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• More realistic case which describes the vehicle interior volume. 
• For the passenger vehicle
→ Head room : 1000 mm to 1100 mm
→ Leg room : 1000 mm to 1100 mm
→ Second Leg room : 800   mm to 1000 mm
→ Front of the car to the rear seat : 1800 mm to 2100 mm
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FE MODEL OF MORE REALISTIC INTERIOR
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• Use of FE model in optimization procedure is prohibitively expensive 

compared to TMM/duct model

• Would be useful to perform optimization using TMM-duct model and 

relate those results to the levels in a more realistic interior geometry: 

i.e., translate target level in realistic geometry to target level in simple 

duct geometry

OBSERVATIONS
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Averaged Absorption Calculation

To make the a averaged absorption in the downstream section 0.3 

500 mm

500 mm

Air

Air

SAP for both cases are calculated and plotted 

• SAPs of 10 different surface density combinations (A set of 10 lowest surface densities that gave the same SAP) 
• Clear relation between SAP’s in the two geometries
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SAP [dB] Duct 56.3 58.1 59.6 60.8 61.9 62.9

SAP [dB] VLC 51.7 53.6 55.1 56.4 57.5 58.4

CORRELATION BETWEEN A SIMPLE DUCT AND A REALISTIC MODEL
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DEVELOPMENTDATA COLLECTION

Straight Duct Case

• Sound Energy Density In The 

Cavity

• Sound Power Incident At Inlet

• Space-averaged Pressure In The 

Cavity

Various SAP target & Absorption  

VLC Case

• Sound Energy Density In The 

Cavity

• Sound Power Incident At Inlet

• Space-averaged Pressure In The 

Cavity

Various SAP target & Absorption  

FIND CORRELATION

Acoustic Properties

• Sound Energy Density Ratio

• Space-Averaged Pressure Ratio

• Sound Power Incident Ratio [VLC 

Only]

• Sound Power incident Ratio 

Various SAP targets & Absorption  
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EMPIRICAL EQUATION DEVELOPMENT PROCESS
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Dashed line: Prediction, Solid line: FEA results

(Target SAPs [dB] : Red → 0.028, Blue → 0.025, Yellow → 0.022, Green → 0.019, Navy → 0.016, Sky blue → 0.013)
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SAP vs. Absorption

Desired target level in VLC can be related in this way to target level in simple duct geometry

SAP Error (%)

Absorption

SAP Target (dB) 0.1 0.2 0.3 0.4

56.3 1.01 0.08 0.32 0.88

58.1 0.67 1.04 0.70 0.08

59.6 0.62 0.34 0.51 0.64

60.8 0.47 0.24 0.16 0.31

61.9 0.56 0.28 0.24 0.42

62.9 0.54 0.30 0.41 0.50

EMPIRICAL EQUATION 
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EFFECT OF TARGET AREA

Driver’s Right Ear

Vehicle Interior Space In 3-D 

Representation

Vehicle Interior Space In 2-D 

Representation

Vehicle Interior includes : Front & Rear Car Seats

Parcel Shelf

Front & Rear Carpets

Head Liner
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EFFECT OF TARGET AREA
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CASE 2

CASE 1

• Almost constant level difference in decibels between the two cases

• SAP of the total cavity of the vehicle interior can still be used as a metric to evaluate the acoustic performance of the 

sound packages, but with an adjustment to account for the spatial variation within the interior space. 
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• The sound package was modeled as an equivalent fluid by using the JCA model for both 

the limp porous layer and the flexible MPP 

• Genetic Algorithm was used to find the various sound package property combinations

• It was shown that in the lightest sound packages, barrier performance was favored 

over absorption performance

• When mass of the metal panel was increased, balance shifted towards absorption

• Shape and level of target spectrum has significant impact on required mass

• Finite Element tool was used to evaluate the acoustic performance of the sound 

packages for a more complex vehicle interior geometry. By using the FE tool, the energy 

density, SAPs, and incident power were calculated to study the correlation between the 

straight duct and the complex geometry cases

• An empirical equation was developed that makes it possible to estimate the SAPs in 

the complex geometry case by using the results from the TMM-based optimization 

in the straight duct case

CONCLUSIONS
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FUTURE NEEDS

• The analysis needs to be extended to frequency-dependent impedances so 

that the accuracy of the SAP calculations can be further improved 

• The empirical equation needs to be improved by implementing more exact 

correlation functions rather than the linearized functions used here to estimate 

the SAPs in the complex geometry 

• Finally, it would be useful, given adequate computational resources, to extend 

the current procedure to three dimensions
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Thank you

– Hyunjun Shin

– Ray. W. Herrick Laboratories, Purdue University

– 177 S Russell st.

– shin20@purdue.edu

– Presentation available at Publication of the Ray W. Herrick 

Laboratories (Herrick E-Pubs)

https://docs.lib.purdue.edu/herrick/

mailto:shin20@purdue.edu
https://docs.lib.purdue.edu/herrick/
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