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* High field HTS SMES solenoid

— Summary of design, construction and test results

» (achieved new record performance)

A brief discussion on:

« High field magnets for accelerators
— Common coil design for high field magnets
» (inherent geometry for higher performance, lower cost)

> (good field quality designs demonstrated)
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High Field HTS Solenoid for
Superconducting Magnetic Energy Storage

(SMES)

> JB “ I. I. 0 7 UNIVERSITY of
Gorc BROOKHRVEN s ipup SUOE/AIWES.. HOUSTON

Conductor: High strength ReBCO from SuperPower (over 6 km, 12 mm wide)
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PROMAME | SMES Options with HTS

Superconducting
Magnet Division

High Temperature Option (~65 K): Saves on cryogenics (Field ~2.5 T)
High Field (~25 T) Option: Saves on Conductor (Temperature ~4 K)  hign

Temperature
MES Ring

Previous attempts:
LTS:upto~5T
HTS: few Tesla (high temp. to save on cryo)

Our analysis on HTS option:

Conductor cost dominates the cryogenic
cost by an order of magnitude

High risk, high reward R&D under arpa-e:
» Very high fields: ~25 T (E a B?)
% Only possible with HTS

»> Also: A medium field and medium temperature option
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wionstizowiory) - \fepy High Field HTS Solenoid

Superconducting
Magnet Division

The Basic Demonstration Module

Aggressive parameters

Field: ~25 T

Bore: 100 mm (large)

Hoop Stresses: 400 MPa

Conductor: HTS (new)

» Funded by arpa-e as a “high risk, high reward” project
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BHMEN
NATI O L LABORATORY

Superconducting
Magnet Division

Concepts of Large Scale SMES

* Torus could consists of a large number of solenoid module

* Field becomes parallel, increasing I, of ReBCO several times

High Field Magnet Technology
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NATIONAL LABORATORY

Superconducting
Magnet Division

Concepts for GJ Size SMES for GRID

GJ scale compact storage system

Bo~25T, B

perependicular

~0.4 T (B// efficient for ReBCO)
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Magnet Division

High Field
HTS

Solenoid

Design
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RO, Magnetic Design
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BROOKHEAVEN : :
vattonat Lasoratory — (Cross-section of Coil and Support Tube

Superconducting

“l--__- -4 INE_2T_ 2 _ o
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Stainless Steel
Support
Tubes

Inner Stainless Steel Tubes
for Assembling Pancakes
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Superconducting NOmina' Par‘ameter‘s

Magnet Division

Stored Energy 1.7 MJ

Currrent 700 Amperes

Inductance 7 Henry

Maximum Field 25 Tesla

Operating Temperature 4.2 Kelvin

Overall Ramp Rate 1.2 Amp/sec

Number of Inner Pancakes 28 Conductor used
Number of Outer Pancakes 18

Total Number of Pancakes 46 (ReBCO/from SF):
Inner dia of Inner Pancake 102 mm

Outer dia of Inner Pancake 194 mm > Well over 6 km
Inner dia of Outer Pancake 223 mm 12 ide t
Outer dia of Outer Pancake 303 mm ( T Wige ape)
Intermediate Support 13 mm

Outer Support 7 mm

Width of Double Pancake 26 mm
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Superconducting
Magnet Division

. s . imized 1.7 MJ Design
.. Initial 1.7 MJ Design  Optimized 1.7 MJ Desig
- 200 #of turns per pancake
150,01~ m]
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BROOKHFAEN

NATIONAL LABORATORY Mechanical AnalYSiS (ANSYS)

Superconducting
Magnet Division

Hoop Strain

<0.3%

Maximum
coil
deformation
due to
Lorentz
forces:

~200 pm

Lakshmi, et al.
ASC2014

High Field Magnet Technology = Ramesh Gupta, et al., BNL 2014 Kyoto WAMHTS-2  Nov. 13, 2014 13




~m

SIDRIHBMEN, Engineering Desugn
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NATIONAL LABORATORY

Superconducting
Magnet Division

Construction

High Field Magnet Technology
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OO, Winding with Computer Controlled
Superconducting Universal Coil Winder

