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Abstract: The article concerns the possibility of carrying out an optimization process of the extending the life of a brush tool which is use 
during the process of removing burrs and rounding edges. The work focused on the influence of selected parameters on the wear time of 
tools. A number of tests were carried out to optimize the selection of parameters in terms of tool life, while maintaining the proper quality of 
the manufactured products, which translates into their reliability. As part of the work carried out, an optimal set of parameters was prepared 
to extend the tool's operational time. These parameters are the rotational speed of 1400 rpm and the external diameter of the tool of 200 
mm. Thanks to the use of new parameters of the brushing process, the tool's operational time was extended by about 67%.The work car-
ried out, after verification as part of large-scale production, led to a reduction in the consumption of tools, which had a positive impact on 
the improvement of the company's financial result (reduction of cost per part) and also contributed to the reduction of the carbon footprint. 
The work indicates further areas for development. 
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1. INTRODUCTION 

Manufacturing companies, especially those operating in the 
aviation industry, aim to ensure the proper quality of their prod-
ucts, which then translated into the reliability of the manufactured 
devices. These requirements have a direct impact on the perfor-
mance, safety and operational life of the aircraft. Due to the in-
creased performance of currently produced engines, compared to 
the designs from the last century, with simultaneous actions 
aimed at reducing the weight of all aircraft components, the re-
quirements related to guaranteeing appropriate material and 
drawing properties, were increased [1-5]. 

The second, equally important goal is to strive to maximize 
profits by reducing all types of costs related to the production of 
parts. Taking into account the economic situation and economic 
conditions ("Ready for 55"), companies operating in the aviation 
industry set one of their main goals to reduce unit costs to in-
crease competitiveness compared to other manufacturers operat-
ing in a similar production area. This goal is achieved by reducing 
the demand for electricity, reducing tools used in the production 
process, and reducing the number of man-hours devoted to the 
production of components. One of the possibilities to improve 
financial results by reducing production costs, as well as ensuring 
appropriate technological possibilities and repeatability, is the 
automation of individual production stages [6-14]. 

One of the possibilities to improve the economic results of the 
plant by reducing unit costs directly related to production, as well 
as ensuring appropriate technological capabilities and repeatabil-
ity, is the automation of individual stages of production processes. 

The introduction of robotization and automation of individual pro-
duction operations, further enables objective optimization of indi-
vidual production operations by eliminating the subjective feelings 
of individual operators from the optimization procedures. The 
introduction of automation and robotization also improves working 
conditions by eliminating the risk of injuries to employees as well 
as limiting the impact of harmful factors such as noise and dust on 
employees [15-19]. In a broader perspective, it also enables the 
impartial conduct of research plans aimed at establishing a set of 
technological parameters ensuring, on the one hand, minimization 
of costs (minimization of tool wear), as well as sustaining the level 
of quality of manufactured products necessary for the aviation 
industry. Therefore, before starting the work described in this 
publication, a fully automated workstation was introduced, ena-
bling the brushing process to be carried out in fully repeatable 
conditions. 

In line with the above trend, research work was undertaken to 
optimize the brushing process by modifying selected parameters 
of the production process in order to reduce tool wear (extend tool 
life). The above-mentioned works are of key importance due to 
the company's goals, because while maintaining the current quali-
ty standard, they will allow for reducing operating costs and, as a 
result, reduce the carbon footprint. In the work carried out so far 
[20] related to the brushing process, it was observed that chang-
ing the parameters of the technological process, such as rotation-
al speed or engagement depth, translates directly into the level of 
mutual interaction moments between the tool and the processed 
detail. Due to the complexity of the deburring process and the 
need to find an optimum guaranteeing the most effective use of 
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the tool, it was decided to carry out a number of experiments 
aimed at determining the local minimum in relation to the "con-
sumption" of the tool during the process. For this purpose, it was 
decided to carry out a number of experiments based on a two-
level static determined plan. This means that the selected process 
parameters will be set on two extreme positions corresponding to 
the minimum and maximum values of the selected parameter. The 
planned research aims to determine the impact of individual 
brushing parameters on the final thickness of the bristles from 
which the tool is made. The final result of the experiment will be 
an equation describing the degree of tool wear depending on the 
selected values of individual parameters, which will make it possi-
ble, using analytical methods, to determine the local minimum 
corresponding to the longest operating time of the brush used for 
deburring. Then, the set of technological parameters prepared in 
this way will be tested in large-scale production to confirm the 
correctness of the work carried out. 

2. DESCRIPTION OF THE PROBLEM 

The proper implementation of the brushing process of the de-
vice's components is directly related to the quality of the finished 
product and safety during assembly. The basic purpose of the 
brushing process is to remove all types of burrs created at earlier 
stages of the production process [21-24]. This will enable the 
proper assembly of individual engine components and will also 
contribute to reducing the risks faced by the employee during the 
assembly process. From the point of view of the reliability and 
durability of the components of a modern jet engine, the key factor 
is the requirement to ensure the desired value of the edge radius. 
This radius is directly related to the local stress level, which trans-
lates into the life of the parts and the entire device (engine, air-
craft). 

