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Preface

At the beginning of the éighties the sound intensity tech-
nique was growing up to maturity along with the progress of
electronic engineering and signal processing. Sound intensity
technique has its own advantages, especially,in determination of
the sound power and distinguishing the noise sources. It has oc-
cupied an important position in the field of acoustic measure-
ment,

The first monograph, { Sound Intensity }, written by F. J.
Fahy,was published in 1989, In the after ten vears the technique
of sound intensity is progressing continuously. In 1993 and 1996
the International Standards Organization (ISQ) issued the stand-
ard methods for determination of sound power levels using sound
intensity. It promoted further development of the sound intensi-
ty technique,

In the Automotive Engineering Depariment of Tsinghua
University, authors and their colleagues have been working on
automotive noise control for more than ten years. We developed
flexible measurement system of sound intensity, which is applica-
ble for the condition of our country. The compesition of the hard
ware and the method of digital calculation have its own new ide-
as. The signal digitizer composed in this system has got the state
patent. This system has been spreaded to a good few {actories
and institutes, Besides, we have distinguished the main noise
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sources of ten automaobiles using this system, which provided
reliable basis for taking effective measures to reduce the noise
level with satisfactory results. In this period we accumulated a
lot of internal and external references. This monograph is the
summary of our work and the concourse of the relevant refer-
ences. .

In this book the chapters 1,2, 3,6, Tare written by Jiang
Xiaoyu. The chapters 4,5 are written by Lian Xiaomin. The au-
thors wish to convey hearty gratitude to the colleagues: Liu
Qiyuan, Hu Changzhan, Xu Guoxian, Rong Qiang, Xie Hua, Gu
Sheoufeng, Wu Di, Ren Mingzhang, Yi Chuijie, Zheng Sifa and
the others, They successively participated in our group and made
contributions respectively to the development of this system.

Any observations on this bock are welcome.

Authors
April 2000



Ay ()
Ap ()
Al ()
Al (n)

Ca
Cy
Calm)
Cgp(n)
C;

D{n)

D)
D (n)
D ()

Da ()
Dy (n)
DL ()
Dy ()

B =

15 0 OB 4 R
R DA (0
RN T D (DB
FIEBFEHE D (KB
P EBEH Dy (IR
HEREEH

Cr

A WRBEREK
EiE B BRI R E R

B AGRRPGERESBEERETRNAS
il B RO EE SR AER T RS

AERAK

= ]

d () W3R i

Wik A B B

Wi B M5 ERT

EREFEIE

BFEZBRM
F—wirEsEE A NEFERFIE
B— R bRSE R EE B B R
B EREE A NEERTIE
BEoWAREREE B MR EE
AR B P . 2 B R BE Y

1111



Gaa ()
Gas ()
Ggs (n)
G (1)
Ganln)
gin)

H.(m)
Hg(n)

¢12c

2 A AR B B O )
BHEABINFEHTR
HiE BRIANEERFR

7 fE

& i

b A

FHREM K
FinayEAEER
WEBEEE-BER
AR T EE

AR SRR

fLURE g E kS REEE 37

Jo O oy G (WD

¥ 2

AR AT R AR

1/3 f5 5 L

1/3 B HE TR E
5/

AR5

1/3 55 REH bR
EERALFSSAERB AW
PP E pa(OF pp (o)A BB H 380 &
47528 Bt A B EELAD AE
FHEERNRAE

B E pa (O F pp (o) (@] 80 H %
E-BEXAEBRR

I A WS REE

HBIH B )% &R BUE



hy ()
hn(e)

