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Task 10.3 SCHEDULE

EuCARD? Work Package 10.3
N® |11 2012 2013 2014 2015 2016 2017
52 51 52 s1 | 52 st | =2 s1 | s2 51 52 51 52
1 3/months
Inputs for HTS magnet design - IMS01 —
5 w 21 months
5 T dipole magnet design w =4
6
magnet design options study CEA;CERN;INPG;TUT;INFN;DTI
7
Preliminary|tests oo | CEA;CERN;INPG;DTI
8
magnet detailed design CEA;CERN;INPG; TUT;INFN;DTI
9
D10.1 : Conceptual study of HTS accelerator magnets M18
10
NMI564 : YBCO magnet design report ¢ M18
11
CAD magnet and tooling design CEA;CERN
12
IMS02 : HTS magnet(s) detailed design ¢ |M24
13
MS68 : Technical and economical comparison ¥YBCO/Bi2212 magnets ¢ M36
14 14 months
HTS magnet realization
15
Components and tooling procurement CEA;CERN
16
YBCO magnet sCERMN
17
Bi-2212 magnet N;CEA;US
18
IMS03 : HTS magnet(s) built
19
Stand alone HTS magnet testing INFM;CERN;CEA;INPG
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Magnet specifications

Central field B, 5T Upto5 at 4.2 K (20% margin on loadline)
High energy LHC dipole magnet (beam size

Clear bore aperture (OR 40 mm 40 25-28 mm)
. 1.9 K also possible

QL EHEE G EHIE T 4.2 K 4.2 77 K tests during magnet realization

Currentat20T I 5to 10 kA 5to 10

Stray magnetic field Bout 02T At border of cryostat

Magnetic multipoles at 2/3 @®, b, 510% - Geometric

. . Including magnetization and persistent
-4 _
Magnetic multipoles at 2/3 ©, b, 30 10 current (best effort)
Magnetization M 300 mT 300 Allowing fast ramping up
. . As short as possible while remaining
> >
SUEIEESER G L =200 mm =200 compatible with field quality for YBCO
700 mm uniform field (Fresca2)
Magnet length Ly < 1500 mm -
Grenoble test facility
Maenet outer diameter o <99 mm (J) Without yoke — Outsert candidates : FRESCA2
g X < 140 mm x 90 mm (rect) (100 mm) or EDIPO (143 mm x 93 mm)

Engineering critical current density (20T, Je sor 600 A/mm? In strand/tape at field perpendicular to wide

4.2K) J face

Available cable Engineering critical current .

density (20T, 4.2 K) Je 20t 400 A/mm For small development magnets

Bare cable width Wy, 10-12 mm 10-15 Provisional

Bare cable thickness at 50 MPa tep) 0.8-1.2 mm 1.5-2.0 Provisional
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YBCO Conductor

6000

5000 \
N\
O
\\\‘\\“\‘\\
5,000 000 AR
RO
2000 N

4,000

Jc [A/mm?]

Jc [Afmm?]

3,000

2,000

1,000

Figure 2.3: JcB plot of the used critical surface for YBCO. Also see Figure 2.2. The original experimental data on A [deg]

which the interpolation is based is also shown.
1.5 x NHFML measured data. 1.5 x BNL measured data

* Critical current is highly anisotropic
Strongly dependent on the orientation of the tapes in the applied magnetic field

Factor of ~5 difference between perpendicular and parallel field

Effect becomes stronger at high magnetic fields

Copper Stabilizer

Silver Overlayer

(RE)BCO - HTS (epitaxial)

ibstrate
50 um

20 ym
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Review of YBCOQO cable configurations

-able concept lop Je Jg™ Giransverse Elongitudinal | COMMenNts
(kA) (A/mm?) (A/mm?) (MPa) (%)

rape stacks 5 ~ 600 As for tape Not transposed

fwisted stacked-tape 3(42K,12T) 273 (4.2K,16T) 300...400 Partially transposed;

Tem 4(42K,19.7T) 140 mm bending radius: 3.6% degradation;

_ 8...100( 42K, 16 T) Sensitive to transverse e.m. loads

1elically twisted 10...20 100 (4.2 K, 12 T) ~ 100 <30® Partially transposed;

tacked-tape (HTST)  |i Sensitive to transverse e.m. loads

able on Round Core 5 114 (4.2K,19T) ~ 150 +0.8% | Transposed;