With reference to the work related to the introduction of indus-
trial robots to machining operations, many research works have 
been created [25-32]. These studies indicates to many ad-
vantages of introducing robotization in the form of increased 
repeatability and contributing to the reduction of product manufac-
turing costs. Industrial robots are successfully used for deburring, 
milling, deburring of thin-walled elements, grinding and polishing, 
and in measurement control of required places [33-39]. 

Thanks to the automation of the brushing process, the repeat-
ability of the process was increased, it was possible to control the 
mutual impact of the processed detail and the tool, and it also led 
to a significant improvement in working conditions by reducing 
exposure to noise, dust and other harmful factors [20, 40, 41]. 

3. PROPOSED SOLUTION 

In order to obtain unequivocal and objective optimization re-
sults, it was decided to carry out a number of tests. The purpose 
of the tests is to obtain a mathematical description of the rate of 
brush wear (bristle abrasion) depending on the selected process 
parameters. Such action will make it possible, using mathematical 
analysis methods, to find local minimums allowing for a reduction 
in the number of tools used and, consequently, will reduce the unit 
cost of manufactured components. Before carrying out the tests, it 
was decided to analyze possible process parameters that impact 
on the level of interaction between the tool (brush) and the detail. 

The influence of the rotational speed and the depth of penetration 
of the workpiece into the tool was examined in [20]. 
Performed research clearly shows that: 

− A double increase in the brush rotation speed translates into a 
linear increase in torque. The obtained results confirm that the 
above relationship is correct for various rotational speeds; 

− The increase in the depth of the detail in relation to the disc 
translates into a non-linear increase in torque. The observed 
effect is much smaller for higher rotational speeds. 
Therefore, it was decided that the rotational speed and the 

depth of engagement of the detail to the tool would be used in 
further work. 

 
Fig. 1.   Work station (1 - industrial manipulator, 2 - rotary table, 3 -  

workpiece gripper, 4 - workpiece magazine, 5 - tool holder) 

The workstation used for the edge deburring process is shown 
schematically (Fig. 1). The station includes an industrial manipula-
tor used to fasten processed details on a rotary table, after previ-
ously taking parts from the warehouse. In order to improve the 
operation of the station, it was equipped with a gripper ware-
house. The last components of the workstation are the columns 
serving as handles and drives for the brushes used in the pro-
cess. The entire area of the workstation is fenced with special 
barriers designed to ensure an appropriate level of safety for 
employees. Due to the assumed capacity of the workstation, it 
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was decided not to consider the possibility of modifying the oper-
ating time allocated to the deburring procedure. From the point of 
view of cost reduction, extending the operation time would not 
have a beneficial effect on reducing the overall process costs. On 
the other hand, the time allocated for the analyzed operation has 
been optimized in terms of production cycle and does not require 
any further modifications from the company point of view. 

One of the parameters of the technological process may also 
be the resistive moment of the tool generated during operation 
(due to the friction occurring between the rotating tool brought into 
contact with the workpiece). For the workstation presented (Fig. 
1), the resistive torque is determined based on the current con-
sumption of individual servo drives. It was considered to link the 
above-mentioned brush resistance torque with the bristle abrasion 
rate. In large-scale production conditions, a number of different 
parts are brushed at the workstation, which differ in size and thus 
affect the analyzed parameter. Therefore, it was decided to elimi-
nate this parameter in further considerations. Also, the variation 
associated with the different number of burrs to be removed on 
individual parts affects the variability of the resistive torque. As a 
consequence, this makes it impossible to optimize tool consump-
tion depending on the parameter in question. In order to illustrate 
the presented situation, the results of the registered resistance 
torque for individual production pieces are presented. 

 
Fig. 2. Tool torque in relations with numer of brushed parts 

In order to confirm the observations, it was decided to carry 
out four tests. Based on the graphical presentation of the results 
(Fig. 2), it was concluded that the resistive torque changes chaoti-
cally, regardless of tool wear.  

Based on experience related to large-scale production, it was 
decided to use a brush-type tool in all optimization works (Fig. 3). 

 
Fig. 3. A brush-type tool used in the production process 

The basic technical parameters of the tool (Fig. 3) include an 
external diameter of 200 mm, a bristle length of 35 mm (measured 
along the radius) and a bristle thickness of approximately 1.1 mm. 
The material from which the bristles are made is silicon carbide 
(SiC), known under the trade name ABRALON612. The brush 
disc is made of structural steel. 

In order to obtain an equation characterizing the tool wear 
process, it was decided to conduct an experiment based on a two-
level static determined plan (Fig. 4). 

 
Fig. 4.   Implementation scheme of experiment (3 input factors on 2 

levels) [42] 

A test plan was used without taking into account the effects of 
interactions between the analyzed parameters. To systematize 
the tests, a planning matrix was prepared in Table 1. Due to the 
complexity of the movements of the tool and the processed detail, 
it was impossible to present a single value defining the depth of 
penetration of the detail into the tool. Initially, this value was se-
lected empirically based on the obtained process results (the 
value of the edge radius and the quantity of burr removal, average 
depth of approximately 4 mm, maximum of approximately 10 mm).  

Therefore, it was decided to control the brush diameter pa-
rameter, which translated into shifting each point from the trajecto-
ry of mutual movements by a specific value. Therefore, the value 
of 198 mm from Table 1 should be interpreted as an increase in 
the engagement by 1 mm. 

