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EXPLORING USER NEEDS AND EXPECTATIONS FOR THE DESIGN OF AN AI-POWERED
SMART CANE: A QUALITATIVE STUDY

Zuzanna Dulska', Wiktoria Czyz!, Yassine Amine El Jazar?, Widad El Gazal’, Warda Jama®, Anna Broling?

"University of Economics in Katowice, 1 Maja 50, 40-287 Katowice, Poland
’Institut supérieur industriel de Bruxelles, Rue Royale 150, 1000 Bruxelles, Belgium
SMdilardalen University, Universitetsplan 1, 722 20 Viisterds, Sweden

Abstract. This study explores the needs and expectations of individuals with mobility challenges to inform the design of an Al-powered smart
cane. Based on 19 semi-structured interviews conducted in Poland, Belgium, and Sweden, the analysis identified four main themes: situational
barriers, medical conditions, assistive strategies, and perceptions of technology. The findings highlight preferences for ergonomic design, simplicity,
affordability, and discreet smart features such as obstacle detection and fall alerts. Rather than presenting a fully developed prototype, the study
provides qualitative insights that guide the future design and development of inclusive, Al-based mobility aids.

Key words: Mobility challenges, accessibility, Artificial Intelligence (Al), smart cane, assistive technology, fall detection.

Introduction

The ability to move freely and independently is
fundamental to maintaining one’s autonomy and quality of life.
For people experiencing mobility challenges - particularly older
adults - this can become increasingly difficult due to age-related
physical or cognitive changes. In the context of an ageing
population, where nearly 30% of Europe’s residents are
projected to be aged 65 or older by 2050 (Eurostat, n.d.),
ensuring safe and accessible mobility solutions is more
important than ever.

Assistive devices such as canes, walkers, and wheelchairs
have long provided essential support, yet traditional solutions
often fall short in adapting to modern environments and evolving
user expectations, leading to underutilization or abandonment
when perceived as unintuitive, uncomfortable, or stigmatizing.

This research develops a prototype smart cane - an
enhanced mobility aid with obstacle detection and fall alert -
aligning features with user expectations through direct
engagement with end users to increase safety and independence.

The study draws on semi-structured interviews and market
analysis across Poland, Belgium, and Sweden to capture
experiences, challenges, and preferences of people with mobility
impairments; while focused on seniors, it also explores
adaptations for visually impaired users to enhance inclusiveness
and impact.

The aim of this study is to identify the challenges, needs,
and expectations of individuals with mobility impairments in
order to guide the future design of an Al-powered smart cane;
by incorporating diverse user feedback early, the paper advances
accessibility, inclusive design, and human-centered Al in
assistive technologies.

1. Literature Review
As global life expectancy continues to rise, societies around

the world are experiencing a significant demographic shift
toward an aging population. According to WHO (2022), by

2050, the number of people aged 60 and over is projected to
reach nearly 2.1 billion, making up for 26% of the global
population. In the European Union, this trend is especially
pronounced — by 2050, almost 30% of the EU population is
expected to be over the age of 65 (Corselli-Nordblad &
Strandell, 2020). This demographic shift leads to numerous
social, economic, and healthcare challenges, especially
concerning mobility and independence.

1.1. Justification for the study

Despite significant advancements in Al-powered assistive
technologies, several critical gaps remain in the existing
research, highlighting the necessity for further innovation.
Firstly, affordability continues to be a significant barrier. Many
of the current smart mobility aids on the market are prohibitively
expensive, limiting their accessibility for a broad range of users,
particularly in lower-income populations (WHO, 2024).
Moreover, despite promising technological advances, there is a
noticeable lack of comprehensive real-world testing across
diverse  environments. Most existing studies  focus
predominantly on controlled settings, which does not fully
capture the complexity of daily life in urban, rural, or cross-
cultural contexts (Morris et al., 2022). As user needs and
environmental challenges can differ substantially between
regions, this gap highlights the necessity for robust field testing
in varied conditions to ensure the reliability and adaptability of
smart mobility solutions. Additionally, current developments
tend to target narrow user groups, often focusing exclusively on
either visually impaired individuals or seniors. However, as
research by Carroll et al. (2021) suggests, inclusive design that
accommodates a wider range of users leads to higher satisfaction
and usability outcomes. Therefore, there is a pressing need for
adaptable solutions that cater to the mobility needs of both
elderly individuals and those with visual impairments.

This study directly addresses these gaps by aiming to
develop an affordable, user-friendly Al-powered smart cane that
combines ergonomic design with advanced functionality. By
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conducting user-centered research in diverse environments such
as Poland, Belgium, and Sweden, the project incorporates varied
cultural and infrastructural contexts to ensure broader
applicability. Following the insights provided by Howard et al.
(2024), actively engaging end-users throughout the development
process enables the design to be continuously improved based
on practical, real-world feedback, thereby strengthening both
usability and user confidence. Through this approach, the study
not only builds upon existing solutions but also advances them
toward practical, inclusive, and scalable assistive technology,
ensuring that benefits reach those who need them most.

2. Smart Cane Design and Features

Mobility loss and fall risk represent two of the most critical
challenges encountered by elderly individuals and people with
reduced mobility. Despite the increasing integration of smart
technologies into daily life, traditional walking aids have
undergone little innovation. The Al-powered Smart Cane seeks
to address this gap. By embedding real-time motion analysis,
obstacle detection, and intelligent alerting into a familiar object,
the conventional cane is transformed into an innovative, life-
enhancing device.

Equipped with embedded sensors, wireless connectivity,
and artificial intelligence, the Smart Cane enhances safety,
autonomy, and user comfort. It functions not only as a support
tool, but also as an early-warning system and mobility assistant,
capable of detecting falls, alerting caregivers, and analyzing gait
patterns over time to anticipate potential health concerns.

This study demonstrates how embedding artificial
intelligence into a simple everyday object can significantly
improve quality of life and contribute to the development of
preventive, connected healthcare.

2.1. Hardware Architecture and General Operation

To enrich a traditional cane with artificial intelligent
features, a compact and energy-efficient embedded system was
developed, built around the ESP32 microcontroller. This
component was selected for its ability to provide Real-Time
signal processing, Wifi and Bluetooth connectivity,
Compatibility with TensorFlow Lite Micro for on-device Al
inference.

The system is housed in a discreet module attached to the
cane, allowing the user to maintain existing habits while
benefiting from advanced functionality.

2.2. Obstacle Detection

A VL53L0X Time-of-Flight sensor is used to continuously
scan the user's path. When an obstacle is detected within 70 cm,
a vibration motor provides haptic feedback to discreetly alert the
user. This system was chosen over an audible alert so as not to
disturb the user or attract the attention of others.

The intensity and frequency of the vibrations are adjusted
based on the data received from the sensors to transmit a clear
alert in real-time.

2.3. Fall Detection

The MPU6050 inertial measurement unit monitors
acceleration and angular velocity along three axes. Fall detection
relies on identifying key patterns such as an acceleration spike
(> 2.5g), a sharp impact, a following period of inactivity

These indicators are analyzed in real-time using a
threshold-based algorithm, refined with digital filtering to
reduce noise and limit false positives.

2.4. Signal Processing

Sensor data is subject to high-frequency noise (e.g., hand
tremors). To improve the reliability of the fall detection
algorithm, a digital low-pass filter was implemented. This filter
smooths the signal prior to further analysis, allowing more
precise pattern detection.

y[ln] = a.x[n] + (1 = a).y[n—-1] 1)

Source: Smith, Steven W. (1997). The Scientist and Engineer's Guide
to Digital Signal Processing. Chapter 15.

where:
- y[n] is the filtered value (output)
- x[n] is the raw sensor value at time n

- aisthe smoothing factor, which depends on the cutoff
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Fig 1. Example of signal from IMU without filter (red)
and with filter (blue)
Source: Correia, S. D. Inertial Measurement Units (IMUs): Data

Acquisition and Filtering
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2.5. Communication and Alerting
Upon detecting a fall, the ESP32 initiates an alert via a
Whattbot, sending a message to pre-defined emergency contacts.

This communication is made possible through secure API calls
to the Whatbot APL

Jnata distance obstacle

signal X
ESP3z S =p{ Motor Vibration Human

Data acceleration and angles

MPUB050

Fig 2. System workflow
Source: Authors

2.6. Artificial Intelligence: The Smart Core

What distinguishes the Smart Cane from conventional
solutions is its ability to learn and adapt over time. By integrating
embedded Al, the system evolves from reactive to predictive and
context-aware.

2.7. Motion Classification with Al

The long-term objective is to replace basic threshold logic
with a trained neural network capable of differentiating between
walking, sitting down, tripping, and falling. A lightweight model
architecture, such as a Dense Neural Network or LSTM (Long
Short-Term Memory), is being considered, optimized for
deployment with TensorFlow Lite Micro on the ESP32.

2.8. Training Workflow

As shown in Figure 2, the workflow begins with data
acquisition from sensors and ends with real-time feedback
provided to the user. This clarifies how the process is initiated
and completed

1- Data Collection: Sensor signals are gathered in real-
world scenarios (walking, stumbling, falling, etc.). Both
controlled experiments and real-life situations are included to
ensure representativeness.

2- Preprocessing: Raw accelerometer and gyroscope
signals are normalized, segmented using sliding windows, and
features (mean, variance, FFT components, etc.) are extracted.

After preprocessing, the labeled dataset is divided into three
subsets:

- Training set (= 70%) — used to adjust the model
parameters (weights and biases).

- Validation set (= 15%) — used during training to tune
hyperparameters (e.g., learning rate, window size,
number of layers) and avoid overfitting.

- Testing set (= 15%) — used only at the end to provide
an unbiased evaluation of model performance.

3- Training process

- The model receives input feature vectors extracted
from the IMU signals.

- Each input passes through the neural network (Dense
layers or LSTM).

- The output is a probability distribution over the motion
classes (walk, sit, stumble, fall).

- The cross-entropy loss compares
probabilities with the ground truth labels.

- Using backpropagation, the gradient of the loss with
respect to the model parameters is computed.

- The parameters are updated iteratively with an
optimizer (commonly Adam or SGD) until the loss
converges.

a) Validation

- After each training epoch, the model is evaluated on the
validation set.

- If validation accuracy stops improving, early stopping
is applied to avoid overfitting.

- Hyperparameters can be adjusted (e.g., dropout rate,
number of hidden units) to improve generalization.

b) Testing

- Once the model is trained, it is frozen and tested on the
independent test set.

- Performance metrics include accuracy, precision,
recall, Fl-score, and confusion matrix to assess how
well each motion type is classified.

- Only after this step the model is considered ready for
deployment.

predicted

C

2 CZ Yie-10g(Fie) )

=1

=2 -

L=-

Source: Goodfellow, 1., Bengio, Y., & Courville, A. (2016)
where:
- L : Loss, this is what the model tries to minimize
- N:Number of samples, The total number of examples
in the batch or dataset
- C : Number of classes, number of possible output
categories
- ¢, : Summation over classes, Adds up the loss
over all output classes for each sample
- ¥, : Summation over samples, Adds up the loss
contributions from each sample
- Yic : True label (ground truth indicator), A binary

value (0 or 1) indicating if sample i belongs to class ¢
- 37; : Predicted probability, The model’s predicted
probability that sample i belongs to class c
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- log(¥,c) : Logarithm of predicted probability, Used
to penalize wrong predictions, lower predicted
probabilities yield higher loss

1 . .
- =5 Negative average factor, Ensures the loss is

positive and averaged over all samples
4- Deployment: Convert model to TFLite format (< 50 KB)
and embed in firmware

Pre-treatment

Extraction of features

I

= )

Deploy in ESP32

U

Fig 3. Training workflow
Source: Authors

2.9. Intelligent Alert System

Once operational, the Al model performs the following
functions: Evaluates the real-time probability of fall, Triggers
alerts only if the fall probability exceeds 90 percent, Learns from
new data over time (thereby enhancing detection accuracy). This
intelligent behavior helps reduce false alarms and increases the
reliability of emergency notifications.

3. Methodology
3.1. Method

This study is qualitative and has been conducted using
semi-structured interviews in order to investigate questions from
the participants' individual perspectives. The study has an
inductive approach, which means that it aims to freely explore
data without starting from predetermined hypotheses. The
analysis has been carried out according to Hsieh and Shannon's
(2005) model for conventional content analysis.

3.2. Selection and Participants

The participants were recruited from Poland, Belgium, and
Sweden. All respondents have some form of reduced mobility,
either as a result of age or illness. The study also included 5
people with visual impairments and other functional variations.
All participants were informed in writing of the purpose and
implementation of the study and agreed in writing to participate.

A total of 20 people were contacted, of which 19 accepted and
were included in the study.

3.3. Data Collection

The data collection was carried out through 19 semi-
structured interviews, which allowed for in-depth follow-up
questions if needed. The sample consisted of 9 women and 7
men aged 30-50, 50-65, 65-80 and 80 plus years. The interviews
took place in neutral places where the interviewer and
respondent met physically. Each interview lasted between 30
and 40 minutes. All interviews were recorded and transcribed
verbatim to enable a thorough analysis.

3.4. Interviews

The interview questions consisted of both open and closed
questions. The open-ended questions aimed to capture the
participants' experiences and reflections, for example:

e "How do you currently manage mobility challenges in

your daily life?"

e “If you could improve one thing about traditional

canes, what would it be?”

Examples of follow-up questions that were used to deepen
the answers were:— "Can you tell me more?" — "Can you give an
example?"

Analysis.

The analysis was carried out with support from
conventional content analysis according to Hsieh and Shannon
(2005) and Graneheim and Lundman (2004). The results were
interpreted through systematic coding of sentence units, which
were then sorted into codes, subcategories, and main categories
based on the content of the ten interviews.

The transcribed interviews formed the basis for the
analysis. The coding categories were derived directly from the
collected material without being guided by a predetermined
theoretical framework. The analysis work began with all
researchers reading through the material several times to gain an
overall understanding and identify the central themes of the
content. At this stage, the analysis focused on the manifest
content, that is the clearly expressed. The participants' own
formulations were used extensively and a common
understanding was built up through discussion and consensus
between the researchers.

In the next step, meaning units related to the purpose of the
study were condensed and selected. These sentence units formed
the basis for coding and sorting into subcategories. The coding
focused on highlighting the latent content, i.e. the underlying
meanings of the respondents' statements, rather than focusing on
the opinions of individuals.

Finally, main categories were identified as merging
subcategories with common meaning. Examples of how
sentence units, codes, and subcategories resulted in main
categories are presented in Table 1. The quotes used are taken
directly from the participants' statements and serve as
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illustrations for the identified themes. As a final step, the quotes
were translated into English.

Table 1. Transcribed interviews

Quote Code Category | Theme
"Avoiding Orientation Environm | Situational
obstacles; ental Barriers
Crossing streets

safely;

Navigating

crowded areas"
"Using public | Public

Transporta | Situational

transportation" | transport tion Barriers
“Can’t clearly | CrossingSignal | Transporta | Situational
see when the tion Barriers
light is green to

cross the road “

"walking and | Accessibility Environm | Situational
challenge in ental Barriers
terms of

accessibility,

especially  in

winter"

Source: Authors

Table 1. demonstrates how the transcribed interviews have
been systematically analyzed through thematic coding,
highlighting recurring patterns, categories, and central themes
that emerged.

3.5. Limitations

Although the interviews were conducted in three countries
(Poland, Belgium, and Sweden), the number of participants is
relatively small. This may affect the generalizability of the
results, especially as mobility challenges and technology
acceptance may vary depending on cultural, socio-economic,
and technological context. Another limitation concerns the
participants' variety of mobility challenges with different needs
depending on whether they are due to age, visual impairment, or
other functional variations. Since the study addresses these
groups together, it may lead to a less nuanced understanding of
more specific needs. Furthermore, although the study mentions
possible skepticism from users regarding the reliability and user-
friendliness of Al technology, it does not address in detail how
such attitudes could affect.

4. Results

The analysis of 19 semi-structured interviews conducted
across Sweden, Poland, and Belgium resulted in four
overarching themes: Situational Difficulties, Medical
Conditions, Assistive Strategies and Preferences, and
Technology Perceptions and Feature Expectations. These
themes emerged through conventional content analysis and
reflect both the challenges participants face in their daily lives
and the expectations they have for an Al-powered smart cane.

The table below presents a summary of these themes with
example quotes and implications for product development.

4.1. Situational Difficulties

Participants frequently described everyday environments
as hostile to individuals with reduced mobility. Challenges such
as uneven pavements, slippery surfaces, lack of elevators, and
poor lighting were recurrently mentioned. These difficulties
were not only physically taxing but also emotionally exhausting,
leading some participants to limit their outings or avoid certain
places entirely.

“l avoid going for walks in the woods after
heavy rain because the paths become too
slippery.” — Participant 7

Urban environments presented additional difficulties,
especially during peak hours when public transport or city
centers became crowded and chaotic.

“Navigating crowded sidewalks, especially
with uneven pavement, and using public
transport during rush hour is really difficult.” —
Participant 6

These situational barriers emphasize the need for a smart
cane that can adapt to various environments by detecting
obstacles, adjusting to lighting conditions, and offering discrete
navigational feedback without requiring high levels of tech
fluency from the user.

4.2. Medical Conditions

The participants represented a diverse range of medical
backgrounds, including osteoarthritis, diabetes, Parkinson’s
disease, past injuries, and muscle weakness from surgeries or
aging. These conditions directly affected the participants’
mobility and often led to reduced grip strength, balance issues,
and fatigue.

“I have muscle weakness and hip surgery. My
balance is not what it used to be.” — Participant
13

These insights highlight the importance of ergonomic
design, including lightweight materials, comfortable handles,
and features like shock absorption to minimize physical strain.
For many, mobility challenges were compounded by the
cumulative effect of age and chronic health issues, underlining
the need for tailored solutions rather than one-size-fits-all tools.

4.3. Assistive Strategies and Preferences

While many participants already used some form of
assistive device (traditional cane, walker, wheelchair), they
expressed limited satisfaction with these tools. Several
individuals also depended on family or vehicles for long-
distance errands, but this dependence often conflicted with their
desire for greater independence.
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“I use a traditional cane and rely on family

assistance when I need to go far.” — Participant

6

“I prefer to be independent, but there are days

when I just avoid going out because it feels

unsafe.” — Participant 18

There was strong support for tools that could offer both

stability and reliable assistance without compromising
autonomy. Preferences for modularity (e.g., switching between
walking indoors and outdoors) and non-intrusiveness(e.g., no
loud alarms or bulky design) were commonly mentioned.

4.4. Technology Perceptions and Feature
Expectations

Attitudes toward technology varied, but the majority
expressed interest and cautious optimism—with a consistent
preference for simplicity, reliability, and practicality. Features
like audio guidance, obstacle detection, fall detection, and health
monitoring were well received, especially when described in
user-friendly terms.

“I like the idea, if it’s easy to use. I get lost
often, and it would be nice if it told me where
to go.” — Participant 6

“If my cane could vibrate when something’s in
the way, that would help, especially when it’s
noisy.” — Participant 15

Concerns were raised around battery life, complexity of
use, and learning curve, with one participant noting:

“I worry the battery might die while I’'m
walking. That would leave me stuck.” —
Participant 7

Despite these concerns, many were willing to try the smart
cane, provided it was intuitive and offered a tangible sense of
security. Affordability also emerged as a deciding factor, with
most participants comfortable paying 150-300 euros, but only if
the product was well-supported and potentially subsidized.

4.5. Affordability and Funding Expectations

The importance of keeping the costs of the service down
and thus maximizing availability was emphasized. From
several quarters, it was emphasized that the service should be
financed by public funds or by healthcare providers. One
participant said:

"It should be covered by funding, at least partially.
€150-300 is okay." — Participant 5

Another participant expressed the following:
“Unfortunately, I have a low pension, so I can't afford
expensive aids. 150-300 euros is what I can see to be
realistic. I know technology costs, but it's important
that it's accessible to everyone.” - Participant 13

The answers form a pattern that makes it clear that price is
a decisive factor when it comes to deciding on the use of the
service and there was a very clearly observable limit to what was
considered an acceptable user fee. This also applied to those who

were fundamentally positive about the position. The range of
150-300 euros was stated by several participants as a reasonable
level, while 6 out of 19 participants were willing to pay more
than that.

5. Discussion

The purpose of this study was to explore the needs and
expectations of individuals facing mobility challenges in order
to guide the design and development of a smart cane prototype.
Through a series of semi-structured interviews conducted in
Poland, Belgium, and Sweden, several important themes
emerged concerning environmental barriers, medical conditions,
attitudes toward assistive technology, and key design
considerations.

5.1. Environmental Challenges

A recurring theme across all three countries was the
difficulty of navigating poorly adapted public spaces.
Participants commonly mentioned uneven sidewalks, poor
lighting, snow, and heavy traffic as major obstacles. These
factors significantly impacted their sense of safety and
confidence while walking independently, particularly in outdoor
environments. According to WHO (2021), such environmental
risks are especially dangerous for older adults, whose mobility
and reaction time may already be compromised by physical and
cognitive changes associated with aging.

Participants’ experiences reinforce the need for real-time
obstacle detection, one of the most critical features of the
proposed smart cane. For instance, several interviewees
suggested that an alert system that could notify them of steps,
curbs, or potholes - especially in low-light conditions - would be
immensely helpful. This confirms the value of integrating
sensors and adaptive feedback systems (e.g., vibrations, audio
cues), as outlined by de Freitas et al. (2022), to increase user
awareness of environmental hazards.

The interviews also revealed that certain country-specific
factors - such as snow in Sweden or urban congestion in Belgium
- intensified mobility issues. This finding supports the argument
made by Morris et al. (2022) that assistive technologies should
be tested in a variety of real-world environments, as user
experience can vary greatly depending on local infrastructure
and climate.

5.2. Health-Related Needs and Physical Comfort

Many participants reported having health conditions that
directly impacted their mobility, including arthritis, diabetes-
related complications, and post-surgical muscle weakness.
These conditions affected their ability to walk for long periods,
maintain balance, and use traditional canes comfortably. Several
respondents highlighted hand and wrist pain from gripping a
cane for too long or using models that were too heavy or poorly
balanced.
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These findings highlight the importance of ergonomic
design. Lightweight construction, a comfortable grip, and
balanced weight distribution were mentioned as top priorities.
This aligns with the recommendations from Syuleyman (2024)
and Ahasan (2000), who emphasized that poorly adapted
mobility aids can cause fatigue and increase the risk of strain or
falls. Incorporating these ergonomic considerations into the
smart cane is essential not only for comfort, but for sustained,
safe use over time.

Interestingly, participants also voiced interest in health-
related features such as fall detection and step tracking. These
insights suggest that while physical support remains
fundamental, users also seek features that provide a sense of
control and monitoring, particularly in emergency situations.
This corresponds with WHO’s (2024) projection that demand
for intelligent assistive technologies with integrated health
functions will continue to grow globally.

5.3. Support, Independence, and Emotional
Wellbeing

Another important finding was the delicate balance
between independence and reliance on others. Although many
participants currently depend on family members for certain
tasks, they expressed a strong desire to remain independent as
long as possible. This is especially true in the case of navigation
in public spaces, where participants noted that being able to
manage without assistance would improve their confidence and
self-esteem.

This finding underscores the broader social value of
assistive technologies. As de Freitas et al. (2022) argue, the
integration of Al in assistive devices can significantly improve
users’ autonomy and reduce reliance on caregivers. When
assistive tools are designed not only to compensate for
limitations but also to empower users, they support emotional as
well as functional needs. Involving users in the design process -
as suggested by Howard et al. (2024) - was also shown to be
beneficial, with many participants expressing appreciation at
being consulted.

5.4. Technology Perception and Accessibility

Attitudes toward technology were mixed, but generally
open-minded. Most participants showed interest in smart
features such as obstacle detection, GPS navigation, and
emergency alerts. However, they also raised concerns about
device complexity, the need for frequent charging, and
difficulties with setup and learning.

These concerns reflect the findings of Guffroy et al. (2017)
and Edlin-White et al. (2011), which show that complex or non-
intuitive devices are often abandoned - even if they offer helpful
functions. Participants emphasized the importance of simplicity
and reliability, particularly for older users or those unfamiliar
with digital devices. For that reason, designing a smart cane with
a minimal learning curve, vibration and audio feedback, and
possibly a companion app with basic, easy-to-use features is

crucial. This also confirms the need for continuous user testing,
as suggested by Carroll et al. (2021).

Notably, participants favored feedback through vibration or
sound, but not both simultaneously. This insight is especially
useful for preventing sensory overload and allows for
customization based on user preference. It also shows a
preference for discreet guidance, which may help reduce any
stigma associated with assistive device use in public.

5.5. Affordability and Funding Expectations

Across all countries, affordability was a critical factor.
Most participants indicated that €300 would be their maximum
acceptable price for a smart cane. This aligns with WHO’s
(2024) statement that cost remains a major barrier to accessing
assistive technology. Some participants also expressed hope that
the device could be partially or fully subsidized through
insurance or national healthcare systems.

This indicates a need for cost-conscious design and
production strategies. Developers should consider modular
product lines with optional premium features, enabling a basic,
affordable version while offering upgrade possibilities. As with
many assistive products, partnerships with public health
institutions could be key to expanding access.

6. Conclusion

This study has highlighted several crucial factors that
should be taken into account when designing and developing a
smart cane for individuals who have mobility difficulties. The
results from semi-structured interviews showed that
environmental barriers, health-related needs, and users' attitudes
towards assistive devices are central to ensuring the
effectiveness of such a device. Some of the obstacles that
emerged as significant were environmental obstacles, such as
poorly adapted public spaces, uneven pavements, and poor
lighting. This underlines the necessity of real-time obstacle
identification features, such as sensors and adaptive feedback
systems, to increase user awareness. The results also highlight
the importance of testing assistive devices in different real-world
environments.

Health-related needs were found to reinforce the
importance of ergonomic design. Something that was requested
from the participants was lightweight construction and
comfortable handles to prevent discomfort. Furthermore, the
desire for health-related features such as fall detection and step
tracking indicates a growing demand for intelligent assistive
devices that offer both physical support and health monitoring.
Additionally, there was also a strong desire for independence,
especially when it comes to navigating public spaces, and
highlighted the social benefits of assistive devices that
strengthen users' autonomy. Through the interaction of Al, there
is an opportunity to improve users' independence and reduce
dependence on additional support, which in itself increases
users' emotional well-being.
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However, despite the both open and positive attitudes
towards technology that existed among the participants, it also
emerged that there was also a concern about complexity, which
emphasizes the need for simplicity, reliability, and user-
friendliness. In addition, price sensitivity emerged as decisive,
with the majority of the participants stating EUR 300 as the
highest price they were willing to pay for this product. With this
in mind, the importance of considering cost-effective design is
emphasized, as well as exploring potential interventions through
the healthcare system to improve accessibility. In conclusion, the
design of the product needs to prioritize functionality, comfort,
and user-friendliness. In addition, it would be beneficial if it also
took into account environmental and health-related barriers.
Potentially, collaboration with healthcare providers would be an
important step in ensuring widespread use and improving the
quality of life for users.
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VARTOTOJU POREIKIU IR LUKESCIU,
SUSIJUSIU SU DIRBTINIO INTELEKTO VALDOMOS
ISMANIOSIOS LAZDELES KURIMU, ANALIZE:
KOKYBINIS TYRIMAS

Zuzanna Dulska', Wiktoria Czyz', Yassine
Amine El Jazar?, Widad El Gazal?>, Warda Jama®,
Anna Broling®

'Katovicy ekonomikos universitetas, Lenkija
?Briuselio aukstojo mokslo institutas, Belgija
’Malardalen Universitetas, Svedija

Santrauka. Siame tyrime nagrinégjami judéjimo sunkumy
turiniy asmeny poreikiai ir likesciai, siekiant informuoti apie
dirbtinio intelekto pagrindu veikiancios iSmaniosios lazdos
projektavimg. Remiantis 19 pusiau struktiirizuoty interviu, atlikty
Lenkijoje, Belgijoje ir Svedijoje, analizé nustaté keturias pagrindines
temas: situacines klititis, sveikatos biikle, pagalbos strategijas ir
technologijy suvokima. Tyrimo rezultatai rodo, kad Zmonés teikia
pirmenybe ergonomiSskam dizainui, paprastumui, prieinamai kainai ir
diskretiskoms iSmaniosioms funkcijoms, pvz., kliti¢iy aptikimui ir
kritimo jspéjimams. Tyrimas nepateikia visiskai iSbaigto prototipo,
bet pateikia kokybines jzvalgas, kurios padés ateityje kurti ir tobulinti
jtraukias, dirbtiniu intelektu pagristas judéjimo pagalbos priemones.

Reik$miniai ZodZziai: judéjimo sunkumai, pricinamumas,
dirbtinis intelektas (AI), iSmanioji lazda, pagalbiné technologija,
kritimo aptikimas.
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LOVINIO PROFILIO ATSPARUMO MOMENTO KITIMAS DEL ILGALAIKES
KOROZIJOS

Jurijus Tretjakovas, Jolanta Pileckiené

Vilniaus kolegija, Saltoniskiy g. 58-1, Vilnius

Anotacija. [lgalaiké plieno konstrukeijy elementy korozija gali sukelti grititj. Lenkiamy plieniniy sijy skerspjiivio forma panasi j dvitéjo, todél
Siame straipsnyje nagrinéjama sudvibubinto lovinio profilio sija, veikiama ilgalaikés korozijos. Racionalumo pozitiriu tokie profiliai prilygsta
dvitéjui, o pagal technologinius reikalavimus gali biti net tobulesnés konstrukcijos. ISriidijantys plotai modeliuojami 30 mety ir nagrinéjama, kaip
keiciasi lovinio skerspjlivio atsparumo momentas. Straipsnio tyrimo tikslas yra analitiniu metodu prognozuoti dvitéjinio profilio skerpsjivio

atsparumo momento maz¢jimg dél ilgalaikés korozijos.

ReikS§miniai ZodZiai: sija, lovinis profilis, skerspjlivis, atsparumo momentas.

Ivadas

Lovinio profilio skerspjtiviai populiartis inZinerijoje dél
labai auksto atsparumo lenkimo deformacijoms. Toks
stiprumas pasiekiamas naudojant sudvigubinta lovinj profilj (1
pav.) (Barry, 2022).

1 pav. aiptai i$ lovinio prolio sijy (a) ir
korozijos zidinys (b)
Saltinis: Sudaryta autoriy

Tokie profiliai populiaris gaminant laiptus pramonés
pastatuose (gamyklose, servisuose ir pan.) bei kituose
objektuose (aukStuminiuose boksteliuose, skysciy talpyklose ir
pan.). Loviniai profiliai gali bati naudojami  kaip
transportavimo bégiai (2 pav.), taCiau dél skerspjavio
pasukimo staciu kampu sumazéja sistemos lenkimo atsparumo
momentas.

2 pav. Bégiai nejgaliojo veziméliui i§ loviniy poﬁliq (a) ir
korozijos zidiniai (b)
Saltinis: sudaryta autoriy

Lenkimu deformuojamiems lovinio skerspjtvio strypams
biuidingas aukstas racionalumas (Barry, 2022; Hibbeler, 2023).
Sijos skerspjtivio racionalumo koeficientas skai¢iuojamas kaip
skerspjuivio atsparumo momento (W) ir ploto (A) santykis.

w
§= &)

Lovinio skerspjivio racionalumo koeficientas yra gana
artimas dvitéjo racionalumo koeficientui. O dvité&jinis
skerspjlivis yra artimiausias idealiam teorinio profilio realiai
naudojamam sijy skerspjtviui.

Viena i$ problemy naudojant lovinj skerspjiivi sijose yra
tam tikry viety korozija (Crespi et all, 2022; Simoncelli et all,
2023). Korozija gali atsirasti bet kuriame konstrukcijos
elemente (1 pav. ir 2 pav.), be to, ir vietose, kuriose patys
didziausi lenkimo momentai.

Korozijos greitis priklauso nuo daugybés veiksniy:
lovinio profilio aptakumo, drégmés susikaupimo tam tikrose
vietose, korozijos produkty nuo konstrukcijos nuvalymo
galimybiy ir pakartotinio dazymo. Nuo konstrukcijos elementy
aptakumo priklauso drégmés nuo pavir§iaus garavimas
(korozijos proceso laikas). Nemaza reikSme turi ir korozijos

13
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plitimo pobiidis pjavyje (3 pav.). Skai¢iai 3 paveikslélyje rodo Siekiant sumazinti korozijos poveiki loviniams
korozijos greitji mm/metus. profiliams, bitina laiku naudoti apsaugos priemones:
antikorozinj dazyma, apsaugines dangas ir reguliariai atlikti
techning apziiirg. Taip pat svarbi efektyvi drenazo sistema,
kad bty iSvengta drégmés kaupimosi, ypac tose vietose, kur

0,48

022__ susidaro vandens sgstoviai ir kaupiasi cheminés medziagos
|: — mw (ypa¢ tilty konstrukcijose pavasariniy atlydziy metu),
i skatinanc¢ios korozijg. Tinkama priezilira ir prevencinés
i . 0,28 priemonés gali pailginti loviniy tilty profiliy naudojimo laika
—] 7\\ ir uztikrinti konstrukcijy sauguma.
A 1. Korozijos greitio modelis
—] : Modeliuojant korozijos greitj atsizvelgiama ] tai, kad
] ﬂ konstrukcijos elemente jau net pirmaisiais metais atsiranda
I - korozijos zidiniy ir greitis pirmus 10 mety yra lygus 1/4 nuo
— % maksimalaus greicio, nuo 10 iki 30 mety pasirinkta reik§mé yra
- 0,52 1/2 nuo maksimalaus greicio, nuo 30 mety greitis gali sudaryti
] T 3/4 nuo maksimalaus arba bus atitinkamai lygus 100% nuo

f ] 10,52 literatiiroje aprasomo (Sul¢ius, 2006) maksimalaus grei¢io. Dar

— T ka.rtaf pa.b.réziama,. kgd greiéi.ai net Vienqme payiﬁiuje galii bati
0.14 skirtingi ir modeliuojant pasirenkamas visy greiciy vidurkis. Be
’ to, gali biiti imituojama ir korozijos prevencija po tam tikro
eksploatacijos  laikotarpio, kuomet rhdijimo  greitis
minimizuojamas arba artimas nuliui. Taciau Siame darbe
korozijos stabdymo nemodeliuojame. Daroma prielaida, kad
lovinio skerspjiivio sijoje korozija gali atsirasti nematomoje
vietoje, todél korozijos prevencija matematiSkai neaprasoma.
Visa tai iliustruoja 4 pav. greicio kitimo bégant laikui grafikas,
gautas remiantis (Sul&ius, 2006) maksimaliy grei¢iy jvairiose
skerspjtivio vietose reikSmémis.

Ir vis délto reikia dar karta pabrézti, kad greicio kitimo
bégant laikui grafikas (4 pav.) yra daugiau teorinis ir tinka
matematiniam modeliavimui.

3 pav. Dvigubo lovinio profilio skerspjuvis ir korozijos greiciai
Saltinis: sudaryta autoriy

Korozija yra viena i§ pagrindiniy problemy, lemianciy
metaliniy konstrukcijy ilgaamziskuma ir saugumg. Loviniai
tilty profiliai, daznai naudojami kaip pagrindiniai
laikanciosios konstrukcijos elementai, ypac jautriis korozijos
poveikiui, nes jy geometrija sudaro salygas drégmei,
druskoms ir kitoms agresyvioms medziagoms kauptis
pavir§iuose, ypac apatinése dalyse. Korozijos  procesas
ilgainiui sukelia profilio sieneliy plon¢jima, mazina
konstrukcijos standumg ir atsparuma apkrovoms. Tai daro
tiesiogine jtaka skerspjlivio atsparumo momentui, dél ko
mazeja profilio gebéjimas atlaikyti lenkimo jégas. Tyrimai v, mm/metus
rodo, kad per pirmuosius 10 mety korozija gali sumazinti

skerspjiivio atsparumo momentg iki 17 %, o po 30 mety 02

nuostoliai gali siekti net 85 % (Gonzalez, & Lira, 2018). Toks

konstrukcinés tvirtumo mazéjimas gali lemti tilty 0.39

eksploatacijos saugumo sumazéjimg ir net konstrukciniy

gedimy rizika. 0,26 J

Konstrukcijose mikrobiologiné korozija gali turéti rimty

pasekmiy: 0,13 _J(

e metaly korozija: tilty konstrukcijose naudojami r )
metalai, ypa¢ plienas, gali greitai buti paveikti metai
mikrobiologinés korozijos. Ilgalaiké mikroorganizmy veikla =

. . [N e R . . . . 10 20 30 40
sukelia plieno pavirSiy pazeidimus, dél kuriy gali susidaryti . .
itrikimy, jbrézimy, korozijos skyliy ir kity struktiiriniy 4 pav. Korozijos greicio kitimas per 40 mety
defekty. Saltinis: sudaryta autoriy

° p.atvarumo sumazejimas. korozugs procesal gali Profilio pavirSiy, kuriy korozijos greitis yra mazesnis nei
sumazinti konstrukcijy patvarumg. Tai ypaC aktualu

e .. . o .. . . . 0,52 mm/m, per visa eksploatacijos laikotarpj korozija taip pat
inzinerijos objektams Salia vandens telkiniy, drégny vietoviy, bus letesné P 3 eXSp ! P J PP
kai jie yra nuolat uzpilami vandens, kuriame gausu druskos ’

ir smélio miSinio priemaisy.
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2. Skerspjiivio atsparumo momento kitimo aprasas
matematiniame modelyje

Modeliuoti pasirenkamas lovinis profilis UPE 200 pagal
EN 10365:2017. Sio profilio geometriniai rodikliai:
skerspjiivio plotas A=29 cm?, skerspjiivio inercijos momentas
x aSies atzvilgiu 1,=1910 cm*, skerspjilvio atsparumo
momentas x aSies atzvilgiu W,=191 cm’®. Modeliuojami
rudijantys plotai, pavaizduoti kaip idealts staciakampiai, 5
pav. pazyméti raudonomis pastorintomis linijomis. Cia
matome kiekvieno i§ $esiy korozijos ploty storj ¢ ir plotj /.

=
=
ts
Ymax

5 pav. Koroziniai pavirsiai 1- 6 loviniame skerspjuvyje
Saltinis: sudaryta autoriy

Atsparumo momento kitimas vykstant ilgalaikiai korozijai
modeliuojamas kaip isrudijaniy ploty eliminavimas i$
atsparumo momento lygties (2) (Vislavicius et all, 2008)

— Ix - Z? Ixi(t) (2)

ymax

Wy

¢ia Ix — pradinis lovinio skerspjiivio atsparumo momentas,
I — i-tojo ploto inercijos momentas centrinés asies x atzvilgiu.
Viso skerspjiivyje 6 iSrudijantys plotai, ymax — atokiausio tasko y
ordinaté, parodyta 5 pav.

Atimamas inercijos momentas bendruoju atveju bus
iSreiSkiamas kaip visy figiiros ploty inercijos momenty suma
skerspjtivio svorio centro atzvilgiu (2):

6 6

3

Z L;(t) = Z Ixci + A; - y% )
1 1

¢ia Iy — iSrudijancio ploto inercijos momentas centrinés
aSies atzvilgiu, A;— iSrudijantis plotas, y.i— ploto centro ordinaté
iki visos figliros svorio centro.

Visi  SeS§i  iSridijantys plotai laikomi idealiais
staciakampiais, todeél lygtis (2) gali buti supaprastinta ir
naudojama matematiniame modelyje (3)

c St )
lei(f) 22%4'11"@ Ve
1 1

t. y. algoritme naudojami tik modeliuojamy staciakampiy
parametrai ilgis / ir plotis ¢.

3. Modeliavimo rezultatai

Nors skerspjuivis simetriskas horizontalios asies atzvilgiu,
modeliuoti tenka visg skerspjiivi, nes korozijos greiciai virSuje
ir apaCioje yra skirtingi. Taciau darome prielaida, kad
skerspjiivio svorio centro pokytis dél nevienodai nykstanciy
ploty yra labai mazas ir jtakos atsparumo momento sprendiniui
neturi.

Analizuojamo lovio UPE 200 rezultatai pateikiami 1-oje
lenteléje: parodomi skerspjiivio ploto A ir atsparumo momento
W kitimas laiko atzvilgiu.

1 lentelé. Lovinio skerspjiivio geometriniy rodikliy kitimas

Metai A, cm? Wx, cm?
0 29 191
10 234 159
20 12,5 93,5
30 1 285
40 - -

Saltinis: sudaryta autoriy

Modeliuoti korozijos procesa daugiau nei 30 mety néra
prasmes, nes praktiSkai visas skerspjiivis iki §io momento yra
surddijes.

Skaitinio modeliavimo tyrimas buvo atliktas remiantis
aprasSyta metodika, o rezultatai Siame skyriuje pateikti
grafikuose. Ploto kitimas laikui bégant pavaizduotas 6 pav.
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Ploto A kitimas bégant laikui
35

30
~ 25
<
€20
(%]
®15
o
a 10

0 5 10 15 20 25 30 35 40
Metai

6 pav. Skerspjiivio ploto kitimo grafikas
Saltinis: sudaryta autoriy

Skerspjtivio atsparumo momento kitimg bégant laikui
iliustruoja grafikas 7 pav.

Atsparumo momento kitimas bégant laikui
250

200

< 150
<

0 5 10 15 20 25 30 35 40
Metai

7 pav. Atsparumo momento kitimas bégant laikui
Saltinis: sudaryta autoriy

Atsparumo momentas apie
’

Is grafiko matyti, kad nuo 30 m lovinis skerspjuvis
praktiskai visiSkai sunyksta dél korozijos ir atsparumo
momentas tesudaro 15 % nuo pradinés reikSmés.

Apibendrinimai ir iSvados

1. Tiriant lovinj profilj, daroma prielaida, kad labiausiai
koroduoja apatiniai skerspjvio pavirSiai, nes biitent ten
gali kauptis korozija skatinantys cheminiai elementai,
tokie kaip druskos, druskos smélio miSinys, bakterijos ir
kitos medziagos.

2. Koroduojantys pavirsiai apraSomi kaip nuolat didéjantys
iSridyjantys plotai ir per pirmus 10 mety plotas sumazéja
19,3 %, nuo 20 iki 30 mety — 56,9 %, o nuo 30 mety licka
tik 3,4 % viso ploto.

3. Lenkimo geometrinis rodiklis — skerspjivio atsparumo
momentas — per pirmuosius 10 mety sumazéja 17 %, nuo

20 iki 30 mety sumazéjimas siekia 21 %, o po 30 mety —
net 85 %.

4. Atliktas tyrimas parodé, kad loviniams profiliams
ypatingg démesj bitina skirti jau nuo pirmyjy
eksploatavimo mety, siekiant stabdyti korozijos zidiniy
susidaryma zonose, kur korozjos greitis yra maksimalus.
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CHANGE OF THE SECTION MODULUS OF UPE DUE
TO LONG-TERM CORROSION

Jurijus Tretjakovas, Jolanta Pileckiené

Vilniaus kolegija/Higher Education Institution

Summary. Long-term corrosion of steel elements gradually
reduces their load-bearing capacity and may lead to structural failure.
To maximize bending resistance, beams are often designed with I-
shaped cross-sections. This study examines a double channel-section
beam, structurally comparable to an I-beam and offering certain
technological advantages in practice. The research models corrosion-
induced surface loss over a 30-year period and evaluates its effect on
the cross-sectional properties, particularly the section modulus. The
primary objective is to analytically predict the reduction in bending
resistance of such profiles under prolonged environmental exposure.
The results provide a basis for assessing the residual strength and
service life of corroded steel structures.

Key words: beam, UPE, cross-section, section modulus.
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THE INFLUENCE OF INTAKE AIR TEMPERATURE ON THE REPEATABILITY OF
MAXIMUM ENGINE POWER MEASUREMENTS

Donatas Kriaudianas', Ivan Makovec?

Wilniaus Kolegija, Saltoniskiy str. 58-1, LT-08105 Vilnius, Lithuania
2 University of Ljubljana, Askerceva str. 6,1000 Liubliana, Slovenia

Abstract. This study investigates the effect of intake air temperature (IAT) on internal combustion engine power measurement
repeatability during dynamometer testing. Since IAT directly influences air density and combustion efficiency, increased temperature can cause
measurable deviations in recorded engine output, even without mechanical changes. Experimental tests were conducted on four vehicles equipped
with naturally aspirated and supercharged engines under controlled cold and hot conditions. The results revealed that increased IAT led to a
consistent decrease in measured power and torque values, especially at higher engine speeds where airflow and thermal load are higher. Power
losses of up to 3—4 % were observed under increased intake temperatures due to reduced air density and volumetric efficiency. The study highlights
the importance of IAT stabilization and thermal management during repeated dynamometer tests to ensure accurate, repeatable, and comparable

power measurement results across different engine configurations.