CORC) po = 40 mm bending radius: 2.5% degradation;
/ Core deforms under e.m. load and folds tapes;

- joint resistance 40-200 nQ;
Roebel 3...10 400 (42K, 10T) ~ 500 > 450 Transposed
e.m. loads are concentrated at cross contact

/ surfaces

v’ Taken as baseline (high JE, high compaction, fully transposed)

v 0ld type of cabling (electrical machinery) revisited,
v Based on punched tapes,
v Produced by KIT partner of task 2 and New Research Industry —NZ
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Design Study — Block with stacked tapes cable

JE =400 A/mm?

A

John Himbele

Non-continuous transposition of the stacked tapes
— cable transposition at coil ends or between coil layers

Low cost conductor
Cable windability : “twist and bend”
Mechanical strength, twisted regions
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Design Study - Cosine-Theta

BSCCO Rutherford cable YBCO Roebel cable

BI flux density (T)

18] (M
5.300 D - 252
- 5.032 - S /4 2 - 2ve
4754 - 2.314
sar mm - -
=] 4200 - e 2.046
. 4.200 =
3.923 = 1.912
B9 3.935 =}
w3645 & - 1.779
3.368 By 1.645
# 3.385
3.001 . it 1.511
2814 P 1.377
283
253 1.243
2.561
2259 e & 2088 - ;A;t;:
1.982 .
—— 1.705 - 2 Ly
— = 1737 Y o707
w1427 X
= e - 2 =l o83
— — -
- 0 3 7 | | —R [ -
. 0% . [ 8 — e - m 0
;o 0.171
Bt 0363 - =
0.081 | | - - i 0.038
ROXIE w2 0 10 20 30 40 50 ROXIE w2 o 10 20 30 40 50 ROXIE 102

|B| flux density (T)

1530
= 1452
= 13.73
= 1295
b :f; External tube (blue)
EE
= 10.60
Collar (yellow)
- Angular (red)
wedges

Coil block (purple)

Insulation (green)

ROXIE 102

able X1: Lorentz forces in [kN/m] on coil blocks of the HTS insert in both contigurations and for a hypothetical * J, = 600 A/mm?

HTS magnet inserted in: the iron yoke Fresca2 Fresca2 (i = 600 A/mm?)” POIar plane
Blockl” (Fx Fy) = (74,-8) (328,-8) (458, -13)
Block2 (Fx Fy) = (80, -9) (333, -9) (467, -16)
Block3 (Fx Fy) = (45,-7) (172,-9) (244, -15)
Block4 (Fx Fy) = (50, -5) (176, -5) (250, -9)
Block5 (Fx Fy) = (20, -23) (401, -23) (525, -40)

lock6 (Fx Fy) = (86, -74) (721, -78) (969, -137) 1
e e e e oy Mechanical model

FXowal = 2x49 tons/m  FXyory = 2x258 tons/m  Fxor = 2x354 tons/m

3lock number (see Fig. X1)
‘R&D target value [cf. intermediate report on Task 10.2] leading to a central field of 18 T instead of 16.75 T

HTS dipole inside FRESCA2 magnet - Lorentz forces
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Specifications:

Design Study - Canted Cosine Theta

B0 [

Volume Superconductor [cma]

150

10

Developed in collaboration with S. Caspi LBNL

30 deg skew angle

5 T central field in iron yoke

1.4X4.2 mm cable (2X6 strands)

3304 A = 562 A/mm? operating current (80%lc)
64.7 m cable length

0.38 mm midplane (smallest) rib thickness
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De5|gn Study Allgned Block

The two plots

Tl i E present flux path
\\\ o Variation for insert

3 E |||| ‘5 magnet:

i i + (left) standalone in
/ﬂll \ X go lron,

'!!'!!lllml\\‘! = Lrigit) in ljl—-i?jal
ackground fie
-0.06 -0.04 -0.02 0 0.02 - 0.04 0.06 -0.06 -0.04 -0.02 X[Om] 0.02 0.04 0.06

" |13T Background
N | deo 0.04f ol o T NOtE! Ye”OW
area is the high

short sample

50

Percentage on Loadline [%]

= w E o position.

v oo\ Very different

s am from std. LTS
i A magnets.
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11 Design Study —Alighed Block 3D
Magnetic Field Magnitude Standalone———————

z-axis [mm]

n
o

o

z-axis [mm]
A [S)
o

A
o

20
y-axis [mm] %0

-200
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(b) Operating at 16.9 T' (8135 A cable current, 667 A/mm? coil block current density) in a background field of 13 7. It can be seen that everywhere along the conductor there is a band, which
has a low incident magnetic field angle. On the sides of the conductor the field angle becomes larger due to the local curvature of the magnetic field.

