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SUMMARY

Human interactions with external environment neebd very efficient in a survival mode and
there is a very good match between sound perceptidrexternal stimuli such as speech, which
is a key communication skill. But global perceptismelated to all senses.

New technologies products are created to enhanceumwomfort. They produce sounds and
can be evaluated in a human perception point af.Vigifferent perceptive quotation scales are
discussed. An overview of Psychoacoustics tooldieghfo fan noises is presented.

Comfort enhancement strategy for Automotive Heatirgntilation and Air Conditioning
systems consists in a first step in a classificatisto different noises characteristics and
presence conditions. In a second step, optimisaticthe main perceptive characters of each
pre-classified noise is proposed, generally invajvither comfort parameters.

Concerning Automotive Cooling Fan systems, Loudregsrion is the main characteristic of
the acoustic annoyance.

INTRODUCTION

Rotating machines with fans produce air flow. Whamen a first approach the modal behaviour of
the machine is not taken into account, the higherrotation speed is, the stronger the air flow is,
and the higher the radiated sound pressure is., Bieosistic level increases with the performance of
the fan. Spectral characteristics of sound produgerbtating machines, speech or music are very
similar: numerous harmonics of rotation speed ammment in the spectral shape. Decreasing
annoyance or improving comfort is not just only att@r of global acoustic level decrease. A quick
overview of human perception is presented, followgd focus on sounds perception and acoustic
evaluation in automotive industry. Heating Venidat and Air Conditioning system acoustic
comfort improvement strategies are detailed, armling fan system psychoacoustic criteria are
discussed.
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HUMAN COMMUNICATION AND BRAIN PERCEPTION

Acoustics and vibrations at the heart of the commuication

Hearing sense is dedicated to communication: wealle to share valuable information using our
complex speech skills. Hearing is a clue sensetirtk the human basic needs listed by biologists:
food, reproduction, protection and locomotion (Fegd). These communication skills also help us
to adapt to new environments and configurationsyclRsacoustics definitely stands at the

crossroads between humanities and biology.

In any human language, independently of the sizk the age of the speaker, there are clue
informative sounds in the frequency range betwe@®01Hz and 3000 Hz (Figure 2). In this
frequency range, human’s ear is the most efficidrg:sound pressure coming from the outside is
very efficiently transformed into an electricalnstilus. In the rest of the audible spectrum of the e

— from 20 to 1000 and over 3000 up to 20000 Hzhe, dound is filtered. Speech emission is
adapted to ear perception to make the communicagonefficient. The ear perception is also very
much adapted to the sounds carrying informatiorubasic needs listed above. In human’s natural
environment, birds can be considered as preys anddts as predators. Bird songs and branches
creaks are informative signals for eating and mtaia, and these sounds are in the audible range.
To conclude, sound perception ensures optimisedraorication with human environment.
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Figure 1: Basic human needs[1] Figure 2: Hearing area [2]

Perception and brain

Our ears are sensors that transform the soundypeesgo a vibration, and then into an electrical
signal. The signals coming from the two ears amn tphost-processed synchronously inside the
brain, including sound spatialisation. Differengior zones are dedicated to each sense. If each part
of our body was to be represented relatively tolifen volumes related to each sense, the ears
would be much bigger than they really are (Figure 3

With such a perception body shape representatienwbrd comfort is clearly related to all senses
and cannot only be applied to acoustic comfort. &gproduct such as an automotive HVAC
(Heating Ventilation and Air Conditioning), drivand passengers global comfort is clearly a mix
between Acoustics, Thermics on the face and thddair flow on the face, and vibrations on the
hands via the steering wheel.

Recent advances in neurosciences show that partizohes in the brain are dedicated to each
sense, and for each sense particular zones inréie dre dedicated to specific related signal post-
processing. They also show that related volumethése zones are variable through time, life,
individuals, depending on the environment stimdlhese researches point out the extreme
“plasticity” of the brain, and the extensive indlual's ability to learn. For example, extreme
concentration on a specific stimulus is possibie] apecific acoustic evaluation of an HVAC is
possible can be requested to an individual, indegethy of global comfort evaluation. Plasticity of



FAN 2015 3
Lyon (France), 15 — 17 April 2015

the brain is a clue factor for adaptability to moddéfe environment in which there is a huge
diversity of acoustic stimuli associated with n@etnologies.