Keywords: power measurement, intake air temperature, dynamometer stand, volumetric efficiency

Introduction

In internal combustion engine power is determined by its
construction, displacement, maximum engine speed, volumetric
efficiency and other. Some of these parameters are set by
manufacturer and some of them variates in dependence to
environmental conditions. Trying to measure maximum engine
power on dynamometric test bench — dyno sometimes is
difficult, because of changing environmental conditions such as
outside temperature and pressure, fresh air flow speed and debit.
If vehicle is tested on dyno more than few times, temperature in
engine bay and inside of testing area increase and it is difficult
or impossible to correctly measure maximum power of the
engine.

The intake air temperature directly influences to the
maximum engine power. As air temperature rises, density of the
air decreases and less air enters the cylinders. Furthermore, less
fuel can be combusted and lower power reading measured on the
dyno. Colder air is denser and contains more oxygen molecules
per volume, allowing for more efficient combustion and higher
power output.

The control and stabilization of IAT are especially
important when measuring engine power during repeated power
runs. The intake system, intercooler, and engine bay will heat up,
causing the TAT to rise. As a result, following measurements
may show reduced power output, even if no mechanical changes
are made to the engine. This temperature sensitivity makes it
essential to monitor and manage IAT when assessing
performance modifications, tuning calibrations, or validating
manufacturer specifications.

Vehicle manufacturer’s uses different solution to reduce
and stabilize IAT for naturally aspired (NA) and turbocharged
(TC) engines. For NA engines intake air comes from out of
engine bay and is redirected in colder side of engine (further
from exhaust and other hot surfaces) also aftermarket solution
could be used as heat shields or thermal insulating materials to

protect intake manifold and intake system from hot surfaces. As
for TC engines reducing IAT is also important because it could
prevent engine failure from overheating. As basically all
manufacturers use intercoolers, it reduces air temperature after
the compression (exiting the turbocharger), but lower air
temperature before turbocharger also will help to decrease
maximum temperature after turbocharger. Furthermore,
repeated measurement of maximum engine power for TC
engines also builds a lot of heat in engine by so intercoolers also
heats up more and it will effect maximum engine power.

In controlled testing environments, additional cooling fans
and rest periods between runs can also be used to ensure
consistent thermal conditions. Maintaining stable and
representative IAT ensures that dyno results are both accurate
and repeatable, eliminating errors caused by environmental or
heat-related fluctuations.

The purpose of this study is to analyse the influence of
intake air temperature on the change of maximum engine power
during repeated measurements on dyno.

Objectives:

1. To evaluate the differences in the intake air temperature
change between naturally aspirated and turbocharged
engines;

2. To assess how changes in the intake air temperature
impact the repeatability and reliability of engine power
measurements on a dynamometer.

1. Previous Research Overview

A. Hasan et al. studied the effects of initial mixture
temperature and composition within the closed cylinder of a
valve—piston assembly. The results revealed significant
variations in engine performance and emissions. Operating with
an intake air heating system was found to be an effective method
for achieving a more homogeneous air—fuel mixture, which in
turn enhanced engine performance. The best overall
performance—reflected in higher brake power, improved
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thermal efficiency, and lower specific fuel consumption and
exhaust emissions—was observed when the intake air
temperature was maintained between 35 °C and 55 °C under lean
mixture conditions. However, further increasing the intake air
temperature to 75 °C led to a decline in performance (Fig. 1).
(Hasan et al., 2024).
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Fig. 1 The inlet consignment temperature effect on brake
power of engine at 2000 RPM and variable mixing ratio (Hasan
etal., 2024)

This reduction was attributed to incomplete combustion
caused by the substantial decrease in intake air density and the
relatively higher fuel proportion in the mixture.The control and
stabilization of IAT are especially important (Chen et al., 2020).

R. R. Ibraheem and K. A. Abdullah performed experiments
of ambient air temperature influence on engine performance
parameters and exhaust gas temperature. Each test cycle was
performed at different ambient air temperatures (10 °C, 20 °C,
30 °C, 40 °C, and 50 °C) under a constant throttle opening,
allowing data collection under various climatic conditions
Figure 2 (Ibraheem, 2019).
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Fig. 2 The effect of ambient air temperature on the brake
power, at different engine speeds (Ibraheem, 2019)

Figure 2 illustrates the relationship between ambient air
temperature and brake power at engine speeds of 1500 RPM,
2000 RPM, and 2500 RPM. The results show that brake power

decreases as the ambient air temperature increases. This occurs
because higher intake temperatures reduce the air charge
density, resulting in a lower air mass flow rate into the cylinders
(Park et al., 2021).

M. N. N. Khaifullizan et al. studied a spark-ignition engine
at variations intake air temperature to examine fuel consumption
and engine performance. The experiment was carried out under
different intake air temperature adjusted to: 35 °C, 40 °C, 45 °C,
50 °C, 55 °C, 60 °C, 65 °C, and 70 °C Figure 3.
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Fig. 3 Graph of Torque against Intake Air Temperature
(Khaifullizan et al., 2021)

The results show that increasing the intake air temperature
leads to a reduction in fuel consumption (Mohmmed et al.,
2022). As the air temperature rises, its density decreases,
resulting in lower oxygen availability for combustion.
Consequently, less fuel is required to maintain the proper air—
fuel ratio. However, the reduced oxygen and fuel quantities
produce weaker combustion, leading to lower torque and power
output from the engine Figure 3 (Khaifullizan et al., 2021).

The reviewed studies consistently demonstrate that intake
air temperature has a significant impact on internal combustion
engine performance, however, researchers have not specifically
addressed the effect of repeated engine performance
measurements on [AT variation and its influence on engine
performance. Therefore, additional experimental work is
required to evaluate this relationship.

2. Equipment and methodology

Experimental studies were carried out at Vilniaus Kolegija,
Automotive Diagnostic Laboratory. Four cars were used for the
tests with NA and TC engines for better evaluation of IAT effect.
TOYOTA YARIS T SPORT P1 with a 1.5-liter (INZ-FE) NA
engine developing 78 kW of power at 6000 RPM and maximum
torque of 145 Nm at 4200 RPM. MAZDA MX-5 NB with a 1.8-
liter (BPSA) NA engine developing 103 kW of power at 6500
RPM and maximum torque of 162 Nm at 4500 RPM. BMW 1251
E82 with a 3.0-liter (N52B30) NA engine developing 160 kW
of power at 6100 RPM and maximum torque of 270 Nm at the
range from 2500 RPM till 4250 RPM. MINI COOPER R53 with
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a 1.6-liter engine (W11 B16 A) with a Roots EATON M45
supercharger developing 120 kW of power at 6000 RPM and
maximum torque of 210 Nm at 4000 RPM (Auto-Data.net,
2025; Zal et al., 2025).

During the tests, the diagnostic device LAUNCH X431 V
was used to record the intake air temperature, crankshaft speed
and intake system pressure, view live data, retrieve information
recorded by the engine control unit (Launch, 2025).

For maximum engine power measurement, a computerized
passenger car dynamometer stand CARTEC LPS 2510 (Fig. 4)
was used. The main technical data of the traction stand are
presented in Table 1 (Cartec, 2020)

Fig. 4 Tested vehicle — TOYOTA YARIS T SPORT P1
strapped to a CARTEC LPS 2510 dyno for maximum power
measurement.

Source: compiled by the authors

Table 1. CARTEC LPS 2510 technical data

Equipment | -\ R TEC LPS 2510
Parameter
. Electromagnetic
Load device Eddy current brake
Maximum measurable load, t 35
Maximum measuring power of the 400
stand, kW
Maximum braking power of the 360
stand, kW
Measurement error +2

All maximum power measurements were performed firstly
in well ventilated laboratory with open cars bonnet — cold
condition and after 5th test with closed bonnet — hot condition.
For all tests in front of the tested vehicle 3 kW fan was turned on
to increase air flow.

3. Research Results

The first tested vehicle was a TOYOTA YARIS T SPORT
P1. In both measurements, the maximum measured power did
not reach the manufacturer’s stated value of 78 kW, but the peak
power under cold conditions was 72.9 kW, and under hot

conditions — 70.4 kW. The measured power loss was less than
10 %, therefore this measurement is considered valid and the
engine is evaluated as being in good condition. The
measurement results are shown in Figure 5.

At mid-range engine speeds ~3500 RPM, in the cold
condition test, 46.3 kW was measured, while the hot condition
result was 46.5 kW. This indicates that at lower loads, the
thermal effect was minimal. However, at the peak power around
~5700 RPM, the difference was higher. Under cold conditions,
the engine reached 72.9 kW at 5750 RPM, whereas under hot
conditions, the maximum power decreased to 70.4 kW at
approximately 5860 RPM. This represents a loss of 2.5 kW, or
~3.4%. The reduction is primarily due to increased intake air
temperature, which decreases air density and reduces volumetric
efficiency at high RPM, where airflow demand is the greatest.
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Fig. 5 Tested vehicle - TOYOTA YARIS T SPORT P1 engine
power and torque results
Source: compiled by the authors

The torque comparison shows a similar trend. At
~4200 RPM, near the torque peak, the cold condition test
showed a maximum of 135.5 Nm, while under hot conditions,
the torque dropped to 131.5 Nm at ~4300 RPM. This
corresponds to a 3% reduction. At a mid-range speed of
3000 RPM, torque values were 125.7 Nm (cold) and 124.6 Nm
(hot), showing only a minor difference of less than 1%.

The second tested vehicle was MAZDA MX-5 NB.
Maximum measured power in cold condition was 97.2 kW and
in hot condition 94.8 kW as maximum decelerated power is
103 kW. The power loss is lower than 10 % therefore this
measurement is considered valid and the engine is evaluated as
being in good condition. The measurement results are shown in
Figure 6.

At mid-range engine speeds ~3500 RPM, in the cold
condition test, 49.6 kW was measured, while the hot condition
result was 49.5 kW. This shows that at low RPM, the
temperature influence was minimum. However, at the peak
power ~6600 RPM, the difference became more apparent. Under
cold conditions, the engine reached a maximum of 97.2 kW at
6625 RPM, where under hot conditions, the maximum power
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decreased to 94.8 kW at approximately 6550 RPM. This
represents a loss of about 2.4 kW, or roughly 2.5%. The
reduction can be attributed to higher intake air temperature,

which lowers air density and reduces combustion efficiency at
high RPM.
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Fig. 6 Tested vehicle - MAZDA MX-5 NB engine power and
torque results
Source: compiled by the authors

A similar trend was observed in the torque data. Near the
torque peak at ~4800 RPM, the cold condition test recorded
154.3 Nm, while under hot conditions, the torque dropped to
150.3 Nm at ~4900 RPM. This corresponds to an approximate
2.6% reduction. At a mid-range speed of 3000 RPM, torque
values were 138.0 Nm (cold) and 134.8 Nm (hot), indicating
only a minor difference of about 2.3%, suggesting that the
thermal effect mainly impacts the engine’s upper RPM range.

The third tested vehicle was a BMW 1251 E82. The
measurement results are shown in Figure 7.
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Fig. 7 Tested vehicle - BMW 1251 E82 engine power, torque
and IAT results

Source: compiled by the authors

The maximum measured power was 180.5 kW, while the
maximum decelerated power was 160 kW. This vehicle has a

Torque [Nm]

modified exhaust system and a remapped engine electronic
control unit (ECU). Therefore, this vehicle’s data is used to
evaluate how intake air temperature changes across the entire
RPM measurement range. This data is also from a naturally
aspirated engine, as in the previous results.

From Figure 7, it is visible that the IAT at the start of the
measurement was 37 °C, but even in the middle range of engine
speed at 4800 RPM, the temperature decreased to 30 °C, and at
the end of the test, the IAT was measured to be 27 °C. This
indicates that increasing engine speed leads to increased airflow
through the intake system, which cools down the intake
components and lowers the IAT. However, this tendency was
observed while measuring a naturally aspirated engine. When
the engine has a forced induction system, the IAT increases with
increased boost pressure. In Figure 8, the MINI COOPER R53
IAT and boost pressure change versus engine speed are
presented.
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Fig. 8 Tested vehicle — MINI COOPER R53 IAT and boost
pressure results
Source: compiled by the authors

From Figure 8, it can be observed that even at the start of
the measurement, at 2500 RPM, the intake air temperature
reached 73 °C at a boost pressure of 0.36 bar. The higher starting
temperature is a result of air compression and heat transfer from
hot engine components. In the mid-range, around 5000 RPM, the
IAT increased to 85 °C at a boost pressure of 1.25 bar. At the
maximum engine speed of 7000 RPM, the IAT rose further to
93 °C at a boost pressure of 1.77 bar. Since the MINI Cooper
R53 is equipped with a forced induction system, it generates
significantly higher IAT values, which must be taken into
consideration when performing power measurements on
vehicles with forced air induction.

The maximum measured power of MINI COOPER R53 in
both measurements, was realy close, for cold condition
117.7kW and for hot condition 114.4 kW. The maximum
measured power did not reach the manufacturer’s stated value of
120 kW. The measured power loss was less than 10 %, therefore
this measurement is considered valid and the engine is evaluated
as being in good condition. The measurement results are shown
in Figure 9.
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At lower engine speeds ~3000 RPM, under cold conditions,
the engine produced 49.2 kW, while the hot condition
measurement showed a similar result of 47.9 kW (Fig. 9). This
indicates that the intake air temperature had a minimal effect on
power output at low engine loads, which is also evident from the
close alignment of both power curves. However, at higher
engine speeds, the effect became more pronounced. The power
curve obtained under cold conditions remains approximately
3 kW higher across most measurement points, with the
maximum difference reaching 3.9 kW, or about 3.4%. This
deviation can be attributed primarily to increased intake air
temperature due to compression and heat transfer from hot
engine surfaces, leading to reduced air density and lower
volumetric efficiency.
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Fig. 9 Tested vehicle — MINI COOPER R53 engine power and

torque results
Source: compiled by the authors

The torque comparison reveals a similar trend. Near the
torque peak ~4000 RPM, the cold condition test achieved
185.2 Nm, while under hot conditions, torque decreased to
180.4 Nm, a difference of approximately 2.6 %. At lower engine
speeds ~2500 RPM, torque values were nearly identical —
153.1 Nm (cold) and 150.6 Nm (hot) — confirming that
temperature influence becomes most significant at higher
airflow rates and engine speeds.

Conclusions

1. In comparison of TC and NA engine IAT, the results
established a higher cooling need for the TC engine. In
the NA engine, the IAT decreased as engine speed and
load increased due to a higher airflow entering the
cylinders. For the TC engine, however, with increasing
load and engine speed, the air was more compressed by
compessor, causing the temperature to rise further.
Experimental data showed that the TC engine of the
MINI COOPER R53 had a higher starting IAT than the
maximum IAT recorded for the BMW 1251 ES82,
confirming the greater heat load in forced-induction

engines.

2. In comparison of cold and hot condition measurements,
it is visible that at low and medium engine speeds there
is almost no difference, but when the engine speed
exceeds ~4700 RPM, the difference in measured power
is around 3%. The same tendency is visible for both NA
and TC engines. Therefore, if the vehicle is tested more
than 2-3 times on a dynamometer, it should be taken
into consideration that TC vehicles are more likely to
reach higher IAT wvalues and experience power
reduction due to increased engine bay temperatures,
while NA vehicles may also show reduced power, but
mainly due to a gradual rise in ambient temperature
within the testing area.
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ISIURBIAMO ORO TEMPERATUROS ITAKA
VARIKLIO MAKSIMALIOS GALIOS MATAVIMAMS

Donatas Kriaudiiinas!, Ivan Makovec 2

Vilniaus kolegija
2 Liublianos universitetas

Straipsnio santrauka. Siame straipsnyje nagrinéjama
jsiurbiamo oro temperatiiros (JOT) jtaka vidaus degimo variklio
galios matavimams atliekant bandymus galios matavimo stende.
Kadangi JOT tiesiogiai veikia oro tankj ir degimo efektyvuma,
temperatiiros padidéjimas gali sukelti pastebimy variklio galios
poky€iy, net jei mechaniniy poky¢iy néra. Eksperimentiniams

bandymams parinkti keturi automobiliai su atmosferiniais ir
priverstinio pripiitimo sistemas turin¢iais varikliais. Bandymai atlikti
Saltoje ir karStoje temperatiiroje. Rezultatai parodé, kad didéjant JOT
matuojamos galios ir sukimo momento reik§més nuosekliai mazéja,
ypac¢ esant didesniems variklio stikiams, kai oro srautas ir variklio
apkrova yra didesni. Kai jsiurbiamo oro temperattira aukstesne, dél
sumazéjusio oro tankio ir cilindry pripildymo koeficiento uzfiksuotas
iki 3—4 % galios sumaz¢jimas. Tyrimas atskleidzia JOT fiksavimo ir
stabilizavimo svarbg atliekant pakartotinius variklio galios
matavimus, siekiant uztikrinti tikslius skirtingy tipy varikliy galios
matavimo rezultatus.

ReikSminiai ZodZiai: galios matavimas, jsiurbiamo oro
temperatiira, variklio galios matavimo stendas, cilindry pripildymo
koeficientas.
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KABELIO ILGIO NUSTATYMAS TAIKANT ELEKTRINIYU MATAVIMU METODUS
Andrius Usinskas, Antanas Staponas, Laimutis KrikStaponis, Broné Mitkiené
Vilniaus kolegija, Saltoniskiy g. 58-1, Vilnius

Anotacija. Straipsnyje nagrinéjama kabelio ilgio nustatymo problema, siekiant i$vengti netikslumy, kurie gali lemti energijos nuostolius,
itampos kritimg ar pavojingas eksploatacijos situacijas. Tyrimo tikslas — sukurti metodikg kabelio ilgiui nustatyti taikant elektriniy parametry
matavimus. Darbe analizuota varzos, talpos ir induktyvumo priklausomybé nuo kabelio ilgio, pasitelkiant universaly induktyvumo, talpos ir varzos
(LCR) matuoklj bei dirbtinio neurony tinklo modeliavima. Sukurtas metodas leidzia kabelio ilgj prognozuoti remiantis paprastai iSmatuojamais
elektriniais dydziais, o tinklo mokymas uztrunka vos keleta sekundziy. Eksperimentiniai rezultatai parodé, kad prognozés tikslumas siekia iki 1,5
% santykinés paklaidos, kas leidZia atsisakyti sudétingos ir brangios matavimo jrangos. Tyrimas atskleidzia praktinio taikymo potenciala elektros
tinkly priezidiroje.

ReikS§miniai ZodZiai: elektriniai matavimai, varza, talpa, induktyvumas, kabelio ilgis, dirbtinis neurony tinklas.

Ivadas

Elektros kabeliy ilgis yra vienas svarbiausiy parametry
atliekant elektros instaliacijos montavimo darbus, ypac
jrengiant laikinus energijos tiekimo tinklus. Neteisingai
jvertintas kabelio ilgis gali lemti ne tik ekonominius, bet ir
energijos nuostolius, jtampos kritimg ar net pavojingas
eksploatacijos  situacijas.  Siuolaikiné  statybvietés
infrastruktira reikalauja tiksliy, greity ir ekonomiskai
pagristy kabeliy ilgio nustatymo metody.

Elektros instaliacijos montavimo metu daznai néra
galimybés fizisSkai pamatuoti viso kabelio ilgio dél jo
padéties (pvz., po zeme ar konstrukcijose). Taip pat paprastai
ant kabelio pateikiamas metrus Zymintis uzrasas (1 pav.) gali
biiti nematomas arba nukirptas.

— _TIEUCT=317 LIETIKABELIS BW-P 3%(5 M2 C€ RoiS

1 pav. Ant AB ,,Liekabelis* kabelio BVV-P 3x1,5 mm?
pateiktas metrus Zymintis uzrasas ,,060115“, naudojamas kabelio
ilgiui apskaiciuoti
Saltinis: sudaryta autoriy

Netiesioginiams kabelio ilgio matavimo metodams yra
biitina brangi speciali jranga ir kompetencijos dirbti. Dél to
kyla poreikis efektyviems ir patikimiems kabelio ilgio
jvertinimo metodams, pagrjstiems lengvai iSmatuojamomis
tokiais elektriniais parametrais kaip varza, talpa ir
induktyvumas.

Tikslas — sukurti keliy laidininky kabelio ilgio
matavimo metodika istiriant elektrinés varzos, induktyvumo
ir talpos matavimy metody galimybes.

UZzdaviniai:

1. Nustatyti, kurie metodai yra tinkamiausi kabelio
ilgiui nustatyti be tiesioginio matavimo.

2. I8siaiskinti, kokia yra varzos, talpos ir induktyvumo
priklausomybé nuo kabelio ilgio.

3. Rasti santyking paklaida, pasieckiama nustatant
kabelio ilgj elektriniais matavimais.

Nesudétingas kabeliy ilgio jvertinimas gali reikSmingai
sumazinti montavimo klaidy rizikg ir padidinti darbo
efektyvumg bei uztikrinti elektros sistemos sauguma. Be to,
§is tyrimas gali biti naudingas tiek projektavimo, tiek
priezitiros srityse, prisidéti prie iSmaniosios statyby
logistikos ir automatizavimo sprendimy.

1. Literatiiros apZvalga

Literatliroje apraSoma keletas netiesioginiy matavimo
metody, pagristy kabelio elektriniy parametry (varZos,
talpos, induktyvumo ar signalo sklidimo grei¢io) matavimais
(Chen et al., 2018; Wang & Zhou, 2020). Kiekvienas Siy
metody turi privalumy ir trokumy, atsizvelgiant j kabelio
tipa, ilgj ir matavimo aplinka.

Literattiroje nurodomi keturi pagrindiniai kabelio ilgiui
M metrais apskaiciuoti naudojami netiesioginiai metodai,
gristi varzos matavimais (Hayt & Kemmerly, 2012):
R-A R

p R

(1)

¢ia R — iSmatuota laidininko varza, Q; A — laidininko
skerspjiivis, m?, p — laidininko laidumas, Q'm; R' —
laidininko varza ilgio vienete, 2 /m:

p
T @

Taciau, kaip teigia Patel et al. (2019) ir Zhang et al.
(2021), varzos metodas jautrus temperatiiros pokyc¢iams ir
kontaktinés varzos klaidoms, ypac ilgesniuose kabeliuose,
todél butina atlikti temperatiiros korekcijas pagal (10)
formule.

Talpos matavimas (Griffiths, 2017):

c

M=z 3)

R' =
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¢ia C — iSmatuota kabelio talpa, F; C'— kabelio talpa
ilgio vienete, F/m naudojant bendraasj kabel;:

c 2me
Y “4)
in(3)
¢ia € — absoliuti kabelio dielektriné skvarba; a — vidinio
laidininko skersmuo; b — iSorinio laidininko vidinis

skersmuo.

Talpos metodas ypac efektyvus koaksialiniams
kabeliams, taciau jo tikslumui jtakg daro dielektriko savybés,
drégme ir izoliacijos senéjimas (Lin & Kuo, 2020). Todél
praktikoje rekomenduojama §j metoda taikyti kartu su
papildomais korekciniais matavimais, ypa¢ ilgy kabeliy
diagnostikoje.

Induktyvumo matavimas (Paul, 2008):

M=z )

¢ia L — iSmatuotas kabelio induktyvumas, H; L' —
kabelio induktyvumas ilgio vienete, H/m:

r=Lm (B), (©)
T \r

¢ia D — atstumas tarp laidininky centry, m; r —
laidininko spindulys, m; u — kabelio magnetiné skvarba,
H/m.

Induktyvumu grjsti metodai (Paul, 2008) nejautrs
triuk§mui ir gali biiti taikomi tiek Zemiems, tiek aukstiems
dazniams matuoti. Taciau, kaip teigia Oliveira et al. (2017),
Siems matavimams bitina tiksliai zinoti kabelio geometrija,
o daugiagysliuose kabeliuose induktyvumo jtaka gali buti
nevienoda tarp gysly.

Signalo sklidimo grei¢io matavimai (Lee et al, 2011):

vt
M=— (7
¢ia t — signalo sklidimo laikas iki kabelio pabaigos ir
atgal, s; v — signalo sklidimo greitis laidininke, m/s:

v=cCc-u, (8)

¢ia ¢ — $viesos greitis vakuume, m/s; u — signalo
sklidimo greicio koeficientas laidininke.

Signalo sklidimo grei¢io matavimu grjsti metodai
(Lee et al., 2011) placiai naudojami telekomunikacijose. Jy
privalumas — mazesné priklausomybé nuo temperatiiros ir
medziagos laidumo, taciau trikumas — sudétingesné
matavimo jranga. Zhao et al. (2022) pabrézia, kad Sie
metodai leidzia pasiekti auksta tiksluma, kai naudojami
vektoriniai tinklo analizatoriai ar signalo laiko domeno
reflektometrai (TDR).

Siekiant tiksliai nustatyti keliy kilometry ilgio kabelio
varza, naudojant koregavimo veiksnius, kabelis turi biti
laikomas bandymo aplinkoje pakankamg laika, kad bty
uztikrinta laidininko kabelyje temperatira (LST EN
60228+AC, 2005):

1000
R20 = Rt . kt . T, (9)

¢ia Ryo —apvalaus atkaitinto vario laidininko varza 20°C
temperatiiroje, /km; R, — iSmatuota laidininko varza, Q; M
— kabelio ilgis, m; k -—atkaitinto vario laidininko
temperatiiros koregavimo veiksnys:

1
ke =1 +0,00393(t — 20)’

(10)

LCR matavimo prietaisu U76/2 galima iSmatuoti
nuolatingés ir kintamosios srovés nuosekliaja ir lygiagreciaja
varzas bei nuoseklyjj ir lygiagretyjj induktyvumg ir
atitinkama talpg 100 Hz — 100 kHz dazniy ruoze. Tuomet
kompleksiné varza nuosekliuoju matavimo rezimu lygi
(Callegro, 2013):

Z =R+ jwlLy, (11)
¢ia Rs — nuoseklioji varza, Q; Ly, — nuoseklusis
induktyvumas, H;
w — kampinis daznis, rad/s:
w = 2nf, (12)

¢ia f— bandomojo signalo daznis arba
Z=R;—]j ! 13
=hs—]J w Cs’ ( )

¢ia C; — nuoseklioji talpa, F.
Kompleksinis laidis lygiagreciuoju matavimo rezimu
lygus (Callegro, 2013):
1 1

Y=_+._I
p JoLp

(14)
¢ia R, — lygiagrecioji varza, Q; L, — lygiagretusis
induktyvumas, H;
arba
.
Y =—+jwC, (15)
Ry
¢ia C, — lygiagrecioji talpa, F.
LRC matavimo prietaise nuo daznio priklausomi
dydziai yra apskaiCiuojami i§ kompleksinés varzos
nuosekliuoju atveju (Alexander & Sadiku, 2017):

(RS = SR(Z)I
X

Z=R+jX, 2! L= (16)

1
7= G+) Ly =—% (17)

| -2
PT

RySys tarp nuosekliosios kompleksinés varzos
dedamyjy parodytas tarp realiosios ir menamosios asiy 2
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paveiksle (UNI-T, 2022). IS jo matyti, kad kuo didesnis
kampo 6 modulis, tuo didesné reaktyvioji dalis X yra. Taigi,
sieckdami gauti kabelio ilgj apiblidinancia reaktyviaja dalj
(kai 6 > 0, vyrauja induktyvumas, kai 8 < 0 vyrauja talpa),
turime minimizuoti nuosekliaja realiaja varza Rs.

Menamap ads
Zs = Rs + jua

& Fealiogi ag=

Rs Rs

x5 5, = As; + s
-

2 pav. RySys tarp nuosekliosios kompleksinés varzos
dedamyjy
Saltinis: UNI-T, 2022

Tokios kompleksinés varzos realioji dalis:

R; = |Zg| cos O, (18)
ir menamoji dalis:

Xs = |Zg| sin 0, (19)
Cia X :

X, = 2nfLy, (20)

arba

Xy =— ! . (21)

2nf Cs

Induktoriaus arba kondensatoriaus idealuma (energijai
kaupti) arba nuostolius (iSsklaidyti energija Silumos
pavidalu) parodo kokybés faktorius Q ir sklaidos faktorius
D. Nuosekliajam induktoriui (Agilent Technologies, 2006):

. WL
=— 22
0k = 22)

1 R

Dk=—=—2, 2
b=5=or (23)
ir lygiagreciajam induktoriui:
QF = wL,R,, (24)
1
L —

"7 wL,R, 25)

Atitinkamai nuosekliajam kondensatoriui:

Q5 = (26)

D§ = wCR,, (27)
ir lygiagreciajam kondensatoriui:
Qs = wCyR,, (28)
D = ! 29
P — prRp. ( )

Atlike literattiros analiz¢ galime daryti iSvada, kad
skaiiuodami laidininko 1ilgj susidursime su iSStukiais
vertindami:

1. Laidininko temperatiira kabelio varzai gauti, (10)
formulé.

2. Magneting skvarba ir atstuma tarp laidininky kabelio
induktyvumui gauti.

3. Kabelio talpg ilgio vienete ploksciojo kabelio talpai
gauti.

Laidininko temperatiirg galime iSmatuoti termometru ir
tada prognozuoti laidininko varza, o kabelio induktyvumo ir
talpos i§ anksto neapskaiCiuosime. Dél Sios priezasties
paprasCiau iSmatuoti zinomo ilgio kabelio varza,
induktyvuma ir talpa. Tuomet padaling elektriniy matavimy
vertes 1§ zinomo ilgio elektriniy matavimy ver¢iy ilgio
vienete, gausime ieSkoma kabelio ilgj pagal formules (1, 3,
5). Analizuodami kokybés ir sklaidos faktorius, jvertinsime
induktyvumu ar talpumu grjsto matavimo kokybe. Kai Q >
10 (Electrical4U, 2024) ir D < 0,01 (Keithley Instruments,
2020), kabelis patiria mazai nuostoliy dél mazos laidininko
varzos ir kokybiSkos izoliacijos, todél induktyvumo bei
talpumo matavimai turéty buti patikimi.

I$ formuliy (7, 8) matyti, kad maziausiai nuo jvairiy
parametry yra priklausomas kabelio ilgio matavimas, grjstas
sklidimo greiciu laidininke. IS anksto nezinomas signalo
sklidimo grei¢io koeficientas laidininke gali biti gautas
naudojant vektorinj tinklo analizatoriy (JumaRadio, 2022):

M
U= (30)
¢ia A — signalo bangos ilgis, m:
_c
A= o (31)

Cla fp — antrasis pikas matuojant kompleksing varza
vektoriniu tinklo analizatoriumi.

Vadinasi, netiesiogiai kabelio ilgj iSmatuotume
naudodami:

1. Specializuota ir sudétinga jranga, tokia kaip vektorinj
tinklo analizatoriy kartu su signalo sklidimo greicio
matuokliu.

2. Bendros paskirties jranga, tokig kaip LCR matuoklis,
taip pat apdorotume papildomy matavimy rezultatus.

Toliau metodikos skyriuje aptarsime literatiiroje iki Siol
nepaminétg papildomg LCR matuoklio rezultaty apdorojima
kabelio ilgiui nustatyti.
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2. Metodika kabelio ilgiui nustatyti

Elektriniai matavimai. Siekdami istirti elektrinés
varzos, induktyvumo ir talpos matavimy metody galimybes
Jvairiy Zinomy ilgiy ir temperatiry keliy laidininky kabelio
ilgiui nustatyti naudojome LCR matavimo prietaisg (UNI-T,
2022).

Esant 21°C kabelio temperatiirai aStuoniais metodais
iSmatavome 1, 2, 5, 19 ir 49 m ilgio keliy laidininky BVV-P
3x1,5 mm? kabelio varzg, induktyvumg ir talpa: nuolatinés
srovés varzag R, nuosekligja varza Rs esant 1 kHz
bandomajam signalui, lygiagreciaja varza Rp esant 1 kHz
bandomajam signalui, nuoseklyjj induktyvuma Ls esant 1
kHz bandomajam signalui, lygiagretyji induktyvuma Lp
esant 1 kHz bandomajam signalui, nuosekliaja talpa Cs esant
1 kHz bandomajam signalui, lygiagreciaja talpg Cp esant 1
kHz bandomajam signalui ir nuoseklyjj induktyvuma Lg
esant1 00 kHz bandomajam signalui.

Kiekvieno matavimo metu matuoklis parodé Q ir D
faktorius, kampg 6 ir nuosekligsias Rs bei lygiagrecigsias Rp
varzas, matuojant induktyvumg ar talpa. Matuojant talpa
kabelio galas buvo atviras, matuojant varzg ir induktyvuma
— trumpai jungtas. Dél to apskaiCiuotas kabelis turéjo biiti
dvigubai ilgesnis uz zinomg kabelio ilgj.

Elektriniy matavimo metody rezultatai pateikti 1
lenteléje.

1 lentelé. Elektrinés varzos, induktyvumo ir talpos matavimai
kabelyje BVV-P 3x1,5 mm? 21°C temperatiiroje

)
?;.T: _;k Dydis Verts Dimensia 9 ' Ren - hun:nu Rp.Q  Kabelio galas
1] 0|R 1 000 Trumpa jungltas
2 | 1|Rs | 0064 |0 i Trumpai jungtas
3 1|Rp 0,085 |0 | Trumpai jungtas
. 0 1is | 0714 0071 _ogsl 381 43 | Feuepeljegies
| 5 | 1|tp 148,6 | uH 0.069 | 38| a3 0,06 | Trumpai jungtas
[} 1|cs o,leF 23,3l7snooooo| 874 0043] Abviras
7 1|Cp 09 |pF 2 | 875| 0,041 - | Anviras
8 100[Ls 067 | M 5,63 007| 802| 0171 Trumpas junglas
9 0R 0,040 T | Trumpa jungtas
10 1|Rs 0,025 |0 | Trumpai jungtas
1" 1|Rp 0,026 |0 | | Trumpas jungtas
12 , 1[Ls 05 [uH 0,147 | 002| 82| 67 Trumpa jungtas
13 | _tilp | 276luH | 0147] | 82| 67,  0,03]Trumpal jungtas
14 1|cs 90,4 |pF 16,09| 110000| 864| 0,082] Abviras
15 1|Cp 90,4 |pF 16,01 | #64| 0,062 28200000 | Atviras
16 100[Ls 053 |uH 663 005! 813| 0151 Trumpal jungtas
7 | 0[R 0,040 I Trumpa jungtas
18 1|Rs 0049 |0 | Trumpai jungtas
18 1|Rp 0060 | | | Trumpas jungtas
20 | [m 1.2 |uM 0,16 0.04 9 622 Trumpa jungtas.
21 2 tltp | 60|un 0,16 [ 8| 624 0,05 Trumps jungtas
22 1]Cs 191,5 | pF 16,78 50000 | 96.5| 0,058 Abviras
23 1[Cp | 1905|pF 168 | 86,5| 0,050 | 14000000 | Atviras
24 100 |Ls 1,077 |uH 6,35 001 81 0157 Trumpa jungtas
25 0R 0130 | | Trumpai junglas
26 1|Rs 0,057 [ Trumpa jungtas
| 27 | | 1[Rp 0060 Trumpal jungtas |
28 tlts | 230H 02852 005 141 304] Trumpai junglas
2 5 1(ip 383 ,H 0.253 141 393 0,06 | Trumpa jungtas
k2] 1/cs 4u.3|pF 1609| 204000 -964| 0082 Abiras
| 31| 1/Ccp 4809 |pF 16,14 864 0062 5330000 | Anviras
32 100[Ls 1.982 | yH 6,79 0.18] 816] 0147 Trumpai junglas
33 | 0[R 046 |0 | | | Trumpal jungtas |
34 1[Rs 0,380 | | | Trumpai junglas
| 35 1|Rp 0,402 |0 | | | Trumpai junglas
3% - 1]Ls 106 |4H 0171 | 039| 96| 583 Trumpa jungtas
a7 M 1|tp 3734 |uH 0171 97| 582 0.4 | Trumpai jungtas
38 1/Cs__| 18648 pF 15,96 5340‘ 45,4{ 0,062 Abviras
39 1]Cp 1859,1 | pF 15,96 86.4| 0,082 1366000 | Atviras
40 100[Ls 9.27 | uH 6,43 08| 81.1] 0,156 Trumpai jungtas |
41 0|R 1180 Trumpa jungtas
42| 1]Rs 1050 | Trumpa jungtas
| a3 1|Ro 1078 |0 | Trumpai jungtas
laaf o 1Ls 271 [uH 0.162 106] 02 614 Trumpai jungtas.
45 | 1|tp 1085,6 | uH 0.162 82| 6.4 1,07 | Trampai jungtas
45 1/Cs 4823 |nF 1s£1g| 204| 864| 0061]  |Anires
A 1]co 481 |nF 16,12 | 864 0062 533000 | Atviras
48 100][Ls 2565 [uH 6.2 258| 808] 0.6 Trumpai jungtas |

Saltinis: sudaryta autoriy

Tam, kad padidintume induktyvumo dedamaja
kabelyje, bandomajj signala parinkome ne tik 1 kHz, bet ir
100 kHz daznio. 2, 3, 4 paveiksluose parodytos elektrinés

varzos, induktyvumo ir talpos skirtingy matavimy metody
rezultatai, atsizvelgiant j kabelio ilgj.

Gautas elektriniy matavimy priklausomybes apraséme
tiesinés regresijos modeliu:

Yi = Bo + Bixi, (32)

¢la a4y — zinomas kabelio ilgis (M); yi — elektrinio
matavimo verté (R, Rs, Rp, Ls, Lp, Cs, Cp); B — regresijos
koeficientai.

Siekdami jvertinti sudaryto regresinio modelio
kokybe, apskai¢iavome to modelio determinacijos
koeficienta. Jis parodo, kokig procenting priklausomo
kintamojo kitimo dalj nulemia nepriklausomo kintamojo
kitimas (MartiSius, 1992):

, ESS
R = 7SS’ (33)
¢ia ESS — regresijos kvadraty suma, kuri parodo, kiek
regresijos tiesé skiriasi nuo vidurkio:

n
ESS=) (-9 (34)
i=1

TSS — bendra kvadraty suma, kuri nusako, kaip
faktiskos stebéjimy reikSmes issisklaidZiusios apie vidurkj:

rSs=) i) (35)

¢ia yi— faktiné iSmatuota verté; pi — prognozuojama
verté; y— vidutiné iSmatuota verté.

Pagal 1 lentel¢ sudaréme aStuoniy matavimy
regresijos modelius ir apskai¢iavome jy determinacijos
koeficientus:

1. Laidininko varZzos R modelis, jo determinacijos
koeficientas ir prognozuojama varza ilgio vienete
naudojant nuolatinés srovés bandomajj signala:

R = 0,023927 x M + 0,006928 Q, R2 =
0,999689, R’ = 0,023927 Q/m. (36)

2. Laidininko varZos Rs modelis, jo determinacijos
koeficientas ir prognozuojama varza ilgio vienete
naudojant 1 kHz bandomajj signala:

Ry = 0,021078 x M + 0,005517 Q, R,%S =
0,999689, R; = 0,021078 Q/m. 37

3. Laidininko varzos Rp modelis, jo determinacijos
koeficientas ir prognozuojama varza ilgio vienete
naudojant 1 kHz bandomaji signala:

Rp = 0,021644 x M + 0,006015 Q, Rﬁp =
0,999689, Ry = 0,021644 Q/m. (38)

4. Kabelio Lsinduktyvumo modelis, jo determinacijos
koeficientas ir prognozuojamas induktyvumas ilgio vienete
naudojant 1 kHz bandomajj signala:

Ls=0,5471 x M + 0,2128 uH, Rfs = 0,998386,
L' =0,5471 uH/m. 39)

5. Kabelio Lsinduktyvumo modelis, jo determinacijos
koeficientas ir prognozuojamas induktyvumas ilgio vienete
naudojant 100 kHz bandomajj signala:

Ls = 10,5256 x M — 0,2867 uH, Rfs = 0,998830,
L' =0,5256 uH/m. (40)
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5. Kabelio Lsinduktyvumo modelis, jo determinacijos
koeficientas ir prognozuojamas induktyvumas ilgio vienete
naudojant 100 kHz bandomajj signala:

Ls = 0,5256 x M —0,2867 uH, R} . = 0,998830,
L' =0,5256 uH /m.

(40)

6. Kabelio Cp talpos modelis jo determinacijos
koeficientas ir prognozuojama talpa ilgio vienete naudojant
1 kHz bandomajj signala:

C, = 98,2613 X M — 6,0098 pF, Rg-p = 0,999996,
C' = 98,26 pF /m.

(41)

I§ 2 ir 3 paveikslo matydami, kad varzy ir
induktyvumy matavimai yra netikslis pradiniuose
taskuose, perskai¢iavome determinacijos koeficientus.

o

3 pav. Laidininko varzy R(R3 = 0,999981), Rs(1 kHz, R,%S =
0,999637) ir Rr (1 kHz, R}%P = 0,999611) priklausomybés nuo
kabelio ilgio su regresijos tiesémis
Saltinis: sudaryta autoriy

Determinacijos koeficientai be matavimy 0, 1 ir 2 m

ilgio kabeliuose:

e Nuolatinés srovés R varzos modelio R,% = 0,999981
be matavimy 0, 1 ir 2 m ilgio kabeliuose:

e | kHz Rsvarzos modelio R,%S = 0,999637,

e 1 kHz Rpvarzos modelio R,%P =0,999611,
1 kHz Lsinduktyvumo modelio Rfs = 0,999665,
100 kHz Lsinduktyvumo modelio Rfs = 0,999872.

Induktyvumas Ls (uH)

0 10 20 30 40 50
Kabelio ilgis, m

4 pav. Kabelio induktyvumy Ls (1 kHz, Rfs = 0,999665) ir Lp
(100 kHz, R,%S = 0,999872) priklausomybés nuo kabelio ilgio
_ su regresijos tiesemis
Saltinis: sudaryta autoriy

Palyging aStuonis elektriniy matavimy metodus
matome, kad tinkamiausias elektriniy matavimy metodas
kabelio ilgiui nustatyti yra kabelio talpos Cr(1 kHz, Rg-p =
0,999996) matavimas. Kitas metodas yra nuolatinés srovés
R varzos (R% =0,999981) matavimas ir kabelio
induktyvumo Ls (100 kHz, Rfs = 0,999872) matavimas.
Taciau pastarieji R ir Ls metodai netinka iki 5 m ilgio
kabeliams matuoti.
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5 pav. Kabelio talpos Cp (1 kHz, R%P = 0,999996)
priklausomybés nuo kabelio ilgio su regresijos tiesémis
Saltinis: sudaryta autoriy

Kaip laidininko varza priklauso nuo temperatiros,
parodyta 5 paveiksle. ISmatavome R, Rs esant 1 kHz ir Rp
esant 1 kHz 200 m ilgio kabelj 15°C, 9°C ir 20°C
temperattrose (5 pav.).

—— R
—— RS
—— Rp

-15 -10 -5 0 5 10 15 20
Temperatira (°C)

6 pav. 200 m ilgio kabelio laidininko varzy R, Rs (1 kHz) ir Rp
(1 kHz) priklausomybés nuo temperatiiros matuojant 15°C, 9°C
ir 20°C temperattirose
Saltinis: sudaryta autoriy

Matyti, kad varzy priklausomybé nuo temperatiiros
yra reikSminga ir artima tiesinei.

Elektriniy matavimy metodikos parinkimas. Pagal
gautus rezultatus parinkome elektriniy matavimy metodika
kabelio ilgiui nustatyti i§ kabelio lygiagrecios talpos
naudodami 1 kHz bandomagjj signala, laidininko varzos,
pasirinke nuolatinés srovés bandomajj signalg ir kabelio
nuoseklaus induktyvumo naudodami 100 kHz bandomajj
signalg. Laidininko varza ilgio vienete apskaiCiuotume
pagal kabelio gamybos standarta, o talpg ir induktyvuma
kabelio ilgio vienete tenka nustatyti eksperimentiniu biidu,
i induktyvumo matavimg jtraukiant ne trumpesnj nei 5 m
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ilgio kabelj. Varzos skaiCiavimy pagal standarta
alternatyva yra eksperimentas, taCiau ir Siuo atveju |
matavima jtraukiamas ne trumpesnis nei 5 m ilgio kabelis.

