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Levitation force | 6000 N
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Advantage of high levitation force in Maglev trains

d Can carry heavier loads / more passengers
d Allows a larger gap between train and track — safer & smoother
3 Provides more stability at high speeds — less vibration

0 Reduces cooling demand per unit of lift
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Thinning HTS tape leads to higher levitation force

Measurement results
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Lorentz force generation during zero-field cooling
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. (B,0) measurement of THEVA tape

|, of 12 mm width (A)
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Data was measured by SuperCurrent facility at Robinson Research Institute in New Zealand
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Obtaining |, (B,0) at any temperature using linear interpolation
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Electropolishing process of THEVA tapes .. ..~ ===

1. Frontside was covered with Kapton foil

Silver contact
layer (surround)

HTS film

(GdBa,Cu,0,.)
~3 pm '

2. Silver was etched away and dissolved

Cap layer ~ 0.3 pm
ISD-MgO ~ 3 pm
Substrate (NiMo16Cr15W)
~ 100 or 50 ym

3. Hastelloy layer was electropolished

20% thickness reduction: 61 um =) 49 um

Electropolishing

in a bath of

55% Phosphoric acid
35% Sulfuric acid
10% Citric acid
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Electropolishing has no influence on I, of SuperPower tapes

1 Negligible influence on superconducting properties and critical current
1 All samples have critical current of 440 A
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HTS tape stack made of 205 electropolished THEVA tapes
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Measurement setup Cryocooler
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Measurement setup

Halbach PM
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Zero-field cooling measurement schematic and parameters

/ HTS tape stack

K 12 mm

No. of electropolished tapes = 205

Ic, self-ield (94.7 K) = 2440 A
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Measurement result of levitation force at 54.7 K =aviICco
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Maximum levitation force vs temperature: _
Original vs electropolished THEVA tape stack -“evICO
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Levitation force increases with critical current density

J More ad\(a_-nced tape with _ We can achieve this by
c, tape higher critical current density electropolishing the HTS tape

/ Superconductor layer thickness

588
Jcﬁng — Jc, tape

e
\

Total tape thickness
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Introduction to Two-Dimensional models

Segregated H-formulation method

(=] PM
[ air/coolant

...............

| (a) PM assembly
% model

X

" -

T

B HTS

[ air/coolant

X

L

Magnetostatic PM model +
Time-dependent H-formulation HTS tape model

(b) HTS assembly
model

(" Proxima

/' Fusion

-
Karlsruher Institut fiir Technologie

Unidirectional coupling between PM and HTS model

Quéval et al, Supercond. Sci. Technol. 31, 2018

A - @ formulation method
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The problem is formulated using the A-¢
potential decomposition.
The current density is discretized using nodal

shape functions.
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Introduction to Three-Dimensional models

@MEP 3D

Variational method based on T-formulation

1AA, AA
AT) 22
/Vdv[z A (VAT G

Minimum of this
equation in each time
step is the unique
solution of Maxwell
differential equation

E. Pardo et al, J. Comput. Phys., 2017
M. Kapolka et al, Supercond. Sci. Technol., 2019

Karlsruher Institut fiir Technologie
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Comparison of levitation force at 54.7 K : 3D models
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Comparison of levitation force at 54.7 K : 3D models vs measurement
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Comparison of maximum levitation force vs temperature:
3D model vs measurement
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Comparison of levitation force at 54.7 K : 2D models

Levitation force (N)
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Comparison of levitation force at 54.7 K : 2D and 3D models

Levitation force (N)
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Current flow direction in 2D vs 3D model

/ZD model
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Top view of stack

Force calculation in different xz-planes along depth
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Levitation force distribution in xz-planes along depth 0P V' o7 stack
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Influence of 3D model depth on magnetic field value
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Comparison of 2D and long-depth 3D model

/ZD model
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Summary

O Electropolishing was applied to thin HTS tapes in a tape stack without

affecting the I, of the tapes
d The thinned tape stack exhibited a 14% increase in levitation force at 77 K

d Two 3D models showed very good agreement with experimental results for

the levitation force
J Two 2D models were consistent with each other, but not with the 3D models

 Low depth of the 3D models is the reason for discrepancy between
the 2D and 3D models
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