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ANALIZA STRUCTURALA CU ELEMENTE FINITE A PIESELOR DE UZURA
DE PE PLACA DE CONTRAPRESIUNE A UNEI AUTOGUNOIERE
FEM STRUCTURAL ANALYSIS FOR WEAR PARTS SUPPORTING
COUNTERPRESSURE PLATE FROM A MUNICIPAL SOLID WASTE TRUCK
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Garbage trucks are used for the collection,
compaction and transport of household waste, being
equipped with complex systems that perform these
functions. After the garbage is fed into the receiving tank, it
is taken over by a compaction plate and inserted inside the
dump truck where compaction is performed. As an element
of back pressure, in the collection container is arranged a
plate driven in translational motion by means of a telescopic
cylinder with successive action. This counter-pressure plate
is supported at the bottom on eight rectangular pieces from
plastic and considered as wear parts. Paper presents the
structural analysis of these wear parts. In the first phase of
the study, three-dimensional parameterized modelling of
each part of the assembly was performed (compaction
plate, dump truck, compacted material, counterpressure
plate and wear parts). After assembly, a dynamic simulation
of the compaction process of household waste inside the
dumpster was performed, and mechanical stresses on the
wear parts, resulting from dynamic simulation, were
imported into the Simulation, finite element analysis module
of SolidWorks 2016 software. This is where the actual
analysis was done, resulting in values and dispersion for
equivalent stresses (calculated with the von Mises
criterion), displacements, safety factor and relative
deformations for these wear parts.
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1. Introduction

The analysis of structures by the finite
element method is more and more widespread in
the last period. Design engineers perform
modelling, simulation and analysis (with various
CAD software) to various working bodies or even
the ensembles before being sent to the actual
execution. This gives a better picture of the
behaviour of the structures in various working
conditions, but also allows the correction of
possible design errors. Analysis of garbage trucks
and transport of municipal solid waste trucks it is
found in many specialized papers that present the
results obtained by analysis with FEM of various
parts or subassemblies, [1-9], but none shows the
analysis of the wear parts on which the
counterpressure plate rests.

The purpose of this finite element 3D
numerical simulation study was to simulate the
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Autogunoierele sunt folosite pentru colec-
tarea, compactarea si transportul deseurilor menajere, ele
fiind echipate cu sisteme complexe care indeplinesc aceste
functii. Dupa ce gunoiul este alimentat din pubeld in cuva
de receptie, acesta este preluat de o placa de compactare si
introdus in interiorul benei unde se realizeaza compactarea.
Ca element de contrapresiune, in containerul de colectare
este dispusd o placa actionata in miscare de translatie prin
intermediul unui cilindru telescopic cu actiune succesiva.
Aceasta placa de contrapresiune se sprijina la partea
inferioara pe opt piese paralelipipedice executate din
material plastic si considerate piese de uzura. Articolul
prezinti analiza structurald a acestor piese de uzurd. In
prima faza a studiului s-a realizat modelarea parametrizata
tridimensionala a fiecarei piese a ansamblului (placa de
compactare, bena, material de compactat, placa de
contrapresiune si piese de uzura). Dupa asamblare, a fost
efectuata o simulare dinamica a procesului de compactare
a deseului menajer in interiorul benei, iar solicitarile
mecanice din piesele de uzura, rezultate in urma simularii
dinamice, au fost importate in modulul de analiza cu
elemente finite Simulation al software-ului SolidWorks 2016.
Aici s-a realizat analiza propriu-zisd, rezultdnd valorile si
dispersia pentru tensiunile echivalente (calculate cu
criteriul von Misses), deplasarile, coeficientul de siguranta
si deformarile relative pentru aceste piese de uzura.

mechanical behaviour of the eight wear parts on
which the counterpressure plate rests at the
bottom, following the stresses that arise during the
process of compacting household waste at a
municipal solid waste truck Valu€Pak 1000 (Norba,
Suedia), considering for this that the wear parts are
made of two different plastics (Nyaltron GSM and
Nylon 101).

The waste compaction system of such a
machine consists of two basic parts, a metal plate
with articulated support that takes the material from
the feeding area of the machine, having a complex
movement, and a counterpressure plate disposed in
the parallelepiped collecting container (see Fig. 1).

