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REMOVAL OF TEMPERATURE
DRIFT OF ZERO OF PIEZOELECTRIC
ACCELEROMETER

O6’exmom 00CHiONCEHIS € 3ANCHCHICMD PEIYNLIMAMIE SUMIPIOGANHS GIOPAUITIHO20 NPUCKOPEHIS T 'E30€IeKMPU-
HUM AKCeAepOMempoM 6i0 6NAUBY MeMNEPAMYPU HABKOIUUNHDOZ0 cepedosuuld. Brasana sanexcnicms npedcmaeise
c06010 3MiHY NOCMILIIH020 PIBHIO 6 GUMIPIOBANOMY Cuznal. Lle sUKIUKAIO 2eHepayielo n'e30eNeKMPUMHUM CCMEHNOM
axceaepomempa 000amK06020 3apady 3a siocymmuocmi 0ii 1a 1b020 3i cmoponu 06 exma sumipiosans. Brasanuii do-
damxo8ull 3apsio 2eHepyemvCst Nid 6NIUBOM 3MIHU TMEMNEPAMYPU CepedosUld HA CMPYKMYPY YYMAUB020 €LEMEHMY.
Le npusodums do 36invutens noxubxu pesyrvmamy sumiprosans. Yum Ginvuie dianazomn KOIUBAHD NO MEMNEPaAMypPL
ma weuoKicms 3MiHU memMnepamypu cepedosullld 6 4ack, MuM OMPUMAEMO OLILIULL GNIUE HA Pe3YLbIMAMU GUMI-
prosanw. Tax sx 3Minu memMnepamypu 6 4aci, NOPieHsHO 3 YACIMOMOI0 GUMIPIOSANUX GIOPAUILL, € NPOUCCAMU HAUHO
NOGILILHIUUMU A IX BNIUG HA PE3YTLMAM BUMIPIOBAIHS € CMAJIUM Y 6CLOMY OUHAMIUHOMY 0iana3oni aKceiepomempd,
mo 6OHU NPeICMABAIOMb 00010 AOUMUBHY CKAAO08Y NOXUOKIU BKASAHUX GUMIDIOBAND.

B x00i docriovcenis, Ons 3anobizariis memMnepamypHozo 6Niusy cepedosuilld Ha nPouec GUMIPIOSAis, DO3ZLAHYMI
Memoou no 1020 YCYHEHHIO Ma 3anpONOHOBAHO PiUleHHS N0 YOOCKOHATEHHIO N €30EIeKMPUUHO20 AKCENEPOMEMPA ULTLSIXOM
86e0ensL 8 11020 KOHCMPYKUIIO eleMenma KOMNEHCayti. 3 Memoio sSMeHUEeHHs. 6NAUGY MEeMNEPAYPHUX (DIYKMYauiil
cepedosuuLa 1A Pe3YyIbMAMU GUMIPIOBAHSL 8 SIKOCTL e/IeMEHMA KOMNEHCAU 3ACMOCOBAN0 KEPOBAHUIL N E30€IeKMPULHULL
eeMenm, SKULL NPAUIoe Ha 360POMHOMY 1 E30eAeKMPUUHOMYy edexmi y3006dic oci noaspusauii. Ompumane piuienis
JI€2ZKO0 Peani3yemvcsi 3 mexHiunol mouKu 30py, max K eiemMenm KOMNeHcayii ma wymausuil eleMenm 8U20mosisomvCs
3 00HAK06020 MAMEPIALY i MAIOMb 00HAKOBUIL Koeiyienm mennosozo poswupenns. Kepysanis eremenmom xomnencayii
301IICHIOEMBCSL CUCTNEMOT0 ABMOMAMUUHOZO PE2YTHOBAHHS, SIKA NPAUIOE NO NPUHUUNY PeZYTHOBAHHS NO BIOXULEHHIO.

3asdsixu sanpononosanomy y pobomi memoody 3a6e3neuyemnpCst MOACIUBLCID NIOGUUUMU MOUHICTID GUMIDIOBAND,
BUKOHYBAHUX 34 ONOMOZU N E€30CACKMPUUHUX AKCELePOMEMPIs, i po3uwupumu ix cepy 3acmocysants cmocoeHo
8UMOZ 00 memnepamypu cepedosuLyd.

Kmouosi croBa: siOpauitine npuckopens, n'c30ejiemMenm, memMnepamyphuil 6niue, ¢asosuil gitemp, eiemenm
KOMNeHcayii, Cucmema agmomamuyunozo pe2yiio8anisi.
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The object of this research is to measure the depen-
dence of the results of the vibration acceleration from the

1. Introduction

In technical systems, when measuring mechanical quanti-
ties, a special place is taken by measuring such parameters
as acceleration, speed, displacement, vibration. When con-
ducting measurements, the primary link of the measurement
system is the primary converter — an analog device, or
a device built on the basis of the realization of certain
physical properties and capable of converting the influence
from the measured parameter into an acceptable for process-
ing and registration. The primary transducers are flawed,
which prevents them from providing the required linearity,
accuracy, and stability over time when measured. These
are temperature influences, vibrational and electromagnetic
disturbances, climatic influences of the environment [1].

