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Construction of an Acoustic FE Model for the Purpose of Engine Noise Reduction
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ABSTRACT

A study was conducted in the construction of an
acoustic finite element model with the velocity of
vibration of the trimmed body as a boundary condition.
An experimental model using velocity as the boundary
condition was created by measuring the vibrational
acceleration of each panel of a trimmed body by
excitation measurement. The trim panel impedance was
also set as a boundary condition for the acoustic FE
model. It was decided that the setting values for the
acoustic FE model, which provides a simple
representation of multilayered trim panels, should be
made approximately equivalent to actual measurement
values. This hybridization of a structural experimental
model and an acoustic FE model made it possible to
represent the acoustic characteristics of the trimmed body
up to 350Hz. It also enabled analysis of methods for
efficiently minimizing the vibration level of vehicle body
panel parts that contribute significantly to engine noise
and for reducing the vibro-acoustic transfer function
from the engine mount to passenger ear locations.
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Fig. 1  Structural experimental model
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Fig. 2 Acoustic FE model

Fig. 3 Sets of admittance definition

Admittance (m2s/kg)

0 50 100 150 200 250 300

Frequency (Hz)
—— Front door —— Front floor
—— Front seat back —— Roof
— Middle floor —— Rear door
—— Rear seat cushion —— Rear seat back
—— Rear shelf - Rear floor center
—— Rear floor side Trunk side trim

Fig. 4 Admittance values defined as boundary
condition
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Fig. 5 Comparison of frequency response function
(FRF) at front floor on rear engine mount
excitation
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Fig. 7 Comparison of vibro-acoustic transfer function
at front/left seat on rear engine mount
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Fig. 9 Acoustic transfer vector at 182Hz
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Fig. 12 Comparison of vibro-acoustic transfer
function at front/left seat on rear engine
mount excitation

2 | | | | | | 'I\IIeIaSL;remelnt | | | | | I | |
E Calculation with only
vI front floor’s trim data

Vibro-acoustic
transfer function

Calculation"with only

front f|0(1r panels data |
1} 1} 1} 1 1} 1}
T 1 Tl

Phase
(deg.)

Frequency (Hz)

Fig. 13 Contribution of front floor’s vibration to
vibro-acoustic transfer function at front/
right seat on rear engine mount excitation

02080



gboboooooobooboboboooooboobooboboobo

OO00O0O0O0OFg. 140000000000 DOODODOOOO
gbobooooooobooboboboboboooboooo
goboooboooobooooboooooooooboooo
gbobooooooooobooboobooboboboonoog
gbobooooooobobobobobobooboooo
gobooooooooooboooooooooboooooon
gboboooooooboboboboboboooboooo
gboboboooboooobooboboooo
gboboboboboooooboobooobooboooban
gbobooooooobobobobobobooboooo
00 Fig. 15 0000000000000 0O0O0OOOO
gobobooooooobobobobobobobooo
gbobooobooooobobobobobobooboooo
gobooooobOobobi00 160HzO OO 220 O 240Hz
gboobooooobooobobobobobobooboooo
180Hz OO0O00000030HzOOOOOOOooOoooo
gboboboooooboobooboobobobooo

32.00 FEODOOOOODO

321 0000000000000 0O0OO0ODOODO

ubobo FrE0OOOOOODOODOODbOOOOOOn
000000000 0O00OOFg.1500 180Hz OOOO
oo0o0oooooUoUoOoDoooOoUOOooooOoFig. 16 O
182Hz DO 0OO0O0D0O0O000DOO000ObOO0bOoDOoo

z
Exterior panel ﬁ\y Trim

Local mode

Fig.14 Running mode of front floor at 142Hz

| | | | |
easuremént ) . .
Synthesis calculation with

floor’'s panel data

Synthesis calcul

|W|thtr|lm?a1|faI _— L

[
M

Vibro-acoustic
transfer function

Phase
(deg.)

