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Overview

* Motivation and Design Requirements
* Present Design (25 T, 100 mm, all HTS)
« Conductor Requirements (12 mm 2G Tape, ~10 km)

e Conductor Mechanical Performance Tests
» Loading on the narrow side of conductor

* No-Insulation Double Pancake Coll
» One made with 550 meters of 12 mm wide ReBCO
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Axion Dark Matter Search Program at IBS

Cosmological inventory
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Key to possible breakthrough:
high field, large volume magnet
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Requirements for IBS Solenoid

d High Field : 25 T (must use HTS)

d Large Volume: 100 mm bore, +/-100 mm long
Stresses: J X B X R

d Field quality: ~10%

[ Ramp-up time: up to 1 day

Relaxed field quality and slow charging
1 User magnet: robust design, large Margin
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Design Choices

(d No Insulation

» Takes benefit of relaxed field quality and slow charging time
» Most reliable quench/defect forgiveness scheme in HTS magnets
(S. Hahn - Mon-Af-Or9-01)

O Single Layer
» Two layers may create unbalanced force condition between the
two layers, particularly for “No Insulation” option
d Conductor: High Field, High Strength 2G ReBCO Tape
O Critical current margin : ~50%
» High performance needed at high fields @ 4 K
 Stress/strain margin . ~50%

» Multi-width option increases maximum stress (NOT acceptable here)
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Major Parameters of the IBS HTS Solenoid

* Field: 25 T@4 K

« Single Layer
 Cold Bore: 100 mm
e Coili.d.: ~118 mm
 Coilo.d.: ~214 mm
e Conductor: 12 mm wide ReBCO
 Current: ~450 A

* Current Density: ~490 A/mm?

« Stored Energy: ~1.6 MJ

 Max. Hoop Stress: ~500 MPa
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Key Conductor Specifications

Width: 10-13 mm
. (8T, 4K) > 675 A, any direction (no spec on the Max.)

» Price/performance matrix requested

» Monitor | at 77K, self field; but assure it at 4K, 8T
Mechanical: 50 micron Hastelloy, 20 micron Cu

» More details to vendors on mechanical specifications
Piece Length: Minimum 100 m (flexibility to vendors)
Total Required: ~10 km

» Quotes request for two range of lengths

 Vendors are allowed to present exceptions

 First order for 5 km of tape should be out soon
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Basic Magnetic Analysis
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Bmax: 25.2 T y Seh
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Simple constant Je model

(in reality Je may vary across the tape width)
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Mechanical Analysis
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Orthogonal Coll Strains @ 4K, 25T

; D: Static Structural D: Static Structural
D: Static Structural Coil Axial Strain Coil Azimuthal Strain
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Orthogonal Colil Stresses (MPa) @4 K, 25T

D: Static Structural
Coil Radial Stress
Type: Normal Stress(X Axi

Unit: MPa

Global Coordinate System
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D: Static Structural
Type: Normal Stress{Y Axi
Global Coordinate System
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D: Static Stru

Coil Azimuthal Stress
Type: Normal Stress(Z Axi

Unit: MPa

Global Coordinate System

Time: 1

6/20{2017 1:35 PM

484 Max
452
421
389
358
326
1 294
1 263
4 231
199
168
136
104
72.8
41.1 Min

ctural

Azimuthal

7 DISCOVE!

YEARS O&

A CENTURY OF SERVICE

484 MPa Max Stress



Mechanical Properties of the Conductor

TEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 26, NO. 4, JUNE 2016

Stress—Strain Relationship, Critical Strain (Stress)

Requ irement of Azimuthal and Irreversible Strain (Stress) of
. IBAD-MOCVD-Based 2G HTS Wires
stresses of ~500 MPa is met Under Uniaxial Tension

Y. Zhang, D. W. Hazelton. R. Kelley. M. Kasahara, R. Nakasaki. H. Sakamoto. and A. Polyanskii

with 2G Tape having

1300
50 micron Hastelloy 1200
1100 - Bare tape
and 20 micron Copper 1000 _
900 - SCS wire - 20|.1m Cu

—

800 -

SCS wire - 40pum Cu

Meeting requirement of
SCS wire - 100pum Cu

~200 MPa on the narrow

Cu stabilizer

side of the tape needs to
100

Dashed line - fitting Solid line - measured

be checked as no such 0 - - s
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Previous Apparatus at BNL to Study Influence of
Load on the Narrow side of HTS Tape (~decade ago)

Works well to 100 MPa
(criterion used in many designs)
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New Apparatus to Apply 300 MPa Load on the Narrow Side
(design needs 200 MPa)

!

Hydraulic Cylinder

32 mm dia. actuator rod——| |

LN, Dewar
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Used in design: 50 um Hastelloy, 20 um Cu (more robust)
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Impact of Load on the Narrow face of the Conductor

Voltage (nV)

Load on the Narrow Edge

4000 - >4 —
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degradation
till 200 MPa
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Test for : SuperPower, 50 um Hastelloy, 65 um Cu
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No Insulation Coil Construction

and Partial Test Results
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No Insulation Double Pancake Colls

To obtain data and 4 K test
experience with large “NI”
coil early on, a coil wound
with ~550 m of 12 mm wide
ReBCO tape

= j.d.=100 mm

= 0.d.=220 mm

= Turns =971
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Significant instrumentation and
eaters for simulated defects
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V-l Curve for the Whole Magnet and | the Inner Turns
of No Insulation Coll
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Transfer Function Vs. Current 1n No Insulation Colls
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B, Vand | in No Insulation Coil at Thermal Runaway

Thermal Runaway
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Field as a Function of Heater Current at 60 A in Coill
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Experience with No-insulation in a Large Coll
(o0 metersofizmmwire)
Only 77 K tests yet
« High stability (~100 mV at thermal runaway)
« Tolerates delayed shut-off (magnet protection)
« Heater induced simulation of the tolerance against local
defects (ok at 77 K)
Next: 4K tests
« BNL's advance quench detection and protection system
(Joshi: this conference)
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RN, Fifty Years of "No-Insulation”
Superconducting Superconducting Tape Magnets

Magnet Division

Nb,Sn Tape Quadrupole
(still available to touch)

\dhances in Sup('r('(m(llu'ling \l;lgnvls

In the past five years superconducting magnets have developed from
u laboratory curiosity into the most practical means of generating

intense magnetic fields for a growing number of research projects
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SUMMARY

* Unique requirements offer challenges and opportunities:
» High field, large aperture (25 T, 100 mm)
» Relaxed field quality, slow charging time

* “No Insulation (NI)”’, single layer design
 Conductor: ~10 km, 12 mm wide ReBCO tape
* Initial test results on loading on the narrow face of 2G tape

« 77K tests on large bore (id/od : 100/200 mm) double
pancake “NI” HTS coil (~550 m of 12 mm wide tape)
 Next 4K tests
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