ID
I,(n)
In(r)
I

I,
Im[ ]
I, ()
Ia(Gw
I,

Lis ()
La
LAl
I
I.(a)
LanCfo
I(nd

I
I.(w
I,
It

H

int[ ]
i
K

K,

TEE A BN B o 0 7R BE K v R oK %
HE B A0 8 AR 2 09 7 55 Ik e v oR B
PR

HAE P R

Da(nd B EF

Dy (n) ) HE 3R

AR

BB B A 2 bd B2 A58

B i

g7 il Pa () B ESR

F A i PO MBS

p Ryl

1/3 B F R

ARG

1/3 fE3 8 A ARG
BRASFER U BHPHRER

B RIE

1/3 BB ARE HIE

Dy E#

BFHBETEBANEER

PR i

T E X LR RBFR

TR X EMRARFRIE
FRE

BUB R (EMERAD

—1 M

FRREERT

— M 1/3 BB ME—RERFE

013|



K2
Kalfo
K
k
L
Fa
LaGm)
Lg
Lg(n)
La
Lep
Ly
L.
L;
Lnalfo
LIA
LiaCfo)
L]lltw
Ligu
Iff!
Ly (n)
LIS
I‘ﬂ
Loan(f)
L,
Lo
Loa(FD
L, ()

o 14 .

—A 13 B RBR —RIEXFS
AR AR
E-mERTR

T B et e B R 3K

M g
HWilANFERRER
BB ALMPE HE EHE
Wi B HFEERRER
A% B bW B G RRE
IR E

7R

AR

RER

R

1/3 EMBR R A%
AFREFRR
AHRO1/3 ERR A REE
BESRHEREFERHER
FEREERESREHBREN
r HEEHEERR

r 77 b B R

B REER
PEREEAER

1/3 R P ER L
WAV ER

AT BFESR

AR /3 B A RS
JUPR]SE ¥ 78 R R %



Hy
Paln)
palnl
P (n)
P ()
Pi(fo
?

Pabr
P

e

Pe

M

EMMeEREERE DANFHEFER
B R RS bR S
TR R
I RE
B
W BB — DT B R
9338 R BUF B
7 3 B T R B X ) SRR
% A L S K%
&7 4% B ALMY FE 575 i
3975 5 e i
1/3 BB 3/ 75 R
1/3 5508 A ST E#
FHE '
TG R MBI R
ofi ) Y
AEMERE
HEFEFEE
g3
ASEE
R R
BRAERE
B P R
HMERS L
K7 3 B W
CETh <
P Mu EHXER
D(n) B EF

s J5 .



R,{(n)
Ryz(m)
R ()
R(n)

NBR g R <E R OE

N

B8R

a J16

D, (n) B 3LHE

D (m) )57

FIGEEE Pa(n) BLEE
EHE R P () R
FRRIEJT AL R A R

PR EEA B L2 6 A B
FRSEREB ME¥EDOZEKNER
T

p Mu HEIE

w2

B

B

£ (@]

R R 2

R

R W L

07 H (o] 0 S R S R
REEERERIE

HB RS EE

M EMME OCHEAEESR
&

D

HREEE

XA 7 85 0 3k B 28 T )

[ R

Ay vk A BT ER

WA R

- HR A R



B

B

1
¥(n)
8y
o0

8

Af

AL (n)
AL (n)
ALLCFD
AL (n)
ALp;s (fD
AL ()
[ALy]
AL,

A

Ag(n)
Ag (n)
Ay (n)
Ag(m)
Ap (n)
Ag,(n)
A, (1)
Lag(md ]y

Lag(nd ],
g

BiE 1 MEERRAR

B 2 WEERRER
BRANMEE SESSANHRBZIL
PR M

F-iR4EH

BRE-BIEHK

LA R L 4

3509 4 3% 2 5, 531 3% 6] R

P BLNERE ERZ %
BARFHEER ST HERERE £
A AL IE 3

HE 2 iR R i

1/3 AR SRS AR 6 iR 22 18
G X b AR A iR 3

¥ AR BRI

iR X L B RS K AR
PR 1N 2 2 IR B TS 3 (E] BE
RAEre ] 18] P

9 0 B R AR o 2 %
7 G 265 S A 13 88 5 o ) £
RO LA RS P E A

P GTE MG B E PR A B
IR SRR AR 2 i

TR 5 T 1 B A
RET X LHRAME
F-RRGMEFENER
BoRERAHEFENER
Al

017.



