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Abstract 
The paper deals with experiments, research and evaluation of the influence of pressure and 

traverse rate to acoustic sound pressure level at abrasive waterjet machining. Significance of selected 
abrasive waterjet factors – independent variables (traverse rate, pressure) that influence the acoustic 
sound pressure level were evaluated by analysis of variance. Further, the manufacturing system with 
abrasive waterjet machining and the cutting process was evaluated. The regression equation obtained 
from analyses of variance gives the level of acoustic sound pressure significance as a function of the 
treatment factors. Different factor significance has been found, that were generated under defined 
conditions by abrasive waterjet. Results show the abrasive waterjet machining factors significance 
and their effect to noise environment. It has been found that significant in that case is traverse rate in 
the experiment. 

Abstrakt 
Článok sa zaoberá vplyvom a hodnotením vybraných faktorov, tlaku a rýchlosti posuvu 

vysokorýchlostného hydroabrazívneho prúdu na hladinu akustického tlaku. Výzmanosť hodnotených 
faktorov bola hodnotená pomocou analýzy variácií. Pomocou regresnej diagnostiky bol zostavený 
nelineárny model, kde je hladina akustického tlaku a funkcia vyšetrovaných významných faktorov. 
V tomto experimente sa zistilo, že najväčší vplyv má rýchlosť posuvu. Avšak so postupným 
zvyšovaním rýchlosti posuvu namerané hodnoty hladiny akustického tlaku boli nižšie. Z hľadiska 
bezpečnosti práce boli prekročené limitné hodnoty hladiny akustického tlaku.  

 1 INTRODUCTION 
Competition and scientific progress requires introduction of technologies that perform chal-

lenging claims of modern production in automation field, from economy, environmental and energy 
efficiency point of view. Abrasive waterjet cutting represents all of these claims. The abrasive water-
jet cutting technique is considered to be a flexible tool in the processing of a wide range of materials 
without time loss by tool changing and with minimal risk to occupational health and environment [1], 
[7]. Nowadays represents cold, precise, computer controlled shape cutting without any strain. Abra-
sive waterjet machining (AWJM) is for to-date high requirements on quality and productivity applied 
in full-automized workplaces with automatic CNC control. Flexible and smart automatized technique 
application does not exclude the human being from the manufacturing process; just move his working 
activities from strenuous jobs and jobs in malign environment to the areas of control, maintenance 
and operation management.  
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 2 RELATED AND PREVIOUS WORKS 
The AWJ velocity reaches up to 900 m.s-1 and disposes of very high kinetic energy so it is the 

source of the majority of risks. At AWJ focusing tube outlet, where the elasticity interface is, jet in-
terferes with the outer environment molecules. This induces the elements oscillation and results from 
the energy change that forms the acoustic field. This is manifested by noise, predominantly of high 
frequency, which has a negative impact on central nervous system of the CNC motion operator.  
AWJM technology is one of the significant noise sources in the workplace, what results from risk 
analysis [1] at AWJM by Failure Modes and Effects Assessment. The results of the Failure Modes 
and Effects Assessment show that the abrasive waterjet machining system poses the excess noise 
exposition, to which the workers and operators are exposed. To reduce this negative phenomenon and 
enhance operators’ safety it is necessary to recognize the most potential noise sources in water jet 
machining system. The paper deals with experimental assignment of acoustic parameters that are 
compared with maximum allowed parameters. Noise environment of manufacturing system with 
AWJM and the cutting process was evaluated. Results show the abrasive waterjet machining factors 
significance and their effect to noise environment. Abrasive waterjet manufacturing system consists 
of systems, by which the initial tool is created. Technological cutting process by hydroabrazive ero-
sion is performed by means of cutting tool – abrasive waterjet – properties of which are not reduced 
due to the operation unlike it is at the conventional cutting knife. The noise sources and hence poten-
tial threats for of occupational safety and health (fig. 1) are as follows: WJM system background 
noise, outlet of focusing tube, cutting process, outlet of residual flow from workpiece, and residual 
abrasive waterjet flow contact with water surface in catcher tank.  
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Fig. 1 Noise emissions sources at technological node in WJM 

3 EXPERIMENTAL SET UP 
A two dimensional abrasive waterjet machine Wating, was used in this work with following 

specification: work table x-axis 2000 mm, y-axis 3000 mm, z-axis discrete motion, with maximum 
traverse rate 250 mm.s-1. The high-pressure intensifier pump was used the Ingersoll-Rand Streamline 
model with maximum pressure 380 MPa. As a cutting an Autoline cutting head from Ingersoll-Rand 
head has been used. The mechanical properties and chemical composition of the workpiece with aus-
tenitic composition is shown in table 2. The properties of each sample are: length 35 mm, width 8 
mm, and height 10 mm. Abrasive machining conditions used in this study are listed in the table 1. 

