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Abstract. Technological progress in the baking industry requires constant modernization of
equipment in order to improve product quality, intensify production processes, and reduce energy
consumption. Basic dough mixing machines with a spiral mixing element that has a circular cross-
section are obsolete because they do not provide the required quality of mixing in a short period of
time and cause excessive heating of the dough due to high energy losses. The purpose of this article
is to design and justify technical solutions for an innovative high-intensity dough mixer L4-HT-
2VM aimed at improving its performance.

The main result of the design is the development of a three-bladed rotor, the profile of the
blades of which is made in the form of an airplane wing with an angle of attack of 450. This
innovative solution allows optimizing the mixing and plasticizing processes, significantly reducing
the kneading time and minimizing the energy consumption for heating the dough, since the reduced
load is compensated by the low braking resistance from the spiral grooves of the bowl. An
additional advantage is the automation of dough unloading using a mechanism that tilts the bowl
under its own weight without the use of a separate drive. It was concluded that the introduction of
the L4-HT-2VM dough mixer in the baking industry will allow for high-quality kneading and
increased production efficiency.

Key words: innovative design, dough mixer, performance indicators, three-bladed rotor,
aircraft wing profile, intensive kneading, process automation, energy efficiency, L4-HT-2VM,
kneading quality.
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Anomauia. Texnonoziunuii npoepec y XaiOonekapcoKiti NPOMUCI0B0CMI BUMALAE NOCMIUHOT
MoOepHizayii 001a0HAHHS 3 Memo NiOBUWEHHS AKOCMI NPOOYKYIi, IHmMmeHcu@ikayii supooHu4Ux
npoyecié ma 3HUJCEHHs eHepeocnodxcusanusa. bazoei micmomicunvHi mawuHu 31 CRIPATLHUM
MICUTbHUM OP2AHOM, AKULL MA€E nepepiz y opmi Koaa, € MOPANbLHO 3ACMAPIIUMU, OCKIIbKU OHU He
3a6e3neyyroms HeoOXIOHOI AKocmi 3amicy 3a KOPOMKUU NPOMINCOK YAcCy ma CRPUHUHAIOMDb
HaOMipHe HAepianHs micma uepe3 6UCOKI eHepeemuyni empamu. Memoio Oanoi cmammi €
NPOEKMYBAHH MA OOIPYHMYBAHHA MEXHIYHUX piuleHb Ol [HHOBAYIUHOI BUCOKOIHMEHCUBHOT
micmomicunonoi mawunu JI4-XT-2BM, cnpsamosanux Ha noninuwieHHs i eKcniyamayiuHux
NOKA3HUKIE.

OchosHUM pe3y1bmamom HNPOEKMYBAHHA € PO3POOKA KOHCMPYKYIL 3 MpUIOnacmuum
pomopom, npohine nonameil AK020 GUKOHaHUL y opmi kpuna nimaxa 3 kymom amaku 45°. Ile
iHHOBaYiliHe DIUEeHHs 00360JI51€ ONMUMI3Y8AMU NPOYECU Nepemiuly8anHs ma niacmuxKayii, 3Ha4Ho
cCKOpomumu mpugeanicms 3amicy ma MIHIMIZy8amu Gumpamu eHepeii Ha Ha2piBaHHA micma,
OCKIbKU 3MEHUleHe HABAHMANCEHHS KOMNEHCYEMbCA MAAUM 2ANbMIBHUM ONOPOM GI0 CRIPATbHUX
pugnis 0ixci. /Jooamkosoro nepesazord € aBMOMAMU3AYIsL BUBAHMANCEHHS MICMA 3a 00NOMO2O0H0
MeXAaHi3My nepekuoanHs Oixci nio 0i€ro 1acHoi eazu 6e3 GUKOPUCHAHHI OKPEeMO20 NPUBOODY.
3pobaeno 8UCHOBOK, WO 8NPOBAOICEHHS micmoMicunbHoi mawunu JI4-XT-2BM na nionpuemcmeax
X1i60NneKapcvuKoi nPOMUCIO8OCmi 003804UMb O0CASMU BUCOKOI AKOCMI 3amicy ma NiO8UUjeHHs
ehekmusHocmi 6UPOOHUYMBA.

