DE LA RECHERCHE A L'INDUSTRIE

FCC week 2019

Block-colil 16T Design
for the FCC

The European Circular Energy-Frontier Collider Study (EuroCirCol) project
has received funding from the European Union's Horizon 2020 research
and innovation programme under grant No 654305. The information
herein only reflects the views of its authors and the European Commission
is not responsible for any use that may be made of the information.

Eur::CirCol

A key to New Physics

E. Rochepault,
on behalf of M. Segreti, C. Pes, M. Durante, C. Lorin
With contributions of the EuroCirCol collaboration

26/06/2019




CZA EVOLUTION OF THE DESIGN

« FCC week 2017: * Review Oct. 2017: - Today:

204 mm interbeam 194 mm interbeam 250 mm interbeam

750 yoke diameter 570 mm yoke diameter 616 yoke diameter

63 mm Al shell 100 mm Al shell 72 mm Al shell +
viari204 20 mm SS shell

MT2017 v4ari250

C. Lorin, “Block-coil electromagnetic
design”, ECC review 2017

M Segreti et al., “2D and 3D Design of
: _ _ the Block-coil Dipole Option for the
C. Lorin, “Electromagnetic design of Future Circular Collider”, IEEE TAS 2019

the block coil option”, ECC week 2017
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https://indico.cern.ch/event/556692/contributions/2591665/
https://indico.cern.ch/event/661257/
10.1109/TASC.2019.2892058

C2A 2D MAGNETIC DESIGN — MAIN PARAMETERS

Inom 10.176
Nturns 5+10+21+22
Bore thickness 1.9(1.4+0.5)
Mid-plane shim 2.07
Conductor area 138
Estimated weight! 7.86

Yoke diameter 616

Bcenter 16.00

Bpeak 16.73
Load-line margin? >13.7

Diff. inductance 47.8

Stored energy (2 apertures) 2595

1Area x 4578 dipoles x 14.3m x 8.7 t/m3
2No saturation on the load-line
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2D MAGNETIC DESIGN — PROTECTION

See T. Salmi et al. “Quench Protection of the 16 T Nb3Sn Dipole Magnets
Designed for the Future Circular Collider.”, IEEE TAS, 20109.
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Scenario 1: | Scenario 2: _
CLIQ QH Target > Magnet protected with

either CLIQ or QH
= Margin in both cases

Thotspot 281 K 321 K <350 K

\% /30 V 870 V <1200 V

ground
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2D MAGNETIC DESIGN — HARMONICS

* geometric

+ saturation

+ persistent currents
[units]

bs (Units)

b

Current (kA)

IRFU/DACM/LEAS

= operaion | oz | v3 | b5 | b7 | bo-

Injection (3.3 TeV) | +9.4 | -12.9 | +2.7 | -56 | -2.4 <1
Target +20 | £10 +1
Collision (50 TeV) | -10.0 | +2.7 | -0.1 | -1.9 | -1.5 <1
Target +20 +3 +3 | £3 | 13 +1
b,
0 Current (kA) ’
b, by
* s Current (kA) e Current (kA)
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2D MAGNETIC DESIGN — HARMONICS

Random:
* Dbaseline 50 um standard deviation
« 100 um standard deviation also considered
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0.001 © Skew d =0.050 mm S g
A Normal d =0.100 mm
O Skew d =0.100 mm
0.0001 . ' ' ' ' | | |
0 2 4 6 § 10 12 14 16

Multipole order n

- a2/b2 deviations 3/4 units in the worst case
- a3/b3 deviations 1.5/2 units in the worst case
- Other harmonic deviations <1 unit
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\ (Y

O Xmln:X_d

O Xmax=X+d

o Ay=d
o Ymn=Yy—d
O Yma—Ytd

O AG = 2d /Wcable'
o O,,=a—Aa
O U= a+ Aa

Courtesy S. Izquierdo Bermudez
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3D MAGNETIC DESIGN — HARMONICS

