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Abstract

The article is dedicated to the study of the influence of alloying with manganese and chromium followed
by hardening and tempering of the auger on its wear resistance during the dehydration of municipal solid waste
truck. The use of a mathematical apparatus and appropriate regression analysis programs made it possible to
determine the dependence of the wear resistance of the auger on the content of manganese and chromium in the
steel of the auger for the case of its quenching and tempering. Constructed graphical dependences of relative
wear resistance with the indicated alloying and heat treatment of the screw revealed a significant influence of the
concentration of manganese and chromium in steel, sufficient convergence of the obtained patterns was
confirmed. It was established that after operation and wear on the path s = 56850 m during the dehydration of
solid waste in a garbage truck, an increase in the manganese content in the steel of the heat-treated screw from
0.32% to 1.8% leads to a decrease in energy intensity by 10 kWh/tons, and an increase chromium content in
screw steel after similar heat treatment from 0% to 6% leads to a decrease in energy consumption by 11.5
kWh/tons and to a reduction in the cost of the solid waste dehydration process in the garbage truck. It was
determined that tempering the chromium-manganese screw steel after its hardening allows reducing energy
consumption by 1.26...2.56 kWh/tons, depending on the chromium content. The expediency of conducting
further research on determining the rational composition and structural state of the auger material and ways to
increase its wear resistance has been revealed

Key words: wear, wear resistance, manganese content, chromium content, tempering, auger press,
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Introduction

Increasing the wear resistance and reliability of operative links of machines occupies a prominent place
among the important tasks of municipal machinebuilding [1, 2]. A promising technology for the primary
processing of municipal solid waste (MSW), aimed at reducing both the costs of transporting solid waste and the
negative impact on the environment, is their dehydration during the process of loading into a garbage truck,
which is done by accompanying processes of preliminary compaction and partial grinding.

Dehydration of MSW in the garbage truck is carried out with the help of a conical auger, the surfaces of
which are intensively worn. This is due to the presence in the waste of small metal products, glass, ceramics,
stones, bones, polymer materials that have abrasive properties. In addition, the moisture occuring in MSW in the
range of 39...92% by mass forms an aggressive corrosive environment. As a rule, alloyed iron alloys are used for
the production of screws. The use of steels and cast iron alloyed with chromium and manganese is justified [3].
Such alloys are well amenable to heat treatment and have high resistance against corrosive and abrasive wear.
Therefore, the study of the influence of the content of manganese and chromium in the steel of the auger, the
manufacturing technology of which includes quenching and tempering operations, on its relative wear resistance
during the dehydration of s municipal solid waste in a garbage truck is an urgent task.
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Analysis of recent research and publications

The analysis of the influence of the main alloying and modifying elements on the properties of wear-
resistant steels is carried out in the article [3]. It has been established that manganese in steel after tempering at
760 °C with an increase in its content to 1.8% contributes to an increase in the degree of dispersion of pearlite,
while the amount of pre-eutectic ferrite or, accordingly, post-eutectic carbides decreases. A further increase in
the manganese content is undesirable due to a decrease in the plasticity of the steel, but the strength increases. It
is noted that chromium is the most common element that is introduced into manganese steel in order to increase
wear resistance. It stabilizes austenite and is also an active carbide former. When 1% Cr is introduced into steel,
the relative wear resistance increases significantly (from 1.0 to 1.32). But even with the addition of 3% Cr, the
impact toughness decreases. Therefore, steel with approximately 2% Cr has the most satisfactory set of
properties.

In the paper [1], a study of the influence of structure, phase composition, and properties on the abrasive
wear resistance of chromium-manganese cast irons in the cast state was carried out. It is shown that the abrasive
wear resistance of chromium-manganese cast irons is determined by the microhardness of the matrix and the
austenite-carbide eutectic based on Me7C3 carbide, is determined by the degree of alloying and the shape
parameter of the eutectic carbide, and also depends on the deformation-phase transformations that occur during
abrasive wear tests.

