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Fermilab TSSSC 90-098ic. 11 December,1990

MEMO TO: P. Ma.zur and E. Willen

FROM: 3. Strait and 3. Tompkins

SUBJECT: Wiring List for Single Magnet Tests

The number of instrumentationand heater wires exiting the magnet at each
end for single magnet tests, along with the number for the string test, must be
defined to allow design work to proceedon test facility modifications at FNAL
and BNL and on the magnet instrument bus. Attached is a list specifying the
number and type of wires leaving eachend of the magnet for each type of
instrumentation. It is based on a memo from John Tompkins .to Helen Edwards
dated 11/14/90 in responseto the Technical Directors Office action item 90-0005
and on the specification of magnet test instrumentationpreparedfor the data
packagefor Collider Dipole Magnet In ProcessDesign Review 12/19-20/90. Both
are attached. They assume1 59 coil voltage taps, 2 six taps on the bus,
3 two collar gage packs, 4 "bullets" at one end, 5 two resistancethermometers
at each end, 6 shell strain gages at seven locations, 7 two spot heaters,and
8 four strip heaters. We have added to this list by allowing for up to 8 strip
heaterssee note [21 on the wiring list and adding voltage taps acrosseach strip
heater and two pressuretransducers. The latter are installed principally for the
string test but will probably be connectedduring single magnet tests. We have
also added a complementof high and low voltage wire for contingency and
special tests.

To avoid confusion about which end of the magnet is which, the ends have
been labeled in three ways: 1 lead vs. non-leadend of the collared coil, 2 the
end with or without the expansionloop, and 3 the end connectedto the feed
can or the turnaroundbox. The third applies to the schemeto be adoptedat
FNAL and may or may not apply at BNL.

This list is intended as a specification for the wires leaving the magnet, not
for the wires used in the test stand or for bussing signals out from magnets
within the string. Different gaugesor voltage ratings may be desirable in the
latter applicationsbut this is not addressedhere. This is also, of course, a
working document and any commentsor suggestionsyou may have can be
incorporatedin later versions.

cc w/o attachments:
FNAL: R. Bossert, 3. Carson, S. Delchamps,W. Koska, M. Lamm,J. Missig,

T. Nicol, D. Orris, T. Peterson,E.G. Pewitt, G. Tassotto,M. Wake
SSCL: R. Coombes,3. Cox, A. Devred, 3. Dimarco, T. Dombeck,

H. Edwards, C. Goodzeit, 3. Kuzminski, R. Sims, W. Smith,
H. Trenham, M. Winters

BNL: G. Ganetis,3. Muratore, P. Wanderer



50 mm SSC Dipole
Single Magnet Test Wiring List

Turnaround Box Feed Can
w/o Exp. Joint w/ Exp. Joint

Device Wire Type Lead Non-Lead Crvostat

1/4 Coil Taps 5 #22 1 kV 5

Multi V Taps 59 #32 1 kV 35[1] 24

Bus V Taps #32 1 kV 2 4

Collar Gages 28x4 #32 30 V 56 56

"Bullet" Gages 10x4 #32 30 V 40

Thermometers4x4 #32 30 V 8 8

Shell Gages 18x4 #32 30 V 72

Spot Heaters 2x2 #22 400 V 2 2

Prot. Heaters 8x2 #18 1 kV 1612]

Prot. Htr. V Taps #32 1 kV 16[2]

PressureTransducers #32 30 V 4 4

Contingencies:

V Taps #32 1 kV 12 12

Strain Gage, etc. #32 30 V 24 24

Spot Heaters #22 400 V 2 2

Notes:

[1] Includes five 1/4 coil taps

[2] Actual number of leads required dependson final heater design which is
not currently available. The current design due to Chris Haddock calls
for two heater strips per quadrantwhich would be wired in pairs either
in series of in parallel. However, until the final heater design and wiring
schemeis settled it seems prudent to allow to wire eachend of each
heater strip out of the test stand. The heater strips each have one
terminal at each end of the magnet. Heaterpower and voltage tap wires
from the lead end of the magnet must be bussedto the non-leadend
through the instrumentationbus.



