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Short Course on Oil
Oil Drain Intervals



Tribology

Tribology, a word coined in the 1960’s from the Greek 

"tribos" for "rubbing," is the science of interacting 

surfaces in moving contact involving multi-disciplines of 

friction, lubrication, and wear. 

Tribological issues are frequently the underlying cause 

of a majority of mechanical equipment failures and 

degradation….and the use of oil analysis is the tool for 

measuring wear, and preventing mission disabling 

failures.
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The primary function of engine oil is to lubricate moving parts. The oil forms a 

protective film between metal surfaces, preventing metal-to-metal contact and 

reducing friction and heat. When the oil film is not sufficient, polishing, scuffing, 

galling, or seizing can occur. 

Metal Wear Control

Modern lubricants contain extreme pressure and anti-wear additives. At high-pressures, these 

additives form a chemically bonded molecular film on the metal surfaces to prevent direct contact and 

wear when a full oil film is not present. 

Cleaning

Detergents in oil act as cleaning agents in the engine. They help reduce sludge, varnish, and oxidation, 

buildup on the pistons, rings, valve stems, and seals; which could lead to severe engine damage.                 

Oil formulated with the optimal additives will hold contaminants in suspension until they are removed 

by the oil filtration system or during an oil change. 

Corrosion Protection and Acid Control

Corrosion inhibiting additives provide a protective barrier, isolating metals to prevent corrosion. Some 

metals like copper, bronze, and lead are susceptible to corrosion. Corrosion can result in the removal 

of metal from engine parts which can lead to further wear. Additionally, oils are formulated with acid 

neutralizing additives that counteract acids formed by combustion and thermal degradation. 

Oxidation Control
Antioxidant additives prevent the oxidation of the oil. Oxidation can lead to the formation of acids, 

increased viscosity, and increased tendency to form deposits. 
Cooling

Lubricating oil functions as a heat transfer medium and helps cool internal engine components that the 

primary cooling system can not. Heat is transferred to the oil through contact with various 

components and is then transferred to the primary cooling system at the oil cooler. 

Sealing

Oil acts as a seal filling the surfaces of the cylinder liner, piston, valve stem, and other internal engine 

components.

Hydraulic Action

Oil acts as a working hydraulic media within the engine. Examples of this are the use of oil to operate 

engine brakes, Step Timing Control (STC) injector tappets, and Hydraulic Lash Adjusters (HLA). 

Function of Lubrication Oil
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Cleaning

Detergents in oil act as cleaning agents 

in the engine. They help reduce sludge; 

varnish; and oxidation; buildup on the 

pistons, rings, valve stems, and seals; 

which could lead to severe engine 

damage.  Oil formulated with the 

optimal additives will hold contaminants 

in suspension until they are removed by 

the oil filtration system or during an oil 

change. 

Function of Lubrication Oil
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Oxidation Control

Antioxidant additives prevent the 

oxidation of the oil. Oxidation can lead 

to the formation of acids, increased 

viscosity, and increased 

tendency to form deposits. 

Function of Lubrication Oil
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If the oil viscosity is too low, 

the engine experiences:

1.Increased engine noise.

2.Increased oil consumption & leakage.

3.Increased wear from metal-to-metal 

contact.
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What about ‘break-in’ oil?
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MidRange Engine 

Vocational/High Idle Time  

Intervals
Maintenance Item Miles Hours

Oil & Filter  CK-4 Oil 9,000 300

Fuel Filter 9,000 300

Coolant Filter 9,000 300

Standard Coolant Change 60,000 2,000

Overhead Adjustment 150,000 5,000

DEF Filter 200,000 4,000

Particulate Filter Cleaning 200,000 4,000

Coalescing Filter Every 3rd to 4th oil change interval

* Refer to Operation & Maintenance Manual that is provided with every vehicle

CK-4 category oils were released for 2017, coinciding with higher engine 

temperatures, to improve oxidation resistance, shear stability, and aeration control

Extended Oil Drains

Short-term Gain for                   

Long-term Pain
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Oil Drain Maintenance EQUATION

Type of Oil (Good, Better, Best; They all say CK-4?)

