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ISAAC goals & constraints (reminder)

ISAAC: Investigating Superconducting Assembly to Address Common coil mechanics
Main goal: learn for the 14 T model with existing coils, mostly on mechanics
Existing RMC coils made at CERN with MQXF strand are selected
Mechanics & assembly as simple as possible
Provide =14 T in the aperture (100% load)

Decrease vertical Lorentz force F, to achieve low vertical preload: free horizontal movement when
coils are energized, without friction

Assembly with bladder and keys, slight preload just to keep contact between parts

Aluminium shell also contributes to hold the forces

Goal: To have a horizontal coil displacement due to the EMF below 0.5 mm to:
Reduce the impact on field quality (0.5 mm -> 1% less field in the aperture)
Reduce the possibility of sudden coil movements (to avoid quenches)
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- 2D Design update
« 34 mm aperture
« 50 mm aperture
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2D Design update

One @30 mm Rod per quadrant

Pad width: 30 mm @ both sides of the rod with 50 mm aperture

Fixed Yoke and Shell for different apertures (34 mm & 50 mm): Only Pad and Spacer change
Shell dimensions: @ Outer: 650 mm. Thickness: 30 mm (@ Inner: 590 mm)

Iron components EMF taken into consideration (Spacer & Pad)

34mm aperture 50mm aperture

Spacer Spacer
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Maxwell 2D - 34mm aperture A o
Max: 0.445
. 0.450
Intrabeam(): 149.6 mm Aperture Field: 13.99 T .
Nominal Current: 19340 A Middle Yoke height (Q1): 57.3 mm 0360
0.315
Peak Field: 14.74 T (0.5mm to aperture) 020
0.225
(1): @2 optimization - 0180
B 0.135
0.090
B [tesla] ” - = 5 . 0.045
Max: 14.737 0.000 74.800 0.000 1.3992+401 0.000
15.0 | 5 Min: 0.000
. 135
12.0 SurfaceForce
105 [meghim"2] Fx (Coil) 6,397 |MN/m
' Max: 7492.243 B
90 e Fy (Coil) 0,441 MN/m
6758.807 i
75 .6025.371 Total F (Coil) 6,412 MN/m
6.0 5291.934 Fx (Spacer) -0,916 MN/m
15 . Fy (Spacer) 0,304 [MN/m
: 3091.625 _ Total F (Spacer) 0,965 MN/m
3.0 2358.189 e
15 1624.752 Fx (Pad) -1,051 MN/m
: :a:;z;: Fy (Pad) -0,253 MN/m
- g Vi 157878 Total F (Pad) 1,081 MN/m
Min: 0.000
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Ansys 2D - 34mm aperture

= Both keys in contact @ room temperature (202C). Cooling up to 1.9K

= Max. Horizontal Coil Displacement (X) due to EMF: 0.2 mm

* Max Stress @ Coil (Cooling + EMF): =
= Max X Stress @ Coil: 95.2 MPa (-101.3 MPa) ; g};ﬁ:
* Max Y Stress @ Coil: 45.7 MPa (-90.0 MPa) el
0,097302 Min  |LLIP"

= Max VM Stress @ Coil: 113.9 MPa Coil Displacement due to EMF
= Max Shear Stress @ Coil: 47.8 MPa (located @ Pole — Coil transition)

101,67

47,839 Max
31,893

95,189 Max 45,653 Max

63,459 30435 8947
31,73 15,218 7278 15,46

g 2 65,076 0

-16,886 -15,006 e -4,2383
-33,771 -30,011 e | -54766
-50,657 1 45017 29484 2,715
-67.543 -60,023 R ; ??;13
84,428 -75,029 : . =21,
-101,31 Min -90,034 Min L -25,43 Min
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Maxwell 2D - 50mm aperture

Intrabeam@): 149.6 mm
Nominal Current: 20728 A
Peak Field: 14.32 T

(1): @2 optimization

B [tesla]

Max: 14.316

X

Aperture Field: 12.70 T

Middle Yoke height (Q1): 49.3 mm

(0.5mm to aperture)

Y z B

15.0
. 13.5
12.0

10.5
9.0
7.5
6.0
4.5
3.0
1:5
0.0

Min: 0.000
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0.000

74.800 0.000 1.270e+01
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A [Wb/m]

