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Abstract. The reliability and effective operation of machines is a pressing problem for every enterprise, which requires labour intensive systematization
of production processes. The goal is to develop an algorithm and a system for predicting failures of packaging machines based on the analysis
of operational indicators. The scientific novelty lies in the integration of statistical data to assess the efficiency of machine operation and predict possible
failures, which allows significantly improving maintenance processes and reducing the risks of unforeseen breakdowns. The practical value
is the development of a forecasting system that collects the necessary statistical data and performs forecasting. Based on the collected data, an assessment
of the efficiency of work and forecasting of possible failures is carried out. The forecasting system is demonstrated on the example of packaging machines
LEMO INTERmat ST-SA 850 of "Tatrafan" LLC. Two research methods were used: calculation (mathematical) and forecasting system (least squares
method). The forecasting system provides two ways of presenting data: tabular and graphical. Tabular presentation of data allows filtering information
according to various criteria, while graphical display is implemented in the form of diagrams showing the operating time and downtime of machines.
The main results are the determined range of probable failure of LEMO INTERmat ST-SA 850 packaging machines, which lies in the range from 9090.5
to 12736.5 hours of operation and almost coincides with the manufacturer's warranty period. With timely maintenance, it is possible to increase the lower
limit of this interval.
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OPRACOWANIE SYSTEMU PROGNOZOWANIA AWARII MASZYN PAKUJACYCH

Streszczenie. Niezawodno$¢é i efektywna praca maszyn stanowi palgcy problem kazdego przedsigbiorstwa, wymagajgcy pracochlonnego
usystematyzowania procesoéw produkcyjnych. Celem jest opracowanie algorytmu i systemu prognozowania awarii maszyn pakujgcych na podstawie
analizy wskaznikéw eksploatacyjnych. Nowoscig naukowq jest integracja danych statystycznych w celu oceny efektywnosci pracy maszyn i przewidywania
ewentualnych awarii, co pozwala znaczqco usprawnié procesy utrzymania ruchu i ograniczy¢ ryzyko nieprzewidzianych awarii. Znaczenie praktyczne ma
opracowanie systemu prognostycznego, ktory bedzie zbieral niezbedne dane statystyczne i wykonywal prognozowanie. Na podstawie zebranych danych
przeprowadzana jest ocena efektywnosci pracy i prognozowanie ewentualnych awarii. System prognozowania zaprezentowano na przyktadzie maszyn
pakujgcych LEMO INTERmat ST-SA 850 firmy Tatrafan LLC. W badaniach zastosowano dwie metody: obliczeniowg (matematyczng) i prognostyczng
(metode najmniejszych kwadratéw). System prognozowania umozliwia prezentacje danych na dwa sposoby: w formie tabelarycznej i graficznej.
Prezentacja danych w formie tabelarycznej pozwala na filtrowanie informacji wedtug réznych kryteriow, natomiast prezentacja graficzna realizowana jest
w formie diagramow, obrazujgcych prace i przestoje maszyn. Glownymi wynikami jest okreslony zakres prawdopodobnej awarii maszyn pakujgcych
LEMO INTERmat ST-S4 850, ktory miesci si¢ w przedziale od 9090,5 do 12736,5 godzin pracy i niemal pokrywa si¢ z okresem gwarancji producenta.
Dzieki terminowej konserwacji mozliwe jest podwyzszenie dolnej granicy tego przedziatu.

Stowa kluczowe: prognozowanie, niezawodno$¢, awarie sprzgtu

Introduction

In modern industrial production, one of the most important
factors of enterprise efficiency is ensuring reliability
and uninterrupted operation of the machine [6]. Machine failures
can lead to significant financial losses, reduced productivity
and product quality, as well as downtime in production, therefore
their prediction is a necessary tool for increasing the stability
of production processes, which indicates the relevance
of the research topic.

The novelty of this study lies in the development
of an algorithm and a system for predicting failures of bag-making
machines based on the analysis of operational indicators,
in particular, the use of data on downtime and failures of LEMO
INTERmat ST-SA 850 bag-making machines.