« Colil ends to the shortest
 Room in the spacers for internal joints
* Harmonics integrated with a magnetic length of 14.3 m

Units

450 —
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i \\ ;.r’ -0 — ‘ /
|

L \ /
20 - ‘;} ‘f - f
r \ / 200 — \
C \ / C
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-t \ |

0 200 400 600 800 1000 0 200 400 600 800 1000

Z (mm) Z (mm)
At
m

 Mid-plane shim optimized to :
sb |-118]-25)-06)-19)-15 —> increase b3 in the straight section
Target | +20 | +3 | +3 | +3 | +3 - Compensate b3 integral
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Bpeak1, 2=0 16.6 T
Bpcako» bENd 159 T
Bpeaks: tip 150 T
I—straight section 1.00 m
Liron 1.00 m
L coi 1.44 m
L g 1.28 m
L coit end = Leoil - Lmag 80 mm (per end)

« Short ends
* Margin (4B, >0.7 T)

IRFU/DACM/LEAS

coil end
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2D MECHANICAL DESIGN — MODEL 7@/%

« ECC Coil properties (293K/4.2K):
« Ex=25GPa/27.5 GPa
« Ey=30GPa/33 GPa

 Pre-load:
1. Bladders without SS shell
2. 2 Horizontal + 2 Vertical keys

3. Imposed displacement on SS shell
bottom = -0.2 mm (270 MPa tension)

+ Contacts:
« Bonded: inside the coils, with the
poles 59 MPa
» Separation allowed with 0.2 friction: 1.18 mm
between the coils, with the structure
Al SS
2?42”25; YOK®  Shell Shell
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« Pre-load: interference
tuned

 Operation at 16 T:
contact pressure >0

LEFT coll

0 MPa /

Nominal field

IRFU/DACM/LEAS

CONTPRES (AVG)

SIVIN

.343E-03
68958.8

SMK =.552E+08

HICUARONN

68958.8

L620E+07
.123E+08
.185E+08
.Z246E+08
.307E+08
.368E+08
.430E+08
.4915+08
.bb2E+08

F———=—====

6 MPa

Nominal field

I

RIGHT coil
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ANSYS Release 1°¢

Build 19.0
PLOT NO. 1
NODAL SOLUTION
STEP=3
SUB =1
TIME=3
CONTPRES (AVG)
DMX =.379E-03
SMN =.588E+07
SMX =.524E4+08
= . 588E+07
— 111E4+08
= .16ZE+08
O -4Ll45t08
ol .Z66E+08
0 .318E+08
[:j .369E+08
o - 221E+08

L473E+08
.

.bZ24E+08
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DE LA RECHERCHE A LINDUSTRIE

