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ABSTRACT 
 
 
 

NOISE SOURCE IDENTIFICATION AND ADOPTION OF PROPER NOISE 
CONTROL STRATEGIES ON WHEELED TRACTORS 

 

 

 

Balaban, Murat 

M.Sc., Department of Mechanical Engineering 

Supervisor: Prof. Dr. Mehmet Çalışkan 

 

May 2010, 109 pages 

 

 

 

This thesis is aimed at identifying the noise sources of a wheeled tractor to 

reduce the noise levels below the legislative limits by controlling noise 

sources through proper methodologies. 

 

The study focuses firstly on identifying the noise sources of a wheeled tractor 

by using proper noise source identification techniques. These techniques can 

be summarized as sound intensity measurements, sound power level 

determination studies and spectral analysis of the noise data acquired in the 

tests. Simple sound intensity mapping techniques are used and the intensity 

contour maps are generated to identify the noise sources.  

 

Most important and effective noise sources are identified and the critical 

noise sources are focused to apply appropriate noise control strategies not 

only at the prototype production stages but also at the early design stages. 
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Consequently, upon consideration of both structure-borne and flow-induced 

noise, the pass-by noise level and the operator’ s ear noise levels of the 

tractor are reduced by nearly 3 dB (A) through application of proper noise 

control strategies. 

 

Keywords: Sound Intensity, Noise Source Identification, Tractor, Noise 

Control Strategies 
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ÖZ 
 
 
 

TEKERLEKLİ TRAKTÖRLERDE GÜRÜLTÜ KAYNAĞI TANIMLANMASI VE 
UYGUN GÜRÜLTÜ KONTROL STRATEJİLERİNİN UYGULANMASI 

 

 

 

Balaban, Murat 

Yüksek Lisans, Makine Mühendisliği Bölümü 

Tez Yöneticisi: Prof. Dr. Mehmet Çalışkan 

 

Mayıs 2010, 109 sayfa 

 

 

 

Bu tez çalışmasında, uygun yöntemler aracılığıyla gürültü kaynaklarının idare 

edilmesi ile birlikte gürültü düzeyinin yasal sınırlarının altına indirilmesi için bir 

tekerlekli traktörün gürültü kaynaklarının tespit edilmesi amaçlanmaktadır.    

 

Bu araştırma ilk olarak uygun gürültü kaynağı belirleme teknikleri kullanılarak 

tekerlekli traktörün gürültü kaynaklarının tespit edilmesine odaklanmıştır. Bu 

teknikler, ses yeğinliği ölçümleri, ses gücü seviyesi belirleme çalışmaları ve 

testlerle elde edilen verilerin izgesel analizleri olarak özetlenebilir. Ses 

yeğinliği haritalama teknikleri kullanılarak oluşturulan ses yeğinliği haritaları 

yardımıyla gürültü kaynaklarının tespit edilmesi sağlanmıştır.  

 

Araştırma sonunda belirlenen en etkili ve önemli gürültü kaynakları arasından 

sadece deneme üretimi sürecinde değil; aynı zamanda tasarım sürecinin ilk 

evrelerinde de uygun gürültü idaresi stratejilerini uygulamak için kritik gürültü 

kaynaklarına odaklanılmıştır.  
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Sonuç olarak, uygun gürültü idaresi stratejilerinin uygulanması sayesinde 

traktör şanjmanı ve üst inşa yapısı kaynaklı ve hava akışı sevkli kaynaklı 

gürültülerin göz önünde tutulması sağlanmış; böylece hem traktör geçişi 

sırasında yaydığı gürültü seviyesinde hem de operatör kulak hizası gürültü 

seviyesinde yaklaşık 3 dB (A) azalma elde edilmiştir. 

