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Abstract: A tamping machine is a machine used to pack the track ballast under railway tracks to make the tracks more durable. As well as being faster, more accurate, more 
efficient and less labour-intensive, tamping machines are essential for the use of concrete sleepers since they are too heavy to be lifted by hand. Tamping machines, also 
correct the alignment of the rails to make them parallel and level, in order to achieve a more comfortable ride for passengers and freight and to reduce the mechanical strain 
applied to the rails by passing trains. In this study, tribological properties of CuSn14 tin bronze used journal bearing system in aggregate of tamping machine were examined 
experimentally at different speeds and loads. Pin-on disc test apparatus was used for experiments. Experiments have been conducted so as to be able to determine the 
tribological properties in the event of using CuAl10Fe5Ni5 aluminum bronze considered as an alternative instead of tin bronze. The obtained results were compared with 
each other. 
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1 INTRODUCTION 
 

Transportation systems are the tools having an active 
role in the reviving of the social and cultural and 
particularly economic activities of a country. For this 
reason, the fertile use of the natural resources, rapid 
distribution of the goods and services, development of the 
domestic and foreign trade will only be possible with the 
careful planning of transportation and forming a regular 
transportation network [1]. Railways have a significant 
importance among the transportation activities in terms of 
functionality, economy and safety. The railway 
transportation being in use for approximately two hundred 
years shows significant developments day by day all over 
the world in terms of safety, comfort and speed and it 
gives way to technological renovations. Today, the 
transportation realized fast, safely, comfortably and in 
peace is accepted as an important indicator of the 
development and economic power [2, 3]. Physical and 
parametric distortions occur in the railway line structures 
with the impacts of many factors such as frost, drawdown, 
the structure and characteristics of the soil, train speed and 
the number of trains passing. These problems are removed 
with the line maintenance processes performed from the 
tamping process to the complete line renewal with the use 
of measurement processes with empirical methods [4]. 
The railway machines show usage differences depending 
on the new line construction, line renewal and the 
operations of maintenance works; and machine selection 
is made according to the process to be made. The materials 
used in the railway lines are the track failure detection 
machines, track renewal machines, ballast tamping 
machine, ballast regulator, ballast ramming and line 
stabilizer and the tamping machines. The road safety 
decreases with the accidents stemming from the 
insufficiency of maintenance and renewal and the absence 
of regular work schedules and it causes significant 
material damages [5]. The tamping machines used in the 
railway line construction and repair are used in the 
removal of the horizontal and vertical eccentricity of the 
rails and to provide the complete fit of the rails with the 
ground (Fig. 1).  
 

 
Figure 1 Tamping machine [7] 

 
The tamping machines work on four principles. These 

are: to provide vertical and horizontal support, keep the 
rails in a single level and help dressage [6]. Tamping 
machine is a kind of special engineering equipment used 
in the railway construction. The aggregate unit shown in 
Fig. 2 is the part that is compressing the ballast in the 
tamping machines. This part works on two main 
processes: compression and vibration. While ballast is 
compressed under the traverses during compression, the 
vibration movement applies pressure [8]. 
 

 
Figure 2 The aggregate unit [9] 

 
The industrial tamping aggregate consists of chassis, 

fixation shaft (colon shaft), eccentric shaft, support arms, 
compression forks (handles), dowel and hydraulic 
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cylinder [10, 11]. ISO VG 100 oil is used for lubrication 
in this machineꞌs hydraulic system.  

In this study, tribological properties of CuSn14 Tin 
Bronze used journal bearing system in aggregate of 
tamping machine were examined experimentally at 
different speeds and loads. Pin-on disc test apparatus was 
used for experiments. After, CuAl10Fe5Ni5 Aluminum 
bronze was used instead of CuSn14 Tin Bronze and the 
experiments were repeated. In recent years, many studies 
have been performed to investigate the tribological 
performance of the Cu and Al alloys [12-19]. Singh et al, 
investigated the wear and friction behaviour of copper-
based hybrid composites in dry sliding conditions using 
pin-on-disc tribometer at variable normal load, constant 
sliding speed and sliding distance. In their studies, hybrid 
composites showed low wear characterization compared 
to the copper matrix; particularly (WC + Al2O3 + Cr) 
hybrid reinforced composites revealed better wear 
resistance among all [12]. Joswik describes the 
tribological wear as the wear of machine part elements 
resulting from friction that causes changes in the weight, 
structure and physical properties of the surface layer in the 
contact areas [13]. Sarkar et al., determined the hardness, 
tensile properties and wear with coefficient of friction 
(COF) behaviour of all these austempered specimens. 
Wear test is carried out with sliding speed of 1.86 m/s. 
They stated that the wear was related to the friction 
coefficient behavior [16]. 
 
