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Abstract. The article discusses the issues of designing and improving the performance of case
packers in beer packaging lines, in particular using the example of the LSK-30F model, which
operates as part of beer filling lines into aluminum cans. It reveals the key technical and
technological factors that affect the stability of equipment operation, productivity, energy efficiency,
and the quality of group transport packaging. The input data, operating modes, design features, and
working loads of the machine are analyzed, and methods for assessing operational reliability are
presented. The main results are the establishment of patterns of influence of container feed
parameters, heat shrinkage temperature regime, and conveyor synchromization on package
formation. Recommendations are formulated for optimizing operating modes that contribute to
increased reliability and reduced equipment downtime.

Key words: design, packaging machine, beer packaging, group packaging, heat shrinkage, line
productivity, equipment reliability, equipment repair and operation, performance indicators.

Introduction.
In the brewing industry, group packaging in the form of heat-shrinkable bags has
become the standard for transporting aluminum cans, as it provides convenience,

reliability, and cost-effectiveness.

ISSN 2567-5273 18 www.moderntechino.de


https://orcid.org/0000-0002-4499-0910
https://orcid.org/0000-0002-4499-0910
https://orcid.org/0000-0002-4499-0910
https://orcid.org/0000-0002-4499-0910
https://www.scopus.com/affil/profile.uri?afid=60021463

Modern engineering and innovative technologies Issue 42 / Part 1

The bag forming machine is the final and one of the most critical links in
thepackaging line. Its stoppage leads to downtime of the entire productionsystem,
which places high demands on reliability and accuracy of operation.The LSK-30F
machine is widely used in beer bottling lines due toits productivity of up to 30
bags/min, versatility in forming various bag configurations(3x2, 4x3, 6x4, etc.) and
the presence of a heat tunnel to ensure compactheat-shrinkable packaging.The purpose
of this article is to justify approaches to the design and evaluation ofthe operational
performance of bag forming machines, to identify influencing factorsand ways to
optimize operating modes using the LSK-30F as an example [1-4].

Research methodology.

Nowadays, many breweries package beverages in tin cans, which are placed on
cardboard trays and wrapped in heat-shrink film, and the products are sold in this form.
This is convenient because there is no returnable packaging.

In order to increase consumer demand, improve customer service, and improve
product hygiene standards, it would be advisable to install powerful devices for
packaging beer and non-alcoholic products in cardboard trays at all factories.

However, there are some problems with using such devices. These include
sensitivity to film quality, sensitivity to cardboard blank quality, difficulties with
adjusting the glue feed system, and frequent film roll changes (at high capacity).

When modernizing the machine, namely replacing the disc washers on the
clamping screws with springs, we reduce the sensitivity of the rollers to the thickness
of the film. By installing an additional roll holder, we will reduce the time lost when
changing the film roll. The third stage of modernization is the replacement of the glue
feed system with a more advanced one. This will eliminate machine malfunctions
related to glue feed [5-7].

Food packaging is of great importance to the national economy, as it reduces
unproductive losses, preserves quality, and increases the consumer value of products.
It also increases sales of manufactured products to a certain extent.

The efficiency of a package forming machine is determined not only by its design,

but also by external factors, namely:
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Market requirements and product characteristics: beer requires a stable cold chain,
which places demands on the speed of package forming; there is a growing demand for
small packages (6—12 cans), which increases the load on the can feeding unit;
aluminum cans deform under axial load, so the machine must ensure delicate grouping.

Requirements for packaging equipment: high reliability during continuous 24/7
operation; modularity and quick changeover; compatibility with different types of cans
(0,33; 0,5 1); energy efficiency of the heat tunnel, which accounts for up to 40% of total
energy consumption.

Interaction with other machines in the line. The LSK-30F package forming
machine works as part of the following units: filling and capping machine; can washing
machine; labeling machine (if necessary); transport conveyors; palletizer.

Synchronization of conveyors and coordination of speeds is one of the most
important indicators of operational stability [8-11].

Research results.

The LSK-30F bag forming machine is part of a production line for filling beer
into tin cans. The machine's task is to form twenty-four cans in a 6x4 arrangement and
place them on a tray, followed by wrapping with heat-shrink film and hot air treatment.

The LSK-30F package forming machine is a linear type machine in which all
working parts are driven by a single servo drive via a main chain transmission and a
system of sprockets and couplings.

The product is transported by a chain conveyor. Movement takes place along the
machine. During this movement, the packages approach the working parts, i.e., a full
cycle of operation takes place during the passage of the product.

