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The COVID-19 pandemic has affected many aspects of human life. In the described case, the im-
pact of the pandemic on the last mile will be discussed in more detail. At the very beginning, the topic
of the last mile was introduced, as well as how it relates to parcel machines. Then, in the second point,
the changes that took place during the pandemic in the online shopping market were presented. In the
third point, the issue of parcel machines was raised, where the demand for courier services in Poland
was described based on the UKE report and the demand for parcel machines was discussed. The fourth
point presents the detected problems related to the emerging parcel lockers as well as ways to solve
them and measures for the machines to stay on the market. The aim of the article is to present the impact
of the pandemic on the development of the parcel machine service in Poland and to present the proposed
directions for further development.

1. INTRODUCTION

Nowadays, we live in a dynamically changing world. People's expectations of
courier shipments are getting higher and higher. It is no longer enough to deliver the
package intact. Today everyone has different needs: for some, the price will be nec-
essary; for others, the speed of delivery will be crucial; and for others, the method of
delivery and flexibility of collection are essential apart from the price, time, and se-
curity factors. Therefore, parcel machines, commonly known as parcel lockers, were
created to facilitate parcel collection for the customer at the right moment. Over the
last two years, the demand for courier services has increased, which is related to the
outbreak of the COVID-19 pandemic. Due to the easy transmission of the virus by
droplets, the consumers were forced to limit contacts to a minimum. This was related
to the established legal provisions, including further restrictions on the number of
people in stores and people’s internal fears. Most of society was concerned about
their health, which resulted in partial changes in consumers' shopping habits. That,
in turn, affected all branches, but logistics faced the biggest challenge. Broken

* Wroclaw University of Science and Technology, Faculty of Mechanical Engineering, Poland.
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logistic chains and the increase in demand for last-mile services have forced many
changes, including increased flexibility throughout entire supply chains.

The article aims to present the impact of the COVID-19 pandemic on the last mile
service, using parcel machines as an example, and to propose future solutions that
combine the functionality of parcel machines with their aesthetics.

The second point will discuss the topic of last-mile service. What it is, its con-
cerns, and how the pandemic affected its development.

The third point describes courier services and the service of parcel lockers as well
as the change in the market related to the demand for parcel machines during the
pandemic.

The fourth point presents the problems related to the increasing number of parcel
lockers on the market and ways to meet the requirements of the environment.

The fifth section summarizes the topic.

2. LAST MILE SERVICE

The concept of the last mile can be described as "a set of related organizational
activities in the spheres of transport and logistics, concerning the implementation of
deliveries on the very last stretch of the road and, more precisely, the delivery of
shipments to end customers" [1]. It focuses on the last stage of delivery, which is the
most expensive and problematic area in the entire supply chain. This process has
many problems, such as home delivery or DTD (door-to-door) delivery, because they
involve additional costs or pollution.[2]

Last mile service includes not only a courier, parcel, and customer but also facil-
ities enabling direct collection or sending of the shipment [3,4]. This can be done via
parcel machines, stationary post offices, and authorized facilities.

The concept of a parcel machine is understood as a device resembling a rack with
shelves on which parcels can be collected or sent. In Poland, the leader among parcel
machines is InPost, with its network of parcel machines. For this reason, the term
parcel machine is often used interchangeably with the term parcel locker, a trade-
mark of InPost. The reason for this can be found in the fact that this brand pioneered
parcel machines on the Polish market. In addition to the possibility of collecting par-
cels from InPost parcel machines, they can also be sent or redirected to stores coop-
erating with the company as well as to parcel machines belonging to other compa-
nies, such as DHL or Poczta Polska. Parcel machines can be found in Biedronka and
Carrefour outlets and supermarkets, in Zabka stores, ORLEN gas stations, and
RUCH kiosks. [4]

Recently, customers have been more willing to choose courier services, pick
up/drop off at points, or parcel lockers, which is closely related to the increasing
number of Internet users who are more and more willing to make purchases in a
virtual environment. In 2020, over 60% of online shoppers chose delivery to parcel
machines [4]; therefore, it can be concluded that the pandemic contributed to an
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increase in the demand for courier services and the number of parcel pick-up/drop-
off points.

The analysis of E-commerce reports in Poland from 2019-2022 made in cooper-
ation with Gemius and the Chamber of Electronic Commerce, allowed us to conclude
that during the COVID-19 pandemic, online customers' behavior changed. When we
compare the number of Internet customers in relation to the number of people using
the Internet, we can see a significant increase in the number of people making online
purchases (Figure 1). The method of collecting the parcel has also changed. Before
2020, home delivery by courier was the most popular choice, while after 2020, col-
lection at a parcel machine became the most popular form (Figure 1).[5]

Percentage of people shopping, popularity of parcel machines, courier deliveries

2021:50%

Figure 1. Number of online shoppers, popularity of vending machines parcels, deliveries [5]

In response to the question about what motivates them to shop online, Internet
customers most frequently mentioned 24/7 availability, the lack of need to travel
directly to the store, and unlimited selection time. As can be seen in the radar chart
below (Figure 2), customers shopping online indicated these factors more often
as necessary in 2020 than in other years. Knowing the circumstances related to the
pandemic, the difficulties in doing stationery shopping, and concerns about contacts
with other people, it can be concluded that there is a link between the motivators for
online shopping and the pandemic.

Analyzing the number of Internet users, one can notice a systematic increase
in the number of people using it, and currently, in 2022, there will be about 30 mil-
lion users. Compared with the number of people using the online environment
to shop, one can see uneven changes. In 2020, the number of customers increased by
about 10% compared to 2019, while in 2022, their percentage share did not change
and the market was saturated. One can see similarities by analyzing these differences
and considering the context of the pandemic. The graph shows a significant increase
in the percentage of online shoppers in 2020 compared to the previous year. In 2021,
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people got used to the prevailing situation, and therefore there was only a slight in-
crease in the percentage. In 2022, all restrictions on in-store shopping were lifted,
and the number of online customers remained constant.

E-commerce

t common motivator for

20
v 10
4 '\ st "
elivery - parcel machin \ A
\— \/
e most commn ping the most common motivator for shopping
unlimited t

ime of choice

Figure 2. Behaviors in the e-commerce market [5]

Another dependence that can be seen is the increase in interest in delivery to
a parcel locker instead of direct delivery to home or work by a courier. As seen in
the chart (Figure 2), in 2020, the interest in courier services decreased compared to
the previous year in favor of parcel machines. In the following years, the popularity
of parcel machines maintained an upward trend.

Thus, analyzing the presented chart in the context of the COVID-19 pandemic,
it can be seen that 2020 was a year different from the others. In almost all of the
analyzed criteria, 2020 differed from the forecasts that assumed maintaining the level
from previous years or stable growth. For the most common motivator for shopping,
it can be noticed that the results obtained this year were different from the other
analyzed years. The increase can also be seen in the percentage of online shoppers.

The COVID-19 pandemic caused the need to introduce various types of innova-
tions in the field of logistics services, in particular for individual consumers. These
innovations concerned not only the means of last-mile delivery but also the product
packaging system and return processes. These innovations resulted from the devel-
opment work of producers and logistics operators and were intended to improve
the quality of consumer service. These solutions would probably appear in the com-
ing years regardless of the pandemic situation in the world, but the COVID-19 pan-
demic has undoubtedly accelerated these processes.
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When analyzing the research conducted for Publicis Groupe by Starcom and pre-
sented in the article "Covid skills" - what we have learned and what will stay with
us for longer - the results of the HX Stud [6], one can refer to the chart showing
"Online grocery shopping, food delivery, shopping”. This chart compares three pe-
riods (the pandemic's beginning, the present, and the future) by online shopping de-
mand (groceries, food delivery, and stockpiling). Respondents answered questions
about the extent to which they made online purchases in each period. According to
the graph "Online grocery shopping, food delivery, shopping", there is an increase
in demand for services related to delivering various goods to individual customers.
It can also be seen that almost 20% of respondents order food with home delivery,
and less than 10% still intend to shop for groceries online.[6]

The second graph, "Non-food purchases, medicines, and supplements online",
was divided into three periods; in this case, two shopping products were distin-
guished (non-food and medicines, supplements). The analysis of the charts shows
that about 40% of people continue to make non-grocery purchases, and about 5%
made this type of purchase more often at the beginning of the pandemic than now. [6]

As it turns out, the customer must choose the place and time of delivery or col-
lection. The advantage of parcel lockers is the ability to pick up a parcel at any time,
which is more difficult in the case of courier deliveries because of the necessity to
make an appointment in advance or wait for the delivery within a predetermined
hourly interval. However, this is only sometimes successful; in such cases, it ends
with leaving notice and having to collect the parcel in person. Another advantage of
ordering parcels through parcel machines is how you can pick up a previously placed
parcel. It is not complicated; one only needs to enter an individual code generated
only for this specific shipment and then take it out of the parcel machine slot and
close it. The machine automatically opens the box after reading the code to facilitate
the search for the parcel's location.

3. COURIER SERVICES AND PARCEL LOCKER SERVICE

3.1. THE DEMAND FOR COURIER SHIPMENTS IN THE ERA OF
THE COVID-19 PANDEMIC

During the COVID-19 pandemic, the demand for courier services increased, in
part because of the e-commerce market. UKE (Office of Electronic Communica-
tions) presented trends of change in the Report on the state of the postal market in
2020. In contrast, a sharp increase was recorded in 2020. This was mainly due to the
virus's global spread, which caused the declaration of a pandemic, as well as a num-
ber of restrictions and limitations on consumer movement. Comparing the trend line
of courier shipments to letter mail shows that the latter has a declining market
share. [7]

This is related to the convenience and ease of posting and delivery and the ability
to track the package using a website where the package status and expected delivery
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date can be checked. These types of parcels are usually delivered in a shorter time
compared to traditional postal services [4].

3.2. THE DEMAND FOR PARCEL MACHINES IN THE ERA OF THE COVID-19 PANDEMIC

Based on the report "Rudolf can't handle it alone - the market of parcel machines
in Poland" [8], created by Colliers, it can be found that as many as 85% of respond-
ents, having the choice of the type of delivery, regularly choose the option of deliv-
ering the parcel to the parcel machine. More than a third (32%) were in favor of
choosing this method whenever possible. As a result, almost 40% of all delivered
parcels are delivered to the parcel lockers, and 50% are delivered directly to the cus-
tomer's place of residence [8]. As it turns out, almost 70% of people use the Internet
to shop and, upon seeing the possibility of choosing a parcel machine as a delivery
form, make a purchase decision. Thus, it can be concluded that they constitute a mo-
tivating element [4].

The period of the pandemic has contributed to an increase in the demand for cou-
rier deliveries and an increase in the number of parcel machines. By analyzing Out-
of- home reports delivery in Europe 2021 report and Out-of- home delivery in Eu-
rope 2022 report, an increase in the number of parcel machines installed and used
can be noticed. For 2020, compared to 2019, it was an increase of over 75%. How-
ever, in 2021, compared to 2020, by more than 80%, respectively. This marks a spec-
tacular increase in the number of parcel machines in just 2 years. [9,10]

4. PARCEL LOCKERS

4.1. PROBLEMS

Before the pandemic, the entire distribution network to the end customer was
gradually developing. When some stores were announced to be closed, restrictions
on the number of people staying in them and restrictions on movement were intro-
duced, and the current concerns about people's health began to gain strength.
As aresult, people have attempted to avoid contact with other people to reduce the
risk of contracting the virus, contributing to increasing demand for last-mile services.
In order to meet the requirements, many companies have come up with various ini-
tiatives to gain or retain customers. Understanding the market demand, InPost in-
creased the number of its parcel lockers, e.g., by placing vending machines in vil-
lages. However, the insatiability of the market caused other entrepreneurs to take
advantage of this opportunity. As was previously described in more detail, many
entrepreneurs have already been providing or are planning to start providing services
on the Polish market, not the same as but similar to the operation of InPost parcel
machines. This, however, causes increasing concern among the public. The mere
possibility of collecting a parcel from a parcel machine located in the vicinity (up to
10 minutes’ walk) from the place of residence is acceptable. Difficulties resulting
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from the location and the number of parcels delivered are becoming a growing prob-
lem. Residents adjacent to parcel lockers are increasingly dissatisfied because fre-
quent deliveries and pick-ups of parcels by cars and customers cause an increase in
noise and traffic in the area.

