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EXECUTIVE SUMMARY
The migration to automatic coupling will be an important milestone for European rail freight. It will
pave the way for a more efficient production and be a key enabler for a broader automation of rail
freight production processes.
The development of a suitable migration approach is i.a. dependent on the features of the target
system. The target system proposed as the future European Automatic Coupling System in this
report is based on an already existing coupler design for rail freight, well-proven under many
different operational and climatic conditions and with a relatively low cost for the basic coupler due
to a cost-efficient manufacturing process. The coupler has been developed further, in order to
allow an implementation with different automation levels, from the pure mechanical coupling for
transmission of tractive and compressive forces – as it is in other parts of the world in use today –
to a fully automated version with automatic and remote-controlled coupling and de-coupling even
of the air brake pipe and electric power and data lines. All different versions (types) are compatible
(interoperable) with each other and version with lower level of automation are upgradable to higher
automated versions. This solution provides a high degree of flexibility to address different
operational and market environments. During an initial phase, when higher-automated versions of
the coupler are still under development and testing, a low minimum entry-level can be accepted; as
soon as higher-automated coupler versions with a reliable long-term performance under real-world
conditions are available, it is recommended to raise the minimum entry level to Type-3-couplers,
i.e. allowing automatic coupling of air pipe and power and data lines, in order to ensure that certain
benefits stemming from Automatic Couplers with this harmonized minimum entry level can be
reaped.
A progressive migration of the European freight wagon fleet is proposed over a time period of 12
years, spreading the demand for resources needed for retrofitting over a reasonable time and
avoiding a negative impact on traffic operations. This time period allows different market actors to
schedule retrofitting – within certain limits – to a period of time suitable for them from a financial
and operational point of view, i.a with a view on their respective investment cycles. Retrofitting is
suggested to take place primarily in connection with scheduled maintenance and inspection.
Mostly it is assumed to take place in workshops, however, even in-the-field retrofitting with mobile
equipment should be considered in specific cases. Mixed-train operations will to some extent be
unavoidable, but different mitigating measures are suggested to reduce the need for mixed trains
and in particular randomly mixed trains are not foreseen during the migration period. A part of the
current wagon fleet cannot be retrofitted and is suggested to remain in service primarily in isolated
train operations or to be allocated to specific areas respectively market segments.
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1. BACKGROUND AND OBJECTIVE
Automatic Coupling in a global perspective
Automatic Couplers (AC) are since long time the standard solution in rail freight – seen in a global
scale. Most major railway systems in the world are relying on Automatic Coupling and among them
are those railway systems belonging the most efficient, competitive and profitable ones. While this
certainly cannot be ascribed solely and probably not even primarily to the choice of the coupling
solution, the presence of Automatic Coupling in practically all these systems should nonetheless
be noted and can be seen as a contributing factor to a positive market position of rail. Thus,
Europe is with its screw coupler system, seen in a global perspective, an exception and not the
rule.
Today the disadvantages of the legacy screw coupler system become more and more apparent
and these are not only – and not even primarily – linked to the limitations which it is imposing on
the coupling and the coupling process as such: The lack of an automatic coupling solution hinders
rail freight effectively from participating fully in and reaping the benefits from the industrial megatrends of digitalization, automation and in prolongation potentially autonomous operations. While
the rail system in many regards provides rather favorable preconditions for automation and
autonomous operations, more favorable than competing transport systems, in particular road
transport – such as the fact that it is a (rail-)guided transport system and that its operations are
largely taking place in a separated traffic environment, sharing its right of way in principle not with
other users – the reliance on the manual screw-coupling system might become the blocking factor
for major advances in automation of production processes in the rail freight system.

Objectives of Automatic Coupling
The main objectives of using Automatic Couplers for rail freight are the following:
•

Reducing costs → raising the cost competitiveness of rail on the transport market vis-à-vis
other transport modes

•

Improving service → strengthening railways service competiveness by offering added-value
services to customers (such as provision of electric power on freight wagons), helping rail
to enter into new (or re-enter into lost) market segments

•

Increasing safety and working comfort → Ensuring attractiveness of jobs in rail freight

•

Paving the way for larger-scale automation in rail freight → Automatic couplers as enablers
for automation of a wide range of processes in rail freight

Objectives of the report
The objective of this report is to further define a target system for a European Automatic Coupling
System – going beyond the technical specifications elaborated previously in Shift2Rail – and to
outline a migration approach, explaining how to introduce automatic coupling in the European rail
freight system with a view on replacing the current legacy screw coupler system as the general
coupling system for rail freight.
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2. DEFINITION OF THE TARGET SYSTEM
2.1 BASIC CONSIDERATIONS
The objective of this report is to develop an approach to migrate in European rail freight from the
current system of screw couplers (the legacy system) to a system of Automatic Coupling (the
target system]. However, it is important to note that a migration approach, in order to be specific
enough, cannot be defined independent from the technical and consequently also operational
characteristics of both the legacy system and the future target system.
The legacy system of screw couplers is well-known – and also technically clearly defined in the
Technical Specifications for Interoperability 1; thus, it can be considered as “fixed” in the context of
the migration approach to be developed. In contrast to this there are plenty of options to design a
future system of Automatic Couplers. The technical design of such a system will have major
implications on its operational capabilities and its ability to support respectively to enable
innovative solutions for further functions in the rail freight production system beyond the coupling
and de-coupling function as well as on costs. The technical features of the target system, the costs
arising from its introduction as well as the benefits stemming from its use will need to be taken into
account when defining a migration approach from the legacy system to the future target system.
For this reason this report presents in chapter 2 the target system of the migration, i.e. a relatively
concrete description of the future European Automatic Coupling System for rail freight. This system
of Automatic Couplers is based on requirement specifications elaborated in a previous Shift2Railproject and laid down in separate document2. Based on these specifications, an Automatic Coupler
is developed by project partner CAF. Thus, the description of the target system concretizes the
previously laid down specifications. It should, however, be noted that the description of the target
system in the framework of this report focuses on aspects which are relevant for the definition of a
migration approach and thus should not be seen as a full-fledged “technical handbook” of the
coupler. At the same time, in certain aspects the description of the target system goes beyond the
technical description of the coupler developed by CAF, since the coupler in question allows various
levels of automation. The choice – and potential mix – of automation levels in a future system of
Automatic Couplers has major implications on its usage as well on the economics of target system
as well as on the migration approach. Therefore the discussion of possible automation levels, the
potential “mix” of automation levels in the wagon fleet and possible minimum entry levels is given
appropriate room in this report.
While the migration approach elaborated in this project is adapted to the target system presented
in this report, it may to some extent very well be applicable to other designs of Automatic Couplers
as well, as long as their technical features are similar to those presented here. However, it is the
objective of this report to present a migration approach for the Automatic Coupler design
developed under the Shift2Rail-initiative and the possible applicability of the migration approach to
other coupler design has therefore not been investigated further.
A further important consideration for a successful migration to Automatic Couplers has been that
the target system itself as well as the migration approach must be based on market requirements.
2006/861/EG: Entscheidung der Kommission vom 28. Juli 2006 über die technische Spezifikation für die
Interoperabilität (TSI) zum Teilsystem Fahrzeuge — Güterwagen des konventionellen transeuropäischen Bahnsystems
1

2

S2R – FR8TRAIL, Deliverable D5.2, Technical Requirements for Automatic Couplers
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Thus, dependent on the intended scope of use of the future system the market enivronment of a
wide range of use-cases and market actors needed to be taken into account. In this context the
discussion on the grades of automation in the future target system as well as during the migration
approach has been given high attention.
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2.2 SCOPE OF USE OF AUTOMATIC COUPLERS
When defining a target system for Automatic Couplers it has to be taken into account the intended
scope of its use. The scope of use can be described with help of three aspects:
a) The rail freight production systems in which it should be used (where “production system” is
understood as a technical and operational system for the provision of rail freight transport
services which has common characteristics in particular with regard to train operation and
train formation principles)
b) The geographical scope of its use
c) The possible use outside the rail freight system, i.e. in passenger train operations
In the framework of this Shift2Rail-project it has become clear at an early stage that the intended
system should in principle be able to entirely replace the current screw coupler system in rail
freight, i.e. it should be designed to become the new general coupling system for all rail freight and
in entire Europe (Europe here understood as the geographical area in which screw couplers are in
use today in Europe and provide interoperability, which includes certain countries geographically
outside Europe). This pre-requisite has been set to ensure that (at least) the same level of
interoperability can be maintained after the introduction of Automatic Couplers. The objective to
develop a future general system of Automatic Coupling for freight also ensures an added value of
this S2R-project, since the introduction of Automatic Couplers in isolated operations in Europe
already has taken place in the past, delivering valuable contributions to improve these specific
operations, however, not delivering any major market impact for rail freight and the market position
of rail on the freight transport market as a whole.
This said, the objective of a future general system of Automatic Coupling does not exclude that
there may remain “niches” in which screw couplers could remain in use for an undetermined period
of time, inter alia allowing to make use of legacy wagons, which technically cannot be equipped
with Automatic Couplers or where retro-fitting of legacy wagons cannot be economically justified.
But these operations would gradually become isolated ones, in the same way as the isolated
operations in which Automatic Couplers are used today. The continued use of screw couplers in
these isolated operations would not reduce the market impact of Automatic Couplers – in contrast,
it could help to maintain the competitiveness of rail in these specific operations and at the same
time support the migration to Automatic Couplers as the general system for rail freight by
absorbing (part of) the legacy wagon fleet which for technical reasons cannot be retrofitted with
Automatic Couplers.
The use of the target system of Automatic Couplers in passenger traffic has not been investigated
in the framework of this project, due to the assessment that there is only a very limited coproduction of freight and passenger services. Freight wagons and passenger coaches almost
never need to be coupled, i.a. as a consequence of the trend towards self-propelled multiple units
in passenger traffic. For those very limited and in number rather decreasing cases where
passenger coaches and freight wagons may be conveyed in the same train today, e.g.:
-

when transferring in freight trains passenger coaches to or from workshops (for
maintenance or repair)