Beer cans, moving along a plate conveyor, approach the moving guides, where
six separate rows of cans are formed, which then move parallel to each other.

The next step is to separate from these rows a part of cans with a width
corresponding to four cans. Thus, parts of the product in a 4x6 format are formed.

At the same time, in the lower part of the machine, a lever with suction cups
attached to its end feeds cardboard blanks, from which a semi-tray is subsequently

formed and cans are installed. After that, molten glue is applied to the corresponding
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parts of the blank and the tray is finally formed [12-14].

Moving further, the tray with the installed cans enters the area where it is wrapped
with heat-shrinkable film. This area is a belt conveyor around which two chains with
crossbars move, directly wrapping the tray with film.

The film is cut off with a serrated knife and fed by a belt conveyor to the wrapping
zone.

Next, the packages enter the oven, where heating elements and fans are located,
with the help of which the film is tightened and the finished package is formed.

A fan is installed at the outlet to cool the film.

/.{
||

— 2

Figure 1 - Clamping screw

The clamping screw is designed to press the rollers between which the film is
stretched before cutting. The body 1 is screwed directly into the machine body. The
output end of the rod 2 presses against the roller axis. The degree of pressure is adjusted
by the nut 4 via the spring 3.

The modernization of the machine consists of the following stages:

1. Replacement of disc washers with springs with a specified elasticity.

2. Replacement of the glue feed device. This need arose as a result of malfunctions
in the nozzles and other elements of the device, and malfunctions cause micro-stops of

the entire machine, which is undesirable.
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3. Installation of an additional roll holder.

This is done in order to reduce downtime when replacing the film roll. This should
make it possible to pack the entire flow of beverage cans without using an accumulation
table and to pre-set the roll in the desired position, which prevents the occurrence of
defective products [15-19].

During the study, detailed data was obtained on the operation of the LSK-30F bag
forming machine as part of a beer bottling line. The analysis was conducted based on
the following key parameters: can feed rate, grouping stability, heat-shrink packaging
quality, heat tunnel temperature conditions, film thickness and type, energy
consumption, downtime and failure frequency, and mechanical component wear [20-
22].

Study of the effect of can feed speed on grouping quality. A series of experimental

observations were conducted at feed speeds of 0,6—1,2 m/s. The results showed that:

Feed rate (m/s) | Grouping error frequency (%) Deviation from group
geometry (mm)
0,60-0,75 1,5-2,0 1,0-1,5
0,75-0,85 2,0-3,2 1,5-2,5
0,90-1,00 5,0-7,0 3,04,0
>1,00 10-14 4,0-6,0

Main patterns:
» at speeds above 0,9 m/s, the probability of cans overturning when leaving
the accumulation conveyor increases significantly;
» the «push effect» increases, causing the front row to break;
» the pushing mechanism operates with increased inertial loads.
Therefore, the optimal speed for stable package formation is 0,7-0,85 m/s.
Study of the temperature regime of the heat tunnel.
The experiment was conducted in the temperature range of 150-210°C and with
an exposure time of 3—8 seconds.
Main results:

v at 150-165 °C, under-sealing was observed — the film does not fit tightly to the
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cans, «air pockets» remain, and tear strength decreases by 20—-30%;

v at 165-175 °C, the quality improved, but the film remained insufficiently
stretched at the overlap points;

v the optimal mode — 175-185 °C, exposure time 4,5-6,0 s — ensures uniform
shrinkage and packaging strength up to 65-75 N;

v’ at temperatures above 195-200 °C, defects began to appear: sticking, excessive
film fusion, local charring.

It was also found that the temperature field unevenness across the tunnel width
can reach £8—12 °C, which leads to local under-shrinkage.

The purpose of the computational studies is to determine the optimal operating
parameters of the LSK-30F can forming machine and to assess its impact on the overall
efficiency of the beer can filling line [23-26].

Identification of major losses and their sources.

During the analysis of operational data, it was established that the most frequent

failures and stoppages of the LSK-30F occur due to:

Source of losses | Share in total Nature of impact

downtime, %
Grouping 3540 % Instability of cans, collisions, skewing
mechanism at high speeds
Cardboard blank 20-25 % Stops for reloading, asynchronous
storage feeding
Heat shrink 10-12 % Temperature unevenness, insufficient
tunnel heating
Transport 812 % Belt jerks, «jamsy, unstable flow
conveyors
Other reasons 10-15 % Regulation, technical settings, human

factor

Readiness indicator (technical readiness coefficient) Kr

The key operational indicator is the readiness coefficient:

Kp = —% (1)

o Tw+Tp

where: T}, — actual operating time, hours; T, — technical downtime, hours.

