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THE IMPACT OF THE MODELLING METHOD OF THE FRONT LOA DER
ON THE ACCURACY OF THE FEM CALCULATIONS RESULTS

Summary

The article discusses selected issues of frontdoatbdelling for the needs of FEM calculations. tRadar attention was
paid to the necessity of correct modelling clewsgonnections and hydraulic cylinders. In the caséydraulic actuators,
the effects of a different approach in modelling #ittuators on the quality of the structure undeerating load were dem-
onstrated. Differences in the modelling cylindegsipped with a hydraulic lock and cylinders coneekin parallel without
locks were taken into account. The results of datmns obtained on the examples are discussedtlamanethodology of
self-control of the results of FEM computationpissented. Some examples of various machines asibf@errors dur-

ing strength analyzes were also presented.

Key words FEM computations, finite elements method, strengthputations of agricultural machines

WPLYW SPOSOBU MODELOWANIA KONSTRUKCJI NO SNEJ LADOWACZA
CZOLOWEGO NA DOKELADNO SC WYNIKOW OBLICZE N MES

Streszczenie

W artykule oméwiono wybrane zagadnienia modelowtatiawacza czotowego dla potrzeb realizacji oblick#ES. Zwro-
cono szczegbinuwag na konieczn@ prawidtowego modelowania pgize: sworzniowych oraz sitownikéw hydraulicz-
nych. W przypadku sitownikdw hydraulicznych wykazskutki rénego podejcia w modelowaniu sitownikéw na jado
pracy konstrukcji pod obgieniem eksploatacyjnym. Uwedhiono r&nice w modelowaniu sitownikéw, wypésaych
w zamek hydrauliczny i sitownikéw potonych réwnolegle bez zamkéw. Omoéwiono wynikkaerysh obliczé na przy-
kladach oraz przedstawiono metodgamokontroli wynikdw oblicZeMES. Przedstawiono ta kilka przyktadéw rénych
maszyn i midiwych do popetnienia bi6w podczas analiz wytrzymagowych.

Stowa kluczoweobliczenia MES, metoda elementéwrglamnych, obliczenia wytrzymaéiowe maszyn rolniczych

1. Introduction

In the finite element computations (FEM), variags
sues are relevant regarding the way of modellindy raap-
ping real conditions. The paper is limited to cdesations
involving linear static analysis, it mean a typieaklysis of
the strength of machines. In this case, the caionlanodel
contains information about the shape of the strectdi-
mensions, wall thickness of the beams, interactidn
welded, bolted, riveted and pin jointed, furthem,tbe sup-
port method and static load or static equivalenthef dy-
namic interaction (replacing the strength of theialde
with one instantaneous value). The quality of tlexleh de-
pends to a large extent on the quality and coresstrof
creating a computational model, i.e. a model coingjof a
finite element mesh. Important factors here arallae-

ometry simplifications, especially in places of pha

changes or cross-sections, the size and type é fate-
ments used to build a model and how they are caeddo
each other in motion nodes. Information on thisjecthcan
be found in the specialized literature, in the hi#lgs for
FEM programs and scientific publications (e.g. IB]).
However, the experience of the person preparingafeu-
lation model is the most important for the accurdoythe

real, the knowledge and experience of a man gusant

achieving true and reliable results. The paper shalwch fac-
tors and how and to what extent they are effecattfulation
errors. An attempt was also made to estimate essetof cal-
culations, although, giving into consideration nataf some
tests, the given error values should be taken fienttion
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purposes only. All calculations were made in thstey |-
DEAS NX 6.5.

2. Research subject

The subject of done strength analyses was thevaino
tive front loader of the Polish manufacturer (Hiy.

Source: own studyZrodio: opracowanie wiasne
Fig. 1. 3D model of front loader
Rys. 1. Model 3D tadowacza czotowego
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The loader is designed for large tractors with-200
kW engine power. It was a typical agricultural leadits
main arm is rigid, composed of two stringers coneedy
a pipe beam. Hydraulic cylinders, work in pairs aradise
the rotation of the arm and the rotation of theketi¢work
tool), installed on the frame. Fixing of horizongbsition
of the work tool while lifting the load ensures tsieaight-
line mechanism. The front loader is attached totthetor
on two pillars.

holes in the lugs were not fully filled, but thadywas fill-
ing them with about % of circumference. This allowe
transfer the pin force to the lug hole only on ftagment of
the circumference (Fig. 3). The hydraulic cylinders
whereas, are represented by rod-type finite elesndret
carry only the longitudinal force (4). More on tligproach
of modelling of pin connections is in [9].

