Case Notes

Features of forensic research
on wheeled vehicles with LPG equipment

Serhii Naumenko * 2, Volodimir Bragnik ** ®, Ion Sandu ***

* PhD in Law, Sumy Branch of NSC «Hon. Prof. M. S. Bokarius FSI», Sumy, Ukraine, ORCID: https://
orcid.org/0000-002-2167-4149, e-mail: svhndise@meta.ua

** Sumy Branch of NSC «Hon. Prof. M. S. Bokarius FSI», Sumy, Ukraine,

e-mail: svhndise.bud@gmail.com

*** Centrului National de Expertize Judiciare, Chisindu, Republic of Moldova

2 Writing — original draft, Supervision.
b Methodology, Conceptualization.
¢ Project administration.

DOI: 10.32353/khrife.1.2022.06 UDC 343.98:629.063.2

Submitted: 8 Dec 2021 / Reviewed: 8 Dec 2021 / Approved for Print: 17 Feb 2022 /

Avialable online: 31 Mar 2022

OPEN aACCESS
(CMOoM

The article considers the issue of LPG equipment installed and
operated on modern vehicles, as well as its varieties, peculiarities of
structure and configuration.

This article purpose is to get acquainted with the types of LPG
equipment of modern cars and determine research peculiarities while
forensic expert inspection of such vehicles.

The order of forensic expert actions while technical inspection of
investigated wheeled vehicle is given, authors insist on the need to take
into account the availability of LPG equipment while determining the
market value of vehicle determining the cost of repair and material
damage caused to the vehicle owner.

The advantages and disadvantages faced by car owners with
installed LPG equipment are considered. Considerable attention was
paid to the classification of gas cylinder equipment, discrepancies
were noted while installation of gas LPG equipment on carburetor
and injection engines.
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Research Problem Formulation

While forensic inspection review of
modern vehicles, forensic expert is faced
with latest developments in automotive
industry (in particular, LPG equipment
installed on vehicles). Currently, there is
a lot of LPG equipment (that differ in their
design by generation, brands and models)
installed on wheeled vehicles, so forensic
expert needs to determine the type,
variety, configuration, fastening points and
determination of lifetime of the devices
requiring additional forensic research.

Analysis of Essential Researches
and Publications

Analysis of available LPG equipment
installed on wheeled vehiclesis periodically
carried out'. The need to take into account
the cost of installing LPG equipment on the
car or its individual components, as well as
the peculiarities of the structure and repair
actions belong to the tasks of an forensic
automobile expert.

Article Purpose

This article purpose is to get acquainted
with the types of LPG equipment of modern
cars and determine research peculiarities
while forensic expert inspection of such
vehicles.

Main Content Presentation

In modern conditions, a significant
increase in the oil cost and fuel prices in
the world and Ukraine, more and more

car owners are transferring the engines of
their vehicles to natural gas.

The first and greatest advantage of
transferring road transport to the use of gas
is to reduce fuel costs. In addition, there
are other advantages of using this type of
fuelin car %

+  high octane rating of gas practically
eliminates detonation extending en-
gine life cycle (savings on replacing
motor oil and sparking plugs);

+  motor oil life cycle increases by 15-
20 %;

« engine inter-repair work increases;

+ car can consume both types of fuel
(gasoline or gas), for the which
driver needs only to switch the
toggle (switch);

« distance that can be traveled at one
gas station increases;

« in the gas there are no catalysts
for the destruction of metals and
harmful impurities (lead and
sulfur), it does not form soot on
pistons, valves and sparking plugs
(it extends life cycle);

+ gas-air mixture is homogeneous
while its combustion, the load on
the piston group and the crankshaft
are significantly reduced, so the
engine works softer;

+ due to combustion peculiarities
of the consumption of grease
decreases;

« in conditions of reasonable
and correct operation, the LPG
equipment inter-repair period is
not less than 5 years;

«  number of harmful
decreases 2.

emissions
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Installing LPG equipment on the car
has its drawbacks, the main of which is the
equipment cost itself. At the same time:

« engine power decreases (propane-

butane by 5%, methane up to
15 %);

«  fuel consumption increases by 10-
20 % (gas only);

« Dynamics deteriorates using the
first and second generation of LPG
equipment;

« LPG equipment above the
second generation is not used on
carburetor engines;

« improper installation and
adjustment of LPG equipment lead
to accelerated wear of the engine;

« strictly observe operating and
maintenance modes;

+ condensate from a gas reducer
should be drained at least once per
10-12 thousand km of run;

« limiting (maximum) loads on the
engine should be excluded;

« at present, there are fewer gas
stations on the roads of Ukraine
than gasoline gas stations;

« gas cylinders occupy the useful
space of the trunk;

+ increases the total weight of the car
with LPG equipment.

