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This article is devoted to the study of the construction features of gas meters of the
membrane type and the principles of their operation. Traces of the mechanical action of
foreign objects discovered and studied in the process of expert practice, which arise when
interfering with the measuring and counting mechanisms of membrane-type gas meters, were
analyzed. With the help of which changes could be made in the construction of parts and
assemblies of measuring and counting mechanisms of membrane-type gas meters. According
to the authors, the complex of studies carried out gives grounds to summarize that in the
expert-trasological study of membrane-type gas meters, it is necessary to take into account
their design features and principles of operation in order to identify possible interventions in
the measuring and counting mechanisms of membrane-type gas meters during the
examination.
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Introduction. Manufacturers of gas meters are constantly improving the construction
features of these devices, but the increase in the cost of energy carriers led to the spread of
cases of theft of natural gas by consumers, as a rule, by interfering with the operation of
metering devices. The methods of unauthorized disclosure and interference in the operation
of gas meters are not only being improved, but videos of the process of disclosure and
interference are often posted on the Internet.

Despite the constant modernization of the construction features of gas meters, they
increasingly become objects of expert traceological research. This article describes the most
characteristic traces that appear when interfering with the construction of measuring and
counting mechanisms of accounting devices.
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Aim. Therefore, the purpose of this study is to identify traces of mechanical and other
influence of extraneous objects, which could be used to make changes in the construction of
measuring and counting mechanisms of accounting devices.

Results. The expert (forensic) research of membrane type gas meters is carried out in
accordance with the following stages:

1) detailed research of objects:

- aseparate research;

- a comparative research (if necessary, depending on the tasks assigned to the

expert);

2) expert experiment (if necessary, depending on the tasks set before the expert);
evaluation of the results of the conducted research and formulation of conclusions;

3) drawing up an expertMs conclusion and drawing up an illustrative table.

The Dnipropetrovsk Scientific Research Institute of Forensic Expertise of the Ministry of
Justice of Ukraine quite often receives membrane type gas meters for expert examination.
Their research requires knowledge about the construction of these metering devices, the
principle of operation, possible options for interfering with the operation of membrane-type
gas meters and changing their construction.

LetMs first consider the construction features of gasmeters of the membrane type.
Counters consist of three main components: a metal case, a measuring mechanism and a
counting mechanism.

The metal case consists of two parts: upper and lower, which are hermetically
connected to each other. The measuring mechanism is placed in the middle of the case.

On the upper part of the case there are connecting pipes (input and output) for
installation to the pipeline.

In order to protect against unauthorized interference with the operation of the gas
meter by penetrating the inside of the meter through the inlet nozzle (gluing magnetic
materials to the valves or other actions to change the construction of the gas meter) and to
protect against contamination of the working surfaces on the inlet pipe, in the middle of the
meter can be installed deflector (a device to protect against pollution and interference) [1].

The measuring mechanism of the counter consists of: 2 hermetic chambers; the
internal volume of the chambers is divided into two parts by a gas-tight membrane. The
middle of each membrane is connected to the valves of the distribution system and the shaft
of the metering device through a system of levers. The valve seat of the distribution system
(spool pair) is hermetically attached to the inlet/outlet openings of the chambers. The outlet of
the meter and two valves (Fig. 1, mark 1) are installed on the valve seat, which are connected
to the lever system (crank-lever mechanism) and can move on the seat along a given trajectory
(Fig. 1, mark 2) . When gas is supplied to the meter, gas is alternately displaced from one

TPLLL « 2022 « 8 « AJFEC | 173



TECHNICAL SCIENCES

working chamber to another. Their movement turns into a rotary one, which is then
transmitted to the counting mechanism.

Figure 1 - Image of the measuring mechanism of a membrane-type gas meter (top
view), where: 1 - valves, 2 - crank-lever mechanism

Parts and measuring mechanism nodes for membrane-type gas meters are usually
made of plastics. Meter manufacturers note that the use of plastic measuring mechanisms
significantly reduces the cost of production, increases resistance to the action of chemical gas
components, significantly reduces the coefficient of friction in the moving parts of the
mechanisms, and prevents interference with the operation of the meter by means of magnetic
influence.

