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To: 3. Carson, W. Koska

From: Jim Strait

Subject: Location of DC0303 upper-lower coil short by resistancemeasurements

To determinethe location of the internal short a series of resistance
measurementswere made using the Valhalla temperaturecompensatedohmmeter.
Current was passedthrough the whole coil and the voltages across the whole coil
and eachof the quarter coils was recorded. To minimize the power dissipated in
the short the meter was set to 0.1 Amp output. The apparent of that required to
make a complete measurementset, so data were recordedonly to the nearestmO
0.1 my. To check the internal consistencyof the measurementthe whole coil
voltages was recordedimmediately before and after the quarter coils and compared
with the sum of the quarter coil voltages. The data are displayed in Table I.

Table I
Coil Voltages at 0.1 A

Coil Voltage

Whole Coil 81.0 mV

Upper Inner 15.5 mV
Upper Outer 21.2 mV
Lower Outer 21.2 mV
Lower Inner 23.3 mV

Whole Coil 81.1 mV

EQuarter Coils 81.2 mV

The apparentouter coil resistancesare identical to eachother but the apparent
inner coil resistancediffer significantly from each other. This, together with the
small total coil resistance0.81 Ohms versus 6.59 Ohms before the short occurred
strongly suggeststhat the short is at the mid-plane of the inner coil.

To determinethe short location the coil and short were modeledas the
resistor array shown in Figure 1. The values of the quarter coil resistancesare
known from measurementsrecorded in the travelleril] and are displayed in Table II.
The values of the unknown resistancesRA and RB is determinedby solving the
following equations:



V0 + VL0 = IcRuo + RLO

ui = IRA + IR1 - RA

VLI = IRB + ICRLI - RB

These have the solutions:

IC = 0 + VL0 / R0 + RL0 = 11.13 mA

RA = 1 - I0R1 / I - I = 0.9 mO

RB = VLI - IORLI / I - I = 88.1 mA

Table II
Quarter Coil Resistances.

Upper Inner 1.386 0
Upper Outer 1.902 0
Lower Outer 1.908 0
Lower Inner 1.390 0

The cable used in the two inner coils has a resistanceof 0.803 mO/ft. This
places the short approximately 1 foot from the upper inner lead and 110 feet from
lower inner lead. The roughly ±0.1 mV uncertainty in the voltage measurements
translatesinto an uncertainty of roughly ±1 mA RA and RB and of ±1 foot in the
distancesto the short. Therefore the sum of the two distancesis, within the
measurementuncertainty, equal to the 109 foot length of the mid-plane turn,
suggestingthat the one short model in Figure 1 is correct.

Between the point where the ohmmeterclip leads were attachedand the coil
itself is about 1.5 feet of double cable, which presumablyhas 0.4 mO/ft. resistance.
This means that the short is 0.3±1 mA into the coil proper. Otherwise stated,the
short is on the side with the upper coil lead < 2 feet from the lead end. The
short can be located with greater precision after the upper-lower splice is broken.
In this case electrical measurementscan be made in which no current passes
through the short and the voltages are expectedto be much more stable with tine.

Footnote

[1] The resistancesquoted here are those taken on the individual coils after they
were molded. Two other useful measurementsexist in the traveller which
agreewithin a few mA. The measurementstaken after the coils were
assembledinto the collars are not useful since they were made using a 2-wire
measurementmethod through voltage tap leads. The proceduresin the
Traveller need to be improved to specify the proper 4-wire resistance
measurementsin all places.

cc: R. Bossert, S. Delchamps,S. Gourlay, M. Lamm, P. Mantsch, E.G. Pewitt,
M. Wake
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