Modern automotive equipment works
on a mixture of liquefied petroleum gases
(propane - butane: Liquified Petroleum
Gas (LPG))or compressed natural gas
(methane: Compressed Natural Gas, CNG)
Therefore, forensic expert, in addition to
thorough knowledge of the structure of
automotive equipment and methods of its
repair, should clearly distinguish between
the types of LPG equipment installed on the
wheeled vehicle and know its structure for
further consideration in his expert work.

Propane is a gas produced while oil
refining. Cylindrical or toroidal cans are
used for propane. At present, there are
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cylindrical cans with an outer diameter of
200, 240, 270, 300, 315, 360, 400 and 450 mm
and a volume of 10 to 230 liters. The most
popular sizes installed on cars are 40, 50,
60, 90 liters. Cylindrical cans are mostly
installed in luggage compartment (cars
with a flat trunk floor), less often, under
the floor of the luggage compartment (cars
brands: ZAZ-1102 Tavria, ZAZ-1103 Slavuta,
VAZ-2121 Niva and some other off-road
vehicles). Toroidal cylinders correspond to
the shape and size of spare tire that allows
you install them instead of such a wheel.
The most popular volumes are 40 and 42
liters (600 x 200 mm). There are internal,
external and vertical toroidal cylinders.
The weight of one propane can (depending
on the volume) is 20-30 kg.

Methane is a natural gas, it is cheaper
and more explosive than propane. Vehicle
engine power drop in case of its use can
be 10-15%. Methane is stored in cylinders
withstanding a pressure of 200—250 atm.
(can weight depending on the volume : 80—
110 kg). At the same time, the cost of a set of
methane equipment is twice to three times
higher than that of propane one. Methane
LPG equipment is more often installed on
commercial cars and trucks that can carry
massive cans (GAZelle, GAZ, ZiL, URAL,
etc.), very rarely, on passenger cars.

Components and LPG equipment:

+ gascylinder

«  pipelines

« gas charging valve and petrol valve

« gasdispenser and mixer;

«  reducer-evaporator;

+ electronic control unit;

+  switch of fuel type.

Most often, forensic expert has to
explore cars on which LPG equipment
(propane — butane) is installed.

Forensic expert should distinguish
between the generation of installed LPG
equipment(propane — butane). They differ
mostly in gas supply elements, control
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systems and the possibility of installation
on certain engines. The fuel systems
of the gasoline engine have undergone
three stages of modification. Over time,
designers have improved the process
of supplying fuel to the combustion
chamber of the cylinders. Carburetor
systems have been used for many years,
but with the development of engine
production, insufficient fuel supply to
the carburetor has been revealed, which
makes it impossible to achieve the desired
power parameters. Engineers have
developed an injector timing mechanism
to increase engine power while saving
fuel through electronic fuel control.
At this stage, electronic control units
were added. This has become the most
primitive system of gas equipment using
methane or propane. During installation,
the cylinders are usually located in the
luggage compartment, the fuel line is
connected to the shut-off device, the gas
passes through the line and enters the
evaporation chamber connected to the
cooling system. The heated gas mixture
is fed to the gear dosing device. Initially,
reducer and the evaporator chamber were
considered separate units, but over time
they were combined into one unit.

Gas is the most real alternative to
gasoline and diesel fuel. Each kilometer
traveled on gas costs on average a third
cheaper than on gasoline, so it is clear
that the basis of the transition to gas is the
financial component. Previously, it was
possible to experience large-scale savings:
LPG equipment for primitive carburetor
engines were cheap and propane-butane
cost half as much for gasoline. Currently,
the situation is different: in order to
purchase gas equipment with a modern
engine, you need a completely different
level of components and qualifications of
the master who will install it. In addition,
along with the new safety requirements

for cylinders, the installation of LPG
equipment has led to a significant increase
in the price of kits.

