Matlab Code
	clear;

close all;


	Clear all variables in memory and close all open windows

	%Conversion for inches to meters.

in2m=2.54e-2;


	Load conversion factor for inches to meters.

	% Load measured test data (VSA files).

load project_12.vsa -mat;

% Set file sensitivity factor.

euscale_fac=SLm.scmeas(1).euscale_fac;

% Read frequency data

freq=SLm.fdxvec;

% Mic locations 1 and 2

Lp(:,1)=10*log10(euscale_fac^2*((SLm.scmeas(1).aspec)/

       (SLm.scmeas(1).db_ref)^2));

Lp(:,2)=10*log10(euscale_fac^2*((SLm.scmeas(2).aspec)/ 

       (SLm.scmeas(2).db_ref)^2));

% Mic locations 3 and 4

load project_34.vsa -mat;

Lp(:,3)=10*log10(euscale_fac^2*((SLm.scmeas(1).aspec)/ 

       (SLm.scmeas(1).db_ref)^2));

Lp(:,4)=10*log10(euscale_fac^2*((SLm.scmeas(2).aspec)/ 

       (SLm.scmeas(2).db_ref)^2));

% Mic locations 5 and 6

load project_56.vsa -mat;

Lp(:,5)=10*log10(euscale_fac^2*((SLm.scmeas(1).aspec)/ 

       (SLm.scmeas(1).db_ref)^2));

Lp(:,6)=10*log10(euscale_fac^2*((SLm.scmeas(2).aspec)/ 

       (SLm.scmeas(2).db_ref)^2));

% Mic locations 7 and 8

load project_78.vsa -mat;

Lp(:,7)=10*log10(euscale_fac^2*((SLm.scmeas(1).aspec)/ 

       (SLm.scmeas(1).db_ref)^2));

Lp(:,8)=10*log10(euscale_fac^2*((SLm.scmeas(2).aspec)/ 

       (SLm.scmeas(2).db_ref)^2));

% Mic locations 9 and 10

load project_910.vsa -mat;

Lp(:,9)=10*log10(euscale_fac^2*((SLm.scmeas(1).aspec)/ 

       (SLm.scmeas(1).db_ref)^2));

Lp(:,10)=10*log10(euscale_fac^2*((SLm.scmeas(2).aspec)/ 

       (SLm.scmeas(2).db_ref)^2));

% Mic locations 11 and 12

load project_1112.vsa -mat;

Lp(:,11)=10*log10(euscale_fac^2*((SLm.scmeas(1).aspec)/ 

       (SLm.scmeas(1).db_ref)^2));

Lp(:,12)=10*log10(euscale_fac^2*((SLm.scmeas(2).aspec)/ 

       (SLm.scmeas(2).db_ref)^2));
	Load the acquired data into memory for the Microphones and convert them into dB values as given in the manual for SigLab.



	%Interpolating to get intermediate values of RC curves from known values (RC25-30)

RC35_Given=[63 66;125 61;250 56;500 51;1000 46;2000 41; 4000 

       36;8000 31];

RC35=interp1(RC35_Given(:,1),RC35_Given(:,2),freq,'spline');


	Load RC discrete values from the ASHRAE chart. 

Interpolate RC along a spline to get RC values at all the frequencies under consideration.



	%Correcting for dBA (Table 1.4)

dBA_Given=[10 -70.4; 12.5 -63.4; 16 -56.7; 20 -50.5 ;25 -44.7;

       31.5 -39.4; 40 -34.6;50 -30.2;63 -26.2;80 -22.5; 

       100 -19.1;125 -16.1;160 -13.4;200 -10.9;250 -8.6; 

       315 -6.6;400 -4.8;500 -3.2;630 -1.9;800 -.8;1000 0; 

       1250 .6; 1600 1; 2000 1.2; 2500 1.3;3150 1.2;4000 1; 

       5000 .5 ;6300 -0.1;8000 -1.1;10000 -2.5];

dBA_Correction=interp1(dBA_Given(:,1),dBA_Given(:,2),freq, 

       'spline');


	Load known dBA correction values and interpolate to get dBA correction values for all frequencies.



	RC35=RC35+dBA_Correction;
	Correct RC35 values for dBA

	% Assuming monopole source on an acoustically hard surface.
% Measurements are made in the direct field. 

% Reverberant field componments are considered negligible.

% Define Source Directivity and radius from source to microphone locations.
Q=2;

r=.6096; %meters (2 ft)
	The microphones were placed at a distance of 2 feet from the noise source. Q was assumed to be 2.



