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Avoidable Thruster Damage?
- Or the Benefits of Maintaining the Oil Instead of Repairing Components.

. Water and dirt in thruster gear oil systemsis a serious problem costing offshore vessel
owners thousands of dollars every year due to loss of position, down time, thruster
repairs, oil changes and unplanned docking.

. Water removal from thrusters and oil cleanliness might seem like alow technology
item compared to the normal subject of dynamic positioning such as DGPS, sonar
systems, training of crew, etc.

. Yet achainisonly asstrong asit’s weakest link!!

. Considering that dirt and water in the oil are statistically the main reasons for all
breakdowns in oil related equipment, oil maintenance should have as much attention
as expensive and highly sophisticated equipment.

. Thruster manufactures have over the years improved the design in order to avoid
water ingress. Multiple seal systems with oil chambersin between has been
introduced, but never the less water ingressis still awell known problem and even
small amounts of water in the gear oil can cause a thruster to fail!

. A good example was the incident, which happened during last years conference,
where a cruise ship had to be dry-docked due to water ingress in the thrusters.
Imagine you had the same scenario with one of your thrusters. Manufactures and
operators should use their experience to develop a system able to cope with the water
ingress, which cannot be avoided.

. From 1995-1999, 21% of all lost positions were caused by thruster problems. This
does not include all the incidents where there were no loss of position. A great part of
the thruster failures are caused by water and dirt in the oil.

. There is an increasing demand from operators for longer life of the thrusters, from 20-
40 years and the interval between major inspections needs to be 10 years.

. To obtain these goals we have to understand that water and dirt in the oil are the major
causes for costly failures and how this can be avoided. We will look into how water
and dirt affects the oil and the components in a system.

. The major destroyers of the physical and chemical properties of oil are solid particles,
water and oxygen.
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The most common sorts of

WEAR

caused by contamination

“$and Blasting”

Formation of Rust © C.C.JENSEN A/S, 1996
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Solid Particles

. The additive package in oil is designed to keep particles suspended in order to
maintain the [ubrication properties of the oil. This means that the particles are
transported with the oil in the system and therefore get in contact with all oil wetted
parts. Asyou can see (enclosure 1 “common wear”) the particles basically create
two types of wear: “sand blasting” and “grinding”, both of which are accelerating
processes leading to more particles and then to more wear.
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The Importance of Small
Particles

MacPherson Graph

Testing period, 10° revs
14

12 3

Degree of Filtration, pm

The MacPherson Graph is based on an accelerated test of 10 roller bearings
The lubricating oil was contaminated with dirt from gearboxes

Dynamic Positioning Conference September 18 - 19, 2001 Page 4



Return to session directory

Lars Bo Andersen, C.C. Jensen A/S Preventive Maintenance Avoidable Thruster Damage?

MacPherson

. To determine which sizes of particles are the most damaging for a system, we can use
the well known MacPherson-graph: An accelerated wear test on bearings, comparing
the lifetime of 10 roller bearings with the degree of filtration. The oil used in the test
was contaminated with metal particles from gearboxes. As you can see from the graph
the life-time of aroller bearing doubles from 2 million revolutions to 4 million
revolutionsif the filtration degree isincrease from 20 micron to 10 micron absolute -
and if the filtration isimproved further from 10 micron to 3 micron absolute, the
bearing life time increases from 4 million to 12 million revolutions.
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Particle Size Distribution

Observed average in medium charged system oils
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Particle Size Distribution

. When looking at this graph it isimportant to know that an average of 90% of the solid
particles found in agear oil are 10 micron or smaller (normal in-line filters are 15-25
micron filters).

. For classifying the cleanliness level of an oil we use SO codes or NAS classes. These
are international standard classification systems based on the number of particles
between 5 and 15 micron in size and particles which are 15 micron and larger.
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ISO CONTAMINATION CODES
CLASSIFICATION NUMBERS

NUMBEROF PARTICLES PER 100 ml. OIL SAMPLE
ISO NUMBER OF NUMBER OF NUMBER OF
CODE PARTICLES PARTICLES PARTICLES
> 2 MICRON SIZE >5 MICRON SIZE >15 MICRON SIZE

