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Levitated dipole fusion

Inverting the typical plasma / magnet MCF arrangement

*Proposed by the late Prof. Akira Hasegawa. Vacuum Chamber Top Magnet

Core Magnet

[ TRADITIONAL MAGNETIC CONFINEMENT ] \ [ LEVITATED DIPOLE ’

Primarily toroidal field + auxiliary Poloidal Only poloidal field

Plasmas inside the magnet Magnet is now inside the plasma
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OpenStar Technologies

. “Junior” Levitating Dipole

@ Top magnet
@ Vocuum chamber

@ Core (dipole) magnet

O Plosma

5.6 T using HTS magnets
1.4 kKA onboard flux pumps
500 kg levitated from above
5 m wide plasma

< 50 kW heating system
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Modular design

. “Junior” Levitating Dipole

RAPID RND

The dipole is uniquely modular, allowing for
simple design and construction.

This allows for rapid system iteration and
ease of upgrade pathway.

Maintenance is straightforward, all
components can be removed and replaced
with ease.

For power plants this will lead to excellent
plant availability.

From Ratu Mataira — SOFE 2025

- 3>



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

Iteration

Levitating dipole — allows a fast turn-around

 An easily removable dipole magnet simplifies test cycles
 Test-cycles every two weeks
* Iteration around every two months

Week 1| Week 2 Week 3 Week 4 Week 5§ Week @ Week 7 Week 8

Day 10 | Day 11

Magnet  Reworks/integrations/
Opening Updates

| QRENSTAR
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Cooling system
Gas He, down to 25 K

(=]

ngers

e 2 Ccryo-coolers

* 310 W total power @ 30 K
15 bar gas He,

« Modulated cooling power

« 20 h magnet full cooling

i ‘; e » s  Designed and built in house

Coil temperatures during cooldown

Magnet Heat Excha

temperature (K)
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Superconducting Power supplies
\ Technology development

Pro

14 Superconducting Magnet Charging

1.2
Flux Pump
_ 1440 A out .
1 Centre Bz (T) 100 W in
0.8
E
9 s
@ o ZZ
0.4 22 zZZ
-~ ..
1350 A out == zZZ Traditional Power
02 == == Supply - 13.5 kW in
= ~ =
- ~ Z =
= = zZz
- = zzZ
0 == zZZ
P Zz
0 20 40 60 80 100 120 Cra24 - ZZ

Time (hrs)

g A
2\& TECHNOLOGIES LTD
3 e



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

Electronics and batteries
. Evolution of Diagnostics and Drivers

/| o

720 Wh energy stored in
batteries

* Energize the magnet
 Rundiagnostics

« ~50temperature
sSensors

* ~]0hall sensors

¢ ~2VAcuum Sensors

« ~40voltage readings

« ~5currentsensors

NSTAR

Prototype

Electronics made in-house
to suit the system’s needs

Grey Matter

OPENSTAR
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Iteration

Delivering first plasma

G4 2023 Q3 224

5.2 m vacuum TRB introduced
chamber

de I IVG I'ed Our first 4 plasma attempts taught us a

lot. However attempt 5 was filled with
many unnecessary mistakes that could
have been aveided. Rigour was

Cur 43300 L high-vacuum introduced in the form of a technical
chamber was delivered review board (TRB). Although this
through the roof using New slowed our iteration pace to 1/3 of the
Zealand's largest mobile crane. previous speed, it sclved integration

issuas that wara baing faced.

> ndad having Q1 2024 Q2 2624 a4 224
o System Core magnet | Charged magnet with
: complete, independently| onboard power supply
commissioning charged to
Gz 2023 begins 34T peak field| the nvoduction of the TR cuminated in the
F| rst successful charging of the magnst by the flux
m ag n et pump in an integrated test.
coil wound
| 3 Q4 2024
ed funding First plasmas
Q2 2024
Zesland and AusiraksnyCs. MKl achiored Ocsober 2004 10N
| 6 iterations eicrowavs hesting power used.
late d
| |

SEED [$18M]

TECHNOLOGIES LTD
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Junior iteration path

| Better power, cryogenics, heating, diagnostics and magnets

Core magnet:

* MKII

 Improving float times

« Standardised interfaces with
subsystems

 Improved zero field region

« MKIII
« Quench management
 Stress monitoring
« Magnetic field homogeneity
* Increasing magnet field (16 T)

Top magnet MKII:
« Quench resistance
« Mechanical stability
« Magnetic alignment

Surface: Magnetic flux density norm (T) Max/Min Surface: Magnetic flux density norm (T)

T
0.14 .;_ =
i it s s i N \ =

0.2 0.25 0.3 0.35

OPENSTAR

TTTTTTTTTTTTTTT



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

Core Maghet: MKIII

« More advanced version of MKII; Advancing
plasma science by doubling B-field up to 16 T.

» Hybrid cooling demonstration with advanced quench
management

* Iterated optimisation of zero-field equipment space

* Critical spec.
« Magnetic field ontape: 16 T
Operating temperature 25K and 20 to 50 K
Hybrid cooling
Axisymmetric B-field 100 ppm
2 hr float time
Operating current 1.44 kA
Reduced coil pack resistance < 6 pQ

Slushy Tank

Slushy/ Gas
Heat Exchangers

Slushy Port

Gas Port

Magnet/ Gas
Heat Exchangers

OPENSTAR

TTTTTTTTTTTTTTT



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

Top Magnet: Iteration

| Active magnetic levitation

 Currently an insulated
magnet technology

» Key to maintaining
levitation under AC control
Key Specs:
 Operating temperature 30 to
soK e

Cryocooler at 180°

Cryocooler at 000°

* Operating current 700 A

« Reducing coil pack resistance
<1 pQ

HTS Current Terminals
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Fast iteration

. Modular technology, modular design, modular dipole

The key to rapid fusion
development:
* Five full integration cycles

« Four superconducting supply
generations

« Four generations of electronics
- Two generations of top magnet

« The modular dipole allows fast
iteration cycles

OPENSTAR
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Questions?
- Other relevant presentations

» Sat-Mo-0r2-03: Achieving full-field magnet performance: insights from
Openstar junior experimental campaigns 1 and 2.

« Wed-Af-P0.08-04. [Invited] Test facility for rapid and iterative
evaluation of magnet technologies at OpenStar Technologies Ltd.

« Wed-Af-P0.12-03: HTS Power Supplies for DC Fusion Magnets

« Sat-Mo-P0.05-01: From Modelling to Application: Exploring Quench
Tolerance in High-Field HTS I\/Iagnets

* Thu-Mo-P0.07-05: System modelling and optimisation of the Openstar

HTS dipole magnet with transformer rectifier flux pump using
I\/IATLAB/SlmscaDe

« Sat-Af-Mem1-01: [Invited] High Field HTS magnets and the legacy of
Huub Weijers: from the earliest days of the NHMFL to today

| QRENSTAR
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