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The study focuses on the development of an energy-saving design for concrete mixer mix components supply system to enhance
efficiency and reduce environmental impact. The proposed changes to the schematic diagram include the implementation of
separate hoppers with individual conveyors to optimize energy consumption and increase productivity. These modifications
aim to improve energy efficiency, reduce material change time, and prevent congestion in the supply system, ultimately leading
to enhanced productivity and streamlined production processes. This study highlights the importance of innovative design
solutions in the feeding supply system of industrial plants to drive sustainability and efficiency improvements.
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Po3pobka eHeproszoepiraro4oi KOHCTPYKIIiI CUCTEeMH
’KUBJICHHS 0€TOHO3MIIIyBAJIbHOI YCTAHOBKH

Kopo6ko B.0.!, Jlepuenko O. I1.2, Pyguk P.JO.3*

1,23 HanmionansHuii yHiBepeuteT «Ilonraschka moniTexHika imeni ¥Opis Konmparrokay
*Anpeca ais muctyBaHHs E-mail: rostyslavrudyk@nupp.edu.ua

BupoOHUIITBO 6€TOHY € BaXKIIMBOIO CKJIIOBOIO OYAiBEIBHOI IMPOMHCIOBOCTI, IPOTE BOHO BiJOME CBOTMHU BEIUKUMH €HEepre-
TUYHMMH BUTpPATaMM Ta HETaTHBHUM BIUIMBOM Ha JIOBKULIA. Y 3B'SI3KY 3 LIUM, JOCITIPKEHHSI CHCTEMH YKUBJICHHS OETOHO3Mi-
IIyBaIbHOT YCTAHOBKU Ma€ BEJIMKE 3HAUSHHS JUIS TiIBUIICHHS CTAJIOCTI Ta 3MEHILCHHS BIUIMBY Ha HABKOJIMIITHE CEPEIOBHILE.
B cTaTTi NIpoBOAATHCS MOCHIIKEHHS, SKi CHPSIMOBaHI Ha ONTHMI3allil0 BUPOOHMYMX IMPOLECIB Ta 3MEHIIEHHS CHOXXHUBAHHS
eHeprii B 6eTOHO3MIIYBaJIbHUX YCTaHOBKax. ¥ poOOTi BUKOPHCTOBYBAJINCS MOJISIIOBAHHS Ta aHAJI3 TEXHIYHUX IapaMeTpiB
KOHCTPYKIIii 0€TOHO3MIITyBaTbHOI ycTaHOBKH. OIHIEIO 3 KIIFOYOBUX MPOOIIEM, IO BHUSBJIEHI, € HEe()EKTHBHICTh CUCTEMH KH-
BJICHHSI, 110 TPH3BOIMTE 10 3aBOTO CIIOKWBAHHS €HEPTii Ta BTpAT MPOXYKTUBHOCTI. 3 METOIO BHPILICHHS IIi€i mpoOIIeMH,
3aIPOIIOHOBAHO 3MIHUTHU MPUHIUIIOBY CXEMY CHCTEMH YKUBJICHHS, PO3TAILIOBYIOYH KOXKEH OyHKep OKPeMO i3 BJIaCHMM KOHBe-
epoM. Pe3ynpraTu moCipKEHHS ITOKa3alH, II0 3alPOIIOHOBAHI 3MiHH CIIPHUAIOTH IiIBUIEHHIO eHeproe(eKTHBHOCTI YCTaHO-
BKH 32 paXyHOK MiHIMi3aIlil eHeproBUTpaT, MiABUIIEHHS e()eKTUBHOCTI MPOLECY Ta 3MEHILEHHs PU3HKY Mepenkoa. Taki mok-
palleHHsT MOXYTh 3HAYHO 3MEHIIUTH BUTPATH SHEPTii Ta MOKPAIINTH 3aralibHy MPOAYKTUBHICTH OETOHO3MILTyBaIbHOI yCTa-
HOBKH. BHCHOBKHM TOCITIKEHHS BKa3yIOTh Ha BXKJIMBICTh OCTIHHOTO MONTYKY HOBUX TEXHOJIOTIH Ta METOMIB JUIsl 3MEHIIICHHS
€HEProCIOXKMBAHHS Ta MOKPALIEHHS CTAJIOCTI BUPOOHUITBA. 3alPOIIOHOBAH] 3MiHM MOXYTh CTaTH Ba)KJIMBUM KPOKOM y Ha-
IPSIMKY CTBOPEHHSI €KOJIOTIYHO YHCTHX Ta eHEProe)eKTHBHNUX YCTAHOBOK ISl BAPOOHUIITBA OETOHY, 1110 BiAMOBIAAE Cy4acCHUM
BHMOT'aM CTaJloro PO3BUTKY.

