




brushed stainless steel making its removal easier. The ab-
sence of a coating also means that the blank metallic surface 
does not undergo any colour changes due to UV-radiation. 
Repainting faded surfaces is a thing of the past.

The work-hardened stainless steel type AISI 301 LN (EN 
1.4318) was chosen for its strength. Although the specific 
weight of stainless is not particularly low (7.9 kg/m³), the wall 
thickness could be kept to a minimum (1.5 to 2 mm) ensuring 
that the fabricated components are in the same weight range 
as their light-metal counterparts. Superior fatigue strength 
makes stainless a good choice in urban public transport, 
where short cycles of acceleration and deceleration make op-
erating conditions particularly demanding.

The front of the train units, where more complex forming op-
erations are required, is fabricated from grade AISI 304 (EN 
1.4301) with 18% chromium and 9% nickel content. Due to the 
outstanding forming potential of this stainless type the front 
could be made in a seamless design.

“Contact with our passengers taught us that visible stain-
less steel has a lasting favourable effect on our image,” says  
Günter Elste, CEO of Hamburger Hochbahn. Stainless steel 
elicits a number of positive associations including hygiene, 
safety, durability, elegance and value. People are more willing 
to take public transport if the trains are comfortable and at-
tractive. Perceived safety and cleanliness are high priorities.

Case Study 3: Stainless Steel-containing Tram 
Serves Alicante Coastline
Vossloh España has designed the first train-tram to be built 
in Spain. This new transport concept is fast, efficient, and less 
polluting than other modes of public transport. Developed in 
Alicante, the vehicle meets the needs of both train and tram 
travellers. New materials, such as modern stainless steels, 
were considered from the very first design concepts for this 
train-tram.

Stainless steel has been included in the production process 
due to its suitability for different parts of this project, par-
ticularly interiors and structural components. Few materials 
have the performance characteristics demanded by the rail-
way sector. However, stainless has the mechanical charac-
teristics, formability, and corrosion properties required. One 
of the main reasons Vossloh’s materials engineers decided 
to use stainless is its great capacity to resist wear-and-tear, 
without losing its durability, or its aesthetic appeal.

Identifying the optimum materials mix was important to meet 
targets for passenger safety and low fuel consumption (and 
therefore low emissions). The materials selected had to be as 
thin and light as possible while ensuring they could fulfil their 
operational roles. 
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Mock-up of the next generation of Hamburg’s metro cars 
(Photo: Hamburger Hochbahn AG)

Train-tram station in Alicante (Photo: Vossloh España)



Because of its inherent strength, stainless steel can be thin-
ner, and therefore lighter, than other materials while retain-
ing its operational integrity. Vossloh España took this feature 
into account during the design of the train-tram.

A wide range of stainless steel grades were required for this 
project. Many of them have been specifically developed for 
use in various railroad-industry applications. Stainless steel 
is utilised for most of the external parts of the vehicle. Both 
ferritic stainless steels (such as EN 1.4003) and austenitic 
grades (such as EN 1.4301 [AISI 304]) are used.

The appearance, durability, mechanical properties and ease 
of cleaning increase the scope for stainless steel. Vossloh Es-
paña has used stainless for many parts of the internal furni-
ture, bringing modernity in terms of design, and at the same 
time exceptional resilience. 

Stainless steel offers reductions in cost, weight and energy 
use. These properties are essential for the success of stain-
less in rail transport and to ensure the sustainable growth of 
the railroad industry.
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Train-tram stop next to Alicante beach (Photo: Vossloh España)

Train-tram interiors (Photo: Vossloh España)
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Case Study 4: Japan Rail Satisfied With Stainless 
Steel for Over 50 Years
Tokyu Car Corporation is the first Japanese railcar producer 
to use stainless steel in its products and to promote stainless 
in this type of application.

Stainless steel railcars were first produced in Japan in 1958 
utilising SUS304 grade. Initially stainless steel was only used 
for the outer skin of these early models. All-stainless railcars 
were first introduced in 1962 (see figure below). As well as 
SUS304, high-tensile SUS301 grades were also used.

