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ABSTRACT

This paper emphads on the systematic procedure for the FEA dynamic andyds for
auttomotive exhaust sydem, including the epplication of red road excitations,
identification of the potentid falure location, condderaion of sysem non-linearity,
selection of MSC.Nastran SOL, and the comparison with test results.



INTRODUCTION

The ordinary dynamic andyses are draightforward, such as the norma moda andyss
for linear system, and the frequency response andyss for a linear system with free end
excitation. The dynamic andyss for the automotive exhaust system, however, will be
much more complex due to the nonlinear component properties, multiple random base
excitaions (enforced motions). These system dynamic properties (stiffness and damping)
will change with frequency, amplitude, temperature, etc. One redization of excitation
may not be repestable and the response will be unpredictable correspondingly. It will be
extremely chalenging to compare the FEA results to the test under this Stuation.

MSC.Nastran norma mode anadlyss (SOL 103) can be used to identify the system
nomind natural frequency and the criticd locations usng the drain energy didribution.
MSC.Nastran direct frequency response (SOL 108) can update the frequency response
with the changed gtiffness and damping.

The multiple base excitations can be smulated in MSC.Nastran by using large mass
method. It can provide both the restraint and multi-directionad excitations a the same
location.

If the excitdions are determinigtic accderaion, the amplitude/phase or red/imaginary
verse the frequency can be directly input. If the excitations are the random or pseudo-
random, their power spectra dendty (PSD) should be input and output. For the fatigue
cdculation under random excitation, three standard deviations should be included for
accuracy condderation.

The variable non-linear properties, such as giffness and damp for isolator and decoupler,
can be input to MSC.Nastran by usng CBUSH, PBUSH, PBUSHT in MSC.Nastran SOL
108.



NORMAL MODAL ANALYSIS

The MSC.Nastran SOL 103, norma moda andyss, can be used to identify the natura
frequency, mode shape and the drain energy didribution. The average dynamic iffness
is used as its nomind vaue. The modd frequency was confirmed with tested frequency
and can used to compae with the excitation frequency to identify any potentiad
resonance.  The modd drain energy didribution identified the critical location where was
obsarved in this exhaust sysem. The modd should be built to be reasonably detal to
cover most modes.

Table1 Modd Freguencies Comparison
MODES Smuldion (H2) Test (H2)
1 3.29
2 4.1 4.0
3 4.33
4 6.46 6.0
5 6.92
6 8.2 7.5
7 9.1
8 11.2 11.5,
9 14.5 14.75
10 19.9 19.5
11 25.8 25.5
12 26.8 26.0
13 29.4 31.0
14 37.3
15 55.5

Figure 2 FEA Modal Strain Energy % for Modes 2, 3,4,5,6, 7 (4.1-91Hz)



EXCITATION

Totd 18 channels accderations have been input in MSC.Nadran. All excitations are
dable in engineering point of view, and ther pesks ae normdly disributed. The
excitation frequencies concentrate on a range from 5 — 15 Hz, and will excite certan
modes of this range.
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Figure3 Excitation Time History at Muffler Outlet in fore/aft
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Figure4 Frequency Domain Excitation at Muffler Outlet in fore/aft




NON-LINEARITY PROPERTIES

This is the mogt chdlenging dep in the dynamic andyss. Usudly, the test data for the
diffness and damping for isolator and decoupler will not avalable or sufficient. Different
droke levd will result in quite different diffnessdamp curves. A specid test has been
conducted to acquire the spring rate and damping at specid amplitude leve for both
isolator and decoupler. The CBUSH dement has been used to input the dynamic diffness
and damping. Without tet data, a FE modd with equivdent materid properties for

isolator and decoupler can be used to automaticaly provide the component
diffness’damping.
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FREQUENCY RESPONSE ANALYSIS

The MSC.Nastran SOL 108 is recommended to use for direct frequency response. It can
update the changed diffness and frequency at different frequency step. One large mass
has been datached to each hanger arm location and engine mounting aea All the
restraints a the excitation directions should be released.

The output frequency resolution should be sdected to dlow more than 5 point near any
pesk above the haf-power bandwidth. The dement/node sdection for output can based
on modd strain energy distribution or only the interested area/component.

If the excitation is random sgnd and will use the corresponding stress response for
fatigue andyds, then the root mean square vaue should be expanded to 3 standard
deviations. The damages caused by 1d (68.1%), 2d (27.3) or 3d (4.3%) stress will be
accumulated to cover any unknown factor in the red world.

The dress frequency response for the critical area is used for comparison between FEA
and tegting. Shown in Fgures 7 to 10, the smulated stress frequency response matches
ressonably with the test data The comparison will be improved with updated giffness
and damping information.
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Figure?7 Stress Time History Comparison in Normal X
X 106 normal x stress comparison (b-simu, g-test)
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Figure8 Stress Frequency Domain Comparison in Normal X
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VM stress time history comparison (b-simu, g-test)
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Figure9 VM Stress Time History Comparison

X 106 VM stress comparison (b-simu, g-test)
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CONCLUSION

The andyss peformed here is red and a daly practice for the author. The modd
andyss method to identify the criticd location has been confirmed with many failure
observations. The modd frequency comparisons with the test data or excitation have
been well used to evaluate the FE modd and to identify the potentid resonance. The
systematic procedure of frequency response andyss for this exhaust sysem can be used
for any sygem's dynamic andyds Agan, this smulaion can hep the lab tet or
gmulation to sdup the equivdent excitaion from which the same damaging dress
response as the strain gauge data can be duplicated.

This paper gives cetan indght into random excitation, non-linear dynamic properties,

and normad mode andyss and frequency response andyds. This sysemaic methodology
will be gpplicable for any dynamic stuation.
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