10

Perception of the stimulus

— 10 levels evaluation scale and truncature effect

— 4 levels evaluation scale and trucature effect

Stimulus

Figure 3: Functional architecture of Figure 4: Evaluation scale: mark accuracy
perception activity in the cortex [3] resulting from truncature effect

Weber-Fechner law:

Weber stated experimentally during the 19th centivay the amount of change needed for sensory
detection to occur increases with the initial irsignof stimulus; in other terms, the chardfgin a
stimulusSthat will just be noticeable is a constant ratiadh@ original stimulus and is proportional
to it (1):

A—SS =constant (1) P=kxlogS (2)

The left hand of the equation can be considerethaglifferentiation of a logarithm and Fechner
writes a few years after Weber that the percepBaof a stimulus is related to the stimulus by a
logarithmic law (2). The reductionist charactertbis law to evaluate the ability of our brain to
interact with its environment has been widely cizied, but this law is a very good first approach
for any perception: light brightness, vibrationdg\pain perception, educational evaluation, omeve
mental representation of numbers [4]. It is applie@coustics with the logarithmic unit for sound
pressure level scale deciBel, to octave and thitdve band analysis for the frequency scale, but
interaction between frequency and level is not lyuikegarithmic (threshold limit is not a straight
line in Figure 2 for example), leading to Equaldoess curves and Loudness and Bark notions.

CLASSIFICATIONS

Human constantly sorts and classifies informaticglated to basic human needs and
communication. Evaluation is part of this classifion process: perceptive evaluation can be
performed by jurors who qualify many sounds in ayvehort time. Jurors and sounds shall be
chosen in order to be statistically representativa population; it is mandatory to be able toelist

to the sounds with a realistic audio system repliag to switch from one sound to another in less
than five seconds, which is the time memory fomstsu

Classification of acoustic stimuli

The acoustic stimulus of the human ear is the squedsure quantity. Musicians classify sounds
into four properties: level, pitch (frequency), bre and duration. Time specificities can also be
classified: stationary versus transitory, level &reduency modulation through time.

In the «Information theory» field, an informativeaastic stimulus is qualified as a “signal”, while
a non informative acoustic stimulus is qualifiedasnoise”. In everyday language, the term of
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noise applied to acoustics is a bit differentsiein “annoying informative signal”. “Annoyance” or
“discomfort” is related to an evaluation.

Speech perception mechanisms classification is méoymative to understand acoustic perception:
the same classification process is used to evalhatenanufactured products. Speech perception
highly depends on two vocal chords characteristibgch determine the frequency modulation of
the speech signal [5]: the Glottal Pulse Rate, Wwisa characteristic of the signal variation tlgiou
time, and the Vocal tract length characterizedtdgpectral envelope. The mechanisms that help to
separate different voices emitting sounds in thmesperiod of time are also highly dependent on
related levels and on their variation through time:

» whenever there is substantial zone of spectrallawydretween two simultaneous emitted
sounds, the loudest sound (depending on relagegidéncies and levels) can mask the other
one: it is related to frequency masking effect,

» if two signals appear sequentially, the loudesinglofrelated levels and time durations) can
mask the other one: it is related to temporal nagskifect,

» restoration capacity is linked to the auditory mepapacity to decompose a speech sound
into a series of harmonics, even if not all theinfation is present; auditory enhancement
enables to focus neuronal activity to a particelaaracteristic of a signal that is considered
as “informative” or “useful.

Such complex characteristics are used in every aomgation scenario of everyday life. Extensive
acoustic perception characteristics have beenifitasby Zwicker and Fastl [2].

