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Abstract: The demand on the performance of rail on the railway track is much more for the 
speed and the load of the passing trains is much higher. Head hardening treatment on rail is an 
economical and effective way of prolonging the service life of rail by improving the rail’s 
mechanical properties. In this paper, we introduced an improved rail head hardening 
technology with adopting new induction heating coil, new coolant and cooling devices and 
new cooling mechanism. The properties of rails treated by this improved head hardening 
technique are tested systemically and some comparisons have been made. And some 
investigation and comparing on the performance of rails paved on the railway track by 
different head hardening techniques are also made. The results show that the improved head 
hardening technology not only can greatly improve the mechanical properties and service 
performance of rail, but also is more reliable and safe on the technique for preventing the 
emergence of baleful microstructure Martensite, and also energy saving by adopting new 
cooling mechanism. This improved head hardening technology and devices can be used to 
heat treat 25m or any standard-length rails and 500m or any length welded long rails. Now 
this technology has been used in many rail welding factories and Rail Steel Corporation in 
China and also exported to South Korea. 
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1 INTRODUCTION 
Rail is a very important component of the railway; it not only accounts for the safety of the 
passing trains but also composes most values of the track. Continuous improvement on the 
speed and loads of the passing trains are placing more and more demands on the performance 
of the rail. It’s significant and urgent to prolong the service life of the rail in a cost effective 
manner by improving the properties of the rail. 
Wear is one of the main damage mechanisms for the rail, especially in the small radius curve 
line and the heavy haul freight line. China operates one of the world’s most densely utilized 
track systems with freight cars and passenger cars running together, and has a lot of curve 
lines for passing some mountainous area. As a result a great many of rails are replaced for the 
wear damage every year. It is important and necessary to improve the wear resistance of the 
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rail. The researches show that head hardening on rail is an economical and effective way of 
prolonging the service life of rail by improving the rail’s properties of wear resistance. 
The head hardening technique on rail has been used in China since 1980’s. The application 
has shown that this technique can greatly improve the service life of rail, especially on the 
curve line the life can be more than doubled. But this technology also show some advantage 
on some aspects especially the coolant. For the cooling speed of the coolant now used(mist) 
always is not stable, and can be affected by the surface condition of rail head (have rust, oil or 
not). So the properties of head hardened rail are not stable, in some time even the baleful 
martensite microstructure can appear on the head hardened layer of rail[1]. The martensite 
microstructure existed on the rail is very danger, which can endanger the passing trains. In 
Shandong of China, we removed several kilometers head hardened rails from the track, which 
were served for not long time, for the existed martensite microstructure on the rail head 
produced by heat treatment not properly(the defects of the technique then) ware endangering 
the passing of trains. In order to obtain better and more reliable heat treated rails, the 
improvement on head hardening technology is necessary and emergent. 
In this paper we introduce some improvements on the head hardening technique, which have 
been made by us to enhance the properties of the heat treated rails. In this improved process a 
new induction heating coil is introduced to make the temperature of rail head more uniform, 
and in the cooling process the compressed air is accepted as coolant to make the cooling 
process more reliable and avoid the emergence of baleful microstructure of Martensite, also 
the water mist is adopted in the second cooling step to save the power. The properties of the 
rails head hardened by this improved process are tested systemically and some comparing are 
made and the service performance of the head hardened rails paved on the track are 
investigated. The results show that the rail heat treated in this process can meet the increasing 
demands of the railway safely and reliably, and the service life of the rail can be greatly 
improved. Now more than 100’000 tons of head harden rails are used in China every year to 
improve the performance of rails. The new improved rail head hardening technique and 
devices has been used in many rail welding factories and rail steel factories in China, and also 
been exported to South Korea. 
 
 
2 THE IMPROVEMENT ON RAIL HEAD HARDENING TECHNOLOGY 
To improve the properties of head hardened rails and obtain more reliable and safe heat 
treated rails. We make some improvement on railhead hardening technology includes four 
sections, Firstly, uniform the temperature of railhead by introducing a new induction-heating 
coil. Secondly, the coolant is changed from mist to compressed air to avoid the appearance of 
baleful martensite microstructure. Thirdly, a new cooling mechanism is accepted to save 
power. Fourthly, a cooling equipment is designed for cooling the rail evenly. Through the 
technology improvement from these 4 sections, the properties of head hardened rail are 
greatly improved. 
The four parts of improvement of technology on rail head hardening is described as below. 
2.1 A new induction-heating coil is introduced 
The temperature is very important for the heat treatment. For the head hardening process of 
rail, the more uniform the temperature of railhead the better the hardness distribution of the 

Proceedings of the Eastern Asia Society for Transportation Studies, Vol. 5, pp. 263 - 271, 2005

264



cross section of railhead.  

