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e [eatures

— It'sadifferent approach
(potential for lower cost)

— Large bend radii (R&W)

— Intrinsic dual-bore
geometry |leads to smpler
support structure
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e Common Goal for the Common Caill

 Develop alow cost ($/ @ e dl) accelerator dipole with

acceptable field quality and aperture
Best way . ..

e Approach from severa directions
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React and Wind, HTS, rapid-turnaround
design/technology studies

React and Wind, Nb,Sn, 11 - 12 Tesla

Wind and React, Nb,Sn, 12 - 15 Teda
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Programs Address these issues

o Conductor utilization e Support Structures
(Nb,Sn/HTYS)

e [abrication/Infrastructure

e Coall Design o e
Field

Field Quality
Aperture

Simplicity

— Fabrication methods
— Design tools/studies
— Tooling/facilities
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e Advantages

— HighB_, T,

e Challenges

— Strain Sengitivity and Cabling

— Magnetization
— Cost
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What can we expect from conductor development program?

e NbgSn

— J. £3,000 A/mm?
— Filament Diameter 3 20 microns
— Strain effectson J. negligibleup to 150 MPa (MJR)

e HTS
— J. cross-over with Nb,Sn now at 14 Tesla
— Keegp working
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o Degradation under Lorentz loads

— Compressive stress
— Bending stress

« Fabrication (Cabling, Bending)
— R&W
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o Advantage
— Eliminate reacting full size coils

e Challenges
— Cabling Degradation (Fine strand conductor)
— Bending Degradation

bttt bl COilS With HTS/Nb,Sn tapes, cables

Coils with Nb;Sn cables

: \
Q HTS/ Nb,Sn cables
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Using left-over ITER
internal tin diffusion
conductor made by IGC
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BERKELEY LAB
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MATIONAL LABORATORY

| 10 Turn HTS Coil at 70 K
> J

30 40 50

10/17/00

0

10 20
Current (A)

S. Gourlay
VLHC Annual Mesting

Bi-2212 Coils made
with Rutherford cable
(1GC/Showa/LBNL)
Early results show no
degradation




MATIONAL LABORATORY
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@ 4.34 K @ 4.507 K
@ 4.574 K
Temperature excursion to

establish that quenches are
conductor limited

Current (Amps)

Quench Number

92% Short Sample
I TER Conductor
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normalized critical current
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HoH (T)

Bending Degradation



MATIONAL LABORATORY

Early results are promising ...
but there 1s much more work to be done

o Cable degradation

A
‘rn

e Designvariations - cablesand magnets B

r

« Coil testing in magnet environment \
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e Many, many options exist

— Really depends on parameters one wants to optimize

« Some combination of these plus others

— Fdd
— Field Quality
— Aperture
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RD-3

Coil Modules -

— 14Teda ST, ionvoke

Bladder

High stress

Support structure e (0 )[R

" Shell

Fabrication methods

Iron
Support
Pad
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MATIONAL LABORATORY

o 12.5 Tedabackground field
for insert tests

— 2-Layer Nb,Sn outer

— Add inner HTS layer
— Independently operate outer/inner
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o Geometric
— Many options exist

e Saturation
— Same old problem, same solutions
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e Magnetization
— Common problem for al high field magnets using Nb,Sn/HTS

Several methods are being studied to mitigate the problem

— Coil Geometry

— Inserts
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C-COLLAR
BRIDGES

10 mm SS SKIN
IRON YOKE

DUMBBELL
COLLAR

NbsSn COIL

7 COOLING
11 Teda el CHANNEL
Single-layer Coils SPACER
Intrinsically low magnetization
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MATIONAL LABORATORY
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e Low saturation harmonics
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MATIONAL LABORATORY

12.5 T Nb;Sn and Nb,Sn/NbTi hybrid
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BERKELEY LAB

RD-5
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B=11T | _=22kA
 VLHC Prototype

e LargeBore (> 35 mm)

e Based on < 2,000 A/mm?
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e 30 MM
— 11.5Teda
— Flat colls

e 20 mm
— 11.5Teda
— Flat coils
— Onethird less conductor
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e Minimize conductor displacement under Lorentz loads

— One of the more important aspects of high field magnet design

e Threeissues

— Compressive Stress
— Bending strain
— Held quality (conductor displacement)
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MATIONAL LABORATORY

BNL Support Structure for
10-turn test coils

e Simple - fast turn-around
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COLLAR-—|

FILLER—
BRIDGE — |

INSERT — %

coIL—"

Single-layer designs  Two-layer designs
Al vs SS collars o Veticaly split

Fixed vs dliding coil/collar  Horizontally split
Interface
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(Internal press)

— Minimizes coil displacement

— Easily control distribution of
prestress

— Low RT stress
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MATIONAL LABORATORY

e Fabrication

— Cost and Performance Related | ssues ,\I A
reererer ‘m
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 Infrastructure
— Existing infrastructure at BNL and LBNL for Nb,Sn
— FNAL has recently augmented thair facilities
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MATIONAL LABORATORY

» Progress will require upgrades 5:}| ‘r;;

— Power Supp| les > 25k A .E‘.

— Tooling and Facilities for long magnets
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MATIONAL LABORATORY

 Primary Goal

— 12.5 Teda Common Coll
— React and Wind
— HTSInsert

e 10-Turn Coil R&D Program in progress

— Nb;Sn cable and tapes
— HTS cable and tapes
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o 11 TedaAccelerator Quality Common Coil Dipole

React and Wind
Single layer coils
Good field quality
Large bore

e Continued Studies

— Design
— React and wind cable issues
— [Fabrication methods
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 High Field Common Coil Dipoles

— Fields greater than 14 Teda (RD-3)

o Field Quality

— 13+ Teda (multi-layer) (RD-4)
— 11 Teda(single-layer)

e Continued Studies

— Design
— [Fabrication methods
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e« Common Colil R&D iswell underway and making progress
— Mog, if not al the important issues for this stage are being worked on
— Thetools exist to form the basis of a development program

— The programs are very complementary

e By thistime next year, several magnets will have been tested
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e Considering that we are just beginning, we' re doing great

— but projected progress is still way below the level of atrue
development program

e Looking at thelong term, let’s put the situation in
perspective by looking at the LHC dipole development
program
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20 years from start to turn-on

 Phasel
— Designtrias
— 5years @ > 3 magnets'year

e Phasell

— Second generation
— 7 years @ 9 magnetsyear
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