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Generic Experimental and Numerical Approaches
to Examine Structural Sound and Vibration Interaction Effect

« 1. Introduction
- Sound generation mechanism & & &= £ 1#
- System modeling FGMBIDR % #it8H
« 2. Concept of ISO/ SPR
« 3. 5-test & 5-analysis base on SPR
- 3.1 SPR technical roadmap #iffE& 1%
- 3.2 Theoretical formulation for vibroacoustic analysis E#RkiE S 21
- 3.3 Four stages in practical application E#5 &R
« 4. Case Study for Vibroacoustic Analysis
- 4.1 Application to musical instrument $£83 Z[EF 2
+ Tuning fork X
+ Kalimbas Bi5Z/fMHEZE
« Chime bell #Rf&
+ Singing bowl 4#iF
+ Violin MgE
- 4.2 Application to Engineering structures
* Wiper motor failure durlng vibration testing il 55

T e mEER) - e asarnEEl - 2 - Rotary Compressor 18§83t B 4
‘K & ’rﬁi(.? s A X_e 5.Conclusions ¢
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1.1 Sound generation mechanism &3 EL =
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’#‘E?ﬁ RS ["" w51 7 Structural Sound L
2 R - i Vibration Pressure
Striking force
50 tructura .
B . BENEE
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x5  Structural vibration induced
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* Flow pressure induced
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o Structure and Flow interaction
- BE . mEmame -
* Flow -Flow :
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» Structure - Structure :
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* Structure - Flow :
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* Flow - Structure :
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Structural Sound
Vibration Pressure

Striking force
Blowing flow ~ L_Path
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« Chordophone %15 %28 (324428 ] Stucwsl _ Sound
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Blowing flow Path e
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« M@ : flow to flow interaction

« W : structure to structure interaction

. TR : structure vil ing flow i
. JELF : flow passing structure
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What is “ISO”? What is “SPR”?
- Input : BA - Source : HENE - IREFIREE
- System : &% - Path : EEBRR
- Output : Bt - Response/Receiver : ZE/1E%H
@D1—S—0 &=&LH5EE @S ->Po>RAZGHEE

Ianut Soponse

Source Response Response
Fi® [ structural ai(® [ air (Flow) | Pk Q)
' Path Path
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p— - ﬁ
Hammer Accelerometer Microphone
———— | S-test
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@ {4 #5118 % #% (structure-only)
- #&18 . E1ERESE 14 BS (flexible/elastic body)
@ #8835 % R (acoustic field only)
- 4518 : HIB&(rigid body)
®

National Pingtung University of Science and Technology &

?

B

EREEEBRANN

- B =R KRR
EBEISBERE .
(structural acoustic coupling system})’ v

- #5118 . EMEREE MBS (flexible/elastic body)

- BB ER KRB

MEEAN

EEZREEE BE2BEEE

MEBDM

¥

lv.\ﬁ%Z}}EE}J’fi &

LY NVH National Pingtung University of Science and Technology &

#HIF-GMBI-R

MIEREZERS T . BEE

' 1.2 F2GMBI2R os out ot ;
7 = s £3Ma %[ 3 #F |YouTube . RBHRE “f
- Input 2> System - Output D
K- CVIBI-R - Source > Path > Response S°“
« For structural & air system ; (Receiver)
95 FER -F>GMBI>R j.[ S LG e I Pt
. Force : IAZ &7 F R
»6 | e T
207 - fﬁgﬁ?/ﬁ - Geometry | Response:
. System : 2AAE S Force: | -Material - Deformation/Stress
298 - Geometry : &k - R~ < .Boundary |+ Acceleration
299 - Material : #1814 = . & -Interfacey . Sound Pressure
300 - Boundary : #&8iERIREE
301 - Interface : BB AGZEENE
. Response : Bt} 7 & [E
302 - Deformation and stress
303 - Displacement/Velocity/Acceleration
- Radiated sound pressure
A 304 GMBI /
N 11 ‘ o
vy vy
Dept of Mech Eng / Vib & Acoust Lab ERANVH National Pingtung University of Science and Technology ERANVH National Pingtung University of Science and Technology &

2. Concept of ISO / SPR
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Generic Experimental and Numerical Approaches
to Examine Structural Sound and Vibration Interaction Effect
- System modeling

