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CZ2A MECHANICAL MATERIAL PROPERTIES

Stress limit (MPa,

Material Von Mises) E (GPa)
293 K 42K 293 K 42K ngKK/ 293 > 4.2K
Cail - EX =30 EX =33 X = 31E-3
X: Axial direction 200 EY =25 EY =275 0.3 Y = 3.4E-3
Y: Azimuthal direction GXY =21 GXY =21 e
1050 193 210 0.28 2.8E-3
690 70 79 0.3 4.2E-3
720 213 224 0.28 2.0E-3
1650 130 130 0.3 1.7E-3
30 30 0.3

» Coil shim material same as caoll

* Behavior as a single impregnated pack

* Avoid stress concentrations during cool-down
Plane53 (magnetic), Plane82 (mechanical)
elements
Plane stress condition: more conservative
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« Standard contact (Separation and Sliding permitted)
* No initial penetration or gap

L. .. Unprescribed interfaces
* Friction coefficient = 0.2 P

Standard contact between all interfaces surrounding coil assembly, friction coefficient = 0.2
Coupling between coils and their proximal shims

* Coupling used to:
» Force coil pack to behave as a unit
* Avoid stress concentrations during cool-down
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DE LA RECHERCHE & LINDUSTRIE

C2A R2D2 coiLs IN F2D2 STRUCTURE

* Too much pre-load
because of the thick shell

- High peak stress

- Need to redesign the
structure

 Different fillers and pads
- Marginal cost saving

0.10 mm Xinterf Nominal: Short sample:

0.05 mm Ylnterf CONTPRES (AVG) CONTPRES (AVG) 16 88 kA 11T CONTERES (AVG)
DMX -.614985 DMX =.589949 . ’ DMX =.579261
+C00|-d0Wﬂ SMN =167.191 SMN =76.8354 SMN =31.6456
SMX =172.982 SMX =104.244 SMX =68.4411
167.191 76.8354 31.6456
. oo Bl 75 5505 | EECYCE
e Bl 65478 Bl 5 9263 [ TP
B 169.121 Bl 55.9717 B 43,9108
B 9.765 Bl 55.0171 Bl 47,9992
Bl 90408 Bl o 0625 B 5 0876
:I 171.052 == 95.1079% I:I 56.1759
E 171.695 1 98,1533 I ] 60.2643
B 72338 B 301.199 5 Bl ¢y 3527
L IRV PN TY L BECT I g L__EETIPYEE]
SEQV (AVG) SEQV (AVG) SEQV (AVG)
PowerGraphics PowerGraphics PowerGraphics
EFACET=1 EFACET=1 EFACET=1
AVRES-Mat AVRES=Mat AVRES=Mat
DMX =.614933 DMX =.589787 DMX =.579261
SMN =146.778 SMN =83.4719 SMN =41.7951
SMX =207.867 M| smx =201.074 M e SMX =205.274
146.778 83.4719 41.7951
Bl 53 565 Bl oo 5358 El 55 9595
Bl 5.353 Bl 05 606 B ;03
B 67101 B 22673 B o 2082
[ EETENTT Bl 55 930 B 4453
- 180.716 - 148.806 | 132.617
B 187.504 B j61.073 B 150.781
L] 194.292 CJ 174,94 T 168.946
B 55; 08 201 MP B 55,007 B 571
208 MPa Bl 07567 a [__PTSIe T 205 MPa 05074
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C2A STRUCTURE PARAMETRIC STUDY

-IIIIIII_

Shell Thick. (mm) >15 mm 26 20 22

Yoke Ext. Rad. (mm) >190 mm 190 190 190 195 210 | 220

Overall Rad. (mm) >205 mm 216 212 210 217 232 | 242

Max. Von Mises Nominal <150 MPa 129 123 120 126 134 | 128

stress in coil [MPa] SS 1.9K No limit 217 247 201 211 218 | 222

Coil-Pole Contact Nominal >10 MPa 12 7 5 9 12 13

[MPa] SS 1.9K >10 MPa 16 8 2 10 12 12

Max. Von Mises stress in lron at <180 MPa 257 247 240 293 186 174

max preload [MPa]

v Step 1: shell thickness/radius reduced to
decrease colil stress below 150 MPa at
nominal

v Step 2: pre-load tuned to guarantee 10 MPa
contact from nominal to SS

v Step 3: Yoke radius varied to keep peak
stress at warm below 180 MPa
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C2A A WIDE RANGE OF PRE-LOAD