Piezoelectric accelerometers are currently the most widely
used devices used to measure accelerations and vibrations,
which is explained, above all, by the simplicity of construc-
tion, the wide frequency and dynamic ranges, the strength,
reliability and stability of the parameters of these devices.
Improvements to improve measurement accuracy and ac-
curacy are urgent and up-to-date.

piezoelectric accelerometer feedback ambient temperature.

The aim of this research is to reduce the error caused
by the temperature influence of the environment when
conducting measurements of vibration acceleration with
a piezoelectric accelerometer.

2. Methods of research

When conducting research was used:

— The theory of research of vibration and shock signals,

based on the use of piezoelectric acceleration sensors.
The theory of solid state physics, which considers

any substance, as well as its physical, mechanical, ther-

mal and other properties from the point of view of its

internal structure.

3. Research results and discussion

Piezoelectric accelerometers that operate on the principle
of direct piezoelectric effect: when exposed to an external
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force on the piezoelectric element, their geometric dimen-
sions change, resulting in a charge, proportionally to the
effective force, generated on specially applied electrodes.
Thus, piezoelectric sensors do not require additional power
supplies, and the lack of moving parts ensures the dura-
bility and stability of their operation.

However, piezoelectric accelerometers also exhibit nega-
tive manifestations not related to the piezoelectric parameter
being measured, such as components of electrical induction,
which occur under the influence of temperature changes
and generate parasitic signals at the amplifier input. They
create an additive or zero error of piezoelectric sensors.
Especially this error manifests itself in the conditions of
rapidly changing ambient temperature when measuring the
parameters of low-frequency accelerations and vibrations.

The piezoelectric element, by changing its geometric
dimensions under the action of temperature fluctuations,
in the absence of influences from the side of the measured
parameter, generates a charge on its electrodes [1, 2]. The
more the coefficient of linear expansion of a piezoelectric
element differs from the coefficients of linear expansion
of other elements of the accelerometer structure (Fig. 1),
the more its domain structure will be subjected to me-
chanical stress and generate additional charge [1, 3]. This
charge is nothing more than an additive component of
the measurement error of a piezo-accelerometer caused
by fluctuations in ambient temperature.
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Fig. 1. Piezoelectric accelerometer design:
1 — substrate; 2 — piezoelectric element; 3 — element of compensation;
4 — inertia mass m; 5 — bolt; Ay — height of piezoelement; A; — height of
the element of compensation

The piezoelectric element in the design of the piezoelectric
accelerometer (Fig. 1) is installed with a pre-tension (ten-
sion) which is ensured by tightening the bolt 5 at
a certain point. Then, when acting on the accelerometer
of acceleration and with a variable direction on the piezo-
electric element, the force will be:

F=F,+F,, (1)
where F, =ma — force with which the inertial mass m acts
on the piezoelectric element under the influence of accelera-
tion a; m — inertial mass; a — acceleration [3].

For alternating acceleration (vibration acceleration,
etc.) expression (1) can be written in the form:

F=F,%F,sin(ot +9), (2)
where ® — angular velocity; ¢ — time; ¢ — initial phase of
measurement.

The force F which changes according to the described
law (2) causes the generation of a piezoelectric charge,
the value of which can be determined from the equation
for the direct piezoelectric effect:

Q=d,F, (3)
where d; — piezomodule of the piezoelectric element.

In this case, an accelerometer that acts on one axis — Z is
considered, and the piezoelectric element is polarized in the
direction of force F, so the piezomodule is working ds; [4, 5].

Then, substituting (2) into (3), let’s obtain:

Q =dy3(F, +F, sin (ot +¢)). (4)

In the electrical circuit of the piezoelectric element —
the input stage of the amplifier will be the current I,
the value of which will be determined by the expression:

Q =dy(F, + F,sin(ot +¢)). 5)
Let’s give equation (4) to the form:
Q =dyF, +dyF, sin(ot +9). (6)

Obviously, as the temperature changes, the temperature
effect on the domain structure of the piezoelectric element will
be realized, which will change its geometric dimensions [4—6].
That is, as the temperature increases, the prestressing force will
increase in proportion to the increase in linear dimensions /),
namely the height of the piezoelectric element AF, (h), by:

F,=(F,+AF, (hy)). )
Given (7) let’s write (6) in the following form:

Q:dgslrp +d33AFp (ho)'f'd33Fm Sln((!)t+(p) (8)

Enter the following notation:

Qy =dssFy;
Q= dSSAFp (ho),
Q, =dyF, sin(wt +¢).