The materials of the article [4] show the prospects of obtaining an economically alloyed manganese and
chromium-manganese surfacing metal, which can be deposited by surfacing on low-carbon steel without
preheating, which is important for the use of developed surfacing materials in industry. It was also established
that the highest wear resistance for various types of wear is provided by the superimposed metal with
martensitic-austenitic and austenitic structures, while the presence of ferrite in the structure of the superimposed
metal reduces the wear resistance.

A mathematical model for calculating the rate of wear of triboelements in the tribosystem under
conditions of corrosive-abrasive wear was proposed by the author of the work [5]. The input factors were: active
acidity, abrasiveness, roughness, load and sliding speed. The degree of influence of the above factors on the rate
of wear has been theoretically determined: abrasiveness is the most important factor, followed by the level of
active acidity and load in descending order of influence

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

The authors of the work [7] note that wear-resistant steels should have high strength, fracture toughness,
thermal conductivity, and the ability to form strong films of secondary structures during friction. In the presence
of aggressive environments, elevated temperatures, and the action of other physical and chemical factors that
reduce surface strength, wear resistance depends on the corrosion resistance of the material, its heat resistance,
and other properties

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 is studied in the article [8]. An analytical model using a
pressure model was also developed based on Archard's wear law to investigate the wear of biomass briquetting
machine screws. The developed model satisfactorily predicted the wear of the screw and showed that the speed
of rotation and the choice of material have the greatest influence on it. The amount of wear increases
exponentially towards the end of the screw, where the pressure is highest. Changing the auger design to select
the optimal geometry and speed with appropriate material selection can increase auger life and biomass
briquetting machine performance.

In the paper [9], it was established that the greatest strengthening after high-temperature
thermomechanical treatment with a simultaneous significant increase in its strength limit is observed in steels
with a troostite structure, since the factor of reducing the size of austenite grains contributes to a significant
increase in the strength of steels. The strengthening of steel in this structural state reaches its maximum value
after doping with 1...2% chromium. When the chromium content is further increased to 5%, the strengthening
effect remains unchanged.

Combined treatment, consisting of a combination of methods of alloying 1...5% chromium and high-
temperature thermomechanical treatment, can be recommended for practical use as an effective means of
increasing the strength of steels, but it is not recommended to be used as a means of increasing wear resistance in
conditions of sliding friction on a monolith.

In the materials of the article [10], the wear of a double-auger extruder of rigid PVC resins was
investigated. The pressures around the cylinder during the extrusion of two rigid PVC resins in a laboratory
extruder with a diameter of 55 mm were measured and the forces acting on the screw core were determined.
Numerical modeling of the flow was carried out using power-law functions of resin viscosity.
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The main features of the process of pressing wood shavings in screw machines are studied in [11]. The
processes that take place in different sections of the screw are established, formulas are defined, the use of which
allows you to calculate the loads acting on the turns of the screw, as well as determine the pressing power.
Specific energy consumption and the degree of heating of raw materials during pressing are established.

The results of experimental studies of the solid waste dehydration process, obtained on the basis of
planning the experiment using the Box-Wilson method, are given in [12]. By means of rotatable central
composite planning, quadratic regression equations with 1st-order interaction effects were obtained for the
objective functions: moisture and density of pre-compacted and dehydrated MSW, maximum drive motor power,
energy consumption of MSW dehydration. This made it possible to determine the optimal parameters of the
dehydration equipment (rotation frequency of the auger, the ratio of the radial gap between the auger and the
body, as well as the ratio of the diameter of the auger core to the outer diameter of the auger on the last turn) for
mixed and "wet" solid waste, according to the criterion of minimizing the energy intensity of the process.

In the the article [13], an improved mathematical model of the operation of the solid waste dehydration
drive in the garbage truck is proposed, taking into account the wear of the auger, which made it possible to
determine with the help of a numerical study of the dynamics of this drive during start-up that with increasing
wear of the auger, the pressure of the working fluid at the inlet of the hydraulic motor of the drive increases, and
the angular speed and rotation frequency of the screw are significantly reduced with constant supply of working
fluid. Power-laws of changes in the nominal values of pressures at the hydraulic motor inlet, angular velocity and
rotation frequency of the auger depending on the amount of its wear were determined, the last of which describes
the deviation from the optimal rotation frequency of the auger during its wear and was used to determine the
energy intensity of solid waste dehydration taking into account the wear of the auger. It was found that the wear
of the auger by 1000 um leads to an increase in the energy intensity of solid waste dehydration by 11.6%, and,
therefore, to an increase in the cost of their dehydration in the garbage truck and acceleration of the wear
process.