-

in military trains which may be composed of both passenger coaches and freight wagons
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It has been considered that alternative solutions can be found in these very specific cases (e.g.
transfer of passenger coaches to workshops in separate trains hauled by passenger locomotives
or use of “buffer wagons” equipped with screw couplers on one side and Automatic Couplers on
the other side). The possible disadvantages in these very few and specific cases stemming from
the migration to Automatic Couplers in the freight business have been considered smaller than the
potential disadvantages stemming from a general requirement to design the coupler in such a way
that it can be used in passenger trains as well.
A certain co-production of freight and passenger services is today taking place on the locomotive
side. Certain locomotives are used both for hauling freight trains and passenger trains, though the
– also organizational – separation of these businesses has reduced such mixed use in the past
decades. Also self-propelled multiple units have made important inroads on the passenger side
and replaces many earlier loco-hauled trains. However, there seems to be a case for the locohauled passenger train as a complement to multiple-units even in the future. Here the assessment
has been made that certain locomotives could be equipped with interoperable couplers, able to
couple to both Automatic Couplers and screw couplers. This solution is seen as feasible, since the
number of locomotives is relatively low (compared to the number of freight wagons) and it should
further be noted that in any case only a minor share of the locomotive fleet would be concerned
and not the entire (freight) locomotive fleet. Thus, there is a solution for this case and the higher
costs for these interoperable couplers could be justified since the number of units concerned would
in any case be very limited.
However, it deserves to be underlined that the fact that the use in passenger traffic of the
Automatic Couplers developed for freight under Shift2Rail has not been explicitly been a design
objective nor investigated technically, economically or operationally does not exclude that the
coupler, or a version derived from it, could be used in passenger traffic. In this context it should be
noted that the Automatic Coupler for freight developed in Shift2Rail is derived from the SA3design, which e.g. in the 1520-system is used on both freight wagons and passenger coaches (in
the latter case in combination with side buffers). Thus, there is some reason to believe that a use
of the coupler or a further developed version of it might be possible and it might be worth to
investigate in a separate project the possible use of the future European Automatic Coupler for
freight even on passenger trains – either as a general system, or for specific cases, e.g. passenger
coaches running in military trains together with freight wagons.
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2.3 MARKET REQUIREMENTS
The target system as well as the migration approach must be based on market requirements. With
a starting point i.a. in the aforementioned objective to develop a general system for Automatic
Coupling in Europe the following general market requirements – partly related to each other - can
be defined:
-

Creation of positive business cases in a wide range of market environments and
operational use-cases in Europe
o

In different production systems, such as: Trainload, wagonload and intermodal

o

In different business environments: High-cost countries and low-cost countries

-

No limitation of Automatic Couplers to niche-applications

-

Inclusion of solutions with low technical (operational) risks and low costs

-

Full automation should be possible and deployed

-

Migration to higher automation levels should be possible

-

Interoperability (compatibility) between solutions with different automation levels must be
ensured

-

Reliability and resilience under real-world conditions must be high

-

Generation of positive synergy effects with other innovations (enabler-function), but
dependencies from other innovations should be avoided as far as possible

-

Temporary public financial support/incentives for the migration period can be justified (and
may be necessary), but target system must not require permanent public support

Figure 1 illustrates the multitude of different train operating principles in rail freight, which form the
basis of the various production systems, such as trainload, wagonload and intermodal traffic. This
multitude indicates a major challenge when developing a general system for Automatic Coupling in
Europe. The concrete nature and magnitude of benefits stemming from the use of Automatic
Couplers can vary hugely between different production systems and also between specific traffics.
This concerns both direct effects – stemming from the automation of the coupling (and decoupling) process as such – and indirect effects – stemming from automation and improvement of
other functions made possible or facilitated by the use of Automatic Couplers.
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Figure 1: Illustration of train operating principles in rail freight (G.Troche)
However, at the same time it is important to underline, that the train operating principles indicated
in the figure do not reveal the various processes taking place at the start and end point of a train
run. Thus, even in the “simplest” train operations (such as direct trains or shuttle trains) there are
often a high number of coupling procedures and other operational processes – such as brake
tests, generation of train formation lists, inspections, etc – taking place at the departure and/or
arrival station which can benefit from the automation of processes made possible through the use
of Automatic Couplers. Especially in the case of “simpler” train operations the benefits stemming
from the automation of such processes may very well be higher than those stemming from the
automation of the coupling- and de-coupling processes alone.
One of the benefits expected from automation of (so far) manual processes are savings in labor
costs. Though the benefits of automation can by far not be reduced to labor cost savings, they
have an influence on the business case for automation. In the case of Automatic Couplers labor
cost savings from an automation of the coupling (and un-coupling) process play an important role,
especially when looking at a shorter time horizon. Labor cost-savings in the coupling/uncoupling
process arise in principle from the moment when Automatic Coupling is introduced; indirect effects,
stemming from the automation of other processes, are often dependent on the introduction of
further innovations, which is why they often can be realized first after a certain time lag. This
underlines on the one side the importance of coordinating the introduction timelines of different
innovations – an aspect further addressed by the S2R-project FR8HUB-WP1 – and on the other
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side the importance of labor cost savings on the business case of Automatic Couplers in a shorterterm perspective.

Figure 2: Labor costs in the manufacturing sector in 2015 in EUR / working hour in different
countries. (Source: Deutsches Institut für Wirtschaftsforschung, DIW)

The challenge for Automatic Couplers consists in the circumstance that a general system for
Automatic Coupling in Europe for reasons of interoperability must be – after a reasonable and not
too long transition period – based on a European-wide use of Automatic Couplers, while at the
same time the market environments are very different with labor costs hugely varying between
different countries.
Figure 2 shows the labor costs in the manufacturing sector in 2015 in different countries. The cost
levels shown there and in particular the relative differences between the countries can in very
broad terms be considered reflecting those of operational personnel in the railway sector.
As can be seen, there is a factor 17 (!) between the country with the lowest respectively highest
labor costs in the EU/EEA (Bulgaria respectively Switzerland). Though Bulgaria certainly only
accounts for a very small part of European rail freight and it might be – from a European
perspective – considered acceptable to not achieve a positive business case for Automatic
Couplers in that country if the overall business case for Europe is still positive, it should be noted
that even between the biggest and the second-biggest EU rail freight market (Germany
respectively Poland) there is still a factor 5 in terms of labor costs. This underlines the need to
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develop a target system, which provides for flexibility also in terms of costs and which also
comprises versions with lower grade of automation and correspondingly lower (investment) costs.
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2.4 DESCRIPTION OF THE TARGET SYSTEM
In order to meet the market requirements for Automatic Couplers and for as successful migration
formulated in the previous chapter a target system has been defined with the following key
features:
•

Design based on existing and proven coupler designs for freight

•

Different levels of automation technically possible from automation of mechanical coupling
only to full, remote-controlled automation of mechanical coupling and uncoupling and of air,
power and data lines

•

Interoperability between different automation levels

•

Upgradability of coupler of lower automation level

•

Relatively low investment costs (compared to other Automatic Coupler designs with similar
performance and – in the lower automation levels – also compared to screw couplers +
side buffers)

Basic coupler design
In order to reduce development and migration risks and to ensure high reliability in operations the
target system is based on an existing and proven coupler design for freight. A global inventory of
today existing Automatic Couplers with a significant use in freight operations had been made and
revealed two coupler designs, which in principle could be a design basis for a future Automatic
Coupler system for Europe:
-

