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S. Delchamps

This andTS-SSC91-207both dealwith theturn-to-turnshortin coil 15M-
50-1007,theupperinnercoil of magnetDCA317,which occurredduring thefirst
installationof theDCA317 leadendclamp. Theoriginal discrepancyreportis DR
267 attachedto this reportasAppendix 1.

1. Initial Report TS-SSC 91-207: TS-SSC 91-207 documented
thevoltagetapdatatakenat the time themm-to-turnshortoccurred.A calculationof
the locationof theturn-to-turnshortbasedon thosedatawasgiven. Thecalculated
shortlocationwasat the leadend,just insidetheendclamp,betweenthesegments
18B-18A and 17B-17A, Thecalculatedpositionof the shortwasabout8 inches
from tap 18 B in thedirectionof 18 A. SeeFigure 1.

Oneof thefigures in TS-SSC91-207had an error the turn 18 andturn 17
voltagetaps were transposed.Thecorrectedversionof this figure is now filed
with 91-207. A more important short-comingwas that the voltagetaprelative
positionshad to be estimatedfrom thawing0102-MC-292211. Furthermore,a
fairly cumbersomecalculationaltechniquewasusedto find theshort location.

2. Preliminary Investigations: The investigationsdescribedin this
sectionwere made betweenOctober28 and November11, 1991. A detailed
chronologyis attachedto this reportasAppendix2.

Theshortdissappearedafterthe leadendclamp was removed.Themagnet
wasdisassembled,and thecoil 15M-50-1007wassetup on an inspectiontable. A
Valhalla4-wire resistancemeasurementgave 1091 mOhms within 1 mOhm of
nominalfor thecoil resistance.A pair of teflon squeezingfixtures wasusedto
squeezethecoil in theregionof theleadendkey. Theshortdid not return.

Theoutsideof thecoil neartheleadendwas examinedvisually. No metal
chips or poppedstrandswere seen.However, therewere threespotsnear the
tightestpartof the turns on the outsideof the key that appearedto havebareor
nearlybarecopperconductor.To makeit possibleto examinetheinnerside of the
coil, theRTV holding downthevoltage tapwireson turns 17 and18 nearthe lead
endkey wasremoved. Theleadend key was removed,and thehydraulic sizing
fixture wasusedto squeezethecoil azimuthally. Theturn with 19A wasseparated
from the turn with 18A seeFigure 2 alongaboutsix inchesof lengthto makeit
possibleto squeezeon both sidesof the key. The shortdid not return in any of
thesetests.
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A small dark spotwas seenunderneaththe b-stageclose to thepredicted
position of the short. During this time, the location of the short had been
recalculated,usingmeasuredpositionsof the 18A,B and 17A,B voltagetaps. The
calculatedvalueswereconsistentwith the initial calculations,andwereconsistent
with the locationof thedark spot. Pressingin thevicinity of thedark spotdid not
bring backtheshort.

3. Mock End Clamp Installation: On November13, a set of coil
sectionsandan endclamp were setup togetherwith 15M-50-1007 to imitate end
clampinstallation. When this was done,theturn-to-turnshortcameback. Data
weretakenwith 1 Amp constantcurrentfrom Valhallameter32-839. Thesedata
arereferredto asDataSetII, andaregiven in Table 1. A fmal setof data,DataSet
ifi in Table1, weretakenwith 1 Volt constantvoltageappliedto thecoil. Theend
clamp fixturewas thenremoved,andtheshortdisappeared.

4. Final Inspectionand Repair: On November 19, 1991, a final
inspection and repairplan was specified. This plan was carriedout with the
exceptionof severalsteps. Theplan is attachedto this reportasAppendix3.

The 18A turn waspartedfrom the 17A turn alongaboutsix inchesof its
length. No metalflakes, bareconductor,strandmisplacement,or any othershort-
producingfeatureswerefound. A small pieceof materialwasremoved,but this
turnedout to benon-metallic.

Two layersof 1 mil kaptonwereplacedbetweenthe 19A turn andthe l8A
turn. Threelayersof 1 mil kaptonwereplacedbetweenthe 18A and l7A turns.

Themockendclampfixturewasinstalled,andtheshortdid not return. The
fixturewasthenremoved,and therepairwasmadepemianentby applying a thin
layerof Sicometadhesiveto the insideandoutsideradiussurfacesof thecoil over
thekapton. ThecementandRTV coveringof thevoltagetapson theinnersideof
coil werereplaced.Figure2 showstheserepairs.

