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Abstract. This paper presents an experimental approach for evaluating the dynamic
characteristics of strain gauge pressure transducers under pulsed ultrasonic (vibration-like)
excitation using spectral transfer-function identification without prior knowledge of the emitter
frequency response. Two silicon-sapphire strain gauge pressure transducers with different
sensing-element designs (types A and B, nominal range 0-100 kPa) were tested. The estimated
normalized frequency responses show distinct resonance patterns: type A exhibits pronounced
maxima at approximately 6.4, 23.5, and 68.6 kHz with peak normalized magnitude |H(f)| = 0.99,
0.56, and 0.88, respectively, whereas type B shows a smoother response with the dominant
maximum near 44.4 kHz (|H(f)| = 0.44). The peak response of type A is about 2.3x higher than
that of type B, indicating higher susceptibility to vibration-induced dynamic errors in the
corresponding bands. The proposed technique supports comparative assessment of vibration
resistance and dynamic measurement errors under controlled laboratory broadband excitation.

Keywords: strain gauge converter, dynamic error, pulsed excitation, ultrasonic excitation,
spectral analysis, frequency response, vibration effects, measuring systems.

1. Introduction

The dynamic properties of pressure transducers are important because they determine the
sensor response under rapidly varying input conditions and directly affect the dynamic component
of measurement error [1], [2]. In practical operation, pressure sensors are often exposed not only
to pressure pulsations but also to vibration disturbances caused by machinery, acoustic excitation,
and structural resonances. Under such conditions, static calibration alone is insufficient for
assessing the metrological behavior of the transducer.

Experimental identification of dynamic characteristics is complicated by the need to generate
a reproducible broadband excitation in the frequency range of interest. In conventional
approaches, mechanical shocks are often used to excite the sensing element, but this introduces
uncertainty in the shape, duration, and repeatability of the input action and makes the interpretation
of sensor response more difficult [3], [4]. For this reason, alternative excitation methods that
provide more stable laboratory conditions are of practical interest.

In this study, pulsed ultrasonic excitation is used as a broadband vibration-like loading method
for strain gauge pressure transducers. Such excitation makes it possible to investigate the
frequency response of the sensing element under controlled laboratory conditions.
Pressure-measurement channels are also important for monitoring the operating conditions of
transport-related technical systems, where the reliability of primary sensing elements affects the
overall quality of diagnostic information [18]. Dynamic calibration and frequency-response
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identification of pressure transducers have been widely addressed in metrology and
instrumentation literature, where particular attention is paid to vibration-induced response
distortions and uncertainty reporting [11-15]. In addition, silicon-on-sapphire sensor structures
remain relevant for pressure-measurement applications due to their mechanical and thermal
stability [7], [10], [19].

The novelty of the study is threefold. First, a spectral identification scheme with two emitters
and a cascade configuration is used to estimate transducer frequency response without prior
calibration of emitter characteristics. Second, the proposed laboratory setup enables broadband
pulsed excitation suitable for comparative dynamic testing. Third, the obtained
frequency-response signatures demonstrate that the dynamic behavior of the transducer depends
on the design of the sensing element and internal structure.

The aim of this work is to experimentally evaluate the dynamic characteristics of strain gauge
pressure transducers by analyzing their frequency properties under pulsed ultrasonic excitation.

2. Materials and methods

In the proposed analysis, the strain gauge pressure transducer is considered as a linear
stationary system whose response can be described in the frequency domain by the transfer
function H(f). The relationship between the input and output spectra is given by Egs. (1) and (2),
which form the basis for practical frequency-response identification using spectral density
estimates [5]:

Y(f) = H(HX(), ()

where X(f), Y(f), and H(f) correspond to the Fourier image of the input signal, output signal,
and impulse response of the system:

Gyy(f) = IH(NI? G (), )

where Gy (f) and G,,,, (f) are the spectral densities of the input and output signals, respectively.

To avoid the need for prior calibration of the excitation source, two piezoceramic emitters with
different and initially unknown transfer functions were used. Sequential measurements with both
emitters, together with the cascade configuration described by Egs. (3-5), make it possible to
estimate the transducer frequency response according to Eq. (6). The resulting estimate is obtained
by averaging over repeated experimental realizations in order to improve stability and
reproducibility:

G1yy (f) = IHL (N PIW () Gz (F), 3)
Gayy () = [Hy (O PIW () G (), 4)
where indexes 1 and 2 correspond to different types of radiators:

Gayy () = [Hy(OPIW (H)? Garx (), (5)
|H(f)|4 = Glxx(f)GZxx(f)GByy(f)Glyy(f)GZyy(f)GSXX(f)- (6)

The experimental setup is shown in Fig. 1. Two silicon-on-sapphire strain gauge pressure
transducers with different sensing-element designs were investigated. Type A is a two-membrane
transducer with a narrow pressure-transmission channel, whereas type B includes a separation
membrane affecting stress redistribution and dynamic response [6-8], [10], [19]. The nominal
pressure range for both transducers was 0-100 kPa.

