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HFEM

High Field Magnets
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* Validating manufacturing process and introducing advanced concepts: coil pre-load free, ~

at room temperature; stress-management structure and splicing on the low-field region.
* Fast turn-around platform for testing matrix systems; protection concepts and cooling

options.

* Hybrid magnet with LTS (Nb;Sn) Common-Coils and HTS racetracks
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* LTS (Nb3Sn) conductor manufactured by LBNL (cct subscale cable)
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Magnet parameters for testing all coils or the common-
coils. The coils straight section is 150 mm. The values
refer to the fitted wire Ic curve at 4.2 K values.

Parameter All coils CCs
By inT 5.15 5.1
Boeak ss IN T 6.45 6.3
o in kA 8.25 9.2
Ermag ss N KJ 15.2 16.4
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Re-machining former holes during the winding

Cutting a screw because it couldn't be removed

etc
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RRR measurement of witness samples

145 and 182 for the extracted strands

Status: waiting for barrels Ic measurements
before the coil — former 1 reaction is launched

Coil 1 — former 2
Coil 4 — former 4

Oxidation on barrels

High Field Magnets
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One-piece mold with insulated copper cable

Metallic and non-metallic mesh trials

Controlled mold heaters and cooling circuit Matrix: Filled Wax
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(= Subscale: coils manufacturing status,
components delivery date and final assembly
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Winding HT  Instrumentation Impregnation Splicing

Coil 1 - former2 [ REEEN
Coil 2 —former 1 _
Coil 3—former3 [
Coil4—-former4 [N

Magnet structural May/June 2024
Components delivery date

Final assembly and pre-load ' June 2024

Siegtal and rotating coil Finalizing the drawings
integration parts status
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(= Stress-Managed Asymmetric Common-Coils s
(SMACC) - Cross-Section

The asymmetric common-coils magnet has an intra-beam distance of 250 mm, 50 mm bore, yoke
diameter of 660 mm and 40 mm thick stainless-steel shell.

The magnet has 4 different types of coils (layer 1, layer 2, layer 3,4 and layer 5)
and 10 coils in total (for a double aperture magnet). The coils are placed
in the stress-management formers. The preload is transferred

towards the inner-most layers through the ribs.

The iron pole, combined with the asymmetric concept, helps on the
balance vertical force balance.

The magnet concept is based on bladder & keys technology for room
temperature preload.

D. M. Araujo Page 15
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Stress-Managed Asymmetric Common-Coils o
(SMACC) — Hybrid Nb,Sn / NbTi — v2
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High Field Magnets
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X, [mm]

Layers 1 2 3/4
. Nb,SnRRP®  Nb,SnRRP®  Nb,Sn RRP® .
Wire type 162/169 162/169 78/91 NbTi
N wire x dia
\ 21x1.1 21x1.1 40x0.7 28 x 1.065
N mm
Cu/nCu 0.9 0.9 1.2 1.0
di":’::‘erigggiein 12.74 x 12.74 x 14.94 x 15.10 x
2.06 2.06 13 1.90
mm
Insulation
thickness in 0.155 0.155 0.155 0.155
mm
Number of 9 38 58/58 34
turns
D. M. Araujo
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(= Stress-Managed Asymmetric Common-Coils

(SMACC) — Hybrid Nb,Sn / NbTi —v2-14T

Ribs and spar thickness were optimized for mechanics. Field quality is < 20 units spread between injection
(1 T) and nominal field 14 T operation and < 12 units at nominal (to be further optimized after the final
cable definition). I, = 12.48 kA
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(= Stress-Managed Asymmetric Common-Coils s
(SMACC) — Hybrid Nb,Sn / NbTi —v2-14T ™

Margin to quench (%)
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FWW* o[- Protecting 15 m long magnet with 1x 100 mF, |
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Technology 2 kV CLI Q un i t High Field Magets

Red: Negative initial CLIQ dI/dt Currents vs time Temperature in the turns

Green: Positive initial CLIQ dI/dt Hot-spot temperature vs time (hot-spot not shown here)

Coil parts A and B (direction of CLIQ currents) Currents in the coil sections and hot-spot temperature
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2 kV CLIQ unit