Tab. 1. Test matrix, columns X1, X2, X3 define the top level ("+") and 
bottom level ("-") of selected process parameters 

Test 
number 

X1 X2 X3 
Rotationa

i speed 
rpm 

Engagement 
as brush 

diameter mm 

Number of 
brushed 

parts 

1 + + + 2000 200 60 

2 + + - 2000 200 30 

3 + - + 2000 198 60 

4 + - - 2000 198 30 

5 - + + 1400 200 60 

6 - + - 1400 200 30 

7 - - + 1400 198 60 

8 - - - 1400 198 30 

Planned test in the test matrix were performed randomly. The 
capacity of the test stand made it possible to conduct a test con-
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sisting of 12 repetitions at the same time to eliminate the influence 
of randomness. 

4. TEST RESULTS 

Analysis of the tool wear in large-scale production conditions, 
it was observed that the bristles wear out at a maximum distance 
of approximately 8 mm, measured from the outer edge of the 
brush (Fig. 5). It was observed that the bristles were worn – a 
reduction in thickness in the circumferential direction of the brush. 
No wear of the bristles was observed in the axial direction of the 
tool. 

 
Fig. 5. The depth to which the brush tool was wear 

It was decided to adopt the assumption of measuring the bris-
tle thickness at a distance of approximately 4 mm from the maxi-
mum diameter of the brush (Fig. 6). Measurements were taken 
using a caliper. 

 
Fig. 6. Place of measurement of bristle thickness after the test 

The results of the measured bristle thickness according to the 
presented schema are presented in Table 2. 

Tab. 2. Test results – measured bristle thickness 

Test 

number 
y1 y2 y3 y4 y5 y6 y7 y8 y9 y10 y11 y12 �̅� 

1 0.64 0.55 0.55 0.63 0.73 0.64 0.59 0.51 0.41 0.41 0.55 0.56 0.56 

2 0.9 0.6 0.83 0.48 0.66 0.74 0.73 0.64 0.43 0.95 0.86 0.86 0.72 

3 0.6 0.52 0.62 0.53 0.53 0.54 0.53 0.58 0.55 0.55 0.6 0.54 0.56 

4 0.57 0.48 0.46 0.75 0.6 0.55 0.61 0.69 0.66 0.55 0.62 0.7 0.60 

5 0.4 0.54 0.42 0.64 0.64 0.69 0.76 0.8 0.7 0.82 0.74 0.85 0.67 

6 0.8 0.92 0.75 0.69 0.83 0.8 0.62 0.5 0.62 0.45 0.7 0.65 0.69 

7 0.47 0.67 0.3 0.45 0.46 0.4 0.36 0.4 0.38 0.35 0.56 0.5 0.44 

8 0.3 0.4 0.55 0.59 0.3 0.63 0.53 0.56 0.64 0.77 0.89 0.49 0.55 

where: 𝑦𝑛 – bristle thickness in the n-th measurement,  

�̅� – average value 

In order to obtain mathematical equation following calculations 
have to be made: 

Calculation of the unit of variability: 

− For rotational speed: 

∆𝑥1 =
𝑟𝑚𝑎𝑥−𝑟𝑚𝑖𝑛

2
=

2000−1400

2
= 300 𝑟𝑝𝑚    (1) 

− For brush diameter: 

∆𝑥2 =
𝑑𝑚𝑎𝑥−𝑑𝑚𝑖𝑛

2
=

200−198

2
= 1 𝑚𝑚     (2) 

− For number of brushed parts: 

∆𝑥3 =
𝑞𝑚𝑎𝑥−𝑞𝑚𝑖𝑛

2
=

60−30

2
= 15 𝑝𝑐𝑠     (3) 

Calculations of the central values for inputs: 

− For rotational speed: 

𝑥10 =
𝑟𝑚𝑎𝑥+𝑟𝑚𝑖𝑛

2
=

2000+1400

2
= 1700 𝑟𝑝𝑚   (4) 

− For brush diameter: 

𝑥20 =
𝑑𝑚𝑎𝑥+𝑑𝑚𝑖𝑛

2
=

200+198

2
= 199 𝑚𝑚     (5) 

− For number of brushed parts: 

𝑥30 =
𝑞𝑚𝑎𝑥+𝑞𝑚𝑖𝑛

2
=

60+30

2
= 45 𝑝𝑐𝑠     (6) 

Coding of inputs: 

− For rotational speed: 

𝑥1 =
�̂�1−�̂�10

∆�̂�1
=

𝑟−1700

300
     (7) 

− For brush diameter: 

𝑥2 =
�̂�2−�̂�20

∆�̂�2
=

𝑑−199

1
     (8) 

− For number of brushed parts: 

𝑥3 =
�̂�3−�̂�30

∆�̂�3
=

𝑞−45

15
    (9) 

Calculation of the coefficients of the regression equation: 
The variance of the measurement error was calculated based 

on the following formula: 

𝑆2(𝑦)𝑖 =
∑ (𝑦𝑢𝑖−�̅�𝑖)2𝑗

𝑖=1

𝑗−1
      (10) 

Values for performed tests are presented in Table 3. 