Natural and non-natural acoustic signals

Acoustic signals can also be classifiechatural or non-natural A natural acoustic sound is a non
disturbing, acceptable, and sometimes needed —ikthenlevel is high — sound. Several definitions
can be given:

» signal that appears, increases or changes aftctenm done by the user,

» signal that gives a feedback and helps to takeciside,

* signal indicating a usual operation of the machine,

* signal indicating robustness,

» signal related to the environment.

A non-naturalacoustic signal, or "noisé$ a disturbing and unacceptable — even if itsllevBw —
acoustic signal. It sometimes can be consideredfasure. Several definitions can be given:

» signal that appears, increases or changes suddéhbyut user action,

» signal that gives not required information or tbatild give wrong information,

» signal not related to the environment.

The objective for manufacturers is to design tipeaducts in order to avoid non-natural acoustic
signals: in automotive industry, the comfort isey lbuying factor.

Jury evaluation

Numerous evaluation scales for perception existaaadised. Borg scale for pain strength is widely
used in hospitals with a quotation of 0 to 10 [Bigire 5). This scale is a logarithmic scale for

which the term of “strong” appears at a rate oStch scales are also used during acoustic jury
evaluation tests: the highest mark would be qualifis “dislike”, disturb”, or “annoy”.

In automotive industry, there is a quotation sdale Acoustic comfort evaluation of a product

(Figure 6), with “acceptance” criterion for levedgual or over 6. It is very important to point out

that for both car manufacturer and product supphlequotation strictly above 8 is considered as
“over-quality”, and a quotation lower or equal tédb a product will result in not being sold.
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Quotation Perceptive evaluation
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Acoustic comfort evaluatior
Very bad : Non operational
Bad : Limited operation
Very poor : Complained as bad failure by all customers
Poor : Rated as failure by all customers
Unsatisfactory : Rated disturbing by all customers
Acceptable : Rated disturbing by some customers
Satisfactory : Noticeable by all customers
Good : Noticeable only by critical customers
- . i Very good : Noticeable only by trained evaluators
0 eam 0 Excellent: Not noticeable even by trained evaluators

Figure 5: Borg’s scale for exertion Figure 6: Typical automotive industry
and pain [6] acoustic comfort evaluation
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Sometimes, quotations for quality evaluation aguested to be performed with a 4 values scale:
from very bad to excellent through unsatisfactargl aatisfactory. In a scale of 1 to 10, a truncatio
effect of 0.5 in the mark is inherent. In a scalenf 1 to 4, the two extreme values are not very
informative because they represent too low or tigh lkquality. Not only mark 2 and 3 are not very
representative of the logarithmic scale itself, Ik truncation effect in this zone is huge
(graphically illustrated in Figure 4). In real lifsuch 4 steps evaluation scales quotations are not
informative enough and can very easily lead to mdeustandings about the product itself.

PSYCHOACOUSTICS CRITERIA

In this section, a focus on Sound pressure levauation is presented, followed by other indicators
characteristics of our ear/brain perception [7].

dB(A) and Loudness

In the late 1930’s, a frequency weighting A is defi in the acoustic international standard for
sound level meters. It is issued from the 40 dBaktpudness contour and was manufactured
adding internal RLC electronics circuits inside foeind level meter. At the same time, the dB(B) is
also defined, from the 60 dB equal-loudness contouirhas not been as widely used as the dB(A).
Since 1970, digital era allows to implement the lghiso-sonic contours, and to implement the
“Loudness” psychoacoustic indicator. Loudness isnéixpressed in Sones, or in Phones (3):

P=40+10*log,S (3)
wih P Loudnesdevelin PhonesS Loudnesdevelin Sones

24 critical frequency bands named Bark 1 to Barla&idefined in the audible frequency range and
24 “Specific Loudness” values are calculated. Gldlo&aidness is calculated over the whole audible

frequency range. In terms of order of scale, Phanesnuch like dB: 100% of people can hear a 3

Phones gap between 2 sound recordings, 10 Phottes gap between the loudest and the weakest
product among the different brands and ranges s#nae type of product, 1.5 Phones is a typical

measurement uncertainty.

