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1. Nb;Sn wires in magnets: mechanical stress effects
2. MgB, wires for high current leads in LHC Upgrade
3. Other s.c. round wires for high field accelerators
A. Bi-2212 wires (HTS)
B. Pnictides
4. BaCuO tapes (Coated conductor HTS)

Annex: Wires for NMR magnets
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_(Q Stress effects on J.. of superconducting
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1. Nb,Sn wires in magnets: mechanical stress effects

Question:

How is J. of a Nb,Sn wire influenced by the strong Lorentz
forces at high fields in large magnets?

The 3 D situation is analyzed by studying the effect of stress applied
parallel and perpendicular to the wire:

Effect of uniaxial stress

Effect of compressive stresses

CAS, Erice, Italy, 25 April - 4 May, 2013 3



Origin of mechanical precompression in Nb,Sn wires

Reaction at 650 °C ‘ Operation at 4.2K: AT = 1000K !

Bronze : a =18 x 10° K!
NbsSn: o= 8x10°K

Differential thermal contraction o :

After cooling by 1°000 K, the
filaments are under compression
(called «precompressiony)

As a consequence, the A15 phase in
the Nb,Sn filaments undergoes an
elastical tetragonal distortion.

High temperature neutron diffraction
shows that the distortion occurs
below 500°C

CAS, Erice, Italy, 25 April - 4 May, 2013

1 Nb-75Ta/Cu-13 Sn
2 Nb-16Ti/Cu-13Sn+Cu
3 Nb/Cu-13Sn

cubic

Tetragonally distorted
= =
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_cm Effect of uniaxial tensile strain
Electronic or phononic effects?

The effect is mainly correlated to changes in the phonon spectrum
(Markowski et al.), the change of the electronic density of states having a

minor effect (Hampshire et al.).

Hydrostatical or non-hydrostatical effects?

Hydrostatical pressure components: small effect of T, and J_. The
observed effect on T, B, and J, in Nb,Sn wires submitted to mechanical
stresses is correlated to the non-hydrostatic stress components.

Various measuring devices:  Uniaxial (Linear) strain rig (J. Ekin)
Pacman (Univ. Twente)
Walters spiral (Univ. Geneva)

CAS, Erice, Italy, 25 April - 4 May, 2013 5
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_(A Uniaxial strain rig (KTl Karlsruhe

The CERN Accelerator School

axial load

1

soldered

\ Wire length: 200 mm
1 Magnetic field: 13.5 T (split coil)
\ Maximum force: 1 kN
| ® Maximum current: 1°000 A
Uz‘;}t . Temperature: 4.2K
Strain values: extensometers

|, criterion: 1 pViem

CAS, Erice, Italy, 25 April - 4 May, 2013 6
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236

Force can be applied for axial tensile and
axial compressive loads

The Pacman strain device (Universit

Torque

transfer

pins
i

_ Concentric
tubing

Kapton
insulator
cup

Pacman

Helium gas
volume

Torque application @ 60 mm
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Univ.

©
_m Modified Walters Spiral (WASP),

The CERN Accelerator School

Rotation of the
spiral is
transformed into
uniaxial force

Spiral on Wire

Ti-Al-V

Uniaxial tensile
and compressive
forces possible

Max. current 1’000 A
Wire length up to 0.8 m
|, criterion 0.01uVicm
Magnetic field up to 21T

CAS, Erice, Italy, 25 April - 4 May, 2013 8
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Furukawa bronze Nb,Sn wire for
ITER,
dia. 0.8 mm; 4.2KM13T

| does not depend on strain
criterion up to 0.6%/0.7%

After releasing the strain, |
depends strongly on the
criterion

The irreversible strain limit (begin of nanocracks) depends on the I_ criterion:
Advantage for the Walters spiral

D. Uglietti, V. Abacherli, R.Fliikiger, 2004
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Tape length: 0.8 m

: - ] 0.1 uWicm
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Uniaxial stress effects are also effective in HTS superconductors!
D. Uglietti, B. Seeber, R. Flukiger, SuST, in press
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o Nb;5n parameterization