The AAR Type E and Type F couplers

-

The SA3 coupler

From a system and migration perspective both coupler designs have the key features mentioned
above and could thus be considered as “equal”.
However, as the basic design for a European Automatic Coupler System the SA3-coupler is
suggested and has been chosen in this Shift2Rail project for further development, mainly for
the following reason: The play in the SA3-coupler is lower than in the (in their origins older) AARcouplers. This is a major advantage with a view on the objective to include in the European
Automatic Coupler System higher automation levels, also coupling air, power and data lines.
SA3-couplers are already in use on a wide-spread basis in the 1435-railway systems of Turkey and
Iran, which have a certain, though small traffic exchange with the European 1435-network. To a
minor extent they are also in use in dedicated traffic systems elsewhere in Europe, i.a. the
Swedish-Norwegian Iron Ore Line. But it should be underlined that this aspect was not considered
being of importance and definitely not being decisive for the choice of the basic design for
European Automatic Coupler System. Also the use of the SA3 in the 1520-network has not been
seen as a relevant factor, taking into account that transshipment at the system border in any case
is necessary and through-running of freight wagons is and will remain almost non-existent.
Another coupler design, which has been investigated as a potential basic design for a European
Automatic Coupler System was the Scharfenberg coupler. While the play in the Scharfenberg
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coupler is even lower than in the SA3, it has in an overall assessment been deemed less suitable,
mainly for the following reasons:
1) The Scharfenberg coupler withstands lower dynamic forces than the AAR- and SA3couplers; this has been seen as a potentially critical factor in particular in humping
operations in marshalling yards and with a view on a trend towards increased train lengths
and train weights even in Europe. Since longer and heavier trains and heavier wagons are
important measures to improve the competitiveness of rail freight, it is crucial to ensure that
the coupler design – especially when introducing a new system – does not become a
limiting factor, even in a long-term perspective.
2) The design of the coupler head of the Scharfenberg coupler is characterized by more nonvertical surfaces than the AAR- and SA3-couplers. This is problematic in particular for
operations under winter conditions. In passenger traffic Scharfenberg couplers are usually
covered by manually or remotely controlled caps, when not being connected; this solution is
however not realistic in freight operations.
3) The body of the Scharfenberg coupler is composed of more parts than those of an AAR- or
SA3-coupler. Thus, there are more parts to be joined in the manufacturing process. Also,
there are more surfaces in the Scharfenberg coupler which require treatment, increasing
the complexity of the manufacturing process further. In consequence this leads to an
inherently higher price for the basic coupler, which explains the substantially lower
investment costs estimated for (SA3-based) couplers on all automation levels in the target
system proposed in this project compared to Automatic Couplers with corresponding
automation levels based on Scharfenberg couplers.
Finally, it should be mentioned that the SA3-coupler in principle can be built in a version allowing
coupling with screw couplers. This possibility is not foreseen to be used on a significant scale in
the migration strategy presented in this study (and has therefore not been a decisive factor for
choosing the SA3-design as a basic coupler for the European Automatic Coupler System),
however, in principle such designs exist (and are for example deployed on Turkish wagons used
for traffic between Turkey and Central Europe). In contrast to this, currently no Scharfenberg
couplers allowing coupling with screw couplers on a regular basis exist.

Coupler types
The proposed European Automatic Coupler System allows versions with different automation
levels, in this project called coupler types. The different types defined in this project are shown in
table 1.
The coupler can in principle be built in any type-version, i.e. from Type 1 to Type 5, as defined in
table 1 below. From a migration point of view it might be considered useful to introduce a
“minimum entry level” (see further below), but from a technical point of view the geometrical
coupler interface ensures full compatibility between all types of couplers, i.e. a Type-1-coupler can
for example be coupled with a Type-5-coupler. As a Type-1-coupler in principle even standard
SA3-couplers as in use e.g. in the 1520-system could be used (but then not allowing upgrading of
the coupler to higher automation levels).
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Coupler type

Description (automated functions)

Type 1

Mechanical coupling

Type 2

Type 1 + automatic coupling of air pipe

Type 3

Type 2 + automatic coupling of power and data bus line

Type 4

Type 3 + automatic de-coupling (manually actuated at wagon)

Type 5

Type 3 + automatic de-coupling (remote-controlled)

Table 1: Coupler types defined in the project with different levels of automation
However, in order to exercise full compatibility in practice, it is necessary that the coupler functions
which are “automated” from Type 2 upwards, can in addition be coupled manually on those
wagons. This means for example:
-

If a wagon with Type-1-couplers is to be coupled with a wagon with Type-2-couplers (or
higher), it is necessary that the latter wagon also is equipped with brake pipe hoses which
can be connected manually.

-

If a wagon with Type-2-couplers is to be coupled with a wagon with Type-3-couplers (or
higher), it is necessary that the latter wagon also is equipped with databus- and power-lines
which can be connected manually.

-

If a wagon with Type-3- or Type-4-coupler is to be coupled with a wagon with Type-5couplers, it is necessary that the latter wagon also is equipped with a mechanism (handle)
which allows to de-couple the couplers manually.

Among the coupling functions the coupling of the brake pipe must always be ensured to guarantee
a safe operation of the train (at least as long as the air brake is not replaced by another system).
This means that, if Type-1-couplers shall be included in the system, all wagons, even those with
Type-2-couplers and higher, where an air brake connection is integrated in the coupler head, must
in addition be equipped with brake pipe hoses which can be connected manually.
In contrast to this, the a power and databus-line through the train (“train-line”) is optional. This
means wagons with Type-1- or Type-2-couplers can be coupled with wagons with Type-3-couplers
and higher, even if the first are not equipped with a power- and databus-line. In this case the train
will not have a power- and databus-line (at least not from the first wagon behind the locomotive
with Type-2-couplers or lower), however the train can still be operated safely.
Table 2 gives an overview over the requirements for additional equipment of wagons in case
several coupler types shall be combined in the rail freight system. Both minimum requirements and
requirements for full interoperability are indicated for three different entry levels (i.e. lowest type of
coupler in the system).
While the equipment of wagons with additional devices aimed at making wagons with different
automation levels (i.e. different coupler types) interoperable certainly adds some costs (though in
most cases marginal costs) to a wagon, the overall costs on fleet level can be reduced, since not
all wagons have to equipped with the highest automation level.
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A further, very important aspect is that the equipment of wagons with these additional devices also
considerably increases the resilience of the system against failures. They provide the possibility to
operate a wagon in degraded mode. A failure of the automatic coupling of the brake pipe on Type3-couplers and higher can be taken as an example: With the wagons equipped with air pipe hoses
for manual coupling the air pipe can still be connected manually and the wagons concerned do not
need to be taken out of the train. Thus, the equipment of wagons with these additional devices
should be considered even in those cases, where they are not strictly required to ensure
interoperability between different types of couplers.
Minimum
requirements for
interoperability

Requirements for full interoperability

Wagon to be
equipped with
airbrake hoses
for manual
connection

Wagon to be
equipped with
airbrake hoses
for manual
connection

Wagon to be
equipped with
power and
databus line
+ manual
coupling
connection of
power and
databus line

Wagon to be
equipped with
handle for
manual
(mechanical) decoupling at the
wagon

Wagon to be
equipped with
handle for
manual
actuation of
(electric) decoupling at the
wagon

Lowest coupler type in the system (entry-level): Type 1
Type 1

(included)

Type 1

(included)

YES

(included)

--1)

Type 2

YES

Type 2

YES

YES

(included)

--1)

Type 3

YES

Type 3

YES

(included)

(included)

--1)

Type 4

YES

Type 4

YES

(included)

YES

(included)

Type 5

YES

Type 5

YES

(included)

YES

YES

Lowest coupler type in the system (entry-level): Type 2
Type 2

No

Type 2

No

YES

(included)

--1)

Type 3

No

Type 3

No

(included)

(included)

--1)

Type 4

No

Type 4

No

(included)

YES

(included)

Type 5

No

Type 5

No

(included)

YES

YES

Lowest coupler type in the system (entry-level): Type 3
Type 3

No

Type 3

No

(included)

(included)

--1)

Type 4

No

Type 4

No

(included)

YES

(included)

Type 5

No

Type 5

No

(included)

YES

YES

1) = function of electric un-coupling cannot be provided due to lacking electric mechanism
Table 2: Overview over requirements for additional equipment of wagons, when combining
different coupler types in the rail freight system.
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Comparative analysis of coupler types from a migration perspective
The different types of couplers with their different automation levels can be compared with regard
to a number of aspects relevant from a migration perspective.
Figure 3 shows the general relations between coupler type (respectively level of automation) and
benefits, (technical) risks, (temporary) migration costs and investment costs. The benefits are
naturally increasing with the level of automation, since a higher level of automation allows the
replacement of more manual processes – both those directly linked to the coupling/uncoupling and
to processes which can be automated through the enabler-function of higher-automated couplers
for other innovative solutions (e.g. automated brake-test, condition-based maintenance, etc.) – for
and paves the way to adding further features to the rail freight service, e.g. provision of electric
power onboard freight wagons.

