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TWO-CHANNEL BALLISTIC TRANSFORMER GRAVIMETER

The two-channel ballistic transformer gravimeter for measuring the doubled value of the acceleration of gravity contains
a gravimeter that uses a fixed glass tube made of a dielectric material, a magnetized test body in the form of a layer, a computer
and an inductance winding, which is characterized by the fact that the fixed tube is made of a dielectric material, the inductance
winding acts as a primary excitation winding connected to the power source, which additionally contains two identical sections of
the secondary output winding, connected in series-opposite, to create two measurement channels, an electromagnet consisting of
an armature made of magnetic material, an additional winding connected through a switch to an additional power source. To
provide free vertical movement in two opposite directions along the OZ axis of the magnetized test body, it is proposed to use the
proposed electromagnet consisting of an armature made of a soft magnetic material, an additional winding connected through a
switch to an additional power source. The winding of the electromagnet is connected to the power source by a switch to create an
electromagnetic flux of attraction to the test body, which, thanks to this, will rise to the uppermost position. At the next moment,
the electromagnet switch is turned off, and the test body falls down under the action of the acceleration of gravity. The doubled
output signal of the acceleration of gravity, which is removed from the secondary winding, is free from the effects of interference:
external electromagnetic flows, inertial vertical acceleration, instrumental errors caused by changes in temperature, humidity,
vibrations, pressure, the moment of dry friction forces, non-identity of the parameters of two identical sections of the secondary
output winding and other factors - is submitted to the computer. The output of the computer is proportional to twice the acceleration
of gravity value. Increased accuracy and reliability of measurements of the doubled value of the acceleration of gravity and
increased efficiency of the search for minerals have been ensured.
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BE3BECUIBLHA OJIEHA, HEUAM CEPT'I/, TOJIOYKO TETSIHA
HTVYY «KuiBcbkuii noiitexHiyHui iHCTUTYT iMeHi [ropst CikopchbKoroy
I'PUHEBUY MAPIA

JlepxaBHuii yHiBepcuTeT « KUTOMMpCHKA MOITITEXHIKA»
JBOKAHAJBHUN BAJICTUYMHUANA TPAC®OPMATOPHUI I'PABIMETP

Heoxananvhuii banicmuunuii mpanc@opmamopHuuil 2pagimemp O GUMIPIOBAlb NOOBOECHO20 3HAYCHHS NPUCKOPEHHS CUTIU MAICIHHA
Micmumb 2pagimemp, 8 AKOMY GUKOPUCTANT HEPYXOMA CKIAHA MPYOKa i3 OleeKmpuyHo20 Mamepiany, HamazHivene npobne mino y euensoi wapy,
KoMn tomep i 06MomKa iHOYKMUSHOCMI, AKULL GIOPIZHACMbCA MUM, WO HEPYXOMA MpPYOKa GUKOHAHA I3 OieNeKMpuiHO20 Mamepiany, 06MomKa
IHOYKMUBHOCMI UKOHYE POJIb NEPBUHHOT OOMOMKU 30Y0HCEHHS, NIOKIIOUEHOT 00 0dcepena HCUBNeHHs, AKUL 000amK080 Micmums 08i 0OHAKOSI
cekyii 6MOpuUHHOT BUXIOHOI 0OMOMKU, BKIIOUEHI NOCHIO08HO-3YCMPIUHO, Ol CIMBOPEHHS 080X KAHAJI6 SUMIPIOBAHMS, eNeKMmpOMAcHim, uo
CKIA0AEMbCS 3 AKOPA 13 MASHIMOM 'AK020 mamepiany, 000amKoeoi oOMOmKu, NiOKMIOUeHOI yepe3 nepemuxkay 00 000amKo6020 Odicepend
orcuenenns. Jlna Haoauna GinbHO20 GEPMUKANILHO20 PYXY Y 080X NPOMUNEHCHUX HANPAMKAX y3006oic oci OZ namazivenozo npobnozo mina
3anponoHOBANO GUKOPUCMAHHS 3ANPONOHOBAHO20 ENeKMPOMAZHIMY, W0 CKIA0AEMbCs 3 AKOPA i3 MA2HIMOM AK020 mamepiany, 000amKoeoi
06MOmKU, NIOKMIOYEHOT Yepe3 nepemuxay 00 000amKo8o2o odxcepena dicusnenns. OOMOmMKA eneKmpoMazsHiny NiOKIIOUAEMbCs 00 0dcepena
JICUBTIEHHA nepeMuKaiem O CIMEOPEHHS eleKMPOMASHIMHO20 NOMOKY NPUMALAHHA NPOOHO20 MINA, W0 3A60AKU YbOMY, NIOIIMEembCs Y KpaHe
6EPXHE NONOJICEHHA. Y HACMYNHULI MOMEHM NepeMuKay ereKmpoMazuimy UKIOYacmo, i npobue mino naoac 6Hu3 nio Oi€lo NPUCKOPEeHHS CUNU
msicinna. 110060enull GUXIOHUL CUSHAN NPUCKOPEHHS CUTU MANCIHHA, WO 3HIMACMbCS 3 6MOPUHHOT 0OMOMKU, GLTbHULL 610  GNIUGIE NEPEUIKOO:
306MHIWHIX eNeKMPOMASHIMHUX NOMOKIG, [HEPYIANbHO20 BEPMUKANLHO20 NPUCKOPEHHS, [THCIPYMEHMANbHUX NOXUOOK, SUKIUKAHUX 3MIHAMU
memnepamyp, 6071020CHi, 6iOpayill, MUcKy, MOMEHMY CUL CYX020 Mepmsl, HeiOeHMUYHOCHI napamempie 080X 0OHAKOBUX CEKYill 8MOPUHHOT
BUXIOHOI 0OMOMKY MA THWUX PAKMOPIe, - NOOAEMbCs Ha Komn lomep. Buxionuil cuenan xomn tomepa nponopyiinuil N0080ECHOMY 3HAYEHHIO
NpUCKopenHs cunu maxcinus. 3abe3neveno nioguuerHs mouHOCHi ma HadiHOCHI BUMIPIOBAHb NOOBOEHO20 3HAYEHHS NPUCKOPEHHSL CUNY MANHCIHHS
ma 30inbuenHs egpekmusHOCHI NOULYKY KOPUCHUX KONATUH.

