OIL COMPENSATING EQUIPMENT FOR USE IN THE DEEP OCEAN

The following is a few of the things we take into consideration when making a decision regarding oil compensation for subsea systems. This list is not intended to be a complete assessment of all considerations. 

OIL COMPENSATING CONSIDERATIONS:

1. SERVICE/MAINTENANCE: Oil compensating is always brings up a service issue that should be considered. When the system needs to be worked on for maintenance, troubleshooting, etc., the compensated housing needs to be drained of oil serviced and re-filled. When refilling care must be taken to ensure that there is a way to get all the air out of the system, so from the beginning the designer needs to be thinking about places that might trap air and how to deal with it.

2. VOLUME: The volume that requires compensation needs to be considered when determining your system. In the hydraulic industry a standard rule of thumb is that oil will compress ½ percent per 1000 PSI of pressure, this is for hydrocarbon based fluids and is good up to 4000 PSIG after this the line is not linear. The system operating pressure is approximately 6000 PSIG at 4000 M so we would probably want to use 4% - 5% of the volume.

3. PRESSURE: Most of the pressure compensated systems at MBARI have a direct means of controlling the compensating pressure, usually 7-15 PSI. The compensated systems usually have a positive pressure on the oil side to ensure that any leaks will occur from inside out with oil moving towards the ocean side. The volume that requires compensation needs to allow for changes due to the bulk modulus of the compensating fluid as well as any temperature effects while still maintaining positive pressure.

4. HOUSING: The housing for any ocean going system needs to be robust. A system requiring 10-PSI internal pressure can put a considerable amount of force on a lid that has a large area. For a gasket type seal the amount that the seal compensates should be considered. If the area is large for a gasket seal design the amount of bolts required to seal and fasten should be looked at carefully.

5. EQUIPMENT: The type of equipment that is compensated needs to be considered. At MBARI we use an oil product from Shell Oil called Tellus. One issue when compensating brushed motors is that they can hydroplane at high RPM and this leads to arcing which degrades performance.

SEAL DESIGN CONSIDERATIONS:

1. Material Selection: Anything in contact with seal should be considered when selecting materials for sealing. There are numerous materials available depending on the service requirement. We have in general been successful with the standard Nitrile material for fluid handling and sealing applications such as what is required for the XYZ positioning system. This material provides a good elastic modulus that has good resistance to extrusion. Service temperature is important but for the temperature range being considered the material characteristics such as hardness, rebound elasticity and compression set, are fairly static. A good reference for seal materials is Parker Seals O-ring Handbook. 

2. Gland Design: There are two basic design types STATIC and DYNAMIC. The Static design is for a seal that will not see relative movement between itself and any contact surfaces; these include gasket type seals. The Dynamic design is usually either rotary or reciprocating. 

For oil compensated housings or for one atmosphere housings it’s a good practice to have redundant seals at critical interfaces. Critical interfaces include housing tops or lids that are typically removed for maintenance or service.

