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solutions 
for rolling 
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transformers

ABSTRACT 

Rail transportation is a fast growing 
sector, and a must have component 
of every train powered by the AC pow-
er system is the traction transformer. 
Today’s modern traction transform-
ers have to meet many opposite 
demands and specifications like 
high energy-efficiency, lightweight, 
increased safety and reliability, and 
many others. Hitachi ABB Power 
Grids brings the latest innovative 
solutions implemented in their trac-
tion transformers portfolio.
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Electrification is the key driver for a 
carbon-neutral future, especially 
with the rapid growth of urban-
ization. Within that context, sus-

tainable transportation and railways in 
particular, will have to transform to the 
electrified world swiftly.

According to IEA’s “The Future of Rail” [1] 
report (January 2019), the global demand 
for transport is growing fast. Given the 
present trends, passenger and freight ac-
tivity will more than double by 2050.

Rail is among the most energy-efficient 
modes of transport for freight and pas-
sengers: rail transport accounts for only 
2  % of the global energy demand of the 
transport sector. Meanwhile, it accounts 
for about 8 % of passenger and 7 % freight 
global movements, respectively.

One of the reasons for this is that the rail 
sector is widely electrified and contin-
ues to electrify its operations with steady 
progress. This increase in electric mo-
bility is supported by gradually reducing 
the footprint of diesel power along with 
innovations in electrical traction technol-
ogies and solutions. Additional optimism 
is generated by next-generation technol-
ogies like hydrogen or battery-powered 
trains.

Indeed, rail transport is key in shaping the 
sustainable mobility of the future. These 
efforts for more sustainable transport are 
also backed by the evolution of onboard 
traction transformers towards more ef-
ficient solutions regarding energy con-
sumption and total cost of ownership.

Onboard traction 
transformers

The function of the onboard traction 
transformers includes the conversion of 
power from the overhead catenary with 
high voltage levels ranging 15-25  kV to 
those required by the power converter in 
the traction system. Thus, driving train 
performance and powering the various 
auxiliary services on board (like lighting, 
heating and ventilation, brakes, signaling, 
and communication). Last but not least, 
they provide galvanic insulation for safety 
and protection purposes.

There are different types of traction trans-
formers used by railways depending on 
the application: high-speed, commuter, 
and regional trains (electrical multiple 
units EMUs), locomotives, tram-trains, 
and AC metros – each with different de-
sign constraints in terms of size, weight, 
and power ratings. The traction trans-
formers can be mounted either in the 
machine room of the train, on the roof, or 
under the floor.

There are many associated challenges for 
the train operators, as onboard traction 
transformers must be prepared to with-
stand harsh operating conditions of trains 

Hitachi ABB Power Grids has more than 
30,000 traction transformers currently in op-
eration across the world in more than half of 
the world’s trains, pioneering this technology 
for over 100 years

According to IEA’s “The Future of Rail” report, 
the global demand for transport is growing 
fast, with the estimate that the passenger and 
freight activity will be more than doubled by 
2050
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This weight optimization can help train 
carriages attain the maximum load per 
wheelset and reduce wear.
With the weight savings achieved 
through the innovative design, higher 
quantities of energy-efficient materials 
like copper can be used in the trans-
former, resulting in reduced energy 
losses by up to 50 percent, compared 
to standard solutions of similar weight. 
This helps optimize energy consump-
tion and the total cost of ownership.
Since 2016 the Effilight® family has 
introduced two new design concepts 
which allow similar benefits. The best 
solution between all the options avail-
able is selected during the transformer 
and train system optimization pro-
cess.

• RESIBLOC® Rail traction trans-
formers are oil-free taking into con-
sideration eco-efficiency and safety 
while providing strength, durability, 
and high performance.
They are dry-type transformers to 
ensure complete protection of people, 
property, and the surrounding envi-
ronment. With the removal of oil and 
oil-pumps, they are made with eco-ef-
ficient materials without the usage of 
oil and fewer parts - which means 
leakage-free operations. They are sig-
nificantly safer and more cost-effec-
tive to operate, maintain and recycle 
at the end of their lifespan.
The RESIBLOC® Rail transform-
er can perform at nearly mainte-
nance-free operation levels and with 
45  % reduced winding losses at the 
same weight as traditional units.
They were first introduced in the 
market in 2012 with a rating of 6.5 kV 
and later with increased ratings.

