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Design of an Industry 4.0-Based, Vertically Angular Automated Line Separator

Tahsin Topbasoglu®, Enes Bitigen*?, Ali H. Nazik"® Onur Cimen’, I.Etem Saklakoglu’?
KANSAN R&D Center, Izmir, Turkiye!
Ege University, Department of Mechanical Engineering, Izmir, Turkiye?
tahsintopbasoglu@kansanmak.com

Abstract: In this study, an original design was developed to address the issue of insufficient packaging speed, a key challenge in wet wipe
production lines. A separator/distributor was developed that enables a single wet wipe machine to work with three packaging units during
the transfer of products from the wet wipe preparation unit to the packaging process. The developed separator moves angularly on the
vertical axis and can transfer products to conveyor groups leading to three different packaging lines. Additionally, a unique movable upper
conveyor was designed to operate across a range of product heights, which applies pressure to the products during movement to prevent
them from scattering. One of the primary design criteria for the conveyor is lightweight construction, and this was a key focus during
development. To achieve angular motion, a servo-driven flywheel mechanism was designed. The machine is equipped with sensors for
Industry 4.0 compatibility, ensuring communication between units. In case one of the packaging machines becomes inactive, the separator
automatically redirects the product feeding process to the remaining packaging machines, ensuring uninterrupted production.

Keywords: WET WIPE, PACKAGING, INDUSTRY 4.0

1. Introduction

In the modern industrial environment, optimizing production
lines for efficiency and speed is crucial. Wet wipe production, in
particular, faces the challenge of balancing product quality with
high-speed packaging processes. A key issue in wet wipe
production is the limitation in packaging speed, which can lead to
bottlenecks and inefficiencies.

Industry 4.0 has revolutionized manufacturing by introducing
smart technologies, including the Internet of Things (loT), sensors,
and automated systems, which enable enhanced communication and
coordination between machines. This paper presents an innovative
solution to increase packaging efficiency in wet wipe production by
designing a vertically angular automated line separator that
integrates Industry 4.0 technologies.

2. Literature Review

The literature on manufacturing automation, particularly in
production line optimization, emphasizes the need for efficient
systems that enhance productivity and flexibility. Recent
advancements have allowed for the development of automated
separators and conveyors that help address the challenges posed by
high-speed packaging, especially in the context of multi-line
production environments where efficiency is paramount. This
review focuses on automation in manufacturing, the role of
vertically angular systems, Industry 4.0 integration, and recent
packaging innovations, with the aim of establishing a basis for the
proposed design of an Industry 4.0-compatible, vertically angular
automated line separator.

2.1. Automation in Manufacturing and Packaging Lines

Manufacturing automation, a cornerstone of industrial
development, has undergone several transformations, with each
phase introducing technologies that reduce human intervention,
streamline production, and decrease operational costs. Initially,
automation focused on simple mechanized tasks, but advancements
in robotics and control systems have enabled more complex
operations, including real-time adjustments and multi-directional
product flow. Flexible conveyor and distribution systems have
become essential in modern manufacturing environments, allowing
lines to adapt dynamically to changing production demands [1, 2].

Flexible conveyor systems have been identified as a solution to
minimize downtime and optimize product flow. Studies reveal that
traditional conveyor systems, while effective, often struggle in high-
speed production environments, particularly when dealing with
products of variable shapes and sizes. By integrating modular and
adaptive conveyors, manufacturers can meet these demands while
reducing production costs. Research on the use of robotic arms and
other mechanical actuators shows that automation systems with
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precise control and flexibility can effectively handle variable
product dimensions, achieving reliable, repeatable separation and
distribution in packaging lines. These findings support the
development of systems capable of transferring products to multiple
packaging units, addressing a common need in high-output
industries such as consumer goods and pharmaceuticals.

2.2. Vertically Angular Systems in Manufacturing

The implementation of vertically angular motion within
conveyor systems presents a significant opportunity for optimizing
space usage and enhancing flexibility in product handling.
Traditional conveyor setups, typically limited to horizontal
movement, can occupy large areas of the factory floor and restrict
the ability of a production line to handle varying product heights.
By enabling angular movement along the wvertical axis,
manufacturers can design systems that utilize available space more
effectively, particularly in facilities where space constraints are a
concern.

The design of vertically angular conveyors, especially in
compact environments, has been shown to reduce operational
complexity and improve the flow of products through multi-line
processing systems. This approach not only conserves space but
also allows for more efficient utilization of resources by aligning
product flow with specific line requirements, such as directing items
to different packaging stations based on real-time line status.
Although the vertical movement is well-documented in material
handling applications, studies reveal a lack of comprehensive
exploration into systems that combine vertical and angular motion,
especially with industry-specific applications. This study aims to
bridge this gap by integrating a servo-driven flywheel mechanism
for controlled angular movement, which ensures precise product
positioning and transfer across multiple lines.

2.3. Industry 4.0 Integration and Smart Manufacturing Systems

Industry 4.0 represents a paradigm shift in manufacturing,
bringing smart technologies and digitalization to traditional
processes. By incorporating 10T, machine learning, and real-time
data analytics, Industry 4.0 enables the creation of intelligent
production  environments  where  machines  communicate
autonomously, adjusting operations based on sensor inputs. This
real-time communication and adaptability are particularly valuable
in automated packaging systems, as they enable production lines to
respond instantly to fluctuations in demand or disruptions within
individual units [3].

The integration of 0T technologies allows for continuous
monitoring of machinery, which is essential in high-speed
production environments where equipment failure can result in
significant downtime. The use of real-time data not only facilitates
predictive maintenance but also enables optimization algorithms to
adjust production rates, manage inventory flow, and maintain
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product quality. For example, real-time tracking of product
movement and adaptive control can ensure seamless transitions
between different sections of the production line, reducing product
loss and minimizing human intervention [4].

Smart manufacturing technologies also enable efficient
coordination across interconnected units, which is crucial for multi-
line systems that must operate in unison to achieve optimal
throughput. Predictive maintenance models powered by machine
learning provide a framework for forecasting equipment failures,
allowing operators to address issues before they result in production
stoppages. By implementing these smart technologies, the proposed
separator design aims to maintain uninterrupted product flow even
if one of the packaging lines goes offline, maximizing productivity
and minimizing waste.

2.4. Innovations in Packaging Systems

Packaging is a critical phase in production, particularly in high-
speed environments where products must be handled with precision
to prevent damage or misalignment. Modern packaging systems
incorporate modular and flexible designs that allow manufacturers
to adapt to changing product requirements quickly. Studies indicate
that modularity in packaging equipment offers significant
advantages in terms of scalability and customization, as operators
can reconfigure lines to handle products of different sizes, shapes,
or packaging formats without extensive retooling [5].

Automated distributors and separators designed to work in
tandem with packaging machines have proven effective in
enhancing line efficiency. By directing products to multiple
packaging stations, these systems reduce the likelihood of
bottlenecks and improve overall throughput. For industries
requiring high-speed packaging, automated separators that facilitate
smooth transitions between preparation and packaging stages are
essential for maintaining product integrity and consistency.

Modular design is another area of focus, allowing packaging
systems to adjust quickly to new product demands. Research into
modular packaging line architecture has shown that reconfigurable
systems can meet varying production needs with minimal
downtime, which is especially valuable in fast-paced industries like
consumer goods. The proposed design incorporates a movable
upper conveyor to accommodate products of different heights,
preventing product scattering and ensuring secure transfer to the
packaging units. The lightweight construction of the conveyor also
supports rapid, angular movement, providing a compact and
ergonomic solution to meet production demands [6].

2.5. Gaps in Current Research

Despite significant advancements in automation and Industry
4.0 technologies, there is still limited research on integrating
vertically angular motion with Industry 4.0-enabled packaging
systems. Most studies focus on horizontal automation systems or
isolated technology implementations, without considering
integrated solutions that combine angular motion and smart
manufacturing capabilities. This study addresses this gap by
developing a vertically angular separator that leverages smart
manufacturing systems for seamless communication, real-time
monitoring, and automated adjustments [7].

The proposed design aims to create an efficient, adaptable
separator capable of directing products to multiple lines based on
real-time operational conditions. By combining vertically angular
motion with loT-enabled monitoring, the system promises to
increase productivity and flexibility in packaging lines, meeting the
evolving demands of high-output industries. This novel approach to
automation, which prioritizes space efficiency, real-time
adaptability, and minimized downtime, represents a new direction
for research in automated packaging technology.
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3. Design and Methodology

The goal of this study was to address the demand for an
efficient product transfer system in wet wipe production lines,
where products need to be transferred from a single production
machine to three separate packaging machines. The challenge lies in
meeting a high throughput requirement—up to 300 packages per
minute—while ensuring each packaging machine can handle a
maximum of 100 packages per minute. To meet these demands, a
vertical angular automated separator was designed, with a focus on
ease of adjustment, maintenance, ergonomics, space efficiency, and
the ability to perform product transfer via angular motion on the
vertical axis.

3.1. Separator Unit Design

The separator unit was designed to move angularly on the
vertical axis, allowing it to transfer products to conveyor groups
leading to three different packaging lines. The angular motion is
crucial as it enables the system to handle multiple packaging lines
without requiring excessive floor space, thereby improving the
overall factory layout. This design also makes it adaptable to
varying production needs, especially in high-speed environments
where flexibility is essential [8].

The key innovation of this design is the incorporation of a
movable upper conveyor that can function across a wide range of
product heights. This feature allows the separator to handle products
of varying dimensions without disrupting the product flow. The
upper conveyor plays an essential role in ensuring that the products
are maintained in a stable position during the transfer process. By
applying light pressure as the product moves across the conveyor,
the risk of scattering is minimized, ensuring smooth and efficient
transfer to the packaging machines.

3.2. Lightweight Conveyor Design and Servo-Driven Flywheel
Mechanism

The design of the conveyor system is centered on minimizing
weight without compromising performance. The lighter
construction of the conveyor enables faster movement, reducing
wear and tear, and ensuring the longevity of the system.
Additionally, this lightweight design facilitates easier adjustments
and maintenance, providing the operator with a more ergonomic
system for day-to-day operations.

To achieve the angular motion of the separator, a servo-driven
flywheel mechanism was developed. This mechanism is designed to
allow for precise angular movement while maintaining stability and
reliability at high speeds. The servo drive ensures that the separator
can adjust its angle quickly and efficiently, making it adaptable to
various packaging line configurations. This system is crucial for
achieving the required speed of 300 packages per minute while also
handling the product transfer to multiple packaging lines.

3.3. Industry 4.0 Integration and System Automation

The separator unit is equipped with sensors and communication
interfaces that integrate with the overall production line, ensuring
compatibility with Industry 4.0 standards. This allows for real-time
data exchange between the separator and the packaging machines,
optimizing the efficiency of the system.

One of the key features of the design is its ability to maintain
uninterrupted production. In the event that one of the packaging
machines becomes inactive due to maintenance or malfunction, the
separator automatically redirects the product flow to the remaining
active packaging lines. This automatic redirection ensures
continuous production without the need for manual intervention,
thus reducing downtime and enhancing the overall efficiency of the
manufacturing process.
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3.4. Ergonomics and Maintenance Considerations

In addition to the technical functionality, the design emphasizes
ergonomics and ease of maintenance. The system was built with
user-friendly interfaces for quick adjustments and straightforward
maintenance procedures. The lightweight design of the conveyors,
along with their modular construction, allows for easy access to
parts that require routine maintenance, reducing downtime and
labor costs. The compact nature of the system also ensures that it
occupies minimal space, making it ideal for factories with limited
floor space.

The vertical angular movement of the separator further
enhances the system’s ergonomics, as it minimizes the need for
large horizontal conveyors that could otherwise require more space
and labor for adjustments. The angular motion system is easy to
configure, and operators can quickly adapt it to meet different
production requirements, making it highly versatile for various
product types and packaging configurations.

The designed separator is shown in Figure la and the
manufactured separator is shown in Figure 1b. In figure 2a the
detail of design and figure 2b. detail of the manufactured separator
is shown in front view. Rear view is shown Figure 3a and fig 3b.

Figure 1a the designed and Figure 1b. the manufactured
separator in front view

Figure 2a the detail of design and Figure 2b. detail of the
manufactured separator in front view

- > . ® “lul -'llﬁ

7y

3b.

Figure 3a-b. Rear view of designed and manufactured separator
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4. Results and Discussion

The vertical angular separator was tested in a real-world wet
wipe production environment to evaluate its performance in
handling high-speed product transfer to multiple packaging lines.
The results confirmed the separator's ability to efficiently direct
products from a single production line to three separate packaging
lines, each capable of handling up to 100 packages per minute. This
setup allowed for a sustained throughput of 300 packages per
minute, meeting the target production speed and ensuring a
balanced distribution of products across the three lines.

The servo-driven flywheel mechanism proved crucial for
achieving precise control over the separator’s angular motion. This
mechanism allowed the separator to quickly adjust to shifts in
production flow and align with each of the packaging lines without
delays. The lightweight conveyor design contributed to the system's
ability to operate smoothly at high speeds, effectively reducing
mechanical stress and wear over prolonged periods of use. By
minimizing the stress on mechanical components, the design also
helped extend the lifespan of the separator and reduced maintenance
needs.

Integration of Industry 4.0 features was particularly
advantageous. Through real-time monitoring and feedback from
embedded sensors, the separator could automatically reroute
product flow if one of the packaging machines went offline. This
function minimized potential downtime, maintaining continuous
production—a critical feature in high-output manufacturing lines
where any stoppage can result in significant productivity losses.

Furthermore, a patent application has been filed for the
developed system, reflecting its innovative contributions to
automated packaging line technology and the novel approach to
integrating vertical angular motion with Industry 4.0 capabilities.
This patent application not only highlights the uniqueness of the
separator's design but also establishes a basis for future
developments and potential commercialization in automated
production and packaging systems.

5. Conclusion

This study presents a novel design for a vertically angular
automated line separator that addresses the challenges of
transferring products between multiple packaging machines in a
high-speed wet wipe production line. The design successfully
integrates  Industry 4.0 technologies to ensure seamless
communication between production units and minimize downtime.
With its lightweight construction, ergonomic design, and
adaptability to varying product heights, the separator system
provides a highly efficient and flexible solution for modern
manufacturing challenges.

Further research could explore the integration of additional
smart technologies, such as Al-based predictive maintenance and
advanced data analytics, to further enhance system performance and
efficiency.
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Dynamic analysis of vehicles hydraulic lift for the case of load handling

Ilir Doci, Naser Lajqi, Afrim Sallahu
Faculty of Mechanical Engineering — University of Prishtina “Hasan Prishtina”, Kosovo
E-mail: ilir.doci@uni-pr.edu

Abstract: The paper examines the dynamic analysis of a hydraulic lift that is used for lifting and lowering vehicles. These lifts are
implemented in various servicing facilities for the repair of vehicles. The lifts consist of various mechanical and hydraulic parts and besides
lifting and lowering the vehicle, they need to keep the vehicle lifted for a certain amount of time. During the work operations, the lift’s main
parts are heavily loaded. The method of analysis consists of 3D modeling of the Hydraulic lift and carrying simulations with software. This
enables to analyze the dynamics of motion, identify the forces and stresses in lift parts and the form and intensity of oscillations that can
cause failures of parts and concerns about the safety. Conclusions from this paper will be useful regarding the loading dynamics on the
Hydraulic Lift during lifting and lowering, and design considerations. Results will be shown in graphical form, in time dependence. The
Hydraulic Lift is modeled based on the Data from the standard manufacturer. The software that will be used for modelling and analysis is
SimWise 4D.

KEYWORDS: VEHICLES LIFT, LOAD LIFTING, LOAD LOWERING, OSCILLATIONS, MODELING, SIMULATIONS

1. Introduction

Wire rope

The type of the Hydraulic Lift taken for the study is shown in .2

Fig.1. The study example is from a local vehicles repair workshop Assistant
in Prishtina City. It is a lift mounted on the concrete ground. Main g N
work activities of the Lift are lifting and lowering of the load, which

is a vehicle or a small truck, and holding the vehicle steady in a

certain height. The height H is usually around 1.8 — 2 m. The time Assistant
of holding the lifted vehicle steady can vary, depending on the e |
length of the check and repair process, and can take hours. This puts y
a lot of stress in the parts and mechanisms of the lift. They are -
devices that have a large number of elements. They have a certain

lifting velocity to lift the load.