» Temperature, field, and strain dependence of Jc is given by Summers’

formula
o ) T 2T
J(B.T,s)= (e, -2 1—|{ L
’\"I'E B, (T: & ;]_ \Teo (5 )
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where onp3s,15 900 for £=-0.003, Ty is 18 K, By i5 24 T, and Ggasppis a
fitting parameter equal to 60800 AT ?mm? for a Jc=3000 A/mm?” at4.2 K
and 12 T.
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Teo [*’3 ] =T com [_1 — Dnp, o
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NbTi parameterization

o Temperature and field dependence of B, and T are provided by
Lubell’s formulae:

g )

where B, is the upper critical flux density at zero temperature
(~14.5 T), and T is critical temperature at zero field (~9.2 K)

o Temperature and field dependence of Jc is given by Bottura’s

formula
NBTi BT 77V i
JC(B>T) . Can|: B T{ [1 B ]B 1 ( T Jl !
JC,ref B BCZ (T) Bcz (T) TCO

where Jc r.¢ is critical current density at 4.2 K and 5 T (~3000
A/mm?2) and Cyr; (27 T), opr; (0.63), Byer: (1.0), and yapr; (2.3) are
fitting parameters.

CAS, Erice, Italy, 25 April - 4 May, 2013 13
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Transverse compressive stresses, i.e. in cables

Knowledge about the effect of transverse ITER TF model coil: cable
compressive stresses: Important for the safe ~—
design of

* High field magnets (B > 20 T)
* Large magnets, for

Fusion magnets (Tokamak)
Accelerators (LHC, LHC Upgrade)

Measuring devices:

@ 40 mm, 1.5 mm thick steel

* Pacman, Univ. Twente Conduit rated current:

* Inverse Walters Spiral (Univ. Geneva) ,7,2(;‘2‘\8/ itlr'asnzl:fﬁb':s,, +1/3 Cu

CAS, Erice, Italy, 25 April - 4 May, 2013 14
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| Stainless .
. steel steel anvils

anvils

: Nb,Sn wire
. Fixed part

wire

Voltage

taps
wire taps

Specifications: - F = 5KN
-1 =1000 A
- Field: 21T

CAS, Erice, Italy, 25 April - 4 May, 2013 15
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Tensile Nb;Sn
mpe . - alE80,
= = \\
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L/{Im - -
- TR = G
h e

05 — \—.7\/6f '

. 1
Compressive \

stress O't

Gillem) << G4(lem)

0 100

J. Ekin (1986)
W. Specking, R.Fliikiger, (1987)

200 300 400
Stress o (MPa)
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_cm Conclusions : Nb.Sn wires
+ Low and intermediate fields: J. determined by flux pinning (grain size)
* At high fields, J. is determined by the value of B,

* Industrial round wires for magnets up to 23.5 T (1 GHz): Nb,Sn

» The amount of Nb,Sn wire in a magnet increases strongly with the
produced field: at 20T, 5 times more Nb,Sn than for 12 T.

 Bronze route wires: best suited for «persistent mode» operation of NMR
magnets, in spite of their lower J_ value with respect to Internal Sn wires

* Internal Sn (RRP) and Powder-in-Tube (PIT) wires satisfy the
conditions for LHC Upgrade accelerator magnet: 1’500 A/mm? at
4.2K/15T.

CAS, Erice, Italy, 25 April - 4 May, 2013 17
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2. MgB, wires

CAS, Erice, Italy, 25 April - 4 May, 2013
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_wq The M

The CERN Accelerator School

B, system

MgB, Superconductor

— Conventional superconductors: T, =

23 K
BCS mechanism: electron-phonon

interaction leads to Cooper pairs

— High T, oxide superconductors: T, ~

160 K
Superconductivity mechanism under Hexagonal lattice
investigation a=0.30834 nm
c =0.35213 nm

— MgB,: conventional, BCS
superconductor T, ~ 40 K

Risistivity (42 cm)

> i PR
20 0 [7e) 80 100
Temperaturg (K)

Nagamatsu et al. Nature 410, 63 (2001)

Cava, Nature 410, 23 (2001)

CAS, Erice, Italy, 25 April - 4 May, 2013 19



Mg-B Phase Dia

_CA’) The binar

The CERN Accelerator School

:Eu[ T I | I | I | I :'
|
|: ]

