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Preface

The 10" Mechanical Engineering Design of Synchrotron Radiation Equipment and
Instrumentation (MEDSI) conference took place from June 25" to 29" 2018 at the Cité
Internationale Universitaire, Paris, France. This important biennial conference, hosted in
2018 by Synchrotron SOLEIL, gathers worldwide experts of the accelerator community and
related technologies. MEDSI provides a forum for engineers from facilities around the world
to meet and share their experience. The conference fulfills the need to improve information
exchange on technical issues and equipment design.

The Scientific committee has reviewed all the abstracts to select the contributions and
distribute them between oral and posters presentations. We invite you to see the
presentations of the three Keynotes that we selected for the knowledge and background
information that they give.

About 340 participants attended the conference and nearly 200 persons followed the
Synchrotron Soleil lab tour. 171 abstracts (poster + talks) were submitted which finally
summed up into the 128 contributions presented in these proceedings. The event program
included 44 oral contributions, including 3 keynote talks, and 128 posters covering almost all
engineering disciplines of particle accelerators and showing the vitality of our community.
The MEDSI’18 with an unprecedented number of industrial partners (46 companies) was
the most successful edition so far from this point of view.

We enjoyed a beautiful Parisian venue, including the gala dinner with a relaxing boat tour on
the famous Parisian “bateaux-mouche”. We hope that you have enjoyed your stay at Paris
and went back to your respective labs with renewed ideas and motivations.

| will take the opportunity to deeply thank all the Local Organizing Committee for their
dedication in making this event possible. Thanks to the local Scientific Committee members
for such a quality selection for the oral contributions and the excellent choices for the
Keynote Talks. Special thanks to the Jacow edition board for their patient work in editing
this final version of the proceedings and also to the International Organizing Committee for
their unconditional support.

me\éu(» - “_,‘,-

Keihan TAVAKOLI
Synchrotron SOLEIL
MEDSI 2018 Chair
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DEVELOPMENT OF THE NEW UE38 UNDULATOR FOR THE ATHOS
BEAMLINE IN SwissFEL

H. Joehri®, M. Calvi, M. Hindermann, L. Huber, A. Keller, M. Locher, Th. Schmidt, X. Wang,
A Zandonella, Paul Scherrer Institute, 5232 Villigen, Switzerland

Abstract

For Athos, the second beamline of SwissFEL, we profit
from the experience of the Ul5 undulator development.
The U1S5 undulator is in use at the Aramis-beamline in
SwissFEL. But for Athos, there are new requirements,
because it will be a polarized undulator with a period of
38mm. We developed a new arrangement of the drives in
a X-arrangement. The magnet keepers are optimized for
bigger forces also in the beam direction. A vacuum pipe
with only 0.2mm of wall thickness is realized.

Currently, the undulator is in fabrication at MDC Max
Daetwyler AG. All the main parts are manufactured and
the assembly is close to be finished. For measurement and
alignment, separate tools had to be designed.

For the vacuum pipe we have a prototype, which is
close to the requirements. Some points of the fabrication
process have to be optimized to realize a better straight-
ness.

OVERVIEW

The general arrangement is an Apple II undulator, but
the movements of the magnets are not in vertical direc-
tion. The opening of the gaps, is like an X (Figure 1).

Figure 1: X — Arrangement.

Each magnet can be adjusted with a screw. The screw
with two different threads moves a wedge. This wedge
moves the magnet in the direction of the gap movement.
This enables to use a robot system to adjust each magnet
individually within a tolerance of 1.5 pm

T haimo.joehri@psi.ch
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Main Specification

Length :2m
Number of periods  : 52

Length of period 138 mm
Gap range :3-21 mm
Shiftrange :4/- 21 mm
Magnetic force in X : 1.6 tons
Magnetic forcein Y : 1.6 tons
Magnetic force in Z : 2.0 tons

See figure 2 for the definition of gap and the direction of
the forces

Figure 2: Definition of gap and the coordinates.

DRIVES AND ENCODERS

One goal of the development was to find an arrange-
ment in a way, that the drives are independent of each
other (see figure 3).

The gap is changed by a wedge drive. The wedge is
driven by a servomotor and a spindle with a satellite roller
screw. The slope of the spindle is 0.5 mm.

The shift drive is solved directly with a spindle and a
servo-motor. Also here, a spindle with satellite roller
screws is used. The slope is 1.0 mm.

To allow the baseplate with the keepers to move in both
directions (gap and shift), a separate plate is positioned
between the frame and the baseplate (violet plate in figure
3). This plate is connected to the frame with 7 linear
guides to give the stiffness of the system.

All movements are controlled by linear encoders

Motors: Beckhoff AM8023-OE21

Encoders: Heidenhain LC 415-ML70

TUOPMAO03
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Drive for Shift

e

Figure 3: Drives.

FRAME

The frame has to fullfill different requirements

e Due to the big forces of the magnets, it has to
be stiff.

e The production has to be cost-effective for a
series of 20 units

e Al parts should have the same thermal expan-
sion, because the arrangement of the guides is
very sensitive to differences in the expansion.

e For service of the components, the main parts
should be accessable in case of failures

To fullfill these requirements, we chose a concept with
two baseplates and two sidewalls, which gives a closed
structure at the end. The two baseplates (upper and lower)
are identical.

The sidewalls have openings to gain access to the
drives.

We chose cast iron as material. This gives more free-
dom in the design than mineral cast and it can be milled.
To prevent differences in thermal elongation, all parts that
are shown in figure 4 are made in cast iron.

Figure 4: Parts in cast iron.

At the beginning of the design we tried tools with topo-
logical optimization. First result is shown in figure 5. As a
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first impression, the result looks a bit strange. Main find-
ing was, that in the baseplates should be a rib over each
linear guide from the gap movement. So we took that
principle and designed the structure in the classical way
with design rules for cast iron and optimized it with nor-
mal finite element analysis.

500.00 1000.00 (mm)
——1 ——]
250,00 750,00

Figure 5: Result of topologic analyses.

KEEPER DESIGN

For U15 Undulator of Aramis (First beamline in Swiss-
FEL), we developed a keeper, where each magnet can be
adjusted by a screw [1]. This gives the possibility to use a
robot screwdriver to automize the adjustment of the mag-
nets.

For the UE38-Undulator, we wanted to profit from that
experience. Some new requirements had to be taken into
account.

e Forces from the magnets in each direction
e Limited space
e Bigger range for adjustment : +/- 0.1mm

To fullfill these requirements, we made two general
changes:

The flexible part of the keeper is pulled to the wedge by
a spring.

The screw to move the wedge is designed as a differen-
tial screw. One thread has a slope of 0.907mm, the second
thread has a slope of 1.0mm. This gives a small move-
ment of the wedge of only 0.093mm by one turn of the
screw. The design is shown in figure 6.

Accelerators

Insertion Devices
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The keeper is made of aluminium. The wedge is made of
bronze with dicronite coating to minimize the friction.
The differential screw is made of stainless steel with di-
cronite coating.

For the assembling of the wedge and the screw, it is
important that wedge is in the correct position. If both
treads of the screw are in mesh during the positioning, it
results in differences of 1mm depending of the starting
point of the thread. To solve that problem, a separate part
is used to define the second thread. The assembling pro-
cedure is shown in figures 7 to 9:

In a first step, the wedge is put to the neutral position
and the screw is turned in the wedge (figure 7)

Then a special nut is turned until it is in contact with
the keeper (figure 8)

In the last step, the nut is fixed with two screws (figure
9).

Figure 9: Third step of assembling the keeper.

Accelerators

Insertion Devices

doi:10.18429/JACoW-MEDSI2018-TUOPMAG3

The whole system has to withstand the forces of the
magnets. The analysis with finite element tools showed,
that the critical forces are in beam direction.

The stiffness is higher, when the magnet is adjusted to a
higher position, because the flexor gives an additional
pressure to wedge. Therefore it is less stiff in the lower
position. The simulations showed, that the flexor should
be as wear as possible and the force of the spring must be
maximized.

Figure 10 shows one of the simulations

Figure 11 shows the details of the flexor

The spring has a load of 576 N. It is a spring with inner
diameter of 6.3mm and an outer diameter of 12.5mm. The
spring has a rectangular cross section and is mainly used
in cutting tools.

I: Symm3 minimale stellung

¥ Axis - Directional Deformatian - 2.5
Type: Directional Deformation(X Axis)
Unit: pm

Global Coordinate System
Tirme: 2
08032007 11:58

41 Max
EL]
34

B 3l

Figure 11: Detail of the flexor.
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VACUUM PIPE

The space between the magnets is very limited with a
diameter of only 6mm. Therefore, we developed a pipe
with an inner diameter of 5Smm and a wall thickness of
0.2mm. The pipe is manufactured in copper by a galvanic
process. The galvanic process is done by an external
company: Galvano-T in Germany.

The pipe itself with its copper support and the external
support, that places the vacuum chamber in the frame, is
shown in figure 12. The process of manufacturing is ex-
plained step by step in the following figures:

Figure 13: The flanges are in stainless steel together
with a conical interface, that will be enwrapped by cop-
per. The flanges are put over a silicone wire. This wire has
an internal steel wire to stretch it. It is coated with silver
powder to enable electrical conductivity.

Figure 14: The flanges and the wire are fixed in a
frame. All parts must be covered with an electrically insu-
lation, except the parts that will be galvanized.

Figure 15: After the galvanizing, the silicone tube can
be removed by pulling it out. After that step the result is a
pipe with the flanges.

Figure 16: A copper support, that is manufactured sepa-
rately is connected to the pipe also with a galvanic pro-
cess. For that process, the pipe and the support are fixed
in a frame. Everything except the interface from the pipe
to the support is electrically insulated

Figure 13: Flange with silicone wire.

TUOPMAO03
4

doi:10.18429/JACoW-MEDSI2018-TUOPMAG3

Figure 14: Streched wire before galvanizing.

Figure 15: Pipe with flanges.

Interface of pipe and support

Figure 16: Galvanizing the support.

MEASUREMENT

For the precision of the whole system, the interface to
the keepers has to be in a straight line at the correct posi-
tion. During the assembling of the prototype, the upper
line of the mounting plate (red chain dotted line in figure
17) is measured with gauches and lasertracker. After op-
timizing, we reached a straightness of 10pm

Figure 17: Measurement with laser tracker.

After optimizing the lower and upper mechanism, the
frame can be completed with the sidewalls. To guarantee
the position of the whole system, the system will again be
optimized by lasertracker measurement. To avoid shim-
ming with the sidewalls, the final height of the sidewalls
is milled after the measurement of both mechanisms.
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ACTUAL SITUATION, NEXT STEPS

In June 2018, the assembling of the frames and the me-
chanics are short to the final step. We expect the delivery
from MDC Max Daetwyler AG in July.

The keepers for the prototype are ready (Figure 18) for
assembling with the magnets.

Next step will be the final assembly, that will be done at
Paul Scherrer Institut by the Insertion Device Group.

Figure 18: Keeper after assembling the wedges.

CONCLUSION
For the new Apple X Undulator (Figure 19) for Athos-

Beamline at SwissFEL, we developed a new concept of

frame and vacuum pipe.

For the keeper design we profit from the experience of

the U15 Undulator.

At the moment, we are short to the final assembling.
Whether everything works as planned will be revealed
after an intensive testing with the magnets.

Figure 19: UE38 Undulator.
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APPLE II INSERTION DEVICES MADE AT MAX 1V
A. Thiel, M. Ebbeni, H. Tarawneh, MAX IV Laboratory, Lund, Sweden

Abstract

At present five Apple II insertion devices were made
and installed at MAX IV [1], three of them in the
1.5GeV-ring, and two in the 3GeV-ring. The assembly of
the last one of a total number of six Apple II undulators
made at MAX IV is currently going on. The undulators
have period lengths of 48mm (two devices), 53mm,
58mm, 84mm and 95.2mm. The operational gap range of
the 3GeV devices is between 11lmm and 150mm, the
range of the 1.5GeV devices is 14mm to 150mm. Struc-
tural analysis was applied to assure a minimum deflection
of the main frame and the magnet array girders. The main
frame is made of nodular cast iron, while the girders are
made of aluminium alloy. In order to optimize the mag-
netic tuning the position of the magnet keepers can be
adjusted by wedges. The undulators were fiducialized
before the installation in the ring tunnel and were aligned
in the straight section using their magnetic centre as refer-
ence. All MAX IV made undulators have three feet with
vertical adjustment and separate horizontal adjusters. This
paper describes the design, assembly, shimming and in-
stallation of the MAX IV Apple II devices in more detail.

OVERVIEW OF INSTALLED APPLE 11

Three Apple Il undulators (EPU: elliptically polarising
undulator) are in place at the 1.5GeV-ring and two EPU’s
in the 3 GeV-ring. A sixth EPU is currently in assembly
for the 3 GeV-ring. Table 1 shows the overview of the
EPU’s with some characteristic properties.

Table 1: Summary of Styles

Beam- Period Inst. Magn. Kt
line length length gap
Hippie  53mm 4m Ilmm  3.30
3 Veritas  48mm 4m 11mm 3.30
GeV ' Softim  48mm 4m llmm 330
ax
Bloch 84mm 2.6m 14mm 8.65
1.5 FinEst 952mm 2.6m 14mm  10.40
GeV' MAX  58mm  2.6m  14mm  4.95
peem

These six undulators were manufactured at the MAX
IV magnet laboratory between 2015 and 2018. The initial
design bases on an EPU designed in collaboration with
Bessy (HZB) [2].

MECHANICAL DESIGN FEATURES

Undulator Cast Frame

The backbone of MAX IV EPU’s is the cast iron frame
made of nodular cast iron EN-GJS-400-18-RT according
to DIN EN1563. The material combines high strength and
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good machining properties with low deformation at
present forces. The cast pattern of the frame was designed
by the foundry based on the calculated magnet forces and
estimated magnet array weight. Figure 1 shows the force
pattern and Table 2 the allowable deformation.

Figure 1: Force pattern on the EPU-model frame.

Table 2: Maximum Allowable Deformation

Horizontal [mm] Vertical [mm]

P-R <0.050
P1-P6 /R1-R6 <0.015

Q1-Q2/Q3-Q4 <0.010

Q1-Q4 <0.020

The foundry’s engineering team optimized the cast
model respectively [3], also in regard of the

manufacturing procedure. MAX IV used two standardized
wooden cast patterns to cover the two different straight
section lengths of the two storage rings. The cast frames
have a weight of approximate 6.2t. Figure 2 shows the
EPUS3 cast frame during machining.

Figure 2: EPUS53 cast frame during machining.

Undulator Feet Arrangement

The EPU’s manufactured by MAX IV have three feet,
which carry the entire weight. Three additional side
adjusters take care of the horizontal alignment. The
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vertical feet are standard machinery feet with precise
vertical adjustment based on wegdes. Bearings on the
vertical feet allow the undulator to slide in the horizontal
plane. This design separates the vertical and the
horizontal alignments, which allows for smooth alignment
in the ring tunnel saving tunnel access time. Figure 3
shows the vertical feet design.

Screws fo be removed
afer instalation:

Figure 3: Feet for vertical adjustment.

A typical alignment of a MAX IV EPU takes about one
hour, the most time in the ring is needed for the laser
tracker to warm up (about 2...3 hours).

Magnet Keepers

Wedges realize the vertical position tuning of the MAX
IV EPU magnet keepers. All magnet keepers are made of
aluminium AW-6082. The wedges are made of copper
alloy CW713 (2.0550). Two pins (CW614N) fix the
position of each keeper on the respective subgirder. The
position of the keeper on the wedge is defined by a M4
bolt, which is secured by a left hand threaded set screw,
and a respective counter screw. The keeper is bolted down
on the subgirder by a M8 screw. Each keeper holds a pair
of magnets, horizontally and vertically magnetized.
Figure 4 shows the explosion drawing of the magnet
keeper assembly. Loctite 222 is used to secure all screws.

Figure 4: Dual magnet keeper of MAX IV EPU’s.
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The magnet keeper sees forces in all three axes and a
respective torque in addition to the mounting force
introduced by the screws. The individual magnet keeper
of EPU95.2, the undulator with the longest period at
MAX 1V, sees a maximum horizontal force of 460N, a
vertical force of 380N and a force of 440N in longitudinal
direction at a gap of 14mm at different phase shifts.
Figure 5 shows the corresponding calculated
deformations in vertical direction.

Measured edge

Pointl7: 31,25mm

i

Pointl: 9,5mm
x ¥

Deflection inZ (jm)

e Gap 14mm Incined mode -23,8mm

Gap 14mm Incined mode 23,8mm Inverse.

Along keeper in x-direction (um)
Figure 5: EPU95.2 magnet keeper vertical deflection.

According to the calculations the maximum deflection
of the dual magnet keepers is below 3um in all directions
and all phases.

The assembly of the magnets on the keepers was done
with the help of a mounting jig in order to have a
reproducible placement of the magnets on the keepers.
The jig, showed on Figure 6, can match to all magnet
sizes used on MAX IV EPU’s.

Figure 6: Magnet mounting jig.
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Girders

The magnet keepers sit on four subgirders, which them-
selves are mounted on two main girders as shown in
Figure 7.

Figure 7: Main girder assembly.

