AT

Karlsruhe Institute of Technology

ITEP - Institute for Technical Physics

Results of Research and Development
2023 Annual Report

KIT — The Research University in the Helmholtz Association WWW. kit.edu




IMPRINT

Karlsruhe Institute of Technology (KIT)
Institute for Technical Physics
Hermann-von-Helmholtz-Platz 1
76344 Eggenstein-Leopoldshafen
Germany

Phone +49 721/608-23501

www.itep.kit.edu

TEXTS:

Tabea Arndt, Giovanni De Carne,

Christian Day, Stefan Fink, Thomas Giegerich,
Francesco Grilli, Jens Hanisch, Bernhard
Holzapfel, Frank Hornung, Andrej Kudymow,
Ralph Lietzow, Mathias Noe, Quoc Pham,
Stylianos Varoutis, Klaus Weiss, Michael Wolf

EDITORIAL OFFICE:
Ingeborg Meyer

PHOTOS AND CHARTS:
Karlsruhe Institute of Technology (KIT)

COVER PHOTO:

Direct access ‘Preparation of an HTSL strip
conductor coating on highly textured
IBAD metal strip substrates as part of

the KIT-CERN collaboration KC*

LAYOUT:
modus: medien+kommunikation gmbh

www.modus-media.de

July 2024

\
UKBW / \ Zertifikat seit 2010
4 audit familiengerechte
g

. N o hochschule

BG-zertifiziert nach NLF / ILO-OSH 2001



Contents

4-5 FOREWORD

6-31 RESULTS FROM THE RESEARCH AREAS

6 Superconducting- and Cryo-materials
12 Superconducting Power Applications
18 Superconducting Magnet Technology

26 Technologies for the Fusion Fuel Cycle
32 AWARDS AND PRIZES
33 COMPLETED PHD THESES
34-36 TEACHING AND EDUCATION
37-40 FIGURES, DATA, FACTS
41-60 PUBLICATIONS
41 Fusion
44 Materials and Technologies
for the Energy Transition (MTET)
47 Energy System Design (ESD)

48 Invited Papers
49 Patents Held

51 CONTACT




The Institute of Technical Physics (ITEP)

sees itself as a national and internatio-

nal competence centre for fusion, su-

perconductivity and cryotechnology

with the research fields:

m Superconducting and cryogenic
materials

m Energy applications of
superconductivity

m Superconducting magnet technology
and

m Technologies of the fusion fuel cycle

The work of the ITEP is anchored in the
long term in the programmes “Fusion”,
“Materials and Technologies for the Energy
Transition”, “Energy System Design” and
“Matter and Universe” of the Karlsruhe
Institute of Technology (KIT) and the
Helmholtz Association of German Research
Centres.

Very large and unique experimental facili-
ties, laboratories and the corresponding
technical infrastructure are available to
work on the complex and mostly multidis-
ciplinary tasks, which are constantly
adapted to the changing requirements and
questions.

These include, for example,

m a laboratory for the development of
superconducting components for energy
technology,

m a technical centre for the development
of superconducting materials,

m the magnet laboratory for the
development of specific superconducting
windings and magnets,

m the cryogenic high-voltage laboratory for
investigating the high-voltage strength
of cryogenic insulating materials and the

m cryogenic material laboratories for inves-
tigating electrical and mechanical prop-
erties at very low temperatures.

2023, W1 TT Prof. Dr. Giovanni de Carne
was appointed to a W3 professorship for
real-time systems in energy technology at
KIT. This will ensure the long-term integra-
tion of our work in this field and recognize
the scientific quality of Prof. de Carne. We
congratulate Prof. Dr. Giovanni de Carne
on this appointment and look forward to
continuing our collegial collaboration.

2023, our institute also achieved very
pleasing scientific results, a large number
of successful development projects and
some special challenges and events, which
we will briefly discuss below.

The investigation of new superconductors
is an important research focus in the re-
search field of superconductor and
cryogenic materials. In 2023, a compre-
hensive study on the chemical composition
of BaHfO, nanoparticles in various mixed
REBa,Cu,0, phases was completed. Here it
was shown that mixing the rare earth (RE)
provides an additional increase in pinning
force as well as an improvement in irradia-
tion resistance. As part of a long-term
cooperation with CERN, the pilot produc
tion of high-temperature superconductor
tapes based on Bruker technology was set
up at KIT and successfully put into opera-
tion for the first time in 2023. The further

aim is to improve the material parameters
and produce special Coated Conductor
architectures. The joint project AdHyBau
(additive hybrid construction methods) was
successfully completed in 2023. At ITEP,
the material parameters of 4K-400K were
essentially determined and, in combination
with microstructure investigations, the
manufacturing parameters were under-
stood (grain size, defects, prorosity). The
data is available in a database that can be
read directly into design software.

In the research field of energy technol-
ogy applications, a bridge rectifier was
realized for the first time using the dy-
namic resistance of superconductors. The
next step is to further increase the voltage
of the circuit and to develop superconduct-
ing converters for high-current applications
in the future. Work at the ITEP on two joint
projects to develop a superconducting in-
dustrial busbar with a current of 200,000
amperes and a superconducting magnetic
heater was successfully continued in 2023
so that the final commissioning can be car-
ried out by the industrial partners. In the
simulation of high-temperature supercon-
ductors, the current path of the frequently
used helical arrangement was better un-
derstood. This serves to calculate the alter-
nating current losses more accurately. A
Horizon Europe project “Research Facility
2.0" worth € 5 million was successfully
applied for in the research topic “Real-time
system integration”, which will start in
2024. In collaboration with five of the larg-
est accelerators in Europe (ALBA, CERN,
DESY, HZB, MAX IV), energy efficiency



topics from the component to the system
level will be investigated for both physics
and energy technology and concrete solu-
tions proposed that will be experimentally
validated in demonstration facilities at the
accelerator facilities.

An important task in the research field of
superconducting magnet technology is
the development of high-temperature su-
perconducting magnets. The institute op-
erates a laboratory for the robotic winding
of non-planar high-temperature supercon-
ducting magnets. A new and improved
winding hand was realized for this robotic
winding in 2023, with which further wind-
ings will be produced in the coming year.
An initial conceptual design was created
for a hybrid energy pipeline for electricity
and liquid hydrogen, which will form the
basis for further technical and economic
evaluation. A rotating machine was de-
signed for the “disk-up-down assembly”
(DUDA) of high-temperature superconduc-
tors patented at KIT and further improved
tape stacks were produced. Furthermore, it
was shown how the alternating current
losses in this arrangement can be signifi-
cantly reduced.

Prof. Dr. Tabea Arndt was awarded the
IEEE prize for continuous and significant
contributions to applied superconductivity.
This is in recognition of her many years of
outstanding technical and scientific
achievements.

In the research field of fusion fuel cycle
technologies, we are developing funda-
mentally new vacuum technologies and
processes for tritium extraction and recov-
ery. The simulator developed at ITEP for
the fuel cycle of a fusion power plant was
used to simulate plasma start-up ramps
and show, among other things, that helium
peaks at the inlet lead to tritium peaks at
the outlet. In October, the cryopumps
developed at ITEP and manufactured by an
industrial partner for the Japanese fusion
experiment JT60-SA were delivered. The
vacuum systems for the divertor test
tokamak in Italy were modeled and some
design changes were made based on the
results. Furthermore, the best configura-
tion was found for the metal foil pumps
for DEMO. The "Direct Internal Recycling”
method developed at the Institute for the
DEMO fuel cycle is now also being set up
on a large scale. To this end, the plans for
the “Direct Internal Recycling Development
Platform Karlsruhe” (DIPAK) have been
revised and initial construction planning
has begun. This plant replicates two of the
three cycles of the fuel cycle and includes
all new technologies such as pellet injec-
tion, metal foil pumps, mercury pumps and
temperature swing absorption for isotope
separation.

In 2023, 30 doctoral theses, 18 master’s
theses and 10 bachelor’s theses were su-
pervised by the ITEP.

The results mentioned and summarized in
the report would not have been possible
without the dedication and commitment of
our employees and without the diverse
and fruitful collaborations with our cooper-
ation partners from universities, research
institutions and industry. Our very special
thanks for this. We look forward to con-
tinuing our collaboration in 2024 and wish
you all the best.

Sincerely, Your Directors of the Institute

iy

Mathias Noe

ernhard Holzapfel

Ooten Al

Tabea Arndt



Results from the
Research Areas

The ITEP-KC* team in the newly commissioned
newly laboratory area for the synthesis of HTS
ribbon conductor structures of medium length



Superconducting-
and Cryo-materials

Coordination: Prof. Dr. Bernhard Holzapfel

The understanding of superconducting materials and the characterization of material properties at
cryogenic cryogenic temperatures as well as the realization of conductor structures form the basis of
any superconducting power or magnetic applications. In the research field of superconducting and
cryogenic materials ITEP is currently working on the following research topics:

m Superconducting Materials
m Conductor Concepts and Technologies
m Materials for Cryogenic Applications

SUPERCONDUCTING MATERIALS
HIGH TEMPERATURE
SUPERCONDUCTORS

In the field of high-temperature supercon-
ductors, we have continued our investiga-
tions into the precise determination of
oxygen in thin films using X-ray diffraction
(XRD) and TOF-SIMS, published studies

on the mixture of rare earth RE in
REBa,Cu,0 -BaHfO, nanocomposites

and deposited films on various tape
samples using pulsed laser deposition

and chemical solution deposition, and
optimized their oxygen loading.

The combination of several rare earth ele-
ments (REs) on the RE lattice site in REBCO
layers can have a positive effect on their su-
perconducting properties. The main diffi-
culty in producing such layers is optimizing
the production parameters, as these differ
for each rare earth element. In addition,
nanoparticles are often incorporated as pin-
ning centers, for example BaHfO, (BHO), to
increase the current carrying capacity. Ide-
ally, these nanoparticles should not react
chemically with the surrounding REBCO
layer. In reality, however, diffusion processes
take place between BHO and REBCO, which
was investigated in detail for the first time
in a publication this year [1]. At ITEP, REBCO
layers with different REs were produced by
means of chemical solution deposition and
then examined at the Laboratory for Elec-
tron Microscopy (LEM).

Figure 1a shows a scanning transmission
electron microscopy (STEM) cross-sectional

image of a (Gd,Dy,Y,Ho,Er) BCO layer with
embedded BHO nanoparticles.The particles
appear with lower image brightness and
roundish shape. Dark horizontal lines are
stacking faults, which are mainly generated
by the BHO particles and may also act as
pinning centers. The different colored ele-
ment distribution maps (Figure 1b), which
were created by electron energy loss spec-
troscopy (EELS) analysis, show that the rare
earth elements (bottom row) are incorpo-
rated into the BHO particles (see Hf map)
in different concentrations. This effect can
lead to a lack of RE2s in the formation of
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Fig. 1: (a) STEM dark-field image of a cross-sectio-
nal sample of a REBCO layer with mixed REs.

The BHO particles and stacking faults are visible
with lower image intensity.(b) The STEM-EELS
elemental distribution maps show the incorpora-
tion of REs into the BHO particles as a function
of RE ion radii.

the REBCO crystal structure or to a change
in the lattice constant and thus the effec
tive volume of the BHO particles. A trend
in signal intensity with decreasing ionic ra-
dius from Gd to Er in BHO shows that REs
with smaller ionic radius are more strongly
incorporated into the BHO particles. The
knowledge gained will be used to improve
the fabrication of REBCO-BHO nanocom-
posite films in order to produce higher per-
formance superconducting films.

As recently shown for GdBa,Cu,0,
(GdBCO) films deposited on MgO single
crystals by pulsed laser deposition (PLD),
the critical current density Jc can be in-
creased and even tailored at low tempera-
tures and high fields by ex-situ oxygen
loading [2]. Therefore, to further improve
the properties of REBCO tape conductors,
oxygen loading was also investigated on
GdBCO thin films deposited on metallic
tapes by PLD. Similar to single crystals, the
optimum growth conditions were deter-
mined as T, =800 °C, f=10Hzand p, =
0.4 mbar. Three oxygen annealing pro-
cesses were then investigated: (1) in situ:
cooling in 0.4 mbar O, to 450 °C, 30 min
in 0.4 bar O,, (2) ex situ long: cooling in
0.4 mbar O, to room temperature, transfer
to a tube furnace, heating in 1 bar Ar to
800 °C, then cooling to 450 °C, annealing
at 1 bar and 2000 ml/min oxygen,(3) ex
situ short: as ex situ long, without heating
to 800 °C. Differences in the transport
properties of the differently annealed lay-
ers are illustrated in Figure 2 for T=77 K,
in which the anisotropies of the critical cur-
rent density with respect to the magnetic
field direction (angle 6 relative to the
c-axis) are shown. While the long ex-situ
oxygen-loaded sample generally shows
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Fig. 2: Anisotropy of the critical current density for GABCO layers on metallic tapes as a function of

the oxygen loading route.

smaller J_values, the short ex-situ loaded
sample shows in particular an improve-
ment for Bllab, i.e. magnetic fields parallel
to the tape surface.

This can be explained by the relaxation of
defects at elevated temperatures and/or
longer times or by the formation of stack-
ing faults at low temperatures. However,
more detailed microscopic investigations
are still pending. As LaMnO, instead of
CeO, appears to be become the standard
as the final buffer layer in coated conduc-
tor production, ErBCO and YBCO layers on
LaMnO,-buffered tapes were successfully
optimized in terms of critical temperature
and current density by chemical solution
deposition using Definite Screening Design
(DSD) as part of a master’s thesis. Further-
more, Data Diver, a program for merging
and analyzing large measurement data
sets, was also developed as part of a mas-
ter’s thesis. DataDiver can now be used to
investigate correlations that were previ-
ously difficult to access. Automated identi-
fication, allocation and analysis of mea-
surement data together with the integra-
tion of meteorological and material science
databases have already provided new in-
sights into our measurement data sets,
which have been collected over many
years. For example, the mean critical cur-
rent density of CSD-grown layers appears
to depend periodically on the time of year

(Figure 3), which could be explained by
variations in air humidity.

FE-BASED SUPERCONDUCTORS

In the field of Fe-based superconductors, we
continued to work on the production of
Fe(Se,Te) thin films using pulsed laser deposi-
tion as part of a DFG project, with a particu-
lar focus on improvements in equipment for
more accurate and reproducible substrate
temperature measurement. Collaborations
with the Institute of Physics, Chinese Acad-
emy of Science, and Nihon University, Japan,
were continued with transport measure-

ments on single-crystal and thin-film sam-
ples from the partners. For a collaboration
with the University of Rome Ill, Co-doped
BaFe,As, layers were deposited on various
single-crystal and tape substrates as part of
a master’s thesis and the deposition parame-
ters were optimized with the long-term goal
of enabling cost-effective Fe-based tape su-
perconductors. The current state of the art
in the deposition of Fe-based superconduc-
tor thin films was presented and published
in a review article [3].

STACKED TAPE MAGNETS

Within an AiF/ZIM-funded project “Novel
superconducting magnetic bearings with
YBCO tape stacks” with the company
evico GmbH, Dresden, we have developed
novel, improved superconductor perma-
nent magnets based on tape conductor
stacks. Especially at high temperatures
around 77 K, the levitation forces could be
doubled. In this project, which was suc-
cessfully completed in summer 2023, the
ITEP’s tasks included extensive literature
and patent research as well as the valida-
tion and evaluation of experimental force
measurement results using finite element
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Fig. 3: Variation of the mean critical current density of REBCO coatings with the month of CSD sample

production.



simulations and the thinning of the com-
mercial coated conductors. An electrolyte
consisting of phosphoric, sulphuric and cit-
ric acid in a mixing ratio of 5.5:3.5:1 was
used to thin the tapes. The thinning proce-
dure was carried out at room temperature
with a working current density of 50 A/
dmz2. This resulted in a material removal
rate of 2 ym/min. The top side of the tape
was protected with a self-adhesive Kapton
film so that no etching took place here. To
measure the levitation force of the tape
stacks at the project partner evico, 240
tape pieces with a length of 24 mm and 40
tape pieces with a length of 70 mm were
thinned by 10 um (Figure 4).

[1] L. Grinewald et al. (2023) Analytical
electron microscopy study of the composi-
tion of BaHfO, nanoparticles in REBCO
films: the influence of rare-earth ionic radii
and REBCO composition, Mater. Adv.,
https://doi.org/10.1039/D3MA00447C.

