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Abstract— This paper deals ith the measurement of cutting force generated in turning for different cutting parameters and 
diferrent tools having various approaching angles while machining EN 8 steel. The approaching angles of the cutting tool 

were changed using selected parameters; and cutting force components were measured. The selected cutting variables 
and tools with diferrent approaching angles were tested practically under workshop conditions. During the experimentation, 

cutting speed and depth of cut were kept constant and each experiment was conducted with new sharp tools. Finally, the 
effects of cutting parameters and approaching angles on cutting force were analyzed. A cylindrical EN 8 workpiece was 

turned using carbide tools for three diferrent approaching angles (60̊, 75 ̊and 90)̊. A total 9 experiments were carried out 
with three feed rates (0.065, 0.13 and 0.26 mm/rev) for each approaching angle, keeping the cutting speed (384 rpm) and 

depth of cut (1 mm) constant. During the experimentation forces were measured using dynamometer. The experimental 
result show that the thrust force were decreased by increasing approaching angles and feed force were increased by 

increasing approaching angles.      
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——————————      —————————— 

1 INTRODUCTION                                                                     

A manufacturing facility requires involvement of all produc-

tion operations, technical possibility for full use or activation 

for an increase in productivity. Tool selection, combination of 

tool-workpiece, material and determination of cutting varia-

bles and tool geometry at optimum level must be considered 

for involvement of all the technological processes. The re-

quirements for reliable technological information have in-

creased due to more demanding manufacturing systems and 

this result in a reliable analysis in cutting in the cutting zone.  

During cutting process, due to the relative motion between 

tool and workpiece the cutting tool penetrates into the 

workpiece and the cutting forces are measured on a measur-

ing plane in the system. The cutting forces have been meas-

ured by the dynamometer. The cutting forces have been 

measured by the dynamometer. As the cutting force is very 

sensitive, even a smallest change in the cutting process is 

affected on cutting force. So, the selection of the conditions 

of the tests and experimental methodology is very im-

portant. The cutting parameters like depth of cut, tool mate-

rial, cutting speed, feed rate, geometry and workpiece mate-

rial type have significant effect on cutting force [1]- [5]. 

When the geometric variables like approaching angle 
changed using selected parameter range, the cutting force 
component variation generated. 

2 LITERATURE REVIEW 

An analysis in cutting in the cutting zone (cutter–workpiece–

chip system) is very critical. The mechanics of metal cutting 

in cutting zone are very complicated. It is not possible to 

make any precise statements about their mutual influences 

because various laws continuously interact [1]. The cutting 

forces have been measured by the dynamometers designed 

for different working principles as dial gauge indicator 

based, pneumatic based, strain gauge based [2, 3], load cell 

based [4] and piezoelectric principle [5]. Zorev [6] has stidied 

behavior of cutting force influenced by several variables in 

his study. Many cutting parameters such as cutting speed, 
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feed rate, undeformed chip thickness, cutting tool material, 

tool geometry (approaching angle, rake angle, etc.), depth of 

cut and tool wear are influences on cutting force. A tech-

nique known as Mechanistic approach has been popular in 

predicting cutting forces, torque and power for a set of tool 

geometry and work material. Taylor [7] determined the values 

of the cutting force components and Victor [8,9] and specific 

cutting coefficient tables by using different rake angles, feed 

and speeds and offered applicable practical equations re-

ported by Kienzle [10] in their investigations,. Ernst and Mer-

chant [11] explained the chip formation process when analyz-

ing the cutting process. They claimed that the chip was 

shaped in the sliding plane and was formed in the shear 

plane. The shear angle is depends on cleaving/wedge angle 

and friction and a characteristic variable. The influence of 

feed rate, cutting speed workpiece hardness, cutting edge 

geometry, and surface roughness on hardened AISI H13 steel 

bars with CBN tools are investigated by Fang and Jawahir 
[12].  

The complimentary angle of side cutting edge angle is 
called the approach angle (ϕ). By varying the approach an-
gle, the thickness of the chip can be varied. For general turn-
ing of rigid work, the approach angle is maintained at 70°. 
When the geometric variables like approaching angle 
changed using selected parameter range, the cutting force 
component variation generated [13-14]. 