Tab. 3. Error variance for individual trials 

Test number S2 

1 0.0079 

2 0.0253 

3 0.0010 

4 0.0070 

5 0.0200 

6 0.0171 

7 0.0094 

8 0.0276 
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The coefficients of the regression equation are as follows: 

𝑏0 =
1

𝑁
∑ 𝑥0𝑖𝑦𝑖

2 = 0.600
𝑗
𝑖=1     (11) 

𝑏1 =
1

𝑁
∑ 𝑥1𝑖𝑦𝑖

2 = 0.011
𝑗
𝑖=1       (12) 

𝑏2 =
1

𝑁
∑ 𝑥2𝑖𝑦𝑖

2 = 0.061
𝑗
𝑖=1    (13) 

𝑏3 =
1

𝑁
∑ 𝑥3𝑖𝑦𝑖

2 = −0.043
𝑗
𝑖=1    (14) 

Assessment of the repeatability of the experiment conditions: 

− Calculation of the G coefficient value: 

𝐺 =
𝑆2(𝑦)𝑖 𝑚𝑎𝑥

∑ 𝑆2(𝑦)𝑖 
𝑛
𝑖=1

= 0.151     (15) 

− Calculation of the number of degrees of freedom: 

𝑓1 = 𝑁 = 8      (16) 

𝑓2 = 𝑟 − 1 = 11    (17) 

− Determination of the critical value of the G coefficient of the 
Cochran statistic: 
Critical values of the Cochran G statistic (α=0.05). Values 

read from position [42]. 

𝐺𝑘𝑟 = 𝐺(𝛼;𝑓1;𝑓2) = 0.2364     (18) 

Because the following condition is met: 

𝐺 < 𝐺𝑘𝑟      (19) 

The experiments were conducted with satisfactory repeatabil-
ity. 

Checking the significance of regression coefficients: 

− Calculation of variations in measurement errors: 

𝑆2(𝑦) =
1

𝑁
∑ 𝑆2(𝑦)𝑖 = 0.014𝑁

𝑖=1       (20) 

− Determining the number of degrees of freedom: 

𝑓 = 𝑁(𝑟 − 1) = 88       (21) 

Determination of the critical value of the t coefficient. Value 
read from position [42]. 

𝑡𝑘𝑟 = 𝑡(𝛼;𝑓) = 1.99     (22) 

𝑏𝑘𝑟 = 𝑡(𝛼;𝑓)√
𝑆2(𝑦)

𝑁𝑟
= 0.024    (23) 

Hence: 

|𝑏0| > 𝑏𝑘𝑟 so the coefficient is considered as significant   (24) 

|𝑏1| < 𝑏𝑘𝑟 so the coefficient is considered as not significant 
   (25) 

|𝑏2| > 𝑏𝑘𝑟 so the coefficient is considered as significant    (26) 

|𝑏3| > 𝑏𝑘𝑟 so the coefficient is considered as significant   (27) 

After eliminating the insignificant term, the regression equation 
takes the following form: 

𝑦 = 0.600 + 0.061𝑥2 − 0.043𝑥3      (28) 

Assessment of the adequacy of the regression equation: 

− Calculation of adequacy variance: 

𝑆𝑎𝑑
2 (𝑦) =  

𝑟 ∑ (�̂�𝑖−�̅�𝑖)2𝑁
𝑖=1

𝑁−𝑘−1
= 0.033        (29) 

− Determination of calculation value for F coefficient: 

 𝐹 =
𝑆𝑎𝑑

2 (𝑦)

𝑆2(𝑦)
= 2.278    (30) 

− Calulation of numer of degrees of freedmon for numerator: 

𝑓1 = 𝑁 − 𝑘 − 1 = 5    (31) 

− Calulation of numer of degrees of freedmon for denominator: 

𝑓𝑚 = 𝑓2 = 𝑁(𝑟 − 1) = 88    (32) 

Critical values of F test Fischera-Snedecora (α=0.05). Values 
read from position [42]. 

− Calculation of critical value of F test coefficient: 

𝐹𝑘𝑟 = 𝐹(𝛼,𝑓1,𝑓𝑚) = 2.33     (33) 

Since the relationship 𝐹 < 𝐹𝑘𝑟 is met, the obtained regres-
sion equation is considered adequate. 

Decoding the regression equation by substituting equations 
(8) and (9) into formula (28): 

𝑦 = 0.061458 𝑑 − 0.00288 𝑞 − 11.5       (34) 

where: y – bristle thickness, d – brush outer diameter, q – quanti-
ty of brushed parts. 

In order to maintain the appropriate quality of the manufac-
tured products, it was decided to control the results of the brush-
ing process both visually (visual inspection of the absence of burrs 
after brushing). The results, such as the removal of all burrs, 
prove that the process was carried out correctly. The condition of 
the parts before and after the brushing process is shown in Fig. 7. 

 
Fig. 7.   Typical parts condition before (left side) and after (right side) of 

brushing process 

The second control parameter analyzed to determine the cor-
rectness of the brushing process is the edge radius. A profilo-
graph is used to measure the mentioned radius. For all tests with 
different process parameters, selected edges were measured (the 
measurement points were selected based on experience). The 
location of measurement points in the area of the blade lock is 
shown schematically in Fig. 8. 
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Fig. 8.  Location of control points – blade lock 

The values of the edge break radius, measured for all tests, 
are in Table 4. 

