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FROM RESEARCH TO INDUSTRY

strand diameter
nb of strands
width

average thickness
Cu/nonCu

[

nom

Boeak
LL margin (1.9 K)
Inductance diff. (2 ap)
Stored energy (2 ap)

Nb of turns

Fx & Fy (per %-coil)
Hotspot

Bore thickness
Midplane shim

Ldxl (1 aperture)

I/lc HF-LF

Conductor area (2 ap)

4578 x 14.3 x 8.7 weight

1.1-0.7
24 -37
13.85
2.0-1.25
1.0-1.0
8470
16.56
16.8
88.19
3340

153 = 2+3+9+49
+32+32+33+33

8817 & -3703
310
6.0
2.0
373

190
10820

margin&cnc drop

1.1-0.7
24-39
14.25
2.0-1.25
0.8-1.6
10930
16.81
13.95
48.06
3016

114 = 3+3+9+49
+22+22+23+23

8473 & -3572
348

6.3

1.45

263

151.9

8652

~_"

1.155-0.705
21-35

13.05
2.1-1.25
0.8-2.3
10990

16.74

14.01

39.80

2518

104 = 5+5+10+10
+18+18+19+19

8042 & -3347
349

1.75

1.75

218
0.47-0.61
133.7

7614

~_"

bore tip th. decrease

16.55
=
15.68
=1
1481
.
I
13.08
=
—
1135
10.48
9.622
8755
7.889
7.023

6157

5.200
4.424
3.558
2692
1.826
0.959

3
102125 135 145 155 165

MU o=setnei
T
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IIIIIIII'IFVlg.‘ﬁ{"? v20ar

REAR
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insulation = 0.15 mm
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Bk VVersion v20ar — Emag 1/2

oo Tz Bt T T

f +0.0 +0.0 16.0
061 -0.5 + 0.0 16.05 21 8

—= il -0.5 -0.5 16.12 16 7
e B i 10 -0.5 16.17 34 11
B L
B BOXIE.w -1.0 -1.0 16.23 29 11
2 : T md) could potentially be saved
0 " 133.7 cm? -> 131.5 cm?
. . 1.65 % or 125 tons
] \ ’J’;: —
A | have not managed to find a way to recover the gNEVER GIVE UP

N AR b2  ROXIEuw: . . . . . s,
wl N N harmonic content while keeping the field saving.

| S

NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: 10000.00000 b 2: -11.13264 b 3: 2.50314
b7i  1o3%00 b3 -o.0000 boi 138909



cea @2 Version v20ar — Emag 2/2

|B| flux density (T)
10.28

>
3

= 9.757 = .
— 9.225 m
=i 8.694 .
=i 8.162 .
) 7.630 T B
=] 7.099 -
6.567 S
6.036 =
5.504 =
4.972 T
4.441 =
3.909 <
= 3.378 - -
- 2 .
- -
= 1:251 B - !
= 0.719 = -:
0.188 -0.
ROXIE 102 ROXIE

* Rod hole: size and positioning not yet defined (Axial loading).
* So far: 45 mm in diameter/223 mm and 63° wrt the aperture
* If closer to the ap. or bigger in diameter -> field drop to compensate...

Basic approach:

e ~Fz=2518 kN/side

* Yield strength ss316LN: 930 MPa [MPA = N/mm?]
* 30 mm in diameter for 4 rods

e Margin: yield strength 450 MPa -> 42 mm



Mechanical parameters

* Young modulus modifications

W New baseline 7oct16 Old baseline

Temp 300 KJ.Z K

Nb,Sn  25*
Nb,Sn 30
Ti6Al4V 115

measured values
20 GPainstead of 25 GPa

+10%

+20%

27.5
33
126.5

direction
azimuthal/hori
radial/verti

isotrope

azimuthal/hori

300K 4.2K
44 44
52 52
130 130

radial/verti

direction
azimuthal/hori
radial/verti

isotrope



Structure overview

* 63 mm thick shell

* 750 um &

* 50 um ¢

* 1.75 mm thick bore tip

* Contacts/symmetry:
* sliding; 0.2 friction
* glued: coils with pole vertically
and with shoes
* rail is a block for rigidity




von Mises

olll — compression max

DMX
SMN
SMX

.184E-03
.476E+08
.121E+09
.476E+08
.557E+08
.639E+08
.720E+08

.802E+08
.883E+08
.964E+08
.105E+09
.113E+09
.121E+09

i0UCRE0N

DMX =.184E-03
SMN =-.135E+09
SMX =-.507E+08
.135E+09
.125E+09
.116E+09
.107E+09
.973E+08
.880E+08
. 787E+08
.694E+08
.601E+08
.507E+08

BCCRECEN

+196 MPa

-135 MPa -210 MPa

 Where is the 200 MPa limit coming from?

