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TheRingingTechniquefor DeterminingTurn to Turn Electrical
Shortsin SSCCollider Dipole Magnets

Part3: TheMagnetasaLumpedLCR Circuit

In the first two notesof this serieswe madetheassumptionthat themagnetis an
inductancewith somedistributedresistance,howeverwe ignored any intrinsic coil
capacitance.This is obviouslyan oversimplifiedpictureof themagnet.First, themagnet
is composedof 4 coils in series,eachof which is coupledto the othersthroughmutual
inductance.In addition,thecapacitanceof the individual coils is non-negligible. On an
evenfmer scale,eachturn of a coil couldbe treatedasa separatepieceof alumpedLCR
circuit Effectsof coil capacitance,mutual inductance,etc. havebeenobservedon 40
mm magnets. A seriesof measurementshavebeendone to observethe propagationof
the voltagethrougha yokedmagnet. Measurementswere made using two probes,one
positionedto measurethe total voltagedrop acrossthe coil while the secondprobewas
usedto measurethedrop from variousquartercoil positions. Thesemeasurementsare
shownin figures 1-4. Oneseesthat theinitial pulseof theringer excitesa high frequency
oscillation with ‘r=lOss that propagatesthrough the first two coils with substantial
amplitude. After two or threeoscillationsit dampsout andis replacedby a muchlower
frequencyoscillationwith ‘r=100is. This lower frequencyoscillationpersistsfor about
four cycles before beingcompletelydampedout. It can be seenvery clearly when
looking at theupperandlower coils togetherasin figure 5. Note that theoscillationsare
180° out of phase between the upper and lower coils. It appearsfrom these
measurementsthat the initial high frequencyoscillations are an excitation of the
inductance-capacitancesystemof the quartercoils, while thesecondmay be due to the
inductance-capacitanceof thehalfcoils with somecoupling throughmutual inductance.

The initial high frequencyoscillationwas subsequentlystudiedin moredetailon
DC0306which was assembledwith specialvoltagetapson the first turns of theinner
coils tapson turns 1,3,5,7and9. The tap on turn 3 becamedisconnectedbefore these
measurementsweremade. Figure6 showsthevoltagedrop acrosstheinnercoil. It looks
thesameasthatof DCO3O1. Figure7 showsthevoltagedropacrossturns 1, 5,7, and9.
It can be seen that thevoltage drop acrossthe turns of the innercoil divides up fairly
evenly. Thereforethemaximumvoltagedrop acrossturns is approximately1/16 of the
maximumdrop acrossthe innercoil, which is =60% of thefull ring voltage. So for a2
kV ring, the maximumturn to turn voltagewould be 1/16 * 0.6 * 2000 V = 75 V over
Siis. If we do not assumethevoltagedividesevenlybetweenall turns,and attemptto get
an upperlimit on themaximumvoltagebetweenturnsdirectly from figure 7, we seethat
the voltagedropbetweenturns 5 and 7 canbriefly be aslargeas 18 V for a 100 V ring,
implying thatfor a 2 kV ring thedropcouldbeabout180 V betweenturns.

To summarize,thevoltagedrop betweencoils in a magnet,andbetweenturnsin a
coil, doesnot divide evenly. Onemay expectto seeup to 10% of themaximumvoltage
usedin aring testappearbetweentwo turns in a coil for a periodof a few microseconds.
Therefore,onemust determinethat theelectricalinsulationbetweentumsis adequateto
withstandthis voltagewhendeterminingthemaximumvoltagewhich will be appliedto a
magnet. However, the insulation currently usedin magnetsshouldbe sufficient to
withstandmaximum ring voltages of 2000 volts without failure, unless it has been
previouslydamagedin someway.
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Figure 2. Voltage drop across the 2nd quarter outer coil of magnet 0C030 1 as
determined by subtracting the voltage drop across the last 2 quarters of the magnet from
the voltage drop across the last 3 quarters.
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Figure 1. Voltage drop across the 1st quarter inner coil of magnet 0C030 1 as
determined by subtracting the voltage drop across the last 3 quarters of the magnet from
the voltage drop across the full magnet. The upper screen shows the voltage drop across
the full magnet and the drop across the last 3 quarters. The bottom screen shows the
derived voltage across the 1st quarter coil.
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Figure 3. Voltage drop across the 3rd quarter outer coil of magnet DCO3O1.
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Figure 4. Voltage drop across the 4th quarter inner coil of magnet DCO3O1.
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Figure 5. Voltage drop across the upper and lower half coils of magnet DCO3O1.
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Figure 6. Voltage drop across the 1st quarter inner coil of magnet 0C0306.
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Figure 7. Voltage drops across the first, several turns of the 1 st quarter coil of magnet
DC0306.
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