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HARDENING TECHNOLOGIES

Resource-efficient RailCool® 
technology for microstructural 
optimization and improvement of rail 
head hardness and tensile strength
Laura Jasche

RailCool® Air features resource-saving heat treatment technology to optimize rail production. The 
focus is on an innovative cooling technique that does not require any water or chemical additives 
that significantly improves the rails’ mechanical load-bearing capacity and service life. Air is used 
instead of water as the cooling media normally used in conventional applications. RailCool® Air 
utilizes air-based cooling that can be powered by green energy sources. Its compact and modular 
design means it can be efficiently integrated into existing production facilities, setting new standards 
in both sustainability and performance.

Due to the high contact stresses 
between the railway vehicle wheels 
and the rails, rails are subject to wear 
and fatigue damage caused by the ‘roll 
contact force,’ as it is known. Rails are 
the main cost driver when it comes 
to railway network maintenance. Rail 

manufacturers are making efforts to 
improve rail durability by optimizing 
the microstructure in the contact area 
between the wheel and rail, result-
ing in head-hardened rails (HHR) that 
have a significantly longer service  
life. 

In almost all rail manufacturers’ pro-
duction facilities, this requires an inline 
heat treatment procedure directly after 
rail hot rolling. The main advantages of 
this arrangement are the exploitation of 
the heat from the rolling process and 
the resulting shorter process chain, as 
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the rail does not need to be separately 
heat-treated.

Rail head hardening with inno-
vative RailCool® Air

RailCool® Air is an innovative product 
developed by SMS group for rail pro-
duction, eliminating the need for water 
and chemical additives and thereby 
improving the efficiency of the pro-
cess. RailCool® Air is designed to opti-
mize the material’s microstructure 
so that the mechanical properties of 
the rail heads, including the hardness 
and tensile strength, can be consid-
erably enhanced. RailCool® uses air to 
ensure consistent and reproducible 
cooling that creates a fine pearlitic 
microstructure in the rail head. Unlike 
water cooling, which can often result in 
excessive cooling, RailCool® provides 
temperature-controlled “soft cooling” 
at a cooling rate of up to four Kelvins per 
second. A major benefit of air cooling 
compared with water is the ability to 
precisely measure temperatures and, 
if necessary, adapt the cooling rate 
accordingly to ensure ideal conditions. 
In conventional rail manufacturing, a 
continuous pass cooling process with 
water is often used. The problem here, 
is that the tail end of the rail enters the 
cooling process much later than the 

rail head resulting in sections of the 
rail cooling down before the production 
sequence can be completed. To com-
pensate for this, an induction heater 
is required, which makes the process 
more complex and energy-intensive. 
With RailCool®, this problem is solved 
using a stationary. The air-based cool-
ing system ensures that cooling takes 
place evenly over the whole length of 
the rail. This innovative method elim-
inates the disadvantages of the con-
ventional process and facilitates more 
efficient and resource-saving rail pro-
duction. Compared to conventionally 
hot-rolled rails, head-hardened rails 
made with RailCool® not only boast a 
service life that is two to three times 
longer, but they also reduce wear and 
minimize maintenance requirements, 
especially in environments with high 

contact stresses between the wheels 
and rails. These stress conditions are 
caused by environmental factors, such 
as extreme temperatures and the high 
loads associated with freight transport 
or high-speed passenger transport, or 
by route conditions including curves 
and slopes. RailCool® technology sim-
plifies the rail production process, 
improves quality such as rail straight-
ness, and minimizes residual stresses 
in the rail.

Achieving consistent rail 
production quality thanks to 
air-based temperature control
After the rolling process, the rail is trans-
ferred to the RailCool® area and moved 
into an upright position. Alignment 
devices ensure that the rail is precisely 
positioned during heat treatment, thus 

Figure 1: Typical hardness enhancement for R350HT with RailCool® Air � Source: SMS group
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guaranteeing homogeneous and effec-
tive cooling. The RailCool® modules for 
heat-treating the rails use large quan-
tities of air to achieve uniform cooling 
and eliminate any inconsistencies. An 
uneven temperature distribution along 
the rail length (like with the convention-
al rolling process) can be compensated 
by RailCool® modules that are individ-
ually set up and controlled. In each 
module, a selective cooling method is 
applied to homogenize the tempera-
ture in different areas of the rail head. 
In addition, an integrated technologi-
cal model is employed to automatical-
ly control the temperature of the rail 
during the process and to adjust the 
cooling rate using a pyrometer based 
on the actual temperature measured. 
Consequently, the rail is heat-treated 
with the optimum cooling strategy. This 
dynamic adjustment of the cooling sys-
tem according to the optimum temper-
ature curve ensures that the relevant 
rail quality requirements are met for a 
variety of different steel grades, stand-
ards, and sizes.
RailCool® offers full operational flexi-
bility and allows cooling recipes to be 
easily adapted to meet specific produc-
tion demands. This adaptability goes 

hand in hand with the system’s ability 
to guarantee consistent product quality. 

RailCool® Air: Sustainable rail 
head hardening technology for 
new and existing facilities
In the rail production sector, the pro-
gress driven by the new RailCool® Air 
rail head hardening technology marks 
a significant step forward in terms of 
efficiency, durability, and sustainability. 
This innovative heat treatment process 
uses the heat from the hot rolling phase 
to improve the mechanical properties of 
the rails, without the need for expensive 
alloying elements. By integrating this 
process into rail production operations, 
the rails deliver better performance and 
have longer service life. Another major 
advantage of this method is its envi-
ronmental compatibility. RailCool® Air 
completely does away with water and 
chemical additives and instead relies 
on air-based cooling. The lack of water 
means that no water treatment system 
is required so there is no need to ser-
vice clogged nozzles, thus minimizing 
operational interruptions, maintenance 
costs, and initial investment costs. Dur-
ing the hardening process with RailCool® 
technology, the air is accelerated by an 

electric motor-driven fan to achieve the 
desired flow rate. The electricity for this 
can be obtained from renewable energy 
sources. With this method, energy con-
sumption can be effectively controlled 
in a sustainable way and the plant’s 
carbon footprint further reduced. By 
integrating RailCool® Air after the rolling 
process, there is no need for an induc-
tion heater, which means considerable 
CAPEX and OPEX savings. The heat from 
the rolling process is then used directly 
for hardening, thus minimizing the ener-
gy required and eliminating the need for 
additional heating systems. RailCool® 
Air is not only suitable for new rail mills, 
but it can also be flexibly integrated 
into rolling mill facilities currently in 
operation. The compact design of the 
system reduces the space required for 
the layout, which is limited in existing 
works. Depending on the design, the 
installation can sometimes be carried 
out without having to halt production, 
thus largely reducing downtimes.

Spearheading the future of rail 
manufacturing with RailCool® 
Air
RailCool® Air represents a significant 
advance in rail head hardening technol-
ogy and offers numerous advantages in 
terms of durability, maintenance, and 
process efficiency. The innovative use 
of forced air cooling sets a new stand-
ard in the industry and makes it a truly 
valuable asset for rail manufacturers.
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Figure 2: RailCool® process, modular approval and control system� Source: SMS group




