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Abstract

The article is devoted to the study of the influence of carbon content in the auger material on its wear
during dehydration of municipal solid waste in the garbage truck. Using the method of regression analysis, the
hyperbolic regularities of screw wear depending on the carbon content in its material for different values of the
friction path were determined. Graphical dependences of auger wear were constructed, depending on the carbon
content in its material for different values of the friction path, which confirms the sufficient convergence of the
obtained patterns. Carrying out additional regression analysis allowed to obtain the pattern of wear of the auger,
depending on the carbon content in its material and the friction path, which established the following. After two
weeks of operation and wear of the auger during the dewatering of solid waste in the garbage truck, increasing
the carbon content in the auger material from 0.2% to 2.1% leads to a decrease in the energy intensity of
dehydration of solid waste from 19.6% to 4.4 %, which makes the process of dehydration in the garbage truck
cheaper. The graphical dependence of the reduction of energy consumption of dehydration of solid household
waste due to increased carbon content in the auger material during its two-week wear is presented. The
practicality of further research is to determine the rational material of the auger and ways to increase its wear
resistance.

Key words: wear, carbon content, auger press, garbage truck, dehydration, municipal solid waste,
regression analysis.

Introduction

In municipal engineering, an important task is to increase the wear resistance and reliability of machine
parts [1, 2]. One of the promising technologies for primary processing of municipal solid waste (MSW), aimed at
reducing both the cost of solid waste transportation MSW and the negative impact on the environment is their
dehydration with accompanying processes of pre-compaction and partial grinding during loading into the
garbage truck. In the garbage truck dehydration of MSW is performed by a conical screw, the surface of which is
intensively worn out due to the available friction. This is due to the fact that MSW contains, in particular,
components such as metal, glass, ceramics, stones, bones, polymeric materials, which can be attributed to
abrasive materials, because they have different shapes, sizes and hardness, and available in MSW moisture 39-
92% by weight creates an aggressive corrosive environment. Therefore, the study of the impact of carbon
content in the auger material on its wear during dehydration of municipal solid waste in the garbage truck is a
pending task

Literary review

The work [3] contains the results of experimental studies of wear resistance of different auger materials
with different thermal and chemical-thermal treatment in corrosive-abrasive medium on special friction
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machines that simulated the operating conditions of extruders in the processing of feed grain with saponite
impurities. The authors found that the wear resistance of materials in corrosive and abrasive environments at
elevated temperatures depends not only on the hardness of the friction surface, but also on its structure and phase
composition and changes in the hardness gradient along the depth of the hardened layer. To ensure high wear
resistance of extruders in the manufacture of animal feed with admixtures of the mineral saponite, it is
recommended to use for the manufacture of parts of the extruder unit steel KH12, reinforced by nitro hardening
technology.

The authors of [4] investigated the effect on the properties of steel of its main elements (carbon and
manganese), as well as alloying and modification of active carbide-forming and stabilizing austenite elements
(chromium, titanium, boron). It is noted that the high carbon content contributes to the formation of carbides
such as MexCy, increase the wear resistance of steel and improve the casting properties.

In work [5], a mathematical model for calculating the rate of wear of triboelements in the tribosystem
under conditions of corrosion and abrasive wear is proposed. The authors considered: active acidity,
abrasiveness, roughness, load and sliding speed as input factors. Theoretically, the degree of influence of the
above factors on the wear rate is established. It was found that abrasiveness is the most important factor,
followed by the degree of decline — the level of active acidity and load.

The new design of the auger with a sectional elastic surface to reduce the degree of damage to the grain
material during its transportation is presented in the article [6]. Concluded theoretical calculation of the
interaction of the gran with the elastic section of the auger. A dynamic model has been developed to determine
the influence of structural, kinematic and technological parameters of elastic auger on time and path of free
movement of bulk material particles during their movement between sections, as well as to exclude the
possibility of grain material interaction with non-working surface of auger working body.

The authors of [7] determined that to restore the screw requires surfacing or spraying a layer of a certain
thickness on the end part of the screw coil, while the width of the restored layer is usually a few millimeters. An
algorithm for selecting the optimal composite powder material for plasma spraying is described to increase the
wear resistance of the working surfaces of machine parts, particularly the auger. Plasma spraying of composite
powder materials, according to the authors, will increase the durability of the auger by 2-3 times, which will
reduce the cost of repairs tenfold.

The influence of geometric parameters on the performance and design of a briquetting machine using a
pressure model based on the theory of piston flow was studied in [8]. An analytical model using the pressure
model was also developed based on Archard's wear law to study the wear of augers of biomass briquetting
machines. The developed model satisfactorily predicted the wear of the auger and showed that the greatest
influence on it are the speed of rotation and the choice of material. The amount of wear increases exponentially
until the end of the auger, where the pressure is highest. Changing the auger design to select the optimal
geometry and speed with the appropriate choice of material can increase the life of the auger and the productivity
of the biomass briquetting machine.

