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Presenter
Presentation Notes
Dan,Welcome to Lubrication Fundamentals. This course is designed to provide an introductory overview of the basics of lubrication. There is far more to consider about lubrication than will be presented here today, but it’s important to have a foundation and understanding about core concepts before moving on into more detailed and complex topics. Those are addressed in both the Lubrication Fundamentals Dealer Training Manual and in AMSOIL University advanced courses.So, let’s begin at the beginning and talk about why lubrication is necessary. 
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LUBRICANTS OVERVIEW 
What are they? 
Why do we need them? 
Where do they come from? 
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WHAT ARE LUBRICANTS? 
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Presentation Notes
Dan,A lubricant may be any substance – fluid, plastic or solid. Some common examples are motor oil, las well as brake fluid, power steering fluid, transmission fluid and grease. The main job of a lubricant is to create a film between surfaces to prevent contact and reduce friction. Lubricants, however, are also formulated to perform other functions. 



Crude Petroleum Oil is the “Starting Point” 

WHERE DO LUBRICANTS  
COME FROM? 
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Presentation Notes
Dan,Crude petroleum oil can be thought of as the “starting point” for lubricants.The existence of petroleum crude has been known for hundreds of years. Yet it has only been since the 1860s that its use as a lubricant has been widespread. One of the reasons for this is that crude, in itself, is a poor lubricant. This is due mainly to its composition. Crude is a mixture of a wide range of molecular weight hydrocarbons (hydrogen and carbon atoms) and many impurities, including nitrogen, oxygen, sulfur, water, paraffin and metals.There are many types of crude oil, and they can have varying amounts of hydrocarbons, sulfur, nitrogen, oxygen and nickel. On its own, crude petroleum oil has poor lubricating qualities, so it must undergo a series of refining processes to remove undesirable elements to improve its lubricating capacity. The refining of crude oils can produce a variety of lubricant types of varying quality and viscosity grades. The key points:Crude oil has a complex molecular compositionCrude oil has poor lubricating qualities on its ownMany of the inherent properties of crude oil must be removed through the refining process to improve its lubricating abilities



WHY ARE LUBRICANTS 
NECESSARY? 
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Presenter
Presentation Notes
Dan,I think we all have some idea of what lubrication is and how different parts and machines require lubrication to keep moving parts moving and keep them protected from damage that can occur when moving parts come into contact with one another. Let’s take, for example, the chain on a chainsaw. When the chainsaw is powered and operating, a chain rotates around a bar at high speeds and is used to saw through wood.�Not only does this generate heat it also generates friction. If left un-lubricated, the chain and other components can wear quickly and have dramatically short operating lives. That’s where lubricants enter the picture. 



7 FUNCTIONS OF 
LUBRICANTS 
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Presenter
Presentation Notes
DaleLubricants are frequently needed to do more than just provide a slippery film between moving surfaces in contact. Lubricants have seven primary functions to fulfill: Transfer EnergyCleanCoolSealDampen ShockProtectReduce FrictionWe’ll look at each function individually in the following slides. 



TRANSFERS ENERGY 
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Presenter
Presentation Notes
DaleTransfers Energy - Like brakes on your car, when you push the brake pedal the fluid transfers the energy to the brakes, thus slowing the carBecause fluid lubricants are not readily compressible, they can act as an energy transfer medium, such as in hydraulic equipment or valve lifters in an automotive engine. This key property allows lubricants to be utilized as a medium in heavy equipment to transfer energy from a hydraulic motor to pistons, which provide the means to actuate shovels, fork lifts, etc. A good example is in an automatic transmission, the fluid inside the torque converter is creating and transferring energy to make the transmission work. 



CLEANS 
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Presenter
Presentation Notes
Dale Keeps soot, varnish, sludge from building up on vital componentsLubricants maintain internal cleanliness by suspending contaminants within the fluid or by preventing the contaminants from adhering to components. Base oils possess a varying degree of solvency that assists in maintaining internal cleanliness. Solvency is the ability of a fluid to dissolve a solid, liquid or gas. While the solvency of the oil is important, detergents and dispersants play a key role. Detergents are additives that prevent contaminants from adhering to components, especially hot components such as pistons or piston rings. Dispersants are additives that keep contaminants suspended in the fluid. Dispersants act as a solvent, helping the oil maintain cleanliness and prevent sludge formation. 



COOLS 
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Presentation Notes
DaleMy motorcycle uses the oil to cool the engine, by using a radiator that cools the oil as it circulatesLubricants are used to cool the parts of a component or machine while in operation - like a fan or air conditioner is used to cool the inside of a house. Reducing friction minimizes heat in moving parts, which lowers the overall operating temperature of the equipment. Lubricants also absorb hear from contact surface areas and transport it to a location to be safely dispersed, such as the oil sump. Heat transfer ability tends to be a trait of the base oil’s thickness – lighter oils tend to transfer heat more readily. 



SEALS OUT CONTAMINANTS 
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Presenter
Presentation Notes
DaleThe Lubricant is used as a protective barrier, grease is a good exampleLubricants are used to seal parts and components from outside contamination, like windows in a house or automobile. They can act as a dynamic seal in locations like piston rings and cylinder contact areas to prevent contamination.