2000 |- -

| . _
o 1500 F r -
5 L o
E o
& 100D - T | o -
i m
E | liquid = 2| =
- - -
500 |- MgB, .
| soiid
[ I | I | I | 3 3
I 20 40 &0 a0 130
Pg At. % Boron

Binary Alloys Phase Diagrams, 2" Edition, Ed. T. Massalski (A.S.M.International, 1990)
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_cm B, applications

The CERN Accelerator School

Possible applications:

* Level measurement of Liquid H, containers
* Hydrogen cooled current leads at T = 20K (Kostyuk et al.)
* LINK project (CERN): 13’000A current leads at =10K
(> 10°000 km of MgB., wire): under investigation
(talk at CAS, last day: Amalia Ballarino)
* Ignitor (under construction (Russia/ltaly)
*Wind generators ? First device under study

* Poloidal field coils ? The question is discussed

CAS, Erice, Italy, 25 April - 4 May, 2013 21
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» Field-induced decrease of T. : larger for H* than for H!
» Transition width for H": narrower than that for H*

CAS, Erice, Italy, 25 April - 4 May, 2013
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_m Upper critical field and irreversibility field of MgB,
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30
MgB,
10 o5l Nb.Sn
: H_,(90%R,) 3
8t 20}
Moz 5 F 3
N . Single crystals
(T L H*(10%R,) = gle cry
4 H o . T
1 Irreversibility field 10k
5 NbTi MgB,, H|| ab
: Al anisotropy
o k MgB,, HL ab
0 5 10 15 20 25 30 35 0 \1}] \ér:- e
Temperature (K) T, Kelvin

_ Alloying required to raise H,
Larbalestier et al., 2002 II:> above Nb-base superconductors
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B

: films and wires

Field (T)

Films:  B,=60T

Bulk, wires: B, =30-40 T

40

Temperature (K)
CAS, Erice, Italy, 25 April - 4 May, 2013

The reason for this difference is
still unknown

24
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_w’ > Upper critical fields of various superconductors

Comparison of B, for various superconductors

Field [T)

Temperature [K)

CAS, Erice, Italy, 25 April - 4 May, 2013 25
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_cm MgB, wires, ex situ processing
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Preparation of MgB, tapes

Swaging Flat rolling
$ =385 mm
\1 Tape 4 x 0.38 mm?
s ‘}w, A
P.LT.
=5 :
Ball milling under Ar i \1 Draw
Ppp= 8 mm &=2mm
Final Tape

/

26
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_m Mo - 3 preparation methods
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ex situ: MgB, powders
in situ: Mg + B powders Mechanical
IMD: Mg rods + B powders deformation

Monocore wire

s

‘*ijf_;ﬁ*"‘ —_—
,l{i_\ Mg rod
o |
- Metal tube _
. Bundling
(several wires
in metal sheath)
Heat Deformation

treatment | +— < é} )

|

Multifilamentary wire Cu-10wt.% Ni tube

CAS, Erice, Italy, 25 April - 4 May, 2013 27
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Columbus (ltaly) Hyper Tech (USA)

‘Standard’' Tape-14 filam-Cu stab

In situ

q MgB, ¢y Fe Ni

Tsukuba laboratory, Japan

C .\1;.-15_.\
lole
IMD ‘

G . e
‘u,‘ ':mm‘ “ﬂw
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10°

"""""" l"""""""""""‘»"
3 v Matsumoto, thin films
;\ ®— U Hassler, tapes
— Fliikiger, rectangular wires
: Togano, IMD wires
5
10"k "- :
l-
»
4 \
10 F i " " 3
: R Il
i » 3 - e
/.D
3 Nb Sn
107 F \ E
; Ly \
1131313313 lissssa331 Lis ss 33333 laisasaaaaa | FTEETERER lisssssa3 las s

B[T]
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MgB, wires

Strong anisotropy

B Il surface: J_, comparable
to that of Nb,Sn

B L surface: J. much
smaliler than Nb3Sn.
It is the limiting factor.
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pensified Gpa