The counting mechanism of the gas meters is mechanical drum, is attached to the top
of the counter housing, is usually placed in a plastic housing with a sight glass and is sealed
with seals. The counting mechanism consists of a system of gears and rollers. The rotating
movements of the gears, through the teeth, are transferred to the rollers of the eight roller
unit of the counting mechanism. The eight roller unit consists of 5 black rollers and 3 red
rollers and 7 transfer rollers between them. That is, the movements of the metering
mechanism are turned into the rotating movements of the eight counting (counting) roller unit
by means of the transfer gears.

The indicators are displayed in m*® with 5 rolls before the goat and three rolls after the
goat.

So the gas passing through the counter leads to a verbal movement of the measuring
mechanism membrane. The lever system and the distribution system turns the verbal-
progressive movement of the membranes into a rotating movement of the check mechanism.
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That is, the counting mechanism is carried out in such a way that it can calculate the
gas consumption for a specific period of time. These calculations are processed in digital
equivalent. The digital reading is displayed on the counter mechanism housing panel.

Some models of gas meters provide for the use of a low frequency pulse generator
mounted in a special socket on the metering mechanism housing.

In order to improve the protection of counters from unauthorized interference in their
work, during the commissioning of the counter, it is necessary to break not only the counter
mechanism, but also the gas pipeline to which the counter is mounted, the seal of the gas
supply or operating organization.

Recently, during the investigation of gas meters, the expert is most often assigned to
the task of detecting changes in the construction of the measuring mechanism by applying on
the surface of the valve of the switchgear of the permanent magnet and making changes in
the construction of the metering mechanism by removing the reference part of the metering
disc.

Traces of mechanical influence of external objects, indicating possible changes in the
construction of accounting devices are usually found already at investigation of external
surfaces of gas meters. These are traces of different action in the form of damage to the paint
coating, localized on the rear outer surface of the cover of the gas meter body (in some cases
on the outer upper surface of the cover of the body) and closer to the right side surface
(when using fabrics as lining for external magnesium, can be detected coating of colored
matter) and on the mounting sections of the plastic housing of the counter mechanism with
the sight glass to the top of the metal housing of the gas counter.

As the expert practice has shown, changes in the construction of the measuring
mechanism of the accounting devices are introduced by damage or removal of seals stickers,
seals of the factory-producer or the state-carrier, access through the inlet fitting of the upper
part of the housing to the mechanisms of the measuring mechanism of the counter with the
afterinstallation of additional equipment (magnet).

Changes in the construction of the checking mechanism are made by removing the
seals of the manufacturer or the state check-box, damage to the integrity of the seal of the
sticker (if available), removal of the plastic housing of the checking mechanism with inspection
glass. After that, the roller wheel shaft is removed to remove the roller support, etc.
Installation is carried out in reverse order with installation of additional spring.

After that, using external magnet, the measuring or counting mechanism of the counter
[2] is stopped by simple manipulation. And, consequently, the possibility to calculate gas costs
and to process costs in digital equivalent is stopped.

In this case, the investigation is subject to external and internal surfaces of the counter-
gauge housing, internal surfaces of the inlet tube, the surfaces of the protective deflector (if
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available), the surfaces of the measuring mechanism parts.

The research is also subject to:

- stickers-seals (in case of receipt for examination of meters, the inlet and outlet of
which are closed with plugs sealed with stickers-seals or plastic and metal housings of the
counting mechanism sealed with stickers-seals). Check their integrity, the presence of traces
of mechanical and thermal impact on their surfaces and surfaces that were to be sealed in the
border zone with stickers, discoloration, the presence (absence) of visually visible hidden
inscriptions "OPENED OPENED", traces of adhesive layering, etc.;

- the seal of the gas supply or operating organization and the sealing material used to
seal the gas pipeline to which the meter or the plastic and metal housings of the meter are
mounted. Check their integrity, the presence of traces of mechanical and thermal impact on
their surfaces and surfaces that were to be sealed.