DAMPENS SHOCK 
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Presentation Notes
DaleThe fork oil in my motorcycle which dampens the bumps in the road and reduces vibration.  “I was getting a lot of vibration and could feel every bump when my forks weren’t filled with the correct amount of fluid.”A lubricant can cushion the blow of mechanical shock, just as a shock absorber in a car dampens road vibrations and imperfections.�A highly functional lubricant film can resist rupture and absorb and disperse these energy spikes over a broad contact area. As the mechanical shock to components is dampened, wear and damaging forces are minimized, extending the component’s overall life. 



PROTECTS AGAINST WEAR 
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Presenter
Presentation Notes
DaleKeeps metal components from touching by creating thin film between themA lubricant must have the ability to prevent or minimize internal component corrosion. Lubricants accomplish this either by chemically neutralizing corrosive products or by setting up a barrier between the components and the corrosive material. 



REDUCES FRICTION 
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Presenter
Presentation Notes
Dale (Video Next Slide)Maintaining the layer oil between metal components so that they don’t come into contact.  The more contact, the more frictionFriction is the resistance resulting from rubbing one object against another. A simple example of friction is the heat generated when you  rapidly rubs your hands together. The faster and harder you rub, the more quickly heat buildup develops. Friction is both a positive and negative force in our daily lives. Friction can be beneficial in several ways. Friction is essential for everyday, tasks such as walking, where friction gives you the ability to create traction between yourself and the ground. Friction is also the principle behind the braking systems found in automobiles.However, friction can also be our enemy. The heat generated as a result of friction can cause damage. The friction that occurs inside an engine is an example of harmful friction because of the excess heat produced and the wearing of components. Because contact is required to generate friction this results in wear in the areas of contact. The most common method to reduce friction is using a fluid or semi-fluid material. The fluid materials maintain a layer of separation; preventing components from coming in contact, thus reducing friction. Friction is resistance that results from rubbing one object against another. It can be useful: tires on pavement, clutches, walking, knots.In mechanical systems, friction generates heat and wear.The reduction of friction is the primary goal behind the purpose for lubrication. Though there are many ways to reduce friction, the most common method is through the use of a fluid or semi-fluid material. When placed between two components in contact, these fluid materials will maintain a layer of separation. This occurs because the fluid materials are not readily compressible.  Though the separation may be only a few millionths of an inch, it is sufficient to not only minimize contact, but in many cases, eliminate it altogether.  Reasons to reduce: Power Robbing Energy Draining Wear ProducingThe property of lubricants that outline this key benefit is called lubricity. Lubricity is sometimes referred to as film strength and varies dramatically from one fluid to another.
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Presenter
Presentation Notes
Video “Here’s a video highlighting these functionsBasics of Friction Ihttp://www.youtube.com/watch?v=1nDdL5Z6pyg



WEAR & CAUSES  

16 



Shortens 
equipment life 
and negatively 
impacts 
operation 

WEAR EFFECTS 
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Presenter
Presentation Notes
Dan,Wear is the loss of material that changes the geometry of contact between components and changes equipment performance. Wear must be avoided in mechanical systems because it shortens equipment life and negatively impacts operation. Lubricants are used to control and minimize the effects of mechanical and chemical wear. Let’s look at the different categories of wear mechanisms. 



Contaminants like 
dirt or soot scrape 
surfaces and 
wear away metal 

ABRASIVE WEAR 
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Dan,There are four wear mechanisms that components may endure: Abrasive, Corrosive, Adhesive and Fatigue. Abrasive wear is the wear between two surfaces in relative motion due to particles or surface roughness. Abrasive wear happens as contaminants from outside the engine, wear components, or soot. These actually grind and scrape metal surfaces like sandpaper creating abrasive wear. These particles can usually be removed through proper filtration.  Abrasives can be internally generated or introduced from exterior methods (i.e. air filters sucking in dirt, crank case breathers sucking in dirt, bad seals, etc.)Grind and scrape metal surfaces like sandpaper creating abrasive wear. These particles can usually be removed through proper filtration.  



Chemically caused wear 
resulting from chemical 
attack and sloughing of the 
resulting degraded surface 
 

CORROSIVE WEAR 
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Presentation Notes
Dan,Corrosive wear is sometimes called chemical wear and results from both rubbing action on the surface of metal and chemical attack. Wear on cylinder walls or piston rings are examples of corrosive wear, combining acidic combustion products with sliding action in the cylinder.  Corrosive wear can result from water intrusion or acidic attack due to the byproducts of combustion.     



From metal-to-metal 
contact under 
conditions of high 
load, speed and 
temperature. 
 
Momentarily welds 
surfaces together   
 

ADHESIVE WEAR 
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Dan,The mechanism for adhesive wear comes from metal-to-metal contact originating from high load, speed or temperature conditions. Lubricating films become so thin tiny projections and imperfections – called asperities - in the surface of metals come in contact, causing scuffing, scoring, or seizure. Adhesive wear causes scuffing, scoring and seizure. 



