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Abstract:    Nowadays, brake disc manufacturers are seeking new finishing techniques to offer economical solutions to their 
customers and so become more competitive. The elimination of the surface spiral pattern after turning operation is a challenge to 
avoid braking problems at the early life of the component. This paper presents a practical low-cost solution to finishing this kind of 
component. Concretely, a detailed study of the brushing process as an alternative solution to the conventional grinding process is 
performed. The limited literature regarding this topic implies the necessity of a full study of the process prior to any industrial 
application. The influence of process variables on the final surface was analyzed in this work. In addition, the tool wear and tool 
life behavior, the influence of the abrasive type used and the originating forces during the process were taking into account. Once 
the process was established, various prototypes were finished in order to check the feasibility of the process and to pass the re-
quired quality control. Results show that brushing is a feasible and economical alternative for brake disc finishing. The surface 
quality obtained was shown to be equal or better than grinding, with reduced costs and manufacturing time. 
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1  Introduction 
 
The transport industry has seen rapid develop-

ments in recent years. A large amount of effort is 
expended on improving the technology related to 
high-speed railways, subways infrastructure and 
automotive components (Chen and Yu, 2012). Brak-
ing systems are one of the most important technolo-
gies of high-speed trains, high-value cars and other 
vehicles, brake discs being the key part of the whole 
system (Ma et al., 2011). The material commonly 
used for manufacture of this kind of component is 
GG25 grey lamellar graphite cast iron. This material 
ensures the stability of performance and wear resis-
tance during the whole life of the discs (Cueva et al., 

2003; Thornton et al., 2011). There are also discs 
made of carbon matrix composite materials, but used 
only in racing cars and aircraft brakes due to their 
high cost. Currently being developed are brake discs 
using aluminum silicon carbide composites (Fan et 
al., 2011; Shivamurthy and Surappaa, 2011). Their 
weight makes them attractive, but the poor heat dis-
sipation makes this technology unfeasible currently. 

Discs are cast parts that are dry-machined using 
ceramic inserts. Turned surfaces present a character-
istic uniform spiral roughness pattern (Taha et al., 
2010), which can cause problems during the first 
braking. In some cases it causes noise, vibration or 
deviation in the trajectory of the vehicle. To avoid 
these problems and to optimize the braking force, the 
spiral pattern of the turning process has to be elimi-
nated. This fact is becoming a major problem for discs 
manufacturers, who try to deliver disks to develop 
their full braking potential in all the braking  
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processes, even in the first braking. A conventional 
solution adopted by manufacturers is grinding, but 
only market leaders can offer this service due to its 
high cost. 

Commonly, vibration problems in this field are 
known as judder and squeal. The first one is an error 
state with partial brake load and stick-slip oscilla-
tions. It can take place in clutch or brake systems. 
Stick-slip oscillations are also friction induced 
(Centea et al., 1999; 2001). The second one usually 
occurs in the frequency range between 1 and 16 kHz. 
Some studies showed the importance of the disc to-
pography in the generation of automotive disc brake 
vibrations (Heussaff et al., 2012; Yoon et al., 2012). 
Some commonly used techniques to reduce noise and 
squeal, and solve other important problems during the 
braking process can be shot-blasting (Bergman et al., 
1999) and grit-blasting (Hammerström and Jacobson, 
2006). The main idea is to change the friction char-
acteristics of the initial surface avoiding the typical 
turning pattern. 

Nowadays, but only when a customer requires it, 
the tracks of the brake disc are ground. This process is 
performed on large and expensive grinding machines. 
Despite the developments in grinding technology and 
lubrication systems (Sanchez et al., 2010), grinding is 
a costly process in which usually much of the instal-
lation equipment comprises the lubrication system. In 
this paper, a cost-effective technique to achieve the 
ideal quality finish of the discs is proposed, avoiding 
large investments in machinery and allowing the 
manufacturer to offer ground disks to all their cus-
tomers. There are some techniques for finishing and 
polishing surfaces apart from grinding, such as bur-
nishing (Rodríguez et al., 2012), laser polishing (Ukar 
et al., 2010) or even shot-peening (Chaise et al., 
2012). Nevertheless, in this work the brushing tech-
nology was investigated. 

Brushing is a production technique that has been 
used for many years in manual and semi-automatic 
processes of surface finishing. Apart from optimizing 
the surface of machined parts, it is also possible to 
remove burrs and marks with filamentary brushes 
(Mathai and Melkote, 2012; Chen and Yu, 2012). 
Brushes can be made of natural fibre, metallic wire or 
abrasive-filled polymeric fibres and there are many 
different types available. There are for example wheel 
brushes, cup brushes, end brushes, and abrasive ball 

honing brushes which are employed depending on the 
current process and part (Gillespie, 1999). 