Then (8) let’s have the form:
Q=0Q+Q +Q,
where Q, — charge from the pre-voltage of the package; Q, —

charge that depends on the temperature effect; Q, — charge
from the action of forces caused by the action of acceleration.

)]

4

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 1/1(51), 2020



I55N 2226-3780

INDUSTRIAL AND TECHNOLOGY SYSTEMS:
REPORTS ON RESEARCH PROJECTS )

To some degree, the effect of temperature on the occur-
rence of mechanical stress in the piezoelectric element can
be offset by the use of the compensation element shown in
Fig. 1, a in the accelerometer design. The compensation ele-
ment, structurally in the form of a washer, is located between
the piezoelectric element and the inertial mass, which are
pulled into the general package by a bolt 5. In order to reduce
the dependence of the change of the linear dimensions of the
package on the temperature change, this element is made of
a material which coefficient of linear temperature expansion is
opposite to that of the material piezoelectric element. Thus,
with temperature changes, the mechanical stress in the package
remains constant. This solution has an apparent simplicity in
implementation, but in practice it is very difficult to find or
create a composite material with the required value of the
linear temperature expansion to produce such an element
of compensation under the required mark of piezoceramics.

In view of the foregoing, a solution is proposed to
compensate for the effect of temperature on the piezo-
electric element by applying a compensation element 3 in
the accelerometer design (Fig. 1, b). The compensation
element is a piezoelectric element operating on the inverse
piezoelectric effect along the polarization axis (fashion ds;3).
The compensation element is controlled by the automatic
control system shown in Fig. 2, which operates according
to the principle of deviation control. In the initial state, at
normal temperatures (7=18-22 °C), the geometric dimen-
sions, namely the height of the piezoelectric element and
the height of the compensation element, are equal to 4:

h=hy+h. (10)

Changing the temperature of the medium acting on the
piezoelectric element of the accelerometer causes a change in
its geometric dimensions by magnitude Ahy(T). This is due
to the force F(T) as a reaction of the accelerometer design,
which leads to the appearance of additional charge and
a constant component voltage at the output of the measuring
path. The so-called zero deviation of the sensor is observed
in the absence of influence from the measured parameter [7].

To eliminate this effect, the automatic control system, by
analyzing the level of a constant component in the complex
signal coming from the piezoelectric element, acts on the
control compensation element U (Fig. 2), which changes the
geometric size of the compensation element by a value Ak, (U).
Thus, the control system monitors the condition:

Ay (T)— Al (U) =0, (11)
then
h=(hy+ Ay (T))+ (B — ARy (U), (12)

and the condition is fulfilled: 2=const.

The scheme of the automatic control system is shown
in Fig. 2 includes the following elements: 1 — phase filter;
2 — integrator; 3 — power amplifier; 4 — piezoelectric ac-
tuator; 5 — piezoelectric sensor.

The scheme under consideration regulates the devia-
tion, the principle of which is as follows:

— a signal of deviation of the regulated value from

the set value is sent to the controller;

— the regulator on the deviation signal changes the control

voltage U so as to reduce the deviation Ak, (T) [8-10].

+
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Fig. 2. Structural diagram of the automatic control system:
LJy — correction on a constant component; I — control voltage of the
piezo actuator; F+F(T) — forces acting on the piezo sensor; a — vibration
acceleration; [J,,; — output piezo sensor

It should be noted that the specified controller changes
the control action regardless of the reason that caused the
adjustment error and estimates the error by the level of the
constant component in the complex signal. Therefore, the
correction for the constant component in the form of U is
additionally introduced. This is a constant component of
the accelerometer signal at normal temperature values
inherent in the reaction of the piezoelectric element to
the action of force F,.

Completely the error of regulation in this system is
not completely eliminated, since the regulatory influence
is formed only by error. The error will be the closer to
zero, the more accurate the comparison scheme will be.

The scheme works as follows: with increasing ambient
temperature, the geometric dimensions of the piezoelec-
tric sensor 5 change (Fig. 2), which leads to an increase
in the value of the constant component in the output
signal. The output signal is fed to one input of the adder
on a straight line and to the other input of the adder
through a phase filter that delays it by 180°. After the
adder, the constituent enters the integrator with an in-
tegration time comparable to the rate of change of tem-
perature. The power amplifier 3 controls the piezoelectric
actuator 4 by applying a voltage U to its electrodes, the
polarity of which is directed opposite to the polarization
polarity. The piezoelectric actuator by working out the
control influence reduces its size in height and seeks to
fulfill the requirements of equation (1).