Today at Tokyu Car Corporation there is a distinct polarisation 
between the use of stainless steel and aluminium. Carbon 
steel is rarely used. Tokyu produces around 300-400 railcars 
a year, with 90% made from stainless and the remainder alu-
minium. Japan produces an estimated 1,000-1,200 stainless 
steel railcars each year.

Until the 1980s carbon steel was a popular choice for railcars 
due to its lower initial cost. However, extra manufacturing proc-
esses such as coating and shape-correction have increased 
both the initial cost and repair and maintenance charges.

The cost of building a stainless steel railcar has been sub-
stantially lowered since the first models came into service in 
the 1950s. The wider use of robotics and automated process-
es mean that stainless railcars are often cheaper than their 
carbon steel counterparts.

The dominance of stainless steel over aluminium in commut-
er trains may be attributed to the following points:

1.	 Stainless steel railcars do not need coating and are easy 
to maintain. Aluminium railcars do normally require 
coating to improve their corrosion and stain resistance.

2.	 Aluminium railcars are often cited as being lighter in 
weight than their stainless steel competitors. Howev-
er, this advantage is not high in railcars as aluminium 
trains must have a double-skin structure in order to re-
inforce the sides.

3.	 There is a growing awareness of stainless steel’s su-
perior recycling properties. Stainless railcars normally 
utilise 304 and 301L austenitic grades which can easily 
be reused. There is no deterioration in quality even when 
they are recycled. Series 5000, 6000 and 7000 grades are 
used to create aluminium railcars. These grades contain 
a quantity of iron to ensure rigidity. It can be time con-

Japan’s first all-stainless steel railcar (Tokyu’s 7000-series)
(Photo: Tokyu Car Corporation)

Recent stainless steel commuter train (JR East Japan’s E233)
(Photo: Tokyu Car Corporation)
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suming and labour-intensive to remove them from the 
general aluminium waste stream. If they are recycled 
with other aluminium, the resulting material can only be 
reused for aluminium casting and similar applications.

The life of a railcar is usually estimated at between 30 and 35 
years. With proper maintenance, this lifetime can be extended 
to 50 years in most cases. Until the 1990s it was assumed 
that repairing and refurbishing a railcar to extend its life for 
another 10 to 20 years was the most economical option. How-
ever, many years of experience have shown that:

1.	 Auxiliary devices, including electrical parts, become ob-
solete and impossible to procure after 20 years. 

2.	 Advances in manufacturing technologies and the use 
of energy-saving electrical components have reduced 
railcar weight, enabling substantial reductions in power 
usage and CO2 emissions (see table).

3.	 Companies have significantly reduced their maintenance 
workforces making maintenance more expensive.

4.	 Dismantling stainless steel cars was seen as a costly 
practice. However, it is now widely understood that this 
is a simple process which does not require the  scrap to 
be separated and sorted. The stainless scrap can also 
be sold for a high price.

Annual CO2 emissions and power consumption of 
a Tokyu 10 car train servicing the suburbs of Tokyo

Power consumed CO2 emissions

Old cars 4.37 million kWh 1,398 tonnes

New cars 2.65 million kWh 848 tonnes

Difference -1.72 million kWh -550 tonnes

Source: Tokyu Corporation’s Report

When these factors are taken into account, Tokyu believes that 
making new railcars reduces lifecycle costs more effectively 
than repairing and maintaining old ones. Tokyu promotes 
this approach in suggestions and proposals it makes to rail 
companies. The company also utilises a video prepared by the 
Japanese Stainless Steel Association (JSSA) which explains 
the excellent recyclability of stainless steel. Tokyu’s advice 
and the JSSA video have proved to be very useful in educating 
other railcar makers and railway operators of stainless steel’s 
advantages.

JR East, the largest railway company in Japan, undertook 
a Life Cycle Assessment (LCA) to compare aluminium and 
stainless steel. The results influenced the company to decide 
on stainless steel cars for its commuter trains. The current 
JR East fleet mostly consists of stainless steel cars for com-
muter trains and aluminium cars for express services and the 
Shinkansen trains (see figure on previous page).
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