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Abstract—Currently to calculate radiated noise from
vibrating surfaces requires two steps: First, calculation of
surfaces velocity using a finite element model and second,
surface velocity is used as input to calculate acoustic
response in acoustic solver such as LMS. Developed new
approach wusing Nastran is simple, low cost, less
turnaround time and all calculations are done within
single solver as compared to old approach. New approach
is validated with sensitivity study of Oilpan noise results
with different parameter variations below 2000 Hz. Finally
Oilpan noise results of old approach and new approve
compared and got fair correlation.
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. INTRODUCTION

Powertrain noise will have contribution from combustion
noise, noise radiation by the surface vibration of engine,
accessory noise and other components, which may also
include aerodynamic noise and noise due to auxiliary sources.
The radiating surfaces of power train consist of various
components such as oil pan, gear cover, tappet cover, cylinder
block, transmission housing as well as exhaust and intake
manifolds.

Overall dynamic performance of power train assembly will be
driven by the internal forces, speed of power transmitting
components along with mass and inertia. Apart from the above
factors, how the power transmitting components has been
supported and internal vibrations will be transferred to the
outer surfaces. A vibration of outer surfaces creates pressure
pulse in the air or radiates noise.

Coupled fluid-structure method is used to transfer oilpan outer
surfaces vibrations to surrounding fluid (Air) in the MSC
Nastran solver. Fluid (Air) was represented with conventional
solid elements (CHEXA, etc.) using acoustic property and
material data. Fluid element each grid defies the pressure as its
degree of freedom. The fluid is automatically connected to the
structure via the ACMODL Bulk Data inputs.

Here structural and fluid part is simulated using equation of
motion as follows:-

324

Structural Part®™ 1?2

Ma+ Cv+Kx =F + Alp )
Where, M, C, K and AT are the mass, damping, stiffness and
transpose of area matrix generated from structural model /
elements.

Acoustic Partl!:
Qd? -2
)

Where, Q, D, H and A are the matrices generated from the
acoustic model / elements.

+D +Hp —Aa

dt?

Complete coupled structural — acoustic equation is
’H’ U](c r: D HJ [;{ _,q](u)

Nastran solves the above equations as any structural, only
model. Complication for solving this equation is that the
equation is non-symmetric. Modal solution (SOL111)
typically used. First normal modes are calculated separately
for the structural and acoustic models. Then the two models
are coupled with the area matrix and solved.

Generally noise analysis is the later part of the design; once
prototype engine or power train has been tested in test lab. If
test demands for noise reduction then it is not possible to
modify the internal loads / excitations without altering the
performance of the engine / power train. Hence need to know
noise contribution of each surface / component within the
short time to make decision of design change before product
launch.

Birth of this new approach happens to fulfill the above need
using available low cost software (Nastran), to get results
quickly with less turnaround time and simple way of
calculations to perform CAE based multiple design iteration.

©)

Currently in industries MSC Nastran*¥ is proven and
recommended solver / algorithm has been used for dynamic
analysis. Basically used to do modal analysis, FRF (Frequency
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Response Function) analysis, Transient analysis and low
frequency (<250 Hz) noise analysis. It requires three steps and
single FE model to complete noise / acoustic calculations as
shown in figure 1.

LMS Virtual tab® is proven and recommended solver /
algorithm for acoustic calculation (noise / NTF) only. For this
solver dynamic vibration / surface velocity results are required
from external solvers such as Nastran, Ansys, Abaqus, etc.
Use of external results means additional cost, time, complexity
and additional FE Model required. It requires four steps and
two FE models to complete noise / acoustic calculations.

New approach of Nastran solver has been developed to use
only one FE model and eliminate use of external solver and
reduce cost, turnaround time and complexity.

New Approach | BEMethod

suing Nastran

——l

FE & Acoustic

Fig. 1. Steps of Old (LMS) and New (Nastran) Approach

I1l. ENHANCEMENT TO EXISTING METHOD — A NEW
APPROACH

This new approach provides few advantages such as quick
turnaround time, less steps to calculate noise of power train.
Conventional software’s are available for predicting vibration
and noise radiated by vibrating surfaces. These conventional
softwares use the Boundary Element method (BEM) which
requires input as surface velocity distribution. Surface velocity
distribution needs to be obtained from the Finite Element
analysis. Then need to generate BEM mesh and map surface
velocities on it. The BEM is computational intensive and
requires many hours of computer time to obtain a solution.
Existing FE model of engine / power train assembly is used in
this new approach to do noise simulation (using Nastran
Solver). Only need to add the surrounding air cavity FE model
up to our response location and couple the vibrating surface
with cavity region by ACMODL card within the Nastran. As
shown in figure 1, this new approach uses Nastran solver for
both structural as well as acoustic calculations. Hence the data
transfer from FE solver to acoustic solver is not required.
Executing the analysis or optimization within single software
will save time.
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Fig. 2. Full Power train model for Oil pan noise analysis

IV. STUDY OF SENSITIVE PARAMETERS EFFECT

Six different parameters are taken to verify and validate the
new approach mentioned in this paper; engine oilpan is taken
as example. As shown in figure 2. Full power train and oilpan
acoustic cavity model is considered to capture total dynamic
behavior of power train. Power train model consists of
detailed FEM of oilpan and Modal Model of rest of the power
train. Surrounding cavity of the oilpan is modelled with solid
elements as shown in figure 3.

