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Motivation
▶ Long-term goal: efficient 3-D simulations of

large-scale HTS magnets
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Stacked HTS tapes

▶ Present contribution: develop efficient H-ϕ
homogenization methods

⇒ scalar unknowns outside the HTS
▶ Among others, Simultaneous Multi-Scale

(SMS) method: [1] for full-H and T -A for-
mulations. T -A enhanced in [2]

▶ Today: SMS extension to H-ϕ TS [3]

⇒ H-ϕ SMSTS

Finite-element formulations
Three coupled subproblems, with magnetic
field decomposition: [5]

H = Hr + Hs

▶ Js ⇒ Hs with curl Hs = Js

Gauging: tree co-tree technique
▶ Hs ⇒ Hr

TS formulation, see [3] TS

▶ Hr ⇒ Js

Linear interpolation via extrusion operator

Coupled formulations require flexible software
⇒ GetDP [6]

▶ Open-source models

Life-HTS

Cohomology
▶ Magnetic field decomposition:
⇒ Two sets of cohomology basis functions
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⇒ Advanced cohomology solver

Review of H-Phi homogenization
Presentation by B. Vanderheyden
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Numerical approach and benchmark problem

Horizontal symmetry
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5 pancakes

Analyzed tapes: thin shell H-ϕ [3]

Non-analyzed tapes → bulk source domains
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Ansatz:

Js ≜ fSC
[
θup(y ) Jup + θdown(y ) Jdown

]

Benchmark from [1,2,4]

It = 11 A, f = 50 Hz
n-index: 38

Jc0 = 2.8 × 1010 A/m2

B0 = 0.04265 T
k = 0.29515, α = 0.7

fSC =
dSC

dturn
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Mesoscopic model of analyzed tapes
Caution:

Analyzed tapes should consider its
neighbouring insulating layers
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▶ Principal suspect: incorrect orientation of field concentration and anisotropic jc
▶ Multi-scale model requires consistent meso-scale submodel ▶ Similar observation in [1]

Results
▶ AC Losses
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▶ Comparison metrics P =
2

T

∫ T

T/2

∫

Ωc

E · J dΩc dt R2 = 1−
∫ T

0

∫
Ωc

(J−JH−ϕ)2 dΩc dt∫ T

0

∫
Ωc

(J̄H−ϕ−JH−ϕ)2 dΩc dt

▶ Numerical performance
Model Dofs P (W/m) Error(P) R2 Wall time (min)

Ref. H-ϕ 192k 124.8 / / 90+99=189
full-H 357k 124.8 0.003% 0.998 28+180=208

H-ϕ TS 173k 125.7 0.75% 0.985 82+89=171
SMSTS(KO) 26.6k 104.7 -16.1% 0.806 6.2+8.1=14.3

SMSTS 24.7k 125.5 0.55% 0.978 7.2+8.4=15.6
PETSc-MUMPS solver, 8 cores. 600 time steps. Assembly + solve.

▶ Voltage per turn
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Conclusions
▶ Successful SMS extension to H-ϕ TS formulation
▶ Global accuracy: error on AC losses < 1%
▶ Local accuracy: R2 > 0.97 in J distribution
▶ Speed-up factor ≈ 12 w.r.t. full H-ϕ TS model

Outlook

▶ 3-D extension
▶ Coupling with thermal physics
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