By means of regression analysis, the influence of chromium alloying of the hardened steel of the auger on
its wear during the dehydration of solid waste in a garbage truck was investigated [14], and it was also
established that during the operation and wear of the auger on the path s = 56850 m during the dehydration of
solid household waste in the garbage truck, an increase in the content of chromium in the hardened material of
the auger from 0.25% to 12% allows to reduce the rate of wear and energy consumption of dehydration of
municipal solid waste from 12.2% to 3.1%, and, therefore, to reduce the cost of the process of their dehydration
in the garbage truck.

Aim of the articles

Study of the effect of manganese and chromium content in the steel of the auger after tempering on its
relative wear resistance during the dewatering of solid household waste in a garbage truck.

Methods

The determination of paired dependences of the relative wear resistance of the auger from the content of
manganese and chromium after quenching and tempering was carried out by the method of regression analysis
[15]. Regressions were determined on the basis of linearization transformations, which allow to reduce the non-
linear dependence to a linear one. The coefficients of the regression equations were determined by the method of
least squares using the developed computer program "RegAnaliz", which is protected by a certificate of
copyright registration.

To determine the energy intensity of solid waste dehydration, taking into account the wear of the auger,
the following laws were used [13]:

E =1504 -15,92w, +0,3214p, —1,069n(u) — 2061(A,,, +u)/ (D, —2u)-1947(d ;. —

-2u)/ (D,;, —2u)+9,118-10"*w,p, +0,002142w,n(u) +18,12w, (A, +u)/(D,;, —2u) -

—2,115w, (d,,;, —2u) / (D, —2u) +4,392-10 pyn(u) - 2,005p, (A,,, +U) / (D, —2u) + 1

40,3361 p, (d,;, —2u) / (D,;, —2u) +0,09031w; —7,923-10*pZ +0,008241n(u)’ +

+104172[(A,,, +U)/ (D, —2u))° +1318[(d,,, —2u) / (D, —2u)]* [kW - h/tons];
n=52,43-1,276-10"°u"° [rpm], (2)

where E is the energy intensity of solid waste dehydration, KWh/t; po — initial solid waste density, kg/m3; wq —
initial relative humidity of solid waste, %; n — nominal auger rotation frequency, rpm; u — auger wear, m; Aayg —
radial clearance between the screw and the housing, m; Dmin is the outer diameter of the screw on the last turn, m;
dmin — the diameter of the screw core on the last turn, m.
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The values of the relative wear resistance of steel after tempering for different values of the content of

alloying elements: manganese and chromium are given in the Table 1 and Table 2 [3].

Table 1
Effect of manganese content on the relative wear resistance of steel after tempering [3]

Manganese content, % 0,32 0,68 1,11 1,35 1,8
Relative wear resistance 1 1,18 1,11 1,2 1,26

Table 2

The effect of chromium content on the relative wear resistance of steel after tempering [3]

Chromium content, % 0 1 2 3 6
Relative wear resistance 1 1,32 15 1,61 1,62

As a result of the regression analysis of the data in the Table 1 and Table 2, the dependences of the
relative wear resistance of the auger depending on the content of manganese and chromium in its steel after
tempering are determined:

£= Cun ; ®)
0,08605+0,7642C,,
1

€= ’
0,6113+0,3897e =

(4)

where ¢ is relative wear resistance; Cvn — manganese content in the screw material, %; Ccr — chromium content
in the screw material, %.

