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1 Introduction
The constructionof a large areadetectorneeds,whencomparedwith prototypesandsmall detectors,a careful
engineeringof the toolsusedfor theproductionwhich shouldbe efficient, robust,safe,easilymaintainable,and
userfriendly. Moreover it is very importantthat quality control anddatabasestorageof the partsproducedare
carefullydesignedto guaranteeoverall quality andtraceabilityof eachitem. TheBarrelDrift TubesDetector[1]
is madeof 250chambers,distributedon 4 layersand5 wheels.Eachchamberis built with 3 SuperLayers(SL,
only 2 SL in theexternallayer4), eachSL madeof 4 sensitive layers.Theareaof eachlayerrangesfrom 5.2to 10
m� , andthetotal coverageareaof theBarrelDT Systemis � 1800m� .
Thebasicelementof sensitive layersis thecell, asshown in Figure1.

Figure1: The elementarycell of the Barrel DT System. In the pictureonecanseethe structural1.5mmthick
aluminiumplates,the anodewire, the cathodeI beamsandthe stripswhich shapethe drift field, respectively at
nominalvoltagesof +3600V, -1200V, +1800V.

The gasvolume, filled with 85%Ar+15%CO� mixture, is confinedbetween2 aluminium plates,1.5mmthick,
spacedby 11.5mmthick I-beamswhich arestructuralelements(gluedon both sideson the aluminiumplates).
I-beamsareusedto separatethecellsandarethemechanicalsupportof a 100� m thick mylar tapeon which it is
glueda50� m thick aluminiumtape,thelatterbeingthecathodeof thedrift volume.Fieldstripsareplacedbothon
thetopandthebottomof thealuminiumplates,justaboveandbelow theanodewire. As for thecathodeelectrodes,
thealuminiumstrip,50� m thick, 16mmwide, is gluedon top of a 100� m thick, 23mmwidemylar strip,which is
finally gluedon thealuminiumplate. Thestrip pitch is 42mmandeachstrip hasto bepositionedwith � 0.2mm
accuracy.
As previouslymentioned,theBarrelDT chambersaregroupedin 4 maintypes,differing mainly in theazimuthal
length,which grows asfunctionof theradialdistance.Eachchambertypeis assembledin a differentproduction
site, RWTH-Aachenfor MB1 chambers,CIEMAT-Madrid for MB2, INFN-Legnarofor MB3 andINFN-Torino
for MB4. Moreover, BolognaUniversityandINFN areresponsiblefor the productionof the cathodes,the mass
productionbeingcarriedon in IHEP-Protvinofor the whole collaborationandTorino University andINFN are
responsiblefor thepreparationof thealuminiumplatesandthedepositionof thefield electrodestripsfor thewhole
system,thelatterbeingdonein JINR-Dubna.
The technicalpreparationand logistics organizationfor cutting � 3600 platessubdivided in 72 different plate
models,thedepositionof � 900km of aluminiumandmylarstrips,thevalidationof stripdepositionbothoptically
andwith HV testandthedelivery to theproductionsites,will bedescribedin detail in thisnote.

2 Aluminium Plates modelling
All thealuminiumplatesneededfor thefull production( � 100tons)aremanufacturedbyPechiney Rhenalu,Issoire
(France).All platesaremadeof aluminiumalloy EN.AW 5005,temperH44, andaredeliveredin two standard
sizes(2550x5300mmand2550x4150mm)with coatingon both faces,chemicalconversionwith alodineto skim
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andimprove the surfacegrip for gluing. A surfaceanalysiswith an electronmicroscopescanhasshown O, Al,
P, andCr (P andCr aredueto theAlodine surfacechemicalconversion)plusoccasionalcontributionsof Caand
S on scratchesproducedduring plate rolling-mill. The overall quality of the deliveredplatesis in accordance
with thecontracttechnicalspecifications,although20� of thematerialhasbeenrejectedeitherbecausetheplate
arc waslarger than5mm/mas,definedin the contract,or becausecondensationproducedinsidethe box during
transportationhaddissolvedthesurfacechemicalconversiondevelopinglargeoxidationspotsontheplatesurfaces.
All thealuminiumplatesusedfor theproductionof thefull barrelDT systemhave beencut in Torino (except15
platesfor the first MB2 chamber, cut in CIEMAT-Madrid). For this activity a tablex-y plotter with gantryand
ancillary tools hasbeendesignedandbuilt by INFN-Torino. Tools weredesignedhaving in mind the following
importantneeds:

