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Abstract: In the article, using the functional resonance analysis method, the process of traffic
safety control of vehicles that carry out cargo delivery and transportation of passengers, when
their technical condition changes during operation, is simulated. On the basis of statistical data,
the reasons of the change of the technical condition of the chassis of the vehicles and their
influence on its operational properties were analysed. Resilience Decision Support (Resilience
DS) software is used to solve this problem. Such a tool made it possible to simulate the socio-
technical system "Person-Car-Organization of maintenance and repair system" and to form the
formal models for constant evaluation of the effective functioning of the system of maintenance
of vehicles and conditions of increasing their operation. To develop a maintenance model using
a functional resonance analysis method, data was collected at a proprietary vehicle maintenance
station. The model consists of a set of functions that determine the actions executed during
maintenance of vehicles. The use of function-oriented technologies in a vehicle maintenance
system allows simulation and maximizing overall operational parameters of vehicle due to local
increase in technical capabilities and properties of individual elements, surfaces and/or zones of
a part, depending on the functional features of operation.

Keywords: vehicle maintenance, technical condition, functional resonance analysis method,
function-oriented technology

1. Introduction

Successfulmanagement ofthe transport process can be implemented by identifying
the influence of factors on the effectiveness of its implementation and determining the
patterns of occurrence of causes that can negatively affect it. The issues of monitoring
the safety of the movement of vehicles during the implementation of the processes
of cargo delivery and passenger transportation are relevant and require their solution
using modern scientific methods. The functional resonance analysis method (FRAM)
is used to study complex sociotechnical systems. It was created and described by
Eric Hollnagel, who noted that complex technical systems contain a large number
of subsystems and components, the variability of which is usually absorbed by the
system with minimal impact on the overall system. The main sources of this variability
are people, technology and organization, which ensures the serviceable state of the
technique.

Professor Eric Hollnagel stated that, since these elements are not linearly connected
to each other, they can lead to the accidents. When the variations of the components
become too large for the system to absorb, then the result becomes unfavourable
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or random. This concerns the functional resonance
effect arising from a situation where the system is
not able to function in normal operation due to
changes in its daily productivity.

A model of the FRAM describes the ability of the
functions of the system components of a vehicle
to resonate and create hazards during its operation
that can get out of control and cause accidents or
accidents due to the low level of functioning of the
vehicle maintenance and repair system.

The FRAM [1] supports a system analysis process
aimed at identifying interdependencies and system
behaviours that are potentially important for a
tool which focuses on the interdependence of
the process and its dynamics. This is a method of
modeling complex organizational and technical
systems obtained by the theory of sustainable health
[2], which relates to how to achieve success of the
technical system by adapting it to difficult conditions
[3]. Recent documents have shown the use of
FRAM to understand the legal implementation of
guidelines of management the efforts to achieving
security [4]. The method of functional resonance
analysis involves the identification of functions
(technological, human or organizational activities)
in the in the day-to-day operation of a technical
system [5-7].

The purpose of the paper is to simulate, on
the basis of the FRAM, the process of control over
the safety of the vehicle movement in a result of
changes of its technical condition, which affects
the deterioration of its steerability, stability and
smoother running characteristics during operation.

Cross-functional process can be considered
in the implementation with involving of multiple
systems at the same time at the upper level. In
terms of system integrators methodology [8-9], it is
these processes finally realize the Product Lifecycle
Management (PLM) systems. It is a good idea to use
such a process hidden greatest potential to improve
the quality of engineering products. Any complex
hierarchical organization, reaching a certain size,
has a problem that the local criteria of individual
subsystems begin to dominate to ensure extreme
values of the global objective function [10].

2. General vehicular principles of the functional
resonance analysis method

The activity of the FRAM s to record the influence
of the technical condition of the chassis of the
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vehicle on the change in its operational properties
and traffic safety from a system point of view.

Using the FRAM takes a systematic perspective,
which means that the analysis cannot be limited
to a certain part of the socio-technical system,
but it should consider a broader picture when the
organization of the control process is considered
as a whole, and not as maintenance and assembly
of components of the vehicle’s chassis [11-13]. The
method analyses the organization of the traffic
safety control process as a socio-technical system,
where the technology is embedded in the social
context and develops, tests, launches and maintains
a serviceable technical condition of the vehicle.

