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The article discusses the design of a compact gravity-force concrete mixer, which combines the advantages of gravity and
forced mixers. An analysis of existing designs and the mixing processes within them was conducted. The proposed design is
promising due to its high energy efficiency, reliability, and compactness. Its small size simplifies transportation, and its
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Introduction.

Every day, the construction industry in Ukraine faces
significant challenges in the modern world. The
constant destruction of private households or low-rise
buildings is causing increased demand for restoration
and new construction in the country. This, in turn, leads
to an increase in demand for the manufacture of
concrete structures, which cannot always be met due to
the lack of affordable and practical tools. Therefore, it
would be advisable to consider the potential
functionality of existing concrete mixing equipment
and its parameters, as well as to propose a design idea
that offers a modern solution for such cases. It should
be noted that the compact size and energy efficiency of
the future design are key factors, since possible damage
to power grids leads to an unstable supply of electricity
to people's homes, which requires the design to operate
in such a mode that it achieves the maximum amount
of concrete mix produced in the shortest possible time.
Another critical parameter is compactness, which is a
personalised solution for moving and storing concrete
mixers. It is believed that larger models of concrete
mixers can be used; however, due to their high metal
content and size, they are not always advisable for use
in low-rise and private households.

However, ensuring productivity while reducing
dimensions should remain comparable to analogues,
while maintaining the cost of manufacturing and using
this design. It is also advisable to pay attention to the

reliability of the design and reduce the number of
potentially vulnerable components of the concrete
mixer [1].

Review of the research sources and publications.
During the study of other publications on this topic, the
works of prominent scientists who have dealt with
solving problems related to operating modes and
parameter selection for this type of equipment were
analysed [1-11]. In their works, considerable attention
was paid not only to the principle of operation of
mixers, but also to achieving adequate mixing of ready-
made mixtures, which significantly influences further
research. It is worth distinguishing the comparative
assessment of the efficiency of various mixers in terms
of design, as studied in the work of Rogozin [.A. [11],
since a universal indicator has been developed that
allows evaluating the performance of mixers based on
their design, which in turn provides a basis for a
simplified analysis of the feasibility of design options
for new construction equipment. His work also
examines the efficiency coefficient of the mixer, which
is determined by the machine's design features and
parameters, resulting in the achievement of process
efficiency through the parameter of mixing
homogeneity. It is noted that this parameter can be
achieved in several ways, namely by adjusting the
coefficients of heterogeneity of the mixture
concentration components, the degree of mixture
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separation, or the values of the limit shear stress of the
solution, which still result in an exponential
dependence of the building material preparation
process. A quality mixing process for a construction
mortar will involve macro-mixing and micro-mixing.
Meeting the quality conditions for mixing will result in
a symmetric mixture structure with a homogeneous
distribution throughout the entire volume of the drum's
working space.

The requirements of DSTU standards [12, 13] for
construction equipment, as well as the quality and
speed of preparing ready-mixed concretes, were taken
into account. Specifically, about general points, we can
highlight  ergonomics, safety, transportability,
resistance to dynamic loads, and resistance to
vibrations. Based on the standards above, further
research on the gravity-fed mixer should consider an
optimal layout of working parts, a reduction in material
consumption, and a unified overall design..

¢)
Figure 1 - Forced-action concrete mixers,
a) RSP-800,
b) SGSh-500,
c) BP2-100.

In addition, the rheology of construction mixtures,
namely the hydrodynamics of viscous substances, was
analysed. This is one of many initial factors for quickly
and reliably achieving mixture homogeneity [9, 10].
Construction mixtures, particularly concrete, are non-
Newtonian viscous fluids. Their behaviour, like that of
all sand-cement mixtures, depends not only on the
water content, but also on the combinations of
interactions between the binder and different fractions
of the aggregate. Parameters of the rheological model,
such as yield stress, plastic viscosity, and thixotropy,
are crucial for designing mixers and selecting optimal
operating modes. Hydrodynamics in mixing enable the
determination of the distribution of velocities, flow
vectors, and stresses in the liquid or semi-liquid phases
of a cement-sand mixture [4].

