










piston rings broken in the compressed
gap, no wear on the rings and only
slight fouling of the cylinders and
valves. The guide rings were in a good
state of repair without measurable wear.

It has been assumed that the cause
of the breakage of the piston rings was
an operating regime with a very low
throughput and high terminal pres-
sure over a period of 30 hours during
the startup following the preceding
inspection in May. The high tempera-
tures in the cylinder chamber, caused by
the low gas transfer in the cylinder and
the product back flows in the suction
chamber probably resulted in an
increased thermal expansion with this
operating regime and thus caused a
breakage of the piston ring at the com-
pressed gap.

In the future, such conditions will be
prevented by increasing the minimum
throughput of the suction valve control
and regulating the excess volume over
the bypass. Moreover, the piston rings
were installed with increased clearance
in the compressed gap in accordance
with the manufacturer’s instructions.
The measures planned for increasing the
service life of the sealing system to the
suction valve lifting mechanism were
realised by installing modified valves
and a modified sealing system. 

After that, the suction valve control
of the circulating gas part was put back
into operation and has been working
properly since then. Maintenance
expenses amounted to €5000.

Fifth shutdown 
On 13 September 2001, cylinder B of the
makeup hydrogen compressor was sub-
jected to an inspection again as part of
the scheduled plant shutdown. The rea-
son for this was the screeching noise in

the area of the cylinder and significant-
ly fluctuating values of the piston posi-
tion monitoring, which point to a
lifting of the piston rod as a result of
foreign particles in the cylinder barrel.

While preparing the respective mea-
sures, it was determined that since the
last shutdown there were still some pis-
ton rings with unchanged play on the
piston.

The nature of the damage confirmed
the diagnosis. The compressed gaps of
all five piston rings showed signs of flak-
ing. Furthermore, the rings were
deformed on the inside in the area of
the compressed gap, an indication again
that the gap clearance was dimensioned
insufficiently. As indicated by the piston
position measurement, no radial wear of
the pistons and guide rings could be
determined.

The thermal expansion behaviour of
the piston rings was tested in an oven by
gradually increasing temperature of the
ring placed in a gauge set to the cylinder
inner diameter. The test of the measured
gap clearance corresponded to the val-
ues indicated by the manufacturer. 

The gap clearance of the newly
installed piston rings was increased, as
intended, based on an operating tem-
perature of 200°C. The value of the orig-
inal design was 160°C. A compression
final temperature of 130°C was used as a
basis for the redimensioning the com-
pressor layout during the modification
process. Cylinder A was not opened and
inspected since nothing conspicuous
was detected by the monitoring system
during operation. Maintenance expens-
es amounted to €4000.

Sixth shutdown
A few hours after the startup of the com-
pressor, the monitoring system once
again registered broken piston rings on
both cylinders of the makeup hydrogen
compressor with the familiar secondary
phenomena, such as noise, temperature
changes in the pressure valves and vari-
ations of the piston position. The fault
analysis carried out once again provided
new insight in spite of the obvious fail-
ure with the increase of the gap clear-
ance of the piston rings.

The temperatures of the hydrogen
on the suction side of the compressor
remained the same following the mod-
ernisation. Higher values of up to 15K
were measured as process side at the
controlling elements of the suction
valve control. Checking the surface
temperature of the suction valve cover
revealed a temperature that was 5K
higher than the temperature at the
controlling elements. This temperature
increase was observed only during the
operation the suction valve lifter. In
exclusive bypass operation without

valve lifting, the process and valve
temperatures on the suction side were
identical.

The repair was scheduled during a
short-term plant shutdown in mid-
October 2001. As the compressor failed
as a result of a defective control board of
the low suction pressure shutdown and
difficulties occurred during the restart-
up process on 24 September 2001, a
decision was made to carry out the
repair work immediately.

The piston rings of cylinder B were
damaged despite the increased gap clear-
ance. The more extensive damage on
cylinder A was undoubtedly a result of
the longer operating period, since this
cylinder was not handled during the
previous shutdown 14 days earlier. The
damage occurred just after startup and
thus arose irrespective of a certain oper-
ating time.

Until the problem was clarified in col-
laboration with the manufacturers, it
was decided to operate the make-up
hydrogen compressor in bypass opera-
tion in order to keep the gas inlet tem-
peratures as low as possible. After
recommissioning, the suction and dis-
charge temperatures were significantly
lower than the temperatures obtained in
valve-controlled operation. The addi-
tional effort for the bypass control of the
hydrogen compression amounts to
approximately 155kW.

Conclusion
The described service history of Com-
pressor 2 covers a period of approxi-
mately one year following the
modification. By working with the Prog-
nost diagnostic system, it was possible
to identify expected problems at an
early stage of damage evolvement and
to carefully draw up and carry out the
necessary maintenance measures. 

Besides the two unexpected outages
of the compressor, repair work was per-
formed during the plant shutdowns,
which were either scheduled or initiated
for other reasons. The success or failure
of the maintenance measures could be
checked directly after starting the com-
pressor. The opportunities which pre-
sented themselves for revisions were
tapped at the same time to carry out the
necessary compressor repairs. 

In view of the costly and complicated
installations for ensuring operational
reliability, optimum control and moni-
toring as well as operation free of wear, in
cooperation with the manufacturers the
problems at first seemed easy to solve.
However, the relationship between the
functions of compressor components –
valve, control and gaskets – as they were
presented with the aid of the monitoring
system, is obviously more complex than
previously assumed. �
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“In view of the costly and
complicated installations for
ensuring operational 
reliability, optimum control
and monitoring as well as
operation free of wear, the
problems at first seemed
easy to solve in cooperation
with the manufacturers.
However, the relationship
between the functions of
compressor components . . .
is obviously more complex
than previously assumed”
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