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Design and development of the manufacturing
technology of a hydrogen gas pressure vessel for

cryogenic applications

Motivation

In Germany, about 20 % of greenhouse gas emissions
could be attributed to transport in 2020. In order to
achieve the goals of the Paris Climate Agreement, a
drastic decarbonisation is necessary, which also inclu-
des the conversion of the commercial vehicle sector to
emission-free engines.
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For this purpose, the implementation of cryogenic sto-
rage and refuelling technology in the transport sector
for operating fuel cell trucks is being driven forward. In
this context, it is essential to design and manufacture
the necessary components in accordance with the re-
guirements. This also includes the mobile hydrogen
gas pressure vessel, which is an aluminium liner
whose outer skin is completely wrapped in carbon
fibre-reinforced plastic (CFRP). The particular challen-
ges of the research project are, on the one hand, the
forming of the required pressure vessel volumes and,
on the other hand, the effects of the thermo-mechani-
cal loads on the materials used (aluminium al-
loy/CFRP) and their interaction, particularly with re-
gard to the cryogenic temperature conditions.
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Approach
A first objective of this research project is the qualifica-
tion of a forming process route that makes it possible
to produce the required large-volume hydrogen gas
pressure vessel from aluminium. Various manufac-
turing processes, such as stretch-forming, reverse cup
extrusion and (hot-) spinning, as well as combinations
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of these processes, are available for selection.
Another promising process in connection with liner di-
mensioning is hydroforming with seamless tubes as
semi-finished products.

Since the hydrogen gas pressure vessel is a safety-
relevant component, failure under the specified condi-
tions of use must be absolutely excluded. This poses
particular challenges for the materials, which have to
withstand pressures of up to 450 bar and temperatures
between -150 °C and -230 °C. In order to be able to
make an application-appropriate material selection,
the focus of the research project is therefore on the
construction of a cryogenic measurement test rig to
determine relevant material parameters.
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In addition, finite element models are to be created
which, on the one hand, will be used for process de-
sign and, on the other hand, will represent the thermal
and mechanical loads acting on the Type llI-cylinder
during use.
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