Grain Products and Mixed Fodder’s, Vol.25, 1.4 (100) / 2025

- -

iso¢hnasonie EKCO, ne niosuwyiouu emicm 6 KOpmi Kanvyiio, a HOpMAni3yiouu 0OMIHHI npoyecu 6 Op2aHismi, wo 003801UNb
VHUKHYMU 3aX60PI06ANb | NAMON02IlL, 3yMOGNEHUX HAOTUUKOBUM HAOXOOHCEHHAM KATbYIIO.

KurouoBi cjioBa: minepajibHuii 00MiH, ci/IbcbKOrocnoAapcbka NTHIS, COsl, i30(hIaBOHH, 0cTE00i0THKH, KiCTKO-
Ba TKAHMHA, KOMOiKopM.

Received 27.08.2025
Reviewed 06.09.2025
Cite as Vancouver Citation Style
Levitsky A., Iegorov B., Makarynska A., Lapinska A., Pavlenko K., Voloshuk O. Nutrition method of activating osteogenesis in the
organism of farm animals and poultry. Grain Products and Mixed Fodder’s, 2025; 25 (4, 100): 36-43.
DOI https://doi.org/10.15673/gpmf.v25i4.3314
Cite as State Standard of Ukraine 8302:2015
Nutrition method of activating osteogenesis in the organism of farm animals and poultry. / Levitsky A. et al. / Grain Products and
Mixed Fodder’s. 2025. Vol. 25, Issue 4 (100). P. 36-43. DOI https://doi.org/10.15673/gpmf.v25i4.3314

o

Revised  20.09.2025 alf &
Approved 02.12.2025 R

onon =F
UDC [621.867.2:620.92:621.01] R o) OPn Ao

DOI https://doi.org/10.15673/gpmf.v25i4.3316
S. Orlova, Ph.D of Technical Science, Associate Professor, E-mail: ss_orlova@ukr.net,
https://orcid.org/0000-0001-6548-5166; https://www.webofscience.com/wos/author/record/1254962
Odesa National University of Technology, 112 Kanatna Str., 65039, Odessa, Ukraine

TECHNOLOGICAL PROCE SSES, EQUIPMENT

INNOVA;TIVE DESIGN SOLUTIONS FOR IMP-ROVING
THE ENERGY EFFICIENCY OF SCRAPER CONVEYORS

Abstract

The article examines the issue of improving the energy efficiency of scraper conveyors in transport, logistics and trans-
shipment systems of flexible automated production facilities. The relevance of the work is determined by current trends in industrial
development within the framework of Industry 4.0, which involves the introduction of digitalisation, automation and intelligent man-
agement technologies for the stable operation of production processes. One of the key tasks in this direction is to minimise energy
consumption and increase equipment reliability while ensuring flexibility and efficiency of material flows. The advantages and dis-
advantages of traditional belt and scraper conveyors are analysed, with an emphasis on the operational limitations of the latter —
increased energy consumption, cargo fragmentation, wear and tear of components, etc. The feasibility of using continuous action
machines (CAM) as a key element in cargo handling systems is substantiated. A new design of a scraper conveyor with a movable
trough bottom is proposed, which eliminates relative friction between the cargo and the bottom of the transport surface, as well as
between individual cargo particles in the scraper zone. This design solution makes it possible to reduce energy consumption by more
than 70% compared to traditional systems, as well as significantly increase the durability of the equipment and ensure careful trans-
portation of fragile and solid materials. The paper presents a mathematical model for determining the coefficient of resistance to
cargo movement, taking into account the reduced contact area, and develops formulas for determining the traction force and drive
power. A theoretical justification for the reduction in energy consumption has been provided, confirmed by relevant calculations. The
modified design eliminates a number of operational shortcomings of traditional scraper systems. The results obtained are of practi-
cal importance for engineers and designers of modern automated transport systems.

Keywords: continuous machines; scraper conveyor; belt conveyor; innovative design; mechanization, cargo flows;
digital production; wear; ergonomics; safety; transportation; modernization, transport equipment.

Introduction

In transport-handling and transport-storage sys-
tems of flexible automated production, it is expedient and
promising to use continuous-action machines (CAM) as
key elements for moving cargo flows. CMMs increase
the efficiency of transportation in flexible production
facilities and contribute to the achievement of Industry
4.0 goals — digitalisation, automation and optimisation of
all stages of the production process, including the follow-
ing areas:

—continuity and stability of transportation — MBDs
ensure uniform and continuous movement of goods,
which is especially important for automated systems
where maintaining the rhythm of production processes is
critical.

