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Actran has helped 
engineers across 
industries and 
across the world 
to meet constantly 
more stringent noise 
regulations or to 
guarantee that a new 
design is consistent 
with the trademark 
sound of the company.  

LETTER FROM THE CEO

Welcome to this special edition of Simu-
lating Reality dedicated to acoustic simu-
lation with Actran. When I started to work 
in acoustic simulation 25 years ago, I 
would never have dreamt of the depth and 
breadth of applications that the technology 
makes possible today. We were so happy 
(and proud!) back then to be able to cal-
culate the sound radiated by a pulsating 
sphere or the acoustic resonances of a 
rectangular box!

There is virtually no field of engineering that 
remains untouched by acoustic simulation 
technology ... and the reason is simple: no 
industry can afford to deliver a product that 
is too loud or does not sound right. Sound 
quality is part of every product’s identity, 
an element of the brand. And Actran has 
helped engineers across industries and 
across the world to meet constantly more 
stringent noise regulations or to guarantee 
that a new design is consistent with the 
trademark sound of the company.

Ground vehicles have been one of our 
main focus; cars and heavy machiner-
ies are indeed true “noise factories” and 
every component contributes to the over-

Editor’s Note:

Is there any acoustic challenge you can’t 
simulate in a vehicle? The answer is 
simply no. Where acoustics, vibrations 
or noise generated by turbulent flow are 
involved, Actran is there to provide the 
right solution with the best simulation 
environment. This supplemental issue 
of Simulating Reality highlights how 
Actran can solve challenging acoustics 
problems. We are showcasing our cus-
tomers’ and experts’ cases to illustrate 
the power of our new technologies on 
acoustic simulations. With these tech-
nologies Actran is opening doors to new 
solutions and new perspective for your 
current and future applications.

We extend our thanks to all the Custom-
ers and Experts who have contributed to 
this Simulating Reality issue.

 
Diego Copiello

Product Marketing  
Manager,  
MSC Software FFT

Sounds Right!
all noise: engine, cooling fan, alternator, 
gearbox, tyres, intake and exhaust, wind-
screen wipers, side mirrors (wind noise), 
heat, ventilation and air-conditioning unit ... 
You’ll be amazed to discover how Tenneco 
used Actran to design new actively con-
trolled silencers (see page 4) or how CNH 
managed to qualify wheel loaders for tough 
new noise standards in few months thanks 
to simulations (see page 6).

Finite element technology is sometimes la-
belled as a low-frequency technology; this 
is no longer true as the example on parking 
sensor simulation clearly shows starting on 
page 13. The use of discontinuous Galer-
kin methods (DGM) and Actran’s harness-
ing of the amazing computational power of 
GPUs made full truck simulations at 5kHz 
possible and opened the way to ultrasound 
modelling up to 50kHz !

Another significant progress lies in our abil-
ity to predict the variability of the acoustic 
or dynamic performance of a given design. 
The non-parametric approach described 
on page 15 delivers not only the response 
of the nominal design but also a statistical 
envelope highlighting the level of uncertain-
ty in the actual physical response. 

But there is more to acoustics than cars or 
heavy machinery ...  Actran is widely used 
by aircraft manufacturers and suppliers and 
it is used for a variety of many other appli-
cations, ranging from the acoustic loading 
of satellite to the design of loudpseakers, 
from vacuum cleaners to telephone casing, 
from industrial machines to computer disk 
drives, from cameras shutter to refrigerator 
compressors.

I wish you a pleasant reading and if, while 
flipping through the pages, you get the idea 
of another application... we’d be delighted 
to hear from you: we like nothing more than 
new challenges!

Sincerely,

REALITY
simulating

Jean-Louis Migeot
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Simulate the Complete  
Vehicle Acoustics
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gearbox noise radiation
3. TRANSMISSION

powertrain noise radiation
4. ENGINE

trim package assessment on  
full vehicle or subcomponents

10. INTERIOR

airborne propagation path  
around full vehicle body

8. CAR BODY

full intake or exhaust line 
analysis including GPF, catalytic 
converters and air filters

16. EXHAUST & INTAKE

cooling fan aero-acoustics
5. ENGINE COOLING

HVAC duct aeroacoustics
2. CLIMATE CONTROL

whistling noise, structure-
borne noise, aeroacoustics

7. TURBOCHARGERS

window and seal 
transmission loss

11. BODY GLASS

loudspeaker performance analysis including installation effects, 
exterior audio radiation to avoid privacy issues

1. CAR AUDIO ACOUSTICS

fuel tank sloshing noise,  
fuel injectors vibro-acoustics

9. FUEL SYSTEMS

electric engines noise  
radiation

6. ELECTRIC ENGINES

door slam noise
15. DOOR

brake squeal noise radiation
14. BRAKING

NVH, tire noise radiation
13. WHEEL & TIRE

aeroacoustic design, turbulent 
and acoustic contribution 
identification 

12. SIDE-MIRROR
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CUSTOMER SPOTLIGHT

A
n automobile’s exhaust 
system is becoming more 
and more critical to its 
success in the marketplace. 
Most important, the sound 

produced by the vehicle serves to a 
considerable degree as the signature 
of the brand. For example, an auto 
enthusiast can recognize the approach 
of a Bentley or Ferrari with his or her 
eyes closed. Purchasers of lower-priced 
vehicles may not be quite so finicky 
but they still expect to hear a certain 
sound when they start up the engine. 
Meanwhile, automotive original equipment 
manufacturers (OEM) are being forced 
by government regulations to reduce the 
levels of noise emitted from the tailpipe. 
Automakers are also hoping to reduce 
the back pressure of exhaust systems 
in order to achieve improvements in fuel 
economy.
 
It’s becoming increasingly difficult to 
meet these often conflicting goals using 
conventional passive exhaust system 
technology which relies upon the use of 
perforated tubes and chambers to filter 
out acoustic waves. Automotive original 
equipment manufacturers (OEMs) are 

looking at active exhaust systems as 
a way to address these issues. Active 
exhaust systems use a loudspeaker 
driven by a microprocessor to cancel 
out unwanted sound generated by 
the engine as well as to produce more 
desirable sounds. A key advantage of 
active exhaust systems is that they can 
be controlled by software to adjust the 
output of the loudspeaker to deliver just 
the right sound under a wide range of 
different operating conditions.