3.1 Measurement procedure 
For acoustic sound pressure level measurement the modular sound analyzer InvestigatorTM 

2260 (Brüel & Kjær) has been applied, which allows sound analysis with adjustable – dynamic scale 
in 80 dB range. The noise sample can be detected in full range from 70 to 130 dB in 10-step interval. 
Measurements were manually controlled in the period 60 s from the AWJM hit the target material. 
Experimental measurement consisted of: 

� Background and environment noise measurement, 
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� Measurement of the background noise with the pressure equipment switched on, 

� Noise measurement at the technological process following the experimental schemes. 

Tab. 1 Set up of experiments 

Constant factors Values Variable factors Values 
Standoff 2 mm Pressure p [MPa]  310,320,330,340,350 

Abrasive material Barton Garnet Mesh 80 Traverse rate v [mm.s-1] 50, 65, 80, 95, 
110, 125, 140 

Cutting head AutolineTM Traverse direction ± 180° 
Impact angle j 90° Target material: AISI 304 
Abrasive mass flow rate [g.min-1] 400 
J/T abbreviation  0.14/1.2 
Material thickness h [mm] 20 

C 0,08; Mn 2,0; P 0,045; S 0,045; 
S 0,03; Si 1,0; Cr 18; Ni 8 

1.1.1.1.1.1.1.1 System characteristics of Streamline Pump 

Intensifier type Double effect Water pressure (max) 380 MPa 
Intensifier power 50 kW Intensification ratio 20:1 
Oil pressure (max) 20 MPa Accumulator volume 2 l 
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Fig. 2 Experimental methodology graphic illustration 

 
Fig. 3 Noise measurement 

 4 STATISTICAL EVALUATION AND REGRESSION DIAGNOSTICS 
The quantitative description of the conditions effects on acoustic sound pressure level was per-

formed. Response surface methodology is an empirical modelling technique used to evaluate the rela-
tionship between a set of controllable experimental factors and observed results. The results were 
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analyzed using the analysis of variance as appropriate to the experimental design used. The following 
equation (1) shows the correlation matrix of design variables. 

b = [XT.X]-1.XT .Y = 
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The regression coefficients and equations obtained after analysis of variance gives the level of 
significance of variable parameters tested according Student’s t-test. Obtained regression coefficients 
that show no statistical significance the critical value for   ( ) =

−
ft

21 α  t0.975 (f = 8) = 2,306 have been 

rejected from the further evaluation. Testing of model adequacy has been done by Fisher-Snedecor; 
F-test, where testing criterion F = 4,2893 and critical value is F1-α(f1,f2) = F0.95(f1=10,f2=8) = 3,347. 
Since F > F1-α(f1,f2), H0 hypothesis can be rejected, hence regression function describes variability of 
measured values, regression equation is designed adequately. Figure 4 shows those residual values do 
not show heteroskedasticity – during the measurement of dependent variable, acoustic sound pressure 
level variance of LAeq values has not been observed. Figure 5 shows the normal probability plot of 
residual values. Computed value of obtained reliability for Shapiro-Wilkson test of normality  
p = 0.57048 and value of W criteria W = 0,944153. According to inequality Wα ≥ W since  
Wα (N=11) = 0.88700 the H0 hypothesis for residual values normality can be accepted. 