To remove material, the rotating cutting-fibres 
with special geometries exert a force on the surface of 
the workpiece. This force depends on the rotation 
speed (S), the depth of cut (ap) and the feed rate (F), 
and it has a huge influence on the quality of the sur-
face. With orthogonal use of cup-brushes, the rotation 
speed leads to a spread of the fibres due to the cen-
trifugal force and thus shortens and widens the  
cutting-fibres especially on the outer face of the 
brush. Thus, there is a limit to the rotation speed de-
pending on the type of brush and its diameter. Some 
studies developed models focused on the dynamic 
behaviour of rotating brushes (Vanegas-Useche et al., 
2008; 2011) or on finite element models of the 
brushing process (Wahab et al., 2007; Vanegas- 
Useche et al., 2011a; 2011b). However, there is no 
more information in the literature about this, so it is 
difficult to find the best parameters which are needed 
to achieve the optimal result. Due to the deformation 
of the fibres and the fact that the brushes are ductile, 
the material removed is much less than the adjusted 
nominal depth of cut (apn). 

Nylon/abrasive brushing tools are used in sur-
face finishing processes for a wide range of applica-
tions, such as blending, polishing, and edge-radii 
(Overholser et al., 2003). These flexible brushing 
tools can easily be adopted in milling, turning or 
grinding machines so that there is no necessity to 
invest in new machinery. Moreover, brushing is a 
simple, cost-effective, and versatile method for pol-
ishing surfaces with similar input parameters as other 
conventional machining processes (Zhang and Li, 
2010; Liu et al., 2011). 

In this paper, the brushing process to eliminate 
the spiral roughness pattern of a previous turning 
process and to optimize the surface of the machined 
part is presented. The main goal is to eliminating the 
turning pattern, avoiding noise and vibrations on 
brake discs, and increasing the braking-force, espe-
cially during the first braking. Therefore, two differ-
ent nylon-abrasive brushes which are recommended 
for finishing the automatic-processes are used. Many 
different process parameters and strategies which 
have influences on the surface quality after brushing 
are examined in this work. 
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2  Experimental  
 

The objective of this work is to obtain a finished 
surface on disc tracks similar to the ground surface 
(Fig. 1). Thus, disc manufacturers can offer quality 
discs to their customers without the need for a costly 
grinding process. For this purpose it is necessary to 
achieve an average roughness (Ra) less than 1 µm 
(disc manufacturer requirement) and anisotropic 
surface pattern. There are two mechanisms in dry 
boundary friction. These are ploughing friction, 
where roughness features (asperities) of the harder 
surface (in this case the brake pad) try to plough 
through the softer asperities of the brake disc. This 
causes friction by a combination of elastic and plastic 
deformation of roughness features. The other 
mechanism is fusing the roughness of two surfaces 
together under pressure, with friction being the result 
of braking at these junctions. This form of friction is 
called adhesive friction. Adhesion is increased with 
smoother surfaces and similar contacting materials. 
Ploughing is increased with rougher surfaces (Gohar 
and Rahnejat, 2008). 
 
 
 
 
 
 
 
 
 
 

 
 
 
Brushing tests were carried out in a CMZ turning 

center (model TC25BTY) with a Fanuc numerical 
control (model 31iT HVi). Two different commercial 
cup brushes with nylon abrasive filaments were 
selected for this work and fixed in a conventional 
toolholder. The first brush selected (Type I) was an 
alumina (Al2O3) cutting fibre brush and the second 
one (Type II) contained a combination of both 
ceramic and silicon carbide (SiC) filaments. Nylon, 
which is used as binder, is an ideal material for a 
brush filament. It has excellent toughness and fatigue 
properties as well as moisture, abrasion, and chemical 
resistance compared to other polymers. Both tools 

were especially designed for polishing parts made of 
cast iron. 

2.1  Influence of brushing parameters 

In this section, a wide range of parameters were 
evaluated in order to determine their influence on the 
final roughness and surface pattern. The aim of the 
proposed test was to establish the optimum brushing 
conditions, to achieve the required surface quality. An 
experimental matrix was performed using two dif-
ferent type of brushes and different values of the 
nominal depth of cut and feed rate. Tests were divided 
into two phases. The first one studied the feasibility of 
the two abrasive types and also provided a first ap-
proach to the optimum parameters. 

The first step in the industrial application of this 
process is to establish the know-how of the process 
itself. To achieve it, tests were conducted in order to 
study the influence of the brushing parameters, the 
tool life behavior, the multiple passes influence, and 
the force-displacement correlation. 

The second one used the results obtained in the 
first one and the best abrasive type was used with a 
small range of variation in the parameters. This sec-
ond phase provided a more detailed analysis of the 
influence of process parameters. Values used in both 
phases are shown in Table 1. To avoid the influence 
of tool wear in these tests, brushes were resharpened 
after every test using a grinding stone. 