To uniform the temperature of the railhead, we produced a new induction-heating coil. Since 
the new heating coil is adopted, the difference of the temperature on the railhead is decreased 
from about 100°C to 50-60°C. We can see the difference clearly from fig.1 that the new coil 
has more uniform temperature distribution on the railhead (can been seen from the color of 
the railhead). The uniformity of the temperature will contribute a lot to the hardness profile of 
the head harden layer on rarailhead 
Rail Heated by Old Induction Heating Coils    Rail Heated by New Induction Heating Coils 

Figure.1 Comparing on the Uniformity of the Temperature on the Rail Head 
 
 

2.2 Compressed air as new coolant is adopted 
The coolant is significant for the cooling process on the heat treatment. Mist (mixture of water 
and air) is the cooling media formerly, but it has its disadvantage of not cooling evenly, its 
cooling speed also can be affected by some factors, such as the cleanness of the rail head (has 
oil or not, or has rust or not)[1]. So the properties of the head hardened rail are not stable in 
different time and for the rail with different surface conditions, even in some extreme 
condition the baleful microstructure Martensite will come into being during the cooling 
process, it will endanger the safety of the using of the head hardened rail. 
To improve the stability of the properties of the heat treated rails, we introduced a new 
coolant- compressed air, which is a uniform single cooling media, but not a mixed media 
(such as mist is a mixture of water and air). The cooling mechanism is shown on Fig.2. 
Compare with mist cooling, the compressed air’s cooling speed is very stable, which only can 
be affected by the compressing pressure and the distance between cooling equipment and the 
rail head(we ensure this distance not changed during the heat treat process by introduce a new 
cooling equipment, which is shown on 2.3). It also has its advantage of cooling speed not 
affected by the surface condition of the rail head which ensure the stability of the properties of 
the head hardened rails. So the properties of treated rails are stable and safe, and the problem 
shown on reference 1 is solved. 
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               Compressed Air Cooling             Mist Cooling             

Figure.2 The Diagram of Comparing on Compressed Air Cooling and Mist Cooling  
 

 
2.3 New cooling equipment 
To ensure the stability of the cooling speed of railhead when cooling with compressed air we 
designed new cooling equipment. The cooling equipment running on the upper side of the rail 
foot and can move with the rail upside and down, which ensure the distance between the 
cooler and rail head not changed, so the cooling speed is very stable. The results of properties 
of head hardening rails show that this cooling equipment greatly ensures the stability of the 
properties of rail. 
2.4 Cooling mechanism 
We also adopted a new 2 step cooling mechanism with cooling with compressed air first then 
cooling with water mist next. During the cooling process of cooling with compressed air in 
the first step, the microstructure transformation from the austenite to pearlite is finished, and 
in the second cooling step, the mist only adjusts the straightness of the rail but not affect the 
microstructure of the rail, so this mechanism is very reliable and safe. And it also has its 
advantage of power saving when comparing with cooling only by compressed air and 
adjusting the straightness of the rail easily. 
 
 
3 THE ADVANCE ON THE PROPERTIES OF HEAD HARDENED RAILS 
3.1 The straightness 
During the process of cooling with compressed air to finish microstructure transformation and 
cooling with mist to adjust the straightness of rail, the head hardened rails show very good 
straightness. 
Fig.3 shows the head hardened rails before straightened by straightening device, from the 
picture we can see that the rail is very straight just like the rail as rolled. The straightness of 
the head hardened rails before straighten is very important for the using of the rail, which can 
greatly reduce the damage of rails when paved on the railway track such as undee bend and 
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undee wear. The good straightness also has it advantage of ensuring this improved head 
hardening technology and devices being used to heat treat the welded long rails. 
 

 
Figure.3 The Head Hardened Rails Before Straightening 

  
3.2 The harden layer and hardness of the rail’s cross section 
The head hardened layer on the rail head is shown on the Figure.4. The shape of the hardened 
layer is like a cap on the rail head. The harden layer’s depth from the top face is more than 
15mm; from the side face is more than 10mm. The harden depth can ensure the rail has 
enough hardened layer to resist wear.  
The hardness of the rail’s cross-section is the main properties to check the railhead hardening 
technology, it directly influence the service life of the rail. Figure.5 shows the comparing on 
the hardness of the head hardened rail’s cross section between cooling with mist and cooling 
with compressed air[3]. From the picture, we can the hardness distribution of cooling with 
improved hardening technology is much uniform, the hardness on center of railhead is almost 
the same as the corner. The hardness uniformity of railhead attributes mainly to the adoption 
of the new induction-heating coil. 
 