KrouoBi cioBa: 6ETOHO3MIITYBaIBHUH 3aBOJI, CUCTEMA JKUBJICHHS, €HEProe()eKTUBHICTh, €KOJIOTis, MPOYKTHB-

HICTB, Yac 3MiHN MaTepiaiy, CTIHKiCTb, 6eTOH

Introduction. an important role in the production of concrete for con-

Nowadays, with the constant growth of the global
construction sector and the tightening of environmental
requirements, the development of energy-saving tech-
nologies is becoming an extremely urgent and im-
portant task. One of the key areas of improvement is the
feeding systems of concrete mixing plants, which play

struction.

Concrete mixture is widely used in construction in the
manufacture of various monolithic and prefabricated
structures. This material is a homogeneous mass con-
sisting of a viscous substance (cement), coarse and fine-
grained fillers (crushed stone, sand), water, as well as
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various additives that improve the properties of con-
crete. In each case, a careful calculation of the compo-
nents is carried out, which must be observed when com-
piling the proportions [1].

The production process of concrete and mortar mix-
tures is a series of sequential mechanized and, mainly,
automated operations: warehousing and storage of inert
materials and cement; dosage of sand, gravel, water,
chemical additives and pigments; mixing components;
and transporting concrete to its destination [2].

The ever-increasing requirements for concrete quality
and production efficiency, along with the need to re-
duce energy consumption and emissions of harmful
substances into the air, require revolutionary changes in
this area. Therefore, the purpose of this scientific study
is to develop a new energy-saving design of the feeding
supply system for concrete mixing plants, aimed at im-
proving their efficiency and reducing the negative im-
pact on the environment.

Review of the research sources and publications.

In recent times, a significant amount of research has
been conducted in the field of concrete mixing plants
and plants aimed at improving the quality and effi-
ciency of concrete production. These researches in-
clude the development of new technologies, improve-
ments in the processes of mixing and transporting con-
crete, as well as improvements in the designs of the
equipment itself. However, among the large amount of
researches, relatively little attention has been paid to the
feeding supply system of the concrete mixing plant,
which plays a key role in ensuring stable and effective
mixing of concrete components.

In recent times, a significant amount of research has
been conducted in the field of concrete mixing plants
and plants aimed at improving the quality and effi-
ciency of concrete production. These studies include
the development of new technologies, improvements in
the processes of mixing and transporting concrete, as
well as improvements in the designs of the equipment
itself. However, among the large amount of research,
relatively little attention has been paid to the power sys-
tem of the concrete mixing plant, which plays a key role
in ensuring stable and effective mixing of concrete
components.

Recent research on energy-efficient designs for con-
crete mixing plant feeding systems describes the use of
modern, high-efficiency motors and control systems
that optimize the operation of concrete mixing plants
with minimal energy consumption [4].

A review of publications of modern methods and
technologies aimed at improving energy efficiency in
concrete mixing plants was carried out, in which vari-
ous aspects were studied, such as the use of renewable
energy sources, optimization of technological pro-
cesses and the introduction of energy-saving technolo-
gies [6].

Studies have also shown the possibility of using inno-
vative methods for optimizing processes, automating
and improving the efficiency of concrete mixing plants

[9].

