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Equivalent Mechanical and Thermal Properties of Multiphase
Superconducting Coil Using Finite Element Analysis
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Abstract

Like composite material, the coil winding pack of the KSTAR (Korea Superconducting Tokamak
Advanced Research) consist of multiphase element such as metallic jacket material for protecting super-
conducting cable, vacuum pressurized imprepregnated (VPI) insulation, and corner roving filler. For jacket
material, four CS (Central Solenoid) Coils, 5 PF (Poloidal Field) Coil, and TF (Toroidal Field Coil) use
Incoloy 908 and 6-7® PF coil, Cold worked 316LN. In order to analyze the global behavior of large coil
support structure with coil winding pack, it is required to replace the winding pack to monolithic matter with
the equivalent mechanical properties, i.e. Young’s moduli, shear moduli due to constraint of total nodes
number and element numbers. In this study, Equivalent Young’s moduli, shear moduli, Poisson’s ratio, and
thermal expansion coefficient were calculated for all coil winding pack using Finite Element Method
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Table 1 Material Properties at 4K

Table 2 Dimensions of CICC (unit : mm)

Ex Ey Ez Gxy Gyz Gxz
GPa GPa GPa GPa GPa GPa
CW316LN | 205 205 205 80 80 80
Incoloy 908 | 185 185 185 72 712 N2

Materials

VPI 12 20 20 6 6 6
Prepreg 7 10 10 4 4 4
G10 20 35 35 10 10 10

Table 1 Material properties (Continued)

Xy vyz Xz ox ay oz

jal
Materials % % %

CW316LN | 0265 0265 0265 0.3 03 03

Incoloy 908 | 0.2992 0.2992 0.2992 0.174 0.174  0.174

VPI 0198 0.7 0198 07 025 025

Prepreg | 0231 047 0231 07 _ 025 025

G10 0186 017 018 07 025 025

[Note] * x is through thickness
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Fig. 3 Geometry and finite element model of CICC

Coils Total Inner Quter Thickness Thickness
length Radius  Radius (1) {2)
Central Solenoid | 23.92  2.69 5.1 241 0.81
Poloidal Field | 23.92  2.69 5.1 241 0.81
Toroidal Field | 27.27  2.69 5.55 2.86 0.81
[Note] (1) Jacket thickness
(2) Turn insulation thickness
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Table 3 Result summary
. KSTAR CS1-| KSTAR
Properties 4, PF5 PF6-7 KSTAR TF
Young’s Modulus (GPa)
Ex 20.563 21.213 21.671
Eq 59.841 65.878 62.511
E; 20.463 21.117 21.579
Shear Modulus (GPa)
Gre 12.267 13.381 12.766
Gez 12.267 13.381 12.766
Ggrz 2.145 2.178 2.098
Poisson’s Ratio -
VRe 0.0961 0.0812 0.0981
Vaz 0.2792 0.2519 0.2826
Viz 0.3365 0.3243 0.3013
Thermal Expansion Coefficient (%)
ORr (.2401 0.3423 0.2319
O 0.1746 0.2972 0.1768
Oz 0.2419 0.3441 0.2334
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