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Volvo Aero Corporation develops trbines and the nozsle extension for the
next generation of rocket within the European Space Program, the Ariane V.
These componeais operaics. in high pressure hydrogen gas at varions tempess-
tures. Due t temperature and strength requirements, materials known to be
sensitive to hydrogen cmbritiement his o be used.

Hydrogen pas embrittlement is  complex phenomens, involving many dif.
ferent variables such as:

— Chemical composition of the material

— Microstrucrure

— Surface Structure

— Manufactuting processes, e, welding

— Temperature

— Hydrogen gas pressure

— Plastic deformation

— Time (frequency, strain rate)
— Impuritics in the hydrogen gas

The interaction of these varisbles is not understood. It is thus necessary 10
st andl characterise the manerial close to the operating conditions. In erder to
fulfl these requirements a unique tese plant for msechanical testing in high pres-
sure hydrogen gas ar room and elevated temperatures has been develaped. The
test faclity is fully automated enabling round the clock testing, thus reducing
the total testing time considerably, especially for fariguc testing. Great care has
been spent in order fo keep the hydrogen pas as clean as possible, cg. the
oxygen content is alwaps checked to be below 1 ppm. A test program including
tensile, strain controlled low epele farigue, fracturc toughncss s well as crack
propagation testing has been performed. The temperatuce was varied between
room temperatute and 1000 C.

In the supsrallays tested it was. have found that hydrogen cmbrittlement s
closely related 1o plastic deformation. This can be scen in the tensile tests in
which the clongation and reduction of ateu is decreased, while the vield sress
is unaffected. The UTS is only decreased if the hydrogen cmbrirtlement s
severe. During low evele farigue the deterioration in propeties is most evident




Test results

1. Tensile Test 3. Crack Propagation Test
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at large strain ranges. Also local plastic deformation, as in crack propagarion,
promotes hydrogen embritdlement. An increase in propagation rate of o magni
wude or more has been found in many alloys. The test temperanre greatly
affects the hydrogen embritdement, the most severe embrilement is normally

und at some low or intermodiate temperamre. It ws also found that the
Bydeogen embrittlement is dependent on the heat treatment and microstniciuse,
. the solution temperarure often has a large influcnce.