comparison measurements vs simulation with... von Mises

DMX
SMN
SMX

ACUCEEOEN

SMN
SMX

BCUORECEN

.520E-03
.582E+08
.196E+09
.582E+08
. 735E+08
.888E+08
.104E+09
.119E+09
.135E+09
.150E+09
.165E+09
.181E+09
.196E+09

.520E-03

210E+09

.669E+08
.210E+09
.194E+09
.178E+09
.162E+09
.146E+09
.130E+09
.114E+09
.986E+08
.827E+08
.669E+08

-196 MPa

DMX

2 2

ACCORECNN

.480E-03
.164E+08
.176E+09
.164E+08
.341E+08
.519E+08
.697E+08
.874E+08
.105E+08
.123E+09
.141E+09
.159E+08
.176E+09

.480E-03

.196E+09
.135E+08
.196E+09
.176E+09
.156E+09
-135E+09
.115E+09
.947E+08
. T44E+08
.541E+08
.338E+08
.135E+08



von Mises stress

olll (close to ox) 135 210 196 196
contact traction +8 -7
CONTPRES (AVG) CONTPRES (AVG)
IMK =.260E-03 DMY =.268F-03
SN =.BB1E+07 SMN = 639F+07
S =.B28E08 S = 8778108
“8BIE+07 iy
— 08 e -407E+07
B szE+08 R ):
B (335E+08 = l250E+08
ing wi = i =
Opemng with B3 581E+08 - 563E+08
o B62E+08 = lbosE-08
50 MPa bladders mm - 46E+08 mm - /2E+08

.828E+08 .87TE+08

J 100 pm | e— —

& 850 pm :
| cannot open vertically
if I push horizontally




FROM RESEARCH TO INDUSTRY

A key to New Physicq

AL 7075 480 MPa 690 MPa

Key Cold—4.2 K 16.8 T (105% nominal)
DMX =.501E-03 DMX =.993E-03 DMX =.001069
SMN =.150E+08 SMN =.973E+08 SMN =.884E+08
SMX =.135E+09 SMX =.228E+09 SMX =.233E+09
. 150E+08 973E+08 .884E+08
4 Bl 53:08 Bl 3108409 Bl 045409
k%) B 417E+08 B 165409 Bl 1218409
S O s50g+08 0 1418+09 1 1378400
8 6s4r+08 EE 1558400 B8 1538400
c Bl 517E+08 B 1708400 B cor109
®) 1 951E+08 L 1848409 C 1858409
> L1 108E+09 L] 1998409 L1 .201E+09
1 1228+09 2 . 2138+09 B 2178+09
B e 00 B o500 B 335100
DMX =.501E-03 DMX =.993E-03 DMX =.001069
< SMN =.149E+08 SMN =.972E+08 SMN =.883E+08
pa SMX =.135E+09 SMX =.210E+09 SMX =.224E+09
. 149E+08 .972E+08 .883E+08
S B k05 B 0:00 B 03500
c B si6g+08 B 5k00 B jisE409
o 0 5508+08 1 . 1358+09 0 . 1338+09
n 0 cgap+0s B 1478409 B8 1498409
5 EE  5i1s8g+0s EE 608409 B j64m400
o I 952E+08 LI 172E+09 1 1798+09
| L1 109E+09 L1 .185E+09 L1 194E+09
- . 122E+09 B8 1978409 1 209E+09
o B k00 B i0r00 B ooue00




FROM RESEARCH TO INDUSTRY

A key to New Physicq

D T

723 MPa/200 MPa

von Mises

ol — tension max

Magnetil

Sk

w

B0CNECEN

g 2

ACEEONN

.536E-03
194957

.409E+09
194957

.456E+08
.911E+08
.137E+09
.182E+09
.227E+09
.273E+09
.318E+09
.364E+09
.409E+09

=.536E-03
=.122E+09

0

.135E+08
.270E+08
.405E+08
-540E+08
.675E+08
.810E+08
.945E+08
-108E+09
-122E+09

Cold—-4.2K

ZEE

g 2

B0CCECCEN

ACORECNN

.696E-03
=256472

=.700E+09
256472

.780E+08
.156E+09
.234E+09
-311E+09
-389E+09
JA6TE+09
.545E+09
.623E+09
.700E+09

.696E-03
=.116E+09
0

.129E+08
. 258E+08
.387E+08
.516E+08
. 645E+08
. 1T4E+08
.903E+08
.103E+09
.116E+09

SEE

w

B0CREONN

2 2

B0CCECCEN

16.8 T (105% nominal)

=.771E-03
=126797

.802E+09
126787

.892E+08
.178E+09
.267E+09
.356E+09
.445E+09
.534E+09
.623E+09
.712E+09
.802E+09

.T71E-03
=.131E+09
0

.146E+08
.291E+08
.437E+08
.582E+08
. 128E+08
.873E+08
.102E+09
.116E+09
.131E+09

10



FROM RESEARCH TO INDUSTRY

ur

A key to New Physicq

D T

Magnetil 180 MPa 723 MPa/200 MPa

Key Cold—4.2 K 16.8 T (105% nominal)

