


The sound power level

 The sound power level (Lw) is expressed as a

ratio of the sound power to a reference power
of 10e-12 W.
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As a result, everyday machine power outputs fall in a sound power range of 70-160
dB and the human voice produces sound power levels in the 30-70 dB range.



Decibel arithmetic

e Decibel addition is undertaken as follows

Ly + L, = 10log,o[10%1/10 + 10L2/10] dB

e Decibel subtraction follows the same
procedure.

Ly — L, = 10log,o[10%1/10 — 10L2/10] gB



Decibel arithmetic

e The combination of two identical sound levels
produces a sum which is 3 dB greater than the
individual levels.

* Combining a sound level with another, which
is 10 dB lesser in magnitude, produces a sum

that is negligibly greater than the highest
sound level.

*Matthew Harrison, Vehicle Refinement, Controlling noise and vibration in Road Vehicles, SAE2004



Decibel arithmetic

* Subjectively, to a young person with normal
hearing:
— 1 dB change in the level of a tone is barely
perceptible;

— 3 dB change in the level of a tone is clearly
perceptible;

— 10 dB change in the level of a tone appears as a
doubling or halving of loudness.

*Matthew Harrison, Vehicle Refinement, Controlling noise and vibration in Road Vehicles, SAE2004



Decibel arithmetic

* In engineering terms,

— 1 dB change in the level of noise represents a 21%
reduction in sound power;

— 3 dB change in the level of noise represents a 50%
reduction in sound power;

— 10 dB change in the level of noise represents a 90%
reduction in sound power;

— 20 dB change in the level of noise represents a 99%
reduction in sound power.

e Seeking reductions in sound level from industrial
machines and vehicles of more than 1 or 2 dB requires
very significant engineering effort.

*Matthew Harrison, Vehicle Refinement, Controlling noise and vibration in Road Vehicles, SAE2004



Frequency weightings

* A-weighting is the standard weighting for outdoor
community noise measurements and is
commonly used for noise measurements within
architectural spaces and within vehicles.

* The A-weighting reduces the sensitivity of the
measuring instrument to both low and very high
frequency sounds. It approximately follows the
inverted shape of the equal loudness contour

passing through 40 dB at 1 kHZ



* The ‘B’-weighting which approximately follows
the inverted shape of the equal loudness contour

passing through 70 dB at 1 kHz.

* The ‘C’-weighting which approximately follows
the inverted shape of the equal loudness contour

passing through 100 dB at 1 kHz.



Relative response (dB)
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Frequency weightings

* A-weighted sound pressure level LA (dBA) as it
is prescribed for use in the exterior noise type
approval test and it serves the useful function
of suppressing the unwanted influence of
both wind noise around the microphone and
low frequency ‘thumps’ (caused by handling
the microphone or bumps in the road).



Frequency weightings dB(A) example

Relative

Response
(dB) 31.25 62.5 125
dB(A) -394 -26.2 -16.1
dB(B) -17 -9 -4
dB(C) -3 -0.8 -0.2

Octave band, Center Frequency (Hz)  62.5
Measured Sound Pressure Level

(dB) 54
dB(A) filter
(dB) -26
Resulting Sound Pressure Level )3

(dB)

125

60

-16

44

Frequency (Hz)

500 1000
-3.2 0
0 0
0

250 500

64 53

-9 -4

55 49

2000

1.2

0
-0.2

1000 2000

48 43

48 44

4000

1
-1
-0.8

4000

39

40

8000

8000

32

31



Frequency weightings

Octave Band Center Frequency (Hz)

31.25 62.5 125 250 500 1000 2000 4000 8000

Measured or
Estimated Sound

Pressure Level dB 30 54 60 64 53 48 43 39 32
Resulting with dB(A)
filter 0 278 439 554 4938 48 44.2 40 30.9

Resulting with dB(C)

filter 27 53.2 5938 64 53 48 428 38.2 29
dB(A) filter -394 -26.2 -16.1 -8.6 -3.2 0 1.2 1 -1.1
dB(B) filter -17 -9 -4 -1 0 0 0 -1 -3
dB(C) filter -3 -0.8 -0.2 0 0 0 -0.2 -0.8 -3



Time Weightings

 Fast having an exponential

time constant of 125 ms,
corresponding approximately
to the integration time of the
ear (sounds of duration less
than around 125 ms do not
register their full loudness
with the average human
subject).

Slow having an exponential
time constant of 1 s to allow
for the average level to be
estimated by eye with greater
precision.