� easeof operations.Eachoperation,includingthealignmentof largeplatesonthecuttingtable,requiresonly
oneperson;

� unambiguousmechanismfor the choiceof the plateto cut andautomaticrecordingof the cut platein the
localdatabase.Fully automatizedcuttingprocedure(22 platemodelsin termsof dimensions);

� strict safetycriteriausedin all phasesof theplatehandlingandcutting;

� toleranceson sidesare � 0.5mmand � 1mmon diagonals(correspondingto a relativeerrorof ������� � ).

This tool is shown in Figure2.

Figure2: TheAluminium PlatesCuttingTablein INFN-Torino

Theoverall dimensionsof thetablesurfaceare6000x 3500mm� . They axismovesperpendicularlyto the long
side(x axis),andit is drivenby two 380V synchronousmotorscontrolledin coordinatedmotion(seeFigure3 for
motorscharacteristics).With amaximummotorspeedof 2500rpm,andamotorreducerx10,eachaxiscanreacha
maximumlinearspeedof 3 m/s.Motor positionis monitoredby rotationalencoders,andthepositioningprecision
hasbeenmeasuredwith anexternallaserinterferometerto bebetterthan300� m. Thegantryconsistsof a chariot
which movesalongthey axis,holding the tool which is usedfor cutting theplate(cuttinghead),with a vertical
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Figure3: TechnicalDataof MKD071 Motors
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moving axis(z-axis). Themaximummoving speedof x andy axesis 3 m/s. All motorsarecontrolledby a group
of drivers(ECODRIVE03by Rexroth-Indramat)interconnectedwith anopticallink (SERCOSbus)to alocalCPU
(CLC) andtwo input-outputregisterboards(DEA, 32 inputs,24 outputs).Connectionwith the PC controller is
achievedthroughtheserialport. Thissystem(Rexroth-Indramat)is extremelyflexible andcanbeusedfor thefull
control of all the operationsmadewith the gantry. Firmware,which is driver resident,allows the storingof all
motorparametersandthe full characterizationof themotorperformance.The logic sequenceof movementsand
controlsis setup with softwarewhich runson theCLC. Thelanguageusedfor theprogrammingis Visualmotion,
a motor control dedicatedlanguagefull customizedby Indramatfor their products. ThroughVisualmotion it is
possibleto integratein thesamesoftwarebothmotorcontrolandmonitoring,andfull controlof thetool handled
by thegantryvia I/O registerboards(DEA). Thecuttingtool, a circularsaw mountedon a thrustblock with three
possibleorientations(0! , 90! , 270! , seeFigure 4), is mountedon the chariot througha vertical (z) movement
whichallows theretractionof thesaw, whenneeded,in a safeposition.

Figure4: Detailsof thecuttingtool

Themotorwhich controlsthesaw orientationis thefifth axisof thesystem.Thesaw revolutionspeedis 6000rpm
(theelectromotormandrelis the sixth controlledaxis of the system)which allows a cutting speedof 100 mm/s.
Completeswarf removal is obtainedwith anexhaustfanwhich is placedoutsidetheworking area.Thebladeis
cooledduring cutting with a high pressurestreamof isopropyl alcoholvapors. The GUI to control the cutting
sequenceis written in VisualBasicandis residentonaPCconnectedto theCLC via theserialport. Thesequence
of operations(performedby a singleoperator)is thefollowing:

� align andplacetheraw plateon thecuttingtable;

� from themainform of theprograminitialize theprogram.Thisoptionmovesall axesto homeposition(zero
of themachine);

� the operatorchoosesthe platemodelwhich hasto be cut from an option menu(in total 72 differentplate
models)andstartsthecuttingprocedure;

� out of theraw plate,oneor two platesareextracted,dependingon thedesiredmodel,by cuttingalongthe
four sides.Whenthecuttingis finishedthegantryreturnsautomaticallyto theparkingposition;

� on requestof the operatorthe programprints an adhesive label with the bar codewhich fully identifies
the plate (model and serial number)and placesit on a cornerof the plate. The producedplate codeis
automaticallystoredin thelocalproductiondatabase;

� theoperatordebursall sidesof theplateandplacesit in thetransportbox.

