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Abstract. This article deals with the biomimetic approach in the construction
design process of small and light electric vehicles (EVs) suitable for transporting
people and small cargo over short distances in small cities (small cities under 100
thousand people). The efficiency of electric vehicles depends on the design and
configuration, which directly affects the economic and ecological aspects of
green transport. The construction and configuration itself must be solved already
at the initial stage of the design construction process. Natural entities are an ex-
ample of not only perfect and permanent shapes, structures, forms, and processes,
but also an example of "ready in time" adaptive structures. Therefore, biomimetic
principles established on these examples are suitable for use in sustainability de-
sign. At present, the technological world development of EVs is at a high level
and meets safety requirements, and fulfills the demands of users. The small EVs
with a developing charging infrastructure is a real solution for reducing CO2
emissions in Slovakia. In this article, the biomimetic approach supports the con-
struction design process and is presented in the study examples of the construc-
tional design of EVs Edison and Modulo designed at the University of Zilina.
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1 Introduction

We use bionic principles so naturally that we do not realize that these are natural solu-
tions that we have consciously and unconsciously observed from nature. Nature has
undergone a long evolution - it has optimized shapes, structures, forms, and processes
into perfect ones - successful ones, to survive. The ability to adapt and be adaptable is
a matter of life and death for entities. Therefore, it should be a priority to design optimal
processes or forms with our technological capabilities. The strategies of preserving life
in nature do not end with an optimized form or process, it continues with an adaptive
structure of the form or process capable of responding to changes in the surrounding
environment. The ability of structures to adapt is essential in the case of biological sys-
tems, and it is the same in technology. Solutions with a sustainable character must also
be implemented in an alternative form of personal mobility in the city. It is a strategic
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goal. An intelligent car with an electric drive with an optimized modular construction
is also a solution for the safety, reliability, and smoothness of passenger transport. The
success of the transformation, which is also conditioned by the implementation of re-
search, significantly affects the development and transformation into practice. "Form"
has a significant influence on the development of powerful, affordable, and practical
accumulators used in electric vehicles, up to safe means of recharging and communi-
cation tools. Modern technologies have made it possible to better understand and inter-
pret natural patterns. We can maintain the improving trend of reducing ecological and
economic problems with a new biomimetic approach. By biomimetic approach, it
means keeping in mind the basic biomimetic and life-serving principles in all stages of
the structural design process [1-6].

In automotive design, the implementation of a biomimetic approach supports the
improvement of vehicle performance and fuel efficiency. For example, reducing the
drag coefficient (Mercedes Benz, Bionic Car) of the vehicle with a change in shape,
reducing weight by changing the structure of the vehicle parts, more is presented in [7-
11].

1.1 The Current State of Art about EVs

Developmental convergence in the following areas is necessary for the expansion of
small electric vehicles in individual urban transport:

o a light, small vehicle with an unconventional drive using a source from an alterna-
tive/renewable source,

e communication infrastructure,

e energy infrastructure,

e dynamic market.

The current period represents a new age in the history of EVs, with three factors
speaking in their favor:

Technological - current EVs are much more efficient (the indicator of energy density
per kilogram of battery weight determines the range, performance, but also the price of
the vehicle),

Ecological - governments and the public participate more actively in reducing harm-
ful emissions and environmental pollution;

Economic - developed countries are trying to support growth by developing a new
industrial sector and reducing the dependence of their economy on insufficient hydro-
carbon fuels.

In the plan of the single European transport area from 2001 [12] it is stated, to reduce
the use of "conventionally driven" cars in urban transport by half by 2030; to prevent
their use in cities by 2050; to achieve in the centers of large cities the introduction of
urban logistics in the sub-state without CO2 emissions by 2030. This is precisely why
transport in cities is suitable for the development of e-mobility. EVs exactly meet the
requirements placed on urban vehicles. Necessary energy infrastructure and support
services can be retrofitted in cities. To achieve this goal, it is important to make all
information about services and energy infrastructure available to ordinary users.



278 I. Gajdac et al.

1.2 General Requirements for a Small Urban EV.

There are three main groups of general requirements for an EV project: 1) customer
requirements, 2) production requirements and 3) market requirements. The selection of
requirements of potential customers was divided into four groups (see Fig. 1.).

Economics

]

Technical properties

Utility value

Fig. 1. Main groups of customer requirements to EV

Economics customer requirements. Requirements are the low price of a new EV,
low operating costs, low price and availability of substitute parts, and the lifetime of
crucial components, especially batteries.

