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NUMERICAL ANALYSIS OF FRONT AXLE BRACKET STRENGTH |

N FARM TRACTOR

Summary

This paper describes strength evaluation for D4AE3£20.25
analysis was based on stress modelling, suppogatefinite

bracket, mounted in tractors of the URSW&@any. The
element method (FEM). It was assumetlé model that the

studied element was made of ductile cast iron amjest to three forces at three support pointse&trdistribution simula-
tions were run for various boundary conditions nder to identify the areas most exposed to crackiagards. On this ba-

sis, engineering changes were introduced to ineetds
effectiveness of its production.

mechanical strength of the bracket with marimcost-
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NUMERYCZNA ANALIZA WYTRZYMALO

SCIOWA WSPORNIKA OSI PRZEDNIEJ

CIAGNIKA ROLNICZEGO

Streszczenie

W artykule opisano analiavytrzymait@ciowg wspornika D4CS4 FA20.25 montowanego ygoikach firmy URSUS. Ana-
lize przeprowadzono w oparciu 0 modelowania ragé metod elementéw skixzonych (MES). W modelu z&doo, ze
element badany jest wykonanyetiwa sferoidalnego, ktory byt obgiony trzema sitami w trzech punktach podparcia.
Przeprowadzono symulacje rozktadu ngptt dla rénych warunkéw brzegowych w celu wygmtienia obszaréw najbar-
dziej naraonych na pkanie. Na tej podstawie wprowadzono zmiany konsyjak, zwikszagce wytrzymaité® wspornika

przy minimalizacji kosztéw jego wykonania.

Stowa kluczowemodelowanie numeryczne, metoda elementdvicglaych, wspornik osi, rozktad napasi, wspornik ci-

gnika rolniczego
1. Introduction

Project design procedures of various machine pzarts
components often require simulation tests to ideaines,
most exposed to the highest load and stress impladts
associated with formulation of different tensiorpbhtheses,
which would describe the behaviour of applied gtread
materials subject to complex loads. Such hypothesethe
hypothesis of the highest tensile stress or thetingsis of
the highest normal stress, proved very useful attiime
when stone, i.e., a brittle material, was the primeon-
struction material [2, 4, 13, 15]. Over the pasb teentu-
ries, two hypotheses were commonly used, namely- Co
lomb-Tresca hypothesis of maximum shear stressgsuan
other one referring to the specific energy (of Hube
Hencky-von Mises), which enable users to obtaindgoo
compliance with experimental data for metal allaysd
steels [9, 13]. There are also many hypotheseslojged
for modern materials, e.g. for composite laminatelsich
clearly indicate a growing application trend. Thdsg
potheses include, among others: the Azzi-Trasi-Hdilure
criterion or the Tsai-Wu criterion [1, 5, 10, 19glection of
an appropriate tension hypothesis/failure criteritapends
on the type of material, used for production of igeg
structural element, while a number of available patar
programs, based on the Finite Element Method (FEA),
low for implementation practically of every knowry-h
pothesis [10]. This paper presents applicatiorheflargest
strain hypothesis for a structural element, madeauf, as
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well as simulation results were analysed (with mafpee-
duced stresses and strains). The simulation wasdaim
identify the areas most exposed to damage hazaniisgd
operation and engineering revisions were proposeih-t
crease mechanical strength with maximum cost-
effectiveness of the element manufacturing procése
element of study was a D4CS4-FA20.25 front axlekeg
used in URSUS C-380M agricultural tractors (Fig. 1)

iF '
ource: own workZrodio: opracowanie wiasne

Fig. 1. D4CS4-FA20.25 front axle bracket of URSUS C
380M tractor with a mounted axle

Rys. 1. D4A4CS4-FA20.25 przedniad wspornika cignika
URSUS C-380M z zamontowansiy
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Figure 2 illustrates the bracket mounting confaion A simplified front axle bracket model was imporietb
on the front axle of the tractor. A four-cylindergéne was the ABAQUS program (Fig. 3). That model simplifiicat
mounted to the bracket sides, together with deaght®to  was aimed to enable dense MES grid generation and t
provide an additional load for the front axle oéttractor. speed up calculations. All casting and technoldgicand-
The bracket was then a structural element whichthen ed areas and fillets were removed from the prinmaoglel.
course of normal tractor operation, was often sttbfe  The left elements included the holes and the arebs lat-
damage due to handling of high loads. The load#snténto  er machined, which had no significant effect on skreic-
account in a numerical evaluation of the DACS4-FR20 tural strength of the element.
bracket, included the loads, resulting from thenfraxle
reactions, the engine mass and the frontal deadhtgi
mounted to the analysed brackets.

Figure 2 presents the points to which the bratdesd-
ing forces were applied. It was assumed that tlaeKat
was impacted by the following three primary forcése
engine weight (Ns), the weight of dead weights (lsnyl
the front axle reaction (NO).

Source: own workZrodto: opracowanie wtasne

Source: own workZrodto: opracowanie wiasne  Fig. 2. A CAD model of D4CS4-FA20.25 bracket

. . ) Rys. 2. Model CAD wspornika D4CS4-FA20.25
Fig. 2. Distribution of forces acting on D4CS4-FA2D

bracket o , In accordance with the scheme, presented in Figure
Rys. 2. Rozkiad sit dziatggych na wspornik DACS4- a6 forces act on the bracket, whose valuesiatagosed
FA20.25 in Table 2. The goal of performed processing wassess

] ] stress distribution in the bracket, with a particubcus on
2. Tension hypothesis possible stress concentration sites.