2 EXPERIMENTAL PROCEDURE 
 

The bearings used in the fixation of the aggregate 
arms to the body and movement in tamping machines are 
the copper-based material alloys. In the conducted study, 
the tribological properties of the tin bronze Br3(CuSn14) 
material and SAE8620 steel bushing working together on 
the machine in the pin on disc experiment apparatus have 
been examined and additionally, experiments have been 
conducted so as to be able to determine the tribological 
properties in the event of using Br11(CuAl10Fe5Ni5) 
Aluminum bronze considered as an alternative instead of 
tin bronze. The bearing systems used on the tamping 
machines are shown in Fig. 3. 
 

 
Figure 3 The bearing systems used on the tamping machines. (79) Steel 

bushing and (80) bronze journal bearing [9] 
 

The disc material prepared for the purpose of using in 
pin on disc experiment set is the alloyed steel SAE8620 
and the materials of the pins to be tested are CuSn14 
(DIN1705) and CuAl10Fe5Ni5 (DIN1714) alloys in 
sequence. The disc and pin samples used in the 
experiments are seen in Fig. 4. The diameter of the pin is 
13mm. The chemical compositions of the pins are given 
in Tab. 1 and Tab. 2. 

 
                            (a)                                                           (b) 

Figure 4 (a) Disc; (b) pins [9] 
 

Table 1 The chemical compositions (wt. %) of the CuSn14 pins [9] 
Element % Element % 

Sn 13,90 P 0,05 
Zn 0,40 Mn -- 
Pb 0,45 Al -- 
Ni 0,40 Cu Bal. 
Fe 0,05   

 
Table 2 The chemical compositions (wt. %) of the CuAl10Fe5Ni5 pins [9] 

Element % Element % 
Al 10,15 P 0,05 
Fe 4,95 Zn 0,05 
Mn 0,50 Sn 0,05 
Ni 5,10 Cu Bal. 
Pb 0,05   

 
The hardness of disc is HRC55 ± 2, and average 

roughness is measured as (Ra) 0,70 ± 0,02µm. The 
average roughness (Ra) of pin materials is measured as 
0,40-0,45 ± 0,03µm. 

In the study, the wearing amounts have been 
determined with the mass loss method. For this reason, 
after the pins have been washed with Hexane both before 
and after the experiment and dried with hot air, their 
masses have been measured with the scale having the 
sensitivity of 0,0001 g. In this study, the physical 
properties of the oil used to provide the hydrodynamic 
lubrication condition are given in Tab. 3. 
 

Table 3 The physical properties of the oil used in experiments [9] 

Kinematic viscosity (cSt) 
157,0 (40 C) 
19,0 (100 C) 

Viscosity index 137 
Density (15 C, kg/l) 0,888 

Flash point (C) 215 
Pour point (C) ‒27 

 
The experiments have been carried out with the 

speeds of 250 rpm, 500 rpm and 750 rpm in the loads of 
25 N, 50 N and 75 N in ambient temperature under 
hydrodynamic lubrication conditions. 20W50 motor oil 
has been used as the lubricant. 5 km has been selected as 
the proceeding distance. 
 
3 RESULTS AND DISCUSSION 
3.1 Friction Coefficients of CuSn14 Bronze Journal 

Bearings 
 

When the graphics of friction coefficient drawn for 
the experiments conducted under the loads of 25 N, 50 N 
and 75 N are examined, it has been detected that with the 
increase in the speed, the friction coefficient increases, too 
(Figs. 5 to 7). 
 