Cea

Room-temperature

Cool-down

2D MECHANICAL DESIGN — COIL PEAK STRESS

Operation

pre-load to 1.9K at16 T
1, ANSYS Release 1¢)1 ZNSYS Release 1Y1 ANSYS Release 1¢
Build 19.0 Build 19.0 Build 19.0
PLOT NO. 1 PLOT NO. 1 PIOT NO. 1
NCDAL SGLUTION NCDAL SCLUTION NODAL SOLUTTON
STEP-1 STEP= STEP=3
SUB =1 SUB =1 SUB =1
TIME= TIME=Z TIME=3
K ) K (BVC) sX (BVG)
RSYS=0 RSYS=0 RSYS=0
PowerGraphics PowerGraphics PowerGraphics
EFACET=1 EFACET=1 EFACET=1
AVRES=Mat AVRES=Mat 1%
DMX =.342E-03 DMK =.843E-03 DMK =.738E-03
QN =", 147409 SN =" .180E+09 SVN =—.185E+09
S 0o S 09 S R 0o
— + - + - +
B I30EH09 itk e -l165E+09
= N L] = -L4EHe = 1428109
= B -lasE+os = -lziEeoe = -l1zzE+09
—.7BBE+08 — 1098409 - 103E+09
B eisE08 BB 51608 B g1oE108
= — =
= -ldasE+os B -lFaoE+08 = -lerEtos
— 27AE+08 — . 5GAE+08 ~ 406E+08
o . I04E+08 B . 3BTEH0E B . 199E+08
6BIEL07 — 211E+08 8458
_147 MPay” -180 MPav” -185 MPav”
Keys Cool—down Nominal field
1 ANSYS Release 1t ANSYS Release 1Y ANSYS Release 1°¢
Build 19.0 Build 19.0 Build 19.0
10. PLOT NO. PIOT NO. 1
NODAL SOLUTION HODAL, SOLUTTON NODAL SOLUTTON
STEP= TEP= STEP=3
SUB = UB = SUB =1
TIME=1 TIME=7 TIME=
SEQV (BVG) SEQV (BvG) SEQV (BVG)
PowerGraphics PowerGraphics PowerGraphics
FFACET=1 T-1 T-1
= AVRES=Mat AVRES=Mat AVRES=Mat
DMK =. 349803 DMK =.843E-03 DMK =.738E-03
S =.127E+08 SMY =, 501E+08 SMN =.634E+07
S =1 1300409 S = 16500 SMX =.167E+09
ot it 634E+07
c o e Z73E+08 — 7T e [221E+08
\] } == Lo3e+08 B (757m+08 = 50m+08
(e JN) = (54bE+08 = sBeE+08 = 1596e+08
S o0 = l8sik+o8 = loiE+o = 7ee+08
s 81/E+08 114F409 9545408
=1 953m+08 B 1o7Eeoe B 113E+09
= | =
b= B -10%mi B a0 & IBiEH9
123E+ -153E+H ‘143E+09
B 13509 Tt B C167E+00
136 MPa 165 MPa 167 MPa "
Keys Cool-down Nominal field
Criteria: <150 MPa <200 MPa <200 MPa
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DE LA RECHERCHE A LINDUSTRIE

C2A 2D MECHANICAL DESIGN — STRUCTURE

Room-temperature Cool-down Operation
pre-load to 1.9K at16 T
' INSYS Release 1¢[T ANSYS Rel 107
. Build 19.0 Build 10.0 - |- B noe I
Ti Poles PLOT NO. 1 PIOT NO. 1 PLOT NO. 1
NODAL SOLUTION NODAL SOLUTTON NCDAL SGLUTION
STEP=1 STEP=2 STEP=3
T T2 T
SEQV (AVG) SEQV (BVG) gé“é‘%:3 (1VG)
nger({i?phlcs nger%gaphlcs Powar%raphics
AVRES=Mat AVRES=Mat Y
DMK =.24SE-03 DMK =.516E-03 B2 335m-03
SMN =. 622E+08 SMN =.823E+08 SN =.151E+08
c 0 SMX =. 640F+09 SMX =.875E+09 S =.111E+10
o mm . 622E+08 mm 823408 151E+08
(o) . l1ZEE+09 . 170m+09 Nyt
S o0 0 -191E+09 = 2s8E+09 Em C550E+09
— 5 255E+00 = 3aee+09 = sim+0o
bS -319E+09 = i35m0 15035409
O 383E+09 T -523E+09 B Eo5E+09
= 2478409 B [61iE+09 = 7a7m+09
= ERe B Og%RT00 - oo
B C50R+09 B C375E+00 = R0
\ / .
| Reys \/ ] g ; . /
== 640 MPa Lo 875 MPaVY — Lot 511 1110 MPaV
Criteria: <800 MPa <1650 MPa <1650 MPa
. ]}Q\NS‘;’S Bglﬁase 1 [1. ZNSYS Release 1¢
Stainless steel Bror o, 1 oI S
NODAL SOLUTION WODAL SOLUTICN
Y-pusher S S
TIME=2 TIME-3
SEQV (AVG) SEGV (BVC)
PowerGraphics PowerGraphics
c 0 FAsea e aat
o o ViX DMK =.437E-03
S 0 ; S SMN =.572E408
= i e e SPr
b= = — — ST
i L = — = = .183E+09
= ] = Zaem+09
= = 1309E+09
= B 2o4F+0 = 74ER100
B o5TE+08 08 -336E+09 = d8e+00
B 5ouE08 mm -3/8EH09 BB 561409
. L220E+09 L624E+09
60 MPa v 420 MPav’ 624 MPav
Y Cool-down Namninal field