)

"

B 5t

P it

i

b5 =R 0k

SRERE
BEFEROSIREE
HEXE

R

FRAEE MR EE

S M5 A AR AT R R
KEBERE

$y () HRERE H. (0B
$:(n) &R ERHE H, () HEA
$. () AERFE D () B AR
$5 (n) FREETE D (») B A
¥ G A EREE D () MARALA
# () FEREFHE D, HANMNA

T

ch.\'b‘;::'bm:s-_

L

4, AGFH s M A 2

# HEHIEAAEME

$, R

$, FESRAEEZHMAE
%, X% P 4% 58 A R AL
4. FR B B AL

@ (b4 451 %

.18-



v - RO
FIE EESEG-

— e b e e b e
T

=TI o

w00 m1 Oy

%ﬁ%%%
FE

ﬁﬁ%&ﬁ

ﬁ%@@ﬁﬁ"mmmmmmmmm

&ﬁﬁﬁm-
-G A
B T

.10 ﬁ&%ﬁMJ?ﬁ
.11 .

HE -

F2E FgEHER -

b

NN N NN

o ~1 S L A W R

FEE-

HINFE R 3
L. O

P B G I B EE R e ereeernrernins
PRI v

B3 TG e vererrare s
B ereoenvenverene

%Wﬁ&%%%

F%ﬁ%ﬁﬁﬁ&ﬁﬁm“

- 11

H : . . , _ _
90 =1 o LY LY e

10

11
© 14
weee 16

+ 19

w22
- 22
w24

+ 28

ciee 3]
= 34

veseae 35
+ 36

e 38



HIE

R
-1 Sy T o= W DD

FIXE

4.2
4.3

F5E

[ TR o 3 TRy S o
e
=1 & W o= W o =

oot on
b h h

6.1
6. 2
6.3
6.4
6.5
6.6
-6 .

HABAGTUTL e veeeemreronemeersrsnressersnnns
FE IR B B A AR e ereveversvrerennnnns
75 38 W5 B A [ e oer e O
B IR B ST AP AT B -ve oo eememr e srenenacsone
AL 5 B Sk voerowerons vereesiaireee,
iﬁ‘gﬁf‘é‘%&tgﬁ%..u...........--.- annn
TR AR B eue suseesneanetadsarens enaraana saant sun sanaaraninas
BT G evoveerssvasssnnnansrusansartnseansanssnesestnsnesassosons

R ol REER sererevaseriasenrsaena
ﬁ{*%%%%;ﬁ..""........................ T
@ﬁ:%gﬁg@i}m"................ T
Eﬁ{q;,%ﬁﬂ{‘]ﬁiﬁ.................... tersrrnesate st aressn ene

3R] TR0 TR epN e
FIGEERBUERETRIR «rrvveertere oo
TRt Gt -
FEHBE R s v s e e
B EEPERRGE cooeererrrarsmnnne veaarrans
T R BRIR LA reeererrmreroraererimrensecensineenn
1/3 SRR AT wooeeeee

A TR ererreessosnnianns

Hem FEARBREFRFIAPHEAR
R 570 3 8 B 5 0 5 7 TR A P T 3
MBS EF R TR
REIFERET -rvrrrrecorsnnein
REANEEGTREE R R
W SEPTBRAE BT crevnremrmrmnarrnne
i R A IR S € LT T RTIORerr e

.....................

ooooooooooooooo

---------------------

oooooooooooooooooo

R T N Y T Y Y YT )

..................



BT EENMBARER R R R oo 187
7. ﬁi“ﬁ?ﬁﬂﬁﬁﬁ‘%ﬁ?ﬁ ceetisseisiaisssnssiinsees 187
e T BE R oo errororrimenieviiicrecsninseiane 211

BT RE v eeerr s s e s e s s sssennens 2300

HO‘)UI#OJN’-‘

7.
7.
7.
7.
7.
7.



