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Life of 10-turn Coil Program 
After 12.5 T Maqnet 

BROOKHauEN 

Supsrconducllng 
Magnet Dlvblon 

Magnet Program besign Philosophy ~ > , , " U l i  I \b t> I I \T"PY 

If it takes well over a year to  build and test a product, 
we tend t o  become conservative. We tend to  stay with 
the proven technology since so much rides on each test. 

- Since significant cost reduction is unlikely to  come with 
"the comfort zone technology", the magnet program must 
be designed for rapid throughput. This wi l l  scientifically 
evaluate old "comfort zone. issues and test feasibility 
and profitability of new ideas. 

- I n  an atmosphere o f  limited funding, mda&hg u mugnet 
progrum'is just as important as designing a magnet. 

I t  sets the tone and nature of magnet R6D. 

I While we ootimize the 12.5 T desien for cost. I 
rformance and large scale production, 

IO-hun coil program continues in parallel! 

125 T magnet becomes a 
"magnet R&D test Pactory" 

of 

The 12.5 T magnet provides 
a significant background field 
facility for testing coil m d e s  
with large Larentz forces on them 
-- try to simulate high field 
magnet situation. 

Can test insedauxiliaty coil for field 

BROOKMAUEN 
.\,IOL*l , *1 I ,U l ' "P I  

Superconducllng 
Hagnot Dlvblon 

Outline of Common Coil Magnet R&0 

Two Darallel and comulimentarv asuects of the program: 

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

2. Design and operate a "mini magnet R&D program" that 
allows new ideas, designs and technologies to be tested in 
a time and cost effective manner. 

, \  

Phase I1 Common Coil Magnet Program BROOrHAUEN 
\\, "<,I UB"PA,"I1" 

SupOrConducllng 

Develop and test a series of compact 10-turn common coil 
configurations using reasonable engineering resources 
- A pair of 10-turn coils in a common coil geometry made with 50 

meters of Nb,Sn cable from Berkeley generates -8 Tesla. 

While t i e  is being taken in designing and building a well 
engineered 12.5 T magnet, continue with 10-turn coil program 
- A positive use of time with parallel resources to address magnet 

engineering issues. Each test requires only a small additional 
investment after the frst one. Each coil uses only -1 1 meter of 
cable. We can even afford to lose a few coils. 

* Good approach for HTS magnet development also. 

A few examales of systematic studies in a modular aunroach 
* Different technolog~es 

* lhfferent conductoFs 

* lhfferent insulation 
* lhfferent geometly 

- Tape,cable 
* Stress managemenWHtgh stress confgurauon 

. . . and a vanety of other Uungs that are not included (espenally those 

* A Dynamic Program with fast turn-around 

- Wind & React Vs. React & Wind 

- Nb,Al, HTS, ac. 

Cod wlnding and Sphcing 

that are not included) 

time for exploring new frontiersfideas * 
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The Team for Phase 11 Program 
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M. Harrison 

G. Morgan 

B. Parker 

I 

And the experienced designers and technicians. 

brawing of 10-turn Coil Showing 
Inner and Outer Lead (all 2d) 

c to be super-careful 111 
caeted Nb,Sn cable? 

Nb,Sn Cable Coming Out of Spool EROOKIIMEW 

Suporconductlng 
Magnet DIvLslon 

\ \  , " & A i  I n " " " \ r O a ,  

I The coil is wound like a regular NbTi coil, of course with pmper care (e&. lower 
tension). This should help establish procedure, care (cost) required forNb,Sn magnets. 
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a ,t%:eRy& 10-turn Coil Being Prepared 
Superconducllng for Vacuum Impregnation 
Magnet Dlvlslon 

< A - , " v $ :  BRooKHauEN I \ I . l l l t T U L \  

superconducting (ready for vacuum impregnation) 
Orawing of One Coil Module 

Magnet Dlvlslon 

BRoOKHAUEll 

Supsrconductlng 
" t T i O \ . l  L A G " I * T O L I  Side Plate for Vacuum Impregnation I 

BRooIHluEN 
\ \ T  Sqmrconducllng "In,  LnD"*h7"ll* Vacuum Impregnation Setup 
Iaggnei Dlvblon 

Vacuum Impregnated Coil BROOKHAWEN 

Supenonductlng 
\*TI"",,, I ,,"O.I<,<IXI 
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SupBrConduCtlng 

S m p l e  2-d geometry with large 
bend rad~us (no complex 3-d ends) 
Conductor friendly (suitable for 
brittle materials - most a r e  - Nb,Sr 
HTS tapes and  HTS cables) 
Compact (compared to single 
aper ture  LBL's D2Q magnet, half 
the yoke size for two apertures) 
Block design (for large Lorentz 
forces a t  high fieldq) 
Efficient and  methodical R&D due 
to simple & modular design 
Minimum requirements o n  big 