The method is based on four basic principles:

1. Equivalence principle: operability and inoperability are equivalent
to the fact that they both stem from shift work and the functioning of
the system as a whole. There are no special reasons that only work
for failures.

2. Approximate adjustment principle: variability, as a way to adapt
a person to the management of the maintenance and repair system
and to the operating conditions of the vehicle. Peaple (specialists)
always know how to adjust what they do to fit the situation (traffic
safety). Such variability of efficiency is inevitable, ubiquitous, and
necessary.

3. Principle of surprise: the appearance of operability and disability
is not a direct result of variability within a particular task or function,
but rather is a combination of the variability of many functions. The
variability of the functioning of the system may combine unexpectedly,
which leads to disproportionate large results (non-linear effects). The
result arises if it cannot be attributed to the functions of the system or
explained by them.

4. Functional resonance principle: unexpected "enhanced" effects
of interactions between different sources of variability underlie the
phenomenon, which is described by functional resonance. Functional
resonance is a detection signal (it can be detected) that comes out
from an unintended combination of the variability of many signals.
Functional resonance is an alternative to linear causality.

Models of FRAM can be used to study potential
sources of variability by simulating and identifying
context-sensitive aspects of the functioning of the
system as a whole, such as human, technological,
and organizational. This approach supports the
assessment of the potential of the system for solving
variability, taking into account the expected and
unexpected variability, and follows from the work of
the technical system (vehicle as a whole).

The basic unit of analysis is the functional
hexagon (Figure 1). Using sixaspects of each function
(time, control, output, resources, preconditions and
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Figure 1: FRAM Function.

input), system interactions aimed at identifying
potential sources of resonance are studied.

Thus, the output of the function can be an
input, a prerequisite, or even a forced control aspect
of one or another function of the system (Table
1). This process can lead to the identification of
possible sources of attenuation for undesirable
variability. For example, if the resources for a certain
function are evaluated as “more than necessary’,
this may indicate the existence of a “spare system,
which can act as a damper barrier to ensure the
safety of the vehicle. Research process of possible
connections between functions in order to identify
both potential undesirable sources of variability and
barriers is called an instance of FRAM (i.e, direct
proximity).

3. Simulation of a vehicle maintenance system

To achieve this goal, the technical support
of Resilience DS software is used [14]. Such a tool
allows you to simulate the socio-technical system
"Person-Car-Organization of maintenance and

Table 1: Characteristics of FRAM functional units-

repair system"and form formal models to constantly
evaluate the effectiveness of the functioning of
the system of technical maintenance and repair of
vehicles and improve their operating conditions.

Data collection for simulate by FRAM was carried
out in three different stages. At the first stage, in
the spring of 2019, a two-day visit to the technical
service station in the city Dnipro was organized,
where technical maintenance of branded vehicles,
in particular passenger cars, is carried out. During
the visit, there was made the familiarization of
the process of organization the maintenance of
vehicles in specific conditions. The second stage
of data collection was to conduct a seminar, which
was attended by researchers, a contact person and
employees involved in the process of preparation
and execution vehicles maintenance. The purpose
of the seminar was to discuss, revise and update the
previous FRAM model, developed on the basis of
information collected during a visit to the branded
technical service station and official documentation.
The seminar helped researchers identify some of
the functions of the system and determine their
aspects (input, output, control, preconditions, time
and resources to ensure the serviceable technical
condition of vehicles).

The collected data was used to develop by FRAM
of a vehicles maintenance model, consisting of a set
of functions that describe the actions taken to their
service and to ensure their serviceable technical
condition.

In our study, to ensure the safe movement of a
vehicle during its operation, it is necessary, without
fail, to conduct periodic technical impact on its
chassis, which consists in: diagnostics; checking the
condition of shock absorbers, springs, support cups,
brake blocks, discs, hoses, backlash in ball bearings

Parameter Symbol Description

Input / Input information (or input data) that characterizes a function in the system's functioning.
These are links to previous functions. Input data runs the execution or action of a function.

Output 0 The result of the function (output). Provides links to further functions. Represents the result
of changing the technical condition of the system elements (vehicle).

