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ABSTRACT

Following is a description of the methods used and the results obtained during an
academic research project amed to introduce in DIRONA the use of finite eement
methods to improve its product quaity while reducing devdopment time
Furthermore the objective of reducing materid and manufacturing costs was
followed while maintaining the dress leves under the vaues previoudy obtaned
with earlier products that had worked relidble during severa years. For the finite
edement analyss, MSC.PatrayMSC.Nastran V. 8.0 was used. The FEA results

obtained were experimentadly vaidated through DIRONA dandard experimenta
test procedures.
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INTRODUCTION

DIRONA is a Mexican company that produces front and rear heavy truck axles and that is
committed to excdlence and compstitiveness in the nationd and international markets. The
following objectives are pursued in DIRONA"s product development process:

Highest product qudity and religbility

Customer satisfaction

Reduction of development time and costs

ITESM is a multi-campus educationd system, unique in Lain America because of its academic
excelence and research. DIRONA and ITESM joined efforts in order to introduce Hi-Tech
CAD/CAM/CAE toals in the development and innovation process of new truck axles.

Following is an example of the use of MSC.ParaVMSC.Nadtran finite element software during
the development and innovation process of a front truck axles beam, where FEM techniques
were used combined with experimental test procedures to reduce the weight of the beam while
mantaning the dress levels a confident values. In this paper are described the methods used
and the results obtained during an academic research amed a introducing in DIRONA the use of
finite dement methods to improve its product quality while reducing development time.

The man objective in this academic research was to establish methods and ways of reducing
materid and manufacturing costs while maintaining the dress levels under the vaues previoudy
obtained a earlier products that worked rdiably during severd years. DIRONA’s proposed
engineering development processis shown in Figure 1.

PROBLEM DEFINITION: DIRONA"s product development process

DIRONA has manufactured front and rear heavy truck axles snce many years in Mexico. 3D
CAD tools are used during its design process, but the company did not earlier performed the
whole new product development process. Now, DIRONA is amed to introduce Hi-Tech
CAD/CAM/CAE todls in order to perform its whole product development process. In this way
DIRONA and ITESM joined efforts to introduce a product development process that reduces the
development time and codts. For this purpose FEM techniques were used combined with
experimenta test procedures to vdidate and fine-tune the results of the FEM andyss

The fird sep in this proposed engineering development process is to sdect the product to be
improved or developed. During the development process a 3D parametric product modd is
created as bass for a family of parts. The advantage in making 3D parametric models is that it
allows fast variations in the mode geometry. DIRONA has been working with Pro/ENGINEER
for five years and a the beginning adso an academic program together with ITESM created the
foundetion for its introduction.

As shown in Figure 1, during this proposed engineering development process, the geometry of
the 3D CAD modd is imported in the FEA software for stress and strain andyds. After this step
the product geometry is meshed using the automatic mesh generator in MSC.Patran. After mesh
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generation, the defined boundary conditions are applied to the mode, which is then anayzed
usng MSC.Nastran. The results are post-processed usng MSC.Patran and thoroughly andyzed
by the design team to identify opportunities a the dress and drain levels. These results are used
to formulate new product geometry with the 3D Parametric CAD software, which is andyzed
until a satisfactory stress and strain map is obtained. The obtained FEA reaults are verified with a
St of experimentd test procedures.

Gengrdly in product development process two basc paths can be followed to improve the
product performance: one is the design of a new product concept (different geometry or function
principles) the other dternative is the optimization of the exiding product using different
optimization srategies.

[ Establishing new product characteristics ]
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Figure 1. Proposed basic engineering devel opment process.
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During the optimization process the evauation of the different dternative combination of
product design parameter is carried out to achieve one or severd objective functions. Generdly
the desgn parameters are subject to redtrictions and boundary conditions that has to be
previoudy described and defined. Furthermore a search drategy has to be defined to find the
combination of design parameters that fulfills the objective functions.

