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The article is dedicated to the study of the influence of the surface hardness of the auger on its wear
during dehydration of solid waste in the garbage truck. Using the method of regression analysis, the logarithmic
dependencies of auger wear depending on the hardness of its surface for different values of the friction path are
determined. Graphical dependences of augur wear depending on the hardness of its surface for different values
of the friction path are made up, and it confirms sufficient convergence of the obtained dependencies. Carried
out additional regression analysis allowed to obtain the dependence of wear of the auger depending on the
hardness of its surface 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 truck increasing the surface hardness of the auger from
2310 MPa to 10050 MPa reducing the rate of growth of energy consumption of solid waste dehydration from
16.7 % to 1.5 %, and, consequently, to reduce the cost of the process of their dehydration in the garbage truck.
The graphical dependence of the reduction of energy consumption of dehydration of solid household waste due
to the increase in the hardness of the auger surface during its two-week wear is presented. It was established the
expediency of further research to determine the rational material of the auger and ways to increase its wear
resistance.

Key words: wear, surface hardness, auger press, garbage truck, dehydration, solid waste, regression
analysis.

Introduction

In mechanical engineering, one of the main tasks is to increase the wear resistance and reliability of
machine parts [1, 2]. A promising technology for primary processing of municipal solid waste (MSW), aimed at
reducing both the cost of transportation of solid waste and the negative impact on the environment is their
dehydration, accompanied by pre-compaction and partial grinding, during loading into the garbage truck.
Dehydration of solid waste in the garbage truck is performed using a conical screw, the surface of which due to
the existing friction wears out intensively. This is due to the fact that solid waste 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 the presence of moisture
39 - 92 % by weight in MSW creates an aggressive corrosive environment. Therefore, the study of the influence
of the hardness of the auger surface on its wear during dehydration of solid waste in the garbage truck is a topical
task. Dehydration of solid waste in the garbage truck is performed using a conical auger, the surface of which
due to the existing friction wears out intensively. This is due to the fact that solid waste contains, in particular,
such components as metal, glass, ceramics, stones, bones, polymeric materials, which can be attributed to
abrasive materials because they have different shapes, sizes and hardness, and the presence of moisture
39 - 92 % by weight in solid wastes creates an aggressive corrosive environment. Therefore, the study of the
influence of the hardness of the auger surface on its wear during dehydration of solid waste in the garbage truck
is an urgent task.
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Literary review

The article [3] presents the results of experimental studies of wear resistance of different auger materials
with different thermal and chemical-thermal treatment in a corrosive-abrasive environment on special friction
machines that simulated the operating conditions of extruders in the processing of feed grain with saponite
mineral impurities. The authors found that the wear resistance of materials in a corrosive-abrasive environment
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 compound feed with impurities of the mineral
saponite, it is recommended to use for the manufacture of parts of the extrusion unit steel X12, hardened by
nitro-hardening technology.

The author of [4] found that the intensity of abrasive wear of the screw surface of the auger, and wear
resistance mainly depends on the hardness, surface roughness, the volume of abrasive particles involved in
friction and the area of their contact with the surface

In the article [5], a mathematical model for calculating the wear rate of triboelements in a tribosystem
operating in conditions of corrosion and abrasive wear was developed. The input factors were: active acidity,
abrasiveness, roughness, load and sliding speed. 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.

A new design of the auger with a sectional elastic surface, which is designed to reduce the degree of
damage to the grain material during its transportation is presented in the article [6]. The theoretical calculation of
the interaction of the grain with the elastic section of the auger is carried out. A dynamic model has been
developed to determine the influence of structural, kinematic and technological parameters of the elastic auger
on the 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 the non-working surface of the auger working
body.

In the article [7] it was determined that restoration of the auger requires surfacing or spraying a layer of a
certain thickness on the end part of the coil of the auger, while the width of the restored layer is usually a few
millimeters. An algorithm for selecting the optimal composite powder material for plasma spraying in order to
increase the wear resistance of the working surfaces of machine parts, in particular the auger, is described.
According to the authors, plasma spraying of composite powder materials will increase the durability of the
auger by 2 - 3 times, which will reduce repair costs by tens of times.

In the article [8] the influence of geometrical parameters on productivity and design of the briquetting
machine using the model of pressure based on the theory of piston flow is investigated. An analytical model that
uses a pressure model was also developed based on Archard 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 have the speed of rotation and the choice of material. The amount of wear increases
exponentially to the end of the auger, where the pressure is the highest. Changing the design of the auger 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 machine for briquetting biomass.