A final electricalcheckoutof thecoil wasperformed. Theresistanceand
voltagetapreadingsarein Table2, andtheresistanceandinductancevaluesare
given on thesamepage.



S. Graphical Determination of Short Location: During the final
inspectionand repair, accuratemeasurementsof a subsetof the voltage tap
positionsalongthecoil weremade.Thesemeasurementsaretabulatedin thefirst
columnof Table 1. Figure 3 showsa plot of theDataSet ifi voltagetapreadings
versuspositioncoordinatealongthecoil relativeto tap l9A. Thevoltagetapsare
labeledon thedrawing. TheC andD tapsandA andB tapsfor eachturn lie within
about10 inchesof eachotherandsoaredifficult to distinguish on thegraph.

Thefull currentflows in the segment19A-19C-19D-18B. The changein
slopeneartap 18B indicatesthat less than the full current is flowing through
segment18A-18C-18D-17B. Closeexaminationof theTable 1 datamakeit clear
that the short occursafter tap 18B andbefore tap 18A. The slope becomes
normalagainaftertap 17B, indicatingthatthecurrentflowing in the segment17B-
17C-17D-16Bis thefull current.

Linearfits to thedatain thesethreesegmentsweremadefor DataSetsI, II,
andifi. Theintersectionsof the"left-center" and "right-center"pairs of lines give
two coordinatesalong thecablewherethe turn-to-turnshortoccurs. Of course,
thesetwo coordinatesreally correspondto the sameposition in space,wherethe
short is located. Table3 gives thepositionsfor DataSets I, II, andifi, as well as
the averageover the threesets of data. The final row in Table 3 shows the
calculateddistanceof the shortin inchesfrom taps 17A and 18A. The difference
betweenthesetwo distancesis 1.4 inches,andthe actualdistancebetween17A and
1 8A on thecoil is about 1 inbh.

A completeerror analysis,complicatedsomewhatby thepresenceof non
negligableuncertaintiesin the positions as well as the voltages,has not been
performedfor thesedata.



6. Conclusion: Coil 15M-50-1007was repairedafter suffering a turn-
to-turn short, andmaybe usedin DCA317. However,no clearcauseof theturn-
to-turn shortwas everfound. MagnetDCA318hasa similar turn-to-turnshort [2]
in thesameregionupperinnercoil at theleadend,just insidetheendclamp. This
mayindicatea problemwith leadendclampinstallation.
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Voltage Tap
Namesand
Positions
Relative to 19A

inches

Voltage from
tap OA

Data Set I
Volts

[constant lAmp
applied to coil]

Voltage from
tap OA

Data Set II
Volts

[constant lAmp
applied to coil]

Voltage from
tap OA

Data Set III
Volts

[constant iVolt
applied to coil]

19B 1.04520 1.05399 0.997??
19A 0 1.04495 1.03718 0.98147
19C 573.079 1.01691 1.00919 0.95485
19D 583.886 1.01638 1.00866 0.95426
18B 1161.287 0.98846 0.98101 0.92821
iSA 1173.256 0.98801 0.98050 0.92775
18C 1749.631 0.98109 0.97608 0.92398
18D 1759.080 0.98097 0.97601 0.92391
17B 2335.867 0.97405 0.97173 0.92063
hA 2346.261 0.97381 0.97153 0.92054
17C 2922.497 0.94582 0.94356 0.89363
liD 2930.784 0.94542 0.94315 0.89336
16B 3507.981 0.91737 0.91527 0.86712
16A 0.91692 0.91482 0.86668
16C 0.88890 0.88681 0.84009
16D 0.88850 0.88640 0.83963
15B 0.86041 0.85846 0.81331
iSA 0.85998 0.85803 0.81292
15C 0.83202 0.83008 0.78627
1SD 0.83140 0.82946 0.78575
14B 0.80354 0.80172 035949
14A 0.80286 0.80105 035892
14C 0.77502 0.77321 0.73241
14D 0.77446 0.77266 033184
13B 0.74655 0.74486 0.70566
13A 0.74594 0.74425 0.70566??