Tracking along each strand there is always a low angle, high Jc volume.
« Lower limit expected on coil ends due to angle
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12 Design Study — Feather-MO _

* Intermediate Development Step Feather-MO
» Flat racetrack coil testing

« Cable winding and other mechanical issues (see presentation Glyn)

* Quench detection/protection system (working on NI fpga-cpu system).
« Can be tested standalone in an iron yoke or in Fresca-I for background field
« Aiming for first tests end of this summer (2014)

Isometric view
-44.5 kg
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Design Study — Quench Detection

* HTS is very different to LTS when it comes Accoustic
to quench behavior Mr. voltagetap

Minimal Quench Energy is high (stable)

Normal Zone Propagation Velocity is low
(hard to detect)

* Also due to the alignment of the blocks
the operating current density can be very
high

* All available options for quench detection
need to be re-evaluated:

Voltage taps
Pickup-coils
Hall probes
Accoustics
Optics

Optics
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,14 Experiments — Hardway Bend Test

Sloped section Bend section Straight
aslope = 4 deg max Rbend >= 2000 mm Section

(determines field angle at ends)

Nk2-40mm-600Apmmsq

0.04
0.03 I
0.02

Min hard way bend radn is 2m for this cable

Side Profile Defined by |
Cable Hard-way Bend Radius |

14
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15 Experiments - Impregnation Test
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Exneriments — \Windingo Tests

Stress concentration
points

The dog-leg shape of each
tape will limit actual
tension during winding
tension  and implies control of

— .
_—-—\ actual coil stress.
(b)

Conclusion: During
winding differential
longitudinal slippage
between tapes will be
important to control,
through design and
specialist tooling. Has a
serious impact on cable
design.

(a)

Tension

) ol 7.
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Experiments — Coil end cable twist pitch

dL [mm]|

14

1.2

1
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0.6

0.4

0.2

0

| | | | | | | | | | | | |
15 20 25 30 35 40 45 50 55 60 65 70 75 R0 8 00 95 100
Ltp [mm]

Figure 5: Strand length difference as function of twist pitch for a fixed coil end radius of 16 mm.

¥ [mm]

0 -16 —-14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16
x [onm]

Figure 3: Strand Trajectories in cartesian coordinates for a twist pitch of 126 mm and a coil Tadius of 16 mm.

Conclusion: longitudinal slip
between tapes in the cable can be
corrected by matching the twist
pitch of the cable to the coil end
arc length of the coil end.

Twist pitches that are longer than
the arc length have no solution.
The tapes must be able to slip
axially.
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Modeling - Cable mechanical model

68: thermale1, p=200, resinwl, glass=2 Surface: von Mises stress (Nm?)

x0T T 0 4 1.26x10" : ) : :
Pressure on top surface Not impregnated Cooled to 4K + Pressure applied on top

surface (cable impregnated with epoxy &

. . . class sock around cable)
Mechanical studies are on-going . I

We are finding very high values due
to cool down, and concentration

of stress at tape edges, all needs | A N
more work. S y f
. 2D study : Cooled to 4K Cooled to 4K +Magnetic forces on
This problem has to be addressed | . csure applied on top the edges of the tapes
(cable impregnated with epoxy ~ (cable impregnated with epoxy and
and with copper insert) with copper insert)

Work in progress by Nabil Chouika
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Modeling - Quench Analysis

Finite Element model using anisotropic thermal conductivities

450

—6KA |
==a7k A
400 8.2k A :
3501 ' OF TAMPERE
¥ 300 :
IJI_J' [] |
2 H £ /;._,"
$ 250 : : /
j='} : E /
£ 200 . = oS-
=] (]
E -
% : ' - |
s 150 ! FI0 (2323) :
: 128 466 89 125éiff 165 204 243 282 : k) 361 400 § D(: .‘:,"} /
100 <SS
0 | | | | | | L /
0 0.2 0.3 04 0.5 06 0.7 0.8 0.9 — Gl
Time [s]
> —
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Modeling - Current distribution in Roebel cable

t=10.00 [s], | = 9500.00 [A], bgBx = 0.00 [T}, bgBy = -8.00 [T}, bgBz = 0.00 [T]

t=500(s]

