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Talk Overview

AEUCARE High Temperature Superconductor (HTS) Project

AWP10 Magnetlesign: 40 mm Cleakperture Accelerator
Dipole Demonstrator

ACable: seO | f R&bét waund fromReBCQapes
AConductor;: HTS materiReBCO

AManagement of electromagnetic forces
ANon-homogenous current distribution



REBCO COATED CONDUCTOR TAPE

We wantedto makeuseof highcritical current

Nld angulardependency
LTS Criticeﬂurface\‘ LTS vs. HTS

T=42K
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T=20.0K

Jc / Je(20 [T], 4.2 [K], 90 [deg])

[Zis,,
e
- 2R
Magnetic Field [T] Field Angle [deg]
Figure 1.3: Normalized critical current as function of magnetic field, temperature, and field angle of Figure 1.1: Comparison between the critical surfaces of LTS and HTS.
state of the art ReBCO coated conductor source data [3]. YBCO iprofou nd |yd ifferent from LTSTheYBC@ 2 S &]&{/@
e @\:;60 a5 fine filamentsthat take the currentlike in LTSbut is awide

tape.

Copper Stabilizer (50 um)
r Layers (0-2 )

Buffe

Ha
Stelloy, (50 “m)

Figure 1.2: Material composition of ReBCO coated conductor. For visual clearness the tape is cut in half
so that the inside becomes visible. In reality the copper and the silver layers fully surround the tape.




REBCO CoATED CONDUCTOR TAPE

TheHTS ispeciaj currentis not runningflat in
one continuum but isfilling in from the sidesof
the wide tape!

Standardriver

£Thecurrentfills in there wherethe Ic
limit islow. Theremustbe fishon the
Iclimit€

2710412016 | 4



REBCO CoATED CONDUCTOR TAPE

Thecableiscomposedf HTRiverX

ActuallyA (bi®l&e Netherlandsbut with bizarre
channelswhere currentisfilling in from the sides

CORCTwistedstack,andR6belgeometries we
choseR06belto be ableto usehighcritical current
densityparallelto the tape

Figure 1.4: Possible geometries for constructing a cable with ReBCO coated conductor.
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Ag capped punched tape

PUNCH-AND-COAT >
SKIT =5ésee

Karlsruhe Institute of Technology

o StandardRoebelproduction sequence
0 Produce Ctcoated tape
o Punch meanders
o0 Assemble cable

0 Modified Roebebroductionsequence

o Produce Agcapped tape

o Punch meanders (less than 5% |
degradation !)

0 Cu-coat (dogboning !)
o0 Assemble cable

2x40nmm coating

2x20nmm coating

Cross-Over
Tape Stack Channel Tape Stack
« We >
K Wi T We T Wr i

Optimized
2x20mm coating

Figure 2.2: Cross section and definition of parameters for the Roebel cable. The geometry shown is for
a cable with an odd number of tapes, resulting in alternating cross-overs along the length of the cable.

Therefore in this cross-section the cross-over is only shown on one side.
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| MPREGNATION UNIVERSITY OF TWENTE.

2500
o0 Impregnation is obligatory N -
: . . ] = R“"“""—-—-—_.____________
o With glassfiber sleeve insulation = 1500 )
g 1000
£=
5

100 150 200 250 300 350
Transverse stress [MPa]

e, TRANSVERSE PRESSURE
DEPENDENCE OF THE
CRITICAL CURRENT IN
EPOXY IMPREGNATED
REBCO ROEBEL CABLES

Blligor Uniform trénsversepressweZG?,M—f

Simon Otten

Figure 2.1: Photograph of a Bruker-HTS Roebel cable used for FM0-4 with rope inserted into the central 2710412016 7
channel before winding and impregnation.