The density of the finite element mesh was adguste
the local conditions, and so around the holes efptin bolt

The FEM analyzes were conducted to check theidistrthe mesh was more dense, the beam of the beam inad a

bution and values of stresses in the loader streicdnd to
determine the forces in the actuators. The arttobeyever,
focuses on the issues of the exactness of runnil F
simulations, not on the results themselves, agdhalt of
the loader's computational analysis. The loadereskonly
as an example in this regard.

3. Computational model details

The model showed a large variation in the thicknefs
metal sheets, from 4 to 45 mm, and in some pldoeset

were made double-layered overlays. The largesttshee

thicknesses were formed in mono-blocks with holes f
clevis pins and they were located on the end ofattmas.
Pin joints were embedded in sleeves with slidingeits.
Such a specificity of the structure, in which there large
variation in thickness and there are moving paggquires
the building of a hybrid computational model, icentain-
ing various types of finite elements (Fig. 2).

Source: own studyZrodio: opracowanie wiasne
Fig. 2. Finite elements types used in FEM modefront
loader (markers description in the text)
Rys. 2. Rodzaje elementéw satmonych w modelu MES fa-
dowacza (opis oznaczev tekcie)

The main structure has been reproduced with tihad;
dimensional plate and shell elements (1), which lzast
suited for modelling thin-walled structures. Fragmsewith
thick mono-blocs were left as solids, which weredeited
by solid-type finite elements (2). For the compiditib of
the grid, all elements were rectilinear. No cunedeiments
were used. This choice is justified by tests omjiive ex-
amples, about which will be said in the paper laBam-
type finite elements were applied to modelling depins
connected with flat mesh in pin holes (3). This bamation
of flat mesh and beams has a low torsional stiffreasd it
allows to reproduce the freedom of rotation of pie The
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dium density, and the largest eyes of the mesh weréne
bucket, which served only to inflict loads (Fig. Byoblems
of mesh density are also discussed in numeroustibe
items, e.g. in [2].

PR

ui

Fig. 3. The way of lug modelling
Rys. 3. Spos6b modelowania uch sworzni

The final stage of the preparation of the caldotat
model included the implementation of the modelregsts
(removal of global degrees of freedom) and the doaom
exploitation forces as well as gravitational acaien,
which, acting on the modelled elements, generdkedaad
come from the own weight of the structure.

The material assigned in the properties of firete-
ments was the same for the entire computationaleiret
corresponded to the general properties of steeluifgo
moduleE = 2,068e+11 Pa, Poisson ratie= 0,29, Kirchoff
moduleG = 8,0155e+10 Pa, densjiy= 7 820 kg- ).

4. Loads and load cases

The load cases included different front loaderitimss,
different load distribution and values, and diffgreitua-
tions of hydraulic cylinders modelling, which wilie dis-
cussed later in the paper. So, the loader had taleela-
tion positions:
= transport position, when the bucket with the load i
turned upwards and it is at the height of the tnafront,
= position of pushing and picking up the load whea th
bucket is at its lowest position and there exisithHoad
from pushing and from picking up the load on thekad,
= position when the bucket is raised up with the lwaid
The loads corresponded to the loader work positenms
contained accordingly:
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= nominal gravity force of load 27 500 N,

talk about reduced stresses, it will be about redistresses

= come from dynamic overloads during transport, whertalculated according to the hypothesis of Huberskks

the tractor moves over road unevenness (dynamjuusur
of 50% of nominal load was assumed),

= pushing force of the bucket in two variants of DN
and 103 000 N, which resulted from the adhesiorhef
tractor wheels to the ground,

= the inertia of the raised load when the tractorkésa
13 700 N.

In addition, for the case of load picking the ladigtri-
bution was varied in two variants: the entire buckad
was symmetrical or oriented only on the bucket,hzdfis-
ing load asymmetry. Details of the whole calculatoases
and results are available in the attachment tadpert on
the research report [5].