DMX =.501E-04 DMX =.349E-03 DMX =.421E-03
SMN =3375.83 SMN =3239.37 SMN =4678.81
SMX =.492E+09 SMX =.664E+09 SMX =.670E+09
3375.83 3239.37 4678.81
a Bl ;503 Bl 350,08 Bl 508
A B 098409 B 488409 B i08.09
o= B0 1648109 0 221E+00 B 5535409
= o -ieEes = 2955409 B3 298r409
EH  >748+09 B 5695400 B 3728409
c L0 3288409 L 4438409 L 4478409
S LI .3838+09 L1 s17E409 L1 5218409
S O 4382409 B2 590409 B 5958400
[ B coiki00 :
L492E+09 — RS
DMX =.349E-03 DMX =.421E-03
DMX =.501E-04 - _
SMX =.320E+09 SMX —(-]456E+09 SMX —6566E+09
0 | [
% Bl ss5czi08 —] -507E+08 .629E+08
© B 7155408 D CL01E+09 Bl o6r+09
B ooei00 _152E+09 0 1898+09
& B 1128+09 B2 203m+09 0 551k+00
EE  198E+09 B >s3m+09 B 5aps00
c E 214R409 1 304E+09 L 377m:00
o L1 . 2498+09 % .355E+09 L 240800
'y E 2858400 -405E+09 I s503E+09
2 Bl 5000 Bl isere00 B sc5:00
(]
+ DMK = 349F-03 DMX =.421E-03
I SMX =.456E+09 SMX 2(-)566E+09
B 0 |
@) Bl oo = .222E+08
[ O .444E+08
1 se7m+08 L66TE+08
0 gg9m+08 0 ga9m+08
B 11me09 B 1115+09
L1 1338409 L1 1338409
C 1 1568409 L1 1568+09
0 178E+09 L1 178E+09
Bl ;00509 Bl oo0g+09




FROM RESEARCH TO INDUSTRY

.
% A key to New Physicq
e—

D T

Magnetil 180 MPa 723 MPa/200 MPa

Key Cold—4.2 K 16.8 T (105% nominal)

DMX =.209E-03 DMX =.658E—03 DMX =.611E-03
SMN =549.052 SMN =864.567 SMN =582.389
SMX =.453E+09 SMX =.680E+09 SMX =.869E+09
549.052 864.567 582.389
4 .503E+08 = . 756E+08 = . 966E+08
& . 101E+09 .151E+09 . 193E+09
= .151E+09 % .227E+09 % .290E+09
- . 201E+09 o 3028409 R
S _251E+09 .378E+09 _A83E+09
> .302E+09 L1 4548409 [ 5798409
.352E+09 1 5298409 L] . 6768+09
.402E+09 1 . 605E+09 3 .772E+09
. 453E+09 Bl 500009 Bl 500500
< DMX =.209E-03 DMX =.658E-03 DMX =.611E—-03
g SMX =.932E+08 SMX =.152E+09 SMX =.244E+09

0 0 0

c ___ BTV ___ BT ___EPCERIT:
'% 5 .207E+08 5 .337E+08 5 . 542E+08
2 .311E+08 .506E+08 .814E+08
[ B 4145408 B 674E+08 B2 108E+09
| B 5188+08 B 5438408 B 368409
— L1 621E+08 O 101E+09 1638409
© [ 1 . 7258+08 ] 118E+09 ] .190E+09
1 g28E+08 S 1358409 0 217R+09
Bl 30503 Bl 55400 L PV

12



FROM RESEARCH TO INDUSTRY

A key to New Physicq

T W | codfemion | Cold — 4.2 K 16.8 T (105% nominal)

; DMX =.198E-03 DMX =.268E-03
Ti-6A-4V 827 MPa 1624 MPa D e DM = 263503
SMX =.426E+09 SMX =.745E+09 SMX =.103E+10
.518E+08 .116E+09 .245E+08
$ Bl a0 Bl 600 Bl :6q000
A B 35m:09 B os56g+09 B 5478409
— 0 176E+09 EE  326E+09 0 3588409
> -:l .218E+09 B 3065409 B 4708409
- [ -260E+09 B 4e5E:09 B ssig409
S .301E+09 0 5358409 C0 6928+09
> L1 3438409 L . 605E+09 L1 8038409
g .384E+09 B ¢75E+09 B 9158+09
.426E+09 B ssi00 Bl 03000
+426 MPa +745 MPa +1030 MPa
< DMX =.102E-03 DMX =.198E-03 DMX =.268E-03
© SMX =530946 SMX =.162E+07 SMX =.147E+09
0 0 0
S [T BT LTy Bl cun0s
c 117988 Bl 350883 B 3255408
o 176982 £ 539825 B8 s92m+08
3 235976 1 719767 0 6568408
c 294970 Bl 599708 B gi0m+08
o 353964 0 108E+07 1 983E+08
- 412958 L1 1268+07 L1 1158409
| 471952 E1 1448407 B 1318409
530946 B cori07 Bl 4500
5 +0.5 MPa +1.6 MPa +147 MPa
DMX =.102E-03 DMX =.198E-03 DMX =.268E-03
< SMN =-.426E+09 SMN =-.745E+09 SMN =-.103E+10
© SMX =-.522E+08 SMX =-.131E+09 | SMX =-.979E+07
. 426E+09 . 745E+09 | ~.103E+10
S Bl csige00 B oEe00 i B o000
. B 3438409 B _ 5094009 ! Bl _ 506509
Q 0 302E+09 0 540E409 ‘ 0 693E+09
e B0 260E+09 B3 a72m409 - | B svsEv09
o B8 _ 218R+09 B _ 5045409 - | B 4658409
O 1 177E+09 E1 _ 336E+09 . ||E -.3s1E+009
L 1358409 L _ 268E+09 | B 2378400
| B 937m+08 E 199400 w| B - 1245400
= B o008 B 30500 “L B 70507
© -426 MPa -745 MPa 1030 MPa 13



