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𝜕2𝑥

𝜕2𝑡
  





ν    





ρ

𝑚𝑠

    

𝑓



 

𝜕𝑥

𝜕𝑡

𝜔
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 

 𝐴

 𝑓 𝜔

𝑓[𝐻𝑧] =  
1

𝑇
  (𝑐𝑖𝑐𝑙𝑜𝑠 𝑝𝑜𝑟 𝑠𝑒𝑔𝑢𝑛𝑑𝑜)

𝑓[𝑅𝑃𝑀] =  𝑓[𝐻𝑧] × 60  (𝑐𝑖𝑐𝑙𝑜𝑠 𝑝𝑜𝑟 𝑚𝑖𝑛𝑢𝑡𝑜)

𝜔[𝑟𝑎𝑑/𝑠] = 2 × 𝜋 × 𝑓[𝐻𝑧]  (𝑟𝑎𝑑𝑖𝑎𝑛𝑜𝑠 𝑝𝑜𝑟 𝑠𝑒𝑔𝑢𝑛𝑑𝑜)

 

 

 𝑡

 

𝑥 [𝑚𝑚] = 𝐴 sin 𝜔𝑡    (𝑑𝑒𝑠𝑙𝑜𝑐𝑎𝑚𝑒𝑛𝑡𝑜)

𝜕𝑥

𝜕𝑡
  [𝑚𝑚/𝑠]  =  𝜔 𝐴 cos 𝜔𝑡    (𝑣𝑒𝑙𝑜𝑐𝑖𝑑𝑎𝑑𝑒)

𝜕2𝑥

𝜕2𝑡
  [𝑚𝑚/𝑠2]  = − 𝜔2 𝐴 sin 𝜔𝑡  =  − 𝜔2 𝑥   (𝑎𝑐𝑒𝑙𝑒𝑟𝑎çã𝑜)



 

o 𝛟

𝑥1 [𝑚𝑚] =  𝐴1 sin 𝜔𝑡    (𝑑𝑒𝑠𝑙𝑜𝑐𝑎𝑚𝑒𝑛𝑡𝑜) 

𝑥2 [𝑚𝑚] =  𝐴2 sin(𝜔𝑡 +  𝝓)   (𝑑𝑒𝑠𝑙𝑜𝑐𝑎𝑚𝑒𝑛𝑡𝑜) 



 



 

 

 

 

 

 

 

 

𝐹𝑚𝑜𝑙𝑎 ∝ 𝐷𝑒𝑠𝑙𝑜𝑐𝑎𝑚𝑒𝑛𝑡𝑜

𝐹𝑚𝑎𝑠𝑠𝑎 ∝ 𝐴𝑐𝑒𝑙𝑒𝑟𝑎çã𝑜 𝐹𝑎𝑚𝑜𝑟𝑡𝑒𝑐𝑖𝑚𝑒𝑛𝑡𝑜 ∝ 𝑉𝑒𝑙𝑜𝑐𝑖𝑑𝑎𝑑𝑒



 

 

𝑥 𝐹

𝑘 

 

𝑚 𝑎

 𝐹

 

𝐹 =  𝑘 . 𝑥

𝐹 =  𝑚 . 𝑎



 

𝐹

 

𝑣

𝐹 𝑐 

 

 

𝐹 =  𝑐 . 𝑣



 

 

 

 

 

 

                                            



 

 

 

 

                                            



 

 

 

 



 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

                                            



 

 

 

 



 

 





 [𝑚] =  
𝑐

𝑓
= 𝑐. 𝑇 

𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑑𝑎𝑑𝑒 =  𝑃𝑟𝑒𝑠𝑠ã𝑜 × 𝑉𝑒𝑙𝑜𝑐𝑖𝑑𝑎𝑑𝑒 =  
𝐹𝑜𝑟ç𝑎

Á𝑟𝑒𝑎
 × 

𝐷𝑖𝑠𝑡â𝑛𝑐𝑖𝑎

𝑇𝑒𝑚𝑝𝑜
=

𝐸𝑛𝑒𝑟𝑔𝑖𝑎

Á𝑟𝑒𝑎 × 𝑇𝑒𝑚𝑝𝑜
 =

𝑃𝑜𝑡ê𝑛𝑐𝑖𝑎

Á𝑟𝑒𝑎

dB =  20 log   
𝑝

𝑝0



 

 

 

