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NATIONAL LABORATORY Conq'-en.lns

Superconducting

Magnet Division

* The basis of present HTS magnet design
Why it is being developed the way it is (based on our unique experience)

* Challenges for HTS magnets as compared to room temperature magnets

Technical plus cost, cost and cost !l

 Status of present magnet design (based on parameters as understood)
Please give your input/feedback

« Summary

For more background on HTS magnet designs and technology and BNL experience visit:
http://www.bnl.gov/magnets/Staff/Gupta/scmag-course/uspas06/RG06/rg-uspas06-lecture09.pdf
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BROOKHEAVEN Challenges with HTS Magnets

NATIONAL LABORATORY

Superconducting aﬂd Our Appf‘OOCh

Magnet Division

« HTS materials are very brittle
Work on magnet designs (“conductor friendly designs”).

We have developed many such designs for a variety of applications. We
have a number of success stories. They will not be discussed today.

 HTS materials and magnets with cryostat are very expensive
The cost of HTS (per amp meter) is coming down continuously.

Develop designs such that the conductor requirement and cost of magnet
goes down. A number of ideas/approach have been developed here.

A major topic of discussion today.
Also consider the cost of ownership (capital + operating cost).

« Unknown issues (field quality, lifetime, etc.)
There are no short cuts. We have to design, build, test and prove.

Also work on the magnet designs.
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Superconducting At Various Operating Temperatures
Magnet Division

HTS current carrying capacity is quoted at 77 K, self field. Multiply by scaling factor to obtain atany T & B

Wire performance with magnetic field Wire performance with magnetic field
parallel to tape surface perpendicular to tape surface
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Superconducting
Magnet Division

HTS Solenoid Design
With Iron Yoke Over Coil

Magnetic model has been optimized to reduce the perpendicular field in the superconductor
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HTS magnets Based on Nitrogen
(Temperature Can Be Lowered by Pumping)
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*In some low field
applications, one can
perhaps operate HTS
magnets with nitrogen only.

*One can reach significantly
lower temperature than 77
K by reducing the pressure.

*This means that the
superconducting (HTS)
magnets can be operated
without helium.

*This is a major advantage
in many situations.
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HTS Magnets with Cryo-coolers

Superconducting
Magnet Division

In some application (and/or places) it is advantageous to design a magnet system with cryo-coolers.

400.00
Cooling power of some cryo-coolers from ‘
. - HTS Propertics
30001~ CRYOMECH as a function of temperature ,, |
' ' ' ' ' ' 477K
; ‘ i ' : i : M
30000 +—--~---- &K
| - sk 1 -
. -~ Field
£ 25000 | 3 A\ o
g W Perpendicular
@ i, TP
2 200.00 4 ) . —
c % Tl e S
g’ , l ¥, . I 8i-2221 ice at different
S viite | | - S| L
. T e e v e T , — o tiee tape surface.
o | 3 S = "
a os 1 15 ? %
Magretic Field [tesa)
100.00 -
]
7
50.00 - sl‘l.\ g
l,\ 4 ek,
“15-.,“\- - ¥-sol 1
" =4 s %
0.00 - Field ! ~—
i
g ~ 1
Temperature (K) Pa ra"el - hﬁ“‘“‘“‘w i
[—e—AL-300 —m—AL-200 ——AL-60 —>— AL-10 ——AL-230 —8—AL-25 —— AL -330 —8— AL-63 | e
Bi-2223 perfo
rrrrr prern
the

Operating temperature is an important parameter in
cost optimization. A good magnet design with lower Siperconductor
field on conductor (in particular lower perpendicular T R S
field may significantly reduce conductor amount).
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Magnet Divisio

AL LaBoratory | HVS LS2 Dlpole Design is Based on the Design

Superconducting Developed for the Neutrino Facility Proposal
n

DRAFT — BNL Proposal to Conduct Accelerator R&D - DRAFT
for a Future U.S. Neutrino Physics Program
Brookhaven National Laboratory
August XX, 2005
| Version: August 30, 2005
Executive Summary

This is a proposal submitted by Brookhaven National Laboratory (BNL) to the US. Department of
Energy (DOE), Office of High Energy Physics (OHEP), to conduct Accelerator RED focused on the
improvement of accelerator systems and capabilities needed for effective realization of future accelerator-
based sources of intense neutrine beams. Our proposal emphasizes the most pressing R&D needs
required by the “Super Newtrine Beam’ concept identified in the 2004 Office of Science Future Facilities
Intiative'. The proposed R&D work will be central to the future effectiveness of the 1.8 Neutrino
Oseillations Program using accelerator sources of neutrinos. We outling a program that is structured to
evolve over a three-year period, indicating technical goals, requested OHEP support levels and staffing
levels to meet these national objectives. The proposed R&D topics are described in detail in the Main
Text sections below. A prioritized list of topies and proposed support levels is provided here.