FROM RESEARCH TO INDUSTRY r

ur::CirCo

DMX =.102E-03 DMX —.198E-03 DMX =.202E-03
SMN =-.102E-03 SMN —-.198E-03 SMN =-.719E-04
~.102E-03 _.198E-03 ~.719E-04
B o :0s Bl 03 Bl 30501
BN _ j94g-04 B _ 154503 B _ 559504
0 _ 630E-04 1 _.1328-03 B8 _ 4798-04
-:l _.567E-04 0 _ 1108-03 B2 _ 4008-014
= - ssam-00 B8 _ g315-04 Bl _ 3505-04
— 390804 1 _ 661E-04 O _.240m-04
_.227E-04 L1 _ . 4418-04 L1 _.160m-04
] 113804 ] _ 220E-04 2 _.7998-05
l B l
100 pm <- 100 pm <- 150 um ->
" €0 shell (ue) HE = um/m

500 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
- .

-1000
-1500
-2000
-2500
-3000

-3500 HD3a 3D ANSYS RT
4000 - = = HD3a 3D ANSYS CD

€x Pole (ne)

EX Ee 4500 —e—HD3a 3D ANSYS - RT - sliding poles 05
. . «+e- HD3a 3D ANSYS - CD - sliding poles 0.5 :
hallenges in th rt Structure Design
Challenges in the Support Structure Desig 5000 {1 room Tpreload T
and Assembly of HD3, a NbsSn -5500 —A—€03 roont T-preload e
Block-Type Dipole Magnet 6000 | 0 €01 cool-down . PO
H. Felice, E Borgnolutti, S. Caspi, D. W. Cheng, D. R. Dietderich, P. Ferracin, A. Godeke, A. R. Hafalia, A CO03 cool-down 14
J. M. Joseph, J. Lizarazo, M. Marchevsky, S. Prestemon, G. Sabbi, and X. R. Wang -6500

® ECC v20ar Ansys — sliding poles 0.2



FROM RESEARCH TO INDUSTRY

cea @

Magnet

ECC block v20ar

ECC block v19ar

ECC block v18ar

ECC block v17ar

ECC block v16ar
Fresca2

Fresca2

Fresca2

Fresca2

Fresca2
RMM_graded_v21 d
RMM_graded_v21 c
RMM_graded_v21 b
RMM_graded_v21 a
HD3

r:CirCo

A key to New Physic

Bore

field [T]
16.8
16.8
16.8
16.8
16.8
13

13

13

15

13

16

16

16

16

14

Pole tip

thickness [mm)]
1.75

1.75

1.9

2
6.3
5
6.5
8
8
16
1

BN

1.65

displacement [um] Adisp [um]
cold powering pow-cold

-198
-169
-162
-167
-179
-304
-306
-307
-409
-232
-174
-173
-171
-168

-134

-49
-57
-50
-55
-72
-140
-142
-141
-190
-101
-56
-55
-55
-58
-51

149
112
112
112
107
164
164
166
219
132
118
118
116
111

83

Strain [um/m] Ae [um/m]
cold powering pow-cold

-5887 -1580 4307
-5231 -1598 3633
-4558 -1019 3539
-4436 -955 3481
-4878 -1272 3606
-5048 -2480 2568
-5051 -2481 2570
-5058 -2472 2586
-7187 -3778 3409
-3931 -1042 2889
-4617 -1071 3546
-4666 -1056 3610
-4757 -1115 3643
-4832 -1245 3587
-3690 -667 3023

As/Ndisp
[ne/pm]
29

32

32

31

34

16

16

16

16

22

30

31

32

32

36

Material pro
Nb3Sn
ECC (E~25;30;27.5;33 GPa)
LARP (E~44 GPa,52 GPa)
LARP (E™~44 GPa,52 GPa)
LARP (E™~44 GPa,52 GPa)
LARP (E™~44 GPa,52 GPa)
LBNL (E~44 GPa,44 GPa)
LBNL (E~44 GPa,44 GPa)
LBNL (E~44 GPa,44 GPa)
LBNL (E~44 GPa,44 GPa)
LBNL (E~44 GPa,44 GPa)
LBNL (E~44 GPa,44 GPa)
LBNL (E~44 GPa,44 GPa)
LBNL (E~44 GPa,44 GPa)
LBNL (E~44 GPa,44 GPa)
LARP (E~44 GPa,52 GPa)

