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Abstract 

 

Often, maintenance managers face challenges in making maintenance decisions due to the lack of 

sufficient and accurate information. It's not uncommon for the current problem to be resolved, but 

the cause of the problem remains, which is why some types of failures often recur, reducing the 

equipment availability and generating additional costs. To overcome these challenges, modern 

maintenance principles are based on the application of the equipment condition monitoring 

techniques. One of these techniques is used oil analysis also known as lubricant condition 

monitoring, which yields an insight into the physical and chemical state of the lubricating oil, as well 

as the condition of the machine elements that come in contact with oil during routine operation. To 

illustrate the benefits of employing this technique, a case study of asphalt paving machine is 

presented. In the case study, four basic lubricant parameters (viscosity, water content, solid 

particulate content and acid number) for the hydraulic system were analysed. The results of the 

analysis show a sudden increase in the solid particles content, due to which certain maintenance 

interventions had to be taken to avoid failure of the system and unnecessary maintenance costs. Also, 

by oil condition monitoring, after two years, maintenance staff received information which is the 

base for making a decision on the appropriate replacement interval of hydraulic oil. 

ñOil Analysis, Filtration and Samplingò is intend to be a comprehensive research material for all 

technical staff within the group companies and specially for the plant staff, responsible for 

operational lubrication. It can be used as a guideline to set-up an oil analysis programs in the plant or 

to review existing analysis programs in regards to their completeness. The research material contains 

detailed information of recommended oil analysis, condemning limits, contamination ratings and 

comparisons, filter selection criteria and oil handling. 

 

To outline the main oil analysis methods as used in the cement industry 

1. To present the root causes of oil degradation and 

2. the limits to respect for proper operation 

3. To summarize the main tips and tricks for oil sampling 
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Introduction  

 

Every year millions of liters of lubricants are prematurely changed in equipment resulting in the 

disposal of oils, which still have remaining useful life. With the need to maximize the life of the oil 

to its full potential, but at the same time being cognizant of potential dangers with extended drain 

intervals, outside contamination and poor maintenance practices, oil analysis should be a corner 

stone of any maintenance program. 

 

Oil Analysis  

1. The first step in setting up an oil analysis program is to select the systems to be monitored 

2. Establish the sampling frequency (considering machine 

and oil age ï both are moving targets, readjustments required) 

3. Determine the cleanliness target of oil sample 

4. Ensure proper sampling methods and techniques 

5. Ensure a proper evaluation and documentation of sampling results (history and graphical 

trend analysis are essential parts of the evaluation process) 

 

Oil Sampling Procedure and Frequency 

As it is very important that the oil samples for oil analysis are representative, follow the procedure: 

1. Critical equipment are normally sampled every six months. If a problem has been observed, 

sampling becomes more frequent. 

2. Sampling is recommended only on reservoirs greater than 100 liter (25 gallon) or due to 

downtime priorities. There is an economic trade-off between fluid replacement and the costs 

associated with analysis and fluid reconditioning. 
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3. Oil reconditioning will be usually done on reservoirs greater than 200 liter (50 gallon) to 

improve the oil quality (by bypass filtration, centrifuges or vacuum dehydrator). There is an 

economic trade-off between fluid replacement and the costs associated with analysis and 

fluid reconditioning. 

4. Use only laboratory approved sample bottles ï 100% clean 

5. Preferably take sample while system is running 

6. Take sample from a fixed point, where the oil is moving or flowing 

7. If the sample is taken from a valve, flash through the valve with a sufficient quantity 

(normally at least 500ml). 

 

Methology 

 

Oil Sampling Procedure and Frequency 

1. Strictly avoid any pollution from the surroundings to enter the sample 

2. Seal the bottle right after the sample have been taken 

3. Provide the bottle with following data: 

¶ Company name 

¶ Sample reference number 

¶ Date and time of sample 

¶ System reference e.g. HAC 

¶ Fluid type, ISO VG and supplier 

¶ Sampling location 

¶ Service life of oil. 

4. Often the oil sample are analyzed by the supplier, sometimes it is good to change to an 

independent body. 
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5. As the analysis is an evaluation of a rather costly product, it can be recommended to asks the 

supplier for analysis data for a new oil as well as the rejection limits. 

6. Fore more details regarding extraction of fluid samples from lines of operating systems see 

ISO 4021. 

7. An analysis of lubricating oil could contain following information: 

 

1. Recommended Analysis for Gear Oil 

¶ IR - Infrared Spectrum 

¶ Appearance / Color 

¶ Viscosity cSt 

¶ TAN ï Total Acid Number 

¶ Water Content 

¶ Wear Particle (weight %) 

¶ Trace metal analysis (ppm and size) ï optional 

 

2. Recommended Analysis for Hydraulic Oil 

¶ IR ï Infrared Spectrum 

¶ Appearance / Color 

¶ Viscosity cSt 

¶ TAN ï Total Acid Number 

¶ Water Content 

¶ Wear Particle (weight %) 

¶ Foam 

¶ Trace metal analysis (ppm and size) - optional 

¶ Particle counting - ISO 4406 (optional) 
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Frequently Damages due to Contamination 

Different types of contamination affect the oil in different ways- but one thing is sure, they all 

shortened the lifetime of the equipment and the oil. 

 

Type of contamination:  Cause: 

Dust (Si, Ca, etc.) Increased wear ï reduction of lifetime of equipment 

Metal particles Wear (micro-pitting) ï increased wear 

Water  Reduction of lubricity, lifetime of oil and corrosion 

Acid  Rust and corrosion 

Soot  Deposit, which is plugging filters and oil passages 

Fuel dilution  Reduction of lubricity 

Oxidation  Lacquer on piston and liner, fastened piston rings 

 

Frequently Damages due to Contamination 

Investigation on 2000 bearing damages showing, that the most frequently cause of damage was dirt. 