[2] R. Popov et al., Oxygen Annealing of
GdBa,Cu,0,-6 Superconducting Thin Fllms:
Influence of Annealing Time, IEEE-TAS
(2024), accepted.

[3] K. lida et al., Recent progress on epitax-
ial growth of Fe-based superconducting
thin films, Supercond. Sci. Technol. 36,
063001 (2023) https://doi.
0rg/10.1088/1361-6668/accch2

Contact: jens.haenisch@kit.edu

STRUCTURAL AND FUNCTIONAL
MATERIALS FOR CRYOGENIC
APPLICATIONS

"HIGH STRENGTH MATERIALS"” PROJECT
In order to realize compact superconduct-
ing high-field magnets for fusion, it is nec-
essary to find high-strength and at the
same time cost-effective structural materi-
als and to qualify them for cryogenic use.
The austenitic stainless steel Nitronic 50
(XM-19) in forged condition was selected
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Fig. 4: Electropolished THEVA coated conductors

as a potential material for a required com-
ponent in a project involving the stainless
steel plant KIND (Germany) and the fusion
organization CFS (USA). The properties
were investigated both at room tempera-
ture and at cryogenic temperatures. To
evaluate the mechanical and microstruc-
tural parameters, samples were selected
from different parts of a forged block, tak-
ing into account the criterion of the opti-
mum combination of yield strength and
fracture toughness (>1230 MPa and >160
MPavm respectively) required in Figure 5.

The results of the samples showed a signif-
icant spread of values. To clarify this, a mi-
crostructural examination was carried out
in three directions as a first step. All sam-
ples showed rod-shaped Nb-Cr-rich
phases, which were, however, distributed
differently. In the samples within the me-
chanical specification, the alignment of this
second phase in the defined X and Y direc-
tions is remarkable, in addition to a signifi-
cant formation of twins in all directions.
This alignment leads to specific phase-free
sections in all directions (Figure 6). The
rod-shaped phases in the microstructure
can be seen as white spots. Samples out-
side the specification show little or no evi-
dence of these characteristics. The extent
to which these phases influence and scat-
ter the mechanical properties is subject of
current investigations.

HTS CHARACTERIZATION PROJECT
High-temperature superconductors (HTS)
are used in various high-current conduc-
tors, for example for large high-field mag-
nets or so-called cable-in-conduit-conduc-
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Fig. 5: Fracture toughness and tensile strength of different sample positions (numbers). The green
area corresponds to the required specification (>1230 MPa or >160 MPavm).



Fig. 6: Microstructure of the Nitronic50 sample

within the mechanical specification in different
directions x, y, and z (see viewing direction of
the surfaces in the schematic drawing). The mea-
surement bar corresponds to 100 pm.

10

tors (CICCs). CICCs are often made up of
several HTS strands, which in turn consist
of individual HTS tapes that are pressed to-
gether under mechanical pressure by the
compaction of the cable. Even in small HTS
coils, HTS wires are often wound on top of
each other, forming a stacked structure in
the direction perpendicular to the HTS tape
plane. To simulate a quench in such a
cable, for example, the knowledge of the
thermal and electrical resistance of tape
stacks in both directions - radial and axial -
is required (Figure 7). Such measurements
in the radial direction are possible with the
newly developed extension of the so-called
standard thermal transport option within
the physical property measurement system
(Quantum Design). The device (Figure 8)
enables the measurement of thermal and
electrical resistances across the stack of
HTS tapes in a wide temperature range
from 4 to 300 K, which are pressed to-
gether under controlled pressure. The re-

Warmesenke
Rin kontakte -
3 )
Rt tape = T Messung
Warmezufuhr
| =
.
=1 UMessun
Rottape °
-
|+

Fig. 7: Measurement configuration perpendicular
to the HTS tape plane for electrical and thermal
characterization.

sults at different contact pressure values
can be used to simulate quench propaga-
tion in CICC or HTS coils.

Contact: klaus.weiss@kit.edu

Fig. 8: Realization of the thermal and electrical measurement with a configuration suitable for the

PPMS platform from Quantum Design.




Highlight
Successful commissioning of pilot
production of HTS coated conductors

As part of the KC* collaboration project (KIT-CERN Collaboration on Coated Conductor),
HTS pilot production was successfully put into operation at ITEP in 2023 and corresponding
research work was started.

As part of the KC* project, HTS coated
conductor coating systems, which have
been developed with great success by an
industrial superconductor manufacturer in
recent years, have been transferred to the
KIT. This will make it possible in future to
develop complete HTS coated conductor
architectures for special application sce-
narios at ITEP and produce them in con-
ductor lengths of up to several hundred
meters so that new coil concepts, for ex-
ample, can be tested. From 2024, this ex-
pansion will make it possible for the first
time at a research institute in Europe to
directly combine current short sample ma-
terial developments with the HTS tape
length requirements of application dem-
onstrators. As part of KC#, special HTS
tape architectures that are not available
industrially will be developed in the com-
ing years for the development of HTS-
based accelerator magnets and their spe-
cial requirements profile.

KC* will also produce wide HTS coated
conductors that are currently not pro-
duced industrially and can be used for the
development of new coil topologies. KC*
is based on the established combination
of ion beam textured metal substrates
and their coating using pulsed laser depo-
sition (PLD) and vapor deposition pro-
cesses for HTS coated conductor synthe-
sis. KC#is an industry-independent proj-
ect, so that in the medium term it will also
be possible to provide interested research
institutions and companies with an openly
accessible development platform for spe-
cial HTS coated conductor developments.
The HTS coating process of a coated con-
ductor consists of several individual steps
in which, in addition to the actual HTS
layer, other buffer and metallic cover lay-
ers are applied to a heavily textured metal
tape substrate of low thickness (<80 pym)
(Figure 9). All relevant coating steps for
tape lengths of up to 30 m were success-

1B0um

Fig. 9: The process steps required for HTS coated conductor synthesis and their implementation

status within the KC* project. After a cleaning step, a textured buffer layer (ABAD) is deposited before

diffusion barrier layers (buffers), the actual superconductor layer (SC) and finally Ag and
Cu layers are deposited. Within KC*, commercially available textured tape substrates are currently

used as the coating base.

fully put into operation and qualified last
year. A special feature of the coating pro-
cess used in KC* is that the tape length to
be coated is wound onto a cylinder and
coated in rotation in an almost always
closed oven chamber using PLD.

Figure 10 shows an example of the critical
current-carrying capacity of the KC* con-

ductors based on measurements obtained
as part of process parameter optimization.

Since March 2023, HTS coated conductors
have now been routinely synthesized and
characterized for further research work as
part of the KC* work. One current focus
of the research work is to understand the
electromechanical properties of the
coated conductors and their relationship
with the underlying coating processes.
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Fig. 10: Exemplary Jc measurements at 10 K and
magnetic fields up to 14 T, which were obtained
in the course of synthesis optimization (here va-
riation of the coating temperature).
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Superconducting
Power Applications

Coordination: Prof. Dr.-Ing. Mathias Noe

In the research field Superconducting Power Applications,
ITEP scientists work on the following topics:

m Superconducting network and
energy components

®m Modeling of superconductors
and components

m Real-time system integration

The focus in the topic of Superconducting
Grid and Energy Components is on the
development of novel operating materials
for electric power systems and the devel-
opment of resource- and energy-efficient
applications for energy technology. To this
end, researchers achieved the following
results in 2023.

SUPERCONDUCTING NETWORK
AND ENERGY COMPONENTS

RESISTIVE SUPERCONDUCTING FAULT
CURRENT LIMITERS

High-temperature superconducting current
limiters (HTSL SSB) have already been used
successfully in the medium-voltage grid in
Germany. In collaboration with the TH Co-
logne, ITEP was asked by TenneT to investi-
gate the technical and economic feasibility
of a resistive HTSL SSB for 380 kV, 5 kA.

The feasibility study was completed in
2023 and is available at the link

10355
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Fig. 1: Main dimensions and sketch of a
phase of a superconducting 380 kV
current limiter

https://www.ksp.kit.edu/site/
books/m/10.5445/KSP/1000161057/. In
summary, it can be said that a 380 kV, 5
kA resistive superconducting current limiter
is technically feasible and that a special re-
search and development program is initially
recommended for the further development
of the critical key components. Overall, it
appears possible to develop such a limiter
within the next five years.

Contact: mathias.noe@kit.edu

HTS SWITCHING

One promising application for REBCO tape
conductors is superconducting switching.
We utilize the dynamic resistance of the
superconductor, which occurs when the
superconductor is in an alternating mag-
netic field. A superconducting bridge cir-
cuit has now been demonstrated for the
first time as part of a doctoral thesis. By
selectively controlling the switches S1-S4

o
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Fig. 2: Top: Basic structure of the bridge circuit
with two parallel, superconducting paths. Bot-
tom: Current flow in the individual current bran-
ches of the bridge circuit

(see Figure 2), a converter can be con-
structed in a similar way to semiconduc-
tors. The main aim of further work is to in-
crease the voltages and thus reduce the
time required for current commutation.

Contact: quoc.pham.kit.edu

CRYOGENIC HIGH VOLTAGE

The Combutt test stand (Cryogenic One
Meter Build-Up for Tube Testing) enables
high-voltage testing of three-phase short
samples of insulating arrangements for the
medium-voltage range, which are cooled
with liquid nitrogen. The concept was ini-
tially designed with regard to withstand
voltage tests with single-phase AC voltage,
three-phase current (Fig. 3) and standard
lightning impulse voltage with the highest
voltage of equipment (Um) at 12 kV.

Fig. 3: Three-phase current test with the Combutt

system with a voltage of 86.6 kV (effective,
phase against phase).

After successful tests with PE disks, the
system was improved so that it can also be
tested with test voltages for equipment
with Um = 24 kV. A rigid pipe was initially
used as the earthed outer conductor,
which corresponds to the structure of a
liquid-insulated cable. In this setup, either
four PE disk insulators or four discrete
printed PLA support insulators were tested
(Fig. 4).

13



Fig. 4: PE disk insulator (left) and printed PLA
support insulator (right)

Fig. 5: Individual segments of printed continuous
cable insulators made of PLA (left) and PA (right).

As part of the HighAmp project, an
earthed outer conductor based on a
corrugated tube has been used and two
different continuous insulation structures
have been tested to date.

contact: stefan.fink2@kit.edu

BMWK PROJECT DEMO200

The DEMO200 joint project is developing
the technology for a superconducting
high-current system for a direct current
of 200 kA. In 2023, a pressure-tight
feedtrough and two 20 kA current leads
for separating the conductor path from
the terminations were completed and
extensively tested with the project partners
Vision Electric Superconductors and
Messer (see Fig. 6). This combined test
carried out at the ITEP was used to check
the functionality of the individual compo-
nents and to verify the temperature layer
formation in the supercooled nitrogen.
This concludes the work on this project
at ITEP and the technology demonstrator
is currently being set up in an aluminum
plant for a final test.

Contact: andrej.kudymow®@kit.edu

14

Fig. 6: Construction of the pressure-tight bushing
including two 20 kA current feeds

BMWK PROJECT ROWAMAG
Superconducting magnetic heaters enable
to save more than 30 percentage points of
energy when heating metals for industry
compared to previous methods and have
already been built and operated in individ-
ual units. However, not all operational
requirements have yet been met. The main
objective of the ITEP in the BMWK joint
project ROWAMAG (Robust and low-main-
tenance magnetic heater with HTS coils for
hot forming processes) to build and test a
robust and low-maintenance magnetic
heater with superconductors is therefore
to develop a long-lasting cryosystem in-
cluding the cryostat and the refrigeration
systems.

Together with partners THEVA, Biltmann
and Beck Maschinenfabrik, the supercon-
ducting magnetic heater was successfully
assembled and tested in 2023. In the final
step, tests will be continued and the mag-
netic heater will be extensively tested in a
trial operation at BUltmann.

Contact: ralph.lietzow@kit.edu

SIMULATION OF SUPERCON-
DUCTORS AND COMPONENTS
An integral method was developed and
used to calculate AC losses in supercon-
ducting tapes in an air-filled electrical ma-
chine in a two-stage process: The mag-
netic field is calculated in a finite element
method model without superconducting

Fig. 7: Superconducting magnet of the magnetic
heater in current test at KIT with iron yoke

tapes and exported to the integral method
model consisting only of the tapes. The ad-
vantage of this approach is that the mag-
netic field maps can be calculated using
different finite element methods (FEM).
The calculation of the AC loss is performed
with programs written in widely used lan-
guages such as Matlab and Python codes
(Fig. 8). The code provided the same results
obtained with a full machine model in
Comsol Multiphysics (based on the T-A for-
mulation), but in a fraction of the time. In
addition, the Matlab/Python codes are
now publicly available on the hts.model-
ling.com website.

A numerical model combining an H-formu-
lation FEM model with an electrical circuit
was developed to investigate the overall
performance of self-regulating HTS flux
pumps that enable DC injection into a
closed-loop superconducting coil without
electrical contact. The results indicate that
the proposed model can capture all critical
characteristics of a self-regulating HTS flux
pump, including superconducting properties
and the influence of secondary resistance.

Three-dimensional numerical simulations
based on the minimum electro-magnetic
entropy production (MEMEP) method were
used to predict the levitation force be-
tween a permanent magnet and a double
stack of HTS tapes. The force was calcu-
lated at different temperatures from 57 to
77 K, both at zero field cooling and field
cooling. It was found that the results were
in good agreement (maximum error 9 %)
matched the experimental values. In con-
trast to other approaches presented in the
literature, the model uses the anisotropic
field dependence of HTS tapes on the
magnetic field as an input rather than a
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Fig. 8: Principle of using the integral method to
calculate the alternating current losses of super-
conducting tapes in a machine

back-fitting parameter to match the experi-
mental levitation force data.

Three-dimensional simulations based on
the H-formulation were used to study the
current distribution in a conductor-on-
round-tube (CORT) cable carrying alternat-
ing current. It was found that even in the
simple scenario of a cable consisting of
only one layer of three HTS tapes, the cur-
rent follows a non-trivial path that can be
described as a spiral within a spiral and
that was visually revealed by the simula-
tions (Fig. 9).

In principle, this has important implications
for the total current carrying capacity and
AC losses of the lines. It also means that
conventional simplifying assumptions used
in simulations, such as neglecting or artifi-
cially extending the HTS thickness, are likely
to lead to an incorrect estimate of AC
losses.

Contact: francesco.grilli@kit.edu

Fig. 9: Top: 3D model of a CORT cable (one layer,
3 ribbons, one ribbon highlighted in green). Bot-
tom: Current density components at the peak of
the transport current.

REAL-TIME SYSTEM
INTEGRATION

FAST REAL TIME MODELS FOR ENERGY
SYSTEMS

The Real Time Systems for Energy Integra-
tion (RTSET) group works extensively on
devices modelling approaches for digital
real time simulators, focusing on making

these models lighter under the required
computational power. Within the Helm-
holtz Young Investigator group “Hybrid
Networks”, we have proposed a novel
3-phase dynamic load model for real time
simulators, that achieves the same accu-
racy performance of well-known and lon-
ger-validated Simulink models, but it re-
quires 30% less computational time to be
computed. This model is based on the in-
stantaneous-power theory and it does not
rely on rotating synchronous frame to con-
trol active and reactive power injection,
and thus it avoids trigonometric calculation
and use of large memory arrays. The
model, presented in a recent journal publi-
cation, has been validated in two large dis-
tribution networks (SimBench network and
I[EEE 118-bus distribution system), showing
improved computational performance.