Figure.4 The Head Hardened Layer (black) on the Rail Head 
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          Cooling With Mist        Cooling With Improved Hardening Technique 
Figure.5 Comparing on the Hardness of the Head Hardened Rail’s Cross Section 

 
3.3 The impact toughness 
The impact toughness of the head harden rails was tested systemically. From the results 
shown on table.1 we can see that since the improved head hardening technology is accepted 
the impact toughness of the railhead is improved greatly, for U74 improved from 29.1 to 41.8, 
and for U75V from 13.5 to 30.8 and also does U71Mn. The improvement on the impact 
toughness is very helpful to the use of rail on the track, which can greatly decrease the 
damage rate of the rails.  

Table.1 The Comparing on the Impact Toughness of Head Hardened Rails (J/cm2) 

Rail steel 
Hardening 
technology 1 2 3 4 Average 

Old              21.2-36.1            29.1 U74 
Improved 36.3 43.8 39.4 47.5 41.8 

22.5 29.8 30.0 25.4 26.9 Old 
11.9 14.4 11.6 11.3 12.3 
32.5 52.5 45.6 26.9 39.4 
35.6 38.1 32.5 35.0 35.3 

U71Mn 
Improved 

35.6 50.0 45.0 18.8 37.4 
Old 13.8 13.8 11.5 15.0 13.5 

U75V 
Improved 35.0 22.5 32.5 33.1 30.8 

      
3.4 The performance on the track of railway 
The rails heat treated by mist cooling and improved head hardening technology were paved 
on curve line of Shitai Line and Jingjin Line in China. From the results we can see that rails 
treated by mist cooling have a lot of shelling damage but the rails treated by improved head 
hardening technology almost has no evident damage and the surface of the rail head is flat and 
even. Figure.6 show the difference of the service performance of rails pave on the railway 
track[3]. We can see clearly that the rails treated by improved head hardening technology and 
devices have better service performance. 

Proceedings of the Eastern Asia Society for Transportation Studies, Vol. 5, pp. 263 - 271, 2005

268



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

       Rail Cooled by Mist        Rail Treated by Improved Hardening Technique 
Figure.6 Comparing on the Performance of the Rail on the Track 

 
 
4 THE APPLICATION OF IMPROVED HEAD HARDENING TECHNOLOGY 
China Academy of Railway Sciences (CARS) has engaged in the research of railhead 
hardening technology for more than 30 years. The devices and technology of more than 10 
rail head hardening lines in China were provided by us. 
Since we improved the head hardening technology, we made some improvement for some 
former railhead hardening lines and some new railhead hardening lines are built with this 
improved technology and devices. 
 

 
The Rail Head Hardening Devices Exported to South Korea (1998) 
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The Rail Head Hardening Devices in Baotou Steel Corporation (2002) 

 

 
The Rail Head Hardening Devices in Beijing Rail Welding Factory (2004) 

Figure.7 Some of the Head Hardening Devices Provided by Us(CARS) 
 

In 1998, this improved head hardening technology had been exported to South Korea(See 
fig.7), also this technology was provided to the Baotou Steel Corporation, which is one of the 
three main rail steel factories in China. This year Beijing Rail Welding Factory built a new rail 
heat treatment line by us.  
 
 
5 CONCLUSIONS 
From the discussion shown above, we can get the conclusion that, 

Proceedings of the Eastern Asia Society for Transportation Studies, Vol. 5, pp. 263 - 271, 2005

270



1) We introduce some improvement on the rail head hardening devices including adopted 
new induction heating coil to uniform the temperature of rail head and new cooling 
equipment to ensure the cooling speed. 

2) A new cooling mechanism of first cooling with compressed air then cooling with mist is 
introduced to the rail head hardening technology. This cooling mechanism not only can 
ensure the safety of the heat treatment but also can save a lot of power. 

3) The rails heat treated by the improved head hardening technology and devices have many 
improved properties including better straightness, much uniform distribution of hardness 
on the rail’s cross section, higher impact toughness and better performance on the rail 
track. 

4) The improved head hardening technology and devices can be used to heat treat standard 
length rails and welded long rails. It has received great application including exporting to 
South Korea, used on the Baotou Steel Corporation and many other rail welding factories. 
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