Fig. 1 shows graphical dependences of the relative wear resistance of the screw depending on the content
of manganese and chromium in its steel after tempering, constructed using dependences (3, 4), which confirm
the sufficient convergence of the obtained patterns compared to the data given in Table 1.
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Fig. 1. The relative wear resistance of the screw depending on the content of alloying elements in its steel after
tempering the steel (a) — manganese, (b) — chromium: actual o, theoretical —

The results of the regression analysis are shown in Table 3, where cells with the maximum values of the
correlation coefficient R for each of the paired regressions are marked in gray.

It was established that the relative wear resistance of the auger after tempering increases according to a
hyperbolic dependence with an increase in the manganese content and an exponential dependence with an
increase in the chromium content.

In the Fig. 2 are shown the graphical dependences of the influence of the manganese and chromium
content in steel after the auger of the solid household waste dehydration device has been released on the energy
intensity of the process (when it wears out along the path s = 56850 m [14]), constructed using dependences (1-4).
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Table 3

The results of the regression analysis of the dependence of the relative wear resistance of the auger
depending on the content of manganese and chromium in its steel after tempering

No| Tvoe of rearession Correlation coefficient R No Type of Correlation coefficient R
2| TyP g £=f(Cwn) &e=f(Ccr) B regression £=f(Cn) e=f(Ccr)
1]|y=a+hx 0.84446 0.81748 9 |y=ax 0.87408 0.91249
2| y=1/(a+hx) 0.83369 0.76931 10 |y=a+blgx 0.87074 0.88508
3|ly=a+b/x 0.87157 0.88513 11 |y=a+biInx 0.87074 0.88543
4 | y=x/(a+bx) 0.99587 0.99907 12| y=al(b+x) 0.83369 0.76931
5|y=abk 0.83932 0.79422 13|y=ax/(b+x) 0.89122 0.93566
6 | y=ae™ 0.83932 0.79422 14 | y = ae’* 0.88186 0.91253
7 y=a-10™ 0.83932 0.79422 15 [y=a 10°"* 0.88186 0.91253
8ly=1/(a+he¥ 0.86049 0.99935 16 | y=a+hbx" 0.80388 0.62168
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Fig. 2. The influence of an increase in the content of alloying elements in the steel of the auger after tempering
on the energy intensity of the solid waste dehydration process after its operation and wear on the path s = 56850 m (a)
— manganese, (b) — chromium

From the Fig. 2, it can be seen that after operation and wear on the path s = 56850 m during the
dehydration of solid waste in the garbage truck, the increase in the manganese content in the auger steel after
tempering from 0.32% to 1.8% leads to a decrease in energy intensity by 10 kWh/tons or 3.8%, increasing the
chromium content in the auger steel after tempering from 0% to 6% leads to a decrease in energy intensity by
11.5 kWh/tons or 4.8% and to a reduction in the cost of the solid waste dehydration process in the garbage truck.
In addition, the comparison in Fig. 2, b of the energy capacity of the screw steel after tempering (solid line) with
the energy capacity of the hardened screw steel determined in [14] (dashed line) showed that the tempering of
the screw steel after its hardening allows reducing the energy capacity by 1.26...2.56 kWh/tons depending on the
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chromium content, which indicates the importance of determining the rational composition and structural state of
the material of the friction surfaces of the screw and ways to increase its wear resistance.

Conclusions

The dependences of the relative wear resistance of the auger from the content of manganese and
chromium in its steel after tempering have been determined. It was found that after operation and wear on the
path s = 56850 m during the dehydration of solid waste in a garbage truck, an increase in the manganese content
in the auger steel after tempering from 0.32% to 1.8% leads to a decrease in energy intensity by 10 kWh/tons or
3.8%, increasing the chromium content in the auger steel after tempering from 0% to 6% leads to a decrease in
energy consumption by 11.5 kWh/tons or 4.8% and to a reduction in the cost of the solid waste dehydration
process in the garbage truck. It was determined that the tempering of the auger steel after its hardening allows
reducing the energy consumption by 1.26...2.56 kWh/tons depending on the chromium content. Therefore, the
determination of the rational composition and structural state of the material of the friction surfaces of the auger
and ways of increasing its wear resistance require further research.
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Bepeswok O.B., Capyask B.l., XapxeBchbkuii B.O. BrumB jeryBaHHsS MapradimeM Ta XpOMOM
CTAJICBOTO 3arapTOBAaHOTO 3 BIiAMYCKOM IITHEKa Ha WOTO BiJHOCHY 3HOCOCTIMKICTH TiJ Yac 3HEBOIHEHHS Yy
cmitreBo3i TIIB.