Table 1. VoltageTapReadingswith Turn-to-TurnShortPresent
in coil 15M-50-1007



Voltage Tap
Name

Voltage from
tap 19B

Volts

[constant iVolt
applied__to__coil]

19A .000423
l9C .025990
l9D .026468
18B 0.52072
18A .052597
18C .078195
l8D .078614
17B .104301
l7A .104762
17C .130405
ID .130775
i6B .156514
16A .156920
16C .182573
16D .182971
15B 208768
ISA .209144
15C 234780
15D .235363
14B .260950
14A .261601
14C .286625
14D .287064
13B .31316
13A .31373

Table2. VoltageTapReadingsafterRepair
in coil 15M-50-1007

Final coil readings: R = 1090.3 mOhms
Ls=3.029mH
Q = 2.10



left - center intersection
inches

right - center intersection
inches

Data Set I 1168.2 2343.i
Data Set II 1168.1 2342.9
Data Set UI 1169.4 2343.0

Average ± RMS 1168.6± 0.7 2343.0 ± 0.1

Distance from iSA
and_17A_taps

4.7inches 3.3 inches

Table3. PredictedShortLocationsfrom DataSets1,11, andifi
Referto Section5 of the text andFigure3.
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15M-50-1007 Coil Voltage Tap Data

1.00-
Data Set III; November15, 1991.
Constant 1V acrosscoil.

0.98 Voltagesare referencedto OA tap reading.
Positions are referencedto 19A tap position.
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Appendix 2. History of DCA317 Turn to Turn Short
Mondays are shown in bold print.

Oct 24: Shortappearsduringleadendclampinstallation
Oct 25: Completevoltagetap readingstakenDATA SETI

with 1A from Valhalla meter.TS-SSC91-207 published.

Oct28 - Nov 1: End clampremoved;shortdisappears.
DCA317 coil 1007 getssetup on aluminumtable. Little
formalwork doneon finding theshort.

Nov 4: Squeezeendof coil with various fixtures;visual inspection.
Nov 5: More visualinspection. Shorthasstill not reappeared.
Nov7: Small "darkspot"on insidesurfaceof coil discovered.
Nov 8: Carefulmeasurementof 18A, 18B, 17A, 17B voltagetappositions

relativeto eachotherandblackspot

Nov 11: still trying to makeshort reoccurwith fixtures
Nov 13: Mock endclampfixture installed;shortreappears;datatakenwith
1A constantcurrentfrom ValhallameterDATA SETII
Nov 14: Variousunsuccessfulattemptsat voltagetapmeasurementswith

highercurrents
Nov 15: 1V constantvoltagedataset takenDATA SET ifi;

endclampfixture removed
shortdisappeared

Nov 18: physicistunavailable;endclampfixture beingremoved,coil
beingpreparedfor inspection

Nov 19: Furthercoil testplanspecifiedAppendix 3 of thisreport
Accuratepositionmeasurementsof voltagetapsmade

Nov 20: Turnsparted;foreignmatterfound; insulatorinstalledbetween
partedturns; foreignmatterwasnon-metallic,probablyjust

ab-stageflake
Nov 21: Mock endclampfixture installedagain;short doesnot comeback;

Mock endclampfixture removed
Nov 22: Continuationof making repairpermanent

Nov 26: continuerepairs; Thursday- Sundayholiday.

Dec 2: Repairsnow complete,including an electrical check.
Impulsetesting is plannedbeforeinstallationin DCA317.



Appendix 3. Coil 1007 Test Plan for November 19, 1991

Remarks are shown in bold print.

1 Examine outsideof coil with microscopein shorted region. Record any
strange looking locations below. Dan Smith led this inspection. Actually,
the inside of the coil was inspected first since that was the way the
coil was turned. While there were several small dark spots, they
turned out to be merely discolorations of the b-stage.

2 Turn coil over.

3 a- Examine inside ofcoil w/ microscope. Record strange locations
below.

b-Measurepositionsof voltagetaps 19B, 19C, 19D, 18B, 18A, 18C,
18D, 17B, 17A, 17C, 17D, 16B. This was done on

November 19.

4 Recalculate short location. When this was done, the calculated
short location was still about 8 inches from 18B in the direction of
18A.

5 Squeezeradially in any suspectedregions. This was not done
becauseit would have meant squeezing the voltage tap solder points.

6 Squeezeaxially in turn-aroundsection. This was not done.

7 Part turns in suspectedregion, with white tape to catch any debris.
When the sections between 18A and 17A were parted, several small
dark pieces of material were found, but none of these were obvious
causesof the short. The one small chip-like piece that was saved by
Wally Zimmerman didn’t even look like metal on close examination.

8 Insert two 1 mil kapton sheets. This was revised to the
following: Two layers of 1 mil were placed between the preform
turn and the turn with 18A. Three layers of 1 mil were placed
between the 18A turn and the 17A turn. The kapton pieces were
about 6 inches long.

9 Re-install end clamp to seewhether short comesback. This wasdone
on November 21. The short did not come back. The technicians
were instructed to remove the mock end clamp assembly.