Recently, the use of liquefied gas as
automotive fuel has become popular
because it is cheaper than gasoline.
However, there are also other advantages,
for example, it is environmentally friendly
than other types of fuel, its exhaust contains
fewer harmful substances (in particular,
CO, almost twice), gas has a higher octane
number (103-105), which makes it almost
impossible to detonate the engine. The
wear of the cylinder-piston group of
internal combustion engine decreases on
the gas:

«  while starting cold engine, a film of
gasoline is not formed that washes
away lubrication;

« the gas burns more slowly, as a
result, pressure in the cylinders
does not increase so quickly and
the shock loads on the engine parts
due to better mixture of gas and air
are less than gasoline;

* gas mixture is more evenly
distributed by cylinders, that
improves engine idling, it works
softer and quieter;

« after starting a cold engine on
gas, it is possible to go almost
immediately, no long-term heating
is required (as on gasoline);

« gas does not thin the motor oil, so
it can be changed less often than
using gasoline;

« almost no soot will form, gas
compared to gasoline is much
cleaner, so dirt does not get into the
carburetor.

The disadvantages of gas include less
heat of combustion, so the engine power
per gas is less by about 5%, so sometimes
it is advised to install another ignition.
However, this is a controversial issue,
firstly, it is advisable to work only on cars
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running on high-octane gasoline (more
than 95) so that you do not have to put
ignition later whenever you need to go on
gasoline. Secondly, there is an opinion that
at high speeds while working on gas, on
the contrary, ignition should be somewhat
later than for gasoline.

Many of LPG equipment shortcomings
are controversial. For example, while
installation holes for mounting the
cylinder are drilled in the body, a gas line
is attached under the bottom and a reducer
is installed under the hood. In a few years,
mounting sites can become centers of
corrosion, so you need to worry about the
corrosion treatment of all mounting holes.
If you insert the so-called “tablet” instead
of a cylindrical can, it will take the place
of a spare wheel that has nowhere to go
(or not to carry it at all, or to carry it in the
trunk). Opponents of gas installation say
there is a high probability of a cylinder
exploding that is usually an exaggeration.
The facts of the cylinder explosion on the
territory of the eastern regions of Ukraine
in recent years have not been recorded. Gas
cylinder is stronger than the gasoline tank,
in addition, there are protective valves and
mechanisms that are triggered in the event
of a gas leak.

There are certain reservations about
installing LPG equipment on turbine
engines. The gas has a higher combustion
temperature, so the exhaust temperature
increases the thermal load on the turbine
impeller and affects the resource of the
exhaustvalves. Catalysts have temperature
restrictions that are available in most
gasoline engines. In the catalyst should
burn everything that is not burned in the
cylinder. In high temperature conditions,
catalyst begins to melt (especially during
high engine speeds) and blocks the
exhaust. During low and medium speeds
LPG equipment does not damage the
motor.

929

There is an opinion that the gas dries
the engine, it should not be installed on
expensive cars. This is true, but such
a process occurs only at high speeds
(more than 4000 rpm). To minimize the
consequences, install a gasoline injection.
Under the influence of the load, the
engine heats up, and gasoline contains
oils that are absent in the gas. Therefore,
after installing LPG equipment over time,
the smell of gas can appear, even if the
connections are completely sealed. This
is because rubber hoses (pipelines) are
impregnated with fumes. In the case of
the use of high-quality hoses (pipelines),
such a problem will not be.

There is also an opinion that LPG
equipment for cars is beneficial only to
those who have large engines. Therefore,
we calculated the feasibility of installing
LPG equipment (for example, on the
car Skoda Fabia 2002 model year), that
travels an average of 1000 km per month.
Suppose that in a city 100 km it needs
8 liters of gasoline and gas consumption
of 15-20% more than gasoline (10 liters of
gas per 100 km). If 1 liter of A-95 gasoline
costs UAH 62, and gas - UAH 40, then to
ride on gasoline for a month, you need to
spend about UAH 5,000 (for gasoline) and
UAH 4,000 (for gas), i.e. monthly savings
of UAH 1,000. If you install a new Italian
LPG equipment of the fourth generation
that costs about 12,000-13,000 UAH, it will
pay off in a year. If you drive more, then
faster. LPG equipment maintenance (air
filter replacement, computer diagnostics)
is best performed after every 10,000 km of
mileage where it is installed (these services
cost up to UAH 500), even at such costs the
savings are obvious. It should be noted that
in the case of low mileage, the installation
of LPG equipment is advantageous. If the
equipment works properly, the cost of its
maintenance will be moderate, and fuel
savings will cover them.