 

 

o 

 

o 

𝐼

𝐼0

=   
𝑝

𝑝0

2

dB =  10 log   
𝐼

𝐼0

 

𝐿𝑃 =  20 log (
𝑝

𝑝0

)    𝑐𝑜𝑚      𝑝0 =  20 Pa  

𝐿𝐼 =  10 log (
𝐼

𝐼0

)    𝑐𝑜𝑚      𝐼0 =  10 −12 W/𝑚2  

𝐿𝑊 =  10 log (
𝑊

𝑊0

)    𝑐𝑜𝑚     𝑊0 =  10 −12 W  

𝑟 =  
𝐼𝑟

𝐼𝑖

 =  
𝐼𝑖 − 𝐼𝑟

𝐼𝑖



 

 

o 

𝐼𝑖 𝐼𝑟 𝐼𝑡



 

 

 

 

 

 

 =   
𝐼𝑡

𝐼𝑖

𝑇𝐿 [dB] =  10 log (
1

𝜏
)   



 

 

  

𝑚𝑠 𝜌0

𝑐 

𝜌0 𝑐 = 415

 

𝑆𝑇𝐿𝑀𝑎𝑠𝑠𝐿𝑎𝑤  [dB] =  10 log [1 + (
𝜔 𝑚𝑠

3.6 𝜌0 𝑐
)

2

]

𝑆𝑇𝐿𝑀𝑎𝑠𝑠𝐿𝑎𝑤  [dB] =  20 log  [𝑓. 𝑚𝑠] − 47.5 



 

 

𝐼𝐿 [dB] =  20 log (
𝑃𝑟𝑒𝑠𝑠ã𝑜 𝑠𝑒𝑚 𝑏𝑎𝑟𝑟𝑒𝑖𝑟𝑎 (2′)

𝑃𝑟𝑒𝑠𝑠ã𝑜 𝑐𝑜𝑚 𝑏𝑎𝑟𝑟𝑒𝑖𝑟𝑎 (2)
) =  𝐿𝑃2´ −  𝐿𝑃2

𝑁𝑅 [dB] =  20 log (
𝑃𝑟𝑒𝑠𝑠ã𝑜 𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 (1)

𝑃𝑟𝑒𝑠𝑠ã𝑜 𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟 (2)
) =  𝐿𝑃1 − 𝐿𝑃2
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 

 

 

 

 

 



 

 



 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 
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 

 

 

 
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 

 

 

 

 

 



 



 

 

 

 

Abreviatura

Unidirecional     (UDV  12.600.10) Gramagem (g / m 2̂) 600

Bidirecional - -

Unidirecional     (UD     215.10) Gramagem (g / m 2̂) 215

Bidirecional - -

Espessura = 2mm [E2]

Espessura = 5mm [E5]

Espessura = 10mm [E10]

Favo de Abelha Cartão - - [FA]

Resina Epoxy SR 1126 1,28

Endurecedor SD 8203 0,98

Resina Epoxy SR 1500 1,13

Endurecedor SD 2505 1
[R1]

[R0]

Tabela de Materiais

Material  Disponível Características

Densidade (kg / m 3̂) 80

Densidade 

[FC]

Fibra de Vidro

Fibra de Carbono

Espuma  (PVC -  AIREX C70.75)

[FV]



 

 

 

 

 ρ

ν  ν ν

 



 

 

 

 

 

 



 

 

Nº Placa Constituição da Placa Empilhamento
Espessura 

[mm]

Espessura Camada hi 

[mm]

1 [FV] [0, 90, 90, 0]s 4 0,5

2 [FC] [0, 90, 90, 0]s 2 0,25

3 [FV] [0, 90]s 2 0,5

4 [FV] + [E5] + [FV] 4 + 1 + 4 9 [0, 90, 90, 0] + [E] + [0, 90, 90, 0] 8,5 [0,5x4] + [ 5] + [0,5x4]

5 [FV] + [FC] + [E5] + [FC] + [FV]
2 + 4 + 1 + 

4 + 2
13

[0,90] + [0, 90, 90, 0] + [E] +          

[0, 90, 90, 0] + [90, 0]
9

[0,5x2] + [0,25x4] + [5] + 

[0,25x4] + [0,5x2]