Our 1st prierity is directed to generic high-power, proton target and integrated target/horn meson-focusing
systems R&D. This proposed R&ED work will be needed by any acceleraror source that proposes to
advance the capabilities of the LS. in future accelerator-based neutring experiments, We also observe
that, beyond the neutrino-less double beta-decay and high-precision reactor neutrino experiments
currently under consideration for near-term approval, the future effectiveness of neutring oscillation
research will depend upon the development of Megawart-class target sources and Megaton-class
detectors, hence the need for the high power proton target and hom RE&ED. Our 2nd R&D priority is for
development of proton beam transport magnets usin h temperature superconductors, a development
that will significantly reduce electrical power costs during the operations period of a super neutrino beam
program,  Our 3rd prionty 15 for the development of novel, Fixed-Field, Altemating-Gradient (FFAG)
conceptual accelerator designs that could provide a less costly, high-power proton driver for neutrinos
than the present superconducting linac approach. The potential applications of a successful FFAG R&D
program extend beyond the improvement of future neutring beam facilities into the regime of general
application to new, high-power proton accelerators for a variety of new scientific applications.

Although there were other quite compelling R&D projects and tasks that we considered adding to this
proposal, we felt that the program presented here needed to be held to the requested funding levels. We
felt that this dollar level could be supported by DOE OHEP, even under very stringent budgets

We supply here, a Table of proposed Accelerator R&ED projects listed in BNL's priority order,

Q High Temperature Superconducting Magnets: R. (jupta,D

High Temperature Superconducting Magnet B& D for Neutrine Phyvsics Application

Table of BNL Accelerator R&D Topics and Budgets by Fiscal Year
Project Name BNL FY06 FYo7 FYO08 Total
Priority (SK) (3K) (5K) (3K)
Target Materials & Target/Horn Integration 1 820 a70 200 2080
High Temperature Superconducting Magnets 2 363 321 0 [
FEAG Accelerators For Meutring Physics 3 351 487 ] 1223

We will seek an opportunity to discuss these ideas with DOE-OHEP at a meeting to be scheduled in
Germantown in the near future.

"“Fagilities for the Future of Science, A Twenty-Year Outlook™ 1 8. DOE Office of Science. Nov 2003,

Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006.

Continued magnet R&D on crvogen-free super-fernce magnets (Fig. 1) based on High Temperature
Superconductors (HTS) 15 proposed as a way to sigmficantly reduce the operating cost and also
potentially reduce the construction costs of the future Super Neutrine Beam Facility identified as part of
the DOLE Office of Science’s 2003 Future Facilities Plan. The present proposal is built upon the recent
success of the proof-of-principle HTS magnetic mirror model developed at BNL as part of the Rare
[sotope Accelerator (RIA) R&D program [1]. Design concepts are being further developed so that these
magnets, fabricated using commercially available HTS tape, become comparable in cost to room
temperature water-cooled copper magnets requiring a field over 1.5 Tesla. Morgover, since HTS dipoles
can generate sigmificantly higher fields (-2.57) than room temperature dipoles, this approach would also
improve the technical performance of the targeting system, resulting in @ more compact primary proton
beam transfer line, thereby allowing a longer decay length and/or a shorter, cheaper tunnel.

A primary proton beam transport constructed from such HTS magnets, operating at a temperature of
~35K, will be much more compact than room temperature magnets and will be cooled by plug-in cryo-
coolers; hence. no crvogenic plant will be needed. HTS magnets will significantly reduce or potentially
elimimate the beamline cooling water system. The magnets will operate below 300 amps, a factor of ten
lower than the current required for room temperature magnets. The development of these magnets would
not only reduce the operating cost (and perhaps overall construction cost) of the Super Neutrino Beam,

Fig. 1: Conceptual design of HIS magnet with crvo-cooler for Super Newtring Beam Line at AGS

Slide No. 8
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Superconducting
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Warm Iron HTS Magnet
Design for Proposed
Neutrino Facility
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BROOKHRAEN Cooling and Support Structure Concepts

NATIONAL LABORATORY

Superconducting fOf' Neutrino FGCI'I"'Y LONG Magne'l'

Magnet Division

In longer magnet, copper rods were placed
(a) to provide much shorter cooling path to
coil on the opposite side and (b) to contain
forces within cold structure and hence
minimize heat leak. Magnetic circuit can
be made to accommodate these rods.