Tab. 4.  Results of the tests - the radius of edge break in chosen 
locations of the detail 

Test number Measured value of Edge break, mm 

- A B C D E F 

1 0.16 0.11 0.17 0.16 0.31 0.29 

2 0.15 0.10 0.13 0.15 0.34 0.36 

3 0.18 0.19 0.17 0.14 0.25 0.27 

4 0.27 0.16 0.19 0.19 0.33 0.3 

5 0.17 0.12 0.18 0.14 0.24 0.27 

6 0.13 0.11 0.13 0.13 0.29 0.25 

7 0.13 0.12 0.15 0.13 0.30 0.30 

8 0.14 0.10 0.20 0.13 0.32 0.35 

The test results are presented in Fig. 9 in the form of a histo-
gram. 

 
Fig. 9. Results of test- histogram 

The break radius values obtained in the tests, ranging from 
0.10 to 0.40 mm, are considered as satisfactory from the point of 
view of the operational requirements of brushed details. In order 
to confirm the obtained mathematical model, it was decided to 

carry out large-series tests. The tests used process parameters 
prepared based on the obtained mathematical model of the tool 
wear rate. 

5. DISCUSSION OF THE RESULTS 

The carried out optimization procedure made it possible to 
mathematically describe the nature of brush wear depending on 
the selected parameters of the brushing process. As a result of 
the mathematical operations performed, information was obtained 
about which of the selected process parameters significantly 
affect the wear time of the tools life (outer diameter of the brush, 
number of processed details), and which of them can be neglect-
ed (rotational speed). Importantly, from the point of view of the 
quality of the manufactured parts, in the entire analyzed range of 
selected process parameters, i.e. for brush diameters in the range 
of 198 to 200 mm, rotational speeds of 1,400 to 2,000 rpm, the 
brushing process fully guaranteed the correct removal of burrs 
and proper edge break radius. 

In order to visualize the data collected during all test trials, it 
was decided to prepare a chart (Fig. 10) illustrating the rate of tool 
wear depending on the rotational speed and feed (brush diame-
ter). 

 
Fig. 10.  Bristle thickness depending on selected parameters after 

deburring operation for 30 and 60 pieces 

The graph clearly shows that the bristles were worn out the 
least, both after 30 and 60 pieces, in the case of the following 
combination of parameters: rotational speed of 1400 rpm and 
brush diameter of 200 mm. From the other hand, the worst values 
were achieved for the following combination of analyzed parame-
ters: rotational speed 1400 rpm, brush diameter 198 mm. 

In turn, the graphical representation in Fig. 11 of the obtained 
equation is as follows: 

𝑡 = 0.061458 𝑥 𝑑 − 0.00288 𝑥 𝑞 − 11.5    (35) 

Based on the prepared charts and analysis of data collected 
during experiments, it was decided to recommend the following 
combination of process parameters for further testing: 

− tool rotation speed 1400 rpm; 

− external diameter of the tool 200 mm. 
The estimated life of the brush has been extended, from the 

initial value of approximately 60 pieces to a value of 120 pieces 
(an increase of 100%). 
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Fig. 11. Graphical presentation of equation (35) (t – bristle thickness mm, 

d – brush diameter mm, q – number of processed parts) 

Based on the test results in large-scale production, it was con-
firmed that the prepared set of parameters allowed for a signifi-
cant extension of the tool's use time. It turned out that after tests 
lasting several days, the actual life of the brush is not 120, as the 
analysis might suggest, but 100 pieces. The difference between 
the theoretical and actual life expectancy of the brush (expressed 
in the number of pieces successfully processed) can be explained 
by the different amount of burr to be removed between individual 
pieces (natural variation in the production process), as well as the 
difference in the component on which the tests were carried out 
(tests used for developing a mathematical description of the brush 
wear rate was carried out using one type of part, while tests con-
firming the effectiveness of the introduced changes were carried 
out in production conditions, where individual components differed 
in size). The increase in the life expectancy of the brush from the 
initial value of 60 pieces to 100 pieces per tool should be consid-
ered a satisfactory value. 

There are a number of studies in which the authors dealt with 
the selection of optimal parameters of the technological process 
for the simultaneous extension of the tool operating time and the 
quality of the obtained details. The authors of the study [43] 
worked on extending the tool operating time depending on the 
input parameters. Modification of a number of parameters had a 
different impact on the length of tool use. Some of the parameters 
were characterized by a linear translation, and some by a non-
linear translation on the length of tool use. The result itself in the 
form of the number of minutes varied from about 90 to over 670 
minutes, depending on the selected set of parameters. In turn, in 
the study [44], the author selects the parameters of the technolog-
ical process in order to both extend the tool life and reduce the 
consumption of electric energy. Similarly to the authors of the 
study [43], he obtains both linear and non-linear relationships 
between the parameters of the technological process and the tool 
life. The final set of proposed parameters translates into an exten-
sion of the tool life by about 20%. As can be seen in the cited 
studies, different researchers dealt with similar topics and ob-
tained similar results, i.e. their nature and results do not differ 
significantly from the observed regularities for the case under 
consideration. 