6 [FC] + [FV] + [E5] + [FV] + [FC]
4 + 2 + 1 + 

2 + 4
13

[0, 90, 90, 0] + [90, 0] + [E] +        

[0, 90] + [0, 90, 90, 0]
9

[0,25x4] + [0,5x2] + [5] + 

[0,5x2] + [0,25x4]

7 [FC] + [E2] + [FV] + [E2] + [FC]
4 + 1 + 4 + 

1 + 4
14

[0, 90, 90, 0] + [E] + [0, 90, 90, 0] 

+ [E] + [0, 90, 90, 0] 
8

[0,25x4] + [2] + [0,5x2] + 

[2] + [0,25x4]

8 [FC] + [E5] + [FV] + [E5] + [FC]
4 + 1 + 4 + 

1 + 4
14

[0, 90, 90, 0] + [E] + [0, 90, 90, 0] 

+ [E] + [0, 90, 90, 0] 
14

[0,25x4] + [5] + [0,5x2] + 

[5] + [0,25x4]

9 [FC] + [FV] + [E10] + [FV] + [FC]
4 + 2 + 1 + 

2 + 4
13

[0, 90, 90, 0] + [90, 0] + [E] +       

[0, 90] + [0, 90, 90, 0]
14

[0,25x4] + [0,5x2] + [10] + 

[0,5x2] + [0,25x4]

Características de Fabrico das Placas

4

8

8

Camadas



 

 

 

 

 

 

 



 

 

 



 

 

 

 

                                            



 

 

 

 

 

 

 

 

 

 

 



 

 

 

Placas Material Utilizado
Qt. [FV] 

(m)

Qt. [FC] 

(m)

Qt. [E] 

(m^2)

Qt. [R1] 

(Kg)

Custo Total 

(€)

Placa 1 [FV] + [R1] 7,2 0 0 0,242 29,53

Placa 2 [FV] + [R1] 0 7,2 0 0,13 33,07

Placa 3 [FV] + [R1] 3,6 0 0 0,125 15,17

Placa 4 [FV] + [E5] + [R1] 7,2 0 0,09 0,22 30,52

Placa 5 [FV] + [FC] +  [E5] + [R1] 3,6 7,2 0,09 0,286 54,61

Placa 6 [FV] + [FC] +  [E5] + [R1] 3,6 7,2 0,09 0,355 61,61

Placa 7 [FV] + [FC] +  [E2] + [R1] 3,6 7,2 0,18 0,277 54,67

Placa 8 [FV] + [FC] +  [E5] + [R1] 3,6 7,2 0,18 0,289 58,14

Placa 9 [FV] + [FC] +  [E10] + [R1] 3,6 7,2 0,09 0,238 51,61

Análise de Custos



 



 

 

 

 



 

 



 

 

 

 



 

 



 

 

 

 

 

 



 

 

 

 



 

 

 



 

 

 

 

 

 

 



 

 



 

 

 

 

 

 

 

 

 

𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒  [𝑚 / 𝑠2] =  √𝑅𝑒𝑎𝑙2 +  𝐼𝑚𝑎𝑔𝑖𝑛á𝑟𝑖𝑜2

RPMs Frequência [Hz]

3000 50,0

3500 58,3

4000 66,7

4500 75,0

5000 83,3

5500 91,7

6000 100,0

6500 108,3

7000 116,7

7500 125,0

8000 133,3

8500 141,7

9000 150,0



 

 



 

 

 

 

 



 

 

 

 

 



 



 

 

 

 



 



ω 

𝜔  [𝑟𝑎𝑑𝑠/𝑠] =  𝑓  × 2𝜋

𝐼(𝜔) =  − 𝜔2 𝐻(𝜔)

𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒 (𝑚) =  
𝑝𝑎𝑟𝑡𝑒 𝑟𝑒𝑎𝑙

− 𝜔2
+ 𝑖 

𝑝𝑎𝑟𝑡𝑒 𝑖𝑚𝑎𝑔𝑖𝑛á𝑟𝑖𝑎

− 𝜔2

𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒 (𝑑𝐵) =  20× log10(√𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒(𝑟𝑒𝑎𝑙)2 + 𝑎𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒(𝑖𝑚𝑎𝑔)2) 



 

  

  



 

𝐸𝑟𝑟𝑜 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑜 [%] =  
𝑎𝑏𝑠 (𝑡𝑒ó𝑟𝑖𝑐𝑜)−𝑎𝑏𝑠 (𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙)

