobe1 to E-fieldmode
05:41:00 SWECJ015,X’19’, X’01’ -10.8V Setprobe1 to densitymode
05:42:00 SWECJ015,X’01’, X’00’ 0.0V Setprobe1 biasto 0 V
05:43:00 SWECJ015,X’09’, X’7F’ Setprobe1 puckto +1.25V
05:44:00 SWECJ015,X’11’, X’14’ Setprobe1 guardto +6 V
05:45:00 SWECJ015,X’09’, X’80’ Setprobe1 puckto -1.25V
05:46:00 SWECJ015,X’11’, X’EC’ Setprobe1 guardto -6 V
05:47:00 SWECJ015,X’01’, X’DD’ Setprobe1 biasto -10V
05:48:00 SWECJ015,X’09’, X’66’ Setprobe1 biasto -10V
05:49:00 SWECJ015,X’19’, X’00’ -133nA Setprobe1 to E-fieldmode
05:55:00 WEC switchoff
05:58:00 WEC switchon
06:15:00 Switchon each

WEC instrument
andsetup EFW

06:44:06 WEC macrorestarted,
testscompleted

Table1: Summaryof WEC/EFWcommandingduringtherecovery attemptanddiag-
nosticexperiment.Furtherdetailsareavailablein AppendixA. Thecommentmaysay
”140 nA” at thesametime asthebiascolumnsays”-133 nA”: thecommentusesthe
nominalvalueof 4 nA or 0.3 V perbiasstep,while thebiascolumnusestheactually
measuredvaluesduringgroundtests.

Bias[V] Measuredvalue[V]
-39 -48
-11 -21
0 -10
+11 0
+39 +28

Table2: Responseof P1to biassettingswhenin biasvoltagemode.
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Figure6: Detail of the SC3EFW P1dataduring the diagnostictest. Theprobeis 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 Failur e identification and possibleremedy

Thedataabovecanbesummarizedasfollows:

� Whenin E-field mode(currentbias),thevoltagereturnedfrom theprobeshows
maximumnegativevalue.

� Whenin E-field mode,theprobereally is at maximumnegative bias,asthes/c
potentialis seento adjustitself accordinglyat thetimeof thefailure.

� Whenin Langmuirmode,the probereturnsa voltage9 – 12 V lower thanthe
biasset(seeTable2).

As in the caseof P1 on SC1, the resultpoints to a failure of the 12 V power to the
preamplifierin thepuck.Sucha failurewould have immediateimpacton thefeedback
to the biascircuitry, so that the probegetsstuckat maximumnegative biasasis ob-
served,andalsogivetheobserveddifferencebetweensetandmeasuredpotentialwhen
in Langmuirmode.Thesmallcross-talkobservedwhenchangingthepuckpotentialis
alsoconsistentwith this interpretation.

A power failureon the 12 V line couldoccurfor a varietyof reasons,from com-
ponentbreakdown to micrometeoroidimpacton thewire boom. Most of thepossible
failure scenariosgive no hopeof recovery, with the exceptionof the possibility of a
loseconnection.If this is theexplanation,thentheproblemmaypossiblybecuredby
deploying the booma little more,saya few decimeters.The vibrationsin the boom
whenrunningthemotorcouldpossiblyrectify thesituation.If thelocationof thebad
connectionshouldbeoneof theslip-springs/brushesmountedatbothendsof thecable
spool,a furtherdeploymentwould in this casebevery likely to fix theproblem.

The fact that it is the sameprobe(P1) that hasfailed on SC1andSC3is hardto
interpret:theprobabilityfor this to happenis 25

We thereforeproposeto do a deploymentof theboomaccordingto the following
scenario.

Deploy theboomby oneclick, correspondingto 10 cm. This shouldtakeabout10
seconds.Theproceduresusedfor deploymentduringcommissioningcanbeusedwith
somemodifications.For onething, we want to deploy only oneboomin a pair. Also,
thevaluesof someparametersto stopdeploymentin caseof commandlink loss,etc,
shouldbemodified.Basically, thefollowing shouldbedone:

a) Set the onboardmonitor of boom length to stop deploymentafter 30 cm. b)
Seta time-taggedcommandto stopthedeployment20 secondsafterdeploymentstart
(correspondingto 20 cm boomlength).c) UseEFW commandsto deploy theboom1
click (correspondingto 10cm boomlength,or 10 secondsdeploymenttime).

This givesthreelevelsof safetyin stoppingtheboomdeployment. As mentioned
above, theestimatedremainingcableavailablein theboomunit is at least2.5 meters,
so a deploymentof 10 cm is well within this length. As a fourth safetylevel, if the
boomshouldreachend-of-wire,thereis a switchwhichwill stopdeployment.

During deploymentthestatusof theprobewill bemonitoredby EFW. A total de-
ploymenttimeof 10 seconds,however, givesno time for reactionin real-timeto what-
ever might happen.After thedeployment,a few diagnosticmeasurementswill easily
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tell if theoperationwassuccessful,i.e., if theprobeis againcapableof measuringthe
electricfield. If not, it shouldbeconsideredto try theoperationonceagain,deploying
another10cm. Thisshouldbediscussedwith all involvedpartiesat thetime. Whether
to continuewith evenmoretrialsof coursealsoremainsto bediscussed.