REAL TIME LOAD SENSITIVITY
IDENTIFICATION

Demand response plays an important role
in achieving flexible power controllability in
energy networks. In the RTSET group we
focus on voltage- and frequency-led load
control, that exploits the voltage and fre-
guency dependency of the active and reac-
tive power consumption of loads and gen-

0.012 — - - - —— . : :
Simulink static load
c 001+ [ simulink dynamic load |
% [ p-q theory-based load
2 0.008 r i
]
i~ | _
E 0.006
T 0.004} ]
o
o
o p.002+ i
u 1 L 'l L | | 'l
24 26 28 30 32 34 3 38 40 42
Computational time (us)

Fig. 10: Computational time for computing the IEEE 118-bus test feeder grid with the proposed and

existing approaches.
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Fig. 11: Example of the load sensitivity approach
proposed at Energy Lab 2.0.

erators. Our activities involve as first step
the identification of these sensitivities. We
have developed and submit as patent ap-
plication a novel load sensitivity method,
that fully independent from the grid condi-
tions is able to estimate the load sensitivity
during disturbance with little to no error.
This approach has been validated in the
KIT experimental facility “Energy Smart
Home Lab” with commercially available
loads and in realistic household conditions.
The results show that the load power con-
sumption is still largely dependent on the
voltage, while it shows independency from
the frequency value. On the distributed
generators side, we have proven as com-
mercial devices are typically slower than
what the norms prescribe, slowing the ser-
vice provision dynamics. Current studies

are focusing on the load frequency depen-
dency on large frequency variations (e.g.,
44-56Hz range).

POWER HARDWARE IN THE LOOP
STABILITY AND ACCURACY
Experimental testing of novel energy tech-
nology is a vital step before their introduc-
tion in the market. However, field testing
requires time, manpower and money in
order to allow extensive validation of the
technology performance. Power Hardware
In the Loop (PHIL) allows laboratory testing
in realistic grid conditions, connecting a
digital real time simulated network with
the real technology hardware by means of
power amplifiers. A lot of open questions
remain unanswered regarding the stability
and testing accuracy of PHIL testing. In the
RTSET group, we are working on advanced
mathematical approaches based on the
well-known “impedance-based stability
theory” for a more accurate estimation of
PHIL stability and accuracy. Recent experi-
mental testing and publications showed
that our approach accurately predict the
stability of PHIL within little error margin.

HYBRID ENERGY STORAGE SYSTEMS
Energy storage systems play an important
role in supporting the grid stability and
guarantee supply reliability. However, it is
not realistic to rely on batteries for both
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bulk power support and fast dynamic ser-
vices. Different energy storage technolo-
gies shall be integrated in the energy net-
work and shall work cooperatively. At this
regard, the RTSET group focuses on hybrid
energy storage systems (HESS), where an
energy-intensive storage technology (e.g.,
battery or hydrogen) is coupled a pow-
er-intensive one (e.g., flywheel or super-
cap). This allows to dispatch large but slow
quantity of energy with the energy-inten-
sive resource, leaving the fast power varia-
tions to the power intensive one. In the
RTSET group, we have validated the perfor-
mance of a battery-flywheel-based HESS,
showing how the power transients of the
battery can be minimized, and thus in-
creasing the battery lifetime. This improves
the economical prospects of the whole
HESS. Currently, we are focusing in devel-
oping novel control strategies for HESS,
where the state of charge is also controlled
optimally, avoiding fast discharging of the
power-intensive energy storage technol-

0ogy.

HYDROGEN TECHNOLOGY PLATFORM
One of the major focus in Germany, and in
particular at KIT, is the production, trans-
port and usage of hydrogen for energy
processes purpose. At this regard, RTSET
joined several other groups at KIT to de-
velop the Hydrogen Integration Platform,
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Fig. 13: Power profile of the hybrid flywheel / battery HESS during deliver



ment, design and control of power elec-
tronics-based and energy storage technol-
ogies.

Contact: Giovanni.carne@kit.edu

Fig. 14: H,-in-the-loop lab for experimental validation of hydrogen technologies.

where hydrogen-related energy technolo-
gies will be installed in Energy Lab 2.0 and
connected to the PHIL lab facility. These
technologies, including electrolyzers, com-
pressors, liquefiers, fuel cells, will have
their performance validated in realistic grid
conditions by means of PHIL technique.
The H2-in-the-loop lab is the first effort in
this direction. A 50kW electrolyzer and a
10kW fuel cell system will provide next
year first results on what services hydrogen
technologies can provide to the main
power system (e.g., frequency regulation.).

KIT TESTFIELD FOR ENERGY EFFICIENCY
AND NETOWRK STABILITY IN LARGE
RESEARCH INFRASTRUCTURES —
KITTEN

Particle accelerators are energy-intensive
facilities, that offer little demand flexibility
and require high power quality standards.
On the other side, they aim at better en-
ergy efficiency due to the high energy
costs. The RTSET group, together with the
particle accelerator KARA at KIT, devel-
oped jointly the research infrastructure
KITTEN to address these energy efficiency
and stability challenges in accelerators. As
a result, a 5SM€ Horizon Europe project
“Research Facility 2.0” has been success-

fully proposed and it will begin in 2024.
Together with 5 of the largest accelerators
in Europe (ALBA, CERN, DESY, HZB, MAX
IV), energy efficiency topics from compo-
nent to system level, for both physics and
energy engineering areas, will be studied
and concrete solutions will be proposed
and validated experimentally in demonstra-
tors at the accelerators facilities. The RTSET
group will focus on the digital twinning of
accelerators, particularly for digital real
time applications, and in the optimal place-
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Fig. 15: KITTEN first voltage waveform transfer between KARA and Energy Lab 2.0.
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The team and the result: completed 2G-HTS triplet cable sample
for characterisation in the SULTAN facility at EPFL in 2023



Superconducting
Magnet Technology

Coordination: Prof. Dr. Tabea Arndt

In this research field, the degree of maturity of the various technologies in the research topics was fur-
ther increased in 2023. The good interlinking and collaboration across the various ITEP research topics
was also particularly evident.

In the three research topics “Coil and mag-
net technology”, “High-current compo-
nents for hydrogen technologies and fu-
sion” and “Rotating machines”, the funda-
mental results of previous years were ex-
panded in the reporting year.

For example, the robotic winding technol-
ogy of HTS was further developed, super-
conductivity in combination with hydrogen
technology was detailed and the HTS-
DUDA approach was developed towards
applications. Furthermore, several projects
with superconducting motors in the field
of drive technology were successfully com-
pleted and new projects in the field of
electrical energy generation using wind
were acquired.

In the Collaborative Research Centre SFB
1527 “Hyperion” (work package “Com-
pact HTS magnets for the NMR back-
ground field”), the first magnet designs
were carried out and procurements made.

The fusion activities resulted in the comple-
tion of a sample of an HTS cable for
quench investigations.

COIL AND MAGNET
TECHNOLOGY

ROBOTIC WINDING TECHNOLOGY
Coils and magnets are still by far the main
area of application for technical supercon-
ductors. Increasingly, complex, truly
three-dimensional winding geometries are
required. These can no longer be easily
produced by hand using conventional
lathes. To provide such windings, a robotic
winding system has therefore been de-
signed and built since 2020 and the first

coils have been produced with it. The first
results published in 2023 led to a large
number of enquiries from industry and sci-
ence — also with a view to a possible trans-
fer of expertise.

The globally unigue robotic winding sys-
tem, in which a workpiece positioner picks
up the former and two non-collaborative
robots (i.e. robots that do not interact with
humans) guide the so-called winding hand,
is not a finished tool, but is itself subject to
continuous further development. The
winding hand has currently been revised.
This picks up the pay-off spool with the su-
perconductor wire, winds it onto a former
and keeps the wire tension at the set value
via a servomotor and tension sensor. It
turned out that the original winding ten-
sion control via a Siemens S7 controller in
conjunction with the bus system used did
not adequately fulfil the requirements in
terms of reactivity and dynamics. This
method was therefore replaced by an on-
board solution in the form of a dedicated

Fig. 1: Electronics side of the winding hand.
Bottom left: PID tension controller. Further
clockwise: Docking flange for robot, rotary enco-
der for length measurement, electronics for S7
connection, tensile force sensor, motor control.
In the centre: servo motor.

PID control module with a response time
of 1 ms. The winding tension is thus con-
trolled on the winding hand itself; only the
setpoint is still specified via the S7. The dy-
namics of the winding tension control
could thus be improved by more than an
order of magnitude.

Figure 1 shows the electronics side of the
revised winding hand.

COOLING CONCEPT: THERMOSYPHON
AND COLDHEAD

Many technical applications for high-tem-
perature superconductors (HTS) are in-
tended for a temperature range of around
30 K. Hydrogen, which will be an import-
ant energy vector in the future, boils at 21
K. Dry cooling with cryocoolers is the easi-
est way to access this temperature range
for experiments and investigations. In con-
trast to the usual connection to the cold
head via solid copper, i.e. heat conduction,
in this system the connection of the object
to be cooled via a thermosyphon is to be
investigated. In principle, a thermosyphon
(heat pipe) consists of an evaporator (on
the object to be cooled), a condenser (on
the cold head) and a connecting pipe. This
closed system contains a small amount of a
cryogen (in this case neon). The material
flow and the phase transitions of the neon
at the cold and warm ends ensure ex-
tremely effective heat transfer.

The construction of the test stand was
completed in 2023. Specifically, the pipe-
work was completed, the cryostat insert fi-
nalised and all pumps connected. This also
applies to the specially designed control
cabinet with components for controlling
the pumps, heaters and so on and for re-
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Fig. 2: LabView GUI for controlling the heat pipe test stand.

cording measured variables such as tem-
peratures and pressures. The system is now
ready for TUV approval. For system control
and process data recording, a graphical
user interface in LabVIEW was pro-
grammed (see Screenshot Figure 2).

Inauguration of the setup and first experi-
ments are scheduled for 2024.

WORK ON THE DUDA COIL CONCEPT

A "DUDA", or "disk-up-down-assembly”, is
a stack of alternating layers of supercon-
ductor tapes with a free hole in the centre.
Alternating means that the tapes are ar-
ranged alternately with the substrate and
the superconducting layer facing upwards,
so that connections are always made be-
tween the superconducting sides of the
tapes. A DUDA arrangement can be circu-
lar or, as shown in Figure 3, rectangular in
shape. This shape is referred to as rDUDA.
This type of arrangement makes it possible
to generate compact, high magnetic fields
in the free bore of the stack and thus to in-
vestigate new approaches, for example in
motor development.

In 2023, techniques for forming low-resis-
tance contact points between REBCO tapes

Fig. 3 Structure of a rectangular DUDA stack;
red: Superconductor, grey: Substrate, outlined
in blue are the contact points
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were systematically analysed as part of a
bachelor’s thesis. For the experiments, 12
mm wide tapes from SuperPower were
used. In a first step, series of tests were car-
ried out on single contacts in which the pa-
rameters listed in Table 1 were varied. The
best possible method resulted in a single
contact resistance of approx. 12 nQ and a
surface resistance of approx. 33 nQcm2.
Using this method, two DUDA stacks of
four and six tapes were produced.

Figure 4 shows the DUDA stack, which
consists of four individual tapes, clamped
in the measuring apparatus. The total resis-
tance for this stack with four tapes, i.e.
three contact points, was 68 nQ. For the
stack with six tapes or five contact points,
the total resistance was 136 nQ.

MEESST-PROJECT

High heat flow and radio failure are well-
known challenges that spacecraft have had
to face since the early days of space travel
when re-entering a planet’s atmosphere.
Thermal protection systems have been de-
veloped to protect spacecraft and astro-
nauts, but these are often heavy and

Fig. 5: MEESST magnet after equipping with sen-
sors and voltage taps.

sometimes have to be replaced after each
mission. In addition to possible damage to
the spacecraft, the high temperatures of
the compressed gas lead to partial ioniza-
tion in the shock wave. The dense plasma
can cause a radio blackout, i.e. an attenua-
tion or reflection of radio waves, which
can hinder data telemetry and communica-
tion with ground stations or satellites.

One approach to solving both problems is
to influence the plasma through magneto-
hydrodynamic effects using a strong mag-
net.

As part of the European MEESST (Magne-
to-Hydrodynamic Entry Systems for Space
Transportation) project, a high-temperature
superconductor (HTS) magnet was manu-
factured in 2022. In 2023, the magnet was
initially equipped with sensors (Figure 5) and
tested in the VATESTA facility.

The magnet at a temperature of 30 K
could be operated with a current of 50 A.
For the planned experiments to attenuate
the heat flow and the radio blackout, this
corresponds to a maximum field of around

Fig. 5: MEESST magnet after equipping with sen-
sors and voltage taps.



0.7 T in the plasma outside the wa-
ter-cooled shell of the probe. After the
tests at KIT, the MEESST magnet was deliv-
ered to Absolute Systems (France), where it
was installed in the cryostat. In October/
November, the magnet and its cooling sys-
tem were installed and tested in the
plasma channel of the Von Karman Insti-
tute for Fluid Dynamics (VKI) in Belgium
(Figure 6). The first experiments to mitigate
the radio blackout are planned by the end
of 2023. Experiments to attenuate the heat
flow are to be carried out at the Institute
of Space Systems (IRS) in Stuttgart in the
first quarter of 2024.

Contact: frank.hornung@kit.edu

HIGH-CURRENT COMPONENTS
FOR HYDROGEN AND FUSION
In the research area of high-current com-
ponents for hydrogen and fusion, there is
research in the framework of EUROfusion
respective to HTS high-current conductors
for future fusion magnets and in the
framework of the hydrogen lead project
TransHyDE, there is conducted research
into various topics relating to the transport
and application of liquid hydrogen.

Fig. 6: First plasma test with the MEESST probe
installed at the VKI.

LNG2HYDROGEN

The aim of the TransHyDE project LNG2Hy-
drogen, which was launched in 2023, is to
develop a scientifically sound, sustainable
database and recommendation as a basis
for decision-making on the sustainable and
long-term use of LNG terminal locations as
logistical hubs for hydrogen and its deriva-
tives. KIT ITEP is analyzing the transport
vector liquid hydrogen (LH,) and contribut-
ing to the development of a concept for an
import terminal for LH,, component evalu-
ation, domestic LH, onward transport and
further use scenarios.

APPLHY! - TRANSPORT AND USE

OF LIQUID HYDROGEN

The work on liquid hydrogen is part of the
BMBF's TransHyDE hydrogen lead project.
ITEP is coordinating the work of the Ap-
pLHy! consortium on the transport and ap-
plication of liquid hydrogen and is itself in-
volved in all work packages of the joint
project. Further results on research work
from the AppLHy! project can also be
found in the research topics STRUCTURAL
AND FUNCTIONAL MATERIALS FOR CRYO
APPLICATIONS and ROTATING MACHINES.
In order to illustrate the wide range of pos-
sible applications, transport options and
synergies from liquid hydrogen transport,
an interactive model was created for the
KIT Open Day in June 2023 on the ques-
tion “How does liquid hydrogen get into
the tank?” and the question was discussed
with the interested public (Figure 7).

HYBRIDE PIPELINE

The advantages of superconducting cables
over conventional solutions include the re-
duced space required for routing, lower
electrical losses, higher power densities
and the possibility of transmitting a speci-
fied power at a lower voltage level using
higher currents. However, in order to main-
tain the superconducting state, the cable
must be cooled below the transition tem-
perature of the superconductor and kept at

Fig. 7: Liquid hydrogen transport model.

this temperature. When using liquid hydro-
gen with temperatures of around 20-25 K,
this temperature level is supplied virtually
without additional effort, so that chemical
energy (LH,) and electrical energy (super-
conducting cable) can be transmitted par-
ticularly efficiently in a hybrid pipeline.

DESIGN FOR OVERCURRENT BEHAVIOR
The design of a hybrid pipeline must en-
sure safe operation. This also includes the
consideration of a short circuit in the elec-
trical network.

The cable model simulates the behavior of
the individual components in the event of
a short circuit. The aim of the adiabatic 0D
simulation is to calculate the effects of the
assumed overcurrent curve on the tem-
perature, resistance, voltage and the distri-
bution of the current in the materials of
the cable. These variables can be used to
assess whether the assumed cross-section
of the copper stabilizer is suitable for safely
controlling the assumed short-circuit case.
Hydrogen requirements in the Brunsbuttel/
Hamburg region were taken as the basis
for the framework conditions: Length ap-
prox. 75 km, installed electrical power 4
GW (£100 kV, 20 kA) and an installed LH,
capacity of 617-869 MW. An input tem-
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perature of 20.4 K was assumed for the
LH,.

The results of the simulation show that a
cable with a copper stabilizer cross-section
of 190 mm2 is able to meet the voltage
and temperature requirements at a maxi-
mum current of 175 kA.

Figure 8 shows the current, voltage, tem-
perature and resistance characteristics of
the individual components in the above
configuration. “Core” stands for the cop-
per stabilizer, “AgHyCu” for all materials
except the HTS in the tape, “L" for the
cable inductance and “Cble” for the entire
cable. A schematic overview of the cable
geometry is shown in Figure 9.