« 1.1
- ism B S =L
« 2. Concept of [0 /

« 3. 5-test & 5-analysis base on SPR
- 3.1 SPR technical roadmap #iffE& 1%
- 3.2 Theoretical formulation for vibroacoustic analysis E#RiE & 21
- 3.3 Four stages in practical application E#5 &R
« 4. Case Study
- 4.1 Application to musical instrument $£83 Z[EF 21
Tuning fork X
Kalimbas B8 Z/FHEZ
Chime bell #7 &
Singing bowl 48 i#
Violin /M2Z
- 4.2 Application to Engineering structures
+ Wiper motor failure during vibration testing FRFI 5 ZE
+ Rotary Compressor &5 =X [B 5 14

'l'.k 5. Conclusions
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3. 5-test & 5-analysis base on SPR

« 3.1 SPR technical roadmap
« 3.2 Theoretical formulation for vibroacoustic analysis
« 3.3 Four stages in practical application

REBSEEYS > P >R &45EE

Source Response Response
fi® [ structural i(®) [ air (Flow) ﬂg )
Path
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3. 5-test & 5-analysis base on SPR

3.1 SPRIBIGEKIAIAGHAR for technical roadmap
Test and analysis for diagnosis steps of applying SPR technical roadmap.
(a) 5*test and 5=analysis in SPR (b) SEquience in practical application
S — P — R block diagram of Vibration and SAP=test-q) 0NE-tentEA
Sound for Structural and Air Path
6. S-test 2. R-test-V. 1. R-test-N
S-test R-test-V. Retest-N
Source P-test-S  Response  P-test-A Response Source Response Response
£i® a RO £i®) [ structural |2 Air (Flow) |P<®
Structural Air (Flow) Path
Path Path
P-analyst P-analysis-A 5. S-analysis 7. R-analysis-V. 9. R-analysis-N
S-analysis R-analysis-V. R-analysis-N
4, P-analysis-S 8. P-analysis-A
. Wane . T, QU253 Firaton Nt Poptar S Calinn 351, Bsed anthe SPR ockdagram. wha xperimets and anlses ae eeded? [Onne] vl @ Chisse
5. Wans, . T. (023 Vibrasion Nois Pupuar Scence Colann: 555, How 0 appls SPR ichnlos o deal wihsibraion and s probems? (O] vl (i Chiese)
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3.1 for technical roadmap
Experimental and numerical techniques in studying
percussion instrument
roadmap for tuning fork \

#352

i Tuning Fork H EMA 425 Hz i Acoustic Camera i Microphone
i ] i p—
S-test P-test-S R-test-V P-test-A R-test-N
Response Response
Source Vibration Sound
f,© a,(t) Pi(®)
Structural Path Air(Flow) Path
S-analysis P-analysis-S R-analysis-V. P-analysis-A R-analysis-N
439 He Dynamic g Exterior Acoustic | {BFR ™ fioni “Side

439Hz |

Ac)

10. Wang, B. T. (2023). Vibration Noise Popular Science Column: #352, Based on the SPR block
experiments and analysis? [Online.] available: 11 vh blogspot.com/2024/01 sy

what are the technical paths for

diagram,
2 (in Chinese)
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3.1 SPRIBIGEKIGIAGHaM for technical roadmap

. S-test: Source-test
An impact hammer with a force transducer
must be used to measure f(f).
P-test-S: Path test for Structure
- to perform experimental modal analysis

S — P — R block diagram of Vibration and Sound for
Structural and Air Path

Source Response Response

- Path Path

RVibration ReSoundoise

(EMA) on the structure and obtain vibration — ]

modes —_— ‘“-E-'Lw o
- To obtain the modal parameters of the £1© s “)'“E

structure, == "

« f,is the natural frequency,
* ¢, is the displacement mode shape,
+ & is the modal damping ratio.

s R-test-V: Response test for Vibration

5-test and 5-analysis in SPR

S — P — R block diagram of Vibration and
- measuring the acceleration of vibration Sound for Structural and Air Path
a,(t) and vibration spectrum G_,(f).
«  P=est-A: Path test for Air ] L L
- to perform EMA on the air path and Source  PAOSLS | Response  PtostA Response

understand the acoustic modes of the air
path, requiring acoustic camera.
5. R-test-N: Response test for Noise,

6
Hi® Structural | “® Air (Flow) 70
Path Path

R P-analysis-S P-analysis-A
- to measure the sound pressure time
S-analysis R-analysis-V R-analysis-N