 

Anahtar Kelimeler: Ses Yeğinliği, Gürültü Kaynağı Belirleme, Traktör, Gürültü 

Kontrol Yöntemleri 
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Figure 5.33 Left Side View for Sound Intensity Measurements 

 

 

Figure 5.34 The Final Intensity Map of the Left Side of the Tractor at 800 Hz 
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Figure 5.35 Front Side View for Sound Intensity Measurements 

 

 

 

Figure 5.36 The Final Intensity Map of the Front Side of the Tractor at 250 Hz 
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Figure 5.37 Front Side View for Sound Intensity Measurements 

 

 

 

Figure 5.38 The Final Intensity Map of the Front Side of the Tractor at 630 Hz 
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Figure 5.39 Right Side View for Sound Intensity Measurements 

 

 

 

Figure 5.40 The Final Intensity Map of the Right Side of the Tractor at 315 Hz 
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Figure 5.41 Right Side View for Sound Intensity Measurements 

 

 

 

Figure 5.42 The Final Intensity Map of the Right Side of the Tractor at 400 Hz 
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Figure 5.43 Right Side View for Sound Intensity Measurements 

 

 

 

Figure 5.44 The Final Intensity Map of the Right Side of the Tractor at 630 Hz 
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Figure 5.45 Right Side View for Sound Intensity Measurements 

 

 

 

Figure 5.46 The Final Intensity Map of the Right Side of the Tractor at 800 Hz 
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5.9 Dominant Noise Sources from Test Results 
 

Concerning both frequency analysis results and sound intensity maps, it can 

be seen that all three sides of the tractor radiate high sound energy at 100 

Hz, 200 Hz, 400 Hz and at 800 Hz frequency bands. In addition, high sound 

energy can be noticed at 500 Hz and at 1000 Hz frequency bands. It is clear 

that at 400 Hz and 800 Hz cooling fan dominates noise level. Also engine 

firing frequency and its second harmonic appeared at 200 Hz and 400 Hz. 

Lastly, at 315 Hz and its second harmonic 630 Hz there is a high sound 

energy emitted by tractor due to exhaust pipe. 

 

For 400 Hz and 800 Hz cooling fan dominates noise level. For the original 

prototype tractor, the metal cooling fan had 6 wings and 36° blade angle. 

After the analysis, new cooling fan fitted to the tractor and new results were 

satisfactory. The new plastic cooling fan has 6 wings but 43° blade angle.  

 

 

 
 

 

Figure 5.47 A Sectional View of Steering Motor Column and its Support 
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In addition to the cooling fan improvement, the steering motor and its 

support's connection were studied and isolated. The modifications can be 

seen in Figure 5.47. 

 

After analyzing intensity maps, it was seen and decided that rubber vibration 

isolation materials could be assembled to eliminate metal to metal contact 

and structure-borne noise. This situation was eliminated from steering 

support bottom connection as well. This can be seen in Figure 5.48 

 

 

 

Figure 5.48 A Sectional View of Steering Motor Column and its Support 

 

Moreover, exhaust pipe on this tractor is horizontal and it was connected to 

the platform on the tractor. Therefore, rubber vibration isolators were devised 

to this connection to get rid of metal to metal contact. A snapshot taken from 

3D master model for this part can be seen in Figure 5.49. 
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Figure 5.49 The Exhaust Pipe Isolation view taken from 3D Master Model of 

the Tractor 
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5.10 Sound Power Level Calculation Using Sound Intensity 
Measurements after Final Modifications 
 
Sound power level of the test tractor having final modifications was 

calculated. The overall sound power generated by this tractor was calculated 

as 96,9 dB (A) and shown Table 5.12. 

 

Table 5.12 Sound Power Level Calculation Results from Sound Intensities 

after Final Modifications 

 

T480 
Tractor 

Sound Power (W) Sound  
Power (W) 

Sound  
Power  
Level  

Left Right Front Sum of All  
Surfaces 

A-Weighted 
dB (A) 

Original 3397,2E-6   3546,1E-6   1443,4E-6   8386,7E-6 99,2 

FINAL 1773,0E-6   1785,3E-6   1388,2E-6 4946,5E-6   96,9 

The Decrease in Sound Power Level [dB] 2,3 
 

       

 
Finally, it can be concluded that a 2,3 dB decrease in sound power level of 

the tractor having final modifications was achieved from 99,2 dB (A) to 96,9 

dB (A) after exercising final noise control applications. 
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5.11 Sound Power Level Calculation Using Sound Pressure 
Measurements after Final Modifications 
 
Sound power level of the tractor after final modifications was calculated 

according to ISO3746:1999 [29] Standard and formulae given in Chapter 4. 