@ Wit [ Mgy

Fig. 4. Noise Response Location at 1 Meter.
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Engine loads are applied to the model at appropriate excitation
locations and noise response has been taken at 1 meter
distance from engine on front, left and right of engine as
shown in figure 4.

To make sure the accuracy of results, sensitivity study has
been carried out by changing parameters of vibrating surfaces
and cavity. Variation of these FEM parameters will test the
effect of each parameter on transfer of vibration from the
structural surfaces to the response location in the cavity. We
will come to know more sensitive parameter for this noise
analysis. Here elements variation is considered based on the
maximum frequency (~2000 Hz for solution) of interest and to
keep minimum 10 elements per wave length. Elements length
is calculated using following relation.

Element length = A1, C (4)
10 10 fmax.

Where, » is wave length, ¢ is speed of sound and fy. is
maximum frequency of interest.

Following parameters are considered for sensitivity study:-

1. Type of Elements — Hexagonal (CHEXA) and tetrahedral
(CTETRA) elements used for cavity

2. Size of Elements — Hexagonal 20 mm and 30 mm element
size is used for cavity.

3. Type of Couplings — Element-to-element and grid-to-grid
coupling is applied between oilpan and cavity (structure-
Fluid interface)

4. Shape of Cavity — Hemi-spherical and square cavity is
used to represent the surrounding cavity.

5. Structure-Fluid Interface-Matching & Non-matching
grids—structure-fluid interface coupling is defined
between the grids of Oilpan outer surfaces and cavity
inner faces.

6. Distance of NTF responses from Qilpan Outer Surface —

Response is taken at 1 meter and 0.5 mm distance on front
side, left side and right side of oilpan.

NTF (Noise Transfer Function) responses with variation of
above parameters at 1 meter are shown in figure 5 to figure 10.

V. NTF RESULTS OF SENSITIVITY PARAMETERS

To make sure consistency and accuracy of the noise output
(NTF — SPL) from Nastran solver. Key parameters noise
analysis has been done within the 20 — 2000 Hz. Noise results
with change of each parameter has been studied and listed the
below observations.

a) NTF results (Noise) with CHEXA or CTETRA elements
of acoustic cavity, are observed similar with less variation
in amplitude as shown in figure 5.

b) NTF results with 30 mm or 20 mm CHEXA elements of
cavity gives same results as shown in figure 6.

c) NTF results with change in coupling method (element-to-

element or grid-to-grid) also gave same results as shown
in figure 7.
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NTF results with change in shape of cavity (square or
hemi-spherical) gave same results as shown in figure 8.
NTF results with matching or non-matching of coupling
grids gave same results as shown in figure 9.

NTF results with response points considered at 1.0 m and
0.5 m gave same pattern with constant change in
amplitude across the frequency band as shown in figure
10.
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Fig. 8. NTF at 1 Meter with Hemi-Spherical and Square
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Fig. 10. NTF response correlation at 0.5 Meter and 1 Meter
Distance

VI. NTF RESULTS COMPARISON OF LMS AND NASTRAN

NEW APPROACH

All models are solved using conventional BEM solver (LMS
Virtual Lab) and new approach Nastran FEM based solver to
calculate NTF responses at 0.5 meter and 1 meter distance.
While doing this care had taken to retain the engine load
application points and structural mesh model same as used in
Nastran solver. Instead of cavity FE model, BEM mesh and
field point mesh is used.

Noise response results of new approach with FEM based
method using Nastran solver on Front, Left and Right of
Oilpan are calculated and compared with BEM based LMS
Virtual Lab results.

The NTF / SPL(dB) response between LMS Virtual Lab and
Nastran solver at 1 meter are similar at all three locations
(Front, Left and Right of oilpan) for low frequency range
(below 2000 Hz) as shown in Figure 11.
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11. NTF response at 1 Meter Distance for LMS and
Nastran Solvers
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VII. CONCLUSION

NTF - SPL (dB) response correlates well between MSC
Nastran solver and LMS Virtual Lab, gives a confidence
to use this new approach for low frequency radiated noise
analysis.

A smaller cavity size of 0.5 m radius can be used to get
quick results for iterative optimization and finally validate
response with 1 m or at the required distance.

Acoustic cavity can be modeled using CTETRA elements
which are easy to model complex shape.

Coupling can be applied between matching or non-
matching grids.

New approach is cost effective.

VIIl. FUTURE SCOPE
Validation of FE model results with physical test.

IX. ACKNOWLEDGEMENTS

The authors would like to acknowledge the Dr. D Y Patil
Institute of Technology, Pimpri for providing opportunity to
present this study.

Special thanks to Dr, Kishor B. Waghulde for valuable
guidance and support in formulating this paper.

NOMENCLATURE
FEM Finite Element Model
BEM Boundary Element Method
NTF Noise Transfer Function
SPL Sound Pressure Level
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