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Visualization of Vibration Energy Flow on Structure

Toru YAMAZAKI*

BE KR, BB 7oV FAFOEREABRLERFETH L, FUDIC, WSV F o F 10
- EERIC L A ESNEEITY, RE A VT YT A OFHIZOWTHLRIIL, RnT, ThETIRERAL
TWL SN RO LB 247V, FEHMLFTNTEIIOWTER, RELTo7/, #0#%, A F V7
152 AW ERERE BT O - 27 7 —F 2R L, EHEYWICERTA LT, 7o —F oL EE
L7
AR TRONIKEZ, DLTOED, ‘ -
(D-RTOREA > 7> v 5 113, MBICELRVERA > 7Y L7+ ML NBIRETERFA V72 o7
{RT LA ENTE S, _

@ ZRILOWEA » 7 7 1 OFEIL, BEHBIRENTHINIESLIIEBHA Y77 1 KTOEENFK
E{ LA OBMBREREL S,

QBN ZLRIEGOIE LWIREI A v F » 27 1 25HIT 5 7- 01213, FEENS D EESOMD» X TORHI AL
EThb,

WERESEUT BV B VT, ERAMNLIEESHBEIREO DO -BETH D,

GO MEE 2T 50, EESOREA 70 2 7 1 sHAFERICTRETIEd 55, £5EM
REOEB L > CEBECTOFHISEILEL, EHEETORERVIREIA » 7 > > 7 1 5HTE L v,

OVERBLERA 7 o7 4 FHITFHEICOWTERL, 5EEEEsTHEYIREL,

(75 B, EREETORERIRIA > 7> 7 (AP TH ), METHLOZEBIIERTH S,

@EE B, MIRSOMEDHFENETHH, PRAGTHCE D EESICKSNT 2 08T T, T84

YTV TARIRBIANFERSIIKDD I L REE L A,
O 5 mELEBIBEFHOCH L CEREREHBO7 7u—F 2R L, EHEHTEOT IO —FOENNE
AL 7o,

Abstract : The aim of this sthdy is to establish a practical measurement technique of vibration energy flow
{structural intensity) on plate structures. Firstly, the wave formulation of structural intensity in far field has been
newly derived and the characteristics of intensity have been discussed. Next, the (proposed) methods of structural
intensity measurement have been compared. Then, a practical measurement technique has been newly proposed and
it has been veritied by numerical and experimental study. Finally, the new approach for the analysis of structure
borne sound has been shown. The approach has been applied to some actural structures. The conclusions are as
follows.

(1)The structural intensity on two dimensional field has two components, one is mean intensity component which is

independent of the coordinates and the other 1s local intensity component which depends on the coordinates.
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(2)The complexity of structural intensity increases with the reverberant of vibration filed. It is because the ratio of
the local intensity component to mean intensity component becomes large. :

(3)The intensity measurement in large reverberant filed requires many measurement points in a half of bending
wavelength,

(4)The measurement method based upon the finite approximation demands that the space between accerelometers
1s one over ten of a bending wavelength.

(5)The measurement method using many accelerometers enables to measure the exact intensity in near field
theoretically. However, the error in the finite approximation and the phase mismatch among accelerometers
prevent from measuring the exact intensity.

(6)A practical measurement technique (5 points method and wave decomposition method) has been newly proposed.

(7)The 5 points method gives the exact intensity measurement in far field and is strong in phase mismatch among
accelerometers,

(8)The wave decomposition method is effective to identify the location of power input, and enables to easily
measure the mean intensity and the vibration energy.