The uniqueness of the approach also lies in the combination
of theoretical research and practical application on a real example
of bag-making machines of the enterprise "Tatrafan" LLC,
which allows you to identify the most likely failure times
and optimize maintenance planning to extend the operational life
of the machine.

Failure prediction of machines, in particular LEMO
INTERmat ST-SA 850 batch machines, is one of the important
elements in ensuring the smooth operation of production processes
of "Tatrafan" LLC. This review is aimed at analysing the main
approaches, methods and tools used for failure prediction, as well
as their impact on the stability of technological processes.

1. Literature review

The basics of machine failure prediction are based on the use
of data such as machine operation history, operating conditions
and signals received from sensors.

Important aspects of forecasting are degradation modelling,
in which the performance of a machine gradually deteriorates
due to wear and aging, degradation models that allow assessing
the state of the machine over time and predicting the moment
of failure [12], data analysis methods that include statistical
methods [9], machine learning and artificial intelligence
for analysing large amounts of data and detecting hidden patterns
[3, 15], monitoring systems in which the integration of loT
sensors and realtime data processing platforms allows for rapid
monitoring of the state of the machine [1].

There are the following methods of failure prediction

Statistical methods, where reliability —models, such
as the Weibull distribution, estimate the probability of failure
at a certain point in time [5]; regenerative analysis for predicting
repeated failures [17]; machine learning (ML), where classi-
fication and regression, including algorithms such as decision
trees, SVMs or gradient boosting, are used to assess failure risks
[10] and neural networks, which allow processing complex signals
and predicting failures based on multidimensional data [18].

Physical models include the analysis of degradation
mechanisms such as corrosion or wear based on the physical
properties of materials, etc. [4, 7, 13].

artykut recenzowany/revised paper

D

IAPGOS, 4/2025, 10-13

This work is licensed under a Creative Commons Attribution 4.0 International License.
Utwér dostepny jest na licencji Creative Commons Uznanie autorstwa 4.0 Miedzynarodowe.



p-ISSN 2083-0157, e-ISSN 2391-6761

Hybrid approaches combine statistical methods and ML
to improve the accuracy of prediction [2].

Paper [11] introduces an innovative approach to developing
mechanisms for securing objects on the end effectors
of technological equipment, thereby reducing operational failures.

Using prediction to improve process resilience such
as reducing downtime (early detection of potential failures allows
for repair or replacement of the machine before a critical
moment), optimizing costs (effective prediction reduces
emergency repair costs and losses due to production stoppages)
and improving safety (avoiding unexpected failures helps reduce
risks to personnel and the environment). Insufficient or poor
quality data can limit the effectiveness of models.
The combination of 10T, Big Data and artificial intelligence
requires significant investment and knowledge. The diversity
of machines and operating conditions makes it difficult to create
universal solutions.

The goal is to develop and implement a system for predicting
failures of packaging machines based on the analysis
of operational data.

2. Objects and methods

As initial data (Table 1) for forecasting, we accept statistical
data of LEMO INTERmat ST-SA 850 batchforming machines
of "Tatrafan" LLC (Fig. 1), which were obtained during
the operation of the machine [16].

Table 1. Forecasting for equipment before the first failure

Name of equipment for bag The number of hours of operation
production machines before the first failure
LEMO INTERmat ST-SA 850 #1 9225
LEMO INTERmat ST-SA 850 #2 10025
LEMO INTERmat ST-SA 850 #3 11140
LEMO INTERmat ST-SA 850 #4 12160
LEMO INTERmat ST-SA 850 #5 9030
LEMO INTERmat ST-SA 850 #6 13100
LEMO INTERmat ST-SA 850 #7 8120
LEMO INTERmat ST-SA 850 #8 10140
LEMO INTERmat ST-SA 850 #9 14025
LEMO INTERmat ST-SA 850 #10 12170

Fig. 1. LEMO INTERmat ST-SA 850 [16]

The warranty service life for this type of machine is 10,000
hours of operation.

Two methods were used for the study, calculation
(mathematical) and creation of a forecasting system with the least
squares algorithm [14].