79 80 
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Figure 5 Variation of friction coefficient with duration at load of 25 N in CuSn 

bearings [9] 
 

 
Figure 6 Variation of friction coefficient with duration at load of 50 N in CuSn 

bearings [9] 
 

 
Figure 7 Variation of friction coefficient with duration at load of 75 N in CuSn 

bearings [9] 
 

In the experiment conducted at the speed of 25 N, 750 
rpm, while the friction coefficient has been higher at the 
beginnings of the experiment, after a while, this value has 
become stabilized. This situation can be explained with 
the oil film not being formed completely at the beginning 
of the experiment. 

When the attained values are examined, it has been 
detected that the average friction coefficients in the 
experiments conducted under 25 N load are 0,082 at the 
speed of 250 rpm, 0,094 at the speed of 500 rpm and 0,102 
at the speed of 750 rpm (Fig. 5). 

It has been detected that the average friction 
coefficients in the experiments conducted under 50 N load 
are 0,063 at the speed of 250 rpm, 0,082 at the speed of 
500 rpm and 0,091 at the speed of 750 rpm (Fig. 6). 

It has been detected that the average friction 
coefficients in the experiments conducted under 75 N load 
are 0,052 at the speed of 250 rpm, 0,064 at the speed of 
500 rpm and 0,074 at the speed of 750 rpm (Fig. 7). 

3.2 Friction Coefficients of CuAl10Fe5Ni5 Bronze Journal 
Bearings 
 
When the friction coefficient graphics drawn for the 

experiments conducted under each three load are 
examined, it has been detected that the friction coefficient 
increases together with the increase in speed. 

In the experiment conducted at the speed and load of 
25 N, 250 rpm, while the friction coefficient has been 
higher at the beginnings of the experiment, after a while, 
this value has become stabilized. The friction coefficients 
have been detected averagely as 0,089 at 250 rpm speed, 
0,097 at 500 rpm speed and 0,104 at 750 rpm speed (Fig. 
8). 
 

 
Figure 8 Variation of friction coefficient with duration at load of 25 N in CuAl 

bearings [9] 
 

It has been detected that the average friction 
coefficients in the experiments conducted under 50 N load 
are 0,066 at the speed of 250 rpm, 0,085 at the speed of 
500 rpm and 0,096 at the speed of 750 rpm (Fig. 9). 
 

 
Figure 9 Variation of friction coefficient with duration at load of 50 N in CuAl 

bearings [9] 
 

 
Figure10 Variation of friction coefficient with duration at load of 75 N in CuAl 

bearings [9] 
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It has been detected that the average friction 
coefficients in the experiments conducted under 75 N load 
are 0,054 at the speed of 250 rpm, 0,078 at the speed of 
500 rpm and 0,085 at the speed of 750 rpm (Fig. 10). 

When the graphics are examined, it is seen that the 
friction coefficients of DIN1714 (CuAl) samples under all 
load and speed conditions are higher than the friction 
coefficients of DIN1705 (CuSn). It has  been determined  
that the greatest difference between the friction 
coefficients of both of the sample groups has occurred in 
the experiments conducted under the conditions of 75 N 
load and 500 rpm. In the experiments conducted under 25 
N and 750 rpm conditions, while the friction coefficient 
of CuSn sample has been higher than that of CuAl sample, 
approximately after 7 minutes of the start of the 
experiment, it has continued to be lower than the friction 
coefficient of CuAl sample (Figs. 5 to 8). 
 

The avarage friction coeffients for all test conditions 
are given Tab. 4. 

 
Table 4 Avarage friction coeffients [9]  

 

DIN1705 
(CuSn14) 

DIN1714 (CuAl10Fe5Ni5) 

250 
rpm 

500 
rpm 

750 
rpm 

250 
rpm 

500 
rpm 

750 
rpm 

25 N 0,082 0,094 0,102 0,089 0,097 0,104 
50 N 0,063 0,082 0,091 0,066 0,085 0,096 
75 N 0,052 0,064 0,074 0,054 0,078 0,085 

 
3.3 Wear Test Results 
 

The CuSn and CuAl samples used in the experiments 
have been washed with Hexane liquid both before and 
after the experiment; they have been dried and weighed on 
the scale with the sensitivity of 0,0001 ± 0,0002 g. The 
wearing amounts attained as a result of the experiments 
are completely shown in Fig. 11. 

