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Effects of Substituting all Kapton
covered wedges for the Kapton-Glass
Epoxy Tape covering normally used

on SSC 50mm Short Inner Coils

by Richard E. Sims

Introduction

The presentprocedurefor moldingSSC50mmCoils atFNAL calls for first windingthe
cableandwedgeswith a 50%overlappedlayerof .001"Type-HKaptonfilm. Then this
.002" of Kapton is overwrappedwith asingle layerof .0045"nominal thicknesswoven
glasstapeimpregnatedwith 15 to 20% uncuredepoxy. Uponstrippingthecuredcoil outof

thesteelmold it wasobservedthat theoutsideradiusofthewedgebarseitherstuckto the
mold linersorpartedfrom theliner butretainedametalicstain. This suggeststhatthevery

high local pressuresof theoutsideradiusof thewedgebarswascausingtheglassfiber

overwrapto "dig in" to thesteelmold. The insideof thesteelliner displayedamatching

cloth patternimprintedby theglassfiber abrasionalongtheareasof thewedgebars.

By adjustingtherecipeof themoldreleaseandaddinga "mold conditioning" stepconsisting

of ovenbaldngafirst coatofmoldrelease,the grossstickingof theglasstapeto theliner

wasgreatlyreduced.Howeverthestainingof theglassfiber by thesteelliner wasstill
evident. The localpressurepointscreatedby thefibers in theglasswereexceedingthe film

strengthof themoldreleasecoating.

Thereis alsoevidencein thesizingdataof thesecoils thatsuggeststhat thereareconsiderable
frictional forcesbetweenthecoil and thecuring mold retainerkeepingthecoil from being
smoothlyandevenlycenteredandcompressedinto themold duringthecuringprocess.

As an experimentto try to eliminatetheabrasiveeffectsof thewedgeson themold walls and
reducefriction so thatthecoil beingmoldedwouldbettercenteritself in themold, threeSSC
50mmModel InnerCoils weremoldedwith a 50% overwrappedlayerof .001" thick Kapton
tapesubstitutedfor thestandardsingle layerof glassepoxytapeon all thewedges.
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Measurementsof wedgeson coil crosssections"cookies"showedthat thetwo layersof

glasstapebetweenthecableandwedgeaveraged.0035" or .00175"for each compressed

and curedlayerof glassepoxytape. The two layersof .001" standardKaptontape,for a

total thicknessof .002", at facevalue,shouldhaveproduceda total coil sizeerrorof 6 layers

X .00025"= .0015" over size.

The resultsof theexperimentareshownin Table1. The threeexperimentalcoils, 122,123,

and 124havebeencomparedto earliercoils 113 thru 117 whichwerechosenbecausethey
wereall run from thesamereelof cableandwerecuredusingidenticalparameters.
However,coils 122, 123 and124 did haveaS mil StopBar shim addedaspart of a
correctioncalled for from alargercollaring forcebalancestudy. The 5 mil shim hasbeen

producingabout 2.5 mils of coil growth. To comparetheshimedcoils with theunshimed

coils the"WIO Shim" mow subtractsthe2.5 mils. The sizerangedroppedfrom .0059" to
.0024" or -59.3%. the standarddeviationdroppedfrom .0015"to .0005"or -66%. The
modulusof elasticitydroppedfrom 2.36E+06 to 2.07E+06or -12.3%. The wholecoil
averagesize droppeda suprising2.8 mils aftercorrectingfor theshim.

All ofthesechangespointto a significantreductionin coefficientof friction betweenthecoil
andtheretainer. Becausethewedgeswerenow ableto slidemoreeasilyagainsttheretainer
thesizingbarswerebetterableto packthe individual turnsof theleft andright coils sides
againstthepolekey.