Metodikos sukiirimas ilgiui nustatyti. Siekdami i$
trijy matavimo metody jgyvendinti netiesioging keliy
laidininky kabelio ilgio matavimo metodika, sukiiréme
neurony tinklg. Sis tinklas mokomas matuoti talpa
naudojant 1 kHz bandomajj signala 2 m bei 5 m zinomo
ilgio kabelyje ir varzag bei induktyvuma pasirinkus
nuolatinés srovés ir 100 kHz bandomajj signalg 5 m zinomo
ilgio kabelyje. Minimalia mokymo duomeny aibe sudaré 2
lenteléje pateikti duomenys.

2 lentelé. Minimali duomeny aibé neurony tinklui mokyti

=l aagﬁzfp Varza | Induktyvumas Ls | Kabelio
Nr. | pF ,Q (100 kHz), pH ilgis, m
1 191,5 0 0 2
2 480,9 0,13 1,982 5

Saltinis: sudaryta autoriy

Kabelio ilgiui gauti i§ parinkty elektriniy matavimy
pasitelkéme dirbtinj intelekta, sudaryta i§ 16-os neurony,
sugrupuoty i keturis sluoksnius, tinklo (6 pav.). Pirmame
sluoksnyje i§ 3 neurony jkeliami pasirinkti Zinomo ilgio
kabelio elektriniai matavimai: kabelio talpa (1 kHz, pF),
laidininky varza (Q) ir kabelio induktyvumas (100 kHz,
uH). Toliau Sie duomenys patenka j pirmojo pasléptojo
sluoksnio 8 neuronus su dalimis tiesine (angl. Rectified
Linear Unit — ReLU) aktyvavimo funkcija. Po to minéty 8
neurony duomenys perduodami j antrajj pasléptaji sluoksnj
i§ 4 neurony su tokia pacia dalimi tiesine aktyvavimo
funkcija. Galiausiai pasléptuose sluoksniuose apdoroti
duomenys perduodami j iSvestj i§ 1 neurono su tiesine
funkcija.
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7 pav. Sukurtas dirbtinis neurony tinklas kabelio ilgiui nustatyti
Saltinis: sudaryta autoriy

Pirminis programos kodas, jgyvendinantis neurony
tinkla, buvo paraSytas Python programavimo kalba. Tam
pasitelkta atvirojo kodo masininio mokymosi platforma
TensorFlow (Abadi et al, 2016) bei jos auksto lygio
neuroniniy tinkly programavimo sgsaja Keras (Chollet,
2018). Neurony tinklas buvo mokytas su dviem 2 m ir 5 m
kabelio ilgio duomeny imtimis ir patikrintas taip pat su
dviem 19 m ir 49 m kabelio ilgio duomeny imtimis.

3. Tyrimy rezultatai
Parinke elektriniy matavimy metodikg ir pagal ja

sukiirg dirbtinj neurony tinklg (6 pav.) kabelio ilgiui
nustatyti atlikome eksperimenta su montuojamuoju keliy

laidininky kabeliu BVV-P 3x1,5 mm? (Lietkabelis, 2017).
Minimalig duomeny aibg (2 lentelé) neurony tinklui mokyti
parengéme naudodami paprasta ir populiary bendros
paskirties LCR matuoklj UT672 (UNI-T, 2022).
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8 pav. Dirbtiniam intelektui mokyti skyréme 1000 iteracijy,
kurios uztruko iki 15 s
Saltinis: sudaryta autoriy

Dirbtiniam intelektui mokyti skyréme 1000 iteracijy,
kurios uztruko iki 15 s. Per tg laikg vidutiné kvadratiné
tinklo mokymo paklaida (angl. Mean Squared Error —
MSE) nukrito nuo 2022,4929 iki 0,0035 (7 pav.).

Véliau tinklg patikrinome naudodami zinomy 19 m ir
49 m ilgio kabelio duomenis (3 lentel¢). Rezultatai, kurie
buvo gauti per maziau nei 1 s, parodé santyking paklaida
1,32 % ir 1,31 % atitinkamai.

3 lentelé. ISmokyto neurony tinklo patikros aibé

Eil Talpa C, Varsa Induktyvumas | Faktinis | Apskaiciuot Sarlit'yki
| (1 kHz), “8 | 15 (100 kHz), | kabelio | as kabelio c
Nr. Q o o paklaidal

pF pH ilgis, m ilgis, m o
1 1859,1 | 0,46 9,27 19 19,25 | 1,32
4810 | 1,18 25,65 49 49,64 | 1,31

Saltinis: sudaryta autoriy

Taigi sukiréme metodika kabelio ilgiui nustatyti
taikydami parinktus elektrinius matavimus: talpa, varza ir
induktyvuma. Universaliu matuokliu iSmatave keleta
zinomy ilgiy kabeliy per 15 s galime iSmokyti dirbtinj
intelekta ir per 1 s gauti prognozuojama kabelio ilgj pagal
minétus elektrinius matavimus, kuriy santykiné paklaida
iki 1,5 %.

ISvados

Siame darbe sukiiréme keliy laidininky kabelio ilgio
matavimo metodika iStyre elektrinés varzos, induktyvumo,
pasirinke 1 kHz bandomajj signala, ir talpos, naudodami
100 kHz bandomagjj signalg, matavimo metody galimybes.
Gauti rezultatai parodé metodikos aktualumg ir praktinio
taikymo galimybes (santykiné paklaida iki 1,5 %).

Dirbtinis intelektas, apdorojes universaliu LCR
matuokliu iSmatuotg kabelio talpg, laidininky varza ir
kabelio induktyvuma, sukuria prielaidas atsisakyti
brangaus ir sudétingo kabelio ilgio matavimo taikant tokia
specialia ir sudétingag jranga kaip vektorinj tinklo
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analizatoriy kartu su signalo sklidimo grei¢io matuokliu.
Per 15 s iSmokytas dirbtinis neurony tinklas po 1 s
skaiéiavimy pateikia kabelio ilgio prognoze.

Pastabos:

1. Matuojant kabelio laidininky varza, labai svarbu
uztikrinti vienodg viso kabelio temperatiirg.

2. Zinomo ilgio kabelio talpa matuojama nuo 2 m ilgio.

3. Matuojant kabelio talpa, nutolusio kabelio galo
laidininkai yra paliekami nesujungti.

4. Zinomo ilgio kabelio varza ir induktyvumas
matuojamas nuo 5 m ilgio.

5. Matuojant kabelio induktyvuma ir laidininky varza,
nutolusio kabelio galo laidininkai yra sujungiami.

6. Kuo didesné duomeny aibé neurony tinklui mokyti,
tuo tiksliau tinklas apskaic¢iuos kabelio ilgj.
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CABLE LENGTH DETERMINATION USING
ELECTRICAL MEASUREMENT METHODS

Andrius USinskas, Antanas Staponas, Laimutis
KrikStaponis, Broné Mitkiené

Vilniaus kolegija/Higher Education Institution

Summary. This article addresses the problem of
determining the length of multi-conductor cables in electrical
installations. Inaccurate cable length estimation can lead to
economic losses, voltage drops, energy inefficiency, and potential
operational risks. The aim of this study is to develop a
methodology for estimating cable length using electrical
measurement methods. The research investigates the dependence
of resistance, capacitance, and inductance on cable length by
applying a universal LCR meter within the frequency range of 100
Hz to 100 kHz. Regression models were constructed based on
measurements of cables of known lengths, and artificial neural
networks were employed to enhance prediction accuracy. The
proposed neural network, implemented in Python with the
TensorFlow/Keras framework, was trained on datasets from 2 m
and 5 m cable samples and validated using 19 m and 49 m cables.
Results demonstrated that, after only 15 seconds of training, the
network was able to predict cable length within one second with
arelative error of up to 1.5%. These findings confirm the practical
applicability of the proposed method and suggest that accurate
cable length estimation can be achieved using simple electrical
measurements instead of expensive and complex equipment such
as vector network analyzers. The study highlights potential
applications in electrical system maintenance, and smart
automation solutions, while also identifying future directions for
expanding the methodology to longer cables and diverse
operational environments.

Key words: electrical measurements, resistance,
capacitance, inductance, cable length, artificial neural network
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SUDETINIU MECHANIKOS TERMINU PRIESAGOS -INIS, -E BUDVARDZIAI: VARTOSENOS
STUDENTU DARBUOSE VARIANTISKUMAS

Angelika Petrétiené!, Jolita Grasiené?

Wilniaus Gedimino technikos universitetas, Saulétekio al. 11, Vilnius
Vilniaus kolegija, Saltoniskiy g. 58-1, Vilnius

Anotacija. Straipsnyje aptariami sudétiniy mechanikos terminy Salutiniy démeny (pazyminiy) raiskos priesagos -inis, -é buidvardziu ir
daiktavardzio kilmininku atvejai. Sio darybos tipo terminy vartosenos VILNIUS TECH ir Vilniaus kolegijos studenty moksliniuose darbuose
pavyzdziai pagrindzia aptariamosios temos sudétinguma: neretai suabejojama, kuri Salutinio sudétinio termino démens forma yra teiktina —
pasirenkama ne zodynuose fiksuota forma ar tame paciame tekste vartojami tiek iSreiksti priesagos -inis, -é budvardziu, tiek daiktavardzio
kilmininku to paties sudétinio termino pazyminiai. Taip atsiranda terminy varianty. Tai neatitinka terminams budingy pozymiy: pazeidziami
vienareik§miskumo, tikslumo, sistemiskumo reikalavimai. Straipsnyje pateikiama $ios temos terminy pavyzdziy i$ knyginiy ir internetiniy Zodyny,
aptariami mechanikos specialybiy studenty moksliniuose darbuose pastebimi vartosenos variantai.

ReikSminiai ZodZiai: daiktavardzio kilmininku iSreiksti pazyminiai, priesagos -inis, -é blidvardziai, sudétiniai mechanikos terminai, sudétiniy

terminy Salutiniai démenys (pazyminiai), terminy variantiSkumas.

Ivadas

Jau J. Jablonskio darbuose aptinkama tam tikry budvardziy,
sudaryty su priesaga -inis, -¢, keitimo daiktavardzio kilmininku
pavyzdziy (pvz., pajaus (ne pajinis) kapitalas, namy (ne
naminis) mokytojas (Pirockinas, 1986). K. Gaivenis akcentavo,
kad ,,sudarant sudétinius technikos moksly terminus i§ dviejy
zodziy, daznai esti neaiSku, ka geriau pasirinkti: badvardj su
priesaga -inis, -é ar daiktavardzio kilmininkg (Gaivenis, 1968, p.
31). Anot S. Keinio, ,,su priesaga -inis, -¢ iSvesty biidvardziy
verzimasis ] musy kalba ir jvairiopas jy plitimas bei vartosena
yra vienas i§ svarbiyjy dabartinés bendrinés kalbos teikybos
klausimy. Tai labai platus, priestaringas, keblus, matyt, dél to
neretai ir ginéijamas klausimas® (Keinys, 1997, p. 16). P.
Knitik§tos nuomone, ,,priesagos -inis vediniai — vienas i$
dazniausiy ir prieStaringiausiy lietuviy kalbos reiskiniy. Dél juy
praeityje buvo ir dabar atsiranda jvairiy neaiSkumy ir
galvostkiy. Jy kelia pati tos priesagos vediniy gausa ir jvairove*
(Knitksta, 2000, p. 35). R. Militnaité teigia, kad ,dazniausios
yra pazyminio funkcijas atliekanéiy raiskos priemoniy
variacijos. Pavyzdziui, priesagos -inis, -¢ buidvardziai paprastai
reiskia daikto riSj ar paskirtj ir eina derinamuoju pazyminiu®
(Militnaite, 2022, p. 287). Siekiant, kad studentai vartoty
taisyklingus terminus, iSvengty jy varianty, per specialybés
kalbos paskaitas nemaza démesio skiriama terminy teikimo
Saltiniams. Mechanikos terminy randama spausdintiniuose
7odynuose, pvz.: Narukevi¢ius ir Kumpikas (1996) [SUTZ],
GelezeviGius et al. (2009) [ETZ], Kaulakiené et al. (2014)
[AEEGTZ], Lipskyté et al. (2018) [ARTZ] ir kt. 2019 m.
iSleistas ir specialiai mechanikos srities specialistams skirtas
7odynas. ,,Mechanikos terminy Zodynas* (2019) [MTZ] — tai
svari atspirtis §ios srities atstovams, sickiantiems vartoti
taisyklingus terminus, taip pat atrasti terminus kitomis kalbomis,
nes zodyne teikiama beveik 50 000 lietuvisky terminy su jy
atitikmenimis vokieciy, angly, pranciizy ir rusy kalbomis (1
pav.). Patogu naudotis internetiniais terminy zodynais, pvz.:

VLKK Terminy banku, Daugiakalbe Europos Sgjungos terminy
baze IATE, Europos zZodynu EUROVOC, Europos terminy
banku (EUROTERMBANK) ir kt.

MECHANIKOS
TERMINUY
ZODYNAS

1 pav. ,,Mechanikos terminy Zodynas* — puiki priemoné pasitikslinti
taisyklingus mechanikos terminus

Terminy variantai nepainiotini su sinonimais. Lietuviy
terminologijoje sinonimai ir variantai vieni nuo kity skiriami:
sinonimais laikomi skirtingi tos pacios sagvokos pavadinimai,
taigi skirtingi terminai, o variantais — to paties termino skirtingi
pavidalai, taigi skirtinga termino raiska (Vaskelaité, 2022).

Straipsnio tikslas — apzvelgti sudétiniy mechanikos
terminy Salutiniy démeny (pazyminiy) raiSkos priesagos -inis,
-é budvardziu ir kilmininku iSreikstais daiktavardziais atvejus,
aptarti studenty darbuose pastebimus $ios temos variantus.

UZdaviniai:

1. Aptarti budingesnius sudétiniy terminy pazyminiy
raiskos priesagos -inis, -¢ biidvardziu atvejus, pagristi praktiniais
mechanikos srities pavyzdziais.

2. ISnagrinéti Salutinio démens (pazyminio) raiSkos
daiktavardzio kilmininku rekomendacijas, pateikti praktiniy
mechanikos srities pavyzdziy.

3. Isskirti mechanikos specialybiy studenty moksliniuose
darbuose pasitaikancius aptariamosios temos sudétiniy terminy
variantus.
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1. Sudétiniy terminy paZyminys — priesagos -inis, -é
budvardis

Remiantis Knitksta (1976), Paulauskiene (2004),
pateikiama biidingesniy atvejy, kai sudétiniuose terminuose
vartojami priesagos -inis, -¢ biidvardziai:

1) Medziagai, i$ kurios daiktas padarytas, pvz.: aliumininis
antgalis (AETZ, 2010), deimantinis pjiklas (MTZ, 2019),
medinis statramstis (MTZ, 2019), metaliné danga (AETZ,
2010), plastikinis pagrindas (MTZ, 2019), plieninis laidininkas
(MTZ, 2019). 2) Panasumui j ta daikta, kuris reiskiamas
pamatiniu ZodZiu, pvz.: adatinis guolis (MTZ, 2019), bokstinis
kranas (MTZ, 2019), grandininis konvejeris (MTZ, 2019),
kiiginis gilintuvas (MTZ, 2019), rutulinis guolis (MTZ, 2019).
3) Paskiriai, pvz.: apsauginé plévelé (MTZ, 2019), apsauginis
gaubtas (MTZ, 2019), buitinis robotas (ATZ, 2009), kontrolinis
egzempliorius (BIK, 2021), kontroliné aparatira (MTZ, 2019),
spaustuviniai dazai (BIK, 2021). 4) Daikto ypatybei pagal vieta,
pvz., antzeminis transportas (EUROVOC, n.d.). 5) Ypatybei
pagal laika, su kuriuo siejamas daiktas, pvz.: dieniné pamaina,
naktiné pamaina (LKZ, n.d.). 6) Ypatybei pagal veikimo
priemone, pvz.: elektriné krosnis (MTZ, 2019), elektroninis
termometras (MTZ, 2019), dujinis pjoviklis (MTZ, 2019),
lazerinis pjovimas (MTZ, 2019), plazminis pjovimas (MTZ,
2019), rankinis reguliavimas (MTZ, 2019), vakuuminis
dziovinimas (AMTZ, 2014).

Vienas i§ dazniau studenty darbuose pastebimy sudétiniy
terminy, kai vietoj pazyminio — priesagos -inis, -¢é budvardzio
vartojamas ir daiktavardzio kilmininku iSreikStas Salutinis
démuo, yra (dirbtiniai) neuroniniai tinklai, pvz.:

Taip pat svarbu paminéti, jog dirbtiniai neuroniniai tinklai
yra funkcijos aproksimacijos jrankis, kuris vertina rysj tarp
nepriklausomyjy ir priklausomyjy kintamyjy. Taigi principinis
skirtumas tarp DNT ir kity statistiniy metody yra tas, jog
dirbtiniai _neurony tinklai nepateikia dideliy prielaidy apie
statistinj duomeny paskirstymq ar savybes, bet iesko funkcinés
priklausomybés netiesiniu biidu.

,»Visuotingje  lietuviy  enciklopedijoje”  nurodoma:
neuroninis tinklas, dirbtinis neuroninis tinklas — informacijos
apdorojimo struktiira, imituojanti kai kuriuos gyvyjy organizmy
smegenyse vykstancius informacijos perdavimo procesus.
Neuroninis tinklas sudaromas is daugelio tarpusavyje sujungty
labai paprasty skaiciavimo elementy (dirbtiniy neurony)
(Verikas, n.d.). Terminy banke teikiamas terminas neuroninis
tinklas (angl. neural network). 1ATE — neuroninis tinklas,
sgsitkinis neuroninis tinklas (angl. convolutional neural
network), rekurentinis neuroninis tinklas (angl. recurrent neural
network).

Studenty darbuose pasitaiko sudétiniy terminy pazyminiy —
priesdélio be- ir priesagos -inis, -¢ biidvardziy vediniy, pvz.:
bedimensinis dydis, bekontaktinis jutiklis ir kt. R. MiliGinaités
teigimu, ,,priesagos -inis, -¢ budvardziy daryba turi nemazai
apribojimy. Vienas i§ atvejy — vartosenoje ilgg laikg
konkuruojantys norminiai i§ prielinksnio be- konstrukcijy su
daiktavardziu ir galiine -is, -é daromi buidvardziai (be vizos —
bevizis, -é) ir tg pat] priesdélj turintys nenorminiai priesagos

-inis, -é budvardziai (bevizinis, -é)* (Militinaite, 2022, p. 274).
Taisytini ir sudurtiniy biidvardziy ir priesagos -inis, -¢ vediniai,
pvz.: daugiafunkcinis robotas, daugiatarifinis skaitiklis. Tai taip
pat lictuviy kalbos buidvardziy darybos taisykliy neatitikties
atvejis, todél pateikti pavyzdziai nelaikytini norminiy sudétiniy
terminy  daugiafunkcis  robotas, daugiatarifis  skaitiklis
variantais. Aptariamyjy darybos tipy pavyzdziy gausu
mechanikos terminijoje, pvz.: bedangé viela, bekontakté
spauda, belaipsnis reduktorius, belanksté arka, besiilis
vamzdis, beSabotis kijis, besviniai degalai, betriukSmis
kabinimas; aukstadaznis  jkaitinimas, aukStatemperatiris
valksnumas, daugiadiskis  pjuklas, daugiafazis variklis,
daugiakameré krosnis, daugiasluoksné danga, daugiasluoksnis
diskas, daugiasukle galvuté, daugiasukles stakles, didziaslége
turbina, dvikameré krosnis, dvikampé freza, dvikrypté pavara,
dvipakopis filtravimas, dvipakopis keltuvas, dvipusis oblius,
kietamagnetis feritas, mazaslégis Svirkstas, plonalakstés zirkles,
smulkiadanteé freza, vienasmenis jrankis, vienpakopis filtravimas
(MTZ, 2019) ir kt.

2. Salutinio démens (paZyminio) raiska
daiktavardzio kilmininku

Budingesni  sudétiniy  terminy paZyminio raiSkos
kilmininku atvejai:

1. Jeigu sudétinio termino pazyminys nurodo visuma
(atskirg masing arba prietaisg), o pazymimasis zodis jos dalj
(detalg), tai Salutinis (pirmasis) tokio termino démuo paprastai
yra reiSkiamas vadinamuoju visumos ir dalies santykio
kilmininku (Gaivenis, 1968), pvz.: dalys, priklausancios
automobiliui, — automobilio (ne automobilinés) dalys (dar plg.
laivo dalys, orlaivio dalys, traktoriaus dalys, traukinio dalys);
dalys, priklausancios korpusui, — korpuso (ne korpusinés) dalys;
dalys, priklausancios kompiuterivi, — kompiuterio (ne
kompiuterinés) dalys; dalys, priklausancios varikliui, — variklio
(ne variklinés) dalys (pvz.: variklio (ne variklinis) cilindras,
variklio (ne variklinis) stumoklis, variklio (ne variklinis)
stabdys); jranga, priklausanti stakléms, — stakliy (ne stakliné)
jranga.

Taciau jeigu sudétinio termino pazyminys rodo ne visumos
dalj, o labiau rasine, i$skiriamaja ypatybe, vartojami priesagos
-inis, -¢ vediniai, pvz.: kompiuterio jranga (angl. computer
equipment, EUROVOC) ir kompiuteriné jranga (kompiuteriné
sistema, apimanti mechanines ir elektronines kompiuteriy dalis
(AIVTZ, 2000); aparatiné jranga (angl. hardware, kompiuteriy
technikos fiziniy priemoniy visuma, t. y. mechaniniai,
magnetiniai, elektriniai, elektroniniai jrenginiai ir jtaisai
(AEETZ, 2014), o kilmininku reiskiamas paZzyminys Zymi
konkretaus daikto jranga, pvz.: kasos aparato jranga, kvépavimo
aparato jranga, suvirinimo aparato jranga.

Spartéjanti robotizacija lemia sudétiniy terminy, kuriy
Salutiniais démenimis eina kilmininku iSreiksStas daiktavardis
roboto (-y) ar priesagos -inis -é budvardis robotinis, -é, daznesnj
vartojimg. Zodynuose teikiama: roboto sandara (ATZ, 2009),
roboty parkas (MTZ, 2019), roboty technika (MTZ, 2019);
robotinis protezas (IATE, n.d.); robotiné techniné sistema
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(MTZ, 2019), robotiné tikrinimo sistema (MTZ, 2019),
tinklaveike robotiné sistema (IATE, n.d.) ir kt.

Studenty darbuose pastebimas sudétiniy terminy roboto
ranka ir robotiné ranka vartosenos variantiSkumas, pvz.:

Toliau paveiksle pavaizduota roboto ranka su sumontuota
ant jos kamera. Kamera nustato, kur suvirinimo vonioje kyla
problemy. UZfiksuotas jéjimo signalas jtraukiamas j sistemgq,
pagristq ,, Intel Edge AI* procesoriais. Sis sprendimas, kuris yra
sukurtas naudojant kompiuterine vizija pagristg DI (dirbtinio
intelekto) isvady variklj, aptinka suvirinimo defektus ir siuncia
nurodymus nedelsiant pristabdyti robotine rankg, kad biity
galima laiku imtis problemos pasalinimo veiksmy.

Zodynuose teikiami sudétiniai terminai, kuriy pazyminiai
isreikti daiktavardzio kilmininku: roboto ranka (ATZ, 2009);
roboto ranka, roboto manipuliatoriaus ranka, prie nejgaliyjy
vezimélio tvirtinama roboto ranka, roboto ranka nejgaliyjy
veziméliui (ETB, n.d.). Toliau pateikiama sudétinio termino
roboto ranka vartosenos mokslinéje literatiiroje pavyzdziy:

Chirurginis robotas yra mechaninis jrenginys, atrodantis
kaip  roboto  ranka, kurig  kontroliuoja  kompiuteris
(Samalavicius, n.d.). Tokia sistema taip pat gali biiti naudojama
valdant roboto rankg. Siuo atveju vartotojas roboto rankos
valdikliui parodo, kokio objekto jis nori, ir roboto ranka sj
objektq paima (Gelsvartas, 2019).

2. Nederinamojo pazyminio kilmininku pasakoma, i§ kur
yra kiles ar koks yra pazymimasis daiktas. Terminologijoje ji
biity galima vadinti raSinés priklausomybés kilmininku
(Gaivenis, 1964). P. Knilik§ta pabrézia, kad ,kilmininkas
pirmiausia reiskia tikrg tiesioginj priklausyma, priesagos -inis
blidvardziai netiesioging priklausomybg¢ — buvusj, bet
nebeegzistuojantj ar nusilpusj priklausyma tam tikrai daikty
rosiai, t. y. ne patj priklausyma, o i§ jo kilusia ypatybe®
(Kniuksta, 2000, p. 36), pvz.: atmosferos sqlygos (EUROVOC,
nd.); diagnostikos priemonés (STZ, 2002), diagnostikos
technika (STZ, 2002); elektros sistema (AETZ, 2010), elektros
lankas (AETZ, 2010), elektros variklis (MTZ, 2019);
metalurgijos pramoné (MTZ, 2019) (dar plg. aprangos
pramoné, baldy pramoné, celiuliozés pramoné, elektrotechnikos
pramoné (TB, n.d.); navigacijos sistema (ATZ, 2009) (dar plg.
navigacijos jrenginiai, navigacijos jtaisas (TB, n.d.); plazmos
dujos (LST, 2004) (dar plg. plazmos slégis, plazmos spinduliuoté
(TB, n.d); prekeés Zenklas (MTZ, 2019); temperatiiros jutiklis
(MTZ, 2019) (dar plg. temperatiiros keitiklis, temperatiiros
matuoklis, temperatiros reguliatorius (TB, n.d.).

I§ studenty darbuose randamy varianty minétini sudétiniai
terminai elektros lankas ir elektrinis lankas; elektros variklis ir
elektrinis variklis:

Dujos turi bitti tiekiamos palei elektrodo asj dengdamos ji
ir nukreiptos pro purkstuko viding angq, kuri sukuria elektros
lanko kreipimq. AukStas dujy slégis irgi gali prisidéeti prie
elektrinio lanko kreipimo reikiama linkme.

Elektros _ varikliai — kintamosios srovés, trifaziai,
asinchroniniai. Elektriniy varikliy valdymas Siuolaikinése
konstrukcijose realizuojamas puslaidininkiniais daznio ir
jtampos keitikliais.

Vis labiau populiaréjant internetui ir pleciantis jo
panaudojimo sferoms, daugéja sudétiniy terminy, sudaryty su
daiktavardzio kilmininko interneto ar budvardzio internetinis,
-é pazyminiais, pvz.: interneto kaviné (EKZ, 2024), interneto
portalas (BIK, 2021), interneto robotas (BIK, 2021), interneto
svetainé (ARTZ, 2018), interneto tinklalapis (KB, n.d.);
internetinis failas (BIK, 2021), internetinis seminaras (BIK,
2021), internetinis Zinynas (EKZ, 2024), internetinis Zurnalas
(BIK, 2021); internetiné apklausa (BIK, 2021), internetiné
knyga (BIK, 2021), internetiné parduotuvée (IATE, n.d.),
internetiné paslauga (IATE, n.d.), internetiné vaistiné (IATE,
n.d.).

Studenty darbuose pastebimi variantai: interneto robotas ir
internetinis robotas, interneto svetainé ir internetiné svetaine,
interneto tinklalapis ir internetinis tinklalapis. EKZ (2024)
nurodoma: interneto robotas — programa, imituojanti jprastine
narsykle dirbantj Zmogy ir kaupianti informacijg apie
tinklalapius. Konsultacijy banke (n.d.) teikiama: interneto
puslapis (jis priklauso internetui, yra interneto dalis), interneto
tinklalapis.

3. Daiktavardzio kilmininku Zymima tam tikro prietaiso,
reiskinio, désnio ir pan. iSradéjo ar atradéjo pavardé (Gaivenis,
1964), pvz.: Dzaulio désnis, Furjé eiluté, Gauso kreive, Gauso
skirstinys, Hamiltono funkcija, Huko désnis, Jungo modulis,
Kelvino laipsnis, Koriolio jéga, Koriolio pagreitis, Niutono
deésnis, Niutono dinamika, Lagranzo funkcija, Lagranzo
daugiklis, Laplaso formulé, Puasono koeficientas, Puasono
lygtis, Rokvelio kietis, Vikerso kietis (TB, n.d.).

Nagrinéjant sudétiniy terminy, kuriy vienas démeny —
tikrinis daiktavardis — vartoseng variantiSkumo aspektu,
atkreiptinas démesys, kad | sudétinius terminus jeinantys
asmenvardziai rasomi i§ didZiosios raidés, o kity kalby —
paprastai transkribuojami (Vladarskiené ir Zemlevicitité, 2022).
Studenty darbuose pasitaiko aptariamojo Salutinio démens
raiskos originalia ir transkribuota forma atvejy, pvz., Fourier
analizé ir Furjé analizé; Rockwellio metodas ir Rokvelio
metodas. Remiantis pries tai minétu Saltiniu, pirmenyb¢ teiktina
antrajam variantui. Retesni atvejai, kai vietoj tikrinio
daiktavardzio vartojami priesagos -inis, -¢ budvardziai, pvz.:
gausinis (=Gauso) skirstinys, puasoninis (=Puasono) procesas.

ISvados

1.  Mechanikos terminijoje vartojama daug ir jvairios
reik§més sudétiniy terminy priesagos -inis, -é biiddvardziy
pazyminiy: medziagai, i§ kurios daiktas padarytas, pvz.,
aliumininis antgalis; panasumui ] ta daikta, kuris
reiSkiamas  pamatiniu  zodziu, pvz., grandininis
konvejeris; paskir€iai, pvz., buitinis robotas; daikto
ypatybei pagal vieta, pvz., antZeminis transportas;
ypatybei pagal laika, su kuriuo siejamas daiktas, pvz.,
dieniné pamaina; ypatybei pagal veikimo priemong, pvz.,
lazerinis pjovimas.

2. Budingesni sudétiniy mechanikos terminy Salutiniy
démeny raiskos daiktavardzio kilmininku atvejai: jeigu
sudétinio termino paZyminys nurodo atskira masing arba
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prietaisa, o pazymimasis zodis jos dalj (detalg), tai
Salutinis (pirmasis) tokio termino démuo paprastai yra
reiSkiamas kilmininko linksniu, pvz., stakliy (ne stakliné)
jranga. Nemazai raiSkos vadinamojo  raSinés
priklausomybés kilmininku atvejy, pvz., diagnostikos (ne
diagnostiné) technika. Gausu sudétiniy terminy, kai
kilmininku Zymima tam tikro prietaiso, reiskinio, désnio
ir pan. iSradéjo ar atradéjo pavarde, pvz., Vikerso kietis.

Moksliniuose studenty darbuose pastebimi variantai
rodo, kad vietoj pazyminio, iSreik$to priesagos -inis, -é
budvardziu, vartojamas ir daiktavardzio kilmininku
iSreikStas pazyminys, arba atvirksciai, pvz., neuroninis
tinklas ir neurony tinklas; elektros lankas ir elektrinis
lankas, elektros variklis ir elektrinis variklis, interneto
robotas ir internetinis robotas, interneto svetainé ir
internetiné svetainé, interneto tinklalapis ir internetinis
tinklalapis, roboto ranka ir robotiné ranka. Pasitaiko
Salutinio démens raiSkos originalia ir transkribuota forma
atvejy, pvz., Rockwellio metodas ir Rokvelio metodas.
Retai vietoj tikrinio daiktavardzio vartojami priesagos
-inis, -é budvardziai, pvz., gausinis skirstinys. Tokie
sudétiniai terminai, kaip bekontaktis jutiklis ir
bekontaktinis  jutiklis, — daugiafunkcis  robotas ir
daugiafunkcinis  robotas  nelaikytini  variantais.
Pazyminiai bekontaktinis, daugiafunkcinis sudaryti
pazeidziant lietuviy kalbos biidvardziy darybos taisykles.
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VARIATION IN THE USE OF ADJECTIVES
FORMED WITH SUFFIXES -INIS, -E IN
COMPOUND MECHANICAL ENGINEERING
TERMS: EVIDENCE FROM STUDENT
RESEARCH PAPERS

Angelika Petrétiené!, Jolita
Gragiené?
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Summary. This article examines the expression of attributive
components (modifiers) in compound mechanical engineering
terms, focusing on the use of adjectives formed with suffixes
-inis (masculine) and -iné (feminine) and nouns in the genitive
case. Examples drawn from student research papers at Vilnius
Gediminas Technical University and Vilniaus kolegija / Higher
Education Institution illustrate the complexity of this issue.
Questions frequently

arise as to which form of the attributive component is appropriate in a
given compound term: sometimes forms not attested in dictionaries
are used, and in some cases, both suffix-derived adjectives and
genitive noun forms appear in the same text as attributes of the same
compound term. This leads to terminological variants, which
undermine key principles of terminology, such as unambiguity,
precision and systematicity. The article presents examples from
printed and online dictionaries and analyzes the usage patterns found
in academic papers written by students in the field of mechanical
engineering.

Keywords: attributive modifiers expressed in the genitive case
nouns, adjectives formed with the suffixes -inis and -iné, compound
mechanical engineering terms, attributive components of compound
terms, terminological variation.
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Abstract. The purpose of this exploratory study is to investigate opportunities, concrete examples, and challenges of applying Artificial
Intelligence (AI) to manufacturing. Al can help optimize sustainability, time, and financial efficiency using internal data from business operations.
The case study uses language models—such as ChatGPT—applied to a digital factory model along with a list of potential process improvements.
These Al-generated solutions are compared to traditional optimization methods. A SWOT analysis and literature review add a business-oriented
perspective by evaluating strengths and weaknesses. AI’s efficiency is expected to be at least comparable to conventional methods, considering its
ease of use, speed, and potential for improving factory performance. However, it requires significant human supervision, as its recommendations
can be unreliable and may not align with a factory’s specific operational principles. Overall, the research assesses how Al and digital twins can
improve production flows in simulated environments and provides valuable insights for future research.

Key words: artificial intelligence, manufacturing, process optimization, digital twin, predictive maintenance, sustainability, operational

efficiency.

Introduction

With the rise of Artificial Intelligence, a great number of
industries have been implementing Al in their systems in the
pursuit of efficiency, quality and overall performance. For
example, in the agriculture sector Al applications have boosted
crop yields by 20-30%. In the education sector chatbots have
been created for student support, offering guidance on multiple
inquiries reported by multiple students (Adib Bin Rashid, 2024).
Many industries require clean and efficient workflow for
maximum productivity, as the demand for products (clothing
and beverages to name a few) and services keep growing (Flora,
2025), and delays or problems in the workflow can produce
disastrous results, hindering a company’s growth and reputation.
In Manufacturing Al is improving processes, optimizing
workflow for maximum performance by practicing smart
production planning, control and even maintenance
optimization, creating a production chain that is sustainable and
efficient (Powell, 2024). Traditionally, the manufacturing
industry relied on conventional quality control mechanisms and
static process optimization whose performance was suboptimal,
leading to inefficiencies, disruptions and inadequate output. The
rise of Al technology and its diverse tools such as machine
learning present a golden opportunity to upgrade to a more
efficient and reliable approach. (Li B, 2017). While Al seems
like the perfect solution to the matter of efficiency in many
fields, it does not come without its limitations, being a tool that
is still in development, namely reliability and bias. Evaluating
the reliability of Al is a challenging task, since the systems may
display distinct behaviors based on input understanding. Also,
since Al is created by humans, it comes with human prejudices,
operating with bias, making decisions that might not be optimal
for the problem at hand. (Mohhamad Alawamleh, 2024)

The purpose of the study is to discover opportunities, concrete
examples and possible problems of Al application to
engineering, including decision-making. There is a possibility to
optimize processes in the fields of sustainability, time and
finances. All of the mentioned fields can be improved without
the need for human input, providing solutions to problems and
organizing processes faster and more efficiently than traditional
methods. The aim is to optimize the workflow (economically,
materially and human-wise) with less effort, creating an
organization that maximizes results and is sustainable in the long
term. In presenting this research, the authors present a global
review of Al’s advancements in the manufacturing sphere,
literature review and experimental results. With the help of
diverse sources, this paper seeks to provide a comprehensive
understanding of the practical implications of Al in
manufacturing and its benefits as well as its inconveniences. The
case study involves using general Al models -such as ChatGPT-
with data from a digital factory model and a list of possible
modifications to optimize processes. The Al-driven solutions
will be applied, and their effectiveness will be compared to the
traditional methods of process optimization. To ensure a holistic
evaluation, this technical analysis is completed by a SWOT
analysis and literature review. With this instrument, the authors
add a business-oriented perspective and examine the respective
strengths and weaknesses.

1. Artificial intelligence

Artificial Intelligence is now a very well-known tool in today’s
technology. With Al chatbots such as ChatGPT with 400 million
weekly active users worldwide (Backlinko, 2025) or “Le Chat”
from Mistral that are easily accessible to the public, Al has
become a very widely used tool for various operations such as
easier Web search or even digital personal assistants (European
Parliament, 2020). But one should wonder what is AI? Where
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did AI come from, what are its origins, why is it important? “Al
is the ability of a machine to display human-like capabilities
such as reasoning, learning, planning and creativity.” (European
Parliament, 2020). Applications and devices equipped with Al
can behave similarly to how a human would do. They can see
and identify objects, understand and respond to human language,
learn new information and experience. They can make detailed
recommendations to users and experts. (Cole Stryker, 2024) Its
origins come from the 1950s, with the Turing test devised by
Alan Turing that argued the plausibility of a “thinking machine”.
Shortly after, the term “artificial intelligence” was introduced by
the computer scientist John McCarthy at the Dartmouth Summer
Research Project on Artificial Intelligence (DSRPAI) in 1956.
(Robert X. Gao, 2024).

1.2 Generative Al

Generative Al, sometimes called “gen AI”, it refers to deep
learning models that are able to conceive complex original
content such as text, high-quality images, realistic audio, video
and many other things in response to a user’s request (more often
called a prompt). It operates in three phases: Training, Tuning
and Generation. (Cole Stryker, 2024). The training phase is the
first step. “Gen Al begins with a foundation model, a deep
learning model that serves as the basis for multiple different
types of generative Al applications”. (Cole Stryker, 2024). To
create one, practitioners train a deep learning algorithm on
tremendous volumes of data, such as text, images or videos from
the internet. The training results in “a neural network of billions
of parameters, encoded representations of the entities, patterns,
and relationships in the data, that can generate content
autonomously in response to prompts.” (Cole Stryker, 2024). It
is a very time-consuming and expensive training process. The
next step is tuning. The model is being tuned to a specific task.
It can be done in multiple ways such as fine-tuning, where the
model is given “application-specific-labeled-data, questions or
prompts the application is likely to receive, and corresponding
correct answers in the wanted format”. (Cole Stryker, 2024). The
last step of a gen Al is generation, where developers and users
assess the outputs of their applications, and further tune the
model. (Cole Stryker, 2024). By using the Al model, giving it
prompts, it improves continuously.

All these technological advancements bring us to the AI’s that
are very known today. ChatGPT itself is a generative Al Its
foundation model is the Large Language Model (LLM), a model
trained on immense amounts of data making them capable of
understanding and generating natural language and other types
of content to perform a wide range of tasks. (IBM, 2023).

1.3 How can Al be of assistance

With such a diverse range of tools, Al can be of great assistance,
automatizing tasks and assisting humans in their everyday work,
making their workload much lighter. Moreover, with the help of
gen Al everyone could potentially devise solutions for their
problems. For example, a company encounters different

problems very often. In order to resolve these problems, it makes
use of a team and frequent meetings . This team can sometimes
be inefficient and unreliable for diverse reasons such as
disagreements and burnouts. Al, in its current form, can devise
solutions with possibly much higher reliability, not retaining any
problems that a person might have.

2. Lean management

Lean Management is a work organization method inspired by
Toyota’s production system aimed at improving a company’s
performance, and more specifically, the quality and profitability
of its output. Formalized by American researchers at the
Massachusetts Institute of Technology (MIT), Lean
Management is an English expression with a significant key
word. “Lean”, in effect, means “no frills”. This echoes the idea
of reducing something to the essential, of removing the
unnecessary, which forms the basis of this method. (Huser,
2024). “Lean Management optimizes processes by reducing
time spent on non-value-added tasks (unnecessary operations or
transport, waiting, overproduction, etc.), causes of poor quality
and complications. Ultimately, there are two main objectives:
Complete customer satisfaction and the success of each
employee.” (Huser, 2024). It uses 5 main principles,
accompanied by diverse tools allowing a rather large room for
finding a company’s own way of Lean Management.

The principles are as follows (Huser, 2024):

- Identify value: Identifying what the client wants out of your
product to add more value to it and know how to create it

- Map the value chain: Mapping your whole business workflow
to know every step of your product creation from its conception
to its delivery. Every person, every process documented to
identify what is useful and adds value and what is not.

-  Create a continuous workflow: Creating a
workflow/environment that does not have unnecessary actions.
Ensuring that the team works in harmony and adapting for the
best team performance

- Create a traction system: Do only what is demanded. Not more,
not less. Example: At a restaurant, when you order one serving
of ramen the cook will not make 5 servings, only 1. He will do
only what is asked of him

- Continuous improvement: Always improve, always get better.
It will not be perfect from the start, but it can get better.

With the help of Al, the Lean methodology can be made easier,
because it can gather data more quickly than a human being, and
it can analyze it faster. An example of this would be the first two
steps of Lean Management, where it is required to identify the
value of a company’s product and map the value chain. Al can
identify the value of the product by comparing the data of the
company to other sources from its “library” and allow that
company to have its whole value chain mapped faster than when
made by a human. Al can also propose different solutions to
improve a company's workflow which can be helpful since
conventionally, a company will make use of a process-
improvement team to brainstorm for ways to improve its
productivity, whereas Al systems are better at identifying the
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best course of action based on the data it gets from that company,
making the task much easier and less exhausting for the
company (Mathias Holweg, 2023).

3. Possible AI Contribution for Greener
Manufacturing

Al’s biggest strength is its ability to analyze large amounts of
data and make smart decisions based on that data. In a factory,
for instance, Al can monitor how machines are working in real
time and spot when something is off. Maybe a motor is using
more energy than usual, or a process is taking longer than it
should. Al can flag these problems and suggest adjustments,
often before a human would notice. That kind of optimization
helps save energy, reduce waste, and keep things running
smoothly. Another powerful use of Al is predictive
maintenance. Normally, machines are repaired when they break,
or at regular intervals just in case. With Al, sensors can
constantly track how machines are behaving and predict when
something is about to go wrong. This means parts get replaced
only when necessary so not too early, not too late; which avoids
unnecessary waste and costly breakdowns. Al also helps with
managing resources more efficiently, by optimizing energy
consumption, material use, and production scheduling — as
shown by companies like Siemens, which use Al to reduce
material waste and energy use in real time (Siemens, 2020). For
example, it can analyze supply chain data to make sure materials
arrive just when they’re needed (Just-In-Time which is typical
for TOYOTA), without overstocking or running out.

It can help design products in a smarter way, using algorithms
that suggest lighter, more efficient designs that use fewer
materials. There’s also the concept of digital twins, virtual
versions of physical systems that Al can use to simulate changes
and test new ideas before they’re applied in real life. This allows
engineers to try things out, spot risks, and improve processes
without wasting time, materials, or energy in the real world. And
when Al is combined with lean manufacturing methods, the
impact can be even greater. While lean focuses on removing
waste and improving flow, Al brings in speed, accuracy, and the
ability to learn and adapt in real time. It’s like giving
superpowers to traditional improvement methods. So, while Al
alone won’t solve all sustainability challenges, it’s a valuable
tool. When it’s used the right way, it can help factories become
not just more efficient, but also more responsible toward the
environment, their employees, and their customers. For instance,
‘Unilever’ has implemented Al systems to optimize production,
anticipate customer demand, and improve working conditions
through ergonomic design (PwC, 2020; Unilever, 2023).