Traces of the mechanical impact of foreign objects, which arise when changes are
made to the condtruction of the measuring mechanism, by gluing to the surface of the valve
of the distribution system of the magnet, can be located:

1) on the inner surfaces of the inlet nozzle in the form of scratches (Fig. 2, mark 1) and
layering of the adhesive substance. In the absence of a protective deflector, in laboratory
conditions, using magnified optical devices (microscopic examination), through the inlet pipe
on the plastic parts of the crank-lever mechanism, it is possible to detect traces of the action
of foreign objects (Fig. 3, mark 1) and layering of the adhesive substance;

Figure 2 - Image of the internal surfaces of the inlet pipe of the membrane-type gas meter,
where: 1 - traces in the form of scratches
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Figure 3 - Image of fragments of a plastic part of the crank-lever mechanism, made with the
MBS-10 microscope at 8 times magnification, where: 1 - traces of the action of foreign objects

2) on the outer surfaces of the protective deflector (if it is present) in the form of residual
deformation;

3) on the inner surfaces of the protective deflector (if it ispresent) in the form of
scratches, dents, layers of adhesive;

4) on the inner surfaces of the upper part of the meter body in the form of scratches and
adhesive layering;

5) on the plastic parts of the crank-lever mechanism in the form of scraping of the plastic,
scratches and layering of the adhesive (Fig. 4, mark 1-2);

6) on the outer surfaces of the valve of the distribution system in the form of scratches,
layering of an adhesive substance that can reflect (as a trace-absorbing substance)
volumetric traces of foreign objects and existing foreign objects (Fig. 5, mark 1).

A'

F

Figure 4 - Image of a fragment of a plastic part of a crank-lever mechanism made with the
MBS-10 microscope at 8 times magnification, where: 1 - layering of the adhesive substance, 2
2-traces in the form of plastic scrapings
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Figure 5 - Image of a fragment of a distribution system valve made with the MBS-10
microscope at 8x magnification, where: 1 - layering of an adhesive substance

Traces indicating interference in the construction of the measuring mechanism of the
metering devices can be detected already when examining the internal surfaces of the inlet
pipe using magnifying optical devices. But it is possible to make a cat egorical conclusion about
making changes to the construction of the measuring mechanism by sticking a magnet on the
valve surface of the distribution system only after examining the internal surfaces of the
metering devices.

Traces of the mechanical impact of foreign objects, which occur when changes are
made to the construction of the counting mechanism, are usually reflected on the internal
surfaces, these are:

1) traces in the form of scratches and dents on the surfaces ofthe roller axis retainers
of the counting mechanism, on the end surface of the axis itself or on the roller
surfaces;

2) the available items are not provided by the construction of the manufacturing plant
(wire, spring, etc.);

3) there are traces of foreign objects in the form of scratches, scrapes, dents, lack of
supporting parts of roller protrusions, etc. on the surfaces of the counter roller
(Fig. 6, mark 2, Fig. 7, mark 1).

It should also be noted that when the manufacturer changes the constuction of gas
meters or elements of accounting devices, new ways and methods of unauthorized
interference in their work arise, which are constantly improved in order to hide offenses.
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Figure 6 - Image of a fragment of the eight-roller block of the counting mechanism of the gas
meter, made with the MBS-10 microscope at 8 magnification, where: 1 - the supporting part
of the rollers, 2 - the missing supporting part of the rollers

Figure 7- Image of a fragment of a roller with a missing supporting part, made with

the MBS-10 microscope at 16 times magnification, where: 1- traces of
object the action of a foreign

Expert practice provides an opportunity to analyze the signs researched during the
examination of the external and internal surfaces of the metering devices and to determine
the most characteristic locations of traces of extraneous action arising from unauthorized
intervention in the measuring and counting mechanisms of membrane-type gas meters and to
detect a change in their construction.