NOM4.2K | NOM19K | UWP 42K | UWP 19K | SS4.2K SS19K

Current 13772 15055 16500 16500 17215 18819
Margin HF % 20.0 20.9 4.5 12.9 0.0 0.9
Margin LF % 20.5 20.0 4.0 11.3 0.7 0.0

B (0,0) T 10.42 11.15 11.98 11.98 12.46 13.29

MERs WO MIEEE | s 141 155 204 231
stress in coill
100 S B B B 02mm-2D
% _‘ oamm-20 e Min. pre-load for nominal operation
80 . 0.6 mm - 2D
LN :
70 = osmm-20 e Max. pre-load for SS 1.9K
g 60 L} ® 02mm-3D
PR N 5 N camm-30  * Structure can withstand high pre-
& 0 : ™ 0.6 mm - 3D load if required

30 N : ® 08mm-3D
20 N . = == .(Criterion
W ===7" -.— ________ !'- o NOM 4.2 K

0 A T e ,

10 12 14 16 18 20 uwp
v6.14.R2 I[kA]  eseeess SS1.9K
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DE LA RECHERCHE A LINDUSTRIE

C2A PeAK STRESS IN COIL AND CONTACTS (NOM.+UWP) 70%

SEQV (RAVG) SEQV (RVG)
0 67.78
[ ] 3;3? [T
Bl 3: 45 B 5, 01
O 34,05 i B 97,12
.1 3¢.472 i [ 80.23
5 37.90 B 53 34
L1 g6.45
44 MPa % o [
42.31 1 o2 .68
Pre-load —— Rt Pre-load . - .
SEQV (AVG) SEQV (AVG)
o 93.83 141.5
. . . r"”” Y ™™ 0 s
o 5 B 4.2
B q02.9 0 14701
B q0s5.9 0 i49.0
- 108.9 - - 150.9
% 112.0 :l 152 .8
121 MPa = 1150 158 MPa L is4.6
Cool-down 118.0 Cool-down L1 is6.s
. 121.0 - 158 .4
SEQV (AVG) SEQV (AVE)
14.22
B ;s B [ | ii?i
B 4 37 B ) 50
O 5644 O 9947
B 45,52 O o5 .66
B 54 .50 [
C c5.66 1 4137.0
141 MPa % 112.7 195 MPa % 156.2
) 126.8
Nominal: 13.7 kA IV UWP: 16.5 kA .., .
) CONTDRES (AVC)
11 MPa CONTPRES (AVZ) 13 MPa 1274
10.85 .
= P! = TR
(| ) ; Bl 5 05
13.37
O 1463 — B 55,70
B i5.8¢ -_— B 53 35
B 5 45 Bl 26.00
[ e ——— 3 55 es
L1 15.67 L1 31.31
. 1 50.93 1 33,96
V6.14.R2 Nominal: 13.7 kA [ UWP: 16.5 kA [~ [,
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DE LA RECHERCHE A LINDUSTRIE

C2A PEAK STRESSES IN STRUCTURE (SS 1.9 K)

110 < 180 MPa

ere-loading

n to 4.3 K

S1 =92 <200 MPa
at cold

E. Rochepault

2020 B2
20.
SOLUTTON

PowerGraphi
\CET=1

]
124 < 180 MPa

Pre-loading

8615 A

Energization at

S1 =118 <200 MPa
at SS

ANSYS 2020 R2

sEQV (avE)
PowerGraph
CET:

205 > 180 MPa

locally

ere-loading

ANSYS 2020 R2

2020 B2 MY

0
SOLUTION -

(AVE)
Powercraphics

CET:
AVRES=Mat

£

82 < 480 MPa
at warm

162 <690 MPa
at cold

Energization at 19019 A

SEQV (AVE)
PowerGraphics
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ANSYS 2020 R2
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CZ2A Roowm For TIE Robps

At Room Temperature After Cool-Down
Force/rod (4 rods) -142.8 kN =70 % EMF | -204 kN = 100 % EMF
@ SS 1.9K @ SS 1.9K
Minimum diameter before yield:
FZ od O-yield = 480 MPa ineld = 690 MPa
Amin = |4— Amin = 19.5 mm Amin = 19.4 mm
Oyiela™

