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DCO3OSTurn-to-TurnShort: Examinationof
LowerInnerCoil 17M - 1007-R

TS-SSC 91-033
S. Delehamps

February14, 1991

Introduction: Coil 17M-1007-R,which experienceda turn-to-turnshortduring the
first keyingattempton collaredcoil DC0305"Z3,wasinspectedon February6 - 7, 1991.
Theinitial plan wasto follow theinspectionprocedurespecifiedby TS-SSC91-022. At
severalstagesin the inspection,reasonabledeviationsfrom the specifiedprocedurewere
made. TheprocedureTS-SSC91-022will neverthelessbe referredto in this memo step
by step,andso is includedasan appendixto thismemo.

Initial Steps: Steps1 - 4 of 91-022were completedbeforeFebruary6.

Beforeany coils wereremovedfrom thepackage,thefour quartercoil resistanceswere
measured.All four resistanceswere 3 - 4 mQ higherthan the January23, 1991 values
from theiraveller,consistentwith a slight changein temperature4.

Thelower outercoil groundwraplayersexceptfor the "caps" wereremoved;then the
lower outercoil was removedfrom the packageand laid asideon blocks Step S of
91-022. Thegroundwrapof thelower innercoil had acreaseapproximatelysix inches
long at thereturn endmidplane,probablydue to theouterandinnercoil groundwraps
havingbecomesnaggedduring thepackageassembly.

Coil 17M-1007-R, in which the turn-to-turnshorthad beendetected,was then laid
asideon a holding mandrelStep6 of 91-022.

MidplaneHipot: Insteadof proceedingdirectly to steps7 and 8 of 91-022, it was
decidedto hipot themiplanesurfacesof 17M-1007-R,to seewhethertherewereany places
in thecapwherethekaptonhadbeenseverelyweakenedby thekeyingpressure.This test
was motivatedby observationsmadeduring theautopsyof DC0303,which appearedto
have suffereda midplane short during impulse testing "ringing" after keying and
yoking5.

Whenthehipot testwasdone,onespotwasfoundin section427 atthe leadendof the
coil wherearc-ingoccurred. Oncethearc-inghad takenplace,a small holecouldbe seen
in thekaptonmidplanecap. A small burnedspotcould alsobe seenon the coil insulation
underneaththehole. This are-ingwasin theregionattheveiyendof thecollaredportionof
the magnet,wherethe midplanecapis seento be scoredheavily due to thehigher load
appliedatthemagnetendsby thekeyingpress.

Closerexaminationrevealeda fiber-glass-likefilamentembeddedin thecoil insulation;
this filamentlater camelooseandwas saved. Thereis no indication that thefilamenthad
anythingto do with thearc. SeeFigure 1.

Tests with Sizing Fixture: On February 7, 1991, Step 7 of 91-022 was
carriedouton coil 17M-1007-R.Theinitial valuesof thefull coil resistanceRi andOA -

9A resistanceR2 were 1375 mQ and 774.5 mQ, within severalmQ of their nominal
values.



Step8 of 91-022wasthen begun. Theplan wasto presseach3" sectionof the coil
with thecoil sizingfixture at 5000pumppsi, meanwhilemonitoring thefull coil andOA -

9A resistances.Whensections1 and 4 werepressed,largechangesin Ri and R2 were
seenasshownin Table 1. No other sectionsup to section10 showedany resistanceloss
whenpressed.

Detailedmeasurementswerethenmadeon thecableturns in section4, while pressing
thecoil in this region with thesizingfixture at 0 and5000pumppsi asper addendumto
91-022. The measurementsfor section4 are shownin Table 2, and a similar set of
measurementsfor section1 are shown in Table 3. The turns arenumberedason the
voltagetapdrawing,‘with turn 1 beingthemidplaneturnandturn 16 thepoleturn.

a. Section4 Short: When section4 waspressed,a decreasein resistanceof 45.2
mQ betweenturns 1 and 2 wasseenimmediately.Overa periodof 20 minutesor so, the
resistancedegradedfurther, so that the eventualresistancedecreasedue to the short
betweenturns 1 and 2 was 57.5 m2. This decreasealonecannotaccountfor the
turn-to-turnshortresistancelossobservedin thecoil during keying87 niQ.

b. Section1 Short: When section iwas pressed,a decreasein resistanceof 32.7
ml betweenturns 1 and2 wasobserved.Thesumof thesection1 andsection4 resistance
decreasesis 90.2ml, which is consistentwith thetotal decreasein resistanceseenduring
keying. As with section4 , the section1 changein resistanceincreasedover time, from
27.3ml to 32.7 ml over 20 minutesor so.