— compatibility with automated logistics schemes —
MBDs are easily integrated into cargo flow management
systems, including robotic warehouses, automated sort-
ing centres and digitally controlled lines;
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—increased productivity thanks to continuous opera-

tion and minimal delays between MBD cycles;
—flexibility of layout in technological lines (flows);
—improved ergonomics and safety.

Among continuous-action machines, belt and
scraper conveyors are the most widely used due to their
relative simplicity of design, reliability and wide range of
applications. At the same time, when each type of these
conveyors is used separately, along with their advantages
— in particular, high productivity, the ability to transport
goods over long distances and ease of maintenance —
there are also significant operational disadvantages. For
belt conveyors, these limitations include the inability to
transport bulk cargo with high moisture content, lumpy
and abrasive cargo, as well as the risk of material spill-
age.

Scraper conveyors are character ised by the
movement of cargo along a chute, flat deck or bedding
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from the cargo by
dragging it  with
scrapers attached to a
traction element. It
appears to have a
simple design. How-

ever, it is less com-
mon than belt con-
veyors. This is due to
a greater number of
design and operation-
al limitations, name-

ly:

— increased

energy consumption

due to friction be-
tween the load and
the chute;

— internal
friction between particles of cargo moving between the
scrapers leads to crushing and additional energy con-
sumption.

— inability to transport fragile materials.

— complications in transporting high-strength
lumpy cargo, which can get stuck between the scrapers
and the walls of the chute, leading to damage to the
scrapers;

— insufficient durability due to intensive wear
of the scrapers and the bottom of the chute.

This raises an urgent engineering question: is it
possible to integrate the advantages of both types of con-
veyors into a single design while eliminating their inher-
ent disadvantages? The answer to this question lies in a
new scraper conveyor design, which is protected by a
Ukrainian patent [1, 2].

The proposed model provides for a significant
reduction in energy consumption and eliminates addi-
tional crushing of cargo particles during transport due to
the absence of relative movement between the cargo and
the chute.

The design solutions are shown in Figs. 1-3,
where Fig. 1 is a front view of the scraper conveyor, Fig.
2 is a horizontal view (cross-section A-A in Fig. 1), and
Fig. 3 is a top view.

With the modernisation, the new design of the
scraper conveyor has a body 1, to which the loading de-
vice 2 is rigidly attached. An electric motor 3 is fixedly
mounted on the body 1, which transmits rotational motio
n to the gearbox 4 via a belt drive 5, and the gearbox, in
turn, transmits motion to the drive sprocket 6 of the
scraper conveyor via a chain drive 7. A drive sprocket 8
with a tensioning device (not shown in the figure) is in-
stalled in the housing at a distance equal to the distance
over which the load is moved. Sprockets 6 and 8 are kin-
ematically connected to each other by a roller chain 9 on
which scrapers 10 are located.

The scraper conveyor trough replaces a wireless
belt conveyor, which has cylindrical drums 12 and 11
with axes of rotation parallel to the axes of rotation of
sprockets 6 and 8 and has a rubber-fabric or steel belt
(depending on the type of cargo) 13, which rests on the
movable cylindrical rollers 14 of the working branch of
the belt. These rollers prevent the belt from stretching

Fig. 1 — Front view of a scraper conveyor

under its own weight and the linear gravitational force of
the cargo. The belt moves due to the friction forces be-
tween the load and the belt simultaneously with the
scrapers. This eliminates friction between the load and
the bottom of the conveyor in the form of a belt, as well
as between the load particles located between the scrap-
ers. To ensure the movement of the load by the scrapers,
it is necessary to control the centre-to-centre distance
between the sprocket and the drum, which should be
equal to the sum of the average radius of the sprocket, the
radius of the drum, the total height of the scraper and the
width of the belt.

A hopper 16 is installed under the lower (idle)
branch of the belt, which has a slide valve 17 along its
length for automatic removal of excess cargo that acci-
dentally entered the hopper during transportation.

The proposed design contributes to a significant
reduction in energy consumption during cargo transporta-
tion by eliminating friction between the cargo and the

Fig. 2 — View of the scraper conveyor in sec-
tion A-A in Fig. 1
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surface of the chute, as well as
between individual cargo parti-
cles moving within the scraper

zone. This prevents the crushing !
of material, which is critical for
the transportation of cargo that
cannot be structurally damaged. |
In addition, the design ensures
increased equipment durability

and reliable movement of frag- ) T

ile and solid materials without
the risk of damage or jamming.

