


Introduction 

A number of equations have been derived for predicting the shear 
angle (0 in Fig. 1) in orthogonal metal cutting. The best known of 
these is due to Merchant (1) who by assuming that the value of shear 
angle would be such as to give a minimum expenditure of work obtained 
the relation 
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where a is the tool rake angle (Fig. 1) and X is the mean angle of 
friction between the chip and the tool along the tool-chip interface. 

Lee and Shaffer (2) applied ideal slip-line field theory to the 
problem and obtained the equation 

+ a - 	 (2) 

Equations (1) and (2) predict that an increase in rake angle or a 
decrease in friction angle will give an increase in shear angle and this 
is consistent with experience. However, both equations also predict a 
unique value of 4 for a given value of X -  a and it can be seen from the 
experimental values of 4 given in figure 2 that this is not the case. 
It is clear from experiments that 0 varies with material and cutting 
speed, and yet except for associated variations in X equations (1) and 
(2) take no account of these. 

By allowing that the shear strength along the shear plane (AB in 
Fig. 1) would increase with increase in the normal stress on this plane 
Merchant (1) derived the equation 

20 = C+a- X 	 (3) 

where C measures the dependance of shear strength on normal stress. 
Subsequent work has shown that the values of C required to satisfy 
experimental work cannot be explained in terms of the dependance of shear 
strength on normal stress. It is also difficult to understand from this 
equation why 0 should vary with cutting speed and feed in the way it is 
known to. 

More recently Kobayashi and Thomsen (3) have introduced the concept 
of effectiveness which is essentially a measure of the departure from the 
minimum energy solution of Merchant (1), i.e. equation (1). An effective-
ness of unity corresponds to equation (1) and smaller values of effective-
ness give a lower value of 0 for a given value of X - a than equation (1). 
By choosing suitable values of effectiveness it is possible to satisfy 
any experimental value of 4). Although useful in collating experimental 
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