* N.b.: 18 mm is minimum diameter for
16.5 kA ultimate working point condition

« 24 mm has been chosen, giving 1.5
safety factor

(see 4, P. Manil for longitudinal
pre-load concepts)
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3D MODEL — RETURN END RE

DE LA RECHERCHE A L'INDUSTRIE
—
ANSYS
R19.0

Academic

DEC 18 2020
13:55:34

'RE,
symmetric

ANSYS

R19.0
Academic

Cc 16 2020

ELEMENTS

This

€pld_RE_R2, 3D Mechanica 1

presentation

DE!
13:55:44

6pld_RE_R2, 3D Mechanica 1

LE,
symmetric

ongoing

LE, with
jumps

€pl4 LE R2, 3D Mechanica 1

ongoing

Page 10
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6pl4_LE R2, 3D Mechanical
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158 MPa

MN

IECOREOEN

=141.5086

=158.457
141.506
143.3%
145.273
147.157
145.04
150.923
152.807
154.69
156.574
158.457

=21.928%92

=194.581
21.9252
41.1127
€0.2%62
79.4757
98.6632
117.847
137.03
156.214
175.387
194.581

0.60 mm Xinterf
. 0.05 mm Yinterf

Cool-down l ‘

16.5 kA

Ultimate

current

M

3D

L d

149 MPa

178 MPa

b

a

79 MPa

p -

Profile and range very similar between 2D/3D

Difference 10-20 MPa in max. VM Stress attributed to 2D plane stress Vs 3D stress,
2D more pessimistic (conservative)

Difference <5 MPa in X Stress

E. Rochepault
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SMN =49.8813
SM¥ =79.354
49,8613
53.156
56.4308
59.7055
62.9803
66.255
69.5288
72.8045
76.0783
79.354

SMN =136.175
SMX =148.59%4
136.175
137.555
138.935
140.315
141.6595
143.074
144.454
145.834
147.214
148.594

BO0CO0CEN

SMN =52.34895
sMx =177.814
52.3489
66.2895
80.23

94.1705
108.111
122.052
135.9%92
149.933

BICOREOEN

163.873
177.814
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C2A PoLE CONTACT PRESSURE — 2D Vs 3D (ULTIMATE) 76%

162 MPa

12.7 MPa

e

SMN =161.763
SMX =165.754
161.763

SMN
SMX

BO00BECEN

SMN
SMX

BOCOBEOEN

162.207
162.65
163.083
163.537
163.98
164.424
164.867
165.31
165.754

L7206
.6667
L7206
.158

L5975
.0359
.4744
.9128
.3513
.78¢98
.2282
.6667

.74%¢6
.6141
.74%¢6
.4012
.0528
.7044
.356

.0076
.6592
.310%
.9625
.6141

Cool-down 160 MPa

—

53 MPa
13.7 kA

——
Nominal -
current

15.1 MPa

16.5 kA —

e
current

 Profile and range very similar between 2D/3D

» Difference <5 MPa in min. contact pressure

E. Rochepault
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159.836
Bl 65 044

160.251
B 65450
2 160.667
B 36p.87s
1 161.082
]
1

161.458
- 1€1.705

52.885
Bl s s
Bl o s
B s, 1773
O 546081
B s o388
L1 55,4696
[ T
B 56.3311
P

15.0768
15.4337
15.7906
16.14753
16.5045
.8614
17.2183
17.5752
17.9322
18.2891

HOCOA0ENN

Page 12



0.25 mm Xinterf
~ 40 MPa

Cool-down

SMN =14.5703 -~ 130 MPa

SM¥ =47.408

13.7 kA Nominal
current

B0CRONNR

§000ROENN

SMX =153.902
0

15

30

45

60

75

S0

105

127 MPa

120
135

NO0CAOENN

» Higher stresses in coil-ends than in straight section
—> To be checked with longitudinal pre-load study

 Peak stress still < 150 MPa at Nominal
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Cool-down

~185 MPa 16.5 kA Ultimate
current

~180 MPa

DMx =1.39784
SMN =23.2297
SMX =220.548

BOCOROREN

BOCOECENN

4

178 MPa

L

* Higher stresses in coil-ends than in straight section
—> To be checked with longitudinal pre-load study

 Peak stress still < 200 MPa at ultimate
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 Lorentz forces @ Nominal current:

F = 350 kN /end

z,mag

« Xpreload: 0.25 mm interf.