https://doi.org/10.32353/khrife.1.2022.06

Theory and Practice of Forensic Science and Criminalistics. Issue 1 (26)

ISSN 1993-0917

e-ISSN 2708-5171  https://khrife-journal.org/index.php/journal

Another advantage is a double range:
if the gas runs out, you can go on gasoline
(this is convenient during long-distance
travel and is relevant in queues at gas
stations or fuel shortages).

For classifying the types of gas cylinder
equipment in Ukraine, the generation
term is used (the larger it has a number,
the more complex and perfect it is). At
the same time, there is some confusion
in the qualifications of generations
(more precisely in its numbering). The
difference lies primarily in the method of
controlling the supply of gas into cylinders
and the corresponding design nuances,
so in order to avoid confusion, LPG
equipment can be divided into carburetor
and injection engines.

For carburetor engines, the systems
of the first and second generation today
are understood as LPG equipment
with  vacuum-mechanical regulation
of gas supply. The dosing diaphragm
in the evaporator gearbox as the initial
information takes into account the
liquefaction in the intake manifold,
depending on the load on the engine
and the position of the throttle. Such
equipment was created primarily for
carburetor engines, although some
modifications of the 2nd generation LPG
equipment are put on budget injector cars.
These systems are simple, unpretentious,
reliable and affordable, although they
have a disadvantage, namely: higher
gas consumption compared to modern
systems.

Currently, it is difficult to find a set
of vacuum-controlled LPG equipment in
high-quality design, since it is considered
obsolete.

The first attempt of designers to
involve electronics for injection engines
to control two-fuel power supply systems

were control systems for oxygen sensor
combustion of fuel and regulation of fuel
supply by a stepper motor. Such systems
are often called the third generation,
they were intended for injection engines
(mono-injection), although with some
modifications they were mounted on
carburetor engines. The gas in the engine
of this generation changes from the liquid
phase to the gaseous phase in the gearbox,
but the control of the fuel metering is no
longer responsible for the vacuum, but
electronic unit, that takes into account
data from the lambda probe, engine
sensors and throttle position. Actually
the gas is measured by a mechanical
step batcher, to the cylinders it is fed
by the mixer established on a throttle
valve. Quite complex and expensive, but
insufficiently economical equipment of
this type has not taken root, giving way to
the next, fourth generation.

Currently, the most common are
gas injection systems that completely
inherited the principle of gasoline
supply in cars with a classic distribution
of injection. Electromagnetic gas
injectors (individual for each cylinder)
are inserted into the intake manifold,
which are controlled by an electronic
unit intercepting the signals coming to
the gasoline injectors from the standard
electronic engine control unit. The gas
reducer, pipelines, shut-off valves and
cylinder are almost indistinguishable
from the units of previous generations.
Such gas injection today can be
considered the most rational in terms
of combining price, design and gas
consumption. Properly set up 4th
generation LPG equipment systems (this
type is the most common in Ukraine)
consume only 10-15% more gas than
gasoline. The main disadvantages of
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these systems are the high price (two to
three times higher than LPG equipment
with vacuum control) and the need for
equipment to fine-tune the system on the
car. In addition, it is necessary to choose
components of only reputable brands
and install LPG equipment in specialized
workshops.

There are also more modern systems:
the fifth generation, using gas injection,
but with one significant difference:
liquefied gas is not converted into a
gaseous state, the car consumes it in
the same form in which it is stored in
a cylinder (liquid). The pump, located
in the cylinder, injects liquid gas in the
main and further to the injectors, which
inject it into the intake manifold opposite
each cylinder. Alternatively, on engines
with direct fuel injection, it is possible
to inject gas through the petrol injectors
directly into the cylinder. But such a
system additionally uses an expensive
module for switching the supply to the
injectors of gasoline or liquefied gas. As
in the petrol mode of operation, injection
of liquid propane-butane is controlled by
electronics. And to regulate the proper
combustion of liquid gas using software
created specifically for a particular
engine model. As a result, such a system
responds more quickly to changes in load
and, thanks to accurate dosing, consumes
more fuel (gas at the gasoline level). LPG
equipment kit with injection is more
demanding on gas quality and level of
service.