Magnet Division

il

Rotatihg (later) Fixed (Ia’Fer)
Fixed (earlier) Revolving (earlier)

Turn-to-turn insulation: stainless steel tape
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N

Made with ~210 meter of 12 mm ReBCO tape
from SuperPower with SS tape between the
turns (No. of turns = 258)
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BROOKHFAEN

NATIONAL LABORATORY ser'ies Of Pancakes

Superconducting
Magnet Division

V-taps for intermediate testing
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BROOKHRVEN Two Pancakes Connected
Superconducting with Spiral Splice Joint

Magnet Division
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NATIONAL LABORATORY

Inner and Outer Coils Assembled

Superconducting
Magnet Division

DS | oy By
.,\“\:\“ ’/1 :

Inner Coil Outer Coil
102 mm 1d, 194 mm od 223 mm 1d, 303 mm od
28 pancakes 16 pancakes
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Superconducting
Magnet Division
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NATIONAL LABORATORY

Superconducting

Coils, Test Fixtures and
Support Structure

Magnet Division

Outer
Support
Tu‘b’e for

p—

High Field Magnet Technology

:

: Xn T, 760 A coil

2
AT

r outer
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BROOKHFAEN

NATIONAL LABORATORY Inner and Outer Coils

Superconducting
Magnet Division

o/

o S

p‘-\"-‘.

ESe =

—E gy

Inner (in support tube) Outer (prior to support tube)
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BROOKHFAEN

NATIONAL LABORATORY Final Assembly

Superconducting

Outer inserted over inner SMES coil in iron laminations
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NATIONAL LABORATORY

Superconducting
Magnet Division

Test Results
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BROOKHFVEN ., .
Pre-qualification Tests

Superconducting

Magnet Division

 HTS is still a developing conductor

* To ensure that the magnet performance

o 6'96 399"

is not limited by a weak link, a series of

-
g 1

intermediate QA tests are performed

* Each pancake and each joint is
thoroughly tested with a number of
voltage taps at 77 K (benefit of HTS)

* Test of a few partial assemblies are also

performed at high current/field at 4 K
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BROOKHFAEN

NATIONAL LABORATORY 77 K QA TesT of qa Pancake

Superconducting
Magnet Division

0.025 | | |
% 0-10 MW 10-25 A 25-50
0 020 ~ 50-75 4. 75-100 ©100-125
+125-150 -150-175 —175-200
; & 200-225 W225-250 . 250-258
~— (0.015
W 0-258
(2Ys)
L
o 0.010
>
0.005
0.000 H—m—— KA

0 20 40 60 80 100 120

Legends indicate the turn numbers >100 A (1 uVlcm criterion)
between the sections current (A)
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SIROEROTEN, Double Pancake Coil Test (Type 1)

Superconducting
Magnet Division

2 pancakes with similar critical currents

DPC 2002- SMES 203 and SMES 204 SMES 203 and SMES 204
25000 — — — 25000
I 1y
20000 +——— — — — 20000 — —
(2 powered in series) (2 powered individually) #

< 15000 f———— — — ——T—— — 15000 -
= =
= 2
Q ]
g | &
= 1 =

§ 10000 +—F—— — — — T = 10000 — —

i
=== SIES 204(T) f == SMES 204(T)
5000 4 =M=SMES203(B) _ i .nn <000 —#—SMES 203(B)
o — —
DPC 2002 -
|
r
0 DA éf-—L. ¢ J' ":_"",r 0
0 20 40 60 80 0 20 40 60 80 100
Current (A) Current (A)
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Double Pancake Coil Test (Type 2)

Superconducting
Magnet Division

2 pancakes with a significantly different critical current

25000

25000
(2 powered in series)
20000 - 1l
15000
£l
0
g
o
> 10000
—t— SMES 219(T)
—&— SMES 202(B)
5000 - |
= DPC 2001 e

>

‘ | { |
. I--'l‘"'ﬂﬂ'"’{— —
[ S L — =

0 SRS
0 20 40 60 80 100

Current (A)
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(2 powered individually)
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2
H [
S

