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[ R NATIONAL HIGH MAGNETIC
\ Y .1 FIELD LABORATORY

INSTITUTIONS:
“* FLORIDA STATE UNIVERSITY
* UNIVERSITY OF FLORIDA
LOS ALAMOS NATIONAL LABORATORY

MISSION STATEMENT:
TO ESTABLISH A STATE-OF-THE-ART
HIGH MAGNET FIELD FACILITY DRIVEN
BY AN INTERNATIONALLY COMPETITIVE
IN-HOUSE RESEARCH AND DEVELOPMENT
PROGRAM AND RESPONSIVE TO THE
NEEDS OF THE USER COMMUNITY, I.E.,
THE CREATION OF A FACILITY CAPABLE
OF SUPPORTING RESEARCH AT THE
EXTREMES OF PARAMETER SPACE,
E.G., P, T. AND B.



wWhat?

‘National and Internationatl
User facility to Support
Research and Development

-Biology
-Bio-Medical
-ngineering
-Chemistry
-Materials Science
-Physics

‘Investment into Technology and
Science of the 21st Century.

-U.S. competitiveness is
based on educational
and innovative vision.
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NiHMFL ROD

*New Materials
-Semiconductors
-Superconductors
-Polymers & Low Dimension Systems
-Advanced Composites

(Engineered Materials)

| *Nuclear Magnetic Resonance
-MR Imaging
(High resolution and imaging
of other elements)

*New Technologies

-L.evitated transportations
-Magnetic Separation
-Magnetic Materials
-Power Industry

Energy Storage

Protection Systems

Power Generation
-Magnetic Ship Drives
-Advanced Imaging




National High Magnetic Field Laboratory
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Construcliion and
Operating sSupport

Construction Costs
~State of Florida $55.3M .
NSF (DC Supply & Bus) = S9.5M e
Universities & other sources |
Total Construction S8.4M
S73.2M

Annual Operatling sudget
NSF S12.0M
State of Florida* S7.4M

‘includes $1.2M / yr for visitors program
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! ,_ Sf@fﬁﬁg (~125 new positions)
« State Supported

e 41 New Faculty / Scientist Positions |
... & Director , Deputy Director i
& other administration s |
{0-12mth Scientist Scholars |
27 Tenure Faculty Lines .
18 Experimental
9 Theory

e 20 Visiting faculty
(1.2 M/Yr Visitor Program)

s 15 Technical Administrative
Staff Support

« NSF Supperted
¢4 Faculty Positions

“55 Technical Support
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MAGN

-1 DEVELOPMENT

& TECHNOLOGY GROUP

PROJECTS

25T NMR (Q00MHz, 1GHz, 251)

45T Hybrid

20-40T Resistive Magnets

Cryogenics and HTS Development

Pulsed Magnets Development
(with NHMFL-LANL)

Magnetic Materials Development

. NATIONAL HIGH MAGNETIC FIELD LABORATORY  { 1/ >HY
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NHMFL

Very High Field NMR
Program Structure

900 MHz / Technology
211T Development

}‘ «i%;i"y?m““ e @ B "*!"", {“ "':'_'T’Z"‘. T
—Conductor ——— Conductor
—Reinforcement —— Magnet
—Protection
——Coil Form
——Refrigerator
——Spectrometer

NATIORAL +H161 MAGRETIC FIELD LABORATORY
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HIGH RESOLUTION NMR MAGNETS

CONDUCTOR WEIGHT AND STORED ENERGY vs.
PROTON NMR FREQUENCY

F(MHz)

600
750
850
900
1066

W (kg)

140
470
1120
1400
1650

0.8
5.4

13.7
20.0

26.8




1066 MHz SPECTROMETER MAGNET
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Q00 MHz NMR MAGNET
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SOz eIAR
BN RS AT




NMR MAGNET TECHNOLOGY DEVELOPMENT

o Jc CONDUCTOR SURVEY
¢ Jc vs. STRAIN, STRAND

e Jc vs. STRAIN, CABLE

o HIGH STRENGTH Nb3Sn

o STRESS-STRAIN: STRAND, CABLE,
WINDING BUNDLE

e EPOXY PROPERTIES, PROCESSING

o WINDING BUNDLE MECHANICAL PROPERTIES
o COIL FORM SUSCEPTABILITY

e QUENCH HEATER CHARACTERISTICS
e QUENCH PROPAGATION RATE

o SIZING REMOVAL

o ALTERNATIVE INSULATION

o BONDED TERMINALS

e THIN BORE TUBE SUPPORT

e MACHINABLE THICK BORE TUBE

e AXIAL COMPRESSION EFFECTS

e HOTSPOT ANALYSIS

¢ CABLE DEVELOPMENT PROGRAM

¢ PERSISTENT JOINTS

NATIONAL HIGH MAGNETIC FIELD LABORATORY

92 Vertoal 3
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cable-in-conduit conductors for the three outsert subcoils



~eg 6 layers

! Lirersestn, o ;

strand diameter = 0.51 mm
7x3x3x5 =315 strand cable

/3 composite + 4 copper wires
infirst cabling stage
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Cooling Water

s .current

.