A\ waveform p,(f) and noise spectrum G,(f).
vy
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RIBEWIEZLS - P - R 475 RE REBEZEBIZEREEZS 5 P > R AEHE
Source Response Response
Fi(O [ Structural |_2i(8)_[Air (Flow) | Px(8) S-test R-test-V R-test-N
N Path Path
Tw N U f:¥ibrstion RT““”";"'“ Source | P-test-S Response P-test-A Response
Hammer A : (t . . t
ol U e fi® | structural |2:®)| Air (Flow) | Px(®)
10—y () — HE) Path Path
BEREEZERADHN P-analysis-S P-analysis-A
EMA I:’::‘: Hy(N) ' Mec!\a:i:? S-analysis R-analysis-V R-analysis-N
@ Experimental approach @ Analytical approach
. Seest . S-analysis
E4 i) RN BT
RS RIBCFDA T
BEEEN BB
P-test-S P-analysis-S
EWMBEBEMARBEE 317 BRI DT
. FRFAEEWEN Modalffi 8 53 4
Vibration modesiR B # & . Harmonic/li i 8 8 53
R-test-V R-analysis-V
Vibration it # & & & A EWEE ST
Time waveformb i /¥ 4 4 Transient® 8 W B 5347
FFT 3658 53 47 Spectrum$f i 5 #f
P-test-A P-analysis-A
ZE B BEMA M 6L 57 Vibroacousticl iF 8 & 547
FRF SR @ WA Modalff 4 53 4
Acoustic modesZ M 188 & . Harmonic il & 1 53 &7
R-test-N R-analysis-N

Noiselft & 8 FE 8 A - FFTH 5 7 Spectrum B & 5 5 W FE 5 47 18
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for technical roadmap

Experimental and numerical techniques in studying s
AL percussion instrument
and of applyin technical roadmap for tuning fork "
Impact Hammer Accelerometer Acoustic Camera Microphone
\ ) e
S-test P-test-S R-test-V. P-test-A R-test-N
Response Response
Source Vibration Sound
fi® a(t) — Pi(t)
S-analzsis P-analysis-S R-analxsis-v P-analysis-A R-analxsis-N
Modal Bore 4 Dynamic Py Exterior Acoustic | fOFR front _side
| 4o
o= by 2
&) ! ! [ ¥ !

10, Wang, B. T. (2023). Vibration Noise Popular Science Column: #352, Based on the SPR block diagram, what are the technical paths for
experiments and analysis? [Online.] available: 111 hblogspot p 10l (in Chinese)
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- Performing EMA on a bronze bell

- Using an acoustic camera to capture the SGUNGIPIessurelmodel
shapes

to explore the modal characteristics of sound fields
- Examining the correlation between structural vibration mode shape
and acoustic mode shapes.

Response

Respomse

L Lt
Acoustic modes Vibration modes

Sound spectrum and Acoustic mode shape

‘ Acoustic
-~ Camera

Bronze
Bell

i R =
I ) S

=
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3.1 SPRIBIGERIGIAGEam for technical roadmap

. S=analysis: Source-analysis
- since the actual f; () impact force is close to a
triangular wave, the ideal impact force can be assumed.

S — P — R block diagram of Vibration and Sound for
Structural and Air Path

. - Source Response Response
.. P-analysis=S: Path analysis for Structure £iO [svwemra | 4O TR iom | PO
(1) Wodal aalyse

. f, natural frequency and ¢, mode shape.
(2) Harmonic response analysis:

>0

Accolerometer Microphone

. Th.e frequency response function Hj (). ‘& Retosty o= [Rtesth
5. R-analysis-V: Response analysis for Vibration al) —— oy ——

- the harmonic analysis in P-analysis-S is
equivalent to the response spectrum analysis

here. 5-test and 5-analysis in SPR

« P-analysis-A: Path analysis for Air S — P — R block diagram of Vibration and
- Requires the vibroacoustic coupling analysis, Sound for Structural and Air Path
- (1) Modal analysis:
+  The f, natural frequency and ¢, acoustic mode shape Sdtont Retest:y. Retest:
of the structure in air coupling condition can be Source  P-108t:S  Response P-tost-A Response

analyzed.
(2) Harmonic response analysis:
+ The G,, (f) sound pressure spectrum.
is-N: R