	% Calculate Average Sound Pressure Level, LpBar, for each frequency.

for i=6:801,

  avg(i)=10*log10(mean(10.^(Lp(i,:)/10)));
end

LpBar=avg;


	The average Sound Pressure  Level of the 12 microphones for each frequency is calculated.
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	LwBar=LpBar-10*log10(Q/(4*pi*r^2));


	From the average SPL the 
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value is calculated
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	% Calculate the minimum Sound Power Level, Lwmin, for each frequency.

for i=6:801,

   mini(i)=min(Lp(i,:));

end

Lpmin=mini;

Lwmin=Lpmin-10*log10(Q/(4*pi*r^2));

% Calculate the peak Sound Power Level, Lwmax, for each frequency.

for i=6:801,

   maxi(i)=max(Lp(i,:));

end

Lpmax=maxi;

Lwmax=Lpmax-10*log10(Q/(4*pi*r^2));


	For reference sake the minimum and maximum SPL and the corresponding 
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values are calculated.



	%Calculate Lw Total

Lw_withoutEncl=10*log10(sum(10.^(LwBar/10)))
	Total LW without Enclosure
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	% Plot LwBar and Lwmax and Lwmin.

figure(1);

subplot(2,1,1)

plot(freq(6:801),Lwmin(6:801),'g',freq(6:801),LwBar(6:801),'b',freq(6:801),Lwmax(6:801),'r');

title('Average and Peak Sound Power Levels');

legend('Min Lw','Mean Lw','Peak Lw');

xlabel('Frequency  [Hz]');

ylabel('Sound Power Level  [dBA]');

% Plot full range of test data.

subplot(2,1,2);

plot(freq(6:801),Lp(6:801,:))

title('Full Test Data');

xlabel('Frequency  [Hz]');

ylabel('Sound Pressure Level  [dBA]');
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is now plotted along with minimum and maximum
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values. This is show the noise source without any add-ons.



	%Analysis

%Set the thickness values to those available i.e. 15,20,25 mm

Thickness=1e-3.*[15 20 25]./in2m; %Acrylic panel thickness in inches


	The available values of thickness of the material for the shell are 15, 20 and 25 mm. Analysis is done on all, to check which one is most suited for our system.



	%Front acoustic shell dimensions

Length_Front=12;

Width_Front=15.46875;

Height_Front=14;

%Rear acoustic shell dimensions
Length_Back=13.125;

Width_Back=Width_Front;

Height_Back=Height_Front;


	All the constants are input into the system from the values obtained from the Mechanical Desktop drawing. (Note external dimensions of shell remain the same irrespective of the thickness of the shell)



	%Correction in rear shell surface area to remove gear box interface from rear shell

Correction_Back=3.375*3.375*in2m^2;


	The motor will still jut out of the shell and so the rear shell surface area has to be corrected for that.



	%Volume Tribometer components within machine frame and acoustic shell

Volume_Frame=11.5*11.5*8*in2m^3;

Volume_Track=27.875*2.125*6*in2m^3;

Volume_ReciPlatform=16.875*5.875*1*in2m^3;

Volume_PressureFrame=4*8.25*1.625*in2m^3;

Volume_PressurePot=3*3*3*in2m^3;

Volume_GearBox=2.125*3.375*2.75*in2m^3;

Volume_Other=Volume_Frame-Volume_Track-Volume_GearBox-Volume_ReciPlatform-Volume_PressureFrame-Volume_PressurePot;

%Total Volume of air in System
Volume=(Length_Front-Thickness).*(Width_Front-

      Thickness).*(Height_Front-Thickness)*in2m^3+

      (Length_Back-Thickness).*(Width_Back-

      Thickness).*(Height_Back-Thickness)*in2m^3+Volume_Other;


	Calculation of the volume of the Enclosure. Although the dimensions are exact the value tends to be approximate because all shapes are assumed to be rectangular.

	%Shell Interior Surface Area
Surface_Front=((Length_Front-Thickness).*(Width_Front-

      Thickness)+(Width_Front-Thickness).*(Height_Front-

      Thickness)+2*(Length_Front-Thickness).*(Height_Front-

      Thickness))*in2m^2;

Surface_Back=((Length_Back-Thickness).*(Width_Back-

      Thickness)+(Width_Back-Thickness).*(Height_Back-

      Thickness)+2*(Length_Back-Thickness).*(Height_Back-

      Thickness)-Correction_Back)*in2m^2;

Surface_Shell=Surface_Front+Surface_Back;

%Foam Surface Area (on the floor)

Surface_Floor=((Length_Front-Thickness).*(Width_Front-

      Thickness)+(Length_Back-Thickness).*(Width_Back-

      Thickness))*in2m^2;

%Exposed Surface Area of Machine Components

Surface_Frame=(8*11.5*2+8*3.25+8*5.5)*in2m^2;

Surface_Track=(2*27.875*2.125+11*6+6*2.125)*in2m^2;

Surface_ReciPlatform=(2*16.875*1+2*5.875*1+16.875*5.875) 

      *in2m^2;

Surface_PressurePot=(5*3*3)*in2m^2;

Surface_PressureFrame=(4*8.5-3*3+2*1.625*4+

      2*1.625*8.25)*in2m^2;

Surface_GearBox=(2*2.125*3.375+2.75*3.375)*in2m^2;

%Total Exposed Surface Area

Surface_All=Surface_Shell+Surface_Floor+Surface_Frame+

      Surface_Track+Surface_ReciPlatform+Surface_PressurePot+

      Surface_PressureFrame+Surface_GearBox;


	Calculation of the surface area of the inside of the Enclosure. Again, although the dimensions are exact the value tends to be approximate because all shapes are assumed to be rectangular.