Safety. Requirements are active and passive safety, operational but also electrical
safety.

Utility value. Requirements are high functionality, reliability, sustainability and rep-
arability, simple operation and friendly user interface, aesthetic appeal and color, com-
fort, corresponding interior space and its variability, the volume of the luggage com-
partment, number of passengers that can be transported, range of equipment, easy entry
and exit, exterior and interior materials used.

Technical characteristics. Requirements are good performance and maximum speed,
acceleration, rate of climb, good energy balance and the possibility of recuperation, the
possibility of fast charging, high range, total and useful weight, external dimensions
and maneuverability in the city and when parking, low various sounds, and vibrations,
resistance to adverse climatic conditions, simplicity drive structures, minimization of
components.

Image and lifestyle, brand identity, modern attitude to the values of life and nature.

The most important customers’ requirements are the availability of the charging op-
tion, driving distance, lower purchase price, charging speed, performance parameters
comparable to internal combustion engines, lower operating costs, and availability of
services.

The biggest concerns are short distance, long charging time, a sparse network of
charging stations, insufficiently developed technology for electric cars, small power of
the electric vehicle, and low battery life.

Customers are interested in similar performance parameters as the internal combus-
tion engine of their previous vehicle. Important requirements for range car are minimize



Interpretation of Biomimetic Principles in the Construction Design Process 279

weight, ensure the use of recovery, and balance the factors: battery weight-range-ca-
pacity.

Production requirements are given by: manufacturability, production costs, product
line, modularization and derived models, production volume, dealer network, market-
ing strategy, skilled workforce, available components, and systems.

Market requirements are given by developed infrastructure, demography and popu-
lation density, parking, taxes, insurance, ecology, culture, legislation, safety, climatic
conditions, and sales volume.

1.3  Priorities for the design of a urban BEVs
There are also three groups of priorities for the design of EVs:

1. Priority: city - ecology - electromobility - urban electric vehicle. More than 7.8 bil-
lion people live on Earth and more than half of them live in urban agglomerations
[13]. There are 44 megacities, urban areas of at least 10 million population [14].
Cities are locations that have a high level of accumulation and concentration of eco-
nomic activity and are complex spatial structures supported by a transport system.
Among the most serious traffic problems associated with urban mobility is the im-
pact on the environment and energy consumption. Pollution, including noise, seri-
ously reduces the quality of life and threatens the health of city dwellers. Urban
transportation energy consumption has dramatically increased dependence on oil.
High-energy prices encourage a shift towards more efficient and sustainable forms
of urban transport. One of the ways is electromobility. Electric car for individual
transport. However, the primary owners of EVs are highly educated and financially
well-off, and they are not representative of the majority [15]. Moreover, the weather
is an essential factor influencing the development of electromobility in the world.

2. Priority: drive concept - pure battery electric vehicle. Statistics show that the average
daily distance traveled by car is 20 km, while 70% of routes are shorter than 30 km.
The average speed in the city is 25 to 30 km/h. For daily short trips in the city and
the surrounding area for work and rest with a range of around 120 km per charge, a
"pure" electric car, known as a BEV - Battery Electric Vehicle, or Pure Electric Ve-
hicle - PEV, is technically and economically the best. In a purely electric vehicle,
compared to a vehicle with an internal combustion engine, the main parts of the drive
system are very simple. These are accumulators with BMS, charger, electric drive,
power electronics, DC/DC converter, frequency converter, and power cabling.

3. Priority: Category of vehicle - M1/ class A00O/ two-seat microcar [16]. The market
segment and vehicle type are the basic information for the subsequent orientation
and direction of the design. Customer requirements are an accepted point of view in
the process of creating a conceptual design of a vehicle and are a tool for differenti-
ating from models. The vehicle must be classified by category. Most countries have
specific legislation for each vehicle category, which can affect the design. These
include the specifics of tax policy, emission restrictions, national legislation, etc. The
design of the vehicle can be affected by crash requirements to limit overall dimen-
sions. Surveys of customer standards have divided M1 electric cars into different
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standards. The Micro class (A00) is the smallest type of passenger car. The design
is subject to specific requirements for the dimensions and performance of the vehi-
cle. Most often, it is a two-seater vehicle with a small luggage compartment. The
main criteria are low weight and low price. Two large conventional doors and a
hinged rear wall are typical.

