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1. Introduction 

Since the late 19th century and early 20th century, 

motor vehicles have quickly become indispensable ele-

ments of daily life. Particularly as a result of the rapid 

technological advances that took place in the second half 

of the 20th century and the 21st century, the speed ca-

pacity and the ride comfort of the vehicles developed 

considerably. This situation has led to the development 

of the work on the safety measures in vehicles. R & D 

studies in vehicle security systems include fields of elec-

tronics, software, artificial intelligence as well as materi-

al science. A significant part of the work on vehicle safe-

ty in the material area is made on the improvement of the 

brake system components[1]. 

Friction based brake systems convert the kinetic 

energy of the vehicle into thermal energy by friction. The 

amount of heat produced varies with the mass and speed 

of the vehicle. If the amount of heat generated during 

braking reaches high values, glare, glass or thermal 

cracks will form on the disc surfaces. At the same time, 

the amount of oval and tapered abrasion over time is 

increasing. High temperatures harden the carbon on the 

surface of the material and cause the surfaces to be glass. 

s a result, the friction force decreases and the sound and 

vibration increases[2]. 

Nowadays, brake disc production does not require 

high technology in the casting process and it is more 

common to be manufactured by cast iron than it is made 

of cast iron. Besides, ceramic and composite brake discs 

are produced with the developing technology. Due to the 
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fact that these discs are difficult and cost-effective, sur-

face finishing can be used to change the surface proper-

ties of the material[3]. There are many studies in the lit-

erature to improve the properties of brake discs. These 

studies focus on the use of different coating methods and 

coating materials in terms of material. In 2009 study by 

Demir, the friction performance of Metco 18C and 

Cr3C2-NiCr coated discs were investigated. As a result, 

it is seen that Metco 18C and Cr3C2-NiCr coated discs 

can have a positive effect on vehicle safety. In 2001, 

Stanford and Jain covered a variety of materials on the 

brake disc by the Metco method. Among the coating 

materials used, W en 2.4C (Stellite) material has been 

found to provide the best performance in terms of wear 

and corrosion. In his study in 2007, Kaya used CrNiBSi 

+ 80% WC-Cove Cr3C2-NiCr (75/25) powders on the 

disc using HVOF method and plasma method. As a re-

sult, it was seen that HVOF coating method is more suit-

able for brake discs than plasma[4-21]. 

In this study, 4 different ceramic powders were 

coated on the brake disc using the HVOF method. Coat-

ed and uncoated brake discs were subjected to friction 

testing using a brake suspension tester. As a result of the 

brake tests performed, each brake disc is used to measure 

the linear force on the vehicle during braking. After the 

brake tests, the effect of roughness on the surface of the 

discs, weight loss, surface hardness change, average 

wear value and braking distance have been obtained. 

 

2. Materials and Methods 

In the study, four brake disc surfaces were coated 

with HVOF coating method. An uncoated disc was also 

used. Disc surfaces; CoNiCrAlY (Disc 1), WC-Co (88/12) 

(Disc 2), NiCrBSi (Disc 3) and MoNiCrBSiFe (Mo 25%) 

(Disc 4) are coated with HVOF coating method using ce-

ramic powder mixtures. HVOF is one of the most widely 

used methods of thermal spray coating methods. In recent 

years, thermal spray technology has been continuously de-

veloping. The method was developed as an alternative to 

the D-Gun method in the early 1980s. The coatings ob-

tained with HVOF have very little porosity and have high 

density due to high spray particle velocities[22]. Commer-

cial brake discs made of cast iron were used in the study. In 

this study, five brake discs, one original disc and four 

HVOF coating methods, were subjected to brake perfor-

mance tests. The manufacturing dimensions of the brake 

discs used in the study are shown in Figure 1. 

 

 

 

 

 

 

 

 

 

Fig. 1. Technical Picture of Brake Disc Used in Operation 

 

Uncoated and coated discs were subjected to 

braking performance effectiveness testing. The tests car-

ried out in the test device shown in Figure 2 can be made 

in two different ways thanks to both the electric motor 

and the internal combustion engine within the device. 

Tests also include; It provides the ability to test accord-

ing to three different road conditions such as pit, mound 

and flat road conditions. The braking tests were carried 

out at 750 rpm with a constant speed drive.  

 

 

 

Fig. 2. Brake Suspension Tester 

 

Brake tests were performed at the same rate of 

braking 20 times every 15 seconds. As a result of the 

braking tests, the linear force to the suspension block is 

measured during braking. Therefore, as a result of the 

experimental study, the effect of different coating mate-

rials on the driving comfort during braking was investi-

gated in addition to wear analysis. Following the brake 

tests, SEM images were analyzed by XRD for the wear 
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behavior of the brake discs. Surface roughness change, 

mass loss and surface hardness change values of the 

brake discs tested were measured. 
 

3. Discussion and Conclusion 

The original and coated discs were measured at 5 differ-

ent points from their surface before and after abrasion. 

The average of 5 separate roughness values was found. 

The measurements were measured by surface roughness 

measurement device which was introduced perpendicular 

to the slip lines formed during the rotation of the disc. 

The changes in surface roughness of the discs are given 

in Figure 3.  

 

In the study, the closest roughness values to the uncoated 

disc were found on the Disc 4. Other coated discs have 

lower surface roughness values. Surface roughness val-

ues on Disc 1, Disc 3 and Disc 4 are close to each other. 

