Self-heating effect in HTS coils
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EcoSwing “... aims at demonstrating world’s first superconducting

low-cost and lightweight wind drivetrain on a large-scale wind
turbine”

40% lower weight

PM Superconductor
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Introduction

Sub-scale HTS test-coil

Mounted in a vacuum chamber with a 2-
stage cryocooler

In order to

 Validate the superconducting behavior
of the pole assembly

e Characterize the electrical circuit and
interconnects

 Verify the thermal housekeeping
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Measurements at constant
current:

« Small change in current has
significant effects on the
voltage development

o All curves have similar
shape

— Development of thermal
model




Analytical model

Model the coil as a single thermal mass
connected to a thermal bath

CaT—PT k(T —T
= = P() = k(T = Ty)

Combine with the non-linear self-heating term of
a superconductor

P(T) = 1,V(T) = LV, <IC(T))

Leads to a non-linear temperature vs. time
expression
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Analytical model
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Shows two sharply separated
families

« Adequate cooling

« Inadequate cooling

Upper limit that leads to a
stable temperature

kAT,
P(T,) <

Heat capacity does not play a
role whether a stable
temperature is reached, but
determines the time scale
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Comparison test-coil

Relatively good agreement with results of sub-scale test-coil
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HTS tape setup

Sandwich a single HTS tape between two foam pieces & submerge in L N,

 Instrument with various voltage taps and temperature sensor(s)

VO V1! V2 V3 V4 V5 V6
| |
70
| |
< Top holder ! ! Bottom holder —
Copper
Tape

Vxx - voltage taps
Insulated part Txx - temperature sensor

— Can we observe the same
behaviour as was measured
for the sub-scale test-coils?
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HTS tape setup
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Similar observed
behavior

Two families, either:
« Stable
« Unstable

Small change in current
have significant effects
on the voltage
development
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Comparison model, coil

THEVA single tape thermal testing - UNIVERSITY OF TWENTE
0,090 I w i 2,0m

—1=487A '
0.075 — [ =482 A
’ —— | =478 A |
— | =473 A 1.5m-— | ]
0,060 —— 1 =4T1A | 55K, 584A | 60K 490A 70K, 3324
% | = 469 A S 65K, 419A 65K, 414A
= } ------ | =467 A S / / /
S MM T T e |=462A | §10m va
= ; =
0,030 1 / = . / / 77K, 207A |
- / / / / / 500,0p / e
0,015 / / /___‘___/ V / //
T S i ety e 77K 205AT——— 70K, 331A
0,000 i ammmmnnp ozl it iet T il e e 0o : | . | |
0 50 100 150 200 250 300 350 400 450 500 ! o0 600 00 1200 1500
ts) Time (s)

A Horizon 2020 . .
European unien funsing — —> SiNgle tapes can be used to validate the model!

for Research & Innovation



Discussion/conclusion %y €eCOSwWINng

- Relatively good agreement between model and coil results

« Use single-tape setup to validate model further

« Future experiments
« Add ‘weak spot’

- Different insulating materials
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Questions...?
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