In 2021, Hitachi ABB Power Grids is 
pushing the envelope even further on 
traction transformer innovations with 
two new solutions, the Natural Cool-
ing Effilight® and RESIBLOC® Rail 
transformers for ratings up to 25  kV, 
which are now commercially available 
as well.

Natural Cooling Effilight® 
Traction Transformers 
(NCETT)

Traditional traction transformers are 
subject to substantial energy losses, 
which causes heating of their internal 

while providing high levels of reliability 
and ease maintenance operations.

The train manufacturers also pose chal-
lenges associated with weight and dimen-
sions perspectives, with energy efficiency 
being an important aspect of consideration.

The specific challenges for traction trans-
formers may differ depending on the ap-
plication, for example:

• For electrical multiple units (EMU): 
reduced weight and space for more 
equipment and passengers.

• For high-speed trains (HST): reduced 
weight and higher power to run faster.

• For locomotives: weight for axle load 
limitations.

Those challenges may also vary depending 
on the region and the operators, with an 
increased focus on the total cost of own-
ership (TCO), energy and life cycle costs.

However, there are some common re-
quirements that traction transformers are 
expected to fulfil irrespective of the appli-
cation and geography. The expertise and 
advice of the manufacturer are therefore 
very valuable for optimizing not only the 
transformer but the full traction system.

Regardless of the application, these are 
some common features that are expected 
from a traction transformer:

1. Lighter or lower-weight solutions.
2. Reduced dimensions of footprint.
3. Less components, so lower complexity.
4. Lower TCO - more energy efficiency, 

lower energy costs or 
5. lower acquisition.

6. Reliability – high availability.
7. Ease of maintenance.
8. Easy end-of-life disposal.
9. Robustness versus the application con-

ditions.
10. Next level of safety.

Hitachi ABB Power Grids has more than 
30,000 traction transformers currently in 
operation across the world in more than 
half of the world’s trains, pioneering this 
technology for over 100 years.

Their team of experts, their competen-
cies, and experience have supported the 
needs of the industry, optimizing the full 
system and transformer innovation and 
technology.

Two such innovative traction transform-
ers launched in the recent past are the Ef-
filight® (improved liquid-filled solution) 
and the RESIBLOC® Rail (oil free  /  dry 
solution):

• Effilight® traction transformers 
enable new rail vehicle design opportu-
nities based on an innovative approach 
to mechanical integration, offering en-
ergy efficiency and a lightweight solu-
tion. Effilight® was introduced to the 
market at the beginning of 2016 with 
a hybrid transformer concept allowing 
weight reduction and increased energy 
efficiency by having a smaller oil tank 
around the winding while the core re-
mains on the air.
The Effilight® transformer reduces the 
amount of oil needed by up to 70 per-
cent without compromising function-
ality. With this, there is a clear potential 
to reduce the total weight by up to 20 
percent.

Natural Cooling Effilight® Traction Transformer 
uses specially designed deflectors that direct 
the natural airflow caused by the motion of the 
train to the heat exchangers, thereby eliminat-
ing the need for motor fans

Natural Cooling Effilight® Traction Transform-
er eliminates the need for the electric cooling 
fan, thereby reducing operating noise and en-
ergy costs with improved reliability
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windings. Transformer insulation liq-
uid is used to transfer heat from the 
windings to an external ‘cooling sys-
tem’ with a heat exchanger. The heat-
ed liquid is then pumped into a heat 
exchanger and cooled with ‘air-fans’ 
and subsequently passed back into the 
windings as a continuous cycle. Such 
an air-fan-based cooling system needs 
an additional power supply and regu-
lar maintenance. Thus, causing an in-
crease in cost, maintenance and energy 
consumption.

Over the years, the energy efficiency of 
traction transformers improved with 
the emergence of the new generation 
traction transformers, which reduced 
energy losses. In the Effilight® family of 
traction transformers mentioned earlier, 
the energy losses can be reduced, as well 
as the dependence on the air-fan-based 
cooling system.

After intense research and virtual sim-
ulation, it was confirmed that the nat-
ural airflow caused by the motion of 
the train could be well-utilized to re-
place the air-fans of the cooling system 
without major modification of the heat 
exchanger technology. Moreover, re-
al-world simulations in a wind-tunnel 
with a prototype traction transformer 
also confirmed this. 