Important stresses appear in both parts
during the collection and compaction process, but
much larger in the pushing and picking piece when
feeding the container. At discharging, the
counterpressure plate has high stresses because it
has to push the entire amount of material from the



284 M. Lazea, G-A. Constantin, D. Stoica, G. Voicu / FEM structural analysis for wear parts supporting counterpressure plate
from a municipal solid waste truck

7N\

Fig. 1 - Compaction system for waste at the Valu€ Pak 1000 garbage tfuék, [10].
Sistemul de compactare al gunoiului menajer la autogunoiera Valu€ Pak 1000
1-compacting plate, 2-counterpressure plate, 3-waste part; 7-placa de compactare, 2-placa de contrapresiune, 3-piesa de uzura.

container, the more uneven the more
inhomogeneous is material on the cross section of
the collection container. Wear parts have the
highest probability of failure in the compaction
assembly shown above.

2. Materials and Methods

In the first stage of this study, the three-
dimensional geometric model of the components of
the assembly was made (compression plate,
counterpressure plate, wear part and garbage truck
container). For this purpose, was used a laptop
with Intel Core i5-3210M processor, 2.5 GHz, an
NVIDIA GeForce GT 630M video card with 2 Gb of
own memory, the laptop's RAM being 8 Gb. 3D
modelling was performed using the parameterized
design program SolidWorks Premium 2016 S.P.
0.0.

Three-dimensional modelling of assembly
components was performed in the "Parts" module
of the design program, in Fig. 2 presenting the
isometric view of the wear part, as well as the
interface of the Solid Works program.

The pieces were introduced in the
Assembly module of the program where they were
positioned by adding geometric relationships
between their entities (relations of concentricity,
coincidence and parallelism between edges and
faces). It should be noted that the wear part was
inserted eight times in assembly, because so
many are in fact at the model analysed. For the
dynamic simulation of the household waste
compaction process, between the two plates
(compacting and counterpressure) the material to
be compacted was also parameterized, Fig. 3. For
this, a thickness at the bottom of about 580 mm
was chosen.

The entire assembly of Fig. 3 was introduced
in the Motion Study module to perform the
dynamic simulation of the garbage compaction
process. For this purpose it was considered that
the back pressure plate is fixed, together with the
material to be compacted, and the compacting
plate moves towards it. According to [12] the
speed of movement of the compactor plate without
load is of maximum 150 mm/s, at the beginning of
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Fig. 2 - Isometric view of the wear part as well as the interface of the software used
Vedere izometrica a piesei de uzurd precum si interfata software-ului utilizat
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Fig. 4 - Linear motor attached to the compacting plate,/ Motorul liniar atasat placii compactoare [11].

the compaction speed is 75 mm/s and reaches the
end of compaction at 20 mm/s. Thus, a linear
motor with variable speed was attached to the
compaction plate (see Fig. 4). It should also be
mentioned that the calculation period (dynamic
simulation) was of 12 s.

Following the dynamic simulation, the
values of the stresses in the parts of interest were
obtained (wear parts). So, in Fig. 5 the variation
curve of the reaction force between the material
and the counterpressure plate is presented. Peaks
are observed on the reaction force variation curve
due to uneven compaction of the material.

After completing this step, proceeded to the
next step which was to import the stresses for the
3D geometric models of the eight wear parts in the

"Simulation" module of the Solid Works design
program.

According to the manufacturers' data
sheets, the materials most often used in the
manufacture of wear parts are polyamides
Nyaltron GSM and Nylon 101. In Fig. 6 the fatigue
curve of these plastics is shown, and Table 1
shows the material characteristics.

Before proceeding to the presentation of
the finite element analysis, the numbering and
positioning of the analysed wear parts must be
shown. As mentioned above, there were eight in
total, on them resting the back pressure plate in its
movement inside the dump truck, both when
loading the container with household waste and
when unloading it. They are fastened with screws
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Fig. 5 - Variation of the reaction force in the counterpressure plate / Variatia fortei de reactiune din placa de contrapresiune.
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Fig. 6 - Fatigue curve for the two plastics used to make the wear

part / Curba de oboseald pentru cele doud materiale
plastice folosite la executia piesei de uzura [13].

Table 1
Mechanical properties of Nylatron GSM and Nylon 101
polyamides / Proprietatile mecanice ale poliamidelor Nylatron
GSM si Nylon 101 [14,15]

Property Nylatron GSM | Nylon 101
The modulus of elasticity, 3400 1000
N/mm?

Poisson's ratio, - 0.28 0.3
Shear modulus, N/mm? 3200 -
Density, kg/m? 1160 1150
Tensile strength, N/mm? 82 79.3
Yield point, N/mm? 80 60
Coefficient of thermal 8:10° 110
expansion, 1/K

Thermal conductivity, 0.3 0.53
Wi/(m-K)

Specific heat, J/(kg-K) 1500 1500

to the lower part of the counterpressure plate and

a

re arranged four on one side and another four on

the other side. Behind the counterpressure plate is
the driver's cab, so it can be said that wear parts 5,
6, 7 and 8 are on the left side of the garbage truck
and wear parts 1, 2, 3 and 4 are on the right side.
In Fig. 7 the arrangement of the wear parts in the
counterpressure and discharge plate assembly is
shown.

