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CZA EVOLUTION OF THE DESIGN

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

204 mm interbeam 194 mm interbeam 204 mm interbeam

750 yoke diameter 570 mm yoke diameter 570 yoke diameter

63 mm Al shell 100 mm Al shell 67 mm Al shell +
viari204 20 mm SS shell

vbari204

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

C. Lorin, “Electromagnetic design of
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/

C2A 2D MAGNETIC DESIGN — MAIN PARAMETERS 7@%

Parameter _______|Value | Unit _

Inom 10.123 KA Illllllllm [%HH!
Nturns 5+10+21+22 - IIIIIIIWW Wﬁiﬁﬁm
Bore thickness 1.9 @14+05 mm IIIIH \§H§i||||||§
wspanesin 220 on I 1
Cor.1ductor are.a 138 em® ngh Fleld Low Fleld
Estimated weight* 7.90 kt “HF” cables  "LF” cables
Yoke diameter 570 mm - i ‘#’ m

Bcenter 16.00 T

Sk 1675 T to [[ealll | [l
Load-line margin 13.75 % ; ‘III“IIII'
Diff. inductance 49.1 mH/m : ‘III“IIII'

*Area x 4668 dipoles x 14.1m x 8.7 t/m3
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2D MAGNETIC DESIGN — HARMONICS

100

 Without persistent currents (geometric + saturation): « Persistent currents P.C.:

3 =
r 20

Cos-Theta

Block

Common coil
16*1.3/50

- 16%3.3/50
——-16*1.3/13.5

\
/ R
b3 [units]

[w]

ROXIEw: [ ROXIE w2

-100 L ' ' .
' 0 5 10 15
2000 3000 6000 8000 10000 2000 4000 6000 8000 10000 B [T]

CURRENT (A) CURRENT (A)
S. Izquierdo Bermudez, “Field Quality

designs”, FCC-hh magnet-beam

WithOUt P.C 5.2 3.2 4.9 1.7 dynamics coordination meeting 03, 2017
Injectlon P. C. Only O '25.5 '2.1 '5.7 '2.5
_ 10ther harmonics <1 unit
(3.3 Tev) with P. C. 52 |-289| -70 | -7.4 2Absolute value
Max. target? - 60 - - -
negligible P. C. | -37.48 | 0.49 | -1.96 | -2.43 | -1.59
Collision
Max. target? 50 4 3 3 3
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3D MAGNETIC DESIGN — 2 OPTIONS 70%

Compact: Long:

« Coll ends to the shortest » Extension of coil ends

« Room in the spacers for « Compensation of the b3
internal joints In the ends

= \ico®
ot 530(\0“
\ax 29

> Minimum conductor length - What impact on the lengths?

> Are the harmonics still within spec? (conductor, coil ends)

> Is the peak field still in the straight - What impact on the peak field?
section ?
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3D MAGNETIC DESIGN — HARMONICS

’ ; Hﬁ\\\l {.‘f\i—_ 100 ; ;’,\\
50 [ “'i .‘|‘ s E / \
: | : / \
-100 j i‘ f . } - - 4 .
e ;_ IIE\ ff 50 f— ‘\ {[
200 — | f F ’\ J
i \‘. I‘I 100 i— f
C | L |
250 — | F |
E ,’\ ; -150 :— \ ,)
 oesin | bz | b3 | bs | b7 | b
2D -37.48 | 0.49 | -1.96 | -2.43 | -1.59 « At collision
3D, Compact ends -39.03 | -4.59 | -2.37 | -2.47 | -1.58 * Magnetic
length 14 m
3D, Long ends -39.41 | 0.08 | -2.41 | -2.51 | -1.58
3D compact + compensation | -38.95 | -2.70 | -1.90 | -2.29 | -1.57
2D compensation -37.40 | 2.39 | -1.48 | -2.43 | -1.59
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CZAQ COMPENSATION OF b IN 2D

Midplane shim 2.35 mm - 2.28 mm

by « b, in the straight section (2d): 0.49 units > 2.39 units
15.00 * b integrated -4.59 units = -2.70 units