Work [9] contains an analysis of the process of screw briquetting of plant materials into fuel and feed.
Regularities of this process are necessary to determine the rational parameters of the working bodies. When
designing briquette presses, it is necessary to consider the deformation of biomass, taking into account changes
in physical and rheological properties at the time of interaction with the screw mechanism.

The article [10] investigated the wear of a twin-screw extruder of rigid PVC resins. The pressures around
the cylinder were measured by extrusion of two rigid PVC resins. In a laboratory extruder with a diameter of
55 mm, the forces acting on the screw core are determined. Numerical simulation of the flow was performed
using the degree parameters of the viscosity of the resins.

The process of pressing wood chips in screw machines was studied in [11]. The processes occurring in
different parts of the auger are established, formulas are determined that allow to calculate the loads acting on
the auger turns, as well as to determine the power required for pressing. The specific energy consumption and
the degree of heating of raw materials during pressing are set.

In work [12], the results of experimental studies of the MSW dehydration process based on the planning
of an experiment by the Box-Wilson method are presented. Rotary central regression planning was used to
obtain quadratic regression equations with 1st order interaction effects for such objective functions as humidity
and density of pre-compacted and dehydrated MSW, maximum drive motor power, MSW dehydration energy
consumption. This allowed to determine the optimal parameters of dewatering equipment by minimizing the
energy consumption of the process (screw speed, the ratio of the radial gap between the auger and the housing,
as well as the ratio of the auger core diameter to the outer diameter of the screw on the last turn) for both mixed
and "wet" MSW.

The materials of the article [13] proposed an improved mathematical model of solid wastewater
dewatering in the garbage truck, taking into account the wear of the auger, which allowed to numerically study
the dynamics of this drive during start-up, and determine that increasing auger wear increases the pressure of the
speed and speed of the auger are significantly reduced. The degree regularities of the change of nominal values
of pressures at the inlet of the hydraulic motor, angular velocity and frequency of rotation of the auger from the
values of its wear are determined, the last of which describes the debugging from the optimal speed of the auger
in the process of its wear and is used to determine the energy consumption of dehydration of solid waste, taking
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into account the wear of the auger. It is established that the wear of the auger by 1000 um leads to an increase in
the energy consumption of solids dehydration by 11.6%, and, consequently, to the rise in the cost of their
dehydration in the garbage truck and speed up the wear process.

In [14], the influence of surface hardness of the auger on its wear during dehydration of MSW in a
garbage truck was investigated by regression analysis, and also found that during two weeks of operation and
wear of the auger during dehydration of solid waste in the garbage truck increase in the hardness of the auger
surface from 2310 MPa to 10050 MPa leads to a decrease in energy consumption of solid waste dehydration
from 16.7% to 1.5%, and, hence, to reduce the cost of the process of dehydration in the garbage truck

Purpose

Investigation of the influence of carbon content in the auger material on its wear during dehydration of
solid household waste in the garbage truck.

Methods

Determination of paired regularities of screw wear from carbon content in its material was performed by
regression analysis [15]. Regressions were determined on the basis of linearizing transformations, which allow to
reduce nonlinear dependence to linear one. The coefficients of regression equations were determined by the
method of least squares with the help of the developed computer program “"RegAnaliz”, which is protected by a
copyright registration certificate for the work.

The following regularities were used to determine the energy consumption of MSW dehydration taking
into account the wear of the auger [13]:
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where E — is the energy consumption of solid waste dehydration, kW -h/tons; po — initial density of solid waste,
kg/m3; wo — initial relative humidity of solid waste, %; n — the nominal speed of the auger, rpm; u — auger wear,
m; Aayg — radial clearance between auger and housing, m; dmin — outer diameter of the auger on the last coil, m;
Dnin is the diameter of the auger core on the last coil, m.

Results

The values of auger wear for different values of carbon content in its material and the friction path are
given in table. 1 [3].

Table 1

Auger wear values for different values of carbon content in its material and friction path [3]

The carbon content in Wear, um for friction path, m

No Steel grade and heat treatment the auger material, % 3000 T 6000 | 9000 | 12000
1 | steel 20 without heat treatment 0.2 68 132 195 258
2 | steel 45 hardening 0.45 53 103 153 203
3 | steel U8 hardening 0.8 48 91 134 177
4 | steel SHKH15 hardening 1 43 80 116 152
5 | steel KH12 hardening 2.1 39 72 105 138

As a result of regression analysis of the data in table 1 determined the hyperbolic patterns of wear of the
auger depending on the carbon content in its material for different values of the friction path:
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where u — wear, pm; Cc — carbon content in the auger material, %; s — path of friction, m.