An analysis of the main model designs currently
available on the Ukrainian market has revealed that
several distinct concrete mixers and their operating
principles can be identified, which can serve as a basis
for developing a new design, as they are the most
common representatives in their category.

Most forced-action concrete mixers [15, 16, 17] are
continuous in operation; their design includes a
stationary drum and working blades that rotate relative
to the drum axis. The working mixture is loaded into
the stationary drum, and the blades, performing a
rotational movement, ensure the mixture is thoroughly
mixed. The finished mixture is discharged through an
opening located at the bottom of the drum, which does
not always meet operational requirements. In addition,
complete unloading of such a mixer is complicated [3,
4,5, 8].

A unique feature of the design is that the mixer drive
can be located under the drum, above the drum, or, in
the case of horizontal shafts, on the side. A drive shaft
transmits the torque through a pipe to a traverse, to
which the blades are attached. The pipe is rigidly and
hermetically fixed to the lower plane of the drum,
ensuring that there is no contact between the rotating
drive shaft and the working medium, thereby providing
greater reliability to the structure. However, this type of
concrete mixer design is metal-intensive and,
accordingly, heavy and expensive, which limits its
mobility [2, 3].

Gravity mixers [17, 18] operate on the principle of the
natural collapse of the mixture in the drum, under the
influence of gravity. In such a mixer, the blades are
rigidly fixed to the inner surface of the drum. As the
drum rotates, the components of the mixture are
prevented from sliding along the drum walls. The
advantages of this mixer are its simple design, high
reliability, and consequently, lower material
consumption and cost, as well as its compactness and
ease of transport.

In addition, complete unloading of the mixer is not
problematic. Therefore, its design is the most common
among mobile concrete mixers. However, this mixer
design also has the disadvantages characteristic of
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gravity mixers, namely the difficulty of obtaining a
uniform mixture composition [1, 4, 5, §].

b)
Figure 2 - Gravity-type concrete mixers.
a) Skif BSM-200,

b) Forte EW9180P.

Definition of unsolved aspects of the problem.
This study aims to optimise the parameters of a small-
sized concrete mixer that combines the advantages of
different operating principles, including gravity and
forced action mixers.

Among the main parameters studied, special attention
was paid to energy efficiency and mixing quality. The
general parameters included compact size, reliability of
components, and metal intensity, which also took into
account the manufacture of special concrete mixer
components.

Problem statement.

One of the key problems with this type of equipment
is maintaining a balance between mixing quality and
energy efficiency. It is believed that further research on
this topic, combining the design features of gravity and
forced action mixers, will result in improved mixture
quality with significantly lower energy consumption.

From the perspective of insufficient justification of
the parameters of similar equipment, it stimulates
further possible research on this topic.

Basic material and results.

The mixing process itself is much more complicated
than it may seem at first glance. To obtain a
homogeneous mixture, it is necessary to distribute its
components evenly throughout the entire volume of the
mixing drum and to achieve dispersion of liquid
droplets and air bubbles, while maintaining a uniform

shear stress in the mixture during circulation. To
accurately study the mixing process, a parameter is
needed that can summarise and evaluate the quality of
the prepared mixture. The most accurate and fair
criterion for construction mixtures is the heterogeneity
criterion, also known as the coefficient of variation; as
this parameter increases, the heterogeneity of the
mixture increases [1-7].

—_
(=]

Ky =12
C

var

(1)

where ¢ — arithmetic mean value of the
concentration of the key component in all » samples
of the mixture, %;
¢ —concentration of the key component in the i-th
sample of the mixture, %.
Among the main parameters, mixing performance
will also be taken into consideration.