2 Experimental methods

2.1  Methods of Biomimicry Approach in Construction Design Process

The biomimetic approach in the construction process [17] can be supported by meth-
ods such as Biomimetic Design Spiral [18], Biomimicry Taxonomy [19], or Biomi-
metic Thinking [4]. Use knowledge from learning from nature: results, processes, and
successful principles of natural development according to A. von Gleich [3].

Different methods can be used to find solutions to technical problems, depending on
the complexity of the problem. It is necessary that the problem be solved comprehen-
sively with the maximum acceptance of the successful principles of evolution. Accord-
ing to [3], successful bionic principles are solar economy; raw material opportunism;
resource efficiency and circular economy; modularity; hierarchically structured, multi-
functionality. multidimensional optimization; adaptability, resistance, self-regenera-
tion; Self-organization. All fundamental principles of nature have one important task in
common: to preserve life. Learning from the successful principles of nature is based on
the abstraction - of course only conditionally - of the generalizable successful principles
of evolution. These successful principles have a dual function. On the one hand, they
can serve as arguments for the validity and scope of bionic promise, while we are talk-
ing about ecologically better adapted and less risky technical solutions through bionics.
And they can also be used as guiding principles in structural design when it comes to
developing greener, smarter, more adaptable, more flexible, more reliable, and more
sustainable technical systems [3].

For a successful biomimetic approach in the process of constructing technical sys-
tems, we must know well not only the successful principles of evolution but also the
fundamental principles of nature [3], which can also be formulated as factors of suc-
cessful biological development and can also be considered as guidelines for bionic de-
sign for sustainable bionic solutions. According to the author J. M. Benyus, the basic
principles of nature [2] are: to function mainly on the source of energy from sunlight;
use only the energy that is needed; customize the shape of functions; recycle every-
thing; reward cooperation; build on diversity; require local experience; limit excess
from within; reach the borders.

3 Experimental Biomimetic Approach Results in Construction
Design Process of EVs,

At the beginning of the structural design process, the problem formulation is important.
This is the so-called entry of requirements, which in this case are tied to small and light
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EVs used for transporting people and small cargo [20]. The problem will be formulated
with the question: How to find a way to reduce/minimize the functional weight of the
vehicle and its dimensions? The answer to the above question can be: optimize the
amount of material in order to reduce weight - minimalist design; replace heavy mate-
rials with light materials; ensure modularity - by using modules I can optimize the form,
structure, (shape, and size); weight reduction can be achieved by removing unnecessary
battery modules for power in case I don't need a long-range (reducing weight saves
energy), but also of other internal parts of the vehicle.

Monitoring of electric energy consumption in an electric car clearly determined that
the most significant negative parameter affecting consumption is weight. A component
of driving resistance shorts the range. The negative part of the weight already arises
during the design of the vehicle, where modern methods and tools of construction are
absent [21, 22].

The biomimetic approach in the construction design process is briefly described in
the following tables (see subsection 3.1 and 3.2) individually for the indicated biomi-
metic principle. Certain goals were set for the given biomimetic principle (first part of
the table). The set goals were achieved by the implementation of activities - design
solutions (second part of the table). By carrying out certain activities, goals are
achieved, and thus the biomimetic principle is fulfilled.

3.1 Biomimetic Approach in the Student Research Project of EV Edison

The study of the design of a small electric city vehicle Edison was aimed at solving a
suitable drive concept and solving the optimal shape, structure, and form of EVs.

Fig. 2. EDISON — small EV, built at University of Zilina.
In next tables will be presented biomimetic principles such are modularity (see Table
1.), optimization of shape, structure, and form (see Table 2.), energy optimization (see

Table 3.), and usage of ambient energy and renewable energy source (see Table 4.).

Table 1. Biomimetic approach presented with biomimetic principle: modularity.

Goal (1* part) Realization (2™ part)

Reconfiguration of the mechanical parts of The students proposed a conceptual solution
the drive according to customer requirements. for the vehicle divided into the main modules:
Choice of different battery capacities (price, drive module, an energy storage module, crew
weight). Changing the arrangement of the module, front and rear chassis module.

space for the crew.




282 I. Gajdac et al.

Table 2. Biomimetic approach presented with biomimetic principle: optimization of shape, struc-
ture and form.

Goal (1% part) Realization (2™ part)
Reducing the weight and energy consumption Maximum use of composite materials on the

of'the EV. Reduction of material and produc- body. Minimization of space for the crew

tion costs. while accepting safety and ergonomic require-
ments. Creation of materials for the produc-
tion of some components such as the dash-
board, headlights, windshield, students
scanned the shape elements of the vehicle (Re-
verse engineering) and then used 3D printing
for the production of components such as the
cover of the dashboard monitor, the cover of
the main headlights (Rapid prototyping).