First generation of LPG equipment

Reducers for the first generation
of LPG equipment can be of two types:
vacuum and electronic. A significant
disadvantage of gas systems of this
generation is the so-called “long way”
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of gas to the combustion chamber, as a
result of which depressurization often
occurred and as a result a strong smell
of gas in the interior of the vehicle. Such
systems were cheap, manufacturers saw
that the systems were in demand and
began to improve them. The simplest
injector (without lambda probe) LPG
equipment, that has a vacuum control
and a mechanical gas dispenser, can be
installed on carburetor engines. The
fundamental difference between an
electronic reducer and a vacuum reducer
is the principle of operation of the shut-
off element of the discharge chamber (in
a vacuum reducer this work is performed
by a special vacuum membrane, which is
supplied with a vacuum from the intake
manifold). This obsolete type of gas
equipment is very rare nowadays.

The first generation systems meet the
outdated environmental requirements
of Euro 1, so it was banned in Ukraine
back in 2006 (although sometimes
continue to be installed until now). The
second-generation gas installation can be
installed on vehicles that have driven for
more than 25 years. The third generation
of LPG equipment hardly anyone installs,
such an installation can be found only on
machines driven from Europe.

Second generation of LPG equipment

The next generation differs slightly
from the first one, the gearbox is
upgraded (in particular, the shut-off
valve has become electromagnetic, and
not vacuum, as before). Now the driver
does not need to leave the car to switch
to another type of fuel, because thereis a
special button in the cabin to switch the
type of fuel, that is, it is more convenient
to operate the HBO. In addition, a cold
start has been implemented: a small
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amount of gas is released before the
system is let in, which further ensures
easy start of the cold engine. It has
become possible to use the gas system
on injector-type engines of the first
generation of spray injection or mono-
spraying. This generation of HBO is
installed on a vehicle with lambda probe
and catalytic converter injector engines
as well as a catalytic converter.

Third generation of LPG equipment

Third generation of LPG equipment
includes electronic adjustment of the
gas supply to the combustion chamber.
The system reads data from the oxygen
sensor and adjusts the amount of gas
received by the engine using a stepper
motor. The temperature sensor located
on the gearbox monitors the minimum
temperature. When the reducer is heated
above the minimum temperature, the
controller switches on the gas supply.
This generation of LPG equipment meets
Euro 2 standards by reading data from
the oxygen sensor and electronically
adjusting the fuel supply. LPG equipment
is supplied with its own correction
system, but the reaction rate to adjust the
working mixture is limited by the speed of
the step dispenser. The mode of operation
simulating of nozzles and the lambda
probe is used for uninterrupted operation
of the standard control system.

In this system, the gas is supplied
individually by the dozer (gas injector) to
each cylinder of the engine. The electronic
unit controls the gas injector. The gas is
supplied to the intake manifold through
mechanical nozzles automatically opened
by the overpressure that occurs in the
supply line. Instead of the dosing gas
register (as in the LPG equipment-1 and
LPG equipment-2 systems), a gas motor

and a special electronic control unit
are installed to regulate the quality of
the air-gas mixture composition. This
innovation made it possible to almost
eliminate the possibility of sudden loud
noises completely. Disadvantages of
this generation of LPG equipment: slow
system response to changes in the engine
operating mode of the vehicle.

The third generation systems meet
the of Euro 2 requirements .

Fourth generation of LPG equipment

Fourth LPG equipment generation,
the fuel supply has changed dramatically,
gas injectors have appeared that inject gas
into the cylinders. The gearbox does not
inject fuel into the manifold, which allows
it to maintain a constant gas pressure
(excess pressure is removed by gas
injectors). Each individual nozzle has its
own cylinder. The injectors have their own
loops directed from the controller, which
gives the command to inject fuel to each
injector, so it happens in a certain period
of time. In the methane versions of the 4th
generation of LPG equipment, not only
the reducer but also the cylinders have
been changed (thick-walled ones are used
due to the high methane pressure). The
gas supply for each cylinder is separate,
which allows you to significantly increase
the speed of response to the adjustment of
the gas-air mixture and optimize engine
performance. This is the best known
technical solution for the moment.