Red: Negative initial CLIQ dI/dt Currents vs time

Green: Positive initial CLIQ dI/dt Hot-spot temperature vs time

C0|I parts AandB (dlrectlon of CLIQ currents)
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Currents in the coil sections and hot-spot temperature
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v Aot —=] Protecting 0.8 m lOIlg magnet with 1x 100 IIlF, \()/
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Technology O . 5 kV CLI Q un i t High Field Magets

Red: Negative initial CLIQ dI/dt Currents vs time Temperature in the turns
Green: Positive initial CLIQ dI/dt Hot-spot temperature vs time (hot-spot not shown here)
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Mechanical Analysis

Pre-load with 0.75 mm interference on the keys.
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Hoop Stress
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ANSYS 2021 R1
Build 21.1
NODAL SOLUTION
STEP=2

SUB =1

TIME=2

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.705E-03
SMN =2.24092
SMX =.904E+09
0
.889E+08
178E+09
.267E+09
.356E+09
444E+09
533E+09
.622E+09
.711E+09
.800E+09

R000OREDEN

ANSYS 2021 R1
Build 21.1

NODAL SOLUTION
STEP=2

SUB =1

TIME=2

SY (AVG)
RSYS=1
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.001031
SMN =.802E+08
SMX =.438E+09

0
.510E+08
.102E+09
.153E+09
.204E+09
.255E+09
.306E+09
.357E+09
.408E+09
.459E+09

000NN EEN

Page 24



ANSYS 2021 R1

D PAUL SCHERRER INSTITUT Build 21.1
h ° 1 1 ° NODAL SOLUTION
" w = Mechanical Analysis vonwises Sree=3
_I;es:arclh and ] # TIME=3
cennesy | ) SEQV  (AVG)
=== PowerGraphics
EFACET=1
3 AVRES=Mat
DMX =.797E-03
| SMN =.362844
i SMX =.899E+09
0
B 550E-+08
_ , E A78E+09
267E+09
l ‘ E 356E+09
x A44E+09
ANSYS 2021 R1 = . % 533E+09
Von-Mises Build 21.1 N = 622E+09
NODAL SOLUTION = gggg:gg
STEP=3 :
SUB =1
TIME=3 ANSYS 2021 R1
SEQV  (AVG) Build 21.1
PowerGraphics SoDAL SOLUTION
EFACET=1 SUB =1
AVRES=Mat TIME=3
DMX =.696E-03 SY  (AVG)
SMN =484723 sc?\zesrgraphics
SMX0=.123E+09 EFACET=1
B 11E+08 Hoop Stress DMX 2001116
B 52oE+08 SMN = 576E+08
] 333E+08 SMX =.459E+09
: 0
E A44E+08 M 510e+08
556E+08 B o2e+00
- | 667E+08 B 153e+09
[T 778E+08 B 204ev00
[ 889E+08 0 255E+09
. _306E+09
B 100E+09 L 357E+09
. m E1 408E+09
Nominal field B 4505400

D. M. Araujo Nominal field Page 25



N R

Swiss Accelerator
Research and
Technology

PAUL SCHERRER INSTITUT

=

Mechanical
Analysis

ANSYS 2021 R1
Build 21.1
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

S1 (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.715E-03
SMX =.300E+09
0
.333E+08
.667E+08
.100E+09
133E+09
167E+09
.200E+Q9
.233E+09
.267E+09
.300E+09

H000NEENN

D. M. Araujo

Maximum
principal stress

Cool-down

Nominal field

ANSYS 2021 R1
Build 21.1
NODAL SOLUTION
STEP=2

SUB =1

TIME=2

S1 (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.994E-03
SMX =.199E+09
0
.333E+08
.667E+08
.100E+09
.133E+09
167E+09
.200E+09
.233E+09
.267E+09
.300E+09

I000OREDEN

Build 21.1
NODAL SOLUTION
STEP=3

SUB =1
TIME=3

S1 (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.001072
SMX =.214E+09
0
.333E+08
.667E+08
.100E+09
.133E+09
.167E+09
.200E+09
.233E+09
.267E+09
.300E+09

BO0ONEEEN

Page 26



D PAUL SCHERRER INSTITUT

(={}» Mechanical Analysis

Swiss Accelerator
Research and
Technology

14 T operation > 30% engineering margin on the peak of stress regions.
p
Stress on coils: 123 MPa on corners, other else
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