Cooper plate inside the coil is made of
high strength cooper. This also serves
dual purpose — (a) distribute/contain forces

(they are small) and distribute cooling.
Ramesh Gupta, Superconducting Magnet Division Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006. Slide No. 10




BROOKHFAEN

T AT A TY T

NATIONAL LABORATORY Two Magnef S'rYIeS

Superconducting
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Superconducting

Magnet Division
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We prefer back-leg powered over pole powered to produce lower cost HTS magnets

1
300.0 -SOQ'R)D.O 0.0 100.0 200.0 300.0 400.0 500.0

Simpler and cheaper support structure because no need to deal with vertical forces

Need much less superconductor because field is parallel to superconductor surface
Need for reverse bend in coil winding because of sagitta, can be eliminated

(a) Needs one cryostat instead of two

(b)

(c) Heat leaks will be lower

(d)

(e)

(f) Should facilitate a simpler and cheaper cryostat design
Ramesh Gupta, Superconducting Magnet Division

Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006.
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Superconducting

A Case Study for Cost Comparison of Copper and
HTS Dipole for Neutrino Facility (This is NOT LS2)

Magnet Division

Design Parameters:
*B=155T
«L=3.73m

* Pole width = 153 mm
* Pole gap = 76 mm

Copper Magnets:

 Better known costs (estimated
: ~150k$ each for this magnet)

 Cost of individual components
like coil, yoke, etc., is well
understood

« High operating costs
(estimated ~3 MW total)

» Low thermal conductivity
water cooling plan

» Higher current (a few kA)
power supply (higher cost)

* Maintenance issues (cost,
downtime): water leak etc.

g
!“ r‘fi*:

HTS Magnets:

Desired cost of support
structure and cryostat in
this HTS magnet: < 20 K$

Ramesh Gupta, Superconducting Magnet Division

Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006.

*Develop designs to reduce cost
(goal : ~150k$/magnet for
equivalent integral field)

» Cost of HTS as per present price:
~35 k$ (only ~1/4, lower in future)

* Need to include cost of other
components like iron (low and well
understood), support structure,
cryostat (major driver unless better
designs developed)

.Lower operating costs (wall power
of cryo-cooler?)

*Cost of cryo-coolers (compare
with infrastructure cost of Low
Thermal Conductivity Power Plant)

Lower current (a few hundred
Amp) power supply (cheaper)

*Maintenance issues (cost,
downtime): cryo-coolers

Slide No. 13
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Superconducting

Magnet Division

With this background

we move to HTS magnet design for
LS2/NSLS2

The purpose of giving this background was
to help you appreciate why we are doing
things the way we are. (at least we tried!)

Ramesh Gupta, Superconducting Magnet Division Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006. Slide No. 14
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Superconducting
Magnet Division

The current working LS2 dipole parameters are :

Maximum magnetic field — ~3.3 kG (3.5 is a good round number)
Gap ~ 35 mm
Saggitta ~ 30 mm

Horizontal aperture - £+ 30 mm
(60 mm in curved magnet, 90 mm in straight magnet)

There is no high field (1 T) section at this stage

Magnetic design studies will be made for both a “1 T high field section in the middle” and
a “0.1 T low field section” in one end. But no detailed engineering design will be made.

This is a good time to make suggestions/corrections.

Ramesh Gupta, Superconducting Magnet Division Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006. Slide No. 15
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Superconducting

Magnetic Models of 3 kG Magnet
Designs for Light Source 2 (LS2)

Magnet Division
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(Pole powered)

Current Density = 2 A/mm?