Block magnet comparison

perties
Ti-6Al-4V
116 GPa / 126.5 GPa
130 GPa / 130 GPa
130GPa / 130 GPa
130 GPa / 130 GPa
130 GPa / 130 GPa
100 GPa / 120 GPa
100 GPa / 120 GPa
100 GPa / 120 GPa
100 GPa / 120 GPa
100 GPa / 120 GPa
110 GPa / 120 GPa
110 GPa / 120 GPa
110 GPa / 120 GPa
110 GPa / 120 GPa
110 GPa/ 120 GPa

ECC displacement and strain impacted by material properties not by bore tip thickness

RMM_graded and ECC similar behavior with similar properties

Fresca2 biggest displacement — HD3 smallest displacement...

HD3: Helene Felice (CEA)
RMM _graded: Susana lzquierdo-Bermudez (CERN)
Fresca2: Etienne Rochepault, Paolo Ferracin (CERN)

15



FROM RESEARCH TO INDUSTRY

Recent Test Results of the High Field Nb3Sn Dipole Magnet HD2

P. Ferracin, B. Bingham, S. Caspi, D. W. Cheng, D. R. Dietderich, H. Felice, A. R.
Hafalia, C. R. Hannaford, J. Joseph, A. F. Lietzke, J. Lizarazo, G. Sabbi, X. Wang

16—

e )
S o — ort sample limi — -
- | Muiti-turn layer 2
” . | J B B
131 MY il e
E 12 e %0 , 4008 papoh XRRIKIHK e
OO} A e TR RSP REENIN 1] 1 1] ]
? g N i ¥ MXX%( T -
2 11 {B—at 't ¢
o ,gfx"‘m
o JoaalB xx: ‘ Pole turn \
§ 10t | oo | e
9 1% oHD2a | HE e
X oHD2b || z o t
8 DHD2c 4, Multi-turn layer 1
7 AHD2d [
R Lo LB Fi.g. T .Left: cross-section of coil layer 1 and layer 2 in the straight section.
0 ‘5 10 15 Tz'o. 25 30 35 40 45 50 Right: side and top view of the coil. All the recorded training quenches occurred
raining quench # in the layer | pole turn, in the last 100 mm of the straight section, before the
Fig.5. Bore field (T)as a function of training quenches. The short sample limit hard-way bend (areas comprised between dashed lines).

of 15.6 T bore ficld corresponds to a coil peak ficld of 16.5 T.

retested as under different pre-load conditions. The removal of
the bore tube determined an increase of the coil clear aperture
from 36 mm to 43 mm. The magnet reached a maximum bore
field of 13.4 T after 46 quenches: no correlation was found
between pre-load levels and quench performance. Consistently
with previous tests, the quenches were located on the pole turn
of layer 1, at the end of the straight section. No quenches were
detected in the central part of the straight section or in the ends
(after the hard-way bend). The vollage tap signals identified a

Fig. 10. Cross-scction cuts of HD2 coil #1 in the center of straight section (top)

and close to the beginning of the hard-way (bottom). bore t| p th iCkneSS H DZ 085 mm
16



i®d Conclusion

* Margin 14% instead of 18% and cnc 0.8 instead of 1.0
-> 20% conductor saving
* Bore tip thickness 1.75 mm instead of 6.3 mm

—

-> 12% conductor saving NEVER GIVE UP

g

-

Potential additional saving (2 turns): [ #

=.421E-03

=.566E+09
0
.222E+08
.444E+08
.667E+08
.889E+08
.111E+09

si—16.8T

2D mechanics looks good but one of the pad:

No show-stopper for a thin bore tip
* Fresca?2 tests will provide new interesting data

.133E+09
.156E+09
.178E+09
.200E+09

BECCRE0NN £3

Geometrical conductor dimension variations? Jc?

Splices dimensions?

17



Extra slides:

-double aperture

-3D ends

-1 double-pancake design
-critical Nb,Sn surface
-stress distribution (quench)

(1s
(3 s
(4 sli
(1s
(8 s

Ie
Ie
IC
Ie

Te

es)
es)

es)

18



FROM RESEARCH TO INDUSTRY

e  Double aperture

* On going work (M. Segreti — cast3m)

* Magnetic and mechanical ready. Not matched with
v20ar so far.