Platesarehandledhorizontallyandkeptflat with aframe,suspendedby acrane,whichsupports24vacuumsuction
cupsto hold theplate.An averageproductionratefor normalworkinghoursis � 18plates/day, whichcorresponds
to morethan1 chamber/day.
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3 Field Electrode Strip Deposition
Thispartof theproductionhasbeenconceivedandorganizedfrom theverybeginningasacollaborationof INFN-
TorinoandJINR-Dubna.INFN-Torinodesignedandconstructedtheproductiontoolsandmadeapreproductionof
10� of thefull lot in Torino,notonly with thepurposeof providing materialfor theproductionsitesto startcham-
berassembly, but alsoto performa full debuggingof all hardwareandsoftwarecomponentsof theproductionline
andto train JINR engineerswho joinedthepreproductionefforts in Torino. In July-August2001theTorino Strip
Productionline wascompletelydisassembled,packedandsentto JINR-Dubnafor full reassemblyto continuethe
production.Thetasksof JINR-Dubna, asagreedin a contractbetweenJINR andCERN,arethefull reorganiza-
tion of thepremisesallocatedto thisproduction,thefull productionof all plates,andthemaintenancein operation
of all tools. INFN-Torino keepsresponsibilityof the productionfor all aspectsconcerningthe scheduleandthe
repair/improvementsandcompleteprovisioningrequiredduring the full productionperiod. For thesereasonsall
toolsof theproductionline havebeendesignedkeepingin mind thefollowing basiccriteria:

� all tools shouldbe designedto allow a productionrateof platesfor 1 SuperLayer/day(8 plates/day= 10
surfaces/day).This is theratenecessaryto allow all productionssitesto build 2 chambers/month;

� electrodestripsshouldbepositionedwith a toleranceof � 0.5mmandthepositionof eachstrip shouldbe
monitoredandrecorded;

� all partsof theproductionline shouldbeeasyto assembleandtransportable;

� managementof theproductionshouldbesimpleandasmuchaspossibleerror-free;

� controlsoftwareshouldbeveryrobustanduser-friendly to beeasilyoperatedby quickly trainableoperators;

� all relevantstepsof theproductionshouldbedocumentedandrecordedin a localdatabase.

Theproductionline canbesubdividedin two mainobjects:thestrip depositiontool, andtheHV teststand.

3.1 The Strip Deposition Tool

The aluminiumandmylar strip depositiongantry is a x-y plotter, 5000x4000mm,designedandconstructedas
a cloneof the gantryfor platecutting describedin Section2. The mostsubstantialdifferenceis in the position
encoderusedin themotor positioningloop. Indramatmotor driversaredesignedto beoperatedusingeitherthe
motor internalrotationalencoder, or an externalencoder. An externalopticalencoder(SystemHeidenhain Lida
187C) is installedin this gantry, both for x andy coordinates.This arrangementhasthreemainadvantageswith
respectto rotationalencoders:

� higherprecision( � 20" m);

� directmeasurementof thepositionon anopticalbar(independentof themotiontransmissionsystem);

� quick andprecisezeroingprocedure,switchindependent.Thehomingprocedurecanoccurin any placeof
themachinesinceit usescodedreferencemarkson theopticalbarratherthana switch.