Kniouosi cnoea: 0sokananvhuil epasimemp, npucKOpeHHs Cunu MAXCIHHA, mpanchopmamopHuil epasimemp

Formulation of the problem
Today, gravimetric measurements on the Earth's surface are extremely relevant for many fields of science
and technology: in geodesy and geophysics for finding mineral deposits; in cartography for studies of the shape of
the Earth, in the aerospace industry for correction of inertial navigation systems of moving objects.
In [1], a ballistic transformer gravimeter is proposed, its description and principle of operation are given.
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In works [2—7], a new sensitive element of the measuring system is proposed - a transformer gravimeter,
which makes it possible to obtain greater accuracy of measurements of the acceleration of gravity compared to [1].

But in the known literature [1—11] there are no proposals to ensure the accuracy of the ballistic transformer
gravimeter by using the principle of two channels and additional necessary design components.

Analysis of recent research and publications

In [4], an analytical review of known gravimeters was carried out and a new transformer gravimeter was
recommended for use. But in this publication there are no proposals for improving the accuracy of the transformer
gravimeter by using the principle of two channels and additional components of the design.

In [5] a description of the measuring scheme of the experimental setup based on the transformer gravimeter
for measuring the acceleration of gravity, as well as conducting a cycle of experimental studies with the aim of
constructing the frequency characteristic of the output signal of the transformer gravimeter and the induction
converter, is provided. However, there are no proposals for improving the accuracy of the transformer gravimeter by
using the dual-channel principle and additional design components.

Article [6] is devoted to research on filtering the output signal of a measuring system with a transformer
gravimeter. A filtering technique has been developed, which allows to separate the signal of the gravity acceleration
anomaly of the transformer gravimeter from the largest obstacle of the vertical acceleration signal in order to increase
the accuracy of the gravimeter by choosing the natural frequency of oscillations of the transformer gravimeter

0.1 s! at the point of intersection of the graphs of the spectral densities of the useful signal of the gravitational
anomaly and the main disturbance of the vertical acceleration. But in this publication there are no proposals for
improving the accuracy of the transformer gravimeter by using the principle of two channels and additional
components of the design.

In [7], a transformer sensitive element that can be used as a gravimeter is described. However, there are no
proposals for improving the accuracy of the transformer gravimeter by using the dual-channel principle and additional
design components.

Comparative descriptions of various types of gravimeters (piezoelectric, string, MEMS capacitive, etc.) are
given in [8—11]. However, in these publications, there are no proposals for improving the accuracy of the transformer
gravimeter by using the two-channel principle and additional design components.

Thus, there are no proposals in the known literature [1-11] to ensure the accuracy and reliability of the
transformer gravimeter by using the principle of two-channel and additional design components.

Therefore, the purpose of this article is to provide suggestions for improving the accuracy of the transformer
gravimeter by using the dual-channel principle and additional design components.