4. Economic perspective and internal analysis

In this paper, two SWOT analyses and a technology portfolio
matrix are created to examine the different aspects of Al in
simulated and real production processes. The term SWOT is an
acronym and stands for the four areas of analysis: Strengths,
Weaknesses, Opportunities and Threats. This analytical tool can

be used to systematically record and evaluate both internal
factors and external influencing variables that influence a
project, a business idea, a transformatory step in a company or
an investment. Hence, the aim of a SWOT analysis is to make a
well-founded strategic decision and derive recommendations for
action. The SWOT analysis helps to visualize complex
interrelationships and supports strategic planning. The
weaknesses of the SWOT analysis itself must also be mentioned.
It is only a snapshot and can take dynamic developments of new
technologies or markets into account to a limited extent. There
is also a risk that a SWOT analysis is not sufficiently linked to
the overall strategy development of a company. A further
disadvantage is described as follows: “SWOT Analysis is an
analysis technique that has a problem in terms of quality and
quantity. In applying SWOT Analysis, many factors can be
identified. However, quantity does not mean quality. It is not
possible to determine the priorities of the factors identified in
SWOT Analysis, focus on them in detail, solve the
developments and conflicts in different dimensions, and include
views and suggestions based on different data and analyses.”
(Gtirel, 2017). Despite these disadvantages, the SWOT Analysis
is a proven and widely used tool for exploration not only in the
economic environment. “SWOT analysis has become an
important instrument for strategic planning and decision
making, particularly in conditions of uncertainty and change.”
(Rozmi, 2018)As in (DreamHost, 2025) explained: “Having a
clear objective for the analysis guides the process and helps you
identify success metrics.” This supports the structured
evaluation of SWOT elements. Firstly, the object to be analyzed
must be precisely defined, in our case this is a given process. It
is essential to narrow it down as precisely as possible, as this
determines the perspective of the analysis. In the second step, all
relevant data must be collected. This involves collecting internal
data such as the performance and weaknesses of the object being
analyzed. At the same time, external data such as market
analyses, trend observations or political and economic
environment analyses are collected and processed. The collected
data is then categorized into the four SWOT -categories
Strengths, Weaknesses, Opportunities and Threats and evaluated
by an interdisciplinary team to integrate different perspectives
and ensure the most objective assessment possible.

It should be noted that in the first SWOT analysis, in which the
object of investigation is the internal process, only internal data
was collected and there are no external factors taken into
consideration. This is different in the second SWOT analysis as
external factors are also considered here.

4.1 SWOT Analysis: Internal Process

The first SWOT analysis of the internal optimization process
was carried out as part of this study. Both traditional and Al-
based suggestions for improvement were tested within a
simulated production process. The simulation environment is
based on Lanner's Witness software, which enables a detailed
simulation of the ACME Valve Manufacturing Company. The
aim was to achieve targeted improvements in terms of
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throughput, resource utilization and efficiency. The Al made
optimization proposals based on the available simulation data
and budgetary framework conditions. These were simulated and
analyzed in direct comparison to human decision-making. The
following SWOT analysis relates exclusively to the internal use
and implementation in the simulation environment and provides
initial insights about possible benefits and limitations of human
and Al-supported decision-making processes

1 Table. SWOT Analysis of the Internal Process
Strengths
Reproducible and objective
testing environment
control over variables
direct comparability of

Weaknesses

limited real-world fidelity

high initial effort for accurate modelling
risk of model overfitting to ideal

scenarios conditions
. . . limited perspective by the investigation
Quick testing of scenarios persp Y &
team
Opportunities Threats

Discovery of innovative
process ideas through Al
Foundation for implementing

Dependence on model quality and
accuracy

digital twins Risk of overestimating Al
in real-world production recommendations without human context
settings

Technological or regulatory obstacles in
real-world deployment

Source: Authors  own work

The SWOT analysis carried out on the internal test and
simulation process shows the reproducibility and rapid
feasibility of new processes as a particular advantage. This
allows comparisons of human and Al-generated suggestions for
improvement to be carried out quickly and without risk. Clear
weaknesses are also highlighted. The inadequate direct
implementation under real operating conditions and the
dependence on the model quality have a particular impact here.
As (Mehrabi, 2021) note: “Bias can arise from various sources,
including data collection, algorithm design, and human
interpretation...”. This highlights the need for a cautious and
critical evaluation of Al outcomes even in controlled
simulations. Therefore, the analysis must emphasise the
importance of a considered approach to Al solutions, even in
pure simulation environments, even if they represent a valuable
tool for identifying efficiency potential. The interplay of data-
based models and practice-oriented evaluation creates the basis
for every optimisation process.

4.2 SWOT Analysis: Holistic View

The second SWOT analysis provides a holistic view of the
implementation of Al in production processes. As (West, 2018)
states, Al has the potential to increase productivity and promote
economic growth. In a recent study, (Brynjolfsson, 2023) found
that Al support increases productivity by 15 % on average. But
there are also many challenges that need to be addressed. This
SWOT analysis is therefore based on a holistic view that takes
not only economic and technological aspects, but also ethical

aspects into account. “The use of Al must also be critically
analyzed from an ethical perspective - particularly regarding
transparency, data protection and autonomy. Al systems must be
designed and deployed in ways that respect human dignity,
autonomy, and rights” (Jobin, 2019). In addition, the ecological
dimension cannot be ignored. On the one hand, Al consumes
considerable amounts of energy. “Training a single model uses
more electricity than 100 US homes consume in an entire year”
(Agency, 2023). On the other hand, optimization through Al also
offers opportunities to reduce energy consumption, e.g. through
optimized production control, more precise demand forecasts
and predictive maintenance. “At the same time, ‘Al can
potentially deliver energy savings of up to 20% in buildings and
15% in transportation systems.” (Gexa, 2025). These arguments
can only lead to the conclusion that an isolated technical
assessment cannot be sufficient. Only a global approach can
assess the potential and risks. From a business and economic
point of view, the possible positive effects should not be
disregarded, nor should their negative effects. For example, Al
systems can be very expensive, which is a problem for small
companies, while big companies can afford them more easily —
this can make competition unfair. Also, Al could affect the job
market by automating tasks, which might change how jobs are
structured. “In this context, it is pointed out that the use of Al
aims to avoid errors, increase efficiency, productivity and
competitiveness and reduce labor costs.” (Gexa, 2025). Ethical
issues must also be analyzed in a comprehensive approach. “It is
emphasized that ethical principles such as beneficence,
transparency, non-malice, autonomy, justice and data protection
should be observed in the development and application of AL.”
(Barton, 2022). The following SWOT analysis attempts to take
all arguments into account.

2 Table. SWOT Analysis: holistic approach
Strengths Weaknesses

Automation of complex processes | High implementation costs (difficult
increases productivity and reduces | for small and medium-sized
error rates companies)

Improved product quality through | System  complexity  (Requires
precise manufacturing. specialized knowledge)

Data-driven decision-making: Large
datasets enable moreinformed and | Lack of transparency
predictive decisions

Opportunities Threats

Job displacement (Automation could
Innovation catalyst (Al enables the | replace certain roles, leading to labor
development market disruptions and  social
inequality.)

Ethical concerns (Issues related to
data privacy, surveillance, and
machine autonomy)

Flexible production (Enhanced
adaptability)

Competitive advantage (Early
adopters may
strengthen market position)

Security vulnerabilities: Al systems
may become targets of cyberattacks
or malicious manipulation.

Source: Authors‘ own work

The SWOT analysis shows that using artificial intelligence in
production can bring clear benefits like higher efficiency, better
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quality, and smarter decisions based on data. However, it also
points out important risks and challenges. A study by the
International Monetary Fund (IMF) shows, that regions in the
USA with higher Al adoption recorded sharper declines in the
employment rate between 2010 and 2021. (Yueling, 2024). In
addition, clear ethical guidelines must counteract the risks to
fairness, transparency and data protection. The results of the
holistic SWOT analysis provide a basis for the creation of a
technology portfolio matrix. In the second SWOT analysis, a
holistic view is taken of the implementation of Al in production
processes. The technology portfolio matrix serves to translate
these considerations into a structured evaluation of specific
technologies. While the SWOT analysis addressed the question
of ‘why’, the technology portfolio matrix provides clarity on
‘what’ and ‘how’.

4.3 Technology Portfolio Matrix

The technology-portfolio-matrix enables a  structured
categorization of different Al technologies based on two central
criteria: Technological attractiveness and realizability. The aim
of'the technology portfolio matrix is not only to classify potential
applications according to their theoretical benefits, but also to
prioritize them according to their feasibility. “This method is
based on technological evaluation approaches used in strategic
corporate planning.” (Pfeiffer, 2011) and is used to support
investment decisions. “Technology portfolios help organizations
identify, prioritize, and align innovation opportunities with
strategic goals” (Phaal, 2004)

3 Table. Technology portfolio

High Implementation Low Implementation
Feasibility Feasibility
High Generative Al for

Technological
Attractiveness

Predictive maintenance | production planning
Computer vision for
quality inspection

Autonomous robotics

Low Technological
Attractiveness

Voice-based assist.
systems

Al-based ethical
decision Models

Automated reporting
tools

Fully autonomous
factories

Source: Authors * own work

The matrix clearly shows that technologies such as predictive
maintenance or Al-supported quality inspection are easy to
implement and attractive investments. In contrast, the likelihood
of implementing generative Al for adaptive production planning
and fully automated factories is low due to the still too high
requirements for expertise and infrastructure. To summarize, the
use of Al-supported processes in production has great potential.
Even in purely simulated processes, Al enables valuable
experiments and the acquisition of data and insights. However,
further investment in infrastructure and research is needed to
realize the full potential. (Russell, 2019) comments on this: “The
biggest short-term threat from Al is not malevolent
superintelligence, but the unintended consequences of deploying
flawed systems at scale.” A balanced and responsible approach

is the key to realizing all the benefits of artificial intelligence
while mitigating the potential risks.

5. Methodology

In the experiment a digital twin program called Witness (version
26) was used, which represents manufacturing processes close
to a physical factory. Inside the program, the ACME model was
used, which represents a factory producing valves. There existed
a ready assignment with detailed description of the processes
and list of the changes that could be applied to the digital twin
for immediate checking their effectiveness. There is also an
experimenting tool inside the Witness program with
improvements as defined variables and average valve production
as an objective function. The tool can be used to find the best set
of changes that will maximize the throughout and will not
exceed the budget. In the experiment this tool was used as a
traditional method for comparing it with Al-using method (in
our case, Large Language Models).

Limitations for every improvement in the list were found inside
the ACME model and manually added to the prompt. Every
improvement has its own cost and limitations, which makes a
huge number of combinations that could be made. The
assignment is complex enough to reduce the probability of
getting high output by accident. In the experiment three popular
and free accessible LLMs were used as Al tools for solving the
task. They were ChatGPT (model 03-mini), Gemini (2.0 Flash)
and Deepseek (V3-0324). They played the role of consultants
who analyzed the processes of the factory and possible changes
and proposed the best combination of the improvements.

The same prompt with the assignment was sent to every LLM.
Then the Al-recommended improvements were manually
implemented in the ACME Witness program. After that the
LLMs received feedback which contained actual factory
statistics, e.g. how many valves the factory produces now and
what percentage of the total time each machine was idle, busy,
blocked, broken, etc. After the first feedback, the LLM made a
different combination of improvements, the Witness ACME
model was returned to its base state (before any improvement),
and new recommendations were implemented. The new result
was sent as second feedback and then the LLM made the final
set of recommended improvements based on all previous
feedback. There were 27 sessions with LLMs in total: 3 attempts
with one Al model at once, doing the same with all our 3 models
and repeating it in 3 replications (see Results, Table 5). Every
time the same prompt was used as feedback. The only changing
part was the actual number of produced valves and a table with
statistics (see Table 4): “Now the factory produces 116 valves
per week. Here are actual statistics after your improvements (%
of the time when machines were working, idle, blocked, etc.).
Please analyze it carefully, recalculate it from the beginning and
find a different combination of improvements to achieve at least
200 valves per week”.

Each stage (1 attempt, 1st feedback, 2nd feedback was tested
using 9 runs (3 models x 3 replicationsn; n=9). To describe
general tendency and variability the mean and standard deviation
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(SD) were calculated for every stage. For results analysis there
was used a non-parametric Friedman test (1). The p <0.05 was
considered as statistically significant.

k
12 Z R?|—-3n(k+1
nk(k + 1) 4 ¢ ( )
L =1 (1)
4 Table. A part of statistics from Witness program
Name % Idle % Busy % Blocked % Cycle Wait
Labor

saw(1) | 0.000 3.158 94.703 2.139
saw(2) | 0.000 3.158 94.473 2369
coater 2.708 26.053 71.020 0.000

Source: Witness digital twin 26, ACME model, simulation results
6. Experiment
6.1 Prompt

The first part of assignment sounded like this: “At present, the
total throughput of the factory is approximately 65 valves per
week. You need to find the best combination of improvements
to maximize the output. You have a budget of $100,000,
technology description (how the factory produces output) and a
cost list of potential capital improvements. You can choose only
between improvements in that list, use the same improvement
names as in the list. Please count the total cost carefully and at
the end make sure you won’t spend more than $100,000.

1. Calculate number of machines, labors and buffers capacity
to achieve the target 200 valves per week.

2. Design improvement in the framework costs of possible
improvement options”.

The prompt was followed by a table with actual factory’s
statistics before any improvement

6.2 Results

LLMs always recommended different combinations of
improvements. None of the models reached the goal — average
throughout 200 valves per week. The closest result was 181
valves per week from Deepseek after second feedback (see
Table 5).

The factory’s output before any improvements was 65 valves
per week. The stage “first attempt” achieved mean = 76.0
(standard deviation = 23.2), stage “after 1st feedback” mean =
93.8 (SD = 31.3) and stage “after 2nd feedback” mean =
117.4(SD = 34.2). A Friedman test showed significant
differences across stages, x*2 =7.3889 (2, N=9), p=0.025. The
Al models produced preliminary improvements in factory
simulation versus baseline.

In comparison with the traditional method (experimental tool)
using Al tools was more convenient and faster because they
didn’t require special skills as in the case of the experimenting
tool in Witness, where a user had to use special programming
language to define variables and had to interpret the results
properly. But, as the experiment showed, Al tools were far less

reliable and less effective. Table with the experimental results is
presented below. The results of Al-recommended
improvements (average factory’s throughout) for each
replication and attempt are presented in the column “output” and
their total cost is presented in the column “cost”.

The goal in the task was to achieve a production level of 200
valves per week, i.e. to improve the result by 135 valves per
week. In the first attempt (before any feedback) the
improvement averaged 8.15% of the goal (+11 valves per week
with the goal of +135), after the first feedback 21.32% (+28.78
valves), after the second feedback 38.84% (+52.44 valves).

At the same time, in 2 of the 27 sessions the factory’s output
after Al-recommendations application was lower than before
any improvement. (see Results, 3rd replication, Gemini - 1 and
Deepseek - after first feedback)

5 Table. Factory’s performance after improvements and budget spent

1st Replication

GPT Gemini Deepseek
Attempt output | cost output | cost output | cost
1 99 99000 | 67 96200 | 73 99400
Ist 79 91000 | 80 95000 | 119 93900
feedback
2nd 120 100000 | 121 83500 | 89 82400
feedback
2nd Replication

GPT Gemini Deepseek
Attempt output | cost output | cost output | cost
1 78 100 000 | 77 87000 | 74 100000
Ist 121 99000 | 87 100000 | 100 98 300
feedback
2nd 84 100 000 | 164 96500 181 96500
feedback
3rd Replication

GPT Gemini Deepseek
Attempt output | cost output | cost output | cost
1 80 90000 | 26 98000 | 110 100

000

Ist 118 92 000 116 74000 | 24 97 500
feedback
2nd 90 67500 | 98 67500 | 110 90 900
feedback

Source: Authors “ own work

Average Results
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Gemini Deepseek GPT goal
01 56,66 85,66 85,66 200
O 1stfeedback 94,33 81 106
d2nd feedback 127,66 126,66 98

01 [Oistfeedback [2nd feedback

Fig 5. Average experiment’s results
Source: Author's own work
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A notable problem during the experiment was that all Al
models made errors in basic addition 4 times out of 27 sessions
— 1 from ChatGPT, 1 from Gemini and 2 from Deepseek. For
example, ChatGPT assumed that 80,000 + 20,000 + 5,000 +
10,000 = 100,000. In reality this could cause additional expenses
of 15,000. In our case this kind of mistake was found
immediately and with little effort and didn’t cause any serious
consequences, but the possibility that LLM can make these
mistakes is a significant their disadvantage.

6.3 Experiment conclusion

Modern free accessible LLMs (at least GPT, Gemini and
Deepseek) without fine-tuning are not reliable enough to be used
as a single tool for solving complex problems in the
manufacturing field. But they show a potential to be useful
assistants for digital twin technology. It can reduce the time
spent while finding the best combination of improvements for
testing in digital twin programs. Every LLM seemed to get a
basic understanding of statistics and technology description
given to them. Although none of LLMs was fine-tuned for our
task, they showed initial potential for improving after getting
enough initial information and feedback after they answered.

6.4 Limitations and advice for further research

This study is exploratory and has its limitations.

*  Only one digital twin model (Witness, ACME) and
assignment was used.

*  Only free, non-fine-tuned Al models were used.

* Small sample size (n=9) is limiting statistical
reliability, output variability is significant.

*  For result analysis only Friedman non-parametric
test was used, without pairwise analysis, so the
effect size is undetermined.

Overall, the result data are too limited to support strong general
conclusions or to examine potential long-term labor market and
ethical implications.

It would be much better to make this kind of experiment on a
larger scale — it could be very useful to do an experiment where
the prompting, implementing recommendations and giving
feedback would be automated or accelerated some different way.

7. Real-life applications of Al in manufacturing

Artificial intelligence is a major change for manufacturing
sector, which may improve competitiveness and effectivity. A
significant majority, over 60%, of manufacturing companies are
already integrating Al into their operations. (Holland, 2024).
There is also company Siemens, which produces engines and
uses Al and other modern technologies in their operations. This
company is in Frenstat pod Radhostém in Czech Republic and
from our point of view can be qualified as one of the most
modern-technology company in FEurope. Using Al in
manufacturing is good to  generate  predictions,
recommendations, or decisions that impact real or virtual

environments, all driven by data, which can be easily achieved
just from the company’s internal resources. These systems may
lead to the copying of human behaviour such as learning, and
problem-solving are. While generative Al like ChatGPT has
received huge attention during last year’s Al boom, the
manufacturing industry has a long history of employing various
Al forms, including for example machine learning (ML), deep
learning (DL), natural language processing (NLP), machine
vision, digital twins, and robotics. Most of current Al programs
are designed for specific tasks, which is also called as Artificial
Narrow Intelligence (ANI). (Plathottam, 2023). Al may be used
across different corporate functions in manufacturing, with
manufacturing and production leading the way at 39% adoption,
followed by inventory management (33%), and Research &
Development (24%) and quality operations (24%). (Brousell,
2023).

8. Benefits of Al in manufacturing

The first benefit of Al in manufacturing is boosting efficiency
and productivity. In this case, especially machine learning,
allows you to manage resource flow in a better way, optimize all
the processes and apply more sustainable practices. Prescriptive
Al plays a crucial role by analyzing historical and real-time data
to determine the most efficient production methods. Al also
enables rapid, data-driven decisions for calling repair part or to
inform all the people about the problems. Second benefit of Al
in manufacturing is related to the quality control. There is
information, that significant 80% of MLC survey respondents
had already invested or planned to invest in vision systems.
Machine vision, often powered by deep learning, is extensively
used for rapid and effective defect detection in parts and
materials. This tool is the most used Al form of improvement
and used in a wide range of companies. Another benefit is for
predictive maintenance. When Al, through machine learning
algorithms, analyzes sensor data, it can predict equipment
failures much earlier—often long before people even begin to
notice something. The case study of ZF Friedrichshafen
demonstrates the power of this, achieving 99% accuracy in
predicting using Al algorithms and vibration sensor data.
Optimization of processes is also particularly useful benefit
when Al techniques can supplement or even replace traditional
optimization algorithms. Nowadays, some processes can
completely be done automatically without people due to the Al
application.

Al does not only help in the processes of production, but it also
may help with enhancing safety. Manufacturers are keen on
utilizing Al and machine vision to monitor production areas and
alert workers to potential hazards. Using Al, there can be for
example warnings when something happens to the machine
which can cause an injure to the employee. Also from the
production, another important part of company is supplying
chain management, which can also be improved due to the Al.
It works that Al analyzes data from production to delivery to
optimize inventory management, logistic and production
planning. It can increase effectivity of work significantly and is
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extremely effective in companies which manage their storage
just in time. Away from the production process, Al can be also
useful in research and development areas of the company. These
days, Al is generally used for generating designs and other stuff
connected with art. It can help to design or prepare some
visualizations of product. As a result of that, Al provides
valuable insights for better product designs, and predictive
modelling which can lead to the faster design and testing
processes.

Main case study of this document works with digital twins,
which is powerful tool to make production much more effective.
Digital Twin creates virtual environments that are integrated
with physical production and management systems. Digital
Twins works with the random events which may occur during
the processes of production. These constantly updated virtual,
Workplaces” allows you to simulate possibility, how your
production will look like. (Technologies., 2025) (Brousell,
2023) (Holland, 2024) (Plathottam, 2023) (PwC., 2020)
(Vianna, 2018)

Al has a wide range of usage and application for the businesses
these days which will, from our point of view, change the market
in the future a lot. All the applications are usually connected with
high number of benefits, including increased efficiency and
productivity, reduced operational costs, improved product
quality, minimized repair time, better workers safety, better data-
driven decision-making, optimized supply chain and logistics,
increased competitiveness, and support for sustainability
through efficient resource management. (Jha, 2021)

Conclusions

1. Nowadays different Al technologies, including Large
Language Models, become more powerful and useful
toward solving tasks with high complexity and
responsibility. For example, for supporting decision and
process optimization in the manufacturing field.

2. Even free accessible Large Language Models - such as
ChatGPT- can process significant amount of data and give
meaningful and potentially effective recommendations.

3. Free accessible Large Language Models are not yet
reliable enough to be used as a single tool but in
combination with digital twin technology, where their
recommendation can be easily and safely tested and
especially with automized feedback loops they have a
potential for more effective process optimizations toward
leaner and more sustainable production.

4. Although Al technologies open prominent opportunities,
complex SWOT analysis shows that its disadvantages and
risks are still significant, therefore they must be used under
professional and critical control.
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SVARESNE, EKOLOGISKESNE IR GREITESNE:
DIRBTINIU INTELEKTU PAGRISTA VIDINE
LOGISTIKA TVARESNEI IR EFEKTYVESNEI

ATEICIAI

Sofiya, Dmitriyeva !, OndFej, Vaiiasek !, Sebastian
Novak %, Achraf Hedar 2, Gernot Tranninger 3
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Santrauka. Sio Zvalgybinio tyrimo tikslas — i3nagrinéti
intelekto (DI) taikymu gamybai. DI gali padéti optimizuoti tvaruma,
laikg ir finansinj efektyvuma, naudojant vidinius verslo operacijy
duomenis. Atvejo analizéje naudojami kalbos modeliai — tokie kaip
ChatGPT — pritaikyti skaitmeniniam gamyklos modeliui kartu su
galimy procesy patobulinimy saradu. Sie DI sugeneruoti sprendimai
lyginami su tradiciniais optimizavimo metodais. SSGG analizé ir
literat@iros apzvalga suteikia verslo perspektyva, jvertinant stiprybes
ir silpnybes. Tikimasi, kad DI efektyvumas bus bent jau panaSus j
tradiciniy metody, atsizvelgiant j jo naudojimo paprastuma, greitj ir
potencialg gerinti gamyklos naSumg. Taciau DI reikalauja
reikSmingos Zmogaus prieziiiros, nes jo rekomendacijos gali biti
nepatikimos ir nebutinai atitinka konkrecius gamyklos veikimo
principus. Apibendrinant, tyrimas vertina, kaip DI ir skaitmeniniai
dvyniai gali pagerinti gamybos srautus simuliacijy aplinkoje, ir
pateikia vertingy jzvalgy biisimiesiems tyrimams.

ReikSminiai ZodZiai: dirbtinis intelektas, gamyba, procesy
optimizavimas, skaitmeninis dvynys, predikciné prieziiira, tvarumas,
operacinis efektyvumas.
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TRANZITINIO SUNKIOJO TRANSPORTO APRIBOJIMU POVEIKIS TARSAI IR EISMO
PRALAIDUMUI SILUTES PLENTE

Juraté Liebuviené, Vida Jokubyniené
Klaipédos valstybiné kolegija, Bijuny g. 10, Klaipéda

Anotacija. Straipsnyje nagrinéjama tranzitinio sunkiojo transporto problema Klaipédoje, Silutés prospekte, kuris yra viena pagrindiniy miesto
arterijy. Didelis vilkiky srautas, ypa¢ piko valandomis, mazina eismo pralaiduma ir didina iSmetamyjy dujy bei kietyjy daleliy tar$a, darancia
neigiamg poveiki oro kokybei ir gyventojy sveikatai. Tyrimo metu buvo stebéti transporto srautai. Rezultatai parodé, kad intensyviausias vilkiky
eismas fiksuojamas vidurdienj piko metu — apie 215 vilkiky per valanda, o maziausias — ryte. Apskaiciuota, kad 4 km atkarpoje per pika iSmetama
apie 68,8 g kietyjy daleliy. ISanalizavus gautus duomenis, pasitlyti sprendlmal — atskirti pirmaja eismo juosta vieSajam ir sunkiajam transportui,
taip pat riboti vilkiky patekima j Silutés plentg i§ Jarininky prospekto. Sios priemonés padéty sumazinti tar$a ir pagerinti eismo pralaiduma.

Reik$miniai ZodZiai: krovininis transportas, iSmetamosios dujos, kietosios dalelés, oro tar$a, eismo pralaidumas.

Jvadas

Oro tarSa yra kenksmingy dujiniy, skystyjy, kietyjy
daleliy ar medziagy patekimas j atmosferg, o tai daro zala
aplinkai, kenkia Zzmoniy sveikatai ir gyvenimo kokybei,
blogina matomuma, ore pasklide terSalai gali skleisti
nemalony kvapg. Dél Sios priezasties viena didziausiy
problemy, su kuria susiduria miestai visame pasaulyje, yra
transporto priemoniy gausa dél disbalanso tarp viesojo
transporto, verslo jmoniy transporto ir didéjancio
gyventojy judumo. D¢l gausaus transporto priemoniy
skai¢iaus padidéjo spistys ir aplinkos tarS$a miestuose
(Harish, 2012).

Sunkiojo transporto tarSa miestuose yra didelé
problema. Tarsa kelia pavojy tiek Zmoniy sveikatai, tiek
aplinkai. Sunkvezimiy ir autobusy dyzeliniai varikliai
i§skiria daug kenksmingy terSaly, tarp jy azoto oksidy,
kietyjy daleliy ir anglies dioksido. Sie ter3alai gali turéti
neigiamg poveikj oro kokybei, sukeldami kvépavimo taky
ligas, alergijas ir padidéjusj mirtinguma. Be to, sunkusis
transportas prisideda prie eismo spiis¢iy ir sumazina miesty
juduma, tuo paciu padidéja eismo nelaimiy rizika. Tai taip
pat gali turéti ekonominj poveikj, nes eismo spiistys gali
sukelti didelius ekonominius nuostolius.

Sunkiasvoriai sunkvezimiai yra pagrindiniai miesty
eismo tarSos  Saltiniai. Dyzeliniai  vilkikai  su
pusprickabémis mieste iSmeta daugiausia azoto oksidy
(NOx). Prognozuojama, kad §is skaiGius ir transporto
priemoniy nuvaziuoty kilometry, o kartu ir iSmetamyjy
terSaly kiekis, vis didés (Wang et al., 2021).

Eismo spiistys miestuose lemia didelg¢ oro tarSos dalj
ir jvairias su ja susijusias zmoniy sveikatos problemas.
Transporto priemoniy iSmetamas anglies monoksidas (CO)
ir NOx kiekis labai padidéja susidarius transporto spiistims,
todel daro neigiamg poveikj oro kokybei ir zmoniy
sveikatai, labai padidéja ir transporto priemoniy iSmetamy
Siltnamio efekta sukelianciy dujy, tokiy kaip anglies
dioksidas (CO»), kiekis, o tai daro jtaka pasaulinei klimato

kaitai. Del Sios priezasties reikéty atidziai nagrinéti
transporto priemoniy iSmetamy terSaly kiekj perpildytose
miesty gatvése ir jy poveikj aplinkai. Taip pat gerai Zinoma,
kad sunkvezimiy transportas, kaip svarbiausia kroviniy
pristatymo mieste riiSis, yra ir pagrindinis oro terSaly ir
Siltnamio efekta sukelianciy dujy Saltinis (Hwang &
Ouyang, 2015).

Todél patobulinus sunkvezimiy parko veikla,
padidinus sunkvezimiy paslaugy sektoriaus efektyvuma
perpildytuose miesty keliy tinkluose ir sumazinus
transporto priemoniy iSmetamy terSaly kiekj, biity galima
pagerinti miesty oro kokybe, daryti teigiamg poveikj
zmonéms ir galiausiai pasaulinei klimato kaitai (Hwang &
Ouyang, 2015).

Tyrimo tikslas — iSanalizuoti sunkvezimiy sukeliamas
tarSos problemas ir pasiiilyti sprendimo biidus, kaip
sumazinti tars$g Klaipédos mieste.

Tyrimo uzZdaviniai:

o Atlikti vilkiky srauto tyrima Klaipédos miesto
Silutés plente.

e Pateikti pasiilymy, kaip sumazinti vidaus
degimo varikliy iSmetamaja tarSa Klaipédos
mieste.

Tyrimo problema: Silutés plentas Klaipédoje yra
viena pagrindiniy miesto arterijy, kuria nuolat intensyviai
juda  sunkiasvoris transportas. Siame straipsnyje
analizuojamos krovininés transporto priemonés (N1-N3),
kurios bendrame kontekste bus vadinamos sunkiasvorémis,
nes visos jos prisideda prie keliy infrastruktiiros apkrovos
bei transporto sektoriaus tarSos. Piko valandomis $iy
sunkiasvoriy transporto priemoniy srautas padidéja, todél
susidaro  spiistys, mazéja  transporto  priemoniy,
pravaziuojanCiy per sankryzas, skaiCius ir didéja
kenksmingy iSmetamyjy dujy emisijos (CO, CO2, NOj,
kietosios dalelés). Atsizvelgiant | tai, kad vidutinis
Lietuvoje eksploatuojamy sunkvezimiy amzius yra apie
15,4 mety, dauguma jy atitinka tik Euro 5 standartg, todél
emisijos lieka gana didelés. Iki Siol néra i$samiai iStirta,
kiek ir kokia tarsa susidaro Silutés plente dél sunkvezimiy
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srauty, kaip ji veikia miesto oro kokybe ir eismo
pralaidumg ir kokios biity veiksmingos priemonés Siai
tarSai mazinti bei eismui optimizuoti.

Taigi tyrimo problema — kaip Klaipédoje, Silutées
plente, sumazinti sunkiyjy transporto priemoniy sukelta oro
tarSa ir pagerinti eismo pralaidumg. Tam bitina:

1. EmpiriSkai jvertinti vilkiky srauta ir jy
iSmetamyjy dujy (CO, CO-, kietyjy daleliy) kiekj
piko valandomis.

2. Nustatyti svarbiausias problemos prieZastis
(sunkiojo transporto marSruty planavimas,
sustojimai, sankryzy reguliavimas) ir
suformuluoti  konkrecias priemones (juosty
pertvarkymas, eismo reguliavimo optimizavimas,
tranzitinio sunkiojo transporto ribojimas), kurios
leisty sumazinti tarSg ir pagerinti eismo
pralaiduma.

1. Krovininiy automobiliy sukeliama tarsa ir jos
poveikis aplinkai

Sparciai didéjancio keliy transporto iSmetamo anglies
dioksido kiekio problemos sprendimas tapo neatidéliotinu
iSSukiu siekiant visame pasaulyje neutralizuoti anglies
dioksido kiekio ir anglies dioksido poveikj (Chen et al.,
2023). Naujy strateginiy pramongés Saky plétra, ypac¢ naujos
energijos transporto priemoniy skatinimas, yra svarbiausia
priemoné siekiant veiksmingai mazinti energijos ir
aplinkosauginj spaudima. Naujos energijos transporto
priemonés, t. y. automobiliai, kuriuose kaip energijos Saltinis
naudojamas netradicinis kuras ir jdiegtos Siuolaikinés galios
valdymo ir varomosios jégos technologijos, yra
perspektyvus sprendimas, kaip sumazinti automobiliy
pramonés priklausomybe nuo naftos ir iSmetamy terSaly
kiekj (Chen et al., 2023; Yuan et al., 2015).

Automobiliy pramonés energijos suvartojima lemia
daug veiksniy, tokiy kaip esamos automobiliy technologijos;
politika, pvz., degaly ir energijos taupymo politika; socialiné
ir ekonominé plétra; energijos vartojimo efektyvumo
standartai; keliy buklé; automobiliy sekimo modeliai ir
bendros eksploatavimo i$laidos (Yuan et al., 2015).

Regioninés, nacionalinés ir tarptautinés ekonominés
plétros salygomis didéja transporto ir tiekimo grandiniy
poreikis. Sis augimas ypa¢ akivaizdus miestuose, turin¢iuose
uostg ir jury transporto sektoriy, kuris per pastaruosius du
desimtmecius labai issiplété (Lagha et al., 2024).

ReikSminga dalis pasaulinio energijos suvartojimo,
ypac transporto sektoriuje, priskiriama iskastiniam kurui dél
besipleciancio transporto sektoriaus, kurio vidutinis metinis
augimas yra 1,1 %. Taciau naftos naudojimas transporto ir
pramonés Sakose lémé kenksmingy terSaly iSmetimg su
mazdaug 22 % transporto pramonés visame pasaulyje
i¥metamy Siltnamio efekta sukeliandiy dujy. Sie transporto
priemoniy iSmetamieji terSalai, tarp ju CO,, labai prisideda
prie pasaulinio atSilimo. Besivystancios Salys dabar susiduria
su i§§tikiu sumazinti jy priklausomybe nuo iskastinio kuro
importo (Vijayakumar et al., 2023).

Per pastaruosius du deSimtmecius ypa¢ daug naudota
dyzeliniy varikliy, todél nepilnas degimas ir kenksmingos
emisijos paveiké aplinka ir Zmoniy sveikata. Pasaulio
sveikatos organizacija apskai¢iavo, kad dél oro tarSos kasmet
pasaulyje mirSta 7 mln. Zmoniy, o 90 proc. gyventojy patiria
uzterSto oro poveikj sveikatai (Yaacob et al., 2024).
Emisijos, pvz., sieros dioksidas (SO,), CO ir NOx prisideda
prie Siltnamio efektg sukelian¢iy dujy susidarymo poveikio
ir visuotinio atSilimo, kelianCio rimta grésme aplinkai ir
visuomenés sveikatai. Taip yra todél, kad daznai susidaro
kenksmingi papildomi terSalai, tokie kaip kietosios dalelés
(KDs5), azoto dioksidai (NO,) ir ozonas (Os), kuriuos
sukelia tie patys degimo Saltiniai, tarp jy ir transporto
priemonés, pramonés jrenginiai ir elektrinés (Nakhawa &
Thipse, 2015).

Siekiant iSspresti Sias problemas, alternatyviis degalai,
pavyzdziui, biodyzelinas, sulauké démesio kaip priemoné,
mazinanti kenksmingy terSaly iSmetimg. Automobiliy
pramoné aktyviai tyrinéja iSmetamyjy dujy mazinimo budus
ir iSmetamyjy terSaly kieki, ieSko alternatyvy naftos
produktams, tai galéty biiti, pavyzdziui, suslégtos gamtinés
dujos (SGD), Dbiodujos, Dbiodyzelinas ir etanolis
(Vijayakumar et al., 2023).

Siekiant tvarumo pagrindinis tikslas yra sumazinti
miesto tar$a, kurig sukelia dyzeliniy varikliy iSmetamieji
terSalai, tarp jy SOx, NOx, KD, CO», juodi diimai ir CO.
Dyzeliniai varikliai svarbiis transporto ir Zemés ukio
sektoriuje. Tobuléjant technologijoms, kartu didéjo ir
benzino bei dyzelino naudojimas. Dél dideliy kainy, aplinkos
tarSos ir nuolatinio neatsinaujinanciy iSkastinio kuro
iSeikvojimo atsirado alternatyvaus kuro Saltinio poreikis,
todél dedamos pastangos ieskoti Siuolaikinio ir alternatyvaus
energijos Saltinio, kuris galéty sumazinti visuotinj atSilimg ir
iSspresti tarSos problemas (Vijayakumar et al.,, 2023).
Daugiau kaip 80 proc. miesty gyventojy patiria oro kokybés
tar$a, kuri virSija WHO rekomenduojamas ribines vertes
(Rajputetal., 2022; Yaacob et al., 2024). Oro tarSa neigiamai
veikia zmoniy sveikatg, ypa¢ kvépavimo sistema, nes CO
trikdo kraujo geb¢jimg pernesti deguonj (Yaacob et al.,
2024). Miesto oro tarSa, kurig sukelia intensyvus transporto
priemoniy srautas, yra viena didziausiy problemy, su kuria
§iuo metu susiduria pasaulio gyventojai. Taigi, svarbiis oro
tarSos tyrimai norint suprasti galima poveikj zmonéms ir
poveiki sveikatai. Daugelis tyrimy yra orientuoti |
trumpalaikiy ir ilgalaikiy kietyjy daleliy NO, virsijima.
Miesty oro tarSa lemia sergamuma ir prieslaikinj mirtinguma
nuo Sirdies ir kraujagysliy bei kvépavimo sistemos ligy,
plauciy véZio (Burns, 2016). Zmonéms, gyvenantiems netoli
tarSiy zony, kyla neproporcingai didelé rizika, ypac
pazeidziamoms grupéms, pavyzdziui vaikams,
pagyvenusiems Zzmonéms ir asmenims, turintiems sveikatos
problemy (Olaniyan et al., 2020).

Transporto priemoniy eismo intensyvumas yra
niidienos pasaulio fenomenas, su kuriuo susijusios tokios
problemos kaip eismo jvykiai, tarSa (oras ir triukSmas), ilgas
kelionés laikas ir pan. (Diaz et al., 2020). Taip pat didele
reikSme turi transporto priemonés tipas, nes didesnés ar
senesnés transporto priemonés daznai iSmeta daugiau CO,

45



Technologijos ir menas, 2025/16 ISSN 2783-8064

nei mazesneés, taupiau naudojancios degalus (Yaacob et al.,
2024).

Varikliniy transporto priemoniy iSmetami tersalai
miestuose uZztikrinant tinkama oro kokybe yra didelé
problema. Pagrindiné oro tarSos priezastis (60-90 % visy
iSmetamy terSaly) — motoriniy transporto priemoniy eismo
intensyvumas.

Padidéjusia tarSa identifikuojantys reiSkiniai daznai
pastebimi  sankryzose, ypaC¢ ziedinése sankryzose,
reguliuojamose Sviesoforais. Taigi, didziausia dél transporto
susidaranciy terSaly koncentracija blina prie reguliuojamy
sankryzy ir aikitése. Siose vietose oro kokybeé taip pat yra
prastesnés biiklés, palyginti su kitomis vietomis. Tg lemia
arté¢jancios ir tolyn nuo sankryZos vaziuojancios transporto
priemonés grei¢io pokyciai (Shafabakhsh et al., 2018).

Todél siekiant klimato pozitiriu neutralios ekonomikos
reikia ne tik skatinti elektromobiluma, bet ir naudoti
biodegalus (Stryhunivska et al, 2024). Biodegaly
naudojimas turéty skatinti atnaujinti transporto priemones ir
uztikrinti, kad jie atitikty naujausius Europos iSmetamuyjy
terSaly standartus (Zimakowska-Laskowska et al., 2022).
Dyzelinu  varomoms transporto  priemonéms, kaip
pagrindinéms krovininéms transporto priemonéms, tenka
didel¢ dalis visy sunaudojamy degaly ir transporto
iSmetamyjy terSaly kiekio, todél moksliniuose tyrimuose
joms skiriama daug démesio (Stryhunivska et al., 2024).

Siekiant ES klimato neutralumo, sunkiosioms
transporto priemonéms reikia skirti daugiau démesio. Pirma,
reikia gerinti efektyvuma visose srityse, o tai apima marsruty
optimizavima, prastovy laiko mazinima ir tinkamos
transporto priemoniy priezitros uztikrinima. Kitas svarbus
aspektas yra degaly sanaudy mazinimas, kurj galima pasiekti
diegiant ekonomisko vairavimo praktika, investuojant j
ekonomiskesnes transporto priemones ir ieSkant alternatyviy
degaly (Rodriguez et al., 2023).

Sunkiasvores HDV (Heavy-Duty Transport) transporto
priemones galima pakeisti ekologiSska  vairavimag
atitinkanciomis transporto priemonémis. Ekologiskas
vairavimas apima vairavimo budus, kuriais pirmenybé
teikiama degaly naudojimo efektyvumui, pavyzdziui,
tolygus greité¢jimas ir létéjimas, pastovaus greicio
palaikymas ir tusCiosios eigos vengimas (Stryhunivska et al.,
2024; Yang et al., 2020). Investicijos ] transporto priemones
taip pat labai svarbios siekiant pagerinti standartus. Tai
apima sunkvezimiy su naujausiomis degalus taupan¢iomis
technologijomis isigijima, kartu atsisakant seny, daug terSaly
iSmetan¢iy ir daug degaly sunaudojanciy transporto
priemoniy. Be to, sumazinus transporto priemoniy svorij,
galima sumazinti energijos suvartojimg ir iSmetamyjy terSaly
kiekj. Tai galima pasiekti naudojant lengvas medziagas ir
optimizuojant transporto priemonés konstrukcija (Camilleri
et al., 2022). Be to, sumazinus variklio darbin;j tiirj, galima
optimizuoti iSmetamyjy terSaly kiekj, islaikant pakankama
galig. Pagerinus variklio darbo salygas naudojant papildoma
jranga, pavyzdziui, kietyjy daleliy filtrus ir iSmetamyjy dujy
recirkuliacijos sistemas, galima dar labiau pagerinti
iSmetamyjy terSaly kontrole (Yang et al., 2020). Jgyvendinus
Sias rekomendacijas, transporto jmoniy aplinkosauginis
veiksmingumas gali gerokai pageréti. Tarptautinés

energetikos agentiiros (TEA) Energetikos technologijy
perspektyvose numatyta, kaip iki 2030 m. pasiekti 50 proc.
geresnj degaly ekonomiskuma, o tai atitinka perpus
mazesnes naujy transporto priemoniy degaly sanaudas
vienam kilometrui (International Energy Agency).

2. Tyrimo metodika

Reguliuojamy sankryzy pralaidumo skaiCiavimas
grindziamas eismo srauto intensyvumu. Prisotinto srauto
reikSmé apibréziama kaip didziausias transporto priemoniy
srautas, galintis pravaziuoti sankryza palankiomis eismo ir
kelio salygomis, darant prielaida, kad visas efektyvaus
Sviesoforo ciklo Zalio signalo laikas skiriamas biitent Siam
srautui (Paliulis, 2007).

Bendrosios transporto priemoniy judéjimo salygos
keliy eismo srautuose gali buti suskirstytos i keturias
kategorijas: laisvo srauto, normalaus srauto, prisotinto srauto
ir priverstinio srauto salygas.

Laisvo srauto salygos apibiidinamos tuo, kad transporto
priemonés juda nepriklausomai viena nuo kitos — kiekvieno
automobilio greitis néra ribojamas kity eismo dalyviy.
Transporto srauto pasiskirstymas yra i§ esmés netolygus.
Normalaus srauto saglygomis transporto priemoniy judéjimas
i§ dalies priklauso nuo kity kelyje esanéiy transporto
priemoniy. Aplenkti kitg automobilj galima ne visada, todél
matematinis tokio judéjimo apraSymas yra sudétingesnis nei
laisvo srauto atveju. Normalus srautas vienoje eismo juostoje
paprastai biina nuo 450 iki 2100 automobiliy per valanda.

Prisotinto srauto salygomis visos transporto priemonés
juda viena paskui kita toje pacioje eismo juostoje. Eilés
judéjimo greitj lemia priekyje vaziuojanti transporto
priemoné. Jvertinus vidutines reikSmes, neatsizvelgiant |
laikinus srauto pokycius, prisotinto srauto intensyvumas
sickia nuo 2100 iki 2200 automobiliy per valandg vienoje
juostoje (Horvat, 2015).

Tyrimas atliktas Silutés plente, siekiant jvertinti
sunkiojo transporto srauty intensyvuma bei jy sukeliamos
tarSos masta.

