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. L1m1tedcurrent density
olyhelix G
« Complex stresses in insulation
« “Newer” technology |
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, Requires finite temperature margin
« Capable of much higher heat removal
(depends on T¢ of superconductor)
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5-T Hybrid M

Resistive
Insert Magnet

¢ Superconducting
- Outsert Magnet

agnet

Outsert Magnet Cryostat

" Resistive Insert Coii.«»./< NI
80K Thermal Shield

20K Thermal Shield

Qutsert Vessel

NbTi Outsert Coil

Nb,Sn Outsert Coil

Vacuum Space

~ Insulating Shield-Support Rods

Qutsert Magnet Support Column

Resistive Insert Current Terminal

i

i ,41' Helium Supply Duct

” Resistive Insert Armatures

Heliqrn Return and Buse Duct

Superconducting Horizontal Current
Buses

Outsert Terminal-to-Bus Junctions
Qutsert Vessel Safety Burst Disc

Resistive Insert Water Return

Resistive Insert Housing
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T =150K

‘® Radiation damage
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~ GFRP insulation |
(Note that the _e}bove ive a mean winding-pack
density of 5680 kg/m".) |

* The “core” of a MF-Nb;Sn composite wire, a combination of Nbssn, Cu-5n
bronze, barrier, and voids in the following approximate proportions: 23%,
69%, 6.5%, and 1.5%. |
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Q" (mW/kg)

-100.00

y = mi‘exp(-(m0/(m2*m0" 2+m3... || 1\

- Value ___Error] t

10.007 Wi | 7sser|  eo0174] x T
.|l m2 ] -0.00027727| 0.00010536 % 1

- [ me ] oame2| 0015346 X
e ] 19.368]  0.53837 ™

T flenisa] 22185 NA| |

R 0.99979 NA 4
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0.10

m1*exp(-(m0/(m2*m0r2+m3*...

Value Error .
mi 4.9547 1.1338 1
m2 | -0.0018776] 0.00031821 || i
m3 0.58909 0.031313f
mé 7.4085 4.0438 ||
Chisq 0.032858 NA
R 0.99651 NA
i Vogick ) 1 | L L 1 | L | |
1 ! 1 T I
20 40 60 80 100 120
& (mm)
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T

y = mi1*exp(-(m0/(m2*m0* 2+m3...

Value Error
m1 0.387 0.023337
m2 -0.00034878| 0.0019013
m3 0.33772 0.58149
mé4 115.87 49.381
0.017108 NA

0.95756 NA
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housing, shield vessel, and
superconductmg magnet cryostat

 m Assembly gaps fixed at minimum practical
values
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| m Total system operation: 120,000 h-
m Total ref.-sys. operation: 136,000 h
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Buswork: 24 $/kA'm

" :_ﬁgmeéﬁng & design: 20% of other contributions
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ontributions

Miller 000215




ontrib

other ¢

@)

Miller 000215




-« 100 $/kA-terminal ‘
m Vessel/external structure: 20 $/kg
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Nuclear heating, Q,
Pump work, Qp (0.03:Q,)

Current leads, Q; (9 W/kA pair)
Thermal radiation, Q; (0.4 W/m?)
Conduction, Q. (0.1 W/t)

Margin, Q,, (50% of other contributions)

Miller 000215
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“m Blecricity charge: 005§/
& Réplacement of coil-pack and

housing at 3000-h intervals
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4 Refrigerator: 0.05:0 g/s
+ Cryostat: 0. 005(Qr+ Q) g/s

m Utility rates:

¢ Electricity: 0.05 $/kW-h

¢ LN,: 0.07 $/liquid-L

\‘w\f; | ¢+ GHe: 1.8 $/equivalent-liquid-L
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Subsystem |  cost |operating cost|
| (k$) k$)

~ costs

(k$)

Resistive/shield 6,166 25 777

Superconducting | 8,759 11,025

31,943

19,785

Totals 36,302

51,727
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~larger fractlon of the total cost
Support systems also comprise large
fractions of the total capital cost
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