Another area for improvement is the method of collecting parcels. Customers fre-
quently come by car and park not only in the designated places but also in the for-
bidden ones, which later translates into difficulties in the movement of residents of
the area (e.g., parking on the pavement, parking the car partly on the roadside, partly
on the road). However, a bigger problem is the occupancy of parking spaces belong-
ing to residents by those collecting parcels, which causes parking difficulties. On the
other hand, parking cars on green belts causes their destruction, which translates into
the place's aesthetics. This means that a specific group of residents may not agree to
the placement of new parcel lockers in their area, and even as it happened in one of
Warsaw's districts, Ochota, residents objected to the already existing parcel locker,
citing the issues mentioned above as a reason [11].

Kuba Czajkowski from Miasto Jest Nasze mentions another problem in his pub-
lication: the appearance of parcel machines. According to the author, the design
should be uniform and constitute an element of infrastructure, such as bus stops [11],
which have a unified form, are easily recognizable and at the same time fit into the
urban infrastructure. Initially, there were few parcel lockers, and almost all belonged
to one owner; therefore, they appeared uniform everywhere. Now an increasing num-
ber of competing companies are entering the market. The lack of standardized stand-
ards for parcel machines' performance, size, and aesthetics will result in the newly
created parcel machines in different colors and sizes.

4.2. SOLUTIONS

All aspects must be considered to improve the aesthetics of the places of the cur-
rent or future deployment of parcel machines.

The first of these may be the choice of place. It should consider the opinions of
customers and local residents as well as technical matters, and more specifically,
depend on access to power, the possibility of being reached by a courier’s delivery
car, or the ease of finding the parcel locker.

The second aspect may be the very appearance of the parcel locker. The best solution,
in this case, would be to create a legal provision that would regulate the size, color, and
location of the parcel machine. Such facilities should also not be close to public institu-
tions, such as churches, museums, historic tenement houses, or the main square. This is
because such placement can negatively affect the surrounding landscape. The colors
should also be standardized. An example may be the approach of Zabka stores, which,
while placing their parcel lockers, try not to spoil the image of the area.

The third aspect may be adding the possibility of using a parcel machine to store
previously ordered groceries in, for example, grocery stores like Biedronka. This
would require a refrigeration unit to be built into part of the parcel locker, and it
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would also require consideration of the problem with frozen products. Limiting the
order function only to products that do not require freezing would save space for
cold storage or for ordinary parcels. However, this would limit the shopping possi-
bilities or the number of people using this type of service. However, adding the pos-
sibility of storing frozen food requires more advanced preparation of the machines.
However, in order to make such a decision, it would be wise to do a market analysis
at the very beginning and find out what percentage of people ordering groceries
would like such a solution.

5. SUMMARY

The parcel machine market has existed in Poland since 2009 and has expanded
to foreign markets. The leading representative, currently holding almost 90% of
shares in the Polish market, is InPost [8]. As can be seen, the market is not saturated
yet because there are plans to build many more contactless parcel collection points,
not only by the leader but also by the competition, which is still growing. The
COVID-19 pandemic has significantly contributed to the increase in consumers' in-
terest in online shopping and contactless deliveries. This increased the demand for
both courier services and the number of parcel lockers. This allows the competition
to launch their vending machines, especially since a further increase in demand for
parcel lockers is forecasted. In order to remain the market leader, InPost introduced
shipments delivered on the same day as they were sent without charging additional
fees. This allows them to stand out from the competition. However, to survive in the
long term in this increasingly demanding market, it is necessary to take care not only
of the aspects related to delivery time but also the aesthetic aspects. Fundamental
here is the estrangement of parcel machines' appearance and the correct location
choice (introducing parcel machine-free zones, such as next to a historic building).
It is also important to ensure that the location of the parcel locker allows for free
parking next to it, and that the collection of the parcel does not damage the surround-
ings or threaten other road users. Conducting a prior environmental survey and de-
termining whether the parcel locker is located at an appropriate distance from the
places of residence to minimize the impact of noise from unloading and collecting
parcels should reduce the likelihood of removing the machine in the future (as it
happened in Warsaw in the Ochota district).
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The paper describes an innovative solution for the suspension system of the Scorpio 7 Martian
rover, developed based on the previous generation of the vehicle — Scorpio X. The machine was in-
tended to participate in Martian rover competitions from the Rover Challenge series. The document
presents an analysis of the parameters characterising the discussed suspension system, with heavy em-
phasis on the mass of the platform, deflection under working conditions, amount of space required and
angular positions of paramount components. Those characteristics are compared to values describing
the systems of Scorpio X.

1. INTRODUCTION

In recent years interest in space exploration has been very high. The largest space
agency, NASA, has presented its plans to prepare for the Artemis program, a manned
mission to the Moon in 2024, and to send another unmanned mission to Mars. Cur-
rently, Mars is being studied by 8 separate scientific missions from all over the
world. However, technologies sent to distant planets are first developed and tested
on Earth. Inspiration for these technologies is sought by organising competitions
such as the Rover Challenge series. [1] These competitions are formalised, meaning
they are conducted according to established rules and regulations, and the selection
of teams for the competitions is preceded by a preliminary stage. Student-built Mars
rovers taking part in the competition are an important source of ideas for all space
agencies, including NASA. For students, they present opportunities to compete with
teams from all over the world, improve their cognitive and technological knowledge,
and develop their own ideas and technologies [2]. An example of a Mars rover de-
veloped by students from Monash University in Melbourne is shown in Figure 1.

'Wroclaw University of Science and Technology, Faculty of Mechanical Engineering, Department of
Fundamentals of Machine Design and Mechatronic Systems, Poland
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Fig. 1. Rover built by students from Monash University in Australia,
presented at the University Rover Challenge 2019

Scorpio 7, a rover designed by students affiliated with the Student Scientific As-
sociation OFF-ROAD and operating at the Department of Off-Road Vehicle Engi-
neering of the Faculty of Mechanical Engineering of the Wroctaw University of Sci-
ence and Technologies, meets the requirements set in the regulations of the Rover
Challenge competitions. Due to the simulated Martian or lunar conditions during the
competitions, all vehicles must be of the off-road class. The basic regulatory require-
ments for rovers relate to their dimensions: the vehicle must fit in a cube with an edge
of 1200 mm and weigh no more than 50 kg [3]. In addition, vehicles are required to
have the ability to drive autonomously. [4]. A photo of the Scorpio 7 rover, partici-
pating in the competition, and its model, made in the SolidWorks environment, are
presented in Figure 2.

Fig. 2. The Scorpio 7 rover at the URC 2022 competition (left)
and its 3D model (right)
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Participation in the competitions, analysis of the achieved results and rivalry with
other teams are the most important sources of data that allow for the continuous de-
velopment of owned technologies.

2. CONSTRUCTION OF THE SCORPIO X SUSPENSION SYSTEM

The suspension of the Martian rover Scorpio X was constructed based on the
rocker-boogie suspension concept, which is used by NASA in the construction of
such rovers as Curiosity and Perseverance [5]. A conceptual diagram of this type of
suspension is visible in Figure 3. In order to reduce weight and simplify the design,
the number of wheels used in the bogie, typically four, was reduced to just two.

2 -1

76

Fig. 3. Diagram of the rocker - boogie suspension system; 1 - rocker, 2 — boogie

The rockers on both sides of the Scorpio X rover were connected through
a differential mechanism. The mechanism consisted of a single aluminium beam,
supported by bearings in the middle of its length. It was connected to the rockers
through a system of pushrods and levers. This solution performed well in fulfilling
its tasks but was heavy and required placement in a specially designed cage, taking
up a significant amount of valuable space. Additionally, the beam moved in
a horizontal plane, which was not favourable due to possible collisions with the ve-
hicle frame and allowed for increased rocker movement. In order to eliminate these
drawbacks, it was decided to improve the suspension system parameters in the new
generation of the rover, particularly to reduce the total weight and the amount of
space occupied by the system during full range of motion. During the design phase,
limitations resulting from manufacturing and assembly had to be taken into consid-
eration. Loads acting on individual elements of the new suspension system should
not cause plastic deformation, and the entire system should be optimised in terms of
mass, volume, and placement. [6]



22 Rafat BERNAT, Barttlomiej LOREK, Mariusz KOSOBUDZKI

3.CHANGES INTRODUCED TO THE SCORPIO 7
SUSPENSION SYSTEM

In the Scorpio 7 rover, similarly to Scorpio X, the differential mechanism is at-
tached to the rockers through a pushrod supported by ball joints. The mechanism is
mounted on the rear wall of the vehicle's body, and its movement takes place in
a plane perpendicular to the floor. The construction of the new system is presented
in Figure 4. Intermediary elements, such as sway bars or additional levers are not
necessary in the Scorpio 7 suspension [7].

Direction of
forward drive

Fig. 4. Scorpio 7 suspension system diagram; 1 (orange) - beam,
2 (green) - triangular beams, 3 (red) — pushrod, 4 (blue) — rocker.
The arrow shows the direction of forward drive.

Due to the vertical orientation of the mechanism, great freedom in shaping par-
ticular dimensions and individual suspension parts was achieved, which allowed for
design so as to minimise forces transmitted from the suspension. The new mounting
method induced a change in the pushrod mounting location in relation to the rocker.
In Scorpio X, this element was mounted closely to the rocker's axis of rotation. Since
pushrod is responsible for transmitting rotational moments from the rocker to the
differential beam, its minute distance from the axis of rotation resulted in large forces
transmitted by this element. In Scorpio 7, due to the placement of the differential
beam on the rear of the vehicle, it was necessary to move the pushrod back, up to the
rocker's end. This significantly increased the lever arm and reduced the forces acting
on the pushrod.

In order to more evenly distribute forces acting on the frame at the mounting
location, it was decided to divide the differential beam, which was a single element
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in Scorpio X, into a mechanism consisting of five separate beams. Four beams with
a shape derived from a triangle (further referred to as "triangular beams") - two on
each side of the vehicle - as well as a square cross-section beam were used. Sche-
matic showing the construction of the mechanism can be seen in Figure 5.

1 1 2
& o=/ T
I \
3 4 5 6 7

Fig. 5. Diagram showing differential beam mechanism with pushrods;
1 - left mechanism mount, 2 - right mechanism mount, 3 - left pushrod,
4 - left triangular beams, 5 - beam, 6 - right triangular beams,

7 - right pushrod

The triangular beam, shown in Figure 6, was made by laser cutting from 6060
aluminium sheet with a thickness of 4 mm. Dimensions significant for the kinematics
of the suspension are arm lengths of 160 mm and 40 mm, located at the vertices
of the right triangle, which is shown in Figure 6. The beam connecting the left
and right sides of the mechanism is made from the same material as the triangular
beams. It is a rectangular pipe with dimensions of 12x12x1 mm and a length of
340 mm.
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Fig. 6. Drawing showing triangular beam’s relevant
dimensions

\

40

The use of two triangular beams on each side of the mechanism (Fig. 4) is re-
dundant in terms of kinematics but brings benefits related to the assembly of push-
rods.



24 Rafat BERNAT, Barttlomiej LOREK, Mariusz KOSOBUDZKI

4. ANALYSIS OF LOADS IN THE SUSPENSION SYSTEM

Similarly to its predecessor, the differential mechanism in Scorpio 7 is subjected
to deformations due to the forces generated by crossing uneven terrain. The triangu-
lar beam shape was designed to have the lowest possible mass while maintaining
high bending rigidity. Optimisation of the shape was carried out using results from
the FEM analysis [8] performed in SolidWorks. The simulation was intended to
show the magnitude of deformations occurring during loading. The mesh was built
using the TETRA 10 finite element and a maximum edge length of 1 mm. Loads
were assigned based on the results from the multibody dynamics simulation (MDS)
[9] performed in MSC Adams [10] for the full range of suspension motion. The max-
imum element stress results were used to calculate the deformations. Additionally,
the following boundary conditions were applied:

e Fixed displacement at the pivot (bearing) location

e Force, with a magnitude of 6 N along the X axis, 23,5 N along the Y axis and -

1,5 N along the Z axis, was applied to the pushrod mounting location

e Force, with a magnitude of 78,5 N along the X axis, -26,5 N along the Y axis

and -1 N along the Z axis, was applied to the differential beam mounting location

Fig. 7. Displacement map of the loaded triangular beam

The results of the calculations are shown in Figure 7. The largest deformation of
the beam (as a result of bending) occurs near the point of attachment to the pushrod
and equals about 0.37 mm. This value does not depend on differential system move-
ment. Elasticity of this element allows for the pushrod’s movement despite the con-
stant angular position of the beam.