SSCMAGNET SYSTEMS DIVISION November14,1990
TestandData ManagementGroup

MEMORANDUM

To: H. Ed

Front J. Tompkins

Subject Action Item 90-0005SDT/ASSTDipoleMagnets- Single MagnetTest
Instrumentation

The instrumentationneededfor a singlemagnettestis basedon thepresentinstrumentationpackage
usedin the40mmmagnets. It is neededto understandthe quenchandmechanicalperformance
characteristicsof the developmentmagnets. A moredetaildiscussionis attachedas Appendix I. In
the SDT/ASSTthe only instrumentationleadsthatare to exit the cold mass,which areusedin the
singlemagnettestas well as the ASST,arethe spotheatersandquenchheatersnumberand which
magnetsareTBD which will bein the instrumentationbusandoneormoreof the quartercoil
voltagetapsto be usedin the quenchdetectionscheme.Detailsof theseconnectionsareto be
determinedbyASSTrequirementsCL Dombeck/G.Tool. Thebulk of the instrumentationwill not
beusedin the SDT/ASSTeffort andwill not exit the singlephaseregion; the wiring will be tied
off. The following is a preliminary list of thesinglemagnettest instrumentation:the final
instrumentationcomplementwill be agreeduponby cognizantMagnetSystemsDivision personnel
andmembersof theFNAL designteam.

Draft Single MagnetTestInstrumentationfor 50mm PrototypeDipoles

Voltage taps:

CollarGaugePacks:

Endgauges

Thermometry:

Shell gauges:

Spot heaters:

-60 coil taps1quartercoils, fully instrumentedfirst 6 turns
from poleon inner coils,2 tapsin eachrampspliceregionand
probably 6 tapsisolating the expansionjoints for a total of
about66 voltagetaps

2 fully instrumentedpacks2at the high andlow pointsin
the coil azimuthalsize

4 ‘bullet’ assemblies3at thereturnend

2 sensorsat eachendmountedasnearto thecoil aspossible4

7 gaugeassembliesactiveandcompensating;oneat
magnetcenter;six spacedappropriatelyover a 2m length
fromoneof thecoldmassends5

2 locatedon thelower innercoil midplane;oneneartheend
of thestraightsectionat eachendof the coil



Action item No. 90-0005 SDT/ASST Single Magnet Test Instrumentation

Quenchheaters: 4 mountedagainsttheoutercoils in eachof the four quadrants:
theyare not considered test instrumentation but they must exit
the singlephaseregionpresumablyin the instrumentationbus.

Notes:

1Provisionshouldbe madeto allow enoughspacefor atleast10-12additional voltagetap
wires for specialstudiesshouldtheybe warranted.Roughlyhalf of the tap wires exit from
eachend of themagnetin the singlemagnettest.

2A collar gaugepackincludes4 activeinner gauges,4 activeoutergauges,and 6
compensating2 inner, 4 outergauges;eachis a 4-wiremeasurement.

3A ‘bullet’ gaugeincludestwo straingauges;thereare2 compensatinggaugesmountedon the
endplatefor usewith the 4 bullet gauges.

41nadditionto thenormalcomplementof temperaturesensorsmountedanthe teststand;
thesearedependentuponavailability. In singlemagnettests,temperaturesensors,pressure
transducers,flow meters,etc. areintegralto the teststandnot the magnettypically
mountedin theinterconnectregionson thestandendcans.

5Shellgaugesaremountedon the outersurfaceof thestainlesssteelskin forming thesingle
phaseregionandare not partof the instrumentationthat hasto be dealtwith thesingle
phasepartof the interconnects.