Regular impact to 
the component 
surface causing 
stress fractures over 
time, i.e., constant 
hammering 
eventually creates 
cracks in the surface  
 

FATIGUE WEAR 
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Presenter
Presentation Notes
Dan,Fatigue wear originates from situations where the lubricating film is in place but reoccurring stressing of the surface causes cracks or pits over time.  One example is a rolling element bearing or gear with almost all rolling action wear equipment stops and starts or changes speed on a repetitive basis. 
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WEAR EFFECTS ON LUBRICANTS 
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Presentation Notes
Lubricant Breakdown from various wear mechanismshttp://www.youtube.com/watch?v=DuDP9NWmzJk



COMPONENT LUBRICATION 
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Rule of thumb: All different types of moving parts need 
to be lubricated 

COMPONENT LUBRICATION 
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Presentation Notes
Dan,Regardless of the piece of equipment you are dealing with, you will generally be concerned with lubricating one of, or a combination of three basic types of components, including: bearings, gears and cylinders.  All equipment and/or components can be reduced to one of these three common denominators.  BearingsGearsCylindersThe takeaway message from preventing wear is that moving parts need to lubricated. 



Allow surfaces to rotate or slide under load 
Example: Spinning camshaft on your car  

 

BEARINGS 
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Plain: journal, thrust Roller or Moving-element 

Presenter
Presentation Notes
Dan,The word bearing means to bear or support a shaft or surface. Bearings allow a surface to rotate or slide under load.Bearings are categorized into two types, plain bearings and rolling element bearings. Oils and greases are typically used to lubricate bearings. Typical materials used in the construction of modern bearings are bronze, lead, copper, aluminum, nylon, and plastic. Older bearings containing alloys of tin, copper, and antimony are called babbit, soft, or white-metal bearings. 



Transfer motion and power 
Example: Sprocket & Chain 

 

GEARS 
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Dan,Gears transfer motion and power from the power source to the application.They are also used to change the direction, speed, or rotational force (torque) of that motion. Gears come in many configurations that have different lubrication requirements depending on their intended application. Gears are most often lubricated with oils; however, thin greases may also be used. Many applications use a combination of gear types. The lubricant meeting the requirements of the most demanding gear will be the determining factor in deciding which lubricant to use.



Transfer energy 
Example: Fork movement on a plow 

 
 
 

CYLINDERS 
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Presentation Notes
Dan,Cylinders transfer energy. They are used in numerous applications, including compressors and hydraulic systems.The primary functions of a lubricant in cylinders is reducing wear and sealing. A cylinder, which in an engine refers to the chamber that the piston moves in, typically requires minimal amounts of lubrication. In cases where sliding loads are high, especially in two-cycle engines, friction modifiers may be necessary. Cylinders can be hydraulic, steam or combustion. 



PHYSICAL PROPERTIES OF 
LUBRICANTS 
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Presentation Notes
DalePhysical Properties	“What are the physical properties of lubricants?”	“Viscosity, water resistance, volatility”	“How the lubricant reacts to physical forces tells us a great deal about them and how it is different from other lubricants.” Now, we’re going to discuss some of the most important properties of lubricants, starting with the Physical Properties. The physical properties of lubricants are those that do not change the chemical nature or identity of the substance. Put another way, when you observe the physical properties of a substance, the substance does not change. For example, if you look at a piece of paper, the color, shape and size do not change. By contrast, a chemical property is one where the substance changes when you observe it. For example, if we set fire to a piece of paper, it will burn. That change we observe as it burns is an example of a chemical property. We’ll talk more about chemical properties later in the presentation. Some examples of lubricant physical properties include viscosity, temperature performance, shear stability, water resistance and volatility. And we’ll discuss each of these in more detail. These physical properties are fundamental to lubricants, but they can be managed for optimal lubricant performance with appropriate base-stock formulations and additive packages. However, of all a lubricant’s physical properties, the most important one affecting lubrication is viscosity



How the lubricant reacts to physical force 
  

PHYSICAL PROPERTIES 
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Presentation Notes
Dale“Looking at the paper, we can measure its size, thickness, difference in color.”The physical properties of lubricants are those that do not change the chemical nature or identity of the substance. Put another way, when you observe the physical properties of a substance, the substance does not change. For example, if you look at a piece of paper, the color, shape and size do not change. By contrast, a chemical property is one where the substance changes when you observe it. For example, if we set fire to a piece of paper, it will burn. That change we observe as it burns is an example of a chemical property. We’ll talk more about chemical properties later in the presentation. Some examples of lubricant physical properties include viscosity, temperature performance, shear stability, water resistance and volatility. And we’ll discuss each of these in more detail. These physical properties are fundamental to lubricants, but they can be managed for optimal lubricant performance with appropriate base-stock formulations and additive packages. However, of all a lubricant’s physical properties, the most important one affecting lubrication is viscosity



Generally talking about thickness of a fluid 
 
Water is relatively thin 
 
Honey is relatively thick 
 
 

Viscosity 
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• Measurement of 
internal friction 
and resistance to 
flow 

 
• In terms of 

protection, it is the 
most important 
oil property 

 

