25th International Conference on Magnet Technology (MT25), Amsterdam, Netherlands, Mon-Af-Po1.10

3-3 Results : Simulated criteria plot for thermal runawa
()
0%y .
] ] ] ] ] . REBCO(Fujikura, Cu 50 ym) OB .- 0T
- — i . 2 .
between a Ni-alloy reinforced Bi-2223 coil and a REBCO coll eating length: 10 MM I wy: 200A | . O 4292 AMME TS 90K) |z
(Jex 2429 A/mm?2, T.: 8 ) 4t Bey
. . . . . . . . . . . 6 o mm2, T.: 84.5K R
Yu Suetomit?, Yoshinori Yanagisawa3?, Hiroki Mochida?3, Kentaro Kajita%3, Tomoaki Takao3 and Hideaki Maeda? UNFVHEIIEQITY 'u“_ S | No cooling effect of cryogen 1B, 20T ——t—
. . . . . . . S | - 2 T ' Coil !>
1 : Chiba University, Chiba, Japan 2 : RIKEN, Yokohama, Japan 3 : Sophia University, Tokyo, Japan S = > 42K (er 1921 Almm?, T: 80 K) ] T
c © . * Tohoku Univ.  (4) : RIKEN .
. . . . = Cryogen-free 27.6 T magnet Lo
() o0
1. Introduction 3. Heating criteria for thermal runaway £ 2 25 Tmagnet  J, + 839 AImm?
T - Superconduciivty News Forum, Juy 2016 o [ B IE 3 0T  *Qdoes not depend on J,,y and
B Thermal runaway of the HTS coll in high field PerEenEEey g 3-1 Expenmental procedure - Steady mode € 2 . B.. forJ.. , < 600A/mm?2
REBCO coil: . TR T e e heater operati 2= 2t ex 1 10T Pex cond =
Series connected ' _ _ ' D L peration Takeoff (b c . 'Q ~ 1 W or IeSS
MT 65T +45T) Local degradation-induced thermal ~ FR . | T £ o - 20T tr
'REBCO#2  Bi-2223 | runaway (Load factor 46%) ) o Coil supply current Qtr (W) g I e B
i 3 , <> > ~-—=====, Heating criteria for T.R. = _ _ ~
e Inner SeC. oo 4T 288 Ax 1.4 mV i L L ! \ (N Y = 10 mm ' Heater power ‘“f~--——- 0 S S S e S S S e S S S A
_E 2+ A Mid. sec. . a =—> 04 W The REBCO coil was burned out. \-‘ Nichrome heater - Paraffin 0 200 400 600 1800
'gg ] Outer sec. it 3rd Ia (assuming a local degraded part) _ impregnation ] 5 * Awaji et al. SUST 30 (2017) 065001 8pp
%‘—g‘? g D . REBCO coils suffer from thermal 5 layered single pancake coil ( RE & Bi) Time . | He cooling Conductor current density, J.q,q (A/mm?) oo on
\quy 2 :ii;:=:-;.::i:--e--%° runaway at a current below the coil I 3-2 Simulation model REBCO(SP, Cu 100 ym) (.- 2558 Almm2, T.: 90 K)
o " | Celculated lcy: 620A due to local degradations. + Quasi-2D heat conduction FEM model - Parallel circuit model - A Be: 10T
— ::ies o o o w2« Thermal runaway occurs more frequently 2 Heating length: 10 mm  lez7k sy 0 100 A (J¢: 1075 A/mmz, T, 84.5 K)
- . ., in REBCO coils than Bi-2223 coils. 9 (k(T)A aT) ceryall KM o p [ \M 6 (1B 20T
- _ — louter)W — _ super ~—~~ . . .
B No-Insulation(NI) co_\;l stInNsMuRlated coll ox ox o aéh dins Veuper Viper = Vs (1 m) S [ No cooling effect of cryogen (J.: 750 Almm2, T.: 80 K)
X. . 4 i i — B
Fiod dela) __ADoutle pancake ol shor deey) QRN Horgnaspest conbies e Heatss:sﬂzszrw'm ol | ot || BS"
aCCepta NI COIl d coil (I del |:> Layer-No-Insulation N\ ki (T) Vv —V o o I th fh h J d h h
HTS coil Srosent work Layer-wound coll (long delay) is effective. (Mon-Af-Or5) (Heat GeneraltlonI A - lgs (T — Tinper) W+ gj + g =0 Isuperl stab 1 S = 40 n e case or nign J.,,q an [0
_ _ _ assuming a loca : ins op = lsyver + Ista = - -
Fie/d q | = Managing a degradation-induced degraded part) Heat conduction with Joule heat ©°0!INg Smb ’ ’ T t_l’jl‘ = § 3 * Simulated plot ex’ Qtr becomes very low, <0.5W
NOTaCe/ay is Insulated coll thermal runaway is required. _ _ inner layer generation _ i:feoCten super () = Ico( c ) 25 _ of the 32 T magnet due to small margin.