The movement of the pushrod, through the interactions with the rocker, causes
one of the vehicle’s wheel to be raised (or lowered). The amount by which the wheel
is raised (lowered) is therefore dependent on the triangular beam’s deformation
value. This phenomenon allows for driving over a small terrain obstacle without
causing a movement of the differential mechanism. This leads to an uneven distri-
bution of the rover's mass on its wheels, which worsens the traction properties, so
this effect is not desired.
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The amount of bending of the triangular beam was correlated with the height of
the vehicle’s wheels using an MDS analysis. The relationship found is shown in
Fig. 8. It was determined that bending of the triangular beam measured using FEM
corresponds to the wheel raising to a height of 6.33 mm.

Suspension inertia
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Fig. 8. Height of the front wheel depending on the triangular beam displacement

In the neutral position, which occurs during driving on a flat surface, the pushrod
is positioned vertically. As a result of the suspension movement, the pushrod devi-
ates from this position, leading to an increase in forces acting on this element. Push-
rod’s deviation from its neutral position is shown in Figure 9.

o]

Fig. 9. Side view of the differential mechanism in different positions. On the left, the mechanism is in
its neutral position. The pushrod is visible in a vertical position. On the right, the mechanism is shown
while overcoming a terrain obstacle. The angle of inclination of the pushrod is shown in red.
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The inclination of the pushrod resulting from a working suspension causes an
increase in loads transferred through the mechanism in extreme positions (while
climbing an obstacle with the maximum allowable height - for considered vehicle it
is h = 300 mm). During the design phase of this new differential beam system, sig-
nificant pushrod deviations from a vertical plane were noticed. Plot of the pushrod’s
inclination depending on the vehicle's wheel rise is shown in the chart in Figure 10.

Pushrod's inclination

10.0

Pushrod's inclination [degrees]
g

00 05 10 15 20 25 30 35 4.0 45 50
Time [s]

Fig. 10. Pushrod’s inclination angle while overcoming uneven terrain with a height h = 300 mm.
Angular displacements relative to the X and Z axes (coordinate system shown in Figure 9)

The described phenomenon is unfavourable, however, its severity is mild as long
as loads in the neutral position (when driving on a flat surface) are reasonable low.
Compared to Scorpio X, where the pushrod's deviation was no larger than 1.12°, in
the new generation of rovers, this value is as high as 23.27°. This makes
a 40.4 N force acting on the triangular beam in the neutral position increase to
a maximum of 48.1 N while driving over an obstacle. Although the relative increase
in force is rather large, due to the small load in the neutral position, the element stress
is still acceptable. In comparison to the previous generation of this vehicle, an im-
provement has been achieved. In Scorpio X - despite a much more favourable push-
rod’s inclination - the maximum value of a force is as high as 207 N.

5. INFLUENCE OF THE NEW MOUNTING ON THE AMOUNT OF SPACE
TAKEN BY THE SUSPENSION SYSTEM

Due to the vertical orientation of the differential mechanism's plane of movement,
there is no possibility for a collision with the rover’s frame. The new mounting
method allowed for a very unrestrained design of the system's kinematics. It was
possible to formulate the critical dimensions so as to minimise forces and loads trans-
mitted via the mechanism. This denotes a better optimisation of the individual ele-
ments composing the differential mechanism, i.e. reducing their mass or increasing
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their rigidity, which is indirectly an outcome of changes in the orientation of the
differential system to the vertical one.

In Scorpio X, massive bearings located in the middle of the frame’s beam were
used. In Scorpio 7 they were replaced by the two smaller bearing systems located
closer to the ends of the beam.

The dimensions of a single bearing assembly are important due to the need to
leave as much space inside the rover’s body as possible for arranging the vehicle's
onboard electronics. Using mounts with smaller sizes, even in larger quantities,
makes it easier to lay out the internal components of a rover. The amount of space
occupied by the suspension system outside a rover’s body has also decreased. Total
volume is now 2.9 dm?, which is 24% of the space occupied by the same system in
Scorpio X. The space occupied by the Scorpio 7 suspension in its full range of mo-
tion is marked in red on Figure 11.

Fig. 11. Space required to allow movement of the suspension differential mechanism

6. ANALYSIS OF LOADS IN THE ROVER’S FRAME

Moving the mounting points of the differential system away from each other has
a significant impact on the load carrying capability of the vehicle frame. Some of the
rover’s components are mounted to that frame, so it must be rigid to provide stable
operating conditions for the vehicle. Displacements present in the frame decrease the
suspension’s rigidity, similarly as was the case for displacements in the differential
mechanism. Changing the locations of the suspension’s mounting points reduces the
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magnitude of displacement in the frame beam. The concept of a load distribution’s
influence on a deflection magnitude present in the beam is shown in Figure 12.
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Fig. 12. Comparison of loads acting on the frame beams of Scorpio X (left) and Scorpio 7 (right)
rovers. The distribution of loads in Scorpio 7 suspension leads to a smaller beam deflection value.

The frame was made out of square cross-section beams with dimensions of
20x20x1.5 mm and 15x15x1.5 mm. Additionally, in order to reduce weight, the
frame’s side panels were made as a cut-out lattice from a 3 mm thick sheet, whereas
places intended to mount the rockers — from sheets with a thickness of 4 mm. These
elements were made from 6060 aluminium due to the substantial strength-to-density
ratio of this material.

In order to determine the magnitude of deflections in the frame’s beams, FEM
simulation was carried out in SolidWorks. Calculation parameters were determined
based on the MDS analysis using MSC Adams software. Boundary conditions for
the simulation are:

e Fixed displacement at the locations in which the frame attaches to the rockers;

o Triaxial stress acting on the differential mechanism’s mounts. The applied

forces are as follows: 500 N in the X axis, 30 N in the Y axis and 15 N

in the Z axis.

A mesh built with the TETRA 10 elements, with a maximum edge length of
1 mm, was used. The results obtained are shown in Figure 13.

Fig. 13. Map of displacements of the loaded Scorpio 7 frame.

The maximum deflection was observed at the triangular beams attachment points,
which was 0.22 mm. Compared to the Scorpio X frame, in which deflection reached
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0.9 mm, a significant improvement was achieved. It is worth noting that due to the
construction of the new frame, displacement at the attachment points of the differ-
ential mechanism includes displacement resulting from twisting the frame at the
rockers’ attachment points. This effect is responsible for the apparent increase in
measured value by about 0.15 mm. This phenomenon did not occur in
the Scorpio X frame.

7. ROVER’S WEIGHT

The Scorpio 7 rover weighs 48 kg, which is more than its predecessor. This dif-
ference is largely due to increased frame dimensions and is not directly related to the
suspension system.

The suspension system itself weighs 4.9 kg, which is 10.2% of the rover’s gross
weight, while the differential mechanism weighs 0.47 kg, which is 1.0% of the rov-
er's weight. In Scorpio X, the suspension weighed 4.5 kg (10.0% of the rover's
weight), and the differential mechanism weighed 0.53 kg (1.2% of the rover).
The increased weight of the new vehicle's suspension is mainly caused by its en-
larged dimensions (both the length and width of the frame have been extended),
which requires the use of longer rockers. However, considering the weights of only
the differential mechanisms, it can be inferred that the reduction in mass of this sys-
tem through shape and dimensional optimisations had been achieved, despite in-
creased track width.

8. COMPARISON OF THE SCORPIO X AND SCORPIO 7 SUSPENSION
SYSTEMS’ PARAMETERS

Evaluation of vehicle’s improvements is only possible by comparing the values
that describe both the old and new generations of the rover. The following table
(Table 1) shows parameters describing the Scorpio X and Scorpio 7 suspension sys-
tems. All angular values are given for overcoming a terrain obstacle of height
h =300 mm, which is the most demanding in terms of the stress experienced by the
system. Despite the same requirements concerning maximum obstacle height for
both rovers, the extended length of the Scorpio 7 rockers results in a decrease in their
maximum angle of attack.

Tab. 1. List of parameters characterising the suspension systems of Scorpio X and Scorpio 7

Parameter Scorpio X Scorpio 7

Suspension system weight 4.5 kg 49 kg

Suspension system weight
(excluding rockers)

530g 470 g
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Parameter Scorpio X Scorpio 7

Maximum frame deflection 0.9 mm 0.25mm

Space occupied 12.1dm?3 2.9dm?3
Inclination of pushrods 1.2° 23.3°
Angle of attack of rockers 26.6° 20.8°

9. SUMMARY AND CONCLUSIONS

The modifications introduced have improved the parameters characterising the

Scorpio 7 suspension system. A redesign of the differential mechanism reduced its
weight while maintaining its full range of motion. The amount of space occupied
both inside and outside the rover's body has decreased as well. Unfortunately, due to
other changes not related to the suspension system, this weight abatement did not
directly translate into a reduction in the overall weight of the vehicle. Compared to
its predecessor, the new solution also features increased rigidity. In light of the
above, the Authors consider the design of the Scorpio 7 rover a success.
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OnShore Power Supply (OPS), czyli tzw. ,,zasilanie ladowe”, umozliwia statkom otrzymywanie
energii elektrycznej z lokalnej sieci. Korzystajac z tej alternatywy, zanieczyszczenie Srodowiska jest
zmniejszone, poniewaz poktadowy generator diesla moze zosta¢ wytaczony. Technologia ta, jest wy-
korzystywana od wielu lat, lecz dopiero teraz zdobywa uznanie.

W artykule dokonano analizy OPS. W czesci teoretycznej przedstawiono czym jest ta technologia
i jaka jest budowa urzadzen zasilania ladowego. W czgsci badawczej wykorzystano studium przypadku
oraz analizg¢ SWOT, ktéra pozwolita na wyréznienie mocnych i stabych stron opisywanej technologii.

1. WSTEP

Porty sg nie tylko punktami weztowymi w globalnych tancuchach dostaw, ale jedno-
cze$nie sg punktami koncentracji emisji zanieczyszczen do powietrza. Statki, ktore ma-
newruja w estuariach i w obrebie obszarow portowych oraz statki zacumowane, w du-
zym stopniu przyczyniaja si¢ do ogdlnego zanieczyszczenia powietrza w miastach
portowych. W ten sposob wysitki na rzecz zmniejszenia tych emisji pozostawiono nie
tylko samym liniom Zeglugowym, ale takze wtadzom portowym, operatorom portéw i
miastom portowym. Jedna z opcji, ktdra w ostatnim czasie cieszy si¢ ogromnym zainte-
resowaniem politycznym, jest zasilanie ladowe, tzw. Onshore power supply (OPS) [1].
Gdyby wszystkie statki wylaczyly silniki pomocnicze i zamiast tego zostaty podigczone
do ladowej energii elektrycznej, wptyw na srodowisko bytby znaczacy na catym swie-
cie. Wykorzystujac energie elektryczng z ladu, silnik pomocniczy moze zosta¢ wyla-
czony, co znacznie zmniejsza hatas i emisje dwutlenku wegla, tlenku siarki i tlenku
azotu. Niektore z korzysci to:

Mniej emisji

Mniej hatasu

Mniejsze koszty

Lepsze srodowisko pracy na poktadzie.[1]

* Department of Navigation, Gdynia Maritime University.
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Artykut zostal sporzadzony metodg studium przypadku oraz analizy SWOT. Ma on
na celu przeanalizowanie technologii OPS, jej budowy, zastosowania, a takze wskazania
jej silnych i stabszych stron.

1.1. BUDOWA SYSTEMU OPS

Instalacja technologii OPS zazwyczaj wymaga budynku lub schronu, zawieraja-
cego niezbedny sprzet techniczny. Plan budowy OPS uzalezniony jest od typu statku
zawijajacego do portu, napiecia i czestotliwosci morskich urzadzen elektrycznych
oraz zasilania terminalu. W wickszoS$ci regionow i krajow czgstotliwos¢ zasilania i
sprzetu elektrycznego wynosi 50 Hz, w niektore 60 Hz, natomiast czestotliwosé
elektryczna wigkszosci statkow wynosi 60 Hz. W przypadku statkow srodladowych
i przybrzeznych czestotliwos¢ elektryczna wynosi 50 Hz [4]. Rys.l przedstawia
schematyczny uktad stalego systemu OPS na przyktadzie statku kontenerowego.