Criteria: <350 MPa <1050 MPa <1050 MPa
IRFU/DACM/LEAS FCC week 2019 - 26/06/2019 Page 12



DE LA RECHERCHE A LINDUSTRIE

C2A 2D MECHANICAL DESIGN — STRUCTURE

Room-temperature Cool-down Operation
pre-load to 1.9K at16 T
AI She” g\jc‘l{g I]Qe lease 1¢ ;E{Fé Relgase 1¢)1 éllr‘]fg I%e zéase 1

NO.
LKDAL SOLUTION ‘S(I)mDm SOLCT TON

NODAL_ Sorurton
STEP=1 BIn
T
5Y (AVG)
RSYS=1
PowerGraphics
s EFACET=1
\ AVRES=MAt
DMX = ’[D’ .
D 2 mm - 20%EH0
o) — Emm - 0BBE+08
— B 97eE+08
— B l26E+09
“ 50510 15300 IR
Sleim g B 1204£+09 B9 213409
“118E4+09 =] 1529E+09 1247E+09
“T42E400 o 254409 1270E+09
-165E+09 - Z80E+09 1599E+09
e 165 MPa ¢ — = 280MPa b 209 MPa f —
Criteria: <480 MPa <690 MPa <690 MPa
ANSYS Release 1¢[1 ANSYS Release 1¢|1 ANSYS Release 1¢
Build 19.0 Build 19.0 Build 19.0
0. PLOT NO. 1 PIOT NO. 1
DAL SOLUTION NCDAL SOLUTION NODAL_SOLUTION
STEP=7 STEP=3
: =S
Stainless steel (AVG) (AVG) St o
Graphics rGraphics PowerGraphics
shell ERACEToT e Br o i
AVRES=Mat AVRES=Mat AVRES=Mat
DV =.969E 001224 DMK =.001287
S 873E+08 SMN =.829F+08
“ g
873E
— 103E400 o 101E+09
= 118E+09 = 120E+09
-3 = 134F+00 B 138E+00
b = 149E+09 B -Ll56E+09
= 165E+09 B 1m0
= 180E+09 = 193409
== e i
. | ™ oE6E+09 15378409 B C04BE+00
Keys 266 MPa / Cool-down 227 MPa / Naminal fiel 248 Mpa/

Criteria: <350 MPa <1050 MPa <1050 MPa
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DE LA RECHERCHE A LINDUSTRIE

Cea

2D MECHANICAL DESIGN — STRUCTURE

Room-temperature

pre-load

Iron Y-pad

S &
S o
b S
. 213MPa¥’
Criteria: <230 MPa

Sigma |
pure tension

ANSYS Rel%ase 17

Build 19.