Today, Loudness calculation includes time and feegy masking effects, and the last ISO 532
norm, Method for calculating loudness levehcludes determination of time varying Loudness.
Despite 40 years of possible use, it shall be pdirdut that Loudness is still not THE Sound
Pressure Level evaluator in automotive world.
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Other criteria
In the automotive industry, psychoacoustics is Ueed
» binaural recording and replay: massively used émuatic comfort evaluation inside the car,
* pitch perception: tone to noise ratio (TNR), Proemice ratio, or Tonality criteria appear in
some automotive specifications, mainly for fans aledtrical motors,

» pleasantness: Sharpness versus time for quasdpesignals and Roughness for electrical
motors and fans are the most used.

HVAC SYSTEM DESCRIPTION AND OPERATING

The Heating Ventilation and Air Conditioning systésma major contributor to thermal comfort of
driver and passengers inside the car. The functidhe HVAC is based on the circulation of cold
or hot air (Figure 7). Outside air is picked upteg base of the windshield and then blown insi@e th
vehicle. The air is successively filtered, cooledeated, mixed, and then distributed into thercabi
Another function is to use the recirculation inlebich takes the air from inside the cabin. In orde
to cool down or heat up the car cabin faster. #l$® used in case of detection of pollution owsid
the vehicle. To warm up and cool down the air,dasihe car cabin, two closed loops are today
necessary. The cold loop is based on circulatiorthef refrigerant. The hot loop is based on
circulation of engine coolant.

1. Recirculation Air Inlet — 2. Air Inlet
Flap — 3. Outside Fresh Air - 4. Blower — 5.
Air Filter — 6. Evaporator — 7. Refrigerant
A/IC Loop - 8. HVAC Structure — 9.
Condensate Outlet — 10. Mixing Air Flap—
11. Heater Core —12. Heater Water Loop —
13, 15, 16, 17, 19, 20. Air Outlet — 14. Air
Distribution Flap — 18. Defogging-demisting
Flap.

Figure 7: Automotive Air Conditioning System

The air conditioning system shall satisfy the eadricomfort in terms of cooling capability, heating
capability, advanced comfort (individualisation, ftsaliffusion, pre-conditioning), air quality
(filtration and odorisation), acoustics (low ovérabise level, good sound quality, no transient
noises). On the other hand, the supplier of thecainditioning system must satisfy the car
manufacturer needs in terms of packaging, massepoansumption, and acoustics (overall noise
level, sound quality). All criteria can be satisfi®ut a compromise must be found between
acoustics and others criteria.

APPLICATION TO AIR CONDITIONNING SYSTEM NOISES

As mentioned, thanks to the blower, the air patisesigh different exchangers and ducts and is
blown inside the car cabin and extracted from tbkicle. Thanks to flaps, actuators and steppers,
the airflow distribution at needed temperaturerisuged. All those components are not known or
not visible (under the dash board) for the endsisEne only visible thing used by end users is the
HMI (Human Machine Interface). The only thing exjgetby the end user is the thermal comfort.

The car makers and the suppliers translate thisaapon into an air flow quantity, a temperature

level and a distribution type.

However, both active and passive components itH¥W&C can be sources of noise. Each source is
identified as magnetic, aero-acoustic or mechaoigce. Each type of noise can be classified as
natural or unnatural. Valeo has created a data ideze each noise is identified by detection
conditions, the frequency band and its sound.
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Non-natural ticking and U-Tone noises: descriptionand root causes

Very irritating noises can appear at low blowereshedecause the air flow noise is very low (Figure
8). The root cause of the ticking is the roughrasthe surface of the motor collector. Numerous
rotation speed harmonics are present in the npisetsim: the main root cause is the magnetic field
fluctuation that creates vibration modulo the numbg slots on the rotor. In those two cases,
vibrations are transmitted to the motor. Any cohtastween the motor and plastic parts like motor
cover creates the noise.

