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Challenges:

m Many geometrical details in
cross-section while being very
long: 1:20 ratio!

= Quench phenomenon occurs in
mm-range along magnet

Goals of my work:
m |[mprovement of 3D quench simulations for superconducting accelerator magnets
= Improvement of spatial resolution while attaining reliable accuracy
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Finite Element Method (FEM): Spectral Element Method (SEM):
+ can resolve every geometry + few elements for high accuracy
- requires fine mesh for high accuracy - simple domains
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Numerical Idea

Spectral Element Method (SEM):

Finite Element Method (FEM):
+ few elements for high accuracy

+ can resolve every geometry
- simple domains

- requires fine mesh for high accuracy
<+ Take the best of both worlds  «+

1
Quasi-3D method with hybrid FE-SE basis functions:
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= Motivation

m Numerical Modeling

= Application to Quench Simulation
m Conclusion
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Nodal functions

Linear
interpolation
between nodes

/1 onnodei=j
Nf(x’”_{o onnodei # j

m Continuity in every direction
m Appropriate for temperature

T(x.y) ~ Y uiNj(x,y)
;
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Nodal functions

Linear
interpolation
between nodes

N

[/ 1 onnodei=j
Nj(x,y)—{o on nodei #j

vT/je (x,y) = Ni/e, €,

m Continuity in every direction m Only tangential continuity
m Appropriate for temperature = Appropriate for magnetic vector potential
T(xy) ~ Y wN(x.y) Aley) =Y aywiey) + Y a; wi(x.y)
j e j
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Wishlist

Sparse matrices

Closed form
CP-continuity

Easy BC incorporation
w(z)=1
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Second Ingredient: Modified Lobatto Polynomials!
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Wishlist Lagrange | Legendre | Chebyshev | Lobatto | Modified Lobatto
Sparse matrices X v v
Closed form v v v v v
CP-continuity v X X X v
Easy BC incorporation v X X X v
w(z) =1 v v X X v
= q=1 + Boundary mode
Modified Lobatto: ¢q(2) = jfz LOy—2(2), q=2,...,N <« Interior modes
= q=N+1 + Boundary mode
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Quasi-3D Method: Ansatz

Discretization with prism elements:

-
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4 Temperature:

T(x,y,2) & ) Wy Nj(x.y)éq(z) Vk
Jjq
Magnetic vector potential:

~tk ¢ k
) B deg W5(x,y) 05 (2)
Alx,y,z) ~ Z [afv;kwf(mngv(z)] e

ejqw
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3D ~ 3D o 3D
(Thermal system: K u + Mgv o = q%sses )
Magnetic system: K®Pa + K®P g.a + MBPj.a = jo3P
~ SE FE,¢ SE FEt _ 1SE FE, ¢/
- [3;} gow _ [ @ ME 4+ ME 9 K DS & Cf
UK v (_DSE ® CEE,M) MSE ® KEE,Z
Kronecker tensor product: A = |41 %12 4131 Ao p_ @B apB a8
a1 dzz a3 anB ax»B ax»B
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Application to Quench Simulation
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3D GetDP | Q3D solver
#FE 1,863,431 330
#SE - 5
Polynomial order - 6
Magnetic #DoF 1,741,669 21,979
Thermal #DoF 80,735 806
Computation time Th 5min

— For a transient magneto-thermal nonlinear
simulation of a superconducting wire
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m Superconducting accelerator magnets = multi-scale problems

m Quasi-3D method: hybrid FE-SE ansatz functions

= Modified Lobatto polynomials = ideal for quasi-3D method

® Quasi-3D method implemented, verified and applied to quench simulation

What | did not talk about:
= Modeling quench phenomena — quench state model, coupling currents, ...
m External circuits — quasi-3D field-circuit coupling
® End winding models — boundary conditions & field-circuit coupling of end windings
= Nonlinear materials — efficient nonlinear procedure using tensor contraction
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