 
  

 
 
 
 
 

Results for the Type I brush are shown in Fig. 2. 
The roughness parameters improved notably and the 
surface pattern was eliminated. Values of the nominal 
depth of cut between 0.5 mm and 1 mm provided the 
best results. Using values around 0.5 mm, the spiral 
pattern was barely eliminated. Using values higher 
than 1 mm the spiral pattern was fully eliminated but 
numerous grooves were derived from the carbon 
particle detachment. Regarding the feed rate, the best 
results occurred at lower speeds. At speeds between 
500 mm/min and 1500 mm/min the desired qualities 
remained. 

                   (a)                                             (b) 
 

Fig. 1  Target surface (a) and non-uniform roughness 
pattern (b) 

Table 1  Process parameters used in experimental tests 

Phase apn (mm) F (mm/min) S (r/min) Type

I 0.5, 1, 1.5, 2
500, 1000, 
1500, 2000 

2500 
Al2O3, 

SiC 

II 0.5, 1, 1.5 1250, 1500, 1750 2500 Al2O3
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Fig. 3 shows the results obtained with the Type II 
brush. It is shown that there is hardly any improve-
ment in the roughness while using this brush. Even 
with a nominal depth of cut of 2 mm, the marks of the 
previous turning process cannot be eliminated. 
Roughness only improved barely and the peaks were 
still nearly as high as before the brushing process. The 
results show that the Type II brush was not useful in 
eliminating the roughness pattern of a previous turn-
ing process, so the following optimization tests were 
made using only the Type I brush. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In the second phase of tests, the Type I brush was 
used and the process parameters were analyzed in a 
small variation range. As in Phase I, the best results 
occurred to nominal depths of cut around 1 mm and 
feed rates around 1500 mm/min. Fig. 4 shows that the 
variation in the surface quality is not significant in 
this range of parameters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2  Tool life tests 

In this section the tool wear influence was stud-
ied. Five discs were brushed using the optimum pa-
rameters. The idea is to compare the roughness pa-
rameters obtained and to measure the tool wear. Fig. 5 
shows that the achieved roughness increases rapidly 
with the increase in tool wear. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The initial brush filaments, the final wear, and 
the corresponding surfaces are also shown in Fig. 5. 
After brushing five discs, several filaments of the 
brushing tool were abraded. The abrasion rate of the 
outer filaments was faster due to the higher speed and 
larger cutting forces. Results show that brushing sev-
eral discs without resharping the tool does not leas to 
elimination of the roughness pattern. Taking into 
account these results, it is clear that shape recovery is 
important to fully eliminate the directional surface 
pattern. Thus, it is important to resharpen the brush 

Fig. 2  Surface roughness for different brushing condi-
tions obtained using the Type I brush 
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Fig. 4  Surface roughness obtained in Phase II using the 
Type I brush 
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Fig. 3  Surface roughness for different brushing condi-
tions obtained using the Type II brush 

                        (a)                                        (b) 
 

Fig. 5   Influence of tool wear on roughness (a); Detail of 
the tool wear and surface quality obtained (b) 
In Fig. 5b, 1 and 5 mean after one disc and five discs, 
respectively 
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regularly using a grinding stone. Type I brushes can 
be resharpened around 50–80 times per tool. 

2.3  Multiple passes influence 

Another input variable to take into account is the 
number of brushing passes performed. To figure out if 
multiple brushing has any benefit on the achieved 
surface, some tests were performed. Tests consist of 
performing the brushing process several times in the 
same disc (from one to five times), and then com-
paring the achieved results. 

Fig. 6 shows that both the roughness after one 
brushing and after four brushings were nearly the 
same. It is conspicuous that after brushing more than 
one time many more carbon particles are removed and 
a great number of small holes were created on the 
disc. Due to the facts mentioned above, there is tech-
nically no value in brushing a surface more than once. 

2.4  Brushing forces measurement 

The normal force during the process is a very 
important parameter in characterizing the polishing 
capacity, which is directly related to the nominal 
  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

depth of cut. Forces were measured to a nominal 
depth of cut of 1 mm, which was considered as op-
timal for this process. The measurements show that 
under these conditions the forces exerted by the brush 
on the surface were around 15–20 N. In order to 
control the process, it is desirable to control the 
brushing force to maintain a constant rate during the 
brushing process. 

 
 

3  Prototypes 
 
Once the process parameters were established, in 

this section the full brushing process was performed 
on 10 prototype discs. The objective of these tests was 
to manufacture test parts to be measured and validated 
against the specifications required for these compo-
nents. The parameters used in the tests were S= 
2500 r/min, apn=1 mm and the Type I brush was used. 
As shown in Fig. 7, the track surface obtained does 
not show the typical turning pattern 1, and the non- 
uniform pattern is similar to the ground surface. 