 

Fig. 1 Approach angle 

The cutting forces direction and magnitude involved in 

machining processes help in design and selection of machine 

tools, cutting tools and accessories. The cutting force and its 

components generated on the tool point in the turning oper-

ation are shown in Fig. 2. 

 

Fig. 2 Components of cutting forces 

The resultant cutting force F as shown in Fig. 2 can be 

resolved along the three axes, viz. X, Y and Z perpendicular 

whichare perpendicular toeach other. Ft component acts in 

the direction of the cutting speed. Ff, the axial component, 

acts in the direction of the tool traverse and it is at right an-

gles to Ft. Ft, the thrust or tangential component (shown ver-

tically), determines the torque on the main drive mechanism, 

the deflection of the tool and the required power. It contrib-

utes very little to the power consumption. The radial com-

ponent smaller in magnitude, Fr, acts along the tool shank 

and perpendicular to the other two components. It has no 

share in the power consumption [15]. 

In this study, the effect of tool approaching angle on cutting 

force components was observed. A dynamometer was used 

for measuring thrust force (Ft) and feed force (Ff) and the 

experiments were carried out on a turning machine. 

3 EXPERIMENTAL SETUP 

Design of Experiment 

An experimental planning was made by using cutting 

parameters and test conditions that are considerd for tool–

workpiece. In order to measure cutting forces such as, thrust 

force (Ft) and feed force (Ff) separately; a dynamometer was 

used. The dynamometer was equipped with strain gauge so 

that the thrust and feed component of cutting forces could 

be measured. The dynamometer consists of a sensing unit, 

tool holder and digital force indicator. Force signals coming 

from dynamometer were measured. EN 8 is most commonly 

used material in industry, hence selected to represent the 

major group of workpiece materials used in industry. Special 

parameter such as the chemical composition is shown in 

Table 1.   

 

Fe C Mn Si P S 

98.5 0.4 0.8 0.25 0.015 0.015 

Table 1 Chemical composition of EN8 

 

For this study, EN8 steel bars were used. After the spec-

imens were cut off in required length, cutting tests were per-

formed on the specimen bars where the diameter was Φ30 

mm and cutting length 100 mm. The experimental set up is 

shown in Fig. 3. 
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            Dynamometer        Workpiece 

Fig.3 Experimental set-up 

Cutting tool and cutting parameter 

The cutting tests have been carried out on a lathe ma-

chine. By the different tool mountings designed for different 

approaching angle were used in single point turning opera-

tions on EN8 steel. Although the same tools were used in the 

tests, the approaching angles were changed as 60°, 75° and 

90° as shown in Fig. 4.  

A carbide tool is used for machining is shown in Fig. 4. 

The hardness of the carbide is greater than the of most other 

tool materials at room temperature and it has the ability to 

retain its hardness at elevated temperatures to a greater de-

gree, so that greater speeds can be adequately supported.  

The cutting parameters feed rate ‘f’ was assigned three 

different levels varying from 0.065, 0.13 and 0.26 mm/rev, 

cutting speed ‘v’ (384 rpm) and depth of cut ‘d’ (1 mm) were 

kept constant. In cutting conditions, small steps were used to 

increase the accuracy of the measured forces. Cutting pa-

rameters values are selected on the basis on the cutting tool 

manufacturer for general purpose and finish turning opera-

tions of EN8 steel. Each experiment was carried out with 

sharp tools in order to keep the cutting conditions un-

changed. The experiments were conducted in dry condi-

tions. As a result, totally 9 experiments were performed. The 

cutting parameters prepared for experimentation are given 

in Table 2. 

Cutting tool and cutting parameter 

The cutting tests have been carried out on a lathe ma-

chine. By the different tool mountings designed for different 

approaching angle were used in single point turning opera-

tions on EN8 steel. Although the same tools were used in the 

tests, the approaching angles were changed as 60°, 75° and 

90° as shown in Fig. 4.  