To achieve the formulated goal, the following tasks were set:

- provide a description of the design of the proposed new transformer ballistic gravimeter;

- explain the principle of operation of the proposed ballistic transformer gravimeter;

- to provide an explanation of the operation of the new two-channel ballistic transformer gravimeter and to
justify that it provides an increase in the accuracy and speed of measurements of the doubled value of the acceleration
of gravity.

Presentation of the main material of the article

The ballistic gravimeter given in [1] is known. It consists of two systems.

The first system for measuring the path and time of free movement, consisting of a test body in the form of
a layer with magnetic properties, a transparent tube on a fixed base; inductor; device for holding the test body in the
initial position; computer and the second system for measuring the path and time of free movement of the test body,
which contains a source of pulsed light, a video camera and a unit for approximating the trajectory of the test body.
The outputs of the coils are connected to the first input of the computer, the first output of which is connected to the
input of the device for holding the test body in the initial position, the third output of the digital computer is connected
to the input of the pulsed light source, the output of which is optically connected to the test body, which optically
connected to the input of the video camera, the output of which is connected to the input of the unit of approximation
of the trajectory of the test body, the output of which is connected to the second input of the computer, the fourth
output of which is connected to the control input of the video camera, and the second output of the computer is the
output of the ballistic gravimeter.

However, the ballistic gravimeter described in [1] has a number of significant disadvantages:

* well-known single-channel ballistic gravimeter of the inductive type. Under the action of an external
electromagnetic flux-obstacle, significant errors occur in the known gravimeter, which act along the sensitivity axis
OZ simultaneously with the useful signal of the acceleration of gravity g and significantly exceed it, which is
unacceptable;

« vertical inertial acceleration, instrumental errors caused by changes in temperature, humidity, vibrations,
pressure, moment of dry friction forces and other factors - act directly along the OZ sensitivity axis, distorting the
correct operation of the known gravimeter, which is unacceptable;

* there is no explanation of the design and principle of operation of the device for holding the test body, the
design of this device is not described;

* the first and second systems of the well-known gravimeter, designed to measure the path and time of vertical
movement of the test body and consist of different devices, each of which has its own errors. Therefore, the

240 Herald of Khmelnytskyi national university, Issue 1, 2024 (331)



TexHiuHi HayKu ISSN 2307-5732

combination of two systems in order to increase the accuracy of the known gravimeter does not give such an effect of
increasing the accuracy, because the errors of the devices of the two systems will add up;

« in [1] it is not described how the vertical movement of the test body up or down in two directions in the glass
tube is ensured;

* the proposed measurement system of the well-known gravimeter consists of many components based on
different operating principles, which reduces its reliability.
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Fig.1. Schematic diagram of a two-channel ballistic gravimeter: 1 — magnetized test body; 2 — fixed tube made of dielectric
material; 3 — primary excitation winding; 4 — secondary output winding; 5 — winding power source; 6 — electromagnet; 7 — electromagnet
anchor; 8 — electromagnet winding; 9 — switch; 10 — electromagnet power source; 11 — computer; 12 — test body holding device; 13 — the
first section of the secondary winding; 14 — the second section of the secondary winding

Without eliminating the indicated significant shortcomings, the accuracy of calculating the acceleration of
gravity by the ballistic gravimeter will be low.

Thus, the significant disadvantages of the well-known ballistic gravimeter [1] are the low accuracy and
reliability of gravity acceleration measurements due to the fact that it is not dual-channel and is subject to significant
influence of external electromagnetic flows - interference; it is affected by significant vertical inertial acceleration and
instrumental errors caused by changes in temperature, humidity, vibrations, pressure, the moment of dry friction
forces, errors due to the non-identity of the first and second systems for measuring the time and path of movement of
the test body, consisting of different devices, and other factors acting along the axis of sensitivity OZ, distorting the
operation of the well-known ballistic gravimeter, the design of which lacks a power source for the windings and a
switch for changing the direction of the fall of the test body, as well as - an explanation of the design and principle of
operation of the device for holding the test body.

The purpose of this article is to significantly increase the accuracy and reliability of ballistic two-channel
transformer gravimeter measurements.

We solve the problem by creating a two-channel ballistic transformer gravimeter for measuring the doubled
value of the acceleration of gravity, which uses the following elements: a fixed tube, a magnetized test body in the
form of a layer, an inductance winding, a device for holding a test body, a computer.

What is new in the ballistic transformer two-channel gravimeter is that the stationary tube is made of
dielectric material, the inductance winding acts as the primary excitation winding, connected to the power source,
which additionally contains two identical sections of the secondary output winding, connected in series-opposite to
create two measurement channels, and the device for holding the test body in the initial position contains an
electromagnet consisting of an armature made of a magnetic material and an additional winding connected to an
additional power source through a switch.