Fourth generation of LPG equipment
is the most common, it is the most
economical and reduces the power of
the car the least (up to 10%), although it
requires the gearbox to be well warmed
and the gas to be warm. It is installed on
any injector vehicles, as well as vehicles
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with new on-board diagnostic systems
(EOBD, OBD II).

An important feature and advantage
of LPG equipment-4: the function of
automatic transition from gas to gasoline
and vice versa (if the gas cylinder has
become empty). This type of gas injection
removes the problem of sudden loud
noises and requires less attention to the
air filter and spark plugs of the working
mixture, gas consumption is as close as
possible to gasoline consumption.

The basis of safety is availability of a
multi-valve on the gas cylinder.

The expert should pay attention to
the electronic control unit of the gas
cylinder equipment. They differ in a set
of adjustable parameters and can have an
automatic adjustment or auto-calibration
function that allows to set the optimal
operating modes. Modern electronic
complexes (for example, King, Lovato,
OMVL, Zavoli, etc.) have maximum
automation during adjustment of
equipment and practically do not require
the professional participation.

The Fourth generation systems meet
the of Euro 2 requirements .

Fifth generation of LPG equipment

In all precursors, the gas was
supplied to the combustion chamber in
the gaseous state, in the 5th generation
of LPG equipment in liquid state, in
addition, the fuel pump in the cylinder
pressurizes the system. Advantages of this
generation of LPG equipment: the lack of
a gearbox, there is no need to preheat the
car with gasoline, nothing more interferes
with the cooling system, gas costs have
significantly decreased, the number of
pipelines in fuel lines has been reduced to
a minimum, the capacity of riding on gas
has significantly increased. However, it
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has become impossible to refuel methane,
because this gas comes in liquid form (a
temperature below 160 °C is necessary for
methane to liquefy).

The fifth generation of LPG equipment
is compatible with EOBD, OBD II and OBD
IIT on-board diagnostic systems, it uses the
computing power of the vehicle and can
be used in any engine with fuel injection.
A gas pump is installed in the HBO
cylinder together with the multi-valve
that starts operating after opening the
vehicle door (this creates a gas pressure
of approximately 15—16 atm in the mains
during the engine start). Instead, there is
no gas reducer and no additional gas filter.
The gas enters each cylinder separately
through electrospray nozzles located in
the intake manifold as close as possible
to the cylinders. An important difference
is the ingress of gas into the cylinders in
the liquid state, which reduces the loss of
engine power and gas consumption and
allows the engine to run on gas under
subzero ambient temperatures.

It should be noted that these systems
are very complex and sensitive to the
quality (purity) of gas. The cost of
LPG equipment-5 is about 30% more
expensive than LPG equipment-4.
The fifth generation systems meet the
requirements of Euro 3 and Euro 4.

Sixth generation of LPG equipment

This is a generation of gas cylinder
equipment designed for direct fuel-
stressing engines that is not yet
widespread. Inthe 6th generation systems,
there is no distinction between gas and
gasoline injectors, the gas supply is cut
into the regular gasoline supply system
(the difference is only in two different
tanks: gasoline and gas). The equipment
has been eased to the maximum.
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The gas supply system is similar
to the previous generation, the main
difference of the direct injection from
the distributed is the placement of the
nozzles (in the first case, directly in the
head of the engine block, in the second,
on the ramp in front of the intake
manifold).

LPG equipment-6 is installed on
gasoline engines such as TSI, FSI, TFSI,
because this system does not require
additional cutting of gas nozzles to the
intake manifold of the engine (gas enters
through gasoline nozzles). In the trunk
there is a gas cylinder with a built-in
pump that maintains a pressure of about
16 atm in the main (pipeline). There are
two main lines — the main line and the
return line, with which the residual gas
is returned to the cylinder. A controller
controlled by electronics is cut into the
gasoline fuel supply system, it cuts off
the gas/gasoline supply. Therefore, this
allows LPG equipment-6 to minimally
interfere with the original vehicle
electronics and fuel injection system.

The sixth generation systems meet the
of Euro 2 requirements.

Seventh generation of LPG equipment

For a long time, LPG equipment
of the 4th generation with gasoline
spraying was installed on engines with
direct fuel injection. This was due to
the fact that gasoline nozzles are close
to the combustion chamber and require
cooling, which is provided by the
gasoline mixture. If the nozzles are not
cooled, they will quickly fail, requiring
expensive repairs. Vialle professionals
have developed a new system for direct-
injection vehicles which is that fuel is
supplied by a standard gasoline injector,
but there is no gas at all.