6
5 ' L I ' ' l ' L l l l ~l—-15Gpa(PressedonshortW|rer
10 p= 1.5 GPa 4 [ —A—0 GPa (20 K)
Ny . ] i —A—1.5 GPa (20 k)
R 3 s | s —k—0 GPa (25 K) ]
%4 1123 s; TT}(O ten) | 10°F \*\* A\&\—*—1.5GPa(25 K) .
10" \4//*1 85T (1.0 uVicm) :l“ A ‘\
P =
L = 10F :
S e
< 10°} 1S
o | . . : 10" 3
) Monofilamentary MgB, Wire I : 3
C4H605 additions, 4h/600 °C :Binary 18-filamentary wires
| U U PR Y YUY T SRR SO S 650 °C/1hour Pressed on 15¢m long wire|
6 7 8 9 1011 12 13 14 15 16 17 18 19 20 M2
1 2 3 4 5 6 7
B (T) B (T)
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(g @'@, Densification machine for long s.c. wires
I E—

o ————

F

Possible application of densification: Bi-2212, pnictides,....

CAS, Erice, Italy, 25 April - 4 May, 2013 31
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Critical Current Density, J
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8 9 10 11 12 13 8 9 10 11 12

Magnetic Ficld, B, T Magnetic Field, B, T
Wire B3 (highest value): J. (eng.) =1.67 x 10*A/lcm?at 10 T
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10° ¢ :
 NET 26 Mg, T
:
= <
=
L10° - 150 w
= e < Nb,Sn £ 10?
2 12223 20 e e P 9
3 | L0 E’n 0 .gl
Q " ) | ="
MgB, > A% ‘W =
10% : A0 Y\ A '
:..4..2.‘K» .l.é..l..‘.l....éz IO'- 4..21K h‘-olll-bbo'l‘l.-‘?bo":
0 5 10 15 20 25 0 5 10 15 20 25 30
Magnetic Field, 2 H, T Magnetic Field, g H, T

-9~ 2G It\il) Barn-.l i 2G MgB, (2% C) == 2G MgB, (3% C) .t PIT MgB, Wire <@ MgB, Tape (Grasso)
“@- NbTi(Larb 96) =@ Nb.Sn ITER @ NbSn (Internal Sn) wedv 2223 (B-perpendicular) se@es 2223 (B-parallel) ==@== 2212 Round Win
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Advantages:  Abundant constituents Mg and B
No chemical toxicity
Low cost material (comparable or lower to NbTi)

Applicable at 4.3 < T < 25K
Mechanically stable

Disadvantages At 4.2K, only applicable upto~11 T
At 25K, only applicable upto~5T
Thermal stability: should be increased

34
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_______de'e, _ Bi-2212roundwires

3. Other round wires for high field accelerators

3A. The HTS system Bi-2212

CAS, Erice, Italy, 25 April - 4 May, 2013 35



HERCOD The system Bi-2212

The CERN Accelerator School

Possible applications High field magnets 22.5T (20T+2.5T insert)
Accelerator magnets??

Advantage: Round wire, but * | still low
* mechanically weak

Main research efforts: D. Larbalestier et al., Florida State University
Oxford Instruments

Round Bi-2212 wires

CAS, Erice, Italy, 25 April - 4 May, 2013 36
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(@@ '@ IsBi-2212 an altemative for high field dipoles?
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Bi(2212): an alternative to Nb3Sn for high field dipoles?

Comparison of J, for Nb;Sn and Bi-2212
5000
4500
4000
3500
3000 —e—Nb3Sn |
2500 —=—Bi-2212
2000 |
1500
1000 .1\‘“a.__.ﬁ_____m__
u ]

500

Je(A/mm2)

0 2 4 G 8 10 12 14| 16 18 20
Field (T) +

J,: overall critical current densities '15T
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[ P
, INb-Ti ‘ ‘ YBCO: Tape || Tape plane
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production (CERN-T. Boutboul '07). Reducing |
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_m Large bubbles form on melting and holding at T
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B|-221.2 T \lff
Reaction AN
scheme o @ 0

867C 862C

Malagoll eta SuST, 24, 075016 (2011), Kametani et al, SuST. 24 075009 (2011) Jlang
50 wrﬂ: al. SuST 24 082001 (2011),Scheuerle|n
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~ dee, J, of Bi-2212: progress

