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On a New iodel of Oblique Cutting 

I n t r o d u c t i o n 

Today, there exist a variety of models for orthogonal cutting. These 
cover a wide range of concepts with the simple shear plane models at 
one end and the complex slip line models at the other end. Each model 
emphasises a particular aspect at the cost of others. Yet, it is the ex­
istence of this variety which enables us to have an understanding of 
the totality of metal cutting though no single model is able to cover 
the totality. 

The situation with oblique cutting is entirely different. With the 
exception of shear plane models [1, 2]1 and others involving mean 
shear zone thickness [3] etc., no serious attempt has been made to 
extend other models of orthogonal cutting to problems of non-
plane-strain cutting. Such extensions are, however, desirable since 
they would throw more light on aspects hitherto unexplored in oblique 
cutting. This will also test the model in a new environment and would 
throw greater light on its advantages and limitations. 

This paper aims at extending to oblique cutting, a pseudo-slip line 
solution proposed by Connally and Rubenstein [4] for orthogonal 
cutting. After developing the model it is verified against the experi­
mental data available in literature and the implications discussed. 

C o n n a l l y a n d R u b e n s t e i n ' s O r t h o g o n a l C u t t i n g M o d e l 
Fig. 1(a) shows the assumed bounds of the primary deformation 

zones. These bounds must obviously be slip lines. Consider a slip line 
close to the lower bound. For simplicity, let the transient curve joining 

1 Numbers in brackets designate References at end of paper. 
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the unmachined surface to the chip surface be ignored. The slip line 
then meets the unmachined surface at 45 deg. OB is then the nominal 
shear plane used in Merchant's [1] analysis. The slip line is further 
assumed to be parallel to the cutting speed at the end it meets the 
cutting edge. This feature and the absence of the transient surface 
are valid flaws in the model. 

The cutting forces contributed by chip formation can be estimated 
if the stress distribution on the slip surface are known. It is more at­
tractive to consider a slip surface close to the lower boundary of shear 
zone, since the material there is still in the virgin state. The curvature 
of the lower bound surface is usually low. It is therefore permissible 
to replace the slip surface by two planes (S and L -planes) parallel to 
it at each end. The error involved in such a procedure would be low 
as far as the estimation of cutting forces is concerned. It would of 
course be undesirable to stretch the model to other aspects of ma­
chining like the determination of exact stress and strain distributions 
etc. 

The stress distribution along the S and L planes may be estimated 
from the well known properties of slip lines. Integrating these stresses 
and taking appropriate components it is possible to estimate the 
cutting forces. Such estimations made by Connally and Rubenstein 
[4] agreed well with experimental observations. Rubenstein [5, 6] 
further used the theory to investigate other features of metal cutting 
with reasonable success. In these he used the length '1' of the L -plane 
as a parameter similar in scope to the shear angle in conventional 
analysis. 

T h e N e w O b l i q u e C u t t i n g M o d e l 
On the basis of empirical evidence, it may be said that the primary 

effect of obliquity is to change the orientation of slip on the slip sur­
faces on the primary deformation zone. When one attempts at the 
extension of Connally and Rubenstein's model to oblique cutting, one 
is tempted to keep the S and L -planes as they are and introduce lat­
eral slips. This is in line with Merchant's [1] approach where he in-
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Fig. 1 The new oblique cutting model 

troduced lateral slips on the conventional shear plane to take into 
account the effect of obliquity. However, this would mean that the 
actual slip lines are now inclined to the normal plane. If the S plane 
is kept inclined to the cutting plane at 45 deg, the slip lines would meet 
the free surface at an angle less than 45 deg. It is therefore necessary 
to change the orientation of S -plane accordingly. 

Fig. 1(6) illustrates the basic features of the proposed model. RS 
is the cutting edge. Plane RJKS is the nominal shear plane. Curved 
surface RJKS is the slip surface under consideration. Planes PJKQ 
(S-plane) and PQSR(L- plane) are drawn tangential to surface RJKS 
at each end. The S-plane is inclined to the cutting plane at angle \j/ 
whereas the L -plane is in it. PQ is the line of intersection of the S and 
L-planes. /,, is the length of S-plane. 