The main girders deflect by the resulting magnet forces
depending on gap distance and phase shift. The main
design focus was to keep the vertical deflection of the
main girder below 10um under all conditions. There is no
force balancing system on MAX IV EPU’s. The deflec-
tion is limited by the cross section design of the main
girder (400mm x 400mm). The girders are made of alu-
minium ACP5080. Figure 8 shows the calculated defor-
mation in vertical direction of the main girder with sub-
girders in phase shift to realize inclined polarization.
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LZ [micron|
- T
8 8 8 8

o

P . T B T . R

-8.00
0.000

0.200 0.400 0.600 0.300

Parametric Distance
Figure 8: Vertical deflection of the main girder in inclined
mode.

The maximum calculated vertical deflection due to
magnetic force and weight is 7.5um.

In operation the undulator gap deflects significantly
more than that. The undulator gap is not only determined
by the magnet forces and weight of the girders but also by
the deflection and tolerances of the entire undulator struc-
ture. Adding up the tolerance chain of the main girder
assembly of a 4m-EPU gives a number of 490um. Adding
the deformation induced by the magnet force the undula-
tor gap might change by 500um without motor motion.
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Thorough mechanical design can decrease that number.
Still all MAX IV EPU’s operate with linear encoders
measuring the gap change and motors in closed loop in
order to correct for the deformation and backlash of the
mechanical system.

Magnetic Tuning

After the assembly is finished, all undulators are mag-
netically tuned (shimmed) at the MAX IV Hall probe and
wire bench [4]. The device is released for installation in
the ring tunnel when,

o the residual first integral error is below 100Gem,

e the phase error (calculated with B2E code [5]) is be-

low 5°

e the second integral error is below 20000Gem?.

e The device is measured at different gaps and phases.

A typical shimming campaign takes about 2 weeks
for a 2.6m EPU, and 4 weeks for 4m EPU. The
EPU’s allow for all polarizations in between horizon-
tal and vertical polarization. Measurements show,
that all these modes become good enough in magnet
field quality if successfully shimmed for horizontal
and vertical mode. MAX IV EPU’s are therefore
shimmed at horizontal and vertical polarization mode
at the respective minimum undulator gap.

Figure 9 shows the initially measured orbit of EPU84
before the start of the magnetic tuning.
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Figure 9: Measured orbit of EPU84 before shimming.

After 10 days of shimming the orbit was tuned as
Figure 10 shows:
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Figure 10: Measured orbit of EPU84 after 10 days shim-
ming.

Figures 11 and 12 show the first and second integral in
the horizontal plane after shimming.
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Figure 11: Measured first integral of EPU84 after shim-
ming.
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Figure 12: Measured second integral of EPUS84 after
shimming.

The measurements proof that the magnetic tuning with
the wedge system assured the magnetic field quality, and
allows for relatively quick shimming period for Apple II
devices.

The measured field frequency in Figure 13 shows the
achieved period length of 83.998mm of the assembled
EPU84.

|Period Length = 83.998 mm|

M

5 10

15 20 25 30 35 40 45 50 55 60 65 701/m
Inverse longitudinal distance (1/m)

Figure 13: Measured magnet field frequency of EPU84.

Machine Protection

A possible damage of the straight vacuum chamber sec-
tion is a major concern when operating Apple II devices
in the storage ring. All EPU’s installed at MAX IV have
therefore a software limit, which prevents the user for
commanding gap values outside the operation range. In
addition, redundant limit and kill switches are mounted.
The switches are adjusted in steps of 0.15mm below or
above the operational limit and would stop the motion and
activate the motor breaks. On top of this, all EPU’s have a
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hard stop, a chunk of metal mounted in a way that the
girders could not pass. The hard stops are adjusted to
0.3mm...0.4mm below or above the respective operation
limit. A high precision tilt meter (Tuff Tilt 420, high gain
version) mounted on each of the girders monitors any
angular change of the respective girder position. Figure
14 shows the mounted tilt meter on EPUSS.

Figure 14: Mounted tilt meter.

An alarm would be triggered if the measured angle is
outside the defined range. The EPU’s girders are expected
to operate without any taper. It turned out, that some of
the tilt meters of installed EPU’s triggered despite the fact
they were not operated. The assumption is, that the tilt
meters even measures the floor motion of the relatively
fresh MAX IV concrete. That means, the tilt meter may
also indicate a necessary realignment of the undulator.

CONCLUSION

Six EPU’s have been built and characterized at MAX
IV laboratory where of five are already installed in the
two storage rings. The current design and work shop set
up allows the manufacturing of Apple II undulators with
magnetic and mechanical properties within specifications.
All six EPU’s were manufactured on time and budget.

There is still a lot of potential optimization to discover.

Different magnet sorting and assembly procedures were .

tried. About twenty small design upgrades from the first
to the last EPU already improved the mechanical behav-
iour and handling during assembly.
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RF FINGERS FOR THE NEW ESRF-EBS STORAGE RING

Th. Brochard', L. Goirand, P. Brumund, J. Pasquaud, S. White
European Synchrotron Radiation Facility, 38043 Grenoble, France

Abstract

In the new ESRF-EBS (Extremely Brilliant Source)
storage ring vacuum chambers assembly, with a reduced
aperture and the new omega shape, RF fingers are a key
component to ensure good vacuum conditions and reach
the best possible machine performance. As a result,
dedicated efforts were put into producing a more compact
more robust more reliable and easier to assemble RF finger
design for the new machine. The work was done in parallel
on the beam coupling impedance reduction, which have a
direct impact on the electron beam lifetime, and on the
mechanical aspect with FEA validation and geometry
optimization. Many test have been made, in a mechanical
laboratory, including high resolution 3D computed
tomography images in order to measure the electrical
contact, and also in the existing ESRF storage ring with the
electron beam, to validate the final design before launching
the series production.

INTRODUCTION

In order to absorb chamber-to-chamber misalignments,
thermal expansion, for instance during bake-out, bellows
are used to inter-connect a large number of chambers along
the ring circumference. These bellows however are seen as
resonant cavities by the beam hence breaking the
geometrical continuity of the beam pipe and leading to
degraded vacuum and stability performance. The
continuity is restored by electrically shielding the bellows
from the beam using so-called RF fingers which consist of
conductors matching the vacuum chamber profile and
connecting the beam pipes on either side of the bellow. The
RF fingers are meant to absorb mechanical movements
while providing the best possible mechanical and
geometrical continuity: designing such a device is
therefore far from trivial since many aspects have to be
carefully optimized.

The new omega-shaped chamber profile is not
compatible with the present RF finger design if
geometrical continuity is to be enforced. A dedicated in-
house design based on new concepts and principles was
therefore devised for the ESRF-EBS ring. Figure 1 shows
the final design. It is the result of several iterations and
optimizations of beam coupling impedance and
mechanical properties.

T brochard@esrf.fr
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sChamber profile

/
Bellows

Figure 1: RF Finger placed in a bellows.

BEAM COUPLING IMPEDANCE
REDUCTION

The first step was to ensure that the cavity formed by the
bellow was properly shielded from the beam. This was
achieved by 10 blades (5 top and 5 bottom) as seen in Fig.
2. Once the bellow is invisible to the beam, the beam
coupling impedance is strictly given by geometrical
discontinuities of the inner volume: in this case the steps
and tapers angle at the entrance and exit of the RF fingers
can be seen in Fig. 2. The step height was fixed to 0.3mm
for mechanical criteria and the only parameter left for
optimization was the taper angle, a good compromise was
found with a reduction of the taper angle from 5° to 2°
leading to a reduction of the beam coupling impedance by
a factor 4. This result was found satisfactory as the
resulting full contribution of the RF fingers to the total
impedance of the machine became significantly smaller
than the contribution of beam pipes themselves.

2° taper
N 0,3mm step
i CuBe blade

Aluminum flange

CuBe blades
Gold plated

Blade pusher
Aluminum flange

Figure 2: RF Finger cut view.
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MECHANICAL ASPECTS, FEA
VALIDATION AND GEOMETRY
OPTIMIZATION

The shielding blades (the RF fingers) are made with
¢ copper-beryllium (CuBe2) and the flange parts with an
2 aluminium alloy. Copper-beryllium is a high resistance,
;: highly conductive alloy perfectly fitting for the RF finger’s
o function whereas an aluminium alloy is easier to machine
= to achieve the desired complex shape of the flange part.

A profound structural mechanical finite element analysis
£ (FEA) was performed to validate the new RF finger design
% as regards occurring mechanical stress and the necessary
2 electrical contact. At the same time the FEA served to
8 study the design optimization possibilities considering the
g specific component requirements. A parameter study of
E 2 three key geometrical dimensions was carried out to gain
= knowledge about their influence on the performance and
g mechanical safety. One of the parameters that varied in the
: course of this thorough analysis was the blade thickness of
g the fingers.

In the structural analysis the new component concept
generally showed good compliance for the defined
requirements as the electric contact quality is very high.
The latter mainly depends on the contact force which is
comparably high for all parameter variations and of at least
1.5N per blade. As generally the image current on the
surrounding walls is rather a surface current, this contact
should be sufficient. In all load cases and movements the
blades are in good contact at the relevant contact position.

The required flexibility can be safely guaranteed. This
& counts for different promising configurations of different
& blade thicknesses. While thinner blades tend to be more
3 flexible, their contact force drops but the safety margin of
© occurring mechanical stress is higher. The usage of thinner
E’ blades that lead to a lower contact force could be a solution
g to reduce friction-caused wear while maintaining a very
2 good electric contact, as the analysis showed. The safety
2 factor of occurring mechanical stress against the elastic
; limit is at least 1.2 for the analysed parameter variations
v during a relative flange movement of 2mm between both
% flanges which was considered as sufficiently flexible.
f Small plastic deformations in the flange part turned out to
S be tolerable and the component’s functionality can also be
£ maintained.

The new design, patented [1], will be used on all
chamber profiles, high, low and straight section profiles.
Table 1 shows the mechanical performance achieved.

rk, publisher, and D

r(s), ti

ny distribution of this work must

Table 1: RF Finger Mechanical Performances
+8/-19 mm
+/- 1 mm

+/- 5 degrees

Axial stroke
Radial stroke (all directions)
Angular stroke (flange /
flange)
Mechanical safety at 2mm

>
flange radial movement 1.2
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RF-FINGER VALIDATION
Computed Tomography (CT) Imaging

The electrical contact validation has been made using the
computed tomography imaging technique at the ESRF
BMS beam line. RF Finger images were made with filtered
white beam on a dedicated tomography setup. Data
acquisition was made by a PCO Edge ccd camera mounted
on an X-ray optic with a 13.4 um pixel size resolution.

Figure 3: 3D generated volume view from CT images
reconstructed.

After image reconstruction, as seen on Figure 3, it is
possible to see the mechanical contact between blades and
flanges at any position. The main point is the mechanical
contact at the flange sleeve (Fig. 4 — Fig. 5).

/ —_.\

\_/

Figure 4 : 10 blades contact view on CT image.

Figure 5: Detailed view of blade contact on CT image.

On Figure 6, at the 13. 4 um pixel size resolution, the

mechanical contact between the blade and the flange

sleeve did not shows any gap.
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Figure 6: Longitudinal cut of upper central blade on CT
image.

Synchrotron Beam Test

For RF performance validation, a test in the existing
storage ring has been performed during a machine
dedicated time (MDT).

Test bench description The test bench used (Fig. 7)
was made with a dedicated vacuum chamber equipped on
both ends with an edge welded bellows and RF-Fingers in
the bellows. Thermocouples were welded on the middle
of the external part of the upper and lower central blades,
and connected to the data acquisition system. On the four
thermocouples connected to the RF strips, only 2 were
working during the test, Th3 and ThS. The central part of
the chamber is mounted on a double remote controlled
translation setup, one vertical (z) perpendicular to the
beam and one horizontal (y) perpendicular to the beam.
The x is the electron beam direction. Pressure gauges,
penning type, were mounted on the upstream and
downstream chambers.

The setup was placed in the European Synchrotron
Radiation Facility (ESRF) storage ring, at a dedicated
place.

RF-FINGER 1 RF-FINGER 2

Figure 7: Cut view of the test chamber.

Test procedure The machine mode and ring current went
up, step by step, in order to increase the current per bunch,
as shown in Table 2. At each step, the chamber is moved
by 0.1 mm from the central position to -1 mm and from the
central position to +1 mm in Z. A Y translation is also
performed using the same criteria but no variations,
vacuum pressure and temperature, were observed during
this scan.
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Table 2: Machine Modes And Ring Current Used

Machine Ring current  Current / bunch

mode [mA] [mA]
uniform 20 0
16 bunches 16 1
16 bunches 32 2
16 bunched 64 4
16 bunches 92 6
4 bunches 31 8

Test results
the vacuum chamber (Fig. 8) the correct vertical alignment
correspond to the minimum pressure observed. The
pressure increase on miss alignment is linked to an increase
of the temperature of all the system.

On the plot pressure versus Z position of

normal conditions with a maximum temperature measured
at 130 °C (Fig. 9).

Figure 9: Temperature vs ring current and filling modes.

PEN-552 Pressure vs. Vertical position

3.0E-08

—Uniform 20 mA
0 16 bunch 16 mA
2.56-08 - 0 16 bunch 32mA o
® 16 bunch 64mA
K
W 16 bunch 92mA
2.0E-08 W o
" " a
_ L s
H " - ]
a L | -
£ \”.‘*- = o
@ 15E-08 W L]
3
1
=
o

1.0E-08

5.0E-09 4

0.0E+00

Z position (mm)

Figure 8: Pressure versus Z position.

No vacuum problem signature seen.
The temperature increase with the current per bunch in

Temperature versus current and SR filling mode

Uniform
20mA
BZ=+/-1

Current(mA)
8

16 bunch, 1-2-4-6 mA/bunch
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Temperature (°C)
8
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The temperature and pressure observed during the test
§ are acceptable considering that the test conditions are the
Z more demanding modes. After dismounting, we did not
2 observe any damage or marks on the two RF-Fingers
4 devices

r, and D

blish

CONCLUSION

The new RF Finger design is flexible and compact. It can
= be adapted to any chamber profile. The full assembly is
~light, less than 1 kg, and made with machined pieces easy
E to assemble. No welding or brazing are used during the
£ manufacturing process. It is easy to mount in any position,
E vertically or horizontally. The axial and radial strokes are
- large enough to compensate any chamber-to-chamber
g misalignments or chamber thermal expansion during the
'€ bake out. The reduction of the beam coupling impedance
‘2 is archived with a very good electrical contact. The new
ESRF-EBS storage ring will be equipped with this RF
Finger design on all vacuum bellows and on all vacuum
chambers where a RF Finger is needed.

le of the wo
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DEFORMABLE RF FINGERS WITH AXIAL EXTENSION
S. Sharma®, F. DePaola, F. Lincoln, J. Tuozzolo, NSLS-II, BNL, 11973 Upton, NY, USA

Abstract

RF fingers in a bellows assembly provide electrical
continuity for the image current between adjacent vacuum
chambers. They are required to absorb all misalignments
between the two chambers while minimizing abrupt
changes in the beam aperture. In addition, during bake-
outs of the chambers the fingers are required to accom-
modate their large thermal expansions. The latter is
achieved either by having a sliding-contact finger design
or a deformable finger design. In this paper we describe a
version of the deformable finger design which permits
large compression, significant misalignments and axial
extension. A novel method of fingers’ fabrication, FE
analysis and test results are presented.

INTRODUCTION

Bellows assemblies are used as flexible interconnec-
tions between adjacent vacuum chambers. The flexibility
of the stainless steel bellows compensates for transverse
misalignments and axial gap of ~ 2 mm for the NSLS-II
chambers. During bake-outs of the vacuum chambers the
bellows compress by ~ 10 mm to absorb the combined
thermal expansion of the chambers. RF fingers made from
copper alloys are used inside the bellows to provide elec-
trical continuity and the continuity of the beam aperture.
These fingers must also compensate for the chambers’
misalignment, axial gap and thermal expansion.

Inconel Springs

BeCu or Glidcop
SS Sleeve i

RF Fingers

SS Sleeve

Glidcop RF Fingers
(a)

Figure 1: Conventional designs of RF fingers sliding on

SS sleeve, (a) outside sliding type, (b) inside sliding type.

(b)

The conventional design of RF fingers relies on the fin-
gers sliding on the outside surface or on the inside surface
of a sleeve usually made from stainless steel. RF fingers
for NSLS-II [1] and APS [2], shown in Fig. 1(a) and 1(b),
are examples of the two designs. In the case of the outer-
sliding RF finger design the fingers are compressed by
cantilevered Inconel springs to ensure good contact pres-
sure. A lack of good contact pressure can lead to thermal
deformation and even melting of the fingers in storage
rings with high beam current or high current per bunch.

T sharma@bnl.gov
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A deformable finger design with fixed contacts has
been proposed recently [3, 4] for the interconnection
module of the LHC vacuum chambers. The RF fingers are
pre-deformed in a corrugated shaped (Fig. 2(a)). The
design is optimized to prevent buckling and over-
extension. In the as-installed position, Fig. 2 (a), the fin-
gers are compressed. During operation the fingers are
almost fully extended (Fig. 2(b)) leaving some slack to
compensate for axial gap.

(b)

N :
(a)
Figure 2: LHC deformable finger design, (a) as installed,

(b) in operation.

In this paper we present a fixed-contact RF finger de-
sign that utilizes large nonlinear deformation including
buckling to compensate for thermal expansion of the
chambers. The RF fingers in this single-piece design can
be offset by up to 2 mm to compensate for transverse
misalignments between the vacuum chambers. They can
also be extended by up to 2 mm to compensate for axial
gaps. The RF fingers are designed to remain straight dur-
ing operation.