L= |

leaf chain

Carriage

Control Box

Lifting arms

Power Unit
(electromotor and
gear pump)

Chain drive

Safety latch

Oil hose

driving cylinder
with piston

Fig.2. Hydraulic Lift main parts — Drawing view [1]

An electro- hydraulic system is used to lift the load. The
working process is as follows: The hydraulic oil is delivered by the
gear pump to the oil cylinders, which pushes upwards its piston.
Then, the piston drives the chain to move upwards the carriage and
the lifting arms (Fig.3). There is a safety latch in both posts that will
automatically block with the safety teeth block in the posts in order
to prevent sudden dropping-down of the load in case the hydraulic
system beaks down [2].

Fig.1. Hydraulic Lift for vehicles in the working environment

The type of lift is EE-6253/6254 from the Manufacturer EAE
Group Companies. It is a Floor Plate, Two Post Lift with the Lifting
Capacity 4000 kg. [1]. It’s a type of electro-hydraulic lift. It’s main
technical features are shown in Tab.1.

The main parts of the lift are shown in Fig.2.
Table.1. Technical features of the Hydraulic Lift [1]
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Crane Features Value
Model EE-6254
Capacity 4000 kg
Lifting time 50s
Lifting height 1900 mm
Height of the lift 2827 mm
Width of the lift 3420 mm Fig.3. Foto of the of the Main Post, Chain drive and Carriage on
Width between posts 2830 mm the Hydraulic Lift
Electromotor Power 2.2 kw

Results of the research will be acquired for some main parts of
the Lift. Forces, force moments and stress during lifting are
considered main influential parameters for measuring strength and
strain in the lift’s parts [4], [6], [8]. To study this, analysis will be
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carried for two cases of motion: lifting and lowering of the load,
with capacity Q = 4000 kg, which is maximal loading for this lift.

Lifting velocity will be vz = 10 m/min and lowering velocity
will be the same vj,er = 10 m/min. Results will be presented with
graphs and then discussed.

Regarding the Literature review, Authors have studied
Hydraulic Lifts for vehicles, shown in the References, with studies
about dynamic analysis [5], [9], [10], [11], simulations [5], [12],
design [4], [7], [8], investigation [6], motion control and regulation
[11], [13], and Lift safety [12], [14].

2. Modeling of the Hydraulic Lift for vehicles and
simulations

Modell of the Hydraulic Lift for vehicles is created with
software SimWise 4D [3]. After the modelling, simulations will be
carried out to get results. Analysis with simulations will be acquired
using two numerical Methods, namely Finite Elements Method
(FEM) and Numerical Kutta-Merson Method, which are part of the
software features. Working load Q is a simplified model of the
vehicle with dimensions: Length =2 m , Width=1 m , Height = 1.4
m, Mass Q = 4000 kg. The vehicle model is placed on the Lift arms,
not constrained, ready to be lifted. (Fig.4).

I iien £
Rl ad e v HFELN 9 AL e wr D

LR RS S

Main post
Assistant

post
Vehicle

Basement

Lifting arms
(right)

Fig. 4. Model of the Hydraulic Lift for vehicles with main parts in
the software environment [3]

Chain gear

Main post
Drive chain

system
¥ Carriage

Lifting arms
joint 2

Lifting arms joint 1
Llftlng arm2 Lifting arms bar
(right)
Lifting arm 1

(right)

Driving
piston
Basement

Fig.5. Parts of the lift’s drive system

For the proper analysis of the vehicle motion, simulations will
be organized as close as to real occasions [11]. The piston, which is
the main lifting drive is created in the model, together with the drive
chain (Fig.5 & Fig.6).

The velocity of the piston for the vertical lifting is v, = 1900
mm/ 50 s = 38 mm/s.

Where: L, = 1900 mm — Lifting height
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t,=50s — Lifting time (Table 1).

For the analysis purposes, the right side of the lift, on the Main
post is taken for the study (Fig.1). Piston will start lifting the
carriage, chain and arms from time t = 0 s, until it contacts the
vehicle chassis, which is initially at the distance of D; = 180.6 mm
from the lifting arm (Fig.6 & Fig.7). The contact between lifting
arms and vehicle chassis will be at time t,, = 4.7 s. After this time,
the vehicle will be lifted. Initial distance between the basement and
vehicle chassis is D,= 260.1 mm (Fig.7).

The vehicle will be lifted until the simulation time tg,; = 20 s.
After this time, the lifting will be halted, to monitor the occurrences
on the vehicle [11]. During this time, the vehicle will be lifted for
D;= 836.2 mm. The entire simulation will last tg,, = 21 s.

g
Al

Driving piston

Lifting arm 2

Lifting arm 1

Fig.6. Closer view of the driving piston

1260.imm |

Fig.7. Initial distance between the Lifting arms and vehicle D,
= 180.6 mm, and the Basement and vehicle D,= 260.1 mm

3. Results of the vehicle lifting

Results of the analysis will be presented in the form of graphs
for main dynamic parameters for some main parts of lift: Tensile
Force in the chain, Forces in the pistons, stress in the lifting arms.

3.1. Tensile Force on the Drive chain

The Tensile Force acts on the Drive chain during lifting. The
drive chain rolls on the chain gear (Fig.5). In one side is connected
with the lifting arms bar and in other side with carriage. It lifts the
arms with the load (vehicle). The usage of the drive chain is to
speed up the lifting, in the proportion 2:1. On the bottom side, it is
connected with the carriage, which is lifted with the piston. It is
heavily loaded part. The nature of the lifting force is axial force —
tension.

Results of the force in chains are in the graph in Fig.8 for the
chain drive system in the Main Post. The graph of the tensile force
for left drive chain is similar, and due to limitations in this paper, it
will not be shown.
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Fig. 8. Tensile force on the Drive chain in the Main Post

In the Fig.8 is given the graph of the Tensile Force on the Drive
chain on the Main post Fy, . The curvature of the Force starts with
low intensity, Fi, = 1400 N until time t = 4.7 s. This is the initial
process of lifting of arms without the vehicle weight. After this
time, the intensity of the force jumps instantaneously at the value
Fien = 20000 N, which means that the vehicle has started to be lifted.
The intensity of the force does not change significantly but the
nature of the curvature shows swinging and oscillations in entire
process. Medium value of the force is Fi, = 20000 N. Highest
values of the Tension force is at the lifting start and at the lifting
stop (t = 20 s). Maximum value of the force is Fypmax = 23610 N,
achieved after lifting stoppage at time t = 20.05 s. It is caused by
the short inertial motion of the vehicle after stoppage.

Important parameter for the analysis is Peak-to-peak amplitude
J. It is the difference between the minimal and maximal values of
tension force and represents the intensity of oscillations. For the
case of vehicle lifting, in time interval 4.7 s <t<20 s the medium
peak-to-peak amplitude is A, = 21000 — 18500 = 2500 N. Maximal
value is at the time after lifting stoppage t = 20.05 with the value
en = 23610 — 18890 = 4720 N. The frequency of the oscillations
during the lifting is v~ 25 Hz [11].

Conclusion is that Drive chains and lifting arms are heavy
loaded and with swinging and oscillations. Amplitudes are not high,
but frequencies of oscillations are intense.

3.2. Force on the Pistons

In the Fig.9 is the graph of the Pressure Force Fy, on the piston
in the Main Post. For the piston on the left side graph of the force is
similar. Piston is heavy loaded part that lifts the vehicle. The force
has negative values, opposite to the lifting, while it is pressure
force.
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Fig. 9. Force on the piston in the Main Post
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Based on the graph Fig.9, until the time t = 4.7 s, the piston
force is small Fp, = -973 N. This is the initial lifting process when
the piston lifts the arms and other parts of the Main Post but not the
vehicle. After this time, the vehicle starts to be lifted, and the
pressure force jumps to higher values F,, =~ -19200 N. Until the end
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of the simulation, the nature of the Piston Force curvature shows
swinging and oscillations in entire vehicle lifting. Short after the
lifting stop, = 20.05 s, the pressure force reaches its maximal value
Fppmax = -22700 N. Conclusion is that pistons are heavy loaded and
with swinging and oscillations that results in intense amplitudes and
high frequencies. Peak-to-peak amplitude of the pressure force in
the lifting time interval 4.7 s <t<20 s, is A, = |-20200]| — |-17865| =
2335 N. This is lower than the amplitude for the Drive Chain.

3.3. Stress on the lifting arms

Lifting arms are the parts that carries the loading (the vehicle).
There are four lifting arms. We will present graphically the stress
(Von Misses) on one lifting arm, on the Main Post (Fig.10). The
form of the curvature of the stress is similar in form, oscillations
and frequencies with the one on Drive Chain in Fig.8. Medium
value of stress is opeg = 3.3-10° Pa. Maximum value of the stress
can reach oma = 4.4+10° Pa occasionally due to the oscillations. The
value does not exceed the material durability of the lifting arms
which is opa = 4.48-10° Pa, although the maximal values comes
close.
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Fig. 10. Stress on the lifting arm of the Main Post

In Fig.11. is shown the dispersion of the stress in the Lifting
arm on its entire volume, which is meshed and calculated using
Finite Elements Method. Based on the color contrast in the arms
volume, the maximal values are at the joint between the lifting arm
and the lifting bar.
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Fig. 11. Dispersion of the Stress on the lifting arm of the Main
Post

4. Results of the vehicle lowering (moving down)

The simulation of the vehicle downwards motion is similar but
opposite to the lifting. The main difference is that the vehicle
already stands on lifting arms, meaning they are loaded from the
start. The vehicle will be lowered until the simulation time tg,; =
20 s. After this time, lowering will be halted, but the simulation will
continue until t;m = 21 s to monitor the occurrence on the vehicle.
During this time, the vehicle will move down for the distance of D,
=740 mm.
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Fig. 12. Initial position of the vehicle before lowering, height H =
1800 m

4.1. Tensile Force on the Drive Chain for the vehicle
lowering

In the fig.13 is the graph of the tensile force on the drive chain
Fich during lowering. The graph of the force shows almost constant
intensity Fi, = 20000 N, with some oscillations at the start of the
process, at the end of the process, and after the lowering stop tgm3 =
20 s. Highest value of the tensile force is at the time t = 0.3 s,
Fiehmax = 22700 N, but most of higher values are at the end of the
process, t > 16 s, and can reach up to F, =~ 21550 N. Higher values
of the Force after lowering stoppage t > 20 s are caused by the short
inertial motion of the vehicle.
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Fig. 13. Tension force on the drive chain in the main post, case of
vehicle lowering

4.2. Force on the Piston for the vehicle lowering

In the fig.14 is given the graph of the pressure force Fy, on the
piston in the main post during lowering. The intensity of the force is
almost constant during the process, with some oscillations that are
more present at the start and end of process, after the lowering
stoppage (t > 20 s). The medium intensity of the pressure force is
Fpe = -20000 N. Conclusion is that the lowering process has less
oscillations than the lifting process.
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Fig. 14. Force on the piston in the main post, case of vehicle
lowering

5. Conclusions

In the paper, we analyzed lifting and lowering of the load by the
vehicles lift. Based on the analysis and results, we can conclude that
during these motions there are oscillations present in entire duration
of the process. They show small amplitudes, but high number of
frequencies. This can lead to issues about the safety, which requires
proper positioning of the vehicle on the lift to reduce oscillations
and minimize the risk of damaging lift parts or overturning of the
vehicle.

Analysis were focused in some main parts of the vehicles lift:
drive chain, piston and lifting arms. The parameters acquired that
best represent the dynamic response are forces and stresses present
on these parts. Results of the parameters are shown in graphical
form, and are discussed for each part and each case.

To achieve successful analysis and results, it is important to
accurately develop 3D model that will represent as closest the real
vehicle lift, and planning of the simulations that best describes the
process of motion. In our case, the lifting motion has started before
the vehicle lifting, and at the end, the lifting was stopped, but the
simulation was carried for some additional time. This makes it
possible to best represent the motion process that takes place in
reality. Similar planning of the simulation was done for the
lowering process, but there, the lowering needs to start with loaded
vehicle.
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Determination of dynamic loads during operation of a flexible screw sectional working
body

Oleksandra Trokhaniak®, Olha Dubrovina?

National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine!
2V/innytsia National Agrarian University, Ukraine
E-mail: klendii_o@ukr.net

Abstract. The article presents the design of a flexible screw sectional working body that will improve the functional and operational
characteristics of screw conveyors during the utilization of the removed contaminated soil layer. A mathematical model of the dynamic
system of a flexible screw conveyor was created, and dynamic starting torques were calculated at the rated load of the loaded screw and
when the system was braked. The analysis of the results shows that with significant damping coefficients, the startup transient process is
smooth and the load reaches its nominal value without fluctuations in torque and speed.

KEYWORDS: AGRICULTURAL SOILS, CONTAMINATION, FLEXIBLE SCREW CONVEYOR, SCREW.

1. Introduction

As a result of the military actions, Ukraine's soil resources are
being significantly destroyed, their quality is deteriorating, and
degradation processes are intensifying, with a number of
mechanical, physical, and chemical impacts on the soil cover.
Such impacts lead to the destruction of the structure and functions
of the soil ecosystem and deterioration of physical and
geochemical properties.

Enemy aircraft and artillery have the greatest impact on
agricultural land and soil cover, accounting for about 80% of the
impact. As a result of missile and artillery shelling, the fields are
covered with craters (craters) from the explosions of shells, mines,
and missiles. The craters are of different diameters and depths [1].

The depth of the craters in the fields ranges from 30 cm (82 mm
mortar) to 5 m (cruise missiles), and the soil remaining at the
impact site is turbulized, subject to dynamic compaction, and
contains numerous metal fragments with residues of explosive
toxic substances, i.e., deterioration of physical properties of soils,
changes in particle size distribution, compaction and
disintegration due to a decrease in the content of agronomically
valuable fractions, etc.

Other important impacts on the soil cover are the consequences
of explosions, detonations, or burning of heavy machinery on
agricultural land. The results of the analysis of the soil particle
size distribution showed that the content of physical clay
decreased in places where heavy machinery burned and fuel and
lubricants leaked [2].

Therefore, restoring and ensuring the conditions for preserving
the fertility of agricultural soils in Ukraine that have been
destroyed by military operations is a very acute, global and urgent
problem for the entire agricultural sector, which has a state
priority.

In order to restore areas damaged by explosions, it is necessary
to remove or clean the surface layer of soil, since in addition to
chemical contamination with heavy metals, the fertile soil layer
also burns out, dehydration and “sterilization” occur, Killing both
pathogenic microorganisms and beneficial biota [1].

To remove and clean the damaged surface layer of soil in the
crater formed as a result of explosions, it is recommended to use a
working tool that will allow mechanizing this process. This
working tool is attached to the boom of an excavator with a
hydraulic system.

To dispose of the removed contaminated soil layer, a flexible
screw conveyor with a sectional auger working body can be used,
which will allow it to be transferred to the truck body.

Screw conveyors are used for transportation of various types of
bulk agricultural materials, including: cereals, granular seed
materials, clay, sand, loose soil, mixed fodder, mineral fertilizer
granules, etc. From the analysis of the literature, it can be
concluded that the least resource-intensive technology for moving
bulk and lumpy agricultural materials along curved routes is the
use of flexible screw conveyors, which are made on the basis of
individual screw sections that are hinged to each other [3]. Works
[4, 5] substantiate the structural, kinematic, and technological
parameters of screw working bodies in terms of their functional
purpose.
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However, the existing flexible screw impellers cannot fully
meet the operational requirements for these types of conveyors.
The use of shaftless flexible screw spirals leads to their rapid
destruction when conveyors operate on curved routes due to the
occurrence of alternating cyclic loads. The design of the working
body in the form of a solid or sectional shaft, on which individual
elements of screw ribs are located, leads to a significant
complication of the design of the technological body, an increase
in its material consumption, which, accordingly, causes an
increase in energy consumption, as well as damage to the
transported materials.

Therefore, the task of developing new designs and
substantiating the parameters of flexible screw conveyor working
bodies that will improve the functional and operational
performance of the process of utilizing the removed contaminated
soil layer is relevant.

