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Overview

• Theory
• Case 1 – Diesel Engine
• Case 2 – Generator Set
• Case 3 – Aeroacoustic Source
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Acoustic Transfer Functions

Vibrating Source

Measurement
Points

Acoustic Point Sources
𝐴𝑇𝐹
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Inverse BEM
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Inputs Outputs
Nodal Velocities Sound Pressures

ሼ𝑣௝ሽ
ሼ𝑝௜ሽ

𝐴𝑇𝐹௜௝ ൌ
𝑝௜
𝑣௝
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Inverse BEM

𝑝௜ ൌ 𝐴𝑇𝑀 ሼ𝑣௝ሽ

Step 1 Measure the sound pressure ሼ𝑝௜ሽ in the field.
Step 2 Determine the transfer matrix 𝐴𝑇𝑀 via BEM.
Step 3 Invert the matrix to find unknown inputs 𝑣௝ .
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An Observation

• Inverse solutions are not unique.  

𝐹ଵ 𝐹ଶ If both forces are in phase, any 
combination of the two forces will 
produce the first mode.

• Inverse solutions are often ill conditioned (i.e., a small 
change in the measurement can greatly impact the 
inverse solution).
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7.3 cm

𝐴𝑇𝑉 =
𝒑𝟏
𝒑𝟐
𝒑𝟑

𝒗𝟏
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Acoustic Transfer Vectors

7



Inverse BEM

Vibro-Acoustics Consortium

March 3, 2022

8

Overview

• Theory
• Case 1 – Engine Cover
• Case 2 – Generator Set
• Case 3 – Aeroacoustic Source
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Experimental Setup

shaker

accelerometer

Impedance head

foam

microphone

73 mm

492 mm

steel 
plate



Inverse BEM

Vibro-Acoustics Consortium

March 3, 2022

10

Sound Pressure Measurements

150 measurement points

7.3 cm
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Measured Sound Pressure

1000 Hz 1600 Hz

2200 Hz 3000 Hz
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Measurement Points Used

15 measurement points used for inverse BEM
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Reconstructed Surface Vibration

1000 Hz

Actual Reconstructed



Inverse BEM

Vibro-Acoustics Consortium

March 3, 2022

14

Reconstructed Surface Vibration

1600 Hz

Actual Reconstructed
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2200 Hz

Actual Reconstructed

Reconstructed Surface Vibration
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3000 Hz

Actual Reconstructed

Reconstructed Surface Vibration
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3900 Hz

Actual Reconstructed

Reconstructed Surface Vibration
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Radiated Sound Power

COMPARISON OF RADIATED SOUND POWER
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Field Point Pressure

7.3 cm

49.2 cm

RECONSTRUCTED FIELD POINT PRESSURE (FP33)
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Some Rough Guidelines

Measurement points should be:
 Spaced 1/2 acoustic wavelength apart 
 Spaced 1/3 acoustic wavelength from the surface

20



Inverse BEM

Vibro-Acoustics Consortium

March 3, 2022

21

Overview

• Theory
• Case 1 – Engine Cover
• Case 2 – Generator Set
• Case 3 – Aeroacoustic Source
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Objective

Measure close to 
source

Predict sound 
pressure in field
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• Many standards call for measurements to be made 7 m away from equipment.

• Measurements must be made in a voluminous anechoic environment (outdoors on a 
test pad or in a chamber).
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Generator Set

Inverse BEM Measurements SPL Prediction (7 m)
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Boundary Element Model

Generator Set

Boundary Element Model
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Near Field Measurements

100 Measurement Points on Each Side
Reference Microphone
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SPL (7.0 m from Left Side)
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SPL (7.0 m from Front)
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Overview

• Theory
• Case 1 – Engine Cover
• Case 2 – Generator Set
• Case 3 – Aeroacoustic Source
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Experimental Setup

Air flow

11 cm 5 mm gap

Cylinder, d=8 mm

66 field point grid
5 cm above cylinder

Test points

3 cm
10 cm

100 cm

1

2

3
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Experimental Setup
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Experimental Setup

Reference Mic

Roving Mic

Source Placed 
Outside Chamber
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SYSNOISE Model

Measurement Point Grid Absorbing Planes

BEM Mesh
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Position 1
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Position 2
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Position 3
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Sound Pressure Level (dB)

Angle

Sound Pressure Directivity at 1 m
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Sound Pressure (1040 Hz)

FLOW
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