Challenge
Tenneco is currently in the process of 
developing an active exhaust system that 
is capable of both noise cancellation and 
sound generation for its OEM customers. 
One of the many challenges faced by 
Tenneco engineers in this project is the 
design of the housing used to mount 
the loudspeaker. The housing affects 
the performance of the loudspeaker, 
particularly by increasing the range of 
frequencies where the speaker operates 
most efficiently. Tenneco engineers are 
designing the housing to minimize this 
effect so that the speaker will operate 
very efficiently at low frequencies in order 
to cancel out the low frequency sounds 

emitted by the engine without consuming 
excessive electrical power. 

In the past, engineers designing 
active speaker systems have primarily 
relied upon physical testing to design 
components such as the speaker 
housing. But this approach requires 
the construction of a prototype of each 
exhaust system configuration that is 
tested. This is expensive, time-consuming 
and also the information that can be 
captured by physical testing is limited 
by difficulties involved in instrumenting 
the exhaust system. Tenneco engineers 
needed a method to accurately simulate 
the performance of their active exhaust 
system using a software prototype of the 
exhaust system including the loudspeaker 
and housing.

Solution/Validation
Tenneco engineers selected Actran 
acoustic simulation software because of 
its capability to provide full electroacoustic 
modeling of the loudspeaker in order 
to track how the electrical power is 
converted into acoustic power and 
thus evaluate the sound pressure level 
generated by the speaker in relation 

Exhaust  
Active Noise
Cancellation
Tenneco Brings New Products  
To Market Faster Than Ever
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Simulation will make 
it possible to evaluate 
the performance of 
many alternative design 
concepts in a minimal 
amount of time without 
the expense of building 
physical prototypes. 
This should make it 
possible to improve 
the performance of the 
exhaust system beyond 
what can be achieved 
with the traditional 
process where only a 
few different design 
alternatives can normally 
be evaluated. Simulation 
will also make it possible 
to bring new products to 
market faster.

to the amount of power consumed 
from the battery. With Actran, Tenneco 
engineers were able to completely model 
the speaker as a vibrating component 
including all structural components while 
maintaining the coupling between the 
speaker membrane and the air in front of 
and behind the membrane, and including 
the electromagnetic modeling in a user 
friendly way.

Tenneco engineers used Actran to create 
a finite element model of the loudspeaker 
alone and then integrated it in a complete 
exhaust system. In both cases the 
loudspeaker was excited and simulation 
results correlated very well with physical 
testing. Later, they implemented the 
noise cancellation loop by adding an inlet 
boundary condition that represents the 
sound injected into the exhaust system 
by the engine. Initially, they used a simple 
constant frequency sine wave at the inlet 
and constant temperature air throughout 
the exhaust system. They provided an 
electrical signal to the speaker to cancel 
the engine noise and looked at how much 
sound reduction was achieved. Finally, 
Tenneco engineers added more complex 

boundary conditions including a realistic 
acoustic input and temperature gradients 
to provide a close match to actual 
operating conditions.

Results
“Actran has enabled Tenneco to develop 
a process for electroacoustic simulation 
of an active exhaust system including the 
loudspeaker and housing that correlates 
very well with physical experiments,” 
said Nicolas Driot, Senior Core Science 
Engineer for Tenneco. “We are now using 
simulation to develop our next generation 
active exhaust system. Simulation 
will make it possible to evaluate the 
performance of many alternative design 
concepts in a minimal amount of time 
without the expense of building physical 
prototypes. This should make it possible 
to improve the performance of the 
exhaust system beyond what can be 
achieved with the traditional process 
where only a few different design 
alternatives can normally be evaluated. 
Simulation will also make it possible to 
bring new products to market faster.”

Exhaust line with Active Noise Cancellation system: 
Top view and Side view

About Tenneco
Tenneco Inc. is one of the world’s leading 
designers, manufacturers and distributors 
of clean air and ride performance 
products and systems for the automotive, 
commercial truck and off-highway 
markets and the aftermarket. Tenneco 
integrates emissions components and 
supplies its customers with exhaust 
systems that support gasoline, gasoline 
direct injection, flex-fuel and diesel 
applications. The company has revenue 
of $8.2 billion, nearly 30,000 employees 
and more than 90 manufacturing facilities 
worldwide.  u

Exhaust acoustic pressure cancellation
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CUSTOMER SPOTLIGHT

N
oise regulations in a key 
Latin American country were 
revised to a lower level, forcing 
CNH and other construction 
equipment manufacturers to 

reduce the noise footprint of their products.
The new specification uses a formula to 
determine the allowable sound pressure 
level based on the power of the machine.  
In this case, the new standard required 
a noise reduction of about 6 dB(A) 
relative to the existing design. The noise 
measurements are based on the ISO 6393 
standard. Six microphones are arranged in 
a hemisphere at specified locations around 
the equipment and the sound pressure 
level is measured while the equipment is 
operated under high idle conditions.  

CNH engineers ran physical tests in an effort 
to better understand the noise contributors. 
Among many things, they turned the fan 
on and off, turned the hydraulic pump on 
and off, and masked the sound coming 
from the exhaust to better understand the 
relative importance of the noise contributors. 
The analysis showed that the fan was the 
number one contributor.

Challenge
In the past, CNH engineers relied on 
physical testing to evaluate potential 
design approaches. One problem with this 
approach was that a prototype had to be 
created for each potential design. In the 
case of the fan, this required ordering a fan 
and sometimes a shroud from a supplier 
which could take a few weeks to a few 
months to deliver. Then physical testing 
had to be performed which took several 
more weeks assuming that the weather 
cooperated. The amount of data provided 
by physical testing is limited which meant 
that engineers often had to guess at 
the best way to improve the design.This 
process, which relies heavily on testing, 
takes time, costs more money,  

and provides limited insight in how to 
improve performance.