VISCOSITY 
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Presenter
Presentation Notes
Dale“The most important physical property for lubricants is viscosity!” 	“Viscosity is a measure of a fluids resistance to flow” 	“This is a result of friction within the fluid itself.  Imagine driving a small car down a country road.  There’s no traffic and you drive easily at full speed.  You can get to your destination easily and in a short time.	Now imagine your small car in morning traffic in a major city.  Cars are moving all around trying to find their exit, you having to cross multiple lanes to get to your exit.  Traffic is stop and go.  It takes a lot more energy, time, and patience just to get to work.	Now imagine that you’re in a fully loaded semi instead of your little car, driving the same morning commute.  Not only does the number of cars around you, but size also plays a significant role in the flow of your morning drive.  It is exactly the same for oil molecules flowing through an engine.”Viscosity is the first and most important physical property of a lubricant. How the viscosity of a fluid reacts to changes in temperature, pressure, or speed determines how well a fluid can perform the basic functions of a lubricant. In basic terms, viscosity is the property that makes honey and water flow differently when poured; they have different viscosities from each other. Viscosity is a measure of that internal friction, or the measurement of a fluid’s resistance to flow. The less internal friction a substance has, the less viscous it is. Another way to think of this is that thin fluids have less viscosity than thick fluids. 



KINEMATIC VISCOSITY  
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Presenter
Presentation Notes
DaleVideo “Here’s a short video about kinematic viscosity.  This is like the moving cars during your morning commute.”Kinematic viscosity is a measure of a liquid’s resistance to flow due to gravity. Low viscosity oils, like the one on the left, flow easily. High viscosity oils, like the one on the right, move more slowly. Dan to hand out samples of thick vs. thin fluid



Fluid’s physical resistance to movement 

ABSOLUTE/DYNAMIC VISCOSITY 
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DaleAbsolute/Dynamic Viscosity “Absolute Viscosity is more like stopped cars, how much energy is it going to take to get that stop-and-go traffic moving again.”Dynamic or Absolute viscosity is a fluid’s resistance to flow. You can think of this as the energy required to move an object through a fluid. It takes little energy to stir water with a spoon; however, stirring peanut butter with the same spoon would require significantly more energy. Dynamic, or absolute, viscosity is the resistance to flow that we can feel. The important thing to remember about dynamic, or absolute, viscosity is that higher viscosity fluids have greater resistance to physical movement than lower viscosity fluids.



ABSOLUTE VISCOSITY:  
LOW VISCOSITY FLUID 
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ABSOLUTE VISCOSITY:  
HIGH VISCOSITY FLUID 
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• Metal-to-metal 
contact 

• Excessive wear & 
friction 

• Poor sealing 
• Results in excess 

oil consumption 
 

IF OIL IS TOO THIN 
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• Creates 
excessive friction 
and heat 

• Equipment 
starting 
difficulties at cold 
temps 

• Drains energy 
(fuel economy) 
 

IF OIL IS TOO THICK 
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CORRECT VISCOSITY IS A MUST  

Presenter
Presentation Notes
http://www.youtube.com/watch?v=M8l_OEnfKqc



TEMPERATURE & VISCOSITY 
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Presenter
Presentation Notes
Dan,Temperature can affect viscosity in a number of ways. Lubricant stocks thicken as they cool, as their temperature continues to drop, they will eventually reach a point at which they begin to solidify. As they thicken, their load-carrying ability increases, but their ability to be circulated becomes significantly impaired. On the other hand, as fluids thin when heated; their ability to carry a load and prevent metal-to-metal contact of moving parts is considerably reduced.



COLD TEMPERATURES 
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Cause lubricants to thicken 

Presenter
Presentation Notes
Dan,Fluids thicken as their temperature decreases.



HOT TEMPERATURES 
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Cause lubricants to thin 

Presenter
Presentation Notes
Dan,Conversely, fluids thin as their temperature increases.



Represents the viscosity of oil at low temperatures (-13°F) 

COLD CRANKING VISCOSITY 
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Presenter
Presentation Notes
Dan,The Cold Crank Simulator (CCS) test determines the apparent viscosity of a lubricant at low temperatures and high engine RPMs.  The viscosity of lubricants under these conditions is directly related to engine cranking and start-ability.  The lower a lubricant’s cold crank viscosity, the easier an engine will turn over in cold temperatures. That means the lower the CCS number the better.The lower the CCV value, the less resistance the fluid imparts on mechanical components during cold starts.Oils with low CCV values let the engine turn over quickly and dependably in �frigid temperatures.



POUR POINT & COLD FLOW  
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Presenter
Presentation Notes
The Pour Point is the lowest temperature at which a lubricant will flow. The lower a lubricant’s pour point, the better protection it provides in low temperature service. In a colder climate the lower the pour point of the oil, the more reliable that oil is going to be when it comes to starting your vehicle. Synthetic lubricants traditionally have the lowest pour points because they do not contain paraffin wax found in conventional oils. When wax particles in conventional oils get cold, they solidify causing the oil to become more viscous and prohibiting oil flow. The ideal scenario is to have an oil with a low pour point. 



VISCOSITY INDEX (VI) 
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High 
Viscosity 
Index is 
good! 