Figure 3: Comparison of features of the different types of Automatic Couplers and their principle
relation to benefits, risks and costs.
At the same time, taking into account that Automatic Couplers with features higher than Type 1 are
world-wide currently not yet in use yet on a significant scale, the (technical) risks are for the time
being also increasing with the level of automation. Important to note here is, however, that the risks
can be considered starting with Type 2, since the Type 1 coupler proposed for the European
Automatic Coupling System is a standard SA3-coupler, worldwide in use since many decades
under highly demanding operational conditions and environmental (climatic) environments. Thus,
the migration from the legacy screw coupler system to the Type 1 coupler would actually not
involve any significant technical risks. For the Type 2 couplers and higher, however, still testing
and development, including finetuning with iterative improvement of the technical solution, is
necessary in order to achieve a state of satisfying and stable performance under real-world
conditions. However, with such testing and development taking place – i.a. under the S2R-initiative
– the technical risks can likely be reduced and ideally eliminated over time.
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When it comes to costs, there are both temporary costs linked to Automatic Couplers – here called
migration costs – and of course permanent costs in form of investments into the couplers
(permanent in the sense of that they always arise each time when equipping (new) wagons even
when the entire fleet already is converted to Automatic Couplers). Migration costs are those costs
which arise from the fact that a huge number of wagons need to be retrofitted in a (relatively) short
time window, leading to a peak of expenses, and from higher operational expenses during a
transition phase with mixed wagon fleets.
When it comes to investment costs an interesting situation can be observed: Here a minimum cost
actually can be achieved when equipping wagons with Type 1 Automatic Couplers. This solution
can be even cheaper than equipping wagons with screw couplers with buffers. The investment cost
for one screw coupler together with two side buffers is approximately 1.400 – 1.500 EUR. A Type 1
SA3-coupler, including draw gear and centration unit, can be purchased for under 1.000 EUR on
the world market. Thus, equipping freight wagons with SA3 couplers could actually be cheaper
than equipping them with screw-couplers and side buffers. However, it needs to be emphasized
that this cost situation would only appear with a standard and non-upgradeable SA3 coupler
purchased on the world market. With the requirement of upgradability the costs will be higher even
for the Type 1, i.a. since certain minor modifications to the coupler design are necessary and
treatment is needed of certain surfaces on the coupler head, to which components required for
higher automation levels can be mounted.
With upgradability ensured for all types, the following cost estimations have been made (by project
partner CAF):
Type

Description

Orientative cost

Type 1

Only mechanical coupling (tractive and compressive forces)

3.260 EUR

Type 2

Type 1 + automatic coupling of air pipe

3.800 EUR

Type 3

Type 2 + power and data bus line

4.400 EUR

Type 4

Type 3 + automatic de-coupling (manually actuated at wagon)

4.250 EUR

Type 5

Type 3 + automatic de-coupling (remotely controlled)

5.124 EUR

The costs given include the coupler head and the draftgear (substituting the buffers) and are orientative,
subject to further confirmation in up-coming steps of the project.

Table 3: Estimated costs for the different coupler types in the proposed European Automatic
Coupler System (Source: CAF).

A “coupler family” for different use-cases
With the target system for a European Automatic Coupler System presented in this study a flexible
solution is provided, ensuring interoperability across the entire freight wagon fleet in Europe while
at the same time offering solutions for a wide range of use-cases and market environments.
The idea behind the European Automatic Coupler System is that the automation level can be
chosen for individual traffics or fleets depending on the benefits arising from the automation and
the market environments. Generally, high automation levels (also meaning higher investment costs
for the couplers) can be chosen in types of traffic where operational benefits are high, e.g. where
often also the “enabler”-function of Automatic Couplers for further automation is important, and
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where cost savings due to high labor cost levels are important, while lower automation levels can
be chosen in operations where benefits stemming from automation are lower and possibly even
labor costs are not at a critical level (see figure 4).

Figure 4: A “coupler family” providing the right automation level for the right use-case

With this flexible approach it is more likely to achieve a positive business case for the deployment
of Automatic Couplers (figure 5). While with a solution only based on “high-cost couplers” a
positive business case can achieved only in a limited number of use-cases – i.e. for a part of the
European freight wagon fleet – , the approach chosen for the European Automatic Coupler System
with couplers with different cost levels increases the likelihood to achieve a positive, or at least
neutral, business case in a much higher number of use-cases.

Figure 5: The economics of migration to Automatic Couplers under different business conditions.
Left: High investment costs for AC; Right: Flexible approach with AC with different cost levels as
proposed for the European Automatic Coupler System.
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3. MIGRATION TO AUTOMATIC COUPLERS
3.1 PRINCIPLE APPROACHES OF MIGRATION
An approach for migration to Automatic Couplers can on a general be described in two
dimensions:
•
•

The duration of the migration: The migration can be simultaneous or progressive
The steps of the migration: The migration can be single-step or gradual

A simultaneous migration means a conversion of an entire wagon fleet within a relatively short
time-frame, which in this context has to be understood as a few weeks up to a maximum of e.g.
one year. The period for retrofitting is ideally focused on low-traffic times, making use of seasonal
fluctuations in transport and thus wagon demand. The advantage of a simultaneous migration is
that there is only a very short period of time during which mixed wagon fleets are in operation;
thus, the issue of mixed train operations would in practice not be relevant. At the same time there
are major disadvantages and challenges, e.g. that resources – financial, labour, material,
workshops and equipment – will be in very high demand during only a short peak period. Another
disadvantage is that likely a simultaneous migration might have a negative impact on the
availability of a sufficient number of wagons for traffic operations during the peak of the migration.
Thus, the demand on pro-active logistical planning for affected traffic operations would be high.
Generally, the challenges for a simultaneous migration increase with the fleet size. In view of a
fleet of ca. 500-600.000 wagons concerned in Europe a simultaneous migration has been deemed
not realistic for the European wagon fleet as a whole, both from a logistical and economical point of
view. However, when looking at certain minor parts of the wagon fleet in use in – permanently or
temporarily – separated or separable traffic operations a simultaneous migration would be a
suitable approach (see further in chapter 3.5).
Another challenge of a simultaneous migration would be to get a high number of parties (railway
undertakings, wagon keepers, infrastructure managers, workshops, manufacturers, shippers,
terminal operators, etc.) to find consensus on the migration date. It is unlikely that this would be
possible, due to different business models, investment cycles, economic situation and strategic
considerations of individual companies.
A progressive migration would mean a conversion of the entire wagon fleet in the time-frame of a
number of years, e.g. up to five to ten years. A progressive migration would allow:
-

-

To “stretch” the demand for resources needed for retrofitting over a longer period of time,
i.e. to achieve the migration with a lower retrofitting capacity (=number of wagon which can
be retrofitted within a certain time period)
To reduce the negative impact on the availability of wagons for traffic operations
To (partly of completely) link retrofitting to scheduled inspection or maintenance of wagons
To achieve part of the migration through scheduled decommissioning of wagons reaching
their end of life-time and phasing in of new-built wagons (avoiding retrofitting of wagons
with only a short life-time left)

At the same time a progressive migration puts higher demands on the planning of traffic
operations, since a mixed wagon fleet will be in use during a considerable period of time. The issue
of possible mixed-train operations needs to be addressed.
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The migration approach proposed in this project for the introduction of the European Automatic
Coupler System is explained more in-depth in chapter 3.5, Basically it is a progressive migration,
however, with elements of simultaneous migration when it comes to smaller portions of the wagon
fleet.
Regarding the distinction between single-step and gradual migration, this refers to the existence of
different automation levels (coupler types) in the European Automatic Coupler System and the
technical possibility to upgrade from lower automation levels to higher automation levels. Since the
full benefits of Automatic Coupling can be reaped first with a high portion (or ideally the entire fleet)
equipped with couplers with high automation level, a long-term vision should be to strive for high
automation levels fleet-wide. However, a migration to (more costly) Automatic Couplers with high
automation level may economically not be justified or feasible in all cases in the short term. Also,
there are for the time being still (technical) risks associated to automation levels beyond the Type 1-couplers regarding their long-term performance under real-world conditions. Even this could be
an argument for a gradual migration.
Thus, a migration from screw-couplers to Automatic Couplers could be in “one step” to a coupler
with high automation level. It could, however, also be “gradual”, with part of the fleet equipped with
Automatic Couplers of lower automation level and part with a higher automation level. These
aspects will be further discussed in chapter 3.5.
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3.2 MIGRATION TO AUTOMATIC COUPLERS IN THE PAST
In the beginning of the history of railways vehicles had to be coupled manually. A multitude of
different manual coupling systems were invented and in use on a smaller or broader scale.
Common coupler types in the early days of railways were chain couplers (in combination with
buffers) in many European countries and link-and-pin couplers in North America. Many of these
coupling systems had major shortcomings, which became more and more apparent as train
weights and lengths increased; i.a. slack in the couplers, low capabilities to transfer tractive forces
and certainly safety issues during coupling led to the wish to find better solutions for coupling.
Even the screw coupler system today in use in Europe was a result of the wish to find a coupling
system able to transfer higher tractive forces and to reduce the slack in the couplers. Screw
couplers replaced the previously used chain couplers around the beginning of the 20 th century,
however, without eliminating the manual process for coupling railway vehicles. In other parts of the
world attempts were made to introduce automatic couplers, eliminating the need for railway
employees to go between the wagons to couple them.
This means that already in the past a migration to other types of couplers took place. In this
chapter the migration processes in a number of countries are presented.

Unites States of America
The couplers in use today in North America, but also other parts of the world have their origin in
the knuckle coupler, or Janney coupler, invented by Eli H. Janney, who received a patent on them
in 1873 (figure 6).

