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Main task of this paper is to present idea of selfmaintaining and make corresponding concept of selfmaintaining ve-
hicles. Through setting parameters of selfmaintaining and providing algorithm of selfmaintenance in vehicles author
made attempt to set basic principles in this area of research. Paper presents researched suitability of different drive-
trains of vehicles for selfmaintaining. Also, convenient artificial intelligence model for selfmaintaining was reviewed
and discussed. Paper discuss near future and future development of maintenance of the vehicles according to pres-
ence of mechanical and electrical components. Conclusions made in this papers describes possible ways of future

development of maintenance.
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INTRODUCTION

Maintenance of the vehicles is set of usually complex
actions in order to keep obtain vehicle’s reliability within
defined range. These actions consist of design, project-
ed maintenance and set of maintenance actions during
life cycle of the vehicle. [1], [2]

Nowadays It is performed by educated and highly trained
personnel. Complexity of the vehicle defines complexity
of maintenance.

As maintenance of the vehicle must be conducted in the
way that suits purpose, resources and efficiency of the
vehicle which is maintained, it has to be managed. [3]

Maintenance of the vehicle is managed by owner, by
user, by producer, by system etc. and consists of use
of sublimated wide empiria of design, production and
desired performance of the maintained vehicle. Also it
requires maintenance empiria of system itself, skills and
knowledge in micro and macro technology of mainte-
nance methodologies and techniques.

All of this was performed or managed by men, up to now!
DEFINITION OF SELFMAINTAINING VEHICLES

Maintenance has quite a lot of definition but one can de-
scribe maintenance of the vehicle as necessary action/
actions which has to be performed on vehicle in order
obtain vehicle’s reliability in desired margins of working
state. [4]

Selfmaintaining vehicle should do maintenance by itself
or with some assistance of manually or automated op-
erated process. Actions has to be performed by the ve-
hicle.

In that matter of approach [5], [6], we can divide several
types of selfmaintaining:

1. selfmaintaining vehicle,
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2. selfmaintaining ready vehicle,
3. semi selfmaintaining vehicle,
4. assisted selfmaintenance of the vehicle.

Selfmaintaining vehicle should operate all mainte-
nance by itself. This could be achieved with proper main-
tenance procedures, Artificial intelligence and preventive
maintenance which uses for example aggregate replace-
ment. Modular construction of the vehicle should provide
constructive and maintenance stations operational abil-
ity.

Selfmaintenance ready vehicles when maintenance
procedures are made by third party equipment in main-
tenance stations making one equipment used for many
vehicles.

Semi-selfmaintaining vehicle operate some mainte-
nance procedures by itself and other by maintenance
personnel. Sub division of this type can be done by com-
plexity of actions and level of making maintenance deci-
sion. [7], [8]

1. vehicle maintenance decision,

2. operator maintenance decision,

3. combined.

Assisted selfmaintenance of the vehicle is mainte-
nance assisted by men by doing actions or making de-
cisions when or what to perform “on vehicle” or “off ve-
hicle” either presence of the vehicle in the maintenance
station is necessary or not via relay connection.

Also, we can divide selfmaintenance by the level of
performing actions on:

1. macro level selfmaintenance,

2. micro level selfmaintenance,

3. combined selfmaintenance (macro + micro level +
projected maintenance).
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Macro level selfmaintenance consists of macro level
actions like aggregate or part replacement or repair.

Micro level selfmaintenance consists of actions on mi-
cro level like usage of self healing materials, nano ma-
terials, nano robots and design and construction actions
(maintenance free or renewable parts)

Projected maintenance consists of actions and solu-
tions used in vehicle design process in order to achive
better maintenance qualities.

Since maintenance has to be managed it has to be man-
aged by vehicle’s selfmanagement. Vehicles self man-
agement should engage artificial intelligence as decision
maker. Hence, the Atrtificial Intelligence is necessity.

ARTIFICIAL INTELLIGENCE

Artificial intelligence (Al) is an area of computer science
that emphasizes the creation of intelligent machines that
work and react like humans. [9] Some of the activities
computers with artificial intelligence are designed for in-
clude:

* speech recognition,
* learning,

* planning,

e problem solving.