CNH Industrial has been investing a 
lot of effort to create a Virtual Product 
Development Process to reduce time to 
market, save development costs, and 
improve product quality. This effort initially 
started with more traditional analysis areas, 
like FEA, and moved to more advanced 
areas like CFD. The NVH and Acoustics 
area, being a multi-disciplinary area, has 
been the focus of CNH’s efforts in the 
last few years. “We have for a long time 
been able to simulate noise sources with 
computational fluid dynamics (CFD) but 
we did not have an accurate method 
to simulate the propagation of noise 
generated by these sources,” said Dr. Panos 
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From 1 Year
To 3 Months
CNH Industrial Achieves Dramatic Time Savings

Setup of aero-acoustics model in Actran CFD results show vorticity contours at the vertical 
middle plane close to the fan
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Tamamidis, Global Manager, CFD, NVH and 
Acoustics for CNH Industrial.

“We started working with MSC Software 
a few years ago to evaluate Actran,” 
Tamamidis said. “Actran demonstrated its 
ability to accurately simulate our existing 
products so we began introducing this 
capability into our product development 
process.” In this application, CNH engineers 
performed a transient simulation of the fan 
with Star-CCM+ CFD software from CD-
Adapco. They imported the results including 
velocity, density and pressure fields into 
Actran which translated them from the time 
to the frequency domain and interpolated 
them from the CFD mesh. Actran computed 
the radiated acoustic field, calculating the 
acoustic pressure, velocity or intensity maps 
and frequency response functions of sound 
pressure and power levels.

Solution/Validation
The simulation results provided by Actran 
were much more comprehensive than the 
information that generated by physical 
tests, which helped CNH understand 
what improvements needed to be made 
in the fan. CNH engineers categorized 
the fan noise into noise at the blade-pass 
frequency, the rate at which the blades pass 
by a fixed position, and broadband noise, 
which is more or less equally distributed 
across the frequency spectrum. Engineers 
concluded that to meet the specification 
they needed to reduce the fan noise by a 
total of 5 dB(A) including a reduction of 4 
dB(A) at the blade-pass frequency and 1 
dB(A) in broadband noise. The balance of 

CNH Industrial has been 
investing a lot of effort to 
develop a Virtual Product 
Development Process to 
reduce time to market, 
save development costs,  
and improve product 
quality.

the noise reduction was to be achieved by 
reducing the exhaust noise by 1 dB(A). 

CNH engineers simulated the performance 
of alternate fan designs simply by changing 
the CFD model, re-running the simulation 
and then running a new acoustic simulation. 
Engineers determined that the fan speed 
needed to be lowered to reduce the noise 
at the blade-pass frequency. They looked 
at many different fan designs with varying 
blade profiles, numbers of blades, shroud 
designs and dimensions, with the goal 
of delivering the same airflow over the 
radiator -- to maintain constant cooling 
performance -- at a lower fan speed. To 
reduce broadband noise they focused on 
operating the fan at more efficient point 
on the fan curve to reduce turbulence. 
After 10 CFD iterations, they found a fan 
that operates efficiently at 2200 rpm to 
provide the needed reduction in both blade 
pass frequency and broadband noise. 
An acoustic simulation showed that this 
design would meet the tougher acoustic 
regulations. Engineers also used Actran 
to evaluate alternative muffler designs and 
found one that delivered the needed noise 
reduction. At this point a prototype was 
built and its acoustic performance closely 
matched the simulation results.

Results/Benefits
Simulating the acoustic performance 
of alternative approaches to noise 
remediation helped us meet the tighter 
noise specification in about three months,” 
Tamamidis said. “If we had to rely on 
physical testing for this project, it would 
have taken at least a year to reduce noise 

to the levels needed to meet the new spec. 
Due to successful projects such as this, 
we have integrated Actran into our product 
development process and use it on a 
regular basis to help ensure the acoustic 
performance of new designs and solve 
problems with existing designs.”

About CNH Industrial
CNH Industrial designs, produces and sells 
agricultural and construction equipment, 
trucks, commercial vehicles, buses and 
specialty vehicles and powertrains. The 
company’s products include tractors and 
combines, excavators, wheel loaders, 
trucks, buses, firefighting and police vehicles 
and powertrain solutions for on and off road 
and marine applications. CNH Industrial 
operates in more than 190 countries with 
12 brands, 64 manufacturing plants, 49 
research and development centers and a 
workforce of more than 69,000 people. u

Actran results: sound pressure level (SPL) contours at blade-pass frequency Actran results: sound propagation 
(phase) at blade-pass frequency

Correlation of Actran fan noise prediction 
with test data

Test/analysis set-up according to ISO 6393 Transmission loss between inlet and outlet 
of the muffler
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FEATURE STORY

What’s New 
in Actran for 
Ground Vehicles
By Yves Detandt, Xavier Robin, Diego Copiello & Benoît Van den Nieuwenhof 
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Side Window 
Aeroacoustics
Improving the acoustic 
comfort level inside the car 
has drawn the focus on 
the transmission through 
the window of the noise generated by 
the exterior turbulent flow.  The excitation 
applied to the window can be decomposed 
into a highly energetic turbulent part and 
a low amplitude acoustic contribution. 
Although the acoustic level is much lower 
than the turbulent one outside the car, 
recent Actran simulations confirmed that 
the acoustic part is much more efficiently 
transmitted, leading to a noise level inside 
the vehicle very sensitive to the acoustic 
contribution. 

Starting from Actran 16.0, specific tools are 
available to tackle this problem. These are 
related to the pressure field analysis on the 
window. Next to the popular wavenumber 
decomposition, a new method is now 
available to provide a decomposition into 

Acoustic loading on the windows of a Hyundai Simplified Model and interior noise contribution

acoustic and turbulent contributions on a 
curved side window surfaces of arbitrary 
shape. This new method, called pellicular 
mode decomposition, also opens the 
door to a very efficient aero-vibro-acoustic 
transmission analysis.

