
 

 

  
Abstract—In this study, HR R260 pearlitic rail steel was 

subjected to a heat treatment consisting of 10ºC/minute heating rate, 
15 minutes of austenitization at 800ºC, cooling at the rate of 
10ºC/minute to 550ºC (T550) and 525ºC (T525),  5 minutes 
holdingtime and air-cooling.Measured interlamellarspacing values 
(IS) was compared to each other andthe minimum IS was observed in 
the sample annealed at 525ºC. Grinding was performed with Q and P 
grinding wheels;lower surface roughness was obtained with the P 
wheel. IS-surface roughness-wear ratios were examined in ball-on-
disk wear tests performed with a ruby abrasive. Lower wear ratios 
were observed in samples with low IS and low surface roughness. 
The aim of this study was to examine the abrasive wear of pearlitic 
rail steels with different ISand surface roughnesses. 

 
Keywords—Abrasive wear, Interlamellarspacing, Pearlitic rail 

steel, Surface roughness. 

I. INTRODUCTION 
AIL steels generally have pearlitic and bainitic structures 
and different rail types are used in railroads depending 

on the traffic load and speed [1]-[10].During rail production, 
HR rails are quenched in air, water, oil ormixtures such as air 
and water on cooling bed[7]. As a result of these quenching 
procedures, rails partially bainitic and pearlitic microstructures 
and different mechanical properties are obtained. 

The temperature at the end of hot rolling is approximately 
900-930ºC at the some production lines[11]-[13].In line with 
the literature knowledge, the reaustenitization temperature is 
approximately within the range of 800-1200ºC[14]-[17]. After 
quenching, different pearlitic structures are obtained 
depending on the cooling rate. The hardness, tensile strength, 
and wear resistance of rail steels increases with a thin pearlitic 
structure and a small IS [9], [12], [13], [15],[17],[18]-[21].  

Rails are known to be exposed to damage from various 
factors. Wear is one of the main damages for the rails[4], [7], 
[12]-[15], [22]-[25]. Also, one of the factors causing to wear is 
rails surface roughness[26]-[31]. Grinding is performed to 
achieve proper surface roughness in rails[27],[30], [32]-[35]. 
According to EN 13231-3, the standard surface roughness 
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value is 10 µm [36].  
In this study, austenitized samples were annealed at 

different temperatures and samples with different ISs were 
obtained. Then, the samples were subjected to different 
grinding procedures, and the resulting samples with different 
surface roughness were abraded and compared. 

II. EXPERIMENTAL PROCEDURE 
HR R260 pearliticrail steel was used in this study. An 8mm 

decarburization layer was obtained from the rail surface and 
samples with dimensions of 20x20x10 mm were prepared. 
Heat treatments were performed in a Protherm oven. Heat 
treatment was performed as follows: 10ºC/minuteheating rate, 
15 minutes of austenitization at 800ºC, cooling down to 550ºC 
and 525ºC with the same rate, 5 minutes of holding time, and 
finally,air-cooling to room temperature. 

Microstructure examinations were performed using a Jeol 
JSM 5410LV scanning electron microscope (SEM) at a 
magnification of 2000x. Clemex image analysis software was 
used for the IS measurements. A minimum of 20 pearlite 
colonies were chosen for each measurement. Measurements 
were performed along an axis perpendicular to the cementite 
lamellae, the results were divided by the total number of 
lamellae, and the average values were computed (Fig. 1). 

 

 
Fig. 1 Measurement of interlamellar spacing 

 
Grinding, which is used to obtain different surface 

roughnesses, was performed by using Grade Q and P, smooth 
surface grinding wheels. Surface roughnesses were quantified 
using a profilometer (Taylor Hobson) with 10 μm, 100 μm, 
300 μmdepth sensitivity, and the average of five 
measurements was calculated. 

Wear tests were performed with a Tribotechnicball-on-disk 
wear tester using ruby ball.A wear test was conducted under 
dry sliding conditions, with a 10 N load, at 100 rpm sliding 
speed along a total sliding distance of 100 m and the friction 
radius was 4 mm.A synthetic ruby ball (99% Al2O3-1% 
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Cr2O3), approximately 1.6 mm diameter, low friction constant, 
zero porosity, high wear resistance, and 1570-1800 HV was 
used as the abrasive.The resulting wear track was measured 
with a surface profilometer (Taylor Hobson).The wear area 
was measured five times with Taly Profile Silver software, 
and the average of wear track areas (WTA) was computed for 
each sample. 