(1) Regional power grid

@ Transformation / frequency adjustment in the port
(3) Connection mechanism at the quays

(4) Container unit incl. cable reel

(5) Vessel-intemal power grid

Rys. 1. Schematyczne przedstawienie stalego systemu OPS [1]
Fig. 1. Schematic representation of a fixed OPS-system [1]

,»Istniejg dwa ogdlne typy statych systemow OPS. Ich gtéwne zréznicowanie po-
lega na pytaniu, czy istnieje bezposrednie potgczenie z cala publiczng siecig elek-
troenergetyczng, czy tez produkcja energii odbywa si¢ niezaleznie (najlepiej ze zro-
det odnawialnych) za pomoca inteligentnej mikrosieci ladowej. Gtéwna zaleta stalej
instalacji OPS potaczonej z calg siecig jest stabilno$¢ dostaw energii. Jednak, gdy
energia jest wytwarzana z odnawialnych Zrodet energii, to opcja ta jest najbardziej



ANALIZA TECHNOLOGII ON-SHORE POWER SUPPLY (OPS) 33

korzystna. Wyzwania techniczne to tacznos$¢ kablowa, zwlaszcza przy nabrzezach
0o duzym zasiegu ptywoéw. Czegsto wymaga to zastosowania dodatkowych koryt
i szybdw kablowych, ramion dzwigdw, platform podnoszacych, systemoéw zarzadza-
nia kablami i tak dalej. Ponadto, w zaleznosci od przepustowosci sieci portowej
1 wymaganej dodatkowej przepustowosci OPS, moga wystapi¢ dodatkowe inwesty-
cje w podstacje i niezbedne nowe kable” [1,2].

2. STUDIUM PRZYPADKU
2.1. PORT W GOTEBORGU

Port w Goteborgu lezacy w Szwecji, jest najwigkszym portem w krajach skandy-
nawskich. Jego historia sigga az 1620 roku. Rocznie zawija do niego ponad 11 ty-
sigcy statkow dostarczajacych ilo§¢ towarow zgodnie z tabelg 1. Obstuguje blisko
30% handlu zagranicznego kraju. Port znajduje si¢ po obu stronach ujscia rzeki
Gota élv. Pétnocny brzeg, Norra Elvstranden, znajduje si¢ na wyspie Hisingen,
a potudniowy, Sodra Elvstranden, na stalym ladzie. Potozenie geograficzne portu
sprawia, ze w promieniu 500 km znajduje si¢ 70% przemystu i populacji Skandyna-
wii. Posiada terminale kontenerowe, ro-ro, samochodowe, pasazerskie oraz naftowe
i energetyczne.[15] Port w Goteborgu w liczbach:

Tab. 1. Przetadunki w porcie w Goteborgu,
zrodto: opracowanie na podstawie danych z oficjalnej strony portu [14]
Tab. 1. Reloading at the Port of Gothenburg,
source: compilation based on data from the official port website [14]

Kontenery 776 000 TEU
Ro-Ro 515 000
Samochody 234 000
Pasazerowie 590 000
Energia 21,6 min ton

W kwestii zastosowania systemu Onshore Power Supply, Port w Goéteborgu jest
najwazniejszym punktem. To wlasnie tutaj pierwszy statek w historii zostat podta-
czony do instalacji ladowej. Byto to w 2000 roku i wlasnie wtedy Port w Géteborgu
stat si¢ prekursorem tej technologii, ktéra z reszta zostata przez niego opracowana
w wspolpracy z armatorem Cobelfret oraz firma ABB. Byla to odpowiedZ na po-
trzeby najwickszego owczesnie klienta portu — koncernu Stora Enso. [7] Jeszcze
wczesniej, bo od 1989 roku port oferowat energi¢ elektryczng niskiego napigcia
z ladu dla statkéw pasazerskich i Ro-Ro. Z tej ustugi korzystaja miedzy innymi statki
linii Stena Line. Od 2000 roku liczba urzadzen rosta z roku na rok. Srednio jedna
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trzecia zawinig¢ statkow ma obecnie dostep do OPS. Ponizej udziat procentowy stat-
kow, ktore sg podtaczane do zasilania ladowego.

Tab. 2. Udzial procentowy statkow, ktore sa podtaczane do zasilania ladowego,
zrodto: opracowanie wilasne na podstawie [11]
Tab. 2. Percentage of ships that are connected to shore power,
source: compiled on the basis of the [11]

2016 2017 2018 2019 2020
35% 35% 34% 38% 34%

Port w Goteborgu ma wieloletnie doswiadczenie w dostarczaniu energii z ladu
oraz ciagle pracuje nad zwickszeniem liczby statkow, ktore podczas cumowania wy-
laczaja silniki 1 przechodza na zasilanie ladowe. Najnowsza jednostka OPS zostata
zainstalowana w terminalu Ro-Ro i rozpoczgta swoja dziatalno§¢ w styczniu 2021.
Dodatkowo trwaja prace nad powstaniem systemu o poziomie napigcia 6,6 kV, 50
Hz w terminalu energetycznym. Projekt ten jest wyjatkowy ze wzgledu na to, ze Port
w Goteborgu bytby pierwszym portem na §wiecie, gdzie zastosowano tg technologig
w obszarze niebezpiecznym. Wdrozenie zaplanowano na 2022 rok. Roczng redukcje
emisji CO2 po instalacji systemu szacuje si¢ na 2100 ton.[8] Ponadto zarzad oferuje
szereg zachet finansowych, aby sktoni¢ statki do podtaczenia si¢ do OPS. Nie ma
oplaty za dostarczong energie¢, co wigcej, statki uzyskuja wyzsze wyniki w indek-
sach, na ktorych opiera si¢ oplata portowa uwzgledniajaca rabat §rodowiskowy.
Dzieki preznie dziatajagcemu portowi w Goteborgu w rozwoju technologii Onshore
Power Supply, w Szwecji podatek od energii zostat znaczaco obnizony i wynosi on
obecnie 0,5 korony szwedzkiej za kilowatogodzing. [9]

2.2. PORT HAMBURG

Port w Hamburgu jest portem morsko-rzecznym lezacym w Niemczech. Poto-
zony jest migdzy Morzem Potnocnym a Morzem Battyckim. Jest tatwo dostepny od
strony Morza Pétnocnego przez Labe. Kanal Kilonski taczy port ze Skandynawia i
catym regionem Morza Battyckiego. Taka lokalizacja sprawia, ze Port w Hamburgu
jest wiodacym osrodkiem handlu zagranicznego Niemiec. Jego powierzchnia to az
7200 hektarow. Posiada terminale kontenerowe, réznego przeznaczenia, masowe
oraz wycieczkowe. Wyniki przetadunkowe tego portu sg imponujace: 130 min ton
oraz 8,7 min TEU. [10]

W tym przypadku, inwestycje zwigzane z instalacja systemow Onshore Power
Supply sa mocno wspierane przez samo miasto Hamburg, ktore jest bardzo nasta-
wione na trwatg poprawe jakosci powietrza. Kontenerowce oraz statki wycieczkowe
sg zaopatrywane w energi¢ neutralng pod wzgledem emisji CO2 z publicznej sieci
energetycznej. Ponadto energia ta pozyskiwana jest jedynie ze zrédet odnawialnych.
[11] Wizja samego portu w Hamburgu jest stanie si¢ catkowicie neutralnym portem
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pod wzgledem emisji CO2 do roku 2040. Wykorzystywanie OPS jest kluczowym
dzialaniem w tej kwestii. Historia poczatkéw zastosowania tej technologii sigga
2015 roku. Wtedy to zarzad portu w Hamburgu zlecit firmie Siemens dostarczenie
gotowych systemow OPS. Instalacja ta 0 mocy 12 megawoltow jest pierwszym tego
typu systemem w Europie. Jest bardzo innowacyjna, poniewaz oprogramowanie do-
stosowuje czestotliwos¢ lokalnej sieci energetycznej do systemu elektrycznego
statku. [12] Zostata uruchomiona w 2016 roku. Od kwietnia 2018 roku na terminalu
wycieczkowym Portu w Hamburgu regularnie dziata system Onshore Power Supply.
Statek wycieczkowy AIDAsol w sezonie po zainstalowaniu OPS byt zasilany z 1adu
dwanascie razy z czego dziewig¢ to byly pelne fadowania. Ogolnie korzystanie z
energii ladowej w Porcie Hamburg jest powszechne glownie wsrod statkow wy-
cieczkowych, ale tez wsrod kontenerowcow. To wlasnie te typy jednostek majg sto-
sunkowo najwyzsze zuzycie energii. Port Hamburg podobnie jak Port w Géteborgu
stosuje zachety finansowe do korzystania z technologii Onshore Power Supply dla
operatoréw statkow. Optlaty portowe uwzgledniajg rdzne taryfy, ktére premiuja
statki, ktore sa przyjazne srodowisku. Wedtug obliczen portu, w ten sposéb mozna
zaoszczedzi¢ nawet 3000 euro na statkach wycieczkowych i kontenerowych.[13]
Oczekuje sie, ze do 2025 roku wszystkie zaplanowane instalacje OPS beda dziataty.
Ponizej szacunkowa redukcja emisji réznych zanieczyszczen, ktéra zostanie osig-
gnieta dzigki dziataniu OPS (przy okoto 400 zawini¢ciach rocznie):

Tab. 3. Szacunkowa redukcja emisji roznych zanieczyszczen,
ktora zostanie osiagnieta dzigki OPS, zrodlo: opracowanie na podstawie [6]
Tab. 3. Estimated reduction of emissions of various pollutants
that will be achieved thanks to OPS, source: compilation based on data obtained from [6]

Tlenek azotu NOx 383 tony
Tlenek siarki SOx 11 ton
Drobne czastki state (PM 2,5) 2 tony
Dwautlenek wegla CO? 30 000 ton

3. ANALIZA SWOT

Analiza SWOT jest kompleksowa i szczegdtowa technika planowania strategicz-
nego i doglebnej analizy danego przypadku. Ma ona rowniez na celu prawidlowe
porzadkowanie informacji w badanym zakresie. [3] Rozwinigcie SWOT jest naste-
pujace — S — Strenghts, W — Weakness, O — Opportunities, T — Threats. Jest bardzo
popularng metoda. W poczatkowych etapach analizy strategicznej okazuje si¢ by¢
uniwersalnym i prostym narzedziem. Jej podstawa jest odpowiednie zrozumienie
kategorii czynnikow SWOT:
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a) Wewngtrzne:

— pozytywne — mocne strony — Strenghts,

— negatywne — slabe strony — Weakness
b) Zewngetrzne:

— pozytywne — szanse — Opportunities,
— negatywne — zagrozenia — Threats.[5]

3.1. WEWNETRZNE CZYNNIKI ANALIZY SWOT
SYSTEMU ONSHORE POWER SUPPLY

Mocne strony

Stabe strony

— Zmniejsza emisj¢ spalin, hatas i wibracj¢ ze
statkow w porcie,

— Staje si¢ coraz popularniejszy, a wige skutki
korzystania z tego systemu beda szybciej
widoczne,

— Dziata na rzecz ochrony $rodowiska,

— Obniza koszty portowe dla firm spedycyjnych
i armatorow.

— Wymaga rownoleglych inwestycji zarowno w
porcie jak i w statkach,

— Korzysci dla srodowiska zaleza od lokalizacji,
— Koszty instalacji.

— Produkcja energii ze spalania — sprawia to, ze
mamy jedynie zmiang miejsca emisji zwigzkow
szkodliwych.

3.2. ZEWNETRZNE CZYNNIKI ANALIZY SWOT
SYSTEMU ONSHORE POWER SUPPLY.

Szanse

Zagrozenia

— Ustanowienie globalnego limitu siarki,

— Branza zeglugi morskiej zmierza do
dekarbonizacji,

— Polityka UE wymaga, aby porty w sieci TEN-T
korzystaty z tej technologii,

— Wzrastajaca ilo$¢ statkow elektrycznych lub
hybrydowych.