Moreover, the aeroacoustic solutions 
available in Actran (Lighthill, Möhring or 
APE), based on the noise sources extracted 
from turbulent flow simulation, offer an 
efficient mean to recover the compressible 
acoustic part which is generally damped or 
neglected by the CFD solvers.

Car Audio Acoustics
When assessing the car audio acoustics, 
the interactions between the loudspeaker 
and the door where it is installed are 
of primary concern. Indeed, when the 
loudspeaker is excited by an input voltage, 
a force is applied to the voice coil and an 
equal and opposite reaction force to the 
magnet causes in turn the complete door 
to vibrate. On the one hand, the door 
vibrations will interact with the speaker 
driver dynamics and will therefore affect the 
quality of the audio signal perceived by the 

passenger. On the other hand, the door 
vibrations will transfer energy to the fluid 
outside the car. For this reason it is possible 
to hear a phone conversation outside a car 
when the voice is output through the car 
audio system.

Actran enables the full analysis of the 
loudspeaker installed in a car door easily 
and thoroughly. The input voltage can be 
directly applied and an electromagnetic 
coupling can be modeled through the 
related Thiele and Small parameters (DC 
resistance, Inductance and Force Factor). 
Alternatively, third party electromagnetic 
software can be coupled with Actran. The 
loudspeaker structure can be coupled with 
the modes of the car door. The effect of 
the car structure on the door dynamics 
can also be taken into account through a 
superelement reduction of the car body. 
Finally, specific effects typically affecting the 
loudspeaker performance can be modeled 
as well. For example, the visco-thermal 
dissipation occurring in small air gaps 
between the voice coil and the magnet can 
be efficiently accounted for.
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Example of a Gearbox Adams Model

Sloshing fluid and tank 
structural displacement

computing the fluid and structure 
interaction (FSI) such as Dytran 
and Nastran SOL700.

For example, Dytran can be used 
to compute the sloshing fluid flow 
coupled to the tank structure 
deformation which is then 
processed by Actran. Specifically, 
Actran reads the Dytran output 
files in native THS format to 
perform directly a transient 
acoustic radiation analysis by 
means of the time domain acoustic 
solver. Alternatively, a DFT of the 
tank structure deformation field 
can be performed and an Actran 
analysis is carried out in the 
frequency domain. u

SNGR – Stochastic Noise 
Generation and Radiation
Although aeroacoustic simulations based on 
unsteady CFD solutions have demonstrated 
their value in many industrial applications, 
the cost remains important when different 
designs need to be compared. If only the 
relative levels between different designs is 
the objective of the simulations, the SNGR 
method helps reducing the computational 
cost by synthesizing the turbulent 
fluctuations based on the information 
delivered by steady RANS solutions. 

The method, available in Actran, generates 
the turbulent velocity fluctuations based on 
frequency spectrum fitting the experimental 
knowledge of the configurations. A set of 
random numbers are used to set specific 
parameters, leading to several realizations of 
the turbulent field, reproducing the statistical 
character of the turbulence. The synthetic 
velocity fields are then used to compute 
the aeroacoustic sources and are then 
propagated by the classical aeroacoustic 
formulations in Actran (Lighthill, APE). This 
method is perfectly suited for comparing 
different designs and concepts. It is also 
an alternative where the cost of unsteady 
simulations is not affordable. For example, 
it is possible to identify globally the noise 
sources around a whole vehicle at early 
design stages.

Coupling Multibody System 
Dynamics and Acoustic Analysis
Several industrial problems like impact noise 
generated by any hammer-type operation 
or the noise radiated form a gearbox run-up 
are examples of vibro-acoustic phenomena 
that are transient in nature. Getting insight 
into these transient problems requires 
specific simulation tools. Actran’s time-
domain solver combines the advantages of 
the finite element simulation and the natural 
approach to acoustic phenomena over time. 
This solver opens new fields of applications 
and can simplify existing processes. A way 
of application is the coupling with Multi-
Body Dynamics (MBD). MBD engineers 
are now able to evaluate noise early in the 
development of rotor dynamic and geared 
systems: a dedicated toolkit has been 
recently developed to enable acoustic 
simulations within the Adams’ modeling 
environment and get initial objective 
and subjective evaluations. Through this 
toolkit, the acoustic mesh is automatically 
generated, the microphone position is set 
up and finally the Actran’s time domain 
vibro-acoustic solver launched. Its outputs 
include, among others, audio files for noise 
signature evaluation.

Sloshing Noise
Predicting sloshing noise at early design 
stages  is a rapidly growing desire from both 
automotive OEMs and fuel tank suppliers as 
the demand for quieter vehicles increases 
as well.

It is now possible to accurately and 
efficiently analyze this noise source 
component thanks to the coupling between 
Actran and solvers developed for accurately 

Latest Actran releases deliver to the automotive 
industry a large and valuable set of features.  
The SNGR feature, matured and now released by our 
research team, gives access to new capabilities like 
full car exterior aero-acoustics where unsteady CFD 
computations are not affordable. The time-domain 
vibro-acoustic solver can be used to efficiently 
analyze transient phenomena and can be coupled 
with other MSC Software time-domain solutions  
such as Adams and Dytran.
Benoît Van den Nieuwenhof, 
Chief Technical Officer FFT



Diagram of Aero-acoustic Model
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TECHNOLOGY MATTERS
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ubstantial reductions in the 
noise generated by powertrains 
and improvements in sound 
insulation materials have greatly 
reduced what was previously the 

main source of noise in the passenger car 
cabin. As a result, wind noise, which in the 
past was largely inaudible in most vehicles, 
is now often the largest noise source. Even 
though aerodynamic performance has been 
greatly improved over the past decade or 
two, the turbulent flow generated by a vehicle 
traveling at highway speeds exerts forces on 
the greenhouse of the car -- the windshield, 
rear and side windows, roof, pillars, etc., that 
produce significant interior noise. Engineers are 
also concerned with exterior noise in order to 
reduce the pass-by noise level of the vehicle. 