HTS magnet with shield
(Back-leg powered)
Current Density = 50-100 A/mm?2

Ramesh Gupta, Superconducting Magnet Division Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006. Slide No. 16



BROOKHAVEN How Ampere's Law Is Satisfied

NATIONAL LABORATORY

Superconducting and Ff'inge Field IS Kep'l' Low

Magnet Division

$H.dL=N.TI

,b With a properly designed shielding,
Ampere’s law does not come in the way

Path of surface -
of low fringe field outside the shield

integral

a

HTS magnet with shield
(Back leg-powered)

Water-cooled copper magnet
(Pole-powered)

FJESEEEEEEEENER ; ) Illllllllll.a \
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Only significant contribution comes from H Significant contributions come from H, in gap
(B,/n,) in gap (g) region. One can obtain: (g) and H, separation (s) between shield and
iron region. Fringe field can be small if:
B,.g/p,=N.I Hy.g ~ -H,.s

. . ° A A 1Pl |
« Fringe field “c” can be small ! Fringe field “c” can be small !

Ramesh Gupta, Superconducting Magnet Division Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006. Slide No. 17



BROOKHFAVEN . . . .
ot asoratoxt | Epinge Fields in Magnet Cross-section
Superconducting
Magnet Division

Note: Fringe field is significantly lower at a similar distance (as compared to
conventional pole-powered water-cooled magnet) from magnet center in back leg
powered HTS magnet with appropriate shield (maximum width 10mm).

There are a variety of simple and practical ways to incorporate this shield.

PROBLEM DATA,

EMoperais2is2-cu2-b st

I S .
-300.0 -200.0 —10?10 0.0 100.0 200.0 300.0 400.0 -300.0 -200.0 -100.0 0.0 A 300.0 400.0
g%mpunent: EMOD 5 Oﬁ o 1 0E.03 X [mm) g%mpunent: EMOD 5 Oﬁ o 1 0E.03 X [mm)
- = — VOOPERA2d | = — V_OPERA2d
Water-cooled copper magnet HTS magnet with shield
(Pole-powered) (Back leg-powered)

Maximum scale 103 T (10 G); Pacemaker limit: 5 G
Field is much lower a certain distance away from the shield.

Ramesh Gupta, Superconducting Magnet Division Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006. Slide No. 18



BROOKHAAEN Magnetic Models of 3 k6 Magnet

NATIONAL LABORATORY

Superconducting Designs for Light Source 2 (LS2)

Magnet Division
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Our baseline design for CDR is straight magnet (as per guidance from Vladimir)

Ramesh Gupta, Superconducting Magnet Division

Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006.
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wnonatasoratory | Field Quality in Preliminary Design

Superconducting
Magnet Division
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These are preliminary conceptual designs. Nevertheless the field quality requireme"nts

of a few parts in 10 have been obtained by shaping the pole (0.5 mm max, vertically).

Pole profile is
shaped for field quality

100.0

200 60.0

Ramesh Gupta, Superconducting Magnet Division
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Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006.
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Superconducting

HTS Back-leg Powered Magnet
(Without End Shields)

Magnet Division

30/Apr/2006 15:00:44

Surface contours: BMOD
2 452883E+000 20

2.000000E+000

— 1.500000E+000

= 1.000000E+000

s

= 5.000000E-001

~ ’:r
\ : a.,\' ; ’ )

UNITS
Length mm
Magn Flux Density T

hagn Field At
Magn ScalarPot A
Magn Wector Pot Whm!
ElecFluxDensity  Cm?

ElecField Wom!
Conductivity S mm!
Current Density A2
Power Wy
Force M
Energy J

PROBLEM DATA
hts-bBe-high-ex.0p3
TOSCA Magnetostatic
Man-linear materials

Simulation No 1 of 1
/ 2772606 elements
) 470141 nodes

// 1 conductor
' MNodally interpolated fields
// Reflection in 3 plane (2
field=0)
// Reflection in 2X plane (Z+X
fields=0
1cm thick Shielding box is about
1ft X 1ft. The outer dimension of
shielding box are similar to overall
dimensions of copper magnet.

(shielding does not have to be a
box; it could be stripes or simple
plates with holes and cut out, etc.)

i 1.855210E-002

Note: Iron poles are longer than the coil.
Thus field extends beyond the coil ends. VECTOR FIELDS
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BROOKHRVEN HTS Back-leg Powered Magnet
Superconducting (With End Shields)

Magnet Division
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Length mm
Magn Flux Density T
Surface contours: BMOD 200 tagn Field Am?!
2 A57A2FE+000 Magn ScalarPot A
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1co Conductivity S mm!
Current Density A2
Power W
2.000000E+000 Farce TN
Energy J

PROBLEM DATA
hts-hBe-high-ex-shield.op3
TOSCA Magnetostatic
MNon-linear materials
Simulation No 1 of 1
2772606 elements