Pirmojoje tyrimo dalyje trijose pasirinktose gatvés
zonose vizualiai stebint ir skaiCiuojant fiksuojamas
sunkiasvoriy transporto priemoniy eismas. Stebéta
balandzio— geguzés mén. piko valandomis: rytinio (07:00—
08:00), dienos (12:00-13:00) ir vakarinio (17:00-18:00).
Duomenys apibendrinti, apskaiciuojant vidutinj srautg Siais
laikotarpiais.

Vidutinis transporto srauto nustatymas. Vidutinis
pravaziuojanciy transporto priemoniy skaiCius per valanda
apskaiCiuojamas pagal formule (Traffic Engineering, 2022):

n
Qi =222 ()
¢ia: Quig — vidutinis srautas per valanda; Q; — srautas
i-oje zonoje; n — zony skaicius.
Antrojoje tyrimo dalyje dviejose pagrindinése Silutés
plento sankryZose nustatytas lengvyjy automobiliy
pralaidumas piko metu, kai registruojamas didZiausias
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sunkiojo transporto intensyvumas. Tai sudaré galimybe
apskaiciuoti bendra abiejy transporto riisiy tarSos kiekj.

Sunkiojo transporto emisijos (CO, CO: ir KD) vertintos
atsizvelgiant | vidutinj Lietuvoje eksploatuojamy vilkiky
amziy — 154 mety ( V] ,Regitros* duomenimis).
Skaiciavimuose taikytas Euro 5 emisijy standartas. Lengvyjy
automobiliy tarSai vertinti naudoti M1 kategorijos transporto
priemoniy vidutinio amziaus (16,5 mety) rodikliai, dauguma
jy atitinka Euro 4 standarta. Sioje grupéje vertinta KD
emisija.

Apibendrinus gautus rezultatus, nustatytas bendras
vilkiky ir lengvyjy automobiliy sukeliamas oro tersaly kiekis
piko valandomis.

3. Tyrimo rezultatai ir aptarimas

Klaipéda yra pagrindinis Lietuvos uostamiestis, kuris
iSsiskiria intensyviu sunkiojo transporto (N1, N2 ir N3
kategorijy) eismu. Siy transporto priemoniy tarsa yra didele,
todél juy srauty analizé itin svarbi vertinant miesto oro
kokybe. Viena i§ pagrindiniy miesto arterijy yra Silutés
plentas, kuriuo ypac intensyviai juda sunkusis transportas.
Tai lemia tick Siame ruoze veikianCios jmongs, tiek
tranzitinis eismas, kai sunkiasvorés transporto priemonés
vyksta Vilniaus plento ar Jiirininky prospekto link (1 pav.).

Vilniaus p),

1 pav. Silutés plento maketas, kuriame pateikti sunkiojo
transporto skaiciavimo rezultatai
Saltinis: sudaryta autoriy

Siekiant nustatyti sunkiojo transporto intensyvuma piko
valandomis ir jvertinti jo potencialy poveikj aplinkos tarSai,
buvo atlikti srauty skai¢iavimai trijose pasirinktose Silutés
plento zonose. Kiekviena zona apémé 300 metry gatvés
ruoza. Skaiciavimai atlikti trijy pagrindiniy eismo piky metu:
rytinio (07:00-08:00), dienos (12:00-13:00) ir vakarinio
(17:00-18:00) (2 pav.).

Rezultatai parodé, kad 1-ojoje zonoje (prie PC
,Banginis*) buvo suskaiciuoti 98 vilkikai ryte, 234 — dieng
ir 212 — vakare; 2-ojoje zonoje (prie ,,Audi“ centro) —
atitinkamai 74, 193 ir 187; 3-iojoje zonoje (tarp ,,Maximos*
ir ,,Orlen” degalinés) — 83 ryte, 218 per pietus ir 179 vakare.

Apibendrinus visy trijy zony rezultatus, apskaiCiuoti
vidutiniai sunkiojo transporto srautai pagal laikotarpius.
Nustatyta, kad rytinio piko metu (07:00-08:00) vidutinikai
pravaziuoja 85 vilkikai, dieng (12:00-13:00) — 215, o vakare
(17:00-18:00) — 193 vilkikai.

Tyrimo duomenys rodo, kad didziausias sunkiojo
transporto judéjimas fiksuojamas dienos piko valandomis, o
rytinio piko metu srautas gerokai mazesnis. Sie rezultatai

leidzia daryti prielaida, kad sunkiojo transporto poveikis oro
kokybei ir triuk§mo lygiui didZiausias vidurdienj.

Bangns

700 -8.00 - 74 Sunk tran Oren
1200-1300- 93 Sunk fa =

1700- 1500- 447 Surk rn |
: \y-\ o

17ﬂ|| mn !M‘suH an
\’ﬂ 1800179 Sunk.tran

7.00- £:00 - 98 Sunk, b
1200 - 13.00 ZHSuﬂk Im
17:00 - 18:00 - 242 Sunk tran

2 pav. Silutés plento maketas, kurlame pateikti sunkiojo
transporto skaiéiavimo rezultatai
Saltinis: sudaryta autoriy

Zinant vidutinj sunkiojo transporto srautg Silutés
plente, galima jvertinti Siy transporto priemoniy sukuriama
oro tar$a. V] ,Regitra® duomenimis, vidutinis sunkiojo
transporto priemoniy vidurkis yra 15,4 mety, todél
vertinimams taikytinas Euro 5 emisijy standartas.

Euro 5 standartas nustato grieztesnes ribines tar$os
normas nei ankstesni, taciau, palyginti su naujausiais (pvz.,
Euro 6 ar arté¢janciu Euro 7), reikalavimai yra paseng, o
eksploatuojami  automobiliai  iSlicka tarSGs. Realig
sunkvezimiy tarSg lemia ne tik emisijy standartas, bet ir tokie
veiksniai, kaip transporto priemonés techniné buklé,
vairuotojo vairavimo jprociai bei kelio salygos.

CO tarsos skaiciavimas. Didziausias sunkiojo
transporto intensyvumas Silutés plente fiksuotas dienos piko
metu (12:00-13:00), kai vidutiniS8kai pravaziuoja 215
vilkiky. Apskaiciuojant jy sukuriamg tarSa taikyta Euro 5
standarto CO emisijy riba— 1,5 g/lkWh.

Bendra tarSa (g/kWh) skai¢iuojama pagal formule
(Enerdata, 2024):

tg=n - E 2)

Cia: t; — bendra vilkiky sukeliama tarSa CO g/kwh; n
— vilkiky skaicius; Eg — Euro standarto reikSme.

Sj leidziama kiekj padauginus i§ vilkiky skai¢iaus,
gauname 322.5 g/kwh

Norint jvertinti tar§g kilometro mastu, jskaiCiuotas
vidutinis vilkiko energijos poreikis — apie 4 kWh/km
(Enerdata, 2024) (pilnai pakrautas vilkikas).

Ts =ts X Viwn 3)

¢ia: Ty — bendra vilkiky sukeliama tarSa CO g/km; Vi, p,
— vilkiky sunaudojama kilovatvalandé per 1 kilometra.

Taigi, per vieng kilometrg dienos piko metu, kai
pravaziuoja 215 vilkiky, Silutés plente i$metama apie 1290
g CO. Suprantama, reali tarSa gali biiti didesné dél stovéjimo
sankryzose, dazno stabdymo ir pajudéjimo i§ vietos bei
transporto priemoniy techninés buklés.

CO: tarsos skaiciavimas. CO2 yra vienas pagrindiniy
Siltnamio efekta sukelianéiy terSaly, todél svarbu jvertinti
sunkiojo transporto emisijas. CO: kiekis apskaic¢iuojamas
gramais vienai tonai nuvaziuoto kilometro (g/tkm).
,Iransport & Environment“ duomenimis, sunkiasvorés
transporto priemonés vidutiniskai iSmeta apie 58 g/tkm CO..
Vidutinis pakrauto vilkiko svoris siekia apie 36 t.

Askai¢iuojama pagal formule(Enerdata, n.d.):

Teop =M X EF Xn “)
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¢ia: T,,, — bendras vilkiky CO, iSmetimo kiekis g/km;
M — vidutinis pakrauto sunkiojo transporto svoris tonomis;
EF — vidutinis sunkiojo transporto CO» kiekis g/tkm.

Taigi, dienos piko metu (12:00-13:00) 215 vilkiky
iSmeta apie 448,92 kg CO: vienam kilometrui. Atsizvelgiant
i tai, kad atstumas nuo ,.Banginio® ziedo iki Jarininky
prospekto yra ~4 km, bendras emisijy kiekis siekia apie 1
794,68 kg (= 1,8 t) COs..

KD tarsos skaiciavimas. Kietyjy daleliy (KD) emisijos
skai¢iavimas. Miestuose KD tarSa yra ypac¢ didelé, nes
kiekvienas vidaus degimo variklis i§skiria daleliy, kurios gali
reikSmingai pakenkti Zmoniy sveikatai ir pabloginti oro
kokybe. Dél $ios priezasties misy tyrimo ruoze, Silutés
plente, biitina jvertinti ir apskai&iuoti §ia tar§g. Zinodami, kad
Lietuvos kelivose vazinéjanéiy sunkiasvoriy transporto
priemoniy vidutinis amzius siekia apie 15,4 mety, emisijas
vertinsime pagal Euro 5 standarta, kuris numato 0,02 g KD
vienai kilovatvalandei. Pasak Enerdatos (Enerdata, 2024),
vilkikai vienam nuvaziuotam kilometrui sunaudoja mazdaug
2-6 kWh energijos. Norédami gauti KD kiekj gramais
vienam kilometrui, skai¢iuojame taikydami 4 kWh
koeficienta, kadangi nemaza dalis (apie 50%) vilkiky
vaziuoja pilnai pakrauti ir sunaudoja daugiau energijos.

tka =N X Eg ®)

¢ia: t,4 — bendra vilkiky sukeliama tarSa KD g/kwh; n
— vilkiky skaic¢ius; Eg — Euro standartas

Vadovaudamiesi Siuo skai¢iavimu, matome, kad piety
piko metu 215 sunkvezimiy, vaziuojanéiy Silutés plentu,
viename kilometre kelio iSmeta apie 17,2 g. kietyjy daleliy.
Kadangi tiriama atkarpa yra beveik 4 km ilgio, per visa ruoza
iSmetama mazdaug 68,8 g. kietyjy daleliy. Nors Sie skaiéiai
atrodo nedideli, reikia prisiminti ir kitus kietyjy daleliy
Saltinius, tokius kaip padangy ir stabdZiy nusidévéjimas, dél
kuriy reali tarSa yra gerokai didesné. Be to, Sios kietosios
dalelés, priesingai nei CO ar CO: dujos, nesuyra ore, o licka
aplinkoje.

Pirmas pasiiilymas. Siiiloma Silutés plento pirmaja
juostg skirti tik autobusy ir sunkiasvoriy transporto
priemoniy eismui. Sunkiasvorés transporto priemonés Sioje
atkarpoje gali judéti tik tiesiai, j kaire pasukti draudzia kelio
zenklai. Kadangi sunkiasvorés transporto priemonés piko
metu létina eisma, toks sprendimas gerokai sumazinty jy
daromg poveikj lengvyjy automobiliy srautui. Silutés plente
yra trys eismo juostos: viena bity skirta vieSajam ir
sunkiajam transportui, o kitos dvi — lengviesiems
automobiliams. Juostos iSdéstyma galima matyti 3 pav.
Analizuojant Klaipédos autobusy marsruty grafika nustatyta,
kad per valanda viena kryptimi prospektu pravaziuoja apie
15 autobusy, t.y. mazdaug vienas kas keturias minutes, o
piety piko metu — apie 215 vilkiky. Vadinasi, per minute
pravaziuoja 34 sunkvezimiai. Sie skaiiai leidzia daryti
iSvada, kad autobusai ir vilkikai galéty efektyviai dalintis
viena juosta, taip biity padidinantas lengvyjy automobiliy ir
vilkiky judéjimo pralaidumas.

3 pav. Silutés plento maketas, kuriame pateikti sunkiojo transporto
skaiCiavimo rezultatai
Saltinis: sudaryta autoriy

Antras pasitlymas. Sitloma apriboti sunkiojo
transporto eismg: buvo pastebéta, kad daug vilkiky,
griztanéiy i§ Jarininky prospekto, nuolat suka j Silutés
plenta, nes tai trumpiausias kelias link Vilniaus plento. Toks
transporto kiekis piko metu intensyvina eisma ir mazina
pralaiduma. Siekiant sumazinti tar$a Silutés plente,
rekomenduojama riboti vilkiky jvaziavimg i§ Jirininky
prospekto ir leisti vaziuoti tik tiems sunkvezimiams, kurie
turi leidimus patekti | jmones. Draudziamasis Zenklas bty
pastatytas ,,T* formos Jairininky prospekto ir Silutés plento
sankryzoje, o kiti vilkiky vairuotojai buty nukreipiami aplink
miestg per Rimkus. Tokia priemoné padéty sumazinti
sunkiojo transporto srautg ir jy i$metamy teraly kiekj Silutés
plente.

ISvados ir pasiiilymai

1. Atlikus tyrimg Klaipédoje, Silutés plente, kuriame
analizuotas vilkiky srautas, nustatyta, kiek vilkiky
pravaziuoja piko valandomis. Didziausias
sunkvezimiy skai¢ius uzfiksuotas per piety pikg — 215
vienety, o vakarinio piko metu jy buvo gerokai maziau.
Maziausias vilkiky judéjimas stebétas rytinio piko
metu.

2. Isanalizavus tyrimo duomenis Silutés plente, buvo
pateiktos rekomendacijos, skirtos didinti eismo
laidumag ir mazinti iSmetamasias dujas. Pirmoji
rekomendacija: sitloma pirmaja juosta skirti bendram
vilkiky ir autobusy eismui, kad sumazéty stabdymas
dél lengvyjy automobiliy. Taip pat sitiloma sumontuoti
iSmaniuosius $viesoforus, kurie optimizuoty visy
transporto priemoniy judéjima. Antroji
rekomandacija: drausti vilkikams jvaziuoti j Silutés
plenta i§ Jurininky prospekto ir nukreipti juos aplink
miesta per Rimkus. Rimky miesteliui tai nebity
papildoma apkrova, nes Jurininky prospektas yra kaip
aplinkelis ] jlry uostg sunkiasvoréms transporto
priemonéms. Atsizvelgus nors j viena rekomandacija,
manoma, pageréty eismo pralaidumas Silutés plente ir
biity mazinama tarsa.
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EFFECTS OF HEAVY TRANSIT TRAFFIC
RESTRICTIONS ON POLLUTION AND TRAFFIC
CAPACITY ON SILUTE HIGHWAY

Jiraté Liebuviené, Vida Jokunyniené

Klaipédos valstybiné kolegija / Higher education
institution

Summary. The study addresses the issue of heavy-duty
transit traffic on Siluté Avenue in Klaipéda, one of the city’s
principal arterial roads. The research aim was to evaluate the
impact of truck flows on air pollution and traffic capacity, and to
propose measures for mitigating these effects. A traffic survey
was conducted to determine vehicle intensity during different
peak periods. The findings showed that truck traffic was most
intensive at midday, with approximately 215 vehicles per hour,
while the lowest flow occurred in the morning. Calculations
indicated that in a 4 km section of the road, around 68.8 g of
particulate matter is emitted during peak hours. Based on these
results, two solutions were proposed: 1. to allocate the first traffic
lane to public and heavy vehicles, and 2. to restrict truck entry
from Jirininkai Avenue. These measures are expected to reduce
emissions and enhance traffic flow efficiency.

Keywords: Heavy-duty transport, exhaust emissions,
particulate matter, air pollution, traffic capacity.
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ENHANCING TECHNICAL ENGLISH FOR ESP LEARNERS THROUGH ARTIFICIAL
INTELLIGENCE

Svetlana Toropoviene

Vilniaus kolegija, Saltoniskiy g. 58-1

Abstract This article explores the application of Artificial Intelligence (Al) in the field of English for Specific Purposes (ESP), with a
focus on Technical English instruction for learners specializing in Automotive Technical Maintenance, Automobile Electronics, Electrical
Automation, and Energy Engineering. Grounded in educational theory and informed by case-based analysis as well as survey, the article
evaluates how Al tools such as ChatGPT, Grammarly, LingQ, and Al-driven Learning Management Systems (LMS) contribute to domain-
specific vocabulary acquisition, communication skills, and applied learning. The study aims to offer educators insights into the integration of
Al into curriculum design, fostering learner autonomy and bridging the gap between technical training and language proficiency.

Keywords: Artificial Intelligence (Al), English for Specific Purposes (ESP), technical English, language learning tools, curriculum

integration.

Introduction

English for Specific Purposes (ESP) is a branch of
English language education that focuses on developing
learners' language skills in specific professional or academic
fields. Within ESP, Tec

hnical English plays a crucial role for students preparing
for careers in technical domains such as automotive
maintenance, automobile electronics, electrical automation,
and energy engineering (Dudley-Evans & St John, 1998).
These fields require proficiency not only in general
communication but also in understanding and producing
domain-specific  language, technical documentation,
operating procedures, and safety communications.

Traditional methods of teaching Technical English
often struggle to address the full spectrum of learners' needs.
Printed textbooks, standardized listening exercises, and non-
interactive grammar drills rarely reflect the dynamic,
context-rich environments that technical students will
encounter in their future workplaces (Hutchinson & Waters,
1987). Moreover, teachers frequently face challenges such as
a lack of authentic materials, limited time for personalized
feedback, and difficulty simulating realistic technical tasks
in classroom settings.

Artificial Intelligence (AI) has emerged as a
transformative force in education, offering solutions that can
help overcome these challenges. By integrating Al
technologies into ESP instruction, educators can create
personalized learning experiences that mirror real-world
professional demands. These tools provide opportunities for
simulating interactive workplace communication, analyzing
authentic texts, and receiving instant feedback on technical
writing—all of which are vital for building communicative
competence in a specific field (Warschauer & Healey, 1998).

The relevance of Al tools in ESP is particularly
significant for technical students. For instance, those
studying automotive technical maintenance benefit from
practicing customer service dialogues and interpreting
diagnostic reports, while students of electrical automation
need to master descriptions of circuit operations and safety
regulations. Energy engineering students, on the other hand,
must become familiar with compliance documentation and

sustainability discourse. Al technologies can support all of
these needs by providing contextualized and adaptive
content aligned with each specialty.

Al applications such as ChatGPT (a conversational Al
model), Grammarly (a grammar and style correction tool),
LingQ (an extensive reading platform), and intelligent LMS
platforms (such as Canvas or Knewton) are increasingly used
in vocational settings. These tools facilitate not only
language acquisition but also engagement with technical
subject matter in English (Godwin-Jones, 2011). Through
Al-powered environments, students can simulate on-the-job
scenarios, receive immediate error corrections, and engage
in task-based learning activities tailored to their field.

The role of Al in enhancing Technical English
instruction for ESP learners has gained traction in recent
scholarly research. Ngo and Hastie (2024), in their study at a
Scottish university, introduced an Al-integrated module in
English for Academic Purposes and observed improved
student outcomes in Al literacy, critical evaluation, and
confidence in using Al tools. Similarly, Ko¢ and Savag
(2024) conducted a meta-synthesis of 57 articles that
analyzed Al chatbot usage in English language learning.
Their findings confirmed that chatbots increased learner
motivation and engagement while offering instant
feedback—a factor crucial for students in technical
specialties where real-time task correction is vital.
Furthermore, Mamirova (2024) emphasized the importance
of Al in personalized ESP education, concluding that Al
tools helped align instruction with each learner’s cognitive
style and professional needs. These findings illustrate that
incorporating Al into ESP classrooms can address the
specific learning styles and objectives of students in
automotive, electronics, and energy disciplines, thus
supporting more adaptive and effective instruction.

Aim and Goals of the Study The primary aim of this
study is to examine the integration of Artificial Intelligence
(Al) tools in the teaching and learning of Technical English
for students in specialized ESP programs—specifically in the
fields of Automotive Technical Maintenance, Automobile
Electronics, Electrical Automation, and Energy Engineering.

The specific goals of this research are to:
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1. Identify how Al tools support the development of
language skills necessary for domain-specific technical
communication.

2. Analyze the suitability and impact of specific Al
technologies such as ChatGPT, Grammarly, LingQ, and Al-
driven LMS platforms for ESP contexts.

3. Assess the benefits and limitations of Al-supported
learning for both students and instructors in vocational
technical education.

4. Propose practical strategies for effectively
integrating Al into ESP curriculum and instructional design
based on students‘ survey conducted.

Research Methods This study employs a qualitative
theoretical-analytical approach supported by a review of
recent literature, case-based educational practices, and tool-
based performance evaluation. Data and insights were drawn
from the following methods:

Literature Review: Analysis of key theories
(Constructivism, Connectivism, Cognitive Load) and
applied research on Al integration in ESP.

Case Studies and Practical Scenarios: Examination
of field-specific student activities involving Al tools in
technical subjects such as automobile diagnostics, circuit
interpretation, and energy compliance documentation.

Tool-Based Comparison: Evaluation of Al platforms
based on usability, learning outcomes, and appropriateness
for vocational English contexts.

Survey: Questionnaire to the Ist year students of
Technical Faculty at the Vilnius College.

1. Theoretical Framework

From a theoretical perspective, the use of Al in ESP
instruction aligns with constructivist, connectivist, and
cognitive load theories. Constructivist theory emphasizes
learning through active engagement in meaningful tasks,
which Al can support by simulating real-world problems
(Vygotsky, 1978). Connectivism highlights the importance
of accessing and synthesizing knowledge from a variety of
sources, a process enhanced by Al’s capacity to deliver
curated and context-specific content (Siemens, 2005).
Meanwhile, cognitive load theory underlines the necessity of
minimizing extraneous information, something that Al tools
achieve through simplification, chunking, and visualization
(Sweller, 1994).

To support this growing interest in Al integration,
recent empirical studies have provided valuable statistical
insights. A 2024 survey by the Digital Education Council
involving 3,839 students from 16 countries revealed that
86% already use Al tools in their studies. Among them, 69%
used Al for information searches, 42% for grammar
checking, and 33% for summarizing documents. However,
58% felt unprepared for Al-integrated work environments,
and 80% believed their institutions lacked adequate Al
integration.

Similarly, a German university study (Garrel, Mayer,
2023) found that although only 17.2% of students had
experienced Al in formal teaching, many used it
independently to improve writing, generate ideas, and
translate texts. Particularly, foreign students viewed Al as a

means to bridge language gaps. In Bangladesh, over 80% of
EFL learners identified Al tools like Grammarly as effective
in improving grammar and vocabulary, while 65.4% found
that Al saved time in completing assignments.

In Latvia, engineering students reported using
ChatGPT, Grammarly, and DeepL for paraphrasing and
creating technical presentations. About 66% believed Al
enhanced their learning outcomes, though some warned
against overreliance. A Ukrainian study found ChatGPT
widely used for language support and research among
students in business, IT, and engineering fields, reinforcing
the need for tailored integration strategies.

Moreover, a 2024 meta-analysis of 40 empirical studies
with over 3,000 participants showed Al has a strong positive
effect (g = 0.812) on English learning achievement. This
confirms the high potential of Al tools in ESP learning
environments, especially for technical disciplines where
language and content are deeply intertwined.

The integration of Al into ESP instruction is not without
challenges. Questions remain about the accuracy of Al-
generated content, particularly in highly technical contexts.
There is also concern about learners becoming overly reliant
on Al, potentially undermining critical thinking and
independent language production. Additionally, disparities
in access to digital tools may widen existing educational
inequalities (Selwyn, 2019).

2. Al Tools Used in Technical English Teaching
and Learning

Despite these limitations, the potential of Al to enhance
the teaching and learning of Technical English is substantial.
By offering real-time interaction, immediate feedback, and
authentic content tailored to technical domains, Al can
transform how students engage with language learning. As
technical industries continue to globalize, proficiency in
English is not just an academic requirement but a
professional necessity. Al stands as a valuable ally in helping
ESP learners meet this demand.

ChatGPT (OpenAl) generates realistic dialogue and
technical scenarios using natural language generation.
Students in automobile maintenance programs can interact
with ChatGPT to simulate repair dialogues, diagnostic
interviews, or safety briefings. In energy engineering,
learners can query ChatGPT for explanations of technical
standards or protocols.

Advantages:

- Creates realistic technical dialogues in English.

- Supports content explanation and interactive
vocabulary learning.

- Available 24/7 for individual practice and
clarification.

Disadvantages:

- May misinterpret complex or context-specific
technical queries.

- Requires supervision to ensure content validity and
safety standards alignment.

Grammarly offers grammatical, stylistic, and clarity
suggestions based on context. Learners can draft technical
reports, lab summaries, or service documentation and receive
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real-time correction and tone adjustment. For example,
energy engineering students writing project briefs benefit
from feedback on technical expression and formality.

Advantages:

- Enhances technical writing accuracy.

- Encourages professional tone adherence.

Disadvantages:

- Does not recognize highly specialized terminology.

- May oversimplify technical phrasing.

LingQ offers authentic content and tracks reading and
listening progress. Students can access articles, podcasts, and
manuals related to automotive electronics or electrical
engineering. Custom word lists help reinforce field-specific
vocabulary.

Advantages:

- Encourages extensive reading on technical subjects.

- Builds listening fluency through context.

Disadvantages:

- Lacks speaking and writing practice features.

- Relies on learner discipline.

Al-driven LMS (e.g., Knewton, Canvas) adapts
learning paths and provides performance-based content
sequencing. Electrical automation learners can follow
personalized modules on safety terminology, machine
operations, or blueprint interpretation. The LMS adjusts
pacing and content based on assessment outcomes.

Advantages:

- Personalizes instruction for technical learning levels.

- Automates formative feedback.

Disadvantages:

- May require complex setup and institutional support.

- Needs careful design to integrate both language and
technical training.

Al tools enable technical students to engage with
realistic content, simulate workplace interactions, and
receive feedback tailored to their professional context.
However, these benefits are contingent on appropriate task
design and instructor guidance. For example, Al-generated
dialogues must be critically evaluated to ensure accuracy and
relevance. Furthermore, balancing automation with critical
thinking and collaborative problem-solving remains
essential. The combination of technical expertise and
communicative competence should be the goal, with Al
serving as a bridge—not a replacement—for teacher-
mediated learning.

2.1. Practical Applications and Case Studies

Automobile Electronics: Learners used ChatGPT to
role-play customer-service interactions and troubleshoot
dashboard diagnostics. By generating various failure
scenarios, they expanded their procedural vocabulary and
practiced explanation skills.

Electrical Automation: Students practiced explaining
circuit functionality to Al chatbots. They used Grammarly to
refine maintenance log entries and operational reports,
improving clarity and consistency.

Energy Engineering: Learners used LingQ to explore
texts on sustainable energy technologies, building field-
specific reading fluency. LMS modules were aligned with

IEC and OSHA standards to provide targeted language
practice for safety and compliance communication.

3. Impact Analysis of AI Use in Technical ESP
Education

Al technologies profoundly affect the teaching and
learning of Technical English for students in automotive
technical maintenance, automobile electronics, electrical
automation, and energy engineering. The following analysis
outlines the core advantages and disadvantages, supported
by observations and practical implications.

Advantages

1. Personalized Learning — Al systems such as
adaptive LMSs and chatbots tailor content to student
proficiency and interests, which increases motivation,
promotes autonomy, and suits vocational learners’ practical
orientation.

2. 24/7 Access to Practice — Tools like ChatGPT
provide support outside class hours, allowing reinforcement
during internships or work placements.

3. Contextualized Technical Communication — Al
simulates job-relevant tasks like safety briefings or
equipment operation dialogue, supporting authentic ESP
development.

4. Enhanced Feedback and Error Correction —
Tools such as Grammarly improve writing quality for lab
reports and service documentation.

5. Vocabulary Acquisition — Platforms like LingQ
expose learners to domain-specific terms in authentic use,
reinforcing language retention.

6. Integration with Multimodal Learning — Al
supports learners who benefit from visual, auditory, or
interactive media, aiding retention.

7. Workplace Readiness — Al tools familiarize
students with digital technologies found in industry
environments.

Disadvantages

1. Imaccuracy in Technical Contexts — Chatbots may
occasionally generate incorrect technical responses, which
can be problematic without educator oversight.

2. Over-Reliance on Technology — Students may
become too dependent on Al tools, impeding independent
communication skills.

3. Limited Speaking Practice — Most tools are text-
based, offering minimal practice for oral communication
skills.

4. Low Interpretive Skills — Al may bypass deep
engagement with text, leading to weaker critical reading and
evaluation.

5. Digital Divide — Inconsistent access to devices or
internet can create inequalities in Al-assisted learning
opportunities.

6. Reduced Human Interaction — Al-based learning
may reduce collaborative and interpersonal communication
opportunities.

7. Language Bias and Simplification — Al-generated
language may lack the complexity or precision required in
technical documentation.
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4. Survey

This study investigates the impact of Al tools on the
development of Technical English skills among English for
Specific Purposes (ESP) learners. A survey of 75 technical
students revealed 100% usage of Al tools, with ChatGPT
being the most frequently used. Key uses included grammar
correction, idea generation, and technical translation. While
94.6% of respondents reported improved performance,
challenges such as translation inaccuracies and passive
learning were noted. Results support integrating Al-based
activities into ESP classrooms with appropriate pedagogical
support to enhance engagement and language competence.

Methods: A structured questionnaire was administered
to 75 technical students of the first year enrolled in ESP
courses. Items focused on tool usage frequency, learning
purposes, perceived benefits, challenges, and desired
classroom activities. Data were analyzed using descriptive
statistics to identify trends and inform instructional design.

Results: All 75 participants (100%) reported using Al
tools. ChatGPT was used by all, followed by Grammarly (8
users), and DeepL (8 users), LingQ (4), QuillBot (1). The
most frequently used Al tools are shown in Fig 1.

Most frequently used Al tools
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Fig 1. Al Tool Use
Learning Purposes: Most common Al uses such as

grammar correction (36), idea generation (34), and
translation (28) are demonstrated in the following Fig 2.
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Fig 2. Learning Purposes of Al tools for use

Perceived Helpfulness: 73 students (97.3%) found Al
tools helpful for understanding technical terminology.

Performance Impact: 16 students (21.3%) reported
significant improvement, and 55 (73.3%) slight
improvement while using Al.

Challenges: the following issues while applying Al
such as Inaccurate translations (30), overreliance (13), and
unclear feedback (13) were noted by respondents.

Challenges
B [naccurate
translation

B Overreliance

® Understanding
feedback

® No major
issues

Fig 3. Challenges of Al use for learning purposes

Preferred Activities: Students favored vocabulary
games (33) and Al-assisted writing tasks (27).

Discussion: Findings indicate high engagement with Al
tools, especially ChatGPT, for tasks aligned with ESP
needs—grammar, technical comprehension, and writing.
Positive learner attitudes suggest strong potential for
classroom integration. However, risks such as inaccurate
translations and passive learning signal a need for guided,
critical use. Vocabulary games and writing activities present
entry points for curriculum design.

The integration of Al tools into English for Specific
Purposes (ESP) instruction is increasingly influencing
students’ technical language acquisition. Survey data from
75 students revealed that ChatGPT was overwhelmingly the
most used tool, with all participants reporting some level of
engagement, while others such as Grammarly and DeepL
saw comparatively marginal use. This finding aligns with
Hockly’s (2018) observation that conversational Al
technologies are becoming central to autonomous language
learning environments. Students predominantly employed
Al for grammar correction (48%), idea generation (43%),
and translation (37%), indicating that these tools effectively
support both micro- and macro-level writing tasks. Notably,
97% of respondents reported that Al tools were helpful or
very helpful in mastering technical terminology, echoing
Peters and Jandri¢’s (2019) findings on AI’s role in
enhancing discipline-specific vocabulary acquisition.

However, despite the broadly positive impact, some
students expressed concerns about translation accuracy and
the risk of overreliance on Al assistance. These challenges
underscore the need to incorporate Al literacy and critical
evaluation into the learning process, as Zawacki-Richter et
al. (2019) emphasized the importance of shifting from
passive learning behaviors to exploratory, tool-assisted
engagement.

Overall, the results demonstrate that AI tools—
particularly ChatGPT—have become integral to technical
English learning among ESP students. Most learners
experienced noticeable improvement in language
performance through Al-supported study, especially in
grammar correction, translation of specialized texts, and
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generating ideas. To enhance learning outcomes further, it is
recommended that educators integrate Al strategically into
ESP curricula. Classroom activities should emphasize active
engagement, including vocabulary games, writing
challenges, and contextualized chatbot interactions, which
students rated highly. Instructors should also provide
guidance on the critical use of Al, helping students assess
and validate Al-generated content. By addressing the risks of
overreliance and promoting digital literacy, educators can
ensure that Al tools function as a support mechanism rather
than a crutch, ultimately fostering independent language
development and confidence in technical communication.

Conclusion and recommendations

This research demonstrates that Al technologies offer
transformative potential for teaching Technical English in
ESP contexts such as automotive maintenance, electrical
automation, and energy systems. Al enhances learner
engagement, scaffolds complex terminology, and provides
realistic communication scenarios that reflect workplace
demands.

Survey data from 75 students revealed that ChatGPT
was overwhelmingly the most used tool, with all participants
reporting some level of engagement. The analysis highlights
that tools like ChatGPT, Grammarly, LingQ, and adaptive
LMSs are particularly effective in supporting vocabulary
development, technical documentation, and contextualized
communication. These platforms empower students with
24/7 personalized access, enabling independent and blended
learning approaches that align well with hands-on vocational
training.

Nevertheless, despite the broadly positive impact,
several students articulated reservations concerning the
reliability of Al support, particularly with respect to
translation accuracy and the potential for overdependence on
such tools. The survey data further revealed specific
challenges reported by respondents, including inaccurate
translations (n = 30), tendencies toward overreliance on Al
assistance (n = 13), and instances of unclear or ambiguous
feedback (n = 13). Additionally, disparities in digital access
and the reduction of collaborative learning opportunities may
affect student outcomes.

In conclusion, while Al is not a replacement for skilled
instruction, it represents a powerful supplementary tool.
When implemented thoughtfully—with tasks designed
around real-world technical applications and supported by
educator oversight—AI can bridge linguistic gaps, foster
autonomy, and prepare ESP learners for successful
communication in global technical professions.
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STUDENTU TECHNINES ANGLU KALBOS
TOBULINIMAS ESP PASITELKIANT DIRBTINI
INTELEKTA

Svetlana Toropoviené

Vilniaus kolegija

Santrauka. Siame straipsnyje nagrinéjamas dirbtinio
intelekto (DI) taikymas mokant angly kalbos specialiesiems
tikslams (ESP), daugiausia démesio skiriant techninés angly kalbos
déstymui Automobiliy techninio eksploatavimo, Automobiliy
elektronikos sistemy, Atsinaujinancios energijos inZinerijos,
Elektros ir automatikos inzinerijos studijy programy studentams.
Vadovaujantis §vietimo teorija, atvejy analize ir apklausos
rezultatais, straipsnyje vertinama, kaip DI jrankiai (ChatGPT,
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Grammarly, LingQ) ir dirbtiniu intelektu grjstos mokymosi savarankiSkumg ir mazinti atotriikj tarp techninio rengimo ir
valdymo sistemos (LMS) prisideda prie techninio Zzodyno kalbinés kompetencijos.

jsiminimo, komunikaciniy gebé&jimy ugdymo ir praktinio Reik$miniai ZodZiai: dirbtinis intelektas (DI), angly kalba
mokymosi. Sio straipsnio tikslas — suteikti pedagogams jzvalgy specialiesiems tikslams (ESP), techniné angly kalba, kalbos
apie DI integracija i mokymo programas, skatinti studenty mokymosi jrankiai, mokymo programy integracija.
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ATRAMU SU LANKSCIAIS ELEMENTAIS MODELIAVIMAS TAIKANT BEM

Audrius Cereska'?, Andrius Terebas!'

Wilniaus Gedimino technikos universitetas, Plytines g. 25, Vilnius
*Vilniaus kolegija, Saltoniskiy g. 58-1, Vilnius

Anotacija. Atrama — masinos elementas, perduodantis apkrovas pagrindui arba kitoms konstrukcijoms. Paprasta atrama skirta atlaikyti
iSilgine kryptimi veikiancias jégas, o lanksti atrama — iSilgine ir skersine kryptimis veikiancias jégas. Lanks¢iy atramy naudojimo galimybés
yra labai placios. Tiksliojoje mechanikoje lanks¢ios atramos naudojamos pozicionavimo, mikro pozicionavimo, vibracija slopinanciose
sistemose, taip pat kai reikia tvirtinti su reguliavimu ir kitais konstrukciniais atvejais. Pagrindiné lanks¢iy atramy problema — stabilumo
uztikrinimas. Siame darbe tiriamos atramy su skirtingy storiy ir medZiagy lanks¢iais elementais stabilumo priklausomybé nuo lankstaus
elemento medziagos ir gabarity. Atliktas lanksCiy atramy standumo modeliavimas taikant baigtiniy elementy metoda (BEM). Atlikus BEM
rezultatai analizuoti ir suformuluotos iSvados. Gauti duomenys gali biiti praktiSkai naudojami tiriant ir projektuojant naujas pageidaujama
stabilumg uztikrinancias lankscias atramas bei tobulinant esamas atramy konstrukcijas.

ReikS$miniai ZodZiai: atrama su lanksciais elementais, standumas, poslinkis, baigtiniy elementy metodas (BEM).

Ivadas

Gamtoje galima rasti labai daug lanks¢iy mechanizmy
analogijy. Sios analogijos atkartojamos jvairiuose
mechanizmuose. Prietaisy gamyboje lanksCios atramos
naudojamos patikimam tvirtinimui prie pagrindo su
reguliavimo ir vibracijy slopinimo galimybémis.

Optiniy prietaisy gamyboje lankstiis mechanizmai
integruojami veidrodziams ir l¢Siams tvirtinti, kai reikia
tiksliai juos suderinti. Tokio tipo konstrukcija daznai
naudojama optinio spindulio kreipimo  sistemose.
Uztikrinant optiniy mazgy ir prietaisy tvirtinimo stabiluma
ir kompensuojant deformacijas, kuriy gali atsirasti dél
Siluminio plétimosi ar tvirtinimo prie pagrindo metu.
Lanksciy atramy naudojimas yra efektyvus ir ekonomiskas
techninis sprendimas.

Kosmoso pramonéje lankstiis mechanizmai naudojami
labai placiai. Jais tvirtinami ypac jautris ir tikslis prietaisai
ir jy komponentai. Komunikacijos anteny konstrukcijose
lankstlis mechanizmai atlicka tiksliy judesiy valdymo
funkcijas. Tvirtinimo konstrukcija priklauso nuo techniniy
reikalavimy (Slocum, 2010).

Mokslinéje literatiiroje pateikta daug lanksCiy atramy
su lakStinémis spyruoklémis tyrimy. 1956 metais
publikuotame straipsnyje (Jones, 1956) nagrinétas optiniy
prietaisy gamyboje naudojamas mechanizmas su
lygiagrediai isdéstytomis lakstinémis spyruoklémis. Siy
mechanizmy populiarumg patvirtina nauji  moksliniai
straipsniai. Straipsnyje (Brouwer, Meijaard, Jonker, 2013)
pateiktas atnaujintas tokio mechanizmo matematinis
modelis. Siy atramy standumas ir stabilumas tirtas darbuose
(Leach, Smith 2020; Smith, Chetwynd, 2005), atlikta daug
moksliniy tyrimy (Awtar, Slocum, Sevincer 2007; Brouwer,
Meijaard Jonker, 2011; Aktas, Howe, 2019).

Publikuotame straipsnyje (Brouwer, Meijaard, Jonker,
2011) pateiktas lanksCios atramos standumo skai¢iavimo
formuliy iSvedimas, kai poslinkiai dideli. Idealiu atveju
atramos su lygiagreCiomis laksStinémis spyruoklémis
standumas turéty biti didelis, taciau didéjant poslinkiui jis
mazeja. Atlikta konstrukcijos baigtiniy elementy analizé.
Pateiktos aproksimuotos lygtys, skirtos tiksliai nustatyti
deformacijos jégai. Net kai jlinkiai santykinai dideli, iSvesty

formuliy skai¢iavimo rezultatai tiksliai sutampa su baigtiniy
elementy analizés rezultatais.

Moksliniame straipsnyje (Aktas, Howe, 2019) tirtas
reguliuojamo standumo mechanizmas. Sio mechanizmo
veikimo principas yra toks pat kaip ir lanks¢ios atramos su
lakstinémis  spyruoklémis. Taciau §io mechanizmo
spyruoklés sudarytos i§ keliy lakSty. Eksperimento
rezultatai parodé, kad naudojant zemo lygio vakuuma
standumas padidéja apie 12 karty.

Darby (Meijaard, Brouwer, Jonker 2010; Nijenhuis,
Meijaard, Brouwer, 2020) tikslas — nustatyti atramos
tvirtinimo prie pagrindo ar surinkimo paklaidy jtaka
atramos parametrams. Straipsnyje (Meijaard, Brouwer,
Jonker, 2010) pristatytas analitinis, skaitinis ir
eksperimentinis lanks&ios atramos tyrimas. Sio tyrimo esmé
yra nustatyti svirties pasukimo kampo jtaka lankscios
atramos saviems dazniams. Pagal Siuos pokycCius galima
daryti iSvadas apie tyrimo objekto standumo parametry
poky¢ius. Eksperimentams buvo naudojamos dviejy tipy
lakstinés 0,2 ir 0,37 mm storio spyruoklés. Tyrimo rezultatai
parodé, kad nedideli kampo poky¢iai gali sukelti didelius
lanksc¢ios atramos statiniy ir dinaminiy parametry pokyc¢ius.
Standumo sumazéjimas x asies kryptimi praktinés reik§més
neturi. Taciau mazas standumas asiy z ir ypac¢ y kryptimis
gali sukelti i85ukiy projektuojant mechanines sistemas su
lanks¢iomis atramomis. Sis neigiamas efektas akivaizdus,
kai naudojamos plonos ir plokscios lakstinés spyruoklés.
Darbe (Nijenhuis, Meijaard, Brouwer, 2020) tirta lanksti
atrama su sukryziuotomis lakStinémis spyruoklémis.
Tyrimais nustatyta, kad ir labai nedidelis spyruokliy
nesutapimas labai sumazina atramos standumg. Kai
spyruokliy nesutapimas virSija 0,1 mm, standumas
sumazéja kritiskai.

Darbe (Pan, Wu, Zhang, Wang, Tan, 2021) tirtos
lakstinés spyruoklés pagamintos taikant 3D spausdinimo
technologijg. Pasirinkta periodiné minimalaus pavirSiaus
groteliy struktiira. Sio tipo struktiiros spyruokléms bidingos
geros savybes.

Moksliniuose darbuose (Wei, Wang, Niu, Deng,
Zhang, Cheng, 2018), (Hao, He, Awtar, 2019) pateikti
lankscios atramos tyrimai, kituose tyrimuose (Wei, Wang,
Niu, Deng, Zhang, Cheng, 2018) lankscios atramos
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poslinkiams fiksuoti naudotas lazerinis jutiklis, o (Hao, He,
Awtar, 2019) — skaitmeninis indikatorius, kuris
mechaniskai kontaktuoja su tiriamu objektu.

Darbe (Wei, Yang, Wu, Niu, Shirinzadeh, 2022) tirta
lanksti atrama su lanksCiu elementu, kurio skerspjvis
apskritimo formos. Sukurta lenkimo momenty pora,
veikianti lanksCig atrama, kurios momenty dydziai
priklauso nuo svarelio masés. Standzios plokstelés galy
poslinkiai matuoti nekontaktiniu bidu lazeriniais poslinkio
matavimo jutikliais. PanaSiu principu sukonstruotas ir
sukimo tyrimo stendas. Siuo tyrimu buvo nustatyta, kad
atramos konstrukcija stipriau veikia sukimo deformacijos
negu lenkimo deformacijos.

Straipsnyje (Zhou, Yu, Han, Wang, Guo, Qi, Zhang,
2023) tirta beveik nulinio Siluminio plétimosi koeficiento
struktiira, kuriai biidingas didelis rezonansinis daZnis.
Eksperimento metu abi struktiiros buvo kaitinamos (iki 20
°C, 25 °C, 30 °C, 35 °C, 40 °C, 45 °C, 50 °C temperatiiry)
ir matuojamos jy deformacijos. Rezultatai parodé, kad
struktlira su lankscCiais elementais deformavosi 92.4 %
maziau negu struktiira su varztais.