Restraints of the model were carried out in theesavay
for all models and they were in the places wheee ftbnt
loader is attached to the agricultural tractorthia further part
of the paper, only selected results from theseutzdions will
be presented regarding the analysis of computdéaoaracy.

5. Study of the impact of the lug modelling on thaccu-
racy of computations

The method of modelling the lugs has a signifidamt
pact on the quality and exactness of the obtaiaémliation
results. The more accurate calculation model is, rtiore
accurate and more reliable the results are. Fopacoison,
in [11] the author discusses the issues of differeadel-
ling of screw joints, paying attention to the shility of
calculations. In [2], in turn, we have a discussam the
impact of mesh density in places of notches ontype of
used finite elements.

In the case of pins modelling, the most accurateuta-
tion results can be obtained when lugs with piresaaicu-
lated taking into account the phenomenon of contdet-
action. Although this is also not the rule. Suckaiations
require the special preparation of a computatiomadiel in
which contact finite elements are generated, paéfgrwith
dense mesh. Also the solver changes to the iteramne,
i.e. which computes interaction on the contact aefin
this way, that in the next steps it will lead tdaance be-
tween the contact forces and the forces inside nabtde-
pendent on the deformation of the structure. Thisleng-

Stress values will be presented in the unit [MRahe cor-
responding [N-mrf], which depends on the capabilities of
the FEM calculation system.

Source: own studyZr6dio: opracowanie wiasne

Fig. 4. Reference model of lug with modelled contac
Rys. 4. Model referencyjny ucha z zamodelowanyrakon
tem

N/mma2
350

90

Source: own studyZr6dio: opracowanie wiasne

Fig. 5. Reduced stress for reference model
Rys. 5. Naprzenia zredukowane w modelu referencyjnym

lasting and time-consuming computations. They can b

made for simple machine components, e.g. one pm, jo
but the conversion of the entire machine, wherén dugs
are is virtually unjustified (if it is doable atljal Similar
problem was solved in1]. There the computation con-
cerned contact of cistern cover to the cistern bade way
of modelling has been shown there.

Fig. 4 shows an example of a simple lug model &ith
pin that has been modelled with the help of contdet
ments. In the model there are separate surfacésegpin
and hole, and between them the contact is calcul&ethe
place where the contact is expected to occur, thshnis
compacted. The elements are solid, curved (hype)b@
clearance of 0.5 mm between the pin and the hoddsis
taken into account. This model will serve as arefee for
further consideration. Reader can find more abesgarch
on differences between element types (rectilinbgper-
bolic), for example, in [4].

Fig. 5 presents the result of calculations inftren of a
distribution of reduced stresses. Whenever the mpejie
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Such accurate modelling of the pins in the catedla
loader is not doable. Therefore, needed simplificatvas
applied, which was discussed in the chapter "Coatjmutal
model details". This simplification makes the FEMdel
be continuous, so there is no place to calculatgact in-
teractions. It allows to maintain the freedom ofatmn of
the pin, transfers the forces of the pin only tpaat of the
circumference of the lug holes and allows to deteenthe
forces and stresses in the pin. However, whatadripact
of the adopted simplification on the quality of FEldmpu-
tations and on the value of stresses? To answemthes-
tion, 16 different simplified models were made (F8y

The specifications of individual models are afofesk:
= row A — there are solid models, but the pin is &glu
sticked" to the hole and modelled in a fragmenteay,
= row B — models also are made in solid, but theipin
full-filled and contact behaviours are computed,
= row C — contains surface models, with a pin (thmesa
way are modelled in the loader calculation),
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Source: own studyZrddio: opracowanie wiasne
Fig. 6. Simplified lug models for comparison tests
Rys. 6. Uproszczone modele poréwnawcze uch

= row D - contains only the lug without pin and tbad is im-
plemented on the upper half of the circumferendbeohole,

= row 1 - contains the most coarse rectilinear eldmen
= row 2 - the grid has a medium size mesh (optima),
that one, which would be ideal for computationstioé
loader,

= row 3 - contains the smallest mesh with rectilineler
ments,

= row 4 - is prepared like row 2, but in this row thie-
ments are curvilinear (hyperbolic).