Figure 1 shows the structural diagram of a two-channel ballistic transformer gravimeter for measuring the
doubled value of the acceleration of gravity.

In this figure, you can see a stationary tube 2 made of dielectric material, in which there is a magnetized test
body 1 in the form of a layer that can move down and up along the tube parallel to the OZ axis. In the upper part of
the tube 2, there is a device 12 for holding the test body in the initial position, which includes an electromagnet 6,
consisting of an armature 7 made of a soft magnetic material and an additional winding 8. This additional winding 8
is connected to an additional power source 10 through a switch 9 On the outer part of the tube 2, there are the
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inductance winding 3, which acts as the primary excitation winding and is connected to the power source 5, and two
identical sections 13, 14 of the secondary output winding 4, made in series-opposite to create two measurement
channels. The outputs of the secondary output winding 4 are connected to the computer 11, the outputs of which are,
in fact, the outputs of the entire two-channel ballistic transformer gravimeter.

Figure 2 presents a generalized diagram of the construction of a ballistic two-channel transformer sensitive
element, where 13 and 14 are the first and second sections of the secondary winding of a ballistic two-channel
transformer sensitive element, M is the mass of the test body.

The two-channel ballistic transformer gravimeter works as follows.

According to the law of electromagnetic induction, the excitation flux created by the primary excitation
winding induces two oppositely directed electromotive forces in the two sections of the secondary output winding,
thanks to which, under the influence of interference from harmful external electromagnetic fluxes, inertial vertical
acceleration, instrumental errors caused by temperature changes, humidity, vibration, pressure, moment of dry friction
forces, residual non-identity of the parameters of two identical sections of the secondary output winding, and other
factors, their influence on the resulting accuracy of gravity acceleration measurements is canceled and to provide
vertical movement in two opposite directions along the OZ axis of the test body in in the form of a magnetized layer,
the winding of the electromagnet is connected to the power source by a switch to create an electromagnetic flow of
attraction of the test body, which, thanks to this, will rise to the uppermost position, at the next moment, the
electromagnet switch is turned off, and the test body falls down under the action of the acceleration of gravity, the
output acceleration signal is doubled gravitational force removed from the secondary winding, free from the effects
of interference: external electromagnetic fluxes, inertial vertical acceleration, instrumental errors caused by changes
in temperature, humidity, vibrations, pressure, moment of dry friction forces, non-identity of structures of two identical
sections of the secondary output winding and others factors, is fed to the computer, from which the output signal of
the gravimeter is taken, proportional to the doubled value of the acceleration of gravity.

We will explain the operation of the two-channel ballistic transformer gravimeter.

The output electric signal of the ballistic two-channel transformer sensitive element u2, proportional to the
total emf of the two sections of the output secondary winding, will have the form:

u, = E, = E; + E, = mg + mAh + Ai + An + mg — mAh — Ai — An = 2myg, (1)
where E; —the output signal from the first section of the secondary winding; E, — output signal from the
second section of the secondary winding; u, = E,— output signal of ballistic two-channel transformer sensitive
element; m — mass of the test body; Ah — errors from vertical acceleration: 4i — instrumental errors, An — errors of
non-identity of the parameters of two identical sections of the secondary winding.
The generalized scheme of the ballistic two-channel transformer sensitive element is shown in Figure 2.
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Fig.2. Generalized diagram of the construction of a ballistic two-channel transformer sensitive element:
13, 14 — the first and second sections of the secondary winding of a ballistic two-channel transformer sensitive element, m is the mass of
the test body
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It can be seen from equation (1) that the output signal of the ballistic two-channel transformer gravimeter u2
contains a double value of the useful signal of the acceleration of gravity and does not contain inertial vertical
acceleration, total instrumental errors and errors due to the non-identity of the parameters of the two sections of the
secondary output winding. The signal u2 is fed to the input of the computer 11, from the output of which a signal
proportional to the doubled value of the acceleration of gravity is removed.

Thus, the proposed two-channel ballistic transformer gravimeter provides a significant increase in the
accuracy and reliability of measurements of the doubled value of the acceleration of gravity. This allows, for example,
to adjust the flight trajectories of aircraft and space vehicles with high accuracy and speed in real time and more
efficiently search for mineral deposits and mobile military objects.

Conclusions

It is substantiated that due to its design features, the proposed two-channel ballistic transformer gravimeter
provides a significant increase in the accuracy and reliability of measurements of the doubled value of the
acceleration of gravity.

This allows, for example, to adjust the flight trajectories of aircraft and space vehicles with high accuracy
and speed in real time and more efficiently search for mineral deposits and mobile military objects.
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