For practicalreasons,it maybedesirableto have EFW instrumentrepresentatives
presentat ESOCduring theoperation.This is mainly for easeof communicationand
discussionof whatshouldbedoneif theoperationis notsuccessful.Thenear-realtime
monitoringandpost-deploymentanalysisof datacanbedoneat anEFW homeinsti-
tution, e.g., in Stockholmor Uppsala. If this analysisshouldbe doneat ESOC,it is
necessaryto haveaccessto thePISALAN andIP numbersin thesamewaysasduring
thecommissioningphaseat theendof 2000.
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Appendix A
Operations report 2002-08-06

From: "Per-Arne Lindqvist, KTH Stockholm" <lindqvist@plasma.kth.se>
To: <wec-ops@acse.shef.ac.uk>; <ma@irfu.se>; <silvano.manganelli@esa.int>;

<juergen.volpp@esa.int>; <Philippe.Escoubet@esa.int>
Subject: 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 EFW probe 1 went into negative saturation
at around -68 V (similar to what happened to SC1 probe 1 at 2001-12-28
03:02:57).

Tests of SC3 probe 1 were made today 2002-08-06 to determine the state
of the probe and possibly correct the problem. Unfortunately the tests
showed exactly the same behaviour as on SC1 probe 1, which means that
also here we suspect a failure in the supply of the +12 V voltage to the
preamplifier in the probe. The EFW instrument on SC3 has now been left
in a state identical to the instrument on SC1, with probe 1 in density
mode with a voltage bias of 0 V, and with the EFW telemetry modified
accordingly.

The timeline was as follows (UT on 2002-08-06).

1. Switch probe to density mode and back to E-field mode:

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

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

05:32 SWECJ015, X’01’, X’00’ ! 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 mode and play with voltage:

05:34 SWECJ015, X’19’, X’01’ ! Set probe 1 to density mode
05:35 SWECJ015, X’01’, X’7F’ ! Set probe 1 bias to +40 V
05:36 SWECJ015, X’01’, X’81’ ! Set probe 1 bias to -40 V
05:37 SWECJ015, X’01’, X’23’ ! Set probe 1 bias to +10 V
05:38 SWECJ015, X’01’, X’00’ ! Set probe 1 bias to 0 V
05:39 SWECJ015, X’01’, X’DD’ ! Set probe 1 bias to -10 V
05:40 SWECJ015, X’19’, X’00’ ! Set probe 1 to E-field mode

4. Additional tests to determine crosstalk with puck and guard voltages::
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05:41 SWECJ015, X’19’, X’01’ ! Set probe 1 to density mode
05:42 SWECJ015, X’01’, X’00’ ! Set probe 1 bias to 0 V
05:43 SWECJ015, X’09’, X’7f’ ! Set probe 1 puck to +1.25 V
05:44 SWECJ015, X’11’, X’14’ ! Set probe 1 guard to +6 V
05:45 SWECJ015, X’09’, X’80’ ! Set probe 1 puck to -1.25 V
05:46 SWECJ015, X’11’, X’EC’ ! Set probe 1 guard to -6 V
05:47 SWECJ015, X’01’, X’DD’ ! Set probe 1 bias to -10 V
05:48 SWECJ015, X’09’, X’66’ ! Set probe 1 puck to -1 V
05:49 SWECJ015, X’19’, X’00’ ! Set probe 1 to E-field mode

5. Switch WEC off and on again, plus WEC reconfiguration to NM52

05:55 FCP_WEC_M002 ! Switch off each WEC instrument, and WEC LCL
05:58 FCP_WEC_M001 ! Switch on the WEC LCL
06:15 FCP_WEC_M902 ! Switch on each WEC instrument and set up EFW

(default parameters)

06:30 SWECJ275,X’1A’,X’AD’,X’13’,X’50’,X’0E’,X’4F’,X’CB’,X’10’,X’50’,X’100’;
06:30:18 SWECJ019,X’01’;
06:30:24 SWECJ013,X’0F’;
06:30:25 SWECJ004,X’17’;

6. Setup EFW on SC3 to run in same way as SC1:

06:39:54 SWECJ134 ! Stop WEC mode
06:40 SWECJ353 ! 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 SWECJ355 ! Load spin fit patch special for probe 3+4
06:43 SWECJ015,X’19’,X’01’; ! Set probe 1 to density mode
06:43:10 SWECJ015,X’46’,X’08’; ! Modify LX to V3,V4,V1,V2
06:43:20 SWECJ015,X’47’,X’04’;
06:43:30 SWECJ015,X’47’,X’00’;
06:43:40 SWECJ015,X’46’,X’00’; ! Modify HX to V2LV34L
06:43:50 SWECJ015,X’47’,X’94’;
06:44 SWECJ013,X’0F’; ! Restart correlator
06:44:06 SWECJ004,X’17’; ! Restart WEC macro.

--------------------

In addition, the following commands were uplinked for execution on SC3
to cancel the effects of EFW resets in the MSP schedule:

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

2002-08-10T02:15:18Z SWECJ015,X’19’,X’01’ ! Set probe 1 to density mode
2002-08-10T02:15:24Z SWECJ015,X’01’,X’00’ ! Set probe 1 bias to 0 V

and the following 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 longer
picked up by the system. At 06:35, the system started working as
expected again.

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

Best regards,
Per-Arne
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