IEC 651
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Time Weightings

IEC 651
LIMN
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* Peak Time Weighting
having an exponential
time constant of below
100 microseconds to
respond as quickly as
possible to the true
peak level of transient
sounds.
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Time Weightings

IEC 651

* Impulse Time Weighting

— It’'s about four times
faster than Fast (35
milliseconds)

— 35 ms while the signal | |
level is increasing or 1,500 | E_
ms while the signal level is || LIS
decreasing. o © e
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Analysis and presentation of noise
data

* 1. single-value indices
* 2. frequency-dependent indices.



Single-value index methods-Pressure
time history

* This is a two-dimensional plot of calibrated
pressure (Pa) on the vertical axis against time
is on the horizontal axis. Such plots are useful
as a preliminary check on the quality of the
data (checking for ‘clipping’ of the peaks, etc.).
Such plots are most commonly used to publish
data from cyclic processes



Root mean square pressure (P

rms)
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The time average y(7) over period 7(s) of the signal y(7) is given by
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50 the mean square value y- _ is

< I'MS

. 1 #* ,
y., = — y(1)dt
< rms T/O . ( )



Sound pressure level

¢ LP — ZOlOgl() ’IP;:?;] dB

Pror = 20x107°Pa rms



* Noise is defined as any unpleasant or unexpected
sound created by a vibrating object and has an
increasing importance to vehicle users and
environments.

* Vibration is defined as any objectionable
repetitive motion of an object, back-and-forth or
up-and-down and represents an important issue
closely related to reliability and quality of the
vehicle.

e Harshness ©

Dejan V. Matijevic, Vladimir M. Popovi¢, FME Transac tions (2017) 45, 448-458



Percent contribution of different noise sources

into total noise Iiro Source % Contribution
I Engine 22 to 30
| Exhaust system 25 to 35
Il Intake system 05to 15
IV Fan and cooling system 07 to 15
\Y Transmission 12to 15
VI Tires 09 to 15

Dejan V. Matijevic, Vladimir M. Popovi¢, FME Transactions (2017) 45, 448-458



GURULTU ve TITRESIM SINYALLERI
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GURULTU ve TITRESIM SINYALLERI

En Yiiksek Duvulabilir Frekans
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GURULTU ve TITRESIM SINYALLERI

120

100

a0

Sound Intensity (dB)

Z2a

Low-speed droning nose 50 kn'h or lower

Middle-speed dmning narse S0 krmvh 1o BD krvh
| High-speed droming nose 80kt or higher]

»

\

T T
Mammwn!a udible kewvel
|

ransmitted eng
‘__i i I

| !
ire pal‘!;:'n

iliscs

R

oad nokse
o

— g ——
“‘Ejifferentisi

pegr nose.

3 —

-

b o

Minimum audibe level

100

1K

Frequency (Hz)

F1s 1.4 20



TASITLARDA TITRESIM ve GURULTU KAYNAKLARI

Bir tasitin gliriilti ve titresiminden kaynaklanan sorunlar iki ana basliga boliinebilir:

» Taslitin icinde; strlict ve yolculari etkileyen gurlti ve titresimler

= Toplum lizerinde bir gevre sorunu seklinde etkisi olan dig guriilti

Ic Giiriiltd, tasitin tim i yiizeylerinin karmasik titresimlerinden kaynaklanir.
Tasit govdesi, akustik enerji 'nin tasit igerisine dagitilmasi yoluyla i¢ glriltiiniin
olusmasi ve artmasindaki temel etmendir.

Dis giiriiltii ise motor, tekerlek ve yol’dan kaynaklanan gurltinin, bordiir vb.
etmenlerle yansitilmasi sonucu daha da arttirimasindan kaynaklanir



TASITLARDA TITRESIM ve GURULTU KAYNAKLARI

Steering Wheel(v)

Roof(N)

Transaxle Mounts(N V) seatfV)

Shock Absarber(N V)

Engine(N V)

Front Shock Absorer(N,V) - ) Axe shaft(V)
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Transaxie(N,V)



Noise sources

Head wind

Engine and
attached units

Air cooling
intake

e .
“Z" Aitborne noise source

o~ Vibration transfer path

~Car body vibration

Transfer paths

......... =,
-3 =

- -

(2

= N %f\
TSN 2 =
o« —

—» Car body noise emission

--» Airborne noise transfer path

A/ —



—

..........
-...-...:...
-------
-------

l

Total vehicle sound and vibration Road
' Total engine Wind
I ! I ! 1
Structure borne| | Air borne| |Intake orifice| |Exhaust orifice| |Road noise| |Tyre noise| |Wind
Contributions Contributlons T T Contributions Contributions
Left Mount X¥Z Top Surface ' Floor Panels Front Glass
Right Mount XYZ Rear Surface Firewall Panels Side Glass
Frant Mount XYZ Right Surface Roof Panels Rear Glass
Rear Mount XY2 Left Surface Glass Panels Mirrors ekc
— N Closures Panels Seals
I |
L MeasuredftAE wl MeasuredfCAEw| Measured/CAE Measured/CAE Seallng Tests
th Strength x Body roe Strength x A Source Strength x ATF Volume Veloclty x VTF In Wind Tunnel

