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It is known that in the operation of automotive engines, accelerated ageing of oil
of normal quality is often observed [1]. In general, engine oil can change its properties
as a result of 4 main operational reasons [2], including: faults in engine systems [3];
the use of abnormal modes and conditions in vehicle operation that could affect the
properties of the oil [4]; adding various additives to the oil [5]; use the oil does not
meet the specifications of automotive manufacturer [6]. Such a change in oil properties
often leads to engine failure (Fig. 1).

Fig. 1. Typical examples of changes in the properties of motor oil [3: sediment formation
due to low-quality fuel (left) and blocking of the entire piston sealing zone due to the use of
oil that is not suitable for the engine (right)

It is known that the cause-and-effect relationships of failures caused by the
influence of any factor on the technical condition of the engine can be structured and
presented in the form of a separate logical graph [7]. In this case, it becomes possible
to practically use the available data in practice when determining the causes of internal
combustion engine failures. To do this, you can perform a preliminary clustering [§8]
of features (Fig. 2) into main, confirming (main) and clarifying (place, time,
circumstances of impact). Further, if you reverse the resulting graph, you can obtain a
structure suitable for the task of determining the cause of failure [9].
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Fig. 2. Forward logic tree (left) for calculating the probability of failure and reverse logic
tree (right) proposed to find the cause of failure [7]. The direction of analysis from bottom
to top is the same for both schemes.

It is clear that for practical use, for example, in tasks of automotive technical
expertise, it is necessary to expand and detail that part of the general graph of this
type of damage that describes the impact of the changed fuel. To this end, it is first
advisable to identify all types of effects on engine oil, in order to then identify amongst
them those associated with fuel [10]. Then the cause-and-effect relationships of the
influence of various factors on engine oil can be represented in the form of the logical
graph (Fig. 3).

This graph, as well as the logical chain of clarifying signs (Fig. 3), gives only
a general picture of logical connections, since it takes into account the main events,
but does not indicate their signs [11]. In addition, only some of the events shown
in Fig. 3 are associated with fuel exposure. Therefore, it is necessary to consider in
more detail the causes and symptoms of the logical chain from the changed properties
of the fuel through its effect on oil and to engine failure.
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Fig. 3. Description of the failure event when abnormal changing the motor oil properties
using a logical graph [2]: the symptoms of oiling failure when oil exposure to fuel, when
logical analysis is performed in the direction from bottom to top (left), and a simplified
logic graph for describing an engine failure event as a result of a general change in motor oil
properties in operation (right)
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Analysis of the fuel market and known cases of fuel impact on motor oil leads
to a number of possible reasons for the appearance of foreign substances in petrol,
which can affect the rapid ageing of oil [12]. This could be, amongst other things,
non-market regulation of pricing in the fuel market, weak control over participants
in the fuel market by the state regulator, the presence of chemical production
facilities, insufficient control of environmental services over the disposal of industrial
waste, etc.

In order for the effect of the fuel on the oil to manifest itself and become
noticeable, certain conditions or some secondary accompanying factors are necessary
that allow and/or enhance the effect of the fuel to the oil. In particular, these include
some design factors, which include the type of fuel, compression ratio, year of vehicle
production, octane number of petrol, initial oil viscosity and some others [9].

In addition to the design ones, it should be noted that there are some associated
operational factors that enhance the effect of the fuel on oil and the internal combustion
engine as a whole. This is an action that depends on the driver of the vehicle, including
the vehicle average speed and the mileage between services.
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Fig. 4. An example of a description of the causal relationship between the appearance of
fuel with altered properties and the engine failure using a logical graph
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In addition, there is another group of operational factors that conditionally
depend on the driver. This includes, for example, the number of oil refineries, fuel
storage bases and gas stations in the operating region. Typically, the more of them, the
less likely it is, in general, that modified fuel will enter the fuel tank of a particular
vehicle when it is refuelled. Then, taking into account the structural composition of the
causes, signs and operating factors obtained above, it is possible to obtain a fairly
simple logical graph for failure associated with the effect of fuel on oil (Fig. 4).

The algorithm for determining the failure cause means analyzing along the graph
in the direction from the engine failure event. In this case, the graph takes into account
the entire mechanism of the damage occurrence and development, starting from the
base events that initiate the failure and actually determine the failure causes. This
makes it possible to use the logical method in expert practice for a preliminary selection
the research direction and further clarification the failure causes. At the same time, the
graph includes and takes into account practically all known types of motor oil exposure
to fuel. With a sufficiently high rate of logical graph details, this helps to avoid gross
errors in determining the engine failure cause.
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