Conclusion. The set of conducted studies gives reason to draw conclusions that during
the expert traceological study of membrane-type gas meters, it is necessary to take into
account their construction features, as well as the study of metering devices requires
knowledge of the principle of their operation, possible options for intervention in the
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measuring and counting mechanisms of membrane-type gas meters and ways to change them
structures.

Despite the improvement of methods of theft of energy carriers, traces of interference
in their work are always displayed on the external and internal surfaces of metering devices.
The full and scientifically substantiated evidence of interference in the operation of accounting
devices is precisely the conclusion of the experts, which is based on the results of a
traceological study conducted in expert institutions using modern forensic equipment.
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Ruyndhpyn O.U., Uuyuppbuyn O.b., Unyqb; U.U., Phju U.d.

Unyti - hnnywép  udppdws £ dadppwbught iphwyh  qugh  hwahstbiph
Gwnnigyuwdpuwyhti  wnwudtiwhwipynipynibtliph U npwbg  wypuwpwtiph  uligpnitiptiiph
nwunwdtwuppnysywbp: dbpinidyly b punhwtpwgyby £ thnpdwaghipwlywt gnpénitinieywi
pupwgpnd opwn wnwplwubtiph wanbgnipywdp qugh dadppwughti inhwh hwipdpsutinh
hwopdwnlwswihniduyghti dGfuwbhqutubph Jpw dGuwbhywlwt dhowdinnyeywt htynpbnh
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UGfuwthqd, dhwgtnn Ygwdwu, nbplljipnp, swiphs thwlwi, sunpps defuwthqdh hninduwly:

OCOBEHHOCTU BMELWWATE/IbCTBA B KOHCTPYRLUKO CHETHYUKOB IA3A
C UCMOMNb30BAHUEM AEACTBMA MOCTOPOHHUX NPEJMETOB

3akosbipko O.M., Malicmperko O.U., Kos3zen M.A., buna A.B.

LaHHaa cmamba nocsAweHa u3yyeHur0 KOHCMpPyKMuUBHbIX ocobeHHocmeli cHyem4uKos
easa membpaHHo:0 muna u npuHyunos8 ux pabomel. [lpoaHanusuposaH u obobujeH
npakmuyeckuli onbim no OOHApPyXeHUK U U3y4eHUr 8 npoyecce sKcnepmHol Nnpakmuku
cnedos MexaHuyeckoeo 8030elicmsus NOCMOPOHHUX npeoMemos, B03HUKArowWue npu
8030elicmsuu Ha usmMepumesnbHO-CYemMHble MexaHU3Mbl CHem4UKo8 2a3a MembpaHHo2o0 muna.
B cmamee uccnedyromca xapakmepHbie Npu3HAKu, C NOMOWbIO KOMOpPbIX Mo2au Obimb
BHeCeHbl U3MeHeHUA B8 KOHCmMpykyuro Oemaneli U Y3108 U3MepPUMENbHO-CHEeMHbIX
MeXaHu3Mo8 c4Yem4uKkos 2a3a membpaHHozo muna. [lo ymsepxOeHuro asmopos, KOMNaeKc
nposedeHHbIX uccnedosaHuli O0aem OCHOBAHUE pe3roMUpOoBAMb, YMO NPU 3IKCNEPMHO
mpacono2u4eckoM UcCcnedo8aHuu cYyem4yukos 2a3a MembpaHHo20 muna Heobxoo0umo
yyumsi8ame UX KOHCMPYKMuBHble o0cobeHHocmu U npuHyunsi Oelicmsus ¢ yenbro
B8bIABEHUA 8 X00€e 3KCNepmMu3bl BO3MOXHbIX 8APUAHMOB BMewamesnbCms 8 U3MepumesbHe
cyemHble MexaHU3Mbl CYEMYUKO8 2a3a MemMbpaHHo20 muna.

Knroyesbie cnosa: 2a308bili cyem4vuK, KOpnyc, usmepumernbHbil MEXAHU3M, CHemHbil
MexaHu3M, coeOuHumenbHas apmamypa, Oecpiexkmop, u3mepumesibHbIl 8eHMusb, POMUKU
u3MepumesnbHo20 MexaHu3ma.
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