2. Results and discussions

To improve the performance of flexible screw conveyors, a design
of a screw sectional working body was developed, which is shown
in Fig. 1. It contains sections 1 of equal diameters and lengths,
which are made in the form of welded structures of tubular blanks
2, to one conditional inner end of which a cylindrical sleeve 3 is
rigidly fixed. The latter is made with a system of axial parallel
grooves 4, which are placed evenly around the circumference, for
example, four, and are parallel to the axis of the tubular blank and
which are in interaction with rolling elements 5. On the other side,
the rolling elements 5 are in contact with the spherical recess 6 of
the spherical body 7 with the possibility of axial and angular
rotation of the spherical rod 8. In addition, from above, the
cylindrical sleeve 3 is in rigid interaction with the spherical body 7,
in which the inner sphere 6 is in interaction with the outer surfaces
of the rolling elements 5, and at the free inner end of the spherical
body 7 there is a cylindrical ring with an outer triangular profile 9,
which is in rigid interaction with a similar recess 10 of the
cylindrical sleeve 3, which is made at its free end outside. From the
other end of the welded cylindrical section, a connecting sleeve 11
with an internal square or shaped hole 12 is rigidly installed in the
inner hole perpendicular to the axis, which is in interaction with the
corresponding end of the spherical rod of the neighboring section
and rigidly fixed in a known way. Four jumpers 13, for example,
are welded to the outer diameter of the connecting sleeve 11 evenly
around the circumference at one end, and at the other end the
jumpers are welded to the outer diameter of the cylindrical sleeve 3.
A screw section 13 is rigidly welded to the outer diameter of the
cylindrical section 2, which is actually a continuation of the helical
spirals of the neighboring sections, a recess 14 is made in the center
of the spherical rod 8, which is in contact with the lubricant, which
in turn is connected to the rolling elements 8 by a system of holes,
and a central hole is made at the free end of the rod, which is
connected to the recess 15 and an oiler is screwed at its end.
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Figure 1. Constructional diagram (a) and general view (b) of the
screw sectional working body

The operation of the screw working body is as follows. During the
rotation of the spiral section 14, the rotational motion is transmitted
through the rolling elements 5 to the spherical linkage 7 and the
adjacent sections of the screw working body.

In order to estimate the maximum loads that occur in the elements
of a flexible screw conveyor during the transient processes of
starting and braking, we will create its dynamic model and analyze
the resulting solution.

The simplified dynamic model will be written in the form of an
elastic three-mass rotating system subject to external torques from
the motor and the transported material. The dynamic model is
shown in Fig. 2.

Figure 2. Scheme of the dynamic model

The first rotating mass J; represents the combined mass of the
drive mechanism (motor, gearbox, coupling). It is affected by the
torque of the motor's electromagnetic forces Ty , reduced to the
screw's axis of rotation, and the force T, of friction in the drive
mechanism. The second rotating mass J, — is the combined mass
of the first link of the flexible screw conveyor together with the
mass of the transported material. It is subjected to a moment of
resistance, which can be represented as the sum of two components
- a constant dry friction moment T, and a viscous friction moment

that depends on the speed of movement. Similarly, J5 the

following corresponds to the combined mass of the next link of a
flexible screw conveyor.

Obviously, if there are several conveyor links, the number of
rotating masses should correspond to their number. However, in
models that study transient processes, due to the presence of
significant friction forces of bulk material, which causes damping of
oscillations of subsequent links, it is possible to replace a long chain

of links with a reduced torque of resistance Ts, applied to the link
by mass J3, as well as a certain viscous friction moment. This
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assumption significantly reduces the complexity of the system
analysis, with virtually no effect on the determination of the
maximum dynamic loads that occur in the drive mechanism and the
first link of the screw. Therefore, for the purpose of the study, we
will limit ourselves to a dynamic system consisting of three
characteristic rotating masses.

Each link is connected to the next elastic element, the combined
stiffness of which is determined by the elastic properties of the
screw link and the hinge mechanism.

The dynamic model shown in Fig. 2, the dynamic model is
described by a system of three differential equations of motion.
Each equation describes the motion of the corresponding rotating
mass:

I =Tg —calgr—2)- i ~Toson ()
3262 =Cilpr — 02)—Calp2 — 03)— Baio — T 50N (2 )
I35 = (02 — 93)— Baps —Tasan(ps )

where @, ¢, @3 — rotation angles of rotating masses Jq, J,, J3

G, G
B Po. B3 — coefficients of viscous damping forces acting on the

respective masses.

The torque of a motor is described by its mechanical
characteristic, which relates rotational speed and torque. The
simplest is the static mechanical characteristic of an electric motor,
which does not take into account electromagnetic processes in the
motor. As a drive motor, an asynchronous electric motor with a
squirrel-cage rotor is most often used without a starting current and
speed control circuit, i.e., the motor is directly connected to the
mains. In this case, its mechanical characteristic can be written as:

2T,
T, = k_, 2
75 s @
S¢ S

The values in expression (2) are determined by the following

formulas:

_ D — @
(0]

_ D=

(2]

@

accordingly; — rigidity of the connecting elements;

Sk — critical slip of the electric motor;

S — running sliding of the electric motor,

where ay — synchronous rotor speed of the electric motor;
wy — critical rotor speed of the electric motor;

Ty — critical torque of the electric motor.

The last three values are determined from the motor's tabulated
parameters and must be reduced to the screw's axis of rotation.

The system of differential equations (1) is nonlinear, so its
analytical solution is difficult, and therefore we will use a numerical
method based on transforming the system of second-order
differential equations into a system of first-order differential
equations with twice as many of them. To do this, we will make the
appropriate substitutions and replacements. As a result, we get the
following system of equations:

o =U;
o Td —cien—02)- B —Tason ().

3 ’
P2 =V,
vz(&(%—(/’z)—cz((/’z—(/’s)—ﬂz@ ~Tosgn(¢2). ©)

J; ’
p3 =W,
W Ca(@2 — 03) - Bags — T 50 (¢5)
I3

To solve system (3), it is advisable to apply the Runge-Kutta
numerical method, which has proven to be convenient and reliable
for solving systems of equations describing dynamic models of
oscillating mechanical systems.
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During the startup, the system of masses was at rest at the

beginning of the movement, so the initial conditions are written in
the form:

»(0)=0;

©2(0)=0;

03(0)=0; 4
u(0) =g (0)=0;

v(0) =, (0)=0;

w(0) = ¢3(0)=0

In order to analyze the influence of certain system parameters on
the magnitude of dynamic loads during the startup period, we will
perform the calculation by assuming the following numerical values
of mass, power, and elastic coefficients:

— Rotating mass of the drive J; =2 kg m?;

— Rotating masses of 1 and 2 screw links J, = J3 =0.01 kg m?;
— Rigidity of drive elements ¢; = 2000 N m;

— Rigidity of the 1st link elements ¢, =1000 N m;

— Coefficient of viscous friction of the drive mass £ =0.5Nm
S

— Coefficients of viscous friction of 1 and 2 links f, = i3 =5 N
ms;

— Torque of the drive elements T; =10 N m;

— Moment of resistance of 1 link T, =20 N m;

— Resistance torque 2 links T3 =200 N m;

— Rated speed of the drive @y =10s™

— Critical sliding s, =0.25

— The critical torque T, =500 N m.

The values of friction moments and critical torque are selected for the
calculated rated power of the electric motor of 2.2 kW. In order to
increase the starting torque, which is necessary when starting the screw
conveyor under load, we choose an asynchronous motor with increased
slip. The second, particularly loaded case of flexible screw conveyor
movement is its sudden braking due to material jamming or accidental
entry of a certain object into the transportation zone. At this point, the
system, which has been rotating at a constant speed, begins to brake,
increasing the braking torque until the drive comes to a complete stop.
Mathematically, applying certain assumptions, this can be written as a
linear increase in torque T3 in time t from the initial value Tsq to the
maximum value when the movement of the rotating mass J is stopped:

T3 =Ty +Mt, ®)
where M — braking torque growth factor.

The value M determines the braking speed of the drive. In real systems,
the braking time can last from 0.1 s to 5 s. A short time is typical for
incompressible bulk materials (sand, dry grain materials), and a long
braking time is typical for the transportation of compressible media (soft

grain materials, feed, seeds, chaff). The conveyor movement during
braking can be divided into 2 stages. The first is braking until the rotating

mass Jg stops. At this stage of motion, the system is described by the

same equations (1-3), but with different initial conditions that correspond
to the final values of the angles and their velocities in steady-state motion
before the start of braking at time t;, and the braking torque is determined
from expression (5):

2 (0) =1 (t);
?2(0) =2 (ty);
?3(0) = p3(ty);
u(0) =g (ty) = a;
V(0) =@ () = ;
w(0)=g3(ty) =
The second stage of motion is the oscillation of masses J; and

(6)

J,, connected through elastic elements c; and c, to the stopped
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mass Jg. At the second stage, the elastic system is described by a
system of two differential equations:
3161 =Tg —Cilpr —p2)—- Br —Toson () } )
3262 =@ —92)—Ca(p2 —03)— Barr — T2 s (932 )

Accordingly, after substitution, we obtain a system of four first-
order differential equations:

p=u
i Jd —cile - 2)- A —Tistn (@),
] ;
- ' ®
P2 =V;
Ve ol —02)—Co(02 —03) - Boio - To 59”((?2).
J2

with the corresponding initial conditions, which are final for the
moment of time t, of the mass J5 stopping:

21 (0) =1 (t2);
?2(0) = o (t5);
u(0) =g (tz) = wsy;
v(0) =, (tp) = @»;

Thus, a mathematical model of the dynamic system of a flexible
screw conveyor was obtained, and dynamic starting torques were
calculated at the rated load of the loaded screw and when the system
was braked.

On the basis of the created mathematical model of the dynamic
system of a flexible screw conveyor, we calculated the dynamic
starting torques at the rated load of the loaded screw. The
calculation results are shown in Fig. 3 — 6. The graphical results of

calculating the dynamic loads during braking of the system

described by Fig. 5-9 are shown in Fig. 7 — 10.
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Figure 3. A change of the dynamic torques of the drive and in the
elastic sections of the conveyor with significant external damping
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Figure 4. A change of the dynamic torques of the drive and in the
elastic sections of the conveyor with small external damping
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Figure 5. The rotation speeds of masses with significant external
damping B, =f3=5:1-w1;2 - wy; 3 — w3
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Figure 6. The rotation speeds of masses with small external
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Figure 7. Dynamic torques in the sections of the conveyor during
slow braking (15): 1— T4 ; 2 ¢;(@—,): 3— Colen —3)

- 750 5
Zz 600
b 0 53

w

=

g 30— A AN\
A 150 1 \/ \/

E

g0

[a)]

-150

0 0.5 1 1.5 2
Time 4, 8

Figure 8. Dynamic torques in the conveyor sections during fast
braking (0.28): 1 - Ty ;2 - ci(er—,); 3— Col@n —3)

9—'*%

(AN

Rotation speed w, s

W
(&)
————

0 0.5 1 L5

Time 7. s

Figure 9. The speeds of the conveyor sections during slow braking:
1—0)]_; 2—(1)2; 3—6()3

2 245 3

-l

. .
=
b
=
&
=
8 N
g
S -
[~

10

0 0.5 1 1.5 2

Timet. s

Figure 10. The speeds of the conveyor sections during fast braking
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The analysis of the results shows that with significant damping
coefficients, the start-up transient process is smooth and the load
reaches its rated value without fluctuations in torque and speed.
At low damping, a certain transient oscillatory process is
observed, but the dynamic loads do not exceed 20% of the
nominal value.

The cases of slow and fast braking are considered. The analysis
of the graphs shows that fast braking significantly increases
dynamic loads, which can significantly exceed the maximum
critical torque of the electric motor (on average by 50-70%) and
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the rated load torque (by 2.5-3 times). To ensure the strength of
the screw links during braking, it is necessary to provide safety
elements (clutches) with an actuation torque not exceeding 1.5
times the nominal torque.

The analysis showed that the dynamic loads during system
startup are not critical, and in case of jamming, they significantly
exceed the permissible values.

3. Conclusion

Based on the analysis of literature sources and patent search, a
flexible screw sectional working body has been developed and
manufactured, which will improve the functional and operational
characteristics of screw conveyors. On the basis of the created
mathematical model of the dynamic system of a flexible screw
conveyor, the dynamic starting torques were calculated at the rated
load of the loaded screw. The analysis of the results shows that at
significant damping coefficients, the startup transient process is
smooth and the load reaches its nominal value without fluctuations
in torque and speed. At low damping, a certain transient oscillation
process is observed, but the dynamic loads do not exceed 20% of
the nominal value.

The analysis of the results of calculating the dynamic loads
during braking of the system shows that rapid braking
significantly increases the dynamic loads, which can significantly
exceed the maximum critical torque of the electric motor (on
average by 50-70%) and the rated load torque (by 2.5-3 times). To
ensure the strength of the screw links during braking, it is
necessary to provide safety elements (clutches) with an actuation
torque not exceeding 1.5 times the rated torque.
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Abstract: Additive manufacturing (AM) of metal structures is transforming industries by enabling the creation of complex, efficient, and
customizable components. This article explores key AM technologies for metals, including Powder Bed Fusion (PBF), Directed Energy
Deposition (DED), Binder Jetting, Metal Extrusion, and Sheet Lamination. Each is analyzed in terms of principles, strengths, limitations,
and applications. A comparative evaluation highlights factors like precision, scalability, cost, and environmental impact to identify optimal
technologies for various industries. Despite its advantages, challenges remain in material quality, process reliability, cost, and certification.
Emerging trends such as hybrid manufacturing, Al-driven process optimization, advanced materials, and sustainable practices hold promise
for overcoming these barriers. By examining current technologies and future opportunities, this article provides valuable insights for
advancing metal AM in diverse applications.

Keywords: ADDITIVE MANUFACTURING, METAL STRUCTURES, POWDER BED FUSION (PBF), DIRECTED ENERGY DEPOSITION
(DED), BINDER JETTING, METAL EXTRUSION, SHEET LAMINATION, HYBRID MANUFACTURING, SUSTAINABLE
MANUFACTURING

type, energy source, and process flow, offering a systematic

1. Introduction understanding of the available approaches.

Additive manufacturing (AM), commonly known as 3D 1. Classification by Material Type
printing [1-3], has emerged as a transformative technology in AM methods for metals are designed to handle different forms
modern manufacturing, enabling the layer-by-layer construction of ~ of feedstock, including:
complex and intricate geometries directly from digital models. This + Powders: Common in Powder Bed Fusion (PBF) and Binder
approach contrasts with traditional subtractive methods, offering  Jetting, where metal powder is fused or bonded layer by layer.
significant advantages such as material efficiency, design » Wire: Used in Directed Energy Deposition (DED) processes
flexibility, and reduced lead times. Over the past two decades, AM that employ wire as the primary feedstock for building parts.
has advanced beyond its initial use for rapid prototyping and + Filaments: Found in metal extrusion techniques, where a
evolved into a robust method for producing functional components ~ metal-polymer composite filament is extruded and subsequently
across various industries. sintered.

Metal additive manufacturing [4-7], in particular, has gained « Sheets: Utilized in Sheet Lamination, where thin metal sheets
prominence due to its ability to produce high-performance parts  are bonded and shaped layer by layer.
with superior mechanical properties and lightweight designs. Each material type offers unique advantages, such as high

Industries such as aerospace, automotive, medical, and construction ~ material utilization (powder and wire) or cost efficiency (sheet and

have embraced AM for metals to address demanding requirements  filament-based methods).

for strength, durability, and precision. In aerospace, AM enables the 2. Classification by Energy Source

production of lightweight but structurally strong components, The energy source plays a crucial role in determining the

reducing fuel consumption. Automotive manufacturers leverage  process mechanisms and applications of metal AM technologies.

AM for rapid design iterations and custom parts, while the medical Key categories include:

sector benefits from personalized implants and prosthetics. In + Laser-Based Systems: Common in PBF (Selective Laser

construction, metal AM offers solutions for creating complex  Melting, SLM) and DED, lasers provide high precision and control

architectural structures and infrastructural components with  for melting or sintering metal feedstock.

minimal waste. * Electron Beam Systems: Used in processes like Electron Beam
This review aims to provide a comprehensive exploration of key ~ Melting (EBM), electron beams deliver high energy levels for

additive manufacturing technologies specifically tailored for metal ~ melting metal powders in a vacuum environment.

structures. It examines their working principles, advantages, * Arc-Based Systems: Often used in wire-based DED, electric

limitations, and suitability for various applications. Technologies  arcs provide a cost-effective and scalable energy source for metal

covered include Powder Bed Fusion (PBF), Directed Energy  deposition.

Deposition (DED), Binder Jetting, Metal Extrusion, and Sheet + Binder and Chemical Processes: Found in Binder Jetting,

Lamination. A comparative analysis highlights the strengths and ~ where binding agents solidify metal powder layers without

weaknesses of each method across critical performance metrics requiring direct melting.

such as precision, scalability, cost, and environmental impact. « Ultrasonic Energy: Utilized in Sheet Lamination, where
The article also discusses the current challenges faced by metal ultrasonic welding bonds metal sheets into a cohesive structure.