« Z Preload:
» warm: 400 kN = 115 % F, .,
* Cold: 641 kN =183 % F, .,

- Small >0 contact in the ends
with relatively high pre-load

Goals of the longitudinal support:
1. Positive contact pressure
2. Stress < criteria

E. Rochepault
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CONTPEES (AVGE)
RSYS=0
PowerGraphics
EFACET=1

SMX =137.868
2.35584
17.4127
32.465%¢6
47.52e5
62.5834
77.6€403
92.68972
107.754
122.811
137.8e8

BOCOBOENN

CONTGAP (AVG)
PowerGraphics
EFACET=1
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CZA POLE CONTACT PRESSURE — 3D (+ZPRELOAD) 70%

CONTPRES (AVG)
RSYS=0

 Lorentz forces @ Nominal current: PowerGraphics
F. _=350KkN /end ' rvRmENat

z,mag
DMK =1.61466

SMN =3.01Z¢6
SMX =143.049%
3.01266
18.5723
34.1318

« Xpreload: 0.25 mm interf.
contacts
49.6914
>30 MPa 65.251
80.8106
96.3702
111.93
127.48%
143.04%

* Increasing Z Preload +40%:
« warm: 529 kN =151 % F, ..,
* Cold: 783kN =224 % F, .., -h

BO0CRONNR

CONTGAP (AVG)
PowerGraphics
EFACET=1
AVEES=Mat

DMX =1.45€75

-> contacts >0 in the ends if very
high pre-load
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C2A POLE CONTACT PRESSURE — 3D (+X+ZPRELOAD) 7@/%

CONTPRES (AVE)
RSYS5=0
PowerGraphics
EFACET=1
AVEES=Mat
DMx =1.37232
SMX =193.544
0

10

20

30

40

S0

&0

70

80

90

 Lorentz forces @ Nominal current:
F = 350 kN /end

z,mag ~—

* Increasing X preload: 0.6 mm interf.
contact
* Increasing Z Preload.:
* warm: 565 kN =162% F, ..,
* Cold:831kN=238%F, .,y [

BOUCRONNR

CONTGAP (AVGE)
PowerGraphics
EFACET=1
AVEES=Mat

DM¥ =1.37Z32
SMN =-.021777
LODZ21777
.019357
016937
.014518
.D12098
.0D0%679
.0D07259
.0D04839
.00242

- But: contacts lost if transverse
pre-load is too high

L O I I e e |

(RN |
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C2A POLE CONTACT PRESSURE — 3D (ULTIMATE)

CONTPRES (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DM¥ =1.3603
SM¥ =187.€19
o
10

 Lorentz forces @ Ultimate current:
F =477 kN /end

z,mag

« X preload: 0.6 mm interf. -
=
+ Z Preload: B 5
1]
]
1
[

e warm: 565 kN =119% F
e Cold:831kN=174% F

60
z,mag

z,mag

- Need to considerably increase
the pre-load to guarantee full

. =1.3603
contact in the ends SMN — 040534
.040534
.036385
.031837
.027289
.022741
.018153

(see 4, P. Manil for longitudinal
pre-load concepts) 013645
.00%90%96
.004548

BOOCRORN

L= e I I
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CONCLUSIONS

« Attempt to assemble R2D2 coils in the F2D2 structure

- coil stress too high >200MPa
« 2D Parametric study to find the adequate shell and yoke radiuses
« Peak stress in the coil <150 MPa at nominal, <200 at ultimate

« Range of pre-load to guarantee 10 MPa coil-pole contact from
nominal to SS operation

« 3D model to study coil-ends:
Simplified RE symmetric geometry
‘Conventional’ tie-rods + end-plates
Peak stress in coil-ends, but still below criteria

Possible to guarantee full contact in the ends, but with very
high forces in the rods

Further studies required with detailed models
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DE LA RECHERCHE A L'INDUSTRIE

THANK Youl!