— Inne technologie jak np. systemy LNG,
— Koszty energii elektryczne;j.

System Onshore Power Supply to przyszios$¢ kazdego rozwijajacego si¢ portu
morskiego. Teraz, kiedy ochrona $§rodowiska jest jednym z najwazniejszych elemen-
tow prowadzenia dziatalnosci, technologia ta ma duze szanse na rozwoj. Dodatkowo
polityka UE wymaga, aby porty w sieci TEN-T korzystaty z tego rozwigzania. Nie-
stety koszty instalacji sa wysokie, a w dodatku wymagane sa inwestycje zardwno
w porcie jak i w statkach. Wzrastajace koszty energii elektrycznej sprawiaja, ze czg-
sto nie optaca si¢ korzystac z tej technologii. Mimo wszystko Onshore Power Supply
staje si¢ coraz popularniejszy i na pewno instalacja tego systemu podnosi konkuren-
cyjnos¢ portu i pozytywnie wptywa na srodowisko.
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4. PODSUMOWANIE

System Onshore Power Supply znany i stosowany od kilkunastu lat, dopiero teraz
nabiera coraz wigkszego znaczenia ze wzgledow ekologicznych. W czasach, kiedy
globalne ocieplenie postgpuje nalezy jak najszybciej zredukowac emisj¢ gazow cie-
plarnianych. Odpowiedzig na to jest wtasnie migdzy innymi OPS. Niestety jest to
inwestycja, ktora jest droga oraz wymaga innych dziatan, aby mogta odpowiednio
spetnia¢ swoja role. Mimo tego ma wiegcej zalet niz wad i jest bardzo waznym na-
rzedziem w dzialaniach dotyczacych szeroko pojetej ochronie srodowiska. Ponadto
zastosowanie Onshore Power Supply §wiadczy o innowacyjnos$ci i otwarto$ci na po-
step portdow 1 potencjalnych jednostek, ktore beda korzysta¢ z tego systemu. Dzigki
takim przekonaniom jest on tez bardziej popularny, co przektada sie na wigkszy
wklad ludzi w redukcje emisji spalin. Przejscie na OPS oznacza w praktyce 100%
redukcje wszystkich emisji, ktore bytyby generowane przez poktadowa generacje
energii przy uzyciu paliwa MGO lub MDO [6]. Celem artykulu byto zdefiniowanie
i przedstawienie za pomocg metody studium przypadku technologii OPS oraz ana-
liza stabych i mocnych stron wprowadzenia takiego rozwigzania. Cel ten udato si¢
zrealizowac.
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ANALYSIS OF ON-SHORE POWER SUPPLY TECHNOLOGY
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OnShore Power Supply (OPS), i.e. "shore power" enables ships to receive electricity from the local
grid. By using this alternative, pollution is reduced as the on-board diesel generator can be turned off.
This technology has been used for many years, but is only now gaining recognition.

The article analyzes OPS. The theoretical part presents what this technology is and what is the
construction of shore power devices. In the research part, a case study and SWOT analysis were used,
which allowed to distinguish the strengths and weaknesses of the described technology.
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This article describes the design of the mobile Raman spectrometer of the Scorpio 7 rover. It was
constructed to study the organic content of soil samples taken during the Rover Challenge series of
Mars rover competitions. The basic theoretical issues that are used in Raman spectroscopy are
described. Design assumptions and requirements for the construction and control software of the
spectrometer during its use on board the Scorpio 7 Mars rover, constructed by the OFF-ROAD
Scientific Association at the Wroclaw University of Technology, are discussed. Measurements of
Raman spectra carried out by the Raman spectrometer installed in the research module of the Scorpio
7 rover are presented.

1. INTRODUCTION

Raman spectroscopy (RS) is a spectral analysis technique that utilizes inelastic
scattering to obtain information about the material being studied, specifically its
vibrational states [3]. This is achieved by exposing the material to intense
monochromatic light, typically a laser, and analyzing the resulting spectrum. RS has
gained widespread application in various fields of science and everyday life due to
its ability to examine solid samples without the need for prior purification and the
potential for miniaturization for portable systems [1]. Modified Raman
spectrometers are particularly used in biological research as they have minimal
interference with water, allowing the study of biological samples in their natural state
[9]. Additionally, RS techniques are employed as an analytical method in medicine,
the pharmaceutical industry, environmental protection, archaeology, geology,
customs protection, and quality control of food products [1].

The Raman spectrometer was constructed by students of the OFF-ROAD
Unconventional Vehicles Scientific Circle operating at the Department of
Fundamentals of Mechanical Engineering and Mechatronic Systems, Wroclaw
University of Technology. The aim of building this analytical device was to increase

* Wroclaw University of Science and Technology
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the research capabilities of the Scorpio 7 Mars rover during its participation in the
Rover Challenge series. The main task of the constructed Raman spectrometer is to
examine soil samples collected by the Scorpio 7 rover for biomarkers. By identifying
these organic compounds, it is possible to correctly determine whether active life
forms are, or have been, present in the soil sample.

The solutions used during the construction of the Raman spectrometer adapted
for operation on the Scorpio 7 rover can be used to conduct chemical analysis in
hazardous conditions for humans. A potential avenue for the development of this
technology is the modification of the spectrometer to a SORS-type system, which
would allow remote chemical composition analysis of unidentified chemicals
without the need to open their containers [13].

The currently constructed system could be used to conduct autonomous chemical
composition studies of contaminated areas without the need for a large number of
qualified personnel.

2. RAMAN SCATTERING [2]

Raman scattering involves the interaction of a photon of a specific energy with
the electron density of a chemical bond present in the molecule under study. This

Virtual States

Vibrational States

a Stokes Rayleigh anti-Stokes

Fig. 1 Representation of Raman Scattering a) Simplified Jablonski diagram describing
light scattering phenomena, b) Raman scattering from Tetrahydrofuran solution excited
with laser light of 532nm, SOmW. Image acquired using 550nm long-pass filter.
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interaction causes the electrons involved in the bond to be excited to a virtual state
from which the electron returns to a lower excited vibrational level resulting in
a Stokes band. If the electron was at an excited vibrational level (due to, for example,
an elevated ambient temperature) before the interaction with the photon, the
interaction results in the electron being excited to a higher virtual state, from which
it returns to the ground state, resulting in Anti-Stokes scattering. These phenomena
can be represented graphically in the simplified Jablonski diagram shown in Figure
la.

As a result of the interaction of the photon with the electrons present in the
chemical bonds of the analyzed compound, the photon undergoes an inelastic
scattering from the tested material and loses part of its original energy. As a result of
the loss of part of its energy, the photon, when reflected from the sample, decreases
its frequency, which is observed as a change in the color of the scattered light, as can
be seen in Figure 1b for the tested Tetrahydrofuran solution.

3. MATERIALS AND METHODS
3.1. DESCRIPTION OF THE RAMAN SPECTROMETER

The Raman spectrometer consists of two optical systems: the excitation system
and the spectrometer (Figure 2). The first part is responsible for generating a Raman
signal in the sample. This effect is achieved by focusing monochromatic light, such

. CCD Detect
Spectrometer unit etector
Laser and line

filter
Reflective diffraction

grating

i >

Excitation unit

Beam
splitter Colncave
/ mirrors

Microscope Long

; Entrance slit
lens pass filter

Sample

Fig. 2 Diagram of Raman spectrometer in a backscattering setup [8].
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as a laser, on the surface of the tested material. The generated electromagnetic
radiation is then filtered out of the Rayleigh scattering (excitation beam) using
optical filters. The filtered radiation is then focused into the spectrometer using a set
of focusing lenses. In the spectrometer, the signal is directed by a system of concave
mirrors first to a reflective diffraction grating and then to a CCD array. On the surface
of the diffraction grating, a single polychromatic beam is split into multiple
monochromatic beams. The radiation is directed via another concave mirror to the
surface of the CCD matrix, which converts the resulting spectral spectrum into
digital information.

The design of the Raman spectrometer used on the Scorpio 7 rover was based on
the basic assumptions outlined in the paragraph above. Due to the operating
conditions of the spectrometer under construction, necessary modifications have
been made to ensure optimal performance.

3.2. HOUSING

The housing for the Raman spectrometer used on the Scorpio 7 rover was made
using additive manufacturing technology on 3D printers using FFF (Fused Filament
Fabrication) technology, from PET-G type filament. This type of technology and
material was chosen because of the low cost of fabricating customized structural
components and the satisfactory strength-to-weight ratio.

3.3. EXCITATION UNIT

Due to the low intensity of Raman scattering obtained when testing solid samples,
it was decided to use an excitation system in a backscattering-type setup. In this
system, the excitation laser beam first is reflected from a dichroic mirror, which is
positioned at an angle of 45 degrees to the laser beam (Figure 3b). This positioning
of this mirror ensures that the excitation beam is directed directly at the tested
sample. After the excitation beam reflects off the surface of the dichroic mirror, the
excitation beam is focused by the microscope objective, which directs the excitation
beam onto the sample.

This excitation system provides the least number of optical elements that are in
the path of the generated Raman scattering, which returns via the same path as the
excitation beam. Due to the dichroic properties of the mirror used to direct the
excitation beam onto the sample, the generated Raman scattering passes through this
optical element, where it is then directed into the spectrometer.

Due to the 50% efficiency of the selected dichroic mirror used in the constructed
excitation system [5], it is necessary to use an additional optical filter to filter out
residual Rayleigh scattering from the generated Raman scattering that has not been
reflected by the dichroic mirror.
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Fig. 3. 3D visualizations of constructed Raman Spectrometer
a) Scorpio’s 7 Raman Spectrometer (1 — Spectrometer Unit, 2 — Excitation Unit,
3 — Microscope Objective, 4 — CCD array);
b) Cross-section of the Excitation Unit (1 — Objective Mount, 2 — Diffraction Mirror,
3 — Laser Light Trap, 4 — Laser Mount, 5 — Optical Filter, 6 — Focusing Lens).

3.4. SPECTROMETER UNIT

The optical system used in the Raman spectrometer under construction consists
of five optical elements: an entrance slit, two focusing mirrors, a reflecting
diffraction grating, and a CCD array (Figure 3a). Due to the focal lengths of the
focusing mirrors used and the possible space for the Raman spectrometer inside the
body of the Scorpio 7 rover, it was decided to use a modified optical distribution
according to the Czerny-Turner layout [12]. In this arrangement, the analyzed
radiation beam first passes through the entrance slit, which is located opposite the
first of the focusing mirrors. This mirror directs the radiation beam from the slit to
the reflecting surface of the diffraction grating. Once the beam is reflected and split
on the surface of the grating, it falls on the surface of the second focusing mirror,
which directs the split beam onto the surface of the CCD array.

The distances between the optical elements and their angular position concerning
each other were first simulated and then optimized using numerical methods, to
obtain the required resolution of the system for the observation of Raman spectra.

3.5. SCORPIO 7 ROVER

Scorpio 7 is a mobile research platform, modeled by its design on rovers that
travel on the surfaces of Mars or the Moon. To move easily over rough terrain, the
vehicle is equipped with a four-wheel differential suspension. The driving module of
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the Scorpio 7 rover is a modified version of the rocker-boogie suspension used in
NASA's Mars rovers (Perseverance or Curiosity).

The rocker arms of the constructed rover are connected by a differential
mechanism that allows it to overcome obstacles up to 30 cm high. In addition to the
driving module, the Scorpio 7 platform has a manipulator module, which has 6
degrees of freedom. This means that this manipulator is capable of movement in 6
different axes. The manipulator on this research platform can perform precision
operations (Figure 4a), such as typing on a keyboard, and can take soil samples for
testing using an interchangeable tip in the form of a small excavator bucket (Figure
4b). In addition, the Scorpio 7 mobile research platform carries 5 digital cameras,
needed for precise control of the ride or manipulator. To maintain sufficient
communications with the Scorpio 7 rover, radio and antenna masts have been
installed on board, with radio systems operating at frequencies from 2.4 to 5.8 GHz.