Shear is assumed to take place on surface RJKS in the direction 
represented by curve OB. For simplicity it is assumed that OB is a 
plane curve perpendicular to the cutting plane. 8 is the angle made 
by this characteristic plane with the normal plane. 8 may thus be 
considered as the lateral shear angle in the L -plane. \pe is the corre­
sponding angle in the S-plane. AB which is tangential to the orien­
tation of shear in the S-plane should be at 45 deg to the cutting plane. 
From the geometry of Fig. 1(6) the following expressions can now be 
obtained. 

and 

tan \pn = sec 0 or cosec \pn = (1 + cos2 8)l/2 

sin \pi = sin 8/V2 

ln = a (cos <j)n - cos 8) 

Where 4>n, the nominal normal shear angle may be obtained from 
chip compression ratio ac/a from the following relationship. 

tan </>,, 
cos «„ 

ac/a — sin an 

The areas As and A/, of the S and L-planes are given by 

As = au> (1 + cos2fl)1/2 

and 

0) 

(2) 

(3) 

the 

(4) 

(5) 

.Nomenclature,. 

As, Ai = Areas of S and L-planes respec­
tively 

i = Angle of inclination, complement of the 
angle between cutting speed and cutting 
edge vectors 

I, ln = Length of L plane in orthogonal and 
oblique cutting respectively 

Ns, A^L = Normal forces on the S and L-
planes respectively 

Nsn, Nsy ~ Normal and thrust components 
of Ns respectively 

Ss, SL - Shear forces on the S and L-planes 
respectively 

Ssn, Ssi, Ssy = Normal, lateral and thrust 
components respectively of Ss 

Sin, Su = Normal and lateral components of 
Si respectively 

P,i, Pi, Py = Normal, lateral and thrust 
components respectively of the cutting 
forces 

P„', Pi', Py' = Magnitudes of Pn, P, and Py 

contributed by chip formation, i.e., with 
the parasitic forces at the cutting edge and 
the tool flank eliminated 

V = Cutting speed 

Vs = Velocity of shear on Merchant's shear 
plane 

Vc = Velocity of chip 
Vn, Vi = Normal and lateral components of 

V 
VSn, Vsi = Normal and lateral components of 

V„ ' 
Vc,„ Vc[ = Normal and lateral components of 

Vc 

(V sn)s, (Vsn)L = Contribution to Vm by S 
and L-planes respectively 

(Vsi)s, (VSI)L ~ Contributions to V b y S a n d 
L-planes respectively 

Vt = Velocity of rotary motion of a rotary 
tool 

w = Length of cutting edge in engagement, 
width of cut 

a„ = Rake angle measured in normal plane 
4>n = Shear angle measured in normal 

plane 
tye = Angle between direction of shear on 

S-plane and trace of normal plane on S-
plane 

\j/„ = Angle between the cutting plane and the 
S-plane 

0 = Characteristic angle, angle between di­
rection of shear on L-plane and normal to 
the cutting edge 

8P = Value of 8 estimated from chip flow 
angle 

p = Chip flow angle, angle between the di­
rection of chip flow and normal to the 
cutting edge measured on the rake sur­
face 

Cutting plane = Plane including the cutting 
edge and cutting speed vectors 

Normal plane = Plane normal to the cutting 
plane 

Characteristic plane = A plane normal to the 
cutting plane and assumed to be including 
the directions of shear on all the slip sur­
faces in the primary deformation zone 

Normal component = A component of the 
given vector normal to the cutting edge 

Lateral component = A component of the 
given vector parallel to the cutting edge 

Thrust component = A component of the 
given vector in a direction normal to the 
machined surface 
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: aw (cot (j>n — cos 8) (6) 

It may be noticed that angle \pn > 45 deg. For orthogonal cutting 8 = 
0,4>n - 45 deg as assumed in the orthogonal cutting model. As in the 
case of orthogonal cutting ln may be interpreted as a parameter similar 
in scope to the shear angle but in the present case it also includes the 
effect of obliquity indirectly through 8. 

The S-plane extends upto the free surface. Therefore the normal 
and shear stresses on the plane are equal to the flow stress TS of the 
work material. Multiplying these stresses with the area As of the plane 
the magnitudes of the shear force Ss and normal force Ns can be 
found. From the knowledge of angles \pn and \pi these forces can be 
divided into the normal (Ssn, Nsn)> lateral {Ssi) and thrust (Ssy, Nsy) 
components. Plane L being a slip plane, the shear stresses on it is again 
T,.. But the mean normal stress 'p' on it is unknown. Multiplying these 
stresses with the area AL of the plane, the shear (Si) and normal 
forces (NL) can be determined. These can be resolved further into the 
normal {SLn), lateral (Sn) and thrust (NL) components. Cutting force 
components Pn', Pi' and Py' may be obtained by summing up the 
appropriate components from the above. 
The following expressions are obtained after simplification. 