Straipsnyje (Pham, Chen, 2005) pateiktas atramos
standumo modeliavimas, taikant atramos elementy
nuoseklyji ar lygiagretyji jungimo biidg. Modeliuojant
nustatytas funkcinis rysys tarp atramos elementy standumo
ir matmeny. Atrama tirta taikant BEM ir eksperimentiskai.

Darbe (Zhang, Wang, Tang, Jiang, Chen, Ge, 2023)
tirta lanksti atrama, kuriai biidingas mazas standumas,
didelis sukimosi kampas, stiprumas ir funkcionalumas.

Straipsnyje (Friswell, Wang, 2007) tirtas lanksc¢ios
taskinés atramos standumas. Atrama modeliuota naudojant
BEM ir taikant platy ribiniy salygy spektra. Skaitiniai
rezultatai rodo, kad sistemos su lanksCiomis atramomis
daznis gali buti toks pats kaip ir sistemos su standziomis
atramomis.

Moksliniame darbe (Conde, Simdes da Silva, Santos,
Lemma, Tankova, 2023) lankscios jungties analizei taikytas
komponenty metodas remiasi atskiry daliy standumo ir
stiprumo analize, o tada jvardytos bendros jungties savybés.
Sitlomas naujas mechaninis modelis, skirtas jvertinti
priekinés plokstés komponento pradinj standuma esant
neplok§tuminei  apkrovai.  Modelis  tirtas  taikant
eksperimentinj ir skaitmeninj parametrinj metodg. Gautas
mazas rezultaty skirtumas.

Lanks¢iy atramy tyrimai placiai aprasyti mokslingje
literatiroje, tarp teoriniy ir eksperimentiniy rezultaty
akivaizdis skirtumai. Mazai lanks¢iy atramy palyginamyjy
tyrimy su skirtingy medziagy, storiy lanksciais elementais.

Tyrimy tikslas — atlikti lanks¢iy atramy modeliavima
taikant BEM ir nustatyti skirtingy medziagy ir ploksteliy
storio jtakg atramy standumui.

Tyrimu objektas

Siame darbe tiriama lanksti atrama su lankséiais
elementais. Tiriamos atramos schema pateikta 1 pav.
Tiriama atrama sudaryta i§: virSutinio pagrindo, apatinio
pagrindo, lanks¢iy elementy, poverzliy, varzty.

CICI® .

|
!

©O© )

1 pav. Tiriamos atramos principiné schema (1 — virSutinis
pagrindas, 2 — apatinis pagrindas, 3 — lankstiis elementai, 4 —
poverzlés, 5 — varztai), b — plotis, h — storis, 1 — ilgis

Saltinis: sudaryta autoriy

Siekiant wuztikrinti pakankama lanksCios atramos
standumg literatiroje (Eijk, 1985) rekomenduojama, kad
ilgio ir plocio santykis btty nuo 0,25 iki 0,5. Vadovaujantis
rekomendacija lanks¢iy elementy matmenys parinkti tokie:
ilgis I — 50 mm, plotis b — 25 mm ir atstumas tarp laksciy
atramy — 25 mm. Lanks¢iy atramy elementai pagaminti i§
skirtingy medziagy, kuriy matmenys ilgis ir plotis 1 ir b
vienodi, iSskyrus storj h. Lanks¢iy elementy ploksteléms
naudotos trys skirtingos medziagos: aliuminis, titanas ir
spyruoklinis plienas. Lanks¢iy atramy elementy techniniai
parametrai pateikti 1 lenteléje.

1 lentelé. Lanksc¢iy elementy techniniai parametrai

" Tankis, Tamprqmo Puasono Tal'<umo Stlprum
Nr. Medziaga Kke/m? modulis, kooficientas riba, riba,
PREM)E GPa 0,00xMPa_ MPa
1. Aliuminis AlMg3 | 2660 70,5 0,33 80 215
2. | Titanas 3.7035 | 4510 105 0,32 270 390
Spyruoklinis
3. plicnas 14310 7900 195 0,29 415 815

Lankscios atramos modeliuotos taikant BEM.
Lankscios atramos modeliavimas taikant BEM

Tiriamos atramos BEM analizé atlikta naudojant
,,COMSOL Multiphysics* programine jranga. Lankscios
atramos skaitinis modelis, padalintas j baigtinius elementus,
pateiktas 4 pav. LanksCios atramos apatinis pagrindas buvo
fiksuojamas, o virSutiné dalis veikiama jégos y aSies
kryptimi (2 pav.). Atramos BEM analizé atlikta keiciant
pridéting jéga, lanksciy elementy medziaga ir ploksteliy
storj. Keiciant $iuos parametrus kito pagrindo poslinkisA,,
jégos pridéjimo kryptimi. Nustatytas poslinkis A,, pridéjus
jega k.
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Poveikis y aSies kryptimi

2 pav. Lankscios atramos modelis, padalintas j baigtinius
elementus
Saltinis: sudaryta autoriy

Atlikus BEM modeliavimg gauti poslinkiy 4,, pokyciy
grafikai pateikti 3, 4, 5 pav.

Rezultatai ir apibendrinimas

BEM analizés-rezultatai pateikti grafiskai 3, 4, 5 pav.

5,5

4,5

Poslinkis, mm

Aliuminis, (4,3 N) Titanas, (14,5 N) Spyruoklinis
plienas, (22,1 N)
Akrova, N

3 pav. Lankscios atramos poslinkis, atsizvelgiant j pridéta jéga, kai
plokstelés storis 0,4 mm
Saltinis: sudaryta autoriy

2,5

1,5

Poslinkis, mm

0,5

Aliuminis, (26,8 N) Titanas, (89,9 N) Spyruoklinis

li 138,1 N
Apkrova, N plienas, (138,1 N)

4 pav. Lankscios atramos poslinkis, atsizvelgiant j pridéta jéga, kai
plokstelés storis 1,0 mm
Saltinis: sudaryta autoriy

[y
~
6]

Poslinkis, mm
=

o
wn

Aliuminis, (68,1 N) Titanas, (230,5N)  Spyruoklinis
plienas, (354,6 N)
Akkrova, N

5 pav. Lankscios atramos poslinkis, atsizvelgiant j pridéta jéga, kai
plokstelés storis 1,6 mm
Saltinis: sudaryta autoriy

Pagal BEM modeliavimo rezultatus, pateiktus
grafikuose, matoma, kad didziausi poslinkiai gauti taikant
spyruoklinj pliena, pridéjus 5,2 kartus didesng jéga negu
taikant lankscius elementus i§ aliuminio ir 1,5 karto didesng
jéga uz atramg su lanksCiais elementais i§ titano, kai
ploksteliy storis 0,4 mm. Pana$i situacija su kity storiy
ploksteliy lanksciais elementais. Taikant atramose 1,0 ir 1,6
mm aliuminio ir spyruoklinio plieno ploksteles, pridéty jégy
skirtumas yra apie 5 kartus, o poslinkio skirtumas tik apie 2
kartus. Vadinasi, atrama su spyruoklinio plieno elementais
standesné uz atramas i§ titano ir ypa¢ uz atramas su
aliuminio plokstelémis.

Apibendrinus tyrimy rezultatus galima teigti, kad
veikiant dideléms apkrovoms spyruoklinis plienas
labiausiai tinkamas naudoti lanksc¢iose atramose. Atramos
su 0,4 mm storio spyruoklinio plieno lanks¢iais elementais
esant tik 22,1 N apkrovai poslinkis 4,2 mm. Atrama su 0,4
mm storio aliuminio lanksCiais elementais praktiskai
netinkama naudoti, nes esant tik 4,3 N apkrovai gautas net 2, 1
mm poslinkis.

ISvados

1. Pateikta atramg rekomenduojama naudoti, nes jos
labai paprasta konstrukcija, todél lengva ir pigu
pagaminti, diagnozuoti gedimus. Kuo konstrukcija
paprastesné, tuo ji patikimesné. Keiciant atramos
lanks¢iy elementy medziagg ir storj galima gauti
pageidaujamus konstrukcijos parametrus.

2. Lyginant tris medziagas geriausias jégos ir poslinkio
santykis gautas naudojant spyruoklinj plieng. Aliuminio
ir spyruoklinio plieno jégy santykis (19-81 %), o
poslinkio santykis (50-50 %) lyginant atramas su 0,4
mm storio plokstelémis.

3. Apibendrinus rezultatus galima teigti, kad veikiant
dideléms apkrovoms lanksCiose atramose geriausia
naudoti spyruoklinj plieng. Atrama su 0,4 mm storio
aliuminio lakStiniais lanksCiais elementais praktiSkai
netinkama naudoti, nes esant 4,3 N apkrovai gautas net
2,1 mm poslinkis.
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MODELING OF SUPPORTS WITH FLEXIBLE
ELEMENTS USING FEM

Audrius Cere§ka'?, Andrius Terebas!

Vilnius Gediminas Technical University
? Vilniaus kolegija/Higher Education Institution

Summary. A support is a machine element that transfers
loads to the base or other structures. A simple support is designed
to withstand forces acting in the longitudinal direction, while a
flexible support is designed to withstand forces acting in the
longitudinal and transverse directions. The possibilities of using
flexible supports are very wide. In precision mechanics, flexible
supports are used in positioning systems, micro-positioning
systems, vibration-damping systems, as well as when fastening
with adjustment and other structural cases are required. The main
problem of flexible supports is ensuring stability. This work
studies the dependence of the stability of supports with flexible
elements of different thicknesses and materials on the material and
dimensions of the flexible element. The stiffness modeling of
flexible supports was performed using the finite element method
(FEM). After performing FEM, the results were analyzed and
conclusions were formulated. The obtained data can be practically
used in the study and design of new flexible supports that ensure
the desired stability, as well as in the improvement of existing
support structures.

Keywords: support with flexible elements, stiffness,
displacement, finite element method (FEM).
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POLIO PAGRINDO LAIKOMOSIOS GALIOS NUSTATYMAS PAGAL POLIO STATINIO
BANDYMO REZULTATUS

Danuté Slizyté, Kestutis Urbonas, Rimantas Mackevicius

Vilniaus Gedimino technikos universitetas, Sauléetekio al. 11, Vilnius

Anotacija. Siuolaikingje statyboje poliai daznai naudojami dél patikimumo ir gebéjimo atlaikyti dideles apkrovas. Projektuojant polius
naudojami skirtingi skai¢iavimo metodai, kurie tinka konkreiomis geotechninémis salygomis. Vienas i$ pagrindiniy poliy laikomosios galios
uztikrinimo metody yra statinis poliy bandymas. Taciau interpretuojant rezultatus bei apkrovos ir nuosédzio kreive iSkyla problema, kaip pasirinkti
metoda ribinei laikomajai galiai nustatyti. Siame straipsnyje apZvelgiami $esi grafiniai metodai, pritaikyti devyniems skirtingo ilgio ir skersmens
CFA poliams, sumontuotiems skirtingose statybos aikstelése Lietuvoje. ISanalizavus rezultatus, nustatyta, kad didziausias ribinés laikomosios galios
verciy pokytis uzfiksuotas naudojant Decourt, Chin-Kondner ir Brinch Hansen 80 % metodus, o maziausias — naudojant JAV armijos inzinerinj
metoda. Taip pat pastebéta, kad esant skirtingoms apkrovos nusédimo kreivéms, Decourt, Chin-Kondner ir Brinch Hansen 80 % metodais gautos

keleta karty didesnés ribinés laikomosios galios nei naudojant kitus metodus.

Reik$miniai ZodZiai: apkrovos ir nuosédzio kreive, ribiné laikomoji galia, poliy statiniai bandymai, pastovaus sraigtinio grezimo poliai

Ivadas

Siuolaikin¢ statyby pramon¢ daug démesio skiria
patikimam saugiy pastaty projektavimui. Naujausi plétros
i8stkiai reikalauja ne tik tiksliy projektavimo procediiry, bet ir
pasirinkty projektavimo prielaidy patikros. Pagal Euronormy
projektavimo principus turi biti atliekami ir poliy bandymai.
Poliy bandymai yra labai svarbus etapas vertinant poliy
patikimuma. Siy bandymy rezultatai suteikia svarbios
informacijos apie poliy laikomaja galig.

Bandymy rezultatai labai priklauso nuo bandymy
programos ir bandymy salygy. Labai svarbu pasirinkti tinkama
vieta bandymams statybvietéje. Poliy bandymy salygos turi
atitikti realias poliy eksploatacijos salygas. Bandymy rezultaty
vertinimo metodai gali skirtis ir biti nestandartizuoti, todél
galima daryti skirtingas iSvadas (Jalali, U.H. ir kt.,2025).
Taikant tam tikrus vertinimo metodus, poliy bandymai gali
atskleisti, kad poliai yra pakankamai tvirti, o kitais metodais
gauti rezultatai gali kelti abejoniy dél poliy laikomosios galios.

Tyrime pateikiama poliy bandymy rezultaty interpretacija
naudojant jvairius metodus. Pateiktas palyginimas rodo, kad
vertinimo rezultatai gali labai skirtis (Cruz Junior, A.J. ir kt.,
2025).

Projektuojant CFA polius yra daug neapibréztumy, tokiy
kaip grunto savybiy jvairové, grunto bandymo metodai,
bandymy rezultaty skirtumai, montavimo metody gausa ir kt.
Patikimiausias budas patikrinti polius yra statiniai apkrovos
bandymai. Bandymai rekomenduojami arba privalomi pagal
projektavimo normas daugelyje Saliy.

Atliekant poliy bandyma statine apkrova gaunama
apkrovos ir nuosédzio kreivé. Kreivé naudojama polio ribinei
laikomajai galiai nustatyti. Vienas i§ paprasCiausiy metody
pateiktas ISO 22477-1 standarte, kur polio pagrindo ribiné
laikomoji galia prilyginama polio nuosédziui, sudaran¢iam 10
% polio skersmens. Taciau daznai, kai poliai tinkamai
suprojektuoti ir veikiami didelémis apkrovomis, toks nuosédis

bandymo metu nepasiekiamas. Todél reikia taikyti kitus
apkrovos ir nusédimo kreivés interpretavimo metodus.

Polio ribing laikomaja galig galima nustatyti pagal polio
statinio bandymo duomenis, naudojant daugiau nei deSimt
skirtingy metody (Adel ir Shakir, 2022): Davisson (1972),
Hansen (1963), De-court (1999), Chin-Kondner (1971),
Mazurkiewicz (1973), De Beer (1968), Brazilian Standard,
Van der Veen (1953), Fuller ir Hoy (1970), Buttler ir Hoy
(1977), Tangent, Corps of Engineers (1991), Hinary ir
Kulhawy (1989), Slope tangent ir kt. Taciau ne visi metodai
yra universalis, kai kurie turi apribojimy, susijusiy su
apkrovos ir nuosédzio kreivés forma (Slizyté D. ir kt. (2023).
Pagal Siuos metodus nustatytos ribinés poliy laikomosios
galios gali labai skirtis.

Sio tyrimo tikslas buvo nustatyti polio pagrindo
laikomasias galias pagal skirtingus apkrovos ir nuosédzio
priklausomybés interpretavimo metodus ir iSanalizavus gautus
poliy pagrindo laikomosios galios tyrimy rezultatus jvertinti jy
patikimuma.

1. Tyrimo objektas

Buvo tirti devyniy poliy, jrengty jvairiose Lietuvos
statybvietése, statiniy bandymy rezultatai. Visi poliai buvo
pastovaus sraigtinio grezimo (CFA — constant flight auger)
tipo, taciau skyrési jy matmenys: skersmuo ir ilgis (1 lentelé).
Taip pat Sie poliai buvo jrengti skirtingomis geologinémis
salygomis, taciau Siame straipsnyje geologiniy salygy jtaka
poliy pagrindo laikomajai galiai nebuvo vertinama.

Bandomieji poliai buvo apkrauti nuo 435 kN iki 3807 kN
aSinémis gniuzdymo jégomis, o santykinis nuosédis s/D (%,
kuris yra polio nuosédis; D — polio skersmuo) svyravo nuo 1,92
% iki 19,09 %. Didziausios pasiektos apkrovos bei santykiniai
nuosédziai pateikti 1 lenteléje ir 1 paveiksle.

Kadangi tik dviejy poliy santykinis nuosédis buvo didesnis
nei 10 %, vertinant poliy pagrindo laikomasias galias néra
galimybés naudoti ISO 22477-1 sitilomo metodo.
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1 lentelé. Poliy bei statiniy bandymy rodikliai
Q maxs kN (S/D)max, %

Nr.  Geometrija

1 D=0,77m,L=8,0m 2582 6,23
2 D=045m,1=3,0m 1226 15,53
3 D=040m,L=40m 435 9,20
4 D=045m,L=40m 1410 4,57
5  D=0,77m,L~4,0m 3661 785
6  D=0,77m,L=4,5m 3807 5,74
7 D=0,80m,L=50m 1270 1,92
8  D=0,60m,1=50m 1350 19,09
9 1500 7,69

D=0,60 m, L=5,0 m

Saltinis: sudaryta autoriy
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1 pav. Tirty poliy statiniy bandymy apkrovos ir nuosédzio
priklausomybé
Saltinis: sudaryta autoriy

2 Naudoti poliy pagrindo laikomosios galios
nustatymo metodai

Poliy didziausiai laikomajai galiai nustatyti buvo
pasirinkti Sesi grafiniai metodai, pagristi apkrovos ir nusédimo
kreive. Vienas i§ pagrindiniy metody atrankos kriterijy buvo
tas, kad juos biity patogu taikyti naudojant Excel programos
skaiéiuokle.

Zemiau pateikiami trumpi pasirinkty metody apradymai
bei pirmojo polio statinio bandymo rezultaty interpretacija
pagal kiekvieng i§ pasirinkty metody.

2.1 Decourto metodas

Decourt (Decourt, 1999) metodu bandymy duomenys
pateikiami Q/s (kur Q — apkrova kN, s — nuosédis mm) ir Q
aSyse (2 pav.) Tokioje koordinaciy sistemoje bandymo
pabaigoje kreivé iSsitiesina. Per paskutinius taSkus bréziama
tiesé. TaSke, kur gauta tiesé kerta abscisg, gaunamas
koeficientas C,, o koeficientas C; atitinka tiesés nuolyd;.
Galutiné polio laikomoji galia apskaic¢iuojama taip:

C>
Qu =—=—

=G M

¢ia:  C; yraregresijos linijos nuolydis; C, — reik§mé
vertikalios aSies ir regresijos linijos sankirtoje (2 pav.).

4000
| g
3500
3000 v =-0,1185x + 346,32
2500
E 2000 C1=0,1185
> 1500 . =
Z C,=346,32
4 1000 s 2
500 A Q,=2923 kN
0 \“’*——0_
0 500 1000 1500 2000 2500 3000

Q, kN

2 pav. Decourt metodas
Saltinis: sudaryta autoriy

2.2 Chin-Kondner metodas

Si metoda 1970 m. pasidilé Chin. Taikant § metoda,
statinio bandymo rezultatai pateikiami koordinaciy sistemoje,
kur vertikali ais rodo nuosédzio ir apkrovos santyki (Q/s), o
horizontali asis — nuosédj. D¢l tokio aSiy pakeitimo
modifikuota kreivé gale i3sitiesina. Sios kreivés dalies
nuolydis apibiidinamas C; koeficientu (3 pav.), o ribiné
laikomoji galia apskai¢iuojama taip:

1
=— 2
=7 )
0,03
y = 0,00033x +0,00326
0,025
0,02
£ 0,015
£
g 0,01
3 €,=0,00033
> 0,005 Q,=3030 kN
*
0o &
0 10 20 30 40 50

s, mm

3 pav. Chin-Kondner metodas
Saltinis: sudaryta autoriy

2.3 Brinch Hansen 80% metodas

Hansenas 1963 metais pateiké polio ribinés laikomosios
galios apibrézima, kuris reiSkia apkrova. sukeliancia keturis
kartus didesnj polio nuosédj, palyginti su tuo, kuris gaunamas
esant 80 % apkrovai.

Taikant § metodg, bréziama s*3/Q priklausomybés nuo
nuosédzio kreive. Dél to modifikuota kreive gale iSsitiesina.
Istiesintai daliai bréZiama linija, kuri kerta vertikalig s*%/Q agj.
Sios asies ir linijos susikirtimo tagkas zymi C, koeficienta, o
C, koeficientas — linijos nuolydj (4 pav.).

Ribiné polio laikomoji galia apskai¢iuojama taip:
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1

Q= — 3
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—
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£ »
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~
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0
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4 pav. Brinch Hansen 80% metodas
Saltinis: sudaryta autoriy

2.4 Dvigubos liestinés metodas

Poliy ribinei laikomajai galiai nustatyti naudojamas ir
dvigubos liestinés (Mishra ir kiti, 2019) metodas. Sis metodas
susideda i§ poliy apkrovos ir nuosédzio priklausomybés
apraSymo dviem liestinémis: viena bréziama i§ pradinio
apkrovos tasko, kita — i§ galo. Dvi liestinés susikerta taske,
kuris naudojamas poliy ribinei laikomajai galiai nustatyti (5
pav.).

3500

3000 y=15,054x+1852,6

2500
= 2000
™y
Cf 1500 &
1000 = y=792,75x+89,75
0
-10 0 10 20 30 40 50 60

s, mm

5 pav. Dvigubos liestinés metodas
Saltinis: sudaryta autoriy

2.5 JAV armijos inZinerinis metodas

Sj metoda naudoja JAV armijos inZinieriy korpusas (U.S.
Army Corps of Engineers, 1999). Taikant §j metoda, i$
apkrovos ir nuosédzio kreivés nustatomos trys apkrovos vertés.
Pirmoji, Qi, yra apkrova, dél kurios polis nuséda 6,4 mm.
Antroji, Q», yra didZiausia laikomoji galia, gauta dvigubos
liestinés metodu. Trecioji, Q3, yra apkrova, dél kurios 0,025
mm/kN nuolydzio linija tampa liestine apkrovos ir nusédzio
kreivei (6 pav.). Ribiné laikomoji galia prilyginama Siy trijy
verc¢iy vidurkiui.

3500
3000
2500
= 2000
= Q;=1341kN
- 1500
o Q,=1887kN
1000 [ =
2 Q;=1684kN
500 o Q,=1637kN
D m
0 10 20 30 40 50

6 pav. JAV armijos inzinerinis metodas
Saltinis: sudaryta autoriy

2.6 Butler ir Hoy metodas

Siuo metodu (Butler ir Hoy, 1977) prie apkrovos ir
nuosédzio kreivés bréziama liestiné su 0,127 mm/kN
nuolydZiu. Antra liestiné bréziama prie apkrovos ir nuosédzio
kreivés pradzios. Siy liestiniy susikirtimo taskas parodo polio
ribing laikomaja galia (7 pav.).

3500
=7,874x+ 2200
3000 y =792,75x + 89,75 Y
2500
= 2000
]
6 1500 .
500
0
0 10 20 30 40 50
s, mm

7 pav. Butller and Hoy metodas
Saltinis: sudaryta autoriy

3. Rezultaty apibendrinimas

Kadangi poliy skersmenys, ilgiai ir geotechninés salygos
skyrési, aSiné poliy gniuzdymo apkrova lémé skirtingas
apkrovos ir nuosédzio kreiviy formas (1 pav.) ir skirtingas
poliy pagrindo laikomasias galias (8 ir 9 pav.)

12000

10000 f---mommm e

BO00 oo ]

G000

O, kN

4000

2000

0

Brinch Hansen 80%
M Butller and Hoy

m Decourt Chin-Kondner

Double tangent
mQuvid

8 pav. Skirtingais metodais gautos poliy pagrindo laikomosios galios
Saltinis: sudaryta autoriy

B Corps of Engineers

62



Technologijos ir menas, 2025/16 ISSN 2783-8064

PolisNr. 1 Polis Nr. 2

Polis Nr. 3

Apkrova, kN Apkrova, kN Apkrova, kN
0 1000 2000 3000 4000 0 500 1000 1500 2000 2500 0 100 200 300 400 500 600
0 : 0 0 -
——Polio bandymo Polio bandymo ——Polio bandymo
kreivé kreive I~ kreive
10 —1;2923 kN 10 —1;2112kN —1;578 kN
10
E ——2;3030 kN E 22222 kN E —2;578
- 20 -2 .
.4 3;2730 kN g2 3;2141 kN “ 3;477kN
3 3 g
2 30 ——4; 1887 kN 2 30 ——4;756 kN 2 ——4;336 kN
El ES 3
——5; 1637 kN Z ——5;410 kN Z —5;220kN
“ 10 40 30
\ —6;2221 kN ——6;857 kN —6;277 kN
50 50 40
Polis Nr. 4 Apkrova, kN PolisNr. 5§ Apkrova, kKN Polis Nr. 6 Apkrova, kKN
0 500 1000 1500 2000 2500 0 3000 6000 9000 12000 0 2500 5000 7500
0 —— Polio bandymo 0 —— Polio bandymo 0 Polio bandymo
kreivé kreive kreivé
— 132220 kN 10 — 1310258 kN 10 —— 135393 kN
5
E —2;2222kN 5 20 ——2;10000 kN E ——2;6250 kN
- b 220
) 3,910 kN 4 3;3445 kN 4 3;6322 kN
3 10 3 30 3
§ —— 4711 kN § " \ ——4; 1539 kN § 30 ——4; 2378 kN
Z 15 —5;875 kN Z ——5;2041 kN Z %0 ——5:2459 kN
—6; 1262 kN 0 \ ——6;3442 kN \ ——6; 3508 kN
20 60 s 50
Polis Nr. 7 Apkrova, kN Polis Nr. 8 Apkrova, kKN Polis Nr. 9 Apkrova, kN
0 500 1000 1500 2000 0 500 1000 1500 2000 2500 0 1000 2000 3000 4000
0 ——Polio bandymo 0 y —— Polio bandymo 0 ——Polio bandymo
reivé B kreive kreive
— 13 1618 kN 20 —— 152415 kN 10 —1;3442 kN
5 £
é ——2; 1742 kN E 40 ——2;2430 kN g ——2; 3448 kKN
S S - 20
4 3;1521 kN 4 3;1243 kN 4 3;2372kN
3 10 bt 60 3
2 ——4;926 kN 2 \ ——4;848 kN 2 30 ——4;910 kN
= 5 80 E
Z 15 ——5;984 kN Z \ ——5;603 kN z 2 ——5;689 kN
A
—6; 1178 kN 100 \ —6;712kN \ —6; 1322 kN
20 120 50

9 pav. Poliy apkrovos nuosédziy diagramos su apskai¢iuotomis polio pagrindo laikomosiomis galiomis pagal metodus: 1 — Decourto, 2 —
Chin-Kondner, 3 — Brinch Hansen 80%, 4 — dvigubos liestinés, 5 — JAV armijos inzinerinis, 6 — Butler ir Hoy; prie metody pateikta
apskaiciuotoji reikSmé
Saltinis: sudaryta autoriy

Siame grafike pateikta ir vidutiné gautyjy polio laikomuyjy
galiy reikSmé. Kiekvieno polio pagrindo laikomoji galia kito
dideliuose intervaluose (2 lentelé ir 8 pav.) Labiausiai iSsiskyré
antrasis polis, kurio maziausia gautoji polio pagrindo laikomoji
galia sudar¢ tik 14% nuo vidurkio, o didziausia buvo 2,05 kartus
didesné uz vidurkj.

2 lentelé. Bandyti poliai

Nr. Qu/Qu, vid
1 0,68-1,26
2 0,14-2,05
3 0,54-1,41
4 0,52-1,63
5 0,31-2,04
6 0,54-1,44
7 0,70-1,31
8 0,43-1,77
9 0,34-1,70

Saltinis: sudaryta autoriy

Vertinant rezultatus (9 pav.), visais atvejais Decourto bei
Chin-Kondner metodais gautos polio pagrindo laikomosios
galios yra ribinés, kai pagrindas suirs. Ta patj atskleidé Brinch
Hansen 80% metodas, iSskyrus ketvirtojo polio rezultatus.
Butler ir Hoy metodu taip pat gauta ribiné 5, 6 ir 9 poliy
pagrindo laikomoji galia. Daznu atveju reikSmés yra
hipotetinés, tai yra polio bandymo metu jy nebuvo pasiekta.

3.1 Normalizuotos apkrovos ir nuosédZio kreivés

Norint atlikti lyginamaja analiz¢ kreiviy formos buvo
normalizuotos naudojant 6,4 mm nusédimg ir §j nuosédi
lemiancig apkrova Qe 4.

Normalizuotos apkrovos ir nuosédzio kreivés pateiktos 10
paveiksle.
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2 lentelé. Qu/Que.4 statistikos duomenys

10 pav. Normalizuotos apkrovos ir nuosédzio kreivés. Qe.4 —
apkrova pagal apkrovos ir nuosédzio kreive, atitinkanti 6,4 mm
nuoséd]

Saltinis: sudaryta autoriy

3.2 Normalizuota didZiausia laikomoji galia

Lyginant gautas normalizuotas ribinés laikomosios galios
(Qu/Ques4) vertes tarpusavyje (11 pav.), galima iSskirti tris
metodus: Decourt, Chin-Kondner ir Brinch Hansen 80 %. Siais
metodais gautos ribinés laikomosios galios vertés labai
skiriasi. Tokius skirtumus galima paaiskinti skirtingais poliy
poky¢iais: $iais metodais gautos pirmosios poliy grupés ribinés
laikomosios galios vertés yra keletg karty didesnés nei gautos
kitais metodais. Inzinieriy korpuso metodas rodo maziausia
ver¢iy sklaida.

12

1 x X oPile | mWPile2 APile3
10
9 = = Pile4 XPile5 @Pile6
8
37 +Pile 7 =Pile8 =Pile9
S s =
& s - -
4
° & X
3 °
2 L 2 ¥ 3 = e
LT % ¥ ¥ %
0
DECOURT CHIN - BRINCH DOUBLE CORPS OF BUTLLER
KONDNER HANSEN TANGENT ENGINEERS AND HOY

80%
11 pav. Devyniy poliy normalizuotos ribinés laikomosios galios
pagal Sesis analizuotus metodus
Saltinis: sudaryta autoriy

Siuos  stebéjimus  patvirtina  apskaiGiuoti  Qu/Ques
statistikos duomenys. 2 lenteléje pateikiama kiekvieno metodo
statistikos duomeny santrauka.

3
53 5 S %] >
c | £ |2 |2 |Esz |8
2 g IR | = E5 | =
8 M =2 | 8 S g 5
o £ 2 e > k=
= 3= B < .8 =
@) A = = A
(=)
Vidurkis 48403 |4,9328 [3,3001 |1,5707 |1,2789 |2,0938
Standartin® |, 135, |} 1091 [07161 [0,1954 [0,0975 [03314
paklaida
Mediana 29141 |33772 2647 |1,5084 [1,2206 |1,6561
Standartinis |3 055 133073 21484 [0,5862 (02924 [0,9943
nuokrypis
Imties 11,5955 11,0709 [4.6154 |03437 |0,0855 |0,9886
dispersija
Kurtosis 10,4846 |-0,8199 (02310 |-0,0433 |-0,7985 |-1,1903
Asimetrijos 1 9979 108993 11225 |0.7118 [0.7307 [0.8320
koeficientas
Duomeny 94262 [9,0191 [6,3418 [1,7927 [0,7895 [2,5073
aibés plotis
Maziausia 1,6701 [1,7981 [1,0430 |0,8149 [0,9877 |1,2160
reik§mé
Didziausia ) 963 1108172 [7.3848 |2.6076 |1.7772 [3.7233
reikSmeé

Saltinis: sudaryta autoriy
Rezultatai ir iSvados

1. Buvo perzitréti Sesi grafiniai poliy bandymy vertinimo
metodai ir pritaikyti devyniems skirtingo ilgio (3,0...8,0
m) ir skersmens (0,40...0,80 m) CFA poliams,
sumontuotiems jvairiose statybvietése Lietuvoje. Tyrimas
rodo, kad poliy bandymy rezultaty vertinimo rezultatai
labai priklauso nuo interpretavimo metodo. Skirtingi
metodai gali lemti labai skirtingas iSvadas.

2. Nustatyta, kad didziausia ribinés laikomosios galios
ver¢iy sklaida gauta taikant Decourt, Chin-Kondner ir
Brinch Hansen 80 % metodus, o0 maziausia — taikant JAV
armijos inZinerinj metoda (standartinis nuokrypis
atitinkamai: 2,1484...3,4052 ir 0,2924).

3. Pastebéta, kad esant skirtingoms apkrovos ir nusédimo
kreiviy formoms, Decourt, Chin-Kondner ir Brinch
Hansen 80 % metodai suteikia keleta karty didesne
laikomaja galia nei gauta naudojant kitus metodus.
Vertinant rezultatus (9 pav.), visais atvejais Decourto bei
Chin-Kondner  metodais gautos polio  pagrindo
laikomosios galios yra ribinés, kurioms esant pagrindas
suirs. Ta patj galima pastebéti naudojant Brinch Hansen
80% metoda, iSskyrus ketvirtojo polio rezultatus. Pagal
Butler ir Hoy metodg taip pat gaunama ribiné 5, 6 ir 9 poliy
pagrindo laikomoji galia. Daznu atveju reikSmés yra
hipotetinés, tai yra polio bandymo metu jy nebuvo
pasiekta.

4. Apibendrinant galima daryti iSvada, kad vertinant poliy
laikomaja galia reikéty naudoti konservatyvesnius
vertinimo metodus arba atlikti i§samesne analizg.

Ypatinga padéka UAB ,,Geotechnikos grupée II uz
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pateikta informacija apie statiniy poliy bandymy rezultatus.

Literatiira

Adel, R., & Shakir, R. (2022). Evaluation of static pile load test
results of ultimate bearing capacity by interpreting methods. /OP
Conference Series: Earth and Environmental Science. 961(1),
012013. https://doi.org/10.1088/1755-1315/961/1/012013

Brinch Hansen, J. (1963). Discussion, hyperbolic stress-strain
response of cohesive soils. Journal of Soil Mechanics, Foundation
Division, 89(SM4), 241-242.

Butler, H.D., & Hoy, H.E. (1977). User’s manual for the texas
quick load method for foundation load testing. FHWA, Office of
Development, Washington, D.C., FHWAIP-77-8.

Chin, F.K. (1970). Estimation of pile not carried to failure. In
Proceedings of the 2nd Southeast Asian Conference on Soil
Engineering (pp. 81-90). Singapore. http://www.springer.com/Incs

Cruz Junior, A.J. da, Rebolledo, J.F.R., Bernardes, H.C., Cruz,
D.M. da & Sales, M.M. (2025). Analysis of a database of
instrumented static load tests on continuous flight auger piles in
tropical soils. REM -International Engineering Journal, 78(2), 1-5.
https://doi: 10.1590/0370-44672023780128

Décourt, L. (1999). Behavior of Foundations under Working
Load Conditions. In Proceedings of the 11th Pan-American
Conference on Soil Mechanics and Geotechnical Engineering (pp.
453-488). International Society for Soil Mechanics and Geotechnical
Engineering.

Jalali, U.H., Alshameri, B., Khalid, M.H., et al. (2025). Data-
driven approach to enhance deep foundation safety: reliable methods
for predicting bored pile capacity. Geo-Engineering 16(16).
https://doi.org/10.1186/s40703-025-00247-3.

Mishra, A., Sawant, V.A. & Deshmukh, V.B. (2019). Prediction
of pile capacity of socketed piles using different approaches. Geotech
Geol Eng 37, 5219-5230.

Slizyté, D., Urbonas K., Mackevicius R. (2023). Prediction of

ultimate bearing capacities of test piles according to different
methods. Modern Building Materials, Structures and Techniques
(MBMST 2023), October 5-6, Vilnius, Lithuania.

U.S. Army Corps of Engineers. (1991). Design of pile
foundations (Engineering Manual 1110-2-2906). Washington, DC
20314-1000.

PREDICTION OF ULTIMATE LOAD-BEARING
CAPACITIES ACCORDING TO DATA OF PILES
STATIC TEST

Danuté Slizyté, Kestutis Urbonas, Rimantas
Mackevicius

Vilnius Gediminas Technical University

Summary. In modern construction, piles are often used due to
their ability to withstand large loads. However, different calculation
methods are used in their design, which are suitable for specific
geotechnical conditions. One of the main methods of ensuring the
load-bearing capacity of piles is the static test of piles. However, when
interpreting the results and the load-settlement curve, the problem
arises of how to choose a method for determining the ultimate bearing
capacity. This article reviews six graphical methods, applied to nine
different length and diameter CFA piles installed in different
construction sites in Lithuania. After analyzing the results, it was
found that the largest variation of ultimate bearing capacity values was
observed using the Decourt, Chin-Kondner, and Brinch Hansen 80%
methods, while the smallest was observed using the Corps of
Engineers method. It was also noted that when different load
settlement curves were present, the Decourt, Chin-Kondner, and
Brinch Hansen 80% methods yielded several times higher ultimate
bearing capacities than those obtained using other methods.

Key words: load-settlement curves, ultimate bearing capacity,
pile static tests.
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GILUMINIO MOKYMOSI MODELIU TAIKYMAS AMZIAUS IR LYTIES NUSTATYMUI PAGAL
VEIDO BRUOZUS: METODU APZVALGA IR ISSUKIAI

Vytautas Ruzgaila ', Jelena Mamé&enko?, Brigita Sustickiené ?

!Projektas ,, Duomeny valdymo sistemos kitrimas “
? Vilniaus kolegija, Saltoniskiy g. 58-1, Vilnius

Anotacija. Straipsnyje nagrin¢jamas giluminio mokymosi modeliy taikymas amziaus ir lyties nustatymui pagal veido bruozus, iSryskinant jy
privalumus, trikumus ir keliamus etinius i§8ukius. Aptariama veidy atpazinimo sistemos struktiira, pagrindiniai metodai (konvoliuciniai neuroniniai
tinklai (angl. Convolutional Neural Networks, CNN), lieckamasis (rezidualinis) tinklas (angl. Residual Network, ResNet), vizualinés geometrijos
grupé (tinklas) (angl. Visual Geometry Group, VGG), efektyvusis tinklas (angl. Efficient Network, EfficientNet), ju pritaikymas amziaus regresijai
bei klasifikacijai, taip pat daugiafunkcio mokymosi (angl. Multi-task Learning, MTL) sprendimai. Pateikiama tyrimy apzvalga, pabréziant
subalansuoty duomeny rinkiniy, tokiy kaip FairFace, svarba SaliSkumui mazinti. Analizuojami etiniai aspektai — privatumo grésmes,
diskriminacijos rizika bei biitinybé derinti sauguma su zmogaus teisémis. Tyrimas parodo, kad nors giluminio mokymosi metodai uztikrina
tiksluma, bitina siekti didesnio algoritmy skaidrumo, etisko taikymo ir duomeny jvairovés, kad buty iSvengta SaliSkumo bei diskriminacijos.

Reik$miniai Zodziai: giluminis mokymasis, veidy atpazinimas, CNN, amziaus nustatymas, lyties nustatymas, etiniai i§§ukiai.

Ivadas

Veidy atpazinimo technologija pastaraisiais metais
sparciai iSpopuliaréjo ir tapo neatsiejama jvairiy sri¢iy dalimi —
nuo kasdienio vartojimo jrenginiy iki sudétingy saugumo
sistemy. Pagrindinis jos tikslas yra tapatybés nustatymas
pasitelkiant biometring autentifikacija, kuri leidzia greitai ir
patikimai atskirti asmenis. Si technologija pla¢iai naudojama
tiek privaciame, tick vie$ajame sektoriuje: iSmanieji telefonai ja
uztikrina patogy atrakinima, o oro uosty kontrolés punktuose
minéta  technologija  tampa  alternatyva  jprastiems
dokumentams ar slaptazodziams. Be to, teisésaugos institucijos
veidy atpazinimo sistemas pasitelkia ieSkomy asmeny
identifikacijai vieSosiose erdvése, taip stiprinamas visuomenés
saugumas.

Vis délto saugumo aspektas néra vienintelis — Si
technologija vis dazniau taikoma ir kitose srityse. Pavyzdziui,
prekybos imonés analizuoja klienty srautus, demografine sudétj
ar net pirkéjy emocijas, siekdamos tiksliau pritaikyti rinkodaros
strategijas bei kurti personalizuotas paslaugas. VieSajame
sektoriuje veidy atpazinimo sprendimai prisideda prie
iSmaniyjy miesty kiirimo: padeda vertinti Zzmoniy judéjimo
srautus, optimizuoti transporto sistemas ar greiiau surasti
dingusius asmenis. Siame kontekste ypa¢ svarbus automatinis
amziaus ir lyties nustatymas pagal veido bruozus, kuris leidzia
susiaurinti paieskos lauka ar tiksliau segmentuoti vartotojus.

Tacdiau $i technologija susiduria ir su reikSmingais
i88ukiais. Pirmiausia, veido bruozy analizg gali iSkreipti jvairiis
veiksniai — apSvietimas, iSraiSkos, poza ar dalinis veido
uzdengimas. Tai apsunkina tiksly ir patikima atpazinima. Kitas
svarbus aspektas — nepakankamai subalansuoti duomeny
rinkiniai. Kai tam tikros amziaus ar lyties grupés dominuoja,
modeliai tampa $aliski, o jy rezultatai gali buti klaidinantys ar
net diskriminuojantys. Techniniu pozitiriu kyla ir efektyvumo
problema: nors giluminio mokymosi algoritmai uztikrina

aukstg tiksluma, jy pritaikymas realaus laiko sistemose
reikalauja optimizacijos bei specialios infrastruktiiros. Be to,
trikksta sistemingos apzvalgos, kuri palyginty Siy modeliy
nasuma ir aiskiai apibrézty kylancias etines dilemas.

Atsizvelgiant | tai, Sio straipsnio tikslas yra atlikti

moksliniy tyrimy, skirty amziaus ir lyties nustatymui pagal
veido bruozus, apzvalga, analizuojant pagrindinius giluminio
mokymosi metodus ir modelius, jvertinant Sios srities i§$ukius
bei apzvelgiant kylancius etinius aspektus.

Siekiami uzdaviniai:

1. ISanalizuoti ir apibendrinti pagrindinius giluminio
mokymosi metodus ir neuroninius  tinklus,
naudojamus automatizuotam amziaus ir lyties
nustatymui i§ veido atvaizdy.

2. Apzvelgti naujausius moksliniy tyrimy rezultatus
(metrikas, duomeny rinkinius ir modeliy nasuma)
amziaus bei lyties nustatymo uzduotyse.

3. Identifikuoti ir aptarti pagrindinius techninius ir
taikant giluminio mokymosi modelius veidy analizéje.

4. lvertinti ir pristatyti etinius bei privatumo aspektus,
kylan¢ius veidy atpaZinimo ir automatinio atributy
nustatymo procese, atsizvelgiant | duomeny sauguma
ir atsakomybe.

1. Metody ir modeliy taikymo veidy analizéje
apzvalga

Veidy atpazinimas Siandien laikomas viena paZangiausiy
ir sparCiausiai tobuléjanéiy kompiuterinio matymo sri¢iy. Si
technologija suteikia galimybe ne tik nustatyti Zmogaus
tapatybe pagal veida, bet ir gauti papildoma informacija —
pavyzdziui, apie emocing blisena, amziy, lytj ar nuotaika.
Pritaikymo sritys yra itin placios: nuo biometriniy
autentifikacijos sistemy, uztikrinan¢iy saugumg, iki jvairiy
rinkodaros sprendimy, kuriuose svarbi demografiniy duomeny
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analizé. Tipiné veidy atpazinimo sistema dazniausiai susideda
i§ keturiy etapy: veido aptikimo, jo sulygiavimo, pozymiy
i§skyrimo ir galutinio atpazinimo.

Veido sulygiavimas (angl. Face Alignment) yra etapas,
kurio metu nuotraukoje esantis veidas pritaikomas prie
duomeny rinkinio bendry parametry. Tai dazniausiai apima
vaizdo pasukimg bei mastelio keitimg, kad pagrindiniai veido
orientyrai (angl. Face Landmarks) buty pateikti nuosekliai ir
palyginamai visoje duomeny bazéje. Toks veiksmas yra
esminis, nes uztikrina geresn¢ treniravimo modeliy kokybe ir
prisideda prie sistemos tikslumo.