DESIGN OF A 10 KA-PROTOTYPE
PIPELINE

A detailed cable design was derived from
the results of the overcurrent calculation
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and based on last year's work. The model
can be flexibly adapted to different re-
quirements and serve as the basis for the
planned pipeline demonstrator at the ITEP.
The prototype is designed as a DC cable
with high-temperature superconductors
(REBCO tapes) and is intended to transmit
200 MW of electrical power (U_op ==
10 "kV",I_op =10 “kA" ). Figure 8 shows
the schematic structure with concentric
phases to minimise the stray electromag-
netic field.

Due to the high dielectric strength and
compatibility with both hydrogen and
cryogenic temperatures, the electrical insu-
lation consists of cross-wound polyimide
film. Copper strand bundles form the cable
core for thermoelectric and mechanical
stabilization. An FE model was created
with COMSOL to design the superconduc-
tor requirements - i.e. the width and num-
ber of REBCO tapes required. The model
self-consistently calculates the electromag-
netic field as a function of the current den-
sity (A formulation). The results shown in
Figure 9 provide the radius of the inner
copper stabilizer in agreement with the
overcurrent calculation as well as the dis-
tance to the outer phase and thus deter-
mine the geometric dimensions of the
cable.

In order to identify suitable tape conduc-
tors for the production of the cable proto-
type, extensive ageing tests were also car-
ried out on material compatibility in gas-
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Fig. 8: Short-circuit behavior oft he cable.
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Fig. 9: Scheme of a 2-phase HTS-DC-cable.

Fig. 10: Magnetic flux density B. ri = 7,4 mm, ro =
12 mm, Ic > 12 kA, 13 tapes per phase (width 3
mm).

eous hydrogen at room temperature. Fig-
ure 10 shows that the tapes from manu-
facturer B degrade after prolonged
exposure to H2, while no effect on the crit-
ical current density was observed for man-
ufacturer A. The observed effect will be
analysed in further experiments.

Contact: michael.wolf@kit.edu

ROTATING MASCHINES

DUDA (DISK UP-DOWN ASSEMBLY)-
COILS: A TOPOLOGY ON THE RISE

Systems that require compact magnets
with high magnetic flux density, small di-
mensions, more efficient heat exchange
and homogeneity of the material in the ra-
dial direction benefit greatly from this to-

pology.

In 2023, the electromagnetic properties of
DUDA coils and their AC losses in three-
phase motors were discussed. By using
simplified techniques such as parallel bifur-
cations and larger central openings, com-
pact superconducting windings were cre-
ated that showed a reduction in AC losses
of up to 80 %.
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Fig. 11: Ic-measurements prior and post to a pro-
longed H2-exposition of REBCO-tapes by diffe-
rent suppliers.

Figure 11 shows the magnetic flux density
in a stack with a DUDA coil consisting of
50 tapes. The central opening was 2 mm
for the topology with one branch (left fig-
ure) and 10 mm for three branches (right
figure).

The coils are shown as a thin line, the ar-
rows represent the electrical current flow.
The results of the AC current losses ob-
tained by numerical simulation with a cur-
rent of 90 A at 400 Hz and different open-
ing widths and numbers of parallel
branches are shown in Figures 12 and 13
respectively. An important conclusion from
the results is that the opening must be en-
larged depending on the frequency of the
applied current. In addition, parallel
branches should be used in systems with
high current requirements in order to keep
losses at an acceptable level.

Expectations for this new HTS coil topol-
ogy and its use in electric motors are high.
With low contact resistance, rectangular or
disc-shaped forms and the possibility of
completely new winding topologies, this
technology promises an even more signifi-
cant increase in motor efficiency thanks to
lower losses and a higher magnetic flux
density. Halbach aligned coils are particu-
larly suitable for partially superconducting
motors and enable a higher power density
in these increasingly popular electrical ma-
chines.

Fig. 12: Magnetic flux density [T] of a DUDA-coil by 50 tapes and a current of 90 A at 400 Hz. The left
part shows a bore of 2 mm, the right part a bore of 10 mm. The distance between the 3-branch-topo-

logy is 0.75 mm.
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Fig. 13: AC-loss [W] in DUDA-coils by mit 50 tapes
and a current of 90 A at 400 Hz, with only one
branch and bores of 2 mm and 10 mm.
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Fig. 14: AC-loss [W] in DUDA-coils by 50 tapes
and a current of 90 A at 400 Hz for the 1-branch-
and the 3-branch-topologie.

The production of coils with a high num-
ber of turns as well as the production of
the superconducting stack levels present
some challenges. HTS stacks can be used

for the construction of motors with squir-
rel cage rotors, windings with a high
number of parallel branches and lower
losses.

SUPERCONDUCTING MOTORS: HIGH
POWER DENSITY.

Superconducting motors are attractive for
mobile applications such as monorails, air-
planes and heavy-duty vehicles. The lead-
ing companies in these sectors are invest-
ing in the research and development of
these electrical machines. In power gener-
ation, HTS machines are already being
used in wind turbines, and advances in the
production of 2G HTS tapes are supporting
this development. The increasing impor-
tance of hydrogen in the energy system is
also contributing to this trend. Auxiliary
equipment, power electronics components
and measurement sensors that comple-
ment control systems in cryogenic environ-
ments are developing rapidly.

Fully superconducting motors have been
designed and simulated that have excellent
performance for automotive applications.
These motors generate a torque of 5 kNm
and an output power of 260 kW (an exam-
ple topology is shown in Figure 14). In a re-
cent contract project, the DUDA coils were
used in the field and armature windings,
resulting in an efficiency of around 96%.
The average AC losses per phase were esti-
mated at 3.6 kW.
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Usually, superconducting motors do not re-
quire ferromagnetic teeth, as their use in
HTS machines offers no advantages due to
saturation at magnetic fluxes of more than
2 T. However, studies carried out at ITEP
suggest that ferromagnetic teeth can re-
duce AC losses in the armature winding of
some machine types. This approach is
based on DUDA coils in a semi-circular to-
pology, whose concave or convex coil de-
sign (Figure 15) provides better results than
conventional flat coils. The loss reduction
can be up to 46 %.

This year, some superconducting machines
were investigated, based on the 4 MW

Fig. 15: Fully superconducting HTS-Motor with
DUDA-Spulen in Rotor and Stator
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generator built by Siemens AG in 2012.
Numerical simulation tools enable a de-
tailed multi-physical analysis of the ma-
chines, including their electromagnetic,
thermal and mechanical behavior. This also
allows the geometry, use of materials and
topology to be optimized.

Studies have also analyzed the topologies
of partially superconducting motors with
field winding in Halbach formation with
DUDA-2G-HTS coils (Figure 16). It was
found that motors with relatively low linear
current density but with high magnetic
field density can generate a torque of 6
kNm. These results were achieved with a
significant reduction in rotor volume. The
versatility of DUDA coils allows designers
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Fig. 17: Magnetic flux density [T] (top) and Jz/Jc
(B) (bottom) of DUDA rectangular coils in a
Halbach-configuration.

to realize machine windings with a wide
range of magnetic field densities in small
volumes.

Contact: tabea.arndt@kit.edu
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Highlight
Preparation of an HTS fusion cable
section for guench examinations

As part of the EU-CN collaboration agree-
ment in the field of FUSION, ITEP is taking
part in a measurement campaign to investi-
gate the quench behaviour of HTS fusion
conductors. Within this programme, samples
with critical currents of <15 kA at 4 K and 11
T are to be tested by several research centres
in the SULTAN facility of the Paul Scherrer In-
stitute in Villingen, Switzerland. The aim of
the test series is to gain a deeper under-
standing of quench propagation in HTS con-
ductors for fusion applications. The geome-
try of the samples is specified by the system:
it consists of two straight, approximately 3.6
m long sample legs that are connected in se-
ries via a clamping contact. The current path
describes the shape of a “U”, which means
that both contacts of the sample to the sys-
tem are at the same end of the sample. Each
of the two legs is cooled by a separate he-
lium cooling circuit. This design makes it
possible to set individual test temperatures
for each sample leg and to induce a targeted
guench. This can be triggered either by a
heater or by varying the helium temperature.

In 2023, the final stages of sample prepara-
tion were completed. These included the

longitudinal welding to close the two stain-
less steel half shells of the jacket, the solder-
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Fig. 19: Results of the Ic measurements along the sample. The difference between sample legs #A and

#B is due to differences in the layout of the sub-conductors. In contrast to leg #A, the cross-shaped
stack of the CroCo conductor in leg #B is additionally twisted.

ing of the connection contacts and the final
assembly of the sample legs and the me-
chanical support to absorb the Lorentz
forces of up to 165 kN/m during the experi-
ment. The two sub-size fusion conductors
consist of stranded HTS-CroCo triplets. A
cross-section of the conductor can be seen
in Figure 7. A temperature measurement sys-
tem based on fiber Bragg gratings was set
up and tested from 3.8 to 400 K in parallel
with the sample production. This method
enables a high sensor density with a small
footprint, allowing temperature measure-
ment directly on the superconductor inside
the sample. A cascade of voltage taps and

jacket half shell

HTS CroCo triplet

welding seam

He-channel

Fig. 18: Cross-section of the SULTAN cable conductor. The core consists of a CroCo triplet,

with a copper profile soldered to each CroCo for stabilization. The jacket consists of two stainless

steel half shells.

temperature sensors, both inside and on the
jacket, should enable the quench propaga-
tion to be observed as accurately as possible.

At the end of the year, a functional test was
successfully carried out at 77 K after comple-
tion of the sample. The critical current and
all electrical contacts met expectations or
were within the specifications for a success-
ful test campaign in SULTAN. The critical
current of the two legs was approximately
4800 A and 4500 A. The expected value
was 4800 A without consideration of the
magnetic fields of neighboring CroCos. The
profile of the critical current along the sam-
ple is shown in Figure 6.

In spring 2024, two more cooling cycles
down to 4.2 K are due to calibrate the glass
fiber thermometers and the final leak test
before shipping to Switzerland.
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Results from the
Research Areas

Gerd FiirniB, Martin Jager and Jiirgen Jung
prepare the JASON set-up, the pre-experiment
to DIPAK. JASON is named after the Greek hero
who had to fight with Triton, just like us.



Technologies for the
Fusion Fuel Cycle

Coordination: Dr.-Ing. Christian Day

In the research field “Fusion Fuel Cycle Technologies”, ITEP is developing novel technologies to make
the fuel cycle and associated neighbouring systems of a future fusion power plant more efficient,
thereby ensuring that the tritium fuel produced in situ is optimally utilised. The research field covers all
three key technologies of the fuel cycle: matter injection, vacuum technology and tritium processing

technology.

The following research topics have

emerged in the research field:

m Vacuum Technology and Process
Integration,

m Rarefied Gas Dynamics,

m Vacuum Hydraulics and Hydrogen
Separation.

The work is firmly anchored in the Euro-
pean Fusion Programme via the EUROfu-
sion consortium, which will develop a con-
cept design of the DEMO demonstration
fusion power plant by 2027.

VACUUM TECHNOLOGY AND
PROCESS INTEGRATION

The research topic “Vacuum technology
and process integration” addresses all vac-
uum technology issues relating to a fusion
facility and develops an integrative ap-
proach for their description. The work also
covers vacuum technologies for other
large-scale fusion facilities, such as the Eu-
ropean neutron source IFMIF-DONES in
Spain or the fusion experiments JT-60SA in
Japan and DTT in Italy.

In 2023, the long-term development of the
fuel cycle simulator was successfully com-
pleted. This is a tool based on the ASPEN
process simulation software that describes
all system blocks of the fuel cycle and the
processes they contain in a self-consistent
and time-dependent manner. This enables
not only the dimensioning of subsystems
or the identification and exploitation of op-
timization potential, but also the mapping
of long-term processes in reactor opera-
tion. Figure 1 shows an example of a typi-
cal results plot for the life cycle of a fusion
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Fig. 1: Shown is the dependence of the time until
the tritium inventory is doubled on the availabi-
lity and the tritium breeding ratio, assuming a
constant inventory of 2 kg for the operation of
the fuel cycle.

power plant. A key success factor for the
roll-out of a fusion power plant-based en-
ergy generation strategy is to have the tri-
tium inventory available for start-up before
in-situ generation in the breeding blankets
takes over tritium generation. Figure 1 illus-
trates how the overall plant availability and
the tritium breeding ratio (the ratio of tri-
tium produced to tritium consumed in the
fusion reaction) contribute to minimizing
the time required for tritium production.

Another focus of our work in 2023 was the
further development of the cryopump vac

uum systems at the Divertor-Test-Tokamak

(DTT), a new fusion facility currently under

construction near Rome in Italy, see Figure

2 (top).

DTT is to develop and demonstrate DE-
MO's divertor solution. The operation is
without tritium, but to simulate a burning
plasma, the divertor pump systems should
also have a pumping speed for helium. This
will be achieved using cryopump technol-
ogy, which has been developed for ITER

InsLaasian Trame

Fig. 2: The DTT vacuum vessel (for approx. 35 m3
plasma volume) with the lower vertical nozzles
(top). Structure of the proposed cryopumps
(bottom).

over many years in the Vacuum Technology
Section at ITEP. In the present year, a con-
cept design of the DTT cryopump system
was initially developed, see Figure 2 (bot-
tom). It comprises ten identical units that
are installed in the lower vertical ducts of
the machine. Each pump unit has two
cryopanels, approximately 2 m long, which
are arranged at an angle to each other and
supplied with 4.5 K supercritical helium. A
thermal shield is fitted towards the nozzle
wall and a chevron shield is placed on the
other side facing the gas load. The shields
are operated at 80 K. The entire unit is ar-
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ranged on a mounting frame, which en-
sures easy installation and removal.

The Vacuum Technology Section with its
cryovacuum expertise is also involved in
the Einstein Telescope (ET). The Einstein
Telescope is a third-generation European
gravitational wave detector that will be
around 10 times more sensitive than to-
day’s instruments (LIGO, Virgo). The Ein-
stein Telescope will be one of the largest
ultra-high vacuum systems in the world.

The targeted improvement in sensitivity to
gravitational waves for ET is based on the
one hand on the fact that the pressure in
the beam tubes should be significantly
lower than in previous systems (10-10
mbar total pressure with partial pressures
for heavy components below 10-14 mbar).
On the other hand, the improvement in the
low frequency range is essentially due to a
cryogenically cooled detector mirror.

The gas particles impinging on the cryo-
genic mirror must be eliminated as far as
possible, as they increase the background.
Condensable species such as water must
also be effectively pumped in order not to

negatively influence the optical properties
of the mirror and to keep the absorption of
the laser energy acceptably low.

Figure 3 shows various simulations in
which the cryopump lengths were varied
on both sides of the cryogenic mirror. The
resulting water partial pressures and the
resulting operating times of the mirror until
a monolayer is built up are shown. It can
be seen that considerable cryopump
lengths of several 10 m are necessary to
ensure the target of one year of uninter-
rupted operation.

Contact: christian.day@kit.edu

RAREFIED GAS DYNAMICS

For the correct design of complex vacuum
systems such as in the fusion fuel cycle, it is
essential to be able to calculate rarefied
gas flows quantitatively across all flow
states. This is done exactly by solving the
Boltzmann equation, which describes the
flow in the entire range of rarefaction. To
solve this equation for realistic applications
(complex geometries, 3D, gas mixtures),
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Fig. 3: Calculated water pressures in the environment of the cryogenic mirror.
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various calculation tools have been devel-
oped at the Institute. Normally, the calcula-
tions are so complex that highly parallel su-
percomputers have to be used in order to
arrive at convergence in an acceptable time
(order of magnitude of weeks). For calcula-
tions in the divertor range, we have estab-
lished the code DIVGAS.

In 2023, final calculations for the DTT di-
vertor were carried out with DIVGAS.
While in the concept development phase
of the DTT vacuum systems in 2021 and
2022 it was only possible to roughly esti-
mate the pumping speed achieved by the
DTT cryogenic pumps, in 2023 the current
design of the pumps was finally linked to
the existing 3D model of the divertor, to
hjave a fully accurate representation. As a
result, we have shown that the collisional-
ity of the flow (Knudsen numbers less
than 1, see Figure 4) is sufficient to
achieve a significantly higher pumping
speed. This means that conductance-re-
lated losses in the divertor gaps can be al-
most completely compensated for. This is
a very important result, as it confirms the
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Fig. 4: Contours of the Knudsen number in one of
the DTT pump ducts equipped with a cryopump.



experimental range tha machine can fi-
nally be operated at.