Definition of unsolved aspects of the problem

Although there are works investigating the integra-
tion of renewable energies into concrete mixing plants
[7], and more detailed research is needed to identify ra-
tional ways to use them and to address the technical and
economic challenges of this process.

Detailed study of different technological processes
impact on concrete mixing plants energy efficiency, as
well as determining the rational parameters of these
processes are very important to ensure efficient use of
energy.

It is necessary to develop and implement the latest
materials and technologies to improve the energy effi-
ciency of concrete mixing plants, such as energy-saving
drives and automation systems.

Problem statement

The purpose of this study is to conduct a comprehen-
sive analysis of concrete mixing plants design in order
to identify and solve unresolved problems that affect
the energy efficiency of these plants, as a result of
which to design feeding system, including the use of
the latest technologies.

Basic material and results

The technological process of production of concrete
mixtures and mortars at the modern level is a chain of
interconnected mechanized and, in most cases, auto-
mated operations: warehouse processing of materials,
including loading and unloading and stacking opera-
tions; transportation of components to the supply bins
of the mixing unit; dosage of components; preparation
(mixing) of the mixture; unloading of the finished mix-
ture [11].

With the dismembered production technology, the
dosed components are mixed on the road transport or in
mixing plants located in the places of concrete laying.

Depending on the purpose, capacity and characteris-
tics of consumer facilities, there are stationary and
quickly relocated concrete plants, quickly relocated
prefabricated plants and mobile mixing plants.

Stationary plants of continuous operation, produce
ready-mixed concrete (mortar) for various consumers
or for the plant of reinforced concrete prefabricated
structures.

Sulo of cement ispenser of water
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Figure 1 — Schematic diagram
of a concrete mixing plant

Quickly relocated plants are built for the construction
of specific facilities, taking into account their operation
for several years. For better use, such plants should be
able to quickly relocate to other facilities without high
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costs for plant and dismantling of equipment and sta-
tionary structures.

Mobile concrete and mortar mixing plants are units
mounted on trailers or consisting of blocks transported
by vehicles. These plants are designed to serve concen-
trated objects.

The plant or plant includes: aggregate and cement
warehouses with stacking machines and lifting and
conveying equipment to feed them to the mixing de-
partment; mixing compartment with dosing equipment,
consumable hoppers, mixing machines and devices for
receiving the finished mixture and dispensing it to the
consumer.

Concrete mixing and mortar mixing shops and plants
are classified according to the following criteria: mode
of operation - batch and continuous action; layout
scheme - for high-rise and stepped. With the high-alti-
tude scheme, the components are raised to their full
height once, after which they move only under the in-
fluence of gravity during the entire technological cycle.

10

WA

Figure 2 — Diagram of a concrete mixing unit
with four concrete mixing units

With a two-stage layout scheme, the concrete mixture
is sequentially lifted first into the consumable hoppers,
then, after dosing, into the mixing machine.

Figure 2 shows a concrete mixing unit with four grav-
ity concrete mixers, arranged in an elevation scheme
[10]. The volume of the finished batch of each concrete
mixer is 1600 liters.

Aggregates are fed from the warehouses by a con-
veyor belt 11 through a rotary funnel 10 to the compart-
ments of the feed bins. Cement is fed by pneumatic
transport to cyclone 8, from which it is sent through an
air chute to hopper 7. The final air purification is carried
out in the bag filter 9. From the consumable hoppers,
the cement is poured through the batcher 12 and the ag-
gregates through the batcher 13 into the collecting hop-
per 4 with a rotary funnel into the concrete mixer 2.
Water through the dispenser 6 and liquid additives

through the dispenser 5 flow directly into the rotary
funnel through the pipeline.

The finished mixture from the concrete mixers is dis-
charged into the dispensing hoppers 1. The operation of
the equipment is controlled from the console 14, lo-
cated in the dispenser compartment.

