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The Application of Equivalent Area to the Volume Velocity for Using the
Vibro-acoustical Reciprocity
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ABSTRACT

This paper proposes a feasible and effective method for measuring the mechanical-acoustic
transfer function by the application of equivalent area and velocity transfer function, a
manifestation of the vibro-acoustical reciprocity principle. On the contrary to the volume velocity
used in traditional method, the equivalent area is a peculiar radiation characteristics of sound
sources and not influenced by any input signal for driving sound source. This invariant property
of equivalent area can get rid of boresome works to measure the volume velocity of a sound
source every time the driving signal is changed. Moreover, this method has a remarkable
advantage to use a general loudspeaker as an acoustic exciter without the assumption of point
source and can be applied to all kinds of sound sources even if they are not omni-directional

sources,

g 539 AAE AgHo HEE A o A

.M B HE 28¢ 9@en
FPze A4 28 ¥ F AFRY 282 5
A4 age w4 el @ /1 A% &% Aol BARES FA HE RS WRE 7z 7
(air-borne noise) 3 T2 719 A& (structure-borne A L5002 ojFolx e} 500 Hz vigte] A8 A
noise) 2.8 FEHAL) F7] A 2ZolF A B F 80%°)del & 71 &%) (A= ReE
o EHoly F/uj7iAl EE Elolo} SolA wAlY %}axx Ao A AP A AR HE
o] 71§ F3td XA dd(pane) 2 AEE & 7t WA X 710 Agol AXNE Ao A
=) 7t zpA ﬁHLé° 7}213}0:] AES ANE o o 2YER, A AS EAL A dsME
A E A T =3, A(gap)F 2L & FZE 710 A& A@st= Rl Wi £330, 2
% 228 F39 zvs $98 28% od gy AW 22 719 &% S AAH7] 9sd ge
T whge] X 7l Aol Aot HrA I 2 ggd MUSe FLHZ JdEd, (1)xA
Ee vi71A SeA EA$ FAFo] vHEE(mount) LS T T2 RE 4, ()Y L3 BT
A, (3)42L AYG ZAE a4 (noise path analysis),
A HeATA VIEdrL (WAde] A 28 7A% 4, 5)AAA A

HILSTEBHAX/A 9 A A 5 5, 19994/943



3 71¢, 283 (6)FY EE 314 (running mode
analysis) §°] HHEH o o]t}

2% AY A2 MY T3 AAd AZAH
Ae mlLEL AY 4L 7dEE B4 F UAE

o, o] syoles vEES AW 2% YUHEE YE
We F2-5% A9 #4(mechanical-acoustic
transfer function)7t AH£8TH? 3z-33 Ag
g4E 71 d o (impact hammer)$ 22 71A 3
NAANE A SHIAY IAEF-2F 4
(vibro-acoustical reciprocity) & Z&3lo =3
A0 aulk dldE ¥ 7FA7)Y WAt

< A9 (point source)o] otUEE AMFH &xo] &3
o] ojglgol WEA Hrh

B AFoMEeE A5-5 4y dElE LY o
Ab2 5= 2 9(sound source)d AFH & FE
WA (equivalent area) /NEE =Y F2-FF
AY F+E A DHS ALIHAG AtE
e 299 HAl EAXL UellE fE B3S
o] 43t7] WEe MY £=& AP FAXY "art
Pornz S8 AV dvrEd FE AFAE
AHEEH S E TR-S% Ag F5E AEsA &3

g 5 de AFEE AT Ao B AF SEE
298 FE3l= 48 A3 (input 31gnal)°ﬂ o} 3hod
I ge] ARHER FZ2-5% Ag e FAHY
o sitk EA sk e “}“‘°ﬂ, 2 “5&1% 49
If SAol7] W 48 A5 #wAl ¥
#e /IAEZ g2 FHY dart glen, 449
g3 FZE AE &E ¥ (ratio)s) £ Ag &
F(velocity transfer function)& A3 He &

[

——

A

oX

2. O|E2H HiZ

2.1 x=-38 ™Y &5(Mechanical-acoustic
Transfer Function)

AF Uz Ag H=27F NG 9, EAF
Mo AR 7 NA AF fleo)S A7 e A
2E 539 F48 A5 oA 9o AL
FZ 719 289 §o=z Yeid & Ut

N
Prl@)= gpki(w) "

944/t 2821 5F & A/A 9 A A 5 &, 19999

q714 e Z4e Ag AEE Jvehdo 18y
Pilo)e AY A2 & 539 AgdE A5 9
e kXA TAE FE VA AFSLEAN FAF
(complex number)ol®, &3 Zo] AY HEE
23l AdHE HAEy 32-2% A9 #549
o =F Jeid & AUt
By(0)= H(@)-F, (2)

AN Hiw) e A AR o izt kx¥ +
Z-5% A ol AL AG AR o FA§
g AAg Fiol g cAAANNY &4 s F
g4 29 4 (frequency response function)°|t},

- B
Hi(w)=-%
I3 B2 kAN AA T2 719 2858 oS

23 o] RHPT

~ N ~ i~

B =Y H(w) F
k § Iu(w) i (4)
22 TS-23T AHHAZ

Reciprocity)

FZE9 H¥(plate) = A(shel)st 72 #Hd
(panel)ell 8o} 28E o FAHE= X2 7] &
L3 2499 93l FAHE SF(acoustic field) el
d Hade 2 (response) Alolols FQ3F FA
7 ok FZEY AAHC 7Aoo FojF o
Ag wde AFd o EXHA FAHE &
F 21ge] & W EXIHA AT S 9
FZE9 XA ¥4 EH AF &= UEH

(Vibro-acoustical

My g o
fle &

Auk BAE =g,
BG) __¥@)
CF@# 0F) (5)

A714 7,9 7,5 Fig. 1914 ol 2zt 0F
g kAR iAWY 93 wEoz, Q& &9
o AW &Eog. 1T, APAMY Y
FGO% 4% 3(7)E 28 28 2 Heog
4 (39 FZ-8F 4G 5ol A (5)9 A
428 Heaw o A3 2ol vEd & Ao

H =
i@ O (6)



AE-& % A Ao ol g
1 .

{

T <99 48 94 &3
— - v

1

v(7)

Fig. 1 Concept of vibro-acoustical reciprocity
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Fig. 6 Magnitude of mechanical-acoustic transfer
function (7 = z-dir. of LHS engine mount)
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Fig. 7 Phase of mechanical-acoustic transfer function
(7 = z-dir. of LHS engine mount)
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Fig. 8 Magnitude of mechanical~acoustic transfer
function ( 7 = x-dir. of RHS engine mount)
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Fig. 9 Phase of mechanical-acoustic transfer function
(7 = x-dir. of RHS engine mount)
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Fig. 10 Comparison of mechanical-acoustic transfer

functions for LHS strut mount
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Fig. 11 Comparison of mechanical-acoustic transfer
functions for RHS strut mount
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