PLOT NO. 1
NCDAL SOLUTION
STEP=1

SMN =193042
=.213E409

{NRNLCIAN] |

Z13E+09

Cool-down
to 1.9K

519 MPav’

Cool-down

<720 MPa

IRFU/DACM/LEAS

92 MPa v

Cool-down

<380 MPa

FCC week 2019 -

Operation
atl16 T

ANSYS Release 1¢|1
Build 19.0

TOT NO.
NODALZSOLUTION
S =

.581E+08
.116E4+09
.173E+09
.231E+09
.288E+09
. 346E+09
.404F+09
.461E+09
.519E+09

{MBCIAN ]|

631 MPavY’

Naminal field

<720 MPa

ANSYS Release 1¢|1

Build 19.0
PIOT NO., 1
NCDAL SOLUTTICN
STEP=2

SUB =1

TIME=2

81 (ZVG)
PowerGraphics
AVEES=Mat
.536E-03
5923E+08

.103E+08
. 205E408
. 30BE+08
.410E+08
.513E+08
.B15E+08
. 718E+408
. 820E+08
.923E+08

[ (AR e

168 MPav’

Nominal field

26/06/2019

<380 MPa

ANSYS Release 1¢
Build 19.0

PIOT NO. 1
NODAL_SOLUTION
STEP=3
SUB =1
TIVE=3
SEQV (BVG)
PowerGraphics
AVRES=Mat
=.554E-03
SMN =487242
=a
o 705E+08
== 14109
5 ZiEeo
ZB1E+09
= 301p+09
& 1m0
= R0
B C531R+00

ANSYS Release 1¢
Build 19.0

TOT NO.
NODAL3SOLUTION
S =,

(ye]

WVRES=Mat
DMX =.554E-03
SMK =.168E+09

0

.186E+08
.373E+08
.559E+08
. 745E+08
.931F+08
.112E+09
.130E+09
.149E+09
.168E+09

(N ]|
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DE LA RECHERCHE A LINDUSTRIE

C2A 2D MECHANICAL DESIGN — STRUCTURE

Room-temperature Cool-down Operation
pre-load to 1.9K at16 T
~ - %uNﬁg ligl%ase 1t [T Jéljs‘i’i lfgl%ase 1¢ (1 : ANSYS Release 1¢
3 i : : Build 19.0
- PLOT NO. 1 PIOT NO, 1 PLOT NO.
Iron X pad NCDAL SCLUTTON TODAT, SOLUTTON NODAL_SOLUTTON
= = SUB =1
TIME=1 TIME=2 =
SEQV (2VG) SEQV (LG} SEQV (V)
E(;XErGraphlcs E%)Xer%raphlcs PowerGraphics
= = EFACET=1
AVRES=At AVRESMat AVRES=VAt
DMX =.191E-03 DMX =. 001006 DMX —.906E—03
SMN =2368.76 SMY =4860.05 SMN =4655.11
c o ST = 3248409 S = 4758109 SMK =, 48BE+09
: 4655.11
o O . 2s6m+08 o -527i+08 e .542E+08
> o =g s S o
— . 163E+
bS 11026409 Z11F+09 .217E+09
O -128E+409 2645402 0 -Z11E+09
= [153E+09 = 3leE+09 = .325E+09
= 179409 " 369F+09 -379E+00
B [204E-09 B -i22mi0s B 234F+00
1Z30E+09 |495F+09 B 85F+00
: / Aa
Keys 4 Cool-down / Nominal field /
xX 475 MPa 488 MPa
Criteria: <230 MPa <720 MPa <720 MPa
1 ANSYS Release 1¢ [
Build 19.0 ; Biile a0 ¥
ﬁ%%%LNgéLUT%ON NG
NEOE NODAL SOLUTTON
SUB =1 =
TIME=2 %Jsﬁlﬁ
sl {IVG) sl (RVG)
PowerGraphics i
Lo Eggergfr?phlcs
AVRES=Mat M
DMK =.001006 %MX E.goEEf(B
. SME =0137E+09 QMY :6189E+09
Sigma I — R - 2108108
. B3 isgrtos - - 2208408
pure tension “609E+08 -E2om o8
. 761E+08 1058409
.Q13E+08 - -
O {500 ] -126E+09
o 127TH00 = aEe
J137E+02 B Cieopi00
Cool -down Naminal field

<380 MPa <380 MPa
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DE LA RECHERCHE A LINDUSTRIE

Room-temperature

2D MECHANICAL DESIGN — STRUCTURE

pre-load

Iron Y-pad

550 MPa Y

§ 8
S o
b=
Keys
Criteria;

Sigma |
pure tension

<230 MPa

IRFU/DACM/LEAS

ANSYS Release 1¢(1

Build 19.0

TOT NO. 1
NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SEQV (AVG)
PowerGraphics
FEFACET=1

WVRES=Mat
DMX =.998E-03
SMN =40826.9
SMKX =6550E+09

.256E+08
.511E+08
.767E+08
.102E+09
.128E+09
.153E+09
.179E+09
.204E+09
.230E+09

g

b2

IE00NEEN

Cool-down
to 1.9K

707 MPav’”

Cool—down

<720 MPa

306 MPaY’

Cool-—down

<380 MPa

FCC week 2019 -

Operation
atl16 T

ANSYS Release 1

Build 19.0 .

