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Hydraulic Systems.

Product range.

Liebherr is a renowned manufacturer of hydraulic systems for use in transportation
technology. The product range spans simple, passive dampers right through to complex
systems that are critical to safety. Being able to draw on a wealth of technical expertise
comprising transportation systems, aviation and construction machinery, Liebherr is able
to satisfy even the most exacting customer requirements through innovative products.
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Dampers.

Standard dampers.

Liebherr supplies all types of damper for rail vehicles — from simple vertical dampers to
horizontal dampers through to yaw and anti-rolling dampers. Their innovative design
puts Liebherr dampers at the leading edge of technology.

Practically all variants can be supplied with monitoring systems enabling simplified
maintenance and diagnosis.
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Dampers.

Primary - and secondary - dampers.

Liebherr supplies vertical or horizontal
dampers in the established Liebherr
quality to suit every application.

For more precise information, please
provide details of your requirements.
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Dampers.

OSE Desiro yaw damper.

This damper is currently in use in the
OSE Desiro urban train. It is distinguished
by high hydraulic rigidity, enabling even
the smallest of movements to be
effectively damped.

Key technical data:

Minimum length: 982 mm

Maximum length: 1.707 mm

Damping force at speed: 14,5 kN /11 mm/s

Overall rigidity: > 15 kN/mm 2228A0000-01
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Dampers.

Special dampers.

Liebherr develops and supplies special dampers to suit customer requirements. The
service is not limited to just development of the damper, it also extends, through the
provision of qualified testing personnel, to analysing existing problems on vehicles and
thereby actively helping customers find solutions to their technical problems.

Several innovative products have been created as part of such developments. Monitored
damping systems, dampers with electrically switchable damper characteristics, dampers
with path-dependent damper characteristics and dampers with high hydraulic rigidity.

Liebherr Aerospace Lindenberg GmbH www.liebherr.com
D-88161 Lindenberg Pfanderstraie 50-52 E-Mail: info.lli@liebherr.com
Phone +49 (0)8381 46 5060 Fax +49 (0)8381 46 4474



Dampers.

Articulated bus dampers.

These are semi-active dampers.

Liebherr has developed an electronically controlled damping system
for use in the modern Hibner articulated buses. This system damps
the skimming movement of the vehicle steering joint. Despite the
constrained packaging space, the dampers offer a damping force of 0
to 240 kN, which is infinitely adjustable. An integrated sensor
mechanism enables the defined damper values to be continuously
monitored. The system is designed to ensure a minimum damping,
even on failure of the electronic components.

For cost-optimised applications, 2-stage damping systems are also
available

The Liebherr system is now employed as a standard component by
almost all established articulated bus manufacturers.

Key technical data:

Minimum length: 765 mm
Maximum length: 1.286 mm
Damping force: 0 — 140 kN (per damper)
Overall rigidity: > 20 kKN/mm
Liebherr Aerospace Lindenberg GmbH www.liebherr.com
D-88161 Lindenberg Pfanderstraf3e 50-52 E-Mail: info.lli@liebherr.com

Phone +49 (0)8381 46 5060 Fax +49 (0)8381 46 4474



Dampers.

Inter car damper for Dresden trams.

This damper is currently in use in the trams in Dresden.

On straight sections of the track, the tram bodies are
interlocked, thus eliminating relative movement. In curves
and during travel at low speeds, this interlocking mechanism
is deactivated.

In order to simplify maintenance and diagnosis, these
dampers are also fitted with a monitoring system.

Such monitoring systems can be integrated into practically all
Liebherr dampers.

Key technical data:

Minimum length: 836 mm
Maximum length: 1.344 mm
Damping force at speed: 8—-20kN /4 -30 mm/s 1770A0000-01
Overall rigidity: > 16 kKN/mm
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Dampers.

Inter car damper for RNV trams.

This damper is currently in use in the trams in Ludwigshafen
and Mannheim (RNV).

On straight sections of the track, the tram bodies are
interlocked, thus eliminating relative movement. In curves
and during travel at low speeds, this interlocking mechanism
is deactivated.

In order to simplify maintenance and diagnosis, these
dampers are also fitted with a monitoring system.

