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Abstract

The Quarter Wave Resonator (QWR) is a longitudinal
bunching cavity for the MEBT section of the Pre-injector
Upgrade project at ISIS. Four cavities are required with at
least one functional spare. The production of a full scale
prototype is discussed here. Three main manufacturing
challenges were encountered as follows: the tight manufac-
turing tolerances of the stainless steel tank, most noticeably
the 80 pum tolerance along the length of the 370 mm bore;
the 50 pm +/- 10 um copper plating layer on the inside of
the complex geometry cavity; and the brazing of the copper
lid to a long (280 mm) stem with the use of a jig, to achieve
a tight precision in the length inside the cavity. Trials for
all these have been conducted before being accurately as-
sembled with a CMM, with lessons learnt and the final so-
lutions presented.

VESSEL MANUFACTURE

The QWR tank is a vacuum vessel that operates at
le-7 mbar, with a power coupler port, two frequency tuner
ports, four pick-up ports, the mounting of the stem, two
beam ports with nose cones and a vacuum port (Fig. 1).

Water
connections

Cavity lid : /

Power coupler

Automatic tuner

Nose cones

Manual tuner

Figure 1: Labelled QWR assembly.

The vacuum vessel could have been made from solid
copper rather than a stainless steel tank with a copper plat-
ing layer. Using stainless steel allows a thinner wall (3 mm)
compared to copper (10 mm) due to the vacuum deflection,
maximising the beam pipe bore diameter and the space be-
tween flange to flange (allowable cavity length). Further-
more, there are manufacturing benefits such as stainless
steel being easier to machine to tight tolerances [1].
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The initial approach for the manufacture of the tank was
to weld the ports and flanges to the main bore of the vessel.
The final tolerance of 80 pm along the length of the
370 mm bore would be achieved with a final skimming
process over the welds. At the time, four companies were
involved with the manufacture. The conclusion was that an
alternative approach was required in order to achieve the
tight mechanical tolerances, driven by the RF design [1].
The main challenge observed from the manufacturers was
the heat distortion added from welding, resulting in diffi-
culties to achieve and to ensure the tolerances and the leak
tightness of the welds after they were skimmed over to
achieve the final dimensions.

One of the manufacturers [2] proposed to machine the
majority of the tank from a single billet of material (Fig.
2), only requiring welding on the cooling channel caps, au-
tomatic tuner and the power coupler flanges. This approach
removed all internal welds on the bore and greatly reduced
the heat distortion in the vessel by moving the remaining
welds away from the surface of the bore.

Figure 2: QWR machined from a solid billet.

Further changes included the modification of the manual
tuner port to reduce the need of an extra weld and its asso-
ciated weld distortion (Fig. 3). Similar design changes
were made for the four CF16 pick-up ports used for opera-
tion, which greatly simplified the manufacture with a CNC
once the weld is removed (Fig. 3).
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Figure 3: Manual tuner and pick-up port redesign.
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All tanks were inspected using a CMM (Fig. 4) to check
whether the specified tolerances had been achieved. The
new manufacturing approach was considered a success,
and five new tanks were ordered for the production run.
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Figure 4: QWR tank being inspected by CMM.

COPPER PLATING

The plating specification is 50 +/- 10 um along the main
bore and looser in the side ports. The main bore plating
thickness directly affects the final mechanical dimensions
(i.e. inductive component of the cavity) which correlates to
the resonating frequency of the cavity, which is fundamen-
tal to the operation. A sensitivity analysis [1] was com-
pleted to define the thickness and tolerance of plating re-
quired. The skin depth in copper at 202.5 MHz is ~5 um,
resulting in a minimum thickness of 6 x skin depth ~30 pm
being required.

All of the tanks were inspected pre & post copper plating
using the CMM. Several points were taken inside the tank,
relative to external, un-plated datums with a particular fo-
cus on the main bore along
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Figure 5: Copper plating thickness from CMM.

During one of the copper plating trials [3], it was ob-
served that the plating thickness was greater at one end
compared to the other. It was concluded that the conduc-
tivity and diameter of the anode was the limiting factor.
The current density was lower at the end of the anode
which correlated with a reduced thickness. In addition, ex-
tra pre-plating points were added into the CMM program
to ensure the gradient of the plating was being captured
fully. The following trial used a Platinized Titanium anode
with a diameter of 25 mm rather than 12 mm. The outcome
showed a more consistent uniformity along the bore.

Other issues that were observed during copper plating
trials included bubbles being trapped under the surface of
the plating. This was concerning because it not only af-
fected the surface finish but there was a risk that the con-
tents of the bubble could burst when under vacuum and RF
power. Therefore, all bubbles on the tanks resulted in not
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accepting the plating. During the initial trials, tanks were
baked out at 400 °C for two hours to check adhesion of the
plating. There was no indication of plating adhesion issues,
therefore it was decided not to require the bake out QWR
tanks prior to operation, as that could show problems that
would have never happened during normal operation.