Cable model developed by Jeroen Van Nugteren to predict the current
distribution through the width of the tapes and between tapes in the

Roebel cable, including the angular dependence of the tape. :
Look for ASC 2014 paper this summer. m 5

Due to the inductive coupling, the current runs through the edges of " oo
the tapes and, as current increases, it moves to fill to the tape centre.

The above plot shows a high current density positioned in the top of
the layer jump. Part way through ramping the coil. From this we can
calculate dynamic field harmonics.
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Modeling — Magnet Concepts Survey

Aligned Block Block Block - Cosine Theta
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Spares

’NFN Grenoble)\lN,‘P)‘ n
Ften Ructeare / OF TAMPERE

C

DANISH

TECHNOLOGICAL
|||||||||||


http://iramis-i.cea.fr/Images/logos/CEA_Saclay_logotype.jpg

,24 Current Sharing in HTS

| A Fully Super- @  Current  : Fully A Fully Super- i Current i Fully
Conducting &  Sharing i  Normal Conducting :  Sharing :  Normal
: Isc : Inc

N = ) L] L )

Top Tcs Tc T Top Tcs Tc T

YBCO has very slow quench velocity ~ cm/s due £ o SRR |
to a much larger energy needed to take the Burntl | o “
samples. FENENEFNIN 5Ny

conductor over Tc and a gradual transition
between Tcs and Tc.

500| t=0.025s
=of t= 09258
This makes it harder to detect, potentially ol A 1202288 |
leading to an unacceptably high peak 300 Tcs ‘ \ 103
= 250 :: <750
temperatures. ™ il 52233
1sol t= 0.6265
: X — = 0.676s
100k t=0.726s
We plan to test multiple detection methods. so
25 005 ) 0.05 0.1
x [m]
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Quench Detection - Pickup Colls

200

100

50 turns, 250 turns/coil, 0.05mm track, PCB printed on 0.05mm Kapton foil, multi-layer

Quench Detection Through Pickup Coils

10 ms later )

A normal zone has driven all current to one side of cable

All current flows in top half of cable

Vpickup |

Normal operation at 8000 A (~60% of Ic)
Current distributed equally throughout cross section of cable
N md o.2v
We predict a current diversion away form the localized normal zone. )
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Quench Detection - Acoustics

o by o 000000 ) 0]
i *II[MIIII M - r 0 F 7]

"-av;.;t,;’~ aph

At LBNL quench acoustic signals were detected
seconds before the LTS conductor quenched.

For HTS investigation this system will be included in

the tests
) ) EJ
’NFN Grenoble INP BEkIEH
L/ i TECHNOLOGICAL

INNSTITIITE
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Thanks to Maxim Marchevsky LBNL
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Hall Probe array

At the center of the pick-up
coils a hall probe will be
placed.

................................................................................................................................ T —— I““”“”“””“””-I”““““”““”l ‘....“....‘.........‘..........‘.........i.....“.......--
0 50 100 150 200 250 300 350

=~ = >
2ro mn Gren oble INP)‘ bR / EUCARDZ :% 27
“ iﬁ L TECHNOLOGICAL S— e


http://iramis-i.cea.fr/Images/logos/CEA_Saclay_logotype.jpg

HTS OQuench DAQ

NI-CompactRIO

Channels 224 total

7 modules: 16 differential analogue inputs each
+/- 200 mV till +/- 10 V input range
16 bits
7.8 kS/s per channel

Processor: 1 module: 32 digital outputs
667 MHz dual-core ARM 5VTTL

512 MB RAM

1 external GB storage

+ Additional 3 TB Ext.Storage
NI Linux Real-Time OS

7 Us response time

Also available: high speed module

FPGA: 4 differential analogue inputs
Xilinx Artix-7 16 bits
2 M cells 1 MS/s, simultaneous sampling

A similar system is used by the EL group to capture voltage transients on the electrical
network caused by EDF switching, thunderstorms and internal load changes.
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Quench detection
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