1;; « Slightly lower other harmonics

e « Slightly higher margin

10-99 vbari204

9.716

5.308

2 MR
= MK @
: i

M
| | | | | | ) I_“_ | |
102 112 122 132 142 152 162 1
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Surface contours: B

ce contours:
1.660178E+01 1.659895E+01
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— 4.000000E+00
i 1.674862E+00
1.929006E+00 )

1. Peak field in the center (z=0) = 16.6 T for both cases
2. at the beginning of the coil ends ~16 T

3. Peak field in the pole tip ~15 T

Bpeak center Bpeak ends ~ ABpeak >06T
Additional operational margin in
the ends
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3D MAGNETIC DESIGN — SUMMARY

Parameter Compact Compact Long
compensated

b3 integrated -4.59 -2.70 0.08 units

Bpeakts 2=0 16.6 16.6 166 T =
Bpcares bENd 15.9 15.9 160 T =7
Bpeaka tiP 15.0 15.0 152 T =

L straight section 500 500 500 mm (half length)
Liron 500 500 500 mm (half length)
L coi 122 122 813 mm (half length)
L mag 642 642 678 mm (half length)
L coitend = Leoil = Lmag 80 80 135 mm (per end)

Nominal:

 Short ends

« Low harmonics

* Margin (aAB__,, > 0.6 T)

pea
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2D MECHANICAL DESIGN — MODEL ﬁ

Geometry:
* Interbeam distance = 204 mm
« Quter yoke @ =570 mm
« 67 mm Al shell + 20 mm SS shell

ECC Coil properties (293K/4.2K):
« Ex=25GPa/27.5GPa
« 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 (260 MPa tension)

59 MPa

Contacts: 27%0.72 mm
« Bonded: inside the coils, with the EEEEETE |
poles | | o Voi Al SS
- Separation allowed with 0.2 friction: OK€  shell Shell

between the coils, with the structure
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2D MECHANICAL DESIGN — COIL-POLE CONTACT

et |

« Pre-load: interference
tuned

 Operation at 16 T:
contact pressure >0

oo o o e e o .

ANSYS Release
Build 19.0
PIOT NO. 1
NODAI, SOLUTTION
il G il | SEa
SUB =
LEFT col et RIGHT col s
CONTPRES (AVG) CONTPRES (AVG)
DMX =.329F—03 DMX =.302FE—03
SMN =8936.27 SMN =.118E+07
SMX =.481E+08 0 MPa / SMX =.470E+08
8936.27 .118E+07
] ]
.536E+07 .627E+07
mm mm
.107E+08 .114E+08
B 161R+08 B " 164R+08
B m
.214F+08 z .215E+08
.267E+08 .266E+08
1 )
.321F+08 .317E+08
.374F+08 | .368E+08
| o -428E+08 o -A19E+08
.481F+08 .470E+08
0 MPa /
Nominal field Nominal field
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DE LA RECHERCHE A LINDUSTRIE

Cea

Room-temperature

2D MECHANICAL DESIGN — COIL PEAK STRESS

pre-load

Keys

-

-148 MPay”

N
4 |
[ 8 1
S v
b=
137 MPa
Criteria: <150 MPa
IRFU/DACM/LEAS

ANSYS Release 1|1

Build 12.0
PIOT NO. 1
NODAL SGLUTICN
STEP=1
SUB =
TIVE—
SX (BVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=VAt
DMX =.673E-03
SMN =". 148F+09
o oo
= +
B I3lEH09
B2 _1EEes
B -3aie+os
= - I87EH08
—.614E+08
—
] -lador+os
=k
T +
B 8707

SMN =.150E+08

1
—
W
-
[al
Xr
=}
0

NE0CRO0NN 2

137E+402

Cool-down

to 1.9K

Cool-down

-181 MPa v

Cool-dovwn

160 MPa

<200 MPa

FCC week 2018 - 10/04/2018

ANSYS Release 1[1

Build 19.0
PLOT NO. 1
NCDAL SGLUTION
STEP=
SUB =
TIME=
K )
RSYS=0
Power%r?phics
LVRES=/At
DMK =. 6AIE-03
SN =" 181F+09
g
= -+
B —IIedEH0g
B -IldeE+09
B -lizsEroe
—I1T1E+09
[
= -losr+is
—.7B3E+08
1 _l5sgEt08
B i1E08
B 530R408

