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ABSTRACT

The art of modeling is a basic yet integral part in obtaining
a valid correlation betweemumerical(FEA/CAE) analysis and
vehicletesting. This perhaps ishe key ingredient in creating a
confidence levehmong designers, analysts dedtengineers so
that they can derivahe bestdesign using CAE andnalytical
prototypes.

There areseveral optionsvailable INnMSC/NASTRAN
when one desires toreate dinite element model of aehicle
structure. The question thegmains unanswered is, what is the
best way to model a vehicle in a reabrld environment
economically, and believe in the results without creating the actual
part for testing? Irorder togain some insight and answer this
guestion, one often looks into the well-known classical mechanics
problems in literature where there is either a closed form solution
or a repeatabldab experimentconducted in a controlled
environment, to compare with modeling techniques.

In this paperseveral classical problenase sought from
literature, which are modeled using MSC/NASTRAN, and the



resultsare compared to one another. Tgreblems range from
linear static analysis ofslender beams to free vibration and
nonlinear static analysis.The conclusionsare drawnfrom the
comparison of several modelingethods to the closed form
solutionsavailable tathe authors . It is founthat onemust take
great cautiorwhen modeling a vehiclstructure onchoice of
elementtypes, their size and rangalidity. Discussions on the
accuacy ofresults in deflectioranalysisvs. stress owibration
analysis aremade by using different modelingnethods and
rationalizing the comparison of the results to tlealytical
solutions.

INTRODUCTION

In MSC/NASTRAN there are several ways to model and
simulatethe structural performance of cartouck like vehicles.
For instance, théeam likestructure of a rockepanel can be
modeled using cbheams or cbarsval as using cshellsimilarly
joint mechanismsuch as a-pillar to roof or b-pillar to rocker can
be simulated with number of c-elas elements or it can be
represented by its own geometry using cquads.

The interesting and sometimes difficult question to answer
is which way is the correct way to model and how does it correlate
to real situations. Obviously, the better and simpler answer is how
accuratedoes one want the result be, better yet haveh does
one want to pajor the result or what information one has about
the structure. In other words, at what stage ofdésign one
desires the results and hduzzy the constrains and loads are at
the time of analysis.

In order to take a shot at these questions and rationalize the
thinking process behind the decisions one would want to make in
creating such math models, the authors have tried to compare the
results obtained from several MSC/NASTRAN models of beam
like structures by modeling them different ways and comparing the



obtained MSC results talassical beantheory, closed form
solutions.

Different discipline of mechanicsuch as lineastatic
analysis, free vibration analysis and plasticity are examined within
the context ofbeamtheory. The comparisons of tluifferent
models using beam elements @gposed tcshell elements, the
number of elements verses the validity of beam theory (the length
of the beam asompared to thé¢hickness ofthe shell) are all
compared to the closed form solutions from Timoshenko’s various
books [4][5][6] in these subjects.

MODEL

There areseveral modelsreated to evaluate thalidity
(its range) of the resultishen compared tthe classical closed
form solutions of beam likestructures. Forthis purpose, a
cantilevered beam fixed ane end and free at thaher was
modeled as several cbars, laiee model was switched tshell
elements. The thickness tie shell element,the number of
elements, and length beamwere varied and comparegainst
the theoretical results.

ANALYSIS

Several different analysis were cited for the cantilever
beam problem. The area of interest ranged from deflection and
stress analysis in linear static sol 101 analysis to vibration
analysis sol 103. Later small strain plasticity analysis added into
the list since the recent trends in design requires such tools to
replace test and verification criteria for vehicle and component
designs.

DEFLECTION

The first area of investigation was the comparison between
the closed form solution of deflection to the finite element analysis
prediction using MSC/NASTRAN. Several finite element analysis



was carried out using beam and shell element models. The results
of the different models allowed for the comparison of the number
of elements and their effect dhe accuracy of théeflection
correlations. Hand calculated deflection valuese obtained by
using the deflection equation below.

e pL-x® Px
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It appears that as thrmimber of elements increased the
greater the difference it resulted from the comparison of the FEA
to the closed form solution. The magnitude of deflection increased
as the number of elements increased. The difference in values
changed parabolically alontpe length ofthe model, with its
maximum at the mid-section of the beam (Figure 1). Even though
the difference in deflection analysis became a maximum at the mid-
section, and with thdeflection increasing alonipe length, the
error decreased exponentially along the length of the beam (Figure
2).

All beams modeled ishell element$ollowed this trend.
According to the comparisons there isnnimum number of
elements to be used when maaigkhat will allow one to obtain
the most accurate valuies the deflection of a modeled structure
(Figure 3).