e.Otab/e Ex.) MRI(Rapid energy dumping in emergencies) Single pancake coill k... and g, are determined by fitting a Te = Top T ® 2 (NHMFL) Bex 10T
Accelerators simulation results to experimental results. % g G e w— 7 IB. 10T
B Process of thermal runaway o * Assumed conductors [CRE R i
e I " Ly e T
. ermal runaway iree ii : 0 RN *H. W. Weijers et al.
1) What kinds of 4 _ _ (Fujikura) (SuperPower) (SEI, Type HT-NX) ; o . - H. W. Weijers et al. IEEE TAS 26 (2016) 4300807
d dati Width : Thickness (mm) 4:0.13 4:0.16 4.5:0.31 Conduct td ity ] A 5
cgra .atl(?n 2) What are Stabilizer Cu 50 pm Cu 100 ym Ag ratio 1.6 o I_ayered onductor current density, Jygg (A/mm:)
occur in hlgh' 4 heatina criteria for Stabilizer cross area / Conductor cross area 0.38 0.63 0.44 coll OB, OT
field HTS coils ? ins. coil 9 . (77K, self-field) (A) 200 100 180 | (Je: 889 A/mm?, T.: 110 K)
Thermal a thermal runaway Heating length: 100 mm  le77¢ s 180 A | A B, 10T 2
(Seedgeo%rﬁggti'ggi L= N hlgh-fleld HTS - High field effects * Fuger et al. IEEE TAS 19 (2009) 1532-1535 _ 6 . A é‘]e': 2:(%)6TA/mm  Te: 60 K)
| M CO||S o ok Ayel et al. Physica C 468 (2008) 1747-1752 ; NoO Coohng effect of cryogen (Jex. 454 Afmm2, T-: 40 K)
\ | (A) ' * Pstavilizer (CU, AQ)-B * 1.-B « B, -T (Field dependence of T,) 55 o 49K e e
—~ o
40— — © - | O - .
: : : L rse——p s — ' | = =4 L TToe /Bex 10T -
Objective of this study | | et = I 42Kc. | g +E'E252§8 ﬂ o 3 §4 .| T o *Q,, substantially depends on B,
» To clarify the seeds of heating, i.e. local degradations, of actual HTS coils. R = < REBCEDF o =2 | | e . (Effect of B, -T )
. . . . ! . < . Bras il —° ujikura - T
» To systematize heating criteria for a thermal runaway due to joule heating from & o |l o | 3 20l | = o . (a) * In a low field, Q, > several W.
degraded part to get safe indicators for insulated HTS coils through numerical o — Gy £ 1000 395573 z x § S Nl B 10T —Practically, no thermal runaway.
. . o &) i - | = ™. ex - . .
simulations. s c—g — B 10 : L T SR * In a high field (> 20 T), Q,~1 W or less
e REBCO (SP) 2 = Q,<1W B 20T
: : : : : e, © e E QS Y S = i ok
2. Types of degradation & thermal runaway in high field HTS coils ik Bt T s - apa % 10 20 30 0 50 100 . 200 200 500
oft X R T " Temperature, T (K) -
Magnetic field, B (T) Conductor current density, J.,.q (A/mm?2)
B Actual cases of thermal runaway (T.R.) - LHe (4.2K) - Insulated - Layer-wound cond
Central Iop (A) S— | 3-4 What determines the trigger of thermal runaway?
Inner coil Number Magnetic Jeond . V"p_ mv) runaway Degradation mode Degradatlon
(Impregnated) | of layer | " '/ M (A/mm2) | ZJ Ic;:)u (W) or not (Degraded length) Iength - Case of (a) on Heating curve Cooling curve |
Composite stress _ —— Bi-2223 = Heating from normal zone = Radial heating conduction Short summ ary
REBCO (SP) p 114 1025 410x 0.9 N (Several mm~ < P ’ + Heater (assuming degraded parts)  + Longitudinal heat conduction . : . : ..
