
INTRODUCTION

Abrasive water-jet (AWJ) treatment is a very 
popular method of material separation, one that 
offers an alternative to typical cutting methods 
such as machining, gas cutting or laser beam cut-
ting. The choice of cutting technology should take 
into account factors such as the type of workpiece 
material, thickness, machining performance, and 
cut surface quality. Due to its flexibility and a 
number of advantages, AWJ machining is widely 
used for cutting easy-to-cut materials (aluminium 
and magnesium alloys) and difficult-to-cut mate-
rials (stainless steels, titanium alloys) alike. AWJ 
cutting is based on the use of concentrated water 
jet energy. This energy is concentrated in a small 
area, which allows the separation of atomic bonds 
and the activation of erosion. The process is in-
tensified by the addition of abrasive grains. One 
of the main advantages of water jet cutting is the 
absence of a heat-affected zone. Due to the mini-
mal thermal impact, the process is dedicated to 

materials for which high processing temperature 
is unfavourable or not recommended, e.g. mag-
nesium alloys that, due to their properties, may 
be subject to ignition in the classical processes of 
milling, cutting, turning, etc. [1]. The water abra-
sive jet cutting process is illustrated schemati-
cally in Figure 1.

Water 4 is supplied by a high-pressure pump. 
The medium in the mixing chamber 2 combines 
with the abrasive 3 and exits through the head 
nozzle in the form of an abrasive-water jet 1. The 
erosion process is initiated when the jet hits the 
workpiece surface. Due to the deceleration of the 
jet at the workpiece exit side, the surface quality 
is lower on the exit side. Many studies focus on 
optimizing the AWJ process for improved surface 
quality after cutting. Mathematical modelling 
(Response Surface Methodology) can be used to 
optimize the process conditions such as surface 
roughness, material removal rate and hardness. In 
the study [2] three levels of variation were used 
for each of the studied parameters (abrasive feed, 

Effect of Ceramic Brush Treatment on the Surface Quality and Edge 
Condition of Aluminium Alloy after Abrasive Waterjet Machining 

Jakub Matuszak1*

1  Faculty of Mechanical Engineering, Lublin University of Technology, ul. Nadbystrzycka 36, 20-618 Lublin, 
Poland

*  Corresponding author’s email: j.matuszak@pollub.pl

ABSTRACT
Material separation is one of the basic technological operations. Abrasive water jet machining (AWJM) is a universal 
cutting method; it is used for almost all structural materials, ranging from easy-to-cut materials such as aluminium 
alloys to materials that are difficult-to-cut after thermal treatment. In terms of assembly accuracy and product safety, 
surface quality and edge condition after cutting are of vital importance. Machining with ceramic brushes mounted on 
the machining centre is one of the methods for improving surface quality and removing burrs after AWJM. The aim 
of this study is to analyse the influence of machining conditions with ceramic brushes on the surface quality and ef-
fectiveness of deburring after abrasive water jet machining of EN AW-7075 aluminium alloy. For all tested brushing 
treatment conditions lower roughness parameters were obtained compared to the base surface after AWJM. A positive 
deburring effect was achieved for all fibre types after one brush pass. For the brush with the lowest stiffness fibres a 
rounded edge was obtained, while for the fibres with higher stiffness – the edges were chamfered.

Keywords: surface roughness, AWJM, brushing, deburring.

Advances in Science and Technology Research Journal 2021, 15(3), 254–263
https://doi.org/10.12913/22998624/140336
ISSN 2299-8624, License CC-BY 4.0