To justify the effec-
tiveness of the proposed design,
we will perform a theoretical
calculation of energy consumption during horizontal
movement (angle of inclination 0°) of an average piece
load under the conditions of an improved conveyor with
minimised friction.

Results and discussion

The required power of the scraper conveyor is
determined as

p_ K - W, - v,
where W, — is the circumferential tensile force, H;
K,=1,15...1,20 — reserve ratio; v — speed, m/s; 70 — total
efficiency of the conveyor drive.

In technical literature and textbooks [3], the cir-
cumferential traction force is determined by calculating
the tension at characteristic points along the route using
the bypass method, based on the selected route diagram.
For calculations, we chose a simple route, since the route
does not affect the energy efficiency of the proposed new
scraper conveyor design. By means of simple transfor-
mations, instead of step-by-step calculations, a single
expression for the circumferential traction force was ob-
tained:

2 Oy
Wo= (K35 +K—-2)So+Ksygq oLy (Kat1 +K )+

!

1
+ 610'(1*?) " H, ()
where K3 — coefficient of resistance to rotation
of the drive sprocket of the scraper conveyor

(at o = 180°, K3=1,08); ¢=Q/3,6 — calculated distrib-
uted mass (linear gravitational force of the load), kg/m; O

— scraper conveyor capacity, tonnes per hour; go =K ' q
— distributed mass of a scraper conveyor (for single-

chain conveyors) K'= 0,55), kg/m; @ — coefficient of
distribution of the running gear on flanged rollers (can be
selected from work [3]); g = 9,81 m/s> — acceleration of
free fall; wy — coefficient of resistance to cargo move-

ment along the chute; L, — track length, m; Sop = Smin —
minimum chain tension (selected based on the condition
of preventing scraper rotation and the specified produc-
tivity) (So = Smin = 3000...10000 H); H — height of cargo
lift on conveyor.

The coefficient of resistance to cargo movement
along the chute can be determined as:
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Fig. 3 — Top view of a scraper conveyor

. G)
1+2f°)-B

where K, — empirical coefficient (usually K=

o —fg{n Kc(1,2+V)~h]7

1); B — gutter width, m; fg — coefficient of friction be-
tween the transported cargo and the walls of the chute; f

— coefficient of internal friction of bulk cargo; h -
height of the cargo layer in the chute, m.

From the analysis of dependence (3), it follows
that ®, at constant values of coefficients fz and f for

the transported cargo, it significantly depends on the ratio
h/B.

The design of the proposed scraper conveyor
provides for a movable bottom of the trough with fixed
(stationary) side walls. In this regard, in order to correct-
ly determine the power losses associated with the move-
ment of cargo along the trough, it is advisable to make
the following initial assumptions:

—  the coefficient of lateral resistance of the
cargo to the fixed sides remains unchanged;

—  the area of friction between the load and
the chute is reduced by the width of the chute.

Usually, in conveyors, the total area of friction
between the load and the chute is equal to

A=2h+B. (@))

We take into account that 2 = h,y and
hye = B/Kp, let's determine

=y, )

Kn

where Kj, — gutter height coefficient; = 0,01
(B' — P) — overall utilisation rate. ' — conditional angle
for heavy bulk cargo (£'= 85°), and B — conveyor incli-
nation angle.

Taking into account dependencies (5) and (4),
we obtain:

A:B(?{-‘ZH). (6)

If the bottom of the chute is movable, then the
total area of friction between the load and the chute is
equal to

A= a-B=2 s 1)-B=2.B. L 7
Kp Kp
Summarising the above, expression (3) takes the form:
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K.(12 Conclusions:
O =/B 1+c(,—;ru)\|/ . (8) . L. The pr.oposed design of the scraper conveyor
A+21)Ky, is more efficient in terms of energy efficiency, which is

due to the reduction of power losses during cargo trans-
portation, in particular due to the design solution with a
movable bottom of the trough.

2. The elimination of friction between the trans-
ported cargo and the side walls of the trough, which is
particularly relevant when transporting large-sized or
lumpy materials, makes it possible to reduce the overall
coefficient of resistance to motion for a scraper conveyor energy consumption of the transportation process by
with a moving trough bottom. more than three times, as confirmed by the relevant cal-

Y culations. .
x= A 3. The use of a conveyor with a movable bottom
j( A* 9) when transporting bulk materials provides a significant
reduction in the required drive power — more than 70%
compared to traditional designs, which indicates the high

Within the framework of the calculation model,
it is assumed that the friction force is linearly dependent
on the contact area between the load and the moving sur-
face of the bottom. Considering the technical feasibility
and sufficient accuracy of this approach for engineering
calculations, this assumption is considered reasonable.