Due to lower background noise in electrical velscleybrid and electrical cars users may be more
sensitive this kind of annoying noises. For exampleceptable ticking and / or U-ton noise in
thermal power train vehicles could be very annoymeglectric power train vehicle (Figure 8 and
Figure 9).

Thermal engine off HVAC on (low air flow)

A R . i i Electric on Idle
dE Acceptabletlckmg noise Thermal engine on |dle position E icon Idl

f Unacceptable ticking noise Hybrid Vehicle - HVAC influence - V1
N [dB(A)/20u Pa)
v 40
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10 dE
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Figure 8: Ticking noise spectrum Figure 9: High harmonicity in the spectrum

Non-natural ticking and U-Tone noises: recommendatns

Two solutions can be implemented to eliminate il of noise. The first one is to select only
very good motors. In this case, an end of line mns mandatory for 100 % of production. The
second one is to implement efficient decouplingesysbetween the motor and the motor cover.
The second solution is most efficient than thet finse because the decoupling system reduces the
motor dispersion. In order to reach the car malecifications and to offer good quality and
comfort to the end user, new decoupling systenmbleas developed recently by VALEO (Figure 10
and Figure 11). This system is very efficient foerimal power train vehicles and still efficient for
hybrid and electric power train vehicles.

eep results with motor ing system - Motor
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Figure 10: Efficient decoupling Figure 11: Significant gap (12 dB) between
the harmonics levels and overall level

Non-natural recycling noise: description and root auses

The recycling function is used to warm up and abmivn the air in the cabin very quickly. This
function is also used in case of air pollutionsbme HVACS, the recycling air is permanently used
to upgrade the thermal performances. To realiseftimction, the air is picked up from the cabin via
an inlet under the dashboard. Due to this openimtjlecause of pressure loss difference in this
configuration, the noise inside the cabin can beetones totally different compared to fresh air, in
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terms of spectra, and level. This noise differenwdkebe more annoying in case of electrical power
train vehicles. This will be not acceptable for #ral user, especially in case of automatic HVAC -
in this case, the end user does not manage theliregygir inlet-.

Non-natural Recycling noise: recommendations

Use of VALEO recommendations lead to reduce thesengap between fresh and recycling air.
These recommendations are based on two principtest fresh mode and in recycling mode, air
flow and pressure drop of both circuits must besémme. 2 - Direct noise shall not radiate directly
through the recycling air inlet. In this way, a RSALEO patent (Figure 12 and Figure 13)

consists in placing the Fresh and Recycling inietshe car plenum [9]. In this case, the same
pressure losses between the two modes are obtamédhe direct emission of the blower in

recycling mode is avoided. With this design, thensgperception of recycling and fresh air is
obtained.

Fresh airgrjg

New
architecture

ecycledairinlet i)

L I 1] Y r Fresh air [ Fresh air
. [ Recycling air | Recycling air
i b - S T N N N A I i T

L
9 83 13 20 50 % 2% 4 8 1k 39 63 125 250 500 1k 2k 4k 8 1%

Figure 12: Concept of new recycling Figure 13: Comparison between recycling and
air inlet fresh air

Natural Air Flow noise: description and root causes

For the thermal needs in vehicle (warm up and do@n) the HVAC unit can produce an air flow
rate up to 600 kg/h, which causes a high noisd.l@¥es natural noise: it is needed by the end-user
as a feed back for the ventilation system well fioming. Moreover, it must have good noise
quality, with “pure” air noise (no cavity modesalfien leaves” noise...), and an acceptable level in
high frequencies. This natural noise can be peeckas not acceptable in case of electrified vehicle
because of low background noise in electric mo&@se(ir ! Source du renvoi introuvable. and
Erreur ! Source du renvoi introuvable.).

