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Fig. 1. 14 T whole body MRI magnet coil configurations:
(a) Unshielded; (b) actively shielded.
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Fig. 2. Magnetic field intensity contours of 14 T whole-body MRI magnet: (a) Unshielded near field; (b) actively shielded near field;
(c) unshielded far field (Field intensity unit: Gs); (d) actively shielded far field (Field intensity unit: Gs).
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Fig. 3. 14 T whole-body MRI magnet coil Lorentz force circumferential stress distribution: (a) Unshielded; (b) actively shielded.
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Table 5. Comparison of unshielded/active shielded
coil inductances and wire lengths.
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minimum quench energy.

Comparison of unshielded/active shielded coil

Jehtik  FEhhr
NbySnZk 1/ MR BB & /mJ 34 42
Nb;SnZk P 25 /MR RE & /m] 68 78
NbTiZk 35/ N BE & /mJ] 32 68
NbTiZk Bl ddie/ MR B BE R /m] 36 104
NbTikMELL R e/ MR R B /m] 14 18
NbTit 2k Bl e/ Nk i g it /mJ — 32

HEK NbTi fMEL B AR E, o] A o
w/NRHRE R, AHELZ T, NbySn ZEP8 [H NbySn F
LRI LR R A NbTi LR iy, BV £ 8 1 4 R
Lk B AR X AR AR, LR /N 2 fil i v 36 3 [
NbTi ZePEHAHH B KT SR80, 76 14 T 225 MRI
AR NibgSn 28 Bl 19 il 47 i 55 R HEL 2% 5 AR 38
NbTi &k 8 B g, Horb i i ) K Sl 5 F NbTi
LN i B Y AR E PRI T I SRR T 2
i JOT A A 1) R AN T B BB R . T LA, X T
14 T 4= MRI KA Nb,Sn £E8, —FHid 54
PRI T 8 L 5 % B, SR B NbySn 4R IS
MR A, DU S R R 1 /N R R
—J7 18T, 3T LA T {5 N 75 B R ) A AR
NRASGATRY, FEAE LS o B OR A 22 L)
IINLTF R R e A

018401-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 1 (2021) 018401

14 T 4 5 MRI # 1 B fE & 55 0 300 MJ,
BT 7 R R R P SRR, i
JB PR AR MEAE L 45 22 B, JE L2 NbySn 2618
L5 NbTi £l 765 1 A v v 3t [R) 25 350 5 o
FEAAR A A R R R A S B e LR B P, 2 BB ) e
T E A BN LN . 6T BRI A I R, AT
TR R R I A A 39 HICRE 17t T S b e B A 2
SR MRE Fid 14 T 48 MRI BEARLE I 1) B R
WES T, BT MR SR GE ] ik, X TCBRROR
B B AN S R R AR AT AR AT SRR B
() B ek SR A AP 7k, A S b R ik
R 2 B A T o B, B B e W v 4 ol O
IR 1] A% A5 R BB AE FEL L ER 6 2H B 1 1 B PR 4 el
H. KRB RERIN B BTG, K3
BRI LU fih 2 I 26 B AR B, AR B Y
FEAR I A TR FU, Sl AR R T, xR

P Aot R 5 ek F A T IR, i o R R B i
B> LB RE B AE 14 T WAl EARE &3t
HF NbTi £k18 3, 4 4tk LA R 1
TR BER NG, T LA BIKE A e sh A b e i v
A REFE i LYY SR X 26 Pl 3, 4 bAT A, AR
HA B TR . 8] 4 TR TE NbySn 28 8]
1A P HCs ik 2 2 R AR BB S AR 1) 3 s (L
i AT LAt BRI A sl O i A B
FEHLBHLY FH T XLk 3, 4 BEATImEk, LRl 3, 4, 4F
BRI 3 AR F R TR AR KBS .
FLR R Z o] BRI AR EAEF, Sk 3 R A
FL AT DR 3 . T A EL ARG, T NbsSn
LB B ARSI AG G ) S B 0, (PP BH T AR
PR, FECLH R P T .

