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Development of Procedure for Interior Noise Estimation by Virtual Vehicle Analysis
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ABSTRACT

This paper summarizes the development of a
predictive vibro-acoustic full vehicle model of a mid-size
sedan and focuses on the engineering analysis procedures
used to evaluate the design performance related to
engine-induced noise and vibration. The vehicle model
is built up from a mixture of test-based and finite
element component models. FRF based substructuring is
used for their assembly. The virtual car model is loaded
by engine forces resulting from indirect force
identification. This force-set includes combustion, inertia,
piston slap and crank bearing forces for engine
harmonics from 0.5 to 10th order. Such forced response
analysis yields predicitions of vibration levels at every
component and every interface between components, and
of interior noise. The objective is to provide the vehicle
NVH engineer with the capability to identify major
causes for peak noise levels and to set targets and
develop action plans for every component design team.
Having such information at any design stage will
effectively reduce both the design cycle duration and the
number of physical prototypes.
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Fig. 1 Virtual vehicle model for estimation of
interior noise
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model

21.00 0000000

ooooooooooooooooooo24000D00
gobwkooooooooooooboobooobooooboog
goooboboboooooobobooooooooboobooooog
gooooooooooboobooboobooooooooooon
goooboboboooooobboooooooboobooooo
gooooboobooooooboboobooooooooooooon
000000000000 000o0oO0O000OoOFg.30
gboboboboboooooooooboboboDbo
gboooooo

22.000000000DO00O0ODOOODOOOOO
gboboboboobooboooboooooooooboon

0 196 0



gboobooooooboboboboboooooog

gobooooooooboooooobbooooooboog
gboboboooboooboooobobobobon
goboooboooobooooboooooooooboooo
gboobooooooobooboboboboobooobooon
gbobobooooboobooboobobobon re O
gobooooooooooooooooooboobooooon
FEOODOOOODOOOODOOOOObOOOOOboOon
gbooboooooooboobobobobobooobooon
gbobobooooboob rEOODODODOOOOO
gogo

Fig.4 0000000 OOOOOOO FEODODODODOO
gboboboboooboobotbloobobOobo MACO
070 0 095 D0OOOOOODOOODO

Experimental

Mode

FE Mode

(a) MAC CHART (b) Modeling

Fig. 4 Final rear bracket FEM and MAC correlation
with test model

23.000000000000b000b000

gooooobbooobooobobooobobooooboo
gbobooooooobooboboboboboboonoo
gboboooooooboboboboboboboooo
gbooboooooooboobobobobobooobooon
gboboboobooboobobobooo

Fig.5 000000 FEOOOO 80Hz OOOOOO
oooooooboooobooo MACO 075000000
gbooboooogoo

24.00 000000

goboboboboobooboooboooooooooboon
gbobobobobooobooboobooobobobobo
gbobobobobooooooooobobobobo
gbooooooo

Experimental

FE Mode

Fig. 5 Correlation chart and final FE mesh of

subframe

gboobooobooon

goboooobboooboooboboobbooooboo
gboboboboboobooobooobobobooDbo
oooooooooooooooooooooobooooDo
O00000oOoooDoOOoOOCO0OFg.60000000O0O
gooooooooboobobbobobboboooooooaog
gbooboooooooobo

goooooobobbbboooooooooooon
HsSssOOODOOMmMOoooooooooboobooooon
goO0O0OHROOODOOOsOOOODOMOOOOOO
gboboboboobooobooooooboboboonoo
OOHgs 000000000000 O0O0O0O0000
gbobobobobooooooooobobobobo
O0O0000000o0oO0Oo0o0oooooooOoOnHHks
OkOO0O0OOOOO0OMm HKODOOODOOOOODOOOO
gooooobooboobobobbbbboboooooooog
goboooboobooboobooboobobooboooo
gboboboboobooobooooooobobobobo
gbooboooooooobo

gboboboboobobooobooboooboooboooboan
O0000000000D0Fg.70000000D0DDOCDODO
gbobobobobooobooooooobobobonbo
gboboboboboooooobooobobobobo
O0000000O00b0O0OFg. 8 D0000O0O0O0ODOO
gbobobobobooooooooobobobobo
gboboboboboooooooooboboboono
gboooooooooobo

0 1970



Honda R&D Technical Review

Vol.13 No.2 (October 2001)

Body 6 points

Body 6 points

Qutput - Input
Bl Measured

+ Output
[] FE-calculation

Connector —>
Krpor, Kroor ] Visual
[l FE-calculation (for validation)

+
Subf 6 points Input

Hss Hsj

Subf 6 points

o
Visualization -.

Fig. 6 Substructuring component and assembly
matrix for subframe to body model

(m/s*N dB)

Calculation

\ jr \“} J\f\‘k _'

800

#2 bracket - Y
Frequency Response Function

Frequency  (H2)

Fig. 7 Measured and predicted FRF between
crankbearing force and engine bracket
vibration

(Pa/N dB)

Calculation

Body Noise Transfer Function

50 800
Frequency (Hz)

Fig. 8 Measured and predicted driver’s left ear
Body Noise Transfer Function at engine
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noise for 2 virtual car models
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