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ﬂ /MC Content

Hogcnd MuCol

« Recap Fermilab Workshop outcome
* New magnetic configuration studies
« Cryostat integration choice
 Memory shape alloys solution

* Integration RF cavities

» Selected Magnetic configuration

* Cell Integration and assembly status
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@ MC Lattice operation of a cell

JABERE Mucol and stand alone operation
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@ J'C Operating mode
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Lattice mode Stand alone
« Normal one during beam operation * Test of each cell at full field is
. . . . mandatory.
* Designing for this solution only Is > Can this be challenged?
simpler > We think no...

« A magnet can always fail with
faster discharge than the adjacent
one. - we ask to support 10% of
the nominal force on half cell coill

* The first cell and the last one of a
stage have different “weaker or
stronger” neighbors. Or even none.
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@ JAC  S5-like demo cell L sbzmm
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@ MC Solution pursued for lattice operation
JABERS MuCol Intercell cryostat

The magnet crystat would be

simply slided over the RF structure Coils
from both sides of RF coupler .
, RF cavities
* Plus Dipole

* REF structure fully assembled
independently on the rest

 Makes easy assembly and access to RF
for maintenance

» The coils of a cell can be pushed as
near the cell border as wanted

e Minus

 The forces between coils of the same
cell needs to be reacted though RT gap

» This generates enormous heat load at
20 K since gap is short and forces
enormous (>> than the RFMFTF)

« Asingle cell is not representative of the B
whole. For a single cell one needs to ur
build also adjacent magnets (and forces Absorber
are not balanced on aside coils)
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New Magnet Optimization:
JABERE Mucol parameter space

Space available for magnets

Space for magnet structure,
. 1m , thermal shield, vessel.
- Vertical space for magnet
200lmm structure. For Coil2: consider
< > space for dipole.
Power in
400 mm
255 mm < -
3 Outer of RF : :
- +5mmgap| |rze 45mm  310mm  45/mm
cavities for cryostat | |22 T 1?23 mm 2
Wbsorbe
337 mm Y20 thm t *10 mm $
Outer of RF - |Ri =285 mm
) mm
Considering also
Mm the 5 mm gap from
130 mm absorber
L 1 — — radius to the inner
ce 45 45 radius of the
mim irm cryostat (135 mm).

R; = 185 mm
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PR ecap) Results Presented @ FNAL Workshop
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“Min hoop stress on Coil2’
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. Max .
Focusing . Axial Force
Max Hoop Tensile
Strength per Stress Radial on
Coil#1/Coil

(MPa) Stress
(MPa) #2 (MN)

Option I7/MN -1 1 4 4 24.42 387 15.3 +7
10mm gap +10
Option 27MN - } Minimum coil volume ) +20.5

Configuration

cell length
(TA2 m)

Net Axial
Force
(MN)

+17

+27

+20.8

]

14.5

|

50

0.14

0.51

1.25

1.29

Total
Magnetic
Energy
Density in
cell
(MJ/m~3)

135.6

138.0

]

125.0

|

292.1

cap) Results Presented @ FNAL Workshop (1)

Coil
Volume
(half cell)
(dm~3)

63.8

63.4

58

43.31

Coil#1/C
oil#2

1035
575
768
334

686
720

674
847

1253

10 . +6.5
SLULE (cost) option: selected for
more detailed EM and
Option 2IMN -, mechanical analyses ; -12.3
Optim. Tool ' +33.1
Option 15MN - -10.6
S5, Tl 13.5 26.37 417 6.08 +25.1
“S5test_demo_28 672 97
peak 1" 25% 5.03 38.88 (422 with 0.14 67
current reduction prestress) *
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@ /MC Coil Search Scheme for Cell Demonstrator
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* |woO approaches were considered Tor the search or the
optimal coil configuration: Target field on axis for a 1 m cell

« Optimization tool (S. Fabbri presentation), ’
« Coil parameters scan in operating conditions.

* In this presentation | will focus on the coil configuration scan  °
approach.

Target field harmonics
e B1 =7 4+0.2T
B2 =14002T
B3 =1£0.4T

« MATLAB + FEMM script solving the magnetostatic problem ir
lattice conditions.

« Scan the coil geometrical parameters and current densities:
10 parameters.

« Results compared to the target field harmonics required by Target design parameters:
the cooling lattice. * Minimize axial force
- Select the optimal configuration based on your design (feasibility).
parameters. * Minimize conductor volume
(cost).
_ : L * Minimize stored magnetic
« Cons: computational cost. Choose the initial set of energy (protection).

parameters and use discrete steps!

13 Jan 2025 — .
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§ E J'C Coil Search Scheme — Setup#1
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length.

« Parameters scan within the reported geometrical constraints.