This has been achieved through a break-
through solution, Natural Cooling Ef-
filight® Traction Transformer (NCETT). 
NCETT uses specially designed de-
flectors that direct the natural airflow 
caused by the motion of the train to the 
heat exchangers, thereby eliminating the 
need for motor fans. 

Heated liquid pumped into the heat ex-
changer is cooled with natural air instead 
of fans and passed back inside. The heat 
exchanger is designed to work in both 
directions of the motion of the train. 

The NCETT can be placed on the roof 
of the train as well as underframe, keep-
ing the internal windings cool without 
the need for air fans in the cooling sys-
tem.

Testing and validation of the 
solution

Hitachi ABB Power Grids partnered 
with Hepia, a leading Swiss engineering Wind Gradient in function of height and ground roughness [2] 
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• No maintenance needed for fans and 
cooling dampers.

• Less frequent radiator cleaning (2 
times less often).

Improved reliability and availability

• No downtime due to motors and their 
supply system.

• Reliability improved by 20 %.
• FIT (failure in time) rate decreased by 

20 % due to the absence of fans.

Operating noise reduction

• Elimination of fan reduces the result-
ing noise, improves overall passenger 
comfort and rail experience by elimi-
nating 10-15 dB(A) of cooling system 
noise.

Energy savings

• Savings in energy consumption of 
cooling system.

Hitachi ABB Power Grids has been success-
fully developing and supplying the high-per-
formance technology of RESIBLOC® dry-type 
transformers for more than 30 years

3D rendered image of a Natural Cooling Effilight® Traction Transformer (NCETT)

Main benefits of NCETT:

Natural Cooling Effilight® Traction 
Transformer eliminates the need for the 
electric cooling fan, thereby reducing 
operating noise and energy costs with 
improved reliability.

Here are its main benefits:

Optimized lifecycle ownership cost

• No energy needed to power cool-
ing-motors.

• No failures modes for fan, cooling 
motors and their supply system.

school based in Geneva, having access 
to powerful simulation computers and a 
large-size wind tunnel enabling 1:1 full-
scale validation.

A full-scale test with a corresponding 
full scale heat exchanger and surround-
ing equipment (traction transformer, 
converters, etc.) was performed in the 
Hepia school’s wind tunnel to validate 
the simulation results.

Three different heat exchangers, three 
different frames, and two different filters 
were tested to determine the best config-
uration.
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The RESIBLOC® Rail transformer can be 
as powerful as a traditional liquid filled 
one of the same weight (same power rat-
ing), but it can achieve up to 45 % lower 
winding losses compared to traditional 
systems. This leads to a high degree of 
efficiency, which can go up to 99 %. Such 
high efficiency can significantly reduce 
the total energy consumption of rail op-
erations. This is a decisive advantage for 
rail operators since energy cost accounts 
for up to 40 % of the total cost in this in-
dustry.

Overall, RESIBLOC® Rail enables a 
reduction of total operating cost by 

RESIBLOC® Rail dry-type traction 
transformers up to 25 kV

Hitachi ABB Power Grids has been suc-
cessfully developing and supplying the 
high-performance technology of RESI-
BLOC® dry-type transformers for more 
than 30 years. These transformers meet 
the highest levels of safety and reliable 
power supply.

The fiberglass and epoxy resin insulation 
in a RESIBLOC® transformer prevents 
moisture, dirt, or aggressive environmental 
influences from entering the winding and 
thus protects it. RESIBLOC® transformers 
are valued around the world for their ro-
bustness and durability. They prove their 
quality every day under the toughest con-
ditions in a wide variety of industrial appli-
cations like on ships, on oil platforms, or in 
underground construction.

These transformers display superior 
mechanical strength and application 

capabilities under harsh climatic con-
ditions, even at temperatures as low as 
-60 °C.

RESIBLOC® Rail traction transformers 
have been continuously developed since 
their introduction, and now these trans-
formers are made available for ratings up 
to 25 kV.

Apart from the increased safety of 
completely dry and liquid-free oper-
ations, the RESIBLOC® Rail traction 
transformer further increases the op-
erational efficiency and reliability of 
rail vehicles.

3D rendered image of a RESIBLOC® Rail transformer with its enclosure

The RESIBLOC® Rail transformer can be as  
powerful as a liquid-filled one of the same 
weight, but it can achieve up to 45 % lower wind-
ing losses compared to traditional systems
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up to 10  % as compared to traditional  
liquid-filled traction transformers. These 
transformers have also passed the vi-
bration test according to IEC  61373 
and comply with the requirements of 
EN 45545.