Fig. 4. Scorpio 7 Rover.
a) during the Anatolian Rover Challenge 2023 competition; b) with manipulator in digging
configuration during the University Rover Challenge 2023 competition

3.6. RESEARCH MODULE DESCRIPTION

The research module located on the Scorpio 7 rover was prepared for the
requirements of the 2023 University Rover Challenge, where it was required
to detect the activity of living organisms in soil samples collected by the rover [6].
The module used consists of two main segments: analytical and storage. The main
device of the analytical segment is a Raman spectrometer under construction, which
allows the identification of organic compounds based on the Raman spectra
obtained. A digital microscope has also been added to the segment for visual analysis
of samples.
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Fig. 5 Model of the storage segment of the Scorpio 7 rover’s research module
with connected Raman spectrometer

To analyze the soil samples collected by the analysis segment of the Scorpio 7
rover's research module, it is first necessary to store them in the rover's controlled
environment - the storage segment (Figure 5). A rotating mechanism has been
constructed, with 5 chambers with external dimensions of 33x33x55mm. Using this
mechanism, it is possible to move a given chamber to 3 different locations: for
analysis with a Raman spectrometer, for visual analysis with a digital microscope,
and under the reception area of the collected soil sample. The bottom of these
chambers is made of polymethylmethacrylate, due to the possibility of analysis with
a Raman spectrometer and a digital microscope - both of which are mounted under
the storage segment so that the bottom of the sample chambers can be observed.

3.7. READING DATA FROM THE RAMAN SPECTROMETER

According to the rules of the 2023 University Rover Challenge [6], all analysis
of the collected soil samples had to take place on board the rover being operated.
Thus, it was necessary to configure a server to provide a USB interface from the
rover's on-board computer to the IP network, since the software and libraries
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provided by the manufacturer of the CCD array support only Microsoft Windows
family operating systems [4], which is not used in a mobile vehicle.

As a result, after connecting to the rover's Wi-Fi network and running the USB
server client application, a computer at the base with Microsoft Windows installed
was able to communicate with the array connected to the rover's onboard computer
(Figure 6).

To read data from the CCD array, software was created using communication
libraries provided by the manufacturer to retrieve data on the exposure intensity of
each pixel of the array and visualize it in the form of graphs.

3.8. RAMAN SPECTROMETER SOFTWARE

To interpret the data, a software application was written in which the Raman
spectra obtained during the spectrometer measurement are visualized. Basic
functions were installed in the application to analyze Raman spectra, e.g.: modifying
the signal integration time (the time the array collects the signal, increasing its
intensity). In addition, an Asymmetric Least Squares (ALS) [11] measurement
baseline estimation algorithm has been added to the application, which allows
filtering out the fluorescence spectrum from the collected Raman spectrum (the
resulting fluorescence spectrum has a much higher intensity than the Raman
spectrum).

Re-acquisition of the signal after modification of
the measurement parameters

v |

Data Data transfer Modification of ALS
acauisition via USB integration time algorithm Raman spectra
q interface and signal gain 9

Fig. 6 Diagram of the process for obtaining a Raman spectrum
from the Scorpio 7 rover's Raman spectrometer

4. RAMAN SPECTRUM MEASUREMENTS
ON THE SCORPIO 7 ROVER

During the first test under the operating conditions of the Scorpio 7 rover,
satisfactory Raman spectra were obtained from the constructed spectrometer. The
measurements focused primarily on qualitative analysis of soil samples. Calibration
and testing of the instrument were carried out using a pure THF solution (Figure 7)
and soil samples with different percentages of spirulina (Figure 9), to simulate the
presence of various organic substances in the soil sample under test.
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Fig. 7 Raman spectrum of THF solution obtained in the Raman spectrometer
(532 nm; 50mW; Integration time: 0.4s)

The obtained Raman spectra were subjected to further data processing using an
ALS-type algorithm. In the case of the study of solid samples, it was necessary to
use this type of processing of the received data, because the received signal was
characterized by very low intensity and there was a phenomenon of fluorescence of
the sample, which prevented the analysis of the received data - the fluorescence
spectrum "covered" the Raman spectrum of interest.
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Fig. 8. Raman spectrum of THF solution obtained with 488 nm laser excitation [7].
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Fig. 9 Raman spectra obtained from soil samples containing spirulina
at different weight concentrations (1%, 5%, and 10%) (532 nm; 50mW)

The main conclusions of the analyses were the presence of a wide range of organic
substances contained in the sample with spirulina added. First of all, this is evidenced by
the presence of intense peaks in the spectral region from 3150 - 3340 cm™ [10]. Activity
in this spectral region indicates the presence of the -NH bond, which is widely present
in amino acids. In addition, the visible peaks of high intensity in the range from 700 -
1260 cm™ testify to the presence of aliphatic and aromatic carbon bonds, which are
widely present in organic compounds [10].

5. SUMMARY AND CONCLUSIONS

Implementing the Raman spectrometer under construction into the design of the
Scorpio 7 rover made it possible to conduct chemical analysis of collected soil
samples. Together with additional microscopic analysis in the research module of the
Scorpio 7 rover, it significantly expanded the in-situ analysis capabilities of the
unconventional vehicle of the OFF-ROAD Scientific Circle. After testing the
operation of the spectrometer during the movement of the Scorpio 7 mobile research
platform, the need to increase the stability of the Raman spectrometer in use was
noted. The currently used system for recording Raman spectra requires a change in
the used housing for optical components. The properties of the used 3D printing
technology, which is characterized by anisotropic mechanical properties and the
occurrence of material shrinkage, cause the used optics to be exposed to uncontrolled
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displacement during shocks caused by the movement of the Scorpio 7 rover. The
result of these displacements is the decalibration of the spectrometer, which
significantly affects the veracity of the recorded Raman spectra.

After conducting a series of measurements with the constructed Raman
spectrometer, the need to replace the used excitation source (532 nm laser, 50 mW)
with a source of higher power was recognized, since the currently recorded Raman
spectra are characterized by very low signal intensity. Too low a power of the used
excitation may cause organic compounds to generate a less intense Raman scattering
phenomenon that will not be observed by the used recording system.

Conclusions from the work of the current system will be taken into account in the
next version of the Raman spectrometer.
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In the paper, a design of experiment (DOE) in terms of the Taguchi method was used for the
optimization of the manufacturing process. This approach makes it possible to do fewer experiments
while still getting the desired outcomes. This research programme will use this tool to optimize the
resin casting process by monitoring manufacturing parameters like temperature, curing time, and flame-
retardant concentration. Thus, this study aims to determine the ideal set of parameters for the resin
casting of composite materials. Based on experimental results, it was possible to find crucial factors
and their influence on the fracture strength of resin for composite manufacturing systems.

1. INTRODUCTION TO DESIGN OF EXPERIMENTS —
TAGUCHI METHOD

Thermosetting polymers cured with epoxy resins offer a wide range of uses due
to their mechanical and physical characteristics; they are mostly used as matrix in
advanced composites for automobile and aeronautical applications[1-4]. The
following are some of these materials' primary characteristics: Outstanding adhesion
to a wide range of substrates; (ii) excellent resistance to chemicals, especially in
alkaline environments; (iv) minimal shrinkage; (v) beneficial electrical insulation
properties; (vi) excellent corrosion resistance; and (vii) ability to cure over a wide
temperature range are just a few of the material's many outstanding qualities [2-5].
Understanding the kinetics of epoxy resin curing can help you optimize composites'
properties, reducing processing times, energy usage, expenses, and product quality
[4-7]. Because it affects the final qualities of fabricated parts, the epoxy resin curing
process is therefore the most important step in the manufacturing process. Epoxy
resins undergo cross-linking or curing processes that create a three-dimensional
infusible network by reacting hydroxyl groups or oxirane functional monomers.
Both direct coupling of the resin molecules by a catalytic homopolymerization and
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coupling through an intermediate reactive known as a curing agent—compounds
containing active hydrogen, such as polyamines, polyacids, polymercaptans, and
polyphenols, to name a few—can cause the cross-linking process [3,4,8,9]. The
reaction is extremely exothermic due to the high degree of reactivity of chemical
species involved in the curing process; hence, the polymerization of epoxy resins
must be carefully regulated to avoid the reaction heat being released from the process
accelerating itself [2—4]. It has been shown that a number of analytical methods can
be used to track the reaction's intensity and ascertain the epoxy resins' degree of
curing [1-4,10—-12]. Fourier-transform infrared spectroscopy (FTIR) is one of the
direct methods that may be used to assess the concentration of one or more reactive
groups over time (during the curing process). The main reasons FTIR is employed
are its nondestructive approach, practicality, and adaptability. Additionally, in
contrast to conventional characterization methods, this technique offers exceptional

advantages.
°
yA !

o 1 80
30 2 87.5
50 3 95

Figure 1. Taguchi method example

Applying many design of experiments (DOE), such as ANOVA, fuzzy logic,
complete factorial design, response surface methodology (RSM), and the Taguchi
technique, was necessary to optimise the FDM input parameters [ 13]. Taguchi's design
of experiments technique was frequently used to optimise the FDM parameter setting
due to its robustness, tolerance, and dimensional control [14]. Ahmad et al. [15]
optimised the FDM printing parameters using the Taguchi technique to increase the
surface roughness of the produced items. The Taguchi method, on the other hand, is a
descriptive survey that pinpoints a process or product in order to improve its usability.
The Taguchi technique is used because it is easy to use and a problem-solving method
that can help enhance process performance and boost productivity. The strategy is
called the test's factorial outline. For every trial, the level combination of information
plan variables is chosen using the orthogonal technique [16]. Optimising a process's
parameters to achieve maximum efficiency is Taguchi's main objective [17]. The FDM
input parameters, including the printing pattern, printing speed, layer thickness, and
raster orientation, were optimised using the Taguchi technique. The findings showed
that at a 20° displacement angle, layer thickness significantly affected Young's
modulus [18,19]. Tensile strength is increased and raw material is conserved when the
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lowest layer thickness is used [40][20]. Five parameters' effects on the surface integrity
of ABS parts made with FDM were examined by Kumar et al. [21,22]. In this work,
the ideal set of parameters for the resin casting of composite materials was investigated
using Taguchi technique as described above.

2. MATERIALS AND METHODS

The resin that was used for this purpose is epoxy resin, the most resistant adhesive
used nowadays. Specifically, is the Biresin CR141, a resin that is prepared with the
mixture of three different components, A symbolizes the resin, B the hardener, and
C is the accelerator. The proportion of the components according to the manufacturer
was not changed. According to the specification given, the proportions are 100 grams
of A, 90 grams of B and 2 grams of C. The components A and B of the Biresin are
contained in metallic barrels as the most part of the mixture is made by these
components. The component C is given in a small quantity. The fiberglass was used
for the reinforcement of concrete, for this reason is important that the resin be as
non-flammable as possible as it is used in buildings. For this purpose, a flame
retardant was added to the to the mixture. Having known this, the parameters in the
process that were changed were three, so we had three factors in our Taguchi matrix.
These parameters are as follow:

*  Temperature: The resin, according to the manufacturer, must be cured 3 hours

at 80 degrees, 3 hours at 120 degrees and 3 hours at 140 degrees. Then 139
degrees is the glass transition temperature of this resin, which is the
temperature when a polymer goes between the rigid and a flexible state. For
this reason, we used three combinations of temperatures based on the
manufacturer sequence of temperatures. One combination would be 7.5
degrees more in each state, one with the manufacturing temperature and the
other 15 degrees more, this would help us to see if we go above this
temperature (glass transition temperature), will fetch us a better results or
make our resin production faster. Considering this, the levels were: (a) 80°C,
120°C, 140°C (b) 87.5°C, 127.5°C, 147.5°C and (c) 95°C, 135°C, 155°C

* Time: This process is very time consuming so we tried to reduce it. Instead

of having 3 hours for each phase we tried with one and two hours less, so we
had 3+3+3, 2+2+2 and 1+1+1, so we see how this influences the mechanical
properties. The less time we consume, the more optimized our process. The
levels were (a) 1 hour,1 hour, 1 hour, (b)2 hours, 2 hours, 2 hours and (c)3
hours, 3 hours, 3 hours.

* Flame retardant: To the mixture of resin, we added flame retardant which is

a substance that prevents or inhibits the outbreak of fire. We used the
following proportions: 0%, 30% and 50%. This proportions were above the
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resin we had, not the whole mixture. The goal was to have the greatest
proportion of flame retardant without affecting the maximum stress the resin
can support. The levels are 0% of flame retardant, 30% of flame retardant and
50% of flame retardant.

