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% a circular, baffled piston

% Parameters:

5 k Wavenumber

% rho Density

% c Speed of Sound

% a Radius of piston of piston

figure (1)
hold off
k=10;
rho=1000;
c=1500;

a=1.0;

ka=k*a;

figure (1) ;

kxm=2*ka;

nkx=300;

dkx=2*kxm/ (nkx-1) ;
x=[-kxm:dkx:kxm] ;

y=X;

o=ones (1, nkx) ;

kx=x' * o;

ky=(y' *o)';

kr=abs (complex (kx,ky)) ;
ss=rho*k*c*a”2 * besselj (1,kr)./kr;
$surfc (kx,ky,dba(ss)) ;
wavei (dba(ss) ', x,y)
shading('flat"')
axis('equal')
b=xlabel('k_x a')

set (b, 'FontSize',16) ;
b=ylabel('k y a')

set (b, 'FontSize',16) ;
tit=['Circular Piston - ka = ' num2str(k*a) ]
b=title(tit);

set (b, 'FontSize',20) ;
nphi=361;

dphi=2*pi/ (nphi-1);
phi=[0:dphi:2*pi];
xx=k*a*cos (phi) ;
yy=k*a*sin (phi) ;

hold on

b=plot (xx,yy, 'b") ;

set (b, 'LineWidth', 3) ;

circ.m

% MATLAB script for plotting the directivity function for

figure(2)

nphi=361.

dphi=2*pi/ (nphi-1)
nth=181;

dth=0.5*pi/ (nth-0.5) ;

phi=[0:dphi: (nphi-1) *dphi]' * ones(1,nth);
th=([dth/2:dth:pi/2] '*ones (1,nphi)) ';
kx=ka*sin (th) . *cos (phi) ;

ky=ka*sin(th) .*sin(phi) ;

kr=ka*sin(th) ;
ss=rho*k*c*a”2*bessel]j (1,kr) ./kr;

ss=dba (ss) ;
sm=max ( (max(ss))"');
for i=1:size(ss,1)
for j=1:size(ss,2)
s(i,j)=max(ss(i,j),sm-40.0)-(sm-40.0);
end
end

xx=ss.*sin(th) .*cos (phi) ;
yy=ss.*sin(th) .*sin(phi) ;
zz=8s.*cos (th) ;

surfl (xx,vy,zz) ;

colormap ('copper') ;

shading('flat"') ;

axis('equal');

tit=['Circular Piston - ka = ' num2str(k*a) ]
b=title(tit) ;

set (b, 'FontSize', 20) ;

figure(3)

b=polar ([pi/2-fliplr(th(1,:)) pi/2+th((nphi-1)/2+1,:)]1, [fliplr(ss(1,:))

s((nphi-1)/2+1,:)1);
set (b, 'LineWidth', 2)

tit=['Circular Piston - ka = ' num2str(k*a) ]
b=title(tit) ;
set (b, 'FontSize', 20) ;
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Circular Piston

P: Directivity Function
y D,6) = D(6) = —ipwat L)
a
X f=a2n=ke/2n

Circular Piston - ka =10

Circular Piston - ka=10
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Array of Baffled Pistons

Baffled Piston Array

T-bﬂ(m? Y, U) - S’”«w(m — Iy Y — Yn, O)

Fourier Transform
. k'.-:'an :ke n
wn(kw,ky,o) = Spu(ky, ky, Q)™ "etn ety

Directivity Function

pw .
D(g,qb) - _gwn(km ky,O)
zpw N —ikyxy, —ik,1 i
= 5 W(ky, ky,0) Y SpeHetne ol Array of Point Sources
One Baffled —__ i n=1 /
N o0 o0 . .
Piston _ _Zﬁw(k ky, 0 Z/ $u8(z — 22)8(y — ya)e HeTe MV ddy

T 1 o0 J—00
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oo oo

o°

an array of circular, baffled pistons

oo

% Parameters:

S k Wavenumber

% rho Density

% C Speed of Sound

% a Radius of piston of piston
s d Piston separation

% nd Number of pistons

% gd Array of piston strengths
clear

figure (1)

hold off

k=10.0;

rho=1000;

c=1500;

a=1.0;

% Half wavelength spacing, d= pi/k
d=pi/k;

nd=10;

ah=(nd-1) *d/2
xd=[-ah:d:ah]"';

kxd 0=k/2;

gd=ones (length(xd), 1) ;
gd=exp (-i*kxd 0*xd);

%qd (2)=-1;

ka=k*a;

figure(1l);

kxm=2*ka;

nkx=300;

dkx=2*kxm/ (nkx-1) ;
x=[-kxm:dkx:kxm] ;

