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Introduction: A coil to groundshortwasdiscoveredon March 5, 1991,during a 5 kV
hi-potof collaredcoil DSA323while themagnetwasin theyoking-skinningpress,with iron
andshell halvesin place,beforecompression.All previouscoil to groundhi-potshadbeen
satisfactory,includingthosefollowing endclampinstallation.

At first the resistancebetweencoil and groundwas250 k2. During testswith the
collaredcoil still in theyoking-skinningpress,theresistancevaried.Theinitial readingon the
morningof March 6, 1991 was60 ± 5 kfl. When theleadendplatewasremoved,with the
coil still in theyoking-skinningpress,thecoil to groundresistancewent to 29 k2.

Measurementsdonewith thecollatedcoil assemblyoutof theyoking-skinningpress[1]
showedthat the short resistance-25 kQ was betweenthecoil and thecollar packsor
collaringshoes,not thecoil andeitherof theendclamps. No coil to collar shorthadever
occurredpreviouslyin theFermilabseriesof SSCmodeland 17 m dipole magnets.It was
determinedthattheshortwasin thesecondturn from thepole in the loweroutercoil, within
thefirst or secondnon-leadendcollarpackin quadrantifi. Seeiguw 1.

Disassemby: On the morningof March 7, 1991, the endclamp caps at theleadand
non-leadendsof thecollaredcoil wereremoved.Theinitial coil to collar resistancewas 13.5
k2.

Theleadendcan was removed,using thefixture designedfor 50 mm aperturemagnet
end clamp removalby HowardFulton. During the removalof theleadendcan, thecod to
collarresistanceremainedcloseto 13 k2.

Next, thereturnendcanwasremoved. Thecoil to collarresistancedroppedto 11.7 lcC
asthecanwas beingpressedoff, and thenjumpedto 200 ± 5 ku whenthe end canwas
dislodged.

Thenon-leadendquadrantifi collet insulatorwasremoved,andavisualinspectionof the
regionnearthe calculatedshort locationwasmade. SeeFigure2. We suspectedthat the
problemmight be causedby thecornerof thebrasscollaring shoe,which projectsabout
1/16" beyondtheendof thecollars. However,therewasno obvious damageto thekapton
insulatornearthecornerofthecollaringshoe.

Clear impressionsof the coils were visible in the outerkaptoninsulatorlayers. Axial
stressmarks in thekapton nearthecollaring shoeindicatedhigh stressnearthe endof the
collarpacks.

By applyingpressureat thecornerof thecollaringshoewith a sharpobject, thecoil to
collar resistancecouldbe madeto change.However,this effectwasdifficult to reproduce,
andwaseasilyconfusedwith complicatedeffectsof the observer’sbody making alternate
currentpathsduring themeasurementwhenpartsof themetaltableweretouched.



The othercolletinsulatorswereremovedfrom thenon-leadend. Thelayersof kapton
insulatorwereremovedfrom the non-leadend of the coil. When theinnermost layerof
kaptoninsulatorwasremovedfrom thenon-leadend,thecoil to collar resistancewent from
195 k12 to 135 kf.

As reportedin reference[1], theshortwasexpectedto be locatedwithin thefirst collar
packfrom the non-leadend. For this reason,this packwasnextremovedby prying out the
bronzekeys with a mallet and screwdriver. During this operation,the coil to collar
resistancewent up to 352 kQ, andthento> 20 Mfl off-scaleon the Fluke DVM being
used.

"Wand" hi-pots [21 at3 kV and 5 kY weredonealongthepoleturn andsecondturn of
quadrant3 in theregionof theremovedcollarpack. No currentthawwasobserved,other
thana .25 jiA DC systematiceffect.

Sectionsof the brasscollaring shoeandkaptoninsulating layersclosestto thereturn
endof thecoil werecut off to allow closerexamination.A small burrcouldbe felt on the
cornerof thecollaringshoenearestthe calculatedpositionof the short. Somecreasingof the
kaptoninsulatorlayersnearthis burr couldbe seen. However,..therewereno obviousholes,
cracks,or black marks.

The remaining collar packs were removedfrom the coil assembly in the 84"
collaring/yokingpress,and"wand" hi-pots at 5 kY wereperformedon thequadrant4 and
quadrant3 regionsoftheoutercoil pole turn andsecondturn. No breakdownwasobserved.

Discussion:No obviouscauseof the short wasdiscovered,and no effectsof arcing
suchasblackdepositson thekaptoninsulatinglayerswereseen. However,theburron the
collaring shoeis highly suspect,partly becauseof its closeproximity to the calculated
locationof theshort

It is not clear that the collaring shoesfulfill their intendedfunctionof distributingthe
collaring loadsmoothlyto theoutersurfaceof theoutercoil. Thecollaring shoeis distorted
duringkeying,especiallyattheendswheretheshoeprojectsbeyondtheendof thecollared
section,andatthemidplanewherethecollar laminationsdon’t pressdirectlyon theshoe.

Collaring shoesremovedfrom DSA322 show azimuthalcreaseswhich matchthecollar
laminations.

It might be interestingto build a 50 mm aperturemodel magnetwithout thecollaring
shoe,or with thecollaringshoebut allowing theshoeto projectall theway to theendof the
coil assembly,so that therewould be no endeffect closeto theendof thecollaredsection.

Disposition: Sinceno clearcauseof theshort wasdeterminedby theseinvestigations,
it wasdecidedto takea conservativeapproach;DSA323 will berebuilt from its component
coils, with all newinsulationandcollaringshoes.



Notes

1. TS-SSC91-044, ‘tocationof Coil-to-GroundShort,"Jim Strait,March 6, 1991.

2. A wandhi-pot is donein thefollowing manner. Thehighvoltageleadof thehi-pot
supplyis connectedto one of thecoil leads.Thelow voltageleadis connectedto a metalrod
- 1" long and- 1/4" in diameter,which is attachedto a010 "wand." Therodmaythen be
draggedup anddownthesurfaceto be hi-potted. SeeFigure3. This techniquehasproved
usefulfor finding areasin kaptoninsulatorsusceptibleto breakdown.
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