C2A MobpEL FLow

R2D2_2_d_magn R2D2_2d_mecha
Mat_prop_magn Mat_prop_mecha >
Geo_param >
. Coil\coil_coords_%coil_version% ; LEEL
S¢: o
- 3 %
Coil_model > 25022
i partnames_%magnet_version% | N :
e i
Structure_model >
______________________ S
| Structure\%part%_%struct_version% |
Meshing >
Contacts .
et - (contact.mac) i
SOLUTION . R2D2_2d_magn_%magnet_version%.rmg_! i
. i . __Contact_ist__:
Postproc_magn ™ %filename%_ output ! R -
PIIIIIIIIIIIIIIITIIIZIIIIIY > Load steps >
Postproc_fmag [™ %filename% fmag !
CoTTTTTTTTmTm T SOLUTION
N
EOF Postproc_4 >\/
Contact pressure on coils, equivalent stress images ‘—l EOF
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C2A SYMMETRY CONDITIONS AND MESH ﬁ




C2A MiNnIMUM Rob DIAMETER APPROXIMATION 70%

« 3D Magnetic Model: Full energy/length @ 1.9 K, Short Sample
(18 kA) = 204 kJ/m per quadrant

F, mag = 816 kN.

« Assuming resultant forces on end-shoes and end-plates are the
same.

« Assuming 30 % of efforts coming from differential contraction
with Al rods (to be checked with mechanical model)

« We aim at 100 % of magnetic forces in z after preload at room
temperature (RT) + cool-down (CD)

F.rr+cp = Fzmag = -816 kN
« Assumption: 70% of forces are applied at room temperature:
F,rr = Fjack = -571 kN
- Force on one rod:
Fzrod = Fz,maQ/Nrods =0XA,,4=0xnd. ,2/4
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DE LA RECHERCHE & LINDUSTRIE

CZ2A CoMPARISON 2D Vs 3D

ANSYS ~ ANSYS
AREAS R19.0| VOLUMES R19.0
MAT NUM Academic MAT NUM Academic
DEC 18 2020
15:49:31
i o
Version 6pl4pR2, 2D Mechanical Pre-loading
ANSYS
ELEMENTS R19.0| ELEMENTS AN%FQSO
MAT NUM Academic MAT NOM Py
DEC 18 2020
15:53:31
. k.
Version 6pl4pR2, 2D Mechanical Pre-loading
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C2A R2D2 3D —ISO GEOMETRIC
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FORCES

Surface contours: B
- 11806106401

Forces imported from Opera 3D -
* RE, | '
 nominal current 13.7 kA |-
* Per octant |-

- 2.000000€ 400

Fx Fy Fz

coill kN 136  -16.5 8.5 %
coil2 kN 415.3 -126.8 36.7
coil3 kN 150.1 -91.6 17.2
coild kN 28.6 -319.6 25.1
coil kN 651.5 -518.9 87.4
Opera kN 646 -491 -90.3

HF LF total
Fx kN/m 1698 112 1810
Fy kN/m -469 -752 -1221
Fz kN/m 41 77 118
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DE LA RECHERCHE A LINDUSTRIE

CZa VM STRESS - 2D vs 3D (NOMINAL)

0.40 mm Xinterf
0.05 mm Yinterf

3D

L 9

Pre-loading

E. Rochepault

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.175605
SMN =46.4923
SMX =66.1123
46.4923
48.€723
50.8523
53.0323
55.2123
5§7.3923
59.5723
61.7523
63.9323
66.1123

AO00RE0NR

MO0CRECAN

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.648081

SMN =117.391
=136.691
117.391
119.535
121.€8

Cool-down

123.824
125.969
128.113
130.258
132.402
134.54¢
136.€91

BOCORODEN &

SEQV (RVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.652381
SMN =113.704

Cool-down to 4.3 K

B0CCRO0Nm &

R2D2 CDR March 2021

iII' 1|||

Nominal current

Energization to 13pT7kA

SEQV

(AVG,

PowerGraphics

EFACET=1

AVRES=Mat
DMX =.613185
SMN =37.8343

sMx =155.

€693

37.8343

103.
11e.
129.
142,
155.

B000RA0NR

SEQV

50.9298
€4.0252
77.1207
90.2161

312
407
502
598
693

(AV

PowerGraphic.

