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Abstract

Significant progress towards the suitability of Additive
Manufacturing (AM) metal parts for the production of linear
accelerator components has been made in recent years. One
significant factor for the suitability of AM parts to produce
linac rf structures is the surface quality of the parts. Due
to the inherently higher surface roughness of AM metal
parts, post-processing is necessary to reach surfaces suitable
for rf operation. We present most recent results of surface
post-processing trials with AM parts from stainless steel.

INTRODUCTION

Additive manufacturing (AM) of stainless steel and pure
copper parts for the manufacturing of critical parts for lin-
ear particle accelerators is an interesting prospect for cost
reduction of these typically very complex structures [1-9].
First implementations of stainless steel parts use a oversize
print that is CNC machined and then copper plated with the
rest of the linac cavity [10—12]. The main benefit there is
the inclusion of complex cooling channels within the parts.
These implementations therefore still need very costly and
time consuming machining of the surface to achieve the
dimensional accuracy and surface roughness needed. How-
ever, to fully harness the potential cost savings of metal AM,
this step should be eliminated. To reach this goal, we need
to identify surface finishing (polishing) processes, that can
produce parts with low surface roughness (R, < 1 um) while
maintaining the dimensional accuracy of the part or at least
show predictable mass removal of the part geometry.

In this paper, we summarize the current state of a study
to try to answer these questions for steel AM parts. To this
end, a small, cheap to print test geometry was developed
to evaluate as many geometrical scenarios as possible to
differentiate the different processes tested (see Fig. 1).
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TEST GEOMETRIES

The aforementioned test geometry is shown in Fig. 2,
where the purpose of the different features is noted. In
addition to different simple geometric features to stress
test surface finishing techniques, a short stem with a mod-
ified drift tube structure from an IH-DTL is positioned on
top of the part for evaluation of a more realistic scenario
as found in linac structures [3]. The test part measures
61 mmx20 mmx55 mm and is therefore more cost-effective
than printing full large linac geometries just for testing.

At this time, a total of 12 of these test samples have been
printed at the company Rosswag (samples 1-5) as well as
by colleagues at THM Friedberg with a focus on high part
accuracy (samples 6—12), as shown in Fig. 1. While samples
9-12 were not sandblasted (SB) after printing (see Fig. 3),
all other parts were sandblasted after printing to remove
residual powder from the parts surface.

Figure 1: Test geometries in sorting rack. Samples 11 and
12 are still unprocessed.

SURFACE FINISHING PROCESSES

Test samples were sent to different companies and re-
searchers for surface finishing with different techniques. The
processes used for this study so far are summarized in Table 1.
The processes include two trials with vibratory mass finish-
ing (PERS, Rosler), which is known to be able to produce
very smooth parts at higher processing times. One potential
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Figure 2: Test geometry for dedicated surface finishing studies. The individual features are noted on the picture. Longest

side of the part is 61 mm.

drawback is the rounding of hard edges which increases with
process time. Another trial was done with a combination of
wet sandblasting for preprocessing and a finishing using a
dry electrolytic method called DLyte. While wet sandblast-
ing can lead to significant an non-uniform mass removal, the
DLyte process can produce very low surface roughness. Fi-
nally, two samples were processed using plasma electrolytic
polishing (PEP), which can be considered to be a more envi-
ronmentally friendly alternative to electrochemical polishing
due to the use of relatively harmless solutions during the
process. Additionally, PEP in contrast to other chemical or
electrochemical processes is capable of reducing roughness
by an order of magnitude without the need of a mechanical
pre-treatment at much shorter process times [13].

Table 1: Description of Surface Finishing Processes

Process Name  Process Description

Spaleck linear high frequency processing
PPL300, fixed sample, 5.5h
WB+DLyte 1. wet sand blasting
2. DLyte polishing
PERS vibratory mass finishing
4h VL150B + 2h VT145
Rosler vibratory mass finishing
three step process (total 48h)
INFN, PEP plasma electrolytic polishing

130 to 150 min, 300V, 90°C

SURFACE FINISHING RESULTS

A full summary of the measured surface roughness num-
bers after the different surface finishing processes is given in
Table 2. After printing, the initial surface roughness for Ross-
wag manufactured parts was in the order of R, = 2 um to
4 pm. Parts by THM had an initial roughness of R, = 3 um
to 8 um.

Surface roughness after finishing was measured in two
different configurations (“THM” and “Rosler” in Table 2).
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Figure 3: SEM images of the surface for Sample 9 in the
unprocessed stage. This sample was not sandblasted after
printing (as it would be usually). Therefore, residual powder
particles can be seen stuck to the surface. Courtesy of M.
Pozzi, Rosler Italy.

