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A structure-borne noise prediction based on the Boundary Element Method
with a Laser Doppler Vibrometer
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ABSTRACT

Predicting the noise radiated from vibrating structures is important in the automotive, aerospace, construction
equipment, and defense industries. In this paper, a numerical implementation of the boundary element method in
solving the Helmholtz integral equation for radiated noise prediction is presented. To predict the noise emitted by
vibrating structure, the developed code can use the results from a structure analysis performed by a multi-purpose
structural finite element code like ANSYS and directly measured data by non-contact vibration sensor like Laser
Doppler Vibrometer. To verify the accuracy of developed code, two kinds of verification are perfomed. Firstly, the
computer code used the harmonic analysis results of ANSYS in simple model and try to match with SYSNOISE. After
matching with simulation results, the code compared with the result from SYSNOISE which used the velocity data from
the LDV measurement with different number of points. The performance of the developed code for vibro-acoustic noise
prediction is presented using the experimental results of the non-contact sensor

ole e BAHES D] SAa FFE Ao & e
1. M B A e S QA% A

AT Qe TRES AFAGel o)
WS TR 252 JFL, A 5 F
o
°]

< A et olyd Asahd duka 2
43 T4 FREIAE A T Fo A
7] wjtel ofel thgt sfi4e] vids] Fasitt. U
B a0 Zpxle] g% FEE] AFAUATE 72
s e 4% 72 24E5E dgHe oA
ey e Feje wgso] Mids FI oFE
WALE 7] wEolth As SOl e dyEE &
Td%e TEREY B WA B Adg FEAE
Tl 2T AT ukE F Qlvh AN, oS
TEPL 25 2D 25 xR 250
B EZgH SAHHE vpolazE SHoR Y
= Ao we oy o] Ut FxEY AE = 71 A5 AE AN EAEE Badt ol A
HomrE 7o® FxASS FHay] gixs= EEEH AT SAVE S5F e SAERSFYH WAL
T2E EHe AES ZAsle] o] ulg oz A H oA Hold FukrE ol gst 4 A9
QAaWE olgate] dast= wWHol k. A HEE Sdshs nASA Auelmz AN FHo]
olgs WHELS Agstyw, TxE wwe Zrs  olE® Ao @A oY N AA FHel g &
AF ARE 27 dd oA A9 A% AN Re B A T 5 adn.
st FxEO =77 AR wel Fed Axe w wwdlds =% A4 U 3 AHWE A8
Mes et ow Solde ZRoln, o 7 RS Sl FHHE FeH, 2 ZeA=
o] WE MM Aeko] oJgkom AE g =o] By  BEM IZE NS 9g 7]2A o] A aA
Aol Y 2 & drgstaat stk 3 FelA= ANSYS =
FEC stEY &y dus SR AAxdeR &
T FFaer1ed Ndgss a5 ¥, SYSNOISE $} 7jrel BEM z:=s9te] A7 |
. , wE F3 ML ¥ BEM m=9 FE ATE4
E—mail : smwang@gist.ac.kr O owel LDV 2RE A% s prEe AEe
TEL :82-62-970-2390, FAX : 82-62-970-2384 =243 T 7 =2 IS T AAZRAOT Fo
« FFAEIEd BEM =9} SYSNOISE 949 A3} vl &3 7=



o] Aeds AT st HAHEFA AA(LDV)E At

goto] SAT 7x AF s AET AT

AAAH HuE T3 TR A TEEH
2. A o

2.1  Helmholtz Integal Equation 2| 7|& O|&

BALENE FAMAAR] 57 A5VIMoR
7P wol AREEAL Sle WHelt 53], i

s 2o oY 999 AAR BE olung

oA mAYe] £eHE A mYL Wk
S oglormz SRA Aol dold EaH
Moleh & 4 Atk B =% AL 8% ¥ F
oM = A Zokl 2 AR ZAl e 3 A
4 BA AN g% oL nFUY. 13 2
oamEe PRUALS B4 A2 AWt
k.
| Excitation |
Acoustic ‘
meditm | structural vibration |
Structure ‘
%_f_ & | normal velocity |
i
Fai .
Texcilalion | sound wave |
propagation
8-
| pressure |
| Structure Borne sound |
9 2.0 FERUA A A de.
% 2 8 o], FxRAE i AEes %
g AREHS F el Feld yelw Ay
WA AA MelM e s E ol&sto] &7 k9
BE QA dE 72 5 Aee 49 5 9
o %, ZHe] s AR TR A E &
= AR 59 Ay SAoRFY 57 ke
w9e dFFeR N TR 9 T
A At
| Wave Equation |
=
| Fundamental Solution |
=
| Boundary integral Eq |
&
| Helmholts Integral Eq |
—
Numerical Implementation
Matrix Formulation
-
| Obtain Pressure of Field Point |
a9 3 5% Ay A48 A,