He;ccmz = V3a2 'Zu, m3 / hour. (2)
Hexcm = V3a2 Zu Lo m3 / hour. (2)

Vaar, — total volume of the mixture in the mixer body,
m’;

po — average density of concrete mix, kg/m?;

Z = 3600/t, number of machine cycles per hour;

t,- duration of one cycle, which consists of the sum of
the duration of loading components t;, and their

movement [7, §].
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Figure 3 - Compact mixer
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An analysis of the main model designs currently
available on the market has revealed several separate
concrete mixers that can serve as the basis for a
theoretical design. During construction or renovation
work, both forced-action and gravity concrete mixers
can be used. After reviewing existing mixers and
considering the necessary calculations, the following
model is proposed [19].

The design kinematic diagram of the mixer for a
rotating drum entirely coincides with that of a
conventional gravity mixer. The mechanical energy of
rotation from the electric motor drive 1 is transmitted
through a bevel gear to the rim of drum 2, causing it to
rotate. The drum, as before, rotates freely around the
central axis. The central axis 4 is rigidly fixed to the
movable frame 1, and the movable frame 1 can tilt,
tilting the drum 2 to the required position. The central
axis 4 runs along the axis of the drum 2, coaxially in the
central pipe 5. In the central pipe 5, bearings are located
at the upper and lower ends, on which the central axis
4 is fixed. The central pipe 5 is hermetically sealed to
the lower part of the drum 2, which allows the drum 2
to rotate freely on the bearings of the central axis 4. At
the same time, the mixture cannot directly contact the
central axis 4, which ensures the proper reliability of
the drive. A traverse 6 is installed on the upper end of
the central axis 4 using a spline connection, so it cannot
rotate with the drum 2. The blades 7 are attached to the
traverse 6, allowing for the necessary radial positioning
relative to the axis of the hollow pipe 5.

The mixer operates as follows. Drum 6 contains a
preloaded mixture that is to be mixed.

Depending on the technological needs (mixture
recipe), the number and location of the replaceable
blades 5 are set (mixing can also occur without the
blades 5 in gravity mode). By changing the position of
the movable frame 1, the required tilt angle of the drum
2 is set. The position must be such that the mixture
inside the tank covers the blades of the drum, allowing
the mixture to rotate with the drum. The blades 8
prevent the mixture from sliding along the inner walls
of the drum 2. The mixture moves with the drum 2,
while the blades 7 of the traverse 6 remain stationary
and begin to forcibly mix the mixture. Simultaneously,
in addition to the forced mixing provided by the blades
7 of the traverse 6, the gravity mixing process continues
with the help of the blades 8 of the drum 2. This makes
it possible to ensure high mixing efficiency in a shorter
period.

Conclusion. after considering the advantages of the
proposed design for a mobile compact gravity-force
concrete mixer, we found that despite its low material
consumption, the design is highly reliable. The drum 2
rotates on a rigidly mounted axis 4 and rests on two
bearings, which are spaced as far apart as possible. This
ensures extremely stable operating conditions for the
bevel gear, especially under a full load. Additionally,
the design is compact and easy to transport. If needed
(for example, when manually moving the mixer from
one floor to another), drum 2, along with traverse 6, can
be easily detached from movable frame 1, which
significantly simplifies transportation, as reinstalling
drum 2 is not difficult.
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Mo0isibHuit rpaBiTaniiHuil 0eTOHO3MILyBa4Y PUMYCOBOI il