Time T The time, which is required for processing (preparation, diagnosis, maintenance of system
elements) by functional subsection or subsystem.

Control C Limitations, methods and procedures of control. They determine how the function tran-
smits technical data and/or is monitored.

Preconditions P System conditions which determine the conditions of functioning and which must be
provided before function execution.

Resources R Resources that are needed or used during the processing of a function or operation of
system elements (vehicle).
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Table 2: Characteristics of FRAM functional units for vehicles maintenance.
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Figure 2: Structural and investigative model of the running gear of a car.
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Figure 3: Function of a car for the FRAM.



and steering tips, silent blocks; adjustment and
replacement of wheel bearings; checking the wheel
alignment; checking the condition of the car tire
and monitoring its resource (Fig. 2). All this affects
the operational properties of vehicles during their
activity: stability, controllability, fuel efficiency. So,
when the resource of a car tire approaches its limit
state, the probability of a traffic accident increases
[15]. In fig. 3 shows function of vehicle for FRAM.
In fig. 4 (Table 2) shows a diagram of the chassis
and the impact of its technical condition on the
operational properties of a vehicle.

4, Functionally-oriented technology in a vehicle
maintenance system

Functionally-oriented technology for
conducting technical influences of vehicle is a
special technology. This technology is based on an
accurate topologically oriented implementation of
the necessary set of algorithms for the technological
influence of equipment and devices for vehicle
maintenance. These actions are necessary for
micro-, macro-zones and parts that are functionally
consistent with their operating conditions. At the
same time, their type, variant, quantity, quality
and the algorithm of technological influence are
purposefully determined, as well as topologically,
functionally and quantitatively oriented during their
realization into separate zones of part depending on
the specified functional features of their operation.
The wuse of function-oriented technologies for

automobile components allows maximizing their
overall operational parameters due to local increase
in technical capabilities and properties of individual
elements, surfacesand/orzones of a part,depending
on the functional features of their operation [16].

Thus, it is necessary to form a new system
of vehicles maintenance [17-19], which defines
modern principles and methods (Fig. 5). Its
functioning to a greater extent will be able to ensure
traffic safety when executing various transport-
technological schemes for the delivery of cargo and
transportation of passenger. This simulation system
of a qualitatively new technology for technical
maintenance of vehicles is implemented in the shell
of a system of a qualitatively new technology for
designing vehicles of a new generation.

The system of principles and methods for
providing the qualitatively new properties of the
maintenance technologies of new generation
vehicles can be formed within the limits of a
recurrence approach (repeatability) based on the
following types of principles:

a)  Well-known principles that can be represented by a set
Ry = {RSI’RSZ’RS?)""’RSi""Rs‘p?i
b)  New principles R, = {RS,,I,R,,z,R,,3,...,R,,i,..Rn/};
¢} Qualitatively new principles Ry, = {Rhl,ha,Rm,‘..,Rhi,..Rhg };
d)  Fundamental new principles Ry, = {Ryy1, Ry2s Ryzs- - Rois- Rt |
e)  Principles at the level of new solutions
Ry ={R1, R0, R 35  Ryis. Ry | and
) ..
Principles  at level  of

the discovery

Figure 4: Functional Resonance Analysis Method simulation of the traffic safety control of the vehicle due to changes in its

technical condition during operation.
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The system of principles and methods for
providing qualitatively new properties and
capabilities of the maintenance technology of new
generation vehicles can also be formed within
the limits of the generation of a set of variants of
compositions of such principles on the basis of the
morphological box:

R Ry Ry .. Ry . RSp
Ry Ry Ry ... Ry .. Ryj
Ry Rpy R Ry .. Ring
R=|Ry1 Ryp Ryz ... Ry, Ryna (1)
Rq Ry Ry3 ... Ry ... Ry,
R Ry Ry - Ry RW}’

Where R is the general system of principles and
methods for providing qualitatively new properties
and capabilities of the new generation maintenance
technology; R, s the i-th principle of the j-th type of
principles for providing qualitatively new properties
and capabilities of the new generation maintenance
technology.