I'I'estA-TestBll



Motor Gurultusu ve Titresimi

Rocker

Camshaft arms worn / Ptnwe.r
Worm damaged Pt SLECHDg
Tdler/
tensioner
Cranksha
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valves pulley

Piston slap
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Knocking combustion



Motor Gurultusu ve Titresimi

m  Emme Gurlltusi
m Yanma Guriiltlsi
m  Tork Degisimi ve Ddnme Diizensizlikleri

m Emme Giriltisu

N\ Havanin motora emilmesi ve Hava akisinin emme supaplarinda periyodik
olarak kesilmesinden kaynaklanan ve emme manifolduna yansiyan basing
darbeleri seklinde olusan Aerodinamik guriiltiidir.

a\ Genis bantl bir glirtilta seklidir

N\ Motorun yiiksiiz durumundan tam ylk durumuna kadar 10-15 dB’ e kadar ek
gurdlti olusturur



Motor Gurultusu ve Titresimi

= Yanma Gurultisu
n Hava / Yakit karisiminin silindirler icindeki detonasyonu sonucu dogar
A Baslangi¢ frekansi 4 Silindirli ve 4 Stroklu bir motor icin dénme hizinin 2 katidir

A Cok sayida harmonik {iretilir

m  Tork Degisimi ve Donme Diizensizlikleri

a Pistonlu motorlarda giic, ¢evrimsel bir islemle Gretilir

A Bu sekilde Motor tork gikiisinda kararh bilesenlere ek olarak st iste binen tork
dedisimleri de gerceklesir

A Tleri-Geri ve Dénen kiitlelerin diizensizlikleri sonucu baglantilar yoluyla tasit gévdesine
kuvvet ve momenter iletilir

4 Stroke
4 Silindir

AN

0 &0 120 180 240 300 360
Krank Agisi (derece)

300

g

Tipik bir 4-strokdu, 4 silindirli mofordaki tork
dedigirnleri
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HNet Tork (Nm)




Vites Kutusu ve Saft

Differential
whine or
I other noise

i ?n-rqi'ﬂ converter
imbalance or noise

Conmverter slip



Vites Kutusu ve Saft

m Disli Guraltusu
m Dengelenmemis Kitle
m Ikincil Karsi Kuvvetler

m Digli Glrultusi

N Dis ylzeylerinin birbirleriyle stirtinmesinden kaynaklanir
N\ Hiz degerinin her ikiye katlanmasinda ~6-8 dB arasi bir giriiltii artisi olusur



Egzost Sistemi

n Icten yanmal motorlarda en adir basan giiriilti kaynagidir
\ Egzos gazinin subaptan periyodik ve ani sekilde atiimasi ile olusur

N Glrlltt hava kaynakl da olsa, borularin titresimi baglantilar yoluyla tasit
yapisina da geger

N\ Egzost Sistemi Susturucu bir sistem ile biitinlesiktir

N GUralth seviyesi; motor tipine, supaplarin yerlesimine, zamanlamasina ve
atesleme frekansinin* degismesine baghdir

a Yiksliz durumdan tam yiuk durumuna kadar ~10-15 dB giriilti artisi
gergeklesir

* Atesleme frekans: 4 stroklu bir motor icin = (motor h1z1/60))*(silindir sayis1/2)



Yoldan Indiiklenen Giiriiltii ve Titresim

N\ Yol Yizeyiile Tasit Tekerlekierinin etkilesiminden kaynaklanir
N\ Bu etkilesim atmosfere yayilan yo/ ydzeyi guriltiisini Gretir

N\ Ayni etkilesim sonucu 7ekerlek Titresimleri, siispansiyon sistemi yoluyla tasit
yapisina aktarilirken, atmosfere yayilan giriiltiintin bir kismi da tekerlek

titresimlerin kaynaklanir

Yol Yiuzeyi-Tekerlek etkilesimi su faktOrlerle gergeklesir:

N Yol Yizeyi PlrizIUlGgi
» Kayma direnci saglayan mikro diizensizlikler
» Yol yapisi: Bakim zamaninda limitlere ulagilmasindan kaynaklanan gukur gibi makro
diizensizlikler

A\ Tekerlek Dis Desenleri

» Tekerledin Asimetrik Ozellikleri
» Dengelenmemis Kiitle
» Boyutsal Degisimler
» Bolgesel sertlik degisimleri



