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Reminder of the block magnet

B] (T)

16.56
15.70
14.83
13.96
13.09
12.23
11.36

* Two cables

* HF cable: ® =1.1 mm, 24 strands
13.85mm x 2 mm 10.49
8.631
* LF cable ® =0.7 mm, 37 strands 8.764

7.897

™
B T
G

13.85 mm x 1.25 mm 7.030
6.162
g 5.295
lom 8470 A as6t
G- 16.56 T 1.827
0.960
LL margin 9.3 % 0.093
|B| flux density (T)
Inductance diff. (2 ap) 88.19 mH/m ROXIE 102 = T i
Stored energy (2 ap) 3340 kJ/m — é%::f:
—
Conductor area (2 ap) 190° cm? -
= 7.264
Fx (per %-coil) 8817 kN/m s ]
Fy (per %-coil) -3703 kN/m = ::gg: I gl ==
- 3:705
HOtSpOt 310 K = 3.113
= 2.520
- 1.927
=
*10800 tons



Mechanical specifications

* Single Aperture (SA) configuration: ®, . = 800 -250 = 550 mm

Baseline :
* Investigation at 16.8 T central field
(105% of nominal current)
* Mechanical structure must withstand 18 T
* Coil maximum stress
* @4.2K:200 MPa

* @ 300K: 150 MPa
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Mechanical specifications

Single Aperture (SA) configuration: @, .. = 550 MM (aos2s0)
Investigation at 16.8 T central field (105% of nominal current)
Mechanical structure must withstand 18 T
Coil maximum stress

U.S. LARP

* @4.2K:200 MPa (L
293 K 4.3 K 293K /4.3K 293 K->4.3K
m Coil EX=44 EX=44 0.3 X =3.36e-3
. EY =52 EY =52 Y = 3.08e-3
293 K 43K GXY=21 GXY=21
Al 7075 480 690 StSt 193 210 0.28 2.84e-3
SS316 LN 286 930 Iron 213 224 0.28 1.97e-3
NITRONIC 40 353 1240 Aluminum 70 79 0.34 4.2e-3
MAGNETIL 180 723 Titanium 130 130 0.3 1.74e-3
Ti 6Al 4V 827 1654 Nitronic 40 210 225 0.28 2.6e-3

4
Iron @ 4.2 K stress < 200 MPa in tension (brittle) ?



Lorentz forces

 Comparison Roxie @ 16 T central field (Ansys + Cast3m)

Roxie Bp = 16.45T
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Assembly steps

BERKELEY LAB

Lawrence Berkeley
National Laboratory
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Assembly steps

[ 1 Pole Ti6Al4V



Assembly steps

[ 1 Pole Ti6Al4V

Bl Windings Nb,Sn

I I I Pad Stst

PAGE 8



Assembly steps

BONL

Pole
Windings
Pad

Pad

Ti6AlI4V
Nb,Sn
StSt

Iron

PAGE 9



Assembly steps

BONL

Pole
Windings
Pad

Pad

-> Coil pack

Ti6AlI4V
Nb,Sn
StSt

Iron
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Assembly steps

Yoke Iron

Shell Aluminium

PAGE
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Assembly steps

Pole

Bobines

Pad

Pad + Yoke

Shell

Ti6AI4V
Nb,Sn
StSt

Iron

Aluminium
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Magnet at ease

a
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Horizontal peak stress
[MPa]

Bladder inflation

135

Not simulated so far,
estimated only
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Key Insertion

[edIN]
SSaJlls v_mma _mucON_._OI

PAGE

15



Spring back

X A

135

Horizontal peak stress
[MPa]

ANSYS
NODAL SOLUTION R16.1
STER=1 Academic
SUB =1 —
TIME=1 MAY 9 2016
5% (AVG) 11:08:13
RSYS=0
DMX =.168E-03
SMN =-.122E+09
SMX =-.371E+08
'iAJEIIIIIIIIIII |
-.122E+09 -.103E+09 -.840E+08 -.652E+08 - 465E+08

-.112E409 -.934E+08 -.T46E+08 -.559E+08 -.371E+08

Keys

scale: -122 MPa to -37 MPa

J' Horizontal key: nominal + 150 um
& Vertical key: nominal + 1050 pum
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Cool-down

o, 4 218

Horizontal peak stress
[MPa]