Y=X7

o=ones (1,nkx) ;

kx=x' * o;

ky=(y' *o)';

kr=abs (complex (kx, ky)) ;
kxl=reshape (kx,1,nkx"2) ;
shd=qgd' *exp (-i*xd*kx1) ;
shd=reshape (shd, nkx, nkx) ;
ss=rho*k*c*a”2 * besselj (1, kr)./kr;
waveil (dba(ss.*shd) ', x,v)
shading('flat")
axis('equal')
b=xlabel ('k x a')

set (b, '"FontSize', 106);
b=ylabel ('k y a')

set (b, '"FontSize',16);

circ arr.m

MATLAB script for plotting the directivity function for

tit=['Circular Piston Array - ka = ' num2str(k*a) ' - d,n ='
', ' num2str(nd) ]
b=title(tit);

set (b, 'FontSize',20) ;nphi=361;
dphi=2*pi/ (nphi-1);
phi=[0:dphi:2*pi];

xx=k*a*cos (phi);

yy=k*a*sin (phi);

hold on

b=plot (xx,yy, 'b");

set (b, 'LineWidth', 3) ;

figure (2)

nphi=361.

dphi=2*pi/ (nphi-1)
nth=181;

dth=0.5*pi/ (nth-0.5);

phi=[0:dphi: (nphi-1) *dphi]"' * ones(1l,nth);
th=([dth/2:dth:pi/2] "'*ones (1,nphi))';
kx=ka*sin (th) .*cos (phi) ;
ky=ka*sin (th) .*sin (phi) ;

kr=ka*sin (th);

ss=rho*k*c*a"~2*besselj (1,kr)./kr;
kxl=reshape (kx,1,size (kx,1)*size (kx,2));
shd=qd' *exp (-i*xd*kx1l) ;
shd=reshape (shd, size (kx,1),size (kx,2));
ss=dba (ss.*shd) ;

sm=max ( (max (ss)) "),

for i=l:size(ss, 1)

for j=l:size(ss,2)

ss(i,j)=max(ss(i,j),sm-40.0)-(sm-40.0);
end
end
xx=ss.*sin(th) .*cos (phi);

yy=ss.*sin(th) .*sin(phi);

zz=ss.*cos (th);

surfl (xx,vyy,zz);

colormap ('copper') ;

shading ('flat');
axis('equal');
tit=['Circular Piston Array - ka = ' num2str(k*a) ' - d,n ='
', ' num2str(nd) ]
b=title(tit);

set (b, '"FontSize', 20);
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Array of Circular Pistons

Directivity Function
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Radiated Power

Radiating Spectrum

Evanescent
Spectrum

k , Imaginary 5\ -

e[k Oy )

Pw(kzxa ky;0) = ;ﬁﬂww(kwa ky; 0)

Radiated Power

pw /00 /0; [t (Ka, Ky mldkxdky]

M(w) = 2// Re[p,(z,y, 0)w)(z,y,0)]dS Mw) = 8}{00 - A

Fourier Transforms K2—k2

1 N . — dk‘ k.l"} k’l’}? O)ldk
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Point-Driven Plate Radiation

Plate Bending Equation

NMw Otw NMw *w
D (8:1:4 + 23:17253,!2 + 5y4) + pﬂhﬁ - F(t)&(m)é(y) - pa(:n, Y, t)
EhR?
R T

Skudrzyk’s number
D\ V4 ER2 L4
o=Ga) (@i

Frequency Domain

D oM, 4o otw, N 0Mw,,
ozt ox20y? oyt

Cylindrical Coordinates

) + pshw?wy, = F.6(z)0(y) — palz,y)

r = rcosf
y = rsinf
r? = 3:2-|-'y2

&£ AN (A& d
dr2  rdr)  \dr?2  rdr) \dr? ' rdr
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Point-Driven Plate Radiation

Hankel Transforms

d? d
(ﬁ + —) J{](kr?‘) = —kEJ{](kTT)

rdr

o) _ L Jo(her) byl

2mr

Light Fluid Loading

kiw, (k) — pshw*wy(ky) ~ F,

F(w)
w,, (k) =
o (kr) 21 D(k} — k})
Cylindrical Coordinates Flexural Wavenumber
2 \ mst 1/4 pshu_JQ 1/4
d? d s o 0(r) f= D - D
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Particle Velocity
Hankel Transform —iwF
W
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Inverse Hankel Transform

w(r) =

J{](m)

13.811

F, oo Jo(kyr)

2w D J0 k4—k4

- 27TD —oo kit —kj
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k,dE,
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Radiated Field

I=2m1X Res
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Complex Contour Integration
| \
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Drive-point Impedance
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Flexural Wave Speed

ki = w/cy

¢ = w/kf=ayw
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Radiated Field

N (1) 2 ikr—n/a)
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S— Drive-point Impedance
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- Flexural Wave Speed
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¢ = w/kf=ayw
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Far Field Radiation

. kR . ikR
1pw e™ 1pw e .
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London: Academic Press, 1999
Subsonic Supersonic
Evanescent Radiating
- = >
k<k 2000 i | _—
! Cp 2 fch steel /
) ) ) 1500 | ,O‘/
Image removed due to copyright considerations. f |
See Figure 2.24 in [Williams]. / | |
wo L L~ 1 r | |
; 1 12 b steel
500 [/" fnc .s ee
| Coincidence [Frequency
0 _! | | Water |
0 2 4 6 8 10
Frequency (kHz)

13.811 ADVANCED STRUCTURAL DYNAMICS AND ACOUSTICS Lecture 5



	13.811Advanced Structural Dynamics and Acoustics


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