	%Available constants for the Shell Material

pShell=1190;%Density of Shell Material

pcShell=pShell*1800;% product of density and Velocity of sound for Shell Material
pcAir=415;


	Constants of the material of the shell and air.

	Alpha_Shell=interp1([0 10000],[0.3 0.03],freq);%1-((pcShell-pcAir)/(pcShell+pcAir))^2; %PlexiGlas

	Alpha of the shell is assumed to be low and varying from 0.3 to 0.03 over the frequency spectrum.

	%assuming Alpha increases from 0.01 to 0.17 for lower frequencies.
for i=0:12.5:124,


Alpha_Foam((i+12.5)/12.5)=interp1([0 125],[0.01 0.17],i);

end
for i=125:12.5:249,

   Alpha_Foam((i+12.5)/12.5)=interp1([125 250],[0.17 0.74],i);

end
for i=250:12.5:499,

   Alpha_Foam((i+12.5)/12.5)=interp1([250 500],[0.74 0.63],i);

end

for i=500:12.5:999,

   Alpha_Foam((i+12.5)/12.5)=interp1([500 1000],[0.63 0.78],i);

end

for i=1000:12.5:10000,

   Alpha_Foam((i+12.5)/12.5)=interp1([1000 2000 4000],
       [0.78 0.69 0.54],i,'spline');

end


	Alpha is assumed to vary linearly between the data points known. Above 1000 Hz the data is extrapolated to get the Alpha values up to 10000 Hz.

	%Assuming Alpha for the metallic parts of the system is 0

Alpha_Track=interp1([0 10000],[0 0],freq);

Alpha_Track(2,:)=Alpha_Track;

Alpha_Track(3,:)=Alpha_Track(2,:);


	Alpha for the exposed metallic parts is assumed to be zero.

	AlphaBar_Num=(Alpha_Shell'*Surface_Shell+Alpha_Foam'*
       (Surface_Frame+Surface_Floor)+Alpha_Track'*
       (Surface_Track+Surface_ReciPlatform+
       Surface_PressurePot+Surface_PressureFrame+
       Surface_GearBox));

%Calculation of Alpha Bar

for i=1:length(Thickness),


AlphaBar(i,:)=AlphaBar_Num(:,i)'./Surface_All(i);

end


	Alpha Bar is calculated by
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	%Calculation of Room constant for the enclosure

for i=1:length(Thickness),

   R_E(i,:)=Surface_All(i).*AlphaBar(i,:)./(1-AlphaBar(i,:));

end


	
[image: image11.wmf]a

-

a

=

1

S

R

E

, The Enclosure Room constant

	%Calculating angular velocity from frequency
w=2*pi*freq;
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	%Transmission loss of the shell for a directly incident sound wave
TL_O_Shell=10*log10(1+(w'*(pShell.*Thickness*in2m)./

       (2*pcAir)).^2);
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	Tau_Shell=10.^(-TL_O_Shell./10);
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	%Transmission loss of the whole enclosure

for i=1:length(Thickness),

   TL_Overall(:,i)=10*log10((Surface_All(i))./

       (Surface_Shell(i).*Tau_Shell(:,i)));

end


	Calculate Transmission loss for each thickness. The transmission loss through all other surfaces is assumed to be zero.
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	%correction for diffused field
TL_f=TL_Overall'-5;


	Correction for diffused field

	%Calculation of the sound power emitted by the enclosure
for i=1:length(Thickness),

   LwE(i,:)=LwBar+10*log10(Surface_All(i)./R_E(i,:)+.3)

       -TL_f(i,:);

end

	New Sound Power Level after enclosure
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	%Assuming all listeners are atleast 1 m away and calculating maximum Lp

d=1;

LpE=LwE+10*log10(Q/(4*pi*d^2));

LpBar=LwBar+10*log10(Q/(4*pi*d^2));
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	%Calculation of Overall Lw
for i=1:3,