Max: 0.518

0.520
0.468
0416
0.364
B 0.312
0.260
0.208
0.156

0.104
0.052
0.000

Min: 0.000

SurfaceForce
[megN/mA2]

Max: 7492.243

7492.244
. 6758.807
6025.371

5291.934
4558.498
3825.062
3091.625
2358.189
1624.752
891.316
157.879

Min: 157.879

Fx (Coil) 5,830 MN/m

Fy (Coil) 0,830 |MN/m
Total F (Coil) 5,889 MN/m
Fx (Spacer) -0,327 |MN/m
Fy (Spacer) 0,311 MN/m
Total F (Spacer) 0,452 MN/m
Fx (Pad) 1,175 |MN/m

Fy (Pad) -0,403 |MN/m
Total F (Pad) 1,242 MN/m
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Ansys 2D - 50mm aperture

= Both keys in contact @ room temperature (202C). Cooling up to 1.9K

0.16174Max D2

= Max. Horizontal Coil Displacement (X) due to EMF: 0.16 mm g:gg:

= Max Stress @ Coil (Cooling + EMF): i

= Max X Stress @ Coil: 94.2 MPa (-101 MPa) e

“ Max Y Stress @ Coil: 52.7 MPa (-99.4 MPa) comms
0,059363 Min

= Max VM Stress @ Coil: 113.9 MPa
= Max Shear Stress @ Coil: 48.4 MPa (located @ Pole — Coil transition)

Coil Displacement due to EMF

94,19 Max
62,704
31,307

0

-16,835

1 33671

| -s505506
-67,342
-84,177
-101,01 Min
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Outline

- 3D Design (34mm aperture)
- Magnetic — Maxwell
- Mechanical — Ansys
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3D Desigh — 34mm aperture

= Geometry and thermal/magnetic conditions as in 2D design
= No axial support
= lron only in magnet straight section (Spacer & Pad)

Spacer
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ax A eII 3 Fx (Coil) 1,692 MN Fx (Spacer) -198,160 kN Fx (Pad) -166,390 kN

Nominal current: 19340 A e icol) | ozes | [riopaeen | ssare o | [ reipan | asor i
Aperture F|e|d 13.91 T Total F (Coil) 1,752 MN Total F (Spacer) 204,560 kN Total F (Pad) 175,460 kN
Iron only in magnet straight section

XZ XY

B [tesla] B [tesla]

B [tesla]
Max: 14.790 Max: 14.790 Max: 14.780
15.0 15.0 15.0
l 135 13.5 l 13.5
12.0 12.0 __ 12.0
10.5 10.5 10.5
9.0 g0 9.0
75 75 75
6.0 50 - 5.0
45 15 ﬁ‘ 45
3.0 30 s 30
15 vl 1.5
0.0 0 I 0.0
Min: 0.000 Min- 0.000 | Min: 0.000

AVEVANVENE /SN
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Ansys 3D: Coil Displacement due to EMF

X direction: +0.22 mm Y direction: -0.10 mm Z direction: +0.19 mm

C: Structural-3D_34mm_GeomSW
CoilDx3-CoilDx2 - nan s

Expression: CoilDx3-CoilDx2
06/06/2024 8:42

C: Structural-3D_34mm_GeomSW
CoilDz3-CoilDz2 - nan s

Expression: CoilDz3-CoilDz2
06/06/2024 8:43

C: Structural-3D_34mm_GeomSW
CoilDy3-CoilDy2 - nan s

Expression: CailDy3-CoilDy2
06/06/2024 8:43

0,22126 Max

0,19601 S 211 ::411 =

), 0 )

= 0,17075 = -0,012704 = 0,14476

= 0,1455 u -0,025408 B 0,12408

i 0,12025 B -0,038111 b 0,1034

B 0,094994 -0,050815 B 0,082718

| 006 | _qogas1o | 006038

| 0,044488 || g 076223 0041359

& 0,019235 i -0,088927 ot 0,020679
-0,0060176 Min -0,10163 Min 0 Min

Min
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Ansys 3D: Coil stress

COIL

X stress

Y stress

Z stress

VM stress

Max

94,325 MPa

117,41 MPa

222,56 MPa

220,69 MPa

Min

-193,5 MPa

-78,57 MPa

-51,59 MPa

3,5606 MPa

Eq. VM

Time:3s

06/06/2024 8:56

220,69 Max
196,56
172,44
148,31
124,19
100,06
75,937
51,812
27,686
3,5606 Min

ples= 3.5 .' Y, o < Coll-Ci

Type: Normal Stress(X Axis) Stress(Y Axis)  Unit: MP

Unit: MPa Unit: MPa TIE;ﬂagneat Coordinate System
Magnet Coordinate System Magnet Coordinate System ime: 3 s
Time: 35 Time: 35 06/06/2024 8:54
06/06/2024 8:54
06/06/2024 8:53 S