Theabsolutepositioningerrorof eachaxishasbeenmeasuredwith a laserinterferometer, andfoundto becom-
patiblewith technicalspecificationsof thelinearencodersfor all axes( � 20" m,seeFigure5). Linearityof all axes
hasbeenmeasuredwith the sameexternalsystemto bebetterthan100" m. The tablesurfaceis madeof 20mm
thick anodizedALCOA plates(seeFigure6). Thesurfaceis machinedwith small holesconnectedto a vacuum
circuit which is usedto fix andkeepflat thealuminiumplateon the tableduringstrip deposition.This circuit is
subdividedto coverdifferentareason thetableandto accountfor thevaryingsizesof theplatesto beworked(see
Section1). Precisionlocatingholeson the ALCOA tablesurfacearepresentto placethe platereferenceblocks
(two alongy axis andonealongx axis). Referenceblock shapesandpositionschangeasfunction of the plate
model,andarechosenaccordingto SuperLayerassemblyconvention[2].
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Figure5: Residualdistributionof absolutecoordinateasfunctionof thepositionalongtheaxismeasuredwith the
interferometer.

Figure6: TheAluminium andMylar StripDepositionTable

7



Figure7: TheElectrodeStrip DepositionHead

3.1.1 Electrode Strip Deposition Head

Thex-y gantryshown in Figure6 operatestheElectrodeStripDepositionHead(ESDH),themechanicalunit which
placesandcutsonthealuminiumplatea16mmwide0.05mmthick aluminiumtapeontopof a23mmwide,0.1mm
thick mylar tape.Both tapeshaveadhesiveononeside(liner protectedin thecaseof thealuminiumtape).
TheESDH(seeFigure7) laysdown in oneoperationtwo mylarandtwo aluminiumtapes.Thechoiceof two tapes
depositedin a singlerun wasdonebothbecausethis halvestheoverall strip depositiontime andbecausetwo tape
rolls per type areneededto completethe largestplatesurface,thusminimizing deadtime dueto roll exchange
operations.Thetwo tapeswhich areplacedin parallelare4 pitchesapart(168mm).All verticalmovements(four
tapesand two tail rolls) aredriven by a pneumaticsystem,whilst the four cuttersconsistof of rotatingblades
poweredby four smallelectricmotors.Compressedair is alsousedto keeptapesin positionaftercutting(Venturi
valve), and to pushthe cut tapetail on the plate surface. All pneumaticvalves which control the ESDH are
controlledthroughtheDEA input-outputregisters,by theCLC, theCPUwherethefull tablecontrolsoftwareis
resident(seeSection3.2 for details). The sequenceof operationsfor the depositionof eachstrip is describedin
Figure8.

Thetail of theESDHhoststwo CCDcameras(alignedrespectively with theleft andright stripdepositionsystems)
whichhave threefunctions:

� monitortablecalibrationreferencemark(absolutemachinezero);

� monitorplatecorners(checkcorrectplatealignmenton tablebeforestripdeposition);

� monitorstripposition.

Detailson themanagementof CCD imagesarein Section3.2.

3.2 Controls and Operation

The softwaredevelopedto control ESDH movementsandoperationsis organizedin different levels. All driver
andmotorparametersarestoredin theECODRIVE03firmware.Theprogramwhich controlsall movementsand
ESDH operationsin the strip depositioncycle (Strip-Program.str) is written in Visualmotion languageandit is
residentin the CLC CPU. This programis linked to other two programs. One is PC resident,it is written in
VisualBasic(Strip.vbp), andcommunicateswith Strip-Program.str bothvia a DDE server on theserialport and
throughaNational Instruments PCI6527board.Thisprogramishierarchicallythehighestlevelof softwarecontrol,
providesthe GUI componentof the system(controlsandhandshakeswith Strip-Program.str), it communicates
throughtheserialportwith thebarcodereader, andit writesall relevantinformationafterstripdepositiononafile
(traveller). Theotherprogramis written in DELPHI, it is PCresident,it communicateswith Strip-Program.str via
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direction

Figure8: Stripdepositionsequence:1)TheESDHis movedatstripstartandmylarrolls arelowered;2) TheESDH
is advancedby 25cmandtheAluminium rolls arelowered;3) theESDHis movedto stripenddepositingthestrip
on the plate. Toward theendtheMylar rolls areraised;4) the ESDHis movedby 25cmandAl rolls areraised.
Tail roll is kept low down to the very endof the strip. During strip depositionthe ESDH is moved at a speed
of 560mm/s,whereasduringnormaldisplacementthespeedis 1.3m/s.

thePCI6527,connectedwith theCLC via theDEA, andit hasthedoublefunctionof acquiringdataimageswith
theCCD cameras(Acquisition.pas), andanalyzingandarchiving processedimages(Analysis.pas). A diagramof
thesoftwareandhardwarearchitectureof thesystemis shown in Figure9; a descriptionof thesoftwareis in the
following sections.

