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H-#takes well over ayear to build and test a product,
we tend to become conservative. We tend to stay with
the proven technology since so muchrides on each test.

+ Since significant cost reduction is unlikely to come with
"the comfort zone technology”, the magnet program must
be designedfor rapid throughput. This will scientifically
evaluate old "comfort zone" issues and test feasibility
and profitability of new ideas.

I nan atmosphere of limited funding, “designing a magnet
program”is just as important as designing a magnet.

| tsets the tone and nature of magnetR&D.

Romesh o, VLHC MT Workshop ot Fermi Lab 24-26 20
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While we optimize the 12.5 T desien for cost.
performance and large scale production,

the 10-turn il program continues in parallel!

12.5 T magnetbecomesa part of
“magnet R&D test factory”
The 12.5 T magnet provides
a significantbackgroundfield
facility for testing coil modules
with large Lorentz forceson them
-- try to simulate high field
magnet situation.

Can test insert/auxiliary coil for field
quality configuration also.

() Good approach for HTS magnet development as well.

Siidalo, Ramesh Gupta VUHC MT Wbﬂuhz at Fermi Lab, May 24-26; 2
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1 limentary aspects rogram:

1. Design and build a 12.5 Tesla, *'React & Wind" Common
Coil Magnet.

2. Design and operate a *minimagnetR&D program' that
allows new ideas, designsand technologies to be tested in
atime and cost effective manner.

Ramesh Gupta, MMTWMIMEQFML& May 24-26, 2004

v wsonros. Phgse IT Common Coil Magnet Program
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» Developand testa series of compact 10-tumcommon coil
configurationsusing reasonableengineering resources

- A pair of 10-turncoilsin acommon coil geometry made with 50
meters of Nb,Sn cable fran Berkeley generates -8 Tesla.
. While time is being taken in designingand building a well
engineered 12.5 T magnet, continuewith 10-tumcoil program

- A positive use of time with parallel resources to address magnet
engineeringissues. Each test requires only a small additional
investmentafter the first one. Each coil uses only - 11 meter of
cable. We can even afford to lose a few coils.

* Good approach for HTS magnet development also.

Ramesh. VLHC MY Workshop at Pesmi Lab, 24-26,
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A few examples of systematic studies in @ modular anproach
« Different technologies
- Wind & React Vs. React & Wind
» Ihfferent conductors
- NbsAl, HTS, etc.
Ihfferent insutation
Ihfferent geometry
= Tape, cable
Stress /High stress confi
» Coil winding and Splicing
... and avariety of otherthings that are not included (especially those
that are not included)

*A Dynamic Program with fast turn-around
time for explori i *

.

Ramesh VLHC MT Workshop ot Permi Lab, 24-26,
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And the experienced designers and technicians.
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Question:
Do we ha ¢ to be super-carefulm
handling - eacted Nb,Sn cable?

e
Observation;

e S

ITER cable (obtained from LBL)
was reacted at BNL. Went througl
some handling (including show
and tell pass in conference room).

’ *  However, ], remained in line with
expectations.
Ramesh VLHC MT Workshop at Fermi Lb_fay 24-26, 20
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The oil iswound like a regullar NbTi il of course with pmper care (e.g.» lower
tension). Thisshouldhelp establish procedure, care (cost)requiredfor Nb,Sn magnets.

Ramesh Supta, VLHC T Workehiop at Perri Lab, May 24-26, 2004
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RO 10-turn Coil Being Prepared |v?rmﬂm¥55v Side Plate for Vacuum Impregnation
B for Vacuum Impregnation : Superconducting S .

[} Division Magnet Division

e 2 Ramesh VLHC MT Workshop of Farmi Lab_May 24-26 3 5 Ramesh Gupta, VLHC MT Warkshop t Permi Lab, May 24-26 200
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AC Dlvblon

BROOK™ ‘ Drawmg of One ‘CO‘“ MOdU|e
1b irconducting «(ready for vacuum impregnation):

g Division
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Vacuum impregnated coil made after “react and wind” technique Non-lead end view of the vacuum impregnated coil

Slida el Romesh VLHC MT Workshop af Permi Lab, 24-26,
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Lead-end view of the vacuum impregnated coil
Romesh Guprta, VLHE MT Workshop at Permi Lab, May 2426 2004
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Coil #2
Main Coils of the Common Coil Design

SlideNo 22

ple 2-dg j with large
bend radivs (no iy 3-d ndi
Conductor friendly (suitable for
briti als - most are - Nb,St
HTS tapes and HTS bl 3)
Compact (compared to single
aperture LBL’s D20 magnet, half
the yoke size for 1 ajert )

Block design (for large Lorentz

forces at high fields)
i« atand he R&D due
to simple & la design

Minimum requirements on big
expensive tooling and labor

Lower cost magnets expected

Ramesh- VLHC MT Werkshop at Fermi Lab, 24-26,
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|__From other speakers/experts:

t;  One of the challengein the common coil design is to
& demonstrate good field quality

Demonstrated here:

Common coil design can produce as good field quality as
£ cosine theta design with similar amount of conductor
g
o

Significant progress since last meeting!

Romesh Gupta, VI.MCMYWorkthzdPamlle May 2426, 2004
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t the impregnated solid volume can move as a coil module cannot move as a block. These forces
lockwithoutcausing quench Or damage. Ref.: over 1 put strain on the conductor at theends and may
in LBL on coil figuration). cause premature quench. The situation is
5 somenhat better m single aperture block design,
as the conductors don't go through complex
1. —

E:ommon 0il design, geometry andforces are such  In cosine theta designs, the geometryis suchthat
I

Horizontal We must check how far we can go in allowing such
forces are motions in the body and ends of the magnet. This may
larger significantly reduce the cost of expensive support

structure. Field quality optimization should include it
(as was done in SSC and RHIC magnet designs).

