

Turbine Oil Testing Frequency – General Guideline

Steam Turbine suggested testing frequency

Quarterly
· Particle count 
· ICP / RDE-AES (wear metals)
· Viscosity
· Acid number
· Water content
Annually
· RPVOT
· QSA or colorimetric patch test or Ultracentrifuge
· Water Separability 
· RULER
· Acid Number
· Foam Performance



Combustion Turbine suggested testing frequency

Monthly
· Particle count 
Quarterly
· ICP / RDE-AES (wear metals)
· Viscosity 
· Acid Number
· QSA or colorimetric patch test or Ultracentrifuge
Annually
· RPVOT
· Water Separability 
· RULER
· Acid Number
· Foam Performance





Turbine Oil Testing Descriptions

Routine testing

o Membrane Patch Colorimetry – ASTM D02.C Section C01.B (WK13070) – (Draft)
 Measures the varnish potential of the lubricant by measuring the amount of soft, insoluble contaminants deposited on a fine patch.  The patch color is converted to number or severity of varnish potential.  Different labs give different scales (1 – 10 / 1 -100 / 1 – 50) so make sure you know what scale they are referring to.  Note that this measures “varnish potential” in the oil, not actually varnish deposited on surfaces.

o Ultra Centrifuge – Uses gravimetric separation to look for soft, insoluble contaminants deposited at the bottom of a test tube.  The deposit amount and color is converted to number or severity of varnish potential on a scale of 1 – 5. Note that this measures “varnish potential” in the oil, not actually varnish deposited on surfaces.

o Linear Sweep Voltammetry (RULER) – ASTM D6971
 Plots the aromatic amine and hindered phenol antioxidants against a new oil reference sample to determine the relative concentration.  The result is given as a percent of new antioxidant levels.  If the oil referenced is incorrect or the in-use oil is a mix of different formulas the result may be very confusing.  It is best used trended over time.

o Rotating Pressure Vessel Oxidation Test – ASTM D2272
Determines the oxidative stability of the turbine oil.  This is a less trustworthy indicator of life remaining in new formulations as the RPVOT value does not degrade linearly as it did in older formulas.

o ISO Particle Count – ISO 4406-99
Measures the oil cleanliness by determining amount of hard contaminants greater than 4-microns in size.  It is expressed as (AA/BB/CC) where AA indicates particles over 4 microns, BB indicates particles over 6 microns, CC indicates particles over 14 microns.  The scale is logarithmic so a one number increase is generally twice as many particles.

o Acid Number – ASTM D664
Calculates the acidic constituents in the oil, it typically increases through oxidation

o Viscosity – ASTM D445
Determines the viscosity in centistokes at 40°C

o Spectrograph Analysis – ASTM D6595
Measures the metal components in ppm.  The metals are indicative of from wear, intentional additives or contaminants

o Water by Karl Fisher – ASTM D6304
Measures the amount of moisture in the oil

o Foam Tendency – ASTM D892 (Sequence I)
Used to measure the ability of the lubricant to control foam formation and prevent cavitation and microdieseling problems.  Expressed as (tendency/stability).  Sequence I is for cold oil, Sequence II and III uses heating and cooling processes to mimic oil in service.

o Water Separability – ASTM D1401
Indicates the ability of oil to separate from water.  Expressed as (oil/water/emulsion)




Non- routine testing

o Fourier Transform Infrared – ASTM D02.CS96 – (WK12567) – (Draft)
Examines oil degradation mechanisms, additive condition and formulation changes.  The resulting graph takes quite a lot of expertise for interpretation.  This is typically used to diagnose problems rather than preventive trending purposes.


o Scanning Electron Microscopy – used for failure analysis or to determine the makeup of particles in oil

o Direct Reading Ferrographic Analysis
DR Ferrography magnetically separates wear particles from lubricants and electronically determines the quantity of large and small particles present in a sample. Particles within these size ranges provide the most sensitive means of detecting changes in wear condition. And calculations from DR indicate the rate, intensity and severity of wear occurring in equipment.

o Full Ferrographic Analysis
Analytical, or Full Ferrography, further pinpoints the specific type of wear occurring within equipment and helps to identify its source. With this technology, lab technicians prepare a ferrogram slide by drawing the oil sample across a transparent glass plate in the presence of a strong magnetic field. This process magnetically pulls particles to the plate and sorts them. The lubricant from the sample is then removed with a special solvent—leaving the particles clean, fixed to the plate, and aligned with the magnetic field by size and composition. Data analysts then examine the ferrogram to determine the precise composition and source of the particles. They also identify the types of wear exhibited by these particles.



Test Warning Limit Guidelines
In-service Turbine Oil

Condemning limits for in-service turbine oils are subject to much dissention and discussion often without uniform agreement between OEMs, labs, oil producers and turbine users.  Following are some general guidelines.


o Membrane Patch Colorimetry – >60 on a scale of 100

o Ultra Centrifuge – >3 on a scale of 5

o Linear Sweep Voltammetry (RULER) – <20% of original

o Rotating Pressure Vessel Oxidation Test – <25% of fresh product value

o ISO Particle Count – Steam turbine 20/17/14, Combustion Turbine 17/14/12

o Acid Number – >0.5

o Viscosity –  +/- 25% change

o Spectrograph Analysis – zinc or calcium > 5ppm,   phosphorous >500 ppm

o Water by Karl Fisher – >500 abnormal >1000 critical

o Foam Tendency – (tendency/stability) 
Sequence I - maximum 300 / 0 

o Water Separability - oil/water/emulsion >3ml emulsion at 30 minutes

