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Renaissance Fusion develops a simplitied HTS stellarator
with plasma-tacing liquid walls, and of low aspect ratio
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€Y 2 newapproach for stellarator magnets

Proposed coil manutacture
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() 4-step program ftor simplified stellarator magnets
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4. Robust high-tield
HTS magnets
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O Custom roll to roll laser system completed & commissioned
to deliver up to Tm wide engraved conductors

Enabling laser corrugation of HTS
wide tapes tor stellarator magnets

Laser
engraving
system

Web guiding within 0.1 mm

Main specs

Max web speed 230 mm/'s
Max web tension 3.2 kN
Web guiding accuracy 0.1 mm
Roll weight capacity 1600 kg
Laser system accuracy 50 um
é
Reversible rolling machine - Dual laser system for engraving and cutting
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-nsured engraving of HTS commercial tapes

«»

Engraving caused no apparent laser damage & consistent grooves widths of 60 K10 um

Measured Manufacturer

Ic [A/mm] Ic [A/mm]

Clean HTS
/5 um substrate
10um ceramic Sample A 50 + 3 60 + 9
Sum Silver (Sunam)
20um Copper
Engraved HTS Sample B
35-40 um depth (FUWEUI”O) 66 £ D 69 + 4
40 um wide J

N2 transport current tests

Optical measurements
OT engraving sizes
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€Y Multi-staged program to increasing field accuracy
and complexity to validate engraved magnets approach

Target magnetic field

E .
Concon: Gyrotron fielo MRI tield Stellarator field
P 1D grooves - machined 1D grooves - laser 2D grooves - laser
Field magnitude 0.02T 01T 01T
Godal Error <1072 Error <107° Closed flux surfaces
Material Aluminum single layer Copper multi-layer Copper multi-layer
Measurement Hall probe array NMR Electron beam
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-xperimental proot ot concept validation
of magnet grooving technology with gyrotron tield

Inverse problem solver for target magnetic tield
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Pereira Botelho et al., arXiv:2409.20143 (2024)
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€Y Uniformity of 40 ppm achieved in the volume of interest

One order of magnitude better than the required accuracy for stellarator tields

Nuclear magnetic
resonance probe

Manufacturing Liquid nitrogen (LN2) Bl field

error [ %]

by

0.025 |

0.020

0.015

Field homogeneity @ 8 cm VO 0.010
Model As Built Measuread

€ max 40 80-220 152 0.005
[ppm]
Vs 12.3 29 - 54 40.5 I |
[opm]

Pereira Botelho et al., arXiv:2409.20143 (2024)
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O Simplitying the design of stellarator magnets

Conformal surface Electric current solution Coil spatial optimization Magnet design
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Renaissance Fusion way
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() Trade-oft between current complexity and tield precision

Optimization of planar coils tor improved solution

Current distribution at Filamentary égprgbdugtion of Poincaré plot% W7 X
Coil Winding Surface (CWS) current distrioution Mmagnetic surtTaces

6
alo 4
5 | e/
/ ao03 4
Unwrapped 4 _, Z
cylinder ' -
———————— § 3 é QoD A
- N
2] -0.05 -
11
-0.10 4
0 i— -
0. 0.5 ! ' L i | ] L L ) )
| zeta A330 Aas375 a0 Q623 Aol aoe?s avoo a7as
R (m)
Max error : ~4.90%
Mean error . ~0.52% —— target

® simulation

7/23/2025

11



Corrugated copper ste

«»

and diagnostics demor

Target vacuum chamber pressure 10

Sweeping rod
for fluorescence

Hall
sensor
orobes

?

Laser patterned |
copper coils |
I

>/

Electron gun
manipulator
Magnetic field
Mmeasurements

r—— =\
|

Planar copper coils
sized to provide 01T
on the magnet axis

7/23/2025

IEEE-CSC, ESAS and CSS] SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 60, Sept. 2025. Presentation given

fe
St

O
O

[Or magnets pre
tion

-/ mbar in Liquid Nitrogen bath

E-beam camera
viewing port

e-gun

o
’¥

Sweeping rod
for fluorescence

mompulot

%‘i

at MT29, Boston, MA, USA, July 2025.

Iag

inary design

Viewing ports with mirrors

Fluorescent rod
(1.5mm)

Sweeping rod
mampulator
l

\\\> Pumpmg- ~ &

»““ | gstem
[~

t

12



IEEE-CSC, ESAS and CSS] SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 60, Sept. 2025. Presentation given at MT29, Boston, MA, USA, July 2025.

-nabling robust HTS magnets with increasing size & fielo

Coil layout Magnetic field map

Nlcola-20 Nlcola-100

I 1cm
Magnet overview 30 cm
I 1cm
Double Pancake Coll Helmholtz type Coll
Mechanical structure, layer jumps Liquid metal integration
Magnetic field (peak) ~1T >6T
Magnet & 20 cm 11 m
Nominal current 140 A 1.8 kA
Stored Energy 0.3 kJ 500 kJ
Temperature /7 K 20 K
Cryostat Pressure atm Vacuum
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S magnets operating at 20 K,
peak in the 10 cm wide LM channel

S conductor

Optimization of coil position
and thermal gradient
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nic system design, built and tested,
iNg 250W @20K using pressurized helium gas

120 W @20K on the HTS coils and current leads

N AN

Helium gas
cryogenic lines
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Cryofans

20K Cryocoolers

LN2 bath and
heat exanger

= Cryogenic system could reach 1/ Kunder load allowing tor a 10% field increase
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() Developed EM-thermo-mechanical models to optimize
manutacturing, and lead to a x/ reduction in charging time

Calibration of contact Thermo-mechanical modelling of contact Coupled EM-
resistance as a tunction oressure as during assembly of magnet thermal simulations
of radial pressure
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Developed EM-thermo-mechanical models to optimize
manutacturing, and lead to a x/ reduction in charging time
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D Developed parallel winding machine with tension control
and accurate guiding with laser measurements
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PP Magnet assembly in progress

Magnet /7K thermal screen Magnet former

cryostat (1.6 m)

Current
feedthroughs

Fitting of magnet former within
cryostat and thermal screens

pipe

SUpPpPOrts
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want to learn more?
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