[@——— VehicleTest_HVAC_V1 @ —— VenhicleTest_HVAC_V1
VehicleTest_HVAC_V2 VehicleTest_HVAC_V2
VehicleTest_HVAC_V3 VehicleTest_HVAC_V3
VehicleTest_HVAC_Vmax VehicleTest_HVAC_Vmax
ElectricEngineAlone e ThermalEngine_ldle
Hybrid Vehicle - HVAC influence - Electric Motor Hybrid Vehicle - HVAC influence - Thermal Engine
[48 (A)/20u Pa] [4B (A)/20u Pal

T T i T T T T T T T T T T T T T T T
31.5 63 125 250 500 1k 2k 4k 8k 31.5 63 125 250 500 1k 2k 4k 8k
[Hz] [Hz]

Figure 14: HVAC air flow noise Figure 15: HVAC air flow noise
Thermal power train noise Electric power train noise

The worst case is changing the power train moda fleermal engine mode to electrified mode. In
that case, the background noise drops from a tbéetlcan cover completely or partially the HVAC
noise to a level that cannot cover the HVAC nold&e recommendations done, in case of thermal
engine power train, still apply to the electrifieghicles but other recommendations shall be
implemented to manage the air flow sound quality.

Natural Air Flow noise: recommendations
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The noise level of HVAC (overall and 1/3 octave)inked to the air flow, pressure drop and the
efficiency of the blower [10]. Therefore, it illuates well the impact and great potential of
improvement for the acoustic results by decreasiagnuch as possible the air flow rate and
pressure resistance (Figure 16 and Figure 17% possible to predict the air flow noise (overall
level and spectra) using a blower pre dimensionouy developed by Valeo. Two levers can be
used to reduce the air flow noise: pressure drapaanflow optimization.

Predicted Spectrum / Pressure of the circuit Predicted Spectrum / air flow

——500kg/h

400kg/h

10 100 1000 10000 100000 10 100 1000 10000 100000

Figure 16: Influence of the circuit pressure Figure 17: Influence of the air flow

Natural noises: Pressure drop optimisation

The total pressure drop of the complete circuithis sum of vehicle pressure drop and HVAC
pressure drop. The HVAC pressure drop is due toiraat, diffuser, filter, exchangers and
distribution circuit. The vehicle pressure dropdise to the water separator, the ducts and the
extractor (Figure 18). The blower adapts its rotagspeed to overcome this total pressure drop. The
higher the pressure is, the higher the blower speethd the louder the noise is.

To reduce the air flow noise, the HVAC and vehiptessure has to be optimized. The pressure
drop of each part of the circuit is minimized usiogr manufacturer and VALEO know how.
Several CFD simulations can be necessary to opgithiz circuit pressure drop (Figure 19).

The required blower pressure head is reduced (Eigjf); it is also the case of the blower rotation
speed and power consumption. In some cases, thendiams of the blower can be changed to be
altered to the new operating point. In some caseetis a physical limit for pressure optimisation.
In this case the specification or the packagingtbdse reviewed.

g Pressure drop repartition
—®-Cold circuit —*—hot circuit

/ TR
S~ / .
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200 B o\\:\\ ) 200 ’0 \)(\\ d‘\
Figure 18: Example of Pressure drop Figure 19: example of pressure drop
distribution optimization

Natural noises: Air flow optimization

There are two approaches to reduce the air flowe. firet one is based on new management of the
end user thermal comfort. New air flow distributi@sult in air flow reduction while the comfort is
the same. The thermal validation of this approdwws very interesting results. To implement this
approach in serial production, collaboration betw®ALEO and the car makers is mandatory.

The second approach consists in establishing &éegyrador end user global comfort. A model
mixing thermal air flow and acoustic preferencellsba found. Collaboration between VALEO and
the academic world [8] was organised, in ordervaluate the end user comfort needs. This study
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of the psycho-acoustic perception of several HVAGtams provides a classification of several
configurations ranked from acceptable to the mastutbing. Correlation between subjective and
objective measurements provides a preference mulaleined from 2 complementary methods
(preference and dissimilarity). Two parameters hiagen identified in this model: Loudness and
Speech Interference Level. These parameters h#feeetit influences depending on the frequency.
By modifying the acoustic level in a precise fregeye band, it is possible to improve the acoustic
perception of the end user without changing theallveoise level.