Challenge
Today, acoustic engineers typically evaluate 
the aero-acoustic performance of a proposed 
design by building a clay model and testing 
it in a wind tunnel. This approach is time-
consuming and expensive which limits the 
number of designs that can be evaluated. 
Acoustic engineers want to simulate the 
exterior noise generated by the vehicle as a 
first step towards interior noise simulations 
where the pressure on the car body and 
windows is used to determine the transmission 
of sounds into vehicle. Some automotive 
original equipment manufacturers (OEMs) 
have used Statistical Energy Analysis (SEA) 
simulation to predict acoustic transmission. But 
the lack of familiarity with this method requires 
a fairly expensive process of training engineers 
in the new technology or possibly hiring new 
people with SEA expertise. 

Solution/Validation
Volvo Car Group preferred to work with 
finite element analysis (FEA) because they 
already had considerable experience with 
this technology. They decided to validate the 
ability of Actran from MSC subsidiary Free Field 
Technologies (FFT) to make accurate exterior 
noise predictions. The validation problem 
focused on the side mirror which is a major 
source of exterior vehicle noise. 

The unsteady flow around the side mirror was 
determined using transient computational fluid 
dynamics (CFD). The computation was started 
with a Reynolds-averaged Navier–Stokes 
(RANS) k-ε turbulence model to solve the time 
averaged flow. The unsteady solution was then 
computed within the Large Eddy Simulation 
(LES) framework with a Smagorinsky subgrid 
scale model at a time step of 2e-5s. The 
original mesh had an average element size of 
4 mm in the zone of interest enclosing the side 
window, side mirror, and part of the A-pillar. In 
order to evaluate the effects of mesh density 
on acoustic simulation accuracy, this region 
was refined to a 2 mm average element size to 
resolve the unsteady structured generated in 
the wake of the side mirror. The results for both 
meshes at 0.26 seconds were then exported 
to Actran.

Actran was used to create an acoustic model 
of the export zone. This region was surrounded 
by a second domain acting as a transition 
zone where no aero-acoustic sources were 
computed. Finally the exterior acoustic domain 
was surrounding by an infinite element domain 
to ensure non-reflective boundary conditions 
and acoustic propagation in the far field. 

Actran Simulation of 
Exterior Wind Noise 
Helps Improve  
Acoustic Performance



Average acoustic intensity in dB as predicted by 
CFD vs. physical experiments for 4 mm mesh 

(left) and 2 mm mesh (right)

Comparison of acoustic intensity at four intensity probes for different sampling frequencies
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The ability to accurately simulate aero-acoustic noise 
at an early stage in the design process will make it 
possible to evaluate many more design alternatives 
and iterate to a quieter design than can be achieved 
using current methods. It should be mentioned that 
FFT provided excellent technical support throughout 
this project.

The acoustic sources computed from the 
CFD results were in the time domain. Actran 
performed a Fourier Transformation to convert 
the sources to the frequency domain.

To understand the impact of mesh density 
on the acoustic results, Volvo engineers 
predicted average acoustic intensity over the 
frequency range of 500 to 3,000 Hz based 
on the acoustic sources generated with 
the 2 mm and the 4 mm CFD mesh. The 
acoustic simulation based on the 4 mm CFD 
mesh generated results that closely matched 
physical experiments up to about 1250 Hz. 
The acoustic simulation based on the 2 mm 
mesh generated accurate results up to about 
1900 Hz. These frequencies correspond to the 
cut-off frequencies of the CFD simulation for 
predicting aero-acoustic sources generated by 
turbulent airflow. Volvo engineers extrapolated 
that each 50% reduction in mesh size should 
increase the cutoff frequency below which 
accurate results can be produced by a factor 
of 1.52.

Volvo engineers also looked at reducing the 
cost of the CFD analysis by lowering the 
number of time steps written by the CFD code 
in order to save hard disk space and CFD 
writing time. The acoustic results obtained 
by post-processing every transient time step 
were considered as the benchmark. The 
reference results were compared to acoustic 
results obtained with sampling frequencies 
of 25 kHz, 16.6 kHz, 12.5 kHz, 10 kHz and 
8.3 kHz. The results were very similar for 
the different sampling frequencies. Slight 
deviations were observed above 2000 Hz but 
these are explained by the fact that the CFD 

results are not accurate above 1900 kHz. 
Volvo engineers concluded that exporting 
every fifth time step could provide substantial 
time and data storage gains without having a 
significant effect on accuracy.

Results/Benefits
“We have proven that Actran can be used 
to accurately predict the exterior noise in a 
vehicle design,” said Andrzej Pietrzyk, Noise 
Vibration Harshness Engineer at Volvo Car 
Group. “The next step is to use Actran to 
simulate the noise generated inside the cabin. 
The ability to accurately simulate aero-
acoustic noise at an early stage in the design 
process will make it possible to evaluate 
many more design alternatives and iterate to 
a quieter design than can be achieved using 
current methods. It should be mentioned 
that FFT provided excellent technical support 
throughout this project.” u
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I
n many fields, numerical simulation plays an 
important role in the global reduction of the 
R&D time and cost. The automotive industry 
is concerned as well by this trend as cars 
time-to-market is constantly shrinking [1]. 

In such a context, it is globally recognized 
that digital design and manufacturing raises 
the productivity in a dramatic way since virtual 
modeling lowers development costs and 
speeds up time to market [2].
In this perspective, acoustic simulations are 
challenged to provide solutions within a time 
frame shorter than ever. This practically reflects 
in the following three constraints: the number 
of frequencies analyzed, the maximum analysis 
frequency and the domain size. In this article, 
different methods are analyzed for improving 
the computational efficiency of acoustic 
simulations. More specifically, section 1 
describes methods for low to mid frequencies. 
Methods for solving the mid to high 
frequencies are discussed in section 2. Typical 
acoustic propagation problems encountered in 
ground vehicle design are selected to illustrate 
the capabilities of recent advances in high-
performance computing.

