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Abstract. The paper presents new testing method of piezoéermamsducers, which are used in innovative ulinés
flow and heat metering devices. The equipment aetialized software is designed to implement fastpmatic and
reliable diagnostic of piezoceramic transducer emtrol transducer’'s manufacturing quality. Thegdiastic equipment
and testing approach was used while investigatiagstiucer parameters changes during their temperahock tests.
These investigations allowed optimizing the desigh ultrasonic piezoceramic transducers and minimgiziheir
manufacturing cost.
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Introduction factors, which influence the manufacturing processiee
method suitable for automatic implementation must b

Advanced transducer manufacturing technology andhosen. Such methods could be based on the fast

associated instrument electronics led to the intcidn of measurement of frequency (momentary and central

commercial products that provide capabilities fatenial frequency) and amplitude of the echo signal by tofe

and manufacturing quality analysis of piezoceramidlight measurement technique. The results of the

transducers. Batch production implementation of theneasurement allow us to derive practically all imgot

ultrasonic piezoceramic transducers requires optimaharacteristics of the ultrasonic transducers [3,4]

control of being manufactured transducers parameter Such equipment was designed and made by “Axis

manufacturing process and influencing factors. Théndustries Ltd” (Kaunas, Lithuania) and automated

manufacturing process of the transducers may bmanufacturing of piezoelectric transducers was

influenced by the type of used adhesives, curingmplemented in mentioned company. The ultrasonic

temperatures and duration, etc. The quality of théransducers manufactured by “Axis Industries LttE ased

transducer is predetermined by various parametdrich  in batch production as components of new patented

may undergo unpredictable change during theilltrasonic heat and water meters [5,6].

manufacturing process. As example, may be considere

changed parameters of the transducer componenisedr M ethods and equipment

in manufacturing process additional materials, cgnfiom

different producers or changed working regimes l# t  The operation algorithm and conception of the

manufacturing process and etc. _ automatic test equipment for ultrasonic transduaegs

There are known few standardized methods for.  peing tested transducer is excited by electricéepu
ultrasonic transducers testing which are used byntlost which generates ultrasonic wave in the water (in
manufacturers of the piezoceramic transducers.[T/2se testing bath). Reflected ultrasonic signal is reeei

methods are based on the measurement of different pythe same transducer;

characteristics of the transducers, such as @ectri. yijpration period and amplitude of the received algn
impedance, beam profile, frequency response, time are measured:

response, relative pulse echo sensitivity [3]. Tifeerent . results of the measurements are processed by
methods can be used depending on the aims of personal computer (PC) and decision on qualithef t
manufacturers. In order to perform fast and rediabkting transducer is taken:
of piezoceramic transducer quality, as well asaiatol the . gbtained results are stored in PC’s memory;
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- up to 8 ultrasonic transducers, placed in the water measurement), a bath (water tank for transducemting)
bath, are tested in series. and computer with application software, Fig. 1, gereral
The equipment for transducer's parameters testingiew of the equipment, b - screenshot of the used
consists of measurement block (device for parameteapplication software for transducers’ testing.
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Fig. 1. Equipment for ultrasonic piezoelectric transdutesting: a) equipment photo, where 1 is PC, 2 isicdefor transducer
parameters measurement, 3 is water-filled tanks byreenshot of the application software usedréorsducers' testing
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Fig 2. Structural diagram of ultrasonic piezoelectricnsducer testing equipmentC — microcontroller, TDC - time-to-digital
converter,T — transmitterR — receiver, MX — multiplexetJT — ultrasonic transducerC — zero cross comparatd,— signal
detectorPC — computer with application software