Figure 6: Top view of Janney's coupler design as published in his patent application in 1873
(Source: Wikipedia).
In US the introduction of Automatic Coupling was first and foremost an attempt to address the
severe safety problems with the link-and-pin couplers in use before, with many fatalities and
injuries involved in coupling, though there were certainly also commercial advantages expected
from the use of Automatic Couplers.
In 1893 the United States Congress adopted the Safety Appliance Act, entering into force on 2
March 1893, and requiring the migration of all freight wagons in use in interstate traffic – i.e.
practically the entire US freight wagon fleet – to a coupler "without the necessity of men going
between the ends of the cars" until 1900. Thus, a fleet of about 1.000.000 freight wagons had to be
converted to Automatic Coupling in a time frame of only 7 years. There were about 8.000 differnet
patented coupler designs to choose from, but for the migration the Janney coupler was selected.
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Later the coupler design was refined and further developed. Today, several different AAR coupler
designs exist to address different requirements, however, all designs are interoperable. The most
common coupler design for freight wagons are the AAR Type E and Type F couplers.
AAR couplers are today in use in entire North America, but also Japan, China, Taiwan, New
Zealand, South Africa, Saudi Arabia, Brazil and Chile.

Figure 7: AAR freight wagon coupler Type E (Source: Wikimedia)

Soviet Union / Russia
Russia and later the Soviet Union originally used buffer and chain couplings, similar to those in use
in many other European countries at that time. In the 1920-ies and 1930-ies the Soviet Railways
engaged together with other European railways in the work to develop and define an Automatic
Coupling System. When these efforts failed in Europe, the Soviet railways continued the work on
their own and decided in the beginning of the 1930-ies to introduce an Automatic Coupler, called
SA-3, based on a British patent.

Figure 8: SA-3 coupler with an "ear" (left), on which the link of the screw coupler (right) could be
hanged. The red line shows how to link the two couplers. This type of SA-3 couplers was used
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during the migration from screw to automatic couplers in the Soviet Union (Source:
ru.wikipedia.org, 2017-04-04).
The introduction of the SA-3 in the Soviet rail system began in 1935, and was completed in 1957.
Thus, the migration took about 22 years, however, the Second World War contributed strongly to
the long migration period. During the migration from screw couplers to automated couplers a
special adapter was used, called the "two-link chain". A two-link chain made it possible to couple
wagons equipped with old and new type couplers, although it was also possible to grip the screw
coupler directly with the SA-3 (if there was a hook or an ear on the coupler, see figure 8), which
however was allowed only for shunting operations inside yards.
Since the 2000-s the Russian railways introduced an improved design of the SА-3 coupler,
sometimes also called SA-4 (figure 9). When the coupler breaks, the coupler head can slip out and
fall onto the track; this could lead to severe accidents with derailments as a possible consequence.
The improvement lies in the fact that two brackets are welded to the body at the top and the
bottom, preventing broken rail heads to slip and fall on tracks. In particular tank wagons for
transport of dangerous goods are equipped with the improved design.
The SA-4 design also involves a number of other improvements. Table 4 compares the key data of
the classical SA-3 coupler and the new SA-4 coupler. Worth to note is i.a. a reduction of the
couplers weight by about 10% from 200 kg to 180 kg. To mention is also that the SA-4 coupler
provides the possibility to incorporate an automatic connector for the air pipe. Tests in 2002 have
apparently been successful, however, there seems to be so far no business case for a large-scale
roll-out.

Figure 9: SA4-coupler. (Source: http://www.izlov.ru/docs/100/index-11302.html, retrieved 2017-0320)
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Параметр

СА-3

СА-4

Нежесткая

Полужесткая

100 мм

140 мм

Возможность падения на путь при обрыве

Да

Нет

Возможность опережения включения

Да

Нет

200 тыс. км

1000 тыс. км

Нет

Да

200 кг

180 кг

Тип автосцепки
Допускаемая разность высот перед
сцеплением

предохранителя
Безремонтный пробег при вероятности 0.95
Возможность автоматического соединения
тормозных магистралей
Масса автосцепки
Динамическая стабильность механизма

От продольных

От продольных

ускорений

и вертикальных

сцепления

ускорений

Table 4: Comparison of key data between the SA-3 and SA-4 couplers. Both couplers are fully
interoperable. (Source: http://1jelesnodorojnik.ru/2012-10-09-03-46-57/67--8-/251-82-3, 2017-0315)

Iran
Iranian railways constitute and interesting case for migration, since it is one of the very few 1435systems, in which in recent decades the traditional screw coupler system, as it is still in use in
Europe, has been replaced by Automatic Couplers. Around 21.000 wagons or 85-90% of the
wagon fleet are today equipped with Automatic Couplers. The remaining fleet is still equipped with
screw couplers.

Figure 10: Iranian flat wagon with SA-3 coupler; the wagon wears no sider buffers, but is equipped
with mounting holes for side buffers. (Source: Iranian Rail Industries Development Co)
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Figure 11: Chinese-build covered freight wagon for Iran with SA-3 coupler; in contrast to the wagon
shown in figure 10 this wagon is not equipped with mounting holes for side buffers. (Source: CRRC
Taiyuan)
There are different Automatic Coupler designs used in Iran. In the 1970-ies the Unicoupler – as it
should also have been introduced in Europe at that time, here under the name AK69e – was
introduced in Iran. About 50% of the Iranian freight wagon fleet are equipped with the Unicoupler.
Worth to note is that the possibility of the Unicoupler to automatically couple the air-pipe is
apparently not (any longer) used in Iran, possibly due to maintenance and air-tightness problems.
Newer freight waggons, or ca. 40% of the fleet, are equipped with SA-3 couplers. Unicoupler and
SA-3 are interoperable.
The migration from screw couplers to Automatic Couplers has in Iran taken place over a period of
several decades and most of the migration seems to have taken place through the regular renewal
of the wagon fleet, i.e. mostly new-build wagons have been equipped with Automatic Couplers,
rather than retrofitting large number of screw-coupler wagons.
Iranian Railways are on a regular basis not operating mixed trains with screw coupler and
Automatic Coupler wagons. Remaining wagons with screw couplers are usually used in isolated
traffic operations. There are no plans to retrofit these wagons, but they will remain in use with
screw coupler until the end of their life-time.

Turkey
Turkish Railways have like Iranian Railways already introduced Automatic Couplers on a
substantial scale in their freight wagon fleet. New freight wagons are mostly delivered with
Automatic Couplers of type SA-3.

Page 26 of 44

14/01/2019

Contract No. H2020 – 730617

Figure 12: Covered freight wagon class Habis-w of TCDD, built by Turkish wagon manufacturer
Tülömsas and equipped with SA-3 couplers. (Source: Tülömsas)
Turkey is an interesting case insofar as there are regularly traffics between Turkey and Central
Europe – passing through Bulgaria, Romania and/or Serbia, Hungary, Austria and Germany – with
wagons of Turkish Railways TCDD equipped with SA-3 couplers interoperable with screw
couplers. Wagons are operating as unit trains only composed of TCDD-wagons with Automatic
Couplers, but also wagons and wagon groups conveyed in mixed trains with screw couplers have
been observed.
The following pictures (figures 13-15) show some cases of such transports with SA-3 equipped
TCDD-wagons operating through Europe.

Figure 13: TCDD Sgs-w wagons with SA-3 couplers in mixed trains Turkey – Central Europe, here
in Wien Zvbf., 2006-10-12 (Photos: H.Pschill)
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Figure 14: TCDD Sgs-w wagons with SA-3 couplers in mixed trains Turkey – Central Europe, here
in Amstetten, 2006-10-12 (Photos: Chr. Knop)

Figure 15: TCDD Sgs-w wagons with SA-3 couplers in mixed trains Turkey – Central Europe, here
in Regensburg, 2013-07-02 (Photos: ”Der Regensburger”)

Japan
The Japanese Railway used originally buffer and chain couplings like in Europe. They migrated to
the American Janney coupler in the early 1920-ies. Considerable work has been laid down to
prepare the migration, which took place over a period of only a few days.
Thus, Japan is one of the few rail system of a considerable size which chose a simultaneous
migration in the entire system. However, one advantage was that Japan is as an island country
lacking rail connections to other countries. Thus, there was no need for coordination with railways
of neighboring countries.

