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How Transformer Oil Filtration Works: A Step-by-Step Guide (and What TOFM Stands For)
Transformer oil filtration works by pumping used insulating oil through a coarse strainer, heating it, exposing it to high vacuum so moisture and dissolved gases boil off, and then passing it through fine filters before returning it to the transformer. The machine circulates the oil in a closed loop until test results, such as breakdown voltage (BDV) and water content, reach the required level.
Understanding how transformer oil filtration works helps maintenance engineers decide when to filter, which machine capacity to choose and when filtration alone is not enough. This guide walks through each stage, what filtration removes, what it cannot remove, and where regeneration fits in.
And the name behind this guide? TOFM stands for Transformer Oil Filtration Machine. It is the equipment our company was built around, and it remains our core engineering focus.
Key takeaways
1. Filtration is a physical process with six stages: strainer, heater, vacuum chamber, vacuum pumps, fine filters and return line.
1. It removes three contaminants: moisture, dissolved gases and solid particles.
1. It does not remove acidity, sludge or oxidation products. Those need regeneration with an adsorbent such as Fuller’s earth.
1. Oil with heavy free water is treated faster when an oil-water centrifuge works alongside the vacuum filtration plant.
1. TOFM builds transformer oil filtration machines from 50 LPH to 20,000 LPH.
What does TOFM stand for?
TOFM stands for Transformer Oil Filtration Machine. The name describes exactly what TOFM Vacuum Equipment Pvt. Ltd. engineers and manufactures: machines that purify, dehydrate and degas transformer oil for substations, power plants, utilities and transformer manufacturers.
Today, TOFM builds transformer oil filtration machines from 50 LPH to 20,000 LPH (20 KLPH), in mobile (trolley or skid) and stationary configurations. The wider portfolio includes hydraulic and lube oil filtration machines, oil storage tanks up to 40,000 litres, separators and vacuum drying equipment. However, transformer oil filtration remains the foundation of the business.
Why does transformer oil need filtration?
Transformer oil needs filtration because moisture, dissolved gases and particles reduce its ability to insulate and cool the transformer. Insulating oil separates live parts electrically and carries heat away from the windings and core. Contamination weakens both functions.
How much water can transformer oil actually hold?
Very little. Mineral insulating oil can dissolve only about 55 ppm of water at 23°C, and that solubility rises sharply as temperature increases (Energies, MDPI). Consequently, water that stays dissolved in hot oil can separate out as free water when the transformer cools.
Meanwhile, water solubility in cellulose insulation is roughly 1,000 times higher than in insulating oil (Energies, MDPI). In other words, most of a transformer’s moisture lives in its paper and pressboard, and the oil carries it in and out.
What happens when contamination builds up?
1. Moisture lowers breakdown voltage and accelerates ageing of the cellulose insulation.
1. Dissolved gases, such as air, weaken dielectric performance and can form bubbles under load.
1. Particles, including fibres, carbon and metal fines, create weak points in the oil’s electric field.
For this reason, new mineral oil is typically dried to about 3 to 7 ppm of moisture and degassed before filling, according to the same Energies study. Filtration brings in-service oil back towards that condition.
How does transformer oil filtration work, step by step?
A transformer oil filtration machine treats oil in six stages. Each stage targets a specific contaminant, so the order matters.
Step 1: Inlet pump and coarse strainer
The inlet pump draws oil from the transformer’s bottom valve through a coarse mesh strainer. The strainer captures large particles, loose sludge flakes and debris before they reach the heater, pumps and vacuum chamber. As a result, it protects downstream components and stops the fine filters from clogging too early.
Step 2: Oil heater
Next, the oil flows through a thermostatically controlled heater. Heating lowers the oil’s viscosity, so it spreads into thinner films and flows through filters more easily. Warm oil also releases moisture more readily, because the vapour pressure of the water inside it rises with temperature.