PROPOSED DESIGN

Figure 3 depicts the proposed design of the RF fingers
with typical overall dimensions. RF fingers are made as a
single-piece spool (Fig. 3(a)) from a stock of CuCrZr or
Glidcop (AL-15) alloys. These alloys are chosen in place
of a more commonly used alloy, BeCu, because of their
higher electrical and thermal conductivities (Table 1).
Glidcop RF fingers are in use at PEP-II [5], APS and
NSLS-II, and CuCrZr RF fingers have been proposed for
the ITER project [6].

SSBellows

2

114 mm

l

Split Collar Clamping Rings

y2m®

(a) (®)

Figure 3 : Proposed RF finger design, (a) single-piéce
RF finger spool, (b) assembly inside SS bellows using
split collar clamping rings.
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Table 1: Electrical and Thermal Conductivities

Conductivity  Glideop CuCrZr BeCu
(AL-15) C18150  C172000
Thermal (W/m.K) 365 320 107
Electrical 92 76-90 22
(%IACS)

itle of the work, publisher, and D

During installation the RF fingers can be extended by
‘Z up to 2 mm to compensate for axial gap. Therefore, the
@ temper for Glidcop or CuCrZr is selected for higher elon-
£ gation at fracture (preferably > 15%) instead of higher
& ultimate strength. The elongation at fracture can vary
£ from 6% to 30% depending on the shapes (thin sheets to
2 round bars) and temper [7, 8].

The RF-finger spool is integrated in the bellows assem-

bly by split-collar clamping rings (Fig. 3(b)) which can be
£ joined tightly for good electrical and thermal contacts.
g The two ends of a CuCrZr RF-finger spool can also be
£ directly welded to stainless steel flanges using a process
S developed at TPS [9].
z The design of the RF finger spool and its manufactur-
g€ ing is illustrated in Fig. 4. A hollow pipe of 112 mm
% length with two grooved ends is first created by machin-
# ing (drilling and turning in this example). The inside bore
g of the pipe, ¢ 19 mm, is machined to be 3 mm smaller
E than the required beam aperture (¢ 22 mm) for rigidity.
.S The outer profile in the center is made 3.4 mm thicker
2 than the bore providing RF fingers of 0.4 mm thickness.
Z A wire electric-discharge machining (EDM) is used to
T remove the extra 3 mm thickness of the inside profile. In
Z the same EDM setup the cutting wire is moved in and out
& radially by 0.4 mm beyond the inside profile, repeating it
§ every 7.2° circumferentially. This leads to 50 fingers of
© approximately 1.25 mm width at the beam aperture pro-
§ file. A distinct advantage of this manufacturing approach
§ is that the RF-fingers’ profile can be matched to the beam
= aperture profile of any geometry (e.g., elliptical) without
o« any step discontinuity.

bution

attri

L —
® 15 mm 34 mm ®33.6 mm
s =

|(__T__ 112 mm ——————|

Figure 4 : RF-finger spool before wire EDM cut. EDM
enlarges the inside profile by 3 mm and creates 50 fingers
of 0.4 mm thickness by radial cuts at 7.2°.

During the bellows assembly process an axial compres-
sion of 10 mm is applied to the RF-finger spool. The
fingers are guided to bend radially outward by a small
inflatable rubber tube placed inside the bore. Residual
stresses developed from this initial preset ensure that in
subsequent cycles the fingers would bend outward.
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FINITE ELEMENT ANALYSIS

An ANSYS finite element analysis was performed for a
single flat finger of 72 mm length, 1.25 mm width and 0.4
mm thickness. As shown in Fig. 5, two stiffened ends of
10-mm length were added to represent the ends of the RF
finger spool and to apply fixed and displacement bounda-
ry conditions (BCs). One of the ends was fixed in all
three directions whereas displacement BC was applied to
the other end to simulate transverse tolerances, axial gap
and compression during bakeout. The analysis included
large deformation with stress stiffening and a bilinear
elastic-plastic material model with kinematic harden-
ing. An elastic modulus of 125 GPa, yield stress of 350
MPa, Poisson’s ratio of 0.3 and tangent modulus of 1,300
MPa were specified based on mechanical propertied of
CuCrZr at room temperature.

—~7 Applied Displacement

Figure 5: Finite element model of a single RF finger.
Displacement BCs are applied to one end representing
transverse offset (3mm), axial gap (3mm) and displace-
ment cycles in the range +3 mm to -12 mm.

The analysis was performed for 3 compression cycles.
In the first cycle a compressive displacement of 6 mm is
applied to introduce preset in the fingers. In the preset
cycle itself the buckling direction is imposed by an artifi-
cial pressure of 0.03 MPa during the initial 1 mm of com-
pression. The transverse offset of 3 mm and the axial
extension of 3 mm are applied after the preset cycle. The
applied axial displacement is then changed from +3 mm
to -12 mm in the next 2 cycle to simulate compression
during bake-outs.

Figure 6 shows transverse deflection of the finger at the
center (Uy) versus axial displacement (Dx). Data from an
experimental test (described in the next section) for the
compression part of the first compression cycle is also
plotted showing a good match between the ANSYS and
test results. The two curves for the compression cycles are
essentially the same. The results show that Uy is several
times (~ 5) larger than Dx at the beginning of compres-
sion but by the end of compression Uy = 0.6 Dx. A max-
imum Uy of 20.6 mm is obtained at full compression, Dx
=-12 mm.
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Figure 6: Transverse displacement at the center, Uy, ver-
sus applied axial displacement, Dx, for the initial preset
cycle, 3 mm extension and 2 compression cycles.

Equivalent stress contours at the end of the first com-
pression cycle are shown in Fig. 7. The equivalent stress
is maximum (437 MPa) at the center and is considerable
above the yield stress of 350 MPa, which is indicative of
large plastic deformation.

B I
0 150

450
100 200 300 400

Figure 7: Equivalent stress (MPa) contours at the end of
the first compression cycle.

250 350

Axial stress and strain at the center (top) are plotted in
Fig. 8 starting from 3 mm extension to the end of the first
compression cycle. The preset cycle and the second com-
pression cycle are omitted for clarity. In the figure, letters
A to F denote the following load excursions: A: 3 mm
extension to the nominal position denoted by e, B+C
buckling at the beginning of compression cycle, D: con-
tinued compression, E: extension and F: stress reversal in
extension.

Large tensile plastic deformations occur during the 3
mm extension, A, and continued compression beyond
buckling. During extension, E, there is elastic unloading
followed by a large compressive plastic deformation and
then by a tensile reversal which straightens the finger.
Axial strain at the nominal position is ~ 4% and the strain
range for the compression-extension cycle is 3.3%. In the
second compression cycle (not shown) the strain range
reduces to 2.69% due to mean stress-strain relaxation.
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Initial Extension and Cycle 1
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Figure 8: Axial stress versus axial strain at the center-top
of the finger for 3 mm extension and the first compres-
sion-extension cycle. A: 3 mm extension, B+C: buckling
at the start of compression, D: continued compression, E:
extension and F: stress reversal in extension.

EXPERIMENTAL TESTS

Experimental tests were performed to determine the
low-cycle fatigue life of the RF fingers. Initially the RF
fingers were made in a planar geometry for ease of fabri-
cation and testing. Subsequently the tests were repeated
on RF finger spools of the geometry shown in Fig. 4.

Planer RF Fingers

The Planer RF fingers were made from 50 mm-thick
plates of CuCrZr and Glidcop. Thin plates, of 106 mm x
60 mm size, were first made by wire EDM. The cross-
section of the thin plates had a thickness 3 mm larger in
the middle than the cross section shown in Fig. 9(a). In
the second wire EDM step the extra 3 mm thickness was
removed and 0.4 mm deep cuts were made for the fingers
(Fig. 9(b)). The test samples of 3 fingers each (Fig. 9(c))
were then cut from the larger sample.

<«—— 72mm
| v |

I —— |
04mm 1T

(a)

106mm ——>

(b)

(©

Figure 9: Wire EDM of the RF fingers, (a) cross section
of the fingers, (b) fingers in the thin plate, (c) test sample
of 3 fingers.
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% The test setup for cyclic fatigue testing of the fingers is
E shown in Fig. 10. Clamping fixtures holding the two ends
2 of the fingers were attached to the two jaws of a precision
S machine vise. One of the clamping fixtures was adjustable
. and provided a transvers offset of 2-3 mm. The vise was
g operated manually to apply compression cycles. A Star-
2 rett® dial indicator (0.025 mm resolution) was placed
% between the jaws to measure the applied displacement.
g Another dial indicator (not shown) was used for one com-
pressmn cycle to measure the transverse displacement at
Z the center of the finger.

] RF Flnger

£ Figure 10: Test setup for cyclic fatigue testing of the RF
ﬁngers.

his work must maintain attribution to the author(s

Four test samples, 2 of CuCrZr and 2 of Glidcop were
£ cycled to fatigue failure. All samples had an initial preset
5 compression cycle of 6 mm, a transverse offset of 3 mm
£ and an axial extension of 3 mm. The first CuCrZr and
2 Glidcop samples were guided to buckle upward by a
E slight application of index-finger pressure. The second
'"iCuCrZr and Glidcop samples were guided to buckle
5 downward which is opposite to the direction preferred by
~ the finger geometry.

Table 2 shows number of compression cycles to failure
© for the 4 test samples with 3 fingers each. Bending in the
o reverse direction reduced the cycles to failure significant-
g ly. In all cases the cycles to failure exceeded the expected
= number (< 30) of bake-outs of the chambers during the
e life time of the machine. Glidcop fingers showed a better
; fatigue life than the CuCrZr fingers. Subsequent tensile
O tests showed that elongations to failure for the CuCrZr
o and Glidcop fingers were 7.6% and 11.6%, respectively.
&< A higher elongation to failure, >15%, can be specified
» with the selection of proper shape and temper of the cop-
per-alloy stock.
Table 2: Compression Cycles to Fatigue Failure

(©2018

1cenc

Test CuCrZr Glidcop

Sample 1 P 1 2
Finger 1 130 69 268 208
Finger 2 199 74 288 218
Finger 3 222 158 392 225

this work may be used under the terms of the C

Deformed shapes of the fingers for different cycles
£ were almost identical up to a few cycles (~ 10) before
“* failure. In the last few cycles the fingers start separating

O with kinks appeared at the center. The fingers broke in the
O

S TUOPMAO0S
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middle except for a couple of cases when they broke at
the ends. For the Glidcop sample 1, the normal bent shape
(cycle 200) is shown in Fig. 11(a), extended shape at the
second finger break (cycle 288) in Fig. 11(b), and the
shape at the third finger break (392 cycles) in Fig. 11(c).

Figure 11: Deformed shapes of the fingers of Glidcop
sample 1: (a) nominal bent shape after 200 cycles, (b)
extended shape at the second finger break after 288
cycles, (c) shape at the third finger break after 392
cycles.

RF Finger Spools

RF finger spools were tested with the same test setup as
described above but with different clamping fixtures.
Three spools were tested, one made from CuCrZr and the
other two made from Glidcop AL-15. The CuCrZr spool
and the first Glidcop spool had 10 mm taper at the top
ends of the fingers (see Fig. 12(a)) instead of a 1 mm
radius (Fig. 12(b)) used for the second Glidcop spool.
Eliminating the taper increased the effective length of the
fingers from 72 mm to 90 mm (see Fig. 4).

The CuCrZr spool and its setup experienced two prob-
lems. A preset compression of 12 mm (compared to 6
mm for the planer fingers) was applied to ensure that
higher residual stresses will result in outward bending in
the subsequent compression cycles. The higher compres-
sion, however, kinked the fingers in the middle. The alu-
minium clamping fixtures also turned out to be weak.
They distorted when a 2 mm extension was applied caus-
ing uneven extension and probably a reduction in fatigue
life. Thicker steel clamping fixtures were used for the
Glidcop spools and only 10 mm of preset compression
was applied. For all three spools a small inflatable tube
was used to control the bending direction during the pre-
set compression cycle.

Before compression cycles a 2 mm transverse offset
and a 2 mm extension was applied to the spools. Then the
spools were cycled at different compression levels. The
goal was not only to determine if the fingers could sur-
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vive > 30 cycles at 10 mm compression, but also to see if
cycles at higher compression levels were possible.

= dper

(b)
Figure 12: Test setup for the RF finger spools, (a) CuCrZr
spool with aluminium clamping fixtures, (b) Glidcop
spool with steel clamping fixtures.

There was no noticeable difference in the deformed
shapes of the finger spools (see Fig. 13) during most of
the cycles. The 10 mm tapers at the ends of the CuCrZr
spool and Glidcop #1 spool appeared to keep the defor-
mation symmetric even under the transverse offset of 2
mm. A few cycles before the break of a finger a small
kink was usually formed at the failure location.

Figure 13: Deformed shapes of the finger spools during
cyclic tests at 10 mm compression, (a) CuCrZr spool, (b)
Glidcop spool #1, (c¢) Glidcop spool #2.

The results of cyclic tests are shown in Table 3. Fol-
lowing 30 cycles at 10 mm compression, the first break of
a finger of CuCrZr spool occurred after only 8 additional
cycles at 12 mm compression. The first finger of Glidcop
spool # 1 (70 mm finger length) broke after 132 cycles at
10 mm compression. For Glidcop spool # 2 the first
break occurred after a combined number of 137 cycles at
different compression levels as follows: 50 cycles at 10
mm, 60 cycles at 12 mm and 27 cycles at 14 mm. The
failure of the first finger occurred in the middle for the
CuCrZr spool but at one of the ends for the Glidcop
spools.
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Table 3: Cyclic Tests on the RF Finger Spools — Number
of Cycles at First Finger Break

CuCrZr Spool | Glidcop Spool Glidcop Spool
#1 #2
Compr. Cycles | Compr. Cycles | Compr. Cycles
(mm) (mm) (mm)
10 30 10 132 10 50
12 8 12 60
14 27
CONCLUSION

A new design of deformable RF fingers with fixed ends
and axial extension is presented together with FE analysis
and test results. Beam aperture through the RF fingers is
continuous without steps. The design is based on large
nonlinear deformation including buckling of the RF fin-
gers. The RF finger spool piece is made from high con-
ductivity copper alloys such as CuCrZr and Glidcop.
Fabrication of the fingers requires simple machining
(drilling, turning and EDM) operations. Cyclic fatigue
tests on the RF finger spools show that the typical design
requirements of transverse misalignment and axial gap
can be met with a good safety margin. The margin is
expected to increase further with the selection of a cop-
per-alloy stock and its temper such that the minimum
elongation to failure is > 15%.

ACKNOWLEDGMENTS

The authors acknowledge the contributions of our co-
workers M. Calderaro, A. DiMauro, J. Mondi, K. Wilson
and the support of our Division Director, T. Shaftan.

REFERENCES

[1] C. Hetzel et al.,” Design and Fabrication of NSLS-II Stor-
age Ring Vacuum Chambers and Components”, in Proc.
IPAC2012, New Orleans, Louisiana, USA, January 2012,
paper WEPPDO026, p2560.

[2] J. Jones et al., “APS SR Flexible Bellows Shield Perfor-
mance”, in Proc. PAC99, New York, USA, 1999, p3095.

[3] C. Garion, et al., “Development of a New RF Finger Con-
cept for Vacuum Beamline Interconnections”, in Proc.
IPAC2012, New Orleans, Louisiana, USA, January 2012,
paper WEPPDO17, p2533.

[4] C. Garion, “Design and Tests of the Shielded Beam Screen”,

HL-LHC Annual Meeting, Spain (2017).
https://indico.cern.ch/event/647714/timetable/?view=

standard.

[S]M. Nordby et al., “Bellows Design for PEP-II High Energy
Ring Arc Chambers”, in Proc. PAC95, Dallas, Texas, USA ,
1995, p2048.

[6] Arxiv,
hs;ps://arx1'v.org/ftp/arxiv/papers/1710/1710.03632.
pdf.

[7] http://conductivity-app.org/alloy-sheet/19.
[8] https://www.hoganas.com/en/business-areas/glidcop/.

[9] C-C. Chang, “Recent Vacuum R&D in Vacuum Group
of TPS” (2017),

https://medsi.Tb1.gov/NSLS_II_Seminar_Series_Talks-
164.html

TUOPMA08
19

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



Mechanical Eng. Design of Synchrotron Radiation Equipment and Instrumentation MEDSI2018, Paris, France JACoW Publishing

5 ISBN: 978-3-95450-207-3

Abstract

SESAME (Synchrotron-light for Experimental Science
< and Applications in the Middle East) is the first interna-
i tional 3™ generation synchrotron light source in the Middle
= East region. This paper presents the method used for in-
£ stalling the Storage ring girders, magnets, vacuum cham-
S bers, straight sections, and how the alignment was done.
S The Installation have been done in a short time with few
2 staff. It was hard and difficult but went great.

A substantial progress has been made in the design,
construction and installation of the SESAME Mechanical
Systems. All Storage Ring accelerator systems are ready
and commissioned.

INTRODUCTION

SESAME was officially opened in Allan (Jordan) on 16
May 2017. It is the Middle East's first major international
research centre [1]. It is a cooperative venture by scientists
and governments of the region set up on the model of
CERN although it has very different scientific aims. Figure
1 shows SESAME building at Allan, Jordan, almost 35km
northwest of Amman, and Fig. 2 shows SESAME machine
components.

of the work, publisher, and D
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esame-synchrotrons-battle-for-light

Figure 2: The SESAME machine.
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INSTALLATION AND ALIGNMENT OF SESAME STORAGE RING
T. Abu-Hanieh, SESAME, P. O. Box 7, Allan 19252, Jordan

STORAGE RING STRUCTURE

The storage ring is composed from 16 cells connected
with straight sections, as shown in Fig. 3.

|/ cein / X
[/ 3
/’Celns ok

Cell15

T Celing g

\ .
_ Celltz

Figure 3: SESAME Storage Ring.