3.2.1 Strip-Program.str

The Strip DepositionProgram,written in Visualmotion is built in two main parts. The first part of the program
executesthezeromachinesearch(homingprocedure).During thisprocedure,thetwo axesaremoved( � 100mm)
to allow determinationof the gantrycoordinates(usingthe externaloptical encoders).This procedureis always
performedwhenthe programis started.The secondpart of the programis madeof a collectionof all routines
usedto performdifferenttasks.Eachtaskcanbeexecutesindependentlyby theGUI Programthroughtheoperator
selection(see3.2.3).Theoptionsavailableto theoperatorarethefollowing:

1. Tableabsolutecalibration:this taskis startedonce/day. It bringstheESDHcameras(Left andRight) on top
of animagewhosepositionis known,andcomparesactualwith known position(seeFigure10). Thischeck
is importantto verify thatthecamerameasuringoffsetis stableandknown.

2. Performmeasurementof plategeometry:assoonastheplateis positionedon the tabletheoperatorstarts
the programby simply readingthe bar codeplacedon the platecorner(asdescribedin Section2). The
ESDHis movedto thecornersof theplatein orderto checkwith thecamerasthattheplatecornersarein the
correctpositions(plateproperlyaligned)andto monitor the overall dimensionsandsquaringof the plate.
SeeFigure11 for thedescriptionof themeasurement.

3. Startnormalstrip deposition:it is startedwhentheplateis readyto be stripped.Number, lengthof strips
to be deposited,andpositionof the first strip areautomaticallydeterminedandpassedto the programby
simply readingthebarcodeplacedon theplatecorner(asdescribedin Section2).

4. Pause,stop,restartandcut tapes:theoperatorcaninterruptat any time strip deposition(for instancewhen
mylar and/oraluminiumtapeshave to be changed).The positionof the last depositedstrips is alwaysin
memoryandstrip depositioncanberecoveredfrom thepoint whereit wasinterrupted.
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Figure9: StripDepositionSoftware

5. Changesinglestrip; whenstrip depositionis finishedit canhappenthat a singlestrip hasto be replaced
(eitherit is outsidepositiontolerances,eitherit hasasurfacedamage,or it failedHV test).

6. Go to x-y: this task is foreseenfor the simplepurposeof sendingthe ESDH to any operatordefinedx-y
position.

7. Performmeasurementof strippositions:with thistasktheoperatorcanperformascanof all stripsby moving
theESDHon topof eachstrip andby acquiringimageswith thetwo cameras(seedetailsin Section3.2.2).

All optionparametersandexecutioncommandsarecontrolledby theStrip.vbp program(seeSection3.2.3).