Frequency (Hz)

0o0oodoooooooooooooooooooooon Fig. 15 Effect of using floor's panel data on
000000000 00000000000000000 \{lbro-acoustlc transfer.functlon at front/
right seat on rear engine mount
00o00ooooo Fig.17 000 FEODOODOODOOO excitation
Amplitude (Pa/(m/s)) Phase (deg.) 175

1.66E-2

173
o

88

Fig. 16 Acoustic transfer vector to front/right seat at 182Hz

Amplitude (Pa) g 92
0.69
0.46
0.23

1E-3

Phase

-90

-180

Fig. 17 Calculated acoustic mode (183Hz)

02090



Honda R&D Technical Review

Vol.13 No.2 (October 2001)

0 183Hz 00000000000 0OFig.16 O Fig.17 O
gboobooooooobooboboboboobooobooon
gooooooooooooooooooboobooooooo

322.000000000000000000O0O0

gbob FE0OO0O0ODOODOODODOOOOOObOOn
goooboooboobooboboooooobooobooooboooon
gboboooobooobobobobobobooboooo
gboboboboooobooboo AFOoOoOoOoboobobon
0000000000 Fig. 18 DO0O0OOO0OOOOOOO
gboboooooooboboboboboboooboooo
gbobooodo FOOOOO

H=P/Q ooo

goo PDDEIDDDDDDEQ]DDDDDDDDDD
gobooooooobooboooooobobooooooooo
gbobobob s 000b00bobob FEODOOO
gooooooobooomomoooooooog vOd
gbobooog

P/Q = P/ioSy

v = Qliws oo

Ul0wOOO0OOOoOosOOo0OoOOobOOoDObOOOO

Fig. 190000000000 HODOOOOOOOOFig.
150000000000 000O0O000DOo00oooOd
oooo0ooobo0o0D 160 O 200Hz DOODODOO
0oo0o0oOobOo0oO0ooOoOoOononD Fig.16e DOODDOO
gbobooooooobobobobobobooboooo
gboboboooooooboooboobobob A HODOOO

<{>1-35: Measurement points of sound pressure
\ Source of acoustic excitation

Fig. 18 Source of acoustic excitation and
measurement points of sound pressure

%
% -
>3
g3
g @
Z 20 F 2
[0]
C 3|_|_
© [o]
a <L
10 10dB

100 200

Frequency (Hz)

300 400

20 Rear shelf
21-24 Roof

25 Rear door

26 Rear door window
27-28 Rear seat

29 Rear window
30-32 Center console
33-35 Trunk

1-2 Dashboard panel
3-5 Front door
6-7 Front floor
8 Front door window
9-11 Front seat
12 Front window
13-19 Instrument panel

Fig. 19 Experimental acoustic-acoustic FRF

OOoOO0OCOOOOQOODODOODODODODODO Fig.eoO21 OO
OO0Fig.200210 0000000000 DOOOO0ODOOO
ooobooooooooobbooobooo1oHzOD OO
gbobobobooboooboooooobobobooo
gboboobo FrEOODODODODOOOOOODnOO
gbobobobobooooooooobobobobo

= ﬁ | | | | | | | | | [ | | | | | | | |
o
2 —— Measurement
2 £ Calculation
3
g &
@
2
=
3
T
8
<L
23 | |
(2]
S o
o= | |
l 1 | | | =il | | | | | | |

20 100 200 300 400
Frequency (Hz)

Fig. 20 Comparison of acoustic-acoustic FRF at
dashboard lower panel

&’: | | | | | | | | | | | | | | | |
2
2 E
2 =
©
ks
@
oW
S —— Measurement
< Calculation
8 —_
© ()}
£2
20 100 200- 300 400
Frequency (Hz)
Fig. 21 Comparison of acoustic-acoustic FRF at

front window

0 2100



gboboooooobooboboboooooboobooboboobo

gooooooboooboooooooooobobobobooogo
gboboboboooboooooboobobobobboo
goboooooooboboooooobboooooobog
gbo0OrFEODDOODOOOODOOOODOOODOODbOOn
gbobobooborEOOOOOBEODODOOOOOOO
gboobooooooobooboboboboboooboooo
gobooboboooooooboboobooooooboobooooooo
gboboooooooboobooooboobobobonoo
ugbobd FrEODOODODOOOOOOOOOOOn

