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The Ringing Techniquefor Determining Turn to Turn Electrical
Shorts in SSC Collider Dipole Magnets

Part 1: Basic Equations

This will be thefirst in aseriesof noteson the"Ringing" techniquefor determining
turn to turn electrical shorts in magnets. This techniquehasbeenusedextensivelyat
Fermilab and BrookhavenNationalLaboratoryto determinethe integrity of coils and
magnets1.In thesereports,I will documenthowwe areusingthis techniquewith respect
to theSSCmagnetsbeingbuilt atFermilab. This notewill containageneraldescriptionof
thehardwareandprocedureandwill summarizetheformulasusedto predicttheresponse
of thecoils to ringing.

Thepurposeof thering test is to developa sufficientpotentialdifferencebetween
adjacentturnsof a coil so that a sparkcan developif theinsulationhasbeendamagedin
any way. This is accomplishedby discharginga capacitoracrossthe coil so that the
inductivevoltageacrosstheentirecoil is largeenoughthat whenit is dividedby thenumber
of turn thevoltageper turn is abovetheionizationpotentialof air about25 volts. The
test is currentlyperformedon free coils, collaredcoil assembliesand thefinal cold mass
assembly..The circuit for thering test is schematicallyshownin figure 1. A capacitor,
nominallya capacitorbankwith 60 jif equivalentcapacitanceis chargedto somevoltage
by a high voltagepowersupply. It is thendischargedacrossthecoil or magnetthroughan
SCR diodeconfigurationSCRis continuouslytriggeredso that it stayson onceinitially
fired. A digitizing oscilloscoperecordsthe voltage levels. Any changein the coil
inductancedueto a shortwill changethefrequencyof thewaveformandthereforeit can
bedetectedby this technique.

Whenthecapacitoris dischargedin theprocedureoutline above,thevoltageacross
it exhibits a dampedharmonicoscillation2,as shownin figures 2 and 3. Assumingwe
ignorethecircuit resistancerelativeto thecoil, it is this voltagewhich is measuredby the
oscilloscope.The equationdescribingthis dampedoscillation is:

v= voexpj!coswt+a
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Both the inductiveandresistivecomponentsof the impedancecanvary as a function of
frequency3,as can be seenfrom dataobtainedwith an LCR meterfor coils and yoked
magnetsand compiledin tablesI and2 and shownin figures 4 and5. We can usethese
formula to calculatetheexpectedring frequencyof coils ormagnetsbeingtested.For the
exampleshownin figure 2, we see that theoscillationfrequencyis approximately80 Hz,
correspondingto aninductanceandQ, measuredat low voltagewith theLCR meter,of 69
mH and2.2,respectively. The measuredcapacitanceof theringertest setis 61 p1, andwe
ignore all circuit resistanceotherthanthatof themagnet. Using thesevalueswe calculate
an expectedringfrequencyof 75.5 Hz. Themeasuredfrequencyis 74 Hz. Thereforewe
concludethat thismagnetdoesnot showsignsof a changein inductanceat theturn to turn
voltagesinducedby theringertest setthat couldbeindicativeof a turn to turn short.

For theexamplein figure 2, one may also calculatefrom Eq. 1 that
the secondmaximum,V2m, should be down from theinitial peakvoltage
0.231 asfollows:

the voltage at
by a factor of

Whenaring test is performedon a freecoil, thetime baseof theoscilloscopeis set
suchthat only = 1/4 of a wavelength is shown in orderto improve resolution. An example
of thismeasurementis shownin figure 3. The time requiredfor thevoltageacrossthecoil
to drop from its maximumto zero is not 1/4 theperiodoftheoscillation. To determinethis
time, note that from Eq. 1:

dv
3 -- = -V0 exP-1coswt+ a[- + cotanwt+ a.

Settingtheinitial conditionsuchthatV is maximumat t =0implies that

4 a=tajcu__L

wemay write

V2m

V2m = V0 exp- Tt2m
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From Eq. 1, V=O when

‘C
wt+a=-.

ThereforeAt , the tithe betweenthemaximumvoltageandthefirst zerocrossingpoint is:

At=-i --

D2
or

& =
- 4Q2 2

To determine At for the example in figure 3 we calculatethe undampedoscillation
frequencyf, which is 380 Hz. At this frequency,L=2.87 mH andQ=5.8 mH. Inserting
thesevaluesinto theaboveequationyields a valuefor At of 691 jis, in good agreement
with themeasuredvalueof 688 p.s.

Finally, for completenesswenotethat:

I=cgy
dt

= _VoCexp
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FrequencyHz InductanceL
mH

QFactor Resistive
Componentof
Impedance0

140 60.98 1.98 27
120 63.76 2.07 23
100 66.61 2.16 19
80 69.39 2.22 16
70 70.71 2.22 14
60 71.94 2.18 12
40 74.01 1.89 10
20 75.40 1.17 8

Table 1. Frequencydependenceof the inductive andresistivecomponentsof SSCdipole
magnetDCA31O. Measurementsof inductanceandQ were madewith an LCR meter
throughthepowerbus.

Frequency Inner Coil 1016 Outer Coil 2016
LmH Q R2 LmH Q RLI

100 2.88 1.65 1.10 8.04 2.77 1.82
200 2.87 3.22 1.12 8.04 5.47 1.85
300 2.88 4.70 1.16 8.03 8.03 1.89
400 2.87 6.07 1.19 8.03 10.4 1.94
500 2.87 7.30 1.24 8.03 12.6 2.00
600 2.86 8.34 1.29 8.02 14.6 2.07
800 2.86 9.31 1.54 8.03 16.4 2.46
1000 2.84 11.7 1.53 8.00 20.7 2.43

Table2. Frequencydependenceof the inductiveandresistivecomponentsoffree innerand
outerdipole magnetcoils. Thesevaluesarenot expectedto changesignificantlyfrom coil
to coil so we cantreatthem asrepresentativeof all coils.
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1 G.E Sintcbak,J.G. Cottinghamand G.L. Ganetz,ElectricalInsulationRequirementsandTest
Proceduresfor SSCDipole Magnets,Supercollider2,3971990 M. McAshan,ed.; P. Mazur,private
communication.
2 See,for example, A.P. French, Vibrations and Waves, The MIT Introductory Physics
Series,W.W. Norton and Company, Pub, page 365.
3 R.E. Shafer, Eddy Currents, Dispersion Relations, and Transient Effects in
Superconducting Magnets, Fermilab TM-991, 9-22-80.



BASIC SCHEMATIC OF COIL RINGING TEST SET

Figure 1. The basiccomponentsof the high voltagecoil ringing testSet.
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FigUre2. An oscilloscopedisplayofa "ringing" measurementat4 differentvoltagesof acompletedSSCdipolemagnetperformedat room temperature.The initial voltageswereapproximately500,1000,1500
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