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What is additive manufacturing?

* In additive manufacturing an
object is built layer by layer.

* This is by opposition with
traditional manufacturing where
material is usually removed. z

* Additive manufacturing allows to ‘
produce a large variety of shapes Y

some of which are difficult to
produce by conventional

manufacturing. I )
X
Y
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Laser

How additive
manufacturing works? ==

Sintered =1 powder 1bea
powder particles (green state)
WL S \ Laser sintering

Roller Fabrication

powder bed

Powd
d;\?\:e(:; Object being
system fabricated

Image source: wikipedia

Unsintered matenal
in previous layers

* Metal additive manufacturing can be done with several
technologies.

* One of them is Selective Laser Melting (SLM) where a high
power laser melts metal powder to form the object.

* Several metals are available including 316L stainless steel,
titanium,...

- 3D-printed BPM

Powder delivery piston Fabrication piston
Image source: wikipedia



Can AM be used in accelerators?

* The capability of AM to make complex shapes is very
attractive for accelerators instrumentation.

* However there are several challenges to be addressed:

* Are additively manufactured part vacuum compatible?
Significant work has been done to address this issue (see
Gaél Sattonnay presentation WEXXPLS3).

* What is the mechanical strength of these components?
An extensive study campaign is ongoing to address this
issue.

* What are the electrical properties of AM components?
To test this we decided to build a Beam Position Monitor by
AM.

* Cryogenics, RF,...
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More details on the
advantages and challenges of
additive manufacturing for
accelerators: see THPTS008
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Designing a BPM for additive manufacturing

* Additive manufacturing
allows topological
optimisation of the
shape.

-0,34878 Max
-0,35663
-0,36447
-0,37232

* |t also sets constraints on
overhanging surfaces.

* Topological optimisation e
allows a lighter flange
with similar

functionalities.

0,0001228 Min



Designing a BPM for additive manufacturing (2)

* With additive manufacturing
a more compact design is
possible.

* The impedance of the 3D-
printed BPM is closer to 50
Ohms (thinner electrodes).
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Designing a BPM for additive manufacturing (3)

* After printing the BPM add to be pSt-processed:
o Cut the knife edges for UHV CF Flanges.
o Weld the electrodes feedthrough.
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Lambertson measurements

* The first step to qualify the BPM was the measure of the
electrodes coupling and misalignment using the Lambertson
method (with a network analyser).

* In the Lambertson method the coupling between the
electrodes is measured by injecting a signal on one electrode
and reading it on one the others.

* This gives information on coupling and misalignment.

* The properties measured by that method were found to be
similar or better than with traditional manufacturing.
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Comparison with traditional BPMs

* To qualify the AM BPM we mounted it on a triplet with two BPMs
made by conventional methods.

* This allows direct comparison of the performances of the three
BPMs.
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Stretched wire tests

A SO RCR R

* The stretched wire method allows to measure the response of a
BPM to a displacement of the wire.

* A wire is stretched across the BPM triplet which is mounted on
translation stages.

* To avoid vibration problems we decided to move the BPMs, not ). -~
the wire. —

- SR
B.y. . T =8
.....
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Stretched wire tests (2)

* Electrical pulses are sent across the wire
and are read on the BPM electrodes.

* We used a Libera Billiance+ to read the
signal on the electrodes.

* Data acquisition was done through Tango.
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Stretched wire tests results
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* Avery good correlation was observed between the expected and
measured position for the three manufactured BPMs.

* The residual error with a linear fit is similar to that of the other BPMs (and
can be explained theoretically).
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Tests on a photo-injector

e After the measurements with the stretched wire the BPM was installed on the
PHIL photo-injector.

* All 3 BPMs were revalidated by the UHV group for installation in the
accelerator UHV.

* PHIL can deliver a 3.5MeV, 100pC at 5Hz beam of eIectrons with a transverse
size of a few millimetres. m—_— T — | -
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Tests on a photo-injector (2)
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Tests on a photo-injector (3)
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pass measurements.
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Outlook

* We have built a BPM using topological optimisation and
additive manufacturing.

* We qualified it, together with two traditionally
manufactured BPMs, using the Lambertson method and

the stretched wire method.

* In both cases the performances of the 3D-printed BPM
were found to be better or equal to those of the other
BPMs.

* It was then UHV-qualified and installed on a photo-injector
where its performances were within specifications.

* The 3D-printed BPM performs at least as well as
conventional BPMs.
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