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Abstract. The noise control issue on construction machinery has received increasing attention in 
recent years. Prior to work out feasible noise control strategies, it is necessary to find out the primary 
noises. In this paper, main frequencies of potential noise sources was analyzed and calculated. Sound 
pressure level data of a 5t wheel loader was recorded under simulated working condition, and spectral 
analysis method was used to identify and grade the noise sources. The result has shown that the 
hydraulic pump is the primary noise component of the loader, and more attention should be focused 
on the pump in the course of noise control strategy making. 

Introduction 
With the booming of infrastructure construction across the world, the construction noise, which 

mainly caused by running construction machineries, together with the traffic noise, society noise and 
industry noise, have become the top four sources of urban noises. As one of the most commonly 
applied construction machineries, wheel loader, has drawn the attention of many researchers in this 
area. 

Studies on noise control of machines started earlier in developed countries. However, most of the 
earlier studies focused on automobiles, ships, planes and locomotives[1-3]. Although compared to 
automobiles, the construction machineries are designed for special operating conditions, and move 
far more slowly than the automobiles, successful noise control experiences and strategies in 
automobile industry are exemplary. In 1981, W. NAKKULA et al. pointed out that construction 
machineries and automobiles have similar noise mechanisms, even though the noise level of 
construction machineries is much higher than automobiles[4].  

However, unlike automobiles, most construction machineries are designed with hydraulic system, 
to work as the power source of practical operations, the noise produced by hydraulic system must be 
considered. A.M. WILLEMSEN et al.  applied order tracking method to  identify noise components 
related to excitation from the excavator's engine and hydraulic systems, and found out that engine 
rotational imbalance, engine combustion, and hydraulic pressure fluctuations are the primary 
components of noise generated by the excavator[5]. 

In this paper, a set of acoustic sensors was distributed in different locations to record the noise 
level of a 5t wheel loader under simulated working condition, and spectral analysis method was used 
to identify and grade the potential noise sources. 

Calculation of main frequencies of potential noise sources 
For the wheel loader, the potential noise sources are noise produced by engine combustion, noise 

produced by engine cooling fan and noise produced by hydraulic system. 
a) Engine 
Engine is the power source of the whole machine, the main frequency of noise produced by noise 

produced by engine related component is directly determined by engine rotating speed (denoted by 
n ). 

Basic frequency of engine rotating can be calculated by 

60
nf Hz=          (1) 
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For a 6-cylinder 4-stroke engine, the 1st order frequency of noise produced by engine combustion 
is given by 

20e
nf Hz=          (2) 

The 1st order frequency of noise produced by engine cooling fan shaft is determined by 

60
fan

fan

n i
f Hz

×
=         (3) 

Where fani  is the transmission ratio between the cooling fan and engine, since a belt is applied for 
transmission between them. 

1st order frequency of noise produced by cooling fan blades can be calculated by  

60
fan

blade

n i z
f Hz

× ×
=         (4) 

Where z  is the number of fan blades. 
b) Hydraulic pump 
The wheel loader is equipped with a 9-tooth gear pump as the main power supply unit of working 

hydraulic system, and 1st order frequency of noise produced by gear pump can be calculated by 

60
p p

p

n i z
f Hz

× ×
=          (5) 

Where pi  is the transmission ratio between the gear pump and engine, and pz  is the number of 
gear teeth. As we know, for a single gear tooth, a complete working cycle contains two actions, 
namely engagement and disengagement, thereby, the 2nd order frequency of noise produced by gear 
pump should be considered. 
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The calculation results are given by Table 1. 
Table 1 Frequency of potential noise sources under engine speed of 2200r/min 

Items Noise frequency 
(Hz) 

Basic frequency of engine rotating 36.7 

1st order frequency of noise produced by engine combustion 110 

1st order frequency of noise produced by engine cooling fan shaft ( fani =0.9) 33 

1st order frequency of noise produced by cooling fan blades ( z =6) 165.3 

1st order frequency of noise produced by gear pump ( pi =1.1, pz =9) 363 

2nd order frequency of noise produced by gear pump 726 

Sound pressure level tests 
All the tests are in accordance with standard ISO6395: 2008 - “Earth-moving machinery - 

Determination of sound power level - Dynamic test conditions”, and sound pressure data were 
recorded under simulated working condition.  
1) Arrangement of noise measuring points 

As illustrated in Fig. 1, 6 measuring points was arranged in a half spherical plane, and each 
measuring point was planted with an acoustic sensor.  
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Fig. 1 Layout of acoustic sensors for sound pressure level tests (Spherical radius r=16m) 

2) Test environment 
The tests were carried out on concrete ground, where there is no high reflecting building within 

60m, and the maximum ambient sound pressure level is 50dB(A).   
3) Test conditions and measuring equipment 

a) Test vehicle: Wheel loader 
b) Engine speed under hydraulic operating conditions: 2200±10r/min 
c) Data acquisition instrument: LMS scada02, 24-channel 
d) Acoustic sensor: GRAS acoustic sensor  

  
   (a) Test equipment   (b) Data recording and processing flow 

Fig. 2 Test principle 
The test equipment and data recording and processing flow are given in Fig. 2. 

Noise source identification and gradation using spectral analysis method 
Spectral analysis method was used to processing the recorded sound pressure data. Spectral analysis 
method is a mathematical method based on Fourier transform, for a nonperiodic signal ( )x t , its 
frequency spectral can be calculated by  

2( ) ( ) j ftX f x t e dtπ
+∞

−

−∞

= ∫         (7) 
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Compared to frequency spectral, power spectrum is more commonly used to calculate sound 
pressure level, the calculation formulas are 

0

1( ) lim ( ) ( )
T

nRx x t x t dt
T

τ τ→∞= +∫         (8) 

2( ) ( ) j tSx f Rx e dπττ τ
+∞

−

−∞

= ∫          (9) 

Where ( )Rx τ  is the autocorrelation function of ( )x t , and τ  is the time difference. 
The power spectrum of data recorded at measuring point 1 and 2 are illustrated in Fig. 3 (a) and (b) 

respectively. And Fig. 4 presents the sound pressure level of main frequency components at each 
measuring point. 
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  (a) Measuring point 1     (b) Measuring point 2 

Fig. 3 Power spectrum of recorded sound pressure data 

 
Fig. 4 Sound pressure level of main frequency components at each measuring point 

It should be noted that under simulated working condition, the actual engine speed after loading is 
about 2181r/min, slightly smaller than the value used to calculate frequency of potential noise sources 
in Table 1. 

Conclusions drawn from Fig. 3 and Fig. 4: The main noise frequency components are 360Hz, 720 
Hz and 119Hz, which are the 1st order frequency of noise produced by gear pump, 2nd order frequency 
of noise produced by gear pump and 1st order frequency of noise produced by engine combustion, 
respectively. Especially the gear pump is the primary noise source when the loader is running under 
simulated working condition, and engine combustion next to it. 

Conclusions 
From the test results, we can conclude that the gear pump is the primary noise source of the wheel 
loader, probably caused by poor machining precision of the gears or unstable hydraulic system, and 
more attention should be focused on the pump in the course of noise control strategy making. 
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