i FiR 14 T 45 MRI REARZE 08 1Y 2 AR
SIS RKT , NbsSn ZE 1B il NbTi 18R A&l 14

80 80 360 360 —
ol () ol ®) | 340 [ ssuctan © | saof—yosam ()
< 320 F— ggg;é%%? < 320 | NbTifes
20 (e Z 0 52 300 NuTizkE & 300 [ U
o NbySnll1 1 — NbySnZ#1 ) 280 | NbTikhzklE g 280 |— NbTijtikE
B 40 [ Npjsusids @ —40 r—NbiSuk = 260 = 2601
—80} NbTi2isls _80}— NG K 240 N K 240F —— %
~ Nomine —\emean 220 220
—120 ! f f ! ! —120 — NbTilfikkl 200 ! ! ! ! ! 200 ! ! ! ! !
0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
) /s i) /s i) /s i) /s
50 50 100 — Nb,Snkf#1 100 — Nb;SnZk1
(e) (f) 2R () SnZi (h)
. 40 F— NbisnZle 80 [ Nbsnild: 80 | NpiSncs
5Sn? g [ NbTiZkE3 e NbTiZ[3
NbgSu2ia = — NbTiZ = — NDTi&IE4
g S 30 NrTiEs W 60} " W 60f )
~ ~ —NbTié:ElﬁM
= = — NbTifhEaL e bc| piE|
) B 20 r NuriRA T 40r g 40r
0t SN = 99 o NbTHHEE
— NbTikMElE — NbTilti4e
0 i 1 1 O 1 O 1 1 1 1 1 O 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
fif1a) /s fifia) /s fif i) /s A1) /s
- (&)
(i)
T/K T/K
93.63 96.75
n 83.69 | 86.47
73.76 76.18
63.82 65.90
53.88 55.62
1 [ I T | [ 43.95 - [ 45.33
34.01 = 35.05
B —a=-—————  ——— I 14.14 —— ¥\ —— I 14.48
|_Z N 4.20 LZ L_'__i'_‘l‘__ 4.20
Bl 4 14 T &5 MRIBRLBIR DT BER  (a) RBHE (JCBFHT); (b) LB (E31B5R#); (o) LBH R (CBE#K); (d) L
AL (T BB ); (e) SRR H B (TC B i ); (F) £ BBl BE (F2 3l B i ); (o) £k P8 R IR B (TE B i )5 () 4R B A RUTRL B (230 B i)

(1) R 3 s Je LR B 50 A1 (JCBR); (7) D 3 s R I IR BE A1 (F 30 Dt i)
Fig. 4. Simulation results of 14 T whole-body MRI magnet during quench: (a) Voltages of the coils (unshielded); (b) voltages of the

coils (actively shielded); (c) currents of the coils (unshielded); (d) currents of the coils (actively shielded); (e) resistances of the coils

(unshielded); (f) resistances of the coils (actively shielded); (g) hot spot temperatures of the coils (unshielded); (f) hot spot temper-

atures of the coils (actively shielded); (i) temperature distributions in the coils after 3 s of quench (unshielded); (j) temperature dis-

tributions in the coils after 3 s of quench (actively shielded).
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SPECIAL TOPIC—Superconductivity and its applications

Technology challenges of 14 T whole-body superconducting
MRI magnets ——A target of high-field superconducting
magnet technology for large scale applications
in next decade”
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Abstract

This paper presents a brief review of the development trend of superconducting magnets in large scale
applications towards high magnetic fields, depending on and pushing the NbsSn wire technics' continuous
improvement. The focus is on analysis of the technology challenges of 14 T whole-body superconducting
magnets. Using the Bonze NbsSn wires and on the base of a combination design of NbsSn and NbTi coils, an
electromagnetic conception design of a 14 T whole-body MRI magnet is presented, and the thermal stability
and quench protection are analyzed by simulations. The critical issues on stress, joints as well as shimming of
14 T whole-body superconducting magnets are also discussed. According to the results, this paper believes: 1)
the Bonze Nb;Sn

wire is of the best choice but the performance specifications of the current products need to be improved further

Nb;Sn wires are of the first important issue for 14 T whole-body superconducting magnets

to match the requirements; 2) quench protection of 14 T whole-body superconducting magnets is one of the
most complicated technics that covers design of the copper to superconductor (Cu/SC) ratio, coordination of
the operating current and coil inductances, subdivisions of passive protection circuits and quench triggering

control of active protection, as well as the stray field limitation during the transient process.

Keywords: superconducting magnets, MRI, high magnetic field, large scale applications
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