Numerical calculations were carried out in the
ABAQUS environment. It is a software package which ~ Table 2. Specification of D4CS4-FA20.25 bracketia
ables stress distribution simulation. The calcakatsoft- Tab. 2. Specyfikacja olbgir wspornika D4CS4-FA20.25

ware employed the finite element method (FEM). This o34 name, designation Value [N]
method enables individual material characteristwsbe Engine weight, Ns 4000

used in calculations together with generation ahpglex Dead weight, NO 3300
calculation grids [18]. A material model for duetiiron Front axle reaction, Nc 35000

was defined for numerical processing, its propsrbeing Source: own workZrodto: opracowanie wlasne
compliant with 0.7040 (EN-GJS-400-15) standard [14]

This type of material consists of iron with modutgaph- In the Abaqus/CAE environment, stress distribution

ite. The material maintains iron characteristics, lwe to maps are calculated acc. to the Huber-von Miseszkien

graphite contents, its mechanical strength is clogkat of (HMH) Theory. Following this hypothesis, the measof

steel (Table 1). material effort is the specific energy of defleatiovhile the
reduced stresses are expressed in the followimguiar:

Table 1. Material data of DACS4-FA20.25 bracket 1 5 ) 5

Tab. 1. Dane materiatowe wspornika D4CS4-FA20.25 G red :\/E [(01—02) +(02—03) +(01—03) ] (1)
Young's modulus, E 167 GPa whereg; (i = 1, 2, 3) designates subsequent main stresses.
Poisson number, 0.3
Yield point, Re 250 MPa The application of the hypothesis involves chegkirf
Temporary strength, Rm 400 MPa the strength condition for uniaxial tension: (krsidmates
Plastic strain at tear, 15% permissible stresses in tension):
Permissible stresses in tension, kr 65 MPa P )

red = "'r

Source: own workZrodto: opracowanie wiasne  wherek, designates permissible stresses in tension.
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The HMH hypothesis is commonly applied in engireerresults indicate the highest stress impacts atbtiaeket-

ing practice and well reflects the actual stressustfor a
broad group of classical structural materials, sashsteel
[9]. However, the material of the axle bracket waede of
ductile iron, which is accounted to elastic brittieaterials
[9,14]. Taking that into account, the HMH materéifort
hypothesis was replaced by the hypothesis of thgeh

main elongation by de Saint-Venant and PonceletP}SV

[4,15]. According to that hypothesis, reduced strissde-
scribed by the following formula:

®3)

Ored =01~ V\O,—04].

The strength condition (2) certainly remains valid

However, following the assumptions of the SVP hixeet
sis, a given element can safely transfer operali@us
when the following inequality is met:

8red < 8r '

(4)

where g4 reduced permissible deformation is calculatec

from the generalised Hook's law, white designates per-
missible deformation in tension. It characterisggleé ma-
terials very well, as the main feature of brittlesés much
lower material resistance to tension than to cosgioa.

The model was digitalised by means of C3D4 tetnagjo

elements with characteristic size of approximatélynm
and with bracket overall dimensions of 1080x540x&814.

Following a convergence study, the grid density hwit

856043 elements was regarded satisfactory.
3. Calculations

Numerical calculations were run on a Dell T3500kwvo
station with an Intel Xeon W3540 eight-core prooessith
CPU speed of 2.93 GHz, 12 GB RAM and RAID-5 array.

Figure 3 presents the stress distributions obdafrem
data processing. Letter “W” in the Figure desigaatiee
sites under the highest stress impacts. The SP&heer
values are marked with colours; the reduced valuthie
parameter was calculated acc. to formula (3). EiQa il-
lustrates stress distribution in the bracket. Asaly that
distribution, no stress hazardous sites were ifiedtin the
studied bracket. However, an uneven stress disivibbwas
observed around four points of the tractor's axunting
area. It may then transfer uneven loads onto the faing
bolts. The analysis indicated that the potentiedsst con-
centration sites occurred at high curvature regi@tsthe
base of the ribs, connecting the bracket with thgire
(Fig. 3b). The maximum value of reduced stresgwas 49
MPa. The permissible limit was not exceeded at itat,
however, during tractor operation, bracket craclahthese
areas may not be excluded. Therefore, a strengthewii
this area is recommended. Figure 3c presents diisss
bution in the lower part of the bracket, right ¢ tsite of
dead weight mounting. Increased stress impacthadtre-
gion do not need raise concerns as their levelmalls
(0re~19 MPa) vs. other areas of the bracket.

4. Summary

This paper presents the results of a MES anabfsis-
duced stress distribution, based on the hypothefsithe
largest main elongation of de Saint-Venant and Blatc
(SVP) and carried out in a D4CS4-FA20.25 brackethef
front axle of C-380M URSUS tractor. Potential ssresn-
centration areas were identified from performedcwaal
tions. No case of exceeding permissible stress (kve 65
MPa) was found for the accepted material. The abthi
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engine connection area. Therefore, it was recomatbnal
increase rounding radius at highest stress regi@nsir-
regular deformation area was also noted.

a)

b)

Source: own workZrodlo: opracowanie wtasne

Fig. 3. Results of stress distribution calculation©4CS4-
FA20.25 bracket a) a view from the side of the diding
bolts b) a view of the engine fixing clamps c) awiof the
clamps for the front axle weights

Rys. 3. Wyniki obliczerozkladu napgzerr w wsporniku
D4CS4-FA20.25 a) widok z bokérub mocugcych @
b) widok zaciskéw moagych silnik ¢) widok zaciskéw dla
Ciezaru osi przedniej
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