Knrwouoei cnosa: innosayiiine npoeKmy8aHHs, MICMOMICUILHA MAUWUHA, eKCNAYAmayiuHi
NOKA3HUKU, MPUIONACMHUL POMOp, NPOQinbL Kpuia aimaka, iHMeHCUSHUN 3amic, asmomamu3ayis
npoyecy, enepeoeghexmusHicmo, JI4-XT-2BM, saxicms 3amicy.

Introduction.

The quality of the final bakery product is determined by many factors, among
which the quality of the dough is of decisive importance. Modern trends require
manufacturers not only to ensure high quality, but also to intensify processes and
save energy. Existing equipment, in particular dough mixers with a classic spiral
mixing mechanism, does not meet these requirements, as their design leads to
inefficient mixing, a lengthy kneading process and, as a result, excessive heating of
the dough and significant energy losses.

The problem under consideration is the need to develop a technical solution to
replace outdated equipment (for example, L4-HT-2V) with an innovative model that
can provide high-intensity and high-quality kneading with minimal energy
consumption. The purpose of the article is to design the L4-HT-2VM dough mixer
and justify design solutions that improve its performance, in particular, improving the
quality of kneading, reducing its duration, and fully mechanizing the unloading
process [1-2].

Main text.

The dough mixing process is a complex and energy-intensive stage of bread
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production. Traditional dough mixers that use spiral-shaped mixing elements do not
meet the requirements for high-performance machines, as they are characterized by
low efficiency and high energy consumption. Therefore, there is a need to improve
existing designs to achieve higher quality kneading and reduce energy consumption.
In this context, it is important to develop machines with new types of kneading
elements and automated processes [3-4].

The L4-HT-2VM dough mixer was selected for the study, the design of which
includes a three-bladed rotor in the form of blades similar in shape to aircraft wings.
This design reduces the energy consumption for heating the dough and ensures
intensive mixing and plasticization of the components. The research methodology
includes a theoretical justification for the choice of kneading organ design, analysis
of energy consumption, and testing of the new machine in production conditions. The
influence of different machine operating modes on the quality of kneading and the
energy performance of the process was also tested.

The design of the L4-HT-2VM dough mixer was based on comparative analysis
and the use of bionics principles (application of aircraft wing profile) and fluid and
bulk material mechanics to optimize the working process [5-8].

A comparison was made between the operational characteristics of the spiral-
shaped dough mixing mechanism (base machine) and the theoretical characteristics
of the proposed three-bladed rotor. Geometry optimization method
(bionics/aerodynamics): The use of an aircraft wing profile for the blades (angle of
attack a = 45°) was justified to minimize drag (braking resistance) while maintaining
high mixing and plasticizing efficiency. The formula for calculating the drag force
Faqg In general:

deg=0.5'p'1?2'3'cd (1)
where p is the density of the medium (dough), v is the velocity, S is the area,
and C; is the drag coefficient. The wing profile ensures minimum C,; with high mass

transfer efficiency.

The angle of inclination of the bowl (8 = 35°) is calculated to ensure maximum
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concentration of the dough mass in the working area, allowing the kneading
mechanism to act on the dough with maximum efficiency [9-11].

A design of an unloading mechanism based on the principle of counterweight
(using the bowl's own weight) for tilting to an angle of 125° is proposed, which
eliminates the need for an additional drive for this process.

The results of the L4-HT-2VM design confirm the achievement of the set goals
for improving operational performance:

1. Improved dough quality (plasticity): Thanks to the shape of the blades, similar
to an airplane wing, high-quality plasticity and homogenization of the dough
throughout the entire volume of the bowl is achieved. The optimal angle of attack
(45%) and bowl tilt (35°) ensure intensive dough circulation, which allows for
effective mixing at the molecular level, which is impossible to achieve with a spiral
kneading mechanism.