6
Hi® Structural | “® Air (Flow) 70
Path Path

s R ly : p lysis for noise P-analysis-S P-analysis-A
- P-analysis-A is equivalent to the spectrum CrT T AT Reanalysie:N

response analysis of the sound spectrum G, (f).
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3.2 Theoretical formulation for
vibroacoustic analysis

« System block diagram for Structure-only System
« System block diagram for air-structure analysis

e, - o
; : [~ Structural |: 3 Py
i ! a(t - Air Path
Time | L0 ek e = T A T
domain I i
@y {3t} iy
—DI'\\/HK LIK, \'-—DIWW I.[K \I——P
Frequency ¢ (/) G, () oo
domain — H, () p— ”'R' iy (0 () (%
anty {F} (9,48,(8
—DI [M]ICLIK] IT’
P
Modal (¢ 1
domain 1Y) f—>¢ ¢ i {

\|

EEANVH
System block diagram
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for Structure-only System
Tme | L0 [T a, | M HCH K = )
Frequency G, (1) G,. () H (0)= > L
derogin LS (@ -0 +i200)
_ ;) ¢V,i¢r,j
H,  (0)=—=-0") ———=—="——1
Modal | (y ae i = (0 —0")+i(20, 0,0
domain - f,>8 ¢, =
‘ & %7
vy v
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Structural System

Modal domain

]

Structural displacement
mode shape

IR

Structural dlsplacement
mode shape

Acoustic sound pressure
Air-Structure _.mode shape

Coupling System
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Design for Crotale with Harmonic Sound

EfSE SIS k] BA4ER 7 sEt R 3k
« (2) CPS = Solution —
- Testing = Virtual Testing [ =& ) 2%

—

- CAE = Experimental Verlflcatlon ]l_
- Verification = Validation

F o LEsas Plesus
| -W )
- Component design = System design
—s iR

accelerometer

g =
ST~
o7 _ : .

r 01419842 e n l

RS crotale

RS iR B

1
Feqency (Hz)

/ K MU +[CHE+[K{x} ={/f}
s AN
vy

National Pingtung University of Science and Technology & m

Dept of Mech Eng / Vib & Acoust Lab LUEYNVH

National Pingtung University of Science and Technology &

Theoretical formulation
for vibro-acoustic analysis

o The structure-only system which equations can be
expressed as follows:
([M, )i} +[C )} +[K, 1{u} = {F}JF[R1{p}
« The air-path system equations can be expressed as
follows:

(M, 1Py +1C, 1Py +1K, 1 py = {F, } - p [RY i}
. The mtegrated fde structure system equation can be
[K,1 —LR]|[{u} {F}

{ le]ﬁ }vi{ H Ho [KfJH{p}}:{{F,}

- or in the simple expression: A

3 a4} (81 0

0
[C/]

1l
{ii}
{p}

[M]
polRT

[C.]
0

{u}
{p}

HAFS

F} ELIL; b i) 1)
in
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System block diagram
for air-structure analysis
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(b) Modal domain

f,! E0) NG ¥, U) .................... o)
—b{ fructura] ]-—DI Air Path }—‘» " [Sractwrarmodal]. ‘Acoustic modal ‘
f B5th i ?|L_parameter ; parameter
N Gy (1 G )
[‘/ LICLIK,] =

l——bl[\/ LIC,LIX, \I——>
[EINEIRES)
>

(M, 16 +1C. 1403 +1K, V) = (F 3R] p}

G,, ()
[MICLIK]

(c) Frequency domain

iruc(ura

‘
TP 20

FRF

—.l H, . (f) I——.l Ho 6

(M P} +[C, 1P K, 1} = {F, ) - p[RY i}

il elliabls sl }0 y . 0

™,
[M]{E}+[Cl{x}+[K 1 {x} = {F}
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[1c.
[ 0

[M,]
o [R]

i}
ip}
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Characteristics of Percussion Sound
Acoustic sound pressure mode shape
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3.3 Four stages in practical application

5-test and 5-analysis in SPR

S — P — R block diagram of Vibration and
Sound for Structural and Air Path

« According to the needs, the four
stages of tuning fork research are

proposed, as follows: Stost Rosty Ratost
- 1. The source  [PASSEST mesporse (PSSR  Response
Study correlation between Sound and " "'“’ e
Vibration, 2l Ll
. @R-test-N and @R-test.V. Eanah? ExcthoRs
S-analysis R-analysis-V R-analysis-N

- 2. The second stage:
Perform Model Verification (MV)
«  QP-test-S and @P-analysis-S.
- 3. The third stage:
Carry out Structure-only Analysis
«  (®S-analysis, ®S-test and @R-analysis-V.
- 4. The
Proceed Vlbroacoustlc Analysis
«  @P-analysis-A, ®R-analysis-N and (@P-test-A.