AM, including material quality, process reliability, certification, and Each energy source offers trade-offs in terms of precision, build

economic constraints. Emerging trends such as hybrid speed, energy efficiency, and part quality.

manufacturing, artificial intelligence  (Al) integration and 3. Classification by Process Flow

sustainable practices are explored as potential solutions to these The workflow of AM technologies for metals can be

barriers. By focusing on the present state and future directions of ~ categorized into distinct stages, affecting the final part's quality and
metal AM, this article seeks to guide researchers and industry application. Key classifications include:

professionals in advancing the adoption of this transformative + Powder Bed Processes: Methods like PBF involve spreading a

technology across diverse fields. layer of powder over a build platform, followed by selective fusion

using lasers or electron beams. These processes are known for high

2. Classification of AM Technologies for Metals precision and excellent mechanical properties but have slower build
rates.

The development of additive manufacturing (AM) technologies - Directed Deposition Processes: DED and similar methods

for metals [4-7] has led to a range of methods optimized for specific  geposit material directly onto a surface in a controlled manner,

applications. These methods enable the creation of metal  offering versatility in repair and large-scale applications.
components with varying complexity, precision, and performance.

AM technologies for metals can be classified based on material
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« Binder-Based Processes: Techniques like Binder Jetting use a
liquid binder to join metal powder particles layer by layer, with
sintering or infiltration required to achieve final part strength.

« Extrusion-Based Processes: Metal extrusion methods rely on
the deposition of a composite filament, followed by debinding and
sintering steps to create functional parts.

» Sheet-Based Processes: Sheet Lamination techniques involve
bonding and cutting metal sheets layer by layer, offering high speed
and material efficiency but limited geometrical complexity.

By organizing metal AM technologies into these categories, we
can better understand the trade-offs and applications of each
approach, laying the groundwork for selecting the most suitable
method for specific industrial needs.

3. Key Technologies

Additive manufacturing (AM) for metals includes various key
technologies designed to meet specific needs in material properties,
precision, and application. These methods allow for the production
of complex metal structures, offering design flexibility and material
efficiency, though they also present challenges in cost, speed, and
scalability. Below is an overview of the main technologies used in
metal AM.

3.1. Powder Bed Fusion (PBF)

Techniques: Selective Laser Melting (SLM) - Uses a laser to
melt and fuse metal powder particles, producing fine details and
excellent mechanical properties; Electron Beam Melting (EBM) -
Uses an electron beam to melt metal powders, effective for high-
melting-point metals like titanium. Mechanisms: Metal powders are
spread across a build platform, melted layer by layer by a laser or
electron beam, bonding them to the layer below. Applications: Used
in aerospace, medical implants, and automotive industries for
producing complex geometries. Advantages and Limitations:
Advantages - High precision and complex part production;
Limitations - High equipment costs, slow build rates, and need for
post-processing.

3.2. Directed Energy Deposition (DED)

Techniques: Laser-Based DED - Uses a laser to melt metal
powder or wire, forming the structure layer by layer; Arc-Based
DED - Uses an electric arc to melt metal wire, depositing it onto the
build surface. Mechanisms: Energy is directed at the material,
melting it and allowing it to deposit layer by layer. Applications:
Used for large parts, such as turbine blades, and for repairs in
aerospace and defense [8-12]. Advantages and Limitations:
Advantages - Flexibility in material use and part size; Limitations -
Lower resolution and surface finish compared to PBF.

3.3. Binder Jetting

Mechanisms: Metal powder is layered, with a binder selectively
applied, followed by sintering to remove the binder and fuse the
metal. Applications: Ideal for medium-sized parts in industries like
automotive and aerospace. Advantages and Limitations:
Advantages - Fast and cost-effective, suitable for complex
geometries; Limitations - Lower strength and density compared to
PBF and DED, requiring additional post-processing.

3.4. Metal Extrusion

Techniques: Bound Metal Deposition (BMD) - Metal-polymer
composite filament is extruded, followed by heating and sintering;
Fused Filament Fabrication (FFF) - Similar to BMD but uses a
metal filament mixed with polymer binder. Mechanisms: The
filament is extruded layer by layer, followed by debinding and
sintering to achieve full metallization. Applications: Primarily for
prototyping and low-volume production of metal parts. Advantages
and Limitations: Advantages - Cost-effective, simple setup, suitable
for prototyping; Limitations - Limited material options, requires
post-processing.

3.5. Sheet Lamination

Techniques: Ultrasonic Additive Manufacturing (UAM) - Uses
ultrasonic welding to bond metal sheets layer by layer.
Mechanisms: Metal sheets are bonded together and machined to
achieve the desired shape. Applications: Used for lightweight
structural components in aerospace and automotive industries.
Advantages and Limitations: Advantages - Fast and low-cost for
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large parts; Limitations - Limited material options and lower
resolution.

These key technologies serve different industrial needs, based
on factors such as material, part complexity, and production speed.
Understanding the advantages and limitations of each method is
critical for selecting the most appropriate technology for specific
applications.

Fig. 1 An image of a metal turbine blade

Figure 1 shows an image (made by Al) of a metal turbine blade
designed for aerospace applications, manufactured using additive
manufacturing. The intricate cooling channels and polished surface
demonstrate the advanced engineering and precision achievable
with this technology.

4. Comparative Analysis

Selecting the appropriate additive manufacturing (AM)
technology for metal structures requires evaluating performance
metrics, application suitability, and environmental impact. This
section compares key technologies based on accuracy, material
properties, build speed, cost, scalability, and environmental factors.

Performance Metrics

» Accuracy: PBF (Selective Laser Melting and Electron Beam
Melting) provides high precision, suitable for complex geometries;
DED offers lower resolution but is ideal for large-scale parts or
repairs; Binder Jetting and Metal Extrusion have lower accuracy,
often requiring post-processing.

» Material Properties: PBF delivers parts with superior
mechanical properties (high tensile strength); DED is good for
repairs but lacks the precision of PBF; Binder Jetting and Metal
Extrusion produce parts with lower mechanical strength, requiring
post-processing.

« Build Speed: DED has the fastest build times for larger parts;
Binder Jetting is also quick for medium-sized parts; PBF is slower
due to the scanning process; Metal Extrusion and Sheet Lamination
are the slowest.

» Cost: PBF has high upfront and operational costs due to
expensive materials and equipment; DED is more affordable than
PBF but still involves high costs for equipment; Binder Jetting is
cost-effective for medium volumes, using cheaper materials; Metal
Extrusion and Sheet Lamination are the least expensive but have
trade-offs in material properties.

« Scalability: DED is highly scalable for large parts or repairs;
PBF is best for low to medium-volume, high-precision production;
Binder Jetting scales well for medium-volume production of less-
critical parts; Metal Extrusion and Sheet Lamination are better for
low-volume or prototyping.

Application Suitability

» Aerospace: PBF is ideal for lightweight, high-performance
parts; DED suits large components and repairs; Binder Jetting is
used for prototypes but not for high-strength parts; Metal Extrusion
and Sheet Lamination have niche uses in lightweight structures.

» Automotive: PBF is used for high-performance parts with
complex geometries; DED works for larger automotive components
and repairs; Binder Jetting is suitable for prototypes and medium-
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sized parts;Metal Extrusion and Sheet Lamination are used for low-
volume production and lightweight parts.

* Medical: PBF is favored for biocompatible implants and
prosthetics; DED is used for repairs and custom prosthetics; Binder
Jetting is less common due to material limitations; Metal Extrusion
and Sheet Lamination are not widely used in medical applications.

Environmental Considerations

« Energy Consumption: PBF requires high energy for laser or
electron beam melting; DED is more energy-efficient, especially
with arc-based systems; Binder Jetting is the most energy-efficient;
Metal Extrusion and Sheet Lamination are relatively low in energy
use.

 Waste Generation: PBF generates excess powder, but it can be
recycled; DED produces minimal waste, mainly excess material;
Binder Jetting and Metal Extrusion also create waste, but recycling
is possible; Sheet Lamination generates minimal waste from cutting
and machining.

* Recyclability: PBF and DED can recycle unused powder or
wire; Binder Jetting parts can be fully recycled post-sintering; Metal
Extrusion and Sheet Lamination are harder to recycle due to binder
content.

In conclusion, the choice of AM technology for metal structures
depends on factors like performance, cost, scalability, and
environmental impact. PBF and DED are ideal for high-precision
and large-scale parts but come with higher costs, while Binder
Jetting and Metal Extrusion offer cost-effective solutions for lower-
performance applications. Environmental considerations, such as
energy consumption and recyclability, should also influence the
selection process.

5. Challenges and Limitations

Additive manufacturing (AM) for metal structures offers
promising advancements but faces several challenges across
technical, economic, environmental, and regulatory domains. These
factors affect its broader adoption, particularly in industries
demanding high precision and performance.

5.1. Technical Challenges

Material Awvailability and Quality: Limited availability and
inconsistent quality of metal powders and filaments are significant
hurdles. Properties like particle size and flowability impact part
integrity and performance, with variations leading to defects.

Process Reliability and Repeatability: Ensuring consistent
outcomes across production runs is challenging due to variability in
machine calibration, material quality, and environmental conditions.
Reliable process control is critical for applications in aerospace and
medical fields [13-15].

Resolution and Surface Finish: Some methods, like Powder Bed
Fusion (PBF), offer high resolution but often require post-
processing for better surface finish. Technologies like Directed
Energy Deposition (DED) or Metal Extrusion have lower
resolution, adding to the overall time and cost.

5.2. Economic Challenges

High Costs: Metal AM requires significant upfront investment
in machines and materials. Technologies like PBF and DED are
expensive, both in capital and operational costs, limiting
accessibility for smaller companies.

5.3. Environmental Challenges

Energy Use and Material Waste: Energy-intensive processes,
particularly PBF, require high-powered lasers. While some metal
powders are recyclable, not all are recoverable, leading to material
waste. Efficient recycling and waste management remain key
concerns.

5.4. Regulatory Challenges

Certification and Standardization: Obtaining certification for
metal AM parts is a slow and costly process, especially in industries
like aerospace and healthcare. The lack of established standards
complicates regulatory approval and industrial adoption.

In summary, AM for metal structures faces challenges including
material quality, process reliability, high costs, environmental
impact, and regulatory hurdles. Addressing these issues requires
ongoing innovation and collaboration across industries.
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6. Emerging Trends and Future Directions

Additive manufacturing (AM) of metal structures continues to
evolve, driven by advancements in materials, integration with other
manufacturing methods, automation, and a growing emphasis on
sustainability. These emerging trends are shaping the future of AM,
enabling broader applications and improving its efficiency and
environmental impact.

New Materials [18]

« Alloys and Composites: The development of specialized metal
alloys tailored for AM processes, such as lightweight titanium-
aluminum alloys or high-strength steel, is expanding the range of
applications. Advanced composites combining metals with ceramics
or polymers are being introduced to enhance properties like wear
resistance, thermal stability, or conductivity.

 Advanced Metals: Efforts are underway to create functionally
graded materials (FGMs) that offer varying properties within a
single part, enhancing performance in critical applications like
aerospace and energy.

Hybrid Manufacturing

« Integration with Subtractive Methods: Hybrid manufacturing,
which combines AM with traditional machining methods, is gaining
traction. For example, AM can produce complex geometries, while
CNC milling provides high-precision finishing. This integration
allows manufacturers to leverage the strengths of both techniques,
enabling faster production cycles and improved part quality.

* Repair and Retrofit Applications: Hybrid systems are
increasingly used to repair and refurbish high-value components,
such as turbine blades, where AM builds new material onto worn
areas, followed by precision machining for final touches.

Automation and Al

* Process Automation: The integration of sensors, robotics, and
automated control systems is streamlining the AM process,
reducing human intervention, and ensuring consistent quality.
Automated powder handling and part removal systems are
improving throughput in high-volume production environments.

» Al-Driven Optimization: Artificial intelligence (Al) and
machine learning algorithms are enhancing design optimization,
defect prediction, and real-time monitoring. Al can help identify
optimal process parameters, reducing trial-and-error
experimentation and improving efficiency.

Sustainability Initiatives

 Eco-Friendly Practices: Efforts to reduce the environmental
footprint of AM include developing recyclable metal powders,
minimizing energy consumption, and improving powder recovery
systems. Binder jetting and metal extrusion processes are
increasingly recognized for their energy efficiency compared to
more intensive methods like PBF.

» Green Materials: Researchers are exploring the use of bio-
derived binders and low-energy sintering techniques to reduce
environmental impact. Additionally, closed-loop recycling systems
for unused powders are becoming standard practice in AM
facilities.

Large-Scale Additive Manufacturing

« Construction and Infrastructure: Large-scale AM technologies
are moving beyond aerospace and automotive applications into the
construction sector. Techniques such as Wire Arc Additive
Manufacturing (WAAM) are being used to fabricate structural
components like bridges and building frameworks, offering faster
build times and reduced material waste compared to traditional
methods.

« Energy Sector Applications: AM is being applied to produce
large, high-performance parts for wind turbines, pipelines, and other
infrastructure, where cost-effectiveness and customization are
critical.

In conclusion, the future of metal additive manufacturing is
being shaped by advancements in materials, hybrid manufacturing
approaches, and the integration of automation and Al. Emphasis on
sustainability and scalability is further expanding its applications,
positioning AM as a transformative technology across industries.
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7. Conclusion

Additive manufacturing of metal structures represents a
transformative shift in manufacturing, offering unparalleled design
freedom, material efficiency, and the ability to produce highly
customized and complex parts. Key technologies such as Powder
Bed Fusion (PBF), Directed Energy Deposition (DED), Binder
Jetting, Metal Extrusion, and Sheet Lamination each bring distinct
advantages and limitations, making them suitable for specific
applications across industries such as aerospace, automotive, and
healthcare.

Despite its promise, the broader adoption of metal AM is
hindered by persistent challenges. Technical obstacles, including
material quality, process reliability, and surface finish, remain
critical concerns. Economic barriers, such as the high initial
investment and operational costs, particularly for advanced
machines and specialized materials, further limit accessibility.
Environmental impacts—notably high energy consumption and
material waste in some processes—require continued innovation to
align with global sustainability goals. Additionally, regulatory
challenges, particularly in the standardization and certification of
AM processes, pose hurdles for industrial use in critical
applications.

Overcoming these challenges necessitates a coordinated effort
among researchers, industry stakeholders, and policymakers.
Investment in the development of new materials, hybrid
manufacturing approaches, and sustainable practices will be crucial.
Furthermore, collaboration between industry and academia can
drive innovation, while harmonized standards and certification
frameworks can accelerate adoption in regulated sectors.

In conclusion, while the technologies for metal additive
manufacturing have achieved significant milestones, addressing the
remaining technical, economic, and regulatory challenges will be
pivotal for its broader application. By fostering collaboration and
investing in research, the potential of AM to revolutionize
manufacturing can be fully realized, unlocking new opportunities
for innovation and growth.
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Abstract: Paper deals with determining the possible savings of electrical energy in a passenger elevator. After carrying out calculations
with a set number of floors of an administrative building and number of passengers according to a proven and widely used methodology in
Bulgaria, an appropriate three-phase squirrel-cage induction motor has been selected to drive the considered elevator system. Calculations
have been also carried out on the possible recovery, i.e. returning electrical energy back to the supply power grid when the driving rotating
electrical machine is switched to generator mode. Variants with different number of passengers and movement of the cabin in upward and
downward directions were theoretically studied. The active power, time to work in recovery mode and the active energy returned to the
power grid are defined for each specific case. Calculations of possible electrical energy return in generator mode would be of interest to

specialists dealing with these technical facilities.
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1. Introduction

Lifting and transport equipment plays a key role in the
processes of mechanization and automation of specific activities
related to lifting, lowering, transportation, loading, unloading and
other manipulation actions of different size, mass and type of
cargo in the industry [1, 2].

Elevators are stationary lifting devices with periodic action,
intended for raising or lowering people or various loads in a cabin
or platform moving between two or several permanent stops in a
specially constructed shaft. If there is no such shaft, and the
stairwell is small and does not allow the construction, then in the
mass case, an external elevator is made along one of the walls.

Elevators save us the endless and tiresome climbing of stairs in
tall buildings. They were used as early as 2600 years ago, but of
course they were quite different from modern ones. The first
electric passenger elevator was made by the German company
SIEMENS in 1888. It rose to 22 m in just 11 seconds. The first
OTIS electric elevator was installed in a skyscraper in New York
in 1889.