Improve the Efficiency  
of Acoustic Simulations
In acoustic simulations, solutions are sought 
for wide frequency ranges. However, in 
standard acoustic FE-based codes, the mesh 
requirement is usually formulated in terms of 
minimum number of nodes per wavelength. 
At low frequency, the wavelength is large and 
a coarse mesh is sufficient whereas at high 
frequency the wavelength is smaller and a finer 
mesh is required. Theoretically, a dedicated 
mesh should be prepared for each frequency 
of interest to get the best trade-off between 
required accuracy and model solution time. 
Practically, this is rarely done as this is highly 
time consuming from a user point of view and 
only the finest mesh is used over the whole 
frequency range of analysis. In the framework 
of using one mesh for a given frequency 

range, two alternatives are viable options 
for improving the computational efficiency: 
h-adaptivity and p-adaptivity. In h-adaptivity, 
the mesh is progressively and automatically 
refined as the frequency increases (or 
coarsened as the frequency decreases) while 
keeping the polynomial degree fixed. On the 
contrary, a p-adaptive implementation selects 
the order of the interpolation scheme based on 
the frequency of analysis (order increases with 
the frequency) and keeps the mesh unaltered. 
Factors to consider for selecting the adaptivity 
(h- or p-) concern: the ease of use, the 
robustness and versatility and the technology 
ease of integration. These factors have been 
evaluated by FFT and the decision has been 
taken to develop the adaptive meshing 
technology (h-type) in the Actran software 
suite. This choice is motivated by the following 
considerations:

• Conventional FEM methods using low 
order shape functions (e.g. linear or 
quadratic) over the whole domain are well 
established for a long time, compared to 
p-adaptive FE approaches, which leads 
to a much more robust and versatile 
technology;

• In h-adaptive implementations, each 
degree of freedom has a nodal position 
and each node has a primary variable 
solution value. This implies that it is easier 
to add spatially dependent fields to the 
analysis. For example, this is needed in 
convected wave propagation where a 
flow field shall be specified;

• H-adaptivity can be extended to 
structural analysis, leading to vibro-
acoustic adaptivity. On the contrary, 
this is not possible for p-adaptivity since 
robust higher-order structural elements 
formulations are not available in an 
industrial context;

• Meshing criteria is much easier to define 
in an h-adaptive context. Indeed, 4 to 
8 elements per wavelength are used in 
standard FE acoustic simulations and 

the same can be easily implemented 
when using h-adaptive codes. On the 
contrary, p-adaptive codes could rely on 
error estimators but this approach is still a 
discussion topic in the scientific literature.

• Today’s volume and surface meshing 
capabilities have proven their robustness, 
including hybrid hexacore volume 
meshing.

Truck pass-by-noise: the low
to mid frequency range
Pass-by noise legislations impose stringent 
boundaries to the exterior noise emissions 
of all kind of commercial vehicles. The 
maximum noise emission is limited in the 
framework of the pass-by noise test and 
all motor bikes, cars, trucks, agricultural or 
construction equipment manufacturers have 
to make sure that their products comply with 
this regulation. In that process, it becomes 
mandatory to identify noise sources and find 
countermeasures for the most problematic 
ones. Noise sources can be obtained by 
either numerical simulation (e.g. a powertrain 
vibration analysis simulated by MSC Nastran), 
or by experiments that directly measure the 
vibration levels at a given set of points, or, 
finally, by means of the Inverse Substitution 
Monopole Technique (ISMT) [3].

In this example, the exterior acoustic analysis 
of a full truck cabin is considered. A monopole 
source has been used to simulate the exhaust 
noise providing a solution between 200 and 
2000 Hz with a frequency step of 20 Hz. The 
choice of this frequency range and step is 
driven by considerations connected to the 
solution time with one mesh valid for all the 
frequencies. Specifically, the constraint of 
performing the simulation in a timeframe of 
about 1 day has been selected, with the aim 
of demonstrating the benefits of the adaptive 
meshing technology. Different constraints 
may be found in different environments 
and therefore even greater benefits could 
be achieved. Indeed, the higher the target 
frequency the greater the delta between the 

Efficient Solutions  
for Simulating Ground 
Vehicle Propagation

TECHNOLOGY MATTERS
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Figure 4: Interior car cavity        

adaptive meshing technology and standard 
simulations involving a single mesh for the 
whole frequency range. 

The required input mesh consists of only the 
exterior truck surface mesh and the speed up 
obtained in this case is about 4. 

Solve High Frequency and Big 
Domain Problems  
in a Few Hours
Before discussing methods for solving high 
frequency and large domain problems, it is 
worth discussing first how to define the limits 
of acoustic simulations. Specifically, given a 
time constraint set-up by the development 
cycle of a given vehicle and given bounds 
on the available computational resources, 
a maximum number of degrees of freedom 
(DOF) can be identified for a standard FE 
acoustic simulation. This maximum number 
of DOF’s limits the maximum frequency of 
analysis and/or the domain size. Alternatively, it 
is possible to identify the L/λ ratio as indicator 
of the size of an acoustic propagation model, 
where L is the characteristic length of the 
problem considered and λ is the wavelength. 
Alternatively, the literature sometimes refers 
also to a dimensional kL factor, which in this 
case corresponds to 2πL/λ. The higher this 
ratio the bigger the number of DOF’s involved 
in the simulation. The typical threshold 
value of the L/λ ratio in 3D is of the order of 
magnitude of 50 with nowadays computational 
technologies: for L/λ < 50 acoustic simulations 
with standard FEM method can be done in 
an industrial context; L/λ > 50 needs specific 
tools such as Actran DGM. Indeed, this solver 
combines the efficient Discontinuous Galerking 
Method (hence the acronym DGM) to the latest 

Figure 5: Car cavity internal cut-planes map.            
A) Untreated case; B) Treated case

A                                      B

hardware acceleration means provided by 
Graphical Processing Units (GPU).

The Discontinuous Galerkin Method is a time-
domain explicit method which combines the 
highly parallelizable aspects of the finite volume 
scheme with the accuracy of a high-order 
polynomial interpolation. In this method, a 
variable high-order polynomial interpolation is 
selected at the element level and the continuity 
assumption between adjacent elements is 
relaxed. DOF’s are consequently duplicated 
at the element interface (see Figure 2). This 
spatial numerical scheme is used to solve the 
Linearized Euler Equations in the time domain. 
A 4th-order explicit Runge-Kutta scheme 
integrates the solution in time. Practically, the 
computational process reduces to an element-
level system to inverse, which allows for a fast 
solution with low memory consumption and 
high parallel scalability. 