Figure 2.11: Interweaved ribbons or bracelets to improve stability of the Roebel cable. The dotted lines
show how the polyimid ribbons are positioned on the backside of the cable.
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THE CHALLENGES WITH THE CONDUCTOR

o With YBCOtherearetwo challenges
0 guenchprotection; we havesolutions but we skip detailsfor your convenience
0 currentdistribution ;
o Effectonfield quality ; therearesolutionsfor it ; but not explainedtoday
o0 Management ofthe mechanicaforcesbecometrique ;

We areworried aboutthe forcesbecausé¢he current flows at the edgeof the
tape

quenchprotection: Jeroenv. Nugteren(Twente), Erkki Hard, Antti Stenvall (Tampéfaiv of Technology) 27042016 | 9



INTRODUCTION TO THE EUCARDZ2 WP 10PROJECT

0 Racetrack woun@round aperture by lifting the
centraldecksc al f¢ dr@d ends 0

o EuCaRD2 Work package 10
Accelerator dipole

o0 5 Tesla standalonethe
workpackageequirement

but we decided to go further for 17
esla in 13 Tesldackground field)

o 40 mm aperture

Aligned block coil design

o 10 kA class cable ?\055\‘0 - AR T SN 400
0 @ 4.5K Le© 0o | g s
3 =
ef© g _|
oy :
ne? 2 0
5
(F =l
>
-20—
| Color Table
] strand 1 strand 6 strand 11
40 strand 2 strand 7 strand 12
| | | T -400 strand 3 strand 13
-20 0 20 strand 4 strand 9 strand 14
x-axis [mm] strand 5 strand 10 strand 15
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MAGNETIC FIELD DIRECTION AND FORCES
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Figure 2.11: Calculated fieldlines for a 2D cross section of the Feather-M2 magnet. On the left side standalone in
iron yoke and on the right side in a 13 7" background field.
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y [mm]

PauloFerracin Jeroenv. Nugteren

Themain mechanlcat:onstralntlsthat the inserthasto be mechanically
seltsupportedand decoupledfrom the Fresca outsertmagnet

‘ Main constraintfor supportsof the Feathet
{‘

t
o4 ’
P £
4 -

Feather M2

oper:

27/04/2016

18

16

14

12

10

Magnetic Field [T]

12



In 17 T, electromagnetic forces are 253 t per one side of the magnet,
supported in the 99 mm diameter magnet. (and 340 t/m) like LHC
dipole! Assembly

Ring 1.2

-

Image thanks



THE MECHANICAL ANALYSIS WITH HOMOGENOUS CURRENT

Computed at 9kA + 12 T background field =17 T

| We cheated a little
_ bit

I The EuCARD-2

G: Cu ring bb

Equivalent Stress

Type: Equevalent (von-Mises) Stres
Unit: MPa

Time: 1

01/12/2015 0L:31

_requirement 1s 40
S mm aperture and
500 C I 5T. for 20T, we
i = change the
200 F i traditional external
= ' shell to a 3D printed
e 1nteg1al support

| comprising of
. external and
internal shell and

I mid-plane

» connection between
the shells for extra
_support. But we
" trade off 4 mm

| radially from the

« aperture.

I || = n =] n _ u — SD pri nted!
" I have been performing Finite )
Flement computations for
_ designing feasible supports to
" avoid contact with Fresca 2

| outsert magnet I 0.00 25.00 50.00 (mm)
[ EE— SSS—

W EEE § I § IS § I § s = 12.50 31.50

No pre-stressis appliedto the dipole magnetdesign
(compareLHC)! N&hrinkingshellconcept

27/0¢/2016 | ] 4



FEATHER M2 2D Von-Mises plot, Cool down to powering 9kA + 15 T background field = 20 T in the bore
Assuming uniform current distribution over the cable

17565 Max

Transversally

sti'ss on coil (X)

compressive peak

= 160 Mpa
(Transverse limit o

cable 253 MPa

A B . .
M: Copy of Test stronger shell midplane ljUU
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 10.778

avaos 4 Max shell stress
= (Von-Mises)
e =690 MPa

800
600
= 400
150
100
0 Min

Max shell stress
= (\/On-Mises)
~ 880 MPa O

Transversally compressive
peak stress on coil {X)
= 170 MPa

IS NAV L /WA VERY] *u



THE COMPRESSION OF THE COILS

M: Copy of Test stronger shell midplane
Marmal tress 3
Type: Mormal Stress(x Duxis)

Uit hPa D 1‘]_ " mmm = l
Global Coordinate Systemn C#F?Etr?t %?Q[rigm?ognenOUS
Time: L1 conductor pressure need

to be modelled more
carefully.