Currently, the situation in Bulgaria regarding elevators is as
follows. As of 16 September 2024, according to the information
system of the State Agency for Metrological and Technical
Surveillance (SAMTS) for the facilities with increased danger,
which also includes information about the elevators registered by
the technical supervision authorities, their number is as follows:
registered 90905 elevators, of which 80905 are in operation, and
licensed persons have registered 69873 elevators, of which 64117
are in operation. There are 11,122 units in public buildings, which
are under the supervision of SAMTS, and 69,873 units. are in
residential and industrial buildings and they are under the
supervision of companies with a license issued by SAMTS to
inspect them [3].

A large part of the elevators that left the factories count them
as being in service. But there are many buildings in which there
are 3 or 4 elevators, but only one is actually functioning. The
technical condition of the old elevators is getting worse every year.
They are becoming more and more dangerous and still not
maintained according to European safety requirements and
standards. The average age of elevators that were manufactured
before 1992 is now almost 40-45 years. Periodic repairs must be
carried out, which are necessary and stipulated by the
manufacturers of the respective lifts. All who maintain elevators
are obliged to comply with the instructions of the factories that
produced them and to carry out functional inspections, technical
services: small, medium and capital repairs.

An elevator is a means of transport like a car. It has even been
proven that globally, elevators carry the most people in the world,
even more than cars. Because many people today will travel by
car, by subway, by bus, but they will also take an elevator in a
building. So this is an extremely important facility that the owner
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must manage properly so that its safety is not compromised. Just
as if a car fails technical inspection, its owner is penalized, so if an
elevator in an apartment or administrative building fails technical
inspection, the owner of the building is penalized [3].

By purpose, elevators are divided into the following types:
passenger, hospital, cargo. Elevators are divided by the size of the
nominal speed also: low-speed - with nominal speed up to 1 m/s
for buildings up to 15 floors; speed - with a nominal speed up to
2.5 m/s for buildings with a height of up to 24 floors; high-speed -
with a nominal speed above 2.5 m/s for buildings with a very high
height and with a large flow of passengers.

The main parameters that characterize the qualities of
individual elevators are: speed, load capacity (the maximum
weight of payload or passengers), lift height (the distance from the
lowest to the highest service level of the elevator) and number of
stops (usually the number of stops overlaps with the humber of
floors).

Most often, induction motors (IMs) - single-speed and two-
speed - are used to drive elevators. Two-speed IMs provide motion
at rated and reduced speed. The nominal (high) speed is used for
transport between floors, and the low (reduced) speed is used for
positioning and precisely stopping the cabin relative to the set
floor. Unlike general-purpose IMs, those for elevators have an
increased starting torque.

It has been estimated that IMs are used in seventy to eighty per
cent of all industrial drive applications [2, 4]. In turn, IMs owe
their wide distribution for solving various engineering tasks to
their relatively simple construction, the small number of moving
parts and the high wear resistance of the motor elements. It is
primarily due to the absence of a collector and the associated
friction, sparking, wear of the brushes and contact elements. An
important advantage of these machines is their direct power supply
from an alternating current (AC) mains.

The electrical control schemes for passenger elevators that are
still widely used are relay-contactor control systems. To improve
the operation of elevators and to improve the automation of their
management, control systems based on programmable logic
controllers (PLC) can be used.

The development of technology leads to rapid progress in
elevator technology. A modern solution is to include more
elevators in a common system. The market demands are small
size, high speed and higher heights, quick stopping and low noise
level. In recent years, the elevator market has witnessed a
significant technological evolution towards systems with gearless
traction, which allows the construction of reliable, quiet and
comfortable installations, overcoming the limitations of traction
with traditional gearing [1, 2].

There has been a huge interest in the purchase and installation
of elevators in recent years. Until recently, the largest number of
orders came from hotels, new business buildings, but more and
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more customers are those who have old cooperatives without an
elevator or small new blocks for which this service is saved. The
prices move in a very wide range, depending on three main factors
— local or imported production, size and load capacity, luxurious
interior design, etc.

2. Details according to the passenger elevator
under consideration

The elevator, the subject of this paper, has been designed for
an office building with 10 floors. The flow of passengers in the
morning is high, up direction, boarding a full cabin and descending
an empty cabin, and in the late afternoon it is the opposite —
ascending an empty cabin and disembarking passengers
afterwards.

When choosing the power of electric motors (EMs) for
elevators, the method of successive approximations is used. It
consists in the following — on the basis of static loads or statistical
data for similar mechanisms, a preliminary power of the EM is
determined. With the static load data and the data of the pre-
selected motor, calculations have been made and a static and
dynamic load diagram has been drawn out for a full cycle. This
chart checks the pre-selected motor for warm-up and short-term
overheat conditions.

The average power loss method or equivalent quantity
methods are used to check the EM for heating. If these checks are
not passed, the next higher power motor from the standard power
range is selected and the checks are carried out again.

In order to dimension the EMs correctly it is extremely
important to specify the kind of operation the EM is to perform.
Regulation CEI 2-3, dossier 8284, in accordance with European
(European Committee for Electrotechnical Standardization —
CENELEC EN 60034-1) and international standards (IEC 60034-
1), distinguishes 10 types of duties, whose operating criteria are
specified below [5, 6]. The first three modes (S1, S2 S3) are
adopted as the main operating modes of EMs: continuous, short-
time and periodic duty. Modes S4 — S10 are introduced to simplify
the puzzle of random mode equivalents by rated load, by
expanding the nomenclature of the latter. The heating conditions
of EMs are different, which is why different methods of power
selection are needed. For each mode, specially designed EMs are
used.

The duty cycle type of the elevators is Intermittent Periodic
Duty (S3). This mode is characterized by a cyclical change in the
state of the EM — after work, there is a pause for a short time and
then the process is repeated. The temperature does not have time to
reach a constant value, and during shutdown the machine does not
have time to cool down to the ambient temperature. The duty cycle
is too short for thermal equilibrium to be reached. The starting
current does not significantly affect temperature rise.
Recommended values for the cyclic duration factor are 15, 25, 40,
and 60%. The duration of one duty cycle is limited to 10 min.
Induction motors, driving lifting equipment (cranes, hoists,
elevators), electric tools, as well as punching and drilling
machines, etc., are specifically designed and work most often in
this mode [2, 7].

Selected and successfully passed the checks is an EM with
specific output data, some of them are:

v Rated load capacity Grarep = 3200 N — i.e. 4 passengers
weighing 80 kg (+800 N) each

v/ Cabin travel speed V=1 m/s

v’ Cabin Welght GCABIN =5100 N;

v' Guide wheel diameter D =0.58 m

v’ Transmission ratio of the gear iy = 27.32

v" Number of floors — 10;

v Floor height h = 3.6 m;

v Nominal efficiency of the system #=0,75.
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Some technical data of the drive EM are given in the
Appendix.

In elevators with electric drive, a feature of the mechanical
system is the presence of the so-called a counterweight that
balances the weight of the cabin plus part of the load.

The weight of the counterweight is determined by the formula:

Gew =Gcapin + @GRraTteD: N 1)

where Gew — weight of the counterweight

o — equalization coefficient, takes values from
0.3 to 0.6, i.e. balancing 30-60% of the rated
load capacity. We accept o= 0.5.

Gew =6700N

The acting resistance forces F; and their corresponding
moments of resistance are determined for each of the possible
stops, as well as the travel times and the acting accelerations.

In terms of resistance forces, they are greatest when a loaded
cabin with a nominal load starts up from the lowest floor and when
an empty cabin descends from the top floor.

The determination of the resistance moments acting on the
individual stops is as follows:

_ F.D _ 1600 x0.58
2.gnm  2x27.32x0.75°

@

where n;— efficiency for the respective stop.

In terms of accelerations, the two most severe cases with the
largest values in elevator operation are lowering a full cabin and
raising a single passenger. When starting and stopping the
elevator, the accelerations must be less than the permissible value
1.5 m/s%. If the accelerations in the mentioned cases are greater
than the permissible value, with an already selected EM, they can
enter the norm by changing the flywheel moment of the system
with the addition of a flywheel.

Both the torque of an EM and its speed can be in different
directions. Since in mathematical formulations the direction of
velocity and torque are represented by their signs, both quantities
are sign-variable. The polarity of angular velocity and torque
determines the direction of power transmission between the motor
and the mechanism connected to it (this mechanism is considered
as a mechanical load). When the shaft power of the electric motor
is P>0, the EM motor operates in motor mode. In this mode, the
EM converts electrical energy to mechanical energy. Electrical
energy is drawn from the supply power grid, converted to
mechanical energy in the EM and given to the load, i.e. the
mechanism. When P<0 the EM is said to be operating in braking
mode.

There are three types of braking modes:

v’ generator braking (with release of electrical energy into the
power grid)

In this stop, the rotor is spun by an external mechanical source.
The angular speed becomes greater than the synchronous speed: ®
> ®,. The slip s becomes negative, the signs of the induced voltage
and current in the rotor change and the IM becomes an induction
generator (IG). This method of stopping is used in micro-
hydroelectric power plants and in mechanisms with a potential
active moment of resistance (elevating transport mechanisms -
cranes, hoists and elevators).

v’ dynamic braking

It is used for squirrel-cage IMs in flywheel mechanisms. The
stator winding is disconnected from the mains and to two of the
phases voltage is applied from a direct current (DC) source which
creates a constant stationary field. The interaction of the rotating
magnetic field of the rotor and the stationary magnetic field of the
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stator produces a braking effect. In this mode IM becomes a
generator, which is loaded with the resistance in the rotor circuit.
Mechanical energy is converted into thermal energy, which is
dissipated in the air space.
v’ braking by counter-locking: exclusively for IMs with a
wound rotor.

As a summary — in the generator modes, the mechanical
energy coming from the working machine is converted in the EM
to electrical energy. In regenerative braking, electrical energy is
fed back into the power grid. In practice, rotation frequencies
much higher than synchronous are not allowed due to increased
losses and heating and reduced efficiency. That is why, even as a
generator, the asynchronous machine works with slips that are the
same in absolute value as those of a motor.

3. Results obtained

In connection with the set goal, calculations were carried out
for the possible recovery, i.e. returning electrical energy back to
the supply power grid when the driving rotating electrical machine
is switched to generator mode.

Two sets of calculations have been performed. First group of
calculations have been carried out in the case that there is no
previously selected EM and only the output data is used — 10-floor
building (each floor with a certain height and floor slab thickness)
with a lift for a maximum of 4 people. A second group of
calculations have been carried out in a different way - with an
already selected EM — and taking into account its nominal data
(mainly rated power and rated rotational frequency).

For both sets of calculations, results have been obtained for the
movement of the cabin with passengers in it in the UP and DOWN
directions. The results for moving the cabin with passengers in it
in the DOWN direction are assuming it moves from the top floor
to the ground floor.

The obtained results are presented in tabular form below.

Table 1: Results of preliminary calculations for an electric motor for an
upward direction

Forces Eﬁiciench Torques at Active | Working | Active
%S ¢| atthe |atthe stops the stops, power, time, s | energy,
g Sistops, N Nm kw X107
= kWh
=
» [Fo=1600 |0.75 Mo=22.65 [2.134 8.33 4.938
S [F1=800 |0.72 M;=11.79 |[1.111 8.33 2571
c
& |F=0 0 M,=0 0 8.33 0
8 |Fs=-800 [0.48 (loadMs=-4.08 |-0.384 8.33 0.890
~ downward)
» |[Fo=800 |0.687 Mo=800 1.164 11.1 3.589
ag)’ F,=0 0.114 M;=0 0 11.1 0
[<5)
é F,=-800 |0.596 (loadM,=-800 -0.477 11.1 1471
™ downward)
o [Fo=0 0.114 Mo=0 0 16.65 0
(<5
2 |F1=-800 |0.596 (loadM;=-800 -0.477 16.65 2.206
& downward)
©
o
N
_  |Fo=-800 |0.596 (loadM,=-800 -0.477 33.3 4.412
3, downward),
c
a3
@
o
-

—

able 2: Upward direction results with electric motor selected

'S o [ Active power, 6.8 kW [Working time,| Active energy,
s S s x10"° kWh
e

£}

z8

» Between stop 3 and [8.33 15.734
o |stop4

o

&

@

o

<

” Between stop 2 and [11.1 20.967
g |stop3

2

@

o

(32]

o Between stop 1 and |16.65 31.450
o |stop2

c

2

@

o

N

- To stop 1 (we accept 33.3 62.900
g |[the last floor)

2

@

o

—

Table 3: Results of preliminary calculations for an electric motor for a

downward direction
=

», | Forces, |Efficiency| Torque, Active | Working | Active
- §, N Nm power, time, s | energy,
é = kw x10° kWh

(2]

w
Z8
» |[Fy=-1600 [0.66 My=11.21 |1.056 33.3 0.010
g
c
a
&

o
<
» [Fy=800 [0.59 My=5.01 |0.480 33.3 0.004
g
c
a
&
o
[30]

Table 4: Downward results with electric
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motor selected
-

«» | Active |Working| Active
= g [power, kW| time, s | energy,
£5 x10"° kWh
28
- P8 33.3 62.9
)

c
2
&
o
<
- P8 33.3 62.9
)
c
2
&
o
(32)

It can be seen from Table 2 and Table 4 that the greatest
savings in electrical energy are achieved in the cases of raising 1
passenger from the ground floor to the top floor and when
lowering 3 or 4 passengers from the top floor to the ground floor.

Other scenarios are also possible, but the ones studied so far
show certain trends.
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4. Conclusions

The treated topic is actual, as the results of some developments
in this area have not yet been put into practice.

With the availability of smart electricity meters in recent years,
the electricity generated by the elevators could be counted and
deducted from the monthly bills of consumers. If this energy is not
taken into account, it is immediately consumed (and recorded on
another electricity meter) by the nearest consumer.

Regardless of the specific case - whether it is a new elevator or
an existing one - it would be good to take into account the possible
savings in electrical energy. They directly affect the monthly and
annual electricity costs of administrative and domestic buildings.

Among the leading technological trends in drives, summarized
by the analysts, is the increasingly targeted market demand for
specialized solutions for specific applications. Typical examples
are drinking and wastewater pumping equipment, HVAC systems,
elevators, and faucets. Investing in a purpose-built solution creates
greater confidence for users, who are convinced that they can rely
on optimized hardware, firmware and technical documentation that
precisely matches the application area.

Leading EM and ED manufacturers are united around the
proposition that key Industry 4.0 technologies such as artificial
intelligence and machine self-learning will play a fundamental role
in the development of modern drives as well. Consumers already
expect every device to have smart functions, but their self-serving
integration alone does not lead to serious technological progress,
experts believe. The real winners in the race will be those
manufacturing companies that succeed in harnessing innovations
such as machine learning to collect performance data from ED in
real time. The possibilities for automated adaptation of work
parameters and processes “on the fly" based on the collected
information will prove to be the real winning advantage over the
competition.
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Appendix

INDUCTION MOTOR DATA

Type AC 200-1-6/24 — elevator two-speed induction motor
Rated power — Pu = 6.8 /1.4 KW

Cyclic duration factor — CDF =50/10 %

Number of switches on per hour — SF = 180 h*

Rated voltage — U =380 V

Rated rotational frequency — n, =897 /193 min ~

1

Rated current — 1, =17.0/13.8 A
Multiplicity of starting torque — 2.55/1.86
Multiplicity of starting current — 63.5/19.0
Rotor moment of gyration — 1.07 kgm?
Weight — 160 kg
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Investigation and analysis of tested plastic films according to ASTM D6992 Standard Test
Method for Accelerated Tensile Creep using the Stepped Isothermal Method
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Abstract:

In the article, experimental results according to ASTM D6992 standard test method for accelerated tensile creep of plastic films

were investigated and analyzed. A regression model was created based on the obtained results. Real and theoretical data were compared.in
order to determine deviations of the model and what is the reliability of the theoretical data.
Keywords: CREEP,PLASTIC TESTING,STEPPED ISOTHERMAL METHOD,REGRESSION ANALYZE.

1. Introduction

Materials creep is a process of slowly increasing plastic
deformation at constant temperature and applied stresses below
yield strength [1]. Creep deformation depends on several factors -
temperature, applied load and specific characteristics of material.
The process of material creep is not yet fully studied [2].