The basis of the 7th generation Direct
Blue LPG equipment system is the FSU
fuel mixing module, which providing
smooth switch between gasoline and
liquefied gas. The size of such a module
is about the size of a medium battery, its
purpose is to create a pressure similar to
gasoline and deliver fuel to the injectors.

While systeminstallation, the foreman
does not interfere with the engine control
system ensuring reliable operation in
any mode and maintaining the strength
at the same level as on gasoline. The
7th generation LPG equipment makes
possible to operate the car only on gas
without using gasoline at all, even the
engine can be started on gas at any time
of the year.

The LPG equipment kit is selected
for a specific vehicle model, the software
is rigidly linked to the engine code.
This generation of HBO unit is quite
advantageous because it retains the power
of the vehicle, has a simple system design
(because there is no reducer-evaporator
and gas nozzles), and it is quickly mounted
(because there is no reducer, this does
not require intervention in the cooling
system).

Having analyzed the automobile
market of Ukraine, it can be concluded
that a large majority of modern vehicles
with LPG equipment are represented by
fourth-generation equipment. Therefore,
while technical inspection of the test
wheeled vehicle, the expert commodity
expert, in addition to the vehicle itself,
must make a photo fixation and recording
in the inspection report of the type of
LPG equipment, date of its installation
(indicated in the certificate of registration
of the vehicle in the section of special
marks), operability and main components
of the kit.
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As an example, we will give the
components of the most massive Stag 200
GoFast kit:

« gas cylinder with a multi-valve

(type, content, with or without
a quantity indicator, method of
placement and fastening);

« filling valve (placement);

« gas main (pipeline type);

«  Stag-4 GoFast electronic control

unit;

« gas reducer (its brand and
fasteners);

« nozzles with vents (number, type
and location);

« gas vapor phase filter (metal
housing);

+  choke in the manifold;

«  switch of fuel type with indication

of gas cylinder filling level.

After checking the completeness
and integrity of the LPG equipment, if
possible, start the engine of vehicle and
check its operation on gasoline and gas.

To date, the most commonly
encountered LPG equipment brands are
STAG Autogas, PRINS VSI, BRC, Vialle LPI,
ZENIT, KME, TOMASETTO.

While drawing up the forensic expert
conclusion, it is necessary to adjust the
cost of the vehicle in accordance with
the information given in the “Bulletin
of the commodity expert” taking into
account the period of its operation. When
calculating the cost of repairing the
damaged vehicle, forensic expert should
take into account the volume and cost of
dismantling/installation and adjustment
of the LPG equipment and the cost of its
individual damaged components.

Conclusions

The article analyzes modern types of LPG
equipment and presents the features of
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the expert’s actions during the study of
vehicles with such equipment.

These data will help experts to
understand the types of LPG equipment
of modern wheeled vehicles and to
understand the peculiarities of the
sequence of work during the expert
inspection of such vehicles.

Oco006JMBOCTI ZOCTiAXeHH
€KCIIepPTOM KOJIiCHUX
TPAHCIOPTHUX 3aCO0iB
i3 ra300aJI0HHUM 00/IaJHAHHAM
Cepeiii Haymenko, Boaodumup BpancHux,
Ion Candy

Pozenamnymo numanHs 2a306a10HHO20
001a0HaHHs, siKe 8CMAH08AI0I0Mb MA eKc-
NAYAMyoms HA CY4ACHUX MPAHCTLOPMHUX
3acobax, a maxodx 1020 pizHosudis, ocobau-
gocmetl 6y008u ma KomMniekmayii.

Memoio cmammi € 03HAllOMAECHHA
3 pisHosudamu 2a306a10HH020 0061a0HAH-
HA CYHACHUX A8MOMOOINI8 | 6U3HAYUEHH
ocobaugocmeil docaidxnceHHsa nid 4ac ekc-
nepmHo20 02410y Maxux MpaHcnoOpmHUX
3acobis.