VYV cTaTTi pO3MNITHYTO KOHCTPYKLIIO MajJoradapUTHOTO IPaBiTAllifHUA OeTOHO3MINIYBa4 MPUMYCOBOI Iii, AKUi Mir O6u OyTu
e(eKTHBHUM Yy IIPUTOTYBaHHI OCTOHHHMX CyMilled 3a paxyHOK IIO€JHAHHS IPHHIOUMIB poOOTH OeTOHO3MINIyBadiB
rpaBitaniifHoi i mpumycoBoi xii. [IpumyckaeTses, o 3a3HaYeHa KOHCTPYKIis MaorabapuTHOTO TPaBiTAI[IHHO-TIPIMYCOBOTO
GETOHO3MIlllyBa4ya BHABUTLCA MEPCIIEKTHBHOI0 Ta iHHOBamiiiHOIO y cdepi mpuroTyBanHs OyjiBeqbHHMX cyMmimei. [i
YHIKaJIBHICTb ITOJISITa€ B TOMY, III0 BOHA YCIIIIITHO MTO€THYE IIEPEBary sK IPaBiTAI[IHHIX, TaK i IPUMYCOBHX OETOHO3MIIIyBadiB,
a Tako)k eeKTUBHO BUpIIIy€e MPpobieMH, 110 BAHUKAIOTh PH iXHBOMY 3aCTOCYBaHHI Ha OyAiBeNbHUX Maiinanunkax. Takox y
CTaTTi MPOAHAI30BAHO AHAIOTH ICHYIOYMX OETOHO3MIllyBauiB rpaBiTaliiiHol Ail i mpumycoBoi mii. JocmimkeHo mporecu
BUHHKAIOY1 IPH 000X BUAAX 3MILIyBaHHA CyMilllel B iICHYIOUMX aHAJIOTax, SKi BUKOHYIOTH JIaHi omeparii nepeMinryBaHHs Ha
OyxmiBenpHUX MaimaHumkax. [lepenOayaeThes, M0 MaHa KOHCTPYKIS 3a0e3medye BHCOKY €()EeKTHBHICTh 3MIIIyBaHHS, Ma€e
MOKpAIeHy CHEProeeKTUBHICTh Cepe]l aHAJIOTIB, HAMIMHICTh CBOIM pO3TallyBaHHAM BYy31iB. ONUH i3 TOJOBHHX ILTIOCIB
3aIPOIIOHOBAHOI KOHCTPYKIIi MoJsrae B MajgorabapuTHOCTI KOHCTPYKIIIT, IO CHPHUsE MOJETIICHHIO TPAHCIIOPTYBaHHS 1i 10
OyniBenpHOMY MaiaH4MKy. Lle He Timbku 30inbIIye eeKTUBHICTE POOIT, ane W poOHUTH mporec OyIiBHUNTBA EKOHOMIYHO
BUTiHIMM. Po3pobieHa KOHCTPYKIISL € JOCTaTHRO KOMIIAKTHOIO Ta YHIiBepcalbHOIO. J[0aTKOBOIO MepeBarolo €
YHIBEpPCAIbHICTh KOHCTPYKLII, sIKa TO3BOJISIE PO3MIIyBaTH OONaIHAHHSA B OyAb-IKOMY Micui OyaiBenbHUX poOiT. Lle poOuts
3MilIyBa4 THYYKUM 1 aJjaiTOBaHUM JO0 Pi3HUX YMOB Ta 3aBJaHb Ha OyZiBeIbHOMY MaiiiaHuuKy. BoHa 3a0e3neuye edekTuBHe
3MilIyBaHHA OyiBeIbHUX PO3YHHIB Y BCTAHOBIEHOMY 00'e€Mi, 3a0€3Meuyoun Mpu oMY €Heproe()eKTUBHICTh 3MIITyBaHHS.
OpHak BOHA TaKOX Mae IepeBart 3aBAsKu 00'eTHAaHHI BUHHKAIOUHX IIpoIiecax B 000X BUAaX 3MIIyBayiB, a TAKOX MOXKJIMBOCTI
PO3MIIeHHsT 00IagHaHHS B OyIb-IKOMY MicIlli OyIiBeNbHHUX pOOIT. 3arajgoM, JaHa KOHCTPYKIis IpaBiTallifHO-IIPHMYCOBOTO
0eToHO3MillyBaya BUIAETHCS HEPCHEKTHBHOIO 1 OOILMIOYOI0, BUPIIIYIOYHM YHCICHHI TEXHIYHI Ta €KOHOMIYHI AacIeKTH,
MOB's13aHi 3 OYIIBHUIITBOM
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eHeproe(heKTUBHICTh, IPOIYKTUBHICTh, OAHOPIAHICTD CyMilIi.
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