The following Al techniques can be used in machinery
solving problem:

1. neural network (NN),
2. fuzzy logic (FL),
3. genetic algorithm (GA).

Neural network, or ANN, covers in the production sur-
prisingly large and various areas: design of production
systems and processes to the management of produc-
tion systems and processes. ANN have been recognized
as an indispensable tool whose implementation can be
achieved by: improving product quality, increase produc-
tivity, reducing system response time, increase reliability
and so on.

ANN are simplified mathematical models of human brain
function, artificial neural network is attempted imitation of
biological neural networks. With a view of the structure,
neural networks are divided into static (or feedforward)
and dynamic (or feedback), depending on the model of
neurons from which they were built, and by way of signal
propagation through the network.

Fuzzy logic and fuzzy inference system (FIS) is an ef-
fective technique for the identification and control of
complex non-linear systems. For prediction, fuzzy logic
is used. The theory of fuzzy logics, initiated by Zadeh has
proved to be useful for dealing with uncertain and vague
information. Fuzzy logic is particularly attractive due to
its ability to solve problems in the absence of accurate
mathematical models. This theory has proved to be an
effective means for dealing with objectives that are lin-
guistically specified. Linguistic terms, such as ‘low,” ‘me-
dium’ and ‘high’ may be defined by fuzzy sets. The pro-
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cess of fuzzy inference involves membership functions,
fuzzy logic operators, and if then rules. The basic struc-
ture of a FIS consists of three conceptual components:
a rule base, which contains a selection of fuzzy rules; a
database which defines the membership functions (MF)
used in the fuzzy rules; and a reasoning mechanism,
which performs the inference procedure upon the rules
to derive an output.

Adaptive Neuro-Fuzzy Inference System (ANFIS) is
using a given input/output data set, the toolbox function
anfis constructs a fuzzy inference system (FIS) whose
membership function parameters are tuned (adjusted)
using either a back propagation algorithm alone or in
combination with a least squares type of method. This
adjustment allows your fuzzy systems to learn from the
data they are modeling. A network-type structure similar
to that of a neural network. The entire system architec-
ture consists of five layer, namely, the fuzzy layer and
total output layer. Five network layers are used by ANFIS
to perform the following fuzzy inference steps: (i) input
Fuzzification, (ii) fuzzy set database construction, (iii)
fuzzy rule base construction, (iv) decision making, and
(v) output defuzzification. ANFIS is more powerful than
the simple fuzzy logic algorithm and neural networks.
Genetic algorithms (GA) mimics the process of natural
evolution by incorporating the “survival of the fittest” phi-
losophy. In GA, a point in search space (binary or deci-
mal numbers) known as chromosome. A set of chromo-
somes is called population. A population is operated by
three fundamental operations:
1. reproduction (to replace the population with large
number of good strings having high fitness values)
2. crossover (for producing new chromosomes by com-
bining the various pairs of chromosomes in the pop-
ulation),

3. mutation (for slight random modification of chromo-
somes).

According to various authors, NN/ANN have become an
indispensable tool in the solving of tasks related to pro-
duction processes. Bettermore, the ANFIS with artificial
pre learned instructions and fuzzy logic that can from
the data they are modeling, can be the most interesting
model.

ALGORITHM OF SELFMAINTENANCE

Algorithm of selfmaintenance can be presented in six
major components.

inputs,

maintenance procedures,

maintenance actions,

vehicles actions,

schedule,

al Maintenance.

Inputs are defined by driver, environment and vehicle.

o0k N~
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Artificial Intelligence maintenance detects and qualify,
diagnose, predict and react (feedback). It relay on logical
deduction.

Maintenance actions are defined by maintenance
method and dependable of environment, exploitation
and purpose of the vehicle.

Maintenance procedures are defined by maintenance
model or method used.

Schedule is defined by complexity of the vehicle, work
conditions and can be time line, 2D or 3D matrix

Vehicle actions are made according to maintenance and
driving management

All components and their relationships can be illustrated
in simple algorithm presented in Figure 1.

Several models of Al maintenance can be made:
1. universal model,

2. maintenance method defined model,

3. flexible/Al dependant model.