Cool-down

Key

Bladder

—

NODAL SOLUTION

sX (BVG)

DMX =.59%E-03
SMN =-.218E+09
SMX =-.558E+08

ANSYS

R16.1
Academic

MaY 9 2016
11:08:49

ro

7 X

L L
-.218E+08 -.182E+09 -.146E+08 -.110E+09
-.200E+09 - . 164E+089 -.128£+09 -.819E+08

Cool-down

—.738E+08
-.558E+08

scale: -218 MPa to -56 MPa

1

Shell thickness: 50 mm
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Powering to 105% (16.8 T

Horizontal peak stress
[MPa]

o

A

X 218 215

NODAL SOLUTION

STEP=3
SUB =1

i : c
: : 3
[ ! O
Q| | o
T I L
=X > [<]
8 @ 0
0 m ¥ O
ANSYS
R16.1
Academic

TIME=3
s¥ (BVG)
RSYS=0
DMX =.505E-03
SMN =-.215E+09
SME =.497E+08

Z X

-.215E+09

Nominal field

MAY 9 2016
11:18:32

|
-.156E+09 -.8T1E+08 -.384E+08 .203E+08
-.185E408 -.127E+09 -.678E+08 -.903E+07 .497E+08

scale: -215 MPa to +50 MPa

16.8 T
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Contact coil-pole at 105 % (16.8T)

o

a

X 218 215

[MPa]

Horizontal peak stress

1
1
I |
I 1
I 1
I |
1
i | c
1
. : 3
! ! O
1
Q, | ©
T 1 L
1
T, > [«)
& ¥ 0
0 o0 X, !
ANSYS
NODAL SOLUTION R16.1
STEE=3 Academic
SUB =1 —
TIME=3 L MRY § 2016
CONTPRES (RVG) 11:22:52

DMX =.503E-03
SMN =-.568E+08
SMX =.134E+09

T ‘

16.8T
L = Contact: 2 MPa in the middle of the cable

o
-.568E+08 -.144E+08 .280E+08 . 704E+08 .113£+09
-.356E+08 .680E+0T . 492E+08 .915E+08 .134E+08

Nominal field

PAGE

scale: -57 MPa to +134 MPa 9



Summary for windings + contact

» Key (bladder tbc) ¢ Cool-down * Powering 105%

NODAL SOLUTION 0 ANSR’IY&‘? NODAL SOLUTION 0 AN%P;% NODAL SOLUTION o AN%P;%
X Academic X Acadenic stEe=3 X Academic

MAY 9 2 MAY 9 2016
11:30:36

11:08:13

9 2016
11:28:00

(RVG)

S0SE-03
215E+09]

215 MPa

2408 0E+08 - 156E+08 -.111E+08 BRI -.111E+08 EeTE 08
-.3342+08 -.Ta6E408 - -. 3718408 -.1782408 - 1338408 -.8892+08 -.4a4e408 - 1562408 -.6E7E408 2228008
Keys Cool-down Nominal field
L
[ y) 1 (0)
-
ontact coll-pole 0 * Contact coll-pole 0
KoDRL soLTION ANSYS P—— ANSYS)
STEE=3 Acagemic STER=3 Acsdemic
— sUB =1 —
MAY 9 2016 TIME=3 MAY 9 2016
CONTFRES (AVG) 11:22:52 CONTERES (BVG) 11:11:43
DMX =.513E-03
SE8E+08
-134E+0%
I P X
-.356E08 . 4028408 8 . -1 1328409
Neminal field Nominal field 20

scale: -57 MPa to +134 MPa scale: -34 MPa to +132 MPa



Pole slit

* Initial pole
e 249 MPa at cold

ANSYS

R16.1
“Academic

MAY 9 2018

15:28:44

e —— s e—
—.249E409 —.206E+09 —.163E+09 -.120E409 -.768E+08
- 8 -.553E:
n

e Pole with slit
e 218 MPa at cold

R16.1]
Academic
MAY 9 2016
11:08:4%
< _
e B I — |
-.218E+00 -.182e+08 - 146E+08 —.110E+08 -.7382+08
—.164E409 -.1 —.558]
n