10000
—4— SMES 219(T)
2000 7 il SMES 202(B) |

60 80 100 120 140
Current(A)
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NATIONAL LABORATORY

Double Pancake Coil Test (type 3)

Superconducting
Magnet Division
- SMES 206
one pancake good & one pancake defective e
4
DPC 2003- SMES 205 and SMES 206 e
good
40000.0 g 15000.0
< ——(0-221)
g (0-10)
35000.0 ; 10000.0 +(TO-125)
—<—(25-50)
30000.0 <0000 3
25000.0
E 0.0 §
8 20000.0 —4—SMES 206 °r mcur,enf?m oo
:_g 15000.0 =—5SMES 205 SMES 205 AT 77 K,
DPC 2003 35000.00 | | |
10000.0 3000000 defective %{
5000.0 defeCtlve < | I —o—(0-10)
% 20000.00 —m—(10-25)
0.0 """‘r"“"“'ﬂ" T gOOd %p15000.00 T (25-50)
0 20 40 60 80 100 os0o .
Current (A) o000 7 —— Linear ((0-10))
Note: The importance of 77 K QA Test R AC AT
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BROOKHFAIEN | 77 K Test Results of a Series
Superconducting of Pancakes (inner)

Magnet Division

Ic and N value at 77 K of single pancake coils

140'0 L] L] n n
Critical current based on 1 yV/cm criterion
00 Two single
pancakes
o powered in
series.
80.0 -
% Wic(A)
60.0 e
& limited by the companion pair
100 Note: Higher I, at
77K in coil doesn’t
20.0 necessarily translate
to a higher I at 4K
(present conductor)
0.0

101102103104105106107108109110111112113114115116117118119120121122123124125126127128
Single Pancake ID
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SROOKHAVEN 77 K Test Results of a Series
Superconducting of Pancakes (outer)

Magnet Division

Two pancakes powered in series

Note: Higher I_ at
77K in coil doesn’t
necessarily translate
to a higher I, at 4K
(present conductor)

250 .
EOuter double pancake coils i Slngle pancakes
225 | B r-value . tested alone
c [ Type A -CC(160 um) + SS (25 um) 1 20
2 200 I Measured value, 4 Beyond range— o e
2 - Type B -CC(160 um) + SS (50 pm) ] e
6 175 F I Measured value, Hllll Beyond range 2 S evain
c i Type C -CC(120 pm) + SS (25 pm) 2
L 150 F B Measured value, BBl Beyond range] =
= : Type D -CC(120 um) + SS (50 um)
; 125 L [__1Measured value, .2/ Beyond range
c ;
it 100 |
()] L
o
©
o
<

— (N «—

1 1 1 1
~

— (N
O O OO

MT?23, Lakshmi, et al D
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NATIONAL LABORATORY

Superconducting

Magnet Division

Short sample measurements at BNL

Significant Variation in Conductor
(present conductor technology)

Tape
Sample Width,
Num |[Comments |mm Ic_Perp(8T) | 1c(77K) (Ic(8T)/Ic(77K)

N
1 |PERP TEST 12 /726 \| 330 2.200
[ 2 [perpTEST | 12 |/ 800 312 2.564
3 |PERP TEST 12 1119 341 3.282
4 |PERP TEST 12 1324 404 3.277
[ 5  |PERP TEST 12 1401 383 3.658
6 |PERP TEST 12 773 365 2.118
7  |PERP TEST 12 [\ 956 337 2.837
8 |perp7esT | 12 | \1369 /| 439 3.118

p——ge

1.(4K,8T) : 726 A to 1369 A

High Field Magnet Technology

(specifications: 700 A at 8 T)

Ramesh Gupta, et al., BNL

4.0

3.5

2.5

2.0

1.5

1.0

0.5

0.0

Ic(8T)/1c(77K)

7 Cc | | | | E
1 2 3 4 5 6 7 8

Lift factor 2.1 to 3.7

2014 Kyoto WAMHTS-2

Nov. 13, 2014 33



BROOKHEAEN HTS SMES Magnet High Field Test Results
100 mm bore ReBCO SMES Coil

Superconducting
Magnet Division

2 pancakes 12 pancakes | 350 A, 27K, 12.5T ;
1140 A, 4K 760 A, 4K, 11.4T BN

Peak fields higher
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BROOKHRMEN | Test Fixture for Double Pancake

Superconducting
Magnet Division

High current upgrade for leads (~1kA),
- fixture, quench protection set-up, etc.