The work [9] is devoted to the analysis of the process of screw briquetting of plant materials into fuel and
feed. Regularities of this process are the basis for determining the rational parameters of the working bodies.
When designing briquette presses it is necessary to consider deformation of biomass taking into account change
of physical and rheological properties at the moment of interaction with the auger mechanism

In the article [10] the wear of a twin-auger extruder of rigid PVC resins is investigated. The pressures
around the cylinder when extruding two rigid PVC resins in a laboratory extruder with a diameter of 55 mm
were measured and the forces acting on the auger core were determined. Numerical simulation of the flow was
performed using the power parameters of the viscosity of the resins.

In the work [11] the process of pressing wood chips in auger machines was investigated. The processes
occurring in different parts of the auger are established, formulas are defined that allow to calculate the loads
acting on the auger coils, 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 determined.

The results of experimental studies of the process of solid dehydration based on the planning of the
experiment by the Box-Wilson method are shown in the article [12]. Quadratic regression equations with the 1%
order interaction effects were obtained using rotatable central composite planning for such objective functions as
humidity and density of pre-compacted and dehydrated MSW, maximum drive motor power, energy
consumption of solid waste dehydration. This allowed to determine the optimal parameters of equipment for
dehydration by the criterion of minimizing the energy consumption of the process (auger speed, the ratio of the
radial gap between the auger and the body, and the ratio of the auger core diameter to the outer diameter of the
auger on the last coil) for both mixed and “wet”.

In the article [13] the improved mathematical model of work of the dehydration drive of MSW in the
garbage truck is suggested that takes into account wear of the auger. It allowed to research numerically the
dynamics of this drive during the start-up, and to define that with the increase of wear of the auger pressure of
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working liquid on the speed of the auger it is significantly reduced. The power regularities of change of the
nominal values of pressures at the inlet of the hydraulic motor, angular speed and frequency of rotation of the
auger from values of its wear are defined, the last of which describes detuning from optimum frequency of
rotation of the auger in the course of its wear. It is established that the wear of the auger by 1000 um leads to an
increase in the energy consumption of solid dehydration by 11.6 %, and, consequently, to an increase in the cost
of the process of their dehydration in the garbage truck and accelerate the wear process.

Purpose

Researching the influence of auger surface hardness on its wear during dehydration of solid waste in a
garbage truck.

Methods

Determination of paired dependencies of auger wear from the hardness of its surface was performed by
regression analysis [14]. Regressions were determined on the basis of literalizing transformations, which allow
to reduce the nonlinear dependence to the linear one. The coefficients of regression equations were determined
by the method of least squares using the developed computer program "RegAnaliz", which is protected by a
copyright registration certificate, and is described in the article [15].

The following dependencies were used to determine the energy consumption of solid dehydration taking
into account the auger wear [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) / (Dyy, —2u) —2.115w,(d ;, —2u) / (D, —2u) +4.392 10 p,n(u) - 0
—2.005p, (A, +U)/ (D, —2u) +0.3361 p, (d,;, —2u) / (D, —2u) +
+0.09031w; —7.923-107*pg +0.008241n(u)* +104172[(A,,, +u)/ (D, —2u)[* +
+1318[(d,,;, —2u)/ (D, — 2u)]* [KWhtons];

n=52.43-1.276-10"°u"* [rpm], @

where E — is the energy consumption of solid waste dehydration, kW -h/tons;
po — initial density of solid waste, kg/m?;

Wp — initial relative humidity of solid waste, %;

N — the nominal speed of the auger, rpm;

U — auger wear, m;

Aaug — radial clearance between auger and housing, m;

Omin — outer diameter of the auger on the last coil, m;

Dumin — is the diameter of the auger core on the last coil, m.

Results

The values of auger wear for different values of hardness of its surface and friction path are given in
Table 1 [3].

As a result of regression analysis of the data in Table 1, is was determined the logarithmic dependencies
of wear of the auger depending on the hardness of its surface for different values of the friction path:

Ug_3000 =334—-34.07InH; -
Ug_g000 = 676.6 —69.69In H ; @
Ug_go00 = 999.8—-103InH ; o
Ug_1o000 =1295-132.7InH , ©

where U — wear, um;
H — hardness of auger surface, MPa;
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S — friction path, m.

Fig. 1 shows graphical dependences of auger wear depending on the hardness of its surface for different
values of the friction path, made up using the dependences (3 - 6), which confirmed the sufficient convergence
of the obtained dependencies compared with the data in the Table 1

Table 1

Screw wear values for different values of surface hardness and friction path [3]