22/20/17 | 2,000.000 - 4,000.000 500,000 - 1,000,000 64,000 - 130,000
22/20/16 “ : 32,000 - 64,000
22/20/15 “ “ 16,000 - 32,000
22/20/14 “ : 8,000 - 16,000
21/19/16 | 1,000,000 - 2,000,000 250,000 - 500,000 32,000 - 64,000
21/19/15 “ “ 16,000 - 32,000
21/19/14 “ : 8,000 - 16,000
21/19/13 “ “ 4,000 - 8,000
20/18/15 500,000 - 1,000,000 130,000 - 250,000 16,000 - 32,000
20/18/14 “ : 8,000 - 16,000
20/18/13 “ “ 4,000 - 8,000
20/18/12 “ “ 2,000 - 4,000
19/17/14 250,000 - 500,000 64,000 - 130,000 8,000 - 16,000
19/17/13 “ “ 4,000 - 8,000
19/17/12 “ : 2,000 - 4,000
19/17/11 “ : 1,000 - 2,000
18/16/13 130,000 - 250,000 32,000 - 64,000 4,000 - 8,000
18/16/12 “ : 2,000 - 4,000
18/16/11 “ : 1,000 - 2,000
18/16/10 “ “ 500 - 1,000
17/15/12 64,000 - 130,000 16,000 - 32,000 2,000 - 4,000
17/15/11 “ : 1,000 - 2,000
17/15/10 “ “ 500 - 1,000
17/15/9 “ : 250-500
16/14/11 32,000 - 64,000 8,000 - 16,000 1,000 - 2,000
16/14/10 “ “ 500 - 1,000
16/14/9 “ : 250-500
16/14/8 “ “ 130- 250
15/13/10 16,000 - 32,000 4,000 - 8,000 500 - 1,000
15/13/9 “ : 250-500
15/13/8 “ “ 130- 250
14/12/9 8,000 - 16,000 2,000 - 4,000 250-500
14/12/8 “ : 130 - 250
13/11/8 4,000 - 8,000 1,000 - 2,000 130-250
12/10/7 2,000 - 4,000 500 - 1,000 64 - 130

Prepared by C.C. JENSEN

Dynamic Positioning Conference

September 18 - 19, 2001

Page 8



Return to session directory

Lars Bo Andersen, C.C. Jensen A/S Preventive Maintenance Avoidable Thruster Damage?

Explanation of Table With NAS and ISO Classes

. A study has been made to determine the relation between 1 SO codes and life extension
in gear and hydraulic systems.
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Life Extension Method (LE M) - Rolling Element Bearings

Life ExtensionFactor (LEF)
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Water

. Water in thruster oil systemsis one of the major causes for mechanical break downs
according to the before mentioned surveys. The water is creating oil-less * pockets”
between |ubricated surfaces causing inadequate lubrications in these areas, surfaces
may be damaged and a“rust” formation will start. The formation of rust in agear or
hydraulic system will create accelerated wear (scales/particles) which again will speed
up the oxidation of the oil. Also the oxygen inherent in the water will contribute to
accelerated oil aging.

. A survey done by a company called “Entek” shows that by reducing the water content
in the oil you can increase the lifetime of the bearings and all oil wetted parts
dramatically.
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Moisture Life Extension Method
M-LEM
Life Extension Factor (LEF)
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*Estimated life extension for mechanical
Systems utilizing mineral-based fluids.

Example: By reducing average fluid moisture levels from 2500 ppm
to 156 ppm machine life (MTBF) is extended by a factor of 5.
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The Operational Effect of Filtration and Water Removal From Thruster Gear Oil

. Water ingressin thrusters - usually through the main propeller shaft seal - can be
caused by several factors such as pumping effect, entangled fishing lines, wear and
vibrations, and even though the seal manufactures has improved the designs, water
ingress still cannot be totally avoided. Furthermore the condensation of water will
always be a problem. By continuously removing water and particles from the oil you
will greatly reduce the risk of breakdowns and unplanned, expensive maintenance and
downtime. Modern thruster systems are supplied with a header tank creating a positive
pressure in the thruster housing in order to prevent water ingress. This system,
however, is presenting another problem considering the growing focus on
environment: It has the potential of pushing oil out of the housing into the sea.

. Normally a gear oil system on athruster is only equipped with an in-line filter with a
nominal filtration degree of between 10 and 25 micron, which is not capable of
removing water. Also, such afilter is only cleaning the oil when the systemisin
operation.
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Pressure filter
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Different Types of Filters

. A supplement to the traditional in-line filtration is an offline filter separator with pre-
heaters, which will effectively remove particles and water from thruster gear oil. Such
filtration units have been in used successfully since the late eighties in both Offshore
Supply Vessels and Semi submersible drilling rigs. The applied filter separator is
combining 3 micron absolute filtration with continuous water removal by coalescing.
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PTU2 27|27 PM-EW
Filter Separator
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Presentation of CJC Filter Separator

. Filter separator units of this type have actually kept thrusters working with a
continuous and large water ingress. In some cases more than 6 litres of water have
been removed per day allowing the overhaul of the thruster to be done at a planned
dry docking.

. Just a quick recap of the advantages by installing an offline filter separator for thruster
gear oil:

. Particle removal reducesthe risk of seal leaks

. eDramatic increase in the lifetime of all oil wetted parts and the oil itself.

. *High water removal capacity preventing unplanned downtime and docking

. *Reduced maintenance cost

. *Reliable and low maintenance equipment

. It is of major importance to keep your oil clean and dry!!!
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