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ABSTRACT 

Cutting tools for metal cutting have many shapes, each of which are described by  their angles or 

geometries. Every one of these tool shapes has a specific purpose in metal cutting. The primary machining goal 

is to achieve the most efficient separation of chips from the work piece. For this reason, the selection of the right 

cutting tool geometry is critical. This paper presents an experimental investigation on the cutting tools having 

varied side rake angles and its strength and suitability on metal cutting application. Different side rake angle 
tools were taken for testing on EN8 material. A HSS cutting tools with -2˚,-4˚,-6˚,-8˚,-10˚,-

12˚,0˚,2˚,4˚,6˚,8˚,10˚,12˚ side rake angles keeping 0˚Back rake angle  were used for turning the specimen under 

dry conditions. The Surface texture is measured using SJ201P, MITUTOYO Make surface roughness measuring 

instrument. The cutting force and feed force and thrust forces measured using turning tool dynamometer. Micro 

chipping and macro chipping if any were recorded using a tool makers Microscope. The results indicated that the 

12˚ positive side rake angle tool shown least cutting force and 12˚ negative side rake angle tool shown highest 

cutting force. 
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1. Introduction 

 A cutting tool intended for high production 

machining process should be amply strong and rigid, it 

should have optimum geometry for the given process in 

terms of strength ,  be keenly sharpened , with a high 

class of finish, producible in manufacture and 

convenient to use .(14) Several angles are important when 

introducing the cutting tool edge into a rotating work 

piece. These angles include (refer Fig 1): 

 Back rake angle 

 Side rake angle 

 End cutting edge angle 

 Side cutting edge angle 

 Relief angles 

 Lip angle 

 Nose angle  

 Tool nose radius  

 

Machining at higher chip cross section is opted 

during turning in order to achieve high production. 

Components manufacturing includes both roughing and 

finishing operation. During roughing high depth of cut 
and high feed rates were preferred in order to reduce 

cycle time. A +ve rake angle tool consumes less forces,  

 

 

hence for a given capacity of the machine can be used 

for higher material removal rates.   

 

                 
Fig 1: Cutting Tool Nomenclature 

A cutting tool may become ineffective due to 

different modes of failures such as flank wear, crater 

wear, Micro chipping, Chipping at the main cutting 
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edge, chipping at the Nose, Nose wear, Comb cracks 

and Transverse type of thermal cracks. 

2. Literature Survey 

The geometry of cutting tools has a significant 

effect on machining performance. It is generally found 

that there is an optimal tool geometry for maximum 

cutting tool life. (2 to 6). The basic tool geometry is 

determined by the rake angle of the tool. The primary 

machining goal is to achieve the most efficient 
separation of chips from the work piece. For this reason, 

the selection of the right cutting tool geometry is critical 

(1 to 6). The neutral, positive, and negative rakes are 

considered for experiment. There are two rake angles: 

back rake and side rake. In most turning and boring 

operations, it is the side rake that is the most influential. 

This is because the side rake is in the direction of the 

cut. The other major effect of rake angle is its influence 

on cutting force (1). A negative rake tool increases 

cutting force and cutting temperature which results in 

accelerated wear   (7to12). A cutting tool with a positive 
rake angle reduces cutting forces by allowing the chips 

to flow more freely across the rake surface. Finally, it 

was found that rake angle was effective on all the 

cutting force components (13 to 16). It is understood 

that less work is done on the effect of Side rake angle 

with cutting force and surface finish in turning. 

3. Experimental Studies 
 
3.1 Cutting Tool and Machining Parameters: 

Cutting tools of various side rake angles were 

selected for the experimentation. The HSS  cutting tools 
were ground in tool and cutter grinding machine. Forces 

exerted on the tool were measured using turning tool 

dynamometer. The data acquired from the dynamometer 

were digitized using anlog to digital converter. The 

Surface texture is measured using SJ-201P, 

MITUTOYO Make surface roughness Tester. Before 

taking the readings on tested sample the instrument is 

calibrated by means of adjusting the detector gain so 

that the instrument can yield correct measurements. This 

is done by measuring a supplied precision roughness 

specimen. The measuring range of 12.5 mm is used 
during calibration and measuring of tested specimens. 

The readings were tabulated are the average absolute 

value of the profile excursions from the mean line that is 

Ra. Over five consecutive readings were taken, and an 

average is computed.  

The following are the cutting tool parameters 

considered during experimentation:- 

1. Back rake angle : –  00 

2. Nose radius kept sharp. 
3. Cutting speed kept constant at 120 m/min 

during the test. 

4. Depth of cut : –  2mm. 

5. Feed per revolution used during experiment: –

0.1 mm. 

6. Side rake angles  -2˚,-4˚,-6˚,-8˚,-10˚,-12˚, 0˚, 

2˚,4˚,6˚,8˚,10˚,12 

 

3.2 Material Used for testing cutting tool :- 
EN8 grade of steel was used conforming to the 

following specifications.  
carbon silicon Manga 

nese 

 

Sulp 

hur 

Phor 

ous 

Hard 

ness 

(BHN) 

0.35- 

0.45% 

0.05-

0.35% 

0.6-1% 0.06% 

max 

0.06

% 

max 

180 

-200 

Table 1: Chemical Composition Steps involved in 

conducting the test on EN8 work piece with the 

cutting parameters of the tool and the  machining 

conditions as discussed, 

1. EN8 material of diameter 100 mm and a length 
of 300 mm was selected for the machining 

operation between centers.  