Presenter
Presentation Notes
DaleViscosity Index – 	Visc. Index is a number that describes an oils resistance to temperature.  Or to maintain Viscosity Grade.  Maintain fluidity/pumpability at low temps and remain thick enough at high temps to protect the engine.Viscosity Index (VI) is an empirical number suggesting the amount of change that occurs in oil viscosity over a temperature range. The less change that occurs, the higher the viscosity index number.  Fluids with higher viscosity index numbers are likely to provide improved low temperature pump ability (starting ability), better high temperature protection and increased energy conservation. This slide compares the Viscosity Indices of two hypothetical oils. The oil whose Viscosity Index is represented by the red line has a lower VI than the one represented by the blue line. This is because this oil’s rate of viscosity change is greater over the range of temperatures displayed. At just under 0°C, the viscosity is quite high – indicating the oil has become thick. At the other extreme, at 100°C, the viscosity is quite low – indicating the oil has thinned considerably. The other oil has a much more modest sloping line, with no major swings between low and high temperatures. Its viscosity index is therefore higher. High quality petroleum oil base stocks may have a viscosity index as high as 95. Synthetic stocks tend to have a VI of 120 or higher. In either case, the VI can be increased through the use of viscosity index improvers (VII), which are commonly used in the production of multi-grade engine oils. These allow the oil to perform adequately at both cold and hot temperatures.  The natural high viscosity index of synthetics means that VII may not be needed, or if desired, are only used sparingly.  



• Represents a fluid’s 
resistance to shear  

• Oil shear can occur in 
areas of repetitive 
movement, high 
pressure, or both 

• Shear causes oil 
viscosity loss  

 
 

SHEAR STABILITY 
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Presenter
Presentation Notes
DaleShear Stability	Shear Stability is really a measure of a lubricant’s resistance to losing viscosity.  Viscosity lost due to effects  like temperature, pressure, and physical forces.	“Imagine pushing the oil through a small tube at high pressure.  The oil molecules are squeezed together, forced to rub against each other as they are pushed through the tube.”	Shear stability  refers to a lubricant’s ability to resist shear. - Shear occurs when one layer of a fluid begins to move in a direction different from another layer.



Permanent Shear = Irreversible 
Ruptures and converts long molecules into shorter molecules.  
 

PERMANENT SHEAR 
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Presenter
Presentation Notes
DaleThe molecules lose some parts and become smaller under the stress of moving through the small tube.  These shorter molecules have a lighter viscosity and decrease the overall viscosity of the oil and its ability to protect engine components.There are two types of shear: Permanent and Temporary. The first one we’ll talk about is permanent shear. This is a non-reversible event, similar to taking a spring and cutting it in half. Once the spring is cut in half, you can’t “un-cut” it back to its original form. In the world of lubricants, permanent shear occurs when stress ruptures long molecules and converts them into shorter and lower weight molecules. Because the sheared molecules are shorter and lighter, they offer less resistance to flow. This reduces the lubricant’s ability to maintain viscosity. 



Temporary Shear = Reversible 
When stress is removed, molecules return to normal 
 
 

TEMPORARY SHEAR 
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Presenter
Presentation Notes
DaleUnlike permanent shear, temporary shear can be reversed.   “Temporary Shear is a great way to increase Viscosity Index and maintain viscosity grade.”Review verbiage for accuracyTemporary shear occurs when long viscosity index improver molecules align themselves in the direction of the stress or flow. This alignment generates less resistance and allows for a reduction in fluid viscosity. This is illustrated by the picture on the left: the spring has extended coils in one direction, which lessens the resistance of the water around it. When the stress is removed, the molecules return to their random arrangement and the temporary loss in viscosity is recovered. This is illustrated by the spring on the right: You can see it has its coils in a more random and relaxed state. This is similar to how the molecules return to normal after being stressed. Temporary shear can be desirable under certain conditions. For example, a temporary loss of viscosity caused by shearing can reduce the frictional stress that a cold engine must overcome when cranking over to start. This temporarily reduces strain on the engine components. After the engine starts, the molecules can re-align into their original formations to provide full viscosity protection. 



WATER RESISTANCE 
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A lubricant’s ability to 
resist chemical 
breakdown in the 
presence of water. 

Presenter
Presentation Notes
Dale,Water is the second most harmful engine oil contaminant behind solids (dirt, metal particles, soot) and the primary cause of breakdown in lubricating oils. It causes chemical breakdown of base oils and additives, corrodes component surfaces, and accelerates wear due to reduced lubricant film strength. Water also acts as a catalyst for foam development. Water contamination in engine oil can also be caused by condensation, which is more prevalent in climates where temperature extremes cause increased condensation and water formation in the engine block cavity. Water resistance is a lubricant’s ability to resist the process of hydrolysis, or the chemical reaction in which a chemical compound, like oil, is broken down by reaction with water. When a lubricant successfully resists hydrolysis, it achieves hydrolytic stability. Resistance is a lubricant’s ability to resist chemical breakdown in the presence of water.Water is one of the most common oil contaminants, and the primary cause of oil breakdown.It causes acid formation, viscosity variance, and corrosion.



VOLATILITY 

49 

The property that 
defines a 
lubricant’s 
tendency for 
evaporative loss. 