Such monitoring systems can be integrated into practically all
Liebherr dampers.

Key technical data:

Minimum length: 836 mm
Maximum length: 1.344 mm
Damping force at speed: 8—-20kN /4 -30 mm/s
Overall rigidity: > 16 kKN/mm
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Dampers.

Inter car damper for Changchun trams.

This damper is in use in the trams in Changchun (China).

On straight sections of the track, the tram bodies are
interlocked, thus eliminating relative movement. In curves
and during travel at low speeds, this interlocking mechanism
is deactivated.

In order to simplify maintenance and diagnosis, these
dampers are also fitted with a monitoring system.

Such monitoring systems can be integrated into practically all
Liebherr dampers.

Key technical data:

Minimum length: 836 mm
Maximum length: 1.344 mm
Damping force at speed: 8—-20kN /4 -30 mm/s 1770E0000-01
Overall rigidity: > 16 kKN/mm
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Dampers.

Lateral Inter car damper Velaro E (AVE S 103).

This special damper has been developed for Siemens AG

Transportation Systems.

The lateral inter car damper is mounted between two cars.

On straight tracks and soft curves the damper reduces

lateral movement between the cars. To fulfil these very

special requirements Liebherr developed a new functional

principle (protected by patent). 3952A0000-01
This system offers a hydraulic stiffness 3-times higher than

usual and a damping force which is dependant of the stroke.

Key technical data:

Minimum length: 1.623 mm

Maximum length: 3.011 mm

Damping force at speed: 8 kKN /40 mm/s

Overall rigidity: > 12 kKN/mm 3952A0000-01
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Dampers.

Steering dampers for Combino.

This hydraulic steering damper is currently used in the
COMBINO type low-floor train carriage.

The steering damper replaces a rigid steering
mechanism, which creates the cross-connection
between the cars at the steering joint.

In order to reduce high forces and noises in the stroke
limit area, the damper features a final position damping.
The damper both improves the vehicle’s running
behaviour and reduces the forces in its structure.

2665F/G0000-01

Key technical data:

Minimum length: 885 mm
Maximum length: 965 mm
Damping force at speed: 3 kN /150 mm/s
Overall rigidity: > 15 kN/mm
Final position damping: 21 kN /150 mm/s
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Dampers.

Steering dampers for Dresden trams.

This hydraulic steering damper is currently used in the
Bombardier Transportation NGTD12DD and NGTDS8DD.
The steering damper replaces a rigid steering mechanism
mounted between the vehicle cars. The damper both
improves the vehicle’s running behaviour and reduces the
forces in its structure.

In order to reduce high forces and noises in the stroke limit
area, the damper features a final position damping.

Key technical data:

Minimum length: 640 mm
Maximum length: 760 mm
Damping force at speed: 3 kN /150 mm/s
Overall rigidity: > 15 kN/mm 209E0000-02
Final position damping: 21 kN /150 mm/s
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Dampers.

Steering dampers for De Lijn trams.

This hydraulic steering damper is currently used in the
Siemens AG/Bombardier Transportation MGT6.

The steering damper replaces a rigid steering mechanism
mounted between the vehicle cars. The damper both
improves the vehicle’s running behaviour and reduces the
forces in its structure.

In order to reduce high forces and noises in the stroke limit
area, the damper features a final position damping.

Key technical data:

Minimum length: 580 mm
Maximum length: 820 mm
Damping force at speed: 2,5 kN /150 mm/s
.. 2665H0000-01
Overall rigidity: > 15 kN/mm
Final position damping: 21 kN / 150 mm/s
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Active yaw dampers.

BR 189/RH1116 locomotive.

Based on actuator technology, Liebherr together with
Siemens has developed an active yaw damper that involves a
complete hydraulic system being integrated into the damper.
This new development is a combination between damper and
actuator, which reduces lateral forces on locomotive wheels.
Thanks to its compact design, the damper can also be
retrofitted into existing vehicles. In this case too, the entire
electronic control system and software were developed and
built at Liebherr.

Key technical data:

Minimum length: 743 mm
Maximum length: 1.010 mm
Damping force at speed: 15 kN /25 mm/s
Overall rigidity: > 18 kN/mm
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Running gear control.

