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A Study on the Noise Reduction of Compartment of Vehicle
Using Sensitivity Analysis of Engine Exciting Force

L A LA W, E A LT o o T
J E. Oh T. U Kim J E Song, H 3 Lee
ABSTRACT

Vehicle interior noise has become increasingly important in this recent years. The noise of a
vehicle is one of the important problems in a vehicle design. The interior noise is caused by
various vibration sources of vehicle compartment. The booming noise of a vehicle can be
significantly affected by vibrations transmitted from engine excitation forces to the vehicle
body. Specially, we are interested in the state of trasmission paths such as engine mounts to
reduce noise in a vehicle compartment.

In this paper, we have been calculated the contribution of each transmission path such as
engine mounts to interior noise. To identify contribution of each input sources and
transmission paths to output, the effectiveness of each input component to output is calculated.
Sensitivity analysis is carred out for investigation of contribution to output due to input
variations. With the simulation of magnitude and phase change of inputs using vector
synthesis diagram, the trends of synthesized output vector are obtained. As a result, we
suggested sensitivity analysis of vector synthesis as a technique of prediction and control for
noise in a vehicle compartment,

F971€80] : Vector Synthesis Method(®1E #/4%), Effectiveness(B#E), Sensitivity(ZE),
Engine Mount(¢12 v}-2-E) Booming Noise(F%S-), Magnitude and Phase(327]%}
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P,=2>P,;+P, @21

P, :Sound pressure vector at point r in
the vehicle compartment
P,; : Sound pressure vector caused by the

exciting force acting direction i at
point n
P, :Sound pressure vector caused by

atrborne sound at point m

A
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Pr=22HmrFm+PeHer (2.2)

H,;, : Frequency response function between

force acting direction i1 at mount
point n and sound pressure at point r.

F,; :Force acting i direction at point n

P, Sound pressure vector in the engine
ro0Im

H., : Acoustic frequency response function

between the engine room and point r.
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Fig.1 Conceptual Diagram of Interior Booming

Nois

Exciting Force
By Engine

Stiffness of
‘Rubber Mount

Stiffness of
Body Structure

Fig2 Two D.O.F. Model of a Vehicle System
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F= km(xz -xl) (2.4)

k,, : Stiffness of elastic element
xy  Displacement of before -mount

xy :Displacement of after -mount
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{Fp= — 1 [ K.l (25)
'[ {Ami}e_{Ami}b]

w : Angular frequency
[K.) :Dynamic stiffness in direction i at
point n
{Ani)a * Acc. of before-mount in direction i
at point n
{Anis * Acc. of before -mount in direction i
at point n
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Fig.3 Conceptual Diagram of Effectiveness

4 238 e 2ol 28 4 Yok
bl e e e e
55 N VARFARP ARFARE RURTMIETINT VAL

(27)
¢; :Phase angle of Hy

¢ ; : Phase angle of F;

¢ Phase of synthesized sound pressure
vector
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Fig.5 Flow-chart of Experiment and Data
Analysis
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Fig.7 Vector Snythesis Diagram of SPL at
Front & Rear Seat(2025 rpm)

Table 1 Comparison of Estimated SPL &
Measured SPL
- Ouput Me‘sured Estimated Difference
Dring 0 pion | ST- | SR gy
(dBA) (dBA)
Front seat | 40.779 41008 +.219
M x| 526 | %12 | 108

Table 2 SPL and Effectiveness of Each Com-
ponent Vector(Front seat, Rear seat)

Tnput Front seat Rear seat
position SFL Effectiveness SPL Effectiveness
(dBA) (dBA)
LH [X#D]14315) 008 | 579 -001%0
EG |[YED! 1164 00088 | 230| -00073
MTG. (Z(#3)] 3917 05082 146189 037%
RH |X@4)| 17272 00614 | 19067| -001%6
EG |Y@0)| 5197 00087 17281 -000%
MTG. (Zi#6)} 3302 04949 [ 52873 06678
X2l 0m%m |49 -0008
\Z\é Y(#)| 17599 00108 | 2234 0.0088
I 45Tl 0% | 1635 0.0070
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Table 3 Sensitivity of Each Input for Front
Seat & Rear Seat SPL
Sensitivity | Sensityvity| Sensitivity | Sensityvity
of Mag. | of Phase | of Mag. | of Phase
{Pas/N) | (Pas/rad) | (Pas/N) | (Pas/rad)
Front seat Rear seat
-1.30e-3 | -2903-5 ) -3006e-3 | -3.174e-4,
2237e-4 | -54%0e-6 | 95624 | 25384
13193 | 25684 | 552%-3 | 539le4
LT3 | 43%e5 | -2088e-3 1 ~1.117e-4
[(#)} 241264 | -304%-5 | -1.968%-3 | 7.743%-5
MIG. [246)| 1023e-3 | -34T7e-4 | 7.8%0e-3 | -1.403e4
-2470e-3 | -12%0e-4 ) -3161e-3 | 3227e-5
15764 | 152e-4| 737le-4 | 228064
481%-3 1 900le-5 | 7.353-3 | -1.045e4
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