It was observed in the FEA resulthenthe beam was
modeled usingbars,closely matchedhe closed form solution
(Figure 3). It is thereforeecommendedhat whenever possible
take advantage of cbars wherever appropriate.

STRESS

Maximum stress was the next areansestigation in the
analysis. From classical beam theory, stresses at the top and bottom
flanges where they were maximum, compared to the FEA results.
This was also used asvarification betweerNastran and hand
calculated results.

In this part of theanalysisthe attention wagiven to the
stresses at the top and bottom of the I-Beam’s cross section. The
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stresses varied slightly along the width of the flange (Figure 4), and
thereforesimplify of the analysis,these valuesvere averaged.
Error calculations where formulated by averaging the magnitude of
the top and bottom flange’s average stress values (Figure 5).

In the stressnalysisthe attention wagiven tothe shell
element modeling andhe cbarelement modelingwas not
proceeded for this purpose. Two of the shell element model were
tested to see theffect ofthe number of elements ate stress
correlation’s. The general trend was as elements became smaller in
size, and the number of them increased, the error decreased (Figure
3).

There was some noise tine data at botlends of the I-
Beam (Figured). This scattering oflata was due tocal effects
between elements. This data was neglected in the computation of
the error. The theoretical stress calculationsdiapply to the
boundaries othe I-Beam model, and cannot be usedgtimate
the stresses at the boundaries in real life structures (Figure 4).This
is partially due to the saint venant’'s boundary effects.

NORMAL MODES

The third area of interest was the accuracy of the models in
the first three naturabending frequenciedzour key modeling
characteristics werexamined duringhe analysis ofthe beam
structures. The analysis investigated the significance of the length,
number of elements, type of element, and the thickness of elements
of the model.

For each theoreticahodel the natural bending frequencies
where determined by the equations shown below [3].
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In the analysisthe longer thdoeam modethe closer the
results correlated to the theoretical models. Floeease from
254.0 to 1270.0 mm iall cases lowered therror considerably
(Figure6). Along with the overall size of a model, the number of
elements can play one of the most important roles in modeling.

Although an increase ielementsdue to theincreased
length didreduce error for thérst natural bendingnodes, the
error in the second and third modes were lower for the models with
fewer number of elements (Figure 6).

As the elements increased in number, when using 2nd order
shell elementghefirst bending modesrrorwas kess therthose
designed using firstrderelementsput for the second arttird
modes the error was greater for the second order element models
(Figure 6).

Also if the thickness of the shell elements was reduced from
3.0 to 0.5 mm the error for thHest modedroppedconsiderably.
As beforewith elements increasing in number a®&tond order
ones used the error for the modified thickness was larger than the
original for the second and third modes (Figure 6).

For thefirst bendingmode, threanodels hadhe least
amount of error. These thregodelsall where 1270.0 mrfong,
with 0.5 mm thickness, and modeled with 2nd order elements, but
each had different amounts of elements. 8riner was independent
of the number of elements used. This observation that the number
of elements for thisnodel had no baring aime error produced,
would imply thatthey shouldnot be ofmajor concern when
designing complestructuresvhich are primarily beingused for
natural frequency observations in low frequency computation.

PLASTICITY

The next area of concern was the analysis of plasticity and
catastrophic failureAll the models in this analysi®llowed a
consistent trend. The most apparent observation thatsthe
elements inthe model took into accountlocal effectsthat the
analytical method did not.



It is observed that at the fixed end of the beam the plasticity
boundary layer differs from the classical beam formulation (Figures
7 & 8). The effects of adjacent elements, and boundary conditions
caused this change. This variancethe boundary regions is
apparent in almodels,but is moredistinctive asthe models
element number increases. The plasticity beam formulation is given
by the equation below.

_ol
Px

More elements led to a stiffstructure,and more local
effects, which allowedthe model to resist catastrophfailure
slightly longer then thosmodels composed of fewer and larger
elements. This analysis produced the length of the plasticity region
compared to thelassicalsolution and thenagnitude of stresses
when the full plastic hinge occurs.

In this analysis it i®bviousthat there is aiscrepancy at
the boundary region of every model. The boundary region is the
main focal point in plasticity and failure analysis, and these results
cause some uncertainty in how to properly design components that
will meet durability in non-linear analysis.