SMN =.551E+08

1
—
@
[=}
=
r
=}
0

NE0CRO0NN 2

.160E+02

Operation

at1e6 T

Nominal field

-199 MPav’

Nominal field

177 MPa v’

<200 MPa

ANSYS Release 1¢
Build 19.0

PIOT NO. 1
NODAL SOLUTION
S =
g —
TIME—
SX (BVG)
RSYs=0
PowerGraphics
T=1
AVRES=Vat
DMX =. 657E~0
SMN =".199E+09
S 00
- i+
o -l176E+09
= - 152E+09
B -l120+09
= - 105E+09
~.819E+08
—
& -lsaEtos
~.348E+08
B 11308
.122E+08

Build 19.0
PLOT 0.
NODAL_SOLUTION
STEP=
SUB -1
TIME=3
SEQV (aVG)
PowerGraphics
FFACET=1
AVRESSVat
DMX =. 657803
SV =.510E+07
SK = 117E+09
15108+
e 247E+08
== 434E+08
= l625E+08
= ls16m+08
“101E+09
—
= 120E+09
“1398+09
B (1B8E+09
L177E+09
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DE LA RECHERCHE A LINDUSTRIE

Cea

2D MECHANICAL DESIGN — STRUCTURE

Room-temperature

Cool-down

Operation

BANSYS Release 1¢ 3. ANSYS Release 1¢ ANSYS Release 1°¢
Ti Pol Build 19.0 Build 19.0 Build 19.0
I POoles PLOT NO. PIOT NO. 1 PIOT MO, 1
HODAL SOLUTION NODAL_SOLUTTON HODAL SOLUTION
STEP= STEP=2 STEP=3
SUB =1 SUB =1 SUB =1
TIME=1 TIME=2 TIVE=3
SEQV (IVG) SEQV (BVG) SEQV (LG}
PowerGraphics PowerGraphics PowerGraphics
EFACET=1 EFACET=1 EFACET=
IVRES=Mat AVRES2Vat AVRES=Mat
DM =, 564E—03 DMX —.293E-03 DMK =.324E-03
SMN = 760E+08 SV =.822E+08 QI =. 129E+08
c v QMK =. 622E+09 S = 8708409 S =/ 1200410
T60E+08 i EH
o ¢ o l137EHS e I170E+09 e i150E+09
> Ul = BEne == 257E+09 = ZEee
= B 250 = 3a5E409 = 124E00
b 3 = 3ioo 433E+09 = [561EH0D
= o 520E+09 = cosmoo
= Hageo B [608E+09 i ELTH
S = 523Ei00 = TR
. FH 3 i+ " Ft!
B CE5Ei00 B C570E+00 B 155R0
L 5 i J
Keys 622 MPa\/ Cool-down 870 |\/|Pa\/ Naminzl field 1125 MPE‘/

Criteria: <800 MPa <1650 MPa <1650 MPa
. ANSYS Release 1¢ 1 ANSYS Release 1°
Stainless steel T oo
NODAL SOLUTTION NODAL_SOLUTTION
Y-pusher o i
TIME=7 TIME=3
SEQV (LG} SEQV (LG}
PowerGraphics PowerGraphics
c Hire Hire
(o] DM —.451FE—03 DMY —.424FE—03
S L e
; — mm . O43EH0T . JAZEHOT
°© = e e
a = = 12800 — B lIesE+09
= B tegmo B zimo
. 2098+09 \275E+09
= = Zagmi0 B EEmio
= = 2Ei00 = 25E00
B CgiEi08 e A B ori00
) 84 MPa v 369 MPav’ 489 MPaY’
eys Cool—down Naminal field
Criteria: <350 MPa <1050 MPa <1050 MPa
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DE LA RECHERCHE A LINDUSTRIE

Cea

Room-temperature

pre-load

Al Shell

b
L 155 MPa
Criteria: <480 MPa

Stainless steel

shell
5
ws 257 MPa
Criteria: <350 MPa
IRFU/DACM/LEAS

ANSYS Release 1¢7

Build 19.0
PLOT NO.

NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SY (RVG)
RSYS=1
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.832E-03
SMN =—.353E+08
SMX =.155E+09
—.353E+08
—.142F+08
.699E+07
. 282E+08
.493E+08
. 705E+08
.917E4+08
.113E+09
.134E+09
.155E+09

(MNIAAAL ] |

ANSYS Release 1¢

Build 19.0
PIOT NO. i
NCDAL SOLUTION
TEP=
SUB =1

w0

TTI

Sy (RVG)
RSYS=1
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.823E-03

I
N
o=
~JC0
Gt
e
OO
jXejXe)

(NAAAN] | B

‘257E+00

Cool-down
to 1.9K

Co

276 MPa
<690 MPa

Cool-down

227 MPa

<1050 MPa
FCC week 2018 - 10/04/2018

ANSYS Release 1|1

Build 19.0
PLOT NO. 1
NODAL SOLUTION
STEP=2
SUB =1
TIME=
sy (BVG)
RSYS=
PowerGraphics
EFACET=
AVRES=VAt
DMX =.001082
SMN =.527E+08
S = eos
i +
=
L102E+
= l1z7E+09
B 15w+
= 07Eed
= 201409
1226E+09
1251F+09
1 276E+09

ANSYS Release

Build 19.0
PIOT NO. 1
NODAL SOLUTTON
STEP=2
SUB =1
TIME=2
Y (BVG)
RSYS=1
PowerGraphics
EFACET=1
AVRES=VAt
DMK =.001144
SMN =. 875E+08
i
+
= .103E+09
1198409
=
B 3aEvo
= 1do+0o
= 1esE+09
180E+09
2 1968+09
Z11E+09
-
1227E+09

2D MECHANICAL DESIGN — STRUCTURE

Operation
atl16 T

Nominal fie1248 M Pa

<1050 MPa

ANSYS Release 1¢

Build 19.0
PLOT NO. 1
NODAL_SOLUTION
STEP=3
SUB =1
TIME=
sy (BVG)
RSYS=
PowerGraphics
EFACET=1
AVRES=VAt
DMK =.001155
SMN =.384E+08
S B 08
i +
— e
L961E+
= lizoE+9
B lisamo
“183E+09
=
= 2128409
12408+09
1269E+09
129BE+09

ANSYS Release 1°¢
Build 19.0
PLOT I

STEP=

SUB =1

TIME=3

SY (RVG)

RSYS=

PowerGr?phics

AVRES=Mat

DMX =.001216

SMN =.796E+08

o s

+

e 983E+08
117E+09

]

= 136E+09

o -155E+09
173E+09

—/

| 192E+09
211E+09

|

] .230E+09
.248E+09
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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
ANSYS Release 1¢ ANSYS Release 1¢ ANSYS Release 1¢
] .0 Rnld 9.0 d 19.0
PLOT I

Iron Y-pad

L _SOLUTION

O
L:K EA_L SOLUTION

(AVG)

M

o Von
Mises

L[] ] s

1325100 376840 J465E+09
.196E+09 AﬁBE‘CO .523E+09
Keys 196 M Pa/ Cool-down 468 M Pa/ Nominal field 523 M Pa/
Criteria: <230 MPa <720 MPa <720 MPa
ANSYS Release 1¢|1 A_UQ(S Release 1¢
E i 19.0 l .0
\()Dﬁ._. SOLUT CN
STEP=2
SUB =
TIME=2 ()
Poweri?mpl;?cd;s
EFACET=1
AVRES=Mat
DMX =,492E-03 DMX =.511E-03
SMX *C°”4L+C8 SMX =.136E+09
. o4m408 — E+08
. | ] \
Sigma I IR R
- = o = ann
pure tension B2 @5ike B3 loioetos
B - /Z5EH08 & -106E+09
— 8)E<F+DS ] .1{,F+§9
.937E+08 .136E+09
Ccol-down 93 M Pa / Nominal field 136 M Pa/