 
The regression equation obtained from analysis of variance gives the level of acoustic sound 

pressure level as a function of independent variables: pressure, traverse speed at the cutting of 20 mm 
thick stainless steel. All terms regarding their significance are included in the following inverse loga-
rithmic nonlinear polynomial equation: 

( ) ( )02627,004243,059879,053656,1 *10� ±±= vLaeq     (2) 

where LAeq  is response, that is acoustic sound pressure level [dB]. The model has been checked by 
several criteria. The fit of the model has been expressed by the coefficient of determination  
R2 = 0,8134 which was found to be for equation indicating that 81,34% for the model of the 
variability in the response can be explained by the models. The value also indicates that 18% of the 
total variation is not explained by the model. This shows that equation is suitable model for 
describing the response of the acoustic sound pressure level. The value of adjusted determination 
coefficient Radj = 76,68% is high to advocate for a high significance of the model. A higher value of 
the correlation coefficient R = 90,193% justifies a good correlation among the independent variables.  
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This indicates good agreement between the experimental and predicted values of acoustic sound 
pressure level. Statistical significance of correlation coefficient  = 90.193% has been 
tested by the Fisher’s statistical test for analysis of variance. Statistical testing of the model has been 
tested by the Fisher’s statistical test for analysis of variance. Generally, the calculated F-value 
equation (3) is greater than critical value F

Lr

1-α(f1,f2) = F0,95(f1=3, f2=7) = 4.347. The F value is the ratio 
of the mean square due to the real error. 
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Since F > F1-α(f1,f2) H0 hypothesis is rejected and correlation coefficient is statistically signifi-
cant. These results can be further interpreted in the Pareto Chart, which graphically displays the mag-
nitudes of the effects from the results obtained. The effects are sorted from largest to smallest. 
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Fig. 6 Pareto chart shows that traverse rate was 
found to be the most sufficient factor that 
affects the acoustic sound pressure level at 

waterjet cutting in the experiment. 

Fig. 7  Percentual expression of traverse rate 
and pressure significance 

 

 
 

 

 5 RESULTS AND DISCUSSION 
From the statistical factor evaluation of the experiment is apparent, that acoustic sound pres-

sure level is dominantly influenced by traverse speed as can be seen from Pareto chart (fig. 6) and 
from figure 9, which shows the percentual expression of treatment factors. The dominancy of the 
traverse rate is according to fig. 9 34%. The second treatment factor included in the experiment (the 

e as can be seen on figure 6 and figure 7.  

pressure is approximately 12%.  The following figure 7 shows 
eed and pressure to dependent variable acoustic sound pressure 
 showing predicted acoustic sound pressure level as a function 
pressure) has no statistical significanc

The statistical significance of 
fitted surface of influence traverse sp
level. Three-dimensional surface plot
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of independent variables.  

At the machining of 20 mm thick stainless steel there is a threshold traverse rate, at which the 
values of acoustic sound pressure level starts to decrease. The maximum values of acoustic sound 
pressure level were found out at the traverse rate 117 mm.s-1. (fig. 8) 



 
Fig. 8 3D surface plot for predicted acoustic sound pressure level 

Increasing the traverse rate above the threshold traverse rate, the work piece absorbs kinetic 
energy of the stream, hence another sources of acoustic sound pressure level do not produce the 
noise. Decreasing the acoustic sound pressure level in direct proportion depends on the residual out-
flow from work piece, which hits the water surface in the catcher tank. 

 
Fig. 9 Profiles for predicted values of acoustic sound pressure level 

 Following figure (fig. 9) shows the profiles behaviour for predicted values of acoustic sound 
pressure level that is influenced by examined factors - traverse rate and pressure. The predicted val-
ues of acoustic sound pressure level that is influenced by pressure are almost constant that is caused 
by low selection interval. It is assumed that with decreasing of pressure the values of acoustic sound 
pressure level will be lower. 

 6 CONCLUSION 
At the experiments have been evaluated influence of pressure and traverse rate to acoustic 

sound pressure level at abrasive waterjet machining of 20 mm thick stainless austenitic steel AISI 
304. Significance of the factors has been evaluated by factor experiment. It has been found that trav-
erse rate dominating factor which influence the noisiness of environment on mutual evaluation of the 
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pressure and traverse rate. At the experiment from the occupational safety and health point of view, 
the limits of acoustic sound pressure level were exceeded. For audio frequency noise the overrun was 
7 dB, for high frequency noise up to 26 dB. The noise elimination at abrasive waterjet machining can 
be achieved by reduction of the sources of acoustic sound pressure level. New experiments additional 
experiments will be provided according design of experiments where full factorial design and Ta-
guchi design will be used for evaluation and optimisation of noise environment at the abrasive water-
jet cutting.  
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