K
+ Clu

A g

gHiigh Current HT

!
L
=
- &
- |
=
» N
-
T

Fixture
o (RE

{.
= y o )
= , P
- = »
x(: o
.'. 2 Il -
== ~ }‘ ]
= : &
S 7,
i ] | ¢

High Field Magnet Technology ~ Ramesh Gupta, et ol BNL



FRYMASNS | Double Pancake Coil Test

Superconducting
Magnet Division

1200
L .
1000 A Top Coil
< & ¢ Bottom Coil
S| € so00 o
T2 o
=l 3 AO
©l s 600
E ®
=l < AlC
&o| = 400
wn| = AP
= Lo
s 200 L
=
(=]
- 0
0 10 20 30 40 50 60 70
Temperature (K)

The option of operating over a large range (the benefit of HTS)
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BROOKHIEAEN .
Twelve Pancake Coil Test

Superconducting
Magnet Division
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Superconducting

High Field Magnet Technology

Setup for 12 Pancake Coil Test

U'U 1 0.0447856
|-0.080430¢
|-0,298585
269183
231128

434862
941235
451321

\251085
\290349
445914

B e

\339649

Ramesh Gupta, et al., BNL

Coil Parameters

D

coll woltage 0 at quench

: coil voltage 0 12,7551
P b |
~ tolindex e U072 R
f-)"n ‘ 1|-0.08042 i|-3.13324 dijdt 45
I Cail Yoltage Diff fe—— e ———
0,295 T 2L J0.0z06462
| el "J'D ) -0.2945¢ LT Time Difference(ms)
023112 e 28524 S
0.11505: G 255705
0.454a6: o 01609,
‘ |-0.17597 coil volkage 1 at quenchold Current
coil voltage 1 1 e E—
LUHALEL |-0,3362¢ o Woszie 10.005687
) 0,33%64¢ ’— 1
- C -
| e P 257062 Current Running
: ,— Average (A)
| Coil Diff equalizer (i) -2, 5650 |
+10,29034¢ " 1 {-0.025327
t 4o il-2,6355¢
+10.251088 - -
! 2,550
040710t CompL difdt Current at Quench 2
| 0577 2,717 127.758172
0.45132 Wiy
L] § 2, 465944
\'\ 0,54123
Quench Parameters
Cuench Feset Quench Detected
=
hoise Peak, hoise Peak, hoise Peak
Count 5F Count Successive Count Isolated
s ] 1205
2014 Kyoto WAMHTS-2 Nov. 13, 2014 38



NATIONAL LABORATORY 4 K Tes-r of 100 mm 12 Pancake COiI

Superconducting
Magnet Division

1.5 7= Difference Voltage between Coil#2 and Coil#11
1.4 — (ImV=0.1 uV/cm for 100 m)
1.2

1

0.8

0.6 o

Voltage (mV)
&

0.4

0.2

750 751 752 753 754 755 756 757 758 759

Current (A)
Coil reached 11.4 T at ~760 A

> exceeded Go/NoGo target of 10 T
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BROOKHFAEN

NATIONAL LABORATORY

Superconducting

Magnet Division

800
750
700
650
600
550
500
450
400
350
300
250
200
150
100
50
0

Current(A)

12 Pancake Coil Test
(and quench)

Charge

/
/
/
/

/

/

4:09:07PM 4:14:53PM 4:20:38PM 4:26:24PM 4:32:10PM 4:37:55PM 4:43:41PM 4:49:26 PM

Time

Current(A)

800

700

600

500

400

300

200

100

0

Quench
#
0 1 2 3 4 5
Time (sec)

* Energy (~125 kJ) extracted and dumped in the external resistor.