Advances in Science and Technology 
Research Journal

Received: 2021.06.14
Accepted: 2021.07.20
Published: 2021.08.16

254



255

Advances in Science and Technology Research Journal 2021, 15(3), 254–263

stand-off distance and nozzle speed). The use of 
the Taguchi method to optimize machining of 
AZ91 magnesium alloy in order to achieve the 
lowest surface roughness was investigated in [3]. 
Surface roughness was analysed in three regions 
on the cut surface (initial damage, smooth and 
rough cutting zones). As shown by the (ANOVA) 
analysis, traverse speed had the greatest impact 
on surface roughness, while water pressure had 
the greatest impact on the depth of penetration. 
The authors of [4] used fuzzy logic to model the 
surface roughness of AZ91 alloy after AWJ cut-
ting. Water pressure (WP), traverse speed (TS), 
and stand-off distance (SOD) were selected as 
parameters for optimization. The best results 
(37% decrease in roughness) were observed for 
maximum pressure and minimum stand-off dis-
tance. Surface quality after cutting was analysed 
in [5]. To improve the surface quality after plasma 
cutting, the cut surfaces were subjected to cen-
trifugal shot peening. Besides improved surface 
quality, another advantage of the process is that 
shot peening increases the microhardness of the 
surface layer. The Taguchi optimization method 
presented in [6] was employed to get the best ap-
propriate combination of nine independent pro-
cess parameters (feed rate, stand-off distance and 
abrasive flow rate) to find the minimum surface 
roughness in the cutting of metal matrix compos-
ite based on Al-6061 aluminium alloy. Optimal 
process parameters were achieved for the lowest 
stand-off distance (0.5 mm). 

Due to the nature of the process, the con-
dition of the edge on the entry side of the jet 
is adequate. The jet impact on the cut surface 

results in rounding of the edge. The value of 
the radius depends on the processing param-
eters and the properties of the workpiece mate-
rial. However, when the water jet leaves the 
material, the edges remain sharp or the unde-
sired phenomenon of burr formation may oc-
cur. Such condition of the edge requires per-
forming an additional operation to remove the 
burr or to round or chamfer the edges. 

There exist many methods of deburring, the 
most widely used being manual deburring, grind-
ing and milling. One of the common methods is 
deburring of workpieces placed in abrasive me-
dia, including rotary-abrasive, vibratory finish-
ing, abrasive flow machining, and abrasive blast-
ing [7÷9]. AWJ machining can also be used for 
deburring, especially in hard-to-reach areas of 
workpieces [10, 11]. Due to the degree of mech-
anization, the deburring process can be divided 
into manual, semi-automatic and automatic. 

One of the methods dedicated to edge fin-
ishing is brushing. The brushing process is used 
when edge treatment and high surface quality 
are required. Popular applications for brushing 
include: deburring, as well as edge rounding, 
glossing, surface defect removal, surface clean-
ing and preparation [12÷14]. The brushing pro-
cess can be used to remove surface defects such 
as scratches and grooves. The study [15] focused 
on the problem of detecting surface defects. The 
authors presented the method for defect detection 
using recurrence plots and recurrence quantifica-
tions. If defects cover at least 2.5 percent of the 
layer cross-section, they can be detected by cut-
ting force data analysis.

Fig. 1. Schematic view of the abrasive water jet process: 1 - abrasive water jet, 
2 - mixing chamber, 3 - abrasive, 4- high pressure water
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The authors of [16, 17] analysed forces dur-
ing surface treatment with ceramic brushes. Ce-
ramic brushes are characterized by low force val-
ue, which is desired when machining thin-walled 
components with reduced rigidity. Problems con-
nected with machining thin-walled components 
are described in [18, 19].

Despite many research works devoted to the op-
timization of the AWJ machining process, in some 
situations the surface quality requires performing an 
additional operation to improve surface roughness 
and remove burrs, especially at the exit side of the 
jet. To that end, this study attempts to determine the 
effect of brushing treatment on the surface quality 
and edge condition after AWJ cutting.

TEST METHODOLOGY

The purpose of the study was to evaluate the 
effectiveness of surface quality improvement and 

deburring by brushing with ceramic fibre tools 
after AWJ machining. The overall experimental 
methodology is schematically shown in Figure 2. 

A sheet of EN AW-7075 aluminium alloy 
plate with a thickness of 10 mm was used for test-
ing. Table 1 shows the chemical composition and 
physical properties of the tested alloy. 