Girder length = 5.2m, Flatness error <+ 50 um, Magnet
position error <+ 50 um. Girder-to-girder position error <
+ 100 um, Girder deflection under load < 50 pm.

Figure 4 shows the magnets of the main ring after instal-
lation; with a list of all parts of the main ring. Table 1
shows the parameters of SESAME storage ring.

Figure 4: Magnets of main ring.

Table 1: Storage Ring Parameters

Parameter Unit Value
Energy GeV 2.5
Circumference m 133.2

Electron beam current mA 100 - 400
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INSTALLATION STEPS

Floor Preparation

SESAME floor consists of two layers; 22 ¢cm reinforced
concrete, and 8 c¢cm solid concrete. In order to avoid the
cracks or deformation of the upper 8 cm slab, we decided
to remove it, then install the baseplates of girders, and in-
ject epoxy resin that is dedicated for such loads with good
stability. Figure 5 shows the baseplates of one girder after
alignment and injection of epoxy resin.

Figure 5: Girder Baseplates installed.

Girders Installation

Once the baseplates have been installed and aligned, the
girder can be lowered into position. The girder then is sur-
veyed with respect to the local network and its position ad-
justed as required to enable the vacuum chamber connec-
tions to be made. Figure 6 shows one girder installed and
aligned on its final location.

Figure 6: Girder installed on Baseplates.

For aligning the girders, the following Fig. 7 shows the
adjusting mechanism.

Accelerators

Storage Rings

Magnets Installation

self-aligned on girders with pins. Only girder to girder
alignment is required.

Fig. 8.

Vacuum Chamber Installation

poles is removed, as shown in Fig. 10.

doi:10.18429/JACoW-MEDSI2018-TUPHO1

- Horizontal and Vertical Wedges /Girder -Girder Alignment
- 3Pint Contact During Alignment.

Figure 7: Girder adjusting system.

All magnets are magnetically measure, shimmed, and

We have started by installing the dipole bending magnet,

Figure 8: Dipole Bending Magnet.

Then, sextuples and quadrupoles are installed, Fig. 9.

e (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.

Figure 9: Magnets installed on Girder.

For installing the vacuum chamber, upper half of multi-
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| o
Figure 10: Multipoles upper half removed. Figure 13: One Complete Cell.

Then, the dipole is raised on rails and pushed back as

described in Fig. 11 below. CURRENT STATUS

Storage ring is fully installed and commissioned, Fig. 14.
Two beamlines are commissioned, other beamlines are
foreseen. A plan for full energy injector is under investiga-
tion.

Figure 11: Pushing the dipole out.

Now, the system is ready to have the vacuum chamber,
where it is installed using a skeleton with the crane as
shown in Fig. 12.

Figure 14: Fully Installed Storage Ring.

CONCLUSION

The commissioning trials of the machine started with the
conditions of good alignment. After a few days of injection
trials, it was possible to circulate and accelerate the beam.
The successful circulation and acceleration of beam veri-
fies the great installation and alignment with no gross error
in alignment.

SESAME is now passing from the stage of construction
_ to the phase of exploitation. A number of technically ori-
; t ented scientists and engineers participated actively in the

. 3 : design and construction of the facility and this provides a
Figure 12: Installing Vacuum Chamber. valuable stock of professionals when some of the Members
will build their own SR facilities.

Finally, the dipole is pulled back to its location, and the
upper half of multipoles is assembled again. Now, a final ACKNOWLEDGEMENTS
alignment girder to girder is done, and a survey of all mag-
nets was succeeded. The 16 cells are ready to be connected
with the straight sections. Figure 13 shows a complete

We are highly thankful to the collaboration between
SESAME and CERN through CESSAMag project; which
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aligned cell. provides continuous support and coordination of design,
tender, production, measurement, installation and align-
ment activities along during critical period.
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COLLIMATOR FOR ESRF-EBS
J. Borrel, Y. Dabin, F. Ewald, P. Van Vaerenbergh, ESRF, Grenoble, France

Abstract

The function of the Collimator is to localize the majority
of the electron losses in the ESRF-EBS storage ring (SR).
In addition, the Collimator of the ESRF-EBS should ab-
sorb about 1200 W of synchrotron radiation. For ESRF-
EBS, the electron losses due to intra bunch scattering
(Touschek scattering) will be higher than in the current
ESRF SR. To limit the level of radiation outside the storage
ring, and the activation level of the vacuum chambers, it is
more efficient to localize the electron losses and block the
radiations at one place rather than reinforce all of the SR
tunnel shielding. Once the collimator is put on line with the
electron beam at nominal intensity, it will no longer be pos-
sible to intervene on it (due to the activation of the materi-
als). As a consequence, a high level of reliability is re-
quired.

The design takes into account all the diverse require-
ments from a safety, accelerator physics, thermal and me-
chanical point of view.

INTRODUCTION

The ESRF-EBS storage ring is very different with the
previous one. Electron losses from intra bunch beam scat-
tering is higher. This is the raison to introduce a Collimator
to localize the majority of electron losses in two places,
surrounded by a heavy concrete block.

Figure 1: Collimator General assembly.

DESCRIPTION

As shown in Figures 1 to 3, the ESRF-EBS Collimator
is composed of: the vacuum chamber and its support (1.1),
the inner fixed shielding (1.2), fixed blades (2.1) and mov-
able blades (2.2), its motorization (3.1) and the guiding
system (3.2). In addition, concrete fixed shielding (Fig. 10)
is placed around the collimator to absorb radiations outside

* Email address: borrel@esrf.fr
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the collimator vacuum chamber. This paper will only de-
scribe the Collimator itself (Fig. 1). The ESRF-EBS Colli-
mator is designed to have a 300 mm active length with a
15 mm fixed aperture in the vertical and 12 mm (+/-2 mm)
adjustable aperture in the horizontal plane. The maximal
horizontal opening is 32 mm.

At the entrance and at the exit of the Collimator there are
“RF fingers” (Fig. 4.1). Their specific shape makes the
transition between the omega internal shapes of the ESRF-
EBS high profile chamber and the square shape of the Col-
limator inner section (Fig. 2).

Electrons Beam : __ Internal shape
Scattered - Synchrotron radiation
Electrons cloud 1200w

Figure 2: section of the collimator blades in two positions:
the working position and fully open.

Figure 3: Details of internal view in horizontal cut.

Inside the collimator there is an absorber (Fig. 4.2) to
stop the synchrotron radiation from the upstream dipoles.
This absorber is made in “Glidcop Al 15©” with cooling
in a concentric shape.

In order to adapt the shape of the horizontal blades as

smoothly as possible, there is a 30mm taper at each end of

the horizontal blades.

In addition to the blades (fixed and movable), there is a
fixed shielding (Fig. 8) in the vacuum chamber to block the
radiation from the scattering of the electrons absorbed by
the Inermet IT180 blades.

TUPHO2
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Figure 4: Detail of the entrance of the Collimator.

DESIGN

The design of the movable blade, exposed to synchro-
tron radiation, was critical. At the initial stage of the study,
tungsten was envisaged as a material able to absorb the ra-
diation. Nevertheless, the integration of a cooling circuit in
the tungsten blade is by no means trivial and the results
were not conclusive (Figs. 5 and 6). In addition, water
connection was not possible. The most suitable solution
was to split the function of radiation and electron absorber.
The last thermal calculation shows that maximum
temperature will be 186°C for Glidcop (Fig. 7) instead of
360 °C or 300 °C for Inermet.

b Tempicetivn
2336

l 215100
252053

_ 2mm

_ masm

1120
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L wssn
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30745
15000

Figure 5: Example of FEA calculation W absorber.

295,943

Figure 6: Example of FEA calculation W absorber.

In the final version, the temperature calculated for the
surface in contact with water is still relativly high (88 °C,
Fig. 7), but it is the lowest result obtained from a series of
scenarios.

The final shape of the absorber is flat (Fig. 7). Initially,
a shape with teeth was envisaged to enlarge the projected
surface in contact with the radiation but this impled
moving the cooling channel in the absorber further away
from the exposed surface. An additional cooling circuit
was added in the middle of the blade (Fig. 3.3) to cool the

-

UPHO02
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longitudinal surface as well in order to achieve a better
average temperature of blade.

(Max 186575

Figure 7: Final FEA calculation.

The material chosen for the collimator blades, and for
the fixed shielding, is Inermet© IT180 manufactured by
Plansee (Fig. 8); a solution inspired by the CERN-LHC
Collimator [1]. This material has very good mecanical and
thermal properties, with thermal conductivity rather close
to pure tungsten (110 W/m.°C as compared to 160
W/m.°C), it is non magnetic and density is very high (18
kg/dm3- 19.3 for pure W) which has major avantages for
absorbing electrons and scattering radiations from
absorbed electrons. The calulation made by the ESRF
Safety Engineer shows that only high energy (gamma
range) radiations can pass through the collimator.

& Fix blades

Figure 8: Vertical cut through the colimator: fixed
shielding (grey) and fixed vertical blades (green, orange).

To guarantee high level movement of the adjusted blade,
out-of-vacuum recirculating ball bearings guided the bars
holding each blade (Fig. 3.4). The blade movement system
is motorised by stepper motors and a non-reversible gear
box (Fig. 3.1). Guides and motorization are fixed to the
reference flange to enable consistent metrology phases to
be set prior to assembly. There is also an anti-collision
system to prevent contact between the two movable blades.
An LVDT sensor controls the position of each blade.
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Figure 9: Absorbed dose distribution as a function of the longitudinal distance from the entrance face of the collimator.

Figure 10: Radiation emission of the Collimator.

SAFETY

The Collimator is a safety apparatus designed to reduce
the level of radiation outside the storage ring tunnel as
much as possible. The collimator also makes perturbations
on the electron beam. The Collimator inner aperture should
be adjusted to perturb the electron beam as little as possible
but to absorb as many scattered electrons as possible.
Figure 9 shows how electrons are absorbed by 300 mm of
Inermet IT180. Figure 10 shows how the radiation is ab-
sorbed in the storage ring tunnel in two cases: normal op-
eration at 90mA and beam lost on Collimator at 200 mA.
In both cases, the simulation shows that maximum radia-
tion level is less than 0.1mSv/h outside of the storage ring
tunnel, thus respecting the safety criteria.

CONCLUSION

Two units of the Collimator will concentrate about 80%
of the total electron losses of the ESRF-EBS storage ring
in two dedicated and shielded areas of the storage ring.
This reduces activation in the rest of the storage ring, which
is obviously important from a radiation safety point of

Accelerators

Storage Rings

view. But also, other storage ring equipment will benefit
from this protection. The collimator is a complicated de-
vice due to the different requirements concerning the stop-
ping of 6 GeV electrons, absorption of synchrotron radia-
tion, reliability, and very limited available space. The
ESRF design accommodates all of these requirements but
will still have to prove its expected performance during the
ESRF-EBS commissioning in 2020.
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Abstract

A 15 mm period PrFeB Cryogenic Permanent Magnet
= Undulator (CPMU) is under construction at SOLEIL,
< relying on the experience gained from the two PrFeB
= CPMU already installed at SOLEIL [1, 2]. The improved
S design includes a magnetic length of 3 m and a minimum
‘2 gap of 3 mm, leading to a polyvalent device of interest for
.2 both synchrotron radiation sources and free electron la-
sers. A dedicated magnetic measurement bench is also
£ under development to perform measurements at cryogenic
£ temperature, based on the SAFALI system. The designs of
£ both undulator and measurement bench will be explained,
£ the construction progress will be detailed and first results
2 will be given.
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INTRODUCTION
The SOLEIL synchrotron light source has been in oper-

— ation since 2006. 27 insertion devices are installed, in-
= cluding 4 electromagnetic undulators [3, 4], 12 APPLE-II
'% ones [5], 8 in-vacuum ones [6], 2 wigglers [7, 8] and one
=2 EMPHU-type device [9]. Two of the in-vacuum devices
% are cryogenic U18 undulators and a third device of the
2 same type was built and installed at the COXINEL exper-
< iment [10, 11], which is part of the LUNEXS project [12].
% A fourth CPMU is under construction in the frame of a
& collaboration agreement with the MAX-IV laboratory.
@ This U15 undulator is called a cryo-ready one since it can
8 be used at both cryogenic and room temperatures, thanks
8 to the high coercivity material used for the permanent
o magnets. This particularity leads to a polyvalent device of
< interest for both synchrotron light sources and Free Elec-
m tron Lasers. A view of the whole device design is shown
S in Figure 1.

his work m

Figure 1: Design of the fully equipped U15 undulator.
TUPHO03
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U15 DESIGN AND CONSTRUCTION PROGRESS

F. Briquez, C. Arrachart, N. Baron, N. Béchu, P. Berteaud, F. Blache, C. Bourgoin, M.-E. Couprie,
J. Da Silva Castro, C. De Oliveira, J.-M. Dubuisson, J.-P. Duval, C. Herbeaux, F. Lepage,
A. Lestrade, F. Marteau, A. Mary, F. Michel, S. Morand, M.-H. Nguyen, A. Rouquié¢, M. Sebdaoui,
G. Sharma, K. Tavakoli, M. Tilmont, M. Valléau, M. Vandenberghe, J. Vétéran,
Synchrotron SOLEIL, Gif-sur-Yvette, France.

MAIN PARAMETERS

The U15 design can be seen as an improvement of the
SOLEIL U18 CPMU one since it is longer, has a reduced
period, and can reach a smaller gap. The main parameters
of both CPMU are compared in Table 1. With these char-
acteristics, U15 has twice periods as compared to U18,
leading to a higher radiated flux. By decreasing the period
and increasing the peak field, one enlarges the wavelength
range of the light emitted by the device.

Table 1: U15 Main Parameters Compared To U18 Ones

Parameter U15 U18
Length (m) 3 2
Period (mm) 15 18
Min. gap (mm) 3 55
Max. field @77 K (T) 1.35 1.15
Nb. Periods 200 100
MAGNETIC DESIGN

The magnetic structure is a hybrid one with poles made
of Vanadium Permendur and permanent magnets made of
Pr,Fe 4B (CR53 grade). As this material does not experi-
ment Spin Reorientation Transition phenomenon [2], it is
thus possible to cool down the magnets directly at liquid
nitrogen temperature with no remanent field reduction,
leading to a quite simple thermal scheme [13]. The mag-
netic system characteristics are given in Table 2.

Table 2: U15 Permanent Magnet Properties

Parameter Value
Remanent field @293 K (T) 1.32
Remanent field @77 K (T) 1.55
Hceg @293 K (kA/m) 1016
Hey @293 K (kA/m) 1906
Pole dimensions (mm) 33x26x1
Magnet dimensions (mm) 50x30x5.5

UNDULATOR MECHANICAL DESIGN

The general design is based on the usual SOLEIL
CPMU concept: the jaws are made of extruded aluminium
parts which are drilled all along, enabling the liquid nitro-
gen to flow directly in the material and obtain an efficient
magnet cooling. The main element designs are very simi-
lar between the two undulators, once taken into account
the higher length of the device and the stronger magnetic
force between the jaws, which is expected to reach 10 t.
In order to support this strength, the carriage includes 3
motorized axes rather than 2. Moreover, the design also
offers the possibility to generate a 1.5 mm taper, which
can be very useful, especially for FEL operation.
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Figure 2: View of the tooling used to install the girders inside the vacuum chamber.

The main difficulty of the 3 m length consists in man-
aging the 12 mm jaw contraction at 77 K, which results in
a 6 mm displacement of the extremity rod linking the in-
vacuum jaw and out-vacuum carriage girder. This dis-
placement effect on the bellow is minimized by position-
ing the rod always off-axis, in the range +/- 3 mm accord-
ing to the temperature. In addition, very tight mechanical
tolerances are needed on both jaw and vacuum chamber
machining operations to guarantee the correct positioning
of the rods through the chamber apertures.

Another consequence of the increased force and length
lies in the difficulty of every handling operation, especial-
ly the one which consists in inserting the equipped jaws
inside the vacuum chamber. A dedicated tooling was
constructed to operate such an operation, which needs a
8 m available length when the chamber is aligned with the
jaws, as shown in Figure 2.

The holding system of the magnetic elements consists
of a simple module type with one magnet inserted be-
tween two half-poles, in order to facilitate the magnetic
assembly operation. The design of the holders, shown in
Figure 3, was improved to minimize deformation and to
make it possible to insert thermal sensors after the device
assembly, without disassembling the module.

Figure 3: Photo of one module equipped with a thermal
sensor.

BENCH MECHANICAL DESIGN

In order to characterize the magnetic field generated by
the undulator at low temperature, a dedicated measure-
ment bench is under construction, consisting of a Hall
effect probe and a stretched wire system.

Accelerators

Insertion Devices

Whereas the wire system is very close to the U18 one
[1], the Hall effect probe system takes advantage of our
experience gained with the U18 bench, especially in the
improvement of the holding structure, the guiding me-
chanical design and the choice of ultra-vacuum compati-
ble elements. Figure 4 illustrates the probe guiding sys-
tem improvement performed by utilizing twice rails and
bearings compared to the previous design.

Figure 4: Design of the Hall effect probe bench: girder,
sliding carriage, piezo motors and probe holder.

Moreover, it will be possible to operate measurements
off-axis in order to get the contribution of each jaw on the
on-axis field, and to reconstruct the longitudinal distribu-
tion of the skew quadrupole.