GPU’s provide a mean to perform 
computations in a much more efficient way 
than conventional CPU’s, as they feature 
thousands of cores working in parallel 
by sharing a dedicated memory space. 
There is now a clear trend to have GPU’s 
accompanying CPU’s as co-processors 
for increasing the computation power of 
workstations and clusters. However, the 
powerfulness of GPUs is plainly achieved with 
highly intense and local arithmetics. Software 
codes exploiting the Discontinuous Galerkin 
Method for acoustic simulations are therefore a 
perfect candidate for GPU acceleration.

In the next section, few example applications 
for the automotive industry have been 
simulated by means of Actran DGM with GPU 
acceleration. Specifically, the examples cover 
different ranges of acoustic domain sizes and 

analysis frequencies. In all presented cases, 
the computing workstation is equipped with 2 
NVIDIA K80 cards.

Truck pass-by-noise: the mid 
to high frequency range

The first example covers the exterior acoustic 
analysis of a full truck at 5 kHz (see Figure 3). 
As in the previous implementation for low to 
mid frequency, a monopole is used to describe 
the noise sources of the exhaust noise. The 
results obtained can be exploited for pass-by 
noise simulations or for computing the acoustic 
transfer functions towards the passenger 
compartments. This problem has been 
simulated in less 2 hours 22 min, the analysis 
involved about 221 Millions DOF’s.

Interior car acoustics: high frequency range

The second example analyzes the interior 
acoustics of a car, including dissipation 
mechanisms, at 15 kHz. In this case a 
loudspeaker installed in the car door is 
simulated by exciting a circular surface with a 
given velocity pattern, which can be obtained 
by separate simulations or by experiments. 
Furthermore, trim components effects such 
as carpets and headliner are accounted for 
through admittance boundary conditions. 
In this case, the usage of a modal analysis 
becomes unfeasible due to the high frequency 
target and a direct solution is therefore fully 
justified. Note that the car structure partially 
displayed in Figure 4 is not taken in into 
account. Figure 5 displays the effect of 
acoustic treatments through cut planes of the 
pressure map in the car cavity.  The analysis 
involved about 383 millions DOF’s and has 
been carried out in about 4 hours.

(To be continued on page 16...)

Figure 1: Adaptive meshing technology.                       
A) Course Mesh; B) Fine Mesh

A                                      B

Figure 2: Sketch of location of degrees of freedom. 
DOF’s are duplicated at the element interface, 

making the method discontinuous

Figure 3: Full truck acoustic radiation,             
analysis frequency 5kHz



Figure 1: Trimmed Car Analysis
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T
he design of a car is a complex 
process involving several actors 
(i.e. car OEM departments and 
suppliers) all of them having 
different and sometimes conflicting 

objectives. For example, car lightweighting can 
completely jeopardize the NVH performance 
and therefore, a good trade-off shall be 
achieved. Increasing the mass applied to the 
firewall, for instance, substantially reduces the 
structure borne noise transmitted from the 
powertrain to the passenger compartment. 
Though, this added mass leads to an 
increment of the final fuel consumption.

In this framework, numerical simulation tools 
for automotive NVH analysis shall provide 
three main attributes: efficiency, flexibility 
and robustness. The need of having efficient 
methods has been already highlighted in the 
article “Efficient solutions for ground vehicle 
acoustic propagation problems” of this 
magazine issue. Flexibility and robustness are 
connected to the overall design process of a 
ground vehicle. Flexible tools are important 
when multiple actors are involved in the design 
process, which implies the need for sharing 
models. This applies, for example, to the body-
in-blue or body-in-white modal bases which 
are shared between different departments: 
the implemented method has to be capable 
to reuse available models and avoid wasting 
resources. Finally, robustness is required for 
evaluating design solutions when assumptions 
are made at very early design stages. Indeed, 
when developing new vehicles in a very 
short time framework, the different aspects 

shall be designed in parallel rather than in 
serial to ensure the shortest development 
time. Therefore, assessing the vehicle NVH 
performance shall start at the earliest pre-
design phase, despite the lack of data. In 
other words, both flexibility and robustness 
are required to move from serial to parallel 
processes in product development, design and 
manufacturing for reducing new cars time-to-
market and R&D cost.

Examples of such numerical simulation tools 
are Nastran PEM or Actran, currently used 
by major OEMs for optimizing the sound 
absorbing and insulating materials of car 
compartments. Both tools exploit the reduced 
impedance matrix method. The basic idea 
of this method is to use both body-in-blue 
and acoustic modes and add the effects of 
the acoustic trim package on those modes. 
The advantage of this approach consists 
in accounting for complex damping 
frequency-dependent effects 
provided by acoustic trim 
materials while still solving 
the system in modal 
coordinates, 
with the 
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NVH Analysis 
Advances in the  

Automotive Industry

great computational advantage of having a 
reduced number of degrees of freedom.

This approach features several advantages, 
all of them following the requirement of 
having shorter development cycles. Indeed, 
it is designed to be efficient both in terms of 
solution time, computational requirements 
and process workflow. From the process 
perspective, it is possible:

• To reuse existing modal bases of Body-
in-White, Body-in-Blue models and car 
compartments 

• Exchange data between OEMs 
departments and subcontractors in 
terms of modal bases, trim component 
meshes or trim material parameter set



Figure 2: Noise Transfer Function between driver’s 
ear acoustic pressure and unit excitation

Figure 3: Structural response – NPVM VS 
deterministic results
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• Add existing trim models to new 
structure or cavity models during design 
cycles. 

An example of application of this approach on 
a full car has been performed by Pietrzyk[1] 
with the aim of predicting the air-borne sound 
transmission into the passenger compartment. 
Moreover, its usage within an optimization loop 
has been described by Ronzio and Courtois 
[2].