(9)A new approach for the analysis of structure borne sound has been derived. The validity of the approach has

been verified by the experimental application to some actual structures.
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Fig. 9 Local intensity in far-field
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Fig.13 Magnitude error of intensity in a rectangular plate
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Fig.15 Simulation results of structural intensity measurement
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Table 1 Propagating power ratio (5 points method/Exact)
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Power Ratio] 0.85 1.04 1.00 0.96 1.00
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Fig.18 Numerical results of wave decomposition method for knowing the vibrational field
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Fig.19 Numerical results of mean intensity
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Fig.27 Tested left front door panel of a vehicle

BHbh, b, MEHEYSIE S 3mm ORliRM % T4,
5,6, 11O —{RO WA FARIBOREICEHF L Th L, F

TSR, BEBIERAKERLNODY Ty FT v s
FICERELREEL, 7Yy — 550 (HWEQ.86mm)

BN RETH, F725R2IVOEEICIE Fig.27 hic
TRSLEIZTA FA o7 PE— AR THEE INT
BY, KFEIZZEK (Feto 1) kb5 —-TFm
IAZENT WD,

BTN, 441HOEH Y A F 4 LT DH DT,
BT REANVDOEE, AT 5 4 5HISEROE
BOERTEAOET0Hz BEFCE % 5, T2, THE
HiZ L MBEYW TN 2, BEBEWCIIERL,
FT/N$VTCIE, 700 b3 XTFO 70y PEHRYE —
LIZERE L7,

5.3 REI 727 1 5HA

S5 HBZ L) PEHEEY FOEBOETRE (> 7~
T4 J@U%’?% L B ClE, SHRA % B L 72
B DAk A EEZRT L HAZ0mm BkE, FAT4
FH225mm RO 1598, FAEE S T, Wi % 5
IRM TR DONIPANY, 5, 6, 11 TREEM O EBEO A, B
Il % D A7 SEAR3 T HHREM % Bt L TR E
[El4%1250mm BikEO 5513028, F7 /8% L iE50mm X
50mm DEFRI232ETIT ). 7, FHILREI A~
T UT AR O(RE/NT — B ORI & 1T\,
SEARICE D TFRMRLEEEITH. LD, 4
Ty T AR ROZ LY, SEA EANOERIZOW
THIET 5,

WEN L > 7T 1 OFHEREZ/ 1A 7 ¥ — T

HICMBL, FO—BlE LTI2BHz A 2 ¥ =780 K
DFER% Fig.28, Fig.29, Fig.30 (2”73, ThHilk

DM ZIRE T AN F OB A MA 2 LD TETY

Coupling Line x excited position
]

ya

o

~ P 7
P i s I B

03 e AR N RN
- . -

0.25 Tl R R PN
"5‘02*0;;:%:9::5\‘\{:‘,I::-\.,
= oot .. . o~ N N - o
> 0.15 A N WS SN S

i SN AP

0.05 |- A N M A A

) N L Jo L4 .

4] 1 i 3 i 4 [T
0 0.1 02 03 04 05 06 07 08 09
Plate.1 xim] Plate.2

Fig.28 Result of structural intensity measurement of the
L-shaped structure at 125Hz octave band

Line A Line B Line.C

. . > o

R 8
X excited

fememimimimamen pasted . mping

: sheet on both sides
H l..‘ T Y v v ——

i H LR PR v T T “ .

|‘ R N - i

4 H c(-.. ’}“"‘ ; :
P b L
P Nt - bt g pasted damping
P T 13“ M sheet on one side
]
e

Fig.29 Results of structural intensity measurement of the
box-like structure at 125Hz octave band

e
__’_—"‘\\ |
.y \‘* ﬂ:

r

SRR NN
i Sl 3

R Gadh N
oy

»

]

5

Y

1
4
t
b
f
f
£
T\
4
!
vk

-

1

Fig.30 Result of structural intensity measurement of the
left fromt door panel at'125Hz octave band




50

MRINKZFLFEFEFT®R  $225

Porpagating power

Porpagating power [dB]

Input power

— B Intensity
€ =80
o —
&< 60
Do
£ = 50
1]
2 2 40
a
E 30
125 250 500 1000
Frequency band [Hz]
Fig.31 Estimation of propagating power in
L-shaped structure
B Intensity BESEA
80 1 Line.A
z .
= Line.B
o
b=
“—
g
70 ¥ _ ' Line.C
60 f .