Cool-down step: 4.2K,0T

pole slit to make the
pole flexible and avoid
too high peak stress in
the coil

21



Mechanical structure (18 T

von Mises stress

ol-down

18 T

KODAL SOLUTION R16.1 NODAL SOLUTION AN%P;SI NODAL SOLUTION AN%IYBS1
Academic Academic Academic
MAY 9 2016 MAY 9 2016 MAY 9 2016
SEQV (2VG) 13:02:18 (&VG) 12:59:10 13:00:50
DMX =.B14E-04 DMX =.212E-03
EE+08 sMN =.376E+08
=.722E+09 SMX =.142E+10 SMX =.643E+09
a
L I [
.116E+08 L 165E+03 L327E+03 ~285E+09 .643 . 3TEE+0B . 344E+05 LE51E+05 T857E+03 L1ZEE+10 .326E+08 168E+09 .304E+0% T220E+05 LSTSE+08
~905E+08 «2Z4BE+09 «406E+09 .5E4E+09 < T22E+09% -191E+09 - 498E+09 - B04E+09 +<111F+10 < 142E+10 -100E+09 «236E+09 +372E+09 .508E+09 .643E+09
Keys Cool-down Nominal field

17 MPa to 722 MPa

" Maeral | Ryl

293 K

Ti 6Al 4V 827

43K
1654



Mechanical structure (18 T)

Key in Cool-down 18T

NODAL SOLUTION ANSYS| ANSYS

R16.1 NODAL SOLUTION R16.1 NODAL SOLUTION R16.1]
STEF=1 Academic STER=2 Academic STER=3 Academic
SUB =1 SUB =1 SUB =1
TIME=1 MAY § 2016 TIME=2 MAY § 2016 TIME=3 MAY 9 2016
sEQV (2VG) 13:05:54 sEQV (ave) 13:04:02 sEQV (ave) 13:06:33
DX =.193E-03 DMX =.736E-03

SMN =170.694
SMX =.36BE+09

DMX =.628E-03
SMN =270.735
SMX =.494E+09

SMN =306.864
SMX =.443E+09

I — I
170.6594 .B1BE+08 .164E+03 “Z45E+ 3272403 306.864 .999E+08 .200E+09 300E+03 .399E+03 270.735 .110E+08 .219E+09 . 329E+09 L435E+03
409E408 .123E409 .20SE+08 . 286E+ .36BE+09 499E+08 .150E409 .250E409 .350E408 L 445E+09 S48E+08 .165E408 .274E409 .384E409 L494E409
Keys cool-down Nomina 1 field

0 MPa to 368 MPa 0 MPa to 450 MPa 0 MPa to 494 MPa

| Materill | Ryy,[MPa]
293 K 4.3 K
Magnetil 180 723

Iron @ 4.2 K stress < 200 MPa in tension (brittle) ?



Mechanical structure (18 T)

Key in Cool-down 18T

NODAL SOLUTION AN élvﬁsl NODAL SOLUTION AN élvﬁsl NODAL SOLUTION AN élvﬁsl
STEP=1 Academic STEP=2 Academic STEP=3 Academ
SUB =1 o SUB =1 o SUB =1

TIME=1 MAY 9 2016 TIME=2 MAY 9 2016 TIME=3 MAY 9 2016
SEQV (ave) 13:10:38 SEQV (ave) 13:06:43 SEQV (ave) 13:11:35
DMX =.854E-03 DMX =. 664E-03 DMX =.774E-03

sMN =701872

SMN =.761E+07
SMX =.509E+08

SMN =.385E+07

SMX =.284E+08 SMX =.542E+08

701872 _636E+08 L127E+08 C185E+05 - B 9 .123E+
.322E+08 .951E+08 -158E+09 .221E+09 .2B4E+09 .633E+08 -175E+09 .2BEE+09 -397E+09 .S509E+09 .636E+08 -183E+09 -303E+09
Cool-down Nominal field