CONCLUSION

For the analysis of complex vehiclestructures,
MSC/NASTRAN proved to be a useful tool in predicting various
mechanical phenomena. It is recommended that early in the design
cycle where there idittle information availableabout the
characteristics of the design, beam elements proved to be accurate
for static analysisand should be used wherever possible. For
dynamic analysis, specially whéme basic characteristics of the
structure is sought, one needs to have a desparstanding of
the structure invhich shell elementare recommended. It is also
observed that for economics of the computation, there is always an
optimum number of elementisat produce theame results as a
more detailed treatment of tls¢ructure. It is howeveproblem
dependent, and it is suggestddhat the minimum number of
elements should be usashtil the analyst has found more
experience with the vehicle components he or she is designing.



o
8

Difference (mm)
{Closed Form Solution - MSC-NASTRAN)

=)

% Error

S &6 6 o &6 & 6
SEEEEES

Figure 1

Difference in Deflection Between Closed Form Solutions and
MSC-NASTRAN Results Along the Length of the 150 Element |-Beam Model
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Deflection Error for 150 Element I-Beam Model
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Figure 3
Model % Displacement Error % Stress Error
I-Beam (Elem=150) 2.77 4.82
|I-Beam (Elem=900) 3.42 4.50
I-Beam (Elem=3600) 3.52 N/A
C-Bar (Elem=25) 0.00014 N/A
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Figure 6
Beam Normal Modes Analysis

DESCRIPTION Ist VERTICAL BENDING MODE 2nd VERTICAL BENDING MODE 3rd VERTICAL BENDING MODE
ELEMENT | THICKNESS | HAND NASTRAN ERROR HAND NASTRAN ERROR HAND NASTRAN ERROR
N
L e N TYPE (mm}) (hz) (hz) (%) (hz) (hz) (%) (hz) (hz) (%)
- CBAR 2540 Ist Order DNA 550.66 552.02 3450.22 3453.17 9662.80 9653.18 9%
5 (ELEM=25) shmaa
I-BEAM (Close Sec.) 2540 15t Order 30 47543 475.55 2979.51 2658.94 -10.76 8342.78 6506.76 -22.00
(ELEM=1500)
I-BEAM (Close Sec.) 1270.0 2nd Order 30 19.02 1939 119.18 120.83 333.71 335.49
(ELEM=7500)
I-BEAM (Close Sec.) 1270.0 Znd Order 0.5 19.29 1936 12092 120,67 338.57 334.98
(ELEM=7500)
I-BEAM (ELEM=150) 2540 15t Order 3.0 550.66 531.15 3544 3450.22 2663.26 -22.693 9662.80 5808.08 -39.892
I-BEAM (ELEM=750) 1270.0 15t Order 30 2210 22.19 138.48 137.42 387.75 377.80
. I-BEAM (ELEM=750) 1270.0 2nd Order 30 22.10 214 138.48 137.14 387.75 376.99
e I-BEAM (ELEM=750) 1270.0 Ist Order 05 2.12 215 138.62 137.09 388.15 374.79
w
I-BEAM (ELEM=750) 1270.0 2nd Order 05 212 2.1 138.62 136.84 388.15 37478
I-BEAM (ELEM=900) 2540 15t Order 30 550.66 530.08 3737 3450.22 2667.09 -22.698 9662.80 5930.52 -38.625
I-BEAM (ELEM=4500) 1270.0 2nd Order 30 22.10 22.14 138.48 137.14 38775 377.00
I-BEAM (ELEM=4500) 1270.0 2nd Order 05 22.12 211 138.62 136.84 388.15 37492
I-BEAM (ELEM=3600) 2540 st Order 3.0 550.66 529.93 -3.765 345022 2667.51 22.686 9662.80 5941.22 -38.515
1-BEAM (ELEM=18000) 1270.0 2nd Order 3.0 22.10 2214 40,181 138.48 137.13 0975 387.75 377.00 2772
I-BEAM (ELEM=18000) 1270.0 2nd Order 0.5 212 2.1 0045 138.62 136.84 1284 | 38815 374.94 3403
I-BEAM (ELEM=2550) 254.0 15t Order 3.0 550.66 531.33 -3.510 3450.22 2726.11 20987 9662.80 6163.90 -36.217
I-BEAM (ELEM=2550) 254.0 2nd Order 3.0 550.66 530.77 3612 3450.22 2716.55 21.264 9662.80 613205 -36.540
g RECTANGLE 2540 15t Order DNA 405.02 402.75 2538.25 2365.73 -6.797 7107.22 6085.43 14377
7 ELEM=400
RECTANGLE 2540 Ist Order DNA 405.02 402.25 2538.25 2363.34 -6.891 7107.22 6078.36 -14.476
ELEM=800

LT VC PN96/PN102 CAE John Fazio 7/2095



Figure 7

Boundary Curve
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