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s MECHANICAL DESIGN AND ANALYSIS OF THE PROPOSED APEX2 VHF

Abstract

Normal conducting radio-frequency (RF) guns
resonating in the very high frequency (VHF) range (30-
< 300 MHz) and operating in continuous wave (CW) mode
Shave successfully achieved the targeted brightness and
< reliability necessary for upgrading the performance of
*g current lower repetition rate accelerator-based instruments
Ssuch as X-ray free electron lasers (FELs), and ultra-fast
2 electron diffraction (UED) and microscopy (UEM). The
% APEX2 (Advanced Photo-injector Experiment 2) electron
£gun is a proposed upgrade for the current LCLS-II
£ injector, which was based on the original APEX design.
£1In contrast, APEX2 is designed as a two-cell cavity
Z operating at 162.5 MHz with a launching field at the
Ecathode equal to 34 MV/m, producing a beam energy of
o 1.5 to 2 MeV, more than double APEX. Operation of the
@ gun in this condition will require upwards of 200 kW of
= = RF power, thus proper thermal management is crucial to
S achieve target performance. This paper describes the
g current design, thermal performance and tuning methods.
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CAVITY DESIGN

The APEX2 [1] cavity design can be seen in Figure 1.
The cavity is comprised of three main assemblies, the gun
cell, the center wall and the 2nd cell.
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The outer diameter of the cavity is 83.6 cm, the length
from end to end is 31.1 cm. The gun cell and 2nd cell
contain the majority of the cavity features, such as
vacuum pumping, RF power input, sensing loop ports,
and cooling channels. Both endwalls of the gun and 2nd
cells have cooling channels buried within them. These
channels are designed to be milled into the endwall, after
which a copper cover or plug is electron-beam (E-beam)
welded to form a leak tight seal; fluid inlet and outlet
connection are fed into the channels using ports on the
covers. A similar method is used on the cooling channels
on the outer diameter of each cell. Additionally, there are
cooling channels located in each of the nose cones, as
these experience high heat flux during CW operation.
Both a double helix spiral configuration and a shallow
rectangular passage configuration have been studied, with
the latter showing more promise due to geometrical
constraints. It is intended that cavity endwalls are joined
via E-beam weld to both the nose cones and outer walls,
with the only brazes being those for the gun and 2nd cell
nose cones.

E-beam welding is considered as the primary joining
method as the annealed zone is small; the bulk of the
copper retains its mechanical strength. For the endwalls
this is particularly important as they are used for
mechanical tuning of the cavity. It is intended that the
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Figure 1: APEX2 cavity design.
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cavity be de-mountable, meaning that the gun cell, center
wall, and 2™ cell are joined via a bolted connection,
which allows for opening of the cavity. Vacuum sealing
is accomplished using HELICOFLEX® all-metal seals,
the target vacuum pressure is 10-10 — 10-9 torr. Center
wall cooling passages are gun-drilled from the outer
diameter, as seen in Figure 2.

OUTLET
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Figure 2: Gun-drilled cooling channels in the center wall.

Vacuum pumping on the cavity is accomplished via ten
extended ports per cell, each with a 10” Conflat flange for
direct pump mounting. The extended ports are copper
and will be E-beam welded to the outer diameter of each
cavity cell.  Conflat flanges are constructed from
explosion bonded copper-stainless steel; a copper-copper
E-beam weld joins flange to tube. Pumping slots
machined into the cavity outer diameter are sized to
maximize conductance whilst minimizing power leakage.
The pumping port geometry is shown in Figure 3.

10” CONFLAT FLANGE

EXTENDED PORT

PUMPING SLOTS
Figure 3: Vacuum port design.

Pumping at ultra-high vacuum (UHV) is achieved using
St 172 (Zr-V-Fe) getter material with a hydrogen
pumping speed of 400 1/s, combination getter/ion pumps
are used for noble gases. Cleanliness of the inner surface
of the cavity is instrumental to achieving UHV, previous
experience and success with CO, snow-cleaning will be
leveraged for APEX2.
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Power is delivered to the cavity via two RF coupling
ports per cell, located at 180 degrees with respect to each
other. Each cell also possesses two sensing loops, similar
to APEX.

RF-THERMAL ANALYSIS

Evaluation of the previously discussed cooling features
is crucial for guiding the cavity design. To simulate the
thermal performance of the cavity, an axi-symmetric 18-
degree wedge model was created and meshed using
ANSYS Multiphysics. Finite Element Analysis (FEA)
performs RF analysis on the vacuum volumes for both
cells. The solution of this analysis is used to calculate
input heat flux in a thermal analysis with assumed CW
operation. The heat flux is plotted in Figure 4.
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Figure 4: Cavity wall heat flux (W/m?).

Cooling channels in the cavity have a surface
convection boundary condition applied to simulate the
high-Reynolds flow, the bulk temperature of the fluid is
assumed to be 22.0°C. Cavity temperatures are plotted in
Figure 5.
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Figure 5: Steady-state CW temperature contours (°C).
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The maximum temperature of 79.7°C is found in the 2"
c_)cell and the maximum temperature in the gun cell is
w66 9°C. Importantly, the temperature in the cathode
a region is less than 40°C, as no reduction in K-Cs-Sb
s photocathode lifetime have been observed at operating
§temperatures up to 55°C [2]. Overall wall temperatures
erange from 28 to 54°C. The gun-drilled cooling passage
% in the center wall effectively keeps its temperature below
247°C.  The calculated cell frequencies, maximum heat
Z fluxes and power from the FEA simulations are
\;:summarlzed in Table 1 below Total heat load in the two-
£ cell cavity is 173.5 kW..

5

§ Table 1: Summary of RF-Thermal Results

*g Parameter Gun Cell 2" Cell

=]

§ Frequency [MHz] 160.6 163.3

T Max. Heat Flux [W/cm?] 30.1 31.3

S Heat Load [kW] 85.4 88.1

s

§ CAVITY TUNING ANALYSIS

2 Deforming the cavity endwalls is a demonstrated

Emethod of tuning on both the APEX and LCLS-II guns,
o and is likewise adopted for the APEX2 cavity. Several

dlfferent endwall thicknesses versus varying applied
= loadmgs were simulated using ANSYS Mechanical, the
@ results of which are plotted in Figure 6.

Gun Cell End-wall Tuning Study
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Figure 6: Endwall tuning study, frequency shift vs applied
force, note that force in figure is 1/4™ of required value
due to symmetry boundary conditions in analysis.
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As Figure 6 shows, the gun cell is more sensitive to the
>‘endwall deflection with a sensitivity of 969 kHz/mm,

whlle the 2" cell has a sensitivity ~2/3™ of that at 663
OkHz/mm The target tuning bandwidth is +/- 250 kHz.
« Endwall stresses due to tuning are below yield, with
“ maximum von Mises stress for both the gun and 2nd cells
g at 30.5 MPa and 49.4 MPa respectively, as seen in Figure
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Figure 7: Stress (MPa) due to maximum required tuning
load, gun cell (top) and 2nd cell (bottom).

Elastic deformation of the endwall will be
accomplished using bi-directional (compression and
tension) tuners. Force is generated using a combination
motor driven screw actuator for coarse adjustment, while
a lead zirconate titanate piezoelectric (PZT) ceramic
actuator is used for fine adjustment [3].

CONCLUSION

The APEX2 engineering design is progressing well in
the areas of cavity structure, thermal management, tuning
and vacuum systems. Future work includes weld joint
design, support structure, and cooling channel plumbing.
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