Before presenting the results of the
analysis it should be mentioned that 16 analyzes
were run for the eight wear parts (for stresses from
dynamic simulation for each of the two types of
materials considered - Nyaltron GSM and Nylon
101). Total analysis time (dynamic simulation + the
16 finite element simulations) it was about 46
hours. Also, it must also be said that in the same
compacting process, the eight wear parts behave
differently. Having different stresses, was chosen
analysis of each piece.

3. Results and Discussions

The discrete finite element model of a wear
part is shown in Fig. 8. After discretizing the finite
element network, the simulation was run, its results
being presented below.

Following the simulation, the design
program provided the results obtained in graphical
form; the geometric pattern is divided into areas of
a certain colour, each area comprising the region of
the geometric pattern in which the analysed size
has the value specified in the color legend on the
right side of the screen. For the modeled and
analyzed wear part model, the results obtained
after the simulation in Solid Works are presented
below. Thus, in Fig. 9 the values of the
displacements that appear in the wear parts during
the previously defined stresses are presented.
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Fig. 7 - Arrangement of wear parts / Dispunerea pieselor de uzuré.
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Fig. 8 - Discretization with finite elements of the geometric model / Discretizarea cu elemente finite a modelului geometric.
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Fig. 9 - The values of the displacements occurred in the eight wear parts / Valorile deplasarilor aparute in cele opt piese de uzura.

Analysing this data, it can be seen that the
values of the displacements are close and small, for
the two types of materials considered the maximum
displacement value is found in the case of piece 2,
7.34-10% mm for Nyaltron GSM and 2.47-10-2 for

Nylon 101. In Fig. 10 the values of the equivalent
stresses from the eight wear parts for the two
materials considered are presented, stresses
calculated according to the von Mises criterion.
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Fig. 10 - Equivalent stress values accordi

stresses of the two materials. The maximum

ng to the von Mises criterion appeared in the eight wear parts
Valorile tensiunilor echivalente dupé criteriul von Mises apdrute in cele opt piese de uzura.

Analysing the figure it can be seen that all

eight pieces behave differently in the same regime,

and the stress values are well below the breaking

equivalent stress value is reached for the piece 1,
1.77-10" MPa for Nyaltron GSM and 1.76-10"
MPa for Nylon 101.
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. 11 - Equivalent deformation values in the eight wear parts / Valorile deformatiilor echivalente in cele opt piese de uzura.
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Piece 1

4.477e+005

4.10de+005

3.732¢+005

_ 3.353e+005
L 2.986e+005
L 2613e+005
L 2.241e+005
| 1B68e+005
| 1495e+005
_ 11234005

L 7,496+ 004

377284004

452164002

3.32Te+005
3.050e+005
2.773e+005
| 2.496e+005
L 2.213e+005
L La42e+005
L Lee5e+005
| L388e+005
_ L1ile+005
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2.8048+004

3.4048+002

Fig. 12 - Minimum values of the safety factor / Valorile minime ale coeficientului de siguranta.

Analysing Fig.11 the values of the equivalent
deformations that appear in the eight wear parts
can be observed, for the two materials used in the
study. Thus, the maximum equivalent deformation
arises in piece 2, 3.62-10° for Nyaltron GSM and
1.25-10 for Nylon 101.

The value of the safety factor was also
drawn from the finite element analysis. Thus the
minimum value of the safety factor is reached for
part 1 and are presented in fig. 12. For comparison,
for agricultural machinery intended for ploughing,
the safety factor takes values between 1.8 and 2.2,
[16].

4. Conclusions

The minimum values of the safety factor are
454 for Nyaltron GSM and 340 for Nylon 101. We
deduce from this that the wear parts work in quite
difficult conditions, hence the high failure rate in
them. In addition to having to support the weight of
the counterpressure plate to which is added an
additional weight of household waste that rests on
this plate, the wear parts also withstand the friction
from the moments of sliding the counterpressure
plate (when compacting garbage and when
emptying the garbage truck).