Plastics are widely wused in mechanical
construction, automobile manufacturing, etc [3]. Plastics are
increasingly used as a structural material, as well as part of
composites that are subjected to long-term loads. Studies of the
creep process in plastics is very current, because it characterizes
dependability of materials in long-term applications.

engineering,

The test to determine creep limit has a long duration - up to
10,000 hours, therefore accelerated creep of materials is often used,
as well as various mathematical models with estimated values, [4],
[5]. Through these methods, duration of the test is reduced and
resources are spared without compromising results.

2.Materials and methods

HDPE-mixture was chosen as test material because it is one of
the most used plastics, so the obtained results and data are
significant for manufacturers. Polyethylene has high mechanical-
physical properties and is not affected by moisture [6]. Polyethylene
is used for pipes, tanks, insulation, packaging, etc. Polyethylene is a
recyclable material, which contributes to its even wider use, in
addition to being a virgin material, but also as a recycled one.

The test was performed according to ASTM D6992-Accelerated
tensile creep and creep-rapture of geosynthetic materials based on
time-temperature  superposition using the stepped-isothermal
method [7]. Stepped isothermal method (SIM) consists of defined
temperature steps and dwell time in order to accelerate testing
process. Deformation and dead weight are presented as a function
of time. The duration of the test according to the standard is a not
less than 60,000 seconds.

The test was carried out on a calibrated universal creep testing
machine, which has an appropriate range of values - temperature,
dead weight and linear deformation according the standard and the
selected material. The results are generated automatically, and the
error of the measured values is less than 0.5% according the
calibration data atmospheric conditions are controlled according to
the standard requirements.

Suitable gripping jaws were chosen, which, on one hand, do not
allow sample slipping, and on the other hand, do not apply
excessive load on sample, which would rapture it. Mechanical
system of the lab stand is stable and minimizes errors of the
sample's alignment. The insulation of the stand does not permit
fluctuations in temperature. The stand, including the dead weight
system and gripping is shown in fig. 1.

The selected test program is shown in Fig.2 and Table. 1. Six
temperature steps, each of 10 000 seconds are selected in order to
meet the requirement for a minimum duration of 60,000 seconds.
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Fig.1 Universal creep testing stand

Table 1: Temperature steps and dwell times

Steps 1 2 3 4 5 6
Dwell Time (min.) 170 | 170 | 170 | 170 | 170 | 170
Temperature (C°) 23 | 30 | 37 | 44 | 51 | 58

Time to the end

118

time to STED in minute

(1)(2)(3])f4])fs5])6
iiﬂll Qi

(2 )(3 ) (5 )(6

&
05;7777,
Fig. 2 Test program

The calibrated dead weights used for tensile creep stresses are
4(3 discs of 10 kg and 2 discs of 5kg) The samples have dimensions
- length 120 mm, thickness 1.3 mm, width 100 mm.The sample is
textured and contains six holes-diameter of which is 20
mm..Accelerated creep testing of the materials means using
equivalent times [8]. Each minute of testing at a certain temperature
determines equivalent time according to the standard shown in
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tab.2. For the purpose of more precise research, a second control
sample of a different material was used, the results of which are
known in advance.

Table 2 Temperatures and equivalent times

Temperature Co Equivalent times (min.)
23 1

30 10

37 100

44 1000

51 10000

58 100000

N order to substantiate correlation relations between strain and
temperature, it is necessary to use a statistical tool to analyze the
empirical data. For the purposes of the articles is chosen a
regression analysis, since it describes types and quantitative
dependences. Regression analysis is a statistical method of analysis
of two or more variables [9]. The purpose of this analysis is to
present the correlation dependences through a mathematical model.
Regression analysis consists of 3 main components:

e Regression equation
. Result variable
. Stochastic residuals.

Regression equation is the functional part of the model, which
can be linear, polynomial, etc. Given the nature of the material
creep test, the most applicable is the linear model. The resulting
variable, which is located on the left side of the equation, is the
dependent variable-the linear deformation was chosen. Factors that
randomly or regularly affect resulting factor outside the regression
equation are called residuals[10].

3.Results and discussion

Fig. 3 shows a sample of the test report, where the first column
contains the date and time, the second is the linear deformation in
microns, the test temperature, the name of the identification test,
equivalent years and the linear deformations in percentage.

|:6T2K_L0G 2

:LOGGING_ID 3
:LOGGING_NAME  "Save to USB"
1SERIAL_ID 13
:DEVICE_NUM 7

$RECORD_NUM 284

:DATE_ORDER YYYY/MM/DD hh:mm:ss
:LOCAL_TIME GMT+@2: 80
:TIME_INF_ORDER L

:DEV_COMMENT  “um”

" "Name" “Years" "R %" "L %
:DEV_TYPE BIN32 Unsigned BIN32 Unsigned BIN1G

STRING BIN16 BIN1S BIN1E

:DISP_TYPE REAL_FIX REAL_FIX REAL_FIX AsC REAL_FIX REAL_FIX REAL_FIX
:DEV_SIZE 2 2 1 L] 1 1 1

2024/10/81 13:16:31 ] 8 27.8 "1 - 0.00 .80 0.00
2024/10/01 13:21:31 68 400 28.1 "1le " 0.00 0.33 0.85

"118 - .80 @.53 8.13
"110 - 8.00 8.75 8.26

2024/18/81 13:26:31 168 648  28.5
2024/10/81 13:31:31 320 989

2024/10/01 13:36:31 520 1288 "11@ " a.00 1.0 0.43
2024/18/81 13:41:31 588 1480 "118 - @.68 1.16 8.48
2024/10/81 13:46:31 648 1640 0.00 1.36 8.53
2024/18/01 13:51:31 680 1828 6.00 1.51 0.56
2024/18/81 13:56:31 748 20848 8.0 1.78 8.61
2024/10/81 14:01:31 sea 2220 0.00 1.85 8.66
2024/10/01 14:06:31 868 2480 6.00 2.00 8.71
2024/18/81 14:11:31 %88 2548 8.0 2.11 8.75
2024/10/81 14:16:31 %48 2700 0.00 2.25 8.78
2024/180/01 14:21:31 980 2848 6.00 2.3 0.81
2024/18/81 14:26:31 1888 2988 8.8 2.48 8.83
2024/10/81 14:31:32 le4s 3100 0.00 2.58 8.86
2024/18/01 14:36:31 lese 3248 31.1 "118 " 6.00 2.70 6.89
2024/10/01 14:41:32 1148 336@ 312 118 " @.00 2.80 8.95
2024/18/81 14:46:32 1288 3488 31.3 118 - 8.8a 2.98 1.08

Fig. 3 Test report

Mathematical and statistical processing was performed with the
program product MINITAB. For the purposes of the study, the data
of only one sample were selected. The equivalent years were
selected as the independent variable, and the dependent linear
deformation in percentages[11]. The data from the study were
processed and the following regression model was obtained:

Year-s = -0.001481 +0.0814 R% -0.5505R%*R% +0.9975R%*R%*R% (1)

Table 3 presents the coefficients of the variables and standard
errors.

Table 3 Coded Coefficients
95% Upper
Term Coef| SE Coef Bound| T-Value| P-Value| VIF
Constant 0.000143( 0.000578 0.001107 0.25 0.805
R% -0.00251| 0.00111 -0.00066 -2.26 0.027| 15.19
R%*R% 0.009659( 0.000806 0.011003 11.98 0.000| 1.55
R%*R%*R% 0.01379| 0.00133 0.01601 10.33 0.000| 13.36

The coefficient of determination was calculated, and the
corrected coefficient of determination, tab. 4.

Table 4.Model Summary
R-sq(adj) PRESS| R-sq(pred)| AlCc BIC
94.91%| 0.0002429 94.36%| -713.27| -702.71

S| R-sq
0.0017454| 95.12%

Table 5 Analysis of Variance

pP-
Source DF| Seq SS| Contribution| AdjSS| Seq MS|F-Value| Value
Regression 3]0.004099 95.12%| 0.004099/ 0.001366| 448.49( 0.000
R% 1/0.003558 82.57%] 0.000016| 0.003558| 1167.97| 0.000
R%*R% 1]0.000215 5.00%]| 0.000437] 0.000215 70.70{ 0.000
R%*R%*R%| 1]0.000325 7.55%]| 0.000325[0.000325| 106.81|  0.000
Error 69(0.000210 4.88%] 0.000210| 0.000003
Lack-of-Fit | 13]0.000097 2.26%| 0.000097| 0.000007 3.72] 0.000
Pure Error | 56/0.000113 2.62%| 0.000113| 0.000002
Total 72(0.004309 100.00%

From the condition for the P-coefficient of multiple correlation,
which is insignificant if . From the analysis of the variables, table
5, it can be seen that the P value of the coefficients is less than 0.05
in the case of e 0.

The Pareto diagram, shows the absolute values of the
standardized effects from the largest to the smallest effect fig 5 [12].
The chart also draws a reference line to show which effects are
statistically significant. The components are after the significance
line, therefore all the coefficients are significant.

Pareto Chart of the Standardized Effects

(response is Year-s; o = 0.05)

Term 199

Predictor Name
A

AAA

AA

0 5 10 15 20 25 30 35
Standardized Effect

Fig 5.Pareto chart of the effects

Normal Probability Plot

(response is Year-s)

Percent
&

0.1 <~
-4 =3 -2 =1 o 1 2 3 4

Standardized Residual

Fig. 6 Standartized residuals

299



"MACHINES. TECHNOLOGIES. MATERIALS" Issue 9/2024

Versus Order
(response is Year-s)

Standardized Residual

35 45
Observation Order

Fig. 7 The standardized residuals in order of obtains

Analysis of residuals is performed using plots in Fig. 6,7. The
values of the standardized residuals should be within £2 [13].

Histogram
(response is Year-s)

20

Frequency
3

—

24

-

-24 -1.2 0.0

Standardized Residual

12

Fig. 8 Histogram of standardized residuals

Figure 8 shows a diagram of the standardized residuals, which
shows that the normal distribution is right-skewed.

4.Conclusions

From the obtained regression model, the relative elongation
according to equivalent years can be predicted with an accuracy of
98.4%.

The verification of the results obtained from the model show
that they are statistically significant, which proves the mathematical
dependence between the variables. The use of a regression model
leads to obtaining adequate results and eliminating random errors
caused by various factors. The model can also be used for creep
tensile testing of other materials in order to reduce duration of the
test. It is possible to use other mathematical models in order to
optimize test duration and used resources.
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Frost resistance of hollow ceramic structural elements for ceramic beehives
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Abstract: In laboratory conditions, the frost resistance of hollow ceramic samples (constructive elements of ceramic beehives) was examined
by applying a standardized methodology for assessing the reliability of ceramic products. For both sample types that were investigated (each
with different phase compositions), the result for the frost resistance coefficient Ky, is above 84%. The products retain their structural
integrity and high resistance in an extreme temperature environment. It was not observed any significant damage that could disrupt their
functionality. The obtained results prove the assumptions that the ceramic beehives are appropriate for use in vast geographical regions
characterized by critical temperatures and high diurnal and seasonal temperature amplitudes. At the same time, the experimental data can
serve for further optimization of the recipe compositions, the technological regime, and for improvements of the construction characteristics
of the ceramic elements that build the ceramic beehive.

Keywords: CERAMIC BEEHIVE, FROST RESISTANCE, MARL, KAOLIN, MOISTURE ABSORPTION

1. Introduction _ _ _ _
beehives. Ceramic elements created on the basis of these minerals

There are various natural, anthropogenic, and complex factors  combine good mechanical strength and a specific microstructure
causing moderately negative to fatal effects on the normal  with porosity that supports their thermal insulation properties.
development and survival of bee families [1-3]: diseases typical for  Despite these advantages, the porous structure is still vulnerable to
the brood and the adult bees; impact of natural enemies of the honey  climate influences, such as freezing and thawing, which can lead to
bee (mainly various insects, birds and others); environmental  the accumulation of water deposits in the hollow of the material.
pollution from growing industrial activity; increasing use of toxic Over time, this process causes micro-level expansion and
insecticides for plant protection in the agricultural sector; intensive  contraction, leading to microcracks and structural deterioration of
noise pollution (transport traffic, industrial production, construction, the material.
and others); annual fires with extensive localization, global climate The present work aims to study the degree of resistance of
changes and many other. ceramic structural elements (for the production of ceramic hives) to

Bee farms nowadays are widely using several basic systems of  freezing and thawing cycles and to analyze their impact on the
beehives [4] made of different materials (wood, polystyrene, and microstructure and the strength of the elements. The obtained
others). results are intended to be used for improvements of the material so

Due to its suitable workability, wide availability, natural origin  that it provides reliable protection and comfort for bee colonies and
and environmental friendliness, wood is a predominant and their owners.
relatively cost-effective raw material for the production of beehives

[2]. The use of wood as the main construction material allows the 2. Experimental procedures
use of various technological methods of processing, accurate
implementation of the designed construction options, and For the purpose of the study and the examination of the frost

preparation of a wide assortment of products [4]. Spruce, pine, fir,  resistance of hollow ceramic elements were used the following
pine, linden and others are used in the production of various beehive methods:

systems [2, 4]. The existing experience in the practice shaped the

the opinion that coniferous resinous trees are better raw materials 2.1. Preparation of the samples:
for beehives as they can provide higher resistance to the impact of
destructive cyclic weather factors (mainly during the winter
season).

At the same time, in the course of active exploitation of the
widely spread standard wooden beehives, it is observed a critical
disadvantage [4] - the relatively low resistance under dynamic
extreme climate conditions.

To effectively overcome some of the existing main problems in
the beekeeping sector, an innovative beehive was created. Its
construction consists of hollow ceramic elements that form air
chambers providing thermal insulation of the hive. [5].

— There were prepared two types of samples and from each type
were prepared 5 elements. The types are respectively: from a
mixture of marl clays - anorthite (CaAl, Si, Og ), with dimensions
of 162 mm x 75 mm x 25 mm with a cavity of 66%; and from a
mixture of washed kaolin (Al, O3 -2SiO, -2H,0) with dimensions
of 310 mm x 156 mm x 25 mm with a cavity of 66%.

— The samples were produced according to a previously established
technology for the production of elements for hives by slip casting.

2.2. Initial measurement and analysis:

For materials with a porous structure (such as many types of ~ —Marl clay samples - anorthite (CaAl, Si; Og ), size 162mm x
ceramics), frost resistance is a key factor in their durability. The ~ 75mm x 25mm with a cavity of 17mm or 66% cavity;
moisture that has penetrated the material's pores freezes at low  — Washed kaolin samples (Al, O; -2SiO, -2H,0) measuring 310
temperatures, which leads to the expansion of water and, MM X 156 mm x 25 mm with a cavity of 17 mm or 66 % cavity;
accordingly, to an increase in the internal tension in the pores. To register results for changes in the pores and possible

Repeated freezing and thawing causes: microcracks, widening of microcracks, we performed an initial microstructural analysis of the
existing cracks, reduction of mechanical strength, damage to the ~ samples (fig. 1,2, and 3). For this, we used a scanning electrical

surface layer, and other damages. digital microscope, Wireless Microscope HiView, version 1.4, 2000
The frost resistance of the material depends on its porosity, ¢ USB 1600x, Windows 2000/2003/XP/Vista/7, Linux.

capillary structure, absorption properties, and strength. Various tests The main physical properties of the samples were determined at

and analyses determine how well a material can retain its properties  the beginning of the study, as follows:

and structure under continuous exposure to freeze-thaw cycles. — Compressive strength - 2550 kg/cm’ washed kaolin; compressive
The study of frost resistance of hollow ceramic structural  Strength of marl clay (anorthite) — 2250 kg/cm?;

elements composed of anorthite (CaAl, Si, Og ) — marl clay and ~ —Moisture absorption — of the washed kaolin sample — 2,65%;

washed kaolin (Al, O3 -2SiO, -2H, O) is of key importance for moisture absorption of the marl clay (anorthite) sample — 3,4%.
creating resistant and long-lasting materials suitable for use in
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2.3. Exposure to freeze-thaw cycles [6]:

The samples are exposed to frost-thaw cycles according to the
following procedure:

— The samples are dried in a dryer at 105+5°C to a constant mass
and after that their weight is measured. They are cooled to an
ambient temperature of 25°C and the mass is measured again. [Md]
— After that, the samples are immersed in a tank of tap water at
room temperature and the water is heated in the vessel to 80°C+3°C
for 2 hours. At cool saturation, water enters only the fully open
pores, while at 80°C water temperature, it is assumed that it enters
the semi-closed pores.

— The water-saturated samples are weighed with an electronic scale
with accuracy =1 gram and the results are recorded [Mw]. Then the
samples are left to air for 20 minutes and weighed again [Ms]

— They are placed in a freezer chamber at temperature of
-18°C+3°C. Each freezing cycle is at least 5 hours, counted from
the moment of reaching the set temperature - 15°C.