A mixture between the acoustic preference modelntlal needs and air flow rate allows finding a
new method of A/C system control to offer a globaifort to the end user. The example in Figure
20 shows a new temperature control strategy foincadol down, a better comfort curve compared
to current production cool down: a slight thermaindort and air flow performance decrease can
result in a drastic noise reduction. The end usefeps the new strategy because the noise level is
lower than the production strategy even if the toneation of the cool down is longer.

17 Objective: cool down the Current New control
E / air inside the vehicle from | production method
E — 70 °Ct0 20 °C strategy
2; | gﬁj Time duration to achieve | 30 minutes 35 minutes
015 ] 20°C
044 Air flow rate 500 kg/h 400 kg/h
03 / — Serial Comfort Strategy Overall noise level 65 dB(A) 60 dB(A)
02 — New Comfort Strategy End user head temperature T=Fct (Timg) T=Fct (JHh&C
011 Time (mn)
0

(o] 10 20 30 40 50 60

Figure 20: New Cool Down new strategy to offer gllotomfort

APPLICATION TO AUTOMOTIVE COOLING FAN SYSTEM: AXIALFAN

An axial fan system is positioned in the air fldwdugh the heat exchangers full of fluids. This fan
system (fan mounted on an electrical motor) operathenever the temperature of the cooling
liquid reaches a value considered as dangeroughforengine operation and duration. While
operating, vibrations on the steering wheel carpéeeived by the driver, due to fan unbalance
transmitted through the car body, mainly when thgime is at idle or OFF. Inside the car, the
airborne noise created by the fan system is haadigible. As airborne noise level is speed
dependent, electronic speed driving enables todalmng durations at high rotation speeds.
However, when the fan is operating, global levalsays above 55 dB(A) for a person at distance
of 1 meter from the fan system.

Psychoacoustic studies on cooling fan have bedorpeed through the last 15 years [11]. Different

techniques to establish a correlation between pwgluations and various models have been
studied. The most significant characteristic of tfaa system noise” is the specific loudness. It is
clearly more adapted than the dB(A), which is natable for levels much higher than 40 dB:

global Loudness results correlate much better thardB(A) with Jury evaluations. Jury evaluation

using a scale of annoyance (replacing pain by aammg in the Borg scale) show that any fan
system has the characteristic to be at least “glyamnoying”.

It is also possible to calculate a peak level gjtiemelated to neighbour broadband frequencies, a
tonality, or a prominence ratio which takes inte@mt several harmonics. It is also possible to

calculate a Roughness indicator. But none of thes®us indicators correlate better than 85%.

Tests at iso-sonic level can be performed, buhayg are performed at realistic levels, the global

“strongly annoying” characteristic seems to be gramt in the global perception.

In other domains such as wiper systems annoyarjell@udness has been successfully used in the
last decade and is deployed in many specificatibesause correlation with jury evaluation is over

90% and loudness levels are not so high.
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The high loudness levels of cooling fan systemsnsee not let clear trends for other criteria to
evaluate their sound quality. This could be an axalion for the very exceptional use of such
criteria to cooling fan systems perceptive evabratn the last decade.

CONCLUSIONS

Sound perception ensures optimised communicatidh laman environment. New technologies
products are created to enhance human comfort. Phejuce sounds and can be evaluated in a
human perception point of view. Different perceptiyuotation scales are discussed showing that
10 levels scales are adapted to perception in gener

An overview of Psychoacoustics tools applied toriarses is presented. Numerous models are able
to characterise the spectral characteristics ohdgoroduced by rotating machines -numerous
harmonics of rotation speed are prominent in tleetspl shape-.

Comfort enhancement strategy for Automotive Heat#egtilation and Air Conditioning systems
consists in a first step in a classification intdfedent noises characteristics and presence
conditions. In a second step, optimisation of tr@mperceptive characters of each pre-classified
noise is proposed, generally involving other comparameters.

Concerning Automotive Cooling Fan systems, Loudraegsrion is the main characteristic of the
acoustic annoyance and other criteria are not camynased because Loudness levels are really
high.
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