323.0000000000DO00O0O0OOODOODOO

Fig.220 00 0O0OO0OO0OOOOOOOODOOOOOO
UOFEOOODOOODOOODOOOODOOODO
gboboooooobobobobobobooboooo
0000 HODOD Fig.23 000000000000
ob0d 250HzOOOOOOOOOOOoOOooOOoDODO
goooboOoFEODOOODOODOOOOODOOOOOOD
gboboobobooboooboooobooboboboonoo
gooooobobobbboboooooooooDoDb 160
0 200Hz O0O0O0O0O AOODOOOOOOOOODODOO
gbobooooooobobobobobobooooo
goood

Modified fluid

Fig. 22 Area of modified fluid properties on FE model
NQ | | | | | | | | | | | | | | | | |
kY —— Measurement
e E Calculation with only air
s 3| —— Calculation with modified fluid
o o
O -
(3]
o
= 120&3
o
<L
| | | | | | I | | | | | | I | | | | |
O ~ T T T T | T T T | T T T | T T T
@ o
©
£3
| 1 | | | | | | | | | | | | | [~—_
20 100 200 300 400

Frequency (Hz)

Effect of fluid properties modification
to acoustic-acoustic FRF under
instrument panel

goood

goboooobboooboooboboobbooooboo
gbooobobooboooobO0ooboob0obb0OnEE
oooooooooooooooooooooobooooDo
oboobooboobOon 30Hz DOODOOO0OOOoOO
gooobobobooooobobobobooooooooooog
gboobooooooobooboboboboooobooobooon
oo FEOODOODOOOOOOOOOOOOObOOn
gboobobooboobooboooboobooboooooon
gbobooooobooo
om0 FEOODOODOOOOOOOOOOODOODOD
gboboobooboboobooooobooboooooo
gogobgobooboobooboobooboobooooogoon
gboboboobooboboobooboooboooooboon
gooboobooboboboobooboobooooogoon
oboooooooooobooooooon 180Hz
gboobobos3soHzOOOOOoODOooooooooo
gbobobobooooooboon
gbmooooooboobooobooboboboboo
gboboboobob rEODODODODODOO
gbooboobooboobooboobooboobooooogon
gboboboobooboobooboobooboooooboon
gooboooboobooooooooooooooooo
U FEOO0ODOO0ODOO0ODOOOOOOOOOOODOO
goobooboboboobobooboboooooooo
gboboboboobooooooooobobobono
gboboboboooooboobooboobobobooog
gboboboboobooooooooobobobono
gbooboooooobouobobobo PEODDOOOOO
gbobooooooobobobobo FEOOOODOO
ooooooobooooboooooboobooooon

gooo

Oo00oO0oo0oo0ooo0ooooobooooOoLmMms
International 0 0 Ludo GielenO O OO DO OO00OO0OO0O0O

gooo

gobbooooooooooobbooobooooooboog
gboobobooboobooboobo 1998 00o0ood
00000000D No.78-98, p.1-4] 19980

gbooooboobooboboboooobobooooboobon
goooobobobboboooooooboobobobobooo
19980 000000000000 No.78-98, p.5-8 19980

gboooobobooboboboobooooobooboban
gbobooooobobooooobobooooobo

02110



Honda R&D Technical Review Vol.13 No.2 (October 2001)

0019980 000000000000 No.78980 p.9-
12119980

O O O0Shung H.Sung et al.00 Development and Experimental
Evaluation of a Vehicle Structural Trimmed-Body Model,
Proceeding of the 1999 Noise & Vibration Conference,
P-342, Vol.2, p.1135-11401 199900

m000Om

googano googano googano

0 2120