3.2.2 Acquisition.pas and Analysis.pas

The programAcquisition.pas is a fast acquisitionprogramwritten in DELPHI and running on the PC, which
communicateswith the CLC basedStrip-Deposition.str programvia a digital I/O PCI board(PCI6527National
board),connectedon the CLC side, to the DEA input/outputregisters. Throughthe I/O bits it is possibleto
handshake thePCAcquisition.pas programwith theCLC Strip-Deposition.str programsothat imagesbelonging
to eachdepositedstrip, canbesavedon-line for lateranalysisduringstrip deposition(thecamerasareplacedon
thetail of theESDH).Themaximumacquisitionrateis 25 images/swhich guaranteesthepossibilityto fully map
eachsingle strip. In background,during strip deposition,also the programAnalisys.pas is run. This program
analyzeeachsingleimageby filtering andenhancecontrastin orderto distinguishthemylar andaluminiumtape
edges.Oncetheedgesarefound,thecornerpositionsarestoredandtheoriginal imageis deleted.An exampleof a
reconstructedimageis shown in Figure12. Thesameprogramsareusedto acquireandanalyzeimagesof theplate
corners(which aredeterminedastheintersectionof thetwo edgefitted lines),andthepositioncalibrationimage.
Thecameraresolution,asshown in Figure10, is 48" m for thex coordinate,and96" m for they coordinate.Strip
positions,plottedasresidualabsolute measured strip position - nominal distributionareshown in Figure13. Each
point is averagedover � 50imagesof thesamestripsatdifferenty values,thespreadof theedgefittedvaluesbeing
betterthanthecameraresolution.Thepositionspreadgetsworseat theendof thestrips,wherethealuminiumgets
acharacteristics-shapewith respectto mylar (which beingstiffer remainsstraight)but still insidetolerances.

3.2.3 Strip.vbp

Thisprogram,asdescribedin Section3.2,is startedandusedby theoperatorfor all operationcontrols.It is hierar-
chically thetoplevel controlandcommunicateswith all theprocessesdescribedin Section3.2.1andSection3.2.2.
Theprogrammainpanelis shown in Figure14. Bar CodeNumberandPlateName,numberof strips,strip length,
andpositionof first andlaststrip areautomaticallyloadedby readingthebarcodeon theplatewith thebarcode
reader. Oncethis operationis donethe operatorcanInitialize (performhomingprocedure)andstartany of the
options2-6 describedin Section3.2.1(seeStep 3 in Figure14). Thelaststep,afterstrip depositionandFastHV
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Figure10: Residualdistributionof acquired-reference
imageposition(dx anddy measuredin camerapixels.
1 x-pixel=48" m,1 y-pixel=96" m).

Figure11: Platecornerscheck.TheESDHis moved
above the four corners,the CCD imageis acquired
and analyzedby the programsdescribedin Sec-
tion 3.2.2. The programchecksthe cornerposition
andcomparesit with thenominalones.Thefournum-
bersin figure, are the residualsof the platesidesin
mm. The greendotsindicatethat the imagewasac-
quiredsuccessfullyandthe residualarewithin toler-
ance.

Figure 12: Acquired image(left) and reconstructed
linesof tapeedges(right)

Figure 13: Residualdistribution of absolute mea-
sured strip position - nominal. The relative offsetof
� 150" m with a multiplicity of 4 strips is dueto the
relative left-right taperoll distancein theESDH.One
pixel = 0.96" m.
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Figure14: Strip programmainpanel.
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Test(seeSection3.3),is to write thetraveler, afile whichcontainsinformationonthatplate,astheoperatorname,
temperatureandhumidity, problemsencounteredbothduringstrip depositionandHV test,numberof exchanged
stripsandreasonof substitution.

3.3 HV Test Stand

Electrodestrip quality control is completed,afterdimensionalcheckwith theCCD camera,by theHigh Voltage
test[3]. The aim of theHV testis to identify stripswhich arenot properlyinsulatedby monitoringthe currents
afterthestripvoltageis raisedto highvalues.

HV testis performedon eachplatesurfacein two steps:

1. a fasttestto +4200V, immediatelyafterstripdeposition.

2. a standardtestto +4000V on a specialdedicatedteststand.

The fasttest is doneimmediatelyafter the strip depositionwith a testprobe,a 4.2 m long bar with 96 pins, all
connectedto oneHV channel.This testlasts30 secondsandit is declaredpassedif thetotal currentis below 50
nA*(numberof connectedstrip) within this time window andno discharge is observed. Most of the insulations
problems(mainly dueto small holesin the mylar causedby residualthin scratchesin the aluminiumplate)are
identifiedby the fasttest,andthe badstripsarereplacedimmediatelywithout having to realignthe plateon the
table.