Operators keep the oil within a controlled band, commonly around 60°C in industry practice, well below levels that would speed up oil oxidation. Good machine design interlocks the heater with oil flow, so the heating elements switch off if circulation stops.
Step 3: Vacuum degassing and dehydration chamber
The heated oil then enters the vacuum chamber, the heart of the machine. Inside, the oil spreads across packing elements or spray nozzles as a thin film, which greatly increases its surface area.
Because the chamber runs under high vacuum, water boils far below its normal 100°C boiling point. Therefore, moisture flashes into vapour, and dissolved gases such as air escape at the same time. This single stage performs both dehydration and degassing.
Step 4: Vacuum pumps
Vacuum pumps create and hold the low pressure inside the chamber. Many machines use a mechanical booster (Roots) pump backed by a rotary vane pump to reach deep vacuum and handle large vapour volumes. The pumps draw water vapour and released gases out, often through a condenser that collects the moisture.
Step 5: Fine filters
After degassing, a discharge pump pushes the dry oil through fine filter cartridges. These capture the small particles the strainer missed, such as carbon, fibres, rust and wear debris. A differential pressure gauge shows when the elements need replacement. The achievable micron rating depends on the machine model and filter specification.
Step 6: Return to the transformer
Finally, the treated oil returns to the transformer, usually through the top valve. The machine keeps circulating the full oil volume through repeated passes. Meanwhile, engineers take oil samples and stop when the results meet the target values for the transformer’s voltage class.
What does transformer oil filtration remove, and what does it not remove?
Transformer oil filtration removes moisture, dissolved gases and solid particles. However, it does not remove acidity, sludge or other chemical products of oil oxidation.
Removed by filtration:
1. Dissolved moisture: heat plus vacuum dehydration
1. Free water: removed, but slowly when heavy; an oil-water centrifuge speeds this up
1. Dissolved gases: vacuum degassing
1. Solid particles: coarse strainer plus fine filters
Not removed by filtration (needs regeneration):
1. Acidity (organic acids)
1. Dissolved sludge (only loose flakes are strained out)
1. Oxidation products and dark colour
1. Depleted oxidation inhibitor (re-inhibit after regeneration)
What is the difference between oil filtration and oil regeneration?
Filtration is a physical treatment, while regeneration is a physico-chemical one. The international standard IEC 60422:2024 gives maintenance guidance for mineral insulating oils and outlines these as two separate methods: reconditioning and reclaiming.
1. Filtration (reconditioning) removes water, gases and particles using heat, vacuum and filter elements. The oil’s chemistry stays the same.
1. Regeneration (reclaiming) passes the oil through an adsorbent such as Fuller’s earth, which captures organic acids and oxidation by-products. This improves acidity, colour and interfacial tension (IFT).
Regeneration also strips oxidation inhibitor from the oil, so inhibited oils usually need re-inhibition afterwards. In practice, regeneration systems also include a vacuum dehydration and degassing stage, because the oil still has to be dried and degassed before it goes back into service.
Engineer’s rule of thumb: if the problem is water, gas or dirt, filter the oil. If the test report shows rising acidity, falling IFT or sludge, discuss regeneration with your oil testing laboratory and equipment supplier.
When does heavily water-contaminated oil need an oil-water centrifuge?
Oil with large amounts of free water benefits from centrifugal separation before vacuum dehydration. Free water can enter after a leak, through rainwater ingress or from a contaminated storage tank, and it forces a vacuum machine through many slow passes.
An oil-water centrifugal separator uses high rotational force to throw the denser water out of the oil mechanically. TOFM builds transformer oil filtration plants with an integrated oil-water centrifugal separator, a specialised configuration engineered in-house for oil with heavy water contamination. Separation and vacuum filtration then happen in one integrated system, with one supplier responsible for the complete plant.
How do you know transformer oil filtration has worked?
