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FAILURE ANALYSIS

COOLING SYSTEM MAINTENACE

The following are examples of the affects of improper cooling system maintenance. These are not unique to any particular Engine or End Item. These pictures were taken during the engine tear down process prior to Remanufacturing. 

Primary Failure – Catastrophic overheat – The first two photos show the melted oil supply lines to the injectors and the last one is a piston cooler.  This is typical of the overheat we see in many cores and the majority of engines that are returned for warranty and Remanufacturing.  The vendor has not tested to see what temperature these melt at, but it would be over 400 degrees.  Lubrication failure follows. As you can see most of these plastic lines turn into puddles.  
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Primary Failure – Catastrophic overheat – This is the same failure as the previous one.  The oil supply tubes melted from heat.  The rust in the overhead (See next photo) indicates that these parts were hot enough to burn off all the lubricating oil, leaving the bare metal to rust once the engine cooled.  All of the piston coolers just melted and fell out landing in the windage tray.  Lubrication failure always follows because the oil becomes as thin as water and can no longer lubricate.
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Cooling System maintenance and its affects:
Engines are sustaining excessive damage to improper cooling. Initial inspection revealed sustained engine temperatures in excess of 270 degrees.  The water pump and belt was checked and functioned as required. Water inlet temperature into the engine was 250 degrees indicating vehicle radiator was not functioning properly.
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Temperature tags on the right and left block water plates and oil cooler all show heat in excess of 270 degrees.  Both fuse plugs were melted in the heads.  Water inlet temperature into the engine was 250 degrees.
These next two photos show the heat in the cylinders.  The oil was turning to varnish.
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Connecting rods and bushings turned a bronze color from heat.  The bushings were turning blue
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These photos show the sediment collected in this engine which comes from the vehicle cooling system.  This sediment will cause water pump seals to fail, erode gasket materials and make it more difficult to cool the engine.  The need to flush the cooling systems when changing engines is imperative.  The sediment did not cause the overheating of the engine, but makes the engine harder to cool.
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Antifreeze does more than lower the freezing point and raises the boiling point of water.  The anticorrosive additives in the antifreeze are imperative to prevent the kind of damage seen in the photos below.    With straight water is allowed to remain in the cooling system, all cast iron and steel surfaces begin to rust.  Due to this extent of damage, the engine will need to be completely remanufactured to remove the rust from the water passages.  The rest of the cooling system of the vehicle that this engine was in will need to be completely flushed as well.  If the rest of the cooling system on the vehicle is not flushed, the replacement engine will be in danger of catastrophic overheating as well.
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These are the water ports in a cylinder head that had straight water in the cooling system.  The rust has almost completely plugged the ports.

The below illustrations are the water ports that surround the top of a liner.  The rust is very thick and brittle and breaks off easily.  These chunks will circulate through the radiator and plug the tubes.
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According to Original Equipment Manufacturers, as little as 1/16th of an inch of scale in the cooling system is equivalent to adding 4” of cast iron to the block.
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In Conclusion: 

A vehicle's cooling system controls excessive engine heat by transferring and dissipating the heat created during the combustion process. Coolant, circulated through hoses and passages in the cylinder block and head, absorbs heat and carries it to the radiator, where it is dissipated. A poorly maintained cooling system can lead to overheating, which results in boil-over or blown gaskets, cracked parts, a reduction in critical clearances, lowered oil viscosity and increased wear. The formation of rust, corrosion, pitted cylinder liners, and corroded water-pump impellers also stem from cooling system neglect.  Over time, these conditions can result in catastrophic engine failure. Cleaning and servicing radiators is important. Pumping air in at around 50 PSI (Check Technical Manuals) in the opposite direction as normal cooling flow is a good way to accomplish this. To ensure the radiator is thoroughly cleaned, shine a light behind the fan. If light shows, the radiator is clean. Ensure coolant level is maintained to prescribed levels and that the coolant mixture is accordance with specifications according to climate. When replacing any engine and reusing coolant, always test the antifreeze prior to reuse for Glycol concentration.  
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