 

Fig. 4 Carbide cutting tool 

The cutting parameters feed rate ‘f’ was assigned three 

different levels varying from 0.065, 0.13 and 0.26 mm/rev, 

cutting speed ‘v’ and depth of cut ‘d’ were kept constant as 

384 rpm and 1 mm, respectively. Relaibility of measured 

forces is increased by taking small steps in cutting condi-

tions. The cutting parameters were selected on the basis of   

tool manufacturer for general purpose and finish turning 

operations of EN8 steel. To keep the cutting conditions un-

changed each experiment was carried out with sharp tools. 

Totally 9 experiments were performed in dry conditions. The 

cutting parameters prepared for all experiments are given in 

Table 2. 

Cutting 

speed 

(rpm) 

Depth 

of cut 

(mm) 

Feed 

(mm/rev) 

Approaching 

angle 

384 1.0 0.065 60° 

384 1.0 0.13 75° 

384 1.0 0.26 90° 

Table 2 Cutting parameter 

In orthogonal cutting, the cutting is assumed as to be 

uniform along the cutting edge. Approaching angle which 

determines the tool and chip contact area plays a vital role in 

cutting force generation. There is generally an optimum val-

ue for approaching angle. Measured cutting forces for vari-

ous cutting conditions as shown in Table 3. 

Observation table 

Sr. 

No 

Cutting 

speed 

(rpm)  

Feed 

(mm/ 

rev) 

Depth 

of cut 

(mm) 

Appro-

aching 

angle 

(Φ°) 

Thrust 

force 

(N) 

Feed 

force 

(N) 

1 384 0.065 1 60 451 147 

4 384 0.065 1 75 432 167 
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7 384 0.065 1 90 373 206 

2 384 0.13 1 60 549 157 

5 384 0.13 1 75 500 186 

8 384 0.13 1 90 461 226 

3 384 0.26 1 60 608 167 

6 384 0.26 1 75 549 196 

9 384 0.26 1 90 481 245 

Table 3 Measured cutting forces for various cutting 

condtions 

4 EFFECT OF APPROACHING ANGLE  

The side cutting edge approaches the workpiece with ap-
proaching angle. In large approaching angle, the cutting 
forces are distributed over a shorter section of the cutting 
edge. Since the side cutting edge at 90° of approaching angle 
enters and leaves the cutting zone suddenly and it is subject-
ed to maximum loading and unloading. With the same feed 
rate and depth of cut, At 60°, approaching angle the effective 
cutting edge length increased greatly comparing to the 90°. 
As a result, the chip thickness becomes smaller. The ap-
proaching angle affects the axial components of the cutting 
forces. A large feed force and also smaller thrust force pro-
duced by large approaching angle. The approaching angle 
also affects the direction of chip flow. As shown in Fig. 6 (a), 
at 0.065 mm/rev feed rate; thrust force decreased by in-
creased approaching angles and feed forces were increased. 
Fig. 6 (b), for the 0.13 mm/rev feed rate, while feed force was 
increased, the thrust force was decreased. For the 0.26 
mm/rev feed rate, Fig. 6 (c), it was observed that the varia-
tion characteristic of cutting force was almost the same. As a 
result, for the changing of approaching angle in range of 
60°–75°–90°, feed force component was increased, but thrust 
force was decreased. 
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Fig. 7 Effect of approaching angle on cutting force components 

5 CONCLUSION 

Effect of approaching angles on the cutting forces during 

turning of EN8 steel using carbide cutting tool is investigat-

ed by carrying total 9 experiments. From the results of this 

work the following conclusions can be drawn: 

 The results of this study suggest that approaching angle 

have a considerable effect on cutting forces. Since chip flow 

is directed by approaching angles, with the optimum design 

of approaching angle, the cutting forces can be controlled. 

 Thrust force decreased by increased approaching angles 

and feed forces were increased by increased approaching 

angles.   

 It was observed that the thrust force (Ft) is greater than 

the feed force (Ff).  
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It was observed that the thrust force (Ft) and feed force (Ff) 

increased with increase in feed rates. 
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