Pn' = Ssn+NSn + SLn 

= TSAS cos 45 deg cos 8 + TSA$ sin \pn + rsAi cos 8 

/ l + cos20\i/2 , , v 

= TS a w[l + cosv ! 1 - cos 0 + cos <j>„\. (7) 

Pi' = Ss, + SLl 

= TSAS cos 45 deg sin 0 + TSAL sin 8 

/ l +COS20\l/2 
= T, a w sin 8 [ ( 1 ± f y ) , • cos 8 + cot <t>n (8) 

Py' = Ssy + Nsy + NL 

= TS As sin 45 deg + rs As cos \pn + p Ai 

/ I + cos2(?\i/2l , x 

p (cot f/)„ — COS 8) - Ts COS 0 — Ts ( ; ) I (9) 
?y/2i 

An expression for parameter 8 may be obtained by dividing equation 
7 with equation 8. Thus, in terms offeree components P„' and P;' we 
have, 

cos 6 — sin 0 

[f • cos2 8\ 1/2 
' ) - COS 8 + COt (j)n = 0 (10) 

It will be shown later through empirical evidence that 0 =s i. Substi­
tuting this equality in equation 7 one has 

Pn' = T, a w 1 + cos i 
1 + cos2 i\ i/2 

\ in cos i + cot (j>n (ID 

It will be seen that equation 11 is as reliable as the more accurate 
equation 7 in predicting the normal force P,,'. However, when the 
substitution 8 ^ i was incorporated into equation 8 and checked with 
experimental data the errors were found to be too high. 

T h e Chip F l o w A n g l e 
In the following, an extension of the new model for the prediction 

of the chip flow angle in oblique cutting is attempted. It may be noted 
that such an extension to the analysis of kinematics did not form the 
scope of the orthogonal cutting model of Connally and Rubenstein 
[4]-

Chip flow angle p has been demanding the attention of many in­
vestigators. Stabler [7] postulated tha tp = i. However, there are as 
many reports of deviation from this postulate as are in conformance 
to it. Further, the postulate does not account for the effect of rake 
angle, cutting conditions etc., on the chip flow angle. 

In the light of the new model one way interpret p to be character­
izing the orientation of slip near the rake surface just as 8 characterized 
the orientation of slip in the primary deformation zone. The velocity 

Vc of the chip on the rake surface can be resolved into normal (Vc„) 
and lateral (Vci) components. Thus 

tan p = (12) 

Chip velocity V is the result of successive slips along all the slip sur­
faces in the primary deformation zone. Only with a complete knowl­
edge of the strain distribution on all these slip surfaces can one hope 
to determine the magnitudes of Vci and Vcn. But equation 12 shows 
that it is necessary only to evaluate the ratio of Vci to Vcn. If one as­
sumes that the general orientation of slip on all the slip surfaces is 
same, it is enough to know the ratio of the contribution to Vci and Vcll 

by any one of the slip surfaces. In other words it is being assumed that 
plane OAB of Fig. 1(b) characterises the orientation of slip on the slip 
surfaces. With this back-ground it is now reasonable to assume that 
slip is 'actually' taking place only on S and L-planes for the purpose 
of determining p. Fig. 1(c) shows the ideal velocity diagram. The 
cutting speed V and the chip speed Vc can be resolved into normal 
(Vn and Vcn) and lateral (Vi and Vci) components. Vsn and Vsi are 
the normal and lateral components of shear velocity Vs on Merchant's 
nominal shear plane. For the present purpose these may distributed 
along S and L-planes, as shown in Fig. 1(c). and obtain the following 
expressions. 

V.„ = 
Vcos « n COS j 

cos (</)„ - an) 

Vsn s i n <t>„ 
(V.„)s= . , 

sin ij/n 

(V S„)L = Vsn (cos <t>n - sin <j>n cos 8) 

(Vst)s = (Vsn)stfmfi 

(V,,)t = (V.„)t tanfl 

Vcn = 
V sin 4>n cos i 

COS (<f/n — «n) 

and finally, 

Vc = V, - Vsi V sin i (v,,: (V.,h 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 
combining equations 13-19 suitably and simplifying, we have 

tan p = tan i sin an + (tan i - tan 8) cos a„/tan 4>n (20) 

The above equation may be used either to estimate p from a knowl­
edge of 0 or conversely to determine 8 from p. Substituting p = i, one 
may obtain the condition for stabler's rule to be valid. It may also be 
noted that a substitution 8 = i leads to absurd results in equation (20). 
Equation 20 is very sensitive to difference (i — 8). 