The divertor pump system of the W7-X
stellarator was also further analyzed with
DIVGAS in 2023. Together with the plasma
physicists in Greifswald, we are trying to
better understand how the island divertor
used in W7-X operates, after it was discov-
ered in the last test campaigns that the
particle removal does not work as well as
expected. Figure 5 shows the modelled
section of the stellarator, which is
equipped with cryopumps and tur-
bopumps. The gray area in the sectional
view in the lower part of the figure is the
interface to the divertor, where the initial
conditions of pressure and temperature are
taken from plasma simulations.

Contact: stylianos.varoutis@kit.edu

Fig. 5: Models of the divertor section of W7-X
(top) and the cryopump (center). The section of
the cryopump (bottom) shows pump elements at
4 K (pink), and shields at 80 K (yellow) and 300 K
(light blue).

VACUUM HYDRAULICS AND
HYDROGEN SEPARATION

The research topic “Vacuum hydraulics and
hydrogen separation” includes work on hy-
drogen isotope separation through hydro-
gen-metal interactions as well as all work
that deals with the flow behavior of lig-
uids, especially liquid metals, in machines
and processes under vacuum. The refer-
ence concept for the torus vacuum system
of the European demonstration fusion
power plant DEMO is based on three dif-
ferent pump types, which are being devel-
oped at ITEP exclusively.

Extensive simulations were carried out for
the metal foil pump, which not only com-
presses the gas but also separates the ma-
jority of the unburned fuel in the exhaust
gas, in order to derive scalable statements
on the separation factor and pumping
speed. For this purpose, a Test Particle
Monte Carlo model was set up with a few
specific parameters, the values of which
were derived from experimental data from
the HERMES system and our own paramet-
ric simulations of the plasma for generating
the suprathermal particles. This made it
possible to calculate various arrangements
of plasma sources and metal foil surfaces
in order to find the optimum configuration.
In the next step, this will now form the
basis for the design of a test pump in the
DIPAK test facility described below.

Downstream of the metal foil pump is a
combination of mercury-based diffusion
pumps and associated rough vacuum
pumps (ejector pumps, ring pumps). All
pump types are new developments and
have now reached an advanced design sta-
tus. The current design of a three-stage lin-
ear diffusion pump is shown in Figure 6.

For further compression of the gas, ejector
pumps are used, which are directly coupled
to the diffusion pumps, see Figure 7. A test
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i
Fig. 6: Design of the mercury diffusion pump for
DEMO, together with the streamlines of the mer-

cury vapor.

design was developed for this, which is to
be tested in the HglLab Karlsruhe.

In the field of hydrogen isotope separation
using the thermal cycling process, a prom-
ising titanium-manganese-based alloy was
found in collaboration with the Fraunhofer
Institute, whose operating window fits well
with the planned process in DEMO.

Over the next few years, the new develop-
ments described above will lead to proto-
type maturity. The next logical step will
then be the construction and testing of the
individual prototypes in their interaction in
the fuel cycle. In order to be able to cor-
rectly map the dynamics of the overall pro-
cess, it is necessary to completely realize
the two inner of the three circuits, i.e. in-
cluding the material supply via pellet injec-
tion. This requires a separate test environ-
ment. It is provided in the large-scale proj-
ect DIPAK (Direct Internal Recycling Inte-
grated Development Platform Karlsruhe),
which has now gained momentum. During
the reporting period, the construction proj-
ect to provide the test hall was launched,
as was the procurement of the central test
vessel, which will simulate the torus of a
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Fig. 7: Concept for the integration of a diffusion
pump (pink) with an ejector pump (green).

future fusion power plant, see Figure 8. It
is an electropolished and all-metal sealed
high-vacuum container made of stainless
steel with a volume of around 20 m3
(LxD=3.5 m x 3.5 m) and a total weight of
around 20 tons. The rectangular flanges on
both sides of the vessel have a size of 2 x 2
m and therefore allow also the testing of
pump casks for ITER or DEMO in 1:1 di-
mensions.

DIPAK is not expected to be completed be-
fore 2027. To make use of the time until
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Fig. 8: The central test vessel of DIPAK.

then, we will characterize a novel, purely
European design of a tritium-compatible
reactor-relevant pellet injection system in a
dedicated pre-experiment to DIPAK, called
JASON.

A suitable centrifuge must be developed to
accelerate the pellets. The test of this tech-
nology will therefore take place in a bunker
that was originally built for the HTS-GENO
project at the Institute. Figure 9 shows the
JASON setup with the container in the
foreground and the bunker in the back-

Fig. 9: The JASON facility, a pre-experiment for
DIPAK.

ground. Construction of the pellet injector
and the necessary test infrastructure
should be completed by 2025.

Contact: thomas.giegerich@kit.edu



Highlight
Divertor cryopumps for
JT-60SA delivered

In a project lasting several years, the divertor pump system for the JT-60SA fusion machine in Japan was
designed, constructed and finally built and successfully accepted together with Fusion for Energy and

industrial partners.

Fig. 10: The tokamak JT-60SA.

JT-60SA, see Figure 10, with a plasma vol-
ume of about 130 m3, is the largest super-
conducting tokamak besides ITER and pur-
sues the ultimate goal of finally clarifying
the open questions about the long-pulse
operation of a tokamak.

The large-scale plant is located in Naka,
Japan, on the site of the former JT-60U fu-
sion machine. It is currently in its first oper-
ating phase. In 2024, the machine will be
retrofitted with additional technical sys-
tems. This includes a powerful divertor
pump system, which the Vacuum Section
at the Institute is responsible for providing
together with the fusion agency ‘Fusion for
Energy’. The pump project can be divided
into three different phases.

Concept development phase (2012-2017).
The JT-60SA project was initiated in 2007
as part of the “Broader Approach” agree-
ment between the EU and Japan. The Vac-
uum Section has been involved in the de-
velopment of the scientific program and
the definition of the required technologies
since 2012. As part of this work, the re-
quirements for the divertor pump system
could be defined. Deviating from the origi-
nal plan to use cryocondensation pumps,

Fig. 11: The cryopump in the JT-60SA vacuum
vessel.

the decision was made in 2017 in favor of
a cryosorption system with activated car-
bon-coated 4 K pump surfaces. This re-
quired extensive calculations to predict the
operating window of the pumps and to
derive an initial cost estimate to check the
plausibility of the effort required for manu-
facturing and operation.

Design phase (2017-2020). In several de-
velopment stages with corresponding de-
sign reviews, a 3D CAD package with all
individual parts, see Figure 11, and a set of
2D production drawings were finally devel-
oped. Based on this design, ‘Fusion for En-
ergy’ carried out a tender and finally
placed an oder for manufacturing at the
German manufacturer Research Instru-
ments.

Manufacturing phase (2021-2023). A total
of 10 identical cryopumps were manufac-
tured, together with a "practice’ cryopump
to validate the manufacturing steps and
their test procedures. Figure 12 shows the
central elements of the cryopump. At its
heart are the cryopanels, two of which are
installed in each ‘pump wing'. They are
coated with activated carbon so that he-
lium can be pumped well at the intended
operating temperature of 3.8 K. There is a

Fig. 12: The central construction elements of

the cryopump: Panel (top), back shield (center)
und front baffle (bottom).

closed thermal shield at 80 K on the back
of the panel and a chevron baffle open to
particles on the front.

In the course of production, a number of
individual manufacturing steps had to be
redeveloped. Nevertheless, the time had
come on October 3, 2023: all cryogenic
pumps had been delivered to Japan and
had successfully passed the incoming in-
spection.
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In 2023, the following awards, honors and prizes were presented
to ITEP employees for their work.

In September 2023, our doctoral student
Quoc Hung Pham was awarded the
“ESAS Young Researcher Award” at the
European Conference on Applied Super-
conductivity EUCAS2023 in Bologna. His
conference paper entitled “Switching de-
vice with magnetically triggered high-tem-
perature superconductors” is thus high-
lighted as the best contribution by a young
scientist in the field of high-current appli-
cations. In this paper, Mr. Pham presents
the world’s first bridge circuit based on the
dynamic resistance of high-temperature su-
perconductors.

Prof. Dr. Tabea Arndt was awarded the
IEEE Prize for Continuous and Significant
Contributions in Applied Superconductivity
at the Magnet Technology Conference in
Aix-en-Provence in September 2023.

This award recognizes the many years of
outstanding technical and scientific contri-
butions and developments by individuals in
the field of applied superconductivity.
These include the development of the first
generation of high-temperature supercon-
ducting tapes with very long lengths and

Fig. 1: Quoc Hung Pham (Mid) at the award
ceremony

to the highest industry standards, the sup-
ply of first-generation high-temperature
superconductors for the LHC power sup-
plies at CERN and the demonstration of su-
perconducting Roebel cables in large-scale
energy applications and her contributions
to numerous high-temperature supercon-
ducting first applications such as MRI mag-
net demonstrators, fully integrated fault
current limiters, rotating electrical ma-
chines for ships, airplanes and turbo gener-
ators, transformers for railroads and coils
for industrial applications.

Fig. 2: Prof. Dr. Tabea Arndt (Mid) at the award ceremony

W1 TT Prof. Dr. Giovanni de Carne was
appointed to a W3 professorship “Re-
al-time energy systems” at our institute.
His successes as a W1 professor and in the
Helmholtz Young Investigator Group on
the topic of “Hybrid Networks: a multi-
modal design for the future energy sys-
tem” have contributed significantly to this.
This ensures the long-term integration of
his work in this field and once again recog-
nizes the scientific quality of Prof. Giovanni
de Carne.

Fig. . 3: Prof. Dr. Giovanni de Carne

We are very pleased about this recognition
of the exceptionally good performance of

our employees and thank them very much
for their excellent work.



Dr. Carsten Rach

Investigation of AC losses of different high-temperature superconducting multi-tape
concepts for three phase high-current applications

Given the energy transition in Germany
and a general increase in electrical loads
on the german grid, network operators
face the significant challenge of providing
reliable energy transmission. Conventional
transmission technologies with VPE-insu-
lated cables or overhead lines are often
limited in their transmission capacity. Addi-
tionally it requires a substantial amount of
space.

The use of superconducting cables is an al-
ternative that has already been successfully
implemented in projects worldwide.
High-temperature superconductors enable
high transmission power with significantly
reduced space requirements and lower
cooling costs. This means that power that
was previously reserved for the high and
extra-high voltage level can now also be
transmitted at the medium voltage level.

For a three-phase superconducting medi-
um-voltage cable with a transmission ca-
pacity of 173 MVA, differ-ent HTS
multi-conductor concepts and their AC
losses are investigated in this thesis. Atten-
tion is paid to a compact and loss-reduced
design. In order to avoid capacitive asym-
metries, a symmetrical installation of the
phases in a three-wire arrangement is also
assumed instead of the typical coaxial de-
sign. The individual phases are designed
for a rated current | _ =5 kA at a rated volt-

age of U =20 kV. The cable is cooled with
liquid nitrogen (LN2), which is also used as
a liquid die-lectric between the phases.
The absence of other insu-lating materials
results in a space-saving cable design. A
multi-conductor arrangement consisting of
cross-conductor arrangements (CroCo),
stack arrangements or conductor-on-
round-core arrangements (CorC) is used as
the phase conductor. REBCO tapes, i.e.
high-temperature superconductors (HTS),
are used in all three arrangement variants.
The aim is a loss-optimized and compact
three-phase cable.

An adapted numerical calculation method
based on the method presented by Brandt
will be used to calculate the AC losses. Cal-
culation models of superconductivity in
combination with Maxwell’s equations are
set up in integral form as a system of ordi-
nary differential equa-tions. The ordinary
differential equations are only solved for
the superconducting region, which drasti-
cally reduc-es the number of calculation
nodes compared to a finite element
method (FEM). The method can be used
for two-dimensional models, such as a
stack or CroCo arrangement, as well as for
the three-dimensional model of a CorC ar-
rangement. The results of the calculation
models are compared with results from the
literature. A final comparison of the three
multi-conductor concepts shows that the

use of CorC arrangements drastically re-
duces the required number of strip con-
ductors com-pared to stack or CroCo ar-
rangements. Ultimately, this also minimizes
the cross-section of the three-phase cable.

In the final section, the critical current and
the electrical losses of a CroCo and a CorC
arrangement are deter-mined using a prac-
tical test setup. The values meas-ured in
this way can be easily reproduced using
the mathematical methods presented
above. In addition, the CroCo arrangement
already shows losses greater than 1 W/m
as soon as the effective current reaches 20
% of the critical current, whereas similar
losses only occur with a CorC arrangement
from 55 % of the critical current.

10 3

0 T —
700 900 1100

Verlustleistung P, in W/m

Nennstrom ., in A

Fig. 1: Measured and calculated AC loss of
a CroCo test conductor



Lectures, Seminars, Workshops

KIT-Fakultat Elektrotechnik und
Informationstechnik

m Projektmanagement fiir Ingenieure
(Noe, Day) SS 23

m Praktikum Supraleitende Materialien
(Holzapfel, Hanisch) WS 22/23, SS 23,
WS 23/24

m Energy Storage and Network
Integration (Grilli, De Carne) WS 22/23,
WS 23/24

m Tutorial for Energy Storage and
Network Integration (Grilli, De Carne)
WS 22/23, SS 23

m Superconductivity for Engineers (Hol-
zapfel, Kempf) WS 22/23, SS23, WS
23/24

m Exercise for superconductivity for
Engineers (Hanisch) WS 22/23,
WS 23/24

m Seminar on Applied Superconductivity
(Arndt, Holzapfel, Kempf) WS 22/23,
SS 23, WS 23/24

m Superconducting Materials Part |
(Holzapfel) WS 22/23, SS 23, WS 23/24

m Superconducting Materials Part Il
(Holzapfel) SS 23

m Superconducting Magnet Technology
(Arndt) SS23

m Seminar Strategieableitung fiir
Ingenieure (Arndt) WS 22/23,
WS 23/24

m Superconducting Power Systems
(Arndt, Pham, Mdller, Grilli, Schreiner,
De Sousa) WS 22/23

m Praktikum Robotische Wickeltechnik
fiir Supraleiterdrahte (Arndt) WS
22/23, WS 23/24

m Superconductors for Energy
Applications (Grilli) WS 22/23,
WS 23/24

m Ubungen zu Superconductors for En-
ergy Applications (Grilli) WS 22/23

m Electrical and Electronic Engineering
for Mechanical Engineers (De Carne)
WS 22/23, WS 23/24

m Tutorial Electrical Engineering and
Electronics for Mechanical Engineers
(Grilli) WS 23/24

m Accelerators and Detectors -
Future Technologies for Research
and Medicine (Holzapfel) SS 23

KIT-Fakultat fiir Chemieingenieur-
wesen und Verfahrenstechnik

m Vakuumtechnik (Day, Varoutis)
WS 22/23, WS 23/24

m Ubung zu Vakuumtechnik (Day,
Varoutis) WS 22/23

KIT-Fakultat Maschinenbau

m Fusionstechnologie A (Day, GroBle,
Fietz, Weiss, Wolf) WS 22/23

m Magnet-Technologie fiir Fusions-
reaktoren (Weiss, Wolf) SS 23

m Angewandte Kryo-Technologie
(Neumann, Weiss) SS 23

House of Competence

m ,Netzwerken - Verbindungen
schaffen Freiheiten” (Arndt),
Tagesworkshop; WS 22/23

Seminare
Kryo-Seminare

m 23.-24.03.2023: DKV-Seminar
Kthlung von Rechenzentren (Neumann)

m 04.-05.05.2023: DKV-Seminar
Kaltemittel (Neumann)

m 13.-15.09.2023: VDI-Seminar
Kryotechnik (Neumann)

m 27.-29.09.2023: HdT-Seminar
Kryostatbau (Neumann)

m 18.-19.10.2023: DKV-Seminar
Grundlagen der Kalte-, Klima- und
Wéarmepumpentechnik (Neumann)