After defining the factors and levels, we had 9 factors and 9 levels, which resulted
in 27 combinations and therefore 27 experiments. As it would be time consuming
and very costly, we applied the Taguchi matrix, which resulted 9 experiments that
could guess the best combination of the factors to our purpose. The Taguchi matrix
with statistics professional programs (Minitab) was explored. Introducing the data,
it was easy to generate the combination below.

Time phase Temp ini Flame retardant

1 1 80,0 0
2 1 87,5 30
> 1 95,0 20
4 2 80,0 30
5 2 87,5 50
6 2 95,0 0
7 3 80,0 50
a 3 87,5 0
9 3 95,0 30

Figure 2. Experiments conducted generated by the matrix.

Under laboratory conditions, the experimental campaign was carried out with a
universal material testing equipment. The loading point was moved at a constant
displacement rate of 2 mm/min during the 3-point bending tests. The machine's load
cell had a capacity of 2kN. A wire saw machine was used to create the crack in the
resin samples, and precracking was also done to sharpen the crack's tip. Figure 4
displays the sample dimensions that are assumed. To obtain a realistic number, the
actual dimensions of the incision were measured from the broken specimen in
accordance with the standard's instructions.

One of the key characteristics determined by the fracture toughness tests is the
material's resistance to fracture and crack propagation. Fatigue pressures, material
discontinuities, or manufacturing flaws could all contribute to the crack. It is not
always possible to prevent defects from arising during manufacture, therefore it is
important to take the fatigue lifetime into account. Numerous crucial details on the
mechanism of breaking, such as the type of stresses and the direction of the crack's
propagation, may be found by analysing the fracture surface. Figure 5 displays the
specimen's breakthrough surface without any additions.
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L
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Figure 4. Dimensions of the performed experiment

Figure 5. Crack length (sample without flame retardant)
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In order to better present the results, a marking system was introduced to facilitate
sample identification. Each of the samples has been marked according to the
following pattern:

1_80_50

Figure 6. The code of the marked resin specimens

In the case presented on Figure 6 the applied parameters are:

* 1-hour phases,

» 80 degrees of starting temperature

* 50 percentage of the flame retardant

The visualisation of the applied heating cure is on the Figure 7. The slope of the
graph is dictated by the need to maintain the maximum heating rate in order to reduce
the formation of heat cracks.

TC) Heating cure curve
160

140
120
100
80
60
40
20

0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
Time[hours]

Figure 7. Sample chart of the heating cure curve

3. RESULTS AND DISCUSSION

Figure 8 displays the data collected from the experimental programme. The
material's ability to withstand plastic deformation up until fracture was determined
by the specimens' mechanical behaviour under load. The stress intensity factor
computation and subsequent consideration will make use of linear elastic fracture
mechanics. For brittle, homogeneous materials like resin, analysis of the stress
intensity factor K allows one to forecast the stress condition close to the notch's tip.
Following the test, each specimen was measured in order to determine the sample's
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geometrical values. The assessment of fracture toughness was done using the
greatest force that the testing apparatus could produce.

Material
1,80,0 545
1,80,0 541
1,80,0 542
2,80,30531
2,80,30 532
2,80,30533
3,95,30 522
3,95,30 521
3,95,30 S23
1,88,30 512
1,88,30 515
1,88,30 513
2,95,061
2,95,0 62
2,95,063
2,88,5071
2,88,5072
2,88,5073
1,95,50 81
1,95,50 82
1,95,50 83
3,838,091
3,88,093
3,838,094
3,80,50 101
3,80,50 103
3,80,50 105

Figure 9. Force-displacement curve of the 3-point bending resin test
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Figure 8. Experimental results
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The mechanical behaviour of the specimens in the stress state and the response
of the testing machine for the applied displacement rate of the loading point are

presented on Figure 9.
The stress intensity factor K; in the loading Mode-I is calculated based on the

following equation[23-25]:

K 1= O-0F &Y ma
3PL
Ogp — =5
0" 2w2B
The obtained average values of the resin fracture toughness are presented on
Figure 10.
1,80,0 3,764
1,88,30 3,409
1,95,50 1,374
2,80,30 2,617
2,88,50 1,441
2,95,0 2,104
3,80,50 4,009
3,880 2,544
3,95,30 3,948
Figure 10. Average experimental results
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Figure 11. Effects of the parameters on K7

The experimental campaign's outcomes were utilised to analyse how each
element affected the stress intensity factor KI. The ensuing visuals display the



APPLICATION OF TAGUCHI METHODS (DOE) IN COMPOSITE... 59

outcomes. The mean value for the whole set of data is shown by the dashed
line.

* Time of each phase

From the perspective of the manufacturer, process time is an important
consideration. A decrease in time results in a decrease in the company's expenses.
The goal is to choose the solution that best fits the needs of the product. The one- or
three-hour time cure in this instance should be taken into account. The producer's
suggested time represents the factor's optimal value. Reducing the phase's duration
may be beneficial if the fracture toughness is at the safety level.

*  Temperature

The fracture toughness characteristic decreases when the process temperature
rises. Increased temperatures result in energy waste and needless expenses. The
value that the datasheet recommends is the best choice.

* Flame retardant

The resin microstructure is affected differently by the addition of flame
retardants, such as aluminium trihydroxide, depending on the additive's
concentration, particle shape, and surface preparation. According to the data, 30% of
the particles are the optimum option for the resin's characteristics.

The conducted research allows to verify the parameters recommended from the
resin manufacturer and the influence of the various factors on the mechanical
properties such as fracture toughness. The best results were obtained from the
temperature sequences 80°C, 120°C, 140°C, 3 hours of the temperature standstill
and 30 percent of the flame retardant.

4. CONCLUSIONS

The primary goal of designing experiment methods, such the Taguchi method, is
to optimise the parameters of the product through the utilisation of multiple
components in the trials. These methods help cut down on the quantity of
experiments conducted and conserve time, energy, and money. This approach's
primary drawback is how mistakes affect the way the experiments turn out. More
accuracy and preservation of condition should be used in the investigation. Errors
made during a campaign have a greater influence on the outcome and are more
difficult to identify.
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The work focuses on the question of resilience and improvements strategies for critical
infrastructure in Pardubice.

INTRODUCTION

This thesis focuses on the critical infrastructure of the City of Pardubice in the
context of the Pardubice Region. The thesis describes selected subsystems of the
critical infrastructure. The authors also offer possible solutions for each of the
problems.

The authors study at the University of Pardubice, therefore they chose this topic.
This topic was chosen by the authors for the Blended Intensive Programme (BIP) in
Zagreb, which is part of Erasmus+.

1. BASIC INFORMATION
Pardubice is a middle-sized city east of Prague. It is the capital city of the
Pardubice Region, with over 90,000 citizens. Pardubice is a university city with more
than 10,000 students. The town is situated on the railway corridor line from Prague
to Ceska Ttebova. [1]
1.1. PARDUBICE REGION

In the Pardubice region, more than 550,000 people live. It is situated in the east
of Bohemia and covers an area of 4,500 km?, surrounded by the Hradec Kralové

* Univerzita Pardubice, Dopravni fakulta Jana Pernera



Be. Tomas BELLAY and Martin LAS

64
Region, Central Bohemia Region, Vyso¢ina Region, South Moravia Region, and

Olomouc Region. The region also shares a part of its border with Poland.

The administrative centre is located eccentrically in the western part of the region.
In the eastern part of the region, there are regional towns with a population of

between 10,000 and 30,000 residents. [1]
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Fig. 1. Map of Pardubice Region [2]

1.1.1. ROAD TRAFFIC

Pardubice Region is suffering from the low density of highway. There is the D11
motorway Prague — Hradec Kralové which partly passes through this region. This
highway is connected to the D35 highway which provides connectivity to the

region.
are planned to be built, or they are already under construction. This extension will

increase the accessibility of the geographical centre of the region. Currently, the
connection between the central and eastern parts of the region is provided by the I/35
road, which, however, has insufficient capacity. This is mostly caused by passages

This motorway is planned to be extended to Olomouc. More than 60 kilometers

leading through towns.
Another major road is the I/35, connecting Hradec Kralové, Pardubice, Chrudim,

and the whole region to the D1 highway. [3]
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Fig. 3. Pardubice junction after the reconstruction [4]

1.1.2. RAILWAY TRAFFIC

Railway infrastructure is more important for the Pardubice Region. The largest
towns in the Pardubice Region (Pardubice, Pielou¢, Choceni, Usti nad Orlici,
Svitavy) are connected to the railway 001, 010 corridor (1st Czech transit corridor).
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This means that, for example, between Prague and Pardubice, you can take a train
every 10 minutes during peak times and normally once an hour throughout the day.

Another important railway line is railway number 030, which connects Pardubice
with Hradec Kralové. This line is experiencing a high increase in the number of
passengers thanks to modernization and the deployment of new trains.

Railway number 238 to Chrudim is also a relatively important link. Other lines
serve as peripheral connections and are relatively lightly used. This is mainly due to
uncompetitive commuting times. [4]

1.1.3. CRITICAL INFRASTRUCTURE

The most important are the power plant located in Chvaletice and the power plant
for hot water in Opatovice nad Labem. These two power plants supply electricity for
the Pardubice Region and the Hradec Kralové Region.

Another example of critical infrastructure in the Pardubice Region is Pardubice
Hospital. It is the largest hospital in the region. It is necessary to protect the hospital
against any cyber-attacks. [1]

1.2. THE CITY OF PARDUBICE

The historic centre of Pardubice was built on the left bank of the Labe River near
the confluence with the Chrudimka River. Originally, the town developed only on
the left bank of the river. However, with the advent of industrialization in the 19th
century, Pardubice experienced a high population growth. The right bank of the Labe
River, which was not very industrially developed until then, became a natural place
for the city to expand.

At that time, only one bridge connected the two banks. In the middle of the 20th
century, massive construction caused a great densification of the built-up area. This
trend was mainly due to the new prefabricated flats that were built on the periphery
of the city.

The growth of the built-up area also meant the absorption of the surrounding
villages, which were subsequently properly integrated into the perimeter of the city.
Due to the not always natural integration of the surrounding villages within one
administrative unit, the built-up area of Pardubice is not very compact. The built-up
area is often separated by narrow corridors of green spaces that follow the original
boundaries of natural settlements. [5]

1.2.1. ROAD TRAFFIC

Public urban transport in Pardubice is operated by the company "Dopravni podnik
mesta Pardubice". It's owned by the city. The company operates bus and trolleybus
transport in the city, with 74 buses and 56 trolleybuses. [6]
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Fig. 4. Scheme of Pardubice urban public transport [7]

The A36 road runs through Pardubice. This road connects Pardubice with Sezemice
and Borohradek. It's highly used by lorries and cars. As Pardubice does not have a
functional bypass, traffic jams often occur in the centre of the city. [3]

1.3. CRITICAL INFRASTRUCTURE

As was mentioned previously, one of the most critical infrastructures in Pardubice
is the hospital. The hospital is located in the southern part of Pardubice. Hospitals
are one of the key institutions in our society. [5]

Another example could be the bridges in Pardubice. Although the Labe River
flows through Pardubice, there are only three bridges, one of which is in a state of
disrepair.

In the next chapter, the authors would like to introduce each of the critical
infrastructures and describe them. [3]

2. BRIDGES IN PARDUBICE

A significant part of the population lives in the area north of the Labe River. For
these inhabitants, there was a need to ensure adequate connections with the rest of
the city, so the river has been spanned by several bridges over the years.
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2.1. PAVEL WONKA BRIDGE

The Pavla Wonka Bridge (in picture 5 - yellow) is located in the central part of
the city, connecting Masaryk Square - one of the transport hubs for public transport
- with Polabiny or Stavafov, a residential area. The bridge is primarily used for road
traffic, as it carries the road I1/324. The trolleybus line runs above the roadway in
each direction. Additionally, there is a mixed pedestrian and cycling path on both
sides of the road. Until the construction of the bridge on the A37 road in the western
part of the city, this bridge was the only capacity link for transit car traffic. [3]
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Fig. 5. Map of Pardubice‘s bridges [8]

The protection of the bridge from physical influences was already addressed
during construction. In addition to the river itself, the bridge crosses an inundation
area, thus ensuring protection not only against periodic flooding but also against
flooding from thawing and intense rainfall. According to the flood plan of the city of
Pardubice, the bridge should be secured against 100-year water. The technical
condition of the bridge is also monitored. The bridge deck consists of a field of
prestressed concrete. This type of structure is susceptible to degradation, mainly due
to possible corrosion of the steel cables. Hence, a visual inspection of the steel cables
is periodically conducted. Non-invasive methods, such as resonance scanning, are
also used for inspecting the bridge. The bridge underwent repairs in 1965, 1983,
1987, 2003, 2006, and 2022. [9] [10]

2.2. BRIDGE OF THE 1/37 ROAD
The Nadrazni Street Bridge (in the picture 5 — blue) is the highest capacity road

link. It is located on the I/37 road, which leads from Trutnov through Pardubice to
Velké Bites, where it is used as a feeder to the D1 motorway. The bridge consists of
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two separate bridge decks with 2+2 lanes, which are connected to a part of the road
classified as a motor vehicle road. In 2022, trolley poles were installed on the bridge
deck, which increased the robustness of the public transport system.