Figure 1 shows the graphical dependences of auger wear depending on the carbon content in its material
for different values of the friction path, constructed using dependences (3 — 6), confirming the sufficient
convergence of the obtained patterns compared to the data in table 1.
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Fig. 1. The wear of the auger depending on the carbon content in its material for different values of the friction path
(a) — s =3000 m, (b) —s =6000 m, (c) —s =9000 m, (d) —s = 12000 m: actual o, theoretical —

Regularities (3 - 6) for different values of the friction path can be written in general as follows

u:A(s)+%S), )

C
where A (s), B (s) are the regression coefficients that depend on the friction path.

After additional regression analysis, the regression coefficients that depend on the friction path can be
described by linear laws:

A(s)=5.79+0.01071s ; ®)
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B(s) =0.0021785 —0.309. ©

The results of the regression analysis are shown in Table 2, where the cells with the maximum values of
the correlation coefficient R for each of the paired regressions are marked in gray.

Figure 2 shows the graphical dependences of the regression coefficients on the friction path, constructed
using the dependences (8, 9), which confirm the sufficient convergence of the obtained regularities.

Table 2

The results of regression analysis of the dependence of the wear of the auger depending on the carbon
content in its material for different values of the friction path

No Type of Correlation coefficient R for paired regressions
regression Uszgooo:f(Cc) Us:eooo:f(Cc) Uszgooo:f(Cc) Uszlzooo:f(Cc) A:f(S) B:f(S)
1| y=a+hbx 0.83755 0.84605 0.84762 0.84820 0.9999998 0.99998
2ly=1/(a+bx) 0.91045 0.91891 0.91715 0.91595 0.9385673 0.92340
3ly=a+b/x 0.98738 0.98299 0.97928 0.97723 0.9289544 0.93077
4] y=x/(a+bx) 0.96886 0.96886 0.96839 0.96839 0.9407220 0.84683
5| y =ab* 0.87626 0.88527 0.88527 0.88501 0.9831751 0.97792
6| y=ae™ 0.87626 0.88527 0.88527 0.88501 0.9831751 0.97792
7| y=a-10™ 0.87626 0.88527 0.88527 0.88501 0.9831751 0.97792
8| y=1/(a+be™ 0.96524 0.97832 0.97832 0.96832 0.9883223 0.98832
9| y=ax’ 0.96652 0.97839 0.97839 0.96839 0.9998737 0.99993
10| y=a+blgx 0.97417 0.97800 0.97798 0.96775 0.9802967 0.98124
11| y=a+biInx 0.97417 0.97800 0.97798 0.96775 0.9802967 0.98124
12|y=al/(b+x) 0.91045 0.91891 0.91715 0.91595 0.9385673 0.92340
13| y=ax/(b +x) 0.94810 0.93476 0.92777 0.92406 0.9996063 0.99989
14| y = aeg/* 0.97160 0.96307 0.95757 0.95460 0.9805651 0.98556
15| y=a -10°/* 0.97160 0.96307 0.95757 0.95460 0.9805651 0.98556
16| y=a+ bx" 0.69931 0.70792 0.70891 0.70924 0.9842758 0.98346
A’ e
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Fig. 2. Dependenc)es of regression coefficients on the path of friction (a) - A =f (s), (b) - B) = f (s): actual o,
theoretical —

After substituting the laws (8, 9) into the dependence (7), we obtain the law of wear of the auger
depending on the carbon content in its material and the friction path

0.002178 —0.309

u=579+0.01071s + (10)

C

Figure 3 shows the graphical dependence of auger wear in the plane of the impact parameters: the carbon
content in its material and the friction path.
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Fig. 3. Dependence of screw wear u in the plane of impact parameters: carbon content in its material Cc and friction
path s

Figure 4 shows the graphical dependence of the carbon content in the auger material of the solid waste
management device on the energy intensity of the process (with its two-week wear s = 56850 m [14]),
constructed using regularities (1, 2, 10).
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Fig. 4. The effect of increasing the carbon content in the auger material on reducing the growth rate of energy
consumption of the dehydration process MSW after its two-week operation and wear (s = 56850 m)

Figure 4 shows that after two weeks of operation and wear of the auger during MSW dehydration in the
garbage truck, the increase in carbon content in the auger material from 0.2% to 2.1% leads to a decrease in the
energy intensity of MSW dehydration from 19.6% to 4.4% , and, consequently, to reduce the cost of dehydration
MSW in the garbage truck. Due to carburizing surfacing, it is possible to increase the carbon content in the
surface layers up to 6%, forming a composite metal-carbide surface. Therefore, the determination of the rational
composition and structural state of the material of the friction surfaces of the auger and ways to increase its wear
resistance require further research.