<380 MPa <380 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
- %Ijs‘i’i lfgl%ase 1L %Ijs‘i’i lfgl%ase 1t 1. - %Ijs‘i’i lfgl%ase 1£
L. . 1 . L. t
- PLOT NO. 1 PLOT MO, 1 PLOT NO. 1
Iron X P ad HODAL SOLUTTON NODAL SOLUTICH HODAL SOLUTTON
STEP=1 STEP= STEP=3
SUB -1 SUB =1 SUB -1
TIME=1 TIME=2 TIME=3
SEQV (VG) SEQV (LVG) SEQV (VG)
Power%f?phics PowerGEaphics PowerGfaphics
AVRFSS/RL AVRESSRE AVRESSRL
DMK =.149E—03 DMK =, 596E-03 DMK —.47SE-03
SMY =1817.06 SMN =5603.57 SMI =5650. 68
c Ul SME = 305E+09 S = 4618409 S =, 4678409
o g B 2568408 — S — L
> Ul B Siip+0s = iozm+9 = ia7meo
= \T6TE+08 (154E400 (1615400
= = =
b S = 10709 B 20509 = 2«00
/| l12BE+09 O Z56EH00 | Zesp+09
= .153E+00 = S07Eee = 32iE00
= i =& =i
I TiathES B im0 i
Keys Cool-down ' / Nominal field /
461 MPa 482 MPa
Criteria: <230 MPa <720 MPa <720 MPa
1 INSYS Release 1¢ 1 ANBYS Release 1°¢
Build 19.0 Build 19.0
PLOT MO, 1 PLOT MO, 1
NODAL SOLUTTCN NODAL_SOLUTTION
STEP=2 STEP=3
SUB =1 SUB -1
TIME=2 TIME=3
s1 {BVG) 81 {ZVG)
PowerGraphics PowerGraphics
EFRCET= EFACET=1
AVRESSRE IVRESRL
DMX =.596F-03 DME =.479E-03
SMX = 1458409 SV = 1888409
TRt . 209E+08
; . B iEi0e = Garioe
Slgma l: B Zgerigs B ezemios
L6A3ET08 |83BE+08
: " 803E+08 J105E+09
pure tension B seartos B ngmhe
11ZE+09 147E+09
B 125EH09 B 168408
. 145E+09 .18BE+09
Cool —down Nominal field

<380 MPa <380 MPa
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DE LA RECHERCHE A LINDUSTRIE

Cea

2D MECHANICAL DESIGN — STRUCTURE

Room-temperature

Iron Y-pad

pre-load

486 MPa Y&

§ 8
S o
b=
Keys
Criteria;

Sigma |

pure tension

<230 MPa

IRFU/DACM/LEAS

Cool-down
to 1.9K

ANSYS Release 1|1
Build 19.0
PIOT NO. 1
NODAL SOLUTION
STEP=
SUB =1
TIME-1
SEQV (BVG)
PowerGraphics
ACET=1
AVRES=At
=.847F-03
SN =173720
SMK =, 486F+09
-
. 256E+08
== siim+08
767E+08
=
B [10ZE+09
O 128E+09
= i53E+00
“179E+09
B [204E+00
W C730E+09
631 MPav”
Cool-down

<720 MPa

285 MPa‘/

Cool-down

<380 MPa

ANSYS Release 1¢]1

Build 19.0
PLOT NO. 1
NODAL SOLUTION
STEP=2

.350E+09
L421F+09
.491E+09
.561E+09
.631E+09

IE0CREENN

Operation
atl16 T

716 MPa

Naminal field

ANSYS Release 1¢
Build 19.0

PLOT NO. 1
NODAL SOLUTION
STEP=3

SUB =1

TIME=3

SEQV (BVG)
PowerGraphics

.398E+09
.478E+09
.557E+09
.637E+09
.716E+09

<720 MPa

ANSYS Release 1¢|1

Build 19.0
PIOT NO. 1
NODAL SOLUTION
STEP=2

SUB =1

TIME=2

S1 {LVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMK =.745E-03
SMX =©285E+09

L317E408
. 633408
. 950E+08
L127E409
.158E+09
.190E+09
L222E409
.253F+09
.285E+09

BECORECE

FCC week 2018 - 10/04/2018

344 MPa

Naminal field

ANSYS Release 1°¢
Build 19.0
PIOT NO. 1
NODAL SOLUTTION
STEP=3

SUB =1

TIME=3

S1 {LVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMK =.817E-03
SMA =.344E+02