Ver i f i ca t ion of the Mode l F r o m E x p e r i m e n t a l D a t a 
The model is now tested against oblique cutting data reported by 

Zorev [2], Kocecigglu [3] and Venuvinod and Lau [8] with the help of 
a computer. For the sake of brevity the discussion is limited to Zorev's 
[2] data here. However, the conclusions drawn were equally well 
supported by tests on the data of the other investigators. The test 
results on all the data are summarised in Table 1. The cutting con­
ditions are also indicated in the table. It may be noted that the test 
data includes a wide range of rake angle, inclinations angle, speed and 
feed. 

The following criteria have been used to test the accuracy of the new 
model: 

1. In equation 7 if the coefficient of TS is plotted against the 
measured Pn' one should get a straight line the slope of which gives 
the magnitude of TS. The value of TS so obtained should be reasonable 
for the given work material. It is possible to make such a plot with 
force Pn obtained straight from measured forces or after eliminating 
the parasitic force P„„ acting at the cutting edge and the tool flank. 
This magnitude of Pno is conventionally obtained by plotting the gross 
force P„ against the uncut chip thickness and obtaining the intercept 
of the resulting straight line on the force axis. 
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T A B L E I: 
D A T A 

S U M M A R Y O F R E S U L T S O F A P P L I C A T I O N O F N E W M O D E L A G A I N S T E X P E R I M E N T A L 

No. Item Zorev 

0.2% C Steel 

HSS 
20deg 

0-60 deg 
0.7 m/min. 
0.1-0.4 mm 
120-900 kgf 

70 kgf 
44 Kgf/mm2 

60 Kgf 
42 Kgf/mm2 

20 Kgf 

54 Kgf/mm2 

0.9 
0.84 
8% 

Data from 

Kocecioglu 

SAE 1015, Seamless tubing 118 
BHN 
HSS 

- 1 0 to +36.5 deg 
0 to 37 deg 

126-746 fpm 
0.004 to 0.012 in. 

120-850lbf 
100lbf 

71 X 103 lbf/in2 

— 
— 

120lbf 

69 X 10 lbf/in2 

— 
— 

20% 

Venuvinod and 
Lau 

Al-alloy 

HSS 
30 deg 

0 to 50 deg 
120 ipm 

0.002 to 0.008 in. 
120-550lbf 

70 lbf 
20.7 X 103 lbf/in2 

100 lbf 
19.5 X 103 lbf/in2 

60 lbf 

27 X 103 lbf/in2 

0.9 
0.85 
— 

Illustrated 
in Fig. No. 

— 

— 
— 
— 
— 
2 
2 
2 
4 
4 
3 

3 
6 
6 
7 

1. Work material 

2. Tool material 
3. Rake angle, a„ 
4. Inclination angle, i 
5. Cutting speeds 
6. Feeds 
7. Range of P„ 
8. Maximum scatter of P„ from equation 7 
9. Estimated TS from equation 7 using measured P„ 

10. Maximum scatter of P„ from Eqn. 7 
11. Estimate of rs from Eqn. 7 using Pn' 
12. Maximum scatter of Pn from prediction by 

Merchant's Analysis 
13. TS estimated by Merchant's Analysis from P„ 
14. Value of C in 8 = Ci from value of Pn 
15. Value of C in 0 = Ci from values Pn' 
16. Maximum scatter from correlation 0 = 0„ 

2. From a given set of experimental data to obtain the value of 0 
from force readings and compare the value so obtained with that de­
termined from chip flow angle using equation 20. These two values 
must be close enough. 

Fig. 2 shows the correlation between the predicted and actual values 
of Pn obtained from Zorev's data. It is seen that the agreement is good 
and the slope of 44 kgf/mm2 is reasonable for the work material. For 
the sake of comparison, Fig. 3 shows the results of the same data an­
alysed by Merchant's analysis. In this case Pn is plotted against the 
coefficient of T, obtained by Merchant's [1] analysis. It is seen that 
the correlation of the new model is at least as good as Merchant's 
model. The slope 54 kgf/mm2 in Fig. 3 is higher than the corre­
sponding estimate of TS (44 kgf/mm2) of the new model. This is un­
derstandable since in the new model the slip surface under consid­
eration is closer to the lower boundary of shear zone than Merchant's 
nominal shear plane. The material has not yet work hardened. 