Se uence in practical a|

10. P-test-A
6. S-test
«)
5. S-analysis l 7. R-analysis-

lication

2 R-test-V 1. R-test-N
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measurement and Eofrelation study

3.3.1
1. The fifStIStage:

Measurement results of R-test-N and R-test-V from the struck tuning fork

and

)

E10_2617.96

E07_432.81 E08_1266.4  E09_1379.68
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3.33

3. The third stage:
Modal parameters and FRF of structure only analysis for the tuning fork.

u y ) u
E07_ )'52 81

for tuning fork

®)S-analysis
®S-test
@R-analysis-v

Fig. 2(b) Sequence |L practical application
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2. The second stage:.

Comparison of EMA and FEA results for model verification of the tuning fork
@P-test-S

of FE model

mode shape ¢,

Natural frequency f, - Di

£09_1379.68 F09_1459.48

Fig. 2(b) Sequence iyl practical application

E07_43281 F07_439.307
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3.34

for tuning fork

4. The [ NENEENE-

Sound pressure ODS and acoustic mode shape of vibroacoustic analysis for the tuning fork.

P-analysis-A
@R-analysis-N

Fig. 2(6) Sequence in practical application

Sound pressure ODS = Acoustic mode shape
2670 Hz

2670 Hz A
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Generic Experimental and Numerical Approaches
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4.1 Application to musical instrument R ZERR
JTEBERERBA A TEERIFE — RIEChime bell

Sequence in practi
. Vibroacoustic Analysis on Chime
Bell

- Obtain an equivalent finite
element model of chime bell

- Perform vibroacousitic analysis
for sound radiation

- Study the effect of with an
without “Mei”

lication

RN

S M)

Figure 6: Comparison of predicted sound spectrum of chime bell with and without “Mei”
385. Wang, B. T., Tsao, W. C., Yang, M. C., Chiu, H. I, and Lin, G. H., 2023, “
" 29th International Congress on Sound and Vibration, Prague, Czech Republic, No. T13.
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4.1 Application to musical instrument RV ERR
JTEBERERBA D TEERIFE — REChime bell

« Design and verification of chime bell with harmonics sound.
- Obtain geometric dimension design of dual-tone chime bells with
harmonic frequencies
- The AUAIRGHE chime bells from the standard musical scale
freauencies are C6 and E6.

Table 5 Mode hape of oo chie bl CHT).
Noder Fou 0 Vo

Mo Shapes

Physica Mesning of
Node Shape 0.7)

Noder oo X3 o o [

e | @ m A=

Physica Messing o
Mo Shapes (0.7)

"" V Wwa.

(a) Sound spectrum of the face-ton (5) Sound spectrum o the side-tone sound

- . ‘ ‘ ‘ =
L L L Figure 6: Picture of chime bell measurement position.

392. Tsao, W. C., Wang, B. T., and Wu, Y. H., 2024, * 50
" 30th International Congress on Sound and Vibration, Amsterdam, Netherlands, No. T13.
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(animation) HSP

Radiated
sound pressure
distributions

s
| », | o |

Vﬂ l7ék1ikélﬁé?{

F09_1810.5 Hz F11_2368.9 Hz ¥12 35223 Hz

120

110 *

1007
%0
& i

Acoustic
mode shapes

Displacement
mode shapes

Sound Pressure Lavel {dE)
3

<eos Experiment]
—— simulation

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 58
Frequency (Hz)

Dept of Mech Eng / Vib & Acoust Lab ERANVH National Pingtung University of Science and Technology &
Air-Structural FRF & mode shapes
Crotale Percussion Instrument
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4.1 Application to musical instrument RV ERR
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333. R-test-N

339. P-analysis-S & P-analysis-A
/51E 340, P-test-S & P-analysis-S for MV on wood materials
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m 2019 . T
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114_579.166