The analysis also showed that stress points
appear in the structure of the wear parts, generally
located in the areas where the screw and nut
assembly is performed on the counterpressure
plate. The maximum values of the equivalent
stress calculated with the von Mises criterion are
reached in the case of part 1, 1.77-10' MPa for
Nyaltron GSM and 1.76-10' MPa for Nylon 101,
values below the yield point of these materials.
Having obtained these values, further a design
analysis can be done, with the same software used
in the analysis, in order to reduce the stresses in
the wear parts and, so, increase in life span.

The results presented in this paper may
help designers and manufacturers of garbage
compaction machines, but not only.

Acknowledgments: The paper was funded both from the
project "Sustainable development of the base of agro-
mechanical applications in gardens, solariums, vineyards and
orchards (DEZDURPRA)", CNFIS-FDI-2020-0184, from the
Ministry of Education and Research through the Executive
Agency for Financing Higher Education , Research,
Development and Innovation, as well as from the European
Social Fund within the Sectoral Operational Program Human
Capital 2014-2020, through the Financial Agreement of the
project “Scholarships for entrepreneurial education between
doctoral students and postdoctoral researchers (Be
Entrepreneur!)’, Contract no. 51680 / 09.07.2019 - SMIS Code:
124539.

References

[1] Z. Feng, Static and dynamic finite element analysis and structure
improvement of bj3043-type dump truck’s frame, Journal of Shan Dong
University, 2004, 14 pages.

[2] D. Zhaoxiang, Automotive design and dynamic analysis of automotive
structures, Yearbook of the Institute of Automotive Engineering of
Chongging, 1996-1997.

[3] L. Hui, L. Wanqgiong, Equal load simplifying of truck’s frame,
Automotive Engineering, 1994 (16), 310-314.

[4] Z. Zhige, W. Jingang, Analysis of abnormal cracking for the light
truck’s frame, Automotive Engineering, 2004, (2), 229-232.

[5] L. Weixin, Car Design, Bei Jing: Tsinghua University Press, 2001,
411 pages

[6] C. Yanhong, Z. Feng, The finite element analysis and the
optimization design of the yj3128-type dump truck's sub-frames based
on ANSYS, Procedia Earth and Planetary Science 2011, 2, 133 — 138
[7] P. Milosavljevic, S. Jovanovic, D. Jovanovic, G. Radoicic, V.
Blagojevic, Simulation and experimental stress analysis of the waste
compression assembly in utility vehicles for the removal of the
communal waste "Norba" type with two actuators, Facta Universitatis,
2010, 8(1), 9 — 18, 0354 — 2025

[8] S. Guanglin, C. Shuxun, L. Guangmin, Analysis with ADAMS/ANSYS
on dynamic properties of rotating hook-lift garbage truck, 2009
International Conference on Measuring Technology and Mechatronics
Automation, DOI: 10.1109/ICMTMA.2009.528, ISBN: 978-0-7695-3583-8
[9] S. Tabacu, A. Hadar, N.D. Stanescu, S. llie, D.I. Tudor, Hexahedral
finite elements mesh generation method with applications to plastics
parts, Mater. Plast. 2010, 47(1), 94-102

[10] *** (2005), Value Pack, Service manual, Geesing Norba Group,
Model year 2005

[11] Gh. Voicu, M. Lazea, G.A. Constantin, E.M. Stefan, M.G. Munteanu,
Finite element analysis of the compaction plate from a garbage truck, 9-
th International Conference on Thermal Equipment, Renewable Energy
and Rural Development, in press

[12] N. Manring, R. Fales, Hydraulic control systems, Second Edition,
Wiley, 2020, ISBN 978111916487

[13] *** https://www.chegg.com/homework-help/ -q3739771
[14]
https://www.theplasticshop.co.uk/plastic_technical_data_sheets/nylatron
_gsm.pdf

[15] *** http://everyspec.com/FED_SPECS/L/L-P-410A_37192/

[16] G.A. Constantin, Gh. Voicu, B. Olac, F. llie, G. Paraschiv, Structural
analysis with finite elements of a subsoiler working part, ISB-INMA TEH
AGRICULTURAL AND MECHANICAL ENGINEERING, Bucharest 31 st
October — 1st November 2019, p. 81-87, 2344-4118

ke

*hkkkkkkkhkhkhkhhkkhkkhhkhhkhhkkhhhhhhhhkhkhkhhkhhhhhhhkhhkhhhhhhhkhhhhhhhhhkhkhkhhhhhhhhkhkhhhhhhhhkhkhhhhhhhhkhkhhhhhhhhhkhkhkhhhhdhhkhkhkhhhhhhhhkkhhhhk




294 M. Lazea, G-A. Constantin, D. Stoica, G. Voicu / FEM structural analysis for wear parts supporting counterpressure plate
from a municipal solid waste truck



