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Azimuthal 40 mm Long Coil Size Variations

This note summarizes a quick analysis of the data from the azimuthal coil
size measurements of 4 long 40 mm inner coils coil numbers 101 0,1 01 2,
1008,and 1O1IR, used in magnets DC0303 and DC0304 respectively and 2 long
40 mm outer coils coil numbers 2011 and 2012, used in magnet DC0303. So
that this analysis might be useful for those working on the relation between coil
size and tooling variations, this data is displayed as a function of longitudinal
position along the coil in the forms devised by Dick Sims to accentuate vertical or
horizontal displacements of the tooling. That is, the sum or difference divided by
two of the size for the two sides of a coil normalized to the average sum or
difference for the overall coil is shown. In equation form:

S i=al i-Aveai+a2i-Aveai/2

and

D i=a1 i-Aveaifl-a2i-AveaO/2=ai i-a2

where ai and a2 are azimuthal measurements of the coil directly across from each other
i.e. the left and right side of the coil for the ith coil. Variations in the quantity S show
fluctuations which are correlated in both sides of the coil, and therefore represent
vertical variations of the tooling, while variations in the quantity D show fluctuations
which are anticorrelated between the two sides and indicate horizontal fluctuations in the
tooling. In figures 1 and 2 averages of S and D over the i coils are shown for both the
inner and outer coils, with error bars which represent the standard deviation of the Si and
Di. Due to various systematic errors in the measurement of these coils, the alignment
between measurements from side to side in a coil is probably not better than 1.5 inches
and that between coils is probably not better than 3 inches. Even with these possible
misalignments, it is obvious that the coils share some common features. The most
noticeable is the dip in S of about 3.5 mils in the inner coils which is seen in figure 1 a at
position 107, corresponding to the center of the coils. There are also dips at positions 53
and 160, which correspond to 1/4 and 3/4 the length of the coils. These latter two dips
also show up strongly in S in the outer coils figure 2a however a dip at the center of
the outer coils is barely discernable. There are also several other features which can be
picked out. These include a bump in S in the inner coils of about 2.5 mils at position 125
and a bump in D in the inner coils at position 145. There is also a wide bump in D
centered near position 103 which may be correlated with the bump in S centered near
position 107. Systematic variations in S of about 0.5 mils which seem to come in 4 to 5
foot segments can also be seen. As a final comment, it should be pointed out that the dip in
S of about 3.5 mils near the center of the coils, when coupled with the bump in S of 2.5
mils near position 125 means the variation in prestress in a magnet would be about 6
kpsi, assuming the rule of thumb that 1 mil variation in coil size represents 1 kpsi in
prestress.
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ExperimentUtilizing AC Magnetic
FieldPick-upCoil to Probe

ShortFaultedDCOSO2

‘rS-SSC90-100
December5, 1990
RichardE. Sims

After yoking coil DC0302,a shortappearedbetweentheupperandlower coil
sections. Basedon thehypothesisthat anyshortsin the total coil assemblycould
distort thevertically orientedB Field so thatit would havesomehorizontalB Field
components,anexperimentalprobecoil was designedto searchfor theshort
locations.

The first attemptwas madewith a 50 turn coil woundon a 1 3/16" diameter
woodenbobbin. The coil was approximately7/8 inch in diameterand
approximately112 inch wide. The endsof thecoil wereattachedto a standard
BNC femaleconnectorwhich was screwedinto thecenterholeof thewooden
bobbin. A 50 ohm cablewhichwasmarkedeveryfoot wasusedto pull thebobbin
from the "returnend" ofthecoil towardthe leadend. A signal generatorsetto 1
kHz wasconnectedto DSC3O2with thecoil connectedin thenormalmannerto
produceavertical field. Approximately13 volts rms thru 50 ohmswas appliedto
the leads.

The outputoftheprobecoil wasconnectedto aTektronix 7603 oscilloscope
with a 7A22 verticalamplifier section. As theprobecoil waspulled throughthe
DC0302coil, severalpeaksandvalleyswerenotedon theoscilloscope;however, it
wasalsonotedthat rotatingtheprobeby twisting thecablealsoproducedlarge
variationsin pick-upvoltage. This was thoughtto be causedby the loop formedby
thestartandfinish leadsoftheprobecoil astheywereroutedto theBNC
connector.

A new probewasbuilt whichwasonly 3/16 inch wide andthestartandfinish
leadswereroutedwith very shortleadsto theBNC connector.

This 50 turn coil wasagainpulled throughDC0302while attachedto thesame
oscilloscopeset-up. Although theeffect was reduced,theprobewas still very
sensitiveto rotationinsidethecoil. The scanof thecoil wasperformeddespitethe
rotationalsensitivitybut everyeffort was madeto pull theprobethroughwithout
twistingor rotating theprobecable. Theresultsareshownin Figure 1. Notethe
"W" shapeddip between27 feet and39 feetasmeasuredfrom themouthof the
lead-endbeamtube.

The 303 coil wasprobedusingthe sameprobecoil and equipment;however,since
303 wasnotyokedat thetime of this test,therewasamuchlargeroutputwith
large50 to 200 microvolt swingsin amplitudeseeFigure2. The periodicity of
this waveformis 6 to 8 feetandis unexplainedat this time.
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Conclusions:

It was later found thatcoil 302washeavily shortedat a single small spotbetween
upperandlower inner coils upperandlower outercoils at a locationvery
close to the lead endapproximately18" from turn-around. The difference
betweenthe302 scanandthe303 scanshows302 decreasingrapidly in the first
foot of measurementand303increasingrapidly in thesamearea. Becausethere
were only two samplecoils and303 wasnot yokedat the time, no conclusionsare
drawn. A future scanof 303 is plannedafterit is yokedto bettercompareaknown
shortedcoil to aknowngood coil 303, while botharein theyokedstage.

The "W" patternin 302 maybe from the slightly magneticstainlesssteelshim
materialthatwasusedin thestraingaugepackat 36 feet. The sameis probably
true of the smallerdip at 18 feet.

In thefuture, it maybe possibleto improve theprobecoil by placingthecoil bobbin
insideahigh permeabilitymetaltubeabout3" long so that only horizontal
magneticlines arepickedup by the coil. Groundingthis tubewould alsoreduce
electrostaticpick-up.
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