EFACET=1
AVRES=Ma
DMX =.59
SMN =53.
SMX =144

BOCORE0NN
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DE LA RECHERCHE A LINDUSTRIE

CZa X STRESs - 2D vs 3D (0.2 MM INTERF)

—v

Pre-loading

Pre-loading

F2D2 meeting

ANSYS Release 19.
Build 19.0
NCDAL SOLUTION
STEP=1

sus =1

TIME=1

sX (AVE)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.095408
SMN =-38.3656
SMX =-27.7¢6l
-3B.3656
-37.1874
-36.0091
-34.8308
-33.6525
-32.4742
-31.2959
-30.117&
-2B.9393
-27.761

I00ORCEEE

ANSYS Release ]
Build 19.0
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
5% (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.080397
SMN =-38.9455
SMX =-27.0203
38.9455
37 g5
56 2055
B 55705
B _33.6455
B 52 5204
3 _30.9954
E1 29.6704
EE 28,3454
B ;7 0203

Cool-down to 4.3 K

Cool-down to 4.3 K

ANSYS Release 10,

Build 19.0

NODAL SOLUTION

STEP=2

sUB =1

TIME=2

sx (BVG)

RSYS=0

PowerGraphics

EFACET=1

AVRES=Mat

DMX =.580603

sMN =-117.436

SMX =-94.8073
-117.436
-114.822
-112.408

= -109.893

= -107.379

= -104.865

[ -102.35

[ -99.83¢

= -87.3217

[P

ANSYS Release
Build 19.0
NODAL SOLUTION
STEP=1
SUB =1
TIME=3
5% (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat
DMK =.570734
SMN =-114.842
SMX =-95.6656
114.842
-112.711
-110.58
-108.45
-106.319
.188
-102.058
-99.9269
-97.7963
-95.6656

[N ] ]

09/03/2021

Energization at 13196 A

Energization to 13p7kA

ANSYS Release
Build 19.0
NODAL SOLUTION
STEP=3

SUB =1

TIME=3

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

DMX =.54487
SMN =-140.532
SMX =-13.501

_140.
.

ANSYS Release

Build 19.0
NODAL SOLUTICN
STEP=1

SUB =1

TIME=3

5X (AVG)
RSYS=0
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.491368
SMN =-144.668
SMX =-5.80017

~144.
LIy
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DE LA RECHERCHE A LINDUSTRIE

POLE CONTACTS — 2D vs 3D (NOMINAL)

CONTPRES (AVG)

CONTPRES (AVG CONTPRES (AVG)

175605 DMX =.648081 DMX =.613195
50.5548 SMN =135.779 SMN =30.0592
61.656 SMX =141.693 SMX =:g-g‘;gg

50.5548 135.779 .
51.7882 - 136.436 = 32.1629
53.0217 B 37 gos3 = 34.2667
54.2552 B 137,75 = 363704
55.4887 DVee———— B3 135,407 = seeersl
se.7221 E 135064 D) 40-5779
57.9556 £ 135.921 /= 42016
. 59.1891 % 140.379 . = ié ;g;i
0.40 mm Xinterf 604225 Cool-down = ot Nominal current B :l0026

0.05 mm Yinterf
3D

ANSYS Release 19. ANSYS Release 1! BENSYS Release
Build 19.0 Build 19.0 Build 19.0
PATH= P1_z0 PATH= P2_3z0 PATH= P3_z0
VALUE= CONT_PRE VALUE= CONT_PRE VALUE= CONT_PRE
SCAL=200 SCAL=200 SCAL=200

49.84 137.206 25.3011
;s | PR B s o3y
B 55 5101 B 5 s B 55 o657
1 sp.s452 EE 137.779 B 26.3001
3 511803 B 13797 B 6.6332
B 5 5153 B ;35 161 B 6. 0662
1 51.8504 O 135.352 B 27.2992
L1 sz.1855 L1 139.543 L1 27.6322
1 sz.s20s 3 135.734 B 27.9652
Bl ;o osse s o Bl s oo

Pre-loading Cool-down to 4.3 K Energization to 13pT7ka
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DE LA RECHERCHE A LINDUSTRIE

STRESSES IN STRUCTURE — 2D vs 3D (0.2 mwm)