OncetheHV testhasbeenpassed,theplateis movedto anothertable,wherea dedicatedtool is usedto measure
thecurrentssimultaneouslyon theupperandthelowersurfaceof theplate.Thetool consistsof two barsequipped
with contactpinswhichcanbepositionedonthestripsof boththeplatesurfaces.In this test,groupsof strips(from
1 up to 4) areconnectedto eachHV channel.Thevoltageis rampedup to +4000V andthecurrentsaremonitored
for 30min; thetestfails if thecurrentfrom oneHV channelis greaterthan50nA*(numberof connectedstrips)for
morethan120s. In additionto thesetests,oneplateperdayis keptat +4000V overnightin orderto monitor the
currentstability over a long time (about10 hrs). Thedistribution of themeancurrentsperstrip measuredduring
thelong testrunsis shown in Figure15. Themeancurrentdrawn by thestripsthatpassedtheHV testis lessthan
20 nA; thesmall tail to highervaluesis relatedto dustthatoccasionallycoulddepositon thestrips,producingan
increaseof thecurrent,oftenrecoveredafterashorttime.
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Figure15: Meancurrentperstripmeasuredon stripsthatpassedtheHV test

TheHV power supplyconsistsof a CAEN SY527mainframeequippedwith voltagedistributor modules(CAEN
moduleA832),eachcontaining12 outputchannelswith a resolutionin thecurrentmeasurementof 20 nA. Small
currentoffsetsareperiodicallymeasuredin orderto correctfor them.

TheHV powersupplyis remotelycontrolledby aPCwith adedicatedmonitoringprogram,written in VisualC++.
A graphicalinterfaceallows the operatorto choosethe type of test(fast,standard,long), to recordthe platebar
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code,to selecttheconnectedHV channels,andto startthetest.Thesoftwaremanagesall thepossibleexceptions
before
*

andduringthetest(opencontacts,shortcircuits,over-currents,discharges),it rampsup theHV channels,
it monitorsthecurrentsoncethenominalvoltageis reachedandit rampsdown thevoltagesat theendof thetest.
During andafter the test, the statusof eachchannel,the histogramswith voltagesandcurrentsasa function of
time,andtheresultof thetestareshown. For eachplateall this informationis written to files.

In caseof testfailure,thegraphicalpanelshows theHV channeltheproblemcomesfrom, theoperatoridentifies
thebadstrip, replacesit andthetestis repeated.

Therateof rejectedstripsperplate,after theHV, testis 0.22%.Stripsidentifiedby theHV testtypically present
localdefectsin thegluingof themylar or aluminiumtapes(about30%of thecases)or a wrongpositioningof the
aluminiumor mylarstripsat theedges(70%of thecases).

3.4 Production at JINR

Beforethe installationof theproductionline in theJINR laboratories,thepremiseswhich hadbeenreservedfor
CMS,havebeencompletelyrestoredby JINR personnelin orderto accomplishCMS productionrequirementson
thecleanliness,temperatureandhumiditycontrolsof thework environment,thelogisticdistributionof therooms,
andtheperformanceof thecrane(fastandsmoothmovementsto allow properplatehandlingandalignmenton the
table).
On the29 September2001theelectrodestrip productionline, aftera preproductionof 300platesdonein Torino
wassentto Dubna. The productionline, fully disassembledandpacked in 21 boxes,hada total weight of 15
tons. Installationin Dubna,with technicalsupportboth from Torino andJINR, startedon 20 September, after
completecustomclearance,andwasfully completedon 20 October(seeFigure16). Calibrationof all moving

deposit
 strips

type out?

move plate

turn plate change strip

1st face?

to HV stand

problems?

no

yes

yes

no

Figure 16: The ElectrodeStrip ProductionLine as-
sembledin JINR-Dubna

Figure17: TheStripDepositionOperationFlow

partswasdonein 7 daysandin onOctober29productionstarted.ElectrodeStripProductionis carriedonby three
experiencedtechnicians,two mechanicalandoneelectronicengineers,coordinatedby a supervisorandsupported
by anexternalmechanicalengineeranda softwareengineerfor specialdedicatedassistance.A personfrom the
administrationdepartmentis dedicatedto theorganizationof all transportsandtherelatedcustomformalities.