94,325 Max 117,41 Max 1921

62,341 95,637 161,64

X 30,356 73,862 131,18

BT EEE
LS

-1,6288 52,086 100,72
-33,614 30,311 70,259
-65,598 8,5335 39,798
-97,583 -13,24 9,3367

12957 435,015 21,124
-161,55 -56,791 -51,586 Min
-193,54 Min Min -78,566 Min
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Ansys 3D: Coil planar surfaces Shear stress

COIL (Planar surfaces)
XY Sh. stress|XZ Sh. stress
Max| 6,2757 MPa | 50,385 MPa
Min| -69 MPa -35,1 MPa

Max Shear Stress: Second cable
Block contact with Coil Spacer

(Magnet Spacer side)

% -

50,385 Max
40,887
31,388
21,89
12,391
2,8924
-6,6062
-16,105
-25,603
-35,102 Min

-35,102 Min
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Ansys 3D: Coil 15t Block Head surfaces Shear stress

36,944
30,91
24,875
18,84
12,805
6,7703
0,73544
-5,2994
-11,334 Min

COIL (1st Block surfaces)
XY Sh. stress|XZ Sh. stress
Max| 42,979 MPa | 43,085 MPa
Min| -11,33 MPa | -28,08 MPa

Max Shear Stress: First cable

-11334Min Block contact with Pole

(Magnet Spacer side)

11,455
3,5473
-4,3602
-12,268
-20175
-28,083 Min
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Ansys 3D: Coil 2"d Block Head surfaces Shear stress

COIL (2nd Block surfaces)
XY Sh. stress |XZ Sh. stress

-0,88937

-5,3576 Max| 8,0471 MPa | 29,755 MPa

-9,8258 Min | -32,167 MPa | -25,46 MPa

-14,294

-18,762

23231 Max Shear Stress: Second cable
-27,699 . .

32,167 Min Block contact with Coil Spacer

-32,167 Min

(Magnet Spacer side)

0 L

17,486 il 17,486
11,352 | 11,352
5,2173 E 5,2173

— -091714 — -091714

4 -7,0516 -7,0516
13,186 | 13,186
-19,32 -19,32
-25,455 Min -25,455 Min
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Ansys 3D: Coil 3" Block Head surfaces Shear stress

15838 Max
10,626 COIL (3rd Block surfaces)
54148
oo 020329 XY Sh. stress|XZ Sh. stress
-5 0082 -5,0082 Max| 15,839 MPa | 48,065 MPa
-10,22 -10,22 Min| -31,07 MPa | -28,61 MPa
-15,431 -15,431
-20,643 -20,643 .
25,854 25,854 Max Shear Stress: Third cable
-31,066 Min -31,066 Min

Block contact with Coil Spacer
(Magnet Spacer side)
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Outline

« Conclusions
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Conclusions (2D design)
- ISAAC 2D design updated for 34mm and 50mm aperture:

Shell outer diameter up to 650mm
EMF over iron Spacer & iron Pad

- Max. Horizontal Coil Displacement (X) due to EMF: 0.2 mm

« Concerns about “unavoidable” shear stress in coil contact with the
pole (about 50 MPa for 34mm aperture)

-  Max. VM Coil stress about 115 MPa for 34mm aperture (below
150 MPa)

- Influence of Iron Spacer small displacements on ISAAC
performance
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Conclusions (3D design)

- First 3D simulations with iron only in magnet straight section & no
axial support
« Max. horizontal coil displacement due to EMF: 0.22mm
« Max. axial coil displacement due to EMF: 0.19mm
 Max. VM Coil stress about 221 MPa
* Max. Shear Coil stress about 69 MPa
- 3D design analysis ongoing:
* Iron all magnet length (Spacer & Pad)
* |ron Pad all magnet length & Spacer only in magnet straight section
« Axial preload
« Magnet assembly strategy (preload sequence)
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