Australia
In Australia a number of different railway networks exist, interconnected and partly overlapping, but
separated by different track gauges. The railways in Australia adopted a progressive migration
strategy and the conversion to Janney couplers is now almost complete. The conversion started
also along corridors, with the Trans-Australian line making the beginning. Some railway companies
also used dual couplers, allowing mixed trains.
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3.3 WHY DID THE MIGRATION TO AUTOMATIC
COUPLERS FAIL IN EUROPE?
The reasons for the longevity of the screw coupler system in Europe are manifold, but a few
circumstances should be particularly highlighted.
The migration to Automatic Coupling in other countries and parts of the world usually happened
under three conditions:
a) The migration took place during a time, when rail had, if not a de-facto monopoly, then at
least a very strong market position in land transport due to the absence of road transport as
a strong competitor, so that rail was able to bear temporary migration costs.
b) There was a strong central decision power, which could decide for a large railway system
about all the aspects of a migration to Automatic Coupling, i.e. when it should took place,
how it should took place and what should be the target system. This “central decision
power” could be within (one) large railway organization (like in the former Soviet Union) or
be a regulatory power (like in the US).
c) the railway system was a geographically isolated one (like in Japan).
Only the first condition applied in Europe to some extent until the 1930-ies, but since then none of
these conditions exists in Europe, creating a key challenge for migration to Automatic Coupling in
Europe. Even when Europe gradually grew together politically after the Second World War, with
European institutions emerging, it did not help railways very much, since investment priorities in
the transport sector shifted to the road transport system and even when railways to some extent
regained some political attention at a later stage, it was (and continues) benefitting almost
exclusively passenger transport in the form of high-speed systems and commuter train systems in
major conurbations; rail freight became largely sidelined and barely received any major
investments. The meager investments into the rail freight systems just allowed to maintain the
inherited systems. In this way production technology and methods were largely cemented and
could not adapt to new needs respectively not reap benefits which could have aroused from the
deployment of new technical solutions.
Today the migration to Automatic Couplers faces a number of challenges:
•

A very wide range of market environments and operational conditions in invidual use-cases
in Europe

•

Many benefits appear and/or deliver major economic saving only under specific operational
and/or market conditions and/or require a high deployment rate and/or can be realized only
in combination with the implementation of other technical innovations (this, however, can
also be seen as an advantage)

•

A high number of market actors with different business models and limited investment
abilities

•

Difficulties to ensure a reasonable and quick return on investment for those bearing the
cost for equipment/retrofitting of wagons with Automatic Couplers
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•

Some uncertainty about the performance/reliability of Automatic Couplers under real-world
operating conditions, especially for couplers with higher automation levels beyond Type 1

•

A “bad reputation” of Automatic Couplers among many market actors in Europe (though
this attitude is gradually changing)
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3.4 DRIVERS OF MIGRATION TO AUTOMATIC COUPELRS
There are several factors which can, and in the past already in many parts of the world did trigger a
migration to Automatic Coupling. Important to note is that the drivers of migration have to some
extent changed over time – or rather that additional drivers have emerged in the recent past.
In the early times of Automatic Couplers the strongest driver has been safety – the introduction of
standardized Automatic Couplers in the US was not a commercial decision, but a regulatory one
aiming at reducing the high amount of injuries and fatalities happening with the couplers in use
before. This was indeed successful. The Safety Appliance Act in US was passed in 1893. Before,
only in the period between 1877 and 1887, approximately 38% of all rail worker accidents involved
coupling. As Automatic Couplers were gradually introduced, replacing the link-and-pin couplers,
that percentage fell sharply. That percentage fell as the railroads began to replace link and pin
couplers with automatic couplers. In 1902, only two years after the Safety Appliance Act became
effective, coupling accidents constituted only 4% of all employee accidents. Accidents related to
coupling decreased from about 11.000 in 1892 to slightly over 2.000 in 1902 – though the number
of railroad employees even increased during that decade.
After the Second World War the rationalization of the coupling (and uncoupling) processes in order
to reduce train formation costs and make rail more competitive vis-à-vis the ever-increasing
competition from other modes became the strongest driver. This aspect prevailed very much until
the turn of the millennium and was still in the focus in the renewed attempts e.g. by German
Railways to introduce Automatic Couplers in the 1990-ies.
Today, a new – and maybe decisive – driver has appeared: Automatic Couplers are no longer
purely seen as means to rationalize train formation processes, but – in connection with other
innovations – as an enabler of a much more far-reaching automation and improvement of
processes in rail freight, such as automation of brake-testing, automation of train composition
reporting, improvement of braking performance through electro-pneumatic braking in freight,
provision of electric power on board of freight wagons, etc. Automatic Couplers start to become a
prerequisite for rail to take part in and to reap the benefits of digitalization, automation and
ultimately possibly even autonomous operation.

Figure 16: Driver behind migration to Automatic Coupling
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3.5 PROPOSED MIGRATION APPROACH
General considerations
As has been pointed out already in 3.1. a simultaneous migration of the entire European wagon
fleet has been excluded, i.a. for financial and logistical reasons. The mix of migration approaches
proposed in this study is illustrated by figure 17.

Figure 17: Recommended mix of migration approaches. Please note that this general illustration
refers to the European freight wagon fleet as a whole. For fleets in specific traffic operations or of
individual undertakings the pattern could look different.
Thus, on a fleet-wide basis a progressive migration is proposed, in form of a mix of single-step and
gradual migration, single-step migration here understood as migration directly to Type 4/5-couplers
and gradual migration understood as migration to Type-3-couplers or lower as an intermediate step
(intermediate on a fleet-wide basis; for an individual wagon the coupler could remain at the wagon
until the end of its lifetime, depending on the age of the wagon; in this latter case upgradability is in
principle not required, which in the case of Type-1-couplers couplers could open the interesting
option to buy low-cost couplers on the world market; note however in this context the
considerations regarding the minimum entry level below). Figure 18 illustrates selected possible
migration processes on the basis of individual wagons. A progressive migration, spread over a time
window of several years, would also allow individual market actors to choose – within certain
margins – the most optimal point of time for retrofitting, taking into account their individual situation
with regard to economy and operations.
For a smaller part of the fleet it could even be considered to abstain from any migration and to
continue operation with screw couplers for an undetermined time (until the end of their life-time).
This solution could concern wagons in isolated traffic operations. It would in a certain way mirror
the current situation with Automatic Couplers used in isolated traffic operations, only with the
difference that in the future it would be the screw coupler wagons, which would be the “exception”
and operate in isolated traffics while the Automatic Couplers would be the rule. Ideally wagon types
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which for technical reasons cannot be retrofitted with Automatic Couplers could be gathered in
such operations.

Figure 18: Selected possible migration processes (on the level of wagon individuals)
Figure 18 also highlights an important aspect and objective of a migration approach to Automatic
Couplers. As indicated, the biggest migration barrier is between the current screw coupler system
and the Automatic Couplers, while the migration barriers between the different Automatic Coupler
types – thanks to the interoperability between the different coupler types and upgradability – are
relative low. Thus, it appears important to facilitate the phasing out the screw couplers at least in
the general freight system.

Minimum entry level
While technically all coupler types in the European Automatic Coupler System are interoperable it
might be useful to define certain minimum entry levels in order to be able to reap benefits
stemming from a fleet with a homogenous minimum standard. This is of particular importance
since it is always the wagon with the lowest standard – i.e. the lowest automation level – in a train,
which to a large extent defines the automation level for the whole train. Also when it comes to the
interaction of rolling stock and infrastructure, a certain minimum standard is necessary in order to
exploit certain benefits stemming from Automatic Couplers (e.g. the possibility to remove lineside
equipment for train integrity control; this can first be done with technical solutions made possible
through the deployment of Type-3-couplers).
At the same time it must be taken into account that any automatic couplers with an automation
level beyond Type-1-couplers still need to prove their long-term performance under real-world
conditions, and further technical development and fine-tuning may be necessary. In particular the
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design and testing of the electric power- and databus-connectors included in Type-3-couplers still
require work, but also a sufficient tightness of the air-pipe connections in Type-2-couplers still
require attention. Thus, there are at this moment still technical risks associated to a broad
deployment of couplers higher than Type 1. This would be an argument to accept Type-1-couplers
as the minimum entry level.
In order to balance the advantages and disadvantages of different minimum entry levels and at the
same time not need to postpone the beginning of the migration a combined approach is suggested
(table 5):
-

In an initial deployment phase, until a point of time when a satisfying and stable long-term
performance of automatic couplers higher than Type 1 is proven, a minimum entry level
with Type-1-couplers is acceptable. In the case of wagons to be used in the general freight
system the couplers should be upgradable while for wagons in isolated traffic operations
even non-upgradable couplers might be deployed. With an initial deployment phase a quick
start of the migration to Automatic Couplers can be ensured, even without the need to have
all elements of the coupler design fully tested and specified.

-

When a satisfying and stable performance of Type-2-couplers and higher is proven, the full
deployment phase starts and the minimum entry level should be raised to Type 3 for the
general freight system. Type 3 as minimum entry level is recommended since first the
features of this type have an important enabler-function for other innovations and pave the
way for a broader automation in rail freight.
For isolated traffic operations, however, a minimum entry level of Type 2 has been
considered as acceptable, since certain operations may not require any electric power and
data bus lines. With a view on future developments, however, the couplers should be
upgradable. At the same time Type-2-couplers still deliver advantages in the train formation
process compared to Type-1-couplers, which should be exploited as soon as a stable longterm performance of such couplers can be proven.

An objective for the future work with Automatic Coupling – i.a. within Shift2Rail – should be to keep
the initial deployment phase as short as possible, i.e. to ensure through extensive testing and, if
necessary, sufficient resources for re-engineering that designs for Type-2-couplers and higher
with a stable long-term performance can be provided to the market as soon as possible.
In an initial starting phase of the migration an entry level with Type-2-couplers can be accepted, in
case the development and testing of Type-3-technology (in particular design and testing of the
electric power- and databus-connectors) still is on-going.
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Initial deployment phase

Full deployment phase

Until point of time when satisfying
stable long-term performance of
Type-2-couplers and higher is
proven

From point of time when satisfying
stable long-term performance of
Type-2-couplers and higher is
proven

General freight system:

Type 1, upgradable

Type 3, upgradable

Type 1

Type 2, upgradable

Isolated systems with no or
very limited co-production with
the general system
Wagons in the general freight
system reaching end of their
life-time until the end of the
initial deployment phase:

Table 5: Recommended minimum entry levels.

