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Background Conclusion
A In recent years, NiSn superconducting cable material became the privileged mature candidate for the High Field magnets in new projecGHiR&thigh
Luminosity LHC (HILHC) accelerator. X The online capacitancemeasurementis an essentialmethod to control the resin impregnation processon
A The technology needs in the years 282022 to be deployed onto LHC accelerator through unprecedented magnet series produttiaiedicated orline quality HLLH®@Ib,Sncoll. It canpotentially be further developedto checkcuringstage
control. The frequency domain diagnosis on recent Dipole short model provides a good characterization of electrical circuit paraameteliglectric properties. X The introduction of Dielectric FrequencyResponseanalysisof Nb3Sn dipole turn insulation samplestype
: : providedsomeusefulbenchmarkeddielectricpermittivity and lossfactor values Increasedpermittivity values
ObjeCtlveS by factor 3 dueto heattreatment. Thosedatasserveasreferencedielectricsignaturefor ageingassessment

X The frequency impedance measurementsin closed and open circuit of the double aperture 11T dipole
magnetsprovide essentialdata for fitting the electricalcircuit equivalentparameters Thisinformation is used
to characterizethe overall circuit transient behaviorduring excitation mode of new magnetsinsertedinto the
LHCdipoleschain

x New Capacitanceaneasurementduring Nb3Sncoils Vacuumpressureimpregnationto provideVPImastercurves

x Characterizatiorvia dielectric frequencyresponseof the new impregnatedinsulation magnetsystemsat the production stageand over operation under radiative
environmentwith integrateddoselevelup to 30 MGy

x Measurementof the impedanceand phaseover frequencyto derivethe distributed equivalentelectricalmodel parametersof the new Nb,Snmagnetsasa meanto
characterizahe resonanceeffectsin future dynamicinjectionregime
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Fig. 6. DSR samples impregnat€d heat reaction.

A Complexdielectric mechanism over time
IS based on the Davidsdbole model [5]
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Quantitative capacitance monitoring measuremen
of the CTELO1K resin impregnated turn insulation
system (Fiber glass , Mjaaanufacture process.
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A Two layers Nb,Sn Rutherfordtype 40
strandscable,windingof 56 turns ( 22 IL,
340L)
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A Dielectricfrequency response (DFR)
measurement is a powerful diagnostic

(70> Yihick, AGYS2®11 TEX636) anda
Phlogopite Mica, (80 > Y thick tape,
COGEBFIRO®)

A Wind & ReactNb3Sn coil manufacture,
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A Thermal gellification and curing schedule
Includesa soakperiod at 60 °C,a ramp up
at 85 °Canda plateauat 110°Cfor 4 hours

Capacitance Measureme
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heat treated during 200 hours at 650 °C ey, : - o
NN ollowed by post curing at 125 °C for 16 - :
with aninsulatedcable 4 @\ Y3 > hours (0.35 MPaoverpressureat the end test used in electrical pO\;/Eg_anSformerS T = e :
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bisphenolA (DGEBA) CTD101K®epoxy '.-gm_lm;}ém ml"fé : w&jﬂ?m ﬂ:;ilwﬂlﬁh along the 5.5 m long 11T dipole CR04 A Insulation samples of dimensions 50 x 220 testing roundcell ( - BEERNANY frequency
resinsystemin a stainlesssteelmould. | S ) mould. Experimentalmatching within +/- mm (2 Mica [apesirox EL20PSAA D125 - ey aDOVE), ser interface l 3 A Low frequency higtpermittivity on reacted
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TABLEI
| e §. ; =/ ' 4 . . OPEN CIRCUIT LEAST SQUARE FITTING BY ORCAD PSPICE OPTIMIZER
_|||': = , !” ! A EaCh turdayer Ser|e$apaC|tanC@OnneCted DP 101 La-1 La-2 La-3 Rp I Rp 2 Rp 3
| e [,,,,,g]i/”’ l K E L with equivalent dielectricconstant limit Mode! | (mE) | (mH) (mH) | (Ohms) | (Ohms) | (Ohms)
LG Tl = - _ _ 5 13 | 215 8 4.6 334 130
Lol AL S given by[Wiener]as Baiol——=4.3 Ib-1  Ib-2 Ib-3 Rp 4 | RpS Rv 6
Sl | R { -/l — > : (mH) (mH) @ (mH) @ (Ohms) (Ohms) (Ohms)
: . g 7 : . . h- *h. . 1.3 2.15 8 0.74 21 34.7
=7 % A Turn capacitancestimated at 0.4nFusing Cel Cg2 Cg3 Rg | Fiterror | Fiterror
= 1 3 — (mF) . (mF) . (nF) = MOhm @ onZ(%) @ onP (%)
‘ C“—eq._ Ca/(ny+n-1), . 56 19 | 55 72 0.21 0.98
A Monitored parallel ground capacitance§, TABLEII
at dry conditionacrosshe inner and outer D ;g“” P A B A TR
radii layer gapsgfiber glass, polyimidand k 0.76
. . Models Rap A Rap B Cg Rpar-i Rs
Teflon)eStlmated on d|p0|e a34 nF(ID) (Ohms) (Ohms) = (nF) (Ohms) (Ohms)
Fig 7. Spectral analyser connected to 11T dipole 1.9m #DP10I le-5 943 425 462 0.95
S i k" A . and 70nF(OD)’. fora tOt.aI .V.alueOf 104nF long short models (DP101, DP102 Fig.9. Closed & open circuit impedance measurement ~ #DP102 295 9.55 2 1281 1.76
7 \ o A Observecdeffectivepermittivity rate of ° ( ) DP101. 102
nalll @YY W - e o R s on  HVE. A Impedance and phase measurement over
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Fig.4 VPl mould assembly of MOXF coil 19 g-efiifgvdeuﬁf]g?m%‘;:g't?gnﬁfy function of changefrom 6 %ito 1 /Opel; C gga'”QCd o RIDRS IS I o e | e frequencyrange 1Hz200 kHzin both closedand
Fig.3Typical ground capacitance record along &leon CR004 temperature rampup_at about €g ue ! opencircuit
dipole model | | | tO_ the degree oture increase. o T P T mem = SR A Secondorder four-pole electrical lumped model
The measurementstarts just after preheating phasesat 100 °C under 103 mbar pressurewhen the CT0IK resin A Different absolute change of permittivity usingboth PspiceOptimiser packageand Matlab
thermosetwith specifiedinitial maximumviscosityat 100 cPsis injectedat 60 °Cduring few hours Theon-line recording value as function of temperaturelepending L Particle SwarmOptimizer PSQyeneticcode
of the ground capacitanceallowsto assesghe filling rate andto generatecomparative master curvesin the seriescoll on coll type assembly attributed rheological Flig-8-_0||oencircuit double apfc_erture dlipole equivalent Fig.10. Closeecircuitdouble aperture dipole equivaleft Inductance of Short dipole model of 22.4 mH
production. and temperature conditions. electricalPSPICE Optimiser fit mode electrical MATLAB PSO fit model and modellumpedparametersasin Tablel.
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