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Abstract

Superconducting structures are very susceptible to exter-
nal influences due to their thin walls and their narrow band-
width. Even small mechanical deformations caused by dy-
namic effects like microphonic noise, pressure fluctuations
of the liquid helium bath or Lorentz-Force-Detuning can
lead to resonance frequency changes of the cavity which
are much larger than the bandwidth. To compensate the
slow and fast resonance frequency variations during oper-
ation a compact frequency tuner prototype equipped with a
stepper motor and a piezo actuator has been developed at
the Institute for Applied Physics (IAP) of Frankfurt Univer-
sity. In this paper, the tuner design and the results of first
room temperature measurements of the tuner prototype are
presented.

INTRODUCTION

To guarantee a stable operation a new dynamic frequency
tuner for sc CH-cavities [1] has been developed at the IAP.
This tuner consists of an inner and an outer part: dynamic
bellow tuners are welded into the girders of the cavity which
react on frequency variations by changing their height. The
tuner drive consisting of a slow stepper motor and a fast re-
acting piezo actuator is mounted on top of the helium vessel
and provides slow and fast tuning by pushing or pulling the
dynamic bellow tuner (see Fig. 1).
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Figure 1: Tuner drive mounted on top of the helium vessel
(left) and complete frequeny tuning system including the
dynamic 3-cell bellow tuner (right).
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DYNAMIC BELLOW TUNER

For the sc 325 MHz and 217 MHz CH-cavities [2] [3]
which are currently under first tests and under construc-
tion, respectively, a new dynamic frequency tuning concept
has been worked out. Additionally to the cylindrical static
tuners, several dynamic capacitive bellow tuners are welded
into the girders to act against slow and fast frequency vari-
ations by changing their height of up to £1 mm. The goal
of the slow tuners, driven by stepping motors, is to read-
just the frequency changes caused by cavity cool-down to
4.2 K and evacuation effects. In addition, one of these slow
tuners is based on a fast reacting piezo actuator to compen-
sate frequency changes due to microphonic excitations and
Lorentz Force Detuning. This tuning device including slow
and fast dynamic bellow tuners is sufficient for frequency
tuning during beam operation. The final design of a 3-cell
bellow tuner for the sc 325 MHz CH-cavity is shown in Fig-
ure 2 [4].

Figure 2: Dynamic 3-cell bellow tuner for the sc 325 MHz
CH-cavity.

RF simulations of the sc 325 MHz CH-cavity with CST
Microwave Studio [5] show that a frequency shift of around
130 kHz/mm is achievable for each of the two bellow tuners
at a working point of 51 mm tuner height. To validate the
RF simulation results first room temperature measurements
regarding the frequency shift of the bellow tuners have been
performed. Preventively, the mechanical range of the bel-
low tuners was limited to Ax = + 0.15 mm because of the
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appearing material stress. The measured frequency shift av-
eraged Af =-125 kHz/mm for tuner 1 and Af =-118 kHz/mm
for tuner 2. The measurement results of the frequency
change show a good agreement with the simulated values
(see Fig. 3).
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Figure 3: Measured frequency shift of the dynamic bellow
tuners for the sc 325 MHz CH-cavity.

TUNER DRIVE

To change the height of the dynamic bellow tuners a novel

frequency tuner drive concept has been developed. The
tuner drive system provides slow and fast tuning by push-
ing or pulling the dynamic bellow plunger inside the cav-
ity. For a coarse match of the frequency at 4.2 K a stepper
motor moves the dynamic bellow plunger via a lever arm
around + 1 mm. Furthermore, a fast reacting piezo actuator
housed in a piezo frame will be driven by the control system
to compensate the dynamic frequency variations which are
already mentioned above. The piezo actuator deflects the
bellow plunger around + 6 yum.
In Figure 4 the major elements of the frequency tuner are
shown. The outer part of the tuner works at liquid nitrogen
temperature and under vacuum, therefore special materials
and treatments are necessary under these conditions.
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Figure 4: Main components of the frequency tuner drive
system.

To validate the slow and fast tuning concept a frequency
tuner drive prototype made of stainless steel was built at
the workshop of the IAP. In first room temperature tests
the mechanical stroke of a 1-cell bellow tuner made of nio-
bium was measured with a precise probe indicator and an
electronic height gauge, respectively. Figure 5 shows the
achieved stroke as a function of the motor steps. The mea-
surement results show a linear behaviour between the tuner
stroke and the number of motor steps. Only small hystere-
sis effects of the slow tuning system have been detected (see
Fig. 6 (top)).

1-cell bellow tuner

Probe indicator

Figure 5: First frequency tuner prototype made of stainless
steel including the dynamic 1-cell bellow tuner made of nio-
bium.
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In a second test the dynamic behaviour of the fast piezo
driven tuner was measured at GSI, Darmstadt, using a
Laser Doppler Vibrometer (LDV). The stroke of the 1-cell
bellow plunger was measured as a function of the applied
piezo frequency for various piezo voltages. The laser beam
from the LDV was directed at the surface of the bellow
plunger and the vibration amplitude and frequency were
extracted from the Doppler shift of the reflected laser beam
frequency due to the deflection of the bellow plunger.
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Figure 6: Measured tuner stroke as a function of the number
of motor steps (top) and measurement results of the tuner
stroke as a function of the applied piezo frequency for dif-
ferent operating voltages (bottom).

As shown in Figure 6 (bottom) especially for low piezo
voltages the tuner stroke is constant for different piezo
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frequencies. At higher piezo voltages small mechanical
resonance effects of the tuning device could have been
detected at piezo frequencies in the range of 60-80Hz
and 360-380Hz, respectively. The functional principle
of the piezo-based frequency tuner has been validated
experimentally.

SUMMARY & OUTLOOK

Room temperature measurements of the dynamic bellow
tuners for the sc 325 MHz CH-cavity have been performed.
A comparison between the measured data and the simula-
tion results was made. A prototype of the novel frequency
tuner drive including a slow stepper motor and a fast re-
acting piezo element has been worked out and built in the
workshop of the IAP. First room temperature measurements
have been carried out. In 2014/15 it is planned to test the
dynamic frequency tuner prototype for the sc 325 MHz CH
cavity under real operating conditions (vacuum, 4.2 K).
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