Commonly, during product development exiding limitations affect product performance, for
example naturd physc laws, materid properties, cusomer specifications, exising standards etc.
Thexe limits condraint the product desgn specifications, in achieving the desred objective
functions. Oneimportant congdraint are permissble stress and dtrain levels.

The optimization process involves following activities:
- Sdection of variables that describe the design dternatives
- Sdection of objective functions to be minimized or maximized.
-  Eddblishment of redrictions, expressed in terms of desgn variables, which must be
satisfied by any acceptable design.

Three different kind of optimization procedures exist:
- Parametric
- Shape
- Topology

In this case the optimization procedure to be applied would be the parametric one, but as there
was not optimization software available for this project, indead of it an iteraive parametric
improvement procedure was used to improve the objective functions as pat of the proposed
engineering development process a DIRONA.

This iterdive improvement procedure starts dso with the definition of the redrictions and the
parameters to be controlled. After each anadyss modifications of the geometry are carried out
based on experiment design (Figure 2). Here the influence of the design parameters changes is
measured in order to identify the design sengtivity. These parameters usudly are referred to as
design variables, and they are used to represent the sectiond dimensions of the beam.

CASE STUDY: FRONT AXLE BEAM, FOR THE VALIDATION OF THE PROPOSED
ENGINEERING DEVELOPMENT PROCESSAT DIRONA.

The gpplication of this process should dlow the company to offer products with increased
quality and rdigbility, but at lower cost. The families of partsintegrated in the system of the
front and rear axles, must have the same characterigtics for each different lifting cgpacity. In
this case the proposed engineering processis goplied to the axle front beam.

The product was firsd modeled in 3D parametric CAD, (Figure 3). Before the FEM andyss,
severd smplifications of the mode geometry have been made with the purpose of reducing the
andyds time and modd dze. Fgures 4 and 5 show the smplifications gpplied in this case
Furthermore, taking in accounts the part and loads symmetry, only one haf was andyzed. This is
compatible with the used DIRONA test procedure shown in Figure 6.
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Figure 2. lterative parametric improvement at DIRONA's engineering devel opment process
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Figure 3. 3D Parametric CAD model of the front axle beam.
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Figure4. Smplified CAD model
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Figure 5. Modd simplification
The next sep was the definition of the boundary conditions, according to the Manager-Test
Devdopment manual. The purpose of this andyss was to vaidate the new design through the
smulation of DIRONA"stest procedure (Figure 6).

Combined verticd and torson loads.

Fixed support

Cyclic vertical

Cyclic torsion loads

Figure 6. View of the arrangement for the DIRONA test procedure.

FEM ANALYSIS
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The analyses were carried out using MSC.Patran ver 8.5 on Octane Silicon Graphics computers
with 256 Mbytes RAM. The mesh was obtained through automatic mesh generation usng lined
tetrahedron. After several sengtivity andyses, dements with average sze of 10 mm were used.
Thefird resultsare given in Table 1 and Figure 7.

In this test, the maximum shear Stresses gppear on the joint of the neck with the support bushing
of the kingpin and near to the soring's base. These may be seen in fRigure 7 in the red circles.

As this darting geometry had dready been used in former desgns, these vdues may be
consdered the maximum dlowed shear dsresses when using the same materid. The weight

reduction without surpassng these maxima vaues and, if possble, reducing those dress levels
became therefore the intended improvement objectives.

Table 1. Maximal shear stress values of the previously existing beam

Torsion case (Stress levels) 105.17 % Y
Weight 174.711bs,

Maximums
stress

Figure 7. Shear stress map of the previously existing beam

@ Stress values given in % of the maximal experimental measured value, which is set as 100 %
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Table 2. Demanded resources for the analysis with MSC.Nastran.