+

Type of Filter (Contamination vs. Debris)

+

Maintenance Interval (HOURS vs. Miles; High Idle use HR)

+

Dusty Environment (Restricted air-cleaner; change interval?)

+

High Idle Time (>30%-40%+; cold weather idling worse)

+

Heavy Payloads (Straight truck pulling an equipment trailer)
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Oil Analysis

Proper analysis of oil samples is important for maintaining successful engine life and operation. 

Wear metals, oil contaminants, and oil properties that provide the most reliable indicators to 

detect a potential problem can be found in Table 1. 

Over due service 

when value = >25

Change Oil at 50% of new oil TBN value

Change Oil at double the new oil                   

Acid Number value
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Which TBN Test Method are you using?

D2896 vs. D4739
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Extended Oil Drains

1. Results in Camshaft Failures
▪ Oil Additive Package Breaks Down

▪ Accelerates Wear of the Overhead, highest loaded system

▪ Contaminated Oil enriched with fine metal debris gets between 

the Cam-follower-roller and Roller-pin.

▪ The Cam-follower-roller seizes on Roller-pin and Cam-follower-roller 

skids on Camshaft wiping off the cam-lobes.

▪ Metal Debris floats around the the lube-system falling out in 

low pressure areas.

▪ Hard to stop once it begins

▪ Clean Block/Oil Galleys Thoroughly

▪ Replace all Cam-follower Roller Assbly

▪ Replace Oil Cooler Element;                                                                         

Thermostat; Oil Bypass Valve

▪ Clean Oil Cooler Housing

▪ Clean Oil Pan

▪ Inspect Oil Pump

▪ Inspect #1 & #4 R&M Bearings

▪ Inspect Fuel Pump/Tappets
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Extended Oil Drains

2. Results in Carbon Packed Pistons/rings 
▪ Leads to ring – liner wear

▪ Engine consumes Oil

▪ Results in Aftertreatment/DPF Issues

▪ Results in CCV Filter Plugging

▪ Can also be from not changing Air-Cleaner

▪ Intake Air Leaks
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Carbon Packing

Carbon Packing
▪Piston top land and top ring groove deposits have been shown to cause the 

loss of lubricating oil control when they start to polish and rake the cylinder 

liners. Excessive top land and top ring groove deposits in themselves do 

not constitute a defect in material or workmanship. A piston exhibiting 

top land deposits which resulted in a loss of lubricating oil control.

▪Cylinder liner bore polish and elevated oil consumption caused by piston top 

land carbon-packing . 

▪When heavy cylinder liner bore polish occurs the customer may experience 

the following symptoms:

▪Oil consumption rate exceeding the maximum allowable limit. 

▪If equipped, aftertreatement diesel particulate filter (DPF) frequent 

regeneration [fault codes 3375, 3376, 2639, 1921, 1922, and 5383]. 

▪Oil degradation and filter plugging                                                                                       

[low oil pressure fault codes 143 or 415].

▪If equipped, variable geometry turbocharger                                                                    

actuator sticking [fault code 2387].
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Carbon Packing

Carbon Packing
▪Once the pistons are removed, the degree by which their deposits were 

affecting the lubricating oil consumption needs to be evaluated. The areas of 

the top land and in the groove, which have been polished, are areas where 

there was a loss of lubricating oil control. When performing the failure 

analysis, those areas need to be documented by estimating the percentages 

of fill for each piston and top groove. It takes only approximately 30 percent 

top land pack or 70 percent top groove fill for a piston to be the major 

contributor to lubricating oil consumption.
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Extended Oil Drains

2. Results in Piston Oil Ring Plugging
▪Note : Oil ring plugging is indicated by deposits on the oil ring 

grooves (B). 

▪Oil ring plugging can be caused by:

▪Low engine operating temperatures 

- long periods of idling or                                                                                                                    

- a cooling system malfunction

▪Extended oil change intervals

▪Use of the wrong grade of engine oil

▪Use of a poor quality engine oil.

▪Note : Plugging of the oil ring drains restricts oil drain-back, 

which floods the piston ring belt area, resulting in a loss of oil 

control. 
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Extended Oil Drains

2. Results in Piston Ring Wear
▪Note : Abrasive wear of the intermediate ring can be indicated 

by a rapid reduction of the dark finish coating on the front face of 

the ring, in some cases to the point where the dark finish coating 

is no longer visible (A). This is commonly referred to as full face 

ring wear. This rapid reduction will typically leave a sharp edge 

on the bottom of the intermediate ring. Abrasive wear can also be 

indicated by concentrated vertical scratches on the top ring (B). 