Technical characteristics from the passport of the bagging
machines and information about the current state of the machine
are entered into the forecasting system manually. The card
is given in Figure 2. Daily work shifts inspect the machines. Tasks
related to repair, maintenance and inspection are recorded
in the system. Thus, the accounting of machines is completely
transferred from paper media and journals to electronic
maintenance. As the machines are operated, statistical data
accumulates in the forecasting system.
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LEMO INTERmat ST-SA 850 #1 Home > Equipment > LEMO INTERmat ST-SA 850 #1

Type of equipment

Industrial equipment

The name of the equipment LEMO INTERmat ST-SA 850 #1

Place . Workshop No. 6
Inventory number 321456

Commissioning date 01/07/2023

Responsible for the review Mechanical engineer

Equipment status
Fig. 2. Equipment card

To solve the problem of predicting machine failures,
the following algorithm is implemented a group of machines
of the same type is selected, namely LEMO INTERmat
ST-SA 850 batch machines. Next, a query is constructed to obtain
statistics on operation and the first failure for each machine from
the selected group [19]. The mathematical expectation
and variance [8] are found for the total machine operation time,
after which the interval at which the failure of a new machine
of this type is most likely is calculated. The number of operating
hours until the first failure for each machine, the predicted failure
interval, and the new machine that has not yet been inspected
are displayed on the screen.

The time interval that reflects the most likely period of failure
of a new machine, as well as the name of the machine that has
not yet been inspected, is received as the initial information.

In the absence of a new machine that meets the forecast
criteria, the message will be displayed: "There is no machine
to undergo technical inspection™.

If there are no statistical data for forecasting or their
insufficient quantity, the message will be displayed: "Insufficient
statistical data!".

To make a forecast, it is necessary to select statistical data
of machine operation and failures. For correct calculation,
it is necessary to select a group of machines of the same brand.
In the absence of selected machines, the user will receive
a message about the need to fill in the field.

Methods of obtaining statistical data

One of the most important indicators for the forecasting
system is the collection of statistical data of machine failures.
For their collection, information soft-ware was developed
and implemented in the enterprise "Tatrafan" LLC.

Data updating was carried out automatically once a day
according to the machine operation schedule. In the absence
of an operation schedule, manual data entry is provided.
To register a machine failure in the machine card, you must click
the "Record machine stop™ button. This will open a task creation
window, in which the impossibility of continuing operation
will be noted.

There are two methods of obtaining statistical data in the
forecasting system: tabular and graphical. When using the tabular
method of obtaining data, it is possible to filter by all criteria.
This form is presented in Fig. 3.

Statistics {table) Home > Statistics [table)

Showing records 1-10 0f 834

i Date and time Eguipment Status Reason

27/06/2023.09:00:00
27/06/2023 18:00:00

1 LEMO INTERmat ST-SA 850 #1 Works =
2

3 28/06/202309:00:00

4

E]

LEMO INTERmat ST SA 850 f1 Downtime -
LEMO INTERmat ST-SA 850 #1 Works -
28/06/2023 18:00:00 LEMO INTERmat ST-SA 850 41 Downtime

5 29/D6/202309:00:00 LEMO INTERmat §1-5A 850 #1 Warks

Fig. 3. Statistical data in the form of a table [16]

=]

The second way of presenting statistical data is a graphical
method, which has the form of a pie chart (Fig. 4). The chart
displays the operating time of machines and their downtime.
By default, statistics of all machines for the entire period
of operation will be displayed. There is an option to select
the machine and the time period for which data is required.
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STATISTICS
-
- Downfime

Fig. 4. Statistical data in the form of a diagram

Based on the provided statistical

data,
of the bagging machines is predicted and assessed (Fig. 5).

the efficiency

Engineer

STATISTICS
[EMOSTSAS50 #1 | [EMOSTSA850 #2 »  [LEMO ST-5AB50 #2 »  [LEMO ST-5A850 #4

[EMOST-5A850 #5 |  [[EMOST-5A850 #6 x  [LEMO ST-5AB50 #7 |  [LEMO ST-5A850 #8
[EMOSTSAR50 #5 ¥  [[EMO ST-5A850 #10 ¥ Send

