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Howaldtswerke-Deutsche Werft GmbH (HDW), based in Kiel,
Germany, builds the most advanced non-nuclear submarines in
the world, with fuel cell drives that are ready for production.

Larger range and extended dive time for advanced submarines

Test stand for lithium-ion batteries
Since the early days of submarine construction, extending the possible dive time has been one of the
main objectives of research and development engineers. Here, the energy supply is a key factor. For more
than 100 years lead-acid batteries have been used for energy supply purposes in submarines. More recent
battery technologies, such as lithium-ion (Li-ion), represent significant progress. They offer much higher
energy density and therefore enable longer dive times. However, before the technology can be used on
board, it obviously must be tested. To this end a test facility was built at the Howaldtswerke-Deutsche
Werft in Kiel, Germany, which simulates the electrical operating conditions on board. A Beckhoff CX1020
Embedded PC deals with system control and data storage for subsequent analysis.
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Howaldtswerke-Deutsche Werft GmbH (HDW) is a ThyssenKrupp Marine Sys-

Integrated safety solution

tems company with more than 2,000 staff at its Kiel site, which uses sophisti-

The automation includes the CX1020 Embedded PC with two substations to

cated and advanced shipbuilding technologies and production methods. HDW

which a converter and the data sampling unit are connected via CAN bus. A

is a center of excellence for the construction of the most advanced non-nuclear

battery module consists of 23 cells and a battery string consists of up to eight

submarines in the world. The unique submarines of the 212A and 214 classes

modules. For each cell the current and voltage are sampled and monitored. There

are equipped with air-independent drives based on fuel cells, which enable

are six temperature measuring points for each module.

the submarines to stay underwater for much longer. HDW is the only company
in the world that currently offers a fuel cell drive that is ready for production.

Operational safety was a key aspect, since voltages of up to 800 V can occur

Under the motto “faster, quieter, deeper” HDW submarines serve in 17 navies

during charging and discharging of the batteries. “With the Beckhoff safety

around the world.

solution, TwinSAFE, we implemented an emergency stop function that monitors
access doors, emergency stop buttons, the fieldbus systems (watchdog) and

Testing of lithium-ion battery charging and discharging processes

data sampling alarms independent of the automation. It also disconnects the

While lithium-ion technology has already been tried and tested in a range of

battery system from the converter, if necessary,” said Jürgen Kuhn, Shipbuilding

civil applications, it has also been considered for military applications. “Initial

Business Manager for Beckhoff, who supervises the project. This means that the

investigations were positive, so HDW decided to build a larger test facility in

system can be operated safely over several days and nights.

order to simulate operation of a submarine as realistically as possible,” said Tim
Convenient operation
After starting the CX1020 the battery configuration is read and limit values are
set automatically. This prevents overcharging and deep discharging of the battery. The operator can now manually specify values for charging and discharging, although the system is designed to run mainly in automatic mode. To this
end a previously prepared profile file (CSV format) containing data for several
charging and discharging cycles is read from a USB stick, for example. The file
represents a submarine operating profile with cycles that are automatically
executed once the automatic mode has been started. The converter receives
the charging and discharging data via EtherCAT and the CAN bus. In this way
the battery can be charged and discharged with constant current or power.
This continues until a certain voltage has been reached or a defined time has
elapsed. These values are also included in the profile file.
Jürgen Kuhn, Shipbuilding Business
Manager at Beckhoff

All data such as battery cell voltages, temperatures and converter values are
stored at 5-second intervals, for example, and written to a further CSV file.
This file is also stored on a USB stick and is therefore portable for subsequent

A battery module consists of 23 cells

analysis on any PC or laptop.

and a battery string consists of up to
eight modules. For each cell the current

Clear visualization

and voltage are sampled and monitored.

The visualization shows the current condition of all battery cells and the pe-

For each module there are six temperature

ripheral systems. The header shows the main data such as minimum/maximum

measuring points.

values, alarm, converter state, etc. In addition, a register programmed under
Windows CE was included in the visualization, so that any faults or alarms
can be traced. The CERhost tool enables the visualization to be called up from

Sievers, Development Engineer at HDW. “The main focus is on the charging and

any workstation within a network. The hardware and programming support

discharging processes. Other aspects include heat generation and distribution

provided by Beckhoff meets all system requirements. “Following the great suc-

within the battery system.”

cess of the test facility, which has been operating since the end of 2010, we are
currently setting up four further test stations,” said Tim Sievers.

Flexibility and simplicity, key considerations for the test facility
Since not all submarines have the same battery systems on board, each battery
configuration must be tested individually; this means that the control system
must be flexible. With EtherCAT I/O components and TwinCAT automation
software, Beckhoff offers the optimum conditions for flexible testing. HDW
deployed the PLC software and a system for detecting and operating different
battery configurations in collaboration with Beckhoff. The system can be operated manually or in automatic mode.

Further Information:
www.hdw.de/en