The copper plating process was completed in two
stages; the ports were plated first followed by the main
bore. The tank is not immersed in a plating solution, rather
a deposition process when current is applied to the anode
which is inserted internally. Therefore, there is no need to
mask the outer surfaces, only blanking of the port flanges
is required. One of the common issues was poor plating
coverage close to the edge of the ports but this was not a
problem because finger strip grooves were installed close
to the bore. The top flange has two grooves, the inner for
RF sealing with finger strips (copper plated) and the outer
for vacuum sealing which was masked (not copper

The trials concluded that the copper plating tolerances
could be achieved to meet the specification. Once the five
production tanks were manufactured and inspected, they
were sent to be copper plated (Fig. 6).

The machined bore specification is 89.9 +/- 0.08 mm,
copper plating layer 50 +/- 10 pm and final tank diameter
is 89.8 +/- 0.08 mm. Upon inspection the dimensions of the
production tanks are shown in Table 1.

Table 1: Final Tank and Plating Dimensions

Tank Machined Plating Final
diameter thickness diameter
1 89.898 mm 33 um 89.844 mm
2 89.914 mm 50 um 89.821 mm
3 89.878 mm 49 pm 89.783 mm
4 89.913 mm 49 um 89.816 mm
5 89.887 mm 48 pm 89.791 mm

All dimension values are within tolerance apart from the
plating thickness for Tank 1. This was expected because
after plating there were pitting points that protruded from
the surface. It was decided to remove the plating, grind the
surface and replate. There was a larger range of thicknesses
compared to the other four tanks, but it is suspected that
the thickness value is closer to 50 pm because the tank was
not reinspected post grinding. However, Tank 1 is still
within tolerance for the final bore diameter.
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STEM AND LID BRAZING

The lid consists of a copper disc with a cooling channel
machined into the top with a central hole for the stem. The
stem is a cylindrical rod with a machined torus-like shape
at the end [4]. To optimise the brazed joint, a test piece,
shown in Fig. 7 was completed with varied parameters
such as; clearance (0.05, 0.1, 0.15, 0.2 mm), number of
rings of solder, chamfer vs counterbore and including or
not including a chamfer on the underside. From the braze
trials [5], it was concluded to use a clearance of 0.1 mm, a
1 mm chamfer on top, two rings of solder and a 0.5 mm
chamfer on the underside.

Figure 7: Brazing trials with varying parameters.

The cavity length (distance between lid and stem/beam
axis) needs to be within +/- 0.2 mm and the position into
and out of the plane of the torus within +/- 0.1 mm [1]. It
was decided to control the brazing process between the
stem and lid using a jig (Fig. 8). The brazing process was
completed in a vacuum oven at low temperatures (275 °C).
Holes were added into the jig to allow the stem and tank to
heat up uniformly by radiation. An alignment pin is placed
through the stem torus to hold it in the correct position [6].

Figure 8: Stem and lid brazing with jig.

There were some challenges with the disassembly of the
jig. The tight fit of the alignment pin and the torus after
brazing resulted in the removal of the pin and alignment
collars not being as simple as anticipated. For the produc-
tion tanks, the brazing alignment process has been updated
to improve disassembly whilst maintaining required align-
ment tolerances.
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PRECISION ASSEMBLY

The final stage of the prototype assembly was to install
all components into the copper plated QWR tank to within
required tolerances. One of the critical dimensions was the
spacing between the stem and the nose cones (the cavity
gaps). The gaps were adjusted to 9.075 +/- 0.020 mm
shown in Fig. 9 and Fig. 10. This was achieved by carefully
bending the soft stem by hand using a CMM to check.

Figure 10: Stem torus and nose cone alignment.

Other connections (power coupler, tuners, water cooling
fittings, pick-up loops) were assembled and adjusted to
make the cavity ready for measurements.

CONCLUSION

The main challenges of the mechanical design of the
QWR for the new ISIS MEBT have been presented, includ-
ing the tank manufacture, copper plating, brazing of the
stem and lid and precision assembly. A fully completed
QWR prototype has been assembled. The whole process
looked good and reproducible to be applied to the main run.

The four production cavities with a functional spare have
been inspected after the copper plating and the final thick-
nesses achieved were excellent, resulting in the final bore
dimensions being within tolerances. The brazing of the lids
and stems are currently being completed before the preci-
sion assembling of the final cavities and the subsequent
characterization and tuning with a VNA. Finally, they will
be power tested in the new ISIS MEBT [7] once all fully
assembled. The VNA tuning and testing at full RF power
will be presented in a future paper.
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