Duale Hochschule BW - Fachbereich
Maschinenbau

m Arbeitssicherheit und Umweltschutz
(Bauer) WS 22/23



Completed PhD Theses

(* Academlc supervisor)

ENERGIE

Carsten Rach

Entwicklung von hocheffizienten
modularen Hochstromsystemen auf
Basis von Hochtemperatursupraleitern
zur Ubertragung groBer Leistungen von
Windparks auf Mittelspannungsniveau

Betreuer: Prof. Dr.-Ing. M. Noe (KIT, ETIT)*

Completed Master Theses

(* Academic supervisor)

ENERGIE

Marco Verlohner

Implementation and Validation of Grid
Codes Compliant Inverter for Grid Storage
Applications

Betreuer: Prof. Dr. R. Bojoi (Politecnico

di Torino), Prof. Dr. G. de Carne*

Fan Wu

Development of a Communication
Architecture for Real-Time Application
Betreuer: M. Courcelle, Dr. G. de Carne*

Jan Hendrik Wiipper

Modelling Accuracy Evaluation of Power
Electronics Converters for Power System
Analysis

Betreuer: Prof. Dr. G. de Carne,

Prof. Dr.-iIng M. Noe*

VAKUUM

Federico Constantin

A layout of the tritium subsystems for the
European demonstration fusion power
plant

Betreuer: Dr. T. Giegerich, Dr. C. Day

MATERIAL

Celine Apfelbach

Entwicklung des Briickenmoduls , Kern-
physik” fur einen Quantenmechanik-
Seminarkurs am KIT-Schilerlabor Energie
Betreuer: A. Rimikis, Prof. Dr. B. Holzapfel*

Julian Bell

Entwicklung des Moduls , Klima* eines
dualen Quantenmechanik-Seminarkurses
am KIT-Schulerlabor fur das Fach
Geographie

Betreuer: Dr. J. Hanisch,

Prof. Dr. B. Holzapfel*

Dawid Ciszewski

Superconductor Film Growth Tests of

a Newly Commissioned Industrial

High Temperature Superconductor R&D
Deposition Line for High-field Coated
Conductors with Application in Fusion-
relevant Devices

Betreuer: Prof. Dr. B. Holzapfel*



Completed Bachelor Theses

(* Academic supervisor) )

ADMIN

Marcel Armbruster

Machbarkeitsstudie zur Wirksamkeit eines
zertifizierten Energiemanagementsystems
in einem Forschungsinstitut

Betreuer: K. Bauer, Prof. Dr. D. Eidam (DH)*

Luca Tobler

Entwicklung eines praxisorientierten
Leitfadens zur sicheren Installation und
Nutzung von Wasserstofftestanlagen
Betreuer: Dr. K.-P. Weiss, Dipl.-Ing. Kohl
(DH)

MATERIAL

Fabian Follner

Entwicklung fur eines didaktischen
Konzepts fur die Station ,Wirbelstrom-
bremse” im KIT — Schdlerlabor Energie
Betreuer: Dr. A. Jung, Dr. J. Hanisch, Prof.
Dr. B. Holzapfel*

N.N.

Optimierung und Aufbau eines Elektromo-
tors in modularer Bauweise im KIT-Schdler-
labor Energie

Betreuer: A. Rimikis, Prof. Dr. B. Holzapfel*

ENERGIE

Antonia Huber

Development of a Communication
Architecture for Real-Time Application
Betreuer: M. Courcelle, Prof. Dr. G. de
Carne*

KRYO

Pascal Kubis

Entwicklung eines Warmeubertragers zum
Anwarmen von tiefkaltem gasférmigen

Wasserstoff
Betreuer: S. Bobien, Dr. H. Neumann

Thomas Mack

Konstruktion einer kapazitiven Fullstands-

sonde fur flussigen Wasserstoff
Betreuer: S. Bobien, Dr. H. Neumann

MAGNET

Antonia Huber

Studie zum Einsatz von durchgehend
kontaktierten Hochtemperatursupraleit-
er-Bandstapeln in kompakten Magneten
Betreuer: Dr. M. Klaser, Prof. Dr. T. Arndt*



Research Fields and Topics

Figures, data, facts

Superconducting and
Cryomaterials
(Holzapfel)

Energy
Applications
(Noe)

Superconducting
Magnet Technology
(Arndt)

Fusion Fuel Cycle
Technologies

(Day)

Superconducting Materials
(Hanisch)

Superconducting Power
System Components
(Noe)

Coil and Magnet Technology
(Hornung)

Vacuum Technology and
Process Integration

(Day)

Conductor Concepts
and Technologies
(Holzapfel)

Modelling of Superconduc
tors and Components
(Grilli)

High Current Components
for H, and Fusion
(Wolf)

Rarefied Gas Dynamics
(Varoutis)

Materials for Cryogenic
Applications
(Weiss)

Real-Time
System-Integration
(De Carne)

Personnel Status /)

(December 31, 2023)

| Academic staff: 42

Engineers and
technicians: 42

| Others: 13

Total:
153 Personal

Rotating Machines
(Arndt)

Vacuum Hydraulics and
Hydrogen Separation
(Giegerich)

Additional staff in 2023:

Student assistants: 25 |

Trainees: 17 |

Guests: 8 |

Bachelor’s theses: 10 |

Apprentices: 6 |

Students of the Baden-Wurttemberg ’
Cooperative State University: 6

Doctoral students: 26

Master’s students: 18 |

37



Guest Researcher

K. Liu

09.01.-14.12.23

Southwest Jiaotong University, Chengdu,
P.R. China

C. lurlaro
16.01.-31.07.23
Polytechnic University of Bari, Bari, Italien

Z. Huang

13.04.-19.09.23

Southwest Jiaotong University, Chengdu,
P.R. China

Ye Hong

13.04.-19.09.23

Southwest Jiaotong University, Chengdu,
P.R. China

Dr. P. Zhou

23.08.21-22.08.23

Southwest Jiaotong University, Chengdu,
P.R. China

A. Hussain
12.09.-29.11.23

Slovak University of Technology, Bratislava,

Slowakei

Lectures and Guest Presentations

21. Januar 2023,

Future-Proof Power Electronic Systems
for Residential Microgrids

Prof. Dmitri Vinnikov, Dr. Andrii Chub,
TalTech, Estland

Gastvortrag, 1B Energie

14. Juli 2023

Resilient Micro-grids for the More Electric
Aircraft

Prof. Buticchi, from Nottingham University
Ningbo, China

Gastvortrag, IB Energie

16. November 2023

REBCO Coatings for High-Gradient RF
Applications

Sergio Calatroni, Cern, CH
Gastvortrag, IB Material

F. Reissner
17.09.-20.10.23
Tel Aviv University, Tel Aviv, Israel

M. Di Pietrantonio
18.09.23-18.03.24
University of Tuscia, Tuscia, Italien



Memberships

of relevant technical and scientific organisations

Tabea Arndt

m Programmkomitee der Tagung ZIEHL,
10.-11.04.2024, Berlin

m International Organizing Committee
Conference Magnet Technology, MT

m International Organizing Committee
Conference EUCAS, Large Scale

m Mitglied DKE TC90

m Delegierte zum Technology Cooperation
Program High-Temperature Supercon-
ductivity der International Energy Agency

m Kuratorin BMWK ,, Forschungsfeld Hoch-
temperatur-Supraleitung

® Member program board

Nadja Bagrets

m Expertin innerhalb des Arbeitsfeldes
TWA16 der VAMAS (Versailles Project
on Advanced Materials and Standards
bei ISO) zur Durchfiihrung von Ring-
versuchen

m Expertin im Komitee K 184
.Supraleiter” der deutschen Kommission
Elektrotechnik (DKE) im DIN

m Expertin im technischen Komitee TC90
.Supraleiter”, Arbeitsgruppe WG5
der internationalen elektrotechnischen
Kommission (IEC)

Kai Bauer

m Mitglied im Helmholtz-Arbeitskreis HSE
.Health, Safety and Environment”

m Mitglied der Prifungsausschisse der
Dualen Hochschule Baden-Wurttemberg,
Standort Karlsruhe in den Fachbereichen
~Maschinenbau” und , Wirtschafts-
ingenieurswesen”

Christian Day

m Mitglied des Vorstandsrates der
Dt. Vakuumgesellschaft (DVG).

m Projektleitung des Bereichs Tritium-
Materiezufuhr-Vakuum (TFV) im Europa-
ischen Fusionsprogramm EUROFUSION

m Sprecher Topic ,Vakuum und Tritium’ der
deutschen DEMO-Initiative

m Mitglied im International Advisory
Committee der RGD (Rarefied Gas
Dynamics Conference)

m Mitglied des Programmkomitees der
ISFNT (international Symposium of
Fusion Nuclear Technology).

m Chartered Engineer der American
Vacuum Society (AVS).

m Mitglied im Team zur Erarbeitung des
Forschungsplans von DTT, verantwortlich
fur Fusionstechnologie.

Giovanni de Carne

m Leiter des I[EEE Power and Energy Society
“Task Force on Solid State Transformer
integration in distribution grids”

m Helmholtz Nachwuchsgruppen-Leiter —
2020

m Chairman der IEEE PES Task Force
“Solid State Transformer integration in
distribution grids”

m Sekretar und Mitglied der CIGRE
Arbeitsgruppe B4.91 “Power electron-
ics-based transformer technology, de-
sign, grid integration and services provi-
sion

to the distribution grid”

m Mitglied der CIGRE Arbeitsgruppe A3.40
“Technical requirements and field
experiences with MV DC switching
equipment”

m Mitglied der IEEE Arbeitsgruppe
P2004"Hardware in the Loop”.

m Mitglied der IEEE Arbeitsgruppe
“Modelling and Simulation with
High Penetration of Inverter-Based
Renewables”

m Subject Editor der IET Zeitschrift ,IET
Generation, Transmission & Distribution”

m Assozieirter Editor der IEEE Zeitschrift
.IEEE Open Journal for Power
Electronics”

m Assoziierter Editor der IEEE Zeitschrift
“|EEE Industrial Electronic Magazine”

m Assoziierter Editor der Springer
Zeitschrift “Electrical Engineering —
Archiv fir Elektrotechnik”

m Mitglied beim , Institute of Electrical
and Electronics Engineers”

m Mitglied beim Verband der Elektrotech-
nik, Elektronik und Informationstechnik

Francesco Grilli

m Vorstandsmitglied der Europaischen
Gesellschaft fur angewandte Supra-
leitung (ESAS)

Jens Hanisch

m Superconductor Science and Technology,
Mitglied im Editorial Board

m European Magnetic Field Laboratory
EMFL, Mitglied im User Proposal
Selection Committee



Bernhard Holzapfel

m European Conference on Applied
Superconductivity, Member of
International Program Committee

m International Symposium on
Superconductivity (ISS), Member of
International Program Committee

m Member of the Scientific Advisory Board
of ICMAB-CSIC

m Coated Conductor for Applications
(CCA), Member of International Program
Committee

Holger Neumann

m Member of the ICE Commitee

m Altvorsitzender des DKV

m Gastprofessur in China an der Zhejiang
University in Hangzhou (China)

Mathias Noe

m Deutscher Abgesandter der International
Energy Agency, Technology Cooperation
Programm Hochtemperatur-Supraleitung

m Mitglied des internationalen Beratungs-
gremiums des IRIS Projektes

m Mitglied des Interessenverbandes
Supraleitung (ivsupra)

m Mitglied beim Verband der Elektrotech-
nik, Elektronik und Informationstechnik

Sonja Schlachter

m Mitglied des , International Cryogenic
Material Conference (ICMC) Board of
Directors”

m |ICMC Conference Chair bei der CEC/
ICMC Conference 2023, 9.-13. Juli 2023,
Honolulu, HI

m Technischer Editor der Zeitschrift IEEE
Transactions of Applied Superconductivity

Wescley T. B. de Sousa

m Vorstandsmitglied des ,,HTS Modelling
Workgroup”.

m Vorstandsmitglied des COST ACTION
CA19108 - , High-Temperature Super-
Conductivity for Accelerating the En-
ergy”

m Experte in der CIGRE Arbeitsgruppe
B4/A3.86 — Strombegrenzungs-
technologien far DC-Netze

m Technischer Editor der IEEE Zeitschrift
IEEE ,Transactions on Applied
Superconductivity”

Stylianos Varoutis

m Mitglied im Auswahlkomittee des EU
High Performance Computers MARCONI

m Mitglied im Europa/Japan-Auswahl-
kommittee fur GroBrechnersimulationen
im ,,Broader Approach”

m Mitglied der Deutschen Vakuum-
gesellschaft (DVG)

m Vorsitzender des Fachverbandes
Vakuumphysik und —technik der Dt.
Physikalischen Gesellschaft (DPG).

Klaus-Peter Weiss

m DKE Deutsche Kommission Elektro-
technik Elektronik Informationstechnik
im DIN und VDE Referat K 184
»Supraleiter”, Obmann

m IEC International Electrotechnical
Commission/Technical Comittee 90
»Superconductivity”, Mitglied

m DIN NA 062-01-42 AA ,,Zug- und
Duktilitatsprafung fir Metalle” Mitglied

m SO ISO/TC 164/SC 1 “Uniaxial Testing”
Mitglied

m Member of the International Technical
Program Committee — Workshop on
Mechanical and Electromagnetic
Properties of Composite Superc-
onductors

m Board Member ICMC (International
Cryogenic Materials Conference) &
Subcommittee International Cryogenic
Material Library

m [CMC Program Chair bei der CEC/ICMC
Conference 2023, 9.-13. Juli 2023,
Honolulu, HI

m Experte im EUROfusion Scientific &
Technical Adivisory Committee (STAC)



Fusion

Journal article

S. Hanke, Chr. Day, T. Giegerich, et al.
Experimental Characterization of an NEG
Pump of Novel Size — A Major Step toward
Its Application in DEMO Neutral Beam In-
jectors, Energies 16 (2023) 3148.

Doi: 10.3390/en16073148 // open access

C. Tantos, V. Hauer, S. Varoutis, et al.

3D numerical study of neutral gas dynam-
ics in the DTT particle exhaust using the
DSMC method, Nucl. Fusion 64 (2024)
016019.

Doi: 10.1088/1741-4326/ad0c80 // open
access

C. Tantos, E. Kritikos, S. Varoutis, et al.
Kinetic modeling of polyatomic heat and
mass in rectangular microchannels, Heat
and Mass Transfer 59 (2023) 167-184.
Doi: 10.1007/s00231-022-03224-z // open
access

Y. Kathage, A. Vazquez Cortes, S. Merli,
et al.

Experimental Progress in the Development
of a Metal Foil

Pump for DEMO, Plasma 6 (2023) 714-734.

Doi:10.3390/plasma6040049 // open access

B. Ploeckl, P.T. Lang, Chr. Day, et al.
Testbed for the Pellet Launching System for
JT-60SA, Fusion Engineering and Design
186 (2023) 113370.

Doi: 10.1016/j.fusengdes.2022.113370 //
Open Access

B. Ploeckl, P.T. Lang, Th. Giegerich, et al.
Proposal of a control scheme for testing a
centrifuge-based pellet injection system in
DIPAK-PET, Fusion Engineering and Design
199 (2024) 114142.

Doi: 10.1016/j.fusengdes.2023.114142 //
Open Access

PT. Lang, L.R. Baylor, R. Dux, et al.
Admixed pellets for fast and efficient deliv-
ery of plasma enhancement gases: investi-
gations at AUG exploring the option for
EU-DEMO, Fusion Engineering and Design
196 (2023) 114020

Doi: 10.1016/j.fusengdes.2023.114020 //
Open access

P. T. Lang, M. van Berkel, W. Biel, et al.
Targeting a Versatile Actuator for EU-
DEMO: Real Time Monitoring of Pellet De-
livery to Facilitate Burn Control, Fusion Sci-
ence Technology 80 (2024) 24-37.

Doi: 10.1080/15361055.2023.218893 //
open access

. Ivanova-Stanik, P. Chmielewski, Ch. Day,
etal.

Divertor power spreading in the Divertor
Tokamak Test facility for a full power sce-
nario with Ar and Ne seeding, Plasma
Physics Controlled Fusion 65 (20239)
0550009.