Practical aspects of the migration process in different production systems
In order to plan the retrofitting of wagons a number of specific aspects need to be considered,
which are closely interrelated:
a) When should the retrofitting be carried out ?
b) Where should it be carried out ?
c) How should the wagon individuals be selected ?
d) Should mixed train operations be allowed or a separate production of SC- and AC-fleets be
foreseen during the migration phase?

Time and place of retrofitting
The solution proposed in this study is to link the retrofitting as much as possible to regular
maintenance and inspection of wagons. This will reduce the out-of-service time and the costs for
transfers from and to workshops, since the wagons are in any case in the workshop.
The main assumption in this study is that retrofitting will be carried out in workshops, where the
necessary equipment can be provided most easily. It can be expected that this will be the most
common place for retrofitting. However, for specific parts of the wagon fleet a solution with
retrofitting “in the field” could be considered. This might in particular be attractive for wagons used
in Combined Traffic, which could be retrofitted during the – if necessary extended – times between
unloading and loading in intermodal terminals. This would:
-

Avoid the need to transfer wagons to workshops, reducing the out-of-service time

-

Allow a “batch-retrofitting” e.g. of an entire trainset, thereby avoiding the need to operate
mixed train compositions with screw couplers and automatic couplers
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This solution would require careful planning both of the operations in the terminal and there is also
a need for certain development of the necessary mobile handling equipment. With the general
trend to servicing and carrying out minor repairs of freight wagons in the field there is, however,
already a good starting point for such a solution. The fact that terminals usually have some areas
with tracks in paved surfaces is a good pre-condition for retrofitting in the field (which is also why
this solution likely will be limited to Combined Traffic wagons mostly).
A retrofitting in the field could also be an option for wagons in system traffic operations (unit trains),
if the places of loading or unloading allow good accessibility to the wagons. In all other cases, as
also for the majority of “free network wagons” in the wagonload system, retrofitting in workshops as
suggested above will be necessary.

Selection of wagon individuals for retrofitting
The selection of wagon individuals to be retrofitted should as far as possible be linked to regular
maintenance and service intervals, as already mentioned above. However, a further aspect to be
taken into account must be to reduce the need for mixed train operations as much as possible. For
this reason the retrofitting of wagons often operating in groups for a specific customer or in train
systems with a strong linkage to specific market segments should be coordinated.
Logistically easiest to organize is the retrofitting of wagons operating in isolated train systems.
Ideally retrofitting could take place during the low-traffic season, when the entire or part of the fleet
in a train system is not in use (i.e. periods during which even maintenance and inspections usually
take place). This will reduce and in best case eliminate the need for mixed train operations in these
traffics.
When it comes to wagon fleets for specific market segments retrofitting could be coordinated for
example in wagon fleets for:
-

Chemical industry

-

Steel industry

-

Paper industry

The above examples are industries with substantial shipping volumes – often forming wagon
groups of considerable size in trains of the wagon load system – , often dedicated (specialized)
wagon fleets and partially with train systems which primarily serve these market segments.
Combined Traffic is to a large part operating within a number of key traffic lanes/corridors.
Therefore, for Combined Traffic a corridor approach is suggested. During the migration period
wagons should, as far as possible, temporarily be allocated to specific train services/trainsets and
retrofitting ideally take place for a whole train at once, reducing the need for mixed trains in
Combined Traffic. Corridors could for example be selected on the basis of the EU Rail Freight
Corridors (RFC), which mirror the major traffic lanes for freight in Europe (figure__). An advantage
of these is that key market actors, such as infrastructure managers, railway undertakings,
intermodal operators and terminal managers are already cooperating along these corridors in
various fora (RFC Management Boards, Railway Undertaking Advisory Groups (RAGs) and
Terminal Advisory Groups (TAGs)), which can help to facilitate a coordination of retrofitting across
borders. It might be useful to temporarily extend these coordination fora (especially RAGs and
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TAGs) during the migration period with wagon keepers and railway safety authorities, which would
further facilitate a smooth migration process in the corridors.

Figure 19: Especially in Combined Traffic retrofitting of freight wagons with Automatic Couplers
could be coordinated along corridors, such as the EU Rail Freight Corridors illustrated above,
which comprise governance structures with coordination fora which could help facilitating a smooth
migration to Automatic Couplers (Map: RNE)
One aspect still to be addressed is that the current freight wagon fleet comprises a number of
wagon types, which cannot or at least not easily be retrofitted with Automatic Couplers. Until the
1990-ies freight wagons were usually designed in such a way that a retrofitting with Automatic
Couplers would in principle be possible, the most important feature of the design being the shaft to
take up the draw gear located behind the coupler. These preparatory measures stem from an
earlier approach to introduce Automatic Coupling in the 1970-ies, which however was repeatedly
postponed and finally not implemented. When a migration to Automatic Couplers was deemed not
being realistic within a foreseeable future, new freight wagons where delivered without any
preparation for a later retrofitting. In the case of some specialised wagon designs this was done in
order to use the space not any longer needed for the draw gear shaft to expand e.g. the loading
volume of the wagon or to lower the floor height of the wagon. Types of wagons particularly
affected comprise e.g. certain intermodal wagons and car transporter wagons.
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Sector stakeholders estimate the share of wagons concerned to be about 20-25% of the entire
wagon fleet. Since mostly wagons of younger age are concerned, which by far have not yet
reached the end of their life-time, the use of freight wagons with screw couplers in the European
rail freight system will remain a reality for a foreseeable future of at least about 20-25 years. It is
suggested to handle this situation in the following way:
1) Designating non-retrofittable wagons to isolated train systems as far as possible
2) Operating non-retrofittable wagons in major wagon groups to avoid randomly mixed trains
3) Deferring the migration of wagon fleets in market segments with a high share of nonretrofittable wagons (e.g. transport of new cars) to a rather late stage, in order reduce the
need for mixed-train operations in these market segments
4) Gradually limiting the use of non-retrofittable wagons to specific traffic lanes / regions, so
that other regions and corridors can be declared “screw-coupler”-free (a pre-condition to
reap certain benefits from the use of Automatic Couplers, e.g. train-based train-integrity
control), however, fully respecting market needs and the principle of non-discrimination
Further to the absence of a shaft to take up the draw gear, there are also indications that certain
wagon designs equipped with such shafts may nonetheless not be retrofittable since the frame
design it not always fully dimensioned to take up the (dynamic) loads if they would become
equipped with Automatic Couplers. The magnitude of this potential problem cannot be assessed at
this point of time and requires deeper analysis.
The challenges stemming from the existence of a considerable number of non-retrofittable wagons
in the current fleet underlines the need to urgently take a decision to order new freight wagons
always with the possibility of retrofitting; the possibility to retrofit freight wagons with Automatic
Couplers should become a mandatory requirement to be laid down in the Technical Specifications
for Interoperability (TSI WAG).
The table below summarizes the general principles which should be applied for retrofitting of
different groups of wagons.
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Wagons in isolated train
systems

Wagons for combined
Traffic

Other wagons (mainly in
use in wagonload)

Time of
retrofitting

During low-traffic season
with no or reduced traffic, if
possible in connection with
scheduled maintenance /
inspection

During weekends /
extended terminal dwell
times

In connection with
scheduled maintenance /
inspection

Place of
retrofitting

In workshops;

In terminals;

In workshops;

At loading/unloading points
if tracks are accessible with
mobile equipment

In workshops, if terminals
are not accessible

At loading/unloading points,
if tracks are accessible with
mobile equipment

Coordination
of retrofitting

Within the train system;

Within traffic lanes / along
corridors (e.g. RFCs);

Within wagon groups for
major customers / market
segments

Mixed train
operation

“Batch-retrofitting” of entire
trainsets

No

As far as possible “batchretrofitting” of entire
trainsets
Very limited

Yes, in form of separate
wagon blocks in a train (one
with SC; one with AC)

Table 6: General methods for retrofitting for different groups of wagons.