III. RESULTS OF EXPERIMENTS AND DISCUSSION 
The chemical composition of HR steel is presented in Table 

I. The pearlitic structure in the SEM images is shown in Fig. 2. 
 

TABLE I  
CHEMICAL COMPOSITION 

Chemical Composition ofHR Rail Steel  
wt% 

C 
Si 

Mn 
P 
S 

Cr 
Ni 

Mo 

0.7000 
0.3298 
0.9334 
0.0146 
0.0111 
0.0335 
0.1070 
0.0001 

 
 

 
Fig. 2 The microstructure of HRrail steel (2000x) 

 
In some rail manufacturing factories which is cooling on the 

air, the rails are cooled at a rate of 80ºC/hour and by 
decreasing the rolling output temperature from 900ºC to 
650ºC-550ºC. In this study, the austenitization temperature 
was set as 800ºC to prevent an increase in grain size and SI. 
The cooling rate was higher (10ºC/minute) and the annealing 
was performed at lower temperatures. The SEM 
microstructures of fine pearlitic structures of steels annealed at 
550ºC and 525ºC are presented in Fig. 3 and the IS values are 
presented in Table II. According to the IS values in Table II, a 
lower IS was obtained at 525ºC.  

 

 
(a) (b) 

Fig. 3 Microstructures of steels according to annealing temperatures 
a) 550ºC, b) 525ºC (2000x) 

 
 
 

TABLE II 
INTERLAMELLAR SPACING 

 Minimum Maximum Average 
 (μm) 

T550 0.4199 0.6772 0.5368 
T525 0.4438 0.5644 0.5202 

 
Grinding wheels are classified according to the number of 

grain size per square in chand hardness. The properties of 
grinding wheels are presented in Table III. Polished surfaces 
were not used in order to achieve surface roughness values 
close to the standard value of 10 µm. 

 
TABLE III 

GRINDING WHEELS 
Wheel grade Grain size Abrasive material Hardness 

Q 24 Aluminum oxide Hard 
P 36 Aluminum oxide Hard 

 
Surface roughness values of annealed steels are presented 

with IS in Table IV. In this study, for each wheel 
approximately the same roughness ranges were preferred for 
the three samples. The surface roughnesses of steels increased 
after grinding with coarse grain wheels. For instance, the 
average surface roughness value of the T550 sample is 
Ra=3.42μm in the Q wheel and Ra=2.91 in the P wheel.   

 
TABLE IV 

SURFACE ROUGHNESS 
Surface Roughness Values according to Interlamellar Spacing and 

Grinding Wheels 

 
Q 

Ra (μm) 
P 

Ra (μm) 
Interlamellar 
spacing(μm) 

min-max average min-max average average 
T550 3.30-3.53 3.42 2.51-3.36 2.91 0.5368 
T525 3.24-3.62 3.42 2.71-3.08 2.93 0.5202 

 
The ruby ball is used as an abrasive in wear tests because it 

is significantly harder than the rail steels used and is not worn 
significantly. Therefore, the contact pressure and wear 
resistance can be controlled more precisely. It is known that 
Hertzian contacts pressure depends on the local values of the 
friction coefficient and sliding speed [37]. A load of 10 N was 
used because the 2.5 GPa Hertzian contact pressure resembles 
the contact pressure (approximately 1.8 GPa) in actual 
wheel/rail conditions [15], [22], [23], [38]-[39].Due to the 
possibility of small dimples, oxidations, and ruby ball 
fractures during the wear depth measurement, five 
independent measurements were taken and their average value 
was calculated. 

According to the wear test conducted along a 100 m sliding 
distance, the effect of surface roughness and IS on wearing are 
presented in Fig. 4. The abrasive wear resistance of steel 
increased with decreasing SI. For instance, the wear of T550 
steel of IS=0.5368μmwas the WTA=2081.6 μm2 and T525 
steel of IS=0.5202 μm was the WTA=2037.6 μm2for 
approximatelyRa=3.42μm values. The wear of T550 steel was 
the WTA=1649 μm2 as T525 steel was the WTA=1598 μm2for 
approximatelyRa=2.91-2.93 μm values. That is, the abrasive 
wear increased with increasing the surface roughness. As a 
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result, a smaller IS and a lower surface roughness reduced the 
abrasive wear. 

 

 
Fig. 4 Wear areavalues according to IS and surface roughness 
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