01/0972015 20004

4640.2 Max
I ;
1

-100
150

5 /

-253

-300

200 Transversallyoompressive
! . peak stress on coil (X)

~2344.8 Min F170MPa

16



Y [em]

THE MECHANICAL ANALYSIS WITH NON-HOMOGENOUS
CURRENT DISTRIBUTION, |, coogowe 000 0, i,

= 1200.0000 s, I = 8000.00 A, Bx = 0.00 T, By = -13.00 T, Bz = 0.00 T
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initial look at the pressure distribution in the most

o We have a simplifiedpproach to have a quick
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MODELING THE ROEBEL CONTACT ——

Applied pressure  Resulting pressurelistribution on turn 13 distribution Mpa

(deformed shape magnified
%X 500 MPa

turn 13 f)

A Frictional sliding
contacts assumed
between tapes,
realistic
approach, since
they arefree to
slide

virtual
cable

A Increases
stresses by 1/3
compared to fully
glued tapes!

Applied
Peak 316 500 MPa
MPa
. |
74.1683 196.075 317.981 439.887 561.794 2710412016 v

135.122 257.028 378.934 500.841 022.747



CONCLUSIONS

The nonhomogenous current distribution property for HTS was described
Solutions for cable stress management and handling during assembly were presented.
In 5 T, can be supported with traditional external shell

© O O O

The high field forces in 1-20 T in constrained space imply nanonventional supports for the
demonstrator magnet

o The effect of norhomogenous transverse pressure need to be studied more carefully for the
Feather M2 aligned block design, but for tekesinugheta as well!

T HANK YOU!

= TAMPEREEN TEENILLINEN YLIDMSTO
m EuCARD-2 is co-funded by the partners and the European TAMPERE UNIVERSITY OF TECHNOQLOGY

Commission
under Capacities 7th Framework Programme, Grant Agreement 312453.

' - g - L/
2 @\o A
JaakkaVlurtoméki, G. Kirby, J. vanNugteren (( E;g )) 7 EuCARD ,~//

\v 6 g ,M‘E\\




BACK UPS



Persistent current shim coils for accelerator Magnets

J. van Nugteren, J. Murtomiki, G. Kirby, G. de Rijk, L. Rossi and H. ten Kate

y [mm]

~€¥-300 -200 -100 0 100 200 300
z [mm]

Fig. 3. The geometry of the dipole used for the calculations. The dipole consists of two racetracks, bend over the z-axis, per pole. For demonstration purposes,

inside the aperture a sextupole shim coil is shown.

without shim

with B3 loeng shim coil

shim magnetic length
|

0 | 1 1 1 |
—%00 -300 -200 -100 0 100 200
Z [mm]

0 400

Fig. 7. The sextupole component at 18 mm as function of the axial position,
with and without shim coil, for the case-III, in which a single shim coil 1s
covering the full length of the dipole.



THE MECHANICAL ANALYSIS WITH HOMOGENOUS CURRENT

G: Curing bb
Equivalent Stress

Type: Equivalent (von-Mises) Stres '

Unit: MPa
Time: 1
0L/12/201500:31

= 700
500
300
250
200
150
100
50

Fi havebeenperforming Finite

" Element computations for

| designing feasible supports |

_avoid contact with Fresca 2
outsertmagnet

DISTRIBUTION

1814.8 Max

0.0075747 Min

4 L
EATHER-IM 2
Tesla HTS Research Magnet

Computed at 9kA + 12 T background field =17 T
We cheated a little 1
it -
"The EuCARD2 |
| requirementis40
« MM aperture and |
_' 5T. for 20T, we
change the "
= traditional externalc,
shell to a 3D printed
integral support
" comprising of

| | external and :
. internal shell and
mid-plane |

| connection between:
=« the shells for extra |
Isupport. But we
trade off 4 mm .
*radially from the |

. e I | aperture.