Figure 3 — Technological diagram of a concrete
mixing unit with a turbulent mixer

Tower-type concrete mixing units with a layout sim-
ilar to those of the concrete batching plant in question.
Figure 3 shows the technological scheme for the prep-
aration of mortar and concrete on an automated struc-
tural unit in which turbulent mixers are used. Cement
from silos 1 by screw 2, elevator 31 and screw 30 is fed
to hopper 29. From the hopper, the cement is fed by the
feeder 14 to the batcher 15, from which it enters the
mixer 9. Aggregates from warehouses 3 are fed by con-
veyor 4 to screen 6. The sifted sand is fed by the eleva-
tor 7 into the drum sand grinder 24 and then into the
hopper 25. Large inclusions from the screen 6 are fed
by the shaft hoist 5 into the waste bin 8. Crushed stone
from the warehouse is transported by the same chain of
machines and transport 26 to hopper 27 From the hop-
pers, the sand is fed by feeders 21 and 23 to the batcher
22 and further to the mixer. Water is supplied to the
mixer from the tank 28 through the valve 17 and the
dispenser 16. Lime from tank 13 and additives from
tanks 12 and 10 are fed by pumps 11 to the correspond-
ing dispensers 18, 19 and 20, from which they are
drained into the mixer.

Figure 4 shows a diagram of a two-stage continuous
concrete plant (SB-75 type), with a capacity of 30 m*/h,
designed for the preparation of concrete in open areas
during the construction of roads, airfields, etc.

Figure 4 — Schematic diagram of a continuous
concrete plant
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The plant consists of three main units: a batching unit
for aggregates, a mixing department with a cement hop-
per and a control unit. Aggregates from hoppers 1 are
fed through continuous dispensers 2 through the con-
veyor 3 to the inclined conveyor 4 and the collecting
hopper 9. Cement from cement trucks is sent to the hop-
per 7, equipped with a filter 8, and then to the collecting
funnel with a batcher 6. The plant can produce the fin-
ished mixture by a continuous mixer 10, where water is
supplied by a dosing pump 12 from a tank located under
the control unit 11, or to ship separately dosed dry com-
ponents and water to concrete mixer trucks. The unit
has a cyclic calibration dispenser 5, mounted on a slid-
ing frame.

The dosing unit of a plant or plant is one of the main
units, it can be called a bulk material feeding system
[14]. It consists of hoppers for temporary storage of ma-
terial, dispensers and belt conveyors.

Hoppers for bulk materials belong to the main type of
auxiliary equipment. The purpose of the hopper is to
create an operational stock of materials for the smooth
operation of production [15].

Consumable hoppers are designed so that they can
contain the materials necessary for the preparation of
the concrete mixture for 2-4 hours of operation. Usu-
ally, the stock of materials in consumable bins is taken
to be equal: for aggregates - for 1-2 hours, for cement -
2-3 hours. The number of hoppers or its compartments
is assigned to the development of the technological
scheme of production and depends on the nomenclature
of mixtures, the productivity of the line, the choice of
the layout of the plant (one-, two-stage, and others).
Usually their number is at least two for each type of
material. The consumable hoppers are located above
the dispensers and are equipped with gates at the out-
lets.

The design properties of concrete mixtures and con-
cretes are ensured by dosing (measuring) their compo-
nents with the required accuracy. This operation takes
place with the help of dispensers. Dispensers can be
volumetric and weight, batch and continuous, with
manual, semi-automatic and automatic control. In mod-
ern conditions, automatic batch dispensers are used in
most cases.

A batch weighing or volumetric weighing batch dis-
penser consists of a measuring device (a rectangular or
more often cylindrical vessel with a pyramidal or coni-
cal lower part), a shutter and a weighing mechanism
(device). Until recently, concrete mixing plants used
weighers with a lever weighing mechanism, which was
unreliable, quite complex and difficult to automate. Re-
cently, weighers on load cells have been widely used,
the design of which is very simple: the gauge is in-
stalled on load cells or suspended from load cells. The
most commonly used strain gauges are resistance that
varies depending on the deformations caused by grav-
ity. The electrical signal is processed by the controller.