Kitas svarbus zingsnis — poZymiy iSskyrimas (angl.
Feature Extraction). Siame procese giluminiai neuroniniai
tinklai sukuria veido reprezentacijas, atspindinéias jo struktiira,
unikalius bruozus bei kitus i$skirtinius pozymius. Daznai tam
naudojami jau parengti modeliai, tokie kaip VGGFace,
ResNet50, MobileFaceNet ar ElasticFace, kuriy architektiiros
sprendimais galima i$skirti universalius bruozus ir uztikrinti
stabily veikima jvairiomis saglygomis (Boutros et al., 2021).

Atpazinimo arba klasifikavimo stadijoje i$skirtos savybés
perduodamos klasifikatoriams, kurie priima sprendimg dél
atitikties konkrec¢iam asmeniui ar kategorijai. Siekiant pagerinti
rezultaty patikimumg, kai kurios sistemos tobulimamos
naudojant specializuotas nuostoliy funkcijas, tokias kaip triplet
loss, center loss ar ArcFace loss, kurios padeda padidinti
klasifikavimo tikslumg (Deng et al., 2020).

Be identifikavimo, veidy analizés sistemos neretai
taikomos ir papildomiems uzdaviniams — pavyzdziui, amziaus
ar lyties nustatymui. Tokiais atvejais placiai naudojami
giluminio mokymosi metodai, ypa¢ konvoliuciniai neuroniniai
tinklai, kurie itin tinka vaizdy analizei (Gao et al., 2024). Jie
veikia tarsi skaitmeniniai filtrai, automatiskai gebantys atrinkti
ir apdoroti svarbiausig vizualing informacija. Tokiu btdu
tinklai imituoja Zmogaus smegeny darba, o tai leidzia patikimai
atpazinti veidus net ir realiomis, sudétingomis salygomis
(Krizhevsky et al., 2012).

Pirmasis etapas — veido aptikimas — yra kritinis, nes jis
leidzia tiksliai nustatyti, kurioje vaizdo srityje yra veidas.
Ankstesniais metais placiai naudoti tradiciniai metodai, tokie
kaip Viola—Jones algoritmas ar orientuoty gradienty histograma
(angl. Histogram of Oriented Gradients, HOG), taCiau jy
tikslumas ir pritaikomumas buvo riboti. Didéjant skai¢iavimo
galimybéms, imta kurti sudétingesnius bei patikimesnius
modelius. Pasitelkus giluminio mokymosi metodikas atrasti
pazangiis sprendimai, tokie kaip daugiatiksliai kaskadiniai
konvoliuciniai  tinklai ~ (angl.  Multi-task  Cascaded
Convolutional Networks, MTCNN), RetinaFace, YOLO-face ar
BlazeFace, kurie geba atpazinti kelis veidus net sudétingomis
salygomis: esant prastam apSvietimui, stipriai kintancioms
mimikoms, pasukus galvg profiliu ar esant jvairiems
trukdziams fone (1 pav.).

1 pav. Sudétingos veido atpazinimo salygos
Saltinis: sugeneruota DI

Auksto lygmens konvoliucinio neuroninio tinklo (CNN)
diagrama paprastai iliustruoja tris pagrindinius etapus, kuriuose
vaizdiné informacija apdorojama, kol galiausiai yra
suklasifikuojama. (Chollet, 2017) (2 pav.).

Pirmasis etapas — Kkonvoliuciniai sluoksniai (angl.
Convolutional Layers). Tai pagrindiné CNN struktiiros dalis,
kurioje atlickamos konvoliucinés operacijos. Jos veikia tarsi
filtrai, gebantys automatiskai aptikti jvairaus sudétingumo
vaizdo bruozus. Ankstyvieji sluoksniai dazniausiai fiksuoja
paprastas formas, tokias kaip linijos ar kampai, o gilesni
sluoksniai atpazjsta sudétingesnius elementus — akis, nosj ar net
visg veido kontiirg.

Antrasis etapas — sujungimo sluoksniai (angl. Pooling
Layers). Jie iterpiami tarp konvoliuciniy sluoksniy ir atlieka
duomeny sumazinimo funkcija. Sie sluoksniai veikia kaip
savotiski ,,suspaudikliai® — jie sumazina vaizdo matmenis, bet
palieka tik reikSmingiausig informacijg. Tokiu btidu sumazéja
skai¢iavimo sgnaudos, o modelis tampa atsparesnis objekto
padéties ar mastelio pokyciams.

Trediasis etapas — visiSkai sujungti sluoksniai (angl.
Fully Connected Layers). Cia sujungiama visa ankstesniy
etapy informacija ir tinklas priima galutinj sprendima. Sioje
dalyje CNN klasifikuoja objekta pagal iSmoktas reprezentacijas
— pavyzdziui, nustato zmogaus lytj ar priskiria ji tam tikrai
amziaus grupei.
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2 pav. Auksto lygmens CNN diagrama
Saltinis: Pagliari et al., 2018
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3 pav. pateikiama CNN architektiiros, naudojamos veido
atpazinimo uzduotyse, versija. Procesas pradedamas nuo
jvesties sluoksnio, kuriame pateikiamas pradinés veido
nuotraukos vaizdas (daznai kvadratinio formato, pvz., 256x256
pikseliy). Toliau informacija apdorojama per kelis
konvoliuciniy ir sujungimo sluoksniy rinkinius. Pirmieji
sluoksniai aptinka paprasCiausius bruozus, o vélesni —
sudétingesnes struktiras, tokias kaip akys, nosis ar visas veidas.
Sujungimo sluoksniai, pavaizduoti kaip mazesni sta¢iakampiai,
padeda sumazinti duomeny kiekj, iSlaikant svarbiausius
pozymius.

Vélesniame etape visos i$skirtos savybés suplokstinamos
i vieng skaitmeny vektoriy, kuris perduodamas visiskai
sujungtiems  sluoksniams. Si tinklo dalis susieja visa
informacija ir parengia sprendimg. Galiausiai, iSvesties
sluoksnyje gaunamas konkretus rezultatas: sistema gali priskirti
atvaizda vienai i§ kategorijy, pavyzdziui, nustatyti lytj (moteris
/ vyras) arba prognozuoti amziy (tiksly skaiCiy ar tam tikrag
amziaus grupe).

Siy uzdaviniy modeliai gali biti formuojami jvairiais
budais, atsizvelgiant | pasirinktos problemos interpretacijg.
Lyties nustatymas paprastai suprantamas kaip dvejetainé
klasifikacijos uzduotis, kurioje sistema turi atskirti dvi
kategorijas. Amziaus nustatymas yra sudétingesnis ir gali biiti
sprendziamas dviem kryptimis (Rothe et al., 2016b). Vienu
atveju jis traktuojamas kaip regresiné uzduotis, kai modelis
prognozuoja tiksly asmens amziy kaip skaiting reik§me. Kitu
atveju amzius skirstomas j intervalus, o modelis klasifikuoja
asmenj j vieng i§ amziaus grupiy, pavyzdziui, 0-10 mety, 11—
20 mety ir t. t.

I

==

~ e
-. Comational
3 Hgtworg
F ., &

e \
| [ CNN| | Srefore
3

N | Sustire

3 pav. Konvoliucinio neuroninio tinklo (CNN) architektiira,
naudojama veidy atpazinimo uzduociai
Saltinis: sudaryta autoriy

Siems tikslams pasiekti dazniausiai taikomi konvoliuciniai
neuroniniai  tinklai  (CNN), paremti  populiariomis
architektiiromis, tokiomis kaip ResNet, VGGNet ar EfficientNet
(Tan & Le, 2021). Sios architektiiros ypatingos tuo, kad geba
automatiskai iSmokti tinkamus bruozus i$ vaizdy, todél nereikia

rankiniu biidu kurti pozymiy rinkiniy. Vienas zinomesniy
pavyzdziy yra giliojo likestinés vertés (angl. Deep Expectation,
DEX) modelis, kuriame naudojamas patobulintas VGG-16
tinklas amziaus prognozei i§ veido atvaizdy. Vis délto naujesni
EffNet ar ResNet variantai pastaruoju metu atskleidzia dar
tikslesnius rezultatus (Tan & Le, 2021).

2. Tyrimy apZvalga

Pastarajj deSimtmetj veidy atpaZinimo srityje stebimas
spartus progresas, o kartu daugéja ir susidoméjimo papildomais
veido analizés aspektais, tokiais kaip amziaus bei lyties
nustatymas. Sie poZymiai svarbiis ne tik tobulinant biometrines
atpazinimo sistemas, bet ir placiau pritaikomi dirbtinio
intelekto — nuo personalizavimo ar prieigos kontrolés iki
socialinés sgveikos ir reklamos sprendimy.

Mokslingje literatliroje daznai pabréziama, kad tradiciniai
metodai, pagrjsti rankiniu bruozy iSskyrimu, nebegali
konkuruoti su giluminio mokymosi (angl. Deep Learning)
pagrindu veikianciais modeliais. Pastarieji geba patys perimti
vizualinius bruozus tiesiai i§ duomeny, daznai uztikrindami
geresnius rezultatus tiek tikslumo, tiek geb¢jimo generalizuoti
skirtingoms situacijoms pozitiriu.

Vienas i$ jJdomesniy sprendimy pristatytas Ranjan, Patel ir
Chellappa (2020) darbe, kuriame sukurta HyperFace sistema.
Ji paremta daugiafunkcio mokymosi (angl. Multi-task
Learning) principu, leidzianCiu vienu metu atlikti kelias
tarpusavyje susijusias uzduotis: veido aptikimg, padéties
nustatyma, bruozy tasky lokalizavimg ir lyties klasifikavima.
Autoriai parodé, kad dalijimasis tinklo gilesniais sluoksniais
tarp Siy uzduoCiy ne tik padidina bendra tiksluma, bet ir
sumazina modelio sudétinguma bei rizikg persimokyti (angl.
Overfitting).

Svarbig pazanga padaré ir Karkkainen bei Joo (2021),
kurie pasitlé FairFace duomeny rinkinj. Jo esmé -
subalansuoti duomenis pagal rase, lytj ir amziy, taip i§vengiant
daznos problemos, kai modeliai iSmoksta tik dominuojancias
demografines grupes, o retesnius atvejus klasifikuoja netiksliai.
Tyrimas jrodé, kad dirbant su subalansuotais duomenimis
galima pagerinti tikslumg visose grupése bei sumazinti
algoritmy SaliSkuma.

Dar vienas reikSmingas indélis buvo Tan ir Le (2021)
pasitlyta EfficientNet architekttra. Ji uztikrina pusiausvyra tarp
tikslumo ir skai¢iavimo efektyvumo, naudodama compound
scaling metoda, leidziant] model;j pritaikyti prie turimy istekliy.
Dél siy savybiy EfficientNet B0 ir jo variacijos placiai taitkomos
amziaus bei lyties klasifikavimo uzduotyse, ypa¢ mobiliosiose
ar debesijos sistemose, kur svarbu pasiekti gera nasumga
iSlaikant maza modelio dydj.

Boutros, Damer, Kirchbuchner ir Kuijper (2021) tyrime
pristaté ElasticFace metoda, paremta ArcFace praradimo
funkcija. Ji uztikrina aiskesnj panasiy veido bruozy atskyrima,
todél ypa¢ naudinga klasifikuojant gretimas amziaus grupes ar
labai panaSius veidus. Tokie metodai didina modeliy
patikimuma ir sumazina klaidingy klasifikacijy tikimybe, o tai
itin svarbu realybéje.
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3. Etiniai aspektai veidy atpaZinimo procese

Svarstant veidy atpazinimo technologijy etinius aspektus,
galima iSskirti tris glaudziai tarpusavyje susijusias sritis:
privatuma ir Zmogaus teises, algoritminj SaliSkuma bei
diskriminacijg ir balansg tarp saugumo bei priezitiros.

Privatumas ir Zmogaus teisés. Veidy atpazinimo
technologijos kelia itin daug diskusijy dél privatumo, nes jos
leidzia be asmens Zzinios masiSkai sekti bei fiksuoti zmoniy
buvimo vietas vieSosiose erdvése. Skirtingai nei kiti
biometriniai pozymiai, veidas yra vieSai matomas, todél
informacija apie Zzmogaus judéjima, elgesj ar net emocijas gali
biiti renkama ir saugoma be jo sutikimo. Tai kelia grésme
asmens laisvei ir teiséms, nes technologija gali tapti priemone
kurti nuolatinés stebésenos visuomen¢ (Fussey & Murray,
2020).

Algoritminis S$aliSkumas ir diskriminacija. Vienas
opiausiy klausimy — algoritmy $aliSkumas. Tyrimas ,,Gender
Shades* parodé, kad daugelis komerciniy modeliy ne taip
tiksliai atpazjsta motery ir tamsesnés odos asmeny veidus nei
$viesios odos vyry. Toks netolygumas kyla dél to, jog
treniravimo duomeny rinkiniai daznai néra subalansuoti — juose
dominuoja tam tikros demografinés grupés. Pasekmés gali biiti
itin rimtos: nuo nepagristy klaidy iki diskriminacijos, ypac jei
technologija naudojama teisésaugoje ar darbo atrankose, kur
netiksliis sprendimai gali turéti socialiniy ir teisiniy padariniy
(Buolamwini & Gebru, 2018).

Saugumo ir prieziiiros balansas. Veidy atpazinimas
naudingas  uztikrinant  sauguma, ypa¢ kovoje su
nusikalstamumu, taciau bitina rasti pusiausvyra tarp
visuomenés apsaugos ir asmens teisiy. Tai reiskia, kad turi vykti
vieSa diskusija, kokiais atvejais tokias technologijas leistina
naudoti, o kur biitini griezti ribojimai. Tik tokiu biidu galima
uztikrinti, jog veidy atpazinimas prisidés prie visuomenés
geroves, o ne taps priemone zmogaus teiséms riboti (Dennett,
2017).

Etiniai klausimai neatsiejami nuo veidy atpazinimo
tyrimy. Buolamwini ir Gebru (2020) dar karta pabrézé
SaliSkumo problema, parodydami, kad daugelis modeliy ypac
netiksliai atpazjsta tamsesnés odos moteris. Jy tyrimas ne tik
atkreipé démes; j $j reiskinj, bet ir paskatino bendruomeng kurti
skaidresnius bei jvairesnius duomeny rinkinius. ,,Gender
Shades“ tyrimas tapo vienu svarbiausiy atspirties tasky
diskusijose apie atsakingg dirbtinio intelekto taikyma.

ISvados

Atlikta giluminio mokymosi metody, skirty amziaus ir
lyties nustatymui pagal veido atvaizdus, apzvalga leidzia
apibendrinti naujausias technologines tendencijas, jvertinti
techninius ir metodologinius i$§tkius bei iSryskinti etinius
aspektus. Giluminio mokymosi metodai Siuo metu yra
pagrindiné technologiné kryptis automatizuotam amziaus ir
lyties nustatymui, nes jie leidzia modeliams savarankiskai
iSmokti reikSmingy bruozy ir pasiekti auks$ta atpazinimo
tikslumg. Analizuojant naujausius tyrimus nustatyta, kad

modernios konvoliucinés neuroniniy tinkly architektiiros,
tokios kaip ResNet, VGG ir EfficientNet, uztikrina auksta
tikslumg amziaus regresijos ir lyties klasifikavimo uzduotyse,
o pazangls metodai padidina prognoziy patikimumg ir
sumazina persimokymo rizikg. Pagrindiniai techniniai ir
metodologiniai i$§tkiai i§licka susij¢ su duomeny disbalansu,
etninés jvairovés triikumu ir algoritminiu SaliSkumu, todél
sieckiant modeliy tikslumo skirtingoms demografinéms
grupéms bitina naudoti reprezentatyvius ir subalansuotus
duomeny rinkinius. Etiniu ir socialiniu pozidiriu svarbu
uztikrinti duomeny privatumo apsauga, skaidruma ir
atsakomybe, o subalansuoty rinkiniy, tokiy kaip FairFace,
naudojimas padeda sumazinti diskriminacijos rizika ir didinti
visuomenés pasitikéjimg dirbtinio intelekto sprendimais.
Ateities tyrimai turéty buti orientuoti tiek ] techninius
patobulinimus, tiek j socialinio ir etinio poveikio vertinima,
sieckiant uztikrinti, kad veido analizés sistemos biity patikimos
ir atsakingai taikomos jvairiose srityse, tarp jy saugumo,
sveikatos priezidiros ir §vietimo.

Apibendrinant galima teigti, kad giluminio mokymosi
metodai suteikia Siuolaikiniy techniniy galimybiy, taciau jy
efektyvi ir etiSka taikymo praktika reikalauja subalansuoty
duomeny, skaidrumo ir atsakingo poziiirio, o tik integruojant
technologine naujove su etine atsakomybe galima uztikrinti,
kad veido atpazinimo technologijos prisidéty prie visuomenés
gerovés, nepazeisty zmogaus teisiy ir lygybés principy.
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APPLICATION OF DEEP LEARNING MODELS FOR
AGE AND GENDER RECOGNITION BASED ON
FACIAL FEATURES: A REVIEW OF METHODS AND
CHALLENGES

Vytautas Ruzgaila', Jelena Mamé&enko?, Brigita
Sustickiené ?

!Project ,, Duomeny valdymo sistemos kiirimas
Vilniaus kolegija/Higher Education Institution

Summary. The article examines the application of deep
learning models for age and gender recognition based on facial
features, highlighting their advantages, limitations, and ethical
challenges. It discusses the structure of facial recognition systems,
key methods (CNN, ResNet, VGG, EfficientNet), their application to
age regression and classification, as well as multi-task learning
solutions. A review of studies is presented, emphasizing the
importance of balanced datasets, such as FairFace, in reducing bias.
Ethical aspects are analysed, including privacy concerns, the risk of
discrimination, and the need to balance security with human rights.

The performance of different network architectures is
compared in terms of accuracy, computational efficiency, and
robustness to variations in lighting, pose, and ethnicity. Special
attention is paid to data augmentation techniques, which allow for
improved model generalization when training data are limited.

Furthermore, the study examines ongoing research directions
aimed at improving fairness and interpretability of facial recognition
algorithms. The findings suggest that while deep learning approaches
achieve state-of-the-art accuracy in age and gender recognition, their
deployment must be guided by strong ethical frameworks,
transparent data practices, and clear accountability mechanisms.

Ultimately, the article concludes that the integration of
technical innovation with ethical responsibility is crucial for ensuring
that facial recognition technologies serve social good without
compromising individual rights or reinforcing societal inequalities.

Key words: deep learning, face recognition, CNN, age
estimation, gender classification, ethical challenges.
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STABDZIU ANTIBLOKAVIMO SISTEMOS JTAKA TRANSPORTO PRIEMONES STABDYMO
RODIKLIAMS

Vytenis Surblys'?, Deividas Navikas'?, Petras Kaikaris'

YWilniaus kolegija, Olandy g. 16, Vilnius
2Vilniaus Gedimino technikos universitetas, Sauletekio al. 11, Vilnius

Anotacija. Straipsnyje pateiktas lengvojo automobilio stabdymo rodikliy skaitinis skirtumas, kada automobilyje jjungta stabdziy

line braking with ABS — Open-loop test method standarte pateikta metodika, siekiant i$siaikinti ir pagrjsti skaitinémis reik§mémis stabdziy
antiblokavimo sistemos efektyvuma ir jtaka pagrindiniams automobilio stabdymo rodikliams. Automobilio stabdymo rodikliai (automobilio greitis,
pagreitis, stabdymo jéga, stabdymo kelias) fiksuoti ,,Dewesoft* inercine navigacijos sistema (INS), skirta tiksliems padéties, objekto pozicijos,
greiio ir pagrei¢io matavimams. Sistema turi nauja ,,Kalmano* filtravimo algoritma, kuris integruoja GNSS (globaliosios navigacijos palydovy
sistemos) duomenis su MEMS (angl. Micro-Electromechanical Systems) pagristo inercinio matavimo bloko informacija ir uztikrina stabdymo
rodikliy matavimy tikslumg ir stabiluma. Tyrimo rezultatai rodo, kad intensyvaus stabdymo metu automobilis buvo veikiamas ~8,5 m/s? iSilginio
pagreicio, o stabdymo procesas su jjungta ABS yra 0,6 s trumpesnis nei be ABS. Gautas stabdymo kelias 1,04 m yra ilgesnis, kai nenaudojama ABS.
ABS uztikrina stabdymo proceso stabiluma: paminos spaudimo jéga yra tolygesné, pagreitis maziau kinta, o stabdymo kelias trumpesnis.
Reik$miniai Zodziai: stabdziy sistema, stabdziy antiblokavimo sistema, stabdymo kelias, pagreitis, greitis, stabdymo jéga

Ivadas

Siekiant iSsiaiSkinti ir pagristi skaitinémis reikSmémis
stabdziy antiblokavimo sistemos (ABS) efektyvuma ir jtaka
pagrindiniams automobilio stabdymo rodikliams (automobilio
greiiui, pagreiiui, stabdymo jégai, stabdymo keliui) buvo
atliktas bandymas vadovaujantis ,,ISO 21994:2022 Passenger
cars — Stopping distance at straight-line braking with ABS —
Open-loop test method“ standartu. Bandymams pasirinkta
uzdara kelio atkarpa, kurioje buvo atlikti automobilio stabdymo
bandymai, atsizvelgus j anksCiau minéta standarta, naudojant
,,Dewesoft* inercing navigacijos sistemg (INS), skirtg tiksliai
iSmatuoti padétj, objekto pozicija, greit] ir pagreit].

1. Literatiiros apZvalga

Didéjant  transporto  priemoniy  greifiui,  eismo
intensyvumui ir Zzmoniy liikes¢iams dél transporto priemoniy
saugumo, stabdziy antiblokavimo sistema (ABS) tapo svarbiu
transporto priemoniy saugos jrenginiu. Stabdziy antiblokavimo
sistema serijiniuose automobiliuose pradéta naudoti 1978 m.
Stabdziy antiblokavimo sistemos reikia, kad stabdymo metu
ratai nebiity blokuojami, tai yra stabdymo jégos pasiskirstyty
tarp raty pagal jy sukibimo salygas su atraminiu pavirSiumi.

Pagrindinis stabdziy antiblokavimo sistemos uzdavinys —
palaikyti raty slydima stabdymo metu artimg kritiniam slydimui.
Tuomet pasiekiama geriausiy stabdymo rodikliy. Ji ne tik atlicka
iprastos stabdziy sistemos funkcija, bet ir apsaugo ratus nuo
uzblokavimo (Liu et al., 2021).

ABS yra automobiliy hidrauliniy stabdziy sistemos
papildinys, turintis reik§mingg jtaka stabdymo efektyvumui ir
vairavimo saugumui. ABS gali sutrumpinti stabdymo kelig ir
pagerinti automobiliy valdomuma stabdant (Liqun & Qingsong,
2018). ABS yra elektrohidarauliné stabdziy valdymo sistema,

pagrista Siuolaikiska stabdziy valdymo technologija, integruota
] automobiliy darbiniy-hidrauliniy stabdziy sistema.

Automobiliy elektrohidraulinis stabdymas turi
neprilygstamy privalumy, palyginti su tradiciniu hidrauliniu
stabdymu, pvz. greitas sistemos reakcijos laikas, griztamojo
rySio uztikrinimas, didelis stabdymo efektyvumas (Shengli,
2019).

Kaip efektyvig saugos priemon¢ ABS naudoja elektroninj
valdymo rezimg, kad automatiSkai reguliuoty rato stabdymo
sukimo momentg pagal ,transporto priemonés kelio“ salygas,
kad stabdant nebiity uzblokuotas besisukantis ratas (Tao, 2020).

ABS padidina transporto priemonés sauguma, neleidzia
uzblokuoti raty, taciau veiksmingumas priklauso ne tik nuo
sistemos konstrukcijos ir veikimo algoritmo, bet ir nuo padangy
ir kelio dangos saveikos rodikliy. Tradicinés stabdziy sistemos
néra efektyvios dél raty blokavimo pavojaus, kai kelio dangos
pavirSiai skirtingi, o tai turi jtakos transporto priemonés
stabilumui ir valdomumui. Abdullah et al. 2025 tyrime
sékmingai pristatytas metodas, leidziantis pagerinti ABS
veikimg esant jvairiems trinties koeficientams.

Nors gamintojai vis daugiau démesio skiria automobilio
vairavimo saugumui uztikrinti ABS turi tobulintiny efektyvumo
aspekty, kurie daugiausiai priklauso nuo sistemos ir vairuotojo
elgsenos, esant skirtingiems scenarijams (Zhigiang & Xi, 2018;
Haihong, 2020).

Pasaulio tyréjai nagrinéja jvairiy stabdziy sistemy
efektyvumg su ir be ABS, jy jtaka stabdymo kelio ilgiui,
analizuojami automobilio dinaminiai rodikliai stabdymo metu.
Kita atliekamy tyrimy kryptis yra stabdymo sistemos su ir be
ABS efektyvaus poveikio analizé keiCiant ABS atskirus ir
jungtinius rodiklius.

Allam et al. 2021 atlikti eksperimentiniai tyrimai, siekiant
istirti  ABS  poveikj stabdziy efektyvumui, kai veikimo
parametrai,pvz., stabdziy skysCio slégis ir slydimo greitis,
skirtingi. Obagbuwa et al. 2023 tyrimais sické nustatyti, kaip
uztikrinti efektyvy ABS moduliatoriaus (bloko) elementy
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veikimg, nepriklausomg nuo iSoriniy rodikliy faktiniy
(matuojamy realiu laiku) reikSmiy.

Ulum ir Patriawan (Ulum ir Patriawan, 2022) sukdreé ir
idiegé ABS, naudodami ,,Simulink* programing jranga, ir jrodé
ABS sistemy pranaSumg stabdymo kelio atzvilgiu. Tiek
drégnos, tiek sausos kelio dangos salygomis ABS padidintas raty
trinties koeficientas sutrumpina stabdymo kelig (Uzunov, 2022).
Be to, ABS pagerina darbiniy stabdziy sistemos valdyma, nes
leidzia dinamiskai reguliuoti transporto priemonés raty
stabdymo jégas (Lorencic, 2023).

Krastev, Karapetkov (Krastev, Karapetkov, 2025) pateikti
eksperimentinio tyrimo, skirto motoriniy transporto priemoniy
vairuotojy reakcijos laikui realioje miesto aplinkoje, rezultatai,
kai imituojamas pavojingas scenarijus: vairuotojo akiratyje
esancioje aklojoje zonoje staiga pasirodo klifitis. Remiantis
surinktais duomenimis, buvo sukurtas matematinis modelis,
leidziantis jvertinti transporto priemonés kinematinius rodiklius
stabdymo fazéje ir jj taikyti ABS efektyvumui didinti.

2. Tyrimui naudota jranga

Stabdziy sistemos bandymai fiksuojami ,,.Dewesoft
sukurta inercine navigacijos sistema (INS), skirta matuoti tikslig
padétj, orientacija, greitj ir pagreitj. Si sistema naudoja Kalmano
filtravimo algoritma, kuris integruoja GNSS (globaliosios
navigacijos palydovy sistemos) duomenis su MEMS (angl.
Micro-Electromechanical Systems) pagristo inercinio matavimo
bloko informacija, uZtikrindama matavimy tiksluma ir
stabilumg. ,,.Dewesoft Navion 12 (1 lentel¢) yra Sios sistemos
kompaktiskas, patikimas ir tvirtas modelis (1 pav.). Jis turi dvi
antenas ir palaiko RTK (angl. Real-Time Kinematics)
technologija, leidziancig pasiekti padéties nustatymo tiksluma
iki 1 centimetro. Suderinamas su jvairiomis palydovinémis
sistemomis, tokiomis kaip GPS (L1, L2, L5), GLONASS (L1,
L2, L3), BeiDou (B1, B2), Galileo (E1) ir kitomis. Sistema
uztikrina tikslius matavimus net kai GNSS signalas ribotas.

1 lentelé. , Navion i2“ prietaiso techniné specifikacija (Dewesoft,
2023)

Sasaja Ethernet (10/100), CAN, 2x
RS232 (RTK, NMEA)

Darbiné jtampa 9iki36 V

Energijos sanaudos 3,5W

Darbiné temperatiira -40 °C iki +71 °C (0,8 °C/min
Maks.)

Matmenys 102 mm x 81 mm x 48 mm
Svoris 310 g
Aplinkos apsauga IEC 60529, P68

Saltinis: sudaryta autoriy

Pagrindiniai ,,Navion i2* matavimo parametrai:
» geografiné platuma, ilguma ir aukstis;

* orientacija (posvyris ir kryptis);

» greiCiai ir kampiniai greiciai;

* automobilio pagreiciai;

*  Soninio slydimo kampai.

1 pav. ,,Navion i2“ matavimo prietaisas ant tiriamo automobilio
Saltinis: sudaryta autoriy

Stabdziy paminos nuspaudimo jégai matuoti naudojamas
jutiklis (2 pav.), jungiamas prie ,.Dewesoft” jrangos. Jutiklis
matuoja jéga nuo 0 iki 1 kN, matavimo tikslumas — 1 %
(MAHA, 2025).

2 pav. Stabd%viqpaminos nuspaudimo jégos jutiklis
Saltinis: sudaryta autoriy

3. Tyrimo metodika

Tyrimui pasirinktas techniSkai tvarkingas automobilis.
Pagrindiniai automobilio parametrai pateikti 2 lenteléje.

2 lentelé. Tyrimams naudoto automobilio techniniai parametrai

Variklio darbinis taris 1,91

Galia (AG / kW) 130 AG (96 kW)
Pavary dézé 5 pavaros, mechaniné
Ilgis x plotis x aukstis 4705 mm x 1745 mm x 1463 mm
Raty bazé 2702 mm

Priekiniy stabdziy disky | 288 mm

diametras

Galiniy stabdziy disky 245 mm

diametras

Padangy matmenys, 195/65 R15, vasarinés
tipas

Saltinis: sudaryta autoriy

Bandymy metu automobilis pasiekia 100 km/h greitj.
Automobilis stabdomas maksimaliai nuspaudziant stabdziy
paming. Bandymai atlieckami po 3 kartus — stabdoma su jjungta
ir i§jungta ABS. Fiksuojama stabdziy paminos nuspaudimo jéga,
iSilginiai ir skersiniai pagrei€iai, tiksli automobilio padétis ir
greitis. Rezultatai pateikti ir iSanalizuoti kitame skyriuje.
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4. Rezultatai

Siame skyriuje pateikti bandymy rezultatai. Stabdymo
metu automobilj veikiantis i8ilginis pagreitis pavaizduotas 2 pav.
Visy bandymy metu pagreicio vertés yra panasios — intensyvaus
stabdymo metu automobilis veikiamas ~8,5 m/s’ pagreicio.
Issiskiria tik 1 bandymo su iSjungta ABS rezultatai. Sio
bandymo metu intensyviai stabdant pagreitis svyruoja 7,2-9,3
m/s%, bet stabdymo trukmé yra panasi kaip ir kity bandymy su
iSjungta ABS sistema.

10

Pagreitis, m/s?

Laikas, s

Su ABS 1 bandymas
Su ABS 3 bandymas Be ABS 1 bandymas

Be ABS 2 bandymas Be ABS 3 bandymas

2 pav. Stabdymo metu uZfiksuoty pagrei¢iy kreives
Saltinis: sudaryta autoriy

Su ABS 2 bandymas

3 paveiksle pateiktos stabdymo metu uzfiksuoty greiciy
kreivés. Rezultatai pateikti apskaiciavus vidutines visy bandymy
reikSmes su jjungta ir i§jungta ABS. Stabdymas su jjungta ABS
truko 3,5 s, su iSjungta sistema — 4,1 s. Stabdymo trukmé su
iSjungta sistema yra 0,6 sekundés ilgesné. Stabdymo kelias su
jjungta ABS sistema yra ~28,35 m, su iSjungta sistema
~29,39 m. Automobilis be ABS sustojo 1,04 m toliau.

30

N
o

0.5s

A

[
o

Greitis, m/s

0 1 2 3 4 5
Laikas, s

Gretis (su ABS sistema)

Greitis (be ABS sistemos)

3 pav. Stabdymo metu uZfiksuoty greiCiy kreivés
Saltinis: sudaryta autoriy

Grafike (4 pav.) pavaizduota stabdZio paminos nuspaudimo
jégos (N) priklausomybé nuo laiko $esiy bandymy metu: trijy su
jjungta ABS ir trijy — su i§jungta. Bandymai su jjungta ABS
pasizymi paminos nuspaudimo jéga ~500-600 N, kreivés
stabilios, svyravimai nedideli. Su i§jungta ABS pasiekiama
mazesné paminos nuspaudimo jéga ~350—450 N, pastebimi
akivaizdils jégos svyravimai ypa¢ pirmame bandyme, bendras
paminos nuspaudimas ne toks pastovus.

600

500
400

300

Jéga, N

200

100

0

0 2 4 6
Laikas, s

Su ABS 1 bandymas
Su ABS 3 bandymas Be ABS 1 bandymas
Be ABS 2 bandymas Be ABS 3 bandymas
4 pav. Stabdymo metu uzfiksuota stabdziy paminos nuspaudimo
5 jega

Saltinis: sudaryta autoriy

Su ABS 2 bandymas

ISvados

Atlikus tyrima galima daryti §ias iSvadas:

1. Intensyvaus stabdymo metu automobilis buvo veikiamas
~8,5 m/s? isilginio pagreiCio. Pastebéta, kad be ABS
pagreicio kreivéi biidingi didesni svyravimai (7,2-9,3 m/s?),
nors stabdymo trukmeé isliko panasi j kity bandymy be ABS.

2. Nustatyta, kad stabdymo procesas su jjungta ABS yra
trumpesnis — automobilis sustojo per 3,5 s, 0 be ABS— per
4,1 s. Stabdymo kelio skirtumas yra 1,04 m (28,35 m su
ABS ir 29,39 m be ABS).

3. Stabdzio paminos nuspaudimo jéga bandymy su ABS metu
buvo didesné ir pastovesné (~500-600 N), palyginti su
bandymais be ABS, kur jéga sieké ~350-450 N bei
i8siskyré svyravimais.

4. ABS uztikrina stabdymo proceso stabilumg: paminos
spaudimo jéga yra tolygesné, pagreitis kinta maziau, o
stabdymo kelias trumpesnis. Tai rodo, kad ABS padidina
automobilio stabdymo efektyvuma ir sauguma.

5. Stabdant be ABS palickamos stabdymo Zymés ant kelio
dangos. Tai rodo, kad Sio stabdymo metu lokaliai dyla
padangos protektorius ir dél to padangos grei¢iau gali tapti
netinkamos naudoti. Stabdant su ABS padangy dilimas
nepastebétas.
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INFLUENCE OF ANTI-LOCK BRAKE SYSTEM ON
VEHICLE BRAKING CHARACTERISTICS

Vytenis Surblys"?, Deividas Navikas'?, Petras
Kaikaris'

" Vilniaus kolegija/Higher Education Institution
2 Vilnius Gediminas Technical University

Summary. The article presents the numerical difference in the
braking characteristics of a light vehicle when the anti-lock braking
system is engaged and when it is disengaged. The test is performed
based on the methodology presented in the standard "ISO 21994:2022
Passenger cars — Stopping distance at straight-line braking with ABS
— Open-loop test method" using In order to clarify and substantiate
with numerical values the effectiveness of the anti-lock braking
system (ABS) and its impact on the main braking indicators of a car,
a test was performed based on the standard "ISO 21994:2022
Passenger cars — Stopping distance at straight-line braking with ABS
— Open-loop test method". The Dewesoft inertial navigation system
(INS) is used to record car braking indicators (car speed, acceleration,
braking force, braking distance) for accurate measurements of
position, object position, speed, and acceleration. The system uses a
new Kalman filtering algorithm that integrates GNSS (Global
Navigation Satellite System) data with information from a MEMS
(Micro-Electromechanical Systems) based inertial measurement unit
to ensure the accuracy and stability of braking performance
measurements. The test results show that during intense braking, the
car was subjected to a longitudinal acceleration of ~8.5 m/s?, and the
braking process with ABS engaged is 0.6 s shorter than the braking
result obtained without ABS. The braking distance of 1.04 m is longer
when ABS is not used. ABS ensures the stability of the braking
process: the pedal pressure is more even, the acceleration fluctuates
less, and the braking distance is shorter.

Key words: Brake system, anti-lock braking system, braking
distance, acceleration, speed, braking force.
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PILNAVIDURIO IR TUSCIAVIDURIO VELENU TANGENTINIU JTEMPIU PALYGINIMAS

Jurijus Tretjakovas

Vilniaus kolegija, Saltoniskiy g. 58-1, Vilnius

Anotacija. Straipsnyje nagrinéjamas to paties skerspjiivio pilnavidurio ir tus¢iavidurio veleny stiprumas grynojo sukimo atveju. Tokiy veleny
stiprumo salygomis tenka apriboti didZiausig tangentinj jtempj velene. Sio jtempio analitiné formulé yra i§vedama pilnaviduriam velenui naudojant
mazy deformacijy hipoteze¢ ir taikant proporcingumo désnj. ISvesta formulé véliau pritaikoma tus¢iaviduriam velenui ir analitiSkai parodoma
ziedinio veleno sienelés storio jtaka tangentinio jtempio kaitai lyginant ziedinio veleno stipruma su pilnavidurio veleno stiprumu.

ReikSminiai ZodZiai: velenas, tangentiniai jtempiai, §lyties deformacija, veleno stiprumas, tus¢iaviduris velenas.

Ivadas

Straipsnyje nagrin¢jamas skritulinio skerspjivio velenas,
kurj veikia tik viena vienintelé jragza, sukimo momentas T (1
pav.). Veleno ilgis /, skritulinio skerspjuvio spindulys 7, o taskas
C nutolgs atstumu r. Plok§tumos ABDC taskai A ir C 1
paveiksle yra parodyti pries deformacija.

1 pav. Veleno geometrija ir padétis prie$ deformacija
Saltinis: sudaryta autoriaus

Po susisukimo deformacijos pilnavidurio veleno
skerspjtivio kontiiras nepakinta ir visi skerspjuviai islieka ploksti
(Bhardwaj, 2021, Gupta, 2020, Hibbeler, 2023). Skerspjavyje
atsiranda grynosios §lyties deformacija.

1. Deformacijy analitinis aprasas

Po susisukimo deformacijos labai mazu kampu ¢ (2 pav.)
taskai A ir C pasislenka labai nedideliais apskritimy lankais ir
uzima pozicija A; ir C;. Slyties elemento deformacija ties tasku
C, nutolusiu atstumu r nuo centro, aprasoma kaip arktangento
funkcija santykiu (nepamirStama, kad labai mazy kampy
tangentai lygls jiems patiems)

_CCy _ CCy
D !

Kampas COCi=¢, todél atstumas CC;:

CCi=p-o (2)
Vadinasi, §lyties deformacija ties tasku C galima iSreiksti:
y =57 3)

Analogiskai aprasoma ir maksimali Slyties (Han, 2023)
deformacija Yy qx ties taSku A ( 2 pav.).

r

2 pav. Veleno skerspjiivio padétis po Slyties deformacijos
Saltinis: sudaryta autoriaus

Gaunamos iSraiskos

_ A4 _ A4

Ymax = 2B 1 “4)
AA, =1 5)
VYmax = % (6)

parodo, kad slyties deformacija proporcinga atstumui nuo
centro.

Sio tyrimo tikslas yra palyginti pilnavidurio ir tus¢iavidurio
vienodos masés veleny maksimalias deformacijas ir jtempius.
Siam tikslui pasiekti reikia i§vesti tangentiniy jtempiy formule,
aprasyti vienodos masés veleny skersmeny skaiCiavimo
metodikg ir atlikti standumo ir stiprumo lyginamaja analizg.

75



Technologijos ir menas, 2025/16 ISSN 2783-8064

2. Tangentiniy jtempiy formulés iSvedimas

Naudodami proporcingumo désnj galime aprasyti jtempius
ties tasku C (Gupta, 2021)

1=Gy=G -# 7)
ir tasku A

Tmax = G " Vmax = G- ®).
Padaling lygtj (8) i$ lygties (7) gauname:

e = )

Lygtis (9) parodo, kad Slyties jtempiai sukimo metu kinta
pagal tiesinj désnj nuo nulio (kai p = 0) iki T4, (kaip =1 =
Pmax)-

Panagrinékime siaurg zieda aplink taska C, kurio
skerspjtvio plotas AA (3 pav.) yra nykstamai mazas.

AAp

r
3 pav. Nykstamai mazas skerspjtivio ziedas
Saltinis: sudaryta autoriaus

Kiekvieng ziedo taska veikia tangentinis jtempis 7 (3 pav.)
kryptimi, statmena linijai, kuri jungia jtempio pridéties taska su
skerspjuvio centru O. Taigi nykstamai maZas momentas apie
taSka O bus isreiskiamas lygtimi:

AT = (t-AA)-p (10).
Formuléje (10) narj 7 - AA reikia suprasti kaip nykstanciai
maza jéga.
Sudéje nykstamai mazus plotus j vientisa sritj gauname:

T=/[ t-pdA (11).

Jrasome lygtj (7) j formulg (11)

T=fAG-¥-pdA (12)
ir gauname sukimo momento israiska
_Go, 2
T=- pr dA (13).

Cia formuléje (13) gautas integralas reikalauja detalesnio
paaiskinimo. I8skirkime ties tasku C (4 pav.) nykstamai maza
plotelj dA dviem spinduliais su nykstamai mazu kampu d¢ ir
dviem apskritimais su atstumu tarp jy dp .

dA=(pxdyp)~dp

(o

Atstumas (oxdg)

4 pav. Nykstamai mazas plotas ties tasku C
Saltinis: sudaryta autoriaus

Formuléje (13) integralg galime keisti dvigubu integralu:

2 4
[0 - pdedp = [ do [ p*dp === (14).
Formulé (14) tampa labiau patraukli praktinéje inzinerijoje
naudojat skersmenj d ir gauta iSraiska (15) vadinama skritulio
poliniu inercijos momentu (Vislavicius, 2008):

(% L nat
=" =t (15).

Iras¢ formulg (15) § (13) ir ja pertvarke gauname posiikio
kampo israiskg (Han, 2023):

@ =" (16).

GIp

Gautg iSraiska (16) pritaike formulése (7) ir (8)

1=G-22_grTt_Tr (17)
L LG, Ip
P
Tmax = 6P = Gip =7 (18)

gausime jtempiy iSraiskas:
- formuléje (17) ties tasku C (5 pav.) jtempj t;

Jo

5 pav. Tangentiniai jtempiai velene
Saltinis: sudaryta autoriaus

- formuléje (18) maksimalius jtempius 7,4, ties tasku A.
3. Ziedinio skerspjiivio veleno jtempiai
Tusciaviduriy veleny maksimallis tangentiniai jtempiai

1SreiSkiami formule:
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Tr
Tmax = [ — (19)
p.isor— Ipyvid
Narj vardiklyje patogiau isreiksti naudojant iSorinj ir vidinj
skersmenis (6 pav.)

6 pav. Tangentiniai jtempiai tus¢iaviduriame velene
Saltinis: sudaryta autoriaus

Tuomet tusciavidurio veleno maksimaliis jtempiai
skai¢iuojami:
Tr

T = (20
max %'(dli%or_dgid) )
Palyginus formules (18) ir (20) darytina i§vada, kad tokio

pat skerspjiivio ploto tus¢iaviduris velenas bus racionalesnis uz
pilnavidurj, nes tokio pat ploto tus¢iavidurio veleno inercijos
momentas bus didesnis. Norint zinoti, kiek padidéja stiprumas,

reikia atlikti lyginamaja analizg.
4. Veleno jtempiy lyginamoji analizé

Palyginkime vienodos masés, t. y. vienodo ilgio ir vienodo
skerspjuvio ploto, dviejy veleny stipruma. Pirmo pilnavidurio
veleno skersmuo d, o antro tus¢iavidurio skersmenys d. ir d; (7
pav.).

7 pav. Pilnaviduris ir tus¢iaviduris vienodos masés velenai
Saltinis: sudaryta autoriaus

Tusciavidurio veleno iSorinio ir vidinio skersmeny santykis
aprasomas parametru k:

de
k=2 @1

Jei veleny masés lygios, tai jy skerspjuviy plotai A; ir A
privalo biiti lygis. Todél

md?