 

 
Figure 11 Weight loss of the tet samples [9] 

 
When Fig. 11 is examined, it is seen that the values of 

friction coefficient given in Figs. 5 to 10 and the wearing 
amounts are in conformity. It has been detected that in the 
experiments conducted under the same conditions, the 
bronze bearings including tin have been worn less than the 
bearings including aluminum. 

While the greatest wearing amount in CuSn bearings 
has been detected as 0,0038 g in the experiments 
conducted under the conditions of 25 N and 750 rpm, the 
lowest wearing amount has been attained as 0,0008 g in 
the experiments conducted under the conditions of 75 N 
and 250 rpm. 

While the greatest wearing amount in  CuAl bearings 
has been detected as 0,0044 g in the experiments 
conducted under the conditions of 25 N and 750 rpm, the 
lowest wearing amount has been attained as 0,0012 g in 
the experiments conducted under the conditions of 75 N 
and 250 rpm. 

When both the friction coefficient graphics and the 
wearing graphics are examined together, it is seen that the 
tribological behaviors of the bronzes including tin have 

been higher than the tribological behaviors of the bronzes 
including aluminum. 

- The hardness value of CuSn samples (HB115) is 
lower than that of CuAl samples (HB120) although it is 
little. 

- The surface roughness values of both of group 
samples are the same because they have been subjected to 
the same sandpapering and polishing processes. In the 
measurements, the values of the surface roughness have 
been measured at the level of 0,40-0,45 ± 0,02 m on 
average. 

The sample hardnesses specified above and the 
surface roughnesses at the friction coefficient and the 
wearing amounts are examined together. 

Although the hardness value of the aluminum bronze 
is a little higher than that of the tin bronze, the difference 
between them is not as big as to affect the friction 
coefficient and as a result, the wearing amount. It is 
considered that the lubricating property of the tin could 
easily tolerate this difference seen in the hardness value 
and therefore, the tin bronze shows better tribological 
performance than the aluminum bronze [20-22]. 
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In the study conducted by Chen et al., 2014, 
aluminum has been added in the copper and the wearing 
experiments have been conducted under dry conditions. 
As a result of the experiments they have conducted, they 
have detected that the Aluminum added below 0,5% 
decreases the wearing ratio and the aluminum amount 
added above this value increases the wearing ratio. They 
have detected the friction coefficient of around 0,7 on 
average in the study conducted under the conditions of 30 
N and 5 Hz. In the same study, they have also observed a 
decrease in the coefficient of friction while the speed 
increases. 

Heide et al. 2006 conducted wearing tests with 
aluminum bronze (it included 15,2% aluminum bronze in 
weight) and AISI304 stainless steel and they determined 
the conditions of the experiments as 100 N load, 0,5 ms/s 
and 1500 m road. They carried out the experiments in oily 
environment and found that the friction coefficient as a 
result of the experiment ranged between 0,03-0,08. In 
addition, they observed that the surface roughnes values 
in their study decreased after the experiment. 

The changes in the friction coefficients found in this 
study are in conformity with the literature when the right 
side of Stribeck curve, namely the friction zone is assessed 
by taking into consideration. The friction coefficient 
increases with the increase in the speed at the liquid part 
of Stribeck curve; and the friction coefficient decreases 
with the increase in the load. When the literature is 
examined, it is also thought that the values of the friction 
coefficient comply with the literature. 
 
3.4 Metallographic Examination 
 

Surface photographs of the samples used in the 
experiments have been taken both before and after the 
experiments with the help of optic microscope. The 
surface photographs taken before the experiments are 
given in Fig. 12. 
 

 
(a) 

 
(b) 

Figure 12 The surface photographs of CuSn samples before the experiments: 
(a) 100x; (b) 200x [9] 

The conditions of experiment in which the mass loss 
is experienced as the most and the least have been 
preferred for both groups of samples in the photograph 
taking of the surface after the experiments. The 
experiment conditions in which the mass loss is the least 
for tin bronze (DIN 1705) are the conditions of 75 N and 
250 rpm. The most mass loss for the same group of 
materials has occurred under the conditions of 25 N and 
750 rpm. Fig. 13 shows the surface photographs taken 
under the conditions of experiment in which the most and 
the least mass loss has occurred for tin bronze samples. 
 