Given the relatively low age of the bridge and the recent reconstruction that took
place in 2017, the bridge is in reasonably good condition. The bridge is routed
completely outside the flood plain. Monitoring of the condition of the structure is
carried out periodically. [11]

2.3. KAPITAN BARTOS BRIDGE

The Kapitan Barto§ Bridge (in the picture 5 — red) connects the eastern part of
Polabiny with the Green Suburb. The bridge is of regional importance. Currently,
due to its poor condition, vehicle passage is restricted. The trolleybus track that runs
over the bridge is presently unused because of the excessive weight of trolleybuses.
A proposal for constructing a new bridge is currently being discussed.

Fig. 6. New look of Kapitan Barto$ bridge [12]

2.4. RAILWAY BRIDGE OF TRACK 031

The railway bridge over the Labe lies on the line 031, which connects Hradec
Kralové with Pardubice. This line is one of the busiest in the region. At present, the
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original bridge deck has been removed and replaced by a completely new
construction. [4]

2.5. POTENTIAL SOLUTIONS

The construction of the north-eastern bypass of Pardubice will contribute
significantly to reducing the vulnerability of the road network. This bypass will
reduce the intensity of transit traffic in the west-east direction, which currently leads
through the city's inner ring road. In emergency situations it can also serve as an
alternative connection. Construction began in December 2022. Completion is
scheduled for 2025.

3. PARDUBICE‘S HOSPITAL

Hospitals are a very important part of the Czech Republic. The Czech Republic
has more than 150 hospitals. It's necessary to keep all of them safe.

3.1. CYBERSECURITY

In 2019, Russian hackers attacked one of the regional hospitals in the Czech
Republic using ransomware. The Hospital in BeneSov was paralyzed for more than
20 days. The attack caused damages exceeding 59 million CZK. The hospital lost
some data, and its software was also damaged.

It was one of the biggest attacks in the history of the Czech Republic. After that,
all the state-owned hospitals renew their server security systems to be safer. [13]

3.2. COVERAGE OF THE AREA BY THE RESCUE CORPS

The key thing is to be on the scene of the emergency in time. In the picture, you
can see the rescue service base (Hradec Kralové, Jihlava, Olomouc, Brno). Air
emergency services are not provided in Pardubice. Therefore, this service is
outsourced by other regions.

Another problem is the availability of emergency services via road in Pardubice.
The hospital is located beyond the railway track. There is only one bridge that crosses
the railway, which is potentially problematic for the availability of emergency
services. In 2022, this bridge was under construction, and it was difficult for
emergency services to reach the location on time. [14]
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The first thing is already being done. Pardubice's hospital has its own IT team for
keeping software updated and safe. The second thing is much more complicated. As
you can see in picture 6, the hospital is shown in a black circle. The problematic
bridge is shown in red. It is a problem to choose another route other than this one
(via the bridge). The only possible way is to take a longer route to the south (yellow
arrow).

4. POWER PLANT

Every city needs electricity. For Pardubice, Chvaletice's power plant has been
operating for over 40 years. Today, it is normal for the transmission system to be
interconnected, but in the past, Chvaletice was the main power plant for part of the
Middle Bohemia Region and Pardubice Region. The other power plant is located
between Pardubice and Hradec Kralové and is called Opatovice. [15]
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Fig. 9. Scheme of transmission system [16]

4.1. OPATOVICE NAD LABEM

What is still very important for Pardubice and Hradec Kralové? The power plant
in Opatovice nad Labem produces electricity and hot water for both towns, as well
as Chrudim, Lazn€ Bohdanec, and other smaller cities nearby. The total length of the
pipes is 319 kilometers.
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The power plant burns coal, which is not environmentally friendly. Another
problem is that if there are any issues with coal logistics, more than 300,000 people
will be left without hot water.[17]

4.2. CHVALETICE

Chvaletice's power plant is not producing hot water; instead, it is much more
powerful (820 MW). It is owned by the private company Seven Energy. Like
Opatovice's power plant, it burns coal to produce electricity. This power plant
compensates for fluctuations in the grid and serves as a potential backup. [15]

4.3. POTENTIAL SOLUTION

The best option would be to develop a new sustainable power plant for supplying
energy and hot water. It is also important to protect these two power plants as without
them, the region will be without electricity and hot water.

REFERENCES

[1]1 Pardubicky kraj. Online. C2023. Dostupné z: https://www.pardubickykraj.cz. [cit. 2023-12-04].

[2] Pardubicky Fkraj. Online. Mapy.cz. C2023. Dostupné z: https://mapy.cz/zakladni?l=0
&source=regi&id=7&ds=1&x=16.1151034&y=49.9111144&7z=9. [cit. 2023-12-04].

[3] Sit — Pardubicky kraj. Online. Reditelstvi silnic a dalnic. 2023. Dostupné z: https:/kraje.rsd.cz
/MAPY /vystavba-kraje/rsd-mapa-vystavba-kraj-e.pdf. [cit. 2023-12-04].

[4] Interaktivni mapa Spravy Zeleznic. Online. Sprava zeleznic. C2023. Dostupné z: https://
mapy.spravazeleznic.cz. [cit. 2023-12-04].

[S] Mésto Pardubice — turista. Online. Mé&sto Pardubice. 2023. Dostupné z: https://pardubice.eu
/turista. [cit. 2023-12-04].

[6] Vyroc¢ni zprava Dopravniho podniku mésta Pardubic. Online. Dopravni podnik mésta Pardubic.
Ro¢. 2022, ¢ 1, s. 67. Dostupné z: https://www.dpmp.cz/download/annual report_cs
/1686073634 cs_vyrocni-zprava-2022-dpmp.pdf. [cit. 2023-12-04].

[7] Schéma sit¢ MHD. Online. Dopravni podnik mésta Pardubic. C2023. Dostupné z: https://
www.dpmp.cz/cestovani-mhd/schema-site-mhd-pardubice.html. [cit. 2023-12-04].

[8] Mapy.cz. Online. C2023. Dostupné z: https://mapy.cz/zakladni?x=15.6252330&y=49.8022514
&z=8. [cit. 2023-12-04].

[9] Rekontrukce mostu Pavlia Wonky. Online. In: Pardubice. S. 19. Dostupné z: https://www.ebeton.cz
/wp-content/uploads/2007-3-12_0.pdf. [cit. 2023-12-04].

[10] Oprava Wonkova mostu v centru Pardubic se presouvd na léto. Online. In: Pardubicky denik.
C2023. Dostupné z: https://pardubicky.denik.cz/zpravy region/oprava-wonkova-mostu-v-centru-
pardubic-se-posouva-na-leto-potrva-11-mesicu-20221.html. [cit. 2023-12-04].

[11] Trolejbusy budou muset jezdit pres Paramo: troleje tam ale jesté nejsou. Online. In: ITI Hradecko-
pardubické alglomerace. C2023. Dostupné z: https://iti.hradec.pardubice.eu/ ?site=trolejbusy-budou-
muset-jezdit-pres-paramo,-troleje-tam-ale-jeste-nemaji. [cit. 2023-12-04].

[12] Sirsi a s oddélenymi pruhy pro cyklisty. Pardubicti zastupitelé rozhodli o nové podobé mostu kpt.
Bartose. Online. In: Zdopravy.cz. C2023. Dostupné z: https://zdopravy.cz/sirsi-a-s-oddelenymi-



74 Be. Tomas BELLAY and Martin LAS

pruhy-pro-cyklisty-pardubicti-zastupitele-rozhodli-o-nove-podobe-mostu-kpt-bartose-186261/.
[cit. 2023-12-04].

[13] Kyberutok na nemocnici v Benesové zpiisobil Skodu pres 59 milionii. Pachatele se vypatrat
nepodarilo. Online. In: Rozhlas.cz. C2023. Dostupné z: https://www.irozhlas.cz/zpravy-domov
/kyberutok-kyberneticky-utok-nemocnice-v-benesove-skoda-pachatel-hacker 2008180912 ako.
[cit. 2023-12-04].

[14] Plan pokryti Pardubického kraje vyjezdovymi zakladnami. Online. In: Pardubice. S. 6. Dostupné
z: https://www.luze.cz/e_download.php?file=data/editor/129cs_1.pdf&original
=Plan_pokryti_Pardubickeho kraje vyjezdovymi_zaklad.pdf. [cit. 2023-12-04].

[15] Chvaleticka elektrarna. Online. Seven Energy. C2023. Dostupné z: https://www.7.cz/cz/skupina
/seven-ec.html. [cit. 2023-12-04].

[16] Elektrizacni soustava CR. Online. OTE CR. C2023. Dostupné z: https://www.ote-cr.cz/cs
/statistika/elektrizacni-soustava-cr.png. [cit. 2023-12-04].

[17] Elektrarny Opatovice. Online. C2023. Dostupné z: https://www.eop.cz. [cit. 2023-12-04].

Corresponding author:
Tomas Bellay, st62323@upce.cz






acownikow oprdcz korzysci wynikajacych z oszczednosci dla linii
tniczych, dzieki obnizeniu niezbednej liczby pracownikow oraz nizszym
sztom operacyjnym, pasazerowie beda réwniez korzysta¢ z nowych
chnologii na lotnisku skrdécenie czasu oczekiwania w kolejkach i
ozliwos¢ sprawdzenia dostepnych na lotnisku udogodnien w kioskach
moobstugowych to tylko kilka z licznych nowosci, jakie bedzie miat do
oferowania terminal przed oddaniem go do uzytku odbed3 sie
tensywne testy zintegrowanych systemow lotniskowych tak, aby
nieczne procedury od samego poczatku uzytkowania byly w petni
rawne i satysfakcjonowaty pasazerow, ktdrzy bardzo cenig
rminal natomiast bedzie gotowy w 2020 roku zostanie zbudowany na
180 hektarach gruntu changi airport posiadajgc 5 terminali bedzie w
anie obstuzy¢ ponad 135 milionéw oséb w kazdym roku planowana jest
whiez poprawa infrastruktury drogowej, aby zapewnic¢ wygodny dostep
) terminali oczekujgcych na lot w holu lotniska changi znajduje sie green
all, czyli sciana bujnej, egzotycznej roslinnosci, ktora ma 300 m szerokosci
est wysoka na kilka pieter wysokosci na lotnisku znajduje sie tez
otylarnia, czyli dwupietrowy ogréd z wodospadem i ponad tysigcem
otyli roznych gatunkdw pasazerowie majg do dyspozycji ogrody:
ktusowy, stonecznikowy, orchidei czy tez ogrod paproci a zmeczeni
)dréz3 moga tez odwiedzi¢ specjalne sypialnie, centrum spa i baseny.
itosnicy gier maja szanse skorzystac ze strefy , gdzie filmy i gry wideo s3
ezentowane w trzech wymiarach dodatkowa atrakcjg dla pasazerow jest
ielka zjezdzalnia wysokosci zainstalowane przyrzady ils do obstugi
zpiecznego lgdowania samolotow w kazdych warunkach pogodowych.

. | v ownie: pec ic

)stojd tniska,
skon m nym, z
ofe o WUST Publishing House prints can be obtained via mailorder: /j nym.

|jwai zamaW|an|fe.ksm;ek@pwr.edu.pl |Ot6W.
www.ksiegarnia.pwr.edu.pl

ntrol wanie,
ntrol [SSN 2450-5870 i zaraz

W




	Pusta strona
	Pusta strona