Doi: 10.1088/1361-6587/acc2e3 // open ac-
cess

J.C. Schwenzer, A. Santucci, Chr. Day
Modeling of the HCPB Helium Coolant
Purification System for EU-DEMO: Process
Simulations of Molecular Sieves and NEG
Sorbents, Fusion Science Technology 79
(2023) 1208-1218.

DOI: 10.1080/15361055.2023.2189550

T. Teichmann, X. Luo, T. Giegerich, et al.
Study of the Effective Torus Exhaust High
Vacuum Pumping System Performance in
the Inner Tritium Plant Loop of EU-DEMO,
Fusion Science Technology (2023)

Doi: 10.1080/15361055.2023.2229679 //
open access

E. Sartori, M. Siragusa, P. Sonato, et al.
Development of non evaporable getter
pumps for large hydrogen

throughput and capacity in high vacuum
regimes, Vacuum 214 (2023) 112198.

Doi: 10.1016/j.vacuum.2023.112198 // open
access



Book essay

C.F.G. Neugebauer

Investigation on the Semi-Continuous
Separation of Hydrogen Isotopes for
Fusion; KITopen, Mai 2023.

DOI: 10.5445/IR/1000158827

Chr. Day

Vacuum Pumping and Fuelling, in: G. van
Oost (Ed.), Fundamentals of Magnetic
Fusion Energy, pp. 483-564, ISBN 978-92-
0-110721-3, IAEA, 2023

Presentation

J.C. Schwenzer, Chr. Day

Tritium inventory evolution modelling for
demonstration and future fusion power
plants, 15th Int. Symp. On Fusion Nuclear
Technology ISFNT, Las Palmas de Gran
Canaria, Spain, 10-15 Sept 2023.

S. Hanke, X. Luo, K. Battes, et al.
Cryopump concept development for the
cryogenic mirror region of the Einstein
Telescope — the future gravitational wave
observatory, Cryogenic Engineering Con-
ference CEC-ICMC, Hawai, USA, July 2023.

K. Battes, S. Hanke, C. Day, et al.

Design development of the cryogenic
pumps for the low frequency interferome-
ter of the Einstein Telescope, Gravitational
Wave Advanced Detector Workshop 2023,
Isola d” Elba, Italy, May 2023.

S. Hanke, K. Battes, X. Luo, et al.
Cryopumps at the extremities of the ET
beampipes, Gravitational Wave Telescopes
2023, 27-29 Mar 2023, CERN, Switzerland,
27-29 Mar 2023.

F. Ravelli, M. Fillion, A. Kuang, et al.
Overview of the Vacuum Pumping Systems
for the SPARC Tokamak, 26th Conf. of the
[talian Vacuum Society AIV XXVI, Rome,
[taly, 7-10 Nov 2023.

M. Fillion, A. Kuang, Chr. Day, et al.
Overview of the Vacuum Pumping Systems
for the SPARC Tokamak, American Vacuum
Society 69th International Symposium,
Portland, OR, USA, 5-10 Nov 2023.

Chr. Day, V. Hauer, P. Innocente, et al.
Design of the DTT divertor cryopumps,
15th Int. Symp. On Fusion Nuclear Technol-
ogy ISFNT, Las Palmas de Gran Canaria,
Spain, 10-15 Sept 2023.

S. Roccella, R. Neu, P. Innocente, et al.

A Versatile Divertor for the Italian Divertor
Tokamak Test Facility, 15th Int. Symp. On
Fusion Nuclear Technology ISFNT, Las Pal-
mas de Gran Canaria, Spain, 10-15 Sept
2023.

B. Butler, G. Karajgikar, A. Santucdi, et al.

Reynolds, Tritium related challenges to be
overcome in order to deliver fusion power
plants, 15th Int. Symp. On Fusion Nuclear

Technology ISFNT, Las Palmas de Gran Ca-
naria, Spain, 10-15 Sept 2023.

J. Ayllon-Guerola, C. Sozzi, G.L. Falchetto,
et al.

European Machine Enhancements for the
JT-60SA Tokamak, Asia-Pacific Conference
on Plasma Physics (APPS), Nagoya, Japan,
12-17 Nov 2023.

S. Merli, Y. Kathage, A. Schulz, et al.
Numerical and experimental investigations
of a linear microwave plasma source for
metal foil pumps for DEMO, 49th Euro-
pean Conference on Plasma Physics (EPS),
Bordeaux, France, 3-7 July 2023.

|. Podadera, S. Becerril, M. Garcia, et al.
IFMIF-DONES facility: a fusion-oriented

5 MW superconducting CW linear acceler-
ator, 14th Int. Particle Accelerator Confer-
ence (IPAC), Venice, ltaly, 7-12 May 2023.

Posters

Y. Kume, Chr. Day

Plasma Exhaust Processing System with a
Tritium Compatible Reciprocating Pump,
15th Int. Symp. On Fusion Nuclear Technol-
ogy ISFNT, Las Palmas de Gran Canaria,
Spain, 10-15 Sept 2023.

V. Narcisi, J.C. Schwenzer, T. Giegerich, et al.
On the possibility to recover Plasma En-
hancement Gases from DEMO tokamak ex-
haust stream, 15th Int. Symp. On Fusion
Nuclear Technology ISFNT, Las Palmas de
Gran Canaria, Spain, 10-15 Sept 2023.

X. Luo, Y. Kathage, T. Teichmann, et al.
Assessment of Metal Foil Pump Configura-
tions for EU-DEMO, 15th Int. Symp. On Fu-
sion Nuclear Technology ISFNT, Las Palmas
de Gran Canaria, Spain, 10-15 Sept 2023.

T. Teichmann, Chr. Day, T. Giegerich, et al.
Simulation and concept design of continu-
ous mercury-driven vacuum pumps for
EU-DEMO, 15th Int. Symp. On Fusion Nu-
clear Technology ISFNT, Las Palmas de
Gran Canaria, Spain, 10-15 Sept 2023.



V. Hauer, Chr. Day, P. Cara, et al.

Gas flow modelling of the IFMIF-DONES
beamline, 15th Int. Symp. On Fusion Nu-
clear Technology ISFNT, Las Palmas de
Gran Canaria, Spain, 10-15 Sept 2023.

A. Uihlein, J. Schwenzer, T. Giegerich, et al.
Process Design of Hydrogen Isotope Sepa-
ration using Temperature Swing Absorp-
tion in the EU-DEMO Fuel Cycle, 15th Int.
Symp. On Fusion Nuclear Technology
ISFNT, Las Palmas de Gran Canaria, Spain,
10-15 Sept 2023.

Yu. Igitkhanov, S. Hanke, Y. Kathage, et al.
Energetic neutral screening of the metal
foils in metal foil pumps, 15th Int. Symp.
On Fusion Nuclear Technology ISFNT, Las
Palmas de Gran Canaria, Spain, 10-15 Sept
2023.

PT. Lang, L.R. Baylor, R. Dux, et al.
Admixed pellets for fast and efficient deliv-
ery of plasma enhancement gases: investi-
gations at AUG exploring the option for
EU-DEMO, 15th Int. Symp. On Fusion Nu-
clear Technology ISFNT, Las Palmas de
Gran Canaria, Spain, 10-15 Sept 2023.

B. Ploeckl, PT. Lang, Th. Giegerich, et al.
Proposal of a control scheme for testing a
centrifuge-based pellet injection system in
DIPAK-PET, 15th Int. Symp. On Fusion Nu-
clear Technology ISFNT, Las Palmas de
Gran Canaria, Spain, 10-15 Sept 2023.

T. Kremeyer, D. Boeyaert, C. Day, et al.
Particle and heat exhaust with the island
divertor in Wendelstein 7-X, 29th IAEA
Fusion Energy Conference, London, UK,
16-21 Oct 2023.

C. P. Dhard, V. Haak, T. Brauer, et al.

First operation and validation of simula-
tions for the divertor cryo-vacuum pumps
in W7-X, 29th IAEA Fusion Energy Confer-
ence, London, UK, 16-21 Oct 2023.

C. Tantos, S. Varoutis, V. Hauer, et al.
Innocente, 3D numerical evaluation of the
DTT divertor pumping performance, 29th
IAEA Fusion Energy Conference, London,
UK, 16-21 Oct 2023.

P. Innocente, R. Ambrosino, L. Balbinot,
etal.

Design of the divertor for the DTT facility
optimized for power exhaust experiments,
29th IAEA Fusion Energy Conference, Lon-
don, UK, 16-21 Oct 2023.

Y. Igitkhanov, T. Giegerich and Chr. Day
Burn-up fraction in DEMO operation with
the Direct Internal Recycling, 29th IAEA
Fusion Energy Conference, London, UK,
16-21 Oct 2023.

F. Crisanti, R. Albanese, E. Alessi, et al.
Physics basis for the DIVERTOR TOKAMAK
TEST FACILITY, 29th IAEA Fusion Energy
Conference, London, UK, 16-21 Oct 2023

T. Kremeyer, D. Boeyaert, R. Duligal, et al.
Design criteria for a particle exhaust opti-
mized divertor for Wendelstein 7-X, 49th
European Conference on Plasma Physics
(EPS), Bordeaux, France, 3-7 July 2023



Materials and Technologies for the Energy Transition

(MTET)

Journal article

A. Lani, V. Sharma, V. F. Giangaspero, et al.
A Magnetohydrodynamic enhanced entry
system for space transportation: MEESST
Journal of Space Safety Engineering 10
(2023) pp. 27-3, https://doi.org/10.1016/j.
js5€.2022.11.004

Cayado, Pablo, Hanisch, Jens, lida,
Kazumasa, et al.

Focus on recent advances in superconduct-
ing films

38.05.03 (POF IV, LK 01)

Superconductor Science and Technology
0953-2048, 1361-6668
10.1088/1361-6668/ace997

Cayado, Pablo, Namburi, Devendra K., Erbe,
Manuela, et al.

Transport measurements in single-grain Gd-
BCO+Ag bulk superconductors processed
by infiltration growth

38.05.03 (POF IV, LK 01)

0947-8396, 1432-0630
10.1007/s00339-023-06402-w

Chow, Calvin C. T., Grilli, Francesco, Chau,
K. T.

Numerical modelling of HTS tapes under
arbitrary external field and transport current
via integral method: review and application
to electrical machines *

38.05.03 (POF IV, LK 01)

0953-2048, 1361-6668
10.1088/1361-6668/ace701

de Sousa, Wescley T. B., Noe, Mathias
Huwer, Stefan, et al.

Design of a 110-kV 2.0-kA SmartCoil
Superconducting Fault Current Limiter
38.05.03 (POF IV, LK 01)

1051-8223, 1558-2515
10.1109/TASC.2023.3246818

Freitag, W., Erbe, M., Hanisch, J., et al.
Optimization of the Crystallization Process
of TFA-MOD ErBCO Films on IBAD-Sub-
strate Under Low-Pressure Conditions via
DSD Approach

38.05.03 (POF IV, LK 01)

1051-8223, 1558-2515
10.1109/TASC.2023.3259922

Hanisch, Jens

Superconducting undulators: permanent
magnets after all

38.05.03 (POF IV, LK 01)

0953-2048, 1361-6668
10.1088/1361-6668/aced71

lida, Kazumasa, Hanisch, Jens, Hata,
Satoshi, et al.

Recent progress on epitaxial growth of
Fe-based superconducting thin films
38.05.03 (POF IV, LK 01)

0953-2048, 1361-6668
10.1088/1361-6668/accch2

Li, Chao, Xing, Yuying, Xin, Ying, et al.
Time-dependent development of dynamic
resistance voltage of superconducting tape
considering heat accumulation

38.05.03 (POF IV, LK 01)

2772-8307

10.1016/j.supcon.2023.100066

Oliveira, R., Zeng, X., Pei, X., et al.
HTS-Tape Magnetic Bearing for
Ultra High-Speed Turbo Motor
38.05.03 (POF IV, LK 01)
1051-8223, 1558-2515
10.1109/tasc.2023.3253064

Oliveira, Roberto, Pei, Xiaoze, Nilsson,
Emelie, et al.

Performance Analysis of Resistive Supercon-
ducting Fault Current Limiter Using LN 2
and GHe Cooling

38.05.03 (POF IV, LK 01)

1051-8223, 1558-2515
10.1109/TASC.2023.3237642

Oswald, Johannes W., Behnke, Alexander,
Herdrich, Georg, et al.

Assessment of MHD-relevant parameters in
high enthalpy air plasma for flow manipula-
tion experiments

38.05.03 (POF IV, LK 01)

0042-207X

10.1016/j.vacuum.2023.112504

Petrousek, Patrik, Kvackaj, Tibor, Bidulska,
Jana, et al.

Investigation of the Properties of 316L
Stainless Steel after AM and Heat Treatment
38.05.03 (POF IV, LK 01)

1996-1944

10.3390/ma16113935

Santos, Barbara Maria Oliveira, dos Santos,
Gabriel, Martins, Flavio Goulart dos Reis,
et al.

Magnetic bearings with double crossed
loops modelled with T-A formulation and
electric circuits

38.05.03 (POF IV, LK 01)

2772-8307, 0235-8964
10.1016/j.supcon.2023.100058



.Schlachter, S. 1., Bagrets, N., Branco, M. B.
C.,etal.

Development and Test of High-Temperature
Superconductor Harness for Cryogenic
Instruments on Satellites

38.05.03 (POF IV, LK 01)

1051-8223, 1558-2515, 2378-7074
10.1109/TASC.2023.3241570

Shi, Jiangtao, Zhao, Yue, Wu, Yue, et al.
Supersaturation and crystallization
behaviors of rare-earth based cuprate
superconducting films grown by chemical
solution deposition

38.05.03 (POF IV, LK 01), 0169-4332
10.1016/j.apsusc.2022.155820

Sirois, Frédéric, Grilli, Francesco, Morandi,
Antonio

Addendum to “Comparison of Constitutive
Laws for Modeling High-Temperature
Superconductors”

38.05.03 (POF IV, LK 01)

1051-8223, 1558-2515, 2378-7074
10.1109/TASC.2023.3318573

Vargas-Llanos, Carlos Roberto, Kramer,
Joachim, et al.

Design and test of a setup for calorimetric
measurements of AC transport losses in
HTS racetrack coils

38.05.03 (POF IV, LK 01)

0953-2048, 1361-6668
10.1088/1361-6668/acbba5

Yazdani-Asrami, Mohammad, Song,
Wenjuan, Morandi, Antonio, et al.
Roadmap on Artificial intelligence and big
data techniques for superconductivity
38.05.03 (POF IV, LK 01)

0953-2048, 1361-6668
10.1088/1361-6668/acbb34

»Zhang, Hongye, Yang, Tianhui, Grilli, Fran-
cesco, et al.

A superconducting wireless energiser based
on electromechanical energy conversion
38.05.03 (POF IV, LK 01), 2772-8307
10.1016/j.supcon.2023.100057

Zhang, J., Hanisch, Jensm Yang, X. S., et al.
Effect of carbon doping on magnetic flux
pinning and superconducting performance
in FeSe$_{0.5}$Te$_{0.5}$ single crystals
38.05.03 (POF IV, LK 01)

0953-2048, 1361-6668
10.1088/1361-6668/acadb5

Zhou, Pengbo, Ghabeli, Asef, Ainslie, Mark,
etal.

Characterization of flux pump-charging of
high-temperature superconducting coils
using coupled numerical models

38.05.03 (POF IV, LK 01)

0953-2048, 1361-6668
10.1088/1361-6668/acf739

Zhou, Pengbo, Zhou, Yanyu, Ainslie, Mark,
etal.

Charging process simulation of a coil by a
self-regulating high-T superconducting flux
pump

38.05.03 (POF IV, LK 01)

2772-8307

10.1016/j.supcon.2023.100061

Grunewald, Lukas, Cayado, Pablo, Erbe,
Manuela, et al.

Analytical electron microscopy study of the
composition of BaHfO$_3$; nanoparticles
in REBCO films: the influence of rare-earth
ionic radii and REBCO composition
38.05.03 (POF IV, LK 01)

2633-5409

10.1039/D3MA00447C

W.T.B. de Sousa, M. Noe, S. Huwer, et al.
“Design of a 110-kV 2.0-kA SmartCoil
Superconducting Fault Current Limiter”.
IEEE Transactions on Applied Superconduc-
tivity, 2023, 33(4), 5600709, DOI 10.1109/
TASC.2023.3246818

C. R. Vargas-Llanos, J. Krdmer, M. Noe,
etal.

“Design and test of a setup for calorimetric
measurements of AC transport losses in
HTS racetrack coils”.