Because it is difficult to position precisely the probe in
a 3 mm gap along 3 m, a transverse position feedback will
be implemented in a comparable way as the SAFALI
system [14], thanks to a laser pointing through a pinhole
fixed on the probe holder, and received by a PSD placed
at the other extremity of the undulator. The scheme of this
system is shown in Figure 5.

J§~ Vacuum chamber

X Table 2:

| Bench girder | PSD

z S — X - \'
Piczo motors ___,';@J‘\ mobile carriage

Table 1: = O
laser |Undulator girder |l|(- Hall effect probe |

source o El

pinhole N Probe support

Figure 5: Scheme of the probe transverse position feed-
back system.

Finally the probe holder is also considerably improved:
it will be made of ceramic to assure good tolerances and
will operate a temperature regulation.
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CONSTRUCTION PROGRESS

Difficulties were encountered to provide the vacuum
© chamber and the jaws, mainly explained by the increased
2]ength and the tight tolerances. All the undulator elements
£ were constructed and most of them assembled. In order to
i minimize the magnet height variation along the device,
f every magnet and holder was mechanically measured and
© these elements were matched by sorting when assembling
= the modules. The poles were also shimmed, leading to
- standard deviation on module height of 19 pm, as shown
% in Figure 6.

ublisher, and D
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Figure 6: Height distribution of the modules.

The magnetic characterization of every module shows
that there is no systematic magnetic effect on the mag-
nets, which means no huge difficulty should be encoun-
tered during the undulator magnetic assembly.

A fake assembly of the jaws on the carriage was per-
formed to test their positioning reproducibility, which was
measured of 200 pm. A photo of this positioning test is

iven in Figure 7.

bution of this work must maintain attribution to the auth
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Figure 7: Jaw assembly reproducibility test.

A fake assembly of the carriage, jaws and vacuum
chamber is under progress in order to anticipate any mis-
match due to wrong machining or any vacuum leakage,
since it is easier to solve such a problem now, rather than
= when the device is magnetically assembled. Figure 8
shows a view of the fake assembly before cooling down.

his work may be used under the terms of the CC BY 3.0 licence (© 2018). Any d
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Figure 8: Undulator after fake assembly at room tempera-
ture.

Once this checking step is completed, the undulator
magnetic assembly will start.
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= Abstract

The final design phase is underway for the APS-Upgrade
project’s storage ring vacuum system. Many aspects of the
design are being worked on to address challenging inter-
faces and to optimize vacuum system performance. Exam-
ples of recent work include updates to ray tracing and vac-
uum analysis, new developments in vacuum chamber and
‘Z photon absorber design, and further refinement of vacuum
= pumping plans to achieve the best possible pressure distri-
butions. Recent R&D work and results from a vacuum sys-
tem sector mockup have also informed demgns and instal-
lation plans. An overview of progress in these areas and
emaining challenges is presented.

—

APS-U VACUUM SYSTEM
REQUIREMENTS

The APS-Upgrade will retrofit the existing 1.1 km cir-
cumference APS storage ring with a new 6 GeV, 200 mA
storage ring optimized for brightness above 4 keV. The
scope of the APS-U storage ring vacuum system design
5 group includes the vacuum system and component design
'"iof 40 sector arcs as shown in Figure 1 and 5x specialty
S “Zone F’ straight sections. The goal is to install and com-
2 mission the new ring with only one year of down time for
= the users and to condition vacuum to 2 nTorr average pres-
sures at 200 mA beam current by 1000 A*hrs conditioning
5 time.

ribution of this work must maintain attribution to the author(s), title of the work, publisher, and D

Figure 1: One 22 meter length sector of APS-U storage
ring (excludes straight section).

e terms of the CC BY 3.0 licence (© 2!

The new storage ring design pushes magnet poles close
S to the electron beam and calls for narrow vacuum cham-
.“E bers, typically with a 22 mm inner diameter and 1 mm wall
§ thickness. This is a substantial reduction from the previous
3 APS design with an 84 mm wide x 42 mm tall elliptical
@ aperture, see Figure 2 for comparison. A standard, 22 meter
%length arc of the vacuum system (not including straight
E sections) will include 27x custom vacuum chambers, 14x
‘5 BPMs, 2x gate valves, 6x photon absorbers, 3x gauges, and
# photon extraction chambers. Of the 27x vacuum chambers,
£ 19x will be round and NEG coated, 2x are keyhole, 2x vac-
£ uum crosses, and 4x are extruded aluminum ‘L-bend’
ff chambers. In total, 11.2 meters of the 22.1 meter length will
§ be NEG coated.

O
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> PROGRESS ON THE FINAL DESIGN OF THE APS-UPGRADE STORAGE
RING VACUUM SYSTEM

> J. Carter, B. Billett, B. Brajuskovic, M. Lale, A. McElderry, J. Noonan, M. O’Neill, K. Wakefield,
D. Walters, G. Wiemerslage, J. Zientek, Argonne National Laboratory, Lemont, IL, USA

Figure 2: Cross section comparison of current APS-style
vacuum chamber to new APS-U-style chamber.

INTERFACES

The APS-U vacuum systems are designed around careful
interfaces with the needs of APS-U physics, magnets, and
more. Vacuum components, flange seals, and absorbers
must minimize impedance losses through the use of subtle
transitions and reliable rf seals. The magnet’s quantities,
spacing, and narrow pole gaps drive thin walled vacuum
chamber designs with narrow spaces to seal flanges and
rout cooling water. Figure 3 demonstrates narrow installa-
tion and maintenance access between magnets to a com-
pact BPM housing assembly. The vacuum system is also
designed around numerous internal interfaces. Photon ab-
sorbers, both mounted and compact ‘inline’ style, are used
to shadow and protect uncooled components such as
BPM’s, flange joints, and gate valves.

Figure 3: Narrow access between magnets to a compact
BPM assembly demonstrated on a mockup.

VACUUM SYSTEM ANALYSIS

Ray tracing and vacuum analyses are performed using
both 2D and 3D tools to understand and improve the limits
of the vacuum system and to ensure design requirements
are met. An analysis of vacuum pressures using programs
like VACCALC for 2D models and MolFlow-+ for 3D mod-
els helps predict the pressure profile through a hybrid
pumping system. A standard arc pressure profile at 1000
A*hrs conditioning is shown in Figure 4. Pressures are typ-
ically low where distributed pumping is incorporated and
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high pressure bumps are found across conductance limited,
small vacuum apertures. APS-U’s vacuum analysis helped
inform the decision to increase the preliminary design
NEG coating scope from just the FODO section to now all
round vacuum chambers. This is to reduce pressures across
the arcs, build margin for developing straight section vac-
uum designs, and speed up vacuum system conditioning.

APS-U storage ring vacuum MolFlow+ pressures
42pm RC4 lattice - 200 mA @ 1000 A*hrs

1E+02

e Lbend Mgt
Double 151 o
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+
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Figure 4: MolFlow+ analysis of standard arc vacuum sys-
tem pressures at 200 mA, 1000 A*hrs conditioning.

Ray tracing reveals ‘hot’ zones in the vacuum system in-
cluding the FODO section (1 kW/m) and B-Quad Doublet
(700 W/m) where copper chambers are needed to absorb
synchrotron loads. The B-side crotch absorber intercepts
3.4 kW, the most of six absorbers, with the A-side crotch
next at 1.1 kW. Ray tracing is performed using 2D layouts
and also new 3D tools which reveal missteering possibili-
ties for conservative thermal analysis and have helped in-
form BPLD limits to protect narrow straight section cham-
ber apertures.

VACUUM R&D

A major R&D activity for vacuum has been the construc-
tion of a mockup of one full standard arc of storage ring
vacuum system components, see Figure 5. Manufacturing
and assembly was completed in the Fall of 2017 and repre-
sent the vacuum system at the conceptual design level. Nu-
merous tests are being informed on the mockup including
pump down and NEG activation, validating vacuum gage
readings to simulations, and water-flow induced vibration
testing.
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Figure 5: Full sector mockup of one standard arc of stor-
age ring vacuum system components at conceptual design
level, Fall 2017.

Water flow tests helped build confidence that turbulent
flows can be used to cool irradiated vacuum chambers
without transmitting significant vibrations through the bel-
lows and onto BPMs. NEG activation tests helped build a
recipe for activating NEG coated components in the pres-
ence of non-coated crosses and chambers. This also helped
inform to remove 2x gate valves (of 4x total) originally de-
signed to isolate the NEG coated FODO chambers. Re-
maining R&D activities include in-ring testing of new
BPM button and housing designs.

FINAL DESIGN OF VACUUM
COMPONENTS

APS-U’s storage ring vacuum system is in its final de-
sign phase through early 2019. A standard arc’s set of vac-
uum chambers will be manufactured from four separate
common UHV materials and with respect to the total length
per 22.1 m sector there will be 55% aluminium chambers
(8 chambers, 12.1 m), 27% copper (7 chambers, 6.1 m),
9% Inconel (4 chambers, 2.0 m), and 9% 316 stainless steel
(4 chambers + BPMs and Gate Valves, 2 m). Common
chamber designs are compared in Figure 6. Aluminum
chambers will include bent and extruded L-bend chambers
with antechambers and also straight round tube-style
chambers and integrated crosses. Copper chambers will be
used when radiation loads across chamber walls are too hot
for aluminum and are primarily round with some featuring
slight bends. Stainless steel is used for keyhole and simple
pumping crosses. Inconel will be used for tube chambers
passing through 8-pole ‘fast corrector’ magnets where a
low magnetic permeability is required.
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-2 Figure 6: Rendering of standard vacuum chamber designs
% (top) aluminum round chamber, (middle) aluminum vac-
G uum cross, (bottom) copper round chamber.

=

Z Both the stability requirements for beam position moni-
£ tors (BPMs) and their quantity, 14x per sector, dictate many
‘; of the challenges across the vacuum system design. APS-
£ U BPMs must keep signal drift below 2 microns and vibra-
2 tions less than 400 nm rms so a central housing with two
= bellows decouples the BPM button’s from chamber mo-
S tions. The quantity of both BPMs and magnets leads to nar-
o row installation and maintenance access typically between
% 100-150 mm. The compact 74 mm length BPM design
= saves space on all parts of the length by using welded BPM
S - buttons, compact bellows with +/- 5 mm travel, and Quick
>* CF (QCF) flanges. The quantity of independent BPMs also
Q drives the count of 44 flange joints per sector along the
electron beam path.

f APS-U requires that magnets should not need to be split
® during maintenance. This drives the decision to put rf-lin-
g

£ ers onto the removable BPM housing assembly and off of
o vacuum chambers whose relative simplicity should allow
= them to remain permanently between magnets. Figure 7
< shows a cross section of the BPM assembly featuring an
= internal rf liner assembly which shields the bellows and in-
2 cludes a glidcop liner with fingers compressed by a stain-
2 less steel spring.
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Figure 7: Cross section of compact BPM housing design
with BPM buttons, GlidCop fingers, and two bellows all
welded to a central stainless steel housing.

FUTURE WORK

APS-U vacuum will complete R&D by the end of 2018
and continue through final design of all vacuum compo-
nents through early 2019. Some of the major design chal-
lenges ahead include two keyhole shaped BPM designs and
developing and testing a robust, compact rf seal design for
both round and keyhole flange joints. Manufacturing of
production level components will run from 2019-2022.
Pre-assembly of vacuum/magnet/support modules will
happen from 2021-2022 followed by final assembly and
installation in the tunnel and commissioning from 2022-
2023.
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DESIGN OF A RADIATION TOLERANT, INDEXING
PROFILE MONITOR FOR THE LCLS ELECTRON BEAM*

A. Cedillos’, R. Clive Field, SLAC National Accelerator Laboratory, 94025 Menlo Park, CA, USA

Abstract

The Linac Coherent Light Source (LCLS) electron beam
can damage YAG:Ce scintillation screens. After one year
of use, the existing profile monitor has diminished fluores-
cence of the screen. The decrease in performance has re-
sulted in distorted beam images which can compromise the
acquired data. Scheduling a YAG screen replacement is
difficult, resulting in weeks of diminished performance.
We have developed a unique profile monitor that incorpo-
rates multiple YAG screens (940 mm, 50 um thick) and
methods to reduce device downtime. This device uses
unique geometry to direct coherent optical transition radi-
ation (COTR) away from the optical path, which preserves
the high resolution beam image. We are presenting the op-
erational requirements, device design and installed device
operational results.

INTRODUCTION

The profile monitor upstream of the electron beam dump
is used to image the beam after passing through a trans-
verse accelerating radio frequency (RF) cavity situated 30
meters upstream [1]. The LCLS electron beam, with an
intensity range of 1.5-2.0 pC per pulse at 120 Hz, damages
the YAG:Ce after one month of usage. Retracting the YAG
screen when not in use increases the lifespan of the screen
to 10-12 months but damage still occurs. Even if damage
is not visible, beam tests have shown that fluorescence in a
localized area is diminished which greatly compromises
the useable data from the beam image. Using a green-or-
ange filter and a blue light, instead of the usual UV light,
this damage can be seen as a dark discoloration on the YAG
screen. The shape of the damage matches the beam profile
which is elongated vertically due to the upstream bend
magnets (Figure 1).

One solution is to replace the YAG screen after one year
of usage but this is costly and inconvenient. Replacing the
YAG screen requires shutting the beam off for 8 hours
which is problematic. This paper describes the key com-
ponents of the updated profile monitor that improve the
service interval period, serviceability and operation.

Figure 1: Photo of YAG with indicated damage.

" Work was performed in support of the U.S. DOE, Office of Science,
LCLS project, under contract DE-AC02-76SF00515.
T cedillos@slac.stanford.edu
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DESIGN REQUIREMENTS

The first requirement of the upgraded profile monitor
was multiple YAG screens to increase the service interval
period. The second requirement was to allow immediate
operation after installation to reduce user downtime. This
second requirement dictates that the new device use the
proven geometry which successfully directs the OTR
away from the optics path. To further decrease the poten-
tial for damage, the third requirement was that the device
not fail into the beam during a power failure. The fourth
requirement was to have easily removable YAG scintilla-
tors and a fifth requirement was to assess damage in situ.

Motion

Having the device near the electron beam dump prohib-
its the use of motors with onboard electronics or optical
encoders which are susceptible to radiation. We chose a
guided, double-acting pneumatic actuator because it
achieves the required maximum stroke of 134.6 mm with a
compact design (Figure 2). The actuator is sized to over-
come the combined vacuum, spring and gravity force of
250 N while providing adjustable velocities to minimize
shock to the YAG screens. Since compact pneumatic actu-
ators don’t exist with four positions, a manually adjusted
hard stop is used to set the YAG screen location (Figure 2).
This feature makes it quick and easy to change to the next
YAG screen and simplifies the control scheme to two posi-
tions.

Manual
hard stop

A Pneumatic,
double acting
actuator

velocity
adjustment

Figure 2: Actuator assembly using a 2-position pneumatic
actuator to achieve 4 total positions.

TUPHOS
33

©

©=2d Content from this work may be used under the terms of the CC BY 3.0 licence (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



Mechanical Eng. Design of Synchrotron Radiation Equipment and Instrumentation MEDSI2018, Paris, France JACoW Publishing

5 ISBN: 978-3-95450-207-3
@)
E The orientation of the YAG screens with respect to the
g beam is controlled by attaching the YAG array assembly to
iz Za fixed, UHV compatible linear guide mounted inside the
3 chamber (Figure 3). Having the YAG array assembly on a
s fixed linear path reduces the repeatability and precision re-
© quirements of the actuator.

Adjusting the YAG location within the chamber is
J: achieved by a simple coupler rod that has RH threads on
o one end and LH threads on the other. Rotating the coupler
= CW pulls the YAG array upward and rotating the coupler
Z CCW pushes the YAG downward. Once the desired loca-
£ tion is reached hex nuts are used to lock the coupler in
2 place.

The first location on the YAG array assembly is a large
= rmg to allow the beam to pass through when the device is
o not being used (Figure 3). Power is applied to the system
@ to insert the YAG screen into the beam. This configuration
ensures that the device fails out of the beam if power is lost.

he wor

o the

2X LED illuminator Linear guide

Aluminum
Foil

Pass through

Glhge e beam

mirror

YAG screens

Figure 3: Isometric cross section of vacuum chamber
showing internal components.

Optics
The typical configuration of a YAG screen orthogonal to
the beam axis with a 45° foil (in front or behind) creates
coherent optical transition radiation (COTR) that is di-
rected into the camera [2]. This light obscures the higher
resolution beam image that is created when the electron
.~ beam impinges upon the surface of the YAG screen. The
£ optics inside the chamber was designed to address this is-
Z sue by placing the YAG at 3° relative to the electron beam
* axis. This orientation effectively redirects the OTR away
£ from the camera optics (Figure 4, top). To maximize the
%horizontal effective width and eliminate the need for a
E larger diameter, the foil is placed at 22.5° to the beamline

© TUPHO5
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»
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with a glass mirror added to reflect the resulting image to
the camera (Figure 4, bottom). The large YAG, foil and
mirror ensures that no beam reflections on the frames show
up on the camera image. Furthermore, the configuration
allows for easy access to the YAG screens during replace-
ment and keeps the existing optics box location.

YAG screen
3° ‘T- .
Camera
Glass /1
Mirror 71
U
II !
£
/
‘ 22.5° Foil (mirror)
COTR l
e beam
YAG screen

30—
Glass Camera

Mirror
Beam image

R--—t--->
A
A
N\

=
1
I
r
1
1
M
I 22.5° Foil {mirror)
e beam
Figure 4: Orientation of YAG screen to direct COTR

away from optical path to camera (top). Optical path of
beam image to camera (bottom).