6. CONCLUSIONS 

Based on the experiments carried out to define the mathemat-
ical description of the tool wear rate, the following conclusions can 
be drawn: 

− the rotational speed of the brush is a parameter irrelevant 
from the point of view of the abrasion rate of the brush bris-
tles; 

− the values of the tool diameter and the number of processed 
pieces have a significant impact on the rate of bristle abrasion; 

− for the analyzed process and the associated pair of materials 
(both the tool and the workpiece), the brush wear process can 
be described by the following equation (35); 

− all configurations of modified parameters enabled the debur-
ring process to be carried out correctly, i.e. by removing all the 
burr present on the parts and guaranteeing the edge debur-
ring radius in the range from 0.10 to 0.36 mm, which should 
be considered a correct value from the point of view of 
strength; 

− modification of technological process parameters made it 
possible to extend the tool life by approximately 67%, which 
allowed to reduce the unit cost of manufactured details by 
PLN 0.75/piece in large-scale production conditions; 

− the work carried out to optimize the parameters of the debur-
ring process, thanks to reducing the number of tools used, al-
so led to a reduction of the carbon footprint left by the produc-
tion plant. 
The work carried out on the optimization of the brushing pro-

cess sheds new light on the approach to cost optimization, espe-
cially in large-scale production. It turns out that a small change in 
the parameters of the technological process leads to significant 
savings and has a positive impact on the natural environment. 
Optimization of production processes not only through robotization 
and automation, but also in the form of selecting technological 
parameters leading to the extension of the operational time of 
tools (while maintaining an appropriate level of quality) should be 
a natural stage in the maturation of production processes. 

As part of further work aimed at optimizing the brushing pro-
cess, attention can be paid to verifying the selected brush materi-
al. So far, this area has not been verified empirically. Also, exper-
iments related to bristle thickness may lead to a reduction in unit 
costs. 

REFERENCES 

1. Bałon P, Świątoniowski A, Rejman E, Kiełbasa B, Smusz R, Szostak 
J, Cieślik J. Zastosowanie cienkościennych konstrukcji integralnych 
w lotnictwie na przykładzie projektu SAT-AM. Zeszyty Naukowe 
Politechniki Rzeszowskiej. Mechanika. 2020;92(300): 5–17. 
https://doi.org/10.7862/rm.2020.01 

2. Wen-Hsien T, Yao-Chung Ch, Sin-Jin L, Hui-Chiao Ch, Po-Yuan Ch. 
A green approach to the weight reduction of aircraft cabins. Journal 
of Air Transport Management. 2014;40: 65–77. 
https://doi.org/10.1016/j.jairtraman.2014.06.004 

3. da Silva A, Jorge M, Ogashawara O. Weight reduction of amorphous 
alloy core electrical transformers for aircraft applications. In 2016 In-
ternational Conference on Electrical Systems for Aircraft, Railway, 
Ship Propulsion and Road Vehicles & International Transportation 
Electrification Conference (ESARS-ITEC); 1–4: IEEE. 
https://doi.org/10.1109/ESARS-ITEC.2016.7841347 

4. Zeng Y, Li J, Lin S, He X, Li B, Deng T. Comparison of Manual 
Setting Weight Reduction and Topology Optimization of the Wing 
Tips of Electric Vertical Take-Off and Landing Aircraft. Applied Sci-
ences. 2022;12(11): 5548. https://doi.org/10.3390/app12115548 

5. Yang S, Ordonez J. C. Aircraft Weight Reduction and Onboard 
Combined Power Cycle Efficiency Improvement-An Integrative Ap-
proach. In AIAA Aviation 2019 Forum 3470: Published Online 14 Jun 
2019. https://doi.org/10.2514/6.2019-3470 



Karol Falandys, Tomasz Zymróz, Krzysztof Kurc                                                                                                                                                     DOI 10.2478/ama-2025-0008                                                                                                                                                           
The Influence of Selected Brushing Process Parameters on the Tool's Operating Time 

68 

6. Uliasz M, Ornat A, Burghardt A, Muszyńska M, Szybicki D, Kurc K. 
Automatic Evaluation of the Robotic Production Process for an Air-
craft Jet Engine Casing. Applied Sciences. 2022;12(13):6443. 
https://doi.org/10.3390/app12136443 

7. Ornat A, Uliasz M, Bomba G, Burghardt A, Kurc K, Szybicki D. 
Robotised Geometric Inspection of Thin-Walled Aerospace Casings. 
Sensors. 2022;22(9): 3457. https://doi.org/10.3390/s22093457 

8. Kurc K, Burghardt A, Gierlak P, Muszyńska M, Szybicki D, Ornat A, 
Uliasz M. Application of a 3D Scanner in Robotic Measurement of 
Aviation Components. Electronics. 2022;11(19): 3216. 
https://doi.org/10.3390/electronics11193216 

9. Glukhov G.E, Chernikov P.E, Karapetyan A.G, Konkov A.Y, 
Sharypov A.N. Automated management system of technological and 
production processes of the civil aviation air enterprise known as' the 
custom module'the operator. In Proceedings of the 34th International 
Business Information Management Association Conference-Vision 
2020: Sustainable Economic Development and Application of Innova-
tion Management from Regional expansion to Global Growth: 7297–
7309. 