The overall sound power generated by the tractor was calculated as 105,2 

dB (A) and shown below Table 5.13. 

 

Table 5.13 Sound Power Level Calculation Results after Final Modifications 

 

Microphone  
Position 

Background
Noise dB (A)

1
'
pAL
 

2
'
pAL
 

3
'
pAL
 

TpAL ,
'

 
pAL'

 wAL

14 52,7 86,0 86,5 85,8 86,1 

88
,2

 

10
5,

2 

15 50,0 88,4 88,3 88,6 88,4 

6 49,7 89,4 89,6 89,5 89,5 

 

 

From the results tabulated in Table 5.13, it can be concluded that the noise 

measurements at point 6 took the highest values again. However, decrease 

in level was observed in the latest. The decrease on overall sound power 

level of the tractor is totaled as 2 dB, from 107,2 dB (A) to 105,2 dB (A). 

 

Consequently, both sound power level calculations showed that the overall 

sound power of the test tractor was decreased by 2 dB. Through proper 

noise control measures yielded comparably similar results. 
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CHAPTER 6 
 

 

SUMMARY AND CONCLUSIONS 
 

 

 

This study mainly focused on noise source identification techniques and 

applications on the new project T480 tractor and development of proper 

noise control strategies and applications on this tractor. In order to achieve 

these, necessary measurements were completed on the T480 tractor and 

related noise mapping studies were generated using relevant software. 

Several aspects of the study were summarized and explained in the following 

sections. The first section is devoted to the strategies applied on the tractor 

and the second section describes future works not only for this project tractor 

but also for the other type of tractors. 

 

6.1 Noise Control Strategies on the Test Tractor 
 

Noise source identification methods were explained and applied on the 

original prototype tractor. These methods were composed of sound power 

level determination, spectral analysis of noise data and sound intensity 

measurements on three sides of the tractor. 

 

1/3 octave band frequency analysis is used to obtain spectral analysis 

results. Sound intensity measurements were accomplished for in depth 

analysis of noise sources of the tractor which could be identified by only a 

narrower spectral analysis.. The intensity maps of sound intensity values 

from intensity measurements were carried in 1/3 octave bands.  
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Significant frequencies obtained from the results of sound intensity 

measurements showed that the cooling fan, exhaust pipe, muffler and the 

engine itself due to its high speed, i.e. 3000 rpm, are potential noise sources 

affecting the overall noise level more than the others.  

 

Noise control applications for reducing the flow induced noise by the cooling 

fan were exercised by replacing the existing fan with a new one. The original 

metal fan had 6 wings and 36° blade angle. The new plastic cooling fan has 

6 wings and 43° blade angle. Finally, the new cooling fan helped reduce the 

noise level nearly by 1 dB. However, the noise contribution is not the only 

design constraint for a cooling fan. As the name implies, in order to avoid any 

overheating problems, the new cooling fan has also been checked on air-to-

boil test. 

 

During the operator’s ear noise level test of the original prototype tractor, it 

was realized that there is noticeable drive-train noise. This noise could only 

be felt while tractor is moving. Because of the fact that both sound intensity 

tests and spectral analysis tests are conducted at stationary positions, this 

drive-train noise is detected only when the tractor is moving.  