YAG:Ce Screen & Foil

Alarge YAG is required to image the transversely kicked
beam and accommodate for beam jitter and slight misalign-
ment of the beam. The large diameter allows for the addi-
tion of a chromium scale, located at the top and bottom
center of the YAG screen, which is used to assist with fo-
cusing the camera on the YAG surface. This feature elim-
inates the need for an additional target location used only
for setting the focus. With a YAG screen bonded to a keyed
circular aluminum frame, the orientation of the YAG is
consistent during actuation, installation and replacement.
Scribe marks on the frame are used as reference markers
for the camera orientation and are used to determine the
initial focal distance. The YAG screen and frame cartridge
design reduces the service time since they are easily in-
serted and removed and held in place with a screw and
spring clip.

The large YAG screen is paired with a large foil (¥42.4
mm, 1 um thick). The prototype design had the YAG
screen and foil as part of one assembly and moved as one
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unit. This method was not feasible for multiple YAG
screens of this size due to space constraints, and thus, the
solution was to keep the foil stationary and only move the
YAG screen array.

Chamber

A stock spherical square vacuum chamber was chosen
for its many features. The chamber has DN160 (203mm)
flange ports for easy access to the foil and YAG screen and
many smaller ports for testing various illumination
locations (Figure 5). The groove grabber features near the
ports provide various internal mounting locations not
typical of vacuum chambers. This attachment method was
used to mount the linear slide and foil-mirror holder
assembly. Since vertical space below the device is limited,
the custom base flange was designed to provide a stable
mounting location and minimize the retraction distance of
the YAG array.

Optics box

DN160
viewport

Figure 5: Model of fully assembled profile monitor.

Hlumination

A dedicated light source is required to help with focusing
the camera on the YAG screen surface. We chose a solution
that utilizes a circular array of dimmable bright white
LEDs in a compact design that mounts onto the DN40 (70
mm) CF viewport flanges. The vendor fabricated a custom
version that contains bright blue LEDs which will be used
for in situ inspection of the YAG screen (Figure 6, top). For
in-person inspection, the YAG screen can still be viewed
through the viewport when the LED illuminator is mounted
to the flange.
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CONCLUSION

We have designed a radiation tolerant, indexing profile
monitor that has increased the service interval period from
one year to three years with improved serviceability.
Working with the space limitations and the existing con-
trols system, the device was installed on the LCLS beam-
line in August 2017 and is currently performing better than
before. Multiple features of the previous design were im-
proved upon from multiple YAG screens with a pneumatic
actuator, ease of YAG replacement, optics to mitigate OTR
light and YAG inspection methods.

o
x ()

Figure 6: Photo of internal components viewed through
DN160 CF viewport flange (top). Camera image of YAG
screen showing scale and fiducial markings (bottom).
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Abstract

The ESRF is proceeding with the design and procure-
ment of its new, low emittance EBS storage ring (Ex-
tremely Brilliant Source project). This completely new
storage ring requires a new vacuum system including UHV
chambers with complex shape and strict geometrical and
2 dimensional tolerances. Due to these complexities, it was
§ decided to build some of the chambers in an aluminium al-
E loy machined from bulk material; the only technology per-
'E mitting to respect these challenging requirements. This
Z project now consists of 128 chambers, 2.5m long, built in
§ alloy 2219 with custom-built Conflat flanges made by ex-
'S plosion bonding. The production phase is nearly finished
- and the chambers that have been produced fully satisty ex-
£ pectations. A second generation of experimental alumin-
= ium chambers was also designed as a substitute for some
£ of the steel chambers in an attempt to resolve part of the
'é geometrical difficulties. These chambers are highly com-
5 plex as they contain steel-aluminium junctions in the body
§ in order to accommodate bellows and beam position mon-
2 itor buttons. The delivery of the first prototype of this type
of chamber is planned for June 2018.
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CHOICE OF THE TECHNOLOGY

The new storage ring requires a very complex vacuum
chamber system [1]. The magnets lattice and its dimensions
leave very little space for the chambers, resulting in a rather
complex shape. Furthermore, the beam has a very curved
path, due to the presence of 4 dipole arrays (each compris-
ing 5 permanent magnet modules with 5 different bending
2 radii), and 3 dipole-quadrupoles. For the chambers inside
> the dipoles, the only technology that can be used to produce
v such a difficult shape is machining from bulk material. For
% the other chambers, it is possible to use a construction of
= formed and welded sheet metal.

licence (© 2018). Any distr:

CHOICE OF MATERIALS

The material of the chambers shall have a very low mag-
netic permeability, sufficient strength at bake-out tempera-
ture (150°C), to be electrically conductive and, of course,

doi:10.18429/JACoW-MEDSI2018-TUPHO8

ALUMINIUM AND BIMETALLIC VACUUM CHAMBERS
FOR THE NEW ESRF STORAGE RING (EBS)

F. Cianciosi, P. Brumund, L. Goirand,
ESRF (European Synchrotron Radiation Facility), 38000 Grenoble, France

UHYV compatible (down to pressure levels of 107 1%mBar).
The only affordable choice for the dipole chambers that are
made of bulk material was an aluminium alloy, while for
the other chambers the best option was stainless steel
AISI316LN ESR, which is more resistant in thin sheets and
easily weldable [2]. The decision to make some of the
chambers from steel meant that the EBS cell could be de-
signed in such a way that all the bellows and the BPMs
could be located on the chambers. These components are
very difficult to integrate in aluminium chambers (see
Fig. 1). A careful analysis of the available weldable alu-
minium alloys for the dipole chambers revealed that the
best material used at high temperatures during bake-out is
the 2219T851 (ultimate tensile strength at 150C for 1000h:
oyrs = 220MPa [3]).

MECHANICAL DESIGN
Flanges

Two types of flanges were investigated, both based on
the CF standard. The first is the aluminium type produced
by Kurt J. Lesker. It has the advantage of being made of
the same alloy as the chambers (2219 T851). However,
these flanges are only compatible with pure aluminium
gaskets and are sensitive to damage. The second flange
type was a bimetallic flange, which is compatible with cop-
per gaskets and is more robust, although they do present a
danger of galvanic corrosion and leaks in the joint between
the two materials. After a profound analysis of tender of-
fers for the production of these flanges, the ESRF accepted
the tender from CECOM, Italy, whose proposal consisted
of custom-made bimetallic flanges machined from bime-
tallic sheets carefully controlled in order to avoid the risk
of leaks due to bad bonding. CECOM assumed full respon-
sibility for the quality of the flanges even after their instal-
lation on the chamber, thus avoiding liability issues in the
event of problems between the supplier of the bimetallic
material and the manufacturer of the chambers.

Content from this work may be used under the terms of
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Figure 1: Vacuum chambers on one cell of EBS.
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Bodies and Welding

The bodies of the chambers are machined from bulk ma-
terial A12219 T851 plates. The drawback of this material is
its weldability, which is slightly lower compared to 5XXX
and 6YYY alloys. To investigate this aspect a welding test
campaign and a prototype chamber were commissioned to
ALCA TECHNOLOGY (Schio, Italy) (see Fig. 2). The
welding is done on the exterior, on relatively thin lips. This
is sufficient as the main efforts coming from the vacuum
pressure are compensated by the body surfaces in contact
near the joints and in some specific areas inside the cham-
bers (see Fig. 3). As no cleaning is possible after welding,
special attention is required to keep the chambers clean
during the welding process.

High conductance zone
Pressure resistant
surfaces
Low to high profile
smooth transition

Beam path - 5
different bending radii

Outgassing
channel

Welding lips

Figure 3: Bodies and welding (CH9).
Typical tolerance levels for the body are +/-0.05mm,
whilst critical flange orientations of the final assembly are

+/-0.06deg. Roughness levels are requested down to Ra =
0.4 in the beam zone.

Groove for heating Gauge/pre pump ‘ —_—
; wire for bakeout flanges I
; A ‘

Inlet flange

Accelerators

Storage Rings

Alignment and control
reference holes
- |

i I
! il
Figure 4: Series vacuum chamber (CH9) built by CECOM.
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CALCULATIONS
Static

The chambers have to resist the static loads resulting
from the vacuum and gravity. A FEM analysis was per-
formed to ensure sufficient resistance of the material with
respect to these loads, especially in proximity to welding
and even at the bake-out temperature (150°C). The maxi-
mum stress in the material, mainly due to the vacuum pres-
sure, is belowo,,; = 50MPa, so the safety coefficient is 4.
This relatively high value is necessary because of the pos-
sibility of imperfections in the welding. The maximum de-
formation of the chamber under its own weight including
equipment (pumps and other vacuum equipment) is below
0.1 mm.

Thermal

The aim of the thermal calculation is to study the uni-
formity of the temperature field and the power needed dur-
ing the bake-out. The heating is made with an electrical
wire pressed into a groove in each of the two chamber
halves and heating collars on the flanges. A strong thermal
insulation of the chambers is impossible due to space con-
straints (especially in vicinity of the magnets), so even if
each thermal source is closed-loop controlled with an inde-
pendent thermocouple, significant temperature deviations
can still occur. If the temperature is too low, the bake-out
is not effective; if it is too high the chamber can be dam-
aged. The calculations show that the maximum deviation
from the target temperature T = 150°C is around AT =
25K, which is acceptable (see Fig. 5).

Ther i C i
flanges at +100K

coefficient 10W/m2K

Heating of the half-
flanges

Power needed=280W

Heating wires only on the flat
surfaces - Power 164W/m (total
length=4700mm) to obtain an
average rise of temperature =
100K ( A=+/-20% )

-Heating power of the
wire=771+771W

Figure 5: Thermal calculations
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A new chamber series with bimetallic design was added
‘2 most recently to the ESRF vacuum chambers for the EBS
§ machine: the CH6-7-8 aluminum version. These chambers
'3 are highly complex in shape and technology as they contain
£ both aluminum alloy and stainless-steel parts and have to
g guarantee very tight mechanical tolerances.

g Origin of the Design Need

The chambers 6, 7 and 8 have a complex geometry, pri-
arily due to their location within the quadrupole and di-
pole-quadrupole zones of the EBS cell. They contain both
bellows and beam position monitor (BPM) blocks made of
stainless steel as well as absorber ports. The initial design
of the chambers was entirely of stainless steel due to this
-4 additional equipment installed on the chambers. The de-
2 sign involved welded sheet metal and plates, even though
< the complexity of the shape makes the dimensional and ge-
% ometrical tolerances very hard to reach. Because of these
& technical difficulties, it was decided to create an alternative
Q design in order to have spare chambers in case of problems.

u

is work mu:
8

istribution of th

Technical Details

> The success of the aluminum chamber series CH2-5-9-
; 13 through the collaboration with CECOM and the experi-
M ence gained from this series paved the way for the design
S of a new generation CH6-7-8-series. This new design in-
£ corporates relevant parts in stainless steel AISI 316LN to
% hold the BPMs, the bellows and equipment ports. Never-
g theless, a crucial difference from the initial series design is
& that the main section, the chamber body, is made of alumi-
£ num alloy 2219 bulk material. This alloy proved to be a
& very good choice regarding machinability and its welding
g capacity for the series CH2-5-9-13, as presented in the pre-
3 vious section.

The main difficulty in the new series lies in the junction
between the two materials: A12219 and AISI 316LN. Each
g chamber of the CH6-7-8-series contains a custom-designed
+ bi-metallic part that serves as junction. These custom-built
gparts incorporate the material transition zone, the BPM
-Z blocks, as well as the corrector magnet and wiggler magnet
E zones. To avoid excessively high temperatures in the bi-
£ metallic zones, sufficient material remains between the
£ welding lips to the chamber and the bi-metallic section.
£ The bi-metallic part is fed through the corresponding entry
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Figure 6: Vacuum chamber bimetallic (CH6).
BIMETALLIC CHAMBERS

Introduction

and exit flanges towards a welding from the chamber out-
side to the flange disks to keep raw material consumption
low for the bi-metallic material (see Fig. 6).

The required geometrical and dimensional tolerances for
the body and the bi-metallic areas are comparable to the
chamber series CH2-5-9-13 - at some points slightly lower
to leave an error margin due to difficulties with the bi-me-
tallic junctions and additional welds.

The first prototype of the new design series is expected
by the end of July 2018.

CONCLUSION

The aluminium vacuum chambers designed and pro-
duced for EBS conform to the specifications and have been
successfully mounted inside the magnets on the girders
ready for installation in the tunnel during 2019.

The preliminary results of the bimetallic chambers are
very encouraging and demonstrate that this new technol-
ogy can be used to produce affordable chambers with very
complex shape and tight geometrical tolerances.
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FRICTION STIR WELDING AND COPPER-CHROMIUM ZIRCONIUM:
A NEW CONCEPT FOR THE DESIGN OF SIRIUS' HIGH-POWER
ABSORBERS

G.V. Claudianot, L.M. Volpe, P.T. Fonseca, E.B. Fonseca', M.H.S. Silva,
Brazilian Synchrotron Light Laboratory (LNLS), Brazilian Center for Research in Energy and
Materials (CNPEM), 13083-970, Campinas, Sao Paulo, Brazil
! also at School of Mechanical Engineering, University of Campinas, 13083-860 Campinas, Sao
Paulo, Brazil

Abstract

Sirius, the new Brazilian fourth-generation synchrotron
light source, is currently under construction. Due to the
high brilliance and low emittance of its source, the photon
beam on each undulator beamline can have power densities
as high as 55 W/mrad?. To protect the components down-
stream, the Front-End power absorbers need to manage this
power in a limited space, but also having precision in align-
ment and being reliable all over their lifetime. To achieve
this behaviour, the selected alloy was the copper-chro-
mium-zirconium (CuCrZr, commercially known as
C18150) because of improved thermal and mechanical
properties. In order to seal the vacuum chamber (path on
which the cooling water flows), friction stir welding was
the selected joining method. During the welding process,
the material passes through a grain refinement process
which results in a high-resistance joint. The manufacturing
process could also result on a reduction of costs and lead
times. Finally, it will be presented the final versions of the
component with its support and the characterizations done
to validate the welded joint under vacuum and water pres-
sure requirements.

INTRODUCTION

Sirius is the new 3-GeV low-emittance high-brightness
fourth-generation Brazilian synchrotron light source. As a
research facility, it is going to provide resources for high-
level scientific studies after its beamlines are finished.
Also, as can be seen by the monochromators [1] and mir-
rors projects [2], new concepts and technologies are al-
ready being developed.

Regarding the undulator-beamlines FE (Front-end)
power absorbers (i.e. fixed mask, photon shutter and high-
power slits), their designs were already finished, tested and
validated. Those are the components which manage the
high power emitted by the storage ring, protecting the com-
ponents downstream by blocking portions of the white
beam. On [3], it can be found specifically the function of
each power absorber along with their apertures and design
criteria. Their design was based on brazing of Glidcop [4]
and stainless-steel parts as described on [5].

T gabriel.claudiano@]Inls.br
Core technology developments

New Technologies

Despite of their proven utility, their manufacture chain
was highly demanding in some points, such as: human
sources, time and machining services (in order to refine
mechanical adjustments between parts). Those facts were
the main motivation for the proposal of the system optimi-
zation done in the current study. A copper-chromium-zir-
conium alloy (CuCrZr, commercially known as C18150)
was the chosen alloy for this application because of the fol-
lowing reasons: it is cheaper and available on national mar-
ket, its mechanical and thermal properties are alike the
Glidcop [6], and it is vacuum compatible [7] It should also
be emphasized that other synchrotron facilities have al-
ready replaced Glidcop by CuCrZr alloy on their FE power
absorbers [8-9].

On other hand, due to their high thermal conductivity,
copper and copper alloys are difficult to weld using con-
ventional techniques (i.e. techniques that involve fusion).
Usually, a high heat input is necessary to melt the material
and it is particularly compromising when working with
precipitated-hardened alloys, such as CuCrZr [10], once
strengthening nano-precipitates can be largely eliminated
due to the welding thermal cycle. During welding, the pre-
vious thermal cycle usually effaces the heat treatment, and
along with recrystallization, results in lower yield and ulti-
mate strength than the aged base metal [10, 11]. Moreover,
copper is susceptible to embrittlement due to oxygen dis-
solution into the melt pool. Furthermore, reference [12]
points out that a long exposure of the CuCrZr alloy to high
temperatures could cause over aging and recrystallization.
Thus, it is necessary not only to limit the temperatures dur-
ing manufacturing of the component, but also during its op-
eration in the beamline. It was defined as a constraint be-
cause of a proposal to do the flange manufacturing on the
CuCrZr workpiece itself as a manner to reduce the number
of welding spots (a reduced material strength could cause
a greater deformation on the flange’s knife, leading to a
vacuum leakage.

Differently from conventional processes, friction stir
welding (FSW) is a solid-state joining technique capable
of overcoming the problems related to welding of copper
[13]. FSW consists of a rotating non-consumable tool,
which is inserted in the material and translates along the
weld path to create a joint. The tool generates heat from
friction and deformation. Since maximum temperatures lay

TUPH09
39

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



Mechanical Eng. Design of Synchrotron Radiation Equipment and Instrumentation MEDSI2018, Paris, France JACoW Publishing

5 ISBN: 978-3-95450-207-3

2

& below the melting point of the alloy, solidification-related
E phenomena are eliminated. Besides, FSW promotes grain
% refinement, thus improving mechanical performance.