Presenter
Presentation Notes
DaleVolatility	“Anyone ever boiling eggs and then forgot about them for a long while?”  My dad did that last week.  Boiling water is an excellent example of volatility.  You can just keep boiling the water until there’s nothing left.	This evaporation or boiling can attribute to vehicles using oil.  Thin, low viscosity components boil off when the engine is running, leaving thicker, high viscosity components behind.  This causes viscosity increase.Volatility is the property that defines a lubricant’s tendency for evaporative loss. The more volatile a lubricant is, the lower the temperature at which the lubricant will evaporate. High volatility oils evaporate at lower temperatures while low volatility oils resist evaporation, even at higher temperatures.Volatility can attribute to a vehicle ‘using’ oil. It also contributes to performance loss, fuel economy loss, poor cold-temperature starting, and increased engine deposits.The more volatile a lubricant, the lower the temperature for evaporative loss. - This really means three things:  1) oil viscosity increase,  2) less lubricant in the sump, and 3) more makeup oil  - Highly volatile oils lead to degraded performance in fuel economy, cold starting, and deposit formation.



DESIGN OF LUBRICANTS 
Base Oils 
Additives 

50 

Presenter
Presentation Notes
Dan,As we mentioned earlier, chemical properties are those that when observed, the substance in question changes. Our example was a piece of paper and its ability to burn. The chemical and performance properties of a lubricant are greatly influenced by its base oil composition. Automotive engine oils may contain 70% or more base oil stock, while other lubricants can contain even higher percentages. Modern applications place demands on lubricants that no conventional petroleum base stock alone can meet. The base oil can be thought of as the foundation upon which to further formulate and blend a lubricant to yield specific desirable properties. 



API BASE OILS – 5 GROUPS 
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Mineral-Oil Base Stocks 
• Group I 
• Group II 
 Lower purity 
 Higher reactivity 
 Poorer low 

temperature 
properties 

Synthetic Base Stocks 
• Group III 
• Group IV 
• Group V 
 Purer chemical structure 
 Less reactive 
 Better low temperature 

properties 

Presenter
Presentation Notes
Dan,The American Petroleum Institute (API) developed a classification system that divides base oils into five groups: 1 through 5. These are categorized by the characteristics of the individual base stock. Groups 1 and 2 are mineral oil-based stocks, while Groups 3, 4 and 5 are chemically engineered synthetic stocks.As the Group numbers go up, so does the purity of the base oil. As you move up from Group 1 to 2 to 3 and then up to 4, the base stocks become less reactive and have better low temperature properties. These are two reasons why synthetic lubricants are advantageous. In a little while, we’ll see that synthetics offer many other advantages over conventional lubricants. 



Group I 
• Least refined of all the base oil groups  
• Usually a mix of different hydrocarbon chains with little 

uniformity 
• Not widely used in the United States.  
 

Group II 
• Common in mineral-based motor oils  
• Fair to good performance in the areas of volatility, 

oxidation stability, wear prevention 
• Only fair cold temperature performance because of the 

amount of wax contaminant in the oil 
 
 

CONVENTIONAL BASE OILS: 
GROUPS I & II 
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Group III 
• Subjected to the highest level of refining of all the mineral oil 

stocks 
• More chemically engineered 
• Offer improved performance in a wide range of areas as well 

as good molecular uniformity and stability  
• By definition they are considered a synthesized material and 

can be used in the production of synthetic and semi-synthetic 
lubricants 
 

SYNTHETIC BASE OILS:  
GROUP III 
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Group IV 
• Group IV base oils are polyalphaolefins (PAOs) 
• Chemically engineered synthesized base stocks  
• PAOs offer excellent stability, molecular uniformity and  

improved performance 
• PAOs do not contain contaminants like Group 1-3 base stocks 

 

SYNTHETIC BASE OILS:  
GROUP IV (PAOs) 
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Group V 
• Group V base oils, with few exceptions, are also chemically 

engineered stocks that do not fall into any of the categories 
previously mentioned  

• Typical examples of group V stocks are Esters, polyglycols 
and silicone 

• As with group IV stocks, group V stocks tend to offer 
performance advantages over groups I & II 
 

SYNTHETIC BASE OILS:  
GROUP V (All Other) 
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• Base oil quality has a dramatic affect on oil 
performance and longevity 

  However: 
• Almost all applications have needs that base oils 

alone cannot meet 
• Something must be added to meet the specific 

needs of each oil application 
 
 

 

BASE OIL LIMITATIONS 
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“Seasonings” for 
base oils that 
fine- tune the oil 
formulation 
“recipe” 

ADDITIVES 
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Presenter
Presentation Notes
DaleAdditives	“Do you like steak???  Cause I love steak!”  Additives are like the rub, or herbs, or sauce that gives steak flavor and makes it tender.  It gives the steak all the qualities that you crave.	Additives give lubricants beneficial attributes that improve and enhance their performance.  Let’s look at some different additivesA lubricant’s chemical properties can be enhanced by additives to achieve a finished product that meets very specific performance criteria. Additives perform two critical functions: they lessen destructive processes and enhance beneficial properties of the base oil. Most lubricating oils currently produced contain at least one additive, with many of them containing several different additives. The performance of each additive can differ significantly. Just like the amount and kind of herbs and spices added to season food will have a major impact on the final flavor of a dish, the concentration at which an additive is used will also have a major impact on how well a lubricant performs a given task. Additives can function to lessen the damage caused from oxidation, extreme pressure, wear, rust and corrosion. Additives can also enhance a lubricant’s ability to control foam, to separate or combine with water as well as keep the engine clean. 