10-turn Vacuum Impregnated 
Cable sample 

BROo1(HAUEN 
\\, "I(,, U3"*h,"11* 

Supcrcordudlng 

From other swakerdexwrts: 

2 demonsaate good field quality 

Demonstrated here: 

One of the challenge in the common coil design is to 

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

Field Quality in a Common Coil Design 

Significant progress since last meeting! I E  

I In mmon coil desim geomeuy and force rn such In msine W designs, the geometry is such mal 
thattheim~~~tedsolidvalumecanmoveas a coilmadulecannotmovera bloek.kefoorcca I block without causing qucnch or damage. Ref.: over 1 put strain on b eonductor at the ends and may 

I eauscpmmrequcllch'Ibed~ion is 
somewhat better m singlc a w e  block design, 
as the eonductem don't go Ihrm@ complex 
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Supenonduotlng 
H q n e t  Dlvblml I 

h n n W r M u i a  I rmnil .n* ' Ib 'Typical Reqdmmenu: . . 

I 
-part in lW, we have part in 1 1 . - - 

BROOI(HAUEN 
"*-io\, ,  r n ( , " l n , R Y  

Swrconductlng 
Progress in Field Quality 

Saturation-induced Harmonics 

hool: Connibmion I 

End harmonics can be made 1i-i a common coil des@ (very 

!?R!!oVAk%% 
Supenoducm 

'<I@) 

An Example of End Optimization 
with ROXIE (iron not included) 

..... ... ................... 

All Nb& Design 

(co~d"eroruseatl2.5Tisaboul 1l2oSthatharat-1STJ (hermeasindlNb3!h)  

Hybrid Nb& (Inner) and NbTi (outer) Oeaign 
culsc Inner: 1.2, outer: 2.7 for Icu - 15M h 2  culsc Inner 1.2, Outn: 1.5 

**"b,Snpadon inoutermay bereduced 

Use cutouts at strategic places in 
yoke iron to control the saturation. -1 

4 
-3 
9 2  

2 1  
5; 
5; 

4 
0 2 4 6 8 10 12 14 16 

W) 

New designs: - part in 1V 
Satisfies general accelerator requiremen 
New designs: - part in 1V 
Satisfies general accelerator requiremen 

-.~.-o........O._D.. 
-0.5 

-1.0 

Bm I 0 2 4 6 8 1 0 1 2 1 4 1 1  
Bm I I  

* Mixing two technologies may create complicalions. Also alarger required 
volume of NbTi conductor makes the suppoa structure and magnet bigger. 

. 1, of Nb3Sn at 8 T (field in outer coil) is over 4 times thal of NbTi. 

Compare the cost of the m e  size (0.8 mm) wire per meter (remember 
much more NbTi is needed) 
- NbTi:-$O.65/m 
- WSn: -$3.50-$4.00/m ( W E  Goal -$Urn) 
- Copper. by weight, is about an order of magnitude cheaper. The 

effective cost of Nb,Sn can be significantly reduced by mixing i t  
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An alternate prwsal 
Wrap copper strip on Nb$n cable 

e 

I Role of epoxy berwecn SC BL Cu7 

Cu wrap Better packing factor 
Lower strand diameter 
May make better cable 
Beer  (no) matching of 

different strands 

A multi-uronged auuroach: 
* Lowcr cost magnets expected from a simpler geomcuy. 
*Possibilities of applyingncwconsrmction techniques inreducing magna manufacruring msb 
Possibiliries of reducing apmure due to more favorable injection scenario in Ihe proposed 

common mil magnet system design. 
-Possibility of removing the high energy baoster (he second largest machine) in the p o p e d  
8YStCUL 

Possibility of removing main quadrupoles (Ihe sccond most expensive magnet order) in Ihe 
poposed combined function magner design. 

Need to examine the viability of these proposals further; need t o  continue 
the process of  exploring more new idensand re-examine old o m s  (they may 
be attmctive now due to admnces in technology, etc.): need to keep focus 
on the bigger picture ... 
VLHC cost duction may also come from otha advances: cheaper tunneling. 
development of superconductor technology, etc. 

I O U  !ype Rutherford cable may bc possible !n near futlm’ 

Over 80 metex of U class cable (ova 1 5 km of wue) to be 
shortly wadable (week to months, m mstalhnsnts) to BNL 
for tsbng cables, wmdmg cods. makmg short magnets, etc 

cwent plan: 
First tst a pair of 10-nun coils m common coil contiguration 
Then depending an the progress, continue with more IO-tum coils andlor 

go for full 4o-iurn cable (either Ag and mix or all €ITS strands) coil. 
Test a pair of coils in a stand-alone mode and in a hybrid high field contiption. 

*** Specinl thanks to Robert Sokolowski (IW and Ron Scanbn (La). 
More on HTS in a lata talk by Arup Ghosh. 

St on a path for carrying out dynamic and 
innovative magnet R&b. 

This is expected to significantly reduce 
the cost of  building VLHC. 

6 