Scheduled tasks

Maintenance

Task

Users Sample (number ing h

Transactions LEMO ST-5A850 #L1: 9225 hours 00 minutes Most likely Itis necessary to conduct

Statistic LEMO ST-5A850 #2: 10025 hours 00 minutes equipment an inspection:

LEMO ST-5A850 #3: 11140 hours 00 minutes failure: LEMO ST-5A850 #11

LEMO ST-5A850 #4: 12160 hours 00 minutes 9030 hours 30

LEMO ST-5A850 #35: 9030 hours 00 minutes minutes —12736

LEMO ST-5A850 #6: 13100 hours 00 minutes hours 30 minutes

LEMO ST-5A850 #7: 8120 hours 00 minutes
LEMO ST-5A850 #8: 10140 hours 00 minutes
LEMO ST-SA850 #3: 14025 hours 00 minutes
LEMO ST-5A850 #10: 12170 hours 00 minutes

Fig. 5. Forecasting

When selecting a group of cars
its prediction is calculated (Fig. 6).

of the same brand,

STATISTICS

w0 sT-5A850 1 7 [Evosoam0 ¥ [[EMOSTsAEs0 733

[LEmo sT-sa8s0 #4x]

[LEMO ST-5A850 #5 [[EMO ST-SAB50 #6 [LEMO ST-SAB50 #7 % [[EMO ST-54850 #8
[LEMO ST-5A850 #9 [LEMO ST-5A850 #10>]

Sample (number of working hours before the first breakdown)

LEMO INTERmat ST-SAB50 #2 #1: 5225 hours 00 minutes Most likely Itis necessary to conduct an

LEMO INTERmat ST-SA850 #2: 10025 hours 00 minutes equipment inspection:

LEMO INTERmat ST-SA850 #2 #3: 11140 hours 00 minutes failure: LEMO INTERmat ST-SASS0 #2 #11

LEMO INTERmat ST-SA850 #2 #3: 12160 hours 00 minutes | S080 hours 30 minutes

LEMO INTERmat ST-SAB50 #2 #5: 9020 hours 00 minutes - 12736 hours

LEMO INTERmat ST-SA850 #2 #6: 13100 hours 00 minutes 30 minutes

LEMO INTERmat ST-SABS0 #2 #7: 8120 hours 00 minutes
LEMO INTERmat ST-SA850 #2 #8: 10140 hours 00 minutes
LEMO INTERmat ST-SABSO0 #20 #3: 14025 hours 00 minutes

LEMO INTERmat ST-SA850 #2 #10: 12170 heurs 00 minutes

Fig. 6. Forecasting in the system
3. Results and discussion

As a result of an experimental study of predicting the first
failure of a new machine, the following calculations were
performed.

3.1. Forecasting method 1

We apply the calculation (mathematical) method and calculate
the average value (mean time to failure):

M(x) = 23, % €
M(x) = (9225 + 10025+ 11140 + 12160 + 9030 + 13100 +

8120 + 10140 + 12170) + 10 = 10913.5 hours
Then we find the variance:

D() = = Fla(x; — M(x))? @

D(x) = M(x?) — (M(x))” = (92252 x 0.1) + (100252 X
0.1) + (111402 x 0.1) + (121602 x 0.1) + (90302 x 0.1) +
(131002 x 0.1) + (81202 x 0.1) + (101402 x 0.1) +
(140252 x 0.1) + (121702 x 0.1) — (109013.5)? =
10050062.5 + 8510062.5 + 12409960 + 14786560 +
8154090 + 17161000 + 6593440 + 10281960 +
19670062.5 + 14810890 — 119104482 = 3323605.5 hours

p-ISSN 2083-0157, e-ISSN 2391-6761

We calculate the mean square deviation:

o(x) = m (3)
o(x) = 1823 hours.

So, the most likely failure of the machine lies within 9090.5
to 12736.5 hours. This range generally confirms the warranty
period of operation of the machines, and with proper technical
inspections there is a probability of an increase in the lower limit
of the interval.

3.2. Forecasting method 2

Let's conduct the following experiment in the forecasting
system using the least squares method and compare it with
the calculated (mathematical) one, predict the failure
of the bagging machines.

