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Abstract
The practical realization o a prototype o the requency

tuning system (FTS) or coaxial hal-wave cavities (HWR)
or the Nuclotron-based Ion Collider Acility (NICA) in-
jector is presented. The impact o FTS on electromagnetic
parameters o copper HWR prototype is experimentally stud-
ied and discussed. The most important parameters like tun-
ing range, tuning sensitivity, the dependence o the resonant
requency on the position o the plungers are estimated. The
eective operation algorithms o the proposed FTS are dis-
cussed and analyzed. The dynamic characteristics o FTS are
investigated and showed the ability to adjust the requency
with an accuracy o about 70 Hz.

INTRODUCTION
The present work is ocussed on the estimation o exper-

imental characteristics o Frequency tuning system (FTS)
or hal-wave coaxial superconductive cavities[1], which
are developed or the Nuclotron-based Ion Collider Acil-
ity (NICA) injector. The model o the hal-wave coax-
ial resonator (HWR) and abricated copper prototype op-
erating at the requency near 325 MHz are presented in
Figs. 1(a) and (b).
The proposed FTS is based on mobile plungers placed

inside the holes in the HWR end cups (Fig. 2). Similar
systems were discussed in [2-4]. By varying o plungers’
penetration depth inside the cavity volume it is possible to
change the eective distance between HWR end caps and
tune the requency. The plunger is driven by a linear actuator
based on a stepper motor. Frequency tuning accuracy is gen-
erally determined by the minimum one-step movement  o
the actuator (typical values or  are a ew microns). Anal-
ysis shows that such a stepper motor-based system can be
potentially used as a slow FTS with an adjustment accuracy
o the order o 100 Hz.
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FTS OPERATION ALGORITHMS

The experimental realization o the FTS concept is based
on a vector network analyzer (VNA) Micran R4M used or
resonance requency control. In a dynamic regime, the FTS
should automatically compensate or the variations o HWR
resonant requency. In the present work, we will discuss
two dierent dynamic operation algorithms or considered
plunger-based FTS.

The previous investigations [1, 2] demonstrated, that the
penetration depth o the plunger placed in the hole in the
end caps o the resonator is monotonically related to the
resonant requency shit o HWR. In Fig. 3(a) is presented
typical spectra o refected rom the cavity signal 11 or
plunger positions with minimal, middle, and maximal pene-
tration depth Δ in the cavity. This requency dependence
o 11 spectra may be used or dynamic requency tuning
and realized within the rst algorithm A.

Algorithm A is based on scanning using VNA a narrow
requency range near goal value 0 and searching or actual
resonance requency. Within this strategy, the resonant re-
quency value is continuously measured by the VNA and
processed by the Arduino controller. I the deviation o the
measured value o the requency diers rom 0 more than
threshold value Δ0, then the stepper-motor actuator changes
the plunger position to compensate or the requency dier-
ence. The speed o the stepper motor is dependent on the
deviation o resonant requency rom the goal value.

This algorithm is simple, clear, and intuitive but has some
disadvantages. First, the need or requency scanning leads
to a rather slow operation o this algorithm. Second, the
minimum threshold value or stable FTS operation using
Algorithm A is about Δ0 = 1 kHz. This is much higher than
the minimal plunger movement step denes the requency
adjustment limit . In the presented FTS conguration, the
minimum possible plunger movement was  = 5 m. This
value gives the value or  = 65 Hz.
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The accuracy and eciency o requency control can be
signicantly increased using Algorithm B, based on phase
measurements. FTS in this case operates as ollows.

In Fig. 3(b) is presented typical phase spectra o refected
rom the cavity signal 11 or plunger positions withminimal,
middle, and maximal penetration depth Δ in the cavity. Im-
portant to note that the phase values at the resonant requency
in all cases lie in a narrow range o values near a certain av-
erage (about 154 degrees). One can see the phase ambiguity,
(i.e. two requency values correspond to one phase value).
Phase spectra have two extrema, which can be used to di-
vide them into three regions: A, B, C. The regions A, C are
characterized by a negative derivative  arg(11)/. The
middle region B is characterized by a positive derivative and
including the resonance point. This requency dependence
o the phase allows organizing an algorithm or requency
tuning by 3 points (see Fig. 3(c)). The VNA operates much
aster when it is used or phase measurements only in three

Figure 1: (a) 3D model o the coaxial hal-wave resonator
with eld probe, power input antennas, and plunger-based
FTS; (b) manuactured copper prototype.

Figure 2: FTS in the one plunger conguration, (inset: ab-
ricated copper plunger units).

Figure 3: (a) Frequency dependencies o refected rom
the cavity signal 11 or plunger positions with minimal,
middle, and maximal penetration depth Δ; (b) the same or11 phase; (c) 3 points positions in Algorithm B.

xed requencies. The central point is corresponding to the
goal requency. The lateral points are distanced rom goal
requency by ±1 kHz.
I the current requency is ar rom the goal (i.e. points

are locating in regions A or C), synchronous comparison
o the phase o central point with the goal value, as well as
the phases o the lateral points with each other, allows deter-
mining the direction o plunger movement with a maximal
velocity o stepper motor. With such a movement, all three
points move to region B, where the phase dierence between
the lateral points changes sign. Ater this event it is possible
to directly compare the phase o the central point with the
phase at the goal requency, avoiding ambiguity. The speed
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o the stepper motor is also may be ranged depending on
deviation rom the goal phase.
In practice, it was possible to implement stable tuning

with a phase threshold value o about 5 deg. This noise
value corresponds to the deviation rom the goal requency
o less than 70 Hz. This value is close to the requency
adjustment limit  caused by minimum possible plunger
movement  = 5m or the proposed conguration.

EXPERIMENTAL FTS STATIC AND
DYNAMIC PROPERTIES

Results o typical measurements o the resonant requency
o the cavity or various penetration depths Δ are presented
in Fig. 4.

Figure 4: Experimentally measured resonant requency vs
plunger penetration depth Δ.

From Fig. 4 one can see the monotonic dependence o res-
onant requency on plunger penetration depth. The maximal
requency sensitivity is equal to Δ /Δ = +13 kHz/mm
when the plunger is inside the cavity volume.

The typical dynamic behavior o FTS when the initial
requency deviation is close to the ull tuning range (about
70 kHz) is presented in Figs. 5(a), (b) and (c). Due to
the nonlinearity o sensitivity Δ /Δ = +13 kHz/mm, the
response is depending on the requency deviation sign.
The stabilization time o ull tuning range perturbation

(70 kHz) in all cases is about 1.3 s. Using Algorithm A the
minimum threshold value Δ0 or stable FTS operating is
about 1 kHz. A much better tuning level is possible when
the FTS is operating using Algorithm B. The minimum
threshold value, in this case, is Δ0 = 70 Hz, which is close
to the requency adjustment limit  caused by minimum
possible plunger movement  = 5m or the proposed
slow requency tuning system.
Important to note, that or urther practical applications

the requency oscillations below  = 70 Hz should be
tuned by a ast sub-system based on piezoactuators. The
penetration o r power into the gap between the plunger and

Figure 5: (a) The FTS dynamic response depending on the
requency deviation sign or Algorithm A, and (b-c) or
Algorithm B.

the polishing port as well as plunger cooling should be also
taken into account or urther tests at high r power.
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