Based on this assumption, we will calculate the

Ed

Taking into account dependencies (6) and (7)
with the ratio of areas, we obtain

y 2y 2y 2y+ Ky, K), efficiency of the proposed technical solution in practical
— =B(—*+1)/B—F="—"=1+—". application.
A4 Kp Kp 2y 2y
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THHOBAIIIMHI KOHCTPYKTHUBHI PINIEHHS IIJIBUIIIEHHS
EHEPI'OE®EKTNBHOCTI CKPEBKOBUX KOHBECPIB

Anomauia. Y cmammi 00cniodceno numanHs Ni08UWEHHs eHeP20edeKmuUeHOCmI CKPeOKOBUX KOHBEEPI8 Y CKIA0l MPAHC-
HOPMHO-NOSICIMUYHUX | NEPEBANMANCYBATLHUX CUCTEM SHYYKUX A8MOMAMU308AHUX BUPOOHUYMS. AKMYanbHicmb po6OmU 3yMOBNEHa
CYYACHUMU MEHOEHYIAMU PO3BUMKY NPOMUCIOB0CMI Y pamKax KoHyenyii Indycmpii 4.0, axa nepeddayae anpoeadtcents yupposisa-
yii, aemomamusayii ma iHmMenreKMyarbHUX MexXHOA02I YPAGIIHHA 01 CMabinbHOI pobomu eupodHuuux npoyecie. OOHUM i3 KAHOYO-
BUX 3A80AHb HA YbOMY WLTAXY € MIHIMI3AYIs eHEPLOCNONCUBAHHS MA NIOBUWEHHS HAOTIHOCMI 00IA0HAHHS NPU OOHOYACHOMY 3a0e3-
neuenHi eHyykocmi ma egexmusHocmi mamepianonomoxis. IIpoananizoeano nepesazu ma HeOOMKU MPAOUYIIHUX CIPIYKOBUX i
CKpeOKOBUX KOHBEEPIB, 3 AKYEHMOM Ha eKCNIyamayitini 00MedHcenHs. OCMAHHIX — NIOBUEeHe eHEP2OCHONCUBANHS, NOOPIOHEHHS BaH-
maoicy, 3HouLYysanis eremenmis mowjo. OOIPYHMO8aro OOYiNbHICMb GUKOPUCMAHH MawuH 6e3nepepenoi 0ii (MB/]) sk kiouoeoeo
eNleMenma 6 Cucmemax nepemilyyerHs 8aHmaxicie. 3anponoHo6aHo HO8y KOHCMPYKYIIO CKpeOKO8020 KOHBEEPA 3 PYXOMUM OHUUjeM
a#c0n06a, AKa 003601A€ YCYHYMU 6IOHOCHE MEPMS MIdC 8AHMANCEM | OHOM MPAHCNOPMYIOUOT NOBEPXHI, A MAKOHC MIdHC OKpEeMUMU
yacmKamu 6aHMadicy 6 301i ckpebkie. Lle koncmpykmugne piulenns 0ac 3M02y 3HU3UMU eHepeocnodcusants nonad 70% y nopiensam-
Hi 3 MPAOUYIIHUMU CUCMEMAMU, d MAKOC 3HAYHO NIOSUUMU 008208IYHICMb 00NA0HAHHSA U 3a0e3neuumu 00alliuee MpaHcnopmy-
BAHHA KPUXKUX | meepoux mamepianis. Y pobomi nasedeno mamemamuiny mooeisb 015l 6U3HAUEHHs Koegiyicuma onopy pyxy eau-
Masicy 3 ypaxy8amHAM 3MmeHuieHoi niowji KOHmaxkmy, po3pooneHo opmyau Oas UIHAYEHHS MAL0B020 3YCULIA MA NOMYICHOCH
npueody. Ilposedeno meopemuure 0OIPYHMYBAHHS 3HUNCEHHS €HEP2OCHONCUBAHHS, NIOMEepOdiceHe GIONO0GIOHUMU PO3PAXYHKAMU.
Moougixosana koncmpyKyis 0036018€ YCYHYMU HU3KY €KCNIYAMAyiliHux HeOOiKie mpaduyiinux ckpebrogux cucmem. Ompumani
pe3yibmamu Maroms npakmuyHe 3Havyents OJis iHJICeHepié ma KOHCMPYKMOPI@ CYYACHUX AGMOMAmMU308aHUX MPAHCNOPMHUX CUC-
mem.
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