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[11. Experimental Results
» High-temperature superconducting (HTS) coils wound without turn-to-turn insulation (NI coils) show excellent electrical and thermal performance compared to HTS _ R RIENTAL Kk Te o TS AN T O
coils wound with Kapton tape (INS coils). However, charging the NI coils using a direct current (DC) power supply have a slower charging time than the INS coils. To A. Charging by power supply | o |
overcome this slow charging time, research is underway to charge the NI coils using a flux pump, a DC voltage source, instead of a DC power supply. In this paper, we * Fig. . 4 shows the charglng/dlsc?harg!ng Parameters Values
conducted experiments to compare the charging characteristics of INS and NI coils charging by a rotary HTS flux pump. A superconducting circuit consisting of the two ‘:ZZ ey Waimum | ‘:ZZ P———T experimental results of INS and NI colls using . Power supply
coils with the same magnitude of inductance is connected in series. As a result of the experiments, we compare the charging characteristics when a DC voltage source of 2., [ mEIA LS 7/ A— S %0 PIS. 9 41 Afs f Hs el e
the same value is applied to the two coils with a rotary HTS flux pump which is a contactless excitation rotary device. 00 ) in P W N i Zienos © lopWas ramped at 0.5 and 1 A/s Trom 0 10w [A]  8261536:2463047 047 4651 545 615
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@) (c) coils at a ramping rate of 0.5 A/s. Fig. 4(c) and $287-5 101 5028
» No-insulation (NI) high-temperature superconducting (HTS) coils are a next-generation winding technique that 3. Pre— jp— T (d) show the experimental results for ramping  Power source Flus pump
can miniaturize large MRI and NMR magnets that generate conventional ultra-high-field. = oo gy m— Tlasn 0 o g Ziosn 50 rate of 1 A/s. HIS coll 5 M
- The NI magnet is driven in a driven mode that requires physical contact with the power supply (P/S), not a <0 / ______________ . | | anes o 1wz o« The INS coil was measured without If “f] o ememmme e
persistent current mode. The persistent current mode has technical difficulties because the operating current is w0 A W R e -asa 5 charging/discharging delay in the current- o o
lost to thermal energy due to joint resistance and turn-to-turn contact resistance (characteristic resistance) of the gioo — : AV VA VA VA O g ot g1oo . M\ I BTV magnetic field, but the NI coil was measured 85.25. 85.64
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« Driven mode has disadvantages such as heat load due to physical contact of the device at room and cryogenic T{g; . T('QTS] constant (r) and summarized in Table Il. T - [S]  190.1:1028 73.4:57.9:  202.7: 108.9: 80.2: 64.:
temperatures, a complex cooling system, a need for a large power system. These drawbacks not only cause | o | | | tended to decreases as the Imax increased, and B ey T
problems with the thermal and electrical stability of the system, but also increase the operating costs. Fig. 4. Charging/discharging experimental reSUIt.S of (2) INS and (b) NI coils at the experimental results showed 6.105 seconds = ™ ™  [s] 12.6:6.1: 6.8 6.3; 5.7 6: 6: 5.8: 5.8: 6
« To overcome these shortcomings, use a contactless excitation device without physical contact with the NI magnet 05As, () INS and (d) Nl coils at 1 A/s. at 8.26 A (I, / I : 10.69 %) and 5.025 seconds B Be ] 100 I IT A o6
system, which provides energy to the magnet while reducing cryogenic heat load and achieves a more important at 69.6 A (I, / I, : 90.04 %). — 90999450038
persistent current mode. _
* In this study we present the charging results of two types of pancake coils. One is the NI HTS coil and the other is B. Charglng by flux pump 9 500 100,
a pancake coil insulated using Kapton tape between turn-to-turn (INS HTS coil). In order to compare the s 7 1o I
charging results from the same power source, the charging characteristics of the rotary HTS flux pump are . go_s / g1 B ggg'
described by connecting the IN and INS HTS coils in series. Fig. 1. Pictures of INS and NI coils. - N 70 %06_ ] ém g“‘”;‘g‘ggg =
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Power ks ll*“_llffr_ﬂir:lg e s Manufacturer AMSC SUNAM time constant dlffe_rence of the INS and NI coils field and (b) magnetic field ratio using power supply
supply e Ly @) i Eiiaitaltels il : IR [[”] T 600 ) according to frequency. and rotary HTS flux pump.