First, the AWJ cutting process was conducted 
using constant parameters: feed rate 300mm/min, 
stand of distance 3 mm, abrasive flow rate 315 g/
min. Samples with dimensions of 10x15x80 were 
prepared. The experiment was divided into two 
stages. In the first stage, the effect of ceramic fibre 
stiffness on deburring and edge rounding efficiency 
was tested. The specimens were positioned in such 
a way that the adjacent surfaces forming the edge 
of the specimens were positioned at an angle of 45 
degrees in relation to the axis of the tool, as shown 
in Figure 3a. The deburring process was carried out 
both from the entrance and exit sides of the abrasive 
water jet. Edge conditions after AWJ cutting and 

Fig. 2. Stage diagram of the research experiment

Table 1. Chemical composition and physical properties of EN AW-7075
Chemical composition, Wt.%

Cu Mn Mg Cr Zn Si Fe Ti Al

1.59 0.01 2.56 0.18 5.78 0.07 0.13 0.05 Rest

Physical properties

Rm
MPa

Rp0.2
MPa HB

599 488 172
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brushing were measured using a Keyence VHX 
5000 digital microscope. The second part of the ex-
periment was to analyse the effect of the brushing 
treatment on the surface roughness that was formed 
after AWJ cutting. The surfaces after AWJ cutting 
were set perpendicular to the brush axis (Fig. 3b). 

To intensify the process, 1, 5 and 10 brush passes 
were used on the surface. Details of the experimen-
tal investigation of the effect of brushing on deburring 
efficiency and surface roughness are given in Table 2. 
The adopted brushing parameters are in accordance 
with the manufacturer’s recommendations.

Ceramic fibres are characterized by different 
stiffness. The pink A13 fibres have the highest flex-
ibility, while the blue A31 fibres are the most rigid.

Roughness was measured in the smooth and 
rough zones with the use of the Taylor-Hobson 
Surtronic 3+ device and T8000RC120-400 pro-
filographometer. Analysis of variance (ANOVA) 
was used to test the effect of brushing conditions 
on surface roughness with a significance level 
of 0.05. The experiment was repeated six times. 
For each edge, five measurements were made of 
the edge radius or chamfer.

Fig. 3. Workpiece orientation in relation to the tool: a) during surface
roughness experiment, b) during deburring experiment

Table 2. Brushing conditions
Ceramic brush data

Fibre type Number of 
passes

Fibre projection length 
from sleeve [mm]

deburring 
experiment

Pink A13

1

5.5

Red A11

White A21

Blue A31

surface 
roughness 
experiment

Pink A13

1

5

10

Red A11 10

Cutting data

medium brush speed [rev/min] feed rate [mm/min] offset [mm]

dry machining 5000 1000 0.5

a) b)
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RESULTS

Due to the nature of the AWJ cutting pro-
cess, burrs are formed on the edges from the side 
of the smooth zone, as shown in Figure 4, where 
the water-abrasive jet exits the workpiece. Con-
sequently, an additional process must be per-
formed to mitigate this undesired phenomenon. 

Due to the efficiency and effectiveness of de-
burring and rounding the edges with ceramic brush-
es, one pass along the brushing edge was used.

Impact of brushing on edge conditions

Table 3 shows the views of the edge after brush-
ing, both on the smooth and on the rough side. Edge 
chamfering was observed with the A11, A21 and 
A31 filament brush treatment, while edge rounding 
was obtained after the A13 filament brush treatment.

The stiffer fibres A11, A21 and A31 caused 
shearing of the material layer and a chamfer, 
while the flexible fibres were bent when impact-
ed on the workpiece surface, which resulted in 
a rounded edge. 

Fig. 4. Burr height in the rough zone

Table 3. View of the edges after the deburring process

Specification
Brush type

Pink A13 Red A11 White A21 Blue A31

Smooth 
zone

Rough 
zone
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Figure 5 shows the value of edge radius after 
brushing in the rough and smooth zones. It can be 
observed that the energy of the abrasive water jet 
in the entry zone caused rounding of the edges, 
the mean value of the rounding being 88 µm.

The use of the brushing treatment in the en-
trance area led to an increase in the radius of the 
rounded edges. However, burrs were formed on 
the edges in the rough zone (Fig. 4). Some of 
the brush filament energy was converted into the 

deburring process, which explains the smaller 
edge radius in the exit zone.

Figure 6 shows the value of the chamfer 
in the smooth and rough zones after the treat-
ment with brushes A11, A21, A31. It can be 
observed that as the stiffness of the fibres in-
creases, the intensity of the brush impact on 
the treated edge increases too, leading to an in-
creased edge chamfer. Smaller chamfer values 
can be observed in the exit zone. Some of the 

Fig. 5. Edge radius after brushing in the rough and smooth zones

Fig. 6. Edge chamfer after brushing treatment with different types of fibres
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energy of the fibres was used for deburring in 
the rough zone.