PLOT NO. 1

NODAL SOLUTTON

STEP=2

SUB =1

TIME=,

SEQV (BVG)

PowerGraphics

EFACET=1

AVRES=Mat

DMK =.796E-03

SMN =36880.7

g

. T7gar+os

= 157E+09

= -236EH09
314E+09

==

— 393E+09
471F+02

—

= -0

B 07500

x &
Namninal field

<720 MPa

Build

PIOT NO. 1
NODAL SOLUTTION
STEP=2

SUB =1

TIME=2

S1 {LVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMK =.796E-03
SMEA =5306E+09

3408408
. 680E+08
. 102F+09
L136E409
.170E+09
.204E+09
.238E409
.272E4+09
.306E+02

ANSYS Release 1fY1
19.0

BECOREEN

358 MPa

Naminal field

<380 MPa
26/06/2019

ANSYS Release 10
Build 19.0

PIOT NO. 1
NCDAL SOLUTICN
STEP=3

SUB =1

TIME=3

SEQV {AVC)
PowerGraphics

AVRES=Mat

DMK =.858E-03
SMN =586.754
SMX =.759E+09
586,754
. 843E+08
.169E+09
L253E+02
.337E409
LA27F409
.S06E+02
.590E+09
LB74E4+09
. 758E+09

HE0CRECNN

ANSYS Release 1¢
Build 19.0
PLOT NO.
NCDAL SOLUTION
STEP=3

SUB =1

TIME=3

31 (BVG)
PowerGraphics

EFACET=1

WVRES=Mat
DMK =.859E-03
SMH =b358E+09

.397E+08
. 795E+08
.119E4+09
.159E+09
.199E+09
.23BE+09
.2'18E+09
.31BE+09
.358E+09

i

RECORENM
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C2A 3D MECHANICAL DESIGN - PRELIMINARY 70%

3D FEM running :
 to verify stress level in all components

« focusing in particular on the ends

SS Shell
Al Shell

Iron Yoke

End plate

End shoe

Iron Pads i Al-bronze rail
Coils

IRFU/DACM/LEAS FCC week 2019 - 26/06/2019




C2A CoNCLUSION

2d magnetic design:
16 T at 14 % of LL margin at 1.9 K
b2 within +/- 15 units at all currents
Protection by CLIQ or quench heaters (conservative case is QH):
T = 320 K <350 K
Vground = 900 V <1.2 kV
3d magnetic design:

Hotspot

Compact ends (80 mm)

Similar values for integrated harmonics

Additional margin in coil ends (AB,g, > 0.7 T)
2d mechanical design:

pea

Coil stress < criteria
Iron X-Pad + Yoke: locally > criterion at warm
Other components: stress < criteria

Short model program ongoing

- see « F2D2, the CEA Dipole Model for the FCC », E. Rochepault

IRFU/DACM/LEAS FCC week 2019 - 26/06/2019 Page 18



DE LA RECHERCHE A L'INDUSTRIE

BACKUP SLIDES




CZ2A CONDUCTOR PARAMETERS

Strand diameter 1.1 0.7 mm

Number of strands 21 34 adim

Unreacted width 12.47 12.47 mm

Unreacted thickness 1.94 1.23 mm C. Lorin,
Reacted width 12.6 12.6 mm Oct 17 review
Reacted thickness 2.00 1.27 mm