Pre-loading

Pre-loading

F2D2 meeting

ANSYS Release
Build 19.0
NODAL SOLUTION
STEP=1
SUB
TIME=1
SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.077337
3.1527
.1245
.1527
14.4829
15.8131
17.1433
18.4735
19.8037
21.1339
22.4641
23.7943
25.1245

g

]
£

M

A00NRENN

ANSYS Release
Build 19.0
NODAL SOLUTION
STEP=1

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

w
28
2 X

w
=
>

13.0415

4.1389
15.23863
16.3337
17.4311
18.5285
19.6259
20.7233
21.8207
22.9181

(BN | |

Cool-down to 4.3 K

ANSYS Release 1
Build 19.0
NODAL SOLUTION
STEP=2

SUB =1

TIME=2

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.836674
SMN =24.5318
SMX =127.789
24.5318
36.0048
47.4778
58.9508
70.4239
81.8969
93.3699
104.843
116.316
127.789

A00CNEENN

I

Cool-down to 4.3 K

ANSYS Release 1
Build 19.0
NODAL SOLUTION
STEP=2

SUB =1

TIME=2

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

SMX =112.76
11.039%9
22.3421
33.6444
44.9466
56.2488

5511
78.8533
90.1556
101.458
112.7¢

Energization at 13196 A

Energization to 13p7kA

ANSYS Rel
Build 19.
NODAL SOL
STEP=3
SUB =1
TIME=3
SEQV
PowerGrag
EFACET=

A00CNEENN

ANSYS Rel
Build 19.
NODAL SOL
STEP=1
SUB =1
TIME=3
SEQV
PowerGrap
EFACET=1

[ IMR(N [ ]

09/03/2021
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DE LA RECHERCHE A LINDUSTRIE

C@@ VM STRESS — 3D

Pre-loading

E. Rochepault

ANSYS Release
Build 19.0
NODAL SOLUTION

(AVG)
PowerGraphics
EFACET=1
AVEES=Mat
DMX =.361613
SMN =16.4328
SMX =61.9643

16.4328
| EPSOPTIE
Hl o 5500
B e
B 36669
B 47291
B s6.7871
1 s51.p462
B 56.9052
B oess

Cool-down to 4.3 K

ANSYS Release

Build 19.0
NODAL SOLUTION
STEP=2

SUB

TIME=2

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMX =1.70182
SMN =44.8385
SMX =150.071
44.8385
56.531

68.2235
79.9159
91.6084
103.301
114.993
126.686
138.378
150.071

Energization to 13p7kA

ANSYS Rele:
Build 19.0
NODAL SOLU
STEP=1

SUB =1
TIME=3
SEQV (
PowerGraph
EFACET=1
AVRES=Mat
DMX =1.435
SMN =1.289
SMX =135.3
1.289
16.18
31.08
45.98
60.87
75.77
90.67
105.5
120.4
135.3

B0CCNENEN

R2D2 CDR March 2021
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CZa VM StRrESs - 2D vs 3D (0.8 MM)

. 3D
0.80 mm Xinterf
0.05 mm Yinterf

E. Rochepault

2D

a

104 MPa

—

o L

168 MPa
201 MPa

16.5 kA
Ultimate I ‘
current

\ 4

R2D2 CDR March 2021

SMN =66.656
SMX =104.445

NO0OBCCEN

SMN
SMx

BORCOEN

SMN
SMX

BO0CO00EN

.656
.8548
.05386
.2523
.4511
. 6455
.3487
.0475

.246
.445

.46

.398
.46

.786
.113
.439
.766
.09z
L4159

165.745

167
leg

.072
.398

=73.5954

=201

L171

73.5954

a87.

101.
116.
130.
144.
is8.
172.
186.
201.

7704
945
12

296
471
€46
821
996
171
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DE LA RECHERCHE A LINDUSTRIE

CZ2A LONGITUDINAL PRELOAD

Nominal current

350 60
200 ® Room temperature . 50 et »
®4.2K
Room temperature 40 ® Press2
42K < .
— 250 2 0.25 mm xinterf
= »
= < 30
3 ¥ ) g O O L PTL °
T ot & N et
200 QG S - | e
' ANt £2€ e
((\+ & o
& © e o
¢ Q)-Q) 4;\(\ o
<&
150 e o 10
@ €V .
. I\ ....
0
100 b 0 1 2 3 4 5 6
0 1 2 3 4 5 6 Rod disp [mm]

rod disp [mm]
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