Buckling angle control.

This system has been developed for use in multiple unit local trains for supporting the self-
steering mechanism of the wheelsets and suppressing rolling on straight and curved
sections of the line. In narrow curves, the control helps to align with the track geometry
and effectively reduces undesired load peaks on entering and leaving the curve. Drive
comfort is significantly enhanced, wearing on wheelset and rail is reduced.

Buckling protection device.

On multiple unit rail vehicles, these systems guarantee to prevent de-railing and/or

compliance with the permissible clearances. They also increase driving comfort and
reduce wheel tyre wearing.
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Running gear control.

Copenhagen urban trains / LIREX.

LIEBHERR together with ALSTOM LHB
(Linke-Hoffmann-Busch) has developed a
hydraulic buckling angle control for the curve
controlled KERF© single wheelset running
gear of the eight section Copenhagen urban
trains and the LIREX prototype train.

Key technical data:

Minimum length: Various lengths available

Maximum length: Various lengths available

Steering force on bogie: 15 - 60 kN per bogie 2663A
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Running gear control.

Ndrnberg / Munich trams.

Liebherr has developed for Bombardier a hydraulic buckling
protection system for its 2+2 unit low-floor Ntrnberg and
Munich trams. The hydraulic control guarantees compliance
with clearance values under all possible operating conditions.
As this is no longer guaranteed if the system fails, this
development relates to a safety critical system, which is
additionally monitored by Liebherr electronics.

As "side effects”, the system significantly increases driving
comfort and reduces wheel tyre wearing.

Key technical data actuator:

Minimum length: 603 mm

Maximum length: 1.063 mm

Steering force on bogie: 16 / 32 kN per bogie 1594A
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Running gear control.

Combino Lissabon trams.

Liebherr has developed for Siemens AG a hydraulic buckling
protection system for its 2+2 unit low-floor Combino MST
Lissabon trams. The hydraulic control guarantees compliance
with clearance values under all possible operating conditions.
As this is no longer guaranteed if the system fails, this
development relates to a safety critical system, which is
additionally monitored by Liebherr electronics.

As "side effects”, the system significantly increases driving
comfort and reduces wheel tyre wearing.

Key technical data actuator:

Minimum length: 603 mm
Maximum length: 1.063 mm 3807A
Steering force on bogie: 16 / 32 kN per bogie

Liebherr Aerospace Lindenberg GmbH www.liebherr.com

D-88161 Lindenberg Pfanderstraie 50-52 E-Mail: info.lli@liebherr.com

Phone +49 (0)8381 46 5060 Fax +49 (0)8381 46 4474



Running gear control.

Combino Budapest trams.

Liebherr has developed for Siemens AG a hydraulic buckling
protection system for its 2+2+2 unit low-floor Combino
Budapest tram, which is currently (2006) the longest tram
worldwide. The hydraulic control guarantees compliance
with clearance values under all possible operating conditions.
As this is no longer guaranteed if the system fails, this
development relates to a safety critical system, which is
additionally monitored by Liebherr electronics.

As "side effects”, the system significantly increases driving
comfort and reduces wheel tyre wearing.

Key technical data actuator:

Minimum length: 603 mm
Maximum length: 1.063 mm 3862A
Steering force on bogie: 16 / 32 kN per bogie
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Running gear control.

Frankfurt R-Wagen.

Liebherr has developed with Siemens a
hydraulic chassis control for the R-Wagen in
Frankfurt am Main.

On this triple-unit low floor tram, the Liebherr
chassis control guarantees prevention of de-
railing under all possible operating conditions.
Drive comfort is enhanced, wearing on wheel
and rail is reduced.

Key technical data:

Minimum length: 1.000 mm
Maximum Iength' 1.380 mm 1354A0000-02 / 1355A0000-03 / 1356A0000-03 /
Steering force on bogie: 40 kN per bogie
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Running gear control.

Roll Coupling Combino Basel.

The hydraulic system of the roll coupling for
Combino vehicles in Basel was developed in
collaboration with Siemens.