𝑎𝑏𝑠 (𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙)
 ×100



 

 

 



𝛥𝑓 [𝐻𝑧] =  2 × 𝛇𝒓 × 𝑓𝑟



 

ζ



𝛇𝒓 =  
𝛥𝑓 

2 × 𝑓𝑟
 =  

𝑓2 −  𝑓1

2 × 𝑓𝑟

𝒇𝟏 [𝐻𝑧] =  𝑓𝑟 − [𝑓2 − 𝑓𝑟] 𝒇𝟐 [𝐻𝑧] =  𝑓𝑟 + [𝑓𝑟 − 𝑓1]



 

ζ

 

 

𝑓𝑥 [𝐻𝑧] =  
(𝑦𝑥 − 𝑦𝑎)(𝑥𝑏 − 𝑥𝑎)

(𝑦𝑏 −  𝑦𝑎)
+ 𝑥𝑎

𝑤 (𝑡) =  𝑒−
𝑡
𝜏



 





 𝛇𝒓

 

𝑎(𝑡) =  𝐴 𝑒−𝑟𝜔𝑟𝑡  sin(𝜔𝑟  √1 − 
𝑟

2𝑡 +  𝝓)

𝑎∗(𝑡) = 𝑎(𝑡) × 𝑤 (𝑡) =  𝐴 𝑒−(𝑟𝜔𝑟𝑡  + 
𝑡
𝜏 )   sin(𝜔𝑟 √1 − 

𝑟
2𝑡 +  𝝓)

𝜔𝑟 ζ𝑀 =  𝛇𝒓 𝜔𝑟 +
1

𝜏

 𝛇𝒓 =  𝛇𝑴 −  
𝟏

𝟐 𝝅 𝒇𝒓 𝝉
𝜔𝑟 = 2 𝜋 𝑓𝑟 



 

 

ν ρ
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 

 

 

 

 

𝐸𝑟𝑟𝑜 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑜 [%] =  
𝑎𝑏𝑠(𝑀𝑀𝑃−𝑅𝐹𝑃)

𝑎𝑏𝑠 (𝑀𝑀𝑃)
 ×100

Placas RFP MMP Diferença Erro [%]

Placa 1 0,460% 0,524% 0,064% 12,190%

Placa 2 0,314% 0,351% 0,037% 10,463%

Placa 3 0,429% 0,655% 0,227% 34,568%

Placa 4 0,683% 0,777% 0,094% 12,144%

Placa 5 0,645% 0,707% 0,062% 8,713%

Placa 6 0,718% 0,749% 0,031% 4,117%

Placa 7 0,404% 0,423% 0,019% 4,407%

Placa 8 0,759% 0,792% 0,032% 4,051%

Placa 9 0,939% 0,952% 0,013% 1,402%

Diferença entre RFP e MMP



 

 



 

 

 

 



 



 

 

 

 

 

 

 



 

 



 

Placas IL Máx
Pressão Máx 

[Pa]

Pressão Máx 

[dB]

Pressão  

Média [Pa]

Pressão  

Média [dB]

IL da Pmédia 

[dB]

Factor de 

Redução

Placa 1 50,69      0,0687 70,72 0,0048           47,62 12,24 4,09

Placa 2 38,02      0,1246 75,89 0,0092           53,23 6,63 2,15

Placa 3 41,19      0,0593 69,44 0,0068           50,61 9,25 2,90

Placa 4 49,98      0,0266 62,49 0,0027           42,50 17,36 7,38

Placa 5 50,34      0,0238 61,50 0,0026           42,37 17,49 7,49

Placa 6 47,70      0,0215 60,61 0,0023           41,37 18,49 8,40

Placa 7 50,70      0,0426 66,58 0,0035           44,87 14,99 5,61

Placa 8 49,96      0,0164 58,30 0,0021           40,38 19,48 9,42

Placa 9 50,67      0,0126 56,00 0,0021           40,27 19,59 9,54

Referência 0,0551 68,80 0,0197 59,86

Intervalo

FR = Pméd Px (Pa) / Pméd Ref (Pa)

Valores  MédiosValores  Máximos 

 [0;1600] Hz

Insertion Loss (IL) e Pressão das Placas e da Fonte Sonora (Referência)
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Empresa Material Preço Unidades