This may be due to the same coating method. In addition, 

all of the powder mixtures have a nickel element. There-

fore, the roughness values may be close. The surface 

roughness value of the Disc 2 is lower than that for other 

coated discs and uncoated disc. The difference in rough-

ness values can be attributed to the different chemical 

properties of the powders. 

 

 

 

 

Fig. 3. Surface roughness values and change rates of discs.  

 

 

Micro hardness was measured in order to examine 

the surface hardness change after brake tests. 4 different 

points are taken from each sample surface. The first two 

values were taken from the non-abrasive surface and the 

last two values were taken from the surface. The hard-

ness values for each sample were averaged. During the 

hardness analysis of the samples, the diamond was 

measured at 1000 gr. constant load. All samples were 

analyzed at this load. Figure 4 shows the mean values of 

the samples whose hardness is measured. When the val-

ues obtained in the hardness measurement are compared, 

the microhardness value taken from the non-friction sur-

faces is seen in the sample Disc 3 ceramic powder with 

the highest 793.65 HV. The minimum micro-hardness 

value is found in the original disc sample with 169.15 

HV. Micro hardness values obtained from the surfaces 

formed after the friction were determined with 891.15 

HV micro hardness and the highest value was found in 

Disc 3 sample. The lowest micro hardness value was also 

determined in the original sample with 222.55 HV hard-

ness value. It is observed that the change in hardness 

observed after the brake tests is the highest in the origi-

nal disc with 31.57% increase. The increase in this hard-

ness value leads to metallurgical transformation on the 

disc surface due to the friction-induced heating increase 

and rapid cooling on the disc surface during braking. In 

other words, the heat generated on the disc surface dif-

fuses from the surface of the disc to the center rapidly 

from the surface of the disc with conventional transmis-

sion. The lowest hardness change rate was 2.02% for 

Disc 2. The surface hardness of all of the brake discs 

used increases while the surface hardness of the Disc 1 is 

reduced by 4.01% as opposed to other brake discs. The 

shell coating formed by cermet coatings on the disc sur-
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face creates a heat barrier and hence the hardness chang-

es may be different due to the slower progression of the 

heat formed on the surface towards the core of the disc. 

Also, the hardness values of the Sermet powders used are 

different and different hardness values are obtained. 

 

 

 

 

Fig. 4. Micro hardness values of discs 

 

 

The wear amounts of the uncoated and coated 

discs used are compared in Table 1 in terms of mass loss. 

 

Table 1. Weight change of discs before and after testing. 

 

Test 
Samples 

Mass 

before 
braking 

(g) 

Mass 

after 
braking 

(g) 

Mass loss 
(g) 

Mass loss 
rate (%) 

Original 
Disc 

4254.5 4254.2 0.3 0.007 

Disc 1 4329.5 4329.1 0.4 0.009 

Disc 2 4321.2 4320.9 0.3 0.007 

Disc 3 4355.8 4355.6 0.2 0.005 

Disc 4 4299.3 4299.0 0.3 0.007 

 

The minimum mass loss after disc was calculated 

on the Disc 3 powder mixture with 0.2 g. The maximum 

mass loss was calculated on Disc 1 with 0.4 g. Uncoated 

disc, Disc 2 and Disc 4 with an equal amount of mass 

loss of 0.3 g mass was calculated. The average of the 

forces on the suspension block during braking tests is 

given in Table 2 for each brake disc. The highest force 

was observed on Disc 4, while the lowest strength was 

observed on the Disc 3. As a result, it is seen that the ride 

comfort during braking will be provided when using the 

Disc 3. 
 

4. Results 

In this study, 4 different materials were coated on 

the brake disc using HVOF coating method. The coated 

brake discs and the uncoated brake disc were subjected 

to friction testing using a brake suspension tester. The 

brake tests were performed by pressing the brake 20 

times evenly every 15 seconds. As a result of the tests, it 

was found that the brake disc which had the least damage 

to the comfort of the vehicle during braking was the Disc 

3. However, as a result of the measurements made, the 

disc with the highest surface hardness and the least mass 

loss is seen as the Disc 3. This shows that Diks 3 is more 

suitable than the others in terms of surface hardness, ve-

hicle comfort and mass loss. However, the surface 

roughness of all other discs increased after the tests, 

while the surface roughness of the Disc 3 decreased. The 

gradual reduction of the surface roughness will cause the 

glass to become discolored on the brake disc and the 

friction coefficient will fall below the critical level. 

Therefore, considering the other parameters, it is seen 

that Disc 3 is usable but it is seen that it is not suitable 

for use when the surface roughness change is taken into 
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consideration. However, when Disc 4. Disc 5 is taken 

into consideration, it is seen that it is suitable for surface 

roughness change, surface hardness change and mass 

loss. However, when Disc 4 is used, it is seen that the 

average force to the suspension block during braking is 

highest. Although this situation seems to be unfavorable 

in terms of vehicle comfort, it is seen that there is no 

significant difference between the original disc and the 

disc. As a result, considering the examined parameters, it 

was determined that Disc 4 could be more suitable for 

use among the 4 coatings made as an alternative to the 

original brake disc. 

 

Table 2. Average forces on the suspension block during brak-

ing 

 

Test Samples 
Average force from sus-

pension block (N) 

Original Disc 83 

Disc 1 85 

Disc 2 86 

Disc 3 78 

Disc 4 87 
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