Figure 1 showsthe"Horizontalerror" of thecoils usedfor this study. This horizontalerror
is definedascoil quadrantI/rn minuscoil quadrantIIJIV thequantitydividedby two. This

is a measureof thesymmetryof thetwo sides,ofthecoil. The readerwill noticethenon-
systematicnatureof coils 113 thru 117 and,while still not systematic,coils 122, 123 and
124 arelowerin amplitude. Thewriter submitsthat thenon-systematicnatureof the
horizontalerroris ameasureof thefriction betweenthecoil andmold.

Figure2 showsthe"Vertical error" of thestudycoils. Verticalerroris thesumof the
absolutevaluedimensionsof thetwo coil quadrantsdivided by two. This givesameasureof
how thedimensionsof eachsegmentof both sidesof thecoil vary from thewholecoil

average.Although thesegmentby segmentvariationsof thesecurvesarerelatedto the
dimensionalerrors toleranceofthemoldpartsof thescatterof eachpoint is probably
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relatedto thefriction of thecoil to themold. Thereaderwill noticethat verticalerrorsof the
first threeKapton wedgecoils, 122, 123 and 124 arevery low andvery closeto eachother.
Obviously morecoils needto be moldedto confirm this trend.

The loweraveragemodulusofelasticitycouldalsobe explainedby theapparentlowercoil
friction to themold. First, duringcuringin themoldtheforce ofthesizing barsweremore
evenly transferreddown thecurveof thecoil insteadof losingpart of thisforce ateach
wedgeto friction to theretainerwall. Now thetop third of thecoil is lessdensebecausethe
first wedgewas ableto slidedown. The samefollows for themiddle and bottomthirdsof
thecoil. Second,whentheall Kaptonwedgecoil is measuredthesamelowerwedge-to-
measuringfixture friction allowsthecoil to compressmoreevenly andyield alowerM.O.E.
reading.

FutureWorks

1. More innerandouter50mmShortCoils will be moldedwith all Kaptonwedgesto build
thedatabase.

2. Severalpracticecoils will be moldedwith differentstopbarshimsto obtaindataon shim
correctionswith theall Kaptonwedges
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Comparison of Short 50mm Inner Coil

With Glass-epoxytape or Kapton as Outer

Wrap of Wedges

INNER
COIL #

QUAD
I/Il AVG.
W.LT.M.
INCHES

QUAD
lI/ly
AVG.
W.LT.M.
INCHES

WHOLI
COIL
AVG.
W.R.T.M.
INCHES

SIX!
RANG!

INCHES

WHOLI
COIL
STD.DIV
.

INCHES

MODULUS
OP
ELASTICITY
COIL AVG.
X 1+06

CAlL!
UIL S/N

113 0.0055 0.0059 0.0057 0.0047 0.00 13 2.34 3500021

114 0.007 0.006* 0.0069 0.0046 0.0012 2.3 3500021

115 0.007 0.0054 0.0062 0.0071 0.0017 2.42 3500021

116 0.0069 0.006* 0.0069 0.0072 0.0019 2.35 3500021

117 0.0057 0.0064 0.0061 0.005* 0.0014 2.3* 3500021

AVG.
OP 5

0.0064 0.0063 0.0064 0.0059 0.0015 2.36

122 0.005* 0.0054 0.0056 0.0025 0.0007 2.05 nacr:r
123 0.005* 0.0047 0.0053 0.0027 0.0004 2.09 3500026

124 0.0054 0.0047 0.005 0.0021 0.0005 2.06 3500026

AVG.
OP2

0.0057 0.0049 0.0053 0.0024 0.0005 2.07

W/O
SHIM

-.0025
.0032

-.0025
.0024

-.0025
.002*

%CNG. -50% -62% -56% -59.3% -66.6% -12.3%

WST.M. = With tnpnt T. 1k. Mntsr

T7BL 1



SHORT INNER COIL 113-117 & 122-124
HORIZONTAL ERROR IN VS POSITION NUMBER
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SHORT INNER COIL
VERTICAL ERROR IN

113-117 & 122-124
VS POSITION NUMBER
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