Conclusion

The hyperbolic regularities of auger wear depending on the carbon content in its material for different
values of the friction path were determined. Carrying out additional regression analysis allowed to obtain the
pattern of wear of the auger depending on the carbon content in its material and the friction path, which showed
that during two weeks of operation and wear of the auger during dehydration of solid waste, in the garbage
increase carbon content in the auger material from 0, 2% to 2.1% leads to a decrease in the growth rate of energy
consumption of solid waste dehydration from 19.6% to 4.4%, and, consequently, to a reduction in the cost of the
process of dehydration in the garbage truck. Due to carburizing surfacing, it is possible to increase the carbon
content in the working layers to the formation of supereutectic iron-carbon alloys with the formation of a
composite metal-carbide surface. Therefore, the definition of rational auger material and ways to increase its
wear resistance requires further research.
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Bepesrok O.B Casyasik., B.I., Xap:keBcoknuii B.O., Ocaguyk A.A. JlociipkeHHS 32 JOIOMOIOIO
perpeciiHOro aHaii3y BIUIMBY BMICTy BYIJICI[IO B Marepiaji IIHEKa Ha WOTr0 3HOC TiJ 4Yac 3HCBOJHCHHS Y
CMITT€EBO31 TBEPAUX MOOYTOBHX BiIXOIB

CraTTa mpuUCBsUeHA JOCITIKEHHIO BIUIMBY BMICTY BYTJICHIO B MaTepialli ITHEKa Ha WOTO 3HOC IIiJ Jac
3HEBOJHEHHS TBEPIUX MOOYTOBHX BiIXOHIB y CMITTEBO3i. 3a JONMOMOTOI0 BUKOPUCTAHHS METOIy perpeciifHoro
aHaJi3y BU3HAUEHO TinepOOIiuHi 3aKOHOMIPHOCTI 3HOCY ITHEKa 3aJIe)KHO BiJl BMICTY BYTJICHIO B HOTO MaTepiaii
JUIA Pi3HUX 3Ha4eHb HUIAXy TepTs. [loOymoBaHo TpadiuHi 3aleKHOCTI 3HOCY ITHEKAa 3aJIE)KHO BiJ BMICTY
BYIJICHI0O B MOTO Matepiaii A pi3HUX 3HAUeHb MUIAXY TEPTs, IO MiATBEPIKYIOTh IOCTATHIO 301KHICTH
OTPUMAaHUX 3aKOHOMIipHOCTEH. IIpoBeneHHS IOAATKOBOTO pPErPECIiHHOTO aHalli3y JO3BOJIMIIO OTPUMATH
3aKOHOMIPHICTh 3HOCY IITHEKa 3aJIe’KHO BiJl BMICTY BYIJICHIO B HOro Marepiaii Ta LUIIXY TepTs, 3a JOIOMOTO0
SKOT BCTAHOBJICHO, IO MPH JBOTW)KHEBIH eKCIUTyaTallii Ta 3HOIIYBAHHI IIHEKa ITiJ] Yac 3HEBOJHEHHS TBEPIHX
NOOYTOBHX BIIXOJIIB Yy CMITTEBO31 301IbLIEHHS BMICTY BYTJIeL0 B MaTepiani mHeka 3 0,2% 1o 2,1% npu3Boaurs
JIO 3HWYKCHHS TEMITiB 3pOCTaHHS CHEPrOEMHOCTI 3HCBOJHEHHS TBEPAUX MOOYTOBHUX BiAxoiB 3 19,6% 10 4,4%, a,
OTXKe, 1 JI0 3/CIIEBICHHS NpoLecy TXHbOrO 3HEBOAHEHHS y CMiTTeBO3i. IlpencraBiena rpadiuyHa 3aiexHICTb
3HW)KEHHSI CHEPrOEMHOCTI 3HEBOAHEHHS TBEPJUX MOOYTOBHMX BiJXOIB BHACIIJIOK 301JIbIICHHS BMICTY BYTJICIIO
B MaTepiayi IIHeKa MpHu HOro MBOTH)KHEBOMY 3HOITYBaHHI. BUSABIEHO MOUIMBHICTH MPOBENEHHS ITONATBITIX
JOCTIKEHBb 3 BU3HAUCHHS PaIlioHaIbHOTO MaTepiay IIHEeKa Ta MIIIXiB MiABHUIIEHHS HOTO 3HOCOCTIHKOCTI.

KiaruoBi cioBa: 3HOC, BMICT BYIJICIIO, ITHEKOBHU IIPEC, CMITTEBO3, 3HCBOIHEHHS, TBEpHAi MOOYTOBI
BiJIXOJIH, peTpeciiHmi aHaIi3