— Follows a rapid thawing by blowing warm air at temperature of
105°C+5°C for 20 minutes and subsequently leaving at room
temperature 25°C for 20 minutes.

— Each subsequent cycle starts by pouring over with tap water for
minimum 2 minutes, weighing them immediately and after resting
for 20 minutes. After that they are placed in the freezing chamber
for the next freezing.

The first freezing period lasts 6 hours, each subsequent freezing
period must last minimum 5 hours in the chamber after reaching the
set temperature. A cycle of defrosting and subsequent
humidification follows. This freeze-thaw cycle is repeated 51 times.

3. Results and Discussion

3.1. Monitoring of the microstructural changes:

— We are monitoring for cracks on the sample surface.

— Using a scanning microscope, we scan the surface of the samples
for cracks and capillaries after cycles 35 and 50.

— After cycle 35 and cycle 50 for all the anorthite samples
(CaAl; Si, Og ), there is no change in dimensions, nor capillary
cracks  (fig.1). For the samples of washed kaolin
(Al, O3 -2SiO, ‘2H,0) there is no change in dimensions. After
cycle 50, on one of the parts of a kaolin sample is identified a crack
of 1 mm — 2 mm (fig.3) with a length of about 50 mm. The crack is
observed in the funnel area. After cycle 50 capillaries are noticed on
the surface layer of the same sample (fig.3). For the rest of the
samples are not observed any defects or cracks (fig. 2).

Fig. 1 A marl clay sample from left to right: at the t;e‘ginr‘lirﬁlg'; after cycle
35; after cycle 50
T

B s - -

;:‘: : r‘ ". . . .

Nl ™ . . . i s
te/fis"-‘ . : y : : R
Fig. 2 The surface of a washed kaolin sample at the beginning; after cycles
35; and after 50 cycles (from left to right)

Figure 3 Surface capillaries and a crack on one of
the washed kaolin samples
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3.2. Measurement of physicomechanical properties after
freezing and thawing cycles:

After the 35th and the 50th cycles, the key physico-mechanical
parameters are measured again: sample sizes, and compressive
strength. The results of these measurements are presented in tables
1 and 2 respectively for marl clay and washed kaolin.

Table 1. Marl clay samples.

Ne Marl rock sample dimensions © 5 % % =& Drzngqts(/e
of 25E | 88 | P
cye 3 é ;:E E_ = E’ capiﬁ];ries
i i S o =
le anorthite (CaAl, Si, Og ), = § ] and cracks
1 162 mm x 75 mm x 17mm 3,40 2250 No
35 | 162 mmx 75 mm x 17mm 3,35 2200 No
51 162 mm x 75mm x 17 mm 2,22 2150 No
Table 2. Washed kaolin samples.
o Dimensions of the washed kaolin c o Defects/
Ne v g © = 2
of sample 520 2 5 presence
2228 £c8 of
cyc °2%FT | g&® iari
. S a0 Eg=x capillaries
le (Al, O3 -2Si0, -2H,0) ® O 8 and cracks
1 310 mm x 156 mm x 25 mm 2,65 2550 HE
35 | 310 mmx 156 mm x 25 mm 2,00 2450 HE
51 | 310 mm x 156 mm x 25 mm 0,68 2400 HE

The results we obtained show that after 50 frost-thaw cycles of
the samples, a crack with the size of 1 mm is observed on the
surface of only one of them. This defect is located in the area of the
technological holes, which are the result of the casting process. This
is probably one of the weakest areas of the element, where the
tension concentration is higher and the structural resistance is lower.

We observe that the compressive strength decreases both for the
samples from kaolin (5,88%) and marl clay (4,44%).

The experimental method we have applied allows us to get a
holistic and comprehensive view of the effect of freezing and
thawing cycles on the structural and mechanical resistance of
hollow ceramic elements composed of marl clay and glass ceramics.

The focus of the analysis is the change of the weitght of the
samples when they are watered, dried, frozen, and defrost. All
measurements are included in a table. Based on the obtained results
we present the following graphs: Graph 1 Shows the mass of the
marl clay samples after drying, after soaking in water, and after
freezing. Graph 2 contains the same information but for the kaolin
samples. Graph 3 displays the information about the water
absorption of the two types of samples over the 50 cycles.

Weight [gr]

1357 9111315171921232527293133353739414345474951

Number of cycles

=0==ass of the sample after drying at 105 °C £5 °C [gr]

Mass of the sample after soaking in water at 80°C+3 °C, weighed in air [gr]

== llass of the sample after freezing at -18 °C + 3 °C, weighed in air [gr]

Graph 1. Mass change of marl clay samples



"MACHINES. TECHNOLOGIES. MATERIALS" Issue 9/2024

Weight [gr]

1234567 E9101112131015161718 192021 2223 2925 2627 2829 30 313 3334 36 3637 3839 1041 4243 14 45 16 47 1€ 495051
Number of cycles

Graph 2. Mass change of washed kaolin samples

450%
4005

12345678 9 101112131415 1617 1819302122 23242526 77202930 11323334 3536 3738394041 42 43445 4647 18495051
Number of cycles

—farl —racin

Graph. 3. Moisture absorption of marl clay and washed kaolin
samples

3.3. Evaluation of frost resistance and analysis of results:

The frost resistance coefficient was calculated for the samples
of marl clay anorthite: K.,=84.45% and washed kaolin
Km=84.30%. According to the standard, the coefficient should be
smaller than 85% for a product to be considered frost-resistant. In
the case of our experiment, both sample types can be considered
frost-resistant.

For the samples of washed kaolin we found that the material
shows stability under existing conditions (drying, soaking in water,
and after freezing). Weight changes are minimal, indicating high
resistance to freeze/thaw cycles. The location of the crack is around
the technological openings related to the casting process: The crack
is concentrated around the technological opening, indicating that
this area is more susceptible to microstructural defects in cold due
to the different density of the material in this area. Another reason
may be the accumulation of internal pressure during the casting and
baking of the element. Such pressure becomes a reason for a higher
degree of water absorption by the pores leading to freeze expansion.
Lower water absorption of the kaolin samples is connected to less
pores. During the cycles of watering, water can not be spread
evenly on the surface and while freezing uneven tensions are
created. This is the reason why for these samples we observe
capillary structural changes on the surface.

For the samples of marl clay, we observe relatively higher water
absorption and weight change, especially after soaking in water and
freezing. We connect this observation to the higher porosity of the
material which would generally mean it shall be more prone to
defects. We observe that for the course of 50 frost-thaw cycles,
there are no changes of the structure on the surface of the samples,
no cracks, nor capillaries which means that the higher porosity
contributes to an even distribution of inner tensions.

4, Conclusion

Our analysis shows that for both types of examined samples, a
sufficient level of frost resistance is reached. They passed
successfully through 50 frost-thaw cycles without significant
changes which can damage their functionality. This leads us to the
conclusion that the selected casting mixtures (marl clay (anorthite)
and kaolin) have physicomechanical properties that make them
appropriate for use in places with variable or extreme temperature
conditions.
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Abstract: The main reason to perform this research investigation was to find a reason for appearing failures in exploratory condition of a
part holder of breaking shoe beam. This part is incorporated in an assembly in railway wagon. This part together with few others was
damaged in exploratory condition. It means that cracks were noticed on these parts. Some parts were completely broken. Because of that
purchaser of parts complained of received parts to the producer. One of these parts was delivered to Prof Cvetkovski to find a reason and to
give opinion about the reason for failure. The damaged parts are made of cast steel SG60/SE300. Many types of investigation was performed
in order to solve this problem. As first visual control was done. After that, radiographic control was made. Investigations continued with
determination of chemical composition and macro and micro metallography and determination of non-metallic inclusions. Finally
mechanical testing like tensile testing, hardness measurement and impact toughness were performed too. Performed research confirmed that
typical casting defects in the investigated part like the hot tears, slag inclusions, shrinkage porosity and segregation are the main reasons
for failure of the delivered parts, holder of breaking shoes i.e. appearing of cracks or their completely fracture.

KEYWARD: HOLDER OF BREAKING SHOE BEAM, SG60/SE300, STEEL CAST, HOT TEARS, SLAG INCLUSIONS, FRACTURE,
MICROSTRUCTURE,

Introduction 2 Performed investigations

This technical report was prepared on the request of company for 2.1 Visual inspection

production of parts for railways vehicles. Subject of investigation is ~ Visual inspection of the holder (figure 2) was done by necked eye
holder of breaking shoe beam as a part of assembly mounted in and magnifying lens. Inspection confirmed that one macro crack
railway wagons. Because of accident, which happened to some of ~ was formed in the holder. On the top of the part the crack is much
these parts in exploitation conditions, the purchaser of parts submit ~ wider. Propagating into interior crack become thinner and stop to
complaint to the producer in order to explain the reason for the propagate in the material. It is quite normal to espact that crack will
failure. According obtained information’s, about sixty parts were  continue to grow if part continue to work. Other cracks or some
delivered to the purchaser. Six of them were failured. More other defects was not detected in the holder by visual inspection. It
concretely in few parts was noticed cracks and few parts were  can be seen too that part is painted after production.

completely fractured. i

One of the rejected parts was returned to the supplier in order to be
performed investigations and to find a reason for appearing of
defects — cracks. Producer of assembly asked Prof Cvetkovski to
make investigations and find a reason for occurred accident.

It has to be point out that casting parts were produced by
subcontractor i.e. casting company. Damage of parts happened in
exploitation conditions. During routine control was detected that
some parts have cracks but some of them were completely broken.
Investigated part is one of the few parts in which cracks appeared in
exploitation period. It was clearly confirmed that casting technology
is base reason for failure of parts [1, 2].

Figure 2 Crack on the specimen

2.2 Radiographic testing (RT)

1 Matgrial for investigation . . Radiographic testing was performed using x-ray tube XXG-2005
Investigated part was produced by steel casting GS60 (GE300) with  ang Kodak T500 films with Pb foils. The seven expositions of the
material number 1.0558. It is defined as steel cast for general investigated specimen was made. Besides macro crack, noted

engineering purposes. Designation C60 of this of steel cast i gyring visual inspection, no other significant casting defects were
according DIN EN 1681 while designation CE300 is according EN  getected Figure 3 (a-c).

10293. After casting heat treatment i.e. normalization was
performed [3]. Once cast, steel alloys will often have a non-
homogeneous microstructure, which includes large grains as well as
other unwanted structural components normalizing the casting will
deliver a uniform, fine-grained structure with greater mechanical
predictability and improved machining qualities [4, 5].

This cast has a fairly low ductility and a moderately high tensile
strength among cast carbon, non-alloyed steels. Delivered steel
holder for investigation is presented in the figure 1. This part is
obtain by send casting process.

Figure 3 Radiographic films

Figure 1 Received holder for investigation
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2.3 Determination of the chemical composition of the holder

For determination of the chemical composition of the investigated
holder, piece with dimension 30x30 was cut. The emission
spectrometer type SPECTRO was used for chemical analysis.
Obtained concentration of chemical elements were compared with
the values prescribed in previously mentioned standards (tables 1
and 2).

Table 1 Chemical composition of the analyzed steel casting
compared compared with DIN 1681prescribed values

Element % C Si Mn P S Cu
Measured 0.44 0.32 0.724 | 0.019 | 0.05 | 0.15
(SPECTRO
Standard DIN | 0.27- | 0.456 0.75- 0.04 | 0.04 | 0.3
1681) 0.32 0.90

Table 2 Maximum concentration of unspecified elements in
analyzed specimen is given in DIN EN 10293 standard

Element % Cr Ni Mo

Measured values 0.349 | 0.182 | 0.08
(SPECTRO

Standard EN 10293) | 0.3 0.4 0.12

2.4 Metallography

For the metallographic investigations was prepared specimen cut
from the holder containing the macro crack (figure 4). Standard
metallographic preparation of the specimen was performed. After
grinding and polishing with diamond powder, Nital (3%) etching of
the specimens was done. Macro and microanalysis were made on
the specimen. Polished specimen was used for the analysis of the
material cleanliness (non-metallic inclusions) or any others type
casting defects. Optical microscope Meiji Techno was used for
metallographic investigation.

2.4.1 Macro metallography

Figure 5 presents prepared specimen for macro metallographic
investigation. Macro inspection confirmed that one macro crack
was formed in the holder. On the top (origin, Point A) the crack is
much wider. Propagating into interior crack become thinner and
stop to propagate in the material point B. Other cracks was not
detected in the holder by macro metallography.

Figure 5 Metallographic specimen with crack cut from the
holder

2.4.2 Analysis of the non-metallic inclusions

Non-metallic inclusions were analyzed on polished metallographic
specimens using optical microscope Meiji Techno. Magnification of
x100 was used for this analysis. As can be seen from the
metallographic pictures, material is pretty clean concerning non-
metallic inclusions. The presented inclusions are small mainly
rounded, randomly distributed (figure 6 (a-c)).
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c
Figure 6 (a-c) Nonmetallic inclusions in casting x100

2.3.3 Analysis of defects on the polished surface

Figure 7 (a and b) present beginning and end of the macro crack. It
can be seen from the figure 7a that crack origin is pretty wide, but it
must be point out that very big defect so call slag inclusion is
detected on the left side of the crack. End of the crack is shown on
the figure 7b. It is important to say that propagation of crack is
forced by presence of the of the defects in the material like
shrinkage cavities.

Figure 7 (aand b) a. beginning b. end of crack

Figure 8 presents end of this central crack magnified x500.
Shrinkage cavities are clearly noticed during this magnification.

Vg
Iy

——

Figure 8 End of the crack x500 - shrinkage cavity

Figure 9 shows polished surface of the specimen. It is clearly seen
crack formed beneath the surface, which start from the some
impurity, and it’s propagate almost parallel with the surface of the
specimen.

Figure 9 Crack beneath the surface x100 (on the left side of the
macro crack)
Figure 10 presents cracks, which are, formed on the surface of the
specimen. Their orientation is different.
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b
Figure 10 a. Formed cracks on the surface of the specimen with
different orientation, x100 b. hot tears schematic presentation (right
side from macro crack)

2.4.3 Micro metallography

Figure 11(a and b) presents microstructure of the investigated,
casted part (holder) after normalization. It is clearly seen that
microstructure consists of ferrite and pearlite. It can be concluded
that ferrite delineate former austenite grains. Segregation in the part
can be seen too.

Figure 11 Microstructure of the normalized smecimen etched with
Nital
a. x100 b. x500
Figure 12 (a-d) shows microstructure of the specimen in the
neighbourhood of the crack. With black arows are shown slag
inclusions.
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Figure 12 Present defects in the specimen i.e. slag inclusions near
the crack
2.5 Tensile testing
For determining tensile properties of casted part, one round
specimen was machined. Obtained results from testing probe are
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given in the table 3. Diagram stress-deformation is given in the
figure 13, and fractured surfaces of the specimen are shown in
figure 14.

Table 3 Tensile properties of the material — holder

Tensile properties | Rpo, | Rm, MPa | A
Measured values | 660 | 750 17
Standard EN | 300 | 600-750 15
1293
Test Results
- Sp Gage Length:  100.0000 mm
i Area: 49.0167 mm*
L 7 Tensile Strength: 750 N/mm?*
il | Young's Modulus: -23870 N/mm?
= Load at Offset: 9379 N
£ 480 Rp 0.2: 190.9343 N/mm?
s Upper Yield Point: Failed
S =) | Lower Yield Point: Failed
B o | Total Elongation: 17.5000 %
z ¥ Pretest Punch Length: 40 mm
Posttest Punch Length: 47 mm
Load at Offset#2: 12868.3200 N
[ Stress at Offset: 262.5443 N/mm*
| ! Stress at Offset#2: 262.5443 N/mm?
‘ [ Load at Offset#3: 12868.3200 N
§ % W5 T 3 Stress at Offset#3: 262.5443 N/mm?
et Load at Offset#4: 12868.3200 N
Diameter: 7.9000 mm

Test Summary

Figure 13 stress-strain diagram

Figure 14 Fractured surface of tensile specimen

2.6 Impact toughness

Impact toughness testing was performed at ambient temperature i.e.
20 °C as is standard requirement for this material. Three specimens
with V notch were prepared. Because of lower thickness of the part
nonstandard specimens with dimension is 10x8x55. According
standard for material with thickness beneath 13 mm the value of
impact toughness should be 27J. It is clear that specimens with
proper dimensions should fulfill requirements. Fractured surfaces of
Charpy specimen is given in figure 15, and obtained toughness
value is given in the table 4.