4. Conclusion

The study shows the dependence of the piezomodule
of the sensitive element of the accelerometer on tem-
perature. A method of correction of the generation of
a parasitic charge of a sensitive accelerometer piezoelectric
element is proposed. The results of the study allow to
improve the accuracy of measurements performed with
the help of piezoelectric accelerometers. This is achieved
by reducing the parasitic charge. It occurs with changes
in temperature and is an additive component of the er-
ror in the measurement of vibrational acceleration. The
research results also to extend the temperature range of
application of these accelerometers in the measurement
of vibrational accelerations.
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O6’ckmom 0ocaioAcenIs € 6NAUE CNIBEIOHOWEHIA KOMNOHEHMIE NIPOMEeXHIUHUX CYMIULCT MaA MUCKY HABKOLUUL-
Hb020 cepedosuula Ha memnepamypy npooyKmie 2opinns ma ix eMicm y 6UCOKOMEMNEPAMYPHOMY KOHOEHCAM.
Jlana mema € nepcnexmugnoro y 36’s13Ky i3 muM, w0 OCMAHHIM YACOM Y CBIMI 8Ce Yacmiuie 3acmocosy1omucsi nipo-
mexniuni 6upodu pisnozo npusnauenns. O0nuMm 3 HAUOIILW NPOOICMHUX MICUb € NOPYULCHH NPABUL TLOHCCHCHOL
Gesnexu nio uwac ix séepizanus, Mpancnopmyeanis ma 3acmocyeanis. Y 3asnauenux peicumax 6iodyeacmvcs
nepeduacna ix excniyamayis, HACIIO0K 4020 YMEOPHIMLCS BUCOKOMEMNEPAMYPHI KOHOeHCo8aHi npodykmu
320psnus. Jlani peuosunu cmikarmocs 8 pPisHi CMOPOHU Ma CMAHOBLSIM NOMCEHCHY HeOe3NeKy 05l HABKOIUUHIX
06’exmie (6ydieenv ma cnopyo piznozo npusnauenis, 0epes’sHux cnopyod 00 ekmis, 1iCo8UX MACUBIS, NAPKIE MOU0).

B x00i docridncenia euxopucmosysanacsa 6a3a 0anux npo memnepamypy npooyxmie 320panns NipOmexHiunux
cymiwell ma ix 6Micm y 6UCOKOMEMNEPAMYPHOMY KOHOeHCAMI, AKI BUSHAYAIOMY iX 6LACMUBOCTI W00 NONCENHCHOT
nebesnexu nio uac excnayamauii 6 ymosax 306niwmnix enausie. Jani, nasedeni y docaioxcenni, 6yau ompumani
6 pesyivmami cmanoapmuux mepmoOUHaAMMHUX PO3PAXYHKIE i Oyau 3i6pani 3a 00nomoz010 GI00MUX MeMO0is
MHONCUNHOT KOpeLayii ma pezpecii y uzisiol CIMamucmuunux mooeell.

3a 00noMm02010 OMPUMAHUX PO3PAXYHKIE 6CMAHOBAECHO ICIMOMNULL 6NIUE CNIBCIOHOUEHA KOMNOHEHMIE Nipo-
MeXHIUHUX CYMIWed Mma MUCKY HABKOIUULIDOZO Cepedosulla Ha memnepamypy npooykmie ix szopsuns ma ix
emicm y sucokomemnepamypHomy xonoencami. Ile 00360uU10 UsHAUUMU ONMUMATLLHI 0iANA30HU NAPAMEMPIE
3MinU. 3a80sKU YbOMY 3A0E3NEUYEMBCL MONCIUBICTD OMPUMAHHS HOBUX pe3yivmamis. [isi NOPIiGHAHHSL 8351M0
PO3PAXYHKU 3 OMPUMAHUMU OKPEMUMU EKCREPUMEHMATOHUMU OAHUMU, OS5 SIKUX BUKOPUCTOBYBANU B0IbDPAMOBO-
PeHiesi mepMonapu 3i CNeylarvHUMU eKpanamu 01 3anobizanis adzesii KoH0eHcosanux npooyKmie ma 30H0u O
ix 6i060py. Pesyivmamu noxasanu, wo piswuui mixc numu ne nepesuuyeanu 8—10 %.

Kmouosi cnosa: noscedxcrna Oesnexa, nipomexnivii cymiwi, Himpammuo-memanesi cymiwi, mepmiuna 0is, nipo-
mexuiuni 6upoou, mepmoouHamiuni po3paxyHKu.
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1. Introduction alloys, etc.) are widely used in various fields. They are used

in the national economy and military technology (mixtures
Nowadays, pyrotechnic mixtures of metallic fuels (alumi-  for fireworks, lighting and signaling devices, elements of
num, magnesium, titanium, zirconium, aluminum-magnesium  rocket and space technology, etc.) [1-3]. These mixtures
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