The measurements connoted as "THM” were measured us-
ing a Keyence Laser Microscope, using a 20x magnification
and a cutoff 1, = 0.08 mm. R, and R, were measured using
10 lines at 45° to the print orientation of the parts. S, and S,
were measured on a 250 umx250 pm area. Measurements at
Rosler were performed with a contact profilometer for R,
and R, using five lines with length L = 4.8 mm and a cutoff
L. = 0.8 mm perpendicular and parallel to the printing di-
rection (only values parallel to the print direction are shown,
as they show the worst case). S, and S, were measured
using a optical profilometer on a 1 mm? area with a cutoff
Ao = 0.8 mm. All surface measurements were performed
on the large plane areas on the sides of the test parts. It
should be noted, that due to the difference in measurement
procedures, the values are not directly comparable.

In addition to the surface roughness measurements, a total
of 14 dimensions at the various geometries on the test parts
were measured before and after surface finishing to deter-
mine the impact on part accuracy imposed by the different
methods. These measurements are represented by the mean
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Table 2: Surface Roughness and Dimensional Deviations after Surface Finishing

Ra Rz Sa Sz AL,,, AL,.,  op  Measurement
#  Process Manufacturer [pum] [um] [um] [um] [mm] [mm] [mm] Setup (surf.)
2 (Spaleck) Rosswag 0.15 096 0.18 2.89 0.06 0.13 0.03 THM
7 (Spaleck) THM 021  1.27 030 298 0.08 0.24 0.06 THM
1 (WB+Dlyte) Rosswag 0.09 0.58 076 7.56 0.37 0.87 0.24 THM
6 (WB+Dlyte) THM 0.16 1.14 0.82 1563 0.31 0.87 0.24 THM
3 (PERS) Rosswag 032 2.04 324 1584 0.03 0.11 0.03 THM
8  (PERS) THM 0.79 419 246 21.12 0.06 0.21 0.06 THM
4 (Rosler) Rosswag 0.05 050 008 324 0.03 0.14 0.08 Rosler
9  (Rosler) THM-noSB 0.03 0.32 0.08 1.36 0.05 0.20 0.06 Rosler
5  (INEN, PEP) Rosswag 0.25 130 037 14.02 0.22 0.33 0.10 Rosler
10 (INEN,PEP) THM-noSB 0.31 3.09 040 17.13 0.25 0.38 0.10 Rosler

Figure 4: SEM images of the surface for Sample 9 after mass
finishing by Rasler. The surface is clearly polished to a high
degree. Residual scratch marks from mass finishing can be
seen. The surface roughness seen here is R, = 0.03 um.
Courtesy of M. Pozzi, Rosler Italy.

deviation AL,,,, and the highest single deviation AL,,, of
all the measured dimensions before and after surface finish-
ing, as well as the standard deviation o ;.

Looking at the line roughness values in Table 2, all but
one part have a roughness of R, < 0.5 um. Looking at the
surface roughness values S, and S,, some more distinctions
can be made. The overall smoothest surface is produced by
Rosler (parts 4 and 9) with the lowest S, and S, measured
(see also Fig. 4). In addition, they also show among the
lowest dimensional deviations (AL, = 0.03 & 0.05 mm).
It has to be noted, that rounding of hard edges is more pro-
nounced in these parts. Similar performance is observed
for the parts processed by Spaleck (parts 2 and 7) using
linear high frequency processing. These parts in addition
to low surface roughness values, also show a remarkably
low geometric deviation of AL, = 0.06 & 0.08 mm, while
showing lower edge rounding. The highest dimensional de-
viation is observed in parts 1 and 6 due to extensive wet
blasting before the DLyte finish. The parts with the lowest
geometric deviation are the ones processed by PERS using
vibrational mass finishing, but those have by far the highest
surface roughness remaining. The parts finished using PEP
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Figure 5: Sample 10 after a PEP processing time of 130
minutes.

show relatively high dimensional deviations for this first trial
(see Fig. 5).

CONCLUSION

In conclusion, we have found some interesting candidates
for stainless steel surface finishing (e.g. Spaleck, Rosler,
PEP) that could be very useful for cost effective production
of precise linac components. Dimensional accuracy is an
important factor for linac compoments and has to be consid-
ered alongside roughness requirements. Further tests will
include copper plating of the test samples followed by cross-
sections to determine the layer adhesion. For stainless steel
linac parts, the suitability for uniform copper plating is a suf-
ficient criterion to choose a process. When looking towards
pure copper AM parts, this may not be sufficient, as the
surface conductivity after finishing needs to be considered
as well.
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