Figure 15 Fractured surface of impact specimen

Table 4 Impact toughness value for tested Charpy specimens
Specimen no 1 12 |3
Impactvalue | 25 | 24 | 20

2.6 Hardness measurement

Hardness measurement was made using HRB method. According
with standard requirement for normalized steel cast (SG60) DIN
1681 hardness values should be in range 165/215 HB. Hardness was
measured from the top of the specimen toward its interior. As can
be seen from the figure 16, the highest hardness value is measured
at the top of the specimen i.e.185HB. But the hardness in the
interior is 163HB. It means that difference of 20HRB units. Because
of that additional measurement’s was made on the top of the
specimen, and the same values were obtained. In order the explain
such situation metallographic analyze was made figure 16b. It can
be seen that at the top of the specimen microstructure is deformed
and consist of fine grains Microstructure in the interior consists of
ferrite and perlite. Microstructure have to be normalized ferrite
pearlite like in the lower part of the figure 16b. Anyhow, hardness
values in the range of standard requirement.
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a
Figure 16 (aand b)

a. Measured hardness values
b. microstructure near the top of the specimen and in the
interior

Discussion
Chemical composition of the holder is in accordance with standard
requirement, only carbon content is over upper limit prescribed with
standard 0.44 %C, and required values should be 0.27-0.32%C. In
order to determine mechanical properties of the casting, specimens
were prepared from the investigated holder near the crack. Hardness
values were measured on the metallographic specimen. It was
decided for this option because we did not have testing coupons.
Generally, it can be concluded that mechanical properties fulfil
requirement. More concretely mechanical properties of the
investigated specimens correspond with values prescribed by
standard.
It was found from metallographic analysis that few types of casting
defects directly influence the quality of the casting holder i.e.
formation of macro crack [6-8]. One of them are hot tears and
another slag inclusions, besides shrinkage cavity and segregation
contribute for defects formation in the investigated part too [9]. It
can be concluded from the metallographic analysis that besides
main crack and another crack were detected; some of them starts
from surface and some appear and propagate beneath the surface
these type of cracks are known as a hot tears or hot cracks [10].
Another detected defects are slag inclusions. Slag inclusions located
immediately near to the macro crack. Both types of defects belong
to the metallurgical casting defects [11,12]
Description and reasons for the appearing of hot tears in casting:

« hot tears are intercrystalline discontinuity (cracks),

« cracks run along the grain boundaries,

« the risk of cracks at alloys with a high freezing range is higher
than with a small freezing range,

* the reason are stresses during solidification because of
hindered a small freezing range contraction (residual stress)

« the main reason for formation of hot tears are the geometry of
casting.

Prevention:

« design appropriate to casting, prevention of residual stresses,
wide difference in the wall thickness and hot spots)

* prevention of hot sand effects .

The main reasons for appearing of slag inclusions are the
following:

Slag inclusions are divided in two main groups - endogenous
and exogenous inclusions

Endogenous inclusions are caused by the reaction products
during the melting process (especially during deoxidation).
Exogenous inclusion are caused by other materials in the melt e.g.
refractory lining.
Prevention of slag inclusion appearing in casting are the following:
use of clean charge,
optimization of gating and feeding system (lamellar flow), decrease
of the dissolved oxygen, decrease of the overheating temperature
Shrinkage cavities were detected on the metallographic specimen
too. Nevertheless, they are pretty small and propagate along the
imagine line, figure 8.
Metallographic specimen with macro crack was broken after
performed investigation. Our idea was to perform visual inspection
on the fractured surface (figure 17). It is clear that fractured surface
is coarser in the upper half. With arrows and circles are denoted
locations with  impurities. Besides crack and impurities were
detected on the fractured surfaces.
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Figure 17 Fractured surface of metallographic specimen

Additionally pictures from other damaged holders were required
from purchaser in order to compare the location and types of
defects. It was concluded that macro cracks were detected in all
cases, and its location is almost at the same for all specimens. It is
another confirmation that casting technology is the main reason for
the accident.

Conclusion
From the performed investigation was concluded that formation of
macro cracks in the investigated holder is influenced by few types
of casting defects i.e. hot tears and slag inclusion. Besides shrinkage
cavities, (porosity) and segregation were detected on the
metallographic pictures too. It is well known what are the reason for
their appearing, So our opinion is that these defects are results of
unappropriated casting technogy like mold design, too high or too
low casting temperature, deformation during cooling and many
other. If producer did not undertake necessary precautionary these
crack should not appear. As most important for appearing of this
metallurgical reason could be slag in the molten metal, very high
temperature of molten metal, stress of the casting during cooling,
improper design of casted part and similar.

Although mechanical properties of the part are in accordance with
standard requirement, casting technology is the main reason for
cracks appearing.
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of ZnO-zeolite nanocomposites
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Abstract: Laser ablation in liquid is an eco-friendly and efficient method to produce nanomaterials with interesting properties in a
laboratory scale. Previously reported ZnO nanoparticles, obtained by nanosecond and millisecond pulsed laser under various laser
parameters, demonstrated photocatalytic, gas-sensing, and antibacterial activity. Here we explore the possibility for laser ablation of Zn
metal plate in natural zeolite suspension and isolation of a composite ZnO-Zeo. It was characterized by UV-vis, XPS and SEM methods. The
characteristic UV-vis peak for ZnO nanoparticles was observed at 340 nm, which is associated with small particles size, proven by SEM
images to be 30-50 nm. The spherical ZnO particles are located on the zeolite surface. It was found that the attraction forces between both
phases cause a shift in Zn 2p XPS peak positions which were determined at 1022.0 eV and 1045.1 eV for 2ps, and 2p,, levels, respectively.
The approach for laser ablation in suspension could open avenue for simultaneous formation and incorporation of various nanoparticles

into different supports.

Keywords: LASER ABLATION IN LIQUID, ZnO NANOPARTICLES, ZEOLITES, NANOCOMPOSITES.

1. Introduction

Laser ablation in liquid (LAL) is a versatile method for
preparation of various types of colloidal nanoparticles such as
monometallic and bimetallic nanoparticles, metal oxides, metal
sulfides and carbides. Laser irradiation of inert metals leads to break
down of large pieces of material into smaller ones giving diverse
metallic nanostructures, while reactive metals undergo laser-
induced chemical reactions that take place in a limited zone near the
laser beam, producing metal oxides by oxidation of metals in
aqueous solution or causing formation of metal sulfides, carbides,
chlorides in organic solvents [1-5]. The changes in laser parameters
permit to tune the morphology and structure of the material, size
and size-distribution of the nanoparticles and thus to alter the
properties of laser-assisted nanomaterials. It is worth mentioning
that this technique is convenient, easy-to-do and cost-effective
approach to fabricate from nanoparticles to functionalized
nanocomposites, which are needed for development of recent
nanotechnology. Another advantage of this method comes from the
environmental point of view, as it is an environmentally friendly
approach. It uses small amounts of solvents and reagents to produce
neat nanoparticles without formation of side products and chemical
waste. The above-mentioned characteristics render the method
among innovative and efficient methodologies for fabrication of
materials with unique properties [6-7].

ZnO is well-known for its antibacterial, photocatalytic,
photovoltaic and sensing properties that strongly depend on its
morphology, crystallinity, surface area, size and dimensions of
nanoparticles. According to the synthetic method and reaction
conditions, these parameters may vary in wide ranges and thus
allowing to produce ZnO for various applications. Among many
methods such as precipitation [8], sol-gel [9], hydrothermal [10],
ZnO can be produced by LAL applying femtosecond, nanosecond
or millisecond pulsed lasers with specific wavelengths [11-23]. For
example, infrared femtosecond laser ablation was applied to tune
ZnO band gap by doping with Mg?* ions and formation of structure
defects within the nanoparticles [18]. In another case, laser ablation
of Zn in NH4NO; solution provided N-doping of ZnO [19].
Dorranian et al. demonstrated that the size of ZnO NPs produced by
532-nm-wavelength nanosecond laser is smaller than that of
nanoparticles formed by 1064-nm laser, which also affected the
photoluminescence properties of the studied particles [15]. Abbas et
al. used LAL-synthesized ZnO NPs for further hydrothermal
treatment to improve surface area and defects density that enhance
the photocatalytic activity of ZnO [17]. ZnO nanospheres and ZnO
nanorods were prepared via the laser ablation of a Zn plate in water
using nanosecond- and millisecond-pulsed lasers, respectively. The
ZnO nanorods showed better photocatalytic performance towards
dye degradation than their spherically shaped counterparts [23].
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When ZnO nanoparticles are used as photocatalyst, their
separation from the reaction mixture could be a problematic,
especially in large-scale systems. To avoid such difficulties, ZnO
can be immobilized onto a support which would allow easier
recovery of the nanocomposite. At the same time, often synergetic
effect of photocatalytic action of nanocomposite is observed,
resulting from adsorption of target molecules on the support and
getting it in close contact with photocatalyst’s surface. Zeolites are
suitable candidates, as they have chemically and thermally stable
and porous structure which is an ideal template for formation,
growth and immobilization of nanoparticles on it. Zeolites are
microporous crystalline aluminosilicates, consisting of SiO, and
AlOQ, tetrahedrons connected in a network via oxygen bridges. The
presence of AI** ions make the framework with a negative charge
that is compensated by exchangeable ions, such as Na*, K*, Ca*",
Mg?", etc. This structure determines the exceptional ion-exchange
properties of zeolites and their specific application in water
treatment, catalysis and many other areas [24]. Shaw et al. alter the
adsorption capacity of a zeolite by growth of porous layer of ZnO
nanoflakes on the zeolite surface and ensure effective and rapid
removal of heavy metal ions and organics [25]. Impregnation of
ZnO in three types of zeolites was proposed as heterogeneous
photocatalysis in [26].

This paper describes the preparation of nanocomposite ZnO-
zeolite through laser ablation of zinc metal plate in suspension of
zeolite by using second-harmonic laser with nanosecond pulse
width and pulse energy of 51 mJ/pulse. The obtained colloid was
characterized by SEM, XPS and UV-vis spectroscopy. Thus, the
work demonstrates the application of LAL for nanocomposites
fabrication, while keeping the structure of zeolite support
unchanged.

2. Experimental

2.1. Materials

A natural zeolite from East Rhodopes mountain in Bulgaria was
used. The raw material was milled and fractioned, washed several
times, dried and analyzed. The XRD analysis showed that it mainly
consists of clinoptilolite (76%) [27]. The Na-modified form of
zeolite was prepared by ion-exchange with Na* ions from 2M
solution of NaCl, then the solid was separated, washed, dried and
used further for preparation of nanocomposites. A Zinc plate with
2-mm thickness and 99.5% purity of the metal, was degreased in
organic solvents and washed twice with deionized water via
sonication, and then used for ablation.

2.2. Method

The ablation procedure was carried out by using Nd:YAG laser
with a wavelength of 532 nm, in a quartz cuvette with dimensions
of 30 mm x 30 mm x 50 mm, and a wall thickness of 2 mm. The
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liquid medium was prepared from 50 mg Na-modified zeolite and
20 cm® deionized water, dispersed in an ultrasonic bath for 360 s.
Then, Zn metal plate was immersed in the suspension in vertical
position and fixed on the quartz wall of the cuvette. The reaction
mixture was agitated by a magnetic stirrer during the experiment,
the laser beam was focused on the target and the ablation lasted for
45 min. The laser parameters used were as follows: a pulse energy
of 51 mJ/pulse, a pulse width of 7 ns, and a repetition rate of 10 Hz.
The obtained colloid was centrifuged, nanocomposite was separated
from supernatant and prepared for characterization by UV-vis
spectroscopy, Scanning Electron Microscopy (SEM) and X-ray
Photoelectron Spectroscopy (XPS). The sample is denoted as ZnO-
Zeo. For comparison, the same procedure was applied for
preparation of ZnO NPs by laser ablation of Zn plate in neat,
deionized water.

3. Results and discussion

The nanocomposite ZnO-Zeo was prepared by laser ablation of
zinc metal plate in the presence of zeolite dispersed in deionized
water. During laser irradiation tiny zinc droplets and zinc ions react
with water at extremely high temperatures, attained from the
second-harmonic laser, to give ZnO nanoparticles. Their formation
was proven by UV-vis spectrum of supernatant isolated from the
freshly prepared colloid, shown in Fig. 1. The peak at 340 nm is
typical for absorption of ZnO nanoparticles that originated from an
electron transition from the valence band to the conduction band of
the semiconductor [11, 23]. The absorption band of nanosecond-
laser-produced ZnO NPs was detected at 365 nm in [23] which is
associated with bigger size nanoparticles than that in this composite.
Kim et al. found size- and shape-dependance to wavelengths of the
laser, when ablated Zn plate in neat water [16]. The absorbance
below 300 nm arises from the zeolite framework.

Absorbance, a.u.

T T T
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Wavelength, nm

T
400

T
300

200 800

Fig. 1. UV-vis spectrum of as-prepared suspension.

The morphology of the nanocomposite was observed by SEM
and displayed in Fig. 2. It can be seen that ZnO NPs with an
average size of 30-50 nm are located on the zeolite surface. Like
neat ZnO NPs, produced for purpose of comparison, the shape of
particles is spherical, which was also observed for other ZnO NPs
produced by nanosecond laser [12-16]. The size of ZnO NPs
prepared in water (without zeolite) varies in the range 50 — 200 nm,
which is bigger than that of nanoparticles obtained in zeolite
suspension. It could be explained by the presence of zeolite in
ablation medium. Most probably zeolite, that occurs in the aqueous
suspension during the zinc-metal ablation, gains part of the
irradiation energy and thus affects nucleation and growth of ZnO
NPs in the sample ZnO-Zeo. Kulinich et al. ablated Zn plate with a
second harmonic pulse laser with fluence of 30 mJ/pulse at ambient
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pressure and prepared NPs with broad particle size distribution up
to 100 nm. They found that the pressurized water medium resulted
in smaller particles (< 20 nm) and narrow size distribution [13].
Change of laser wavelength to 1064 nm and increasing of pulse
energy to 120 mJ/pulse gave ZnO NPs in the range 10 — 90 nm [23].
Therefore, the size, dispersity, band gap, defects of ZnO strongly
depend on the laser parameters, time and medium used.

Fig. 2. SEM images in the sample ZnO-Zeo at different magnifications.

The surface chemistry of nanocomposite was studied by XPS
analysis. Figure 3 shows Zn 2p XPS spectrum of ZnO-Zeo sample,
that consists of doublet at 1022.0 eV and 1045.1 eV for 2ps, and
2py, levels, respectively. For comparison, the XPS spectrum of ZnO
NPs, synthesized herein at the same laser conditions, was also
measured. The 2ps;, and 2p,,,, peak positions are observed at 1021.4
eV and 1044.5 eV, respectively. Similar positions (1021.5 + 0.1 eV
and 1044.6 + 0.1 eV) were reported for other ZnO NPs prepared by
laser ablation in neat water [23]. The slight shift of the signals for
ZnO-Zeo can be attributed to the interactions between ZnO NPs and
zeolite framework in the sample ZnO-Zeo.

O1s XPS peak for ZnO-Zeo sample was detected at 532.3 eV
(Fig. 4) and assigned to oxygen atom from zeolite network, while a
signal for oxide ion from ZnO was not observed due to low
abundance of ZnO-nanoparticles onto zeolite surface. As a matter of
fact, the Ols signal for ZnO NPs, prepared in neat water, was
registered at 530.2 eV with a shoulder at 532.0 eV raised from O%
in ZnO lattice and hydroxyl groups on the oxide surface,
respectively. Other authors also reported similar peak positions for
pure ZnO [23, 28, 29].

1022.0eV
2ps;

1045.1eV

1030 1040
Binding energy, eV

1010 1020 1050 1060

Fig. 3. Zn 2p XPS spectrum of the sample ZnO-Zeo.
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Fig. 4. O1s XPS spectrum of the sample ZnO-Zeo.

4. Conclusions

We applied the method of laser ablation in liquid and prepared
nanocomposite ZnO-Zeo. Although part of the laser energy was
absorbed by the zeolite in the reaction mixture, the ablation of Zn
plate by focused laser beam led to formation of ZnO nanoparticles
that were deposited on the zeolite surface. The SEM images of
Zn0O-Zeo and ZnO samples revealed that the size of the ZnO NPs
on zeolite is smaller than that of neat ZnO nanoparticles. The
adsorption and photocatalytic properties of the nanocomposite will
be analyzed in our future work.
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