Requirements
Hard disk consumed 1.1 GBytes
Convergence Yes
Order of the polynomid 1" order.
Elements number 183,907 elements

EXPERIMENTAL VALIDATION OF THE FEM ANALYSIS

At this point the results obtained by finite dements were verified experimentaly. The dress
measurement was carried out using PhotoStressO. PhotoStress is a widdy used technique for
accurately messuring surface drains to determine the shear Sresses in a part or structure during
datic or dynamic testing. A specid, Srain-sendtive plagtic coating is first bonded to the tested
pat. Then, as tet or sarvice loads are goplied to the part, the coating is illuminated with
polarized light from a reflection polariscope. When viewed through the polariscope, the coating
digolays the drans in a colorful, informative pattern, which immediaidly reveds the overdl
drain digribution and pinpoints highly strained areas. With an optical transducer (compensator)
attached to the polariscope, quantitative stress analyss can be quickly and easily performed.
Permanent records of the overdl drain didribution can be made by photography or by video
recording.

The shear dresses were messured with this method as following: the axle beam was firgt
mounted in the test procedure stand, where vertica and torson loads were gradualy applied as
shown in Figure 6. The colorful patterns displayed were recorded by photography (Figures 8
and 9).

Compaing Figure 8 and Figure 7, sSmilaities may be visudly perceved with the results
obtained with the finite eement andyss usng MSC.Nagtran. The post-processng of the results
obtained with this expeimentd mehod and its quantitative comparison with the vaues
cdculated with FEM show a maximd variation of the 517%. This variaion depends on the
measurement point.

Figure 9 shows two crack initiation places, formed during the fatigue test of the axle beam
appearing a the point where the maximal stress values may be seen at the stressmap in Figure 7.
These cracks appeared after the load cycles established by the test procedure were surpassed, but
the test was continued until crack initistion.
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Figure8. Colorful pattern obtained with the PhotoStress method.

Point

Crack initiatior

Figure9. Crack initiation appearing at the places where maximal stresses were calculated
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Table 3. Agreement between FEM calculated and experimental measured values

Shear Stress Shear Stress
Point of Experimenta Andyssresult
measurement result Maximum
t max (%) t max (%) difference
A 100% 105.17% 5.17%

PARAMETRIC IMPROVEMENT

As explained earlier an iterative parametric improvement procedure was agpplied to reduce the
weight of the andyzed beam design. For this purpose, based on the resulting stress maps and on
drength of materids science the design parameter were changed, strengthening the places where
maxima loads appeared and reducing the sections of places where dSresses were very low.
Figure 10 shows the geometric features consdered to be changed. After nine iteraions, the
weight was reduced 11.85 pounds, which means 6.8 % of the initid weight. Figure 11, shows a
section and the variation gpplied. The black area shows places where materia was removed and
the dashed lines represent places were material was added.
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Figure 10. Design Parameters.
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Figure 11.. Remove material.

Table 4. Level stress of optimums beam (measure bases was experimental result).

Shear Stress Weght
Andyss result Kg.
t max (%)
Actual case 105.17% 174.71 Kg.
Optimization case 103.05% 162.86 Kg.
Reduction 2.12% 11.85Kg.

Table 5. Demanded resources for the analysis with MSC.Nastran.

Requirements
Hard disk used 0.9 Gbytes
Convergence Yes
Order of the polynomia 1
Elements number 183,907
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Figure 15. View of the front axle beam with von Mises stresses.

At this point further iterations did not show improvements in the objective function and it was
decided to interrupt the iterative process.

CONCLUSIONS

The proposed engineering development process a DIRONA proved to be useful in reducing the
devdlopment time and cods, while mantaining highes product qudity and rdiability. The
introduction of the Hi-Tech CAD/CAM/CAE tools ass MSC.Nastran AND MSC.Patran,
combined with the experimenta test procedures at DIRONA, dlows the experimentd vaidation
of FEA reaults a earlier stages of the product development process, avoiding time loss and
rework. A next sep will be the introduction of optimization procedures and software in the
engineering development process to further increase weight reduction and analysistime.
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