SCAL
< 1.68E+01 SCAL
> 3.22E-04 < 6.26E+01
L, >-1.97E+02
16. ke 61.
15. 281
14. =0
13. 23}
13. 11.
12. -3
11. 14,
o -26.
-38.
2k -51.
8.6 vy
1:2 -76.
f e -88.
6.3 ~1.00E+02
5.5 -1.13E+02
4.7 -1.25E+02
3.9 -1.37E+02
3.1 -1.50E+02
2.3 -1.62E+02
1.5 -1.75E+02
0.67 ‘ A A -1.87E+02
Sigmxx dans blocs, Moyenne et Max (MPa) : -108.41 =T 20

Bcentre = 15.977 T
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Hardway

Softway
R, =37.20 mm

R, =500 mm

Straight section HF (LF)
L4 =2.48 (+25) mm
L3 =6.65 (+25) mm
L2 =10.83 (+25) mm
L1 =15.00 (+25) mm
->+25 mm needs to be properly set
depending on splice configuration.

ap.+4.52 mm

->+4.52 mm needs to be properly set
depending on end mechanical support.

volume = 228 cm3/half coil
length = 254 mm (*2 + ss -> oven length)
height = 89.8 mm (fits in coil pack ©)

20



Tp HF cable ¥~ 98 mm
Tp LF cable ¥ 97 mm

99 mm arc splice length -> 163°arc angle

L1L2 pancake

163°
R=38.75 mm

->99 mm splic

T

_ \
- 145°

R=38.75 mm

-> 74 mm splice

21



* Splice length
* R1=42 mm
* R3=15mm
* Lo=35mm

* Lsplice =100 mm L.

e Extra end length =

P Y
Y = S N
G e N NN

77 = SRNRRNNN
00777 e S S\ NN
i RN

s N

/s L AN

il

“?x%‘%%‘%%‘%‘m

Different splices (double pancake)
Do we need room in-between the
two coils?

22




FROM RESEARCH TO INDUSTRY

strand diameter
nb of strands
width

average thickness
Cu/nonCu

[

nom

Bpeak
LL margin (1.9 K)
Inductance diff. (2 ap)
Stored energy (2 ap)

Nb of turns

Fx & Fy (per %-coil)
Hotspot

Bore thickness
Midplane shim

Ldxl (1 aperture)

I/lc HF-LF

Conductor area (2 ap)

4578 x 14.3 x 8.7 weight

A key to New Physicq

1.1-0.7
24 -37
13.85
2.0-1.25
1.0-1.0
8470
16.56
16.8
88.19
3340

153 = 2434949
+32+32+33+33

8817 & -3703
310
6.0
2.0
373

190
10820

1.1-0.7
24 -39
14.25
2.0-1.25
0.8-1.6
10930
16.81
13.95
48.06
3016

114 = 3+3+9+49
+22+22+23+23

8473 & -3572
348

6.3

1.45

263

151.9
8652

1.155-0.705
21-35

13.05
2.1-1.25
0.8-2.3
10980

16.74

14.01

39.80

2518

104 = 5+5+10+10
+18+18+19+19

8042 & -3347
348

1.75

1.75

218
0.47-0.61
133.7

7614

1.19-0.74
37-60
23.25
2.15-1.35
0.8—-2.25
19730
16.70
14.35
12.32
2532

56 =5+10
+20+21

7675 & -3538
329

1.75

2.55

122
0.44-0.60
134.0

7633

Single double pancake design
T T T T T
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FROM RESEARCH TO INDUSTRY

pancake design

ROXIE 102
12— N

2500 5000 7500 10000 12500 15000 17500 20000
CURRENT (A)

5000
B(T)

o B b b L 2L

25 5 7.5 10 125 15 17.5 20




FROM RESEARCH TO INDUSTRY

ies Single double pancake design

> | ¢—
ANSYS Release : ZNSYS Release ANSYS Release
PLOT NO. 1 PLOT NO, 1 PILOT NO., 1
NCDAL SOLKTION NCDAL SOLUTICH NCDAL SOLUTION
STEP=1 STEP=2 STEP=3
SUB =1 SUB =1 SUB =1
TIME=1 TIME=2 TIME=3
SX (AVG) SE {ENVG) SX (AVG)
RSYS=0 RSYS=0 RSYS=0
PowerGraphics PowerGraphics PowerGraphics
EFACET=1 EFACET=1 EFACET=1
AVRES=Mat
OMX =.219E-03
SMN 126E+09 1E
SMX B603E+07 220 M Pa h
—.126E+09 —.221F+09
-.113E+09 —.198E+09 -
—.992E+08 —.175E+09 =
-.B59E+08 —.151E+09 =g
—. 126E+08 -.128E+09 ~
—.593E+08 —.105E+09 G
-.460E+08 —.819E+08 =
—.327E+08 —.588E+08 “a
-.193E+08 —.356E+08 =
—.B03E+07 —.124E+08 .214E+08
Keys Cool—down Nominal field
ANSYS Release ANSYS Release
PICT MNO. 1 PIOT NO. 1
NODAL SOLUTION NCDAL SOLUTICN
STEP=2 TEP=3
SUB =1 SUB =
TIME=2 TIME=3
SEQV {BVG) CONTPRES ({AVG)
PowerGraphics DMY =.218E-03
EFACET=1 SMN =—.239E+08
AVRES=Mat SM¥ =.101E+09
=.263E-03 mm 239408
=.132E+09 — i
=.174E+10 .390E+07
132E+09 - Ll78E+08
310E+09 — .317E+08
489E+09 _af = 455F+08
667E+09 A m m m | | -594Ei0s
1 740 84SE+HD2 B - /33E08
102E+10 f mm -O7ZEH08
120E+10 .101E+09
138E+10
156E+10
.174E+10
Cool—down Nominal field