T =T (2 - d?) (22)
Vadinasi,
d? =d?—d? (23)

Naudodamiesi (21) formule galime teigti, kad d, = k- d;
ir pertvarkyti formule (23) iSreikSdami skersmen;j tik vidiniu
skersmeniu

d? = (k-d;)? - d? (24)
ir i§ formulés (24) gauti vidinj skersmenj

2
d? = =
U7 k2

(25)

Taip pat galima pasirinkti, kad d; = de/ k1t skersmenj d
iSreiksti tik iSoriniu skersmeniu

2
d? = d? - (%) (26)
bei i§ formulés (26) gauti iSorinj skersmenj
d? = _ar (27)
¢ 1-(Yya)

Abiejy veleny inercijos momenty santykis, apraSytas
naudojant formules (25) ir (27), parodo veleny standumo
santykj:

(28)

Veleny tangentiniai jtempiai lyginami tariant, kad juos
veikia vienodas sukimo momentas T ir dalinat pilnavidurio
veleno jtempius i$ tuséiavidurio veleno maksimaliy jtempiy:

mwd*
32
T d
o= “ (29)
2 g a2 az \?
et 65
(de/2)

Formuléje (29) sukimo momentai T susiprastina ir jtakos
tangentiniy jtempiy teoriniam palyginimui neturi.

Panagrinékime konkrety atvejj imdami pilnavidurio veleno
skersmenj 20 mm ir santykj k=1,5. Tuomet tusciavidurio veleno
vidinis skersmuo bus 16 mm, o iSorinis skersmuo — 25,6 mm,
inercijos momenty santykis — 2,28 karto, o tangentiniy jtempiy
santykis — 1,78. Vadinasi, tokios pacios masés tusCiaviduris
velenas bus 2,28 karto standesnis ir 1,78 karto stipresnis.

Pasirinkus iSorinio ir vidinio skersmeny santykio k ribas

nuo 1,1 iki 2, veleny standumo santykj puikiai iliustruoja 8 pav.
pateiktas grafikas.
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0 k
1 12 14 1.6 1.8

8 pav. Pilnavidurio ir tuséiavidurio veleny inercijos momenty
santykio kreivé
Saltinis: sudaryta autoriaus

Standumy santykio ribinés reikSmés grafike yra nuo 10,5
iki 1,667.

Veleny maksimaliy tangentiniy jtempiy santykio kreivé
parodyta 9 pav.

T1
T2

|

1

1 1.2 1.4 1.6 1.8 k
9 pav. Pilnavidurio ir tus€iavidurio veleny stiprumo santykio
funkcija

Saltinis: sudaryta autoriaus

Stiprumo santykio ribinés reik§més funkcijoje yra nuo 4,38
iki 1,443.

Taciau Cia reikia paminéti vieng labai svarbig prielaidg —
Siame analitiniame modelyje nenagriné¢jamas veleno stabilumo
praradimas ir tuSCiavidurio veleno suklupimo pavojus, kai
sienelé plona.

Apibendrinimai ir iSvados

1. Remiantis atliktu tyrimu galima teigti, kad tos pacios
masés tus¢iavidurio veleno inercijos momentas lyginat su
pilnaviduriu velenu priklauso nuo iSorinio ir vidinio
skersmeny santykio.

2. Nagrinéjant 20 mm skersmens pilnavidur] veleng ir

tus¢iavidurius velenus su iSorinio ir vidinio skersmeny
santykiais nuo 1.1 iki 2 gauta, kad realiai standuma galima
padidinti 5,54 karto ir atitinkamai 1,667 karto.

3. Atliekant stiprumo santyking analize nustatyta, kad
pilnavidurio veleno tangentiniai jtempiai bus 3,07 karto
didesni.

4. ISorinio ir vidinio skersmeny santykiui vir§ijus 1.6,
standumo kreivés krypties koeficientas sudaré 96,7 %, o
stiprumo kreivés — 51 %.

5. Kai santykis & ribose nuo 1,1 iki 1,2 teoriniy jtempiy,
lyginimo rezultatais praktikoje pasikliauti nedera, nes
modeliuojant nevertinta tusciavidurio veleno plonos
sienelés stabilumo praradimo tikimybé.
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COMPARISON OF SHEAR STRESSES BETWEEN
SOLID AND HOLLOW SHAFTS

Jurijus Tretjakovas

Vilniaus kolegija/Higher Education Institution

Summary. The paper presents the strength of hollow and solid
shafts with the same shear zone area in pure torsion. In the strength
conditions of such shafts, it is necessary to limit the maximum
shearing stress in the shaft. The analytical formula for this stress is
derived for the case of a solid shaft using the hypothesis of small
deformations and the law of proportionality. The derived formula is
later applied to a hollow shaft and the influence of the wall thickness
of the hollow shaft on the variation of the tangential stress is
analytically shown by comparing the strength of the hollow shaft with
the strength of the solid shatft.

Key words: shaft, shear stresses, shear deformation, shaft
strength, hollow shaft.

78



Technologijos ir menas, 2025/16 ISSN 2783-8064

THERMAL ANALYSIS OF PLUG-IN HYBRID VEHICLE CHARGING PROCESS

Aurelijus Pitrénas, Saulius Stravinskas, Tadas Vipartas

Vilniaus kolegija | Higher education institution, Olandy str. 16, Vilnius

Abstract. This study examines thermal safety issues in PHEV charging infrastructure using experimental analysis of a Chevrolet Volt
generation 2 charging process. During the research temperature variations across five system components during 120 min. charging cycles at 3.6
kW in controlled 23°C laboratory conditions using a Fluke Ti480 Pro infrared camera, was monitored.

Results revealed critical safety concerns: wall socket 2 reached temperatures exceeding 150°C — far above the 60°C safe limit for standard
outlets — due to contact resistance 4.3 times higher than normal, creating an immediate fire hazard. The extension cord reached 50°C, suggesting
under sizing for continuous EV charging, while the car connector and on-board charger remained below 45°C.

Thermal resistance calculations validated experimental measurements with less than 3% deviation. Temperature progression showed three
phases: rapid initial heating (0-30 minutes), steady increase (30-90 minutes), and thermal equilibrium approach (90-120 minutes).

The findings demonstrate that aging residential infrastructure poses significant risks when used for EV charging. Key recommendations
include: discontinuing faulty outlets, upgrading infrastructure with minimum 2,5 mm? wire gauge, installing commercial grade outlets, and
implementing periodic thermal monitoring for early fault detection. The research strongly supports dedicated EVSE installations rather than relying

on standard household outlets due to higher loads.

Keywords: Plug-in hybrid electric vehicle (PHEV), electric vehicle charging, thermal analysis, charging infrastructure safety, infrared

thermography.

Introduction

The ongoing worldwide transition to electric mobility is
among the most massive technological and infrastructural
overhauls in recent transportation innovations. Plug-in Hybrid
Electric Vehicles and Battery Electric Vehicles are critical
considerations in initiatives to reduce carbon emissions and
diversification away from crude oil. Nevertheless, this shift is
introducing massive technical problems that span the entire
charging ecosystem and extend beyond simple vehicle
construction.

As plug-in Hybrid Electric Vehicles adoption increases
across the world, the enabling electrical system is being pushed
to extremes that have never been seen before. Unlike other
domestic appliances, which are used for brief moments of the
day, linking an electric automobile to the power grid applies a
constant high current load that may persist for hours. This basic
change in usage is opposed to the design profile of the electrical
systems within homes around the world, which were developed
decades ago for this predetermined grid, resulting in thermal
stress on the entire electric system. This causes the early aging
of electrical equipment from powering sockets to extension
cords, shortening operation, and other safety, including
catastrophic safety hazards.

Specifically, the global thermal management hot topic
influences many elements within the general EV ecosystem. All
in all, effective temperature control is required for the battery
efficiency and lifetime because excess temperature may trigger
an irreversible reaction that affects energy capacity and might
result in a fast increase of symptoms. Special circumstances and
various external climate conditions exacerbate the situation: “In
the cold weather, the powertrain efficiency of EVs falls

considerably, necessitating ITMS that can extricate the electrical
power plant from the passenger region.”

Apart from vehicle centric considerations, the introduction
of large scale EV fleets also poses new thermal and operational
challenges to electrical grids. The load of EV charging can
become concentrated within specific neighbourhoods during the
evening hours, resulting in substantial thermal stresses on
distribution transformers and transmission lines. It can place
them far outside of their thermal rating with severe
consequences for power infrastructure reliability and emergency
response.

In such circumstances, the installation of charging
infrastructure, alongside the implementation of dynamic thermal
ratings on power lines, becomes vital for securing the energy
grid and self-sustainment in systems with extensive renewable
energy integration. At the hardware level of charging
infrastructure, the thermal characteristics of components during
high power charging play a significant role in determining the
device’s capabilities. Stations operating at power outputs
exceeding 50 kW generate enormous amounts of wasted heat,
which needs to be released in a controlled fashion to prevent
components from overheating.

The main literature provides extensive research on thermal
management systems in the context of commercial charging
stations, including phase change materials, uses, and high
capacity heat sinks. However, little research was conducted on
the topic of thermal characteristics of residential Level 2
charging infrastructures operating at substantially lower power
outputs of 3.6 kW and 7.2 kW. This literature gap is especially
critical given that most of the PHEV and BEV charging occurs
within residential homes using suitable home connections. On
average, homeowners will use standard 120V or 230V
connections or light duty extension cords for daily BEV
charging without understanding the thermal limitations of the
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solutions utilized. Such assumptions that the same systems,
which are used for occasional home tool use and room space
heater use, will operate without issues for years or decades when
used to fully replenish the daily range required, can cause
significant infrastructure stress.

The results of the present study will directly address this
critical gap in knowledge through a comprehensive and
systematic thermal analysis of residential PHEV charging
infrastructure. This analysis will leverage recent advances in
thermal imaging technology to characterize the temperature
profiles of wvarious PHEV charging system components
subjected to extended charging durations. For this study, a
second generation Chevrolet Volt with a 3.6 kW on-board
charger was utilized as a testbed, as it exemplifies one of the
millions of PHEVs in operation.

1. Thermal analysis of charging infrastructure

PHEVs are spreading steady, and they offer promise for
cleaning up transport emissions, but there are technical issues on
the vehicle and grid side.

One additional aspect is the thermal management itself that
plays a role not only for vehicle overall performance and
endurance but also regarding charge installation robustness. For
example, thermal management plays a critical role in enhancing
the operation of a PHEV, especially during harsh climatic
conditions.

Cold is a foe of the powertrain, the HVAC system, and
vehicle energy demand themselves because it leads to an
increase in energy demand and lowering of efficiency. To
mitigate these impacts, the second generation Thermal
Management Systems (TMS) is required to enhance energy
efficiency, which is significantly worse than that of the battery,
as well as cabin heating (Ghobadpour et al., 2019; Zhang et al,
2025).

In order to address these problems, as an alternative
approach, Integrated Thermal Management Systems (ITMS)
have been considered, which would optimize the thermal
conditioning in a vehicle. Efforts on applying only the waste
energy from the engine to heat the cabin and battery, compared
with water cooled PTC (Passive Temperature Coefficient)
heating, show potential to significantly decrease energy
consumption. Even though ITMS was able to demonstrate a
remarkable increment in a vehicle's total energy utilization
efficiency, major improvements could still be anticipated (Wei
et al., 2024).

At grid scale, penetration of large numbers of PHEVs adds
thermal and operational stress to a power system. Simultaneous
charging of all the vehicles can also lead to challenges in system
operation, including power systems with significant penetration
levels of exogenously driven variable renewable resources such
as wind. The deployment strategy for charging stations and the
adoption of dynamic thermal limits (DTL) to transmit lines serve
as a countermeasure in order to reduce these effects and improve
energy supply security and unavailability cost (Alharbi &
Jayaweera, 2022).

Furthermore, the PHEVs' charging strategy makes a greater
impact on the grid. Displacement of charging to off peak times
could serve to mitigate the effects on peaks but also result in
creating demand during off peak, which could stress
infrastructure systems (Blumsack et al., 2008; Wei, 2021).

At the hardware level, high powered and fast charging
stations generate a lot of heat that they need to dissipate. Some
studies have also studied passive thermal management systems
using PCMs, which can be applied to the temperature regulation
and maintaining component temperature at a desirable state
(Ghorbani et al., 2024).

The thermal management of power electronics devices
themselves (such as IGBTSs) is also essential to stabilize the
devices under their operational temperature, and necessary
thermal control should be established for maintaining the
stability as well as efficiency of overall EV charging from the
AC source (Haque et al., 2021; Chi et al., 2020).

Given such restrictions and realistic considerations, it is
required to create new types of tools on computation that
appropriately place the PHEV/EV charging infrastructure as
well as identify its size for passing vehicle activities. In the
future, researchers should focus on innovative thermal
management systems and smart charging strategies. These
approaches are required to address the PHEV/EV operational
and high power charging challenges in extreme temperatures,
performance improvement, reliability enhancement, and
efficiency, as well as scalability for the emerging fleet of PHEVs
and EVs (Ali, 2023).

2. Methodology

This study employed an experimental research design to
investigate the thermal characteristics of the Chevrolet Volt
generation 2, with on-board 3.6 kW electric vehicle charger,
charging process. The research utilized quantitative thermal
imaging analysis combined with controlled laboratory testing to
assess heat generation patterns, thermal distribution, and
temperature profiles during charging cycles in wall socket, car
socket, charger cable and cord extension.

The test subject consisted of a Chevrolet Volt generation 2
with on board charger rated at 3.6 kW maximum power output.

Charging process was carried out using TAYSLA Type 1
charger with a 3.6 kW power output, operating at 16 A. This
provides a standard Level 2 charging speed that is ideal for
overnight charging at home or for adding significant range over
a few hours.

TAYSLA Type 1 charger was connected to the Jung
AS1520 wall sockets. These wall sockets have a typical nominal
voltage of 240 V AC, and nominal current of 16 A.

Thermal measurements were conducted using a Fluke
Ti480 Pro infrared camera with the following specifications:

*  Temperature range: -20 °C to +800 °C;

*  Thermal sensitivity: <0.05 °C at 30 °C target temp.;

*  Accuracy: £2 °C or +2 % of reading;

*  Resolution: 640 x 480 pixels;

*  Spectral range: 7.5 umto 14 pm;
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. Frame rate: 60 Hz;

*  Field of view: 24 ° x 17 °.

The camera was calibrated according to manufacturer
specifications prior to each testing session and equipped with
standard lens optics for optimal measurement accuracy at the
predetermined standoff distances.

All experiments were conducted in a controlled laboratory
environment maintained at 23 °C £ 2 °C ambient temperature
with relative humidity of 45% + 5%. The test chamber provided
electromagnetic compatibility shielding and minimized external
thermal interference. Adequate ventilation was maintained to
prevent heat accumulation while avoiding forced convection that
could affect natural thermal patterns.

Each thermal image was captured with embedded
temperature data, timestamp, and test condition metadata.
Simultaneous electrical parameter logging ensured correlation
between thermal behaviour and operational characteristics.

Thermal imaging measurements were performed on
different parts of charging system in two different
configurations. First configuration included car charging port,
car charging cable and electric wall socket. Second
configuration includes additional cord extension connected to
car charging cable and different wall socket.

The infrared camera was positioned at standardized
distances of 1,0 m to optimize measurement accuracy while
maintaining safety clearances. All thermal data was collected at
standard 10 min. time intervals.

Thermal images were processed using Fluke SmartView
software.

3. Test results and data analysis

All obtained thermal test results are given in Table 1, and
summary of the obtained data and calculation results are shown
in Table 2.

The temperature characteristics of charging infrastructure
components are shown in figure 1.

Experimental data analysis was carried out using given
parameters:

*  Charging Power: Pejarger = 3,6 kW;

. Measurement Duration: = 120 min.;

*  Ambient Temperature: Tmpient= 22 °C;

*  Current: /=16 A.

Using the obtained data, heat dissipation power and contact
resistance (or resistance for the cable) for each individual
component can be calculated.

At thermal equilibrium temperature of the component, the
generated heat is equal to dissipated heat:

(1
Pdissipated =h-A-AT,

Where:

h, is heat transfer coefficient (W/m*K), for natural
convection typical range is 5-25 W/m?;

A, is surface area (m?);

AT, is difference from components surface temperature to
ambient temperature.
Resistive power losses can be calculated as:

@)
Presistive = I?- Riontacts
The contact resistance can be estimated as:
_ Pdissipated 3)

Rcontact - 12 ’

The thermal resistance from junction to ambient can be
estimated by:
“

Rthermal = (Tstady—state - Tambient) ' Pdissipated'

Component temperature could be predicted using:

)

— 2, .
Tcomponent - Tambient +1 Rcontact Rthermal-

Thermal images show large temperature gradients between
charging system components.

At the same time, the car connector exhibits moderate
controlled heating up to a maximum of 32.8 °C after 120 min.
periods (d). This modest increase in temperature is a symptom
of good electrical contact and resistive heating within the
connector assembly.

Table 1. Experimental results of thermal analysis of plug-in vehicle
battery charging process

Ti Hottest point, °C
ime,
min Car Car Cord Wall Wall
connector | charger | extension | socket 1 | socket 2
0 10,8 10,2 21,1 223 243
10 19,5 16,7 34,8 38 67,8
20 25,7 22,9 37,2 48,6 96,8
30 28,9 30,7 48,6 504 108,1
40 29,3 334 47 4 52,8 1183
50 284 36,1 48,5 56,4 124.4
60 29,6 37,6 49,6 56,9 134,3
70 30,1 38,8 48,3 57 139,3
80 30,2 39,7 48,9 57,9 143,1
90 30,5 40,4 48,9 57,9 151,2
100 29,5 40,6 493 60 154
110 324 42,7 50,3 59,9 152,3
120 32,8 434 49,1 60,1 153,6

Source: compiled by the authors

The charger has a greater thermal response compared to the
connector where temperatures increase uniformly over time. A
43.4 °C final temperature is acceptable for power electronics
operation, indicating a good thermal management design.

The extension cord is showing a fairly high temperature of
around 50 °C. This level of temperature should be taken into
account as it’s nearly reaching the thermal limits for typical
electrical cabling and may suggest that you are using the cable
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with an undersized conductor cross section to carry the 3.6 kW
load.

Socket 1 is seen to undergo significant heating with its
temperature reaching over 60 °C within the time frame of
observation. This is a real temperature issue so running at this
temperature can degrade the socket material and cause an
increased chance of fire as well.

The second wall socket is a critical fire hazard with
charging temperatures rising over 150°C. This serious
overheating is evidence of serious electrical trouble, such as bad
electrical contact or a loose connection, oxidized or corroded
terminals, wires that are too small in size, broken, afflicted with
corrosion, or poor inter terminal resistance.

Table 2. Summary of experimental results and calculations
Component

Wall Wall
socket | socket
1 2

Parameter Car Car Cord
connector | charger | extension

Initial
temperature, 10,8 10,2 21,1 22,3 24,3
°C
Final 32,8 433 49,1 60,1 | 153,6
temperature
AT, °C 22,0 33,2 28,0 37,8 1293
Steady state
temperature, 30 43 40 60 150
°C
Time to
steady
temperature,
min
Surface area
of
component,
m2
Heat transfer
coefficient
Dissipated
power, W
Contact
resistance, 39 X 85,5 14,2 48.7
mQ
Thermal
resistance, 10 2,5 1,3 10,4 8,33
K/'W
Calculated
component
temperature,
°C
Difference
between
measured and
calculated
temperature,
%

60 80 60 70 90

0,01 0,05 0,09 0,008 0,008

1,0 9,2 21,9 3,65 15,6

31,9 X -50,5 59,8 151,6

2,5 X -2,75 0,5 1,26

Source: compiled by the authors

The temporal analysis reveals distinct heating patterns.

Phase 1 (0-30 min): Rapid initial heating across all
components, with wall socket 2 showing abnormally aggressive
temperature rise.

Phase 2 (30-90 min): Continued heating with steady
temperature increase.

Phase 3 (90-120 min): All components approaching
thermal equilibrium, with exceptional temperature of 154 °C for
wall socket 2.

From obtained data we can conclude some key findings.
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extension
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Fig. 1. Charging infrastructure component temperatures over time
during charging process at 3,6 kW power.
Source: compiled by the authors
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&

Fig. 2. Highest temperature of extension cord during charging
process.
Source: compiled by the authors

Fig. 3. Highest temperature of wall socket 2 during charging
process.
Source: compiled by the authors
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Critical Safety Hazards

Wall outlet 2 is of extremely high temperature (>150 °C),
far beyond the allowable design working temperatures for
standard wall socket outlets (typically <60 °C continuous duty
rated). This is a fire waiting to happen and needs someone in
there immediately.

Wall socket 2 has a contact resistance of 3,4 times higher
than that of wall socket 1 and leads to a corresponding power
dissipation 3,4 times higher with increased high temperatures.
This supports quantitatively the intense electrical failure
diagnosed on thermal analysis.

Fig. 4. Highest temperature of car charging socket during charging
process.
Source: compiled by the authors

Infrastructural Issues

The fact that at wall socket 1 and wall socket 2, which
should be on the same network line with a different route to the
meter closet, has such a dramatic difference in temperature
despite assumed equal load conditions, shows that electrical
infrastructure quality is crucial for charging safety.

Fig. 5. Highest temperature of car charger during charging process.
Source: compiled by the authors

Outlet 2 probably has an aged out connection, not enough
wiring in the wall, or manufacturer malfunction.

Extension Cord Temperature

The extension cord that is heating up to 50 °C indicates that
it may be undersized for sustained 3.6 kW loads.

Operating in continuous EV charging conditions, heavy
duty extension cords (with min. 2.5 mm? metal section or better
4 mm? for 16-20 A charges) need to be used.

Acceptable Vehicle Components

The temperature of both the car connector and on-board
charger are managed properly with temperature maintained in
normal operating range (<45 °C).

Time to Risk

The fast overheating of wall socket 2 that becomes unsafe
to touch in less than 40 minutes shows how heat issues can
escalate very rapidly during EV plugging, highlighting the
necessity for appropriate electrical infrastructure prior to
installing any charging relay.

Conclusions

This experimental data demonstrates that domestic
electrical infrastructure, originally designed for intermittent
appliance use, may be inadequate for the sustained high
current demands of electric vehicle charging. The observed
thermal behaviour, particularly in wall socket 2, illustrates
how aging electrical infrastructure poses significant safety
risks when repurposed for modern EV charging
applications. These findings support the recommendation
for dedicated Electric Vehicle Supply Equipment (EVSE)
installations rather than relying on standard household
outlets for regular plug-in vehicle charging.

Temperature difference between measured and
calculated thermal data does not exceed +3 %, this validates
the experimental data.

Based on conducted thermal data research we can elaborate
on main recommendations.

Some immediate actions should be carried out:

1. Discontinue use of wall socket 2 until inspected and

repaired by a qualified electrician.

2. Investigate and replace any corroded, loose, or

damaged electrical connections.

3. Verify proper wire gauge and circuit breaker sizing for

the charging load.

Some infrastructure improvements should be carried out:

1. Install dedicated charging circuits with appropriate

wire sizing (minimum 4 mm? for 20 A, 240 V circuits).

2. Use commercial grade outlets rated for continuous high

current applications.

3. Consider installing outlet temperature monitoring

systems for early fault detection.

Recommended operational practices for safe EV charging:

1. Avoid using extension cords for EV charging unless

rated for heavy duty continuous use.

2. Perform periodic thermal imaging inspections of

charging infrastructure.
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3. Educate users on warning signs of electrical problems
(discoloured outlets, burning smells, warm plugs).
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IKRAUNAMU HIBRIDINIU TRANSPORTO
PRIEMONIU IKROVIMO PROCESO TERMINE
ANALIZE

Aurelijus Pitrénas, Saulius Stravinskas, Tadas
Vipartas

Vilniaus kolegija

Santrauka. Siame tyrime nagringjami PHEV jkrovimo
infrastrukturos terminio saugumo klausimai, remiantis
eksperimentine ,,Chevrolet Volt* 2 kartos kroviklio analize. Tyrimo
metu ,,Fluke Ti480 Pro* infraraudonyjy spinduliy kamera buvo
stebimi penkiy sistemos komponenty temperatiiros pokyciai 120
minuciy jkrovimo cikly metu esant 3,6 kW galiai kontroliuojamomis
23 °C laboratorijos salygomis.

Rezultatai atskleidé kriting saugos bikle: sieninis lizdas 2
pasieké temperatlira, didesng¢ nei 150 °C, tai gerokai virsija
standartiniy lizdy saugia ribg (60 °C). Dél 3,4 karto didesnés nei
iprastai kontakto varzos kyla gaisro pavojus. Ilginamasis laidas
pasieké 50 °C, o tai rodo, kad jis yra per mazas nuolatiniam EV
ikrovimui, o automobilio jungtis ir jmontuotas jkroviklis isliko
zemesneés nei 45 °C.

Siluminiy varzy skaiGiavimai patvirtino eksperimentinius
matavimus, kuriy nuokrypis mazesnis nei 3 %. Temperatiiros kitimas
uzfiksuotas trimis etapais: greitas pradinis jSilimas (0-30 minuciy),
pastovus Silimas (3090 minuciy) ir Siluminé pusiausvyra (90-120
minuciy).

Rezultatai rodo, kad senstanti gyvenamyjy namy elektros
infrastruktiira, naudojama EV jkrauti, kelia didele rizika. Pagrindinés
rekomendacijos: nesinaudoti sugedusiais kiStukiniais lizdais,
atnaujinti infrastruktiira renkantis ne mazesnj kaip 2,5 mm? laidy
skersmenj, jrengti komercinés klasés kistukinius lizdus ir periodiskai
stebéti temperatlira, kad bty galima anksti aptikti gedimus.
Remiantis tyrimo rezultatais rekomenduojama naudoti specialius
elektromobiliy jkrovimo jrenginius, nes standartiné buitiné elektros
instaliacija gali biiti netinkama reikalaujamoms apkrovoms.

Reik§miniai Zodziai: jkraunamas hibridinis elektrinis
automobilis (PHEV), elektrinio automobilio jkrovimas, terminé
analizé, jkrovimo infrastruktiiros sauga, infraraudonyjy spinduliy
termografija.
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IVAIRIU VEIKSNIU JTAKOS FREZUOJAMO PAVIRSIAUS SIURKSTUMUI TYRIMAI

Audrius Cereska

Vilniaus Gedimino technikos universitetas, Plytinés g. 25, Vilnius
Vilniaus kolegija, Saltoniskiy g. 58-1, Vilnius

Anotacija. Frezavimas — vienas dazniausiai Siuolaikinéje pramongje taikomy mechaninio apdirbimo buidy. Frezavimas, kaip ir
kiti mechaninio apdirbimo budai, sudétingas procesas, kurio rezultatas priklauso nuo jvairiy veiksniy. Kiekvienas veiksnys daro
skirtingg poveikj apdirbimo kokybei. Straipsnyje pateikti frezuojamy paviriy Siurk§tumo priklausomybés nuo jvairiy veiksniy (frezos
sukimosi daznio, pastiimos, frezavimo gylio, tepimo ir ausinimo biido ir priemoniy) jtakos tyrimai. Tyrimy tikslas — nustatyti, kaip Sie
veiksniai veikia frezuojamo pavir§iaus Siurk§tuma. Eksperimentiniams tyrimams atlikti sudaryta metodika, naudota profesionali jranga.
Straipsnio struktiira: jvadas su literatiiros apzvalga, eksperimentinio tyrimo metodika, tyrimams naudota jranga, gauti rezultatai,

apibendrinimas bei iSvados.

ReikS$miniai ZodZiai: frezavimas, SiurkStumas, tepimas ir ausinimas, tepimo ir ausinimo skystis (TAS), sintetinis tepalas.

Ivadas

Mechaninio apdirbimo metu nuo ruoSinio pavirSiaus
nupjaunamas medziagos sluoksnis ir ruoSiniui suteikiama
pageidaujama forma bei matmenys. Apdirbimo metu tarp
detalés ir jrankio susidaro trintis, dél kurios pakyla
temperattra. [rankis dyla, kinta jo pavirsius ir tai daro jtaka
detalés apdirbimo kokybei. Detaliy apdirbimo procesas
valdomas kei¢iant apdirbimo rezimus ir auSinant darbo
zong. Tinkamai parinkus apdirbimo stakles, jrankij,
pagalbines priemones, apdirbimo rezimus bei tepimo ir
ausinimo salygas gali biiti uZtikrinta pageidaujama detalés

kokybeé.
Mechaninio apdirbimo proceso kokybisko rezultato
garantas — tinkamy parametry parinkimas. PavirSiaus

Siurk$tumas — vienas rodikliy gaminiy pavirSiaus kokybei
jvertinti. Mechaninio apdirbimo procesuose apdirbamo
pavirsiaus SiurkStumas priklauso nuo daugelio veiksniy (Do
& Hsu, 2016).

Mokslinio darbo autoriai (Ribeiro et al., 2017) atliko
eksperimentinj tyrima, kurio metu daugiausia démesio
skyré parametrams, turintiems jtakos apdirbamo pavirsiaus
kokybei. Rezultatai parodé, kad svarbiausi veiksniai yra
riadialinis pjovimo gylis ir radialinio pjovimo gylio bei
aSinio pjovimo gylio sgveika.

Mokslininky (Alagarsamy et al., 2020; Sathish et al.,
2020; Selvan et al., 2017) atlikty tyrimy tikslas —
optimizuoti apdirbimo parametrus (pjovimo greitj, pastima
ir pjovimo gylj), uztikrinan¢ius maza pavirsiaus Siurk§tuma
ir minimaly jrankio dévéjimasi. Nustatyta, kad pasirinkus
vidutinj pjovimo greitj, maza pastimga ir vidutinj pjovimo
gylj, pavirSiaus Siurk§tumas sumaZzéja. Remiantis tyrimo
rezultatais, padaryta iSvada, kad pjovimo greitis yra vienas
i§ svarbiy veiksniy, turinciy jtakos pavirSiaus SiurkStumui.

Darbe (Daniyan et al., 2019) pateikti pjovimo jégos
jtakos apdirbimo metu tyrimai. Nustatyta, kad tai
parametras, darantis jtaka efektyviam apdirbimo procesui,
nes nuo pjovimo jégos priklauso pjovimo temperatiira,
jrankio susidévéjimas, energijos suvartojimas ir detaliy
pavirsiaus kokybe.

Mokslininkai (Gajrani & Sankar, 2017) atliko tyrima,
kuriame pasirinktas kokosy aliejus, o ne auSinimo skystis.
Tyrimais nustatyta, kad, naudojant kokosy aliejy kaip
pjovimo skysti, maziau susidévéjo jrankis ir pageréjo
pavirSiaus kokybé. Mokslininky (Naresh Babu et al., 2019)

darbo tikslas — nustatyti alyvuogiy aliejaus ijtaka
apdirbamam pavirSiui. Tyrimo metu pasirinkti Sie
kintamieji: pjovimo greitis, pastima ir auSinimas.
Ausinimui taikyti 3 veiksniai: apdirbimas be tepimo ir
aus$inimo, minimalus tepimo metodas (MTM) ir
naudojamas TAS. Eksperimento rezultatai parodé, kad
naudojant alyvuogiy aliejy maziau susidévi jrankis ir gerai
tepama darbo zona. Pasirinkus alyvuogiy aliejy ir taikant
MTM metoda, jrankio dévéjimasis, palyginti su iprastu
tepimo metodu, sumazéjo 70 %, o apdirbamo pavirSiaus
SiurkStumas — 66 %.

Mokslininko (Kadirgama, 2020) atlikti tyrimai jrodo,
kad naudojant nano skys¢ius kaip jprasta TAS pakaitala
galima sumazinti pavirSiaus Siurk$tumg. Mokslininkai
darbe (Chockalingam et al., 2012) pateiké SiurkStumo
priklausomybés nuo ausinimo biido (sintetinio tepalo, TAS
ir suspausto Salto oro) tyrimo rezultatus. Eksperimento
rezultatai atskleidé, kad pasirinkus TAS nustatyta maziausia
pjovimo jéga. Suspausto Salto oro taikymas nepasiteisino.
Siekdami pagerinti pavirSiaus SiurkStuma mokslininkai
(Giri Prasad et al., 2016) atliko tyrima su j TAS jpyltais
jvairiais papildais. Mokslininkai straipsnyje (Dubey et al.
2020) isskyré Sesis ausinimo ir tepimo bidus, taikomus
pramonéje. Darbe (Nizam Uddin et al., 2015) pateikti
skyscio kiekio jtakos pavir§iaus SiurkStumui tyrimai. Tirtos
trys skirtingos medziagos — plienas, aliuminis ir ketus.
Apibendrinus rezultatus padaryta iSvada, kad tepimo ir
ausinimo biidas daro akivaizdzia jtaka apdirbamy pavirSiy
Sturkstumui. Darbe (Kedare et al., 2014) pateiktas tyrimas,
kuriuo siekta nustatyti pjovimo greicio, pastimos ir
apdirbimo gylio poveikj pavirSiaus SiurkStumui taikant
minimaly tepima.

Apibendrinant literatiiros apzZvalga galima teigti, kad
atlikta daug tyrimy, kuriais nustatyta, kad pjovimo greitis,
gylis ir pastima bei tepimas ir auSinimas turi jtakos
apdirbamo pavirSiaus kokybeli, taciau iki Siol néra aiskaus
atsakymo.

Darbo tikslas — atlikti eksperimentinius tyrimus
siekiant nustatyti frezuojamo pavirSiaus SiurkStumo
priklausomybg nuo jvairiy frezavimo procesui jtaka
daranciy veiksniy.

Tyrimy objektas, jranga ir metodika

Eksperimentiniams tyrimams atlikti naudotas apvalus
14 mm skersmens strypas, pagamintas i§ plieno. Plieno
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techniniai parametrai pateikti 1 lenteléje.

1 lentelé. Plieno techniniai parametrai

]Iilrl Savybés Parametrai
1. Takumo riba 185-235, MPa
2. Tempimo riba 340-510, MPa
3. Kietumas 120, HB
4. Elastingumo modulis 210, GPa

Eksperimentai atlikti QX6226W horizontalaus ir
vertikalaus frezavimo staklémis (1 pav.).

1 pav. Horizontalaus ir vertikalaus frezavimo staklés QX6226W
Saltinis: sudaryta autoriaus

Siose staklése sumontuoti horizontaliis ir vertikaliis
sukliai.  Atliekant eksperimentinj tyrima, pjovimo
parametrai (pjovimo greitis, pastimos dydis ir pjovimo
gylis) parinkti, atsizvelgiant j stakliy galimybes.

Frezuota greitapjuvio plieno freza. Eksperimentinio
tyrimo metu naudota 4 dantuky, 16 mm skersmens pir§tiné
freza (2. pav.).

2 pav. Pirstiné freza
Saltinis: sudaryta autoriaus

PavirSiy  SiurkStumas po kiekvienos apdirbimo
operacijos matuotas Siurk$¢iamacéiu Mitutoyo SJ-210 (3
pav.). Siuo prietaisu galima matuoti jvairius Siurk§tumo
formatus: Rz (um), Ra (um) ir kt. Eksperimenty metu
matuotas Ra (um) rodiklis. Kiekvienas pavirSiaus
Siurk§tumo matavimas buvo kartojamas tris kartus ir i$ trijy
reikSmiy skaiCiuota vidutiné reik§mé. Gauta reikSmé buvo
taikyta kaip galutinis SiurkStumo matavimo rezultatas.

3 pav. Siurks¢iamatis Mitutoyo SJ-210, vaizdas i3 virsaus
Saltinis: sudaryta autoriaus

Prie§ matuojant pavirSiaus SiurkStuma SiurkSc¢iamatis
buvo kalibruotas. Kalibruojant naudota speciali etaloniné
plokstelé prietaisui  kalibruoti, pasirinktas 10 mm
deimantinio antgalio judéjimo atstumas, tai reiskia, kad
prietaiso matavimo antagalis su deimantine adatéle pirmyn
ir atgal judéjo 10 mm atstumu (4 pav.).

Kalibravimo
plokstelé

10
| ‘ — Siursciamatis

S

‘Matavimo antgalis  “Kalibravimo pagrindas

4 pav. Siurkéio Mitutoyo SJ-210 kalibravimas, vaizdas i§
Sono

Saltinis: sudaryta autoriaus

Frezuojant darbo zona buvo tepama ir auSinama
tepimo ir ausinimo skysciu TAS arba sintetiniu tepalu
5SW30. TAS techniniai parametrai pateikti 2 lenteléje.

2 lentelé. TAS techniniai parametrai

]Iilrl Apibiidinimas Savybés ir parametrai
1. Pavidalas Skystas
2. Spalva Sviesiai ruda
3. Tirpumas vandenyje Tirpus
4 Vandemop}:;_(l)tenaalas, 9.3 (25 g/l)
. 0,89 g/em3 (15 °C) (DIN

> Tankis EN ISO 12185)

. . . 52,5 mm2/s (40 °C, DIN
6. Kinematinis klampis EN SO 3104)

Eksperimentiniai tyrimai atlikti pagal parengta
metodika tokia tvarka:

1. Stakliy spaustuvuose jtvirtintas tyrimy objektas.

2. Nustatyti stakliy apdirbimo rezimai (pjovimo greitis,
pastiima ir gylis).

3. Frezuota trimis budais:

3.1. Be tepimo ir ausinimo.

3.2. Naudojant TAS.

3.3. Ausinama ir tepama tepalu (sintetiniu tepalu).

4. Po frezavimo tyrimo objektas iSimtas ir atliktas
pavirSiaus $iurk$tumo matavimas.

5. Prie§ SiurkStumo matavimus Siurk$Ciamatis buvo
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kalibruojamas. Po to atlikti pavirSiaus Siurk$tumo
matavimai. Matuotas Ra (um) parametras.

6. Kiekvienas eksperimentas kartotas po tris kartus ir
kaip galutinis rezultatas pasirinktas trijy rezultaty vidurkis.

Tyrimy rezultatai ir apibendrinimas

Atlikus eksperimentinius tyrimus gauti kiekybiniai
rezultatai pateikti grafiskai (5—10 pav.). Eksperimenty metu
pasirinkta keletas kintamyjy: apdirbimo gylis, pastima ir
tepimas. Labiausiai pavir§iaus SiurkStuma veiké pastimos
pokytis. Apibendrinus tyrimo rezultatus, matyti, kad kuo
mazesné pastima, tuo mazesnis pavirSiaus SiurkStumas.
Maziau informacijos, kaip pavirSiaus SiurkStumg veikia
tepimas ir ausinimas.

Grafikuose 5, 6 ir 7 pateikti rezultatai, kaip kinta
pavirsiaus SiurkStumas, atsizvelgiant j tepima ir ausinima,
kai pastima 170 ir 400 mm/min, o frezos sukimosi daznis —
680 stik/min.

3,5
3
c 2,5
=%
e 2
g
£15
3
2 1
0,5
0
Be ausinimo-tepimo  Ausinimas-tepimas,  Ausinimas-tepimas,
_ . TAS _ tepalas
M Pastima 170 mm/min W Pastima 400 mm/min
5 pav. PavirSiaus Siurk§tumo rezultatai, kai sukimosi daznis
680 stik/min, apdirbimo gylis — 1 mm
Saltinis: sudaryta autoriaus
3,5
3
c 2,5
€
e 2
5
©
15
g
a1
0,5
0

Be ausinimo-tepimo Ausinimas-tepimas, Ausinimas-tepimas,
_ ) TAS N tepalas
M Pastima 170 mm/min M Pastima 400 mm/min

6 pav. PavirSiaus SiurkStumo rezultatai, kai sukimosi daznis
680 stik/min, apdirbimo gylis — 1,5 mm
Saltinis: sudaryta autoriaus

Siurkétumas, Ra mm
o N w
BN L W !

v

Be ausinimo-tepimo  Ausinimas-tepimas, Ausinimas-tepimas,
TAS tepalas

M Pastima 170 mm/min M Pastima 400 mm/min

7 pav. PavirSiaus Siurk§tumo rezultatai, kai sukimosi daznis 680
stik/min, apdirbimo gylis — 2 mm
Saltinis: sudaryta autoriaus

Grafikuose 8, 9 ir 10 pateikti rezultatai, kaip kinta
pavirSiaus SiurkStumas, atsizvelgiant j tepima ir auSinima,
kai pastima 170 ir 400 mm/min, o frezos sukimosi daznis —
1300 stik/min.

0

Be ausinimo-tepimo  Ausinimas-tepimas, Ausinimas-tepimas,
TAS tepalas
 Pastima 400 mm/min

= N
" N "

[EnN

Siurkstumas, Ra mm

w

® Pastima 170 mm/min

8 pav. Pavirsiaus SiurkStumo rezultatai, kai sukimosi daznis 1300
stik/min, apdirbimo gylis — 1 mm
Saltinis: sudaryta autoriaus

Be ausinimo-tepimo  AusSinimas-tepimas, AuSinimas-tepimas,
TAS tepalas
m Pastima 170 mm/min M Pastdma 400 mm/min

1,5
1

Siurkstumas, Ra mm

o
5}

0

9 pav. PavirsSiaus Siurk§tumo rezultatai, kai sukimosi daznis 1300
stik/min, apdirbimo gylis — 1,5 mm
Saltinis: sudaryta autoriaus
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0 II II II

Be ausinimo-tepimo  Ausinimas-tepimas, AuSinimas-tepimas,
TAS tepalas
M Pastima 400 mm/min

(€]

1,

[EnN

Siurkstumas, Ra mm

0,

v

M Pastima 170 mm/min
10 pav. Pavirsiaus Siurk§tumo rezultatai, kai sukimosi daznis
1300 stik/min, apdirbimo gylis — 2 mm
Saltinis: sudaryta autoriaus

PaviSiaus SiurkStumas labai priklauso nuo frezos
pastiimos ir ypa¢ nuo frezavimo gylio bei frezos sukimosi
daznio. Tai patvirtina tyrimy rezultatai. Kai pastima 400
mm/min ir frezavimo gylis 1.5 mm, frezai sukantis 680
stuk/min dazniu ir taikant TAS, SiurkStumas Ra 3,03 pm.
Padidinus frezos sukimosi daznj iki 1300 stk/min
SiurkStumas Ra sumazéjo iki 1.35 pm, pavirSiaus
SiurkStumas — net 56 %. Padidéjus frezavimo gyliui
rezultatai pablogéjo, bet tendencija iSliko.

Skirtingy tepimo ir ausinimo priemoniy taikymas
pavirSiaus Siurk$tuma veikia mazai. Sintetinis tepalas ne
toks efektyvus negu TAS, o kaina didesné. Vadinasi,
sintetinis tepalas gali buti naudojamas apdirbamy pavirsiy
tepimui ir auSinimui tik i$skirtiniais atvejais.

Taigi, atlikus eksperimentinius tyrimus galima daryti
iSvada, kad didziausia poveiki frezuojamo pavirSiaus
SiurkStumui turi frezos sukimosi daznis, pastiima, frezavimo
gylis, 0 maziausig — tepimas ir ausinimas.

ISvados

Apibendrinus  tyrimy rezultatus matoma, kad
didZiausig jtakg frezuojamo pavirSiaus SiurkStumui turi
frezos sukimosi daznis, pastima, frezavimo gylis, o
maziausia — tepimas ir auSinimas.

Tepimas ir auSinimas taikant TAS ir sintetin] tepala
didelio efekto nedavé ir rezultatas nedaug skyrési nuo
frezavimo be tepimo ir auSinimo.

Norint pasiekti gery pavirSiaus Siurk$tumo rezultaty
reikia, atsizvelgiant j aplinkybes, parinkti kuo didesnj frezos
sukimosi daZznj, kuo mazesne¢ pastimg, kuo maZzZesnj
frezavimo gylj bei tepimg ir ausinimg naudojant TAS.
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STUDY ON THE INFLUENCE OF VARIOUS
FACTORS ON MILLED SURFACE ROUGHNESS

Audrius Cereska

Vilnius Gediminas Technical University
Vilniaus kolegija/Higher Education Institution

Summary. Milling is one of the most commonly used
mechanical processing methods in modern industry. Milling, like
other mechanical processing methods, is a complex process, the
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result of which depends on various factors. Each factor has a
different effect on the quality of processing. The article presents
studies of the dependence of the roughness of milled surfaces on
various factors (milling speed, feed, milling depth, lubrication-
cooling method and means). The aim of the research is to
determine how these factors influence the roughness of the milled
surface. A methodology has been developed for conducting

experimental research. Professional equipment was used to
conduct these studies. The structure of the article consists of the
following sections: introduction with a literature review,
experimental research methodology, equipment used for research,
results obtained, summary and conclusions.

Keywords: milling, roughness, lubrication-cooling,
lubrication-cooling fluid (LCF), synthetic lubricant.
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