▪Abrasive wear can be caused by:

▪Ingested abrasive material

▪Inadequate cleaning during a previous repair

▪Particles embedded in the bore

▪High soot content in the lubricating oil                                                                           

from extended oil drain intervals

▪Scuffing and scoring.
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Extended Oil Drains

2. Results in Piston Ring Wear
▪Note : Scuffing and scoring is indicated by heavy scratches, 

metal discoloration, and voids (B). 

▪Scuffing and scoring can be caused by:

▪Engine overheating

▪Oil dilution

▪Improper maintenance of the lubrication system

▪Piston cooling nozzle malfunction

▪Oil ring plugged by deposits.

▪Note : Scuffing and scoring on the piston rings indicates a 

breakdown of the oil film on the cylinder bore wall, causing 

transfer of material from the piston ring face to the cylinder bore. 
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Extended Oil Drains

2. Results in Piston Ring Wear
▪Piston Ring Wear - Full face wear on the top compression ring, 

combined with full face wear on the intermediate ring, indicates the 

presence of dust ingestion , which accelerates ring wear. Notice the 

presence of a lip on the bottom side of the compression and 

intermediate rings.

▪Compression Ring Analysis

1. Lip created by excessive wear due to abrasive particles or 

extended oil drain intervals.

2. Bottom surface of compression ring.

3. Note full face compression ring wear.
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Extended Oil Drains

2. Results in Piston Ring Wear
▪Intermediate Ring Analysis #1

1. Top surface of intermediate ring.

2. Full face intermediate ring wear is a clear sign that 

dust ingestion has occurred.

3. Small lip present on bottom side of intermediate ring indicates that 

abrasive dust particles have been embedded in the piston ring 

land.
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Extended Oil Drains

2. Results in Piston Ring Wear
▪Intermediate Ring Analysis #2

▪Note : Ring wear due to extended oil drain intervals and not 

dust ingestion can be clarified by closely examining the 

intermediate ring. Excessive top compression ring wear 

combined with normal wear of the intermediate ring (less than 20 

percent face wear) indicates that extended oil drain intervals are 

the root cause for the excessive top compression ring wear. 

1. Bottom surface of intermediate ring.

2. Note the large area that has not been                                                                    

in contact with the cylinder liner. 

3. Twenty percent face contact present                                           

between intermediate ring and cylinder liner.
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Extended Air Cleaner Intervals

- Lead to Carbon Packed Pistons
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Anti Polishing Ring

Scrapper Ring

▪ Anti-polishing ring cylinder liners have been released 

for production and service to control cylinder liner bore 

polish caused by piston top land carbon packing .    

If heavy cylinder liner bore polish is identified as a 

result of piston carbon packing, the cylinder liners 

should be replaced with anti-polishing ring cylinder 

liners. 

▪ The anti-polishing ring is a removable carbon scraper 

ring that installs in a counterbore machined into the 

top of the cylinder liner. The anti-polishing ring 

overhangs the cylinder liner bore and continuously 

scrapes carbon from the piston top land area. This 

overhang controls the carbon thickness so that the 

carbon does not contact the cylinder liner and 

accelerate bore polish. 

▪ This is NOT the end-all fix-all for carbon packing –

reduced oil drain intervals is.
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Extended Oil Drains

3. Results in Fuel Pump Failures 
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Destroyed Rod & Main Bearings
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Ruined Engine Block 
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Conclusion:

Cutting corners (costs) on engine 

maintenance IS NOT where you 

want to be trying to save money.  

The oil is the life-blood of the 

engine; and the engine is                    

the heart of your equipment !
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A Common Engine Across Truck Markets

One Solution for an Entire Fleet

One Platform for Efficiency or Performance

One Vast Support Network (The Largest in N.A.)

One-Stop-Shop for Engine Subsystems 

One ‘Power-of-Choice’

One-800-CUMMINS Dealer Locator

One Phone Call Away….
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