Signals were recorded under pulsed ultrasonic excitation and processed using spectral analysis.
The sampling frequency was 500 kHz, the record length was 2 s, and each time sequence was
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divided into statistically independent pulse-related segments. The averaged spectral estimates
obtained from these segments were then used to calculate the normalized frequency response
according to Eq. (7):

+_ GlAYelfilXs(fid
ML A TR TATATATA)

For metrological completeness, the present study reports a normalized frequency response
intended for comparative evaluation of transducer designs. In a fully traceable calibration
workflow, the static sensitivity and uncertainty budget should be reported together with the
identified transfer function in accordance with GUM-based practice [14-17].
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Fig. 1. Block diagram of an experimental stand for studying
the dynamic characteristics of a pressure sensor

3. Results and discussion

Based on the proposed identification procedure, normalized frequency-response estimates
were obtained for the two investigated strain gauge pressure transducers. The results show clear
design-dependent differences in spectral behavior. The type A transducer exhibits pronounced
resonant maxima at approximately 6.4, 23.5, and 68.6 kHz, with corresponding normalized
magnitudes of about 0.99, 0.56, and 0.88. In contrast, the type B transducer demonstrates a
smoother spectral response with the dominant maximum near 44.4 kHz and a peak normalized
magnitude of about 0.44.

These results indicate that the dynamic behavior of the transducer is strongly influenced by the
sensing-element design and internal mechanical structure. The more pronounced resonant peaks
of type A suggest higher susceptibility to vibration-induced dynamic errors in specific frequency
bands, whereas the smoother response of type B indicates better damping of local resonant
amplification. The peak response of type A is approximately 2.3 times higher than that of type B,
which is important for practical sensor selection under dynamic and vibration loading conditions.

The obtained results are consistent with the general understanding that pressure-transducer
design affects dynamic response and vibration sensitivity [10], [13], [19]. A broader sensor-related
perspective also shows that sensitivity-oriented response indicators may be useful for comparative
assessment of transducer behavior, even when different physical principles are involved [9]. From
the metrological point of view, the identified frequency bands should be taken into account when
selecting transducers for operation in systems exposed to broadband vibration or pulsating
pressure. Thus, the proposed method can be used as a practical comparative tool for evaluating
vibration resistance and possible dynamic error growth in pressure-measurement channels.

From the metrological point of view, the identified frequency bands should be taken into
account when selecting transducers for operation in systems exposed to broadband vibration or
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pulsating pressure. Thus, the proposed method can be used as a practical comparative tool for
evaluating vibration resistance and possible dynamic error growth in pressure-measurement
channels. The corresponding normalized frequency-response curves of the investigated
transducers are shown in Fig. 2.
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Fig. 2. Estimated normalized frequency responses of type A and type B strain gauge pressure transducers

Table 1. Main resonance features of the investigated strain gauge pressure transducers

Transducer Main resonant Peak normalized Interpretation
type frequencies, kHz magnitude P
Type A 6.4;23.5; 68.6 0.99; 0.56; 0.8 | Pronounced resonant behavior; higher
vibration susceptibility
Type B 444 0.44 Smoother re.sponse;.lf)v.ver peak
vibration sensitivity

4. Conclusions

This study proposed an experimental method for identifying the dynamic characteristics of
strain gauge pressure transducers under pulsed ultrasonic excitation without prior calibration of
emitter frequency response. The obtained normalized frequency-response estimates showed that
the type A transducer has pronounced resonant maxima at approximately 6.4, 23.5, and 68.6 kHz,
whereas the type B transducer exhibits a smoother response with the dominant maximum near
44.4 kHz.

The peak response of type A was about 2.3 times higher than that of type B, indicating greater
susceptibility to vibration-induced dynamic errors in the corresponding frequency bands. These
results confirm that the sensing-element design significantly affects dynamic behavior and should
be considered when selecting pressure transducers for operation under rapidly varying pressure
and vibration loading conditions.

For metrological completeness, future traceable implementation of the method should include
reporting of static sensitivity and an uncertainty budget for the identified transfer function in
accordance with GUM-based practice.
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