344. P-test-S on Violin structure

349. P-test-S on Violin's string via EMA

355. P-test-S on Violin's string via OMA

356. P-test-S on Violin with string tension

362. P-analysis-S & P-analysis-A for f-hole effect
364. R-test-V & R-test-N for Scordatura Tuning of Viola
366. R-analysis-N for reconstruction of sound “
373. P lysis-S & P- lysis-A for Vi

ic analysis

. rE
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Eé%Xﬁm rEaE Sequence in practical application
. ¢§E§ﬁ$§!¥!§%ﬂ
362 Eﬁﬁﬁﬁlfj‘ll = E §i§ﬁ E(ﬁiL ﬁ%ﬁgﬁég&ﬁﬂ @
W%:M-(hlnﬁ?;f K

=2

364. Wang, B. ang, | K.L.Su, B. S, and Wy,
H., 2021 “Sountl ’m(l V\I)rahon Response of P\’\ymg V\o\
by Means of Normal and Scordatura Tunin
J—"—gMemods " The 27" International Congress on Sound and
Vibration, Prague, Paper_No.: 544

366, EH . HEA B - R

1
2022 “Vibroacoustic
Analysis for Vioiin and Discussions on Soun:

4/ 2 -
373. Wang, B. T., Su, B. ., and Wy, Y. H.,

5. S-analysis

Generation,” The 28th International Congress on Sound
and Vrbralmn. Singapore, Paper No.: 24. 355\

9. RanalysisN
362 "
373




ERNVH

Dept of Mech Eng / Vib & Acoust Lab

4.1 Application to musical instrument £423 7 FEF 9 #f
SR VERBASSTEERIFN - /MRS

WWIS-E INcEkd DiPArs
- Conduct vibroacoustic analy5|s on violins
- Examine different f-hole sizes.
* The size of the f-holes is proportional to the natural frequency
of the violin cavity mode.
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Generic Experimental and Numerical Approaches

to Examine Structural Sound and Vibration Interaction Effect

« 1.1
iR, o wum
- System modeling ES kil

« 2. Concept of
L] 3
- 31 H ical roadmap%
formulatlon for analysis ER\BE 2T
|n practical application E 75 &R

. 4. Case Study for VIWSIS
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- 4.2 Appllcatlon to Engineering structures
« Wiper motor failure durlng vibration testing il 55
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Wiper motor failure during vibration testing
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4.2 Application to Engineering structures T2 E#5ER

Wiper motor failure during vibration testing

P& FAFS(C)M(A)IVCI5% il 5% R il 55 32 R 5l BB 1 S BN G R E

43 i Analysis

EmﬂﬁEMAﬁFEAE“‘ﬁEHBE!ﬂE&&Eﬁ o .

.I-Jo,lu Jn;n
e il wm%

B S b b e
¥= ol febm | | wsmmsmooamoose — e

WG (e

Zﬁﬁlmprovement
FREH R EAIF-01-187.21Hz--Seqv

Index m (@P ; Improvemantl

4.2 Application to Engineering structures L 12 &5 EH
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« 2. What goals?

« 1. Why to do?
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4.2 Application to Engineering structures T2 & 75 E
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Establish experimental procedures for both
- Receiver test & Path test
Noise diagnosis on M97 type of rotary compressor
o Structural modification of accumulator for noise
reduction
« Introduce ME’scopeVES for EMA application
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4.2 Application to Engineering structures T2 E#5EMR
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4.2 Application to Engineering structures LT 12 S5 EH
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/4 2 Application to Engineering structures T2 E 5 EF
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4.2 Application to Engineering structures TIEE 5 ER
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Technical Road Map
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5. Conclusions

. B%Esi & BEaRalySis in SPR technical roadmap
- What do you have for your case?

- What are needed?
Experimental approach is reliable, but needs skills to

carry out as well as time and effort.
- Analysis is highly demanded for BE concerns,
- Effective BXAY
- Efficient ﬁg%gg
* Eco ic 4%
. What you 68l and what you [iaRi? S8 vs. [

, Vibration analysis may be good enough, such as
* Percussion instrument design
«  Wiper motor vibration testing failure

- &R, Vibroacoustic analysis is for realistic simulation
» Better understanding sound radiation characteristics
* To realize the effect of component on noise

e
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5. Conclusions
Some Philosophy for NVH /[)}%

MV > RP 9 DM

Integration of CAD/CAM/CAE/CAT
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(L] Exd B EEd
Analysis Diagnosis
“F-C/S-AIM-I-V-C-I” Flow Chart
Analytical approach
CAE(FEA) Analysis
I Function K 1 Index H Value Improvement I
Sensor Measurement
Experimental approach (Einish)
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