The bottom edge of the rectangle (lug) is fixed &me
tensile force is applied to the centre of the mrcépt for
the order of row D). The magnitude of the forcedlap-
plied to the lug was the same for all models. Tike of lug
as well as value of force is irrelevant to compaeaton-

siderations.
& Top Q
& Botiom
P o sotom

a Shell Layer Options...
.E:] Beam Options

Fam1

B.C. 1,STRESS_3,LOAD SET 1

STRESS Von Mises Averaged Top and bottom sb
Min: 0 Nimm~2 Max: 1418 Nfmm»2
B.C.1,DISPLACEMENT_1,LOAD SET 1

Fig. 7. Reduced stress in simplified models

Reduced stresses were calculated for such prepared

models. The results were presented for all modelenie
scale, set at a maximum of 200 MPa. The local strakies
were read for individual elements. As can be sadFg. 7,
there are clear differences in the obtained restligre is
also a marked difference with the reference moddl.
though, in some places one can speak of a celitaitas

ity, at least in terms of the magnitude of the streSo the
modelling method itself is already the source ahisacom-
putational errors.

The method of preparing the model is not suffitiéx
this stage, the very art of presentation and dyspfaesults
is important for the adequacy of the calculatiosutts. For
comparison, in [4] is presented the effect of agem the
results of calculations too. The results visualoratpro-
gram offers various options for displaying the s$renaps
(Top, Bottom, Top & Bottom) and various averagirfge>
sults (or not) with options such as node averagimg) aver-
aging within an element, including: Contour, Maximu
Average, Centroid, Top & Bottom. Each of these @i
affects the change in the read values of stre@sescally,
one should use the node averaging option and tlezafye
option for an element. For this association, th&t lbenver-
gence between simplified and reference models camgs
although it also depends on the type of elemerdasidally,
solid elements are not useful for selected optitws,flat
elements give the most similar results after chapshese
two options. Thus, lack of knowledge in presentiagult
by choosing the wrong option will bring about tinearrect
interpretation of results. It is a source of erdgisg on the
side of reading the results of calculations.

As the table in Fig. 8 shows, the stress valuesrikpa
both the type of model and the way in which the tesate
displayed. In the columns, specific simplified misdaredis-
tinguished, but in the rows there are distinguisdéter-
ences in presenting the results according to thelal op-
tion in the computational system.

HN/fmim~2
200

50

b —

Source: own studyZr6dio: opracowanie wiasne

Rys. 7. Naprzenia zredukowane w modelach uproszczonych
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Usrednianie w| Prezentacja welemencie | Brylowy, bardzo |Baza odniesienia - |Baza odniesienia - |Baza odniesienia -| Hementy brylowe | |
wezlach doMadny, kontakt, | dokladay model | brylowe liniowe z | brifowe nieliniows |  krzywaliniowe,
liniowe, bez luzu [kontakiowy, luz 0.5 | kontaktem, drobna| 2 kontaktem, | Srednia wislkoS¢
mm r@ $rednicy siaka Srednia gestosc
sworznia
Contour 331, 83
Maximum 115 Ty i3]
Average Mverage - 843 U4 4
Centroid 948 918 57
W elemencie|lopBhotiom : :
Contour 10 s
Maximum 105 105 1005 133
Unaverage Mvarage 106 105 843 125
Centroid 105 I Did
W elemencie|lopBhotiom 105 : ; - -

Hementy brylowe | Elementy beylowe | Elementy brylowe | Plaski, elementy | Plaski, elementy | Plaski elementy | Plaski, elementy
prostoiniows, | prostoliniows. | prostoliniowe, | kezywoliniows, | prostoliiowe, | prostoliniows. | prostoliniowe,
drobnasiatka | srednia gestase zrubnie srednia gestosc drobng Srednie zarubnie

1ageszczenia
I 1373 1415 1275 B3
i 1373 1415 §
[l i 120
1188 065 130
1352 1173 878 1422| 1417 1387 151
1352 1123 873 1422 1417 1387 51
1352 1128 178 I07.2 1305 1082 5|
1352 1128 878 liik 1417 1082 74|