. . . . . . . .. 4° configurations
« Five configurations within the target field harmonic tolerances have been identified. Scafned
« Configuration selected: minimum net axial force and minimum coil volume

e «17MN-10mm 980, C Option», minimum axial force on Coil#2 «2 /MN- 10mm gap Opfion».
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scan a finer parameters space, relaxing prewously constr

Coil Search Scheme — Setup#?2

(with step between c0|I start)

“ \VINL-T OmMm 9:9 =1ilaYa NE

ained parameters.

* Seven free parameters considered: Jeng 1, Jeng2, COIl#1 radius, axial position and axial/radial length,

coil#2 radial length.

* 0O(100) configurations within the target field harmonic tolerances have been identified.
« Two optimal configurations selected: «11MN-20mm gap — min volume», «11MN-20mm gap».

Coil scheme & parameters considered: 24l
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ization Tool: Analytical Framework (S. Fabbrifet
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Configurations found:

Space « Option 2IMN - Optim. Tool
pASTos o “Min hoop stress on Coil2".
Ya cell

« Option 15MN - Optim. Tool

- “Min Coil Volume”.

0.5 m : Solution
— L. ‘ Space
: B —0)=72T (1.1 k solutions)
Desired max(r =0) = 7. 0y < 300 MPa
on-axisfield, g, = 77T - 20 MP
tolerance | g, — 0.96T, 13.7% of B,J s

Credits S. Fabbri

13 Jan 2025 o
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§ D J'C Winding Discretization
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 Dimensions: HTS(12mm X 0.0656mm), SS(12mm X 0.026mm).

* Divide the homogenized coil section in pancakes separated by SS spacers.

* Inter-pancake spacers dimensions?

* Find the best compromise in terms of field (B1, B2, focusing strength), margins

(Ic) and mechanics.

Selected spacer dimensions:

» Coill: 4mm spacer
» Coil2: 3mm spacer

This configuration maximize
the number of pancakes in the
stacks, given the total coil
dimensions for «Option1»

HTS N
pancake Coil 1

N

SS spacers

Coil 2

13 Jan 2025
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Configuration g€
from “Option L7 N

Configurations studied

turns conservation and

Setup#l

Optimized
versions of
“Option 17MN-
10mm gap”

Setup#2

— / increased margins

Option 1T7MN - 10mm gap Option 1I8MN - 10mm gap

Option 1IMN - 20mm gap Option TTMN - 20mm gap

“minimum volume” _

13 Jan 2025
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EM Analysis Results: Coll Margins

Option T7MN —=10mm gap

Surface: Current Margin - Streamline: Magnetic Flux Density
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Summary Table

“1TIMN-20mm gap” configuration

Configuration considered
to study the mechanics

of the coil assembly

Lattice operation

Option
17MN-
10mm gap

Option
18MN-
10mm gap

Option
11MN -
20mm gap
“min. vol.”

Option
11MN -

J_eng

Coil1/Coil2
(A/mm~2)

421.5
209.1

322.9
209.1

380.3
263.9

328.3

20mm gap13 Jan g@z%g

14.7

14.5

14.7

14.8

Focus.

Strength
per cell

length

(TA2*m/m)

24.7

24.6

24.4

23.7

Axial Force

on

Coil1l/Coil2

(MN)

+6.7
+10.4

+8.0
+10.3

+0.4
+11.0

+0.7
+10.8

provides highest margins, low magnetic
energy density and forces, with 9 km
increase of the total HTS length .

Net Axial

Force (MN)

+17.1

+18.3

+11.4

+11.5

Net Torque
applied on
centroid of
forces
(MN*m)

-0.597

-0.652

-0.540

-0.562

Peak Hoop
Stress on
Coil1l/Coil2
(MPa)

+294
+397

+230
+358

+260
+349

+222
+344

Peak
Positive
Radial Stress
on
Coil1l/Coil2
(MPa)

+1.96
+14.5

+0.91
+14.1

+3.45
+8.97

+2.95
+8.84

4

Peak Von
Mises Stress
on SS
spacers
(MPa)

+499
+465

+390
+459

+377
+460

+323
+454

Total
Magnetic
Energy
Density in
cell
(MJ/mA3)

Total HTS
length
(full cell)
(km)

159.4 66

1300 [(85.6
| 1553 | | 62.8

1362 | (716

Coil
Current
Coill/2

(A)

795
394

609
394

717.4
497.2

619.4
497.9




Coil Assembly Study
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External SS TTIMN-20mm gap Option

* A mechanical analysis of the coil assembly has cylinder
been performed.

* The Curings (4Amm Coill, 2mm Coil2) have
been dimensioned to limit the Joule losses
below 10 mW.

* The SS ring thicknesses were limited by the
space available for Coil2. 12mm thick rings
were considered in Coil2 and 10mm rings in
Coill (since the highest radial stresses and coil
radial thickness are in Coil2).

Space too tight!