470141 nodes
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MNodally interpolated fields
Reflection in XY plane (2
field=0)

Reflection in ZX plane (Z+X
/ fields=0)

— 1.500000E+000

[ 1.000000E+000

[ 5.000000E-001

1.798516E-002

End shield to terminate the
axial fringe field (beyond ends)

VE_VECT
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BROOKHEVEN | Fringe Field Beyond the Magnet Ends
Supercon ducting (A" designs have same inner coil Iength)

Magnet Division

1My 2008 032511

Water cooled

: V- VECTOR FIELDS

1Mey /2008 032657

Water cooled Wlth end caps

Elac FlusDonsy  Cm”
Elac Finld W
Conduchity

Cumnt Densty A mm
v w
Force H
Enargy 4
PRODLEM DATA

14N Inodes

1 conductor

Modally imerpolsted felds
Fesfiecsan in Y plane (2
felde

0
Fticton in < plane (2
Baldusl)

Lusal Coardmnbis
Ongn 00.00.00

Local #v2 = Globel 5T

Eloc FluxDensy  Cm*

Elae Fiald W
Conductivity Emm
Cumprd Dansdy  Amm
Force N
Enngy 4
PROBLEM DATA
le2-erbd epd

14N Inodes

1 conductor

Modally imerpolsted felds
Fesfiecsan in Y plane (2
felde

0
Futacion in ¢ plane (00
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Ongn 00.00.00

Local #v2 = Globel 5T

¥ VECTOR FIELDS
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MagnVecorFer  Wam'
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Baldusl)
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HTS back-leg powered
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Force N
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PROBLEM DATA
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HTS back-leg powered
with end shleld




T ™ Ty A

NATIONAL LABORATORY

Superconducting

Field Away From Magnet With and
Without Fe Cover in Copper Magnet

Magnet Division

2fhan/2006 13:19:45

T

0.01

8.0E-03

6.0E-03

With Fe
cover

4.0E-03

2.0E-03

¥ vEcTOl

0.0

-2.0E-03

-4.0E-03

-6.0E-03

-8.0E-03 _i

_0.01 - L | | | |
Local X coord 0.0 0.0 0.0 0.0
Local Y coord 0.0 0.0 0.0
Local Z coord  1400.0 1480.0 1560.0 1800.0
Component: -BY, Integral = 7.3267067833926

_ _ _Component: -BY, Integral = 6.7520374387569

0.0
1640.0

0.0
1720.0

V-_VECTOR FIELDS
Preliminary Design of HTS Dipoles for NSLS2  May 4, 2006.

Ramesh Gupta, Superconducting Magnet Division

UNITS

Length mm
Magn Flux Density T
Magn Field Am'
Magn ScalarPot A
Magn VectorPot - Whm'
Elec Flux Density  Crm*
ElecField W
Conductivity S
Current Density Amm*
Power W
Force M
Energy J
PROBLEM DATA
IsZ-cu-bZ.op3

TOSCA Magnetostatic
MNon-linear materials
Simulation No 1 of 2
2149432 elements

364713 nodes

1 conductar

MNodally interpolated fields
Reflection in XY plane (2
field=0)

Reflection in ZX plane (Z+X
fields=0)

Local Coordinates
Origin: 0.0, 0.0, 0.0
Local Xv'Z = Global XvZ
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NATIONAL LABORATORY

Superconducting

Field Beyond Ends in HTS Magnets

Magnet Division

b =

21/Aprf2006 09:24:26

0.32

0.3
0.28
0.26
0.24
0.22

0.2
0.18
0.16
0.14
0.12

01~
0.08 —
0.06
0.04 —

Back-leg HTS caoill
without end shield

Back-leg HTS caoill
with end shield

Local X coord
Local Y coord

Local Z coord

0.02 —

50.0 50.0 50.0 50.0 50.0 50.0
0.0 0.0 0.0 0.0 0.0 0.0
1400.0 1480.0 1560.0 1640.0 1720.0 1800.

Component: BY, Integral = 24 9863917455563
_ __ _Component: BY, Integral = 22.2833626728197

The field beyond shield in HTS magnet is similar to Cu magnet with
1 cm shield (can be made smaller with thicker end shield, if desired).

Ramesh Gupta, Superconducting Magnet Division
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NATIONAL LABORATORY summary
Superconducting
Magnet Division

* Preliminary investigations of HTS dipole design has been made.

* We hope that there is a better understanding of why we are doing

tings the way they are.