Ne | Surface hardness, MPa Wear, pm for friction path, m
j ' 3000 | 6000 | 9000 | 12000
1 2310 68 132 195 258
2 5180 53 103 153 203
3 6500 48 91 134 177
4 6510 43 80 116 152
5 6700 39 72 105 138
6 10050 25 43 63 88
7 5450 26 47 70 98
8 7860 24 43 64 90
9 8600 22 39 58 82
10 6950 28 52 78 108
11 8100 15 25 38 55
u, jLm u, 1m
60 120
40 80
20 40
o
(o]
0 2000 4000 6000 8000 10000 MPa 0 2000 4000 6000 8000 10000 MPa
a b
u, um u, Lm
200
160
120
80
40
o 2000 4000 6000 8000 10000 MPa 0 2000 4000 6000 8000 10000 MPa

c d

Fig.1. The wear of the auger depending on the hardness of its surface
for different values of the friction path:
a—5=3000 m;
b —s=6000 m;
c—5=9000 m;
d—-s=12000 m;
actual o, theoretical —
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Dependences (3 - 6) for different values of the friction path can be written in general as follows:
u=A(s)—B(s)InH, )

where A(S), B(S) — regression coefficients that depend on the path of friction.
After the additional regression analysis, the regression coefficients which depend on the friction path can
be described by power laws:

A(s) =0.5796s°% —-112.8; (®)
B(s) =0.08049s*® —14.71. 9)
Table 2

The results of regression analysis of the dependence of the wear of the auger depending on the hardness
of its surface for different values of the friction path

. Correlation coefficient R for paired regressions
Ne | Type of regression

Us=3000 = f(H) |Us=s000 = f(H) | Us=e000 = f(H) |Us=12000= f(H)| A =1(S) | B =1(5)
1 y=a+ bx 0.81439 0.82376 0.82898 0.83452 0.99945 0.99918
2 |y=1/(a+bx) 0.66421 0.65974 0.67435 0.68887 0.92263 0.92049
3 y=a+ b/Xx 0.78654 0.79114 0.79630 0.80646 0.93981 0.94199
4 y =X / (a + bx) 0.81920 0.80115 0.81299 0.82996 0.75583 0.59710
S |y= ab* 0.75553 0.76285 0.77229 0.78180 0.97494 0.97347
6 y= e 0.75553 0.76285 0.77229 0.78180 0.97494 0.97347
7 [y=a 10% 0.75553 076285 | 0.77229 | 0.78180 | 097494 | 0.97347
8 y=1 / (a + be'x) 0.66421 0.65974 0.67435 0.68887 0.92263 0.92049
9 |y=ax 0.73813 0.74002 0.74896 0.76165 0.99969 0.99950
10 [y=a+blgx 0.82369 0.83066 0.83603 0.84439 0.98598 0.98706
11 y=a+ bIn x 0.82370 0.83067 0.83604 0.84440 0.98598 0.98706
12 ly=a/(b+x) 0.66421 0.65974 0.67435 0.68887 0.92263 0.92049
13 y = ax / (b + X) 0.56134 0.54627 0.55756 0.57539 0.99987 0.99976
14 |y = ae”/* 0.68071 0.67801 0.68615 0.70077 0.98768 0.98864
15 y=a -100/x 0.68071 0.67801 0.68615 0.70077 0.98768 0.98864
16 [y=a+bx" 0.75806 0.76923 0.77404 0.77662 0.99998 0.99996

A B

1200 120

800 80

400 40
0 2000 4000 6000 8000 10000  12000s,m 0 2000 4000 6000 8000 10000 12000sm

a b

Fig. 2. Dependences of regression coefficients on the friction path a — A = f(s); b — B = (s);
actualo, theoretical —

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
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dependences of the regression coefficients on the path of friction, constructed using the dependences (8,9),
which confirm the sufficient convergence of the obtained dependencies.

After substituting the laws (8, 9) into the dependence (7), we obtain the law of wear of the auger
depending on the hardness of its surface and the friction path:

U =0.57965"* ~112.8—(0.08049s°° ~14.71)InH . (10)

Fig. 3 shows a graphical dependence of the wear of the auger in the plane of the parameters of influence:
the hardness of its surface and the friction path.

u, pm

Fig. 3. The dependence of the wear of the auger u
in the plane of the parameters of influence: the hardness
of its surface H and the friction path s

Determine the path of friction for the surface of the auger dehydration of solid waste after its two-week
operation:

~md Nty Ko, 3.14-0.0775-52.43-855.6- 290 - 28
26-60 26-60

=56850, m

where day — the average diameter of the auger on the last coil, m;

teycle — the duration of the operating cycle of dehydration of one solid waste container, sec;

Keycle — annual number of working cycles of the garbage truck taking into account dehydration of solid
waste, pcs;

Nc — the number of solid waste containers loaded into the body of the garbage truck in one cycle, taking
into account dehydration, pcs.

Figure 4 shows the graphical dependence of the influence of the hardness of the working surfaces of the

auger of the mechanism of dehydration of solid waste on the energy consumption of the process (S = 56850 m),
made up using dependencies (1, 2, 10).