Only 1 mm gap

between coils

13 Jan 2025
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* Inthe proposed configuration, Coil2 presents the challenge of high
radial/hoop stresses to be contained by SS rings of relatively thin radial
thickness.

* From a simplified analysis, the radial pressure applied on the external coil
boundaries in lattice operation must be at least 16MMPa on Coil 1, 80MPa
on Coil 2.

* This study serves to answer the question on the maximum applicable
stress via shrink fitting and the associated hot temperature.

T_hot = 373.15 K Surface: von Mises stress (MPa)

MPa 650" ‘_-""'*"30'05 »‘:7Von Mises Stress on SS ring (MPa)
A 414 600 * ‘%30 o- Max Von Mises Stress Cu ring (MPa)
4 129.95 -+ Max Hoop Stress Coil (MPa)
88N 5 maa
400 " .
H H H Radial St Coil (MPa)
Search for coil configurations  fedeistresscol P
350
200 with increased radial gap
i between the coil (> 30 mm)
e B G 129.5
HZOO 250(%" b 20 45
2006 = —129.4
150 (c] (<] [« TERPI s Ta—— L3 LTTTN ©banes " PR Oeseasy " TTY ©:ieos .2935
150
= 300 35 40 . 50
v 107 Initial Temperature SS ring (K)

This solution is not feasible:

SSring thickness too small to
provide the required pre-
compression on Coil2.

Too small radial gap between coils.

13 Jan 2025
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&~ New conﬂgu ration for integration studies +
Muzm vwuco mechanics: Option 12MN-40mm gap !!!

* From a new scan of the coil search scheme, with the new constraint on the
minimum radial gap between the two coils, we found the here reported solution:
“Option 12MN-40mm gap”.

* This solution offers minimum differences with the 122MN-20mm gap option, with
the advantage of increased radial gap between coils.

In :parameters
varied in the coil seach
| script.
I 5
: = R, = 285 mm
| Coil 2
|
| W
I
Cellmid! w2 Begin of
I R, = 185 | Beg
plane 2 = mm I the cell
24. " s e Il |;
| , Z2
13 Jan 2025
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Solutions comparison - Margins
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Option 12ZMN - 40mm gap

Margins are too low

S - B %
A 586 Current Temperature Load-line
\ s Margin Margin Margin
80 (%) (K) (%)
75 -
Option 17/MN-
7 9.9 4.8 -
4 6> 6 Option TTMN-
N ——— o sl | 41.3 15.5 25.5 |
4
50 Option 12MN- [ ]
45 5 40mm gap 37.3 14.5 e
- — 40 Lattice operation
¥ 37.3 ¥ 2.33x1077

13 Jan 2025
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Summary Table

Lattice operation

Peak

Total
Focus. . Net Torque Positive Peak Von .
J_eng Strength UG . applied on S Radial Stress | Mises Stress Magnetic USENLE
Coil1/Coil2 I on Net Axial troid of Stress on ss Energy length
el per ce Coil1/Coil2 | Force (MN) | “®"2'9 %0 | coiln/coil2 S on Densityin | (full cell)
(A/mmA2) length (MN) forces (MPa) Coil1/Coil2 spacers cell (km)
(TA2*m/m) (MN*m) (MPa) (MPa) (MI/mA3)
Option 17MN- 421.5 +6.7 +294 +1.96 +499
. . +1/. -0. .
ulomm go) 2091 247 +10.4 17.1 0.597 +397 +14.5 +465 1594 06
Option 11MN- 328.3 +0.7 ) +222 +2.95 +323
ommap | 2639 148 237 0.8 +11.5 0.562 +304 o284 wnca 136.2 716
Option 12MN-] 328.6 +4.12 N _ +231 +1.77 +353
| S| ega 149 240 O 124 0558 o oo oo 1404 712
13 Jan 2025
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Coil
Current
Coil1/2

(A)

795
394

619.4
497.9

620.0
565.4
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Note: BeEnEétage Field Analysis
To be validated by Optics!
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Surface: Magnetic flux density norm (T)

« InTattice operation, the magnets of the first and last
cells of the array are subjected to different operating

Begin of Cell 6D lattice

conditions.

 The margins are not critical. A slight improve of the
current margins is observed.
* Instead, attention must be given to the stresses!

N 1%
LT

wrface: Current Margin - Streamline: Magnetic Flux Density

T

V¥ 1.29%x10°3

S5-like demo stage: Lattice configuration

— Simulated Field on Axis
— MuCol Deliverable D8.1 Target Field

Magnetic Field on Axis (T)

Magnet facing the
“begin of cell” side.

Surface: Current Margin - Streamline: Magnetic Flux Density

TR
: IQMW%)
|

V¥ 0.029

= e

N R OO ®

Magnet facing the
lattice side.

, .
PN BUNHORNWEUVIO N ®WO

D 1 jaVala'ln
a Jdan LUéa ) ]
z-coordinate (m)
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