Further Visual Evidence: Visual examinationof sections 1, 4, and 5 showed
problemsof variouskinds:

1 Theinside edgeof the midplaneturn of section1 was scoredand darkened,and
therewereseveralbareconductorspotsseeFigure2a.

2Theinsideedgeof themidplaneturn of section4 wassimilarly darkenedin fact, the
whole regionneartheleadof thecoil, that is regions 1 throughabout10 wasdarkenedand
scored,andtherewasa darkdimplewhich appearedto pressinto the turn just below the
midplaneturn seeFigure 2b.

3 In region 5, which howevershowedno evidenceof shortingwhenpressedwith the
sizing fixture, thererwas scoringandblackeningand a largepatchof what appearedto be
crushedsuperconductingfilamentson the insideedgeofthemidplaneturn seeFigure2c.

Another importantobservationwas that the cable of the quadrant4 midplaneturn
appearedto be wider thannormalout to section10 or so.

All of thesefeatureswould appearto be relatedto therewindingprocessand/orthe
re-curingprocessof thecoil.

Further Sizing Fixture Tests: Following the above detailed investigationsof
sections1 and4, theentirecoil wastestedwith thesizingfixture. TheresistancesRi and
R2 wererecordedwheneachsectionwaspressed.



Table 1. Full Coil Ri and0 A -9A R2 Resistancesfor
17M - 1007-R DuringPressingwith SizingFixture

SectionNumber Ri ml R2 ml
pressedwith
sizing fixture

none 1375 775

1 1338 737

2 1375 775

3 1375 775

4 1321 721

5 1375 775

6 1375 775

7 1375 775

8 1375 775

9 1375 775

10 1375 775



Table2. Turn-to-TurnResistanceMeasurementsfor Section4
of l7M - 1007-R. Resistancesaremeasuredbetween

the 0 A voltagetapandtheturn in question.

Turn Number R ml at 0 pumppsi R ml at 5000pumppsi Time

1 1.3 1.1 1028

2 87.8 42.6 45.2 ml decrease

3 174.1 126.7

4 260.4 210.3

5 346.5 296.0

6 432.4 381.6

7 518.4 467.4

8 604.3 553.2

9 690.2

10 776.1 720.255.9ml decrease 1044

11 861.9 805.5

12 947.7 891.3

13 1033.3 976.3

14 1119.0 1062.1

15 1204.3 1147.5

16 1289.7 12319

2 30.3 57.5ml decrease1053



Table 3. Turn-to-TurnResistanceMeasurementsfor Section1
of i7M - 1007 - R. ResistancesaremeasuredbetweentheOA

voltagetap andtheturn in question.

Turn Number R ml at 0 pumppsi R ml at 5000pumppsi Time

1 0.9 0.8 1116

2 87.2 59.9 27.3ml decrease

3 173.6 146.5

4 260. 232.

5 346.1 317.8

6 432.1 403.6

7 518.1 489.6

8 604.1 575.5

9 690.1 661.3

10 .‘ 775.9 746.9

11 861.8 832.3

12 947.7 917.3

13 1033.4 1002.6

14 1119.9 1087.7

15 1204.6 1172.6

16 1290.1 1257.4



Notes

15. Delchamps,"Recommendationsfor DC0305 following Turn-to-TurnShort in
Keying Process," TS-SSC91-020,January29, 1991.

25 Delchamps,"Turn-to-turn Short in CollaredCoil DC305During Initial Keying
Attempt," TS-SSC91-021,January29, 1991.

Deichamps,"Procedurefor LocatingTurn-to-TurnShort in Lower Inner Coil of
DC0305," TS-SSC91-022,January30, 1991.

4Thechangein theresistivityof copperwith temperatureat room temperatureis 6.7 x
io- i.xl-cnVK. Theresistivityof copperat 0 C is 1.545isl-cm. Therefore,thefractional
changein the resistanceof a lengthofcoppercable at 23 C 296K will be:

[6.7x 103.tl-cnVK] I [1.545j.tl-cm.i-6.7x iftSI.Ll_cnVK*23K1=

.394% / K, sothat a changeof 4 ml over 1833 ml the amount the lowerouter
coil hadchangedis consistentwith a temperaturechangeof .554 K.

5W. Koska, "Failureof DC0303During ImpulseTest", TS-SSC91-011,January21,
1991.
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