25



I
I

8.73 | 1 ‘ !
7870 oMY s s

7.003

6.136

==

. | = 15600 A
ROXIE oz 213 MPa (L2)
22 mm cable

1.1 mm x 38
0.7 mm x 60

151.3 cm?
8517 tons

|
225

IBI () v8ar
6.78

!
8.90! I
6,026 111 L 1 :
125 15
7.150
6.273
5.3

o= =N wWwa

| =21500 A
ROXIE 1oz 193 MPa (L2)
25.2 mm cable

1.2 mm x 40
0.8 mm x 60

143.6 cm?
8178 tons

1) B
i

v9ar

i

| =23260 A
181 MPa (L2)
28.35 mm cable

1.2 mm x 45
0.9 mm x 60

169 cm?
9625 tons

26



FROM RESEARCH TO INDUSTRY

ged Quench induced gradient [K]

CAST3M

16.
15.

14.

14.

13.

12.

11.

11.

9.9

9.1

8.4

7.6

6.9

6.2

5.4

AA 4.

"1 3.9
ﬂgr 3.2
Yavg 2.4
NS 1.7
TS :
My 0.96

s

.
IVavavid

The full analysis was performed by Michel Segreti



Key insertion Cool-down Energlzatlon
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Tiina gives us the temperature distribution at each conductor after a quench

Peak gradient at the end t = 500 ms (gradient values almost constant from t = 400 ms to t = 500 ms)

O N o U A W N P

1-5
2-6
3-7
4-8

74
73
72
70
307
186
182
179

233K
113 K
110K
109 K

75
74
74
72
141
141
154
157

Hot spot
localization
(conductor 24)

s 137 133 141 143 145 147 143 151 (83

6 38 140 142 144 146 143 150 152

07! L= R I B -1 B A B -

06 (<1 I LA I =t I - I U= I = =)




FROM RESEARCH TO INDUSTRY

2 extrem cases 2/2

—
A < S d d DUC U c {0 U U 10 U U c U U U dS€C dl'€ 10 U
S c d d U J O U O S d U C
dS5€ d E aveElidc < PDEId < Ed 10 DU U S5 PC d U CC < Jd U < d
B B
dS5€C U c S D d 2 DIC0 S d(CC D0OSEU d D10 U eSP0 U U S d C D E1dUIC
ESPE d U o< < Jd U < d
B
15 17 18 Ell 23 21| 123 125 12F) j2e| 131 133 135 137 133 141 143 145 147 148 151 153 15 17 13 21 23 1) 23 125 127 129 131 133 135 137 139 141 143 145 147 149 151 153
16 I; 220 22 122 24 A2 128 130 132 134 136 138 140 142 144 145 148 150 152 16 16 20 22 122) f24 126 128 130 132 134) 136 (138 140 142 144 146 148 150 152
7 a 1 13 @3 81| (93| (@5 (97| |s@| 01| |03 108 107 d0g i11) 113 15 117 g 7 3 1 13 @a| (@1 |@3 @8 o7 @@| J01| (03 (05 JO7 0@ (11 11F 1S 17 19
& 8 10 12 14 B8 G0 @2 (@4 |98 @8 Q00| 02 104 10B A0S 110 112 14 (18 118 120 3 @ 10 12 14 @@ @0 @2 84 9898 100 102 104 108 108 10 f12 114 A16 113 120
3 5 7 88 @1 83 [gs| &¢| (89 71 73| 78| 77 7@ @1 |@3 |85 &7 3 5 &F| |58 |61 B3| s & B9 |71 |F3| (75| 77| |7 [81| (&3 |&s| |&7
4 5| 58 B0 B2 (84| BB (88| |70 |72 74| |F& |78 80 G2 84| |a6 4 S8 (58| (80| B2 |84 86 e@ PO 72| 74 (78| (78| |@0| |@2| (94| &6
' "
1 25 27 29| 31| (33 (35| (37| (33 |41 (43| 45 47 49 |51 |53 (8§ 1 25| 27| |29 31| 33| 35 37 (38 |41 (43| |45 |47 |49 (81| |53 |58
2 24| 26 28 30 (32| (34| |36 |36 |40 42| |44 |46 48 50 52| |54 2 24| 26| |28 (30 |32 34 36 3E| 40 |42 |44 46| |48 |50 (52| &4
- -
LA LA o .