On uneven or winding tracks, this system reduces
the stress on the body structure and running gear
components. This significantly improves protection
against derailing and plays a huge part in
increasing the longevity and reliability of the
vehicle. A patented circuit automatically corrects
the position.

Key technical data:

Minimum length: 875 mm
Maximimum length: 975 mm
Steering force: 10 kN per cylinder
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Running gear control.

Bogie Coupling Maxima 40 CC.

A hydraulic bogie coupling for the Maxima 40 CC locomotive was
developed in collaboration with Voith.

The bogie coupling reduces the lateral forces between the rail and the
wheels. This is done by coupling the swivel angles of the two bogies.
The integration of damping valves means that the system also performs
the damping function, which means there is no need for additional yaw
dampers.

The system still offers a very simple method of monitoring the damping
function.

The system consists of 4 control cylinders, 1 damping cylinder, 1
accumulator unit and 1 pressure relief valve

Key technical data:

Minimum length: 1.095 mm
Maximum length: 1.465 mm
Coupling force: 40 kN
Damping force: 20 kN per cylinder
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Actuator systems.

Tilt technology.

Liebherr has developed an electrohydraulic actuation system for
rolling stock applications. The highly integrated actuators are intended
primarily for use in tilt control applications. Other applications, e.g. as
an active transverse spring element or current collector actuator are
also envisaged. The development is based on a family of actuators,
which was developed for and already used in aircraft applications.
These actuators are electrohydraulic types into which all hydraulic
components are directly integrated. They do not depend on an
external hydraulic supply system. An electronic control module is
provided for each pair of actuators.

Key technical data:

Minimum length: 939 mm
Maximum length: 1.223 mm
Maximum actuating force: 215 kN
Maximum actuating speed: 180 mm/s
Cut off frequency: 6 Hz
Liebherr Aerospace Lindenberg GmbH www.liebherr.com
D-88161 Lindenberg Pfanderstra3e 50-52 E-Mail: info.lli@liebherr.com

Phone +49 (0)8381 46 5060 Fax +49 (0)8381 46 4474



Actuator systems.

Active Lateral Damper, Regina 250.

Based on actuator technology, Liebherr together with Bomardier has
developed an active lateral damper that involves a complete hydraulic
system being integrated into the damper. This new development is a
combination between damper and actuator, which improves the lateral
comfort of rail cars. The damper provides a permanent active control
of the lateral forces up to 6Hz.

Thanks to its compact design, the damper can also be retrofitted into
existing vehicles. In this case too, the entire electronic control system
and software were developed and built at Liebherr.

Technology also could be used for low cost tilting systems (no power
electronics necessary).

Key technical data:

Minimum length: 500 mm
Maximum length: 580 mm
Maximum damping/actuating force: 30/30 kN
Maximum damping/actuating speed: 200/60 mml/s
Cut off frequency: 6 Hz
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| evel control.

Ustra tram, Hanover.

This system has a modular design and is employed
as a secondary spring element in rail vehicles. It can
be supplied as an electronic or a purely hydro-
mechanically controlled system. 2 different designs of
suspension strut and control block are available. The
electronic modular control enables activation of any
number of systems via a central computer. The
control features CAN, MVB and analog interfaces for

connection on the train side.

Key technical data:

Minimum load:

Maximum load:

Natural frequency of the suspension:
Vertical adjusting stroke:

Transverse/longitudinal movement:
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2 t per suspension strut
7 t per suspension strut
1,3 Hz
80 mm
15 mm
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L evel control.

CTA — Urban Rail Chicago

For CTA urban rail vehicles in Chicago, this system was developed
for Bombardier North America.

The level control system lowers the vehicle to the level of the
platform when it enters the station.

When it leaves the platform, the vehicle is raised again.

This system also makes it very easy to coordinate the vehicle's
suspension. This reduces the strain on the wheels and the rails.
The system also has a backup system which keeps the vehicle at
the right level even if the main system fails.

Key technical data:

Minimum load: 5 t per suspension strut
Maximum load: 9 t per suspension strut
Natural frequency of the suspension: 1,3 Hz
Vertical adjusting stroke: 84 mm
Transverse/longitudinal movement: 15 mm
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Liebherr Transportation Systems
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