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SYNOPSIS

This work is concerned with an investigation into the
vibro - scoustic problem in vehicle structure. It 1is based
on the concept of the creation of the measurements while
the vehicle ie driven on the chassls dynesmometer in the
laboratory. The deta obtained are discussed from the point
of view of describing the vehicle structure performences.
Based on this technique & complete appraisal is mede for
the saloon vehicle considered, and the reasons for ite par-
ticular vibro - ascoustic response are exposed. By using
this technique, the potentially noilsy elements forming the
vehicle floor panel have been identified. The effect of
vehicle speed, gear- shift end tractive effort loading ver-
iations on the vibro - acoustic performsnce of the vehicle
gtructure are included and critically examined with. respect

to improvements.

A higtorical review of published work has been introd-
uced and displayed a need for extra work on studying such
problem particularly for complete vehicle. This is followed
by the description of the instrumentation seystem and test
procedure as used in this work. The experimental and predl-
cted results obtained have been introduced and discussed in
the frequency range up to 200 Hz, and recommendstione for an
extended progremme of work on vehicle structure of this type

are presented.
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LIST OF SYMBOLS

Unless otherwise specified, the following symbole are

uged in thie thesis:

Symbol Signification

b Ceeecesonnsse The velocity of sound in the relevent med-

1am (ms-l)

foeenans ..e... The natural frequency (Hz .)

jgx,y,z)..... The distribution of the sound sourse in
the medium (¥n™2)

K ~ The ecoustlic wave number

Lr,L', LZ,....The dimensiong of the enclosure in three
mutually perpendicular directions (m)

» ny,Ng, Dy.... The number of nodes in three muﬁually per— .
pendicular directions, end are integer
values (0,1,2,... etc)

p(x,y,2)++... The fluid pressure ss a function of space
dimensions and time (¥ m™2)

o (%x,¥,2)... The fluid pressure es a function of space
dimensions only (N m2)

r Seevascsasses The area of wall surface (m?)

Sf........... The area of flexible part of wall surface
(n°)

Sr"f"""°; The area of riglid part of wall surface (mz)

S(X,¥,2)ee+.. The area of the element (m?)

U(X,§,2)++..+ The average vibration velocity of a point
gource placed on & perpendicular element
(ms™1)

4 :

X,YpZeesevasssThe three mutually perpendiculsr co-

ordinates




W vviievsveee.. The angular frequency (red. S~

Nearside positions
(Pointas)

Offeside positions
{Points)
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Significeaetion

A ¥ 4 T laplaciah operator

1y

The density of the relevent medium

( kg. m—B)

The poeitions (Points) lie in the
right side of the vehicle

The positions (Points) lie in the
left side of the vehicle
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CHAPTER ONE

INTRODUCTION

The body of & motor car is probably the most complex
vibration system in a vehicle and, as such, 1t defies accu-
rate theoreticael analysis over a reasonable bandwidth even
with the largest computers at present avallable. The most
thet can be done, apart from treating any vibration or
essociated acoustic problem by trial end error methods, is
to study the vibration end acoustic properties of this str-
ucture by measuring its dynemic cheracteristics in order to
develop simplified mathematical models, and possibly disc-
over some measuring techniques which will be useful for aiq-
ing the solutlon of future problems. The amount of trial
and error work might then be reduced, or carried out with a
better understanding of the limitetions imposed by the prop-
erties of the body. -

The body of a motor car from the noise point of view

is very important, since it is iheis structure whicm:ffnélly
radistes all the noise heard by the passenger. At frequenc-
ieg below 10 Hz the body behaves as e lumped mass possess=-
ing considerable rotary inertia. At higher frequencies, i.e,
in the audio renge, the body behaves as a complex distributed
spring - mass system,excited at meny pointa‘simultanggggzzA
by linear end rotary forces (inertia and centerfugal forces)
in many directions from the various mechanical inpute e.g.,

engine, road surface, etc., and by direet escoustic radistion

through the air from a veriety of sources such as the engine.




The scoustic trestment of the 5ody structure necess-
ary to reduce the audible effects of these inputs ia made
more difficult becsuse the body hes to fulfil e number of
functions, such es to protect the passenger in en ~ . -

* sccidert -and carry the vehicle paylosd over "

variety of roed surfacee, etc, The properties required

for many of these functions sre conflicting end, of course,

the required acoustic properties canfiot. be separated from

the other requirement. nor be given overriding importance,
thus despite the increesing subjective importance of noise,
many restrictions are still imposed on the acoustic treat-
ment.

The subjective response to interior vehicle noime is,
itself s very complex problem due to the fact that the
noise covers a wide frequency renge and exhibite & spect-
rum which conteins both random and pure tone componenta,
The complexity of the problem is further increased by the

properties of the hesring mechenism and the way 1n which

noises sre interpreted by the brein.

ﬁ{ The noise spectrum in & vehlcle can roughly be consid-
ered to consist of & rendom background noise of reasonably
constent level over the frequency range 30-200 Hz, falling
at 6-10dB per octave sbove this frequency, superimposed on
which sre a number of line frequency components., The random
background noise can be considered to be the mein factor
controlling the loudness of internal noise, while the line

‘1! frequencies chiefly control the degree of ennoyance of the
noise. A tone is known to be more annoying. In 8 vehicle, to~

nes canvery widely in emplitude owing to the reaonsnt properties