AHoTauis

CratTs NpHUCBsYEHA IOCIIIKEHHIO BIUIMBY JIETYBAaHHS MapraHIeM Ta XpOMOM 3 HaCTYITHUM T'apTyBaHHAM
Ta BIMYCKOM IIHEKa Ha WOr0 3HOCOCTIMKICTH MiJ 4ac 3HEBOAHEHHS TBEPAUX MOOYTOBUX BIAXOMIB Y CMITTEBO3I.
BukopucTaHHs MaTeMaTHYHOTO anapaTy Ta BiJIIOBIIHUX IPOrpaM perpeciifHOro aHamizy J03BOJIHMIIO BU3HAYUTH
3aJIeXKHICTh 3HOCOCTIMKOCTI IIHEKa BiJ BMICTY MapraHiio Ta XpoMy B CTaji LIHEKa JyIsi BHIAIKy MHOTo
rapTyBaHHs 3 BiamyckoM. [1o0ynoBaHi rpadiuHi 3aJeKHOCTI BITHOCHOT 3HOCOCTIMKOCTI 13 BKa3aHUM JICTYBaHHIM
Ta TEPMOOOPOOKOIO IIIHEKA BUSBWIIM 3HAYHUI BIUIMB KOHLIEHTPAIIl MapraHilo Ta XpoMy B CTali, MiATBEPIKEHO
JOCTaTHIO 301KHICTE OTPHMaHHX 3aKOHOMipHOcTed. ['padikn BIUIMBY IeTyBaHHA MapraHIeM Ta XpOMOM
CTaJICBOTO IITHEKa 3 HAaBEIECHOI0 TePMOOOPOOKOI0 HAa EHEPrOEMHICTh 3HEBOJHEHHS TBEPAUX MOOYTOBUX BiIXOMIB
JIEMOHCTPYIOTH 11 TOUUTBHICTE. BCTaHOBIICHO, IO MICIIST eKCIUTyaTallii Ta 3HOITYBaHHS Ha NUIIXY S = 56850 M mix
yac 3HeBoAHEHHS T1IB y cMiTTE€BO31 30iIbIIEHHS BMICTY MapraHIio B cTaii TepMoodpobienoro mHeka 3 0,32%
10 1,8% mpu3BOANTE O 3HIDKEHHS eHeproeMHocTi Ha 10 kBT Tox1/T, a 301IbIIEHHS BMICTYy XpOMY B CTaJli ITHEKA
Ticist aHanoriyHoi TepMooOpoOku 3 0% 10 6% NpHU3BOANTE 10 3HWKEHHS eHeproeMHocTi Ha 11,5 kBt ro/T Ta
JI0 3/emeBeHHs npouecy 3HeBogHeHHs TIIB y cMiTreBo3i. BUsHaueHo, mo BiAMycK XpOMO-MapraHueBoi cTaji
IIHEeKa IicJis T rapTyBaHHS J03BOJISIE 3MEHIINTH €HEProeMHICTh Ha 1,26...2,56 kBT Toa/T 3aieXHO Bix BMicTy
XpoMy. BHSBICHO MOLIIBHICTH MPOBEICHHS MOIANBININX JOCTIHKCHb 3 BH3HAUCHHS PAalliOHAIBHOTO CKIAAy i
CTPYKTYPHOTO CTaHy MaTepiajiy IIHEeKa Ta IUISXIB MiABHUIICHHS HOro 3HOCOCTIHKOCTI.

KaruoBi cioBa: 3HOC, 3HOCOCTIHKICTh, BMICT MAapraHIIO, BMICT XpOMY, BIAIYCK, ITHEKOBUH IIpec,
CMITT€BO3, 3HEBOTHEHHSI, TBEPIi MOOYTOBI BiIXOIH, perpeciitHuil aHai3.



