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Extended Gear Life 
Through Dedicated Oil Conditioning 

and Remote Monitoring

1) Theory:
- Machine components
- Contaminants
- Wear

2) Application:
- Machine & Oil Life Extension
- Kidney-Loop Depth Filtration

3) Examples
- Installations

4) Remote Monitoring
5) Benefits
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Machine Components

Surface asperities under microscope

1. Theory
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Surface asperities under microscope

Silica dust particle 

Machine Components

1. Theory
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Oil film thickness:
Rolling element bearings / ball bearings: 0.1 – 3 microns
Journal, slide and sleeve bearings: 0.5 – 100 microns
Engines, ring/cylinder: 0.3 – 7 microns 
Gears: 0.1 – 1 micron
Servo and proportional valves: 1 – 3 microns 
Gear pumps: 0.5 – 5 microns
Piston pumps: 0.5 – 5 microns
Hydraulic cylinders: 5 – 50 microns
Dynamic seals: 0.05 – 0.5 micron

Dynamic Oil Film

Source: Noria Corporation

1. Theory
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Smooth and even oil filmOil film with particles 

Abrasive Wear on Bearings and Gears

1. Theory
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Human hair: 70 µm

3 µm

Smallest visible particle 
for the naked eye:

40 µm

1 µm

Particle visibility

1. Theory
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Where do the particles in the oil come from?
• Built-in: assembly or transport
• Delivered in new oil and fuel
• Generated – from wear and oxidation
• Ingress – from the environment

Where does the water in the oil come from?
• Condensation – temperature changes and humidity
• Ingress – leakage from seals / cooler or accidents
• Delivered in new oil
•Faults in oil handling

1. Theory

Particles and Water in Oil
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Abrasion - seizing

1. Theory
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Erosion – sand paper effect

1. Theory
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Fatigue Wear

1. Theory
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Adhesive Wear

Also called scuffing or galling

Metal-to-metal contact creates ”spot welding”

Influencing factors:

• Oil film thickness (depending on oil viscosity, load, temperature)

• High loads, slow speed and large gear teeth 

• Surface hardness and alignment of components

• Improper use of anti-scuff/AW/EP additives

• Water or fuel in the lubrication oil

• Particle contamination is normally not a triggering factor

1. Theory
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Corrosive Wear

1. Theory
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MacPherson graphic

Level of filtration in µm

The importance of particles 

The graph is based on a test 
with 10 bearings. The lubricant 
was contaminated by wear of a 
gearbox.
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Size of particles in µm

Dispersion of particles by size

In medium loaded oil systems 
the dispersion of particles will 
be as follows:

• Only approximately 10% of the 
particles are ≥ 10 µm

• Approximately 70-80% of the 
particles are between 1-5
micrometre

Particles in Oil

1. Theory
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ISO particle cleanliness

1. Theory
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1. Theory
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1. Theory
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Why “kidney-loop”, or “offline” filter?
- Independent: can always run
- No disturbance to the system
- Ideal flow rate
- No pressure fluctuation
- Draws from lowest point 
- Removes sediment
- Ideal oil sample port:

- Worst case oil quality
- Sampled on an ideal 

circulating point
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Oil 
system

System
pump

In-line
filter

Clean oil Contaminated oil

2. Application
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Surface Filtration

Typical Surface Filter
for Inline Filters

Element housing
End cap seal

Core

Medium support

Pleat
support 
band

End cap

Filtered oil returns
to the oil circuit

Unfiltered oil enters
under pressure

Function

Typical Depth Filter 
for Offline Filters

Depth Filtration

Two-disc filter sandwich

Filtered oil returns
to the oil circuit

Unfiltered oil enters
under pressure

Function

2. Application



20CJC Filter Inserts

Depth Filtration
Cut-down in a used 

CJC Filter Insert 
type HDU 27/27

Filters
particles

Adsorbs
Varnish/resins
(oxidation)

Absorbs
water

2. Application
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2. Application
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Annual Filter Insert Change
3. Examples
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3. Examples
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Why is the kidney-loop the ideal 
place for the monitor?
- Independent: can always run
- Ideal oil sample port:

- Worst case oil quality
- Sampled on an ideal 

circulating point
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Oil 
system

System
pump

In-line
filter

Clean oil Contaminated oil

4. Remote Monitoring
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4. Remote Monitoring

Two options:

Recommended for smaller equipment, 
like ACC fan gear:

Connect 2 signals to the control room:
- filter pump On / Off
- high pressure alarm

Pretty safe conclusion:
a) Filter is on?
b) Not high pressure?
c) = Your oil is clean !
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4. Remote Monitoring

Two options:

Recommended for critical equipment, 
like Turbines:
B) Continuous monitoring of Oil Quality:
- ISO particle count
- Water content
- Oxidation
- Resistivity
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4. Remote Monitoring

B) Continuous monitoring of Oil Quality:
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Summary of Benefits with dedicated gearbox kidney-loop filter

• Always clean oil ISO 16/14/11 or better
• Always dry oil, < 100ppm
• Typically, no o oil changes necessary
• Use filter pump to add fresh oil to the gear box while it is running
• Take repeatable oil samples while gear is running
• Cooler gear oil by 10-15F
• Add lubrication to upper gear bearing
• Get immediate alerts for water ingress if gear seal breaks
• Easy to connect remote monitoring

5. Benefits
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Case Studies  & Articles
on ccjensen.com

5. Benefits
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contact:
axel@ccjensen.com
Mobile: 770-853-1589

www.linkedin.com/in/axelwegner67

mailto:axel@ccjensen.com
http://www.linkedin.com/in/axelwegner67
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