* 77 K re-test (after quench) showed that the coil remained healthy.

High Field Magnet Technology

Ramesh Gupta, et al., BNL
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BROOKHFAEN

NATIONAL LABORATOR Preparation for the Final Te5t

Superconducting
Magnet Division

LHe fill line

He Returnllne j
l LN, fill Ilne

Cryostatmth c0|l £

: o RF feed
- ."_ e | Current leads l”

"\\
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BROOKHIEAEN
wiovatisonoly | Baek Panel and Control System

Superconducting
Magnet Division

@

= [

BB m=

-
= | |
|

i . -
O O

T

Y

AL
AAAN

1

Low noise (~1 mV detection) and high isolation voltage (> 1 kV)
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BROOKHAVEN Test of Quench Protection
Superconducting SYS'l'em at 77 K

Magnet Division

7 1 Energization of 1.7 MJ SMES Device at ~“77 K
I I I | I
6 < Inner Pancake 12 .
O  Inner Pancake 17
= 5 e 10 per. Mov. Avg. (Inner Pancake 12)
:'-E" s 10 per. Mov. Avg. (Inner Pancake 17) 1
— d A . ry L 1 |
@ . YOS D
S
= 3 HH
o
> 2 s > 1
1
0

(L
~J

28 29 30 31 32 33 34 35 36 37
Current (A)

Power supply was shut off and energy extracted when the quench
threshold reached. No degradation in coil performance observed
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BROOKHFAEN

wievstasonone - GMES Coil Run on 5/21/2014

Superconducting

12.5 Tesla

27 K can be
@ £ LS Coil Current obtained by
el 425 Kk.J | [ liquid neon
_ 350 - 102 mm 7
<« 300 Tl NN
E 250 f-----ommemee o oo
<?)
200 gl
=
QO 150 g
100 - Record field in a superconducting magnet
50 - at a temperature of 10 K or higher.
0 T T T T T .
14:24 15:36 16:48 18:00 19:12 20:24 21:36
Time (hh:mm)
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BROOKHFAVEN
NATIONAL LABORATORY Pr.esen-'- S-'-aarus

Superconducting
Magnet Division

* The design goal was 1.7 MJ at ~700 A with 25 T at 4 K.

 We tested the unit at several temperatures between 20-80 K,
including the 350 Amp (12.5 T) test at 27 K.

 During one such test, the system tripped due to a data entry error
at ~165 A — well below the current the magnet was tested earlier

* This trip resulted in damage to a few current leads in the inner
coil. It appears that there was arcing, perhaps during shut-off.

* SuperPower has taken the charge of repairing and further testing
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BROOKHEAEN Take away from the

NATIONAL LABORATORY

Superconducting High Field HTS SMES R&D

Magnet Division

 Even though we didn’t reach the design goal of an aggressive
program of 25 T, in large aperture (~100 mm) superconducting
magnet with large hoop stresses (~400 MPa) in the first attempt
itself, we did learn several things in the process beside creating
new records.

* This is the first time that such a large amount of HTS (over 6 km
of 12 mm wide tape) has been used in a 4K, high field application.

* The experience and technologies developed should be useful to
other future programs, such as very high field magnets for FCC.

 Demonstration of 12.5 T at 27 K is higher than what any one even
proposed for SMES. The last most ambitious proposal (not
funded) was for 11 T at 20 K by Chubu Electric with Furukawa.
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Superconducting
Magnet Division

Quench Protection
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Superconducting
Magnet Division

Quench Protection Strategy Used at BNL

Strategy used at BNL in various HTS programs:
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High Field Magnet Technology

> Detect early and react fast

— SMES Coil 109 (at 77 K)
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v An advance quench protection system

Developed an advanced low-noise electronics and noise cancellations schemes
to detect pre-quench voltage (phase) where HT'S coils are operating safely

Uses electronics to handle high isolation voltage (>1kV)
Use inductively coupled copper discs to quickly extract energy initially