Percentage:  Cause of damage: 

45 %  Dirt in bearings 

15 %  Misalignment in bearings 

10 %  Wrong assembly of bearings 

10 %  Overload 

10 %  Lack of lubricants 

5 %  Rust and corrosion 

5 %  Other reasons incl. wrong lubrication rec. 
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Wear Metals Warning Limits  
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Tests, Warning and Condemning Limits 
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Visual Check of Water in Oil 

 

Wear Causes 

 

1. Wear caused by local overload (fatique stress) of the surface. 

2. The particle will introduce a microcrack in ï or right under the oil surface. 

3. The crack will increase in size, and finally the oil pressed into the crack will create the micro 

pitting ï and more particles. 

4. Wear caused by erosion, when particles hits the metal surface with high velocity. The 

impulses will loosen particles. The phenomena is most actual when there is turbulent oil 

flow. 
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Mechanical Pollution 

The dust and metal particles (mechanical pollution - particle contamination) comes from three 

sources: 

1. Build-in pollution from fabrication or erection (cylinders, hoses, fittings, pipes, pumps, 

valves etc.) 

2. Wear from operating conditions e.g. poor housekeeping 

3. Service pollution, when a lubricating system is opened (for repairs, inspections, oil services 

etc.) 

 

 

 

Impact of Water and Catalysation to Service Life 

Beside the wear caused by solid particles, the material of contamination particles and their catalytic 

ability have also a major impact to the service life of oil. The chart is indicating that for instant 

Cupper has a much higher catalytic impact compare to Ferro. In addition to water, the service life of 

oil will be reduced to a minimum of the original specified life time. 
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Handling of Oil  

1. Handling of oil is focused on 205 litre barrels and drums 

2. Best storage of barrels is in-door in a clean, vented and fire proof room 

3. Storage out-door requires water proof cover 

4. Barrels must always be stored horizontal, as the thermal expansion will suck water through 

even sealed plugs. 

5. First-in, first out policy should be adopted. 

6. Under the barrel tap should be a waste tray. 

7. Keep surface clean especially around the taps, as greased surfaces (and open oil/grease 

barrels) collects dust. 

8. Barrels should be lifted /moved only with sufficient equipment/tools. 

9. High viscosity oils need to be above 10ºC before used 

10. Heavy additivated oil are quite toxic and must be handled with care.  

11. Wear rubber gloves. 
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12. Reject the old oil according to the instructions of local authorities. 

 

Cost Reduction with Oil Care 
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Selection Criteria for Filter Elements 

To ensure the best return of investment of your filter  elements following characteristics should be 

considered: 

 

1. Differential pressure sustainability 

2. Specific contamination capacity 

 

 

 

 

 

 

Differential pressure 3.5 bar 
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Differential Pressure due to Contamination Capacity 

 

The oil cleanness will always be a compromise of ñwhat is necessary to obtain the specified life time 

and the costò (pressure drop across the elements, filter dirt capacity etc.) 

 

Filter Rating  

Previous and elder filter ratings are based on different supplier experiences and internal tests. Since 

the introduction of Beta (ß) ratings under consideration of the differential pressure, it is possible to 

compare products of different suppliers and their filter ratings. There are two classification on filter 

ratings: 

1. Nominal filter rating 

2. Absolute filter rating (highly preferred) 

Nominal filter rating : There is no useful ßx rating determent. That means for the user: even with 

the right filter element, only a part of the contamination will be filtered. For example: Selecting an 

filter element with ß10 =??? means filtration of 10 ɛm  particles. But the retention rate is not defined 

and might be only 50% what means that the efficiency drops dramatically. 
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Absolute filter rating : Only with a ßx = 100 or a retention capacity of 99%, the filter rating will be 

called ñabsolute retention rateò. 

 

Filter Rating  

For example: The ß10 = 100 ensures a filtration with 99% retention rate of the selected particle size 

of 10 ɛm. 

ßx = 2 50.00% efficiency or retention capacity (nominal) 

ßx = 20 95.00 % efficiency or retention capacity (nominal) 

ßx = 75 98.67 % efficiency or retention capacity (nominal) 

ßx = 100 99.00 % efficiency or retention capacity (absolute) 

ßx = 1000 99.90 % efficiency or retention capacity (absolute) 

 

The reduction factor ßx defines the ratio between the number of particles (of size or bigger than x) 

before and after the filter element. X is indicating the max. Particle size in ɛm. 

Therefore, we highly recommend to use only the absolute filter rating. 
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Recommended Degrees of Purity and Filter Level 
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Comparison of Different Filter Design 
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Comparison of Different Contamination Ratings 

 

ISO DIS 4406 / Cetop RP 70 H: The contamination rate of oil is defined with two numbers, 

represented by a code.The code 17/14 for instant is indicating a specific number of particles > 5µm  

and > 15µm due to 100 ml test sample (nowadays three numbers like 21/17/14 for > 2 µm, > 5µm  

and > 15µm) .  

NAS 1638: Maximum number of contamination particles are determines in regards to their seize 

on 100ml test sample. Details see next page.  

MIL STD 1246 A: The Norm has almost no acceptance any more within the industrie and will be 

used only in very specific cases.  

SAE 749 D: Due to the relative low number of particles (9 particles to 580 particles/ml), the 

classification has been replaced by NAS 1638 (1971).  
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Contamination Rating due to ISO 4406 

Adopt the new ISO 4406 standard with 3 digit code; increase 1st digit by one level: (2 / 5 / 15 ɛm) 

compare to the previous ISO with 2 digit code (5 / 15 ɛm) 
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