Source: own studyZrodio: opracowanie wiasne
Fig. 8. Reduced stresses in simplified modelstabalar table (fragment)
Rys. 8. Naprzenia zredukowane w modelach uproszczonych w zestawabelarycznym (fragment)

Stress samples were taken at the narrow side dfighdoe-
cause there the interference from the modellinthefpin is
smaller than at the top of the hole and the modeis be
compared better. The greatest value of stressesakas
there. The maximum value of reduced stresses wés 18
MPa and the smallest value was 49.4 MPa. In trexeate
model, this value was about 100 MPa. The C versfahe

lug model produced satisfactorily accurate reprtidncof

the stress distribution and enabled the creatioaasfy-to-
make pin connections in the loader.

6. Hybrid modelling and exactness of FEM simulatioa

In the FEM calculation model, there are a situstio
where thick and thin parts are in contact. Theis iteces- Source: own studyZrodio: opracowanie wiasne
sary to use finite elements with solid elementst Fle- Fig. 9. Comparison of stresses for three differapt
ments are able to replace even solid elementddma ex- proaches in modelling the bucket rotation linkagstem:
tent. In the loader this situation concerned, amotigers  a) surface model, b) hybrid model, ¢) solid model
the linkage system for rotation the bucket. Examgnihe  Rys. 9. Poréwnanie nagiei dla trzech rénych podejc
effects of a different method of modelling the lige sys- w modelowaniu egien obrotu czerpaka: a) model po-
tem on the quality and exactness of FEM computationwierzchniowy, b) model hybrydowy, c) model brytowy
three comparative models have been built: solidfasa
and hybrid (Fig. 9). This is not important when the actuator is workaigne,

The pin connection was modelled as the beam-tgpe isuch as in the frame of an excavator. However, when
the all three cases. The right linkage was thevameh, due actuators work in pairs, it has the significancehoiv they
to the heterogeneous shape, was difficult to sarfaodel- cooperate with each other, i.e. whether betweerathea-
ling. However, the results of the calculations shbuat, re- tors during their work the oil can flow freely atite pres-
gardless of the modelling method, quite similaultsscan  sure can equalize or not.
be obtained in all three cases. The first and second variant causes equalizingroes

in the actuators because the hydraulic oil can ffoely
7. The impact of the modelling method of hydraulicylinders ~ between them. The third variant causes that bathatars
on the distribution and magnitude of stresses in tloader work independently and it may be the case thatodrikem
transfers predominant amount of the load by itsaif] the

In the case of modelling hydraulic cylinders in-ma other one only takes a bit.
chines, it is important to consider whether or tha exis- From the point of view of loader calculations, airi-
tence of hydraulic locks. ants were possible due to assembly options. Thexefiwo
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separate calculation models were constructed, ichnthe
effects of both variants on stress distribution eveom-
pared (Fig. 10).

The simplest way of modelling the actuators in Eigra)
concerns the situation with hydraulic locks an@lso the
simplest to do. The situation of parallel operatiwhen the
forces in the actuators are equalized, is morécdiffto re-
produce in the FEM model. It is hecessary to baikbecial
swing made of beam elements, which results in theale
zation of forces in hydraulic cylinders on bothesicof the
machine as in example in Fig. 10-b).

Ji! -.'r ] dﬁ;

element belkowy o przekroju
rury @200/190

Source: own studyZrodio: opracowanie wiasne

Fig. 10. Modelling hydraulic cylinders: a) with hgdlic
locks, b) without hydraulic locks

Rys. 10. Sposéb modelowania sitownikéw hydrauladzre) z
zamkami hydraulicznymi, b) bez zamkéw hydrauli¢znyc

However, the modelling the actuators does not enatt

when the loader is loaded symmetrically. But whead|
asymmetry appear, then the loader frame is twisSeth
asymmetry may occur, for example, when a rock ésléal
and the is placed on the side of the bucket (Fiy. 1

The following variants of the hydraulic cylindesse
possible:
= the cylinders are connected with each other byetes
on hydraulic hoses and there are no hydraulic locks

= as above, but before the T-piece there is a hyidraul

lock, which simultaneously cuts off both cylinders,
= each cylinder has a separate hydraulic lock.

