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TEVATRON LOW-BETA QUADRUPOLE TRIPLET INTERCONNECTS
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and D. Sorensen

FermiNationalAcceleratorLaboratory
Batavia,Illinois

ABSTRACT

Installationofcoldironquadrupolemagnetsin theLow Beta
(SuperconductingHigh-Luminosity)upgradeatFermilabrequireda newly
designedmagnet interconnect.The interconnectdesignand construction
experienceispresented.Consideredaretheconnectionscarryingcryogenic
fluids,beam vacuum,insulatingvacuum, superconductingbus leads,their
insulationand mechanicalsupport.Detailsoftheassemblyand assembly
experiencearepresented.

INTRODUCTION

The use ofcoldironmagnets toreplaceexistingwarm ironmagnetsat
B0 ColliderDetectorFacility(CDF) and toadda new TripletSetatDO resulted
in a series of magnets known as Cold Iron Low Beta Quadrupoles. The
upgrades at B0 and the new installation at DO use five pairs of high-current
quadrupolesand fourhigh-gradientcorrectorson eithersideoftheinteraction
point.The longestquadrupolelatticedesignatedQ3,has a 5893mm (232in)
magneticlength.The threepairsofquadrupolesbracketingthedetectorform
asymmetrictripletlenses.See Figure1. Perhapsthemost complicatedand
challengingmechanicaldesignaspectoftheLow Beta insertionisthe
interconnect(thejunctionofcryogenic,vacuum and electricalsystems).

BRIEF HISTORY

Initialinterconnectdesignconceptsfollowedtheearlydesign_B_SSC
dipolemagnet interconnectdesign.1 Using SSC designcriteria,allcryogenic
connections were to be automatic welded and automatic cut off in the field.
The single phase helium interconnect was a 273 mm (10.75 in) lD tube/bellows
assemblywhichwas axiallystcxedon theleadend 273 mm (10.75in)OD cold
mass. Thisallowedthebeam tubebellowsconnectiontobe made and to
completetheelectricalbus work poweringthemagnetsin series.Following
theseconnectionsthetubebellowsassemblywouldbe slidacrosstothe
adjacentcoldmass and welded. R&D work withautoL_aticweldingand
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Fig.1.Low BetaQuad TripletLatice

cuttingequipmentwas reasonablysuccessful,but thephysicalbulkofthese
deviceswouldbecome incompatiblewithinstallingthesemagnets.

SECOND GENERATION DESIGN

The tripletmagnetswerelocatedas closetotheinteractionregionas
possible,therebyplacingthefinalmagnet intotheend ofthedetectoritself.To
avoidinterferencewiththeToridand Forward Hadron Calorimeterphysical
constraintswereimposedbytheB0 (CDF)detectorthatLow Betamagnets
must fitwithina 508x 508mm (20inx 20in)crosssectionenvelope.This
precludedtheuse ofautomaticcutoff/weldingequipmentunderdevelopment
fortheSSC. In ordertomeet scheduleallweldedconnectionsforthecryogenic
piping,withtheexceptionofthesinglephaseheliumwere changedtoa
flange/metalsealconnectionidentic_ltothoseused intheTevatronat
Fermilab.

THIRD GENERATION DESIGN

An SSC dipole magnet number DD0011 developed instability under
internal pressurization during a quench condition. The failure of this bellows
causedprojectengineerstoseekan alternatetolargediameterbellows
assemblies.2 ThisledtotheuseofASME-EllipticalHeads asclosuresforthe
ColdMass Assembly.Dual singlephaseoutlets76.2mm (3in)OD tubingwith
weldedbellowsand flangesusingmetalsealssimilartothoseusedon
Tevatronwere chosen.Vacuum closurebecame a large457 mm (18in)
diameterretractablebellowswitha Marmon typeflangeand _O" ring
_lastomerseal.

! CRYOGENIC FLUIDS

The cryogenic interconnect consists of seven pipes, two for liquid
nitrogen supply/return, two for single phase helium supply, two for two phase
heliumsupply/returnand one forsingle phaseheliumreturnwithbellowsto
accommodateaxialoooldownand warmup. AllpipesareASTM A-269304L
stainless steel. See Figure 2. The flow path is in series with a turnaround
system built into the last magnet in the triplet string. The tight envelope for
the triplet precluded the use of external return lines, thereby requiring fully
internal return flow path design. The use of a seal type interface allows for
easy leak checking at assembly, facilitates the mounting and dismounting at
Magnet Test Facility (MTF) and negates the effects of grinding and its
associated chips and dust on the supporting cryogenic and vacuum systems.
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Fig. 2. Interconnect Cross Section

BEAM TUBE

To avoidany diminishingofbeam luminosityattheinteractionregions,
and toprovidenecessarycoolingtothecoilthebeam tubewas fabricatedfrom
standardTevatrondipolebeam tubematerial_ A-276304N STN STL ina
73.9mm (2.908in)squaregeometrywithroundedcomers.The beam tubeis
under externalpressureduringnormal operatingconditionsand quench.
Testsand calculationsdeterminedthepointofinelasticbucklingtobe 524 k Pa
(76 psi).Thisbecame thecriticalcomponentin determiningmaximum
allowableinternalpressureforthetripletcoldmasses.The interconnect
consistsofa weldedASTM A-276316L stainlesssteelbellowswitha male
metalsealConflatstyleflangeontheleadend ofthemagnet and a mating
flangeon thereturnend oftheadjacentmagnet. The bellowsisretrackedby
mechanicalmeans priortoinstallationas a protectivemeasure and to
facilitateinstallation.

INSUI_TING VACUUM

The outervacuum shellinterconnectconsistsofa 457 mm (18 in)
diameterhydro-formedASTM A-276316L stainlesssteelbellowswitha male
'O'ringflangeon theleadend ofthemagnet and a 457 mm (18in)diaASTM
A-312stainlesssteelpipesectionwitha femaleflatflangeonthereturnend of
theadjacentmagnet. The bellowsisretrackedby mechanicalmeans priorto
installationas a protectivemeasureand tofacilitateinstallation.



SUPERCONDUCTING BUS LEADS

The triplet interconnect requires the splicing of 3 doubled
superconducting lead pairs at the interface of the 6 power lead box to the Q2
magnet (see fig. 3). The power bus, for the adjacent Q3 and Q4 magnets, is
carried thru insulated channels in the cold iron assembly.

The leads are doubled up during a_Jsembly of the coil. The leads are
further insulated prior to installation of the lead block holders. The insulation
system consists of wrapping each single lead pair with .001 x .375 wide Kapton
tape two thirds overlap. In addition to the above, a layer of .005 x .375 wide
DMD (Dacron Mylar Dacron) one half overlap is added. The double lead pair is
then insulated with a layer of .005 x .375 wide DMD. Shrink Mylar is then
applied to the doubled lead pair. The double lead pairs are mechanically
fastened at two inch intervals using Kevlar thread which is tied off, knotted
and bonded using a cyanoacrylate adhesive.

The leads, upon exiting the magnet end plate are guided and
mechanically held against the magnet end plate using a split G-10 block. The
insulated leads are routed to the G-10 lead.holder which guides and separates
the leads, provides mechanical support and e|ectrical insulation (see fig. 4).

CONCLUSIONS

A number of mechanical and cryogenic subsystems were successfully
designed and made operational. The Triplet sets have been installed and
cooled down at B0. The interconnect design has proven to be reliable and
straight forward to install.

The experience gained in this program is being used to guide designers
working on the current generation of SSC dipole magnet interconnects.

Fig. 3. Splicing of Leads at Q2 Interface



Fig.4. Lead Routeand Lead Holder
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