10. Szybicki D, Burghardt A, Kurc K, Gierlak P. Device for Contact 
Measurement of Turbine Blade Geometry in Robotic Grinding Pro-
cess. Sensors. 2020;20(24): 7053.  
https://doi.org/10.3390/s20247053 

11. Burghardt A, Kurc K, Szybicki D, Muszyńska M, Nawrocki J. Robot-
operated quality control station based on the UTT method. Open En-
gineering. 2017;7(1): 37–42. https://doi.org/10.1515/eng-2017-0008 

12. Burghardt A, Szybicki D, Gierlak P, Kurc K, Muszyńska M. Robotic 
Grinding Process of Turboprop Engine Compressor Blades with Ac-
tive Selection of Contact Force. Tehnički vjesnik. 2022;29(1): 15–22. 
https://doi.org/10.17559/TV-20190710141137 

13. Sha J, Wang J, Hu H, Ye Y, Xu G. Development of an Accurate and 
Automated Quality Inspection System for Solder Joints on Aviation 
Plugs Using Fine-Tuned YOLOv5 Models. Applied Sciences. 
2023;13(9): 5290. https://doi.org/10.3390/app13095290 

14. Bernabei M, Eugeni M, Gaudenzi P, Costantino F. Assessment of 
Smart Transformation in the Manufacturing Process of Aerospace 
Components Through a Data-Driven Approach. Glob J Flex Syst 
Manag. 2023;24: 67–86. https://doi.org/10.1007/s40171-022-00328-7 

15. Vasic M, Billard A. Safety issues in human-robot interactions. In 2013 
IEEE International Conference on Robotics and Automation: 197–
204. https://doi.org/10.1109/ICRA.2013.6630576 

16. Chinniah Y. (2016). Robot safety: overview of risk assessment and 
reduction. Advances in Robotics & Automation. 2016;5(01): 1–5. 
https://doi.org/10.4172/2168-9695.1000139 

17. Alvarado M.L. A risk assessment of human-robot interface operations 
to control the potential of injuries/losses at XYZ manufacturing com-
pany. 2002. 

18. Siying Yang, Yifan Zhong, Dawei Feng, Rita Yi Man Li, Xue-Feng 
Shao, Wei Liu. Robot application and occupational injuries: Are ro-
bots necessarily safer?. Safety Science. 2022;147: 105623. 
https://doi.org/10.1016/j.ssci.2021.105623 

19. Dhillon B.S, Anude O.C. Robot safety and reliability: A review, Micro-
electronics Reliability. 1993;33(3): 413–429. 
https://doi.org/10.1016/0026-2714(93)90030-3 

20. Falandys K, Kurc K, Burghardt A, Szybicki D. Automation of the Edge 
Deburring Process and Analysis of the Impact of Selected Parame-
ters on Forces and Moments Induced during the Process. Applied 
Sciences. 2023;13(17): 9646. https://doi.org/10.3390/app13179646 

21. Gusri A.I, Yanuar B, Yasir M.A. (2020). Burr Formation Analysis 
When Micro Milling Ti-6al-4v Eli Using End Mill Carbide Insert. 
PalArch's Journal of Archaeology of Egypt/Egyptology. 2020;17(9): 
4061–4067. 

22. Matuszak J, Zaleski K. Warunki technologiczne procesu usuwania 
zadziorów z przedmiotów wykonanych ze stopów aluminium. Prze-
gląd Mechaniczny. 2016;(12): 29–32. 
https://doi.org/10.15199/148.2016.12.5 

23. Kurniawan R, Kumaran S.T, Prabu V.A, Zhen Y, Park K.M, Kwak Y.I, 
Ko T.J. Measurement of burr removal rate and analysis of machining 

parameters in ultrasonic assisted dry EDM (US-EDM) for deburring 
drilled holes in CFRP composite. Measurement. 2017;110: 98–115. 
https://doi.org/10.1016/j.measurement.2017.06.008 

24. Kim Y.G, Kim K.J, Kim K.H. Efficient Removal of Milling Burrs by 
Abrasive Flow. International Journal of Precision Engineering and 
Manufacturing. 2021;22: 441–451. https://doi.org/10.1007/s12541-
020-00455-0 

25. Makulavičius M, Petkevičius S, Rožėnė J, Dzedzickis A, Bučinskas 
V. Industrial Robots in Mechanical Machining: Perspectives and Limi-
tations. Robotics. 2023;12(6): 160. 
https://doi.org/10.3390/robotics12060160 

26. Iglesias I, Sebastián M.A, Ares J.E.Overview of the State of Robotic 
Machining: Current Situation and Future Potential. Procedia Engi-
neering. 2015;132: 911–917. 
https://doi.org/10.1016/j.proeng.2015.12.577 

27. Pandremenos J, Doukas C, Stavropoulos P, Chtabsolouris G. Ma-
chining with robots: a critical review. Proceedings of DET2011. 1–9. 