The results show the importance of including inVFE
computations both load asymmetry and different aaghes
in modelling hydraulic cylinders (Fig. 12).
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Source: own studyZrodio: opracowanie wiasne

Fig. 11. The loader calculation model with unsynmiat
bucket load

Rys. 11. Model obliczeniowy tadowacza z niesynmaigya
obcigzeniem hgki

Source: own studyZr6dio: opracowanie wiasne

Fig. 12. Differences in results for: a) load symmet
b) load asymmetry and actuators with hydraulic $ck
¢) load asymmetry and actuators connected in jghrall

Rys. 12. Riénice w wynikach dla sytuacji: a) symetrii ob-
cigzenia, b) asymetrii obgtenia i sitownikami z zamkami
hydraulicznymi, ¢) asymetrii olgienia i sitownikami pa}-
czonymi réwnolegle
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Example a) shows how small the effort of the stmectis
when the model is symmetrical. In the exampleh®,actua-
tors work in the same way as with the hydraulik$oand
there is clearly a difference in the load betwdenright and
the left cylinder and the difference in the effoftthe frame
between the right and left stringers. When forcaaéigation
is applied in the actuators, as in example c)uthitormity of
stresses on both sides of the frame is to be Jéeme were
also new places of high stresses in the connepipgand in
the vicinity of its fastening. Only such an examjsl@ble to
justify the necessity of this pipe and its dimensio

The stress concentration in the weld is visiblejciwhwvas
obtained by the modelling of slit between the cated
parts. The lug computed without this slit did nbbwed
any strength problems. The failure occurred durihg
work of the prototype machine only. Such a pregisehde
model with a slit which mapped the real range ef weld
allowed to know the cause of the crack. In thisecdbe
omission in model of material discontinuity was gwirce
of FEM strength analysis error. Also [8] dealt wiltiis type
of computational problems.
Fig. 14 shows the drawbar of a slurry tanker. He t

The presented results show the existence of twjorma place shown by the arrow, low-cycle fatigue craeks

sources of potential FEM calculation errors resgltfrom

peared after about 2 years of operation of theetarkhe

omission of such machine operating phenomena a$ loariginal FEM analysis did not show such a hazaetaose

asymmetry as well as the way of the connectionyafdu-
lic cylinders. But this can also take place in otsituations,
when there are elements working in parallel, amsl ghral-
lelism is not reflected in the computational model.

Interesting work concerned modelling hydraulicirayérs
in FEM computation is presented 2] There the cylinders
change of positions influenced changes of loadsilmition
and the differences of simulation cases depended on

8. Other examples of error sources in the FEM compu
tations of agricultural machines

The described sources of errors in the FEM caticuna
concerned just calculations of the front loaderwideer, in
many other machines these errors can occur fromousar
other causes. They will be presented on selectachgbes.

Fig. 13 shows the results of the calculation @& biag
mounted on the shaft which is made of two steetqse
welded together.

a)

b)

reduced stresses in the weld, b) model details istgptine
implementation of the slit, 1) concentration ofestes in
the weld, 2) separation slit [6]

Rys. 13. Ucho spawane: a) widok ogoiny rozktadur ¢xap
zredukowanych, b) szczeg6t dogayz wykonania szczeliny
rozdzielagcej czsci, 1) koncentracja nageeri w spoinie,
2) szczelina separacyjna [6]
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the level of stress in this place was low, on theel of 50-
80 MPa. It indicated sufficient fatigue strengthovever,
later analysis of the problem showed, that the Esslimed
in the calculations was about four times too loanirthat
occurring in reality. The reason for this was rwtéake into
account a certain operational case, which proveuketim-
portant for the durability of the structure.

The calculations of the slurry tanker were carroad
with the assumption of an equal load distributia@ivween
all wheels and drawbar. This is proper when the liedlat
and the slurry tanker suspension is able to detd sall
unevenness of the road. In the real conditions,evew it
turned out that the unevenness of the ground dmeilchuch
larger when the agricultural tractor leaves theicadpural
field going on the road. The differences between ldvel
of field and road could be even 0.5 m. In thisaditan, the
six-wheels slurry tanker is supported only on tvearr
wheels and on the drawbar. The drawbar reactidhds
about 50% of the weight of the entire tanker. &e,lck of
prediction of important computational case load whae
source of the computational error in this case.