Bitter Plate
insulator

Contact Surface

- Magnet Housing

s

Cooling Hole

Bolt

Endplate

HSM / NSF CD REVIEW 2/92
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1001 -
aq = innerradius |
ap = outer radius
50 )
30 N
< 20| =
=,
, a{=28mm (50mm Dia. Bore)
i0}— - - = = — ) i Bitter ap=280mm =
A Helix ap=280mm
5 V¥ Helix ap=560mm g
I % NHMFL  ap=500mm
2 a,=15mm (25mm Dia. Bore) |
V¥ Helix ap=560mm
+ NHMFL ap=500mm
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NHMFL POWER SUPPLY

s performance Requirements

Ripple and noise (0-500 Hz): 10 ppm
Stability including ripple: 100 ppm
Repeatability including ripple: 100 ppm
Resolution between adjacent steps: 10 ppm
Accuracy (current calibration): ~ 1000 ppm

¢ PpPower Ratings

Nominal rating 24 MW 32 MW 40 MW

Voltage 400 V 500 V 500 V

Current 17 KA 17 KA 20 kA

Maximum

rating 4x6.8 MW 4x8.5 MW 4x10 MW
27.2 MW 34 MW 40 MW

Maximum

operating time infinite 12 hours 1 hour

¢ Cooling Circuit

4 pumnps, each 30 bars, 100 /s

4 chillers, each 7 MW, storage tank 3.8.103 m3 = 56 MWh
7°C, 10 MQ cm. gzas free. low vibration level

NATIONAL INGH MAGNLIIC 1 TELD LABORATORY

HEW 021742
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TALLAHASSEE
Average installed power 500 MW
Population 130,000
installed power per capita~ 4 kW

NH{MFL

Installed power ~ 40 MW
10,000 people
8% of Tallahassee
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Furukawa (2212)
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taterials Related Magnet
Development lssues

» Coil Winding Techniques (eg. wind and react)
- Effect on Superconductor Properties
- Heat Treatment
- Reinforcement

¢ Coil Form Fabrication

o Low Resistance Joint Development

e Lead Development (inctuding high Tc¢)

¢ Insulation ( eg. fiberglass or ceramics)

e Structural materials selection

FS 98



High Bc2 Technology Development Program

Conductor characterization
Electrical
Mechanical

Coil test station
Small coils in 20 T background field
Medium bore high field coils (5T)

Collaborative programs

Laboratory
LANL
ANL
ORNL

Industry

IGC, program is formulated
GE

other
In house development

Understanding of small coil behavior
Mechanical, electrical, thermal stabilities
Feedback into:

Fundamental processes

Manufacturing technology issues
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Critical current density to the superconductor area (J’)
versus temperature for four of BSCCO/Ag tapes.
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* Before Thermal Cycling

D After Thermal Cycling
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TEMPERATURE (K)

J’. versus temperature for a BSCCO/Ag tape. Two sets of
data represents J’’s before and after thermal cycling. This
particular sample was eyveled 20 times between 77K and room

temperature.
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500kN
Load Unit

244.41 500kN Actuator

298.12 HSM |
_— 252.24 Servovalve

500kN Half
Reaction Frame

|

e '
™~ 661.22 C-01
500kN Load Cell

3,800 mm MAX
2000 mm MIN

Test Space

5435 mm

Hydraulic Lift/Lock
Control




500-kN Tension Tester and 14-T Magnet

‘ CROSS HEAD

| LOAD CFELL |

Pull Rod

Cryostat / Tension Frame

——— 12-T Magnet

L CICCTest Sample

Grips / Current Contacts

Support Frame

=

Lower Attachment
Pull Rod

- o
I I TR VT A R

NATIONAL HIGH MAGNETIC FIELD LABORATORY

Kenny Tension Teslet
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Field versus time for shot 16 of Mel25 test

70

60 |-

S0 |-

40 |

30 |-

Field (tesla)

20 |

10

| U SR

August 141992 ppw

0 L

—-0.01 0

Bmax = 62.21 tesla @7.44 mS

0.01 0.02 0.03

Time (seconds)

62 Tesla Magnet
Tested Spring 1992

0.04

0.05
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FUTURE PROJECTS
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1 GHz NMR Magnet (LANL)
50-55T Insert for Hybrid Magnet |

Hybrid Magnet I (17T, 600 mmo, 6M$/10T,
400 mmao, 1M$)

Axion Experiment (16T, 600mmg, 4MS)
SMES (1-3MWh, 4.6-7.6md, 11-9T, 25-100M$)
25-30T HTS Magnet

80T Pulsed Magnet

100T Quasi-Continuous Magnet