In Fig. 4, parasitic forces have been eliminated while estimating Pn 

to obtain P„ ' and has been compared with the estimated force from 
equation 7. It is seen that the general agreement is as good as in Fig. 
2. 

Fig. 5 illustrates the close correlation between the values of Pn' 
predicted with the help of equations 7 and 11. Equation 11 is found 
to be as good as equation 7. Equation 11 has the additional advantage 
that it does not need the knowledge of either 8 or the chip flow angle 
p. Such an estimation of 'p ' without knowing chip flow angle is not 
possible from conventional shear plane analysis. 

The prediction of P; requires that the magnitude of 9 is determined 
first. Fig. 6 shows the variation of 0 with i, as obtained from Zorev's 
data. It is seen that a linear relationship between i and 0 of the fol­
lowing form can be obtained. 

6 = Ci (21) 

From Fig. 5 and Table 1 it can be concluded that the magnitude of C 
lies in the range 0.83 to 0.9. 
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O 
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o 

2 0 

A 
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O 

4 0 
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5 O 

a 

6 0 
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T S = S L O P E = 4 * K g f / r n m 2 

a w I - cos 8 {(* cosJe\''2_ cot (fnJ 

(COEFFICIENT OF Ts 'N EQUATION T ) 

(DATA FROM ZOREV, REF- 2 ) 

Fig. 2 Verification of equation 7 from measured forces 
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6 0 0 -

-
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SYMBOL 

O 

X 

1 
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o 
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A 
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• 

4 - 0 

+ 
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D 
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V 
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/+ 

T S = S L O P E - 5 4 K g f / m m 2 

1 1 1 

2 0 0 
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AREA OF MERCHANTS SHEAR PL ANE = a w / Sin (f)n 

F s = T s { ( P n c o s ( j l n - p y s i n e n ) 2 + PL2 } ' / ! 

( DATA FROM ZOREV, REF. 2 ) 

Fig. 3 Analysis of data by conventional shear plane method 
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Kg f 

I O O O L ( D E G ) 

SYMBOL 

O 

X 

t o 

O 

2 0 

A 

3 O 

® 

* o 

+ 

S 0 

a 

6 0 

V 
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4 8 12 

COEFFICIENT OF Ts
 I N EQUATION 

cos29V'J 
FCOS 9 f / i + cos'ey' COSQ + COE ( 

(DATA FROM ZOREV, REF.2 ) 

Fig. 4 Verification of equation 7 from normal forces after eliminating parasitic 
components 

20 30 4 0 SO 60 

ANGLE OF OBLIQUITY i , { D E G . ) 

(DATA FROM ZOREV, REF.2 ) 

Fig. 6 Relationship between 9 and angle of obliquity 

Fig. 7 compares the estimates of 8 from equation 10 based on force 
data and equation 20 based on chip flow angle. The agreement is re­
markable. The agreement was found to be equally remarkable when 
the data due to Kocecioglu3 and Venuvinod and Lau [8] was examined 
(see Table 1). This agreement is particularly impressive when it is 
noted that the same value of 8 is obtained from two independent sets 
of observations. This proves clearly the validity of the model both 
from the point of view of gross forces and the velocities involved. It 
also lends credibility to equation 20 predicting the chip flow angle. 
The advantage of this equation over Stabler's rule is that it includes 
the effect of rake and shear angles on the chip flow angle. Thus, 
through the shear angle, it is now possible to investigate the effects 
of work material and cutting conditions on chip flow angle. 

In the above, the model has been looked upon as a means of pre­
dicting cutting force components. On the other hand if forces are 
measured, the magnitude of mean normal stress (p) ahead of the 

cutting edge can be estimated. This should be of use in any investi­
gations regarding the effect of obliquity on phenomenon like defor­
mation of machined surface etc. Such information would not be 
available if one resorted to the use of conventional shear plane anal­
ysis. 