The last example shows the important role of tgkino
account the fact of uneven ground and the resuttinersi-
fication of reactions on the supports of the maghin

Source: own studyZr6dio: opracowanie wiasne

Fig. 14. The results of the slurry tanker calcolat{1 — the
breakage point of the drawbar)

Rys. 14. Wyniki oblicZze dyszla wozu asenizacyjnego
(1 — miejsce gkania dyszla)

In Fig. 15 there has been shown the results ofvdier
tank analysis with four legs.
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= 47% - due to incorrect mesh density (lug analysis),

I = 50% - due to support symmetry/asymmetry (case of
) tank legs),
= 67% - due to incorrect modelling of material contip
(case of weld in the lug),
= 75% - due to omission of important load case (glurr
tanker drawbar analysis),
= 96% - due to including or not the contact modelljhuay
hole — pin contact analysis),
= 100% - due to the lack of analysis for significaase
(in general).
4. The exactness referring to point 3 above have ngthi
common with the accuracy described in books devtded
numerical calculations, resulting from the very dhge of
finite elements method. This are errors that depamdhe
skills of the FEM specialist and the practical khedge he
has acquired. However, there are also errors #ratat be
avoided due to the exactness of the mapping thetate or
operating conditions in the calculation model. leargr
complicated machines requires far-reaching singalifons,
so that their calculation becomes possible at lallthis
cases, the general state of effort of the strudsunsid-
ered only, but the fact of stress disturbancebeaptaces of
welds and notches is omitted. Of course, it is jpesgo
increase the exactness of calculations of such sndye
modelling them more accurate fragmentary, butdteases
the time and cost of calculations and in many cksait is
not necessary. The approximate state of stressftén o
enough for designers who have experience in expdpit
similar machines.
5. For the front loader, the estimated, practical cuaacy
of the calculation of the reduced stress valuegHerFEM
model developed in this way is + 25%. The calculate
stress values at the concentration points can berasti-
mated for solid finite elements, and overstated dtate-
shell elements.
6. Load asymmetry must always be included in the ealcu
lation. In doing so, consideration should be gitethe ap-
propriate criteria for the admissibility of strdssights, pay-
ing attention to which calculation case is to bgarded as
ad hoc and which as fatigue.

Source: own studyZrdio: opracowanie wiasne
Fig. 15. Differentiation of stresses in tank legaised by
uneven ground
Rys. 15. Zrénicowanie napgzer w nogach zbiornika spo-
wodowane nieréwnym podiem

In the extreme situation of the uneven ground,témk
is supported practically on two legs lying diagdyainly,
and the one of the other legs carries a residaal o main-
tain the balance. This means that the load onglesiag is
about 50% of the weight of the whole machine and this
twice as much as during the support on ideally eyrennd.

In addition, the shape of the frame is also twistecduch a
case, the size of deflection of the non-suppomtgdhust be
checked and compared with the ground unevennegti-con
tions of the machine (such as machine support rexm
dations or anchoring in the ground). The leg défiecfor
the tanker was about 70 mm and was real due tongutie
tank on the soil. So, the source of calculatiomrsrcan be
performing computations only for ideal machine sapn

all legs.

How the supporting is important for obtaining the
proper computation results is shown & [There the prob-
lem concerned modelling of chassis of trailer loitywas
especially important because of reactions distidouaind
proper main frame deflection.

9. Conclusions

The analyses presented in the paper allow to dingw
following conclusions:
1. From a practical point of view, the most important
pact on the exactness of FEM computations is tlile afk
the person in such areas: building a computationadel,
presentation of calculation results, way of modelloper-
ating conditions in calculation model, the way éluding
specific characteristic of the machine structure atiers.
2. The sources of errors in calculations dependingam-
plication of the computational model are: geometrgp-
ping method, contact mapping, mesh density, typgnaé
elements used, load symmetry and asymmetry, lostd-di
bution between inner parts of the machine, likengplary
hydraulic cylinders, omission of important casedicnd
others.
3. It was estimated, based on the collected data titen
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