Fig. 2 presents the structural diagram of theastinic amplitude of the received signal by the parametsrs
transducers’ testing equipment, comprisinguC—~  programmed amplifier. Measured data of both theoper
microcontroller, TDC - time- to-digital converter,] — of signal vibration and amplitude are transferredP(C,
transmitter of the excitation signaR — receiver of the where measurement results of each transducer are
signal, MX — multiplexer (which respectively turns on the processed statistically, stored in database andi¢bision
being tested transducer)JT— ultrasonic piezoceramic is made regarding the quality of the being tested
transducer (up to 8 units is possibleZ — zero cross transducer.

comparatorD — signal detection comparatdC defines

start of the measurement cycle and transfers qmreing Results

start signal to the transmittéf. The transmitter forms

excitation signal, which is send to one of the betested Ultrasonic transducers’ testing equipment is used f
ultrasonic transducetdT. Mentioned transduc&dT emits  automatic control of piezoceramic transducer patarse
ultrasonic signal, which goes back from the refile@nd and their flaw detection. The results of the tramsus’

the echo signal is received by the same transduder testing are stored in the database. Obtained deta dan
amplified in the receiver. The zero cross momeritthe  be used for the analysis of the factors, which hafreence
received signal are fixed by theC (up to 5 zero cross on manufacturing process as well as for the opéitia of
moments). TDC measures duration of the vibration half-the manufacturing process, having the objective to
period of the received signal and transfers thenth® minimize manufacturing time. The achieved duratisn
microcontroller xC. Microcontroller determines the quality testing of one transducer approximatelytak5 s.
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after the tests are presented in upper and logerds respectively)
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Fig. 3. Changes in transducer parameters affected by tamupershock tests: distribution changes of momegritaquencies F1 (a), F2
(b), F3 (c), F4 (d), central frequen&y(e) and relative amplitude of the echo signal (larameters distributions before and

215



362.METHOD AND EQUIPMENT FOR TESTING OF PIEZOCERAMIC TRISDUCERS MANUFACTURING QUALITY. P. BORODK'ASY?*, S. BASKUTIS*® AND V. PETKUS?®

Table 1. Changes of mean value and standard deviationeofrinsducer parameters (relative amplitude of eifpaal,
momentary frequencies (F1, F2, F3, F4) and cefrquencies (F)) affected by temperature shock test

Parameter a?;ﬁﬂ:’ge F1 [Hz] F2 [MHz] F3 [MHz] F4 [MHZ] F [MHZ]
u (before test) 1 2.2859 1.9362 2.1360 1.9604 2.0108
u (after test) 0.94787 2.2967 1.9284 2.1375 1.9500 2.005
Changes oft [ %] -4.48 0.47 -0.40 0.07 -0.53 -0.27
s (before test) 0.0441 0.0187 0.0138 0.0140 0.0121 0.00759
5 (after test) 0.0520 0.0230 0.0131 0.0165 0.0110 0.00718
Changes o6 [ %] 17.91 22.99 -5.07 17.86 -9.09 -5.40

Mentioned above testing equipment was used
evaluate the quality of new experimental batch
ultrasonic transducers performing temperature sliests.
For experimental analysis 52 pcs. of transduceve baen
taken and parameters (momentary vibration pericelsral
frequency of transducer and relative sensitivitgyénbeen

measured. After that, 15 temperature shocks haem be

applied on the tested transducers, placing them tine
thermostat and raising the temperature up to th® €5
(+5° C). The transducers were left at this temperatoref
hours. After the heating, transducers were leftaol at
room temperature 20 ... %5,

ttesting procedure, are negligible and thereforeoaaffect
ofthanges in metrological characteristics of manufact
ultrasonic flowmeters [5,6]:

- changes in central vibration frequency of the téd
signal did not exceed 0.5% for mean value and 606 f
standard deviation respectively;

- the changes in relative amplitude did not excé#d
for mean value and 20 % for standard deviation
respectively

- the changes in momentary vibration frequencieghef
reflected signal did not exceed 6% for mean vahet 25
% for standard deviation respectively (Table 1 Rigd 3).

The changes of transducers parameters, measured

before and after temperature shock tests, are givEiy. 3
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