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q Wear Strength Of Gear Tooth



WEAR STRENGTH 
Due to rolling and sliding actions of the gear teeth, the following types of surface destructions 
(wear) may occur: 

Abrasive wear. Scratching of the tooth surface due to the presence of foreign materials in the 
lubricant is called abrasive wear. 

Corrosive wear. Chemical reactions on the surface of a gear cause corrosive wear.

Pitting. Repeated application of the stress cycle, known as pitting, cause fatigue failure. 

Scoring. Inadequate lubrication between metal-to metal contact cause scoring.

It is observed from the results of various experiments that abrasion, corrosive, the scoring are 
caused by improper lubrication, whereas pitting usually occurs because of repeated application 
of Hertz contact stress on the portion of a gear tooth which has relatively little sliding motion 
compared to rolling motion. Clearly, the spur gear will have pitting near the pitch lien where 
motion is almost all of rolling. 
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The failure of the gear tooth due to pitting occurs when the contact stress between two 
meshing teeth exceed the surface endurance strength of the material.

Pitting is a surface fatigue failure, characterized by small pits on the surface of the gear tooth. 

To avoid this type of failure, properties of gear tooth and surface properties should be selected 
such a way that the wear strength of the gear tooth is more than the effective load between 
the meshing teeth.

The analysis of wear strength of gear tooth is done by Earle Buckingham. Buckingham ’s 
equation gives the wear strength of the gear tooth. which is based on Hertz theory of contact 
stresses. 
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When two cylinders are pressed together as shown in fig.(a), the contact stress is given by,

σ c= 2*P/π*b*l ................(1.1)

and 
b= { [ 2P(1-μ2)(1/E1 + 1/E2)] / π l(1/d1 + 1/d2) }1/2 ................(1.2)

where,
σ= maximum value of compressive stress (N/mm2)

P=force pressing the two cylinders together (N)
b= half width of deformation (mm)
l= axial length of the cylinder (mm)

d1,d2= diameter of two cylinders (mm)
E1,E2= moduli of elasticity of 2 cylinders (N/mm2)
μ = Poisson’s ratio

fig.  contact stresses
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Due to deformation under the action of load P, a rectangular surface  of width (2b) and length (l) 
is formed between the two cylinders. The elliptical stress distribution across the width (2b) is 
shown in fig.

Substituting eq.(ii) into(i) and squaring both sides,

σc
2 =[1/π(1-μ2)]* (P/l)* {(1/r1+ 1/r2) / (1/E1+ 1/E2)} ................(1.3)

Where, r1,r2= radii of two cylinders

σc
2 =0.35*(P/l)* {(1/r1+ 1/r2) / (1/E1+ 1/E2)} ................(1.4)

The above equation of the contact stress is based on the following assumptions:

• The cylinders are made of isotropic materials.
• The elastic limit of the material is not exceeded.
• The dimensions r1,r2 are very large when compared to the width (2b) of the deformation.
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Fig. shows the contact between 
two meshing teeth at the pitch 
point

Fig. contact between two meshing teeth at pitch point
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r1,r2 are to be replaced by radii of curvature at the pitch point. Therefore,

r1=  dp’ * sinα /2 r2= dg’ * sinα /2

There are some reasons for taking the radii of curvature at the pitch point.
• The wear on the gear tooth generally occurs at or near the pitch line.
• When only one pair of teeth carries the entire load, contact occurs at the pitch point.
• The dynamic load is imposed on the gear tooth near the pitch line area.

(1/r1 + 1/r2)= 2/sinα [1/dp’ + 1/dg’] ............(1.5)

A ratio factor Q is defined as,

Q= 2*zg/(zg+zp) ..............(1.6)
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Substituting, dp’=m zp and  dg’= m zg,

Q= 2 dg’/(dg’ + dp’)

Therefore,

[1/dp’ + 1/dg’] = (dg’ + dp’)/dg’ * dp’

=  2/ Q*dp’ ...............(1.7)

From eq.(v) and (vii),

(1/r1 + 1/r2)= 2/sinα*Q*dp’ ..............(1.8)

The force acting along the pitch line in fig.(b) is PN,

P=PN= Pt / cosα .............(1.9)

The axial length of the gears is the face width b,i.e.l=b

Therefore,

σc
2= 1.4*Pt / b*Q*dp’*sinα*cosα* (1/E1+ 1/E2) ............(1.10)

WEAR  STRENGTH  OF  GEAR  TOOTH



a load stress factor K is defined as,

K= σc
2* sinα*cosα* (1/E1+ 1/E2) /1.4 ...............(1.11)

Substituting the above eq. Into (1.1),

Pt= b*Q*dp’*k ...............(1.12)

This equation gives a relationship between the tangential force Pt and the corresponding 
contact stress σc .

The tangential force is increase with the increasing contact stress. Pitting occurs when the 
contact stress reaches the magnitude of the surface endurance strength. The corresponding 
value of Pt is called wear strength.
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Wear strength is maximum value of the tangential force that tooth can transmit without 
pitting failure.

Replacing Pt by Sw,

Sw= b*Q*dp’*k .............(1.13)

Where,

Sw= wear strength of the gear tooth (N)
σc= surface endurance strength of the material (N/mm2)
equation (1.13) is known as Buckingham’s equation for wear

The ratio factor for internal gears is defined as,

Q= 2*zg/(zg-zp) .............(1.14)
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Example for find out load-stress factor K,

The expression for the load-stress factor K can be simplified when both the gears are made of 
steel with a 20° pressure angle. 

In the special case,

E1=E2= 206000 N/mm2 (for steel)
α= 20°

according to G Niemann,

σc= 0.27 (BHN) kgf/m2

= 0.27(9.81) (BHN) N/mm2

Where BHN is Brinell Hardness Number.
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K = σc
2*sinα*cosα*(1/E1+1/E2) / 1.4

= (0.27*9.81)2(BHN)2*sin(20) * cos(20) *(2/206000) /1.4

=0.156(BHN/100)2

Or
K=0.16(BHN/100)2

The above equation is applicable only when both the gears are made of steel with 20°
pressure angle.

In order to avoid failure of the gear tooth due to pitting, the wear strength should be more 
than the effective force between the meshing teeth.
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