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Abstract

The institute of applied physics (IAP), at the university
of Frankfurt, has been working for years on the develop-
ment of increasingly powerful 4-rod RFQ accelerators for
hadron acceleration. The need for such accelerators has
risen significantly in the recent past, as accelerator-driven
neutron sources are becoming more important following
the closure of various test reactors in Europe. High beam
currents, high particle energies and operational stability are
often required from those LINACS. In order to meet these
requirements, adding more advanced cooling channels in the
copper structure of the RFQ, with a new type of pure copper
3D-printing, will be explored. Comprehensive multiphysics
simulations with Ansys, d’Assault CST and Autodesk-CFD
will first be carried out to evaluate the operational stability
and performance.

INTRODUCTION

The current design of the 4-rod RFQs at IAP has been de-
veloped for the Frankfurt Neutron Source (FRANZ) [1] and
is also found, in adapted form, in the RFQ of the MYRRHA
LINAC [2] at SCKeCEN. Furthermore it is intended to be
used for the two RFQs of the High Brilliance Neutron Source
(HBS) at the Forschungszentrum Jiilich [3]. Within the de-
sign power of the above-mentioned projects (under 30 kW/m,
this design works flawlessly [4]. However, increasing the
design power can reduce the length of the RFQ in future
projects, potentially leading to beam dynamic advantages
and cost reduction. The functioning principle of a 4-rod
RFQ as a line resonator allows for the production of a proto-
type with fewer stems and a correspondingly shorter length.
With a 4-stem prototype of the current 4-rod design, rep-
resentative performance tests well above the design power
have been conducted. It was found that thermal instabilities
occur at a power of 75kW/m as seen in Fig. 1. After the
power was increased further to 150 kW/m, severe thermal
problems were observed at the contact points between the
tuning-plates and stems [5]. To increase the power even
more through improved cooling and to prevent problems
with the tuning-plate contacts, additive manufacturing with
pure copper appears to be a suitable solution. To verify this
technique, the copper structure of the 4-stem prototype will
be replaced by a new optimised structure produced using
additive manufacturing techniques and its performance will
be compared to the conventionally manufactured prototype.
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Figure 1: Frequency shift during high-power conditioning of
the 4-stem prototype with an electrode length of 392 mm [5].

CURRENT DESIGN AND ITS
LIMITATIONS

The thermal analysis was conducted on the 4-stem
FRANZ prototype, revealing thermal bottlenecks in the up-
per part of the stems, with temperatures reaching up to 476 K,
as identified through Ansys [6] simulations (see Fig. 2). It is
crucial to keep the temperature below 400 K to prevent out-
gassing [4]. Additional thermal problems were observed at
the tuning-plate stem transition, where melting and welding
of the plate occurred after high-power tests. These issues
were not predicted by simulations, as the transition resis-
tances were not considered in d’Assault CST [7] simulations,
which were used to simulate surface losses before importing
them into Ansys.

3D-PRINTED DESIGN

The geometry of the additively manufactured structure
closely resembles that of the existing prototype to ensure
good comparability. Improvements in operational stability
are aimed to be achieved by implementing more sophis-
ticated cooling channels, enhancing thermal performance.
Figure 3 shows the simulated surface temperature of a 3D-
printed stem at a power loss of 60 kW.

Despite the increased power, the maximum surface tem-
perature reaches only 354 K. It should be noted that the sim-
ulation did not account for the water-pipes of the electrode
cooling running through the stems, which should further
reduce the temperature at the shown hotspot. A comparison
of the cooling channels between the existing and the new

THPR: Thursday Poster Session: THPR
MC4.A08 Linear Accelerators




15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-THPR08

3494

MC4.A08 Linear Accelerators

THPR08

THPR: Thursday Poster Session: THPR

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


15th International Particle Accelerator Conference,Nashville, TN

ISBN: 978-3-95450-247-9

Static Temperature
[K]

4.76e+02
4.59e+02
4.41e+02
4.23e+02
4.06e+02
3.88e+02
3.70e+02
3.53e+02
3.35e+02
3.18e+02

3.00e+02
contour-5

A

Figure 2: Simulated surface temperatures at 5S0kW
(127.5kW/m) of the current RFQ-Prototype using Ansys
fluent 2023R2.
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Figure 3: Simulated surface temperatures at 60kW
(153.1 kW/m) of the proposed 3D-printed RFQ-stem using
Ansys fluent 2023R2.

Figure 4: Comparison of the cooling channels of the conven-
tionally manufactured stem (left) and the 3D-printed stem
(right).

design can be seen in Fig. 4, highlighting the improvements
made in the new design.
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Figure 5: CAD-model of the tuning-plate-test-stand cur-
rently in production

PRE-TESTS

Before construction of the additively manufactured struc-
ture begins, several preliminary tests are still to be carried
out.

Testbench for a New Tuning-Plate

To better utilize the capabilities of additive manufacturing,
the tuning-plate mounting has been redesigned. In the new
design, the tuning-plates are not clamped as in the old design;
instead, they are attached using screws and T-slots in the
stems, allowing for better cooling of the contact area and
promising to reduce the transition resistance. Additionally,
the process of flatness tuning is expected to become less
cumbersome. To test these modifications, a significantly
simplified two-stem model is currently being fabricated (see
Fig. 5) using conventional methods. This model will be
installed in a vacuum tank to test the user-friendliness of
adjusting the tuning-plate height. Furthermore, it will allow
for the determination of contact resistance through Q-factor
measurements and enable a comparison with the old style
of tuning-plate mounting.

Erosion Test

Erosion corrosion describes the process in which copper
channels are damaged due to the simultaneous effect of me-
chanical wear and chemical corrosion. This process occurs
in metal pipes where water is used as a coolant. The com-
bination of oxide removal due to flow acceleration and new
oxidation of copper by the cooling water leads to continuous
material removal, as seen in Fig. 6.

Currently, there is no data available on the behavior of 3D-
printed copper in cooling water circuits. Therefore, a specific
test must be designed to determine the boundary conditions
for the channel geometries ensuring the long-term durability
of the RFQ. For this purpose, a test geometry will be created
and circulated with water in the IAP’s cooling system for
several months. By measuring the material removal and
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Figure 6: Damage pattern in a copper pipe worn by erosion
corrosion. The elbow previously had a uniform diameter [8].

simulating flow conditions, conclusions can be drawn about
the maximum permissible turbulence and velocity.

SUMMARY

Initial simulations show very promising results in reduc-
ing negative temperature effects through the use of addi-
tive manufacturing in the production of 4-rod RFQs. Ad-
ditionally, a 3D-printed design is expected to be more cost-
effective. However, the question of suitable surface treatment
remains open. Further research is needed in this area to en-
sure the performance of the RFQ. It needs to be clarified
whether the printed copper fulfills the necessary vacuum
and conductivity requirements after printing and polishing,
or whether CNC-machining and/or galvanic copper plating
should be carried out.
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