Prevent sliding metal surfaces from seizing and 
welding under high pressure 
 
 

EXTREME PRESSURE ADDITIVES 
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Presenter
Presentation Notes
DaleExtreme pressure additives are added to lubricants to protect metal components that operate under high temperatures and/or heavy loadsCertain applications, like gear lubricants and transmission fluids, require lubricants to function effectively in extreme pressure (EP) environments and prevent sliding metal surfaces from seizing under extreme pressure. Without these additives, you’d probably be replacing your transmission as often as you get your hair cut. 



Prevent excessive wear to components in close contact. 

ANTI-WEAR ADDITIVES 
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Presenter
Presentation Notes
DaleOne of the most important functions of any lubricant is wear protection. Over time, any component that moves against another component will result in wear, which can cause component scarring and abrasion. The wearing of components can also introduce metal into the lubricant, which can result in oxidation. Anti-wear additives provide a film barrier to prevent excessive wear to components in close contact. They reduce metal-on-metal contact, which helps reduce friction and lower operating temperatures. This all promotes longer lubricant and equipment life. Anti-wear additives are similar to extreme-pressure additives; however, extreme-pressure additives require higher temperatures and pressures for activation.



RUST & CORROSION INHIBITORS 
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Provide a protective 
barrier that seals out 
water and 
contaminants. 

Presenter
Presentation Notes
DaleWe’ve all seen the effects of rust and corrosion on metal parts. Rust and Corrosion can be exacerbated by acidic by-products generated during combustion. Rust and corrosion also expose the system to elevated rates of wear because the rust and corrosion particles are very abrasive.Engine oils are engineered to form a protective barrier on surfaces to protect against rust and corrosion. Additionally, rust and corrosion inhibitors provide a protective barrier that seals out water and contaminants.



DETERGENTS 
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Used to 
minimize 
deposit 
formation in 
engines and to 
neutralize acids 

Presenter
Presentation Notes
DaleDetergents are used in lubricating oils for the same reason we use detergents for our laundry – to clean. Detergents are additives that keep contaminants from adhering to components. 



DISPERSANTS 
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Keep contaminants in 
suspension and off 
engine parts 

Presenter
Presentation Notes
DaleDispersants are another type of additive that keeps contaminants suspended in the fluid. Staying with our clothes-washing analogy, if detergents are used to clean clothes, then dispersants are what keeps dirt from going back onto clothes as they are being washed and after they are washed. They help maintain cleanliness and prevent the formation of sludge. 



ANTIFOAM ADDITIVES 
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DaleToo much foam – whether on the head of a beer or sudsy water spilling out of your washing machine – can be anything from a minor annoyance to a time-consuming cleanup. Antifoam additives reduce the surface tension of foam bubbles, which causes them to collapse.Antifoam additives are added at very balanced concentrations; too much antifoam additive can actually cause foaming. - When a fluid is agitated, trapped air forms bubbles on the fluid surface. - This is commonly referred to as entrainment or foam. - Under compression the foam heats up to extreme temperatures and generates steam within the fluid. The foam is formed on the surface of the fluid and creates an insulating layer, preventing the heat from being released.  - Foam in an oil system can lead to poor component performance and mechanical damage.  - One way to reduce this effect is through the use of anti-foaming agents.



Water and oil don’t separate 

EMULSIBILITY 
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Presenter
Presentation Notes
DaleMost of us are familiar with the phrase, “Oil and water don’t mix.”  When you try to mix them, instead of the oil and water dissolving together, they form an emulsion. An emulsion is simply a mixture of two or more un-blendable liquids. Two common emulsions we often use in everyday life are salad dressing and mayonnaise. So why would we want this situation in an engine oil? Engine oils, due to their detergent and dispersant content tend to emulsify with water. This is done so the water will  remain in suspension (mixture) until it comes into contact with either a hot engine component or the oil reaches “operating temperature,” (typically 200 – 220°F). Other lubricants, such as gear lubricants or hydraulic oils, are designed to demulsify or cause the oil and water to separate rapidly.



Separation from water 

DEMULSIBILITY 
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Presenter
Presentation Notes
DaleDemulsibility is an indication of a lubricant’s ability to separate from water. Demulsification is very important in products where water inevitably contacts oil and must be regularly removed. In a lower unit of a boat motor, for example, a lubricant must easily demulsify to keep water away from drive gears. Compressor oils are also exposed to significant amounts of condensation. If the water is not removed, it will lead to rusting of metal surfaces and will accelerate the oxidation rate of the oil. In addition, industrial machine oils, gear oils and insulating oils require good demulsibility. 