28. Denkena B, Bergmann B, Lepper T. Design and optimization of a 
machining robot. Procedia Manufacturing. 2017;14: 89–96. 
https://doi.org/10.1016/j.promfg.2017.11.010 

29. Klimchik A, Ambiehl A, Garnier S, Furet B, Pashkevich A. Efficiency 
evaluation of robots in machining applications using industrial per-
formance measure. Robotics and Computer-Integrated Manufactur-
ing. 2017;48: 12–29. https://doi.org/10.1016/j.rcim.2016.12.005 

30. Pan Z, Zhang H, Zhu Z, Wang J. Chatter analysis of robotic machin-
ing process. Journal of Materials Processing Technology. 
2006;173(3): 301-309. 
https://doi.org/10.1016/j.jmatprotec.2005.11.033 

31. Schnoes F, Zaeh M.F. Model-based planning of machining opera-
tions for industrial robots. Procedia CIRP. 2019;82: 497–502. 
https://doi.org/10.1016/j.procir.2019.04.331 

32. Kim S.H, Nam E, Ha T.I, Hwang S.H, Lee J.H, Park S.H, Min B.K. 
Robotic machining: A review of recent progress. International Journal 
of Precision Engineering and Manufacturing. 2019;20: 1629-1642. 
https://doi.org/10.1007/s12541-019-00187-w 

33. Burghardt A, Kurc K, Szybicki D, Muszyńska M, Szczęch T. Monitor-
ing the parameters of the robot-operated quality control process. Ad-
vances in Science and Technology. Research Journal. 2017;11(1): 
232–236. https://doi.org/10.12913/22998624/68466 

34. Onstein I.F, Semeniuta O, Bjerkeng M. Deburring using robot manip-
ulators: A review. In 2020 3rd international symposium on small-
scale intelligent manufacturing systems (SIMS): 1–7. IEEE. 
https://doi.org/10.1109/SIMS49386.2020.9121490 

35. Posada J.R.D, Kumar S, Kuss A, Schneider U, Drust M, Dietz T, Verl 
A. Automatic programming and control for robotic deburring. In Pro-
ceedings of ISR 2016: 47st International Symposium on Robotics: 1–
8. VDE. 

36. Hu J, Kabir A.M, Hartford S.M, Gupta S.K, Pagilla P.R. Robotic 
deburring and chamfering of complex geometries in high-mix/low-
volume production applications. In 2020 IEEE 16th international con-
ference on automation science and engineering (CASE): 1155–1160. 
IEEE. 

37. Bottin M, Cocuzza S, Massaro M. Variable Stiffness Mechanism for 
the Reduction of Cutting Forces in Robotic Deburring. Applied Sci-
ences. 2021;11(6): 2883. https://doi.org/10.3390/app11062883 

38. Wang Q, Wang W, Zheng L, Yun C. Force control-based vibration 
suppression in robotic grinding of large thin-wall shells. Robotics and 
Computer-Integrated Manufacturing. 2021;67: 102031. 
https://doi.org/10.1016/j.rcim.2020.102031 

39. Zhu D, Feng X, Xu X, Yang Z, Li W, Yan S, Ding H. Robotic grinding 
of complex components: a step towards efficient and intelligent ma-
chining–challenges, solutions, and applications. Robotics and Com-
puter-Integrated Manufacturing. 2020;65: 101908. 
https://doi.org/10.1016/j.rcim.2019.101908 

40. Matuszak J, Kłonica M, Zagórski I. Effect of brushing conditions on 
axial forces in ceramic brush surface treatment. In 2019 IEEE 5th In-
ternational Workshop on Metrology for AeroSpace (MetroAero-
Space); 644–648: IEEE.  



DOI 10.2478/ama-2025-0008                                                                                                                                                          acta mechanica et automatica, vol.19 no.1 (2025) 
 

69 

https://doi.org/10.1109/MetroAeroSpace.2019.8869605 
41. Onstein I.F, Semeniuta O, Bjerkeng M. Deburring using robot manip-

ulators: A review. In 2020 3rd international symposium on small-
scale intelligent manufacturing systems (SIMS): 1–7. IEEE. 
https://doi.org/10.1109/SIMS49386.2020.9121490 

42. Korzyński M. Metodyka eksperymentu. Planowanie, realizacja i 
statystyczne operacowanie wyników eksperymentów technologicz-
nych. Wydanie II. Wydawnictwa Naukowo-Techniczne; 2017. 

43. Chomsamutr K, Jongprasithporn S. Optimization parameters of tool 
life model using the Taguchi approach and response surface meth-
odology. International Journal of Computer Science Issues (IJCSI). 
2012;9(1):120. 

44. Bhushan R. K. Optimization of cutting parameters for minimizing 
power consumption and maximizing tool life during machining of Al 
alloy SiC particle composites. Journal of cleaner production. 2013;39: 
242-254. https://doi.org/10.1016/j.jclepro.2012.08.008 

 

Karol Falandys:  https://orcid.org/0009-0009-7034-7978 

Tomasz Zymróz:  https://orcid.org/0009-0009-0308-0820  

Krzysztof Kurc:  https://orcid.org/0000-0002-1765-2430 

 

 

This work is licensed under the Creative 
Commons BY-NC-ND 4.0 license. 

 

https://doi.org/10.1016/j.jclepro.2012.08.008
https://orcid.org/0009-0009-7034-7978
https://orcid.org/0009-0009-0308-0820
https://orcid.org/0000-0002-1765-2430
https://orcid.org/0009-0009-7034-7978
https://orcid.org/0009-0009-0308-0820
https://orcid.org/0000-0002-1765-2430