The Dodge Neon example
For illustration purposes, let’s consider the 
Dodge Neon model shown in Figure 1, which 
has been solved both for the bare and the 
trimmed configurations. Specifically, the trim 
components included are: the firewall, the 
carpet and the headliner.

The Actran analysis outputs several indicators 
such as interior noise levels, structural 
vibrations or transfer functions between input 
excitations and interior acoustics. For instance, 
Figure 2 depicts the transfer function between 
a unit excitation at one shaft point underneath 
the car floor and a microphone positioned at 
the driver’s ear.  The acoustic sound package 
effect is appreciable over the complete 
frequency range as the vibrations from the 
structure are well insulated thanks to the 
carpet trim. In this size of problem, the solution 
time is less than a day including the modal 
extraction procedures.  

Towards the Robust NVH Design
Assessing the vehicle NVH performance in 
the early design stage necessarily implies 
making assumptions on the model as not all 
the aspects are known. As a consequence, 
the pre-design models of a vehicle contain 
a certain degree of uncertainty which 
requires specific care to avoid erroneous 
conclusions. Moreover, as the frequency of 
analysis increases, the number of structural 
and acoustic modes increases, making 
local response indicators very sensitive to 
model parameters. This is a typical attribute 
of the so-called mid-frequency range, for 
which dedicated methods are needed. SEA 
approaches, sometimes resorted to in the 
so-called high-frequency range, are not 
appropriate as they assume a constant modal 
density and modal energy distribution. Besides 
frequency and spatial smoothing techniques, 
it is possible to obtain relevant numerical 
models by means of the Non-Parametric 
Variability Method (NPVM) proposed by Soize 
[3] and applied on industrial car models by 
Gagliardini [4]. The advantage of this stochastic 
method is that it relies on a global variability 
characterization, which is not directly related 
to material or geometrical parameters. Further 
advantage is that the method leverages the 
existing low-frequency NVH model resulting in 
minimal modeling workflow impact. This non-
parametric attribute makes it perfectly suited 

to model the uncertainty at the system level as 
well as the mid-frequency range analysis. The 
NPVM approach makes usage of the modal 
reduction, which ensures the computational 
efficiency of the procedure, by randomizing the 
modal stiffness, damping and mass matrices 
of either the structural part or the fluid part. 
This method is available in Actran and Nastran* 
and provides access to both mean response 
indicators and statistical dispersion (standard 
deviation, envelope, confidence interval). 

As an example, Figure 3: depicts the structural 
response of a part of the car model. As 
the frequency increases, it is clearly shown 
that the response dispersion increases. A 
deterministic approach may therefore be 
misleading whereas the NPVM output, given in 
terms of envelope of the structural response, 
allows addressing the part behavior in a robust 
manner.

Conclusions
In the automotive industry, the NVH 
analysis is a complex process involving 
several actors, ranging from different OEMs 
departments to different suppliers. Efficient 
and robust methods are needed to assess 
the performance of the adopted solution, 
such as sound absorbing/insulation materials. 
The applicability of such methods at the final 
design stage as well as at early steps, when 
several project aspects are loosely defined 
and therefore uncertain, is of primary concern. 
In this context, the Reduced Impedance 
Method, implementing Pore-Elastic Material 
for trimmed body analysis, and the Non-
Parametric Variability Method address the 
trim body package performance and the NVH 
modelling in a robust manner respectively. 
These methods are available both in Actran 
and Nastran.
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Ultrasonic proximity sensors

Finally, an even more challenging application 
is considered: ultrasonic proximity sensors. 
These sensors equip current vehicles for 
helping drivers in parking maneuvers, and will 
equip as well future autonomous vehicles for 
more complex tasks. With a specific focus 
on autonomous vehicles, it is worth to note 
that several technologies are used to have 
a complete 360° view of car’s surroundings. 
Among these, Volvo Cars for example will 
use current parking sensors to support the 
autonomous drive at low speed [4]. 

In this example, a set of acoustic waves at 
50 kHz is radiated from a car back bumper 
towards a basic obstacle (see Figure 6). 
Numerical modelling in time domain is required 
here to discriminate between the waves 
reflected by the object and the waves reflected 
by the ground floor. A 3D portion of the back 
part of the car is considered. This yields to an 
analysis of almost 1 billion DOF’s and has been 
carried out in 14 hours and 42 minutes on a 
single workstation featuring the GPU cards. 

Figure 6: Rear parking sensor simulations.               
A) Outgoing ultrasonic outgoing waves; 

 B) Reflected waves by obstacle and ground floor

A                                      B

Conclusions
In a competitive industrial context, the 
development cycle is becoming shorter 
and shorter, inducing strong pressures to 
reduce the time for designing vehicles. In 
this perspective, new technologies available 
for acoustic simulations allows to drastically 
improve the computational time. Specifically, 
in this article, two technologies have been 
described: the adaptive meshing technique 
and Actran DGM with GPU acceleration. 
These two techniques enable to tackle typical 
acoustic automotive problems in the low/mid 
and mid/high frequency ranges, respectively. 
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Overview
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noise
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• Assessment of trim package efficiency                     
on full vehicles

• Assessment of airborne propagation path around 
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powertrain or tires.

• Trunk or car door slam noise assessment

Our Strength
• Flexible training sessions: basic and advanced, 

standard and custom designed, on-site or off-site, 
hands-on or theoretical training

• Timely and professional support
• On-site assistance
• Short or long, unique or recurrent consulting   

projects and engineering services
• CAE Integration services
• High-performance computing consulting  

including installation, optimization, integration 
 and customization services
• Acoustic CAE methodology development               

and deployment
• Technology transfer services
• Access to professional mesh tools, CFD software 

and FEA solvers (MSC Nastran)
• High-performance computing resources

ActranTM
To Learn more, visit: 
www.fft.be

ACOUSTIC CAE PROJECTS

 GET THE HELP YOU 
NEED FOR YOUR 



FFT ACOUSTIC SIMULATION 
CONFERENCE &

Actran Users’ Meeting

Brussels, Belgium | October 11-13, 2016

For more information, visit: www.fft.be