ISSN 2567-5273 23 www.moderntechino.de



Modern engineering and innovative technologies Issue 42 / Part 1 é

With a daily operating time of 22 hours and an average daily downtime of 0,45

hours:

Kr=22v045 - 08
Failure-free operating time Tr
We use the formula based on failure rate:

Tp =< 2)

where A is the failure rate, 1/hour.

For the LSK-30F bag forming machine, the average failure rate is calculated as 1

failure per 120 hours of operation.

1
120’

Then: 1 = Tr = 120 hours 3)

The analysis showed that the grouping module causes the greatest loss of
productivity: up to 40% of the total downtime.

Reasons:

— instability of can movement at speeds exceeding 1,3 m/s;

— chaotic fluctuations at the entrance to the slots;

— desynchronization of the feed due to uneven flow.

Proposed design solution.

1. Installation of a servo drive with individual control of each track. This allows:

— matching the speed of the cans to the grouping rate;

— avoiding collisions;

— reducing scatter and skew.

2. Dynamic can position tracking system (light or laser sensors). Function: real-
time adjustment of conveyor speed.

After optimization, the LSK-30F case packer provides the necessary performance
for operation with a high-speed beer filling line.

3. The design changes made have an economic effect in the form of a reduction
in downtime by 5-10 hours/year, which is equivalent to an additional output of 3045

thousand cans of beer per year.
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4. The results obtained confirm the feasibility of modernizing and structurally
optimizing the LSK-30F machine [27-30].

Conclusions.

The article presents a comprehensive approach to the design and evaluation of the
operational performance of package forming machines for beer packaging using the
LSK-30F model as an example. The key parameters that determine the stability of the
machine's operation have been established: can feed rate, shrinkage temperature
regime, heat-shrinkable film thickness, and transport conveyor synchronization. The
research conducted made it possible to determine the optimal operating modes and the
causes of the most common failures.

The proposed recommendations for optimizing design and operating parameters
contribute to an increase in the technical readiness coefficient to 0,97, a reduction in
downtime by 12—15%, and an improvement in the quality of finished group packaging.
The results can be used in the design of new machines, the modernization of existing

models, and the improvement of the efficiency of beer packaging lines.
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Anomauyia. YV cmammi pos3ensiHymo npoonemMamuxy NPOEKMYSAHHSA mMdad NiOBULEHHS.
eKCHIYamayitiHux NOKA3HUKIE NaKemo@opmMy8aibHUX MAWUH Y NOMOKOBUX JIHIAX NAKYBAHHS NUBA,
30kpema Ha npukaadi mooeni LSK-30F, wo npaytoe 6 cknaoi aiHill po3nu8y nuea 8 aitoMiniesi OanKu.
Po3sxpumo knrouoei mexniyni ma mexrHon02iuni pakmopu, aKi 6niusa0ms Ha cmMaodiibHiCMb pobomu

001a0HaHHS, NPOOYKMUBHICIb, eHepeemudHy e@ekmusHicms ma AKiCmb QOpMYSaHHA 2PYNOBUX
MPAHCNOPpMHUX NAaKyeaus. IlIpoananizosamno 6xiOHi Oawi, pedcumu pobomu, KOHCMPYKMUBHI
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ocobnusocmi ma poboui HABAHMANCEHH MAWUHU, HABEOEHO MeMOOU OYIHIOBAHHS eKCNILYAmAayiiuHol
Haoditunocmi. (OCHOBHI pe3yibmamu NoOA2AMb  V  6CMAHOGIEHHI 3AKOHOMIPHOCMEL GNAUBY
napamempis nooadi mapu, memMnepamypHo20 pexiCcumy mepmoycaoku ma CUHXpOHI3ayii KOHBecpia
Ha ¢hopmyeanns nakema. Cghopmynvosano pexomenoayii 3 onmumizayii pexcumie pobomu, ujo
Cnpusiioms NiOBUWEHHIO HAOTUHOCII MA 3MEHUWEHHIO NPOCMOoi8 00IAOHAHHS.

Knrwouosi cnoea: npoekmysanus, nakemogopmysaivha MawluHa, naKye8aHHs Nued, 2pynosa
VNAKOBKA, MepMOYycaoKa, NPOOYKMUBHICMb NiHil, HAOIUHICMb O00NAOHAHHA, pPEeMOHm ma
excniyamayis 001a0OHAHHS, eKCHAYAMAYItiHI NOKAZHUKU.
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