« We can move forward to finish this design study with some guidance.
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NATIONAL LABORATORY

Superconducting

Magnet Division

Extra Slides
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BROOKHEVEN | High Field HTS Coils and Magnet
Superconducting at BNL with Rutherford Cable

Magnet Division

14000 — BSCCO2212 Cables —  —=—S-00836-3 —a—S-00836-4 M
—— S$-B139-T1 —x—S5-B139-L1

12000 —e— S-R007B147-1 ——S-R013B147-1
—e— S-R013B153-1 —+—S-R016B155-1

10000 —-¢o—- 1-0076-1 — % —5-00825-1a
—&— 5-00825-1b

8000
Recent Showa Cable (short length)

le(1,2 Viem), A

Early Showa Cable (2001)

: , : 2 4 : : : . | Modern HTS cables, coils & magnets

Applied Field (T)

Cable made at LBL, reacted at Showa, tested at BNL AL (S ) Slgnlﬁcant current.

4500

- =% - g 4000 - ol ¢ @
= e 5 é 3500 ) ) *
< s Earlier coils Later coils
g 001 <1 kA (~2001
ﬁ 2000 - ( ) o 4.3 kA
3 1500 (10/03)
~ 1000 - @
500 - 4
0 ; ; @ ¢
0 1 2 3 4 5 6 7 8 9
- - s HTS Coil Production No.
S— . . Self-field Self-field
HTS coil wound and tested in a common coil magnet at BNL _ ~1.85T
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BROOKHR\EN RIA HTS Quadrupole At Various

NATIONAL LABORATORY

Magnet Division

Superconducting Stages of Construction and Testing

1 )i
¥

» We have been doing HTS
magnet design and R&D from
last 10 year. BNL/Magnet
Division is the leading laboratory
in the world on HTS Magnets.

* We designed the magnets
around the conductor and
around the specific situation,
rather than just pointing out the
difficulties with the conductor

l o - t' .. .
Cold iron magnetic and the magnet design.

mirror test with six coils

HTS coils during magnet assembly
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BROOKHFIAEN
NATIONAL LABORATORY 3-d Model Of RIA Quad

Superconducting
Magnet Division

Magn Fi
guﬂface contours: BMOD v Magn Scs
3.724927E+000 MagnVec
Elec Flux [
E Elec Field
Conduct
CurrentD
Power
w Force
Energy

Mon-linear
Sirmulation
2851905 el
479552 not
& conducto
MNodally int

2400 PROBLE}
rimedex.op
TOSCA Mz

Local Cot
Origin: 0.0,
Local Xv'Z

%
\

’

s

X

X

S

4B
l 1.085601E-001 / N

An OPERA3d model of the 280 mm aperture super-ferric quadrupole design
for RIA. Color indicates the field intensity on the surface of coil and iron
regions. The model shows only one symmetric half the complete magnet.

The magnet 1s designed such that two coils create the quadrupole symmetry.
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BROOKHEVEN Performance of 13 HTS Coils

NATIONAL LABORATORY

superconducting | (Each made with ~220 meter of ’rape)

Magnet Division

Coils can be made without damaging or degrading conductor. Also note the
uniformity in performance of coils made with commercially available HTS.

e 70 Ml Single Coil Test

O 60 | B Double Coil Test | ... .
>

=50 -0 BB 8B BB BB BB R
o 40

® 30

c 20

S 10 |

G 0

1 2 3 4 5 6 7 8 9 1011 12 13
Coil No.

The current at a voltage gradient of 0.1 u V/em (10 u V/meter)
over the total length of the coils at 77 K.
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BROOKHEVEN RIA HTS Model Magnet Test

Superconducting Results for Various Configurations
Magnet Division
300 A
>K,\ \\ — & —Two Coils
_ 250 S 5 \\A\\ - K- - Ff)urC.oiIs
s >K \\ —— Six Coils .
£ NSEEERN —+— Twelve Coils More COIIS
200 S
§1 create more
< 0 | field and
g) hence would
£ 100 have lower
§ current
(&) .
50 - carry|rlwg
capacity
0 I I I I I I I I I

0 10 20 30 40 50 60 70 80 90 100
Tempratue (K)
A summary of the temperature dependence of the current in two, four, six and twelve coils

in the magnetic mirror model. In each case voltage appears on the coil is closest to the pole
tip. Magnetic field is approximately three times as great for six coils as it is for four coils.
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