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EcoSwing “… aims at demonstrating world’s first superconducting 
low-cost and lightweight wind drivetrain on a large-scale wind 
turbine”
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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
• Characterize the electrical circuit and 

interconnects
• Verify the thermal housekeeping



Introduction

Measurements at constant 
current:

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

• All curves have similar 
shape

→ Development of thermal 
model



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

𝐶𝐶
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝑃𝑃 𝑇𝑇 − 𝑘𝑘 𝑇𝑇 − 𝑇𝑇0

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

𝑃𝑃 𝑇𝑇 = 𝐼𝐼0𝑉𝑉 𝑇𝑇 = 𝐼𝐼0𝑉𝑉𝑐𝑐
𝐼𝐼0

𝐼𝐼𝑐𝑐 𝑇𝑇

𝑛𝑛

Leads to a non-linear temperature vs. time  
expression

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

=
1

1 − 𝜃𝜃 𝑛𝑛 − 𝛼𝛼𝛼𝛼



Shows two sharply separated 
families

• Adequate cooling
• Inadequate cooling

Upper limit that leads to a 
stable temperature

𝑃𝑃 𝑇𝑇0 ≤
𝑘𝑘Δ𝑇𝑇0
2.8𝑛𝑛

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

Analytical model

𝛼𝛼 =
𝑘𝑘ΔT0
P T0



Relatively good agreement with results of sub-scale test-coil

Comparison test-coil
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Sandwich a single HTS tape between two foam pieces & submerge in L N2

• Instrument with various voltage taps and temperature sensor(s)

HTS tape setup

→ Can we observe the same 
behaviour as was measured 
for the sub-scale test-coils?



Similar observed 
behavior

Two families, either:
• Stable
• Unstable

Small change in current 
have significant effects 
on the voltage 
development 

HTS tape setup



Comparison model, coil

→ single tapes can be used to validate the model! 



• Relatively good agreement between model and coil results

• Use single-tape setup to validate model further

• Future experiments
• Add ‘weak spot’
• Different insulating materials

Discussion/conclusion



Questions…?
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