Higher values of the standard deviation result 
from uneven edges (characteristic striations after 
AWJ treatment) and the formation of burrs of differ-
ent heights.The ANOVA results confirm the statisti-
cally significant influence of the number of brush 
passes on the chamfer value. F-ratios (F = 449 in 
smooth zone and F = 112 in rough zone) are greater 
than F - critical (F = 3.10 for df1 = 2 and df2 = 87).

Impact of brushing on surface roughness

Surface topography after cutting with water 
abrasive jet is shown in Figure 7. Characteristic 
stripes are visible, especially in the rough zone.

Table 4 shows the views of surface topog-
raphy after brushing with the A13 pink filament 
brush. There is a visible decrease in the value of 
the Sa roughness parameter with an increase in 
the number of tool passes.

The use of higher stiffness fibres (A11 Red) 
leads to a significant decrease in surface rough-
ness. In addition, there are characteristic curved 
marks reflecting the movement of the fibres, 
which indicates the removal of topography fol-
lowing the AWJ treatment (Fig. 8).

Table 5 shows the surface roughness after 
brushing with the A13 pink filament brush in re-
lation to the roughness after AWJ cutting.

Figure 9 shows the effect of the number of pass-
es on the surface roughness in the smooth and rough 

Fig. 7. Surface topography after AWJ cutting: a) smooth zone, b) rough zone

Table 4. Surface topography after brushing with Pink A13 filament

Specification
Number of brush passes

1 5 10

Smooth 
zone

Sa = 6.88 µm Sa = 6.12 µm Sa = 4.04 µm

Rough 
zone

Sa = 11.5 µm Sa = 11.5 µm Sa = 8.51 µm
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zones. The average roughness value in the entrance 
zone after AWJ cutting is Ra = 5.9 µm, while in the 
exit zone it is Ra =15.5 µm. There is a slight de-
crease in roughness after one brush pass. After 10 
brush passes, the roughness is reduced by about 
30% compared to the roughness after AWJ cutting.

Table 6 shows the surface roughness after 
brushing with the A13 pink and A11 red filaments.

Figure 10 shows the effect of the type of brush 
fibre on the surface roughness of specimens. The use 
of stiffer Red A11 fibre allows for a significant re-
duction in surface roughness. Values of the F statistic 
prove a significant influence of the fibre type on the 
surface roughness of specimens. F-ratios (F = 130 in 
smooth zone and F = 38.5 in rough zone) are greater 
than F - critical (F = 4.20 for df1=1 and df2 = 28).

Fig. 8. Surface topography after brushing with Red A11: a) smooth zone, b) rough zone

Table 5. Surface roughness after brushing with Pink A13 filament
Smooth zone Rough zone

After AWJ cutting

Ra = 5.9 µm Ra = 15.5 µm

After brushing

1 pass 5 passes 10 passes 1 pass 5 passes 10 passes

Ra = 4.99 µm Ra = 4.33 µm Ra = 4.20 µm Ra = 15.17 µm Ra =13.17 µm Ra =11.08 µm

Fig. 9. Effect of the number of brush passes on the surface roughness of specimens (A13 pink brush filament)
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CONCLUSIONS

The experimental tests investigating the impact 
of machining with ceramic filaments brushes of EN 
AW- 7075 aluminium alloy samples after AWJ cut-
ting on deburring effectiveness and surface rough-
ness quality have led to the following conclusions:
 • burrs appear on the edges of the specimens af-

ter water jet cutting in the rough zone;
 • the surface after water jet cutting has a very 

non-uniform roughness;
 • the stiffness of the fibres influences the edge 

condition after processing: for low stiffness fi-
bres (pink A13) a rounding was obtained, while 
for stiffer fibres the edges were chamfered;

 • edge burrs can be removed with a single pass 
of the tool brush;

 • brushing reduces the surface roughness after 
water abrasive jet cutting;

 • ANOVA analysis confirmed a significant effect 
of brush type and the number of brush passes 
on the surface roughness and the rounding and 
chamfering value.

For efficient machining, it is desirable that 
the deburring process be carried out as quickly as 

possible. In all cases, the burrs were removed after 
one pass of the brushing tool. However, improving 
surface roughness sometimes requires more passes.
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