 
(a) 200x 

 
(b) 200x 

Figure 13 The surface photographs for CuSn samples: (a) 75 N, 250 rpm;  
(b) 25 N, 750 rpm [9] 

 
While the experiment conditions in which the mass 

loss has occurred as the least for aluminum bronze (DIN 
1714) samples, have been the conditions of 75 N load and 
250 rpm, the conditions in which the mass loss has been 
the highest are 25 N load and 750 rpm. Fig. 14 shows the 
surface photographs taken under the conditions of 
experiment in which the most and the least mass loss have 
occurred for aluminum bronze samples. 

As a result of the metalographic examinations, it has 
been observed in both of the material groups that on the 
surfaces, the brightness has increased when compared to 
the surfaces before using. It is considered that the 
roughness peaks on the surface have broken as a result of 
contacting with each other and the surfaces have been seen 
as brighter due to the impact of sandpapering. In addition, 
it has been understood that the traces seen in all of the 
surfaces are the wearing traces and these traces remind of 
the fact that the abrasive wearing has occurred.In his 
study, Can investigated the wear behavior of cold worked 
CuSn5-Steel Bimetallic materials experimentally. He 
carried out his studies on pin-in-ring type experiment set 
under dry conditions. He stated that the wear resistance of 
the ballised bushings was found to be considerably higher 
than that of the non-ballised bushings. He stated that the 
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type of wear occurring in his study was abrasive wear. In 
this study, similar results have been obtained. 
 

 
(a) 200x 

 
(b) 200x 

Figure 14 The surface photographs for CuAl samples: (a) 75 N, 250 rpm; (b) 
25 N, 750 rpm [9] 

 
When Figs. 13 and 14 are examined, in the samples 

in which the wearing amount is great, more and deeper 
wearing traces have been detected. The wearing traces are 
more visible in the aluminum bronzes when compared to 
those of the tin bronzes and this image is also in 
convenience with the wearing amounts. 

Opalic et al. stated that by reducing the friction 
coefficient in plain bearings, various advantages such as 
low loss, low energy consumption, low temperature 
during operation and less amount of fluid required for 
lubrication can be revealed. 
 
4 CONCLUSIONS 
 

For the purpose of being able to determine the 
tribbological properties of DIN1705 (CuSn) and  
DIN1714 (CuAl) samples, the following results have been 
attained in the experiments conducted under three 
different loads and three different speeds under the 
conditions of Pin on disc experiment device, ambient 
temperature and hydrodynamic lubrication. 

1. It has been detected that in all samples, the friction 
coefficients have increased with the increase in the speed 
under the same load. 

2. When the experiment speed is kept constant, it has 
been detected that the friction coefficient has decreased 
with the increase in the load. 

While the highest friction coefficient in DIN1705 
samples has been found as 0,102 under the conditions of 
25 N load and 750 rpm speed, the lowest friction 
coefficient has been detected as 0,052 under the 
conditions of 75 N load and 250 rpm speed. 

While the highest friction coefficient in DIN1714 
samples has been found as 0,104 under the conditions of 
25 N load and 750 rpm speed, the lowest friction 
coefficient has been detected as 0,054 under the 
conditions of 75 N load and 250 rpm speed. 

3. When the wearing experiment results are 
examined, it has been determined that the wearing 
amounts occurring in DIN1714 samples are higher than 
the wearing amounts occurring in DIN1705 samples. This 
result is also in convenience with the friction coefficients. 

When all the attained results are assessed together, it 
is concluded that the friction coefficient of CuSn bronze 
and the wearing amounts are lower than those of bronzes 
including Aluminum. Together with this, it is also seen 
that the difference between them is close to each other 
under the same conditions. As a result of the experiments 
conducted, it can be said that the bearings including 
aluminum can be considered as an alternative bearing 
material in the Railway Tamping Machines Aggregate 
unit under suitable lubrication conditions and suitable 
loads and speeds. 

The tribological properties of the DIN1714 (CuAl) 
bearings considered to be used have been both examined 
under dynamic loads and their fatigue behaviors have 
been detected; and it is considered that more 
comprehensive results related to the use of these bearings 
can also be attained. 

In addition, with the application of the suitable 
surface processes (such as covering, forming bi-metal), it 
can also be taken into consideration that the wearing 
behaviors of the bearings can be enhanced. 
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