1367

O" 3 2 A 2 A5 A +F A
AgrWel 44 3A4E wojFa o 94, &
vto] AstAdS Aujst= Al7HA B8 =9 &9
U, AEEY] FRRARNE fEd Y
Ao WA, G, A& g o rRY
203 2ol AALAM] AR 53 W
A42E de F Atk [7]

10
2p-5 P ®

c
p=Pei k:% )
AZF 28 S5t I ) A S YER =
N(Z)E FE 2(3)3 22 Helmholtz Equations
VZp+k2p=0 3)
V3G +k2G=6 4)
2(3) .2 H-EDirac Delta 5 W5l
712 (@l ek B2 S Feshd Ay 88
A = a1 2(3) 7 A4 ko] AH A S E7] 918
T Aol 72} 7)1 25 GoF % PE ek g,
GV2p+Gk2p=0 ®)
PV2G + pk?G =5(X) (6)
(6) ¢k (6)°] A H WA A S W] A& A,
p(VzG)—G(VZp): ps @)
S AA Ve BE HE aelshy] 9 A g 4
O 7 upto] FH A8 S dom,
j[ (V?G)-6(v Zp)} dv =0 ®)
Vv
2(@)oll 13 o) Al 2 2 & A g5k A A A i&
WA E O 2 upt,
[[P(VG-n)-G(Vp-n)|ds =0 ©)
S
2199 AA AR FAgAE = e o A,
ek 719 o AA, 2Ea A S uiE-
AEshE FRE xudd dg AR e
2 A= § o dds Aestd, A (109 22



Helmholtz Integral Equation ©] 2] %t} [1]

[[PO(VGn)~G-(Vp(¥)-n) 4S(¥) = p(X) 10)
S
2.2 Numerical Implementation

oF Aoj| Al A 2=, Helmholtz Integral Equation ©il
A o]kt RS Fal AA 5 <A AS5
el &k Ater] fsiME B2 A
S| = o

b

A

VP =-iwp,v, 1y
[ PPN i, (1)B(xY) S (V) =e(X)p(X) (12)
S

A 2| WA o] Sof| th 3 A 1o 2] (13)F} ol 7t 2.4 9]
Frow ¥ " Qv

2 [ pn(Y)-4GAS(Y) ~c(X)p(X) ==ipWX [ Vo (Y)-GdS(Y)  (13)
Sm Sm

23yl T8 A)(14) T & o] Aks} B S H g5},
A @A 0w A A15)S A& 5 ALk

Pn(&)=2Nu (&) Prua
Va(£)=5 Na( )V @)
33 P | Na()- GG ()0 -e(X)p(X) (15)

= —ipWY S Vi [ No(£)-GI(E)dE
m Sm

ol HAf me @ 40 2 B, o 7 LA
s Ao R E o
/\](15)3 A53eE FXEJFTHEA

e C(x)E este] FHelA e St £ AW s
Agste P e o Jelahe Y
21(16) ~ (19) ol A H.o 531 QT

3 Pra@iy = By 1+ 5.Cry |=—Wp 3 S Vinab (16)

%Ajk P _[H%:ij} Pj :% ByVie & Ay = Ajk _[l+%cmjj6jk an
Aps=Bv;j (18)

ps=A-1Bv§=Cv§ 19)

SN A &S AS37] AT VD WA
2] (20 7H(21) ol A1 Rhers] A el sl e,

;Z pmaAnJJ"IWp;ZVma mJ p(X) (20)
P=Aep®+BeVi =AcCVi +Bevi =(AC+Be V3 (21
714 Pk Ve 7zt AA we] et Sw
Blola, P e &5 Witk E3 AG B
Kl ‘ﬂoﬂ ek Aasdddd d=sddHo,
At Bz &Rl tigh A=aSdddy v
ARL L ofm e}, o] d o] 2EL WFOR T
LS|
=

w AoA FERHAILS S = Il gk
§= sharak gkt [11,[51[7]
2.3 BEM Code Development
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Read General information
( fluid properties, frequency range, field point )

Read Geometry information with node and element

Pre - processor

'l Main solver I
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(From the commercial tool (Ansys etc.)

Read B.C From the ANSYS or LDV
(the velocities of each node of surface)

.

« Calculate Normal vector and collocation point

* Apply gauss quadratic point , shape function and Jacobian.

« Construct the Matrix A,B,C,Ae,Be.

+ Solve Linear algebraic equation.

: 3

| « Predict pressure on surface and field point |

| +» Compare with SYSNOISE and Microphone . |
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