
Results 
•  No classic tribofilm containing oxygen or sulphur has 

been identified on samples from engines 
 
 
 
 
 
 
 
 
 
 
 
 
 

•  A tribofilm containing oxygen, sulphur and calcium 
was identified on samples from rig tests 

•  A higher amount of sulphur was found in tribofilms 
formed in tests with used cylinder oil compared to 
with fresh cylinder oil 
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Method 
•  A reciprocating test rig was developed to simulate 

the wear of piston rings and cylinder liners of large 
marine diesel engines 

•  The plan was to compare samples from real engines 
with samples run in the test rig in order to trim the 
test method until a similar tribofilm was formed 

•  In order to get similar chemistry as in a running 
engine, a used cylinder oil, ’scrape down’, was 
tested and compared to fresh cylinder oil 

 

Test rig investigations of cylinder liner and piston ring 
wear caused by transition to greener ship transports  

Background 
•  Greener sea transports by change of fuel from 

heavy fuel oil to natural gas 
•  Tribological problems are expected when fuel 

without sulphur is used 

Objective 
•  Develop a test method to simulate the wear of 

piston rings and cylinder liners in engines 
•  Increase the knowledge about current 

tribosystem and the role of sulphur 

Conclusions 
•  Parameters, such as load, have to be varied 

further to get similar wear as in the engine 
•  Using used cylinder oil is a promising way to get 

similar chemistry as in a running engine  
•  Worn surfaces of the rings from real engines 

have to be analysed further in order to 
understand their good tribological performance 
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The tribological situation in the 
engine was simulated with regards 
to temperature and chemistry, but 
surface pressure was higher in the 
test rig 

SEM-images of samples worn in engine: grey iron piston ring 
(a) and cylinder liner (b) with FIB cross-section from plateu (c) 
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a) Piston ring 2, 16 000 rhs, well functioning 
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b) Cylinder liner 

c) FIB cross-section of plateu  

Deformed surface layer 

SEM-images of samples from test rig with fresh cylinder oil (a)  
and used cylinder oil (b). The tribofilm formed on the latter  
contains more sulphur, which can be seen in the EDS-spectrum (c). 
The amount of oxygen and calcium is similar. (The gold, and 
palladium signals come from a conductive coating)  
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c) EDS-spectra of dark areas on the two samples 
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