MODERN VECHICLES DRIVE TYPES AND
EXPECTED DEVELOPMENT

In the time of this paper there are several drive types
commonly used to propel the vehicle [10], [11], [12]:

1. Internal Combustion Engine Vehicles (ICEV)
*  Petrol powered

 LPG powered

* Diesel powered

2. Hybrid Electric Vehicles (HEV)

3. Plug-in Hybrid Electric Vehicles (PHEV)
4. Battery Electric Vehicles (BEV)

» Battery cells

*  Super capacitors

*  Solar power

5. Fuel Cell Electric Vehicles (FCEV)
Near future

1. Hybrid Electric Vehicles (HEV)

2. Plug-in Hybrid Electric Vehicles (PHEV)
3. Battery Electric Vehicles (BEV)

- Battery cells

e Super capacitors

»  Solar power

4. Fuel Cell Electric Vehicles (FCEV)
Future

1. Battery Electric Vehicles (BEV)

»  Super capacitors

e Solar power

2. Fuel Cell Electric Vehicles (FCEV)
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SUITABILITY OF DIFFERENT DRIVETRAINS
OF VEHICLES FOR SELFMAINTAINING

Suitability of vehicle selfmaintability is reversely propor-
tional to the complexity of the vehicles design and reli-
ability of its components. [4] ,[10], [11], [12], [13], [14]

As the most complex component of the vehicle is its
drivetrain we can set different values for different types
of drivetrains and their needs for maintenance.

Need of maintenance is generated by the nature of com-
ponents used in the drive train (mechanical, electrical,
electronical, process...) and it is illustrated in the table
bellow.

Obviously EV’s with battery or super capacitors are vehi-
cles with less maintenance needed compared with oth-
er types of propulsion. That is from fact that there are
less mechanical and moving parts for example several
thousand compared to several hundreds of parts which
gives them better reliability and less maintenance action
needed.

In the matter of maintenance this type of vehicles will be
the choice of the future. Simplicity of design of BEVs is
something car makers of the future will take in serious
consideration because there will be less need for compli-
cated procedures and highly competent technicians and
engineers.

CONCLUSION

Selfmaintained vehicles as all selfmaintained machines
demands selfmanaged maintenance. In that matter Artifi-
cial intelligence is necessity. Of all Al methods most suit-
able method is Adaptive Neuro-Fuzzy Inference System
(ANFIS) according to the research experience.

Choosing suitable maintenance method or methods has
to be compatible with vehicle and its drivetrain. As the fu-
ture vehicles would be Self driving, Self Diagnostic, Self
Maintained, Modular, Standardized, Artificial intelligent,
and most of all in some sort electric powered special
care has to be put on choosing right maintenance meth-
od of electric machinery (MIL HBK, etc).

Simplicity of BEV design and its maintainability lies in
structure of vehicles with ratio of mechanical and elec-
trical components. BEV maintainability lies in more per-
centage of electrical maintenance and less mechanical
maintenance, because of Less moving parts-less fric-
tion, Less wear and tear maintenance and Modularity.

Another conclusion of this research shows that for future
maintenance of the vehicles new techniques and meth-
ods for electromechanical maintenance should be devel-
oped along with self — diagnostics.

New materials like nano materials and its derivative
should be developed and more used in future design and
construction.

New drivetrain technologies includes batteries, hybrid
components, fuel cells and its energy containers or
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Figure 1: Basic algorithm of selfmaintenance

Table 1: Table of intensity criteria of maintenance need

Need for maintenance
Drive type ; .
Mechanical | Electrical Process
Petrol powered bl *
Internal Combustion Engine FrEx A *
Vehicles(ICEV) (SI) LPG powered
Diesel powered bl *
Hybrid Electric Vehicles (HEV) b i
Plug-in Hybrid Electric Vehicles (PHEV) EREV il b *
Battery cells * e
Battery Electric Vehicles Super capacitors - .
(BEV) per cap
Solar powered etc * e
Fuel Cell Electric Vehicles (FCEV) o i e

Note: intensity criteria * very low; ** low: *** medium: ****high: ***** very high

transmitters all of it demands Safety as imperative of
maintenance of the vehicles.

Selfmaintained vehicles demands new maintenance
technologies, methods, design and construction. Main-
tenance as branch of engineering will affected and has to
transform from action level to project and research level
of activity.
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