37.50
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FEATHERI22DVora A 4S& LX 20X /22t R2¢6y (G2 LR2SNAYy3I d|l! b wmMp
Assuming uniform current distribution over the cable

[ ] i MpPa

17363 Max i 400 100
NP 15010 Laamn Gl 150 4.896 Min

Equivalent Stress

Type: Equivalent (won-Mises) Stress
Unit: MPa

Tirne: 0

wnsss ras Max shell stress
s (VonMises)

1500
1200

Lono F C Cb n
&00
600
400
150

oo
0 Min

Transversally
compressive peak
stress on coil (X)
f 160Mpa
(Transverse limit o
cable 253Mpa)

Max shell stress
<= (\/onMises)
F yyn at

\ Transversallycompressive

peak stress on coil (X)
F170MPa

CLICK TO PLAY o 27/04/2016 | 5



Introduction to the EUCARM2 10project

A5 Tesla stand alone, (18 Tesla to 20+ Tesla <18 background or other)
A40 mm aperture -, |

A10 KA class cable
AAccelerator Field quality
A@ 4.5K

AWP 10 Magnets
A10.1 Communication | .
A10.2 Cable 10kA 20T °
A 10.3 Magnet 208
A 10.4 Test

40—

20 -20

0

http://eucard2.web.cern.ch/

“ EuCARD-2 is co-funded by the partners and the European ...5.:}'_5_!_.-:..

Commission
under Capacities 7th Framework Programme, Grant Agreement 312453.
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Forces for quarter of a Coil

l FX_tot (lateral)=6.2015 *1.0e+05 N =620 kN =63 tonnes

¥

¢ FY_tot(vertical)=-0.2281 *1.0e+05 N =-22 kN = -2 tonnes (poles attract each other)

z 4—= FZ_tot (conductor axial)=0.5778 *1.0e+05 N =58 kN = 6 tonnes
— Length 380 mm

v

k 2

In 17 T, This means 253 t per one side of the magnet, (and 340 t/m) like LHC!

Force transfer method by Attilio Milanes&:method to transfedistributedLorentz forcesn 3D to a finiteelementmechanical model
http://cds.cern.ch/record/1325572/filesslOPERA_ANSYS_v2.pdf?version=2



HTS Development

0.05 T T T T
0.04 - -
Current Lead
0.03 - E
Projection
Iron Pole of Coil End
0.02 Former-I 4
40"
0.01 - -
. 20 -+
T standalone
- temperature-| 40 mm aperture 0
sensors |\ .
—0.01 b AU 4 oA
-20 —-°
—0.02 I Former-II :enhanced support| 40 - s
Iron Pole
: 20
—0.03 : —
Flncines -
Wing Deck V4
—-0.04 -+ Current Lead <A 7]
background
Five Tesla HTS Research Magnet : 32 mm aperture

—0.05 | | | | N R 1 | | | |

—0.07 —-0.06 —0.05 —0.04 —0.03 —-0.02 —-0.01 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

X [m]
J. van Nugteren et al., FCC Dipole Layout Study, Magnet
27/04/2016 g P y Y. Mag

Technology Conference, 2015

1. Background of the thesis subject
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Feather M2
assembly




current leads?

Connecting magnet to

Current lead heat exchangé

HT
link

CoLD TESTING;
N GAS |

: |‘
o I‘i i
1, m ]
Lz

Feather M2
in Fresca 2
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|
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Feather
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SM18, INFN,AND FRESCAZ2CRYOSTATS.

Planned Testing 70K to 4K, Fresca 2 test station due 2016

SM18 Super critical helium
supplied at a wide range of
temperature

Feather MO
INFN test station