Rebelco [FV] 0,69 € / m

Rebelco [FC] 2,76 € / m

R&G Faserverbundwerkstoffe [E2] 23,32 € / m  ̂2

R&G Faserverbundwerkstoffe [E5] 35,82 € / m  ̂2

R&G Faserverbundwerkstoffe [E10] 56,64 € / m  ̂2

Sicomin [R1] 101,5 €  / kg

Lista de Preços
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function [alpha,modal_par]=rfp(rec,omega,N) 

%RFP Modal parameter estimation from frequency response function using 
% rational fraction polynomial method. 
% 
% Syntax: [alpha,modal_par]=rfp(rec,omega,N) 
% 
% rec   = FRF measurement (receptance) 
% omega = frequency range vector (rad/sec). 
% N     = number of degrees of freedom. 
% alpha = FRF generated (receptance). 
% modal_par = Modal Parameters [freq,damp,Ci,Oi]:  
%             freq = Natural frequencies (rad/sec) 
%             damp = Damping ratio 
%             Ci   = Amplitude modal constant 
%             Oi   = Phase modal constant (degrees) 
% 
% Reference: Mark H.Richardson & David L.Formenti "Parameter Estimation  
%           from Frequency Response Measurements Using Rational Fraction  
%           Polynomials", 1ºIMAC Conference, Orlando, FL. November, 1982. 
%********************************************************************** 
%Chile, March 2002, Cristian Andrés Gutiérrez Acuña, crguti@icqmail.com 
%********************************************************************** 



 

[r,c]=size(omega); 
if r<c 
    omega=omega.'; %omega is now a column 
end 
[r,c]=size(rec); 
if r<c 
    rec=rec.';     %rec is now a column 
end 
 

nom_omega=max(omega); 
omega=omega./nom_omega; %omega normalization 

  
m=2*N-1; %number of polynomial terms in numerator 
n=2*N;   %number of polynomial terms in denominator 

  
%orthogonal function that calculates the orthogonal polynomials 
[phimatrix,coeff_A]=orthogonal(rec,omega,1,m); 
[thetamatrix,coeff_B]=orthogonal(rec,omega,2,n); 

  
[r,c]=size(phimatrix); 
Phi=phimatrix(:,1:c);     %phi matrix 
[r,c]=size(thetamatrix); 
Theta=thetamatrix(:,1:c); %theta matrix 
T=sparse(diag(rec))*thetamatrix(:,1:c-1); 
W=rec.*thetamatrix(:,c); 
X=-2*real(Phi'*T); 
G=2*real(Phi'*W); 

  
d=-inv(eye(size(X))-X.'*X)*X.'*G; 
C=G-X*d;   %{C} orthogonal numerator  polynomial coefficients 
D=[d;1];   %{D} orthogonal denominator  polynomial coefficients 
%calculation of FRF (alpha) 
for n=1:length(omega), 
   numer=sum(C.'.*Phi(n,:)); 
   denom=sum(D.'.*Theta(n,:)); 
   alpha(n)=numer/denom; 
end 

  
A=coeff_A*C; 
[r,c]=size(A); 
A=A(r:-1:1).'; %{A} standard numerator polynomial coefficients 
 

B=coeff_B*D; 
[r,c]=size(B); 
B=B(r:-1:1).'; %{B} standard denominator polynomial coefficients 

  
%calculation of the poles and residues 
[R,P,K]=residue(A,B); 
[r,c]=size(R); 
for n=1:(r/2), 
   Residuos(n,1)=R(2*n-1); 
   Polos(n,1)=P(2*n-1); 
end 
[r,c]=size(Residuos); 
Residuos=Residuos(r:-1:1)*nom_omega; %residues 
Polos=Polos(r:-1:1)*nom_omega;       %poles 
    freq=abs(Polos);                 %Natural frequencies (rad/sec) 
    damp=-real(Polos)./abs(Polos);   %Damping ratios 

  
Ai=-2*(real(Residuos).*real(Polos)+imag(Residuos).*imag(Polos)); 



 

Bi=2*real(Residuos); 
const_modal=complex(Ai,abs(Polos).*Bi); 
    Ci=abs(const_modal);             %Magnitude modal constant 
    Oi=angle(const_modal).*(180/pi);   %Phase modal constant (degrees) 
modal_par=[freq, damp, Ci, Oi];    %Modal Parameters 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

 

function [P,coeff]=orthogonal(rec,omega,phitheta,kmax) 