You know filtration has worked when test results confirm the oil meets the limits for the transformer’s voltage class. Engineers usually test before, during and after the process:
1. Breakdown voltage (BDV): rises as moisture and particles fall.
1. Water content: measured in ppm, commonly by Karl Fischer titration.
1. Dissolved gas content: confirms degassing performance.
1. Particle count: verifies fine filtration.
1. Acidity and interfacial tension (IFT): indicate oxidation. If they stay poor after filtration, the oil needs regeneration.
Acceptance limits depend on equipment type and voltage class. In India, engineers commonly refer to IS 1866 alongside IEC 60422, although the utility’s own maintenance specification usually takes precedence.
How do you choose the right transformer oil filtration machine capacity?
Once you know how transformer oil filtration works, sizing the machine becomes simple arithmetic. A quick estimate for one pass is:
Time per pass (hours) = Oil volume (litres) ÷ Machine flow rate (LPH)
For example, a transformer holding 12,000 litres of oil, treated with a 3,000 LPH machine, needs about 4 hours per pass. Heavily contaminated oil needs more passes and, therefore, more time.
Beyond flow rate, these factors shape the right machine:
1. Oil volume and the number of transformers the machine will serve
1. Contamination level, especially free water, which may call for centrifuge integration
1. Site mobility: trolley-mounted units for substations, stationary plants for workshops and factories
1. Available power supply at site
1. Automation: PLC/HMI control, safety interlocks and process monitoring
1. Oil handling: clean and used oil storage, such as oil storage tanks up to 40,000 litres
TOFM manufactures transformer oil filtration machines from 50 LPH to 20,000 LPH and accepts single-unit orders, custom-built to the application. Try the interactive filtration time estimator in the full guide on our website.
Summary
1. Transformer oil filtration is a closed-loop, physical process: strainer, heater, vacuum chamber, vacuum pumps, fine filters and return.
1. Heat and vacuum remove moisture and dissolved gases, while the strainer and fine filters remove particles.
1. Filtration does not fix acidity, sludge or oxidation. Those need regeneration, as outlined in IEC 60422.
1. Oil with heavy free water is treated faster when a centrifuge works with the vacuum plant.
1. TOFM stands for Transformer Oil Filtration Machine, and TOFM builds them from 50 LPH to 20 KLPH.
Frequently asked questions
What is a transformer oil filtration machine?
It is equipment that removes moisture, dissolved gases and particles from transformer insulating oil, combining a strainer, heater, vacuum chamber, vacuum pumps and fine filters in one closed-loop system. TOFM manufactures these from 50 LPH to 20,000 LPH.
Why is transformer oil heated during filtration?
Heating lowers viscosity and raises the vapour pressure of the water in the oil. As a result, warm oil releases moisture and gas faster under vacuum and passes through filters more easily.
Why does a transformer oil filtration machine need a vacuum?
Vacuum lowers the boiling point of water far below 100°C, so moisture turns into vapour and dissolved gases escape without excessive heat.
Does transformer oil filtration remove acidity and sludge?
No. Filtration removes moisture, gases and particles only. Acidity, dissolved sludge and oxidation products need regeneration with an adsorbent such as Fuller’s earth.
How long does transformer oil filtration take?
One pass takes roughly the oil volume divided by the flow rate, so 12,000 litres through a 3,000 LPH machine takes about 4 hours per pass. Most jobs need several passes, confirmed by oil testing.
What tests confirm transformer oil is clean after filtration?
BDV, water content in ppm, dissolved gas content and particle count confirm filtration results. Acidity and IFT show whether the oil also needs regeneration.
Request Technical Consultation
Share your transformer rating, oil volume, latest oil test report and site location with the TOFM engineering team. We will recommend the capacity and configuration that fit your oil condition, site and shutdown window, including mobile or stationary design, an integrated oil-water centrifuge where free water is a problem, and matching oil storage tanks.
[Request Technical Consultation](https://tofmvacuum.com/request-technical-consultation/)  |  Request a Quote
Email: contact@tofmvacuum.com  |  Phone / WhatsApp: +91 7758 067991
Engineered for Reliability. Built for Industry.
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