Hagederno nopsadok 0iil excnepma nid
uac mpoeedeHHs MexHiuHO20 02410y do-
CAL0HYBAHO20 KOAICHO20 MPAHCTIOPMHO-
20 3aco6y. 3ayeaxceHo npo HeobOXiOHICMb
ypaxogyeamu HAABHOCMI 2a3004/10HHO20
061a0HanHs nid 4ac 6U3HAYeHHs PUHKOBOL
8apmocmi MpaHcnopmuozo 3acoby, eio-
HO8/110841bHO20 PEMOHNLY MA MAMeEPidnb-
HO020 30UMKY, 3a80aH020 BAACHUKOBL ABMO-
MO0iASL.

PosensHymo nepesazu 1 HedoAiKLU,
13 AKUMU CTMUKAWOMbCSL BAACHUKL A8MO-
MO00ini8 31 8CMAHO0BAEHUM 2A300AN0HHUM
obnadnauuam. JokaadHO  po3eAAHYMO
kaacugikayiro 2a300an0HH020 004a0HAH-
HA, 3a3Ha4eHo po3bixcHocmi nid wac ycma-
HO8/eHHS 2a300aN0HH020 00AA0HAHHA HA
KapbopamopHi il iHHeKMOpHL 08UYHLL.
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Katouosi cnoea: cydosuili exkcnepm;
easobanonne obaadnanna; cknadosi 2aso-
6a10HH020 0061A0HAHHSA; 2a30N08IMPAHA
CYMIWL; eKOAOZIYHI BUMO2U; eKCepmHULL
02120 KOAICHO20 MPAHCNOPMHO20 3ac00Y.

OCO0EeHHOCTH HCC/Ie0BAHUS
3KCIEePTOM KOJIECHBIX
TPAHCIIOPTHBIX CPEJCTB
€ ra300a/ILIOHHBIM 000PyZOBaHUEM

Cepezeil Haymenko, Baadumup BpaxcHux,
Hon Candy

Paccmompenul 8onpocst 2a306a110HHO-
20 obopydosarus, Komopoe YCmMAaHasAUBA-
10m U IKCMAYAMUPYIOM HA COBPEMEHHBLX
MPAHCNOPMHBLX Cpedcmeax, a makice ezo
pasnogudrocmeil, ocobenHocmell cmpo-
eHUA U KOMNAEKMAYUL.

Lleavto cmamou s6819eMCsl 03HAKOM1e-
HUe ¢ pasHOBUOHOCTAMU 2a300a1N0HHO020
0bopydosanus Co8peMeHHbLX A8MoMobU-
netl u onpedenenue ocobenHocmell uccaedo-
8aHUsL NPU IKCNEPMHOM OCMOMpe MaKux
MPAHCTLOPMHBLX Cpedcma.

IIpugedén nopsadok deticmeuil Ikcnep-
ma npu nposedeHul MexHU1ecKoz0 oc-
mompa uccnedyemozo KOoAECH020 Mparc-
nopmmoeo cpedcmaa.

Obpawerno eHumanue Ha Heobxodu-
MOCMb y4umouleame HAAudue ea3oban-
/OHH020 060pydosanuUs Npu onpedeseHUL
PLLHOUHOTL CMOUMOCTU MPAHCTLOPTHOZ0
cpedcmea, 80CCMAHOBUMENbHO20 PeMOH-
ma u mamepuanvHozo yuepba, npuyu-
HEHHO020 821a0eNblY A8MOMOOUNSL.

Paccmompensl npeumyuecmea u He-
docmamxku, ¢ KOmOpbvLMU CMAAKUBAIOMCA
cobcmeenHuKku asmomobueil ¢ ycmanos-
NeHHbIM 2a306aNN0HHBIM 060pY008AHUL-
em. IIodpobHo paccmompena kaaccugu-

Kauus 2a3obannonnozo 060pydosamus,
omMmeteHbl pa3AuULUL NpU YCManoske 2a-
300a110HH020 0060pydosanus Ha Kapbio-
pamopHble U UHXMCeKMOPHble d8uzament.
Knawuegvle cnoga: cydebHulil Ikcnepm;
eazobannonnoe obopydosanue; cocmas-
Hble 2a300a410HHO20 060pydosanus; 2a-
308030yWHASL CMeCb; IKOA0ZUHECKUe Mmpe-
608aHUsL; IKCNEPMHDBLL 0CMOMP KOAECHO20
MpancnopmHozo cpedcmad.
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