 

According to the legislation, the required speed of the test tractor should be 

nearly 7.5 km/h. The related range-gear combination referring to that speed 

is 1st range and 3rd speed gear. The existing gear sets are spur gear sets 

owing to the fact that this project is cost effective. Therefore, it is decided that 

replacement of the 3rd and 4th speed gears and related shafts with helical 

ones would decrease the drive-train noise levels. New helical gear sets are 

used in order to reduce the noise level for final measurements on final 

modified tractor. Using helical gears for 3rd and 4th speed gears helps 

decrease in overall noise level 1 dB. The noise level measurements on the 

modified tractor having helical gears can be seen in Table 6.1. 
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Considering the original prototype tractor’s noise levels in mind, all noise 

control actions resulted in noise reduction of 3 dB. The measured data from 

the final modified tractor is tabulated in table 6.1. As it can be seen from the 

table the results are under the legislative limits. Finally, T480 tractor is 

homologated according to European Noise Directives 77 / 311 / EEC [1] and 

74 / 151 / EEC [2] and certified. 

 

Table 6.1 The Homologation Tractor Noise Levels 

 

Sound Level dB (A) Left 
Side 

Right 
Side 

Operator’ Ear Noise Level 85.1 85.5 

Pass-By Noise Level 83 77.6 

 

 

Moreover, absorptive materials are assembled to isolate the engine noise 

which peaks out at engine firing frequencies on the interior part of the left 

side engine panel and the right side engine panel. These can be viewed in 

Figures 6.1 and 6.2. 

 

 

 

Figure 6.1 The Engine Panel on the Left Side 

 

The Panel on the Left Side 
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Figure 6.2 The Engine Panel on the Right Side 

 

Sound intensity measurements on the original tractor show that at 400 Hz, 

the cooling fan is dominant. In Figure 6.3, it can be seen that the “hot spot“ 

vertical axis line is at the same line with cooling fan.  

 

 

Figure 6.3 The Original Intensity Map of the Right Side at 400 Hz 

 

The Panel on the Right Side 
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After the installation of the new cooling fan, it is seen in sound intensity maps 

that at 400 Hz, the “hot spot“ vertical axis line is not at the same line with 

cooling fan. The line shifts rearwards of tractor and the maximum value drops 

from 86,5 dB (A) to 85,5 dB (A). After final modifications, the tractor’s 

intensity map at the same frequency showing the shifted line can be seen in 

Figure 6.4. 

 

 

 

Figure 6.4 The Final Intensity Map of the Right Side at 400 Hz 

 

By analyzing the spectral analysis and the noise source ranking calculations, 

it is found that the contribution of noise sources at 630 Hz is the second 

highest source. Considering this in mind, the intensity map has been 

generated after original tractor’s sound intensity measurements. It is seen 

that at 630 Hz, exhaust pipe is the dominant noise source. In Figure 6.5, red 

contour lines on intensity map mark the exhaust pipe. 
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Figure 6.5 The Original Intensity Map of the Left Side at 630 Hz 

 

After the addition of vibration isolation element between the exhaust pipe and 

the platform, it is seen that, the red contour lines in sound intensity 

measurements at 630 Hz are disappeared.  

 

 

Figure 6.6 The Final Intensity Map of the Left Side at 630 Hz 
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6.2 Potential Future Studies on Tractors 
 
Even though the fact that this thesis planned and realized necessary noise 

control application studies not to exceed legislative limits; there remain some 

other techniques and methods to be used for further improvements. 

 

It is anticipated that future studies can include exhaust pipes and the muffler. 

The engine muffler could be analyzed acoustically with the help of suitable 

software. By this way, a noise attenuation of 1-2 dB could be achieved in 

reference to sound intensity measurements and intensity maps. 

 

Moreover, due to the fact that this tractor’s engine has a relatively high 

maximum speed, i.e. 3000 rpm, the vibrations on this tractor are significant. 

Coherence techniques can be used to obtain cause-effect relation for 

vibration and noise levels for engine hood plate, side fenders and platforms. 

A more detailed spectral analysis of noise and vibration of engine parts need 

to be planned using FFT analysis techniques. 

 

The study could be enlarged by using the methods covered in ISO 16902-

1:2003 [31] and ISO 15086-1:2001 [32]. Intensity measurements can be 

conducted to undercover the hydraulic and steering pumps. Silently operating 

gear pumps can be sought and similar analysis for resulting noise level drops 

can be investigated.  
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