It should be noted that any principle of creating

Technologis,
qualificatipn

Many wefl-known
principles and

Compositions of modern
vehicle maintenance processes
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new generation technologies R, can be formed
from the intersection of a certain subset of known
p, principles: It should be noted that any principle
of creating new generation technologies R, can be
formed from the intersection of a certain subset of
known p, principles:

Ryj =N pi (2)

Where R isa field that forms the new principles of
technology; R is many well-known principles of

simulation of technology; p, is power of subset of
known principles.

5. Conclusions

Using the method of functional resonance
analysis to simulate the influence of the technical
condition of the chassis of a vehicle onits operational
properties showed that one of the important
elements for the effective implementation of the
transport-technological transportation process is a
serviceable technical condition of vehicles, which
carries out delivery of cargo and transportation of
passenger. High-quality maintenance of vehicles,
taking into account modern approaches to new
generation technologies, ensures the safety of the
transportation process. Simulation the influence

.
New organization of !
vehicle maintenance

Newynachining
ills

Many new
princip\es and
methoys for

methods fpr ensuring
the proplerties of a

capabjlities of
maintenance
technplogy

ensuring the
, properties of a 1
- :

! vehicle dnd the |

i
1 |capabilities of |
1 | maintehance
'
1

A
i
|
|
|
'
|
vehicl¢ and the :‘
|
|
|
|
|
|
|

i
technplogy |
'

The shell of the
simulation system of a
qualitatively new
technology for vehicle
maintenance

T

1. The system of principles
and methods for ensuring
operational properties and
traffic safety of a vehicle

2. The simulation system of a
qualitatively new technology
for vehicle maintenance

The shell of the system of
puticiples and methods for
providing qualitatively new

properties and capabilities of
vehicle maintenance
technology

Figure 5: Hypothetical diagram of a general methodology for simulation a qualitatively new technology for maintenance and
repair of vehicles (next-generation technology and new system "Person-Car-Organization of maintenance and repair system").



of the technical condition of the chassis on the
service properties of a vehicles using method of
functional resonance analysis clearly revealed that
its maintenance is a complex type of human activity
and requires new approaches to new generation
technologies (new generation vehicles are hybrids,
electric,autonomous). The FRAM model gave anidea
of how successful and high-quality maintenance of
vehicles depends on the complex interaction of
several of its components working in the technical
system. The interconnections are so complex that
they are almost impossible to apprehend. Thus,
the important socio-technical mechanisms of the
"Person-Car-Organization of a maintenance and
repair system" system regulate the communication
between the functions of this system. They can be:
a) The informal control mechanisms;

b) The human control mechanisms;

¢) A new generation vehicle maintenance technologies or specific tools such as
monitoring the technical condition of the main units of vehicles;

d) The technological process of vehicle maintenance and diagnostics (both general
and element-wise) and

e) The instructions and requlations for the repair team workers and similar
documents.

Simulation the influence of the technical
condition of the chassis of a vehicle on its
operational properties by the method of functional
resonance analysis showed thatitis necessary to pay
special attention to modern element-by-element
diagnostics, since this significantly affects traffic
safety. The fulfilment of these functions is based
more on modern knowledge about the design of
new generation vehicles and their maintenance
technology.

The method of analysis of functional resonance
complements the approach to solving the issues of
efficiency of transportation process from the point
of view of ensuring traffic safety of vehicles during
it execution, improving the operational properties
of vehicles. It is an innovative method that finds its
application in medicine, nuclear energy, and the
transport sector. This method is used to analyse
the daily activities of transport enterprises in order
to create models for specific tasks. The model of
the FRAM can be used for specific types of analysis
in order to verify the feasibility of the proposed
solutions or changes to increase the efficiency of
transport enterprises activity, to identify the causes
of possible errors or threats, to understand the
stages of the implementation and functioning of
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transport-technological processes of cargo delivery
and transportation of passengers. It can be used as
a basis for analysing the risks of traffic accidents and
investigating them, or forecasting possible future
events.

The use of function-oriented technologies in
a vehicle maintenance system allows simulation
and maximizing overall operational parameters of
vehicle due to local increase in technical capabilities
and properties of individual elements, surfaces and/
or zones of a part, depending on the functional
features of operation.
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