Fig. 8 is presented as yet another proof of the utility of the new 
model. The model is used here to analyze the data obtained during 
machining copper with a type II driven rotary tool of obliquity i = 52.5 
at different rotary speeds Vt. Here iwt is a parameter characterizing 
the rotary speed ratio and is given by 

4 8 12 

COEFFICIENT OF Ts >N EQUATION 7 

(DATA FROM ZOREV, REF.2 ) 

Fig. 5 Comparison of equations 7 and 11 

6 0 -
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4 - 0 
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V 

A-A 

i i i i 

/ 

I O -

"O IO 2 0 3 0 4 0 50 60 

8 FROM EQUATION I O , DEG-

(DATA FROM Z O R E V , REF. 2 ) 

Fig. 7 Comparison of values of 8 from force data and from chip flow 
angle 
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• t = A P A R A M E T E R R E P R E S E N T I N G 

R O T A R Y SPEE D R A T I O 

Fig, 8 Application of new mode! to cutting with driven rotary toois 

vt 

tan iwt =" (21) 

1-
V 

The chip flow angle p was estimated from the chip dimensions. 
Equation 20 was used for finding 8. Equations 7 and 8 were used to 
find Pnhs and P\hs. It is seen that agreement with measured forces 

is good. The steep fall at higher values of iwt is ascribed to the fall in 
TS due to the rotary hot machining effect at higher rotary speeds. 

Conclusions 
1 A new model of oblique cutting based on the pseudo slip line 

solution of orthogonal cutting by Connally and Rubenstein [4] has 
been developed. The solution has been verified against experimental 
data covering a wide range of cutting conditions. 

2 Equation 7 or 10 may be used for the prediction of cutting force 
component normal to the cutting edge and lying in the cutting plane. 
Equation 20 may be used for the prediction of the chip flow angle. 0 
a new parameter characterising the orientation of slip in the primary 
deformation zone, may be taken empirically to be equal to the incli­
nation angle i. 

3 The new equation for chip flow angle (equation 20) is superior 
to the well known Stabler's rule [7] in as much as that it includes the 
effect of rake and shear angles. 

4 The new model is at least as effective as conventional shear 
plane analysis [1]. It has, however, the following additional advan­
tages, viz: 

a. Prediction of normal component (P„) of cutting force 
without resort to chip flow angle; and 
b. estimation of the normal stress (p) in the zone ahead of 
the cutting edge which is closely related to phenomenon like 
deformation of the machined surface etc. 

A c k n o w l e d g m e n t s 
The authors thanks the University of Manchester Institute of 

Science and Technology, U.K., where the work was conducted, for the 
facilities extended. They also thank Regional Engineering College, 
Warangal, Andhra Pradesh (INDIA), for the help provided. 

R e f e r e n c e s 
1 Merchant, M. E., Basic Mechanics of the Metal Cutting Process, Journal 

Applied Mechanics, No. 3, 66,1944. 
2 Zorev, N. N., Metal Cutting Mechanics, Pergamon Press, 1966. 
3 Kocecioglu, D., Force Components, Chip geometry and Specific Cutting 

Energy in Orthogonal and oblique Machining of SAE 1015 Steel, TRANSAC­
TIONS ASME, Jan. 1958, pp. 149-157. 

4 Connally, R., and Rubenstein, C , The Mechanics of Continuous Chip 
Formation in Orthogonal Cutting, International Journal Machine Tool Design 
Research, Vol. 8, 1968, pp. 159-187. 

5 Haslam D., and Rubenstein, C , Annals C.I.R.P., 1970, Vol. 18, p. 369. 
6 Waishing Lau, On Work Hardening in Metal Cutting, Ph.D., thesis, 

University of Manchester Institute of Science and Technology, Manchester, 
1971. 

7 Stabler, G. V., "The Fundamental Geometry of Cutting Tools," Pro­
ceedings Institute Mechanic Engineering, No. 63,1951, p. 165. 

8 Venuvinod P. K., and Waishing Lau, On the Estimation of Chip Flow 
Angle in Oblique Cutting, accepted for publication in Microtecnic, Switzer­
land. 

9 Venuvinod, P. K., Analysis of Rotary Cutting Tools, Ph.D., thesis, Uni­
versity of Manchester Institute of Science and Technology, Manchester, 
1971. 

292 / VOL 100, MAY 1978 Transactions of the ASME 

Downloaded From: http://manufacturingscience.asmedigitalcollection.asme.org/pdfaccess.ashx?url=/data/journals/jmsefk/27670/ on 05/15/2017 Terms of Use: http://www.asme.org/about-asme/terms-of-use