0

3825408
. 705E+08
.115E+09
L153E409
.191E409
L229E+09
. 208E+09
. 306E+09
L344E+09

BECOREEN

<380 MPa
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CONCLUSION

« 2d magnetic design:
16 T at 14 % of LL margin at 1.9 K
At collision: b3 and higher orders < 3 units (absolute value)
b2 ~ -40 units
At injection: b3 ~ -30 units
- block-coil more favorable than other designs
b5 and higher orders < 10 units
« 3d magnetic design:
Compact ends
Similar values for integrated harmonics
Additional margin in coil ends (ABjg, > 0.6 T)
« 2d mechanical design:
Coil stress < criteria
Iron X-Pad + Yoke: locally > criterion at warm
Other components: stress < criteria
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C@_a OUTLOOKS

Short-term future (2018-2019)
» Coil end design to be validated by a 3D mechanical study

Compact ends favorable for:

Limited number of parts

Easier pre-load because of aligned blocks

EM Forces more balanced between the blocks
» Protection:

To be updated by protection team
-> should stay below the limits (minor modifications wrt previous designs)

Mid-term future (~2022)

« F2D2: a block-coil short model dipole toward FCC
- See presentation « The CEA 16T model for the FCC », E. Rochepault
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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 2018 - 10/04/2018 21


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

3D magnetic design

« Assumptions:

* 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 FrescaZ2:
15.3 mm/m)

« Coll-to-aperture y-dire
Double pancake endsg

Opera



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 irON yoke =570 mm
Total D, = 740 mm
65 + 20 mm thick shells
2 2x0.67 mm €<

Ox Max

Keys + SS shell  -170
Cool-down -205

Energlz_lz_;\tlon 16 -188

IRFU/DACM/LEAS

o Von Mises
max

149
188

178

Interbeam distance = 204 mm
Doy iron yoke =570 mm
Total @,,; = 740 mm
65 + 20 mm thick shells
1.51mm <

o Von Mises
max
Keys + SS shell  -135 123
Cool-down -184 170

Energlz_?tlon 16 214 186

Ox max

FCC week 2018 - 10/04/2018

Interbeam

distance = 204 mm

Dy iron yoke =570 mm
Total G, = 744 mm
67 + 20 mm thick shells
2 2x0.72mm &

Keys + SS shell
Cool-down

Energization 16
T

Ox max

-148
-181

-199

o Von Mises
max
137
160

177
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Material properties

(Davide 3 FCC week)

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

E [GPa] (L4.3x-Log3k)/Logak

293 K 43K 293K/4.3K 293 K ->4.3K

Coail EX=25 EX= 0.3 X = 3.36e-3
293K 43K 21 GXY =
Al 7075 480 690 21

SS 316 LN 350 1050 StSt 193 210 0.28 2.84e-3
NITRONIC 40 350 1240 Iron 213 224 0.28 1.97e-3
Ferromagnetic 230  720* Aluminum 70 79 0.34 4.2e-3
iron Titanium 115 126.5 0.3 1.74e-3

Ti 6Al 4V 800 1650 Nitronic 40 210 225 0.28 2.6e-3

*Ferromagnetic iron @ 4.2 K stress < 380 MPa in
tension (1st principal stress)
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DE LA RECHERCHE A LINDUSTRIE

2D MECHANICAL DESIGN — STRUCTURE

>

Crit. 203K | Crit 19K

Poles
Y-Pusher

Y-Pad

<
0
jab)
Q.

Yokes
Al shell

Von Mises [MPa]

SS shell

Ti6Al4V

Stainless 84 369
steel

lron 196 468
Iron 303 461
lron 486 631
Al 155 275
Stainless 260 230

steel

1125 800
489 350
423 230
482 230
/16 230
289 480
250 350

Within spec

Outside spec

TIME=1

2

UMNEIRINT Recisrett

Keys
IRFU/DACM/LEAS

FCC week 2018 - 10/04/2018

1650
1050

720
720
720
690

1050