The CERN Accelerator School

Jc(B) short sample data reported at 2004 ASC-Jacksonville

1000 [T T rrrrrrrrrrJrrrrryrrro[rrroo
900 + 4.2K 'OST 2212 wire (isotropic) 1
800 | —— °AMSC reinforced 2223 B,
5 2 .
700 + ———- "AMSC reinforced 2223 B 1
~—~~ - o 3 .
© 600 £ AMSC 2G neutral axis B, 1
c [
= 500 + .
< [
w400 + .
= i
300 + .
200 _:_ References ]
: 1. Miao et al 3MBO1
100 £ 2. Beckenbach et al 5LHO3 1
- 3. Thieme et al 4LS06
0 e

0 5 10 15 20 25 30 35 40 45
Applied Field (T)
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_m Enhancement of J_. by compaction and slow heating
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Em T T T T T T T SDD T T T
16T, 42K A )
0.1 pV/icm 470 A‘/mm
1.2 mm diameter ,__._----———*—@15T — o -9
1 meter sample -~ .}'
450 - ¥~ 2°C/hour 450 - ‘ / '
_ v ramp rate _ : . :
o £ o /
= f.-"' = | Py 4 ]
E E I 7 1
— 400 Fi — -— - Fy .
< / < 400 /
_JLIJ J_,."'I ] .__.-"-
/ , 'ﬁ'ﬁ, -3
|l 7 A T ffrp-ﬁ, i /
B0 b b«% %’}ﬁ 350 - 15T, 42K -
£ o i e | )
¥ % %‘i e | s 0.1 pViem
Sl 1.2 mm diameter
S 1 meter sample
:3‘}:' T T T T T T T HDD T T T
0 200 400 600 800 1000 1200 1400 B0 70 80 90 100
Isostatic Pressure (MPa) % theroetical density prior to HT

« Combined “best process” resultin 15 T Jg values >450 A/mm?
— Values match the best we've ever obtained, seem reproducible f@4=®Icp,

IHSTREUMERNTS

Further enhancements are possible!

CAS, Erice, Italy, 25 April - 4 May, 2013
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The system Bi-2212

Advantages: Itis the only HTS materials available in round wires
Multifilamentary configuration: OK
Excellent thermal stability
At 4.2K, very high J, values up to fields > 25 T
J. values: close to level required by LHC Upgrade

Disadvantages: Important costs due to processing and Ag sheath
Poor mechanical stability: no solution yet for
enhancing the mechanical reinforcement

CAS, Erice, Italy, 25 April - 4 May, 2013 42



Pnictides

3B. Pnictides

D)

FeAs based superconductors

CAS, Erice, Italy, 25 April - 4 May, 2013
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Examples: 122 Wires based on (Ba,K)Fe,As, and (Sr,K)Fe,As,

Very recent data obtained from

* J. Weiss, M. Hannion, E. Hellstrom, J. Jiang, F. Kametani, D. Larbalestier, A.
Polyanskii, and C. Tarantini, FSU, 2012

* Z.Gao, L. Wang, C. Yao, Y. Qi, C. Wang, X. Zhang, C. Wang, YW. Ma, ArXiv:1110.5784

* YW. Ma, ICSM2012

* |. Pallecchi, M. Tropeano, G. Lamura, M. Pani, M. Palombo, A. Palenzona, M. Putti,
to be published in Physica C

CAS, Erice, Italy, 25 April - 4 May, 2013 44



TEM of 122 pnictides
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TEM shows K-doped 122 has small grains, contains only little amounts of

terial, and has many clean GBs

ing ma

nonsuperconduct

Kametani et al., FSU, ASC 2012

F
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Comparison of HTS and pnictides

What can we learn comparing HTS and pnictides
(from the current carrying point of view)?

- Very low coherence lengths =) very high H_, values lengths in
both, HTS and pnictides.

« Considerably lower anisotropy in pnictides reduces the effect of the
field orientation in the wrong direction (perp. to the wire surface)
(K. Tanabe, H. Hosono, Jap. J. Appl. Phys. 51 (2012) 010005).

‘ it is possible to produce round pnictide wires with considerable J,
values: 2 x 10* Alcm? at 4.2K/ 10T (Y.W. Ma, 2011).