  
%ORTHOGONAL Orthogonal polynomials required for rational fraction  
% polynomials method. (This code was written to be used with rfp.m) 
% 
% Syntax: [P,coeff]=orthogonal(rec,omega,phitheta,kmax) 
% 
% rec      = FRF measurement (receptance). 
% omega    = frequency range vector (rad/sec). 
% phitheta = weighting function (must be 1 for phi matrix or 2 for  
%            theta matrix).   
% kmax     = degree of the polynomial. 
% P        = matrix of the orthogonal polynomials evaluated at the  
%            frequencies. 
% coeff    = matrix used to transform between the orthogonal polynomial  
%            coefficients and the standard polynomial. 
% 
% Reference: Mark H.Richardson & David L.Formenti "Parameter Estimation  
%           from Frequency Response Measurements Using Rational Fraction  
%           Polynomials", 1ºIMAC Conference, Orlando, FL. November, 1982. 
%********************************************************************** 
%Chile, March 2002, Cristian Andrés Gutiérrez Acuña, crguti@icqmail.com 
%********************************************************************** 

 
if phitheta==1 
    q=ones(size(omega)); %weighting function for phi matrix 
elseif phitheta==2 
    q=(abs(rec)).^2;     %weighting function for theta matrix 
else 
    error('phitheta must be 1 or 2.') 
end 

  
R_minus1=zeros(size(omega)); 
R_0=1/sqrt(2*sum(q)).*ones(size(omega)); 
R=[R_minus1,R_0];    %polynomials -1 and 0. 
coeff=zeros(kmax+1,kmax+2); 
coeff(1,2)=1/sqrt(2*sum(q)); 

  
%generating orthogonal polynomials matrix and transform matrix 
for k=1:kmax, 
    Vkm1=2*sum(omega.*R(:,k+1).*R(:,k).*q); 
    Sk=omega.*R(:,k+1)-Vkm1*R(:,k); 
    Dk=sqrt(2*sum((Sk.^2).*q)); 
    R=[R,(Sk/Dk)]; 
    coeff(:,k+2)=-Vkm1*coeff(:,k); 
    coeff(2:k+1,k+2)=coeff(2:k+1,k+2)+coeff(1:k,k+1); 
    coeff(:,k+2)=coeff(:,k+2)/Dk; 
end 



 

R=R(:,2:kmax+2);         %orthogonal polynomials matrix 
coeff=coeff(:,2:kmax+2); %transform matrix 

  
%make complex by multiplying by i^k 
i=sqrt(-1); 
for k=0:kmax, 
   P(:,k+1)=R(:,k+1)*i^k; %complex orthogonal polynomials matrix 
   jk(1,k+1)=i^k; 
end 
coeff=(jk'*jk).*coeff;    %complex transform matrix 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

MatLab - FN [Hz] CA

112,91 0,011133

183,33 0,004743

290,80 0,007579

364,10 0,004470

422,51 0,005845

506,15 0,003560

602,63 0,005827

615,25 0,007235

Placa 1 - FV (4mm)



 

 

 

MatLab - FN [Hz] CA

64,54 0,015149

156,53 0,005263

200,41 0,005779

297,79 0,003029

320,02 0,004531

418,08 0,004943

427,93 0,002088

463,97 0,003693

Placa 2 - FC (2mm)

MatLab - FN [Hz] CA

57,60 0,015571

105,34 0,005761

154,36 0,006005

156,51 0,008005

190,27 0,008280

291,41 0,004264

298,14 0,008106

334,35 0,004701

Placa 3 - FV (2mm)



 

MatLab - FN [Hz] CA

272,58 0,009054

425,42 0,005152

611,40 0,008206

796,48 0,007031

864,96 0,006873

896,05 0,007538

1026,20 0,008394

1094,29 0,008664

Placa 4 - FV + E5 (8,5mm)

MatLab - FN [Hz] CA

276,36 0,008015

491,16 0,004712

650,91 0,007217

866,67 0,007150

935,37 0,007041

969,01 0,007241

1092,51 0,007788

1152,19 0,008361

Placa 5 - FV + FC + E5   (9mm)



 

MatLab - FN [Hz] CA

279,05 0,008841

538,80 0,005078

686,88 0,007455

997,23 0,007071

1047,92 0,007205

1171,08 0,008180

1252,97 0,008337

1593,77 0,010671

Placa 6 - FC + FV + E5   (9mm)

