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Abstract :   
 
This paper describes an experimental study of the long term sealing performance of nitrile rubber joints 
on a manned deep ocean submersible operating down to 6000 m depths. An initial formulation showing 
large compression set is discussed first. Then results from long term laboratory testing of a second 
formulation, aged in water for 10 years, are presented. Much lower compression set and higher sealing 
forces are observed. Based on these results a testing methodology for the prediction of the long term 
sealing performance of nitrile O-rings is proposed. Results from laboratory tests are compared with those 
measured on joints aged for up to 10 years in service.   
 
 

Highlights 

► Compression tests performed after immersion over a period of 10 years are reported. ► A laboratory 
prediction methodology for long term sealing behavior is described. ► Relationship established between 
compression set and sealing force: ► Leakage criterion proposed. ► Laboratory test results are 
compared with results from an in-service underwater application and indicate a reasonable long-term 
correlation. 
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There are several factors 

which could explain this difference in time to reach a similar permanent set value. First, the 

joint removed from the DSV in the South of France took some time to reach the laboratory, 

so it had time to recover completely before measurements were made. The measurements 

made during the laboratory aging study were all taken 30 minutes after unloading the joint; 

these values would tend to be lower after a longer time. Second, the aged joints were held in 

a water bath at 25°C. The aging temperature in service can be considerably lower, 

descending to around 5°C in the deep oceans. This would slow the permanent set. 
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