Oxx max - _ Oxx max
=244 MPa L] | | | __ =245 MPa




Oxy distribution: 50 % higher




i

.'E | !
P --_. ——— —. i o
-l"

Von mises max F
Ee—r

~ Von mises max
=238 MPa

: - — — — .
e — — = '
S == ==t
— . ;
[
[
i

=237 MPa




Stress in blocks | Collaring | Cool-down | Energization After quench
(MPa) (MPa) (MPa)

Case a Case b
O T 98 229 202 244 245
Oyy max 48 60 87 124 175
Oxy max 29 59 59 66 91
Von Mises max 90 225 204 237 238

As Oxx max is the same in cases a and b = it seams not necesary to discretize
up to the conductor level for the mechanical computation after a quench

Questions:

1) What is the max acceptable compression stress in the coil blocks after a quench (150 MPa or 200 MPa)?
The hot spot temp in one conductor is 307 K i.e. a little more than room temp

2) What is the max acceptable shear stress in the coil blocks at each main step and especially after a quench?



FROM RESEARCH TO INDUSTRY

cea IBE8 50 mm aperture

1Bl ()
Cable parameter | _valve | _unit | 1672

; - 15.85
strand diameter 1.1-0.7 mm [ ]
— I
nb of strands 22-35 N/A ] 14.10 .
13.22 \m
width 12.86-12.86 mm = 12.35 e, B
average thickness 2.0-1.25 mm ::):; ﬂl ‘J W
insulation 0.15 mm 9.721 'm: ' ' :m
8.846 3 3
Cu/nonCu 0.8-1.9 N/A 7970 .EL___[. .E
om 10625 A o | E F
6.218
et 16.72 T = 5.342 ll{_ l m
a0 N
LL margin (1.9 K) 13.8 % = 3.501 ﬁ:...z d:: %
Inductance diff. (2 ap) 38.5 mH/m [ | f;;: .
-
Stored energy (2 ap) 2295 kl/m mm 0%
0.087
2 126.4 Z
Conductor area (2 ap) 6 cm ROXIE 102
Nb of turns 104 = 4+4+8+8 - 11 thox dornty ()
+19+19+21+21 = 10.40
- 9.826
Fx (per %-coil) 7771 kN/m . A
- 8:099
Fy (per %-coil) -2971 kN/m e
~ 6.947
Hotspot 348 K ol
5.219
Wall thickness 0.3 mm :z:';’
MAIN FIELD (T) evvtneeneeneieeneereaeenesnannenenn, -16.003346 Ly
MAGNET STRENGTH (T/(M™(N-1)) +'vrvrenrinsinnnnenens. -16.0033 — R
- 2.339
NORMAL RELATIVE MULTIPOLES (1.D-4): [y
b 1: 10000.00000 b 2: 16.77678 b 3: -1.59701 = 0.611
b 4: 0.87612 b 5: 4,23708 b 6: 0.02142 0.035
b 7: -2.03167 b 8: 0.00017 b 9: -1.71466 ROXIE 102
b1e: -0.00001 bll: -0.31116 bl2: -0.00800



FROM RESEARCH TO INDUSTRY

Shaise V19ar — Displacement

 Coil horizontal disp

iR | VoD SOLUTION

STEP=1

N SUB =1

TIME=1
Ux (BVG)

——— RSYS=0
—{ PowerGraphics

EFACET=1
Ft AVRES=Mat

— DMX =.111E-03
SMN =-.110E-03
SMX —-.519E-05
—.110E-03
-.995E-04
- .B90E-04
i B _ 7p55-04
| B 680E-04
I I EE _575E-04
I B 470E-04
-.365E-04
-.260E-04
. 1556-04

|l | EE _ s00E-05

-40 um

5um

Ux (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

5E-03
.3B4E-03
.343E-04
-.400E-03
.375E-03
-.350E-03
.325E-03
-.300E-03
.275E-03
250E-03
225E-03
200E-03
175E-03
150E-03
125E-03

SMN
SMX

|
(1
=
1
]
[ |
|
=
=
[}
[
=
|

0

acement

-1

-19

7

NN LIRS

.225E-03
.200E-03
.175E-03
-150E-03

|
.250E-03 i
[

+100E

(AVG)

275E-03

125E-03

-60 um

-300 pm




Critical surface Nb,Sn

( C(t)bOS 1 b
e Jc (19K 16 T) = 2245 A/mm2 |~ 8 ° )
B, (T)= Bczo(l_th)

C(t):CO(l_tl.SZ )a(l_tZ )a

N\

* no cabling degr.

e CO = 267845 AT/mm?

where t = T/T, and b = B/B(t) with B the magnetic flux density on the
conductors. T,= 16 K, B, = 29.38 T, a = 0.96, are fitting parameters computed
from the analysis of measurements on the conductor.

 Similarly:
e Jc(1.9K, 16 T) = 2312 A/mm?
* 3% cabling degr.
e CO=275880 AT/mm?
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