2 FSW of copper and its alloys has been reported in the
< literature by a number of authors, asserting its weldability.
g The effects of welding parameters have been studied in a
2 wide range of rotational speeds, welding speeds, axial
% loads, and thicknesses for pure copper [13-17]. However,
& during cooling grain growth may take place depending on
i the parameters employed, which may cause grain coarsen-
= ing and softening. Researchers demonstrated that acceler-
£ ating the cooling rate could successfully result in higher
2 hardness and better tensile properties in the stir zone (SZ)
[18-19]. Another possibility is to use large axial forces and
very low heat input parameters [17].

Available literature describes mostly plate butt-welding.
In this work, circumferential lap-welding was performed
% on bulk cylinders of CuCrZr alloy covered by pure copper
£ sleeves. The FE components were then machined from the
£ welded parts, which already contained the cooling water
£ circuit. Welding procedure was validated by means of mi-
2 crostructural characterization, hardness measurement, and
& leak and hydrostatic pressure tests. It is also presented the
5 final version of the component with its support.

bution to the

1

EXPERIMENTAL PROCEDURE

As quoted before, it is instrumental that the material pre-
serves its mechanical resistance even when exposed to high
Z power densities. Seeing this constraint, some common

> (GTAW and oxy-fuel) and unconventional techniques
< (FSW and sealing by mechanical clamping and defor-
% mation) were evaluated. The most promising one, given the
] temperature constraint and the results on the preliminary
© tests, was the FSW method.

§ Friction stir welding was performed in a dedicated TTI
8 machine, model RM-1 at the Brazilian Nanotechnology
S National Laboratory (LNNano/CNPEM). FSW tools were
;j machined in AISI H13 steel. A turn-table was used to per-
m form circumferential welds. The welding parameters and
8 their range of analysis were as follows: tool rotational
2 speed (from 400 to 1500 rpm); tool travel speed (from 20
% to 100 mm/min); lateral tool offset (from 1 to 3 mm); and
£ power input (from 2.5 to 4.0 kW).

A solid machined round bar of CuCrZr alloy, with a di-
ameter of 73 mm was covered by a pure copper sleeve with
1,6 mm in thickness (C122 alloy). It can be noticed that,
at this point, the copper sleeve was already silver-welded
g on copper tubes (for was inlet and outlet) and on CuCrZr
2 bushes (for attachment of temperature sensors and align-
i‘i ment targets). Also, there was an helicoidal water chamber
= machined on the CuCrZr bar (for cooling purposes). The
+ welding process and the welded component can be seen on
g Figure 1.
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Figure 1: (a) Friction Stir Welding (FSW) on the CuCrZr
component. (b) FSW-welded component.

Joints subjected to conventional metallographic proce-
dure were cut transverse to the welding direction for mi-
croscopy and microhardness testing.

The hydrostatic pressure test was conducted by connect-
ing the component to a water pump. Firstly, all the inter-
faces between the water chamber (path inside the compo-
nent through which the water flows) and the air were
closed, except for two: one used to purge the air from the
system and another one to pressure the inner side of the
component. After the air was purged out, only one connec-
tion was left open. Thus, that valve was used to increase
the water pressure inside the component until it reached a
desirable level. By standards, the pressure needs to be at
least 50% greater than the operating pressure of the com-
ponent. Finally, the last connection valve was closed and
then the component was maintained at constant hydrostatic
pressure for at least two hours.

The leak test was included as a manner to keep track of
the component tightness along its manufacture chain. The
main advantage of this test is that it does not damage the
component and can be easily done on single parts or
welded components, being a comparison parameter of the
product quality after a process. It should be noticed that it
is not a substitute for the water pressure test, once a helium
leakage does not suggest a water leakage (the size of the
molecules is significantly different) and the hydrostatic
pressure test is more aggressive (because of the higher dif-
ferential pressure).

RESULTS AND DISCUSSION

Firstly, it should be considered that a metrology facility
[20] has been built in order to create a controlled environ-
ment for the verification and validation of the manufac-
tured components. The tests described on the current study
were also conducted inside this building.

As for microstructure analysis the component must be
destroyed, only leak and water pressure tests are done to
guarantee the operational quality of a manufactured com-
ponent. All the Sirius components that were already manu-
factured were approved for values of leak rate below 5 -

b .
10710 [mL—:r] . Hydrostatic pressure tests were conducted
during, at least, 3 hours under pressures greater than 15 bar.
The validated components were approved on this test also.
The operational pressure of those components will be 8 bar.
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It can be seen on Figure 2 an optical microscopy of the
welded region. The sample was extracted of a prototype
welded by FSW using the same materials and conditions.
On the image is shown the copper sleeve (at the top of the
figure), the external diameter of the CuCrZr part and the
joint region. There is also a small gap between the parts,
which is partly originated by the fine mechanical adjust-
ment determined for the assembly and partly by the large
forces involved on the welding process.

Furthermore, on Figure 3 there is a detail of the interface
between the stir zone and the base material. On the stir
zone, due to the magnitude of the forces and heat involved
on the joint process, the grain size was significantly re-
duced (as intended for better mechanical properties). On
other hand, on the bulk zone it is possible to distinguish the
grain contours.

Figure 4 was originated by a micro-hardness analysis on
the region illustrated on Figure 2. By that it is possible to
notice: the different materials (a soft copper sleeve on the
top and a harder CuCrZr bulk on the bottom); the harden-
ing caused by the grain refinement on the welding zone;
and the annealing caused to the soft copper on the sides of
the joint region (shown as the dark-blue zone). It is also
possible to conclude that the temperatures reached on the
process had only local effects.

Figure 2: Cross-section image of the welded region done
by optical microscopy.

500 m

Figure 3: Microstructure of a FSW welded region.

|

Figure 4: Microhardness analysis of a FSW welded region
(in units of micro-Vickers).
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Regarding the component support, as can be seen on Fig-
ure 5: one of its sides is used as a stiff reference to guaran-
tee the alignment of the component’s aperture. Pre-load
and a guide pin are used to create a fixed reference for the
component. On the other side it is used an elastic support,
which is deformable in order to accommodate possible ma-
chining misalignments while still constraining the neces-
sary degrees of freedom. To achieve this behaviour, a thin
sheet is applied as a flexure.

Finally, on Figure 6 it is presented the final version of
the welded component, including temperature sensors,
support and alignment features.

a) b)
Figure 5: Front-End components support. In (a) it is repre-
sented the elastic support and in (b) the reference support.

Figure 6: Final component assembly of the fixed mask for
undulator-beamline Front-Ends.

NEXT STEPS

Once the integrated project, regarding the manufacture
chain and the component’s operational conditions, is al-
ready well developed, the next challenges are going to be
related to the fiducialization and alignment in the beamline.

CONCLUSIONS

By the study conducted it is possible to observe that there
are still available points of optimization in the Sirius power
absorbers, but the level of quality reached for both the com-
ponent and its manufacture chain is now better and more
robust. The welding was already done for the first bunch of
Front-End elements and the leak and hydrostatic pressure
tests were conducted. They are going to be installed latter
this year.
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INTERFACES WITH OPERATIONAL SYSTEMS
APS UPGRADE REMOVAL AND INSTALLATION*

R. Connatser, Argonne National Laboratory, Argonne, IL, USA

Abstract

A critical time for the Advanced Photon Source Up-
grade (APS-U) Project is the twelve month dark period in
which the current accelerator, front ends, and insertion
devices will be removed and the new MBA will be in-
stalled. In addition to the technical interfaces, there are a
number of operational support systems and utilities that
will be affected. For the dark period to be a success, all of
these interfaces need to be described and their interaction
with the removal and installation processes defined. This
poster describes some of these systems and their interfac-
es.

ASSEMBLY, REMOVAL, AND
INSTALLATION

The APS-U project will have an extended pre-installation
phase where the 200 magnet modules will be assembled
and tested prior to being placed in storage. The dark peri-
od will be kicked off with an extensive Lock Out Tag Out
procedure prior to the removal of the current accelerator.
The current plan calls for installation of all tray, cabling,
fibers, and any other modifications to the tunnel to be
complete prior to installation of the new magnet modules.
Once installed, all necessary connections will be made up
and testing without beam can commence.

Access Control Interlock System

The Access Control Interlock System (ACIS) of the APS
consists of control systems, shutters, physical personnel
gates and barriers, and associated control and sensor ca-
bling. A block diagram is indicated in Figure 1. Entering
the tunnel via various penetrations, the cabling in the
tunnel runs in dedicated conduit or in shared cable trays.
In order to facilitate the removal and installation work, a
majority of the physical barriers and gates that are part of
the ACIS will be removed at the beginning of the dark
period. The sensors and interlocks that are conjoined with
this equipment will need to accounted for in that period.
The current plan is that the physical barriers will be rein-
stalled at the same locations after the installation of the
new MBA.mplates are provided for recommended soft-
ware and authors are advised to use them. Please consult
the individual conference help pages if questions arise.

* Work supported by Argonne National Laboratory which is a U.S.
Department of Energy laboratory managed by UChicago Argonne,
LLC. The Advanced Photon Source is a U.S. Department of Energy
Office of Science User Facility operated for the U.S. Department of
Energy Office of Science by Argonne National Laboratory under Con-
tract No. DE-AC02-06CH11357.
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Figure 1: ACIS block diagram.

Cooling Water and Bakeout System

Cooling water for the APS storage ring is routed via two
different headers and piped in parallel to the accelerator
components. During the removal phase the connectors to
the components will be severed after the headers are
drained. The APS-U configuration has yet to be fully
engineered. The current storage ring at the APS has dedi-
cated, hot water based, bakeout systems. For the 40 stor-
age rings sectors of the APS, there are 20 independent
bakeout systems and cooling systems, located in the even
sectors. The baking skid is typically located in the
maintenance corridor on the inboard of the SR tunnel
while the cooling skids are on the mezzanine, as shown in
Figure 2. These systems are planned to be reused for the
new MBA, so how they are disconnected during the re-
moval phase, and how much work there will be during the
installation to bring these systems will need to sorted out
during the removal and installation planning.

Cooling skid Kl
SR Mezzanine

SECTOR (xX~1) (00D NUMBER)

80 kW bakeout skid

Figure 2: Water systems block diagram.

Vacuum System

The APS-U storage ring vacuum system for each sector
will consist of a pair of racks with controllers located on
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S the mezzanine, and vacuum components in the tunnel.
§ The vacuum components will be installed on the magnet

Vacuum Block Diagram
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Beam Position Monitoring
Beam Position Monitoring

modules during the pre-installation phase. The high volt-
age and control cabling will need to be pulled from the
mezzanine to the tunnel during the dark year through the
shielding penetrations, before being connected to the
components. The current vacuum system will be com-
pletely removed, with only the racks remaining. A typical
block diagram is shown in Figure 3.

LB Cold Cathode.
main Gauge
— Thermocouple
1 Gauge
ignition L
- Gauge
u

igniton
. Cold Cathode
main Gauge.
Thermocouple
Gauge.

Tunnel

Figure 3: Vacuum system block diagram.

system of the

:§ APS-U will utilize new, dedicated racks mounted at
5 the mezzanine for each of the 40 sectors. A typical block
S diagram of a single BPM unit is shown in Figure 4.
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Matched heliax cable bundles for each of the 570 BPMs
will be pulled from the mezzanine to the SR tunnel via the
shielding penetrations and connected to the on module
connector panel during installation. The current BPM
system will be completely removed.

SR Tunnel Mezzanine

BPM Block Diagram

heliax

heliax

On module Patch Panel

connector panel

il

EPICS

Diagnostics
Chassis NETWORK

Rack

Figure 4: BPM system block diagram.

CONCLUSION

The details for all of the interfaces will be necessary to
make the removal and installation of the APS-U a suc-
cess. While this work has started, there is a significant
amount of work remaining to be done.
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RETRACTABLE ABSORBER (MASK) AND WHITE BEAM IMAGER
DIAGNOSTIC FOR CANTED STRAIGHT SECTION

J. Da Silva Castro, M. Labat, F. Lepage, N. Hubert, N. Jobert, A. Mary, K. Tavakoli, N. Béchu,
C. Herbeaux, Synchrotron SOLEIL, 91190 Gif-sur-Yvette, France

Abstract

At the SOLEIL synchrotron, as in other accelerators, two
canted sources can coexist on the same straight section for
space and economic reasons. For its two long beamlines
(ANATOMIX source upstream and NANOSCOPIUM
source downstream) SOLEIL has made the choice to
equip one of his long straight section with two canted
insertion devices capable to operate simultaneously. That
implies to take into account the degradation risk man-
agement of equipment, due to radiation. As the beam
power deposition from the upstream undulator can seri-
ously degrade the downstream one, or even other equip-
ment. To handle these risks, Soleil first designed and
installed in 2016 a retractable vertical absorber between
both insertions to protect the downstream source from the
upstream one. In 2017, Soleil then designed and installed
a white beam imager, redundant an existing photon beam
monitor (XBPM), to verify the correct positioning /
alignment of equipment and beams relative to each other.
For the vertical absorber as for the white beam imager
SOLEIL had to meet some interesting technological
and manufacturing aspects that we propose to present
in a poster.

INTRODUCTION

In one of the long straight sections of SOLEIL, SDL13,
two canted insertion devices have been installed for X-
rays delivery to the ANATOMIX (upstream) and NANO-
SCOPIUM (downstream) beamlines. For the insertion
devices to be operated and used simulatneously by those
two independent beamlines, they were canted in the hori-
zontal plane. But the canting angle remains small, so that
the upstream ID radiation passes through the downstream
ID. To prevent any damage of the downstream ID mag-
nets from the upstream ID radiation, it was first decided
to install an absorber in between the two IDs, to shadow
the downstream ID magnets. But the efficiency of this
mask relies on an accurate relative alignment of the up-
stream ID, the mask itself and the downstream ID. Those
diagnostics to do the survey are mandatory. An XBPM in
the beamlines front-end is in operation since 2016. But to
ensure a redundancy in the measurements, it was decided
in 2017 to add nearby a white imager. This paper summa-
rizes the design of both the absorber and the white im-
ager.

Accelerators

Insertion Devices

THE ABSORBER

The absorber first aim was to shadow the downstream
ID magnets from the upstream ID radiation. Installed in
between the two IDs, this gave a vertical aperture of 2.8
mm. Detailed studies were then carried out to define its
geometry in order not to jeopardize the performance of
the storage ring in terms of collective effect induced in-
stabilities, beam losses, injection efficiency and beam
time. The absorber is a piece of copper with an asymmet-
ric 90 degree U-shape (see Figure 1). It encloses the
photon beam produced upstream while the electron beam
is located at -11 mm from the U-border of the absorber
(see inset in Figure 1 b).

Z (mm)

X{mm)

+35

X2 Photon béam from
Electron beam 22 upstream undulator

(a) Schematic

= o
(b) Pictures before (inset) and after installation
Figure 1: Schematic and pictures of the absorber.

The absorber is maintained inserted in between the IDs
using a spring based system. For security reason, the stage
is by default inserted. It can be retracted when needed,
thanks to a remote controlled jack (see Figure 4).
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THE WHITE IMAGER

The white imager first aim is to check the relative
5 alignment of the upstream ID, the absorber and the down-
2 stream ID. Its principle is the following: a diamond disk is
”g inserted on the upstream ID photon beam path after pass-
s = ing through the downstream ID. The photon beam hits
£ diamond imperfections (Nitrogen) causing scintillation of
° the diamond in the visible range. This scintillating pattern
E is then imaged on a CCD. It is then checked on this image
f;?that the upstream radiation is correctly “clipped” by the
:’éabsorber, meaning that the downstream ID magnets are
E protected.

lisher, and D

u

(o]
f The Diamond

Given the upstream ID radiation pattern dimensions to-
gether with the absorber shadow geometry in the imager
plane, the diamond disk had to reach a minimum diameter
of 26 mm: a clear aperture of 28 mm was chosen. To
ensure sufficient light collection but also to limit the ex-
pected temperature elevation to +40°C, the diamond
thickness was chosen to be 0.3 mm. Because the incident
£ power on the diamond is of the order of 10 W/mA, it can
~ only be inserted at low (<10 mA) currents. To enable the
£ water cooling of the diamond, it was brazed on a copper
-Z ring (see Figure 2). A 30 um silver coating was deposited
< on the diamond surface to increase its thermal conductivi-
g ty. The whole system (diamond + ring) was realized by
'S Diamond Materials.

ust maintain attribution t

Or’

Figure 2: Schematic of the diamond disk brazed on its
cooling copper ring.

The Diamond Holder and Cooling System

The diamond is mounted on a holder which ensures
both the diamond supporting and cooling (see Figure 3).
The diamond copper ring is hold by a refined pressuring
system using Belleville rings to ensure a homogeneous
stress on the ring. To evacuate the heat load on the dia-

TUPHl 1
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mond, water flows through the holder in and out around
the copper ring with a limited speed to prevent vibrations.

Figure 3: Diamond holder and cooling system.

The Diamond Insertion Stage

The insertion of the diamond in its holder on the photon
beam path is enabled by a pneumatic jack. For machine
and diamond security reasons, the diamond has to be by
default extracted: this was ensured using two strong
springs that have to be compressed by the jack for dia-
mond insertion.

Figure 4: The diamond insertion stage.

The Imaging System

In order to image the scintillation pattern on the dia-
mond disk, an imaging system is mounted behind an
UHYV window on the top of the diamond vacuum chamber
(see Figure 5). This imaging system simply consists in an
objective with extender and of a CMOS camera. The
photon pattern is demagnified by about a factor 0.55
which allows a spatial resolution better than 10 um.
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Figure 5: White imager general view.