0 MPa to 284 MPa 0 MPa to 509 MPa O MPa to 542 MPa

I o I
STBLE+0T 119E405 L230E+05 T342£409 L453E+0 385E+07 23E405 LZ43E+05 T3e2E40 4

+4B2E+09
.422E403 .542E409
Keys

" Maeral | Ryl

293 K 4.3 K
Magnetil 180 723

Iron @ 4.2 K stress < 200 MPa in tension (brittle) « SSC », investigation on going at Cern



Mechanical structure (18 T

[ ]
ey In Cool-down
NODAL SOLUTION NODAL SOLUTION AN%;{;S; NODAL SOLUTION AN%;{&%

Academic Academic

MAY 9 2016 MAY 9 2016 MAY 9 2016

(&VG) 13:14:15 (AVG) 13:13:11 13:14:52
=.8196-03 =.827E-03
467E+08 166E+409

BOE+D9 275E408 SMX =.320E+09
S
~4ETE+0B . 3E+08 +110E+0' «141E+09 -173E+09 .166E+09 .190E+09 .214E+09 23BE+09 . E+09 -153E+09 -190E+09 «227E+09 «264E+09 . E+09
. 625E+08 L941E+08 L126E408 L157E+09 L189E409 1788409 .202E409 2268409 2518409 2758409 L172E409 209409 L 246E+09 .283E409 3208409
Keys Cool-down Nominal field

Al 7075

Ry 0.2 [MPa]
43K

293 K
690

480



Mechanical structure (18 T

Cool-down

NODAL SOLUTION

[ ]
ANSYS NODAL SOLUTION ANSYS NODAL SOLUTION ANSYS
R16.1 R16.1 R16.1
Academic STBP=2 Academic i}_‘:“i Academic
MAY 9 2016 ;’,'_Ejg
13:27:3 SEQV (avG)
DMX =.626E-03

MAY 9 2016
13:26:47

0 MPa to 700 MPa

SS 316 LN
NITRONIC 40

Ry 0.2 [MPa]
293 K 43K

286 930

353 1240

0 T78E+08
J117E408

389E408

.267E+08 . 176E+09 4T6E+09 . 8 . E+09 «469E+09 . 66BE+09 - T66E+08 -28BE+09 . 9 . 712E409 .
-101E+09 «251E+09 «401E+09 .550E+09 T00E+09 +171E+09 «370E+09 .56BE+09 .965E+09 «182E+09 «394E+09 .606E+09 .B17E+09 -103E+10
Keys Cool-down Nominal field



Peak stress in the structure

Von Mises
max [MPa]

Pole Ti6AlI4V 1420
Pads Iron 368 450 494
Pads SS 316 LN 121 298 386
Key Nitronic40® 760 965 1030
Yoke Iron 284 504 542
Shell AL 7075 189 275 301
293K 4.3K
Al 7075 480 690
$S316 LN 286 930
NITRONIC 40 353 1240
MAGNETIL (IRON) 180 723

Ti 6Al 4V 827 1654
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Summary — single aperture

* Bladder&key pre-stress method

* Windings:
* Peak stress values up to 220 MPa
e Good contact up to nominal (100% powering)
* Contact degraded at 105% (still acceptable?)

e Mechanical structure:
* Shell, pole in the yield stress limit

* Iron parts in tension need deeper investigation (200
MPa or more?) and better shaping



Extra

* Relative x-displacement between CD and NF

NODAL SOLUTION R16.1
STEP=995%9 Academic
UX (BVE) —
RSYS=0 MAY 4 2016
DMX =.142E-03 16:02:49
SMN =-.231E-07
SMX =.142E-03

L IEEEEEEee— |

-.231E-07 .316E-04 .632E-04 .948E-04 .126E-03

.158E-04 -474E-04 .750E-04 -111E-03 -142g-03

NF-CD
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Contactat 18 T

NODAL SOLUTICN R16.1
STEP=3 Academic
SUB =1 A
TIME=3 MRY 4 2016
CONTPRES (RVG) 16:33:25
DMX =.472E-03 -
SMN =-.117E+09
SMX =.136E+09
_—_
—.117E+03 — . 605E+08 — . 44BE+07 _S16E+DB .10BE+03

-.BE6E+08 -.325E+08 .235E+08 .T9GE+08 .136E+09

Nominal field
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