Action Item No. 90-0005 SDT/ASSTSingle Magnet Test Instrumentation

AppendixI

Background:

The 40mmdipolemagnettestprogramhasevolvedastandardinstrumentationcomplement
which, basedon the maturity of the magnetdesign,providesuswith the datanecessaryto
evaluateandunderstandquenchandmechanicalperformance. In particular,the voltagetap
arrangementhasbeenreducedin scopeto cover thefirst four turnsfrom the polesincethe
quenchorigins arepredominantlyon thefirst turnfor short samplequenches.However,this
arrangementdoesnotallow detailedstudyof quenchpropagationnor doesit provideuswith
informationon the origin of higherrampratequenchessomewherein theturnsbetweenthe
midplaneandthe lastinstrumentedturn asobservedin therecenttestsof magnetDD0028.

The strain gaugeassemblieswhich measurethestressat the coil - collar pole interface,the so
called ‘gaugecoliar packs’,are typically locatedat the low andhigh pointsin theinner coil
azimuthalsizealongthelength of the magnet. The straingaugesystemprovidesdetails of
stresshistory - including collaring , shellwelding, creep,andcool down loss- as well as
monitoring thestresschangeduringmagnetexcitation.The straingaugeassembliesmounted
on the endplatescalled ‘bullets’ which pressagainstthe coil endsprovideus with a
similar history of theforcebetweenthe coil endandtheend plateduring the magnet
lifetime. Both of thesesystemsare invaluablein understandingthe mechanicalbehaviorof
the magnetsandthe dataarecomparedto detailedFEA modelsof the collar-coil interaction.

The straingaugesmountedon the outerstainlesssteel ‘skin’ which enclosesthe singlephase
regionaremountedafter the skinhasbeenwelded. Thesegaugesmonitorchangesin the stress
stateof the skin andprovide dataon theinteractionbetweenthe skinandthe iron yokesand,
indirectly, the collaredcoil - yoke interaction.

Temperaturemeasurementson thetest standsaremadein the interconnectregionsand are
complicatedby heatleaks e.g.,powerleads,instrumentationwires,boretube,etc.. To better
determinethe temperatureat the coil, we havebeenmountingtwo smallcarbon-glass
thermometersin thebypassholesat both endsof the magnet;thiswas the closestpractical
mountingplace.

Finally, spotheatershavebeenmountedat manyplacesin the coils for specific studies:
poleturn spotheatersto study quenchpropagationby indudngquenchesat knownpositions
andcurrents;midplaneturnspotheatersto inducequenchesfor MIITs studiesaswell as
‘calibration’ pointsfor pressuretransducermeasurementsof axial quenchlocationwhenthe
quenchdoesnotoriginate in aninstrumentedturne.g.,outercoils; coil endspotheatersto
studyworstcaselow field quenchdevelopmentandMI1Ts. Thestandardspot heatersare
locatedat themidplaneturn of the lower innercoil, oneat eachendof themagnet,insidethe
straight section.
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The50mmProgram

The dipolesfor the SDT/ASSTefforts will be the first full lengthFNAL 50mmmagnets
producedand tested. In addition to the aperturechange,thereareseveralother features
which arenew to the FNAL design:

* coil ends- constantperimeter,groupeddesign
* coil endsupport- clamps
* inner-outercoil splice
* verticalyoke split and ‘pro-ovalized’ collaredcoil
* changesin groundinsulationandremovalof poleshims
* interconnect- enddome,smallhelium passages,newexpansionjoint

plusothersubtledetails. Theimpactof thesechangesin mechanicaldesignon magnet
performancemustbeunderstood.We haveafairly maturebodyof data on the 40mm BNL
designandmustrapidly accumulatesimilar informationfor the 50mmdesignsinceit is crucial
to the designprocesswhichwill beunderwayat our magnetvendors.

Oneof the outstandingissuesof the 40mmprogramis the origin of the high quench velocities
observed: the highvelocities havea beneficial affecton quenchdevelopmentandlimiting
the peaktemperatureM11Ts. While modelshavebeenproposed‘thermo-hydraulic
quench back’wherethequenchinducedhelium pressurewaveheatsthe coil and thushelps
propagatesat the quenchspeedof soundin the helium none fully explainthedata. Thus
measuringandunderstandingthe quenchphenomenonin the 50mmmagnetsis very important.