The use of strain gauges has made it possible to se-
quentially dose several materials with a single batcher,
e.g. fine and coarse aggregates, different fractions of
coarse aggregate, as they provide the required accuracy
within the weighing range. In addition, it is possible to

carry out weight dosing of bulk materials with the help
of weighing conveyors-dosers.
The last component of the system is the belt con-

veyor, which feeds the metered material to the mixer.
7 z 3 4

Figure S — Feeding supply system
of the concrete mixing plant:
1 — receiving hopper; 2 — pneumatic shutter;
3 — measuring device; 4 — conveyor.

The feeding system consists of a belt conveyor, which
is attached to the hoppers using load cells and is a
weighing platform. Between the conveyor and the hop-
pers, there are meters for sand and gravel, the volume
of which is equal to the required portion for one batch
of concrete. The material is loaded into hoppers, then
this material is dosed to prepare concrete. The operator
gives a command and the hopper gates open one by one,
through the pneumatic drive, the material enters the
gauge and when the set weight is reached, the gate
closes. The gauge and shutter are quite oversized ele-
ments, this is done in order to reduce the hanging of
materials in the hopper and speed up dosing. Then the
conveyor turns on and transports the material to the
mixer. The conveyor drive must be powerful, since the
gauges contain material for one batch. For example, if
the mixer has a working volume of 0.5 m?, then the
mass of bulk materials will be about 1000 kg. The con-
veyor will turn off when there is no material left in the
gauges and on the belt. The disadvantages of this equip-
ment are a large shutter, which significantly affects the
error during weighing the material, a powerful and en-
ergy-consuming conveyor, vibration occurs during the
operation of the equipment, which negatively affects
the load cells and creates a large error in weighing and
premature failure, as well as the need to free the con-
veyor belt from materials, which significantly affects
the performance of the plant.
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Figure 6 — Schematic diagram of a concrete mix-
ing plant

It is proposed to change the design and schematic di-

agram of the feed system so that each hopper is located

separately from each other and has its own conveyor.

Weighing will take place in a separate gauge, which is
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mounted on load cells or a weighing platform. The hop-
per of the feeder will be a gauge in which there are no
gates, and a gate is installed in the discharge hole to
regulate the supply of materials.

As a conclusion, the proposed system will have a
number of advantages over the existing one.

During operation, vibration will not affect the weigh-
ing system, as it is located separately from the working
units. There are no gates and gauges in the feeders,
which greatly simplifies the design and reduces the
loading height of the material with the same volume of
hoppers. Although there will be several conveyors, they
will be smaller and not as powerful. It will be possible,
if necessary, to add material in any sequence and quan-
tity, and there will always be material on the belt, which
will allow instant dosing and significantly increase the
productivity of the unit. With this layout, the system
will be more compact, and when organizing a canopy
to protect against precipitation, there will be a place for
temporary storage of materials. Equally important is the
fact that cement can be dosed using a single weighing
system.

Conclusions

The results of the study of the energy efficiency of the
concrete mixing plant design led to an important con-
clusion regarding the need for changes in the schematic

diagram of the feeding supply system. The proposed
changes provide for the location of each hopper sepa-
rately from each other, each of which will have its own
conveyor.

This new feeding system schematic diagram will help
improve the energy efficiency of the plant in several
ways. The isolated arrangement of hoppers and the use
of separate conveyors will optimize the operation of the
feeding system, avoid unnecessary energy consumption
for transporting materials. Each hopper will be able to
operate independently, which will help increase
productivity and reduce the time to change the material
being loaded.

The introduction of separate conveyors for each hop-
per will reduce the risk of congestion and interference
in the feeding system, which will help to avoid wasting
time and energy on solving such problems.

Therefore, the proposed changes in the design and
schematic diagram of the feed system of the concrete
mixing plant have significant potential to improve en-
ergy efficiency and optimize production processes.
Their implementation can be an important step towards
the creation of environmentally friendly and change-re-
sistant concrete production plants.
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