Ramesh VLHC MT Workshop et Fermi Lab, 24-26,
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Typical Requirements: &R
| Fim 108 W have part in 105 %

FEMa * ROMEw

(from 1/4 model)
0 20 40 60 B0 100 120 140 MAINFIELD: -186463 (IRON AND AIR):
Earlier models used stanted auxiliary coils.
il b4: 000000 bS5 000075 b6 000000
The above modet uses all flat coils. [oy Y e Sotew
BNL design uses very small spacing between  b10:  0.00000  bll: -0.11428 b12: 000000

‘modules. Above design is consistent with that, ~ b13:  0.00932 bld: 000000 bIS:  0.00140
. . bls:  0.00000 517 -0.00049 b18:  0.00000

b 1: 10000.000 b2 0.00000 b3:  0.00308

—Slido o, Ramesh Gupte VLHC MY Workshap at Ferni Lob, May 24-26, 2004
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Prosk: Contribution \o integral (a,b,) in a 14 m long dipole (<10%)
End harmonics can be made (Very small) bn

small in a8 common coil design. 0.000

End harmonics in Unit-m o
Bn -
o5 0.019
01| 600 .000
.00_| 0.8 .025
13_| _0.00 .000
00| -0.10 -0.001
17 | 0.00 .000
.00 |_0.05 -
.00_1_0.00 3:;
60| -0.01 :
.01 .00 0.020
.00 .00 FXo
.00 2 oot

008
.00 £ o005
50 3 9%
= i3
.00 _J 000 1~ 5020
.00 .00 o 2 4 6 3 MW 12 W 1

Harmonic Number (a2:shew quad)

Remesh ta, VLHC MT Workshop at Fermi Lab 24-26,
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All NbSn Design Hybrid NbsSn (Inner) and NoTil (outer) Design
CwSc Inner: 1.2, outer: 27 for Jou ~ 1500 Afmm? Cu/Sc Ier 1.2, Cuter: 15

(conductor use at 12.5 T is about 1/2 of thar at ~15 T) (Inner same as in all Nb3Sn)

*%% Nb,Sn portion in outer may be reduced

Sildahio 20 WhmmMTwMgaRnﬂL& mu—zsg

1T M
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New designs: = part in 104

USe cutoutsat strategic places in Satisfiesgeneral accelerator requiremen-

yoke iron to control the saturation.

ey
°

- .gh.- bE

S tion in earlier design:
several parts in 104

nlcs (@10 mm)

054 |-a—b7] /

810/12141H

Low saturation induced harmonics
till 15 T with a single power supply

Ramesh VLHC MT Workshop gt Permi Lob, 24-26,
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Field profile with time
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AP issues? Compare with the Low Ficld Design.
o VIR T We at Fermi 2478
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« Mixingtwo technologies may create complications. Also a larger required
volume of NbTi conductor makes the support structure and magnet bigger.

» J,0f Nb,Snat 8T (fieldin outer coil) is over 4 timesthat of NbTi.

< Comparethe cost of the same size (0.8 mm) wire per meter (remember
much more NbTi is needed)
- NbTi: ~$0.65/m
= Nb,Sn: ~$3.50-$4.00/m (W E Goal ~$1/m)

~ Copper. by weight, is aboutan order of magnitude cheaper. The
effective cost of Nb,Sa can be significantly reduced by mixing i t

Y Sideio g0 Ramesh Gubta VLHC MT Workshob at Permi Lab May 24-26,
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BNL is embarking on a promising BSCCO 2212 common coil “cable” magnet program.
Generally discussed An alternate proposal : & on @ p s R i et proer
Mix copper strand with Nb,Sn strand Wrapcopper striponNb,Sa cable
% e B R
i 10kA type Rutherford cablemay be possiblemn near future!
Cabl
4 Gap for epoxy penetration € Over 80 meter of XA class cable(oval S km of wire) to be
g Role of epoxy between SC& Cu? shortlyavailable (weeks to months, in instaltments) to BNL
S - for testing cables, winding coils, making shortmagnets, et
% Cuw Better packing _factor Current plan:
& Lower strand diameter First test a pair of 10-nuncoils m common il configuration.
May make better C_able Then depending an the progress, continue with more 10-turn coils and/or
Better (no) matching of go for full 40-turn cable(either Ag and mix oratl HTS strands) coil.
different strands Testa pair of coils in astand-alonemode and in ahybrid high fieldconfiguration.
i More onHTS in alatatalk by Arup Ghosh.
2 ok Special thanks to Robert Sokelowski (I6C) and Ron Seanlan (LBL).
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A multi-uronged approach;

 Lower cost magr d froma simpl Y. . .
« Possibilities Of applying new ion techniquesin reducing magnet manufacturing costs. + Setona path for carrying out dynamlc and
« Possibilities of reducingaperture due to more favorableinjectionscenario in the proposed innovative m agnet R&D.

common mil magnet systemdesign.
« Possibility of removing the high energy booster (the second largest Maching) in the proposed
system.

« Possiility of removingmain quadrupoles the second Most expensivemagnet order) in the + This is expected to significantly reduce
proposed combinedfunction magret design. the cost of bU||d|ng VLHC

Need to examine the viability of these proposals further; needto continue
the process of exploring more new ideas and re-examineold ones (they may
be attractive now due to advances in technology, etc.): needto keep focus
on the bigger picture...

VLHC costreduction may also come from otha advances: cheaper tunneling.
developmentof superconductortechnology, etc.

s hidadondd Ramesh VLHC MT Work: at Fermi Lab, 24-26 X SliceNomad Ramesh VLHC MT Workshop at Permi Lab 24-26 2




