
Definition of Abrasive Wear
Abrasion is the most common form (55-60%) of wear in industry. 

Abrasive wear occurs between surfaces of different relative
hardness.
Abrasive wear is caused by hard particles on the surface or within
the work material such as inclusions.
These particles act as micro cutting tools on a microscopic scale.





Machines/ components affected by abrasive 
wear:

1-Cutting tools
2-Machine component

Piston/cylinders
Journal bearings
Gears
Cams

3-Agricultural implements
Swash plates
Slurry pumps

4-Digging tools
Augers
Scraper blades

High magnification of a punch edge shows a
characteristic pattern caused by abrasive wear.







 Because of the motion between the punch and work material, small
microchips are cut out of the tool, which leads to a gradual loss of
tooling material.

 On a macroscopic level, this type of tool wear causes a rounding of the
punch edge, yet the punch still appears relatively smooth

 A closer inspection shows characteristic parallel scratch marks on the
edge and along the sides of a punch where particles cut into the tool
surface during the stamping.

Abrasive wear in punch







Closed mode of wear is ten times faster than open body mode

Three-body wear occurs when the particles are not constrained and are free 
to roll and slide down a surface 

Two-body wear occurs when the grits, or hard particles, are rigidly mounted or 
adhere to a surface

Types of Abrasion (environment mode)



Abrasive Wear type



Types of Abrasion (Stress mode)

Scratching (Low-Stress) 

Grinding (High-Stress)

Gouging (impact Stress)





Gouging (impact Stress)
The resulting wear can be extreme when high-stress or low stress 
abrasions are accompanied by some degree of impact and weight. 

The metal surface receives prominent gouges and grooves when 
massive objects (often rock) are forced with pressure against them.



Grinding (High-Stress)
This is more intense than simple scratching or less than gouging.
It happens when small, hard, abrasive particles are forced against a
metal surface with enough force to crush the particle in a grinding
mode. Most often the compressive force is supplied by two metal
components with the abrasive sandwiched between them.

Even with low nominal loads on the metal portion of this sandwich the
unit stresses in the abrasive, and consequently on its metallic contact
areas, may be very high.

These stresses crack or crush the abrasive grains.
The broken edges are sharp and can

score effectively
local plastic flow
surface micro-cracking



Scratching (Low-Stress)
This is normally the least severe type of abrasion. Metal parts are worn
away through the repeated scouring action of hard, sharp particles
moving across a metal surface at varying velocities.

The abrasive may be present within the product, either as a filler or a
pigment. (glass fibers in plastics) such products suffer what is called:
”Low Stress Abrasive Wear”
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Plowing

Cutting

Fracture

Mechanisms of abrasive wear

Plowing occurs when a material is displaced to the side, away from
the wear particles, resulting in the formation of grooves that do not 
involve direct material removal. The displaced material forms ridges
adjacent to grooves, which may be removed by subsequent
passage of abrasive particles



Cutting occurs when material is separated from the surface in the
form of primary debris, or microchips, with little or no material
displaced to the sides of the grooves. This mechanism closely
resembles conventional machining.

Fragmentation causes localized fracture of the wear material

Mechanisms of abrasive wear







Shiny spots on textured tool 
surfaces

Dimensional changes

Micro-chips

Scratches marking

Grooves

Lower efficiency 

Leakage

Furrows

The consequences of abrasive wear are:







Conditions Promoting Wear

Hard particles contaminating 
oil 

Insufficient metal hardness 

Hard metal with rough 
surface against soft metal 

Temperature

corrosion



Influencing factors:

Surface hardness

Particle size/ hardness

Particle concentration

Alignment

Film thickness

Load

Viscosity

speed



Wear debris is from joining of cracks in Ceramic 

Load effect



Debris size effect

The particle sizes causing the most damage are those equal 
to and slightly larger than the clearance space.



Bluntness effect



Hardness and contact angle effect

If the surface is harder than the particle, the wear rate 
is minimal.



Severe abrasive wear when substrate hardness is less than 0.8 abrasive 
particle hardness

Hardness effect



Effect of temperature

The hardness of materials decreases rapidly after 0.8xTmelt
The flash temperature at micro contacts.
Localized heating of softening of ploughed material



Effect of moisture:

chemical reaction between moisture and substrate
chemical reaction between moisture and lubricant
corrosive property of the moisture
