Twelve coil test at 4K (~12 T, ~120 K)

i Difference Voltage between Coil#2 and Coil#11
(ImV=0.1 uV/cm for 100 m), with offset
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BROOKHAEN | Advanced Quench Detection System

NATIONAL LABORATORY

Superconducting with Fast Ener'gy Extraction

Magnet Division

 Fast energy extraction in larger magnets Cabinet #2 (32 channels, 1kV)
creates high voltages as “L” increases -

* Develop electronics that can tolerate
high isolation voltage (>1 kV)

* Divide coils in several sections

nnels, 1kV) &
b | ,q'_li. l '

“m

R \

Ramesh Gupta, et al., BNL 2014 Kyoto WAMHTS-2
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NATIONAL LABORATORY

superconducting | COPper Disc for Initial Energy Extraction

Magnet Division

Cu discs between double pancakes are inductively coupled
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High Field Magnet for Accelerators
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T QK Common Coil Design
COLLARS “’7/\‘

» Simple 2-d geometry with large bend

WOk HELION radius (no complex 3-d ends)
_ s * Conductor friendly (suitable for brittle
coris o materials — can do both Wind & React

and React & Wind with LTS and HTS)

* Compact (compared to single aperture
LBL’s D20 magnet, half the yoke size for
two apertures)

~_ * Special coil geometry (suitable for large

Lorentz forces at high fields)

e Efficient and methodical R&D due to
simple & modular design

Coil #1

* Minimum requirements on expensive
tooling and labor

* Successfully built at LBL,, BNL & FNAL
* Lower cost magnets expected

Coil #2

Main Coils of the Common Coil Design
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BROOKHRUWEN | Common Coil Design in Handling Large
superconducting | Lorentz Forces in High Field Magnets

Magnet Division

In common coil design, a racetrack coil can move
as a block, without straining the conductor in the
ends and thus minimize causing quench or damage.

In cosine theta or conventional block coil
designs, the coil module cannot move as
a block. Therefore, Lorentz forces put
strain on the conductor at the ends which
may cause premature quench.

Horizontal
forces are
larger
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Superconducting
Magnet Division

R&D Magnet 15 T Field Quality Magnet

A good field
quality

magnetic
design is
demonstrated

15 T design is
based on Nb;Sn
conductor with

J.=2200 A/mm?
@(12T, 4.2K)

Internal
Support

Vary aperture after the coils are made More horizontal
space for structure
will need a minor

iteration

* aunique feature in R&D magnets

* lower separation, higher field
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Superconducting

Demonstration of a Good Field Quality

in Geometric Harmonics

Magnet Division

Typical Requirements: Normal Harmonics at 10 mm in the units of 10°*
~ part in 104, we have part in 10°

FEM» % ROXIEzo
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80 100 120 140 MAINFIELD: -1.86463 (IRON AND AIR):

b 1: 10000.000 b 2: 0.00000 b 3:

Horizontal coil aperture: b4: 000000 b5 000075 b

40 mm

b7: -0.00099 b &: 0.00000 b 9:
bl10:  0.00000 bll: -0.11428 bl2:
b13:  0.00932 bl4:  0.00000 bls:
bl6:  0.00000 bl7: -0.00049 bl8:

(from 1/4 model)

0.00308

0.00000

-0.01684
0.00000
0.00140
0.00000
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Srnon o Demonstration of a Good Field Quality

Superconducting in Saturation-induced Harmonics

Magnet Division

Maximum change in entire range: ~ part in 104
(satisfies general accelerator requirement)

1.0 — b3
£ ---E--- b5
g 0.5 - —A— b7
C‘_G) o« b9
E0.0— A DA
E g 8--8..g..g
== £-0.5 - e
—t ©
- = T
=t /\ -1.0 ——
o 0 2 4 6 8 10 12 14 16
0 20 40 60 80| 100 120 140 B(T)

Use cutouts at strateole blaces Low saturation-induced
se cutouts at strategic places in . <y s .

: L : harmonics (within 1 unit)
yoke iron to control the saturation
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BROOKHANEN  Demonstration of a Good Field Quality
in End Harmonics

Superconducting

Magnet Division

End harmonics can be made
small in a common coil design.