2. After skinning the material, cutting tools with 

different side rake angles were fastened on the 

tool post.  

3. Each tool were tested for surface finish and 

cutting force, feed force and thrust forces at the 

parameters mentioned in table 2 and then 

observed for cutting tool edge condition.  

4. The same procedure was repeated to verify the 

result. 

5. The Edge condition of the cutting tool was 
monitered using a Tool makers microscope.  

 

4. Results and Discussions 

 The following table (Table No. 2) shows the 

data pertaining to the surface finish and force 

measurement at various side rake angles. 

From the fig. 1 it is observed that the cutting 

force decreases as the positive side rake angle increases. 

It was found no difference in Cutting force between 0˚ 

and 2˚, however as positive side rake angle increases 4˚ 

to 12˚ in step of 2˚ significant reduction in cutting force 

is observed. The readings were tabulated in table no. 2 
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are the average of five consecutive force measurement 

tests.   

Table No. 2: Experimental Results 
Sl.No. Feed 

/Rev 

Side 

rake 

angle 

 

Surface 

finish , 

Ra in 

um 

Cutting 

force 

in N 

Feed 

force 

in N 

Thrust 

force 

in N 

1 0.1 0˚ 5.79 2780 740 37 

2 0.1 2˚ 5.86 2780 730 34 

3 0.1 4˚ 5.39 2740 680 28 

4 0.1 6˚ 5.12 2700 630 25 

5 0.1 8˚ 4.86 2536 600 22 

6 0.1 10˚ 4.51 2394 560 18 

7 0.1 12˚ 3.97 2037 514 17 

8 0.1 0˚ 5.79 2780 740 37 

9 0.1 -2˚ 5.94 2810 740 33 

10 0.1 -4˚ 6.12 2840 765 34 

11 0.1 -6˚ 6.24 2970 810 35 

12 0.1 -8˚ 6.54 3120 890 30 

13 0.1 -10˚ 6.98 3240 940 30 

14 0.1 -12˚ 7.83 3486 960 30 

 

Influence of +ve side rake angle on cutting force.
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Fig.1 Influence of positive Side Rake Angle on 

cutting force 

Similarly from the fig. 2 it is observed that the 

feed force decreases as the positive side rake angle 

increases. The difference in the feed force between 0˚ 

and 2˚ was marginal, however as positive side rake 

angle increased from 4˚ to 12˚ in step of 2˚ significant 

reduction in feed force is observed. 

Influence of +ve side rake angle on feed force.
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Fig.2 Influence of positive Side Rake Angle on feed 

force 

From the fig. 3 it is observed that the surface 

texture is improved as the positive side rake angle 
increases. The difference in the Surface finish obtained 

between 0˚ and 2˚ was marginal, however as positive 

side rake angle increased from 4˚ to 12˚ improvement in 

surface texture observed.  

Influence of +ve side rake angle on surface finish.
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Fig.3 Influence of positive Side Rake Angle on 

surface finish 

 

Influence of -ve side rake angle on cutting force
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Fig. 4 Influence of negative Side 

From the fig. 4 it is observed that the cutting 

force increases as the negative side rake angle increases. 

Experiment conducted from 0˚ to 12˚ in step of 2˚, as 

the rake angle increased towards negative increase in 

cutting force is observed . 

Rake Angle on cutting force 

From the fig. 5 it is observed that the deteriation 

of surface texture observed as the negative side rake 
angle increases. The difference in the Surface finish 

obtained between 0˚ to 12˚ is tabulated. The deteriation 

in the Surface finish observed between 0˚ and -6˚ was 
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less when compared to -8˚ and -12˚ rake angle cutting 

tool. 

Influence of -ve side rake angle on surface finish
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Fig. 5 Influence of negative Side Rake Angle on 

surface finish 

Influence of -ve side rake angle on feed force
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Fig. 6 Influence of negative Side Rake Angle on feed 

force 

From the fig. 6 it is observed that the feed force 

increases as the negative side rake angle increases. It 

was found no difference in Cutting force between 0˚ and 

2˚, however as negative side rake angle increased from 

4˚ to 12˚ in step of 2˚, significant increase in feed force 

is observed. 

6. Conclusions 

Based on the work carried out at different side 

rake angles the following conclusions are drawn: 

1. Cutting force >Feed force >Thrust force at all 

combinations. 

2. As side rake angle increases towards positive 

the Cutting force decreases. 
3. As side rake angle increases towards positive 

the Feed force decreases. 

4. As side rake angle increases towards negative 

the Cutting force increases. 

5. As side rake angle increases towards negative 

the Feed force increases. 

6. Side rake angle is having impact on surface. 

7. It is observed that +12˚ rake angle cutting tool 

shown least forces and -12˚ rake angle cutting 
tool shown maximum forces. 

8. Surface finish achieved by using +12˚ rake 

angle cutting tool is of higher order when 

compared to other tools. 

9. Hence, we can conclude that cutting tool with 

+12˚ rake angle is ideal for machining centers 

and CNC Machines where available H P is 

limited. 

10. It is also observed that +12˚ side rake angle 

tool produced very good surface finish.  
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