MatLab - FN [Hz] CA

186,45 0,008945

375,43 0,003693

468,22 0,005493

633,35 0,004209

670,87 0,004361

702,29 0,003784

783,59 0,005341

815,80 0,004781

Placa 7 - FC + E2 + FV (8mm)



 

MatLab - FN [Hz] CA

346,30 0,008899

689,97 0,005523

855,38 0,007648

1212,70 0,007948

1283,71 0,008871

1404,67 0,009319

1519,94 0,009048

Placa 8 - FC + E5 + FV (14mm)

MatLab - FN [Hz] CA

428,07 0,009547

732,46 0,007762

920,11 0,009627

1238,31 0,011408

1317,08 0,010393

1416,23 0,010108

1540,26 0,010578

Placa 9 - FC + FV + E10  (14mm)



 



 



 

Calculado  Literatura Erro [%] Calculado  Literatura Erro [%] Calculado  Literatura Erro [%]

E1 [Pa] 4,35E+10 4,46E+10 2,5 1,11E+11 7,00E+10 36,9 4,13E+07 6,30E+07 34,4

E2 [Pa] 1,26E+10 1,70E+10 34,9 7,27E+09 7,00E+10 89,6 1,10E+04 6,30E+07 100,0

G12 [Pa] 5,04E+09 3,49E+09 30,8 4,85E+09 5,00E+09 3,1 3,09E+02 3,00E+07 100,0

G13 [Pa] 7,16E+09 3,77E+09 47,3 6,41E+08 - - 2,14E+05 3,00E+07 99,3

G23 [Pa] 7,00E+09 3,46E+09 50,6 1,46E+08 - - 1,43E-01 3,00E+07 100,0

ν12 0,242 0,26200 8,3 0,123 0,10 19,0 0,307 0,320 4,1

Densidade [g/cm^3] 1,883 1,522 19,2 1,458 1,550 6,3 0,091 0,080 13,5

Material: Espuma AirexPropriedades 

Mecânicas

Material: Fibra de Vidro Material: Fibra de Carbono



 

 

clear all; close all; clc; 
%Inserir os dados da Referência (sem isolamento) 
[filename, pathname] = ... 
     uigetfile({'*.mat';'*.*'},'File Selector ref.'); 
 if isequal(filename,0) 
   return; 
else 
   load( fullfile(pathname, filename),'FFT1_AvSpc_1_RMS_X_Val'); 
   X_free=FFT1_AvSpc_1_RMS_X_Val; 
   load( fullfile(pathname, filename),'FFT1_AvSpc_1_RMS_Y_Val'); 
   Y_free=FFT1_AvSpc_1_RMS_Y_Val; 
 end 

  
%Inserir os dados da Placa X (com isolamento) 

[filename, pathname] = ... 
       uigetfile({'*.mat';'*.*'},'File Selector'); 

if isequal(filename,0) 
     return; 
else 
       load( fullfile(pathname, filename),'FFT1_AvSpc_1_RMS_X_Val'); 
    X_block=FFT1_AvSpc_1_RMS_X_Val; 
     load( fullfile(pathname, filename),'FFT1_AvSpc_1_RMS_Y_Val'); 
     Y_block=FFT1_AvSpc_1_RMS_Y_Val; 
  end 
    

figure(1);hold on; 

%Gráfico da Pressão(dB) vs Frequência (Hz) 
% Po=20uPa=0dB(Pressão de Referência - limiar da audição humana);  

pref= 20*(10^-6);  
%Pressão (dB --> dB=20log(P/Po)) 

plot(X_free,(20*log10(Y_free./pref)),'linewidth',1.5);hold on; 
plot(X_block,(20*log10(Y_block./pref)),'r','linewidth',1.5);  
xlabel('Frequency [Hz]');ylabel('Pressure [dB]') 

legend('Campo Sonoro Livre - Referência','Campo Sonoro Bloqueado - 

Placa'); 
 

figure(3); hold on; 

%Gráfico da Pressão(dB) vs Frequência (Hz) 
% Cálculo da Insertion Loss 
Ist_Loss=20*log10(Y_free./Y_block); 

plot(X_free,Ist_Loss,'linewidth',1.5); 
xlabel('Frequency [Hz]');ylabel('Insertion Loss') 
 



 

  

 

 

 

 

 

 

 

 

 

 

 



 

 

 