Superconductor Science and Technology,
2023, 36(4), 045015, DOI 10.1088/1361-
6668/acbba5

L. Grnewald, P. Cayado, M. Erbe, et al.
Analytical electron microscopy study of the
composition of BaHfO, nanoparticles in
REBCO films: the influence of rare-earth
ionic radii and REBCO composition, Materi-
als Advances (2023), DOI: 10.1039/
d3ma00447c

J. Hanisch,

Superconducting undulators: permanent
magnets after all, Supercond. Sci. Technol.
36, 090501 (2023)

P. Cayado, J. Hanisch, K. lida, et al.

Focus on recent advances in superconduct-
ing films, Supercond. Sci. Technol. 36,
090401 (2023)

K. lida, J. Hanisch, S. Hata, et al.

Recent progress on epitaxial growth of
Fe-based superconducting thin films, Super-
cond. Sci. Technol. 36, 063001 (2023)
(Review)

W. Freitag, M. Erbe, J. Hanisch, et al.
Optimization of the Crystallization Process
of TFA-MOD ErBCO Films on IBAD-Sub-
strate Under Low-Pressure Conditions via
DSD Approach, IEEE Tran. Appl. Supercond.
33, 6601905 (2023)

P. Cayado, D. K. Namburi, M. Erbe, et al.
Transport measurements in single grain Gd-
BCO+Ag bulk superconductors processed
by infiltration growth, Applied Physics A
(2023) 129-137, https://doi.org/10.1007/
s00339-023-06402-w



J. Zhang, J. Hanisch, X. Yang, et al.

Effect of Carbon Doping on Magnetic Flux
Pinning and Superconducting Performance
in FeSe, . Te, ; Single Crystals, Supercond.
Sci. Technol. 36 ,025008 (2023)

J. Shi, Y. Zhao, Y. Wu, et al.
Supersaturation and crystallization behav-
iors of rare-earth based cuprate supercon-
ducting films grown by chemical solution
deposition, Applied Surface Science 612,
155820 (2023)

S. Fatehi, A. Bernhard, S. C. Richter, et al.
Fabrication and Powering Test of a
High-Temperature Superconducting Periodic
Quadrupole Driving a Short-Length Transport
Line for Laser-Plasma Accelerators IEEE TAS
https://doi.org/10.1109/TASC.2024.3351958

B. Krasch, F. Abusaif, T. Arndt, et al.
Measurement Setup and Magnetic Field
Studies of a Compact Superconducting Un-
dulator With Laser-Structured HTS Tapes
IEEE TAS https://doi.org/10.1109/
TASC.2024.3355320

Proceedings

S.I. Schlachter, N. Bagrets, M.B.C. Branco,
et al.

Development and Test of High-Temperature
Superconductor Harness for Cryogenic In-
struments on Satellites

IEEE Transactions on Applied Superconduc-
tivity 33 (2023) 4800505

doi: 10.1109/TASC.2023.3241570

Johannes W. Oswald, Alexander Behnke,
etal.

Assessment of MHD-relevant parameters in
high enthalpy air plasma for flow manipula-
tion experiments

Talk, 34th International Symposium on
Space Technology and Science, June 3-9
2023, Kurume, Fukuoka, Japan

Vacuum 217 (2023) 112504, doi: 10.1016/j.
vacuum.2023.112504

Freitag, W.

Optimization of the Crystallization Process
of TFA-MOD ErBCO Films on IBAD-Sub-
strate Under Low-Pressure Conditions via
DSD Approach

IEEE Transactions on Applied Superconduc-
tivity (Volume: 33, Issue: 5, August 2023)
DOI: 10.1109/TASC.2023.3259922

Presentation

S. I. Schlachter, M.B.C. Branco, M. Col-
lier-Wright, et al.

Development and Test of Flexible High-Tem-
perature Superconducting Current Lead
Harness for Satellites

Space Cryogenics Workshop ‘23, July 16-18,
Kailua-Kona, HI, USA

S.I. Schlachter, A. Drechsler, R. Gehring,
etal.

Design, fabrication and test of high tem-
perature superconducting magnet for heat
flux and radio blackout mitigation experi-
ments in plasma wind tunnels

CEC/ICMC 2023 July 9-13, 2023, Honolulu,
HI, USA

C. Schulz, N. Bagrets, V. Tschan, et al.
Cryogenic Hydrogen and testing methods:
microstructural and mechanical properties
under cryogenic hydrogen environment
International Cryogenic Materials Confer-
ence 2023, Hawaii, USA

K.-P. Weiss, N. Bagrets, C. Schulz
Cryogenic thermo-physical properties of
additive manufactured materials
International Cryogenic Materials
Conference 2023, Hawaii, USA

M. Maarouf, C. Schulz, C. Herwerth, et al.
Macro- and microscopic properties of an
austenitic steel after long-term hydrogen
exposure

International Cryogenic Materials Confer-
ence 2023, Hawaii, USA

C. Schulz, M. Monzer, A. Pundt, et al.
Cryogenic Hydrogen and Steels: microstruc-
tural and mechanical properties for cryo-
genic hydrogen environment

Pressure Vessel & Piping 2023, Atlanta, USA

B. Holzapfel, N. Bagrets, C. Barth, et al.
.Realization of an R&D synthesis line for
tailored intermediate length CC”
EUCAS 2023, 4.9.23, Bologna

B. Holzapfel, “WP2.1 — R&D on accelerator
grade HTS REBCO conductors”

RD line 2 kick-off forum meeting — HTS
Conductors and HTS Magnet Technologies,
2.5.23, Geneva

R. Popov, P. Cayado, H. Rijckaert, et al. ,Ox-
ygen annealing: a tool for tailoring the pin-
ning landscape in pristine GdBCO supercon-
ducting thin films.” EUCAS2023, 4.09.2023,
Bologna, Italy

Book essay

M. Noe, C. Humpert, S. Poehler.

380 kV Superconducting Fault Current
Limiter Feasibility Study”.

KIT Scientific Publishing, 2023, Karlsruher
Schriftenreihe zur Supraleitung Band 37,
ISSN 1869-1765, ISBN 978-3-7315-1313-1,
DOI 10.5445/KSP/1000161057

C. Findeisen, M. Schober, S. Appel, et al.
Development and implementation of a
parameter estimation and post-processing
tool for the failure analysis of composite
materials

17th European Conference on Spacecraft
Structures Materials and Environmental
Testing, ECSSMET 2023. Proceedings



Posters

N. Bagrets, K.-P. Weiss

Thermal and electrical resistance of HTS
tapes stacks in radial direction

European Conference of Applied Supercon-
ductivity 2023, Bologna, Italien

O. Taylor, Y. Gao, D. Evans, et al.
Characterization of the Mechanical and
Thermal Properties, Including Fracture
Toughness, of Epoxy Resin System DGEBA /
POPDA (D400)

MT28 2023, Aix-en-Provence, Frankreich

Energy System Design (ESD)

Journal article

.Buticchi, Giampaolo, Pereira, Thiago,
Yang, Jiajun, et al.

A Smart Transformer for the Electrical
Power System of Green Airports: Smart
Power Management

IEEE Industrial Electronics Magazine
1932-4529, 1941-0115
10.1109/MIE.2023.3304065

Wald, Felix, Tao, Qiucen, Carne, Giovanni
De

Virtual Synchronous Machine Control for
Asynchronous Grid Connections

IEEE Transactions on Power Delivery
0885-8977, 1937-4208
10.1109/TPWRD.2023.3235149

Proceedings

.Arena, Gabriele, Emiliani, Pietro, Chub,
Andrii, et al.

DC Fast Charging of Electric Vehicles:

a Review on Architecture and Power
Conversion Technology

IEEE 17th International Conference on
Compatibility, Power Electronics and Power
Engineering (CPE-POWERENG 2023)
10.1109/CPE-POW-
ERENG58103.2023.10227492

Emiliani, Pietro, Blinov, Andrei, Carne,
Giovanni De, et al.

Three-Phase Four Wire High-Frequency
Link Converter for Residential DC Grids
IEEE 17th International Conference on
Compatibility, Power Electronics and Power
Engineering (CPE-POWERENG)
10.1109/CPE-POW-
ERENG58103.2023.10227416

E. Weiss, N. Rimikis, N. Bagrets, et al.
Software Interface for Material Database to
COMSOL® Material Library

COMSOL Konferenz 2023, Munchen,
Deutschland

Emiliani, Pietro, Blinov, Andrei, Carne,
Giovanni De, et al.

Predictive Control for Isolated Matrix Recti-
fier Without Current Distortion at Sector
Boundary

IEEE 17th International Conference on
Compatibility, Power Electronics and Power
Engineering (CPE-POWERENG)
10.1109/CPE-POW-
ERENG58103.2023.10227405

Ashrafidehkordi, Fargah, Liu, Xiaochang,
Carne, Giovanni De

Impedance-based Stability Analysis of a
Power Hardware-in-the-Loop for Grid-Fol-
lowing Inverter Testing

2023 IEEE Energy Conversion Congress and
Exposition (ECCE)
10.1109/ECCE53617.2023.10362808

Rajashekaraiah, Karthik, Carne, Giovanni
De, lurlaro, Cosimo, et al.

P-Q Theory-based Dynamic Load Model-
ling in Short-Circuit Analysis

2023 8th IEEE Workshop on the Electronic
Grid (eGRID)
10.1109/eGrid58358.2023.10380853



Invited Papers

Tabea Arndt

m 20.04.2023, Invited, T. Arndt, Supraleiter
& Wasserstoff — Defossilisierung und
Sektorkopplung, Rheinland-pfalzischer
Supraleitungskongress, Mainz

m 02.05.2023, Invited, T. Arndt, Large
Scale Superconducting Applications -
Status and Prospects, Gordon Research
Conference "Superconductivity”, Les Di-
ablerets

m 06.09.2023, Contributed, T. Arndt, 3-LS-
MC2-02S Common Challenges and goals
when using HTS in power engineering
and accelerators, EUCAS, Bologna

m 06.09.2023, Invited, T. Arndt, Room
Temperature Superconductivity — Impact
on Power Engineering- a dream or a
nightmare?, EUCAS, Bologna

m 20.09.2023, Invited Plenary, T. Arndt,
Superconducting Magnet Technology —
status, trends and prospects, FGMR con-
ference, Konstanz

Christian Day

m J.C. Schwenzer, The fuel cycle simulator
of the EU-DEMO fuel cycle, 30th IEEE
Symp. Fusion Engineering (SOFE), Ox-
ford, UK, 9-13 July 2023.

m Chr. Day, Progress in maturation of criti-
cal technologies for the EU DEMO fuel
cycle, 30th IEEE Symp. Fusion Engineer-
ing (SOFE), Oxford, UK, 9-13 July 2023.

Jens Hanisch

m J. Hanisch, S. Tokatlidis, D. Li,
Vortex matter, anisotropy, and electrical
transport in (Li,Fe)OHFeSe thin films, in-
vited talk, MRM2023, Kyoto, Japan, 11.-
16.12.2023

Bernhard Holzapfel

m KC4: The KIT-CERN REBCO laboratory,
1st HIiTAT workshop, 9.3.23, Geneva,
.Teilchenphysik und Energiewende”,
Physik im Rathaus, 3.7.23, Karlsruhe

Mathias Noe

m Mathias Noe, “Ressourcen schonen und
Energie sparen — Supraleiter fir Netz-
technik und Industrie”, Rhein-
land-pfalzischer Supraleiterkongress —
Zukunftstechnologie mit wirtschaftli-
chem Nutzen, 20. April 2023, Mainz

m Mathias Noe, Christof Humpert, Stephan
Pohler et al., “Technical and economic
feasibility of a 380 kV, 5 kA resistive type
SFCL", European Applied Superconduc
tivity Conference 2023, September 3rd-
7th, 2023, Bologna, Italy

m Mathias Noe, Bernhard Holzapfel, Tabea
Arndt, “Supraleitung in der (Hybrid-)
Elektrischen Luftfahrt”, Workshop , Po-
tenziale klimaneutrales Fliegen 2045 und
Fahigkeitslticken bei Schlusseltechnolo-
gien”, 10.2023, Bonn



Patents Held

m Vorrichtung zur Strombegrenzung mit
einer veranderbaren Spulenimpedanz
Noe, Mathias; Schacherer, Christian

DE 2532016
FR 2532016
GB 2532016
JP 5907894
us 9583258

m Verfahren und Vorrichtung zur
kontinuierlichen Wiederaufbereitung
von Abgas eines Fusionsreaktors
Day, Christian; Giegerich, Thomas
CN 105706175

DE 3061098
FR 3061098
GB 3061098

KR 1020167007345

m Design of Superconducting Devices By
Optimization Of The Superconductor’s
Local Criticial Current

Holzapfel, Bernhard; Rodriguez Zermeno,

Victor
DE 2983218
us 10153071

m Schienengebundene
Magnetschwebebahn
Holzapfel, Bernhard; Noe, Mathias
CN 2016800101353
DE 3256359
FR 3256359

Transformator, Wickelkorper daftr
und Verfahren zur Herstellung eines
Wickelkorpers

Hellmann, Sebastian

DE 3341945
FR 3341945
GB 3341945

Supraleitfahiger Leiter und Verwendung
des supraleitfahigen Leiters

Fietz, Walter; Heller, Reinhard; Weiss,
Klaus-Peter; Wolf, Michael J.

CH 3335228
CN 10814458
DE 3335228
FR 3335228
GB 3335228
IE 3335228

us 10825585

Verbinder fur supraleitfahige Leiter und
Verwendung des Verbinders

Fietz, Walter; Heller, Reinhard; Weiss,
Klaus-Peter; Wolf, Michael J.

CH 3335280
CN 10814961
DE 3335280
DE 1020150106341
FR 3335280
GB 3335280
IE 3335280

us 10218090

m Verfahren und Vorrichtung zur Herstel-

lung eines supraleitfahigen Leiters
Fietz, Walter; Heller, Reinhard; Weiss,
Klaus-Peter; Wolf, Michael J.

CN 10814715

DE 102015010676.7

EP 16756943.3-1212

us 11328841

Design of contacts for superconducting
busbars and cables
Rodriguez Zermeno, Victor

DE 3352303
FR 3352303
GB 3352303

Verfahren und Vorrichtung zur Anre-
icherung oder Abreicherung mindestens
eines Wasserstoffisotops in einem
Gasstrom

Day, Christian; Giegerich, Thomas;
Horstensmeyer, Yannik; Mdller, Ralf; Pe-
ters, Benedikt

DE 3441129

GB 3441129

Stromschienensystemelement mit einem
Supraleiterstrand und einem Verbind-
ungsstlck sowie Stromschiene mit einer
Vielzahl von solchen Elementen
Kudymow, Andrej; Rodriguez Zermeno,
Victor; Straul3, Severin

DE 202017102659



m Stromschienensystemelement mit einem
Supraleiterstrand und einem Verbind-
ungssttick sowie Stromschiene mit einer
Vielzahl von solchen Elementen
Kudymow, Andrej; Rodriguez Zermeno,
Victor; Straul3, Severin
EP 18720292.4

m Bitterprinzipbasierte Magnetvorrichtung
und Verwendung einer bitterprinzip-
basierten Magnetvorrichtung
Arndt, Tabea
DE 102020124852.0
EP 21766121.4-1212
us 18/245,899

m Bandleitervorrichtung und Kabel, das die
Bandleitervorrichtung aufweist
Arndt, Tabea
DE 102020128417.9
EP 21794557.5-1212
us 18/250,223

m Hochtemperatur supraleitende Schaltvor-
richtung
Martz, Simon; Noe, Mathias; Pham,
Quoc Hung
EP 23180956.7
LU LU502329

m Hochtemperatur supraleitender Schalter
Noe, Mathias
LU LU502334

m Pumpe
Arndt, Tabea
DE 102023115683.7

m Method for determining load parameters
Courcelle, Maeva; De Carne, Giovanni;
Tao, Qiucen
EP 23195368.8

m Verfahren zum Betrieb eines
elektrischen Energieversorgungsnetzes,
Computerprogramm, Leistungselek-
tronikeinrichtung
De Carne, Giovanni
DE 102016119422.0
EP 17783483.5
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