(Epoxy) - =>0.37 one. il mm; B,,=10T " _ > In the case of high field (20 T) and high J_,.4 (>300 A/mm?), heating criteria for a
» REBCO (SP) . 7 03 321x23 o Bucking 10 mm Jeond = 330 Almm? * 2.2 W heater input 2 SW heater '”OUt thermal runaway are ~1 W or less, whether REBCO or Bi-2223.
) (Epoxy) ' =>0.72 - (Several mm) éﬁ - Wlthout COO|Iﬂ 1004 =100 ! 4 g
REBCO (Fujikura) 210 x 2.2 Cleavage - Peeling N’ order ) < 80 .2 < 80— T. RT_3 -
(3) (Paraffin) J “ e A, => 0.46 None. (Several tens MM) e effect of cryogen g [ Heater input 2.2\W __3 g % o Heater mpUt 2.3 W _ g
| 3 60 2 3 60 , 2 .
(4) '(_‘;EBEO) (Fujikura) 76 27.6 389 285;’814'4 TR. Missing . _;_r” ' t ‘T R %;_ 40F | 27 K Steady mode—>_-2 % % 40 | 31K J__ o Conclusions
aretin =0 - emperature at T. R. i P A St 18 e [ 5 : :
o B-2223 (SE) : . i c00 x 3 . Overhoopsiain Fe—ef | 100 mm 5 200 fMax, temperature in the o, 3 5 200 |1 temperature in the coill_ > REBCO coils are frequently degraded with several mm length. |
(Paraffin) - =15 - (ene i order ) €| 4oy T e— 055535 0T Bi-2223 coils can be prevented fro_m belng degraded by ma_klng est.ress design.
e e e L ASCES e IS [ it el Crgerics 10 Superconductlty S of g (018 180t ] Time (5 ] Time () > In cases of practical operations (high field, high J,,q), heating criteria for a
N Yanag'sawaEta'-fSUST 28 (2015) 125005 T. T, thermal runaway are <1 W. 0.2 W for REBCO and 0.5 W for Bi-2223 may be
WA case of REBCO(2) the bucking_ Ridge Short summary 50_ S N N P B 2007 safe on a thermal runaway.
: I R TVl 351 A x 2.3 MV : = 40 ‘Cooling catchup 1 ¢ °“° _B‘ - -
% 0006277 v X2.3m ‘ » REBCO colls are locally degraded (10 mm 2 5~ AU [ith heating, =% 1 | 1 B~ i |
LA e M. order length) due to the stress concentration C £ gl | ‘ ] SE - Further standpoint . .
32 180A 4 orpen mode SE T 1 1 © E100- g'eca;g}?ng How to manage a thermal runaway of insulated HTS coils ?
3 ‘ ot e i . ) ] | C Heating- o >~ L
- T e w — b Bi-2223 (Type HT-NX) coils are widely E% 20_ 215 1 curve GBJ; 206 2965 | 297 Combinat f REBCO
Coil current (A) ] 9 ' N B : ! -
500 Ax 3 mV degraded (100 mm order |ength) due to % - 10—T Cooling curve ®) Heai i ombination o
B A case of BiI- 2223(5) =>15W . distribution . : o - || /Heater mput i 1 0O cand curve = Cooling curve
iy (" "ou TR) i oy homogeneous tensile stress mode. In high 0 . 0 Technology to prevent Stress design
30007i¥w” ' ‘ f L 412MPa ~ A ‘ -t |ei—’..l. ...... I<—_ fleld REBCO COIIS, O 10 20 30 40 O 10 20 30 40 50 60 d eg rad ati O n S
o] e AN BT T » joule heating for a thermal runaway is 0.4 ~ Temperature (K) Temperature (K) 2 For insurance T
e Sfows 3 | 0.8 W. On the other hand, a Bi-2223 coil did H : ' :
| odwemiorVer  F o £ 140 i< ’ _ i ' : i ' " ' eating criteria
s = —— A I . not show a thermal runaway with >1.5 W. Inlocal spot, Heating > Cooling = Thermal runaway Heating criteria, Q, ( ‘ - Qu)
Bi-2223 coil current, Ig; (A) 0 Coznductor4position6(m) 8