3D surface topographies are shown in Figs. 8a 
and 8b, where the process time was less than 5 s. It is 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

R
a
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m
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(a)                                                                     (b) 
Fig. 6  Influence of multiple passes on surface roughness (a) and detail of the surface obtained (b) 

In Fig. 6b, 1 and 4 mean after one disc and four discs, respectively 

                                                             (a)                                                                     (b) 
Fig. 7  Final surface obtained that is similar to the one obtained using conventional grinding process (a) and 
detail of the non-uniform surface pattern (b) 
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shown that the initial surface presented the ridges and 
valleys surface characteristics of turning and conse-
quently the spiral pattern. The initial roughness was 
about 1 µm. The same surface after being brushed 
showed roughness parameters reduced to 75%, and 
the roughness pattern disappeared. 

Having achieved the target surface, the most 
representative geometrical characteristics of the part 
were measured. Table 2 shows that these characteris-
tics barely changed during the brushing process. Re-
sults before and after brushing differed in no more 
than 0.002 mm for the thickness variation, 0.005 mm 
for the track run out and 0.002 mm for the circum-
ferential straightness. Consequently, all the proto-
types matched perfectly with the specifications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4  Conclusions 
 
Brushing techniques were presented as a cost- 

effective alternative to conventional grinding for 
finishing brake disc tracks. A complete study of the 
brushing process was carried out and some prototypes 
were polished in order to check the feasibility of the 
process. Based on the experimental results achieved, 
the following conclusions are derived: 

1. Alumina fibre brushes are the most suitable 
for the correct surface modification of brake discs. 

2. A nominal depth of cut of 1 mm (equivalent to 
a force value of 15–20 N) provides the best finishing 
results. 

3. The correct rotating speed of the brush is the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Geometrical characteristics measurement before and after brushing process 

Circumferential thick-
ness variation,  
σ=0.01 mm 

Outer track  
run out,  

σ=0.03 mm 

Inner track  
run out,  

σ=0.03 mm 

Outer track circum-
ferential straightness, 

σ=0.015 mm 

Inner track circum-
ferential straightness, 

σ=0.015 mm 
Disc 

Before After Before After Before After Before After Before After
1 0.003 0.003 0.007 0.007 0.008 0.005 0.002 0.002 0.002 0.002
2 0.003 0.005 0.012 0.014 0.010 0.011 0.002 0.002 0.002 0.002
3 0.002 0.004 0.010 0.014 0.012 0.015 0.002 0.004 0.002 0.004
4 0.004 0.002 0.014 0.016 0.017 0.015 0.003 0.003 0.004 0.003
5 0.004 0.005 0.012 0.019 0.011 0.015 0.001 0.002 0.002 0.003
6 0.003 0.003 0.016 0.016 0.019 0.018 0.003 0.002 0.004 0.003
7 0.002 0.005 0.014 0.015 0.013 0.014 0.003 0.004 0.003 0.003
8 0.002 0.003 0.017 0.016 0.018 0.018 0.007 0.007 0.007 0.007
9 0.002 0.002 0.016 0.017 0.016 0.017 0.002 0.003 0.002 0.003
10 0.002 0.003 0.017 0.013 0.019 0.014 0.004 0.004 0.004 0.004

σ is the tolerance, mm 

                                          (a)                                                                                                (b) 
 

Fig. 8   3D topography of the turned surface (a) and brushed surface (b) 
Ra: average roughness; Rz: mean roughness depth 
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maximum recommended by the manufacturer  
(2500 r/min). 

4. The feed rate recommended for discs brushing 
depends on the quality required. At productive 
speeds, the results are acceptable. 

5. The brushes wear rapidly, which are easily 
recovered with a grinding stone and can be recovered 
more than 50–80 times per tool. 

6. It has technically no worth brushing a surface 
more than once because the roughness hardly 
improves and more holes in the cast iron surface are 
created by removing carbon particles. 

Brushing improves the surface quality and 
eliminates the spiral roughness pattern. This fact, 
along with the advantage of brushing on the same 
turning machine, makes brushing suitable as a fast 
and simple finishing technique, significantly reducing 
the processing time compared to other conventional 
techniques. 
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中文概要： 
 
本文题目：制动盘表面螺旋纹理的消除方法 

Elimination of surface spiral pattern on brake discs 
创新要点： 提出以冲刷代替传统磨削过程对制动盘进行抛光；研究获取规定表面质量下的最优冲刷条件。

关键词组：制动盘；冲刷；表面粗糙度；螺旋模式；铸铁 