   Lw_withEncl(i)=10*log10(sum(10.^(LwE(i,6:801)/10)));

end

Lw_withEncl


	Total LW with Enclosures of different thicknesses

[image: image18.wmf]ú

û

ù

ê

ë

é

=

å

=

N

1

i

10

L

10

W

W

10

log

10

L



	%plotting results

figure(2);

plot(freq(6:801),LpBar(6:801),'c',freq(6:801),LpE(:,6:801),freq(6:801),RC35(6:801));

title('Average Sound Pressure Levels before and after putting enclosure (At a distance of 1 m)');

legend('Mean Lp before enclosure','15mm thickness Shell','20mm thickness Shell','25mm thickness Shell','RC-35');

xlabel('Frequency  [Hz]');

ylabel('Sound Pressure Level  [dBA]');

figure(3);

plot(freq(6:801),LwBar(6:801)-LwE(1,6:801),'r',freq(6:801),LwBar(6:801)-LwE(2,6:801),'g',freq(6:801),LwBar(6:801)-LwE(3,6:801),'b');

title('Transmission Loss of the Shell');

legend('15mm thickness Shell','20mm thickness Shell','25mm thickness Shell');

xlabel('Frequency  [Hz]');

ylabel('Transmission Loss [dBA]');


	Plotting results

	%In case the shell is incorrectly placed and there is a crack

%Percentage Crack
Crack_Per1=1;

Crack_Per2=.1;
	Consideration of cracks or .1 and 1 % of the surface area

	%Transmission loss of the whole enclosure

for i=1:length(Thickness),

   TL_Overall_Crack1(:,i)=10*log10((Surface_All(i))./

      (Surface_Shell(i).*Tau_Shell(:,i)+Crack_Per1/100.* 

      Surface_All(i)));

   TL_Overall_Crack2(:,i)=10*log10((Surface_All(i))./ 

      (Surface_Shell(i).*Tau_Shell(:,i)+Crack_Per2/100.* 

      Surface_All(i)));

end

	Calculation of the new transmission loss with the cracks
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	%correction for diffused field

TL_f1=TL_Overall_Crack1'-5;

TL_f2=TL_Overall_Crack2'-5;


	Correction for diffused field

	%Calculation of the sound power emitted by the enclosure
for i=1:length(Thickness),

   LwE_Crack1(i,:)=LwBar+10*log10(Surface_All(i)./R_E(i,:)+.3)

       -TL_f1(i,:);

   LwE_Crack2(i,:)=LwBar+10*log10(Surface_All(i)./R_E(i,:)+.3) 

       -TL_f2(i,:);

end


	New Sound Power Level after enclosure
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	%Assuming all listeners are atleast 1 m away and calculating maximum Lp
LpE_Crack1=LwE_Crack1+10*log10(Q/(4*pi*d^2));

LpE_Crack2=LwE_Crack2+10*log10(Q/(4*pi*d^2));
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	for i=1:3,

   Lw_withEnclCrack1(i)=10*log10(sum(10.^

       (LwE_Crack1(i,6:801)/10)));

end

Lw_withEnclCrack1

for i=1:3,

   Lw_withEnclCrack2(i)=10*log10(sum(10.^

       (LwE_Crack2(i,6:801)/10)));

end

Lw_withEnclCrack2


	Total LW with Enclosures with cracks
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	%Plotting Results

figure(4);

plot(freq(6:801),LpBar(6:801),'c',freq(6:801),LpE_Crack1(1,6:801),freq(6:801),LpE_Crack2(1,6:801),freq(6:801),LpE(1,6:801),freq(6:801),RC35(6:801));

title('Average Sound Pressure Levels at 1m before and after putting enclosure with 1% crack');

legend('Mean Lp before enclosure','15mm thickness Shell with 1% crack','15mm thickness Shell with 0.1% crack','15mm thickness Shell without crack','RC-35');

xlabel('Frequency  [Hz]');

ylabel('Sound Pressure Level  [dBA]');

figure(5);

plot(freq(6:801),LwBar(6:801)-LwE_Crack1(1,6:801),freq(6:801),LwBar(6:801)-LwE_Crack2(1,6:801),freq(6:801),LwBar(6:801)-LwE(1,6:801));

title('Transmission Loss of the Shell with 1% crack(Note lines will overlap)');

legend('15mm thickness Shell with 1% crack','15mm thickness Shell with 0.1% crack','15mm thickness Shell without crack');

xlabel('Frequency  [Hz]');

ylabel('Transmission Loss [dBA]');


	Plotting Results


_1081060405.unknown

_1081061549.unknown

_1081062470.unknown

_1081063572.unknown

_1081063661.unknown

_1081062742.unknown

_1081061644.unknown

_1081061004.unknown

_1081061205.unknown

_1081060824.unknown

_1081060494.unknown

_1081060182.unknown

_1081060242.unknown

_1081060363.unknown

_1081060202.unknown

_1080993158.unknown

_1080993198.unknown

_1080992975.unknown

_1080993113.unknown