This behavior, only 4 years after the discovery of pnictides, is
encouraging for further research
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— dee Pnictides @

Advantages = Abundant basis materials

Low costs of constituents and wires
Possibility to fabricate round wires

Applicable up to very high magnetic fields (30 T and more)

Disadvantages Toxicity of As and Se

Strong metallurgical problems to get homogeneity
Thermal stability: no data yet

CAS, Erice, Italy, 25 April - 4 May, 2013
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HTS Coated Conductors

4. The systems Y-123 or R.E.-123 («Coated Conductors»)

YBayCugO7 YB a2 C u 307 -d

orthorhombic Pmmm

Superconductor of the Future?

Levitating YBaCuO sample at 77K
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_m HTS Coated Conductors

The CERN Accelerator School

The layered oxide structure causes a strong anisotropy in B,, J.......
‘ this induces a layered conductor configuration: Tapes
(also called «Coated Conductors»)

YBCO Deposition

Typical shaping of a HTS
Coated Conductor with the
structure YBa,Cu,0..
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The CERN Accelerator School

Rolling Assisted,
Biaxially Textured Substrate
RABITS

lonBeam Assisted
Deposition
IBAD

NI Rod Ni Tape
S 3::-’-

Buffer Layer

Deposition

Yacuum Chamber

Assisting lon|
Beam Gun |

49.3°

Hastelloy Tape

Deposition lon

RABITS

/ c-perp, In-plane aligned YBCO

(100) YSZ

v v » ™
||||||||||||||||||||||||||||||||||

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

(100) CaQ, Ao

YSZ Beam Gun
Target
IBAD
/ c-perp, in-plane aligned YBCO
(100) Ce O,
IBAD (100) YSZ
BALIILII Hastelloy Lo
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The CERN Accelerator School

®
_cm Typical «Coated Conductor» tape architectures @

REBaCuO tape of AMSC

«~ . Reel-to reel PLD process, 40 mm wide T
Substrats: RABITS (Rolling Assisted Biaxial Texturing Other Fu1|kura, Japan
manufacturers: Sunam, S. Corea
- Sumitomo, Japan
YBa,Cu,0, , (~ 11m) BEST), Germany

CeO, (~75 nm)

YSZ (~75 nm)

Y,04 (~75 nm)

REBaCuO tape 1 um YBCO — HTS (epitaxial)
of SuperPower 2 umAg ~30 nm LMO (epitaxial)

Metal Alloy Substrate : s
(50-75 pm) ~30 nm Homo-epi MgO (epitaxial)
\ ~10 nm IBAD MgO
7 nm Yttria

<0.1mm

M. Rupich et al., AMSC, 2008 \

Sty e
e B Ll

W/ LT selvamanickam et al, 2008

_~ 80 nmAlumina
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The CERN Accelerator School

SEI: Fabrication width 30 mm,
No indication about production rate

AMSC: Fabrication width 40 mm, Goal: 100 mm width, lengths: > 500 m
> 1’000 km/year of 4 mm tape

SuperPower: Fabrication width 12 mm, Lengths: 1°400 m
July 2010: > 150 km/year (?)

Fujikura: Fabrication width 10 mm, lengths: > 1’000 m
2009: PLD/CeO, (60 m/h), IBAD MgO (<1,000 m/h), Y,0, (500m/h),
Al,0, (150 m/h), GdBaCuO (15 m/h)

SuNAM: Fabrication width 12 mm, lengths: > 100 m (planned: 2’000 m)
Nov. 2009: Homoepitactic (70m/h),LMO buffer (50 m/h)
Goal: 2,000 km/year (assuming 100% yield)

Bruker: Fabrication width 40 mm, lengths: <100 m (planned: > 1°000 m)
Goal: line speed (ABAD) 30 m/h and PLD (70 m/h)

53



©
~ dee, Requirements to a REBaCuO tape

The CERN Accelerator School

Current density  * Carry optimized current in REBaCuO (dopants)

Mechanical * Substrate strong enough at high temperature
to stand the formation of REBaCuO
* Tape as a whole strong and flexible enough
to be wound into cable and coils at 300 K
* Tape must withstand longitudinal and
transverse stresses during operation

Electrical stability * Carry excess currentin Ag layer and in
in Al, Cu,....... outer layers

Thermal stability * Enable heat transfer to the coolant

AC losses * Modify architecture to minimize AC losses

(Roebel, striations)
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Critical current (A/cm-width)

OO0

The CERN Accelerator School
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Using production buffer tapes
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1000
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—B- Filot MOCVD

N

2
Thickness (pm}
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o

CERN Visit 4 May, 2010
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|.-B-T property for 600A class C.C.