Table 3. Biomimetic approach presented with biomimetic principle: energy optimization.

Goal (1% part) Realization (2™ part)

Determining the value of the range of the EV  Linked to another student project focused on
according to the designed design indicators, the design of an energy assistant for an EV
operating conditions, and subjective influ- driver.

ence of the driver. Use of other possible en-

ergy sources to extend the range.

Table 4. Biomimetic approach presented with biomimetic principle: usage of ambient energy
and renewable energy source.

Goal (1% part) Realization (2™ part)
Use of potential and kinetic energy for con- Using of adjustable recovery and photovoltaic

trollable recuperation. Use of energy from the panel.
photovoltaic panel on the roof of the EV.

3.2  Biomimetic Approach in the Research Project of EV Modulo

The research project of special light EVs Modulo is focused on the use of non-conven-
tional materials for difficult terrain for the transport of cargo and people. The project is
focused on the research of light composite materials, the modular construction of a light
electric vehicle for difficult terrains and electric drive, a vehicle control system with
remote control, and prototype construction.

As in the previous chapter of the project Edison, the biomimetic approach in the
construction design process will be presented by setting goals for the mentioned biomi-
metic principles and presenting the implementation of solutions.
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Fig. 3. EV Modulo, 3D model — special EV, designed at University of Zilina

In next tables will be presented biomimetic principles such are modularity (see Table
1.), functional adaptation / multi-functionality (see Table 5.), optimization of shape,
structure, and form (see Table 6.), linking function with structure, shape, and form (see
Table 7.), and dynamization (smooth adaptation to terrain conditions when controlling
the movement of modules) (Table 9.)

Table 5. Biomimetic approach presented with biomimetic principle: modularity.

Goal (1% part)

Realization (2" part)

Various options for arranging space for the
crew and cargo.

Different arrangements of accumulators, e.g.
chassis module without drive, but with an in-
creased volume of accumulators.

Designing a modular vehicle architecture con-
sisting of: 1. chassis module with drive and ac-
cumulators, or without drive; 2. superstruc-
tures for the crew, or utility superstructure for
cargo; 3. original adjustable joint for connect-
ing chassis modules.

Table 6. Biomimetic approach presented with biomimetic principle: functional adaptation

multi-functionality.

Goal (1% part)

Realization (2" part)

To allow a disabled person to control the ve-
hicle, to replace the mechanical control of the
vehicle with electronic control. The possibil-
ity of controlling the movement of the vehicle
in dangerous terrain by remote control.

Replacing the mechanical control of the vehi-
cle with an electronic one. Controlling the
movement of the vehicle in dangerous terrain
with remote control.

/

Table 7. Biomimetic approach presented with biomimetic principle: optimization of shape, struc-

ture and form.

Goal (1% part)

Realization (2™ part)

Minimizing weight, using composites, and
ensuring a longer service life in worse cli-
matic conditions.

Chassis module, support box designed from
composite. Protective frame for the crew
made of composite. Multi-element control
joystick mounting arm.
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Table 8. Biomimetic approach presented with biomimetic principle: linking function with struc-
ture, shape and form.

Goal (1% part) Realization (2™ part)
Design a protective frame using elements of For the design of the protective frame, the

the same shape, with the possibility of their shape of a pentagon in several sizes was used

different configuration using the advantages for the basic segment. By connecting seg-

of the bionic shape. ments made of light alloys or composites, it is
possible to create a 3D structure providing a
rigid protective frame around the crew.

Table 9. Biomimetic approach presented with biomimetic principle: dynamization.

Goal (1% part) Realization (2™ part)

Suggest a combination of modules with mul- The electrically adjustable connecting joint of
tiple functions: the original design ensures: 1. connection of
1. free deflection or blocking; chassis modules and regulation of the degree
2. the possibility to gradually limit deflection of mutual deflection of the modules; 2. using
in the vertical and horizontal plane; the control unit, controlling the nature of the
3. using an independent drive to control the mutual movement of the modules in one set in
mutual movement of the modules. a 4x4, 6x6 arrangement, i.e. the modules will

move in a circle when turning, or they will
copy the terrain "snake movement".

4 Conclusions

The biomimetic approach to the construction design process is a useful tool to ensure
the sustainable design of EVs, which are the future of green transportation. The next
step will be to re-evaluate the proposed solutions, identifying possible shortcomings to
avoid unsuitable solutions during the design process of EVs.
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