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During the installationof the leadendclamp of DCA317, a turn-to-mm
shortappearedin theupperinnercoil. Theresistancesof the four coils beforeand
afterthe short appearedareshownin Table 1. Theseresistancesarefrom 4-wire
measurementswith Valhallameter32-839.

Coil R before short iuOhms R after short mOhms
Upperlnner1007 1090 1049
UpperOuter 1808 1809
LowerOuter 1808 1808
Lowerlnner 1090 1091

Table 1. QuarterCoil ResistancesBeforeandAfter Short

Note that thetestcurrentof .1 A wasflowed throughtheentiremagnet,so
that any short betweenthe upperinner and upperoutercoils would have been
detected.

Table2 showsmeasurementstakenwith 1 A test currentflowing through
theupperinnercoil, number1007. Thevoltagedrop betweentap OA the magnet
leadtap andeachof thevoltagetapsfirst columnis given in thesecondcolumn.

Thevoltagedropsbetweentappairs 18A-18Cand18D-17Carenotaslarge
as theywould be if all of thecurrentwereflowing in thesesections. Someof the
currenthasbeendivertedthrougharesistiveshort betweenthesections18B-18A
and17B-17A asshownin Figure 1.

I would like to acknowledge the assistanceof Denis Gaw in these
measurements.
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Voltage
Tap Name

Voltage
OA to tap

Volts

VA.C
and

VD-B

Volts

dA-C
and

dB-D

inches

resistivity

mOhm/
inch

198 1.04520
±_.00001

19A 1.04495 .02804 573.75 4.887 e-2
19C 1.01691
19D 1.01638 .02792 574.50 4.860e-2
188 0.98846
18A 0.98801 .00692 57525 1.203 e-2
18C 0.98109
18D 0.98097 .00692 576.00 1.201 e-2
178 0.97405
17A 0.97381 .02801 576.75 4.857e-2
17C 0.94582
17D 0.94542 .02805 577.50 4.857e-2
168 0.91737
16A 0.91692 .02802 578.25 4.846 e-2
1 6C 0.88890

0.88850 .02809 579.00 4.851 e.2
158 0.86041
iSA 0.85998 .02796 576.75 4.848e-2
1 SC 0.83202
15D 0.83140 .02786 574.50 4.849e-2
148 0.80354
14A 0.80286 .02784 575.25 4.840e-2
14C 0.77502
14D 0.77446 .02791 576.00 4.845e-2
138 0.74655
13A 0.74594

4.850
±.007

e-2

Table 2. VoltageTap Measurementsfrom DCA3I7



Resistanceper Unit Length: To help determinethe location of the
short, let us first considertheresistanceperunit length "resistivity" of thecableas
inferredfrom the voltagetapreadingsin theproperly functioningpartof thecoil
and theknowndistancesbetweenvoltagetaps. To do this, we obtainthevoltage
dropsfor all of thestraightsectionrunsbetweentaps,shownin thethird columnof
the table. Theseare 18A to 18C, l8D to 17B, 17A to 17C, and soon.

Sincethe currentfrom theValhallais 1.000A, theresistanceper unit length
betweenany two tapsis thevoltagedrop dividedby the distancebetweenthetwo
taps. Thedistancesare shownin the fourth column; they arefrom drawing0102-
MC-292211. Theresistivitiesareshownin thefifth columnof thetable.

At thebottomof the lastcolumn,theavengeresistivity for thecoil is given.
This is the meanandr.m.s. for all the non-boldvaluesin the last column. The
valuecalculatedfrom the 19A to 19C run seemsto bean "outlier" it is 5.2 r.m.s’s
away from the mean,andwas not includedin the avenge. The 18A-18C and
18D-17B sectionsdo not have 1.000A, and so are left out of the average. The
r.m.s.oftheresistivity is probablydominatedby uncertaintiesin theacmalvoltage
tappositions.

Thecalculatedresistivity 4.850±.007e-2mOhmfmchis severalr.m.s.away
from the travellervalue 4.888 e-2 mOhm/inchobtainedby dividing the coil
resistanceafterwinding by the length of the conductorused. The QC valuefrom
thetravelleris 4.833e-2mOhmjinch,so that thevalueobtainedhereis bracketedby
thetwo previousvalues.



Fractionof CurrentThrough the Short: Now that the resistivity per
unit lengthhasbeendetermined,wemayinfer what fraction of the currentflows
through the "short" betweenthe 18B-1SA and 17B-17A stretches.This is simply
unity minus theratio of the measuredresistivity in the l8A-18C and 18D-l7B
stretchesto theactualresistivity. Therefore,

Fractionof currentthsough"short" = 1 - 1.202±001e-2/4.850±.007e-2

= 0.752±.001

So75.2%of the currentflows through theshort,and24.8% of the current
flows throughthe "normal" path, aroundto 18A and onward to 18C, 18D, and
17B.



Locationof Short: Next, considerthe diagram in Figure 1. Let L be
thedistancein inchesbetweenthevoltage taps18B and 18A. Thedistance1_short
is thedistancefrom tap 18B to theresistiveshort. Between17B and 17A we have
L - 1.5", if weneglect the small differencein radii of curvaturefor thefirst and
secondturns. To find L, we assumethat it is also thedistancebetweentaps 19C
and 19D at the returnendof themagnetagainignoringan effectof the radiusof
curvature.This latterdistanceis thenobtainedfrom

d19C - 19D = V19C - V19D / 4.850±007e-2 inches

= 10.9 ± 0.3 inches

SoL is 10.9 ± 0.3 inches. Now considerFigure2. We can obtain values
for 1_short from considerationof either the 18B-18A or 17B-17A voltage
difference. From the 18B-18A difference:

.98846 - 98801 = 1.000x Rho x 1_short+ .248 x Rho x L - 1_short
Substitutingvaluesfor Rho andL, we obtain

1_short= 8.7 inches,or about80% of the way around.from18B to 18A.
From the 17B-17Avoltagedifference:

.97405 - .97381 = .248 x Rho x l_short-.75"+ 1.000 x Rho x
L - 1_short - .75"

andwe obtain

1_short= 6.6 inches.

Taking the avengeof thesetwo values,the short can be predictedto lie
7.7±1.5 " from voltage tap 18B in the direction of voltage tap 18A.
This puts the shortin the leadrampspliceside of thecoil in thestraight sectionof
thecoil but still inside theendclamp. About 3" of straightsectionare containedby
theendclamp.
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