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CoCaSCOPE approach for High definition 3D finite element analysis of low temperature Rutherford cable

Preprocessor: impregnated cable model generation [3]
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Simulation of the cable
flattening using explicit
formulation considering
specific periodic boundary
conditions (europlexus)

Validation of the cable shape
by comparison with CT-scan
images of a real 18 strands
Rutherford cable

Creation of the initial mesh of a
pseudo-period of a 18 strand Rutherford
cable with bi-material description (Cast3M)

Bi-material strand model based on homogenization [2]
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Construction of the epoxy matrix structure
by combination of the boundary meshes of
the cable and strand pack bounding box

(here illustrated on a 9 strands model basis)
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Epoxy matrix
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Combination of various 3D cable patterns with inter-
strand epoxy and impregnation insulation layers

VNN

Institut de recherche sur les lois fondamentales

Direction de |la recherche fondamentale
de I’Univers

L T T T T W

N b\
R 1S

Generation of the conformal mesh of the cable impregnation matrix in 3D
- Introduction of copper hardening at the microstructure level,
taken into account in the homogenized bi-material strand model
- Automated script-based post-treatment of the experimental o(g) plots
- First identification of the microstructure parameters at cryogenic temperature (77K)
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Nanoidentation
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at room
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IDENTIFIED PARAMETERS OF THE PIT BI-METALLIC MODEL
AT ROOM TEMPERATURE / 77K
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Strain/stress analysis
can be performed
at the filament scale
after projection [2]

COMPONENTS MODEL E(GPa)  oy(MPa) C(MPa) Y
NANO-INDENTATIONS RESULTS g o - _
AT ROOM TEMPERATURE T w Copper Chaboche hardening  129/135 39/30 35960/25600  310/64
i M . Barrier Identical to copper
Sold &
Number 1 > 3 / o(:ilkjint?agll\>
COMPONENTS . ents £ (OP2)  SD*(GPa) H*(GPa) SD(GPa) e \td [\} o 50 Filament Core Elastic 3/3 - - -
Cu in outer layer 18 133 5 1.25 0.08 ubricated | SC reo; _
Cu in strand core 15 125 4 1.14 0.07 ] > Iegion Elastic 171/145 - - -
E - . . = 4 Grip CN[);SI] S(_T)
Cu 1 matnx 92 132 6 1.33 0.13 tightenmg. &= ) | | | | | |
N’b Of bal‘].'iel' 13 125 13 169 043 0.00 0.05 0.10 0.15 Fil3 0.20 0.25 030 035 0-
2 S ! : : . . . .
b1 (5G) > L ° =2 020 —~ | Microstructure parameters (given at RT / 77K for PIT strand)
1 Elasti 2 . ot 3 . . Strand s— &(-)
astic modulus,  Standard Deviation, ° Nano-hardness | <D o(€) plot of a ®1mm PIT strand at RT N _ _ _ _ _ can be used for predictive simulations
oS Freeromtons {0y Identification of the microstructure parameters is performed using ILCO routine [4] :

(loading curve with 3 unloadings)
SCUTT setup [5]

for harmless strand characterization
at RT/77K

Scripted post-treatment locates unloadings and evaluates
automatically the relevant slopes used for identification

even for load cases significantly different

by iteration on an analytical strand model based on volume fraction, ) : o
from the ones used during the identification process.

|dentification results are injected in 2 FEM strand models (detailed model / bi-material model)
for comparison with experimental plot.