We are with the FNAL staff presentlyreviewingthe instrumentationrequirementsfor the
full length50mmdipoles. At this point in the process,we envisiona package that is similar
to that employedin the 40mmBNL long dipoleprogram I have attacheda copy of Jim
Strait’smemoconcerninginstrumentationfor the first FNAL 40mmdipolesand adetailedlist
of the instrumentationandwiring that is in useat present on the 40mmdipole test standsat
FNAL. Theonly majordifferencesbetweenthe BNL and FNAL lists arethosedue to the
FNAL splicingscheme,andthe observation- in testof short FNAL 40mmmagnets- of
quenchesoriginating in turnsnot seenin theBNL magnetsrequiringa few additionalvoltage
taps.

In the50mm magnet,the coilshavemoreturnsandslight changesin thewedgepositions. The
voltage tap schemeunder development will necessarilyincorporatesomeadditionaltapsto
isolatethe first two wedgesin the crosssection. For purposesof estimatingwiring
requirements,wefully instrumentthe turnsbetweenthe first two wedges,increasingthe
numberof voltagetapsby about16. Thisresultsin a total of about60 coil voltagetaps,
including the quartercoil tapsand tapsthat isolatethe inner-outercoil splices. Additional
taps wifi also be necessaryto monitorthe newexpansionjoints for the superconducting leads.
Since the interconnectregiondesignis quitedifferent from the 40mmmagnets,thesetaps must
alsobe accommodatedin the instrumentationbundlesexiting the single phaseregion.

We expectto cometo an agreementwith the FNAL magnetdesignerson a standard
instrumentationpackagefor the full length 50mmdipoles within two weeks. I believe that
the final packagewill not deviate significantly from that outlined here. However, the first
50mmdipolesarevery important elementsof the overall magnetprogram and wemust ensure
that we maximize the informationobtained from them. The instrumentationlist presented
representsa matureform ofthe packagedevelopedin the40mmprogram. I have not included
additional devicesthat might be called for on a ‘per magnet’basis suchas extensometers,or
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additionalstraingauges,spotheaters,or voltagetapsfor quenchorigin/propagationstudies,
etc.that might benecessaryto understandsomeaspectof magnetperformance.All designs
which impacttheability to install or connectinstrumentationfor single magnettestsshould
treattheselists asa baselinefor R&D instrumentationandbe ableto accommodate
reasonableincreasesin the numberof high and low voltagesensewiresshouldit berequired
by thedevelopmentprogram.

Distribution:
T. Bush
R. Coombes
GroupLeaders
P. Baggett
M.Coles
A. Dewed
J. Kuzminski
J. Dimarco
Z. Wolf
Y. Yu
H. Zheng
J. Jayakumar
J. Zbasnik
W. Clay
J. Cox
T. Dombeck
J. Strait FNAL
W. Koska FNAL
P. MazurFNAL
D. Orris FNAL
C. Pewitt FNAL
G. GanetisBNL
J. MuratoreBNL
P. WandererBNL
E. Willen BNL
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Fermi lab

November 5, 1990

MEMO TO: R. Bossert, J. Carson, S. Deichamps, N. Hassan, W Koska,
P. Mantsch, P. Mazur, D. Urns, C. Pewitt, R. Rihel,
C. Tassotto, M. Wake, M. Winters, W. Zimmerman

FROM: Jim Strait
tff/w L1?.

SUBJECT: Revision to Instrumentation for 40 mm Long Magnet

Attached is a revised specification for the instrumentation on long
40 mm SSC dipoles bui It at FNAL. I have changed the specified locations of
the skin gages to more closely match what has been put on BNL magnets
tested here.

cc: T. Bush
R. Coombes
A. Devred
J. Jayakumar
J. Tompkins