P A\ I ] | I ! HTS layer am]  YBCO GABCO 500 e .+ Fig. 5 shows a graph of charging results of series connected INS and NI coils using a rotary HTS flux pump. The
| (D : i Ly eoi R.I | ! i Lyt eoit Rci Cu stabilizer (both sides)  [zm] 50 (laminated) 20 (coated) 3 400 e amaasan s charging experiment was carried out by setting f in 10 Hz units from 10 to 100 Hz. As shown in Fig. 5(a), the INS
B e ! i i Rayn i [ | Subetmletbickness - [um] - TSQEW) - 104SUS) %300 | Froquency 4(% coil measured a saturation current (I;,;) of 51.4 A, a maximum magnetic field (Bg) of 387 G, and a charging time
R, | I S I L s gl ok | S constant (zy) of 190.1 seconds. Fig. 5(b) shows the results of the charging experiment of the magnetic field and
BV Sainininiininl e D OD: height  fmm] 60708 123 60 683 123 = -f% TR current of the NI coil. I,,, of 51.4 A, By of 376 G, and 7y of 202.7 seconds was measured at 10 Hz. Even at the
(a) (b) # of tums (cach layer) 20 o f ave | same current, the magnitude of BF decreased and z increased.
_ _ _ o _ L Rapton thickness ] 0.0623 A od ' » . ' e L  Fig. 6(a) shows the time-normalized magnetic field of the INS and NI coil at 10, 50, and 100 Hz. This shows the
Fig. 3. Schematic equivalent circuits for charging the INS and NI coils using e e B : S e T charging delay of the NI coil compared to the INS coil at each f. As shown in Fig. 6(b), the charging delay is
(a) power supply and (b) flux pump. Iductance L] S SR (b) : . o e ) : =0
between 5.7 and 6.8 seconds with the exception of 10 Hz, which is a similar time to charging an NI colil using P/S.
Fig. 5. Charging results of series-connected (a) INS ~ ° Fig. 7_(a) _shows a comparison of the magni’Fude_ of the magnetic field when applying the same I, , Is applied to the
* Fig. 2(a) shows a series connected INS and NI coils and a rotary HTS flux pump. In order to apply the same and (b) NI coils using a rotary HTS flux pump. NI coil with P/S and flux pump. As shown in Fig. 7(b), at 10 Hz, By by flux pump compared to Bp by P/S, B/Bp,
magnitude power source to both coils, it is connected in series with a rotary HTS flux pump which consists of a Is 95 %, but increasing f, magnetic field ratio (Br/Bp) increases to 99.83%.
rotor containing eight PMs (N50) and single HTS tape. * All numerical experimental results are summarized in Table I1.
« The air-gap, the distance between the HTS tape and the PM, is set to 5 mm, and the passing frequency of the
AMF (f) i1s set in 10 Hz units from 10 to 100 Hz. The magnetic field of PM (N50) in 5 mm air-gap Is
approximately 0.21 T. -
(b) * Asshown in Fig. 2 (b), the hall sensor of the lake shore is placed in the center of each coil to measure the axial IV COnCI usion
Fig. 2. Pictures of test system with INS and NI coils and a nggj:'e% ‘;;]ead In both cotls. Since the INS coil has no charging delay in the current-magnetic field, the  The charging delay that occurs when charging the NI coil using a power supply is larger in the flux pump, but the error is small at
gnetic field Is used to calculate the magnitude of the current charged by the flux pump. ing £ ab 20 H
rotary HTS flux pump. * Fig. 3(a) and (b) show the equivalent circuits for charging the INS and NI coils using a flux pump and a power passing Tfrequency () above Z. _ _ _ o _
supply (P/S). R;; and R, are joint resistance between INS and NI coils and power source, respectively, R is « At the same saturation current, the difference in maximum magnetic field occurred, but the error remained below 1 % at f above 60 Hz.
joint resistance between the coils, and R, is turn-to-turn contact resistance of NI coil (characteristic resistance). * The above drawbacks exist, but the use of flux pump reduces heat load, ensuring thermal and electrical stability of the magnet system,
reducing operating costs, and achieving persistent current mode.