Mixed train operations
Technically and operationally the migration period from screw couplers to Automatic Couplers can
be handled in different ways:
1) Equipping wagons with interoperable couplers, which can couple both with screw couplers
and with Automatic Couplers
2) Using “coupler wagons” which on one side are equipped with a screw coupler and on the
other side with an Automatic Coupler
3) Operating screw coupler and Automatic Coupler wagons in separate production systems
In the latter case the need for mixed train operations would be avoided entirely. The first case
would in principle allow the formation of randomly mixed trains, while the second option – using
coupler wagons – would, in the case of mixed trains, call for forming groups of wagons in a train
which would be separated (or rather connected) by a coupler wagon.
The need for mixed train operations should be reduced as much as possible. This is relatively easy
to achieve for isolated traffic operations such as unit trains. In Combined Traffic, with a limited
number or relations to serve and partly shuttle-like train operations, the feasibility to temporarily
isolate traffic operations to some extent by allocating wagons for a limited time period to specific
traffic lanes should be exploited. In Combined Traffic a retrofitting by traffic lanes / corridors would
be a highly suitable approach.
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However, it is most likely not realistic to avoid entirely during the migration period the need for
conveying screw coupler wagons and Automatic Coupler wagons in the same trains, especially
when it comes to the extensive wagonload system.
Since interoperable couplers screw couplers + automatic couplers are not proposed by this study
to be part of the European Automatic Coupler System (though technically in principle possible at
least for the Type-1-coupers) the solution for operation of mixed trains should be to form groups of
wagons connected by coupler wagons. Ideally mixed trains would only consist of two groups – one
group with screw-coupler wagons, and one group with Automatic Coupler-wagons. This will have
implications on the train formation and require forming two “trains” per destination in marshalling
yards instead of one train. These two trains – one with screw couplers and one with Automatic
Couplers – would then be connected to one train in the departure tracks with a coupler wagon in
between. Thus, there would be temporarily a higher demand for track capacity in the marshalling
yard and other train formation facilities. The impact of this on yard operations needs to be
assessed in each individual case. Many marshalling yards in Europe are today operating below
capacity, however, there may still certain mitigating measures be necessary to cope the temporary
increase of track capacity demand; such measures could include:
-

Carefully assessing the need for mixed trains for individual traffic lanes

-

Extending opening times of marshalling yards, where possible

-

Distributing marshalling to neighboring yards with excess capacity, including minor flat
shunting yards

-

Increasing number of departures, in order to reduce track occupation times

-

Temporarily converting major wagon group traffics to trainload operations, eliminating the
need to be handled in marshalling yards

Timeline for migration process
The European standard-gauge freight wagon fleet counts about 600.000 wagons, (almost) all
equipped with screw couplers.
Figure 20 illustrates a possible migration time-line for the introduction of a European Automatic
Coupler System for rail freight in a timeframe of about 12 years. Such a timeframe would allow
some freedom for individual market actors to choose the most suitable period of time for the
migration of their fleet, enabling them to link retrofitting in most cases to scheduled maintenance
and inspection-intervals and at the same time keep the need for retrofitting capacity at a
reasonable level and ensure that specialized equipment can written off in a reasonable timeframe.
It should also be emphasized that part of the migration can be accommodated through the regular
renewal of the fleet through the decommissioning of old freight wagons which reach the end of
their life-time and the entry into service of new wagons; the longer the migration period, the bigger
is the share of the wagon fleet which can be “migrated” in this way. Around 10.000 freight wagons
are built new per year; it is assumed that the vast majority of these wagons will be delivered with
Automatic Couplers from the factory. Thus, no retrofitting will be necessary for these wagons. This
means that seen over a twelve-year period about 20% of the fleet migration could be achieved
through renewal of the wagon fleet. It is assumed that a corresponding amount of wagons will be
decommissioned.
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Figure 20: Indicative time-line for migration from screw-couplers to Automatic Couplers for the
European freight wagon fleet.
Another approximately 15-20% of the fleet is assumed to consist of non-retrofittable wagons, i.e.
wagons which due to their design lack the technical possibility to become equipped with Automatic
Couplers, while at the same time they will not reach their end of life-time at the end of the active
migration period proposed here. As suggested above, these wagons should, whenever possible,
be designated to isolated train operations or to train systems serving specific market segments or
specific traffic lanes / regions in order to reduce the need for mixed-train operations. However, it
can be expected that they will still remain in service after the end of the active migration period for
up to a maximum of another 15-20 years and a certain need for mixed train operations with coupler
wagons may remain, though not necessarily on all parts of the network respectively in all parts of
Europe. Thus, parts of the European network are expected to become screw-coupler-free at the
end of the active migration period.
With the figure above about 60% or ca. 380.000 wagons remain to be retrofitted. In average this
means a need to retrofit ca. 31.700 wagons per year during the 12-year-period – or slightly more
than 2.600 wagons per month. The retrofitting would take place primarily in workshops. Where
access with mobile equipment is possible in intermodal terminals and loading/unloading sites,
retrofitting can take place “in the field”. It is assumed that there could be a certain concentration of
the retrofitting to a “main retrofitting phase” (Phase II in figure 20). In the initial phase (Phase I)
retrofitting capacity would be built up, while in the final phase (Phase III) retrofitting number would
go down, while at the same time in this latter phase upgrading of lower-automation couplers to
higher-automation levels would gain some importance.
A reasonable assumption would be that during the main retrofitting phase the number of wagons to
be retrofitted would reach up to 3.000 wagons. Together with an average number of new-built
wagons in the magnitude of 800-900 wagons per month this would mean 3.800-3.900 wagons to
be equipped with Automatic Couplers, or a demand for Automatic Couplers in the magnitude of
7.600-7.700 couplers per month during the main phase of migration. Over the entire 12-yearPage 42 of 44
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migration-period ca. 760.000 couplers would be needed, plus ca. 240.000 for new-built wagons,
bringing the total up to 1.000.000 couplers.
In practice this total number of 1.000.000 will likely be somewhat lower, since wagon keepers and
operators may decide to form groups of wagons connected by drawbars within the group and
Automatic Couplers only at the end. It is difficult to predict the exact effect of this, but assuming
that 30% of the wagon-fleet would from 2-wagon-groups, this would reduce the number of
Automatic Couplers needed by 15%. If the same share of wagons would form 3-wagon-groups, the
number of Automatic Couplers needed by 20%. If 15% of the wagon-fleet would form 5-wagongroups, the demand would decrease by 12%.
The migration plan and timeline outlined above assumes that the fleet size remains constant at
600.000 wagons. Of course, through the productivity gains achieved i.a. through Automatic
Couplers the wagon demand can be expected to decrease, assuming the same transport
performance (ton-kilometers). However, at the same time the productivity gains and other benefits
stemming from the use of Automatic Couplers (often in combination with other innovations) will
make rail freight more competitive on the transport market, which also is expected to see an overall
growth. Thus, there are two effects here, which are assumed to compensate each other. At the end
of the migration period the transport performance is expected to be higher, though the fleet size is
assumed to remain constant.
Table 7 summarizes the key figures of the migration plan outlined above.
Duration of the active migration
period

12 years

Total fleet size

100%

600.000 wagons

Number of wagons
decommissioned and replaced
by new-built wagons (with AC)
during the migration period

20%

120.000 wagons

Non-retrofittable wagons

15-20 %

100.000 wagons

Number of wagons to be
retrofitted

Ca. 60%

380.000 wagons

Number of Automatic Couplers
needed (for retrofitting and newbuilt wagons)

All wagons equipped with AC on
both sides

1.000.000 Automatic Couplers

30% of wagons semi-permanently
coupled in 2-wagon-groups

850.000 Automatic Couplers

30% of wagons semi-permanently
coupled in 3-wagon-groups

800.000 Automatic Couplers

15% of wagons semi-permanently
coupled in 5-wagon-groups

880.000 Automatic Couplers

Table 7: Key data of the proposed migration.
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4. CONCLUSIONS AND RECOMMENDATIONS
This study presents an approach and outlines a plan for a migration of the European freight wagon
fleet to a future European Automatic Coupling System. A migration within a reasonable time period
of twelve years appears to be realistic both from a logistical point of view and with regard to the
implications on train operations. These implications can be reduced through various mitigating
measures.
However, there are a number of issues to be addressed and followed up in the continued work with
implementing Automatic Coupling in European rail freight. The following recommendations can be
given:
1) A certain share of the freight wagon fleet – according to sector estimates about 15-25% – is
not retrofittable, since the design of the wagon is not prepared to take up Automatic
Couplers; in particular the absence of a draw gear shaft is a major hinder. A particular
challenge is that mainly newer wagons are concerned. However, there are also indications
that even wagon equipped with a draw gear shaft might not be able to take up the dynamic
forces due to weaknesses of the wagon frame design. This is a crucial point and requires
an in-depth analysis and a systematic screening of the European wagon fleet is highly
recommended.
2) In order to not further worsen the pre-conditions for the migration to Automatic Coupling the
European rail freight sector stakeholder should with immediate effect take a decision to
order all new wagons only with a design prepared allowing retrofitting with Automatic
Couplers without leading to operational limitations after retrofitting. Such a decision should
have highest priority and it should become a mandatory requirement in the Technical
Specifications for Interoperability (TSI WAG). The legislative process should be launched
as soon as possible.
3) In order to facilitate the migration, research and development activities should target the
aspect of retrofitting in the field with help of mobile equipment. Equipment should be
developed and work processes be defined and tested in order to enable batch-retrofitting of
trains in terminals and other suitable locations.
4) Parallel to this a systematic inventory of terminals and other facilities should be carried out
European-wide in order to identify suitable sites for in-the-field retrofitting.
5) Taking into account that the operation of mixed trains – i.e. wagons composed of wagons
groups with screw-couplers and wagons with Automatic Couplers – very likely cannot be
avoided entirely – in particular not in the wagonload system – , a systematic and Europeanwide analysis of major train formation facilities, in particular marshalling yards, should be
carried in order to assess the possibility to adapt train formation processes, with a view on
capacity.
6) The Rail Freight Corridors (RFCs) and here in particular the Railway and Terminal Advisory
Groups (RAGs/TAGs) could be used as suitable fora to support the coordination of the
migration along corridors.
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