LUBRICANT Properties 
Total Base Number 
Total Acid Number 
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Presenter
Presentation Notes
Dan,As we mentioned earlier, chemical properties are those that when observed, the substance in question changes. Our example was a piece of paper and its ability to burn. The chemical and performance properties of a lubricant are greatly influenced by its base oil composition. Automotive engine oils may contain 70% or more base oil stock, while other lubricants can contain even higher percentages. Modern applications place demands on lubricants that no conventional petroleum base stock alone can meet. The base oil can be thought of as the foundation upon which to further formulate and blend a lubricant to yield specific desirable properties. 



TOTAL BASE NUMBER (TBN) 
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Measures a lubricant’s 
ability to neutralize acids 

Presenter
Presentation Notes
Dan,Total Base Number—or TBN—refers to a lubricant’s base alkalinity. It measures the oil’s basic components that counteract acids and hold contaminants in suspension.TBN can be thought of like antacids for engine oils. When humans get heartburn or an upset stomach, we often take antacids to provide relief. In the case of gasoline and diesel engine oils, the higher the Total Base Number, the greater corrosion and long-term protection provided by the lubricant. 



TOTAL ACID NUMBER (TAN) 
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Measures acid buildup within a lubricant 

Presenter
Presentation Notes
Dan,The Total Acid Number refers to a lubricant’s acid components. An easy way to remember this is by thinking about your stomach after eating very acidic foods, like oranges, grapefruit or tomatoes. If you have too much in your system, a sour stomach can result. It is an indirect means of determining a lubricant’s oxidation breakdown. Since oxidation produces acids, measuring the acid components in a lubricant is a way of determining the occurrence of oxidation; this measure is called the Total Acid Number (TAN). In non-engine lubricants, TAN can help measure the extent of oxidation which in turn can help determine if the oil is suitable for continued use. TAN values can be determined through conventional oil analysis. One exception to this would be engines that use natural gas as a fuel. 



SYNTHETICS VS. 
CONVENTIONAL 
Synthetic Advantages 
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CONVENTIONAL LUBRICANTS 
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• Molecular 
structures can 
vary widely 

 
• Can contain 

impurities such 
as sulfur, water 
and wax 

 

Presenter
Presentation Notes
Dan,Conventional mineral-based lubricants have molecular structures that can vary widely, with different molecules of different sizes; and they may contain impurities including aromatics, nitrogen, sulfur and wax. 



• Clean, uniform 
structure 

• Extremely pure  
• Specific and 

predictable 
properties  

SYNTHETIC LUBRICANTS 
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Dan,Synthetic lubricants offer many advantages over conventional, mineral-based lubricants. One of the most important benefits of synthetic lubricants is that they have a consistent and uniform structure at the molecular level. Because of this, synthetics are very pure products with predictable properties. Among the many general advantages of using a synthetically modified base stock include: lowering deposit formations, creating a wider operating temperature range, low toxicity, high viscosity index values, improved biodegradability and shear stability, along with good compatibility with mineral oils and materials. Synthetic lubricants are engineered for a specific molecular composition; they undergo a specific reaction process to create a base fluid with a tailored and uniform molecular structure. This allows chemists to develop lubricants with specific and predictable properties. These lubricants, by design, can be composed completely of beneficial molecular compounds. �



Have wider range of operating temperatures than 
conventional lubricants 

SYNTHETIC LUBRICANTS  
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Have higher 
viscosity 
indices than 
conventional 
lubricants for 
better all-
temperature 
performance 

SYNTHETIC LUBRICANTS 
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Have better 
oxidation 
resistance than 
conventional 
lubricants to 
minimize 
thickening, reduce 
deposit formation 
and improve 
energy efficiency. 
Also increases oil 
service life.  

SYNTHETIC LUBRICANTS  
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Are less reactive and have lower volatility than 
conventional lubricants 

SYNTHETIC LUBRICANTS 
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Oil and lubricant quality is not about excelling in one 
performance area 
 

TOTAL PACKAGE 
PERFORMANCE? 
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Presenter
Presentation Notes
Dan,Oil and lubricant quality is not about excelling in one performance area; rather, it’s about the entire set of performance properties. So, which do you think has a better total package performance? Conventional lubricants or synthetics?Which is formulated with better, more predictable base stocks? Synthetics!Which has better cold temperature properties? Synthetics!Which is more resistant to oxidation? Synthetics!Lower reactivity? Synthetics!Which has a higher viscosity index, with less viscosity change over a range of temperatures? Synthetics!Which has lower volatility? Synthetics!Which has better shear stability? Synthetics!



It’s about the entire set of performance properties 
 

TOTAL PACKAGE 
PERFORMANCE? 
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So, which lubricants do you think have a better total 
package performance?  
 

TOTAL PACKAGE 
PERFORMANCE? 
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CONVENTIONAL? 
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OR SYNTHETICS? 
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Refer to your 
Lubrication 
Fundamentals 
Manual for 
additional 
information.  
 

ADDITIONAL INFORMATION 
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Presenter
Presentation Notes
This is just a beginning introduction to Lubrication Fundamentals. The AMSOIL Dealer Training Series “Lubrication Fundamentals” manual has in-depth and advanced information that will be covered in future courses. 
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