ABSORBER AND IMAGER OPERATION

The absorber was successfully installed and commis-
sioned in 2016. In users operation, it is systematically
inserted to allow the simultaneous operation of the
SDL13 beamlines. It is only extracted during specific
machine studies.
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The white imager was successfully installed and com-
missioned in 2017. It was found out that using a current
of 6 mA is already sufficient in terms of photon flux to
operate the diagnostics. The white imager is used after
each machine shutdown and after each extrac-
tion/insertion of the absorber. It gives complementary
information to the XBPM measurements and even re-
vealed more straight forward and easy to use.

CONCLUSION

The absorber and the white imager were designed at
SOLEIL to secure the operation of two canted IDs. Both
rely on simple thus robust mechanical concepts which
rend their commissioning easy and straight forward. They
are now successfully used to operate routinely ANATO-
MIX and NANOSCOPIUM beamlines simultaneously.
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Abstract

The cooperative MIK project SOLEIL / MAX 1V start-
ed in 2012 and is part of the Franco-Swedish scientific
collaboration agreement, signed in 2009 and followed by
framework agreements signed in 2011. The MIK is a
particular electromagnet using theoretical principles of
the 1950s and recently used by the new generation of
synchrotrons to significantly improve the Top-Up injec-
tion of electrons into the storage rings. Indeed, this type
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beams and also offers substantial space savings. The MIK
g is a real opportunity for synchrotrons wishing to upgrade
g their facilities. One of the first MIK developed by BESSY
€ Il in 2010 gave significant results. These results motivat-
% ed SOLEIL and MAX IV to develop together their own
E MIK. Many technical challenges have been overcome in
£ the area of mechanical design and manufacture as well as
E in magnetic and high voltage design of the MIK. Current-
S ly the first series is in operation at MAX IV and displays
2 already outstanding performances. Optimization work is
7 in progress.
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MULTIPOLE INJECTION KICKER (MIK), A COOPERATIVE PROJECT
SOLEIL AND MAX IV

J. Da Silva Castro, P. Alexandre, R. Ben El Fekih, S. Thoraud, Synchrotron SOLEIL, 91190 Gif-
sur-Yvette, France

COMPLEMENTARY DESCRIPTION

Figure 1 shows the principles of the MIK. Figure 2
shows more technical details. The MIK is composed of a
chamber in two part of synthetic monocrystalline Sap-
phire. Parts are assembled by diffusion bonding (Kyocera
Japan). Chamber can also be made in alumina with two
parts assembled by glass gluing or brazing depending on
the subcontractor (Friatec or Coorstek). The chamber has
to be machined with a very high precision to ensure a
good magnet. 8 grooves positioning the 8 conductors
(copper) are machined in the hundredth of a millimeter.
The conductors formed and there insulating bars (alumi-
na) are glued in the grooves, with specific tools designed
and used by Soleil team. The connection between the
chamber and the flanges is ensured by a brazed Sap-
phire/copper interface, then a brazed copper/ stainless
steel interface and finally a stainless steel / flange weld.

A titanium coating of a few microns inside the sapphire
vacuum chamber (made at ESRF) allows the flow of the
image current without disturbing the magnetic field.

Shape of transversal magnetic field (By(x)) to
_minimise effects on Circulating electron beam

on the center (S). Only electron beam to be
injected (1) sees a significant magnetic field.

*  Special Octupole with 8 copper conductor, diameter 2 mm, in series

* Half-sine current pulse 7700 peak Amps

Figure 1: Cross-sectional view and principals of the MIK.
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Alumina Synthetic monocrystalline sapphire
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0.1
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16
stainless steel3

Figure 2: A few technical details.

CONCLUSION

MIK is a good example of collaborative project involv-
ing many partners. This particular electromagnet is an
opportunity for the new generation of synchrotrons by
reducing drastically disturbances on stored beams during
top up injection, and also offers substantial space savings.
Technical challenges have been overcome and a great
know-how has been acquired. The first MIK displays
already outstanding performances in MAX IV.
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= Abstract

An innovative design was developed for an 8-pole cor-
rector magnet for the APS upgrade program. This is a
combined function magnet consisting of horizontal and
vertical correctors as well as a skew quadrupole. This
paper describes technical challenges presented by both the

magnetic design and the interface constraints for the

magnet. A prototype magnet was built, and extensive
E testing on the magnet confirmed that all magnetic and
mechamcal requirements were achieved. The final design
’§ of the magnet has incorporated improvements that were
.. . . . .
'3 identified during the manufacturing and testing of the
- prototype magnet.

butlon to the author(s), title of the work, publisher, and D

INTRODUCTION

Multi-purpose 12-pole corrector magnets have been
sed in the past at several laboratories [1] but these tend

tion of this work mus

& the skew quadrupole mode [2]. The magnet was designed
~ to meet the requirements shown in Table 1.

Table 1: Design Parameters

Extensive testing was performed on the prototype 8-
pole corrector magnet, photo shown in (Figure 1). This
testing confirmed that the magnet is capable of providing
the horizontal and vertical steering and skew quadrupole
strength with good field quality and meets the specifica-
tions within the given space constraints.

 TUPH13
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©  Parameter Value Units
§ DC steering (at 6 GeV) >300 microradian
g Dipole H-V field integral >0.006 T-m
= Skew Quad filed integral >0.25 T
s Maximum Current 15 A
; Maximum required power minimized w
© Steering at 1 kHz > 1% or 3 microradian
% Cooling method Air cooled

< Maximum insertion 160 mm
B length

£ Maximum insertion 90-U/S, 106- mm
8 length with feet D/S

% Minimum Aperture 26 mm
5 Minimum Pole tip-to-pole 10 mm
L .

£ Uupgap

,3 Minimum coil-to-coil gap 16 mm
% Magnet center height 279.5+0.25 mm
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MECHANICAL DESIGN CHALLENGES BUILDING A PROTOTYPE
8-POLE CORRECTOR MAGNET

F. DePaola, R. Faussete, S. Sharma, C. Spataro
Brookhaven National Laboratory (BNL), Upton, New York, USA
A. Jain, M. Jaski, Argonne National Laboratory (ANL), Lemont, Illinois, USA

Figure 1: Prototype 8-Pole Corrector Magnet.

The magnet aperture was chosen to achieve a mini-
mum pole-tip to pole-tip gap of 10 mm. Pole length and
thickness are optimized to fit all the coils with a minimum
coil-to-coil gap of 16 mm which is required at the hori-
zontal mid-plane for the vacuum chamber extraction
ports. The backleg thickness is optimized for low peak
field, mechanical strength, and overall size.

COIL ASSEMBLIES

The coil pack for the 8-pole corrector magnet fea-
tures three different coils on each pole, which are com-
bined in series in a specific sequence to produce normal
and skew dipole steering as well as a skew quadrupole
corrector (see Figure 2).

Red
D1 Coil (1 layer)

29 turns
Blue
Skew Quad Coil
(2 layers)
f 28+25=53

totalturns
Green

r D2 Coil (4 layers)

\p | 22419416413=70
J total turns

All coils use 8 AWG

square copper wire

Figure 2: Coil Configuration.
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Figure 3: Prototype Wound Coil.

This compact design presents demanding challenges
for the coil manufacturer. Tooling similar to the tooling
described in [3] is necessary to maintain the tight mechan-
ical tolerance requirements and for producing coil assem-
blies with the most consistent shape and size. Building
the prototype magnet verified that producing this compact
coil design is possible by winding all 3 coil circuits di-
rectly on top of each other using a single winding fixture
(see Figures 3 and 4).

O\

Figure 4: Prototype Potted Coil Assemblies.

Coil to coil connections between the eight coil assem-
blies that would typically be brazed or soldered together
will instead be wired to terminal blocks. Terminal blocks
are required in order to accommodate a possible future
reconfiguration of the skew quadrupole circuit. The APSU
accelerator physics group requested to have an option that
would allow the reconfiguration of the skew quadrupole
circuit into two circuits, a skew quadrupole circuit plus an
octupole circuit. To accommodate this reconfiguration of
the skew quadrupole circuit, the power input terminal
block will have an extra pair of connections for future
wiring of the octupole circuit.
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POLE SEGMENTS
The 8 pole structure consists of 8 identical laminated
pole segments. Each pole segment is made from 26 gauge
(0.47 mm thick) M19 non-oriented steel that has a C-5
surface insulation coating on both sides. The laminations
are bonded together to a length of 84.6 mm in the axial
direction (see Figure 5).

Figure 5: Prototype Bonded Pole Segments.

SO S,

Tooling will be required for stamping the laminations
as well as stacking and bonding the pole segments. An
assembly fixture will be used to precisely locate the 8
bonded pole segments that will form the magnet yoke.
The assembled overall yoke cross section is 510 mm wide

« 8identical laminated
pole segments

* Overallyokesizeis
510mm x510 mm

* Yoke length = 84.6 mm
« Aperture =31 mm dia.

510 mm

Photon extraction pipe
(Section B)

Photon extraction pipe
(Section A)

Inconel vacuum chamber
! with water coolingtubes

'
P m - '

h 510 mm :

Figure 6: Magnet Yoke Cross Section.

Delamination on one of the pole tips was observed on
the prototype magnet. Because there is such a small sur-
face area at the pole tip, special attention will be required
on the production magnets to ensure that there is an even
distribution of pressure being applied across the entire
stack of laminations during the bonding process. Each
pole segment will be visually inspected for delamination
after bonding, and if necessary a repair procedure will be
used to apply room temperature curing epoxy to the un-
bonded area. In addition, a pole tip clamp has been de-
signed that can be installed onto the magnet and used to
mechanically secure the pole tips if needed.

MAGNET ASSEMBLY

Requirements for the assembled magnet include being
able to split the magnet at the horizontal mid-plane to
allow vacuum chamber installation, also removal and

TUPH13
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% installation of a magnet has to be accomplished in-situ
5 without venting of the vacuum system. In order to meet
.Z these requirements, the upper and lower yoke assemblies
iwere designed to be separated and then reassembled (us-
o ing fasteners and pull out dowel pins) to within a repeata-
S ble tolerance of +0.1 mm and still maintain the field
& quality requirements for the magnet.

% The magnet must also provide adequate clearance for
2 the vacuum system components such as the vacuum
= chamber which passes through the central aperture of the
@ magnet formed by the pole tips, and the photon extraction
£ pipes which pass between the coils at the horizontal mid-
= plane of the magnet. This requires that the coils also be
accurately located using an alignment fixture during as-
sembly of the magnet (see Figure 7).

BTS
Vacuum
Chamber

Photon
Extraction
1 Pipes

ncone
Vacuum
Chamber

Figure 7: Vacuum System Component Clearance.

8). Any distribution of this work must maintain attribution to the

During assembly of the prototype magnet it was found
= difficult to clamp all 8 pole segments between the end
8 plates in preparation for dowel pinning. Further investi-
- gation showed that the overall thickness of the pole seg-
% ments varied by 0.5 mm, allowing the thinner pole seg-
2 ments to shift creating an asymmetric condition in the
< alignment of the pole tips. Instead of adding a tighter
> tolerance to the overall thickness of the pole segments, it
S was decided that it would be more economical to add set
L@) screws to the end plates so that each pole segment could
< be tightly secured regardless of its thickness.

Having a tight positional tolerance for the pole tip
alignment while requiring the pole segments to make
contact with each other created an over constrained condi-
tion in the assembly. An Opera 2D study was undertaken
to investigate this problem [4]. A 2D model with all 3
correctors powered was analysed first with no gaps be-
tween the mating surfaces of the pole segments and then
finally with a 125 um gap between each of the 8 pole
segments. The gap was added between the light blue
regions as shown in (Figure 8). Because the gap study
showed negligible effects on both the strength and the
armonics, the 8-pole corrector can be assembled with
riority given to the symmetrical positioning of the pole
tips about the central axis in their ideal location. A toler-
ance has been added to the drawings allowing a pole-
segment to pole-segment gap of no more than 100 pm.
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Gap is
between light
blue yoke
regions.

Eachgap is

chosen to be
125 um.

125um Gap

Figure 8: 2-D Model for the Pole Segment Gap Study.

SUMMARY

Manufacturing and assembly tolerances were estab-
lished to meet the magnet field quality requirements and
to ensure adequate clearance is provided between the
magnet and mating vacuum system components. Tooling
will be used to ensure that a manufacturing tolerance of
+0.05 mm is held on the component parts and fixtures
will be used to align the component parts to a tolerance of
+0.1 mm on the assembled magnet.

The pole segment gap study verified that a 125 um gap
between each of the pole segments had negligible effect
on the magnetic requirements for the magnet. This also
helped to minimize the production cost by not having to
perform a secondary machining operation in order to
maintain precise pole tip alignment while ensuring con-
tact between pole segments.

The prototype magnet demonstrated that the magnetic
and mechanical designs are achievable. Improvements
identified from manufacturing and testing the prototype
magnet have been incorporated into the final design.

Production of the 8-pole corrector magnet is scheduled
to start in the second half of 2018.
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STATUS OF THE CONCEPTUAL DESIGN OF ALS-U"
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D. Filippetto, J. Harkins, T. Hellert, M. Johnson, J.-Y. Jung, S. Leemann, D. Leitner, M. Leitner,
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Abstract

The ALS-U conceptual design promises to deliver diffrac-
tion limited performance in the soft x-ray range by lowering
the horizontal emittance to about 70 pmrad resulting in two
orders of brightness increase for soft x-rays compared to
the current ALS. The design utilizes a nine bend achromat
lattice, with reverse bending magnets and on-axis swap-out
injection utilizing an accumulator ring. This paper shows
some aspects of the completed conceptual design of the ac-
celerator, as well as some results of the R&D program that
has been ongoing for the last years.

INTRODUCTION

To achieve diffraction-limited performance for soft x-rays,
ALS-U uses a nine bend achromat lattice with on-axis swap
out injection. The improvement in coherent flux will be
achieved by a big reduction of the emittance as well as
smaller horizontal beta functions and insertion devices with
smaller gaps (vertically and horizontally). This requires to
replace the existing triple bend achromat lattice with a multi
bend Achromat (MBA) lattice [1,2]. The design produces
round beams of 70 pm rad emittance, about 30 times smaller
than the horizontal emittance of the existing ALS. ALS-U
received approval of Mission Need (CD-0) from DOE/BES
in September 2016 and the conceptual design was finished
in spring 2018 and has been reviewed by a series of nine
external technical reviews. Table 1 summarizes the main
accelerator parameters and Figure 1 shows the nine bend
achromat including the magnet supports based on plinths
and rafts.

Figure 1: CAD model of ALS-U showing one of the twelve
sectors of the nine bend achromat lattice as well as the sup-
port system based on plinths and rafts.

Because ALS-U is a low energy machine (with strong
intrabeam scattering), it requires design solutions different
from those of hard x-ray projects. Therefore an R&D pro-
gram was started in early FY 14 with the goal of reducing the

* This work was supported by the Director, Office of Science, Office of
Basic Energy Sciences, of the U.S. Department of Energy under Contract
No. DE-AC02-05CH11231.

T CSteier@1Ibl.gov

Accelerators

New Facility Design And Upgrade

Table 1: Parameter List Comparing ALS with ALS-U

Parameter Current ALS ALS-U
Electron energy 1.9 GeV 2.0GeV
Beam current 500 mA 500 mA
Hor. emittance 2000 pmrad 70 pmrad
Vert. emittance 30 pmrad 70 pmrad
rms beam size (IDs) 251/9um  <14/<14um
rms beam size (bends) 40 /7 pm <7/<10um
Energy spread 0.97x107°  1.04x 1073
Bunch length 60-70 ps 120-140ps
(FWHM) (harm. cavity) (harm. cavity)
Circumference 196.8 m ~196.5m
Bend magnets per arc 3 9

technical risks. The main areas studied were swap-out injec-
tion, harmonic cavities with large lengthening factors [3,4],
vacuum design/NEG coating, and high gradient magnets.
Substantial progress has been made in all areas and an im-
provement in brightness by two orders of magnitude at 1 keV
is achievable (see Figure 2).

3
\
\\\
\
ﬁ

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.

[==ALS EPUS8, 2.07 m, 10 mm

-~ ALS-U (v20rs): EPU31, 4.5 m, 6.5 mm

= ALS-U (v20rs): Delta28, 4 m, 8.5 mm

= ALS-U (v20rs): cryo IVU17.6, 2 m, 4 mm
ALS-U (v20rs): LEDA (IVU14), 2 m, 4 mnj

Brightness [Ph/sec 0.1% BW mm 2 mrad®]
=)

19
10
102 10

Eohoton (€]

Figure 2: Soft x-ray brightness of planned new insertion
devices on ALS-U compared to th existing ALS showing 2
orders of magnitude improvement at 1 keV.

LATTICE

During the conceptual design phase, a defined process
was used to improve the lattice and, once a significant im-
provement was achieved, to update the baseline lattice, after
evaluating the impact on the design of the individual tech-
nical systems. The work first focused on making the lattice
more robust to errors, and to improve the lifetime. Later
on, 5T Superbends were included to maintain the ALS hard
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x-ray capabilities. Finally, reverse bending magnets were
included to lower the natural emittance. The resulting lattice
uses 9 bending magnets, as well as 10 offset quadrupoles per
arc which provide about 10% reverse bending. Six Super-
bend magnets with 5T field [5] are included in three arcs to
support the twelve existing hard x-ray beamline ports. Fig-
ure 3 shows the dynamic and momentum aperture 