2. Reduced duration and energy efficiency: Since the blade profile minimizes
resistance, the reduced load on the kneading organ allows for faster kneading at the
same drive power (2,2 kW). This results in:

— a reduction in mixing time (estimated at 20-30% compared to the base
machine);

— a reduction in specific energy consumption per kilogram of dough;

— minimal heating of the dough, which preserves its quality characteristics.

3. Mechanization of unloading: A mechanism for automatic tipping of the bowl
(from 35° to 125° has been successfully developed, using its own weight and
returning it by means of a drive. This design solution greatly simplifies the operation
of the machine, eliminating the need for a separate hydraulic or mechanical drive for
tipping [12-13].

Full mechanization and automation of the mixing process, controlled by a
frequency converter, allows the operator to flexibly divide the process into stages
according to the recipe. The innovation with automatic bowl tipping is particularly
important. The elimination of a separate drive for tipping reduces the overall

complexity of the design, the weight of the machine, and lowers maintenance costs.
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Considering that the base machine L4-HT-2V had high energy consumption and
low mixing quality, replacing it with the L4-HT-2VM 1is technically and
economically feasible. Improved kneading quality and simplified operation (due to
automated unloading) will directly lead to improved quality of bakery products and
easier baking [14-15].

Conclusions.

The analysis and design confirm the feasibility of using and operating the
innovative L4-HT-2VM dough mixer in the baking industry. The main contribution
lies in the justification and implementation of innovative design solutions that
directly improve key performance indicators.

Replacing the outdated spiral mechanism with a three-bladed rotor with an
airplane wing profile ensures high-quality mixing and plasticization of the dough
throughout the entire volume of the bowl, which guarantees the quality of the
finished bakery products.

Reducing the braking resistance of the blades and optimizing the kneading
process allows for minimal kneading time and lower energy costs for heating the
dough, significantly increasing production efficiency.

The design of the L4-HT-2VM provides for complete mechanization and
automation, in particular, a unique mechanism for tipping the bowl under its own
weight, which greatly simplifies operation and eliminates the need for a separate
drive for unloading.

Thus, the innovative L4-HT-2VM dough mixer is an effective technical solution
that improves quality, facilitates the baking process, and meets the modern
requirements of intensive production.
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Abstract. Analytical accounting systems are essential components of modern enterprise
information infrastructures, as they support managerial decision-making through the processing
and analysis of large volumes of structured and semi-structured data. In the context of digital
transformation and rapidly changing business environments, such systems must continuously adapt
to evolving business requirements, performance constraints, and reporting needs. The widespread
adoption of cloud infrastructure further increases system complexity due to distributed
architectures, elastic resource allocation, and dependency on heterogeneous cloud services, making
traditional, design-time—oriented requirements management approaches insufficient.

This paper addresses the problem of aligning business requirements with analytical
functionality and cloud infrastructure behavior in analytical accounting systems. The research
proposes a requirements-driven approach in which requirements are treated not as static design
artifacts but as active control elements that influence analytical workflows and cloud resource
configuration throughout the system life cycle. Requirements are represented as structured entities
characterized by type, priority, life-cycle state, and traceability to analytical components and
infrastructure services.

A conceptual interaction model is introduced that integrates three interrelated layers: the
business layer, where stakeholders define performance, availability, and reporting requirements;
the analytical layer, responsible for data ingestion, transformation, aggregation, and reporting;
and the cloud infrastructure layer, which provides elastic computing, storage, monitoring, and
scalability mechanisms. A key feature of the model is a closed feedback loop in which execution
metrics and infrastructure indicators are continuously collected and fed back into the requirements
management process, enabling iterative refinement and reprioritization of requirements without
interrupting system operation.

To illustrate the applicability of the proposed approach, an experimental evaluation was
conducted using a prototype analytical accounting system for a service-oriented enterprise. A
representative scenario involved tightening performance constraints for analytical reports and
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