50

125 250 500 1000
Frequency band [Hz]

Fig.32 Estimation of propagating power in
box-like structure

M Intensity B SEA

~ <
o o

(=}

ref. 10 "wW]
[e2]
o

£
(=]

(753
[=]

Propagating power [dB]

125 250 500 1000
Frequency band [Hz]

Fig.33 Dissipated and propagating power in

door panel
coupking line
1
08 |
06
04 excited
02 t pOSitionl
0 1 L 1 L — 1 1
0 01 02 03 04 05 06 07 08 09

x[m]

Fig.34 Estimation result of propagating power at 125Hz

octave band in L-shaped structure

LI ND,

F72, PREHZENT—BE2FHHLA Y F T4
WE o CTREM L - #REFERANLRBENHEIETE S
SEA 2 & 2 Filll#E R L 362 Fig.31, Fig.32, F7/¥
v @ Fig.30 iR UAF A~ D{RE/ T — & SEA i k&
5 R7REANVATORE ST —% Fig.33 12”7+, L &
TIZFER 2 DS 1, MBI EY I Fig29 w51 >~
ABC 2+ NFRMELEL S HE~DIFEENSNT —Th b,
Fig.34 |3, 125Hz /5> N8BT A4S0 FAT L 72 Bk
A EBO(LE/ N7 — (A7 —TCIERIL) ZRL7
bDTH B, FHEL, NHRLOEE TIEBIC~hE
HOERE R > TV, ZHiZ, 5 EETRAEMIE
B CTOBERVETHC AR 7-HOLKRTH Y, TS
OFERPHIEENT — 23T 5 I L IIBES RIS
vy, 125Hz OV EE 27 (B,/pheo?)'* (p . HIE,
h:#HE) X 004m THDH I L LERN, HREALH
0.1m LA @t 7 s g O & R & {2 /8T — % GF A
TAHLILEDBEETHL, EH#HEOx =0.370m OF 1
> b (Fig.34 1w OHY) T L 728 %2 Fig.3l T 5,
kB, BMEEEYOT AL A B, C ILEERE CHY T
5o

CHLDREIIBWT, BEWiF2dBRELTFTER —
BLTEY, SEA #BEIIA 77 1 5HBIA M vl e
Bl EERL, PIAIEZEBOEEST —sHll% 1 7
T AGtME D EBL, HEEEkEL LD SEA Pt
FA—FOFEICHETAZENELOND, RS
MOWETIE, 74 A, B, C L1EWT 21206V 5%
ST —DINEL o TVAI EFERWIIERT AL
HTETVE, FTRVOBEIZLEEMIZ2IB 125
DEETIHMTETVE I EH L, FRIZAVESED
F7R3 VDAL 72T 1aHBIbaREE S 25, 7272
L, SEA B X B{5E/NT — OFFMICIE, MEbERE
n LREGHREE g, OFEFLETH Y, AEIIERER
B To OFHENC D ERQ92 5, #HEITERIZE02
C)ﬁtﬂ L"C\/‘Z)(Z“o

=188, g -2Lrg, -49), 00

IIT, LIIFEHES, TE A VFERE S, &
BEX I OHEHME, iFEETHs, F7/32VHOHR
R — P, RITROZHNEBERE F7 320D
RETANVFEDL P=anE il Lo THEL TV,
54 EBHENRIDSEE

WEY O EEIIE PR I RO 0, TEHGEES O
IR U7 (L& Pk 2, A SR L)Y 2R
L, DEHEE> SRR BEOFETRAA L, &8,
WHEET L TFROEMEEEOBRCXY) - 72481 i

g B4

IR

et g < A 1 ST < pr gy 2 T




WY & 2T 5 iIRE L 4 L FFROURL 51

Fig.35 Decomposition result of evanescence wave group
in plate.Z of L-shaped structure at 160Hz
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