E, KWh/tons
279

274 \
269
264

258
254

249
]
244 EE——

2000 3000 4000 5000 6000 7000 8000 9000 10000 H, MPa

Fig. 4. The influence of increasing the hardness
of the working surface of the auger to reduce the growth rate of energy consumption
of the dehydration process after its two-week operation and wear (s = 56850 m)
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Fig. 4 shows that after two weeks of operation and wear of the auger during dehydration of solid waste in
the garbage truck the increase of the working surface hardness of the auger from 2310 MPa to 10050 MPa leads
to a decrease in energy consumption of solid dehydration from 16.7 % to 1.5 %, and therefore it reduces the cost
of the process of dehydration of solid waste in the garbage truck. Thus, the determination of the rational material
of the friction surfaces of the auger and the ways to increase its wear resistance require further research.

Conclusions

The logarithmic dependence of auger wear depending on the hardness of its surface for different values of
the friction path are determined. Carrying out additional regression analysis allowed to obtain the dependence of
wear of the auger depending on the hardness of its surface 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 truck increasing the
surface hardness of the auger from 2310 MPa to 10050 MPa reducing the rate of growth of energy consumption
of solid waste dehydration from 16.7 % to 1.5 %, and, consequently, it allowed to reduce the cost of the process
of their dehydration in the garbage truck. Therefore, determining the rational material of the auger and ways to
increase its wear resistance require further research.
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Bepesok O.B., CaByask B.I., Xap:keBcbknii B.O. Perpeciiinuii anani3z BIUIMBY TBEPJIOCTI IMOBEPXHI
IIHEKa Ha HOTo 3HOC Mi/l 4ac 3HEBOJHEHHS TBEPAUX MOOYTOBHUX BIAXOMIB y CMITTEBO3I.

CrarTs NpHCBSYEHA MOCH/DKCHHIO BIUIMBY TBEPAOCTI MOBEpXHI IHEKa Ha HOro 3HOC MiJ dYac
3HEBOJHEHHS TBEPIUX MOOYTOBUX BIIXO/IB Y CMITTEBO3I. 3a JOIOMOIOI0 BUKOPHCTaHHSI METO/IY PErpeciiHoro
aHaJi3y BH3HAYCHO JIOTAPHU(PMIUHI 3aKOHOMIPHOCTI 3HOCY IITHEKa 3aJIe)KHO Bil TBEPAOCTI MOTO MOBEPXHI IS
pi3HUX 3Ha4YeHb HULIXY TepTs. [loOymoBaHO rpadivHi 3aIeKHOCTI 3HOCY ITHEKA 3aJIeKHO BiJ TBEPAOCTI HOro
MOBEPXHI I PI3HUX 3HA4YeHb NULIXY TEPTA, IO MIiATBEPUKYIOTh JOCTATHIO 30DKHICTH OTPUMaHHX
3akoHOMipHOCTEeH. I[IpoBemeHHS IOZATKOBOTO PErpecifHOTO aHaji3y MO3BOJMIO OTPHMATH 3aKOHOMIpHICTH
3HOCY IITHEKa 3aJIeKHO BiJl TBEPAOCTI HOro MOBEPXHI Ta NUIAXY TEPTs, 38 JOIIOMOTOIO SKOi BCTAHOBJICHO, 1[0 IIPH
IBOTI)KHEBIM eKCIUTyaTalrlii Ta 3HOIIYBaHHI ITHEKAa IIJl Yac 3HEBOJHEHHA TBEPIUX MOOYTOBHX BiOXOHiB Y
CMITTEBO31 301bIIEHHS TBEpAOCTi moBepxHi mHeka 3 2310 MIla mo 10050 MIla npu3BoANTH A0 3HWKEHHS
TEMIIIB 3POCTaHHs €HEPrOEMHOCTI 3HEBOJHEHHS TBEPIUX MOOYTOBHX BimxofiB 3 16,7% mo 1,5%, a, omxke, 1 10
3JICIIEBICHHS] NPOLleCY IXHBOTO 3HEBOAHEHHS y cMiTTeBo3i. [IpeacraBnena rpadiyHa 3aieXHICTh 3HHKEHHS
€HEeProEMHOCTI 3HEBOJHEHHS TBEPAUX MOOYTOBUX BIIXO/IB BHACHIZOK 301IbLIEHHS TBEPIOCTI MOBEPXHI ITHEKA
npyu HOro JBOTM)KHEBOMY 3HOINYBaHHI. BUSBIEHO MOWINBHICTD NPOBEACHHS IMOAANBIIMX JOCTIUKEHb 3
BU3HAYCHHS PalliOHAILHOTO MaTepialy LIHEKa Ta UISAXiB IiIBUIEHHS HOr0 3HOCOCTIHKOCTI.

KarouoBi ciioBa: 3HOC, TBEpAiCTh MOBEPXHi, ITHEKOBHI MPEC, CMITTEBO3, 3HEBOAHEHHSI, TBEP/Ii MOOYTOBI
BiJIXOJIH, peTpeciiHmiA aHai3.