Here is a high-level comparison between 
a traditional liquid-filled traction trans-
former and a 15 kV RESIBLOC® Rail 
with an example of typical traction trans-
former’s data for an EMU or regional 
train in a European country like Switzer-
land or Germany (left top image).

Here is another similar comparison be-
tween a traditional liquid-filled traction 
transformer and a 25 kV RESIBLOC® 
Rail with an example of typical traction 
transformer’s data for an EMU or region-
al train in a European country like Hun-
gary or Portugal (left center image).

RESIBLOC® Rail traction 
transformers offer a 
high level of energy-ef-
ficiency, which, in turn, 
lowers CO2 emissions 
by up to 38 tons per year 
per train

15 kV RESIBLOC® Rail

25 kV RESIBLOC® Rail
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Both graphs show the RESIBLOC® Rail 
dry traction transformer (marked as “B” 
in the graph) offers substantial weight re-
duction as it is an oil-free solution when 
compared to a traditional liquid-filled 
traction transformer (marked as “A” in 
the graph). If desired, the weight thus 
saved can then be “reinvested” by in-
creasing the active material quantities 
(copper, E steel, etc.) into a solution “C,” 
which will have higher efficiency.

Since most of the traction transformers 
used in the rail industry are liquid-filled 
transformers, switching to dry-type trac-
tion transformers could have the advan-
tage of reducing the weight while achiev-
ing substantial energy savings.

RESIBLOC® Rail benefits

Sustainable all round

As stated above, RESIBLOC® Rail trac-
tion transformers offer a high level of 
energy-efficiency, which, in turn, lowers 
carbon dioxide (CO₂) emissions by up 
to 38 tons per year per train when com-
pared to traditional liquid-filled traction 
transformers (assuming two traction 
transformers per train). Even after their 
long service life, RESIBLOC® Rail trans-
formers still show an improved ecolog-
ical balance as they do not contain any 
hazardous substances. This makes recy-
cling these transformers very easy.

Technical specifications

With RESIBLOC® Rail traction trans-
formers, manufacturers of rail vehicles 
can benefit from the numerous advan-
tages of this technology to offer the 
end-users better safety, reliability, and 
efficiency with an economical and envi-
ronmentally friendly system.

Conclusions

Different traction transformer solutions 
are designed to consume fewer resourc-
es in terms of space, weight, and energy, 
thereby improving efficiency. This will 
allow rail operators to reduce operation 
and maintenance costs and, in turn, the 
overall cost of ownership.

The recent introduction of innovative, 
highly efficient liquid-filled and dry-type 
traction transformers further improves 
reliability and availability to support the 

Since most of the traction transformers used 
in the rail industry are liquid-filled transform-
ers, switching to dry-type traction transform-
ers could have the advantage of reducing the 
weight while achieving substantial energy 
savings

Capacity / power (in kVA) Primary: 800, secondary: 2 x 400

Voltage (V) Primary: 25000, secondary: 2 x 1050

Current (A) Primary: 32, secondary: 2 x 381

Heat exchanger Included for liquid – not needed for dry

Approximate weight (in kilograms) Dry: 1540 kg

Dimension (L x W x H) (in mm) Dry: 1300 x 1563 x 764

Standard EN 60310

Capacity / power (in kVA) Primary: 1100, secondary: 2 x 500, 
tertiary: 100

Voltage (V) Primary:15000, secondary: 2 x 385, 
tertiary: 400

Current (A) Primary: 73, secondary: 2 x 1299, 
tertiary: 250

Heat exchanger Included for liquid – Not needed for 
dry

Approximate weight (in kilograms) Dry: 4040 kg 

Dimension (L x W x H) (in mm) Dry: 2150 x 1800 x 700

Standard EN 60310

Imax secondary: 905 A
#Can also be designed for 60 Hz frequency

Imax secondary: 2300 A

Technical specifications for 15 kV, 16 2/3 Hz

For 25 kV, 50 Hz

rail industry’s move towards reducing 
CO2 footprint and assuring a safe and 
high-quality energy supply. The inno-
vative products should also be comple-
mented by the experience and techno-
logical expertise on the transformers to 
fulfil the current and future needs of rail 
mobility by sharing valuable advice and 
consultations to optimize the entire train 
system.
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