Copper/non-Copper ratio 0.8 2.0 adim

Insulation thickness 0.15 0.15 mm

Bare cable compaction 11.8 12.0 %

Packing factor 854 88.2 %

Transposition pitch 93 93 mm

J. Fleiter: Rutherford cable design approach and experience at CERN (here)
11TRRP 11 TPIT MQXF (PIT

Parameter Unit for LS2 for LS2  and RRP) FRESCA2 ERMC SMC
Number of strands ) 40 40 40 40 40 18
Strands diameter mm 0.70 0.70 0.85 1.0 1.0 1.0
Cable bare width mm 14.70 14.70 18.15 20.9 20.9 10
Cable bare thickness mm 1.250 1.250 1.525 1.82 1.82 1.81
Keystone angle ° 0.79 0.50 0.40 0.0 0.0 0.0
Thin edge compaction* % 17.95 15.3 14.02 9.0 9.0 0.5

Thick edge compaction* % 3.48 6.13 6.57 ' ' '

Transposition pitch mm 100 100 109 120 120 63
SS Core width (thickness) mm 12 (0.0025) NO 14 (0.0025) NO

IRFU/DACM/LEAS FCC week 2019 - 26/06/2019 20


https://indico.cern.ch/event/596114/contributions/2409586/

3D magnetic design

e Assumptions:
e Return ends — 1000 mm straight section

« Hardway bend : Rmin =450 mm in upper
layer (w = 12.6 mm)

« Strain 13.8 mm/m (HD2: 30.6 mm/m HD3:
12.4 mm/m Fresca2: 15.3 mm/m)

« Coll-to-aperture y-direction: 5 mm
* Double pancake end

IRFU/DACM/LEAS



3D HARMONICS

b3[unit
200 e Ib an(Z)dZ an(Z)dZ fbn(Z)dZ
100 " fBl(Z)dZ - Lmag- Bref - Limag
-100 > > > io‘s ' == Db3[units]
:300 J Ib _ fShOTt bn (Z) dZ
n,short L
-400 mag,short

fshort bn (Z)dZ + bn (0) (Lmag o Lmag,short)

Lmag
o Ibn,short- Lmag,short + bn (0) (Lmag - Lmag,short)

Ib, =

Ib,

Lmag

EX: -10 units on a short length
Ib; = [ -10 units x 0.68x2 -0.8 units x (14.069-0.68x2) ]/ 14.069
=-1.69 units
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DE LA RECHERCHE A LINDUSTRIE

2D MECHANICAL DESIGNS
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Interbeam distance = 204 mm
Doy iITON yoke =570 mm
Total G, = 740 mm
65 + 20 mm thick shells

1510 um €«
o Von Mises
Ox max
max
Keys + SS shell -135 123
Cool-down -184 170
Energization16 T  -214 186

Interbeam distance = 204 mm
Doy iTON yoke =570 mm
Total G, = 744 mm
67 + 20 mm thick shells
2 2x720 pym &

o Von Mises
Ox max
max
Keys + SS shell -148 137
Cool-down -181 160
Energization 16 T  -199 177

vdari204
vbhari204

Doy irON yoke = 616 mm
Total G, = 800 mm
72 + 20 mm thick shells
- 412 pm + 1185 um €

o Von Mises
Ox max
max
Keys + SS shell -147 136
Cool-down -180 165
Energization 16 T  -185 167
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Material properties

(Davide 3 FCC week)

Coil maximum stress
. @ 4.2 K: 200 MPa
. @ 300 K: 150 MPa

E [GPa] (L4.3k-L203k)/L 293K

203K 43K  293K/4.3K 293K ->4.3K
Coil EX=25 EX=275 03 X = 3.36-3
——T Ev=30  Eve33 Y = 3.08¢-3
SN U Stst 193 210 0.28 2.84e-3
B B iron 213 224 0.28 1.97¢-3
e e Titanium 115 126.5 0.3 1.74e-3
Nitronic 40 210 225 0.28 2.6e-3

Ti 6Al 4V 800 1650

*Ferromagnetic iron @ 4.2 K stress < 380 MPa in
tension (1st principal stress)

IRFU/DACM/LEAS FCC week 2019 - 26/06/2019 24