Contribution to integral (a,,b,) in a 14 m long dipole (<10-9)

Delta-Integral

(Very small)
n End harmonics in Unit-m
n Bn An
2 0.00 0.00
3 0.01 0.00
4 0.00 -0.03
5 0.13 0.00
6 0.00 -0.10
7 0.17 0.00
8 0.00 -0.05
9 0.00 0.00
10 0.00 -0.01
11 -0.01 0.00
12 0.00 0.00
13 0.00 0.00
14 0.00 0.00
15 0.00 0.00
16 0.00 0.00
17 0.00 0.00
ROXIE:. 18 0.00 0.00
High Field Magnet Technology = Ramesh Gupta, et al., BNL

n bn an
2 0.000 0.001
3 0.002 0.000
4 0.000 -0.005
5 0.019 0.000
6 0.000 -0.014
7 0.025 0.000
8 0.000 -0.008
9 -0.001 0.000
10 0.000 -0.001
11 -0.001 0.000
12 0.000 0.000
0.030
0:025 .
0.015 * *bn
0.010 O an
0.005
00001 O @ e0 e0 ey aygosl OO
-0.005 0 -
-0.010
-0.015 a
-0-020 I I I I I I 1
0 2 4 6 8 10 12 14 1¢

Harmonic Number (a2:skew quad)
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L AR AT BNL Nb;Sn React & Wind
Superconducting Common Coil Dipole DCCO17

Magnet Division
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BROOKHEVEN  Performance of Common Coil Dipole
Superconducting (despite large deflections)

Magnet Division

11000
Computed Short Samole. - — — - — - O R K O e Al Ic=10.8 kA
4o J___A_A_l____”_"_O "s b R
10000 oA gk N Bpk=10.7 T
—_ ad = Ah  lom .
= B ——e ] A =10.
: 9000 1 Lo s 0 5 e e B =102 T
E amm_+_______________________Rﬂ_m;mlﬂi__ .
° AL vaLE  Slightly exceeded the
S04 ol | computed short sample
o m COIL 33 ) )
ool 4 cou | | * Practically no vertical
-= -é?u?:n;ri:?emu:ith bending strain or hOI'lZOIltal pre—lOad
5000 . T T T . |
0 10 20 30 40 50 60 70

Quench Number

» Magnet reached short sample after a number of quenches
v Reasonable for the first technology magnet
* The geometry can tolerate large horizontal forces and deflections
» important for high field magnets

» computed horizontal deflection/movement of the coil as a whole ~200 um
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Superconducting

Magnet Division

* One can obtain as good field quality (geometric, saturation,
ends) in common coil as in any design. Field quality would

depend on the construction errors and conductor properties

* Common coil can handle large forces (and deflections
associated with it) without causing internal strain on the
conductor because the coil moves as a whole

 BNL, LBL and FNAL have built Nb,Sn based on this design
with several positive experience

* It offers both choices — “wind & react” and “react & wind”
* A simpler geometry opens the door for lower cost construction

* Thus the common coil design offers an interesting possibility
for high performance, lower cost magnets
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Superconducting
Magnet Division

Two R&D programs with significant possible potential:

1. Several aspects of arpa-e high field HTS SMES can
be directly applied to FCC magnet R&D

2. Common coil design offers a potential for higher

performance lower cost high field magnets
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Superconducting
Magnet Division

Extra Slide
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NATIONAL LABORATORY ConCIUding Remarks

Superconducting
Magnet Division

HTS have a potential for generating high fields that were not
possible before in superconducting magnets.

High field coils with a large amount of ReBCO tape have been
built and record performances achieved.

HTS conductor is still in R&D stage. We took the approach that
use the limited resources and opportunities to demonstrate the
potential. Positive results should create interest and more funding.

Even though the progress has been rapid (in the scale of
superconducting magnet technology), particularly given that the
conductor is still in R&D phase, still much remains to be done.

To realize the true potential of HTS as HFS, we will require a
specifically focused and funded program.

Common coil design offers a potential for low cost, high
performance magnets for the next high energy collider.
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