3.5 Sequence of operations

Aluminium Platesaredeliveredto JINR from Torino in boxeswhich hold platesfor 2-5 chambers.As a first step
thebox is openedandall platesareplacedon a servicetable.Eachplatesurfaceis thencarefullysandedin order
to remove all scratches.Scratchesare potentiallydangeroussincethe tiny pointedshavings which arealways
on the tail of a scratchcanpenetratein themylar tapeandshortthealuminiumelectrodeto thealuminiumplate
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(which is grounded).After sandpapering,the platesurfaceis cleanedwith isopropyl alcohol. The plate is now
readyto beplacedon thestripdepositiontable.Beforeplacingeachplateon thetable,thetablesurfaceis brushed
with isopropyl alcohol. Theoperatorreadsthe platesurfacecodebarwith the barcodereader, afterstartingthe
Strip.vbp program(seeSection3.2.3). This automaticallyloadsall plateparametersin the Strip-deposition.str
program(Section3.2.1) and instructsthe operatoron how to placethe plate on the table (dependingon plate
modelstheoperatormustusedifferentreferenceblocksin differenttablepositions).After platealignmenton the
table,the tablevacuumsystemis activatedandthe platesticksto tablesurface. The operatorcanthenstart the
check geometry procedurewheretheplatepositionanddimensionsarechecked.Immediatelyafterstripdeposition
canstart. The flow chartof theoperationsequencesis shown in Figure17. Since3/5 plateshave stripson both
sides,in this casetheplatemustbeturnedupsidedown andreworked.
Beforeremoving theplatefrom thestrip depositiontable,theHV fasttestis performed(seeSection3.3), andin
casea badstrip is found, it is immediatelyreplaced.Whenthe plateis finishedandHV fast-tested,the plateis
movedto theHV teststandandthe traveller file is written by theoperator. Theprocedureusedby theoperatorin
theHV testhasbeendescribedin detailsin Section3.3.
Specialcareis setin thepackagingof theplatesafterstrip deposition.Eachplateis separatedfrom theneighbour
plateswith a thin polyethylenefoil. The full stackof platesis finally vacuumpacked in a closedthick (0.1mm)
polyethyleneenvelope,andboxedin its original shippingbox,readyto betransportedto theproductionsites.
All transportationsfrom JINRto theproductionsitesarescheduledonceperyearandorganizedby JINRpersonnel.

3.6 Production performance

As describedin Section3.4 the productionstartedin JINR on 29 October2001,andwasterminatedon 17 June
2005. JINR andTorino personnelworked closely in the last two monthsof 2001 in order to completerecom-
missioningof the full productionafter reassembly, andto train the JINR personnelinvolved. The profile of the
integratedproductionis shown in Figure18. The rateof � 8 surfaces/day, which correspondsto the amountof
platesneededto build oneSL,wasapproachedonFebruary2002andkeptconstantfor thefull periodof 3.5years,
asrequiredin theagreementbetweenJINRandCMS.Threemainbreaksoccurredduringthefull production.The
first occurredin June2002,whenthegantrywasstuckdueto amisalignmentof thetwo motorsdriving thebridge
in thehomingphase.This errorwasfixedwithin 2 dayswith aninterventionof JINR personnelassistedremotely
by Torino experts.Thesecondandthird breakshadthesameorigin, a stuckmotoreductorrespectively on theleft
(a brokengear)andright (anoil leak)motorof thebridge. In bothcases(October2004andMarch2005)it was
necessaryto replacethemandmake anhardwareinterventionwith Torino expertsassistedby JINR experts,with
amaximumlossof 20 working daysperinterruption(almostentirelydueto thetimeneededto orderandsendthe
sparepart). Apart from theseinterruptions,the full productionwasabsolutelysteadywith thenormalassistance
andordinarymaintenanceof all themechanicalpartsandtheroutinecalibrationsof themeasuringdevices.
At thepresenttime theproductionline hasbeendeactivated,but it is readyto beimmediatelyoperatedin caseof
need,in theJINR laboratories.
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Figure18: IntegratedElectrodeStrip productionin JINR-Dubna
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