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- IEROE ISV

- #1tETJL (Critical state model)
- BREZEM (Flux jump)
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- IEBROE 5L

- #&{tEF )l (Critical state model)
- BREEMN (Flux jump)



1.

AR BEEE (Flux jump)
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R Bk (Flux jump)

1. 2MBELICK B RELR: T>T+AT

2. EWERZEDREA: J.(T) - J.(T + AT) = J.(T) — AJ, AT
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At
Al 1
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iRt — Adiabatic stability condition
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R Bk — Dynamic stability condition

SN ORI (BiE) OIEEGERE EMaxwell 52t (VxE=—22 PyxB=F) &h.
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2. BIET—7IJ)U "TNbTii D%
- BHZ DR (RR. Strand)
- Rutherford cable




{EHZ 58 (Multifilamentary wire) -4NbTi

& (Copper matrix)

https://lhc-machine-
outreach.web.cern.ch/components/cable.htm
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Copper to SC area ratio : \ — ACy
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Strand filling factor : nsc =

BERIR (Strand)

2022/9/6

31



NbTi Bl % iR RETE

Cu Extrusion Can

Preheat '-*
Extrude

Evacuate &
Seal
Nb-Ti1 Billet (10-25 cm¢; 15-200 kg)
Nb-Ti/Cu Hexagonal Rod Nb-Ti/Cu Rod

-_

\,‘

|

AR

WNOOUON
7
A

77777

Ol = -
0

¥
¥

R

X
NN
t\'

)V D -

Stacking Nb-Ti/Cu Hex Rods (10-25 cm¢; 15-200 kg)

N

‘—| Cold Draw

Evacuate &
Seal

MF Rod

Preheat &
Extrude

4

P. Ferracin,
EUCAS2017

2022/9/6

v

] o <

(e Tent | >

B o « @ « ml

e

</

32




1B 2 SR DESEN (Coupling current)
VA RARNT B ETEHSENNEIND

WAL ARNGZU

YA ARKNDD

M.N. Wilson, Cryogenics 48 (2008) p381-395

Flux jump/c REINICEEN T 5%  CldEEIM Z &Y 5 2

%%Zx’r‘;jié T74 AV NEERFET DERMNAND

a8 = Inter-filament coupling current (IFCC)
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- BHZ SR (FE#R. Strand)
- Rutherford cable
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K. Kizu, et al, Fusion Engineering and design
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NbTi Rutherford cable
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NbTi Rutherford cable
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ISCCOMEALIFIE simosss by Mawison
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1 dB iy
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T. Ogitsu et al, Particle Accelerator 57 (1997)
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R I8 (Quench)
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dT
C——=V-(kVT)+pJ*+g—g,

dt
C: BB H D DBIEET —JILORRE ( Volumetric Heat Capacity) [J/m3/K]
k: 77— IILBEEXR ( Thermal conductivity ) [W/m2/K]
0 - T—7)LIEIE (Electrical resistivity) [Qm]
J: BREZE (Current density) [A/m?3]
g: Y a—ILRUANDFEEH (Heat generation other than joule heat)[W/m3]
9q: BEIC K BEREN (Cooling power) [W/m3]



| -

R/IMGIETEIE (MPZ : Minimum propagation zone)
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Coil resistance (Q2)

p(RRR, B,T.)J?

RRR = p(293K)/p (10K)
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RN IVFIRILEX—
(MQE : Minimum Quench Energy)
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Various heat sources
]K%*f>'hA(2EE?> 1077

 AC losses, Wire motion, Flux jumping f S " LOSSGS\\
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- Quench Propagation Velocity

NbTi rutherford cable

dT
C——=V-(kVT)+pJ*+9—g,

dt ié? _ | ' '
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+ + —=0 O !
dx? k dx k S
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I R ( i I= O Field (T)
C |T, — Ty, NbTi ®ZE ~ O (10 m/s)
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Simulation w/ R,,,,=75 mQ
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BInEERAODRE - REE—5—(QPH)

HL-LHC D1#ga DA
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/ N
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Active protection !/
M. Sugano et a/, IEEE TASC (2022)



IS BHAaDRE - REEL—5—(QPH)

60



Quench simulation w/ QPH
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K. Suzuki et al,
IEEE TASC 30 (2020)
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MIITs summary, I=13000A, 7m magnet

Success

5 N A A 7 N A ™ A, ~N
I~ A L J N A / b v
| y 9 v 4 5
< Y < o g 5 \{ ‘yl \< |
\Casel Case? Case3l Casel Case5}
Failure mode
Success 23.9
Failure casel 25.0
Failure case? 25.0
Failure case3 26.6
Failure case4 26.7

Failure caseb

21.8

/



QPH design technique

MBXFSO01
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- Rutherford twist pitch
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- Quench velocity
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MEO YT F R : CLIQ
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Quench diagnostics
- Localization technique

INT >V AEE DR

- Rough estimation (3 JL &)
BEY YT
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AOYFUEAREGLOE—-L VAR

In 24 360
Pb 32 510
Sh ~30 170

Nb 32 39
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MaddockDZE(LSEE
- equal-area theorem

w O [,dT\ wh aT
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ox\ oJx A ]
ox
8
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Estimation of the maximum voltage to ground
for the 7m-long magnet

Resistance and mutual inductance are computed for each turn
(Ry, Ly: k=turn#, 88 turns in total)
Bottom coil (44 turns) Top coil (44 turns)

AN AVEN

—— TAV, = Ry - L dl/dt

=X
Then sum the voltage — E
drops (AV,) until X turns : Vio ground (X) AV
k=1 index k: turnt# (1-88)

/l\ Turrl#
Peak voltage at a certain turn#

Voltage
to ground

We define the highest Vi, g0und (x) @s the maximum voltage to ground at quench




NbTi Rutherford cableD&&E T8

https://indico.cern.ch/event/1077978/
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