OO0

The CERN Accelerator School

Measured by Prof. Kiss group of Kyushu University,
In collaboration with Florida State Univ. & Tohoku Univ.

2.5 um-thick-GdBCO/IBAD CC by Fujikura Co. ]

.
~1,120A/c

@1

414A/cm
@31T

| [Afom-width]

magnetic field [T]
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her critical current densit

The CERN Accelerator School

Enhanced layer thickness:

Fujikura reports
6 mm thick layer with 1’040 A/cm-w

(Deposition time not reported)

1200,

1000 |

(W) Wwanng |eoI0
5 5] 0
= S

;

200 |

Measured Temperature: / /K

2 4 B
Thickness of Superconducting Layer (um)

M. Igarishi et al., EUCAS 2009 (Fujikura)
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Reduction of AC losses

The CERN Accelerator School

* Roebel technique,
* Striations,

* Roebel + striations

2
| B
100 Hz un E"’,i
=
— ___.-";
E ;
E &
1 i 51x
E 1
o
o - - W ll—-

.-"'.f ..i.-ll--'l—. = )
D_'_F""q-ﬂ“..“rrl lf]I[L 1 tar}r
o o001 Q002 003 004 005 008

B, .(T)
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_m Coated Conductors: Effect of tensile stress on J,

The CERN Accelerator School

1 10 'F' 1.0 _??bﬂ 0.1 J-JV."'GH'I
1010—C Qg . 00T w\fem | 50 .
09 3 ! Q.é .@2 145 0.9 10 - AMSC tape,
o R 1T o ~ ,1‘9\@ 2k measured with a
o—F ¢ S o. T .
s °—‘*’-jﬁ”ﬁ:‘r—% ool P "8 Zos e Walters spiral
—_ 1
05 4 - [ LERPP 0 5:
o I
g_4_lT'2 K . 120 0‘4' 50 K SIFI’ — 0.51 %
0.3 e
03t 15
00 01 02 03 04 05 06 0.7 0.8 0.9 00 01 ’” 03 04 05 06 07 08 09
strain (%) strain (%)
0.1 iW/em
10'% = i
B o » o 4
g oT
oS N Effect of transverse stress: unknown
N
=, 038 \\.
6T
0.7 27 K D. Uglietti, B. Seeber, V. Abicherli, W.L. Carter, R. Fliikiger, SuST, 19(2006)869
0.6 e
0.0 01 02 03 04 05 06 07 08 0.9, crice, ltaly, 25 April -4 May, 2013 59
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Higher homogeneity of J_ over whole tape length
Thicker layers

Reproducible production of > 1 km lengths
Enhanced pinning by nano-additives

Reduced anisotropy by nano-additives

Reduced costs

CAS, Erice, Italy, 25 April - 4 May, 2013
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_m Annex lI: Relaxation rates

The CERN Accelerator School

Annex |:
Relaxation rates of various superconductors
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Relaxation Rate (% / decade)

12

10¢

Relaxation rates at 5 and 10 K

Persistent mode operation for NMR and IRM technology
for a series of superconductors

f O O
. 5K 1
O
g " Bi2223
L o S ! oo
e o Yo o
&~ YBC( O MgB
5 Lt s,
| "C) _ —::Y:: a ‘
38 [® ®-- ? Nb.Sn

0 2 4 6 8

B (Tesla)

C. Senatore, P. Lezza, R. Fliikiger, to be published

Relaxation Rate (% / decade)
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_m Relaxation rates at 20K

The CERN Accelerator School

g 30 S .
S : ’ 20 K 1 | At 20K, the relaxation rates are
5 293¢ i | sufficiently low for persistent
N ; 1/ : :
L 20 ! mode operation of
§ 15k | Bir2223 i | *Coated Conductors (for B >> 8T)

: ) 1 |+ <
5 o g ) p . MgB, (B < 5T)
[ T A e &
g | /8% 107 T g
Y 5 — — o 2 |

-l

oL@ % S S (.
0 2 4 6 8
B (Tesla)
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