The least squares method involves constructing a regression
equation. To do this, we will compile Table 2, which contains
the initial and additional data.

Table 2. The least squares method

() v) x ¥ XXy x [ % Xy
1 9225 1 85100625 9225 1 1 9225
2 14240 4 202777600 28480 8 16 56960
3 18870 9 356076900 56610 27 81 169830
4 23960 | 16 574081600 95840 64 | 256 383360
5 26450 | 25 699602500 132250 | 125 | 625 661250

15 92745 | 55 1917639225 322405 | 225 | 979 1280625

The system of equations takes the following form:
S5a + 15b + 55¢ = 92745
15a + 55b + 225¢ = 322405

55a + 225b + 979c = 1280625
We get the parameter values:

a =3003; b = 6384.14; c = —327.86
We calculate:
y = —327.86 X x? + 6384.14 x x + 3003

Let's perform failure prediction based on the obtained
regression:
y = —327.86 X 6% + 6384.14 X 6 + 3003 = —11802.96 +
38304.84 + 3003 = 29504.88 hours

The failure line graph is shown in Fig. 7.

We will perform similar actions in the forecasting system.
The forecasting result is presented in Fig. 8.

Thus, the resulting forecast for the next failure is 29504.88
hours.

40000
= Actual failures
Forecasted
30000
o
2
8
£ 20000
o
£
=
10000 ==
0 ; ; ; ;
1 2 3 Number 4 5 6
Fig. 7. Machine failure schedule
STATISTICS
Equipment | send |
Scheduled tasks
Maintenance Sampling (number of hours worked before failurs)
Task
Users LEMO ST-SA850 #4: 9225 hours 00 minutes. — —Retass —e—F i pescron]

Transactions

LEMO ST-SASS0 #4: 14240 hours 00 minutes
Statistic LEMO ST-SAS50 #4: 18870 hours 00 minutes
LEMO ST-SASS0 #4: 23960 hours 00 minutes ¢ | —
LEMO ST-SAS50 #4: 26450 hours 00 minutes

Fig. 8. Forecasting the next machine failure
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4. Conclusions

As a result of the research, an effective system for predicting
failures of bag-making machines was developed, based on the
analysis of operational indicators, in particular, data on downtime
and failures of bag-making machines LEMO INTERmat ST-SA
850 LLC "Tatrafan". According to the results of the forecasting,
the following results were obtained, where the most likely failure
of the machines lies in the range from 9090.5 to 12736.5 hours.
These limits generally confirm the warranty period of use
of the machine manufacturer, and with proper technical
inspections there is a probability of an increase in the lower limit
of the interval. This forecasting system can be used to assess
the technical condition and efficiency of operation of any other
machines. Forecasting allows you to reduce the frequency
of machine downtime, increase their efficiency and optimize
the maintenance process. The use of mathematical calculation
methods and the least squares method allowed us to create
a reliable forecasting model that is able to predict technical
failures within the warranty period of the equipment.

The practical significance of the work lies in the integration
of a forecasting system, which makes it possible to monitor
the technical condition of machines and carry out maintenance
in a timely manner, which, in turn, contributes to increasing
the efficiency of equipment operation and reducing the risks
of unforeseen breakdowns. The use of the system on the example
of "Tatrafan" LLC bagging machines confirmed its ability
to accurately predict the most likely failure times that meet
warranty conditions, and also makes it possible to increase
the service life of equipment with proper maintenance. Therefore,
the results of the study have important practical significance
for improving operational reliability and reducing maintenance
costs for industrial equipment. As a result of conducting
a scientific study, we determined the main indicators and criteria
for assessing the technical condition of machines, on the basis
of which the forecasting was carried out. As a result, it was found
that the results obtained experimentally and the results
of calculations in the system are practically identical.
This indicates the correctness of the developed algorithms.
We created a system for collecting and analysing statistical data
on machine operation with the ability to visualize results
in the form of tables and diagrams. We tested and evaluated
the effectiveness of the proposed method for predicting LEMO
INTERmat ST-SA 850 bag-making machines of "Tatrafan" LLC.
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