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Abstract- The purpose of this study was to determine the Single 
point cutting tool deflection due to cutting forces which were 
developed because of different parameters like feed, depth of cut, 
cutting speed and also because of geometrical parameters of 
cutting tool like side cutting edge angle and side rake angle and 
further comparing between side rake angle and side cutting edge 
angle. Firstly the cutting forces were measured using 
dynamometer which is taken from reference, then finite element 
method (FEM) was used to obtain the cutting tool deflection 
which is finite element analysis (FEA). The FEA results were 
then validated using cantilever beam model results. The 
predicted results from FEA were very close to the theoretical 
study. Though the prediction from FEA and the theoretical 
results are reasonably accurate. 
 
Index Terms- Single point cutting tool, Side Rake Angle, Side 
Cutting Edge Angle, Deflection, Cutting Forces, Finite element 
analysis, Cantilever beam model. 
 

I. INTRODUCTION 
he research work in single point cutting tool deflection is 
important on the basis of accuracy. Cutter deflection consist 

of different directional deformation such as axial deformation, 
tangential deformation, radial deformation due to cutting forces 
exist during cutting. Also other factors like depth of cut, cutting 
speed, and feed also effects on the accuracy of ideal geometry. 
However the deflection of tool under the action of cutting forces 
could be beyond acceptance level especially when the geometric 
condition of tool is changed. Over the years many researchers 
focused to compensate many different factors affected by cutting 
forces and geometrical changes of tool. Flank wear of single 
point cutting tool due to cutting forces by varying side cutting 
edge angle can be calculated by using shear area of cutting 
process [1].Cutting force varies as there is change in cutting 
condition such as width of cut, thickness of cut, feed, depth of 
cut and tool cutting edge angle. So the cutting forces are 
influenced not only by the cutting condition but also the cutting 
edge geometry and material of workpiece [2]. Cutting parameters 
(cutting speed, feed rate and depth of cut) have influence tool 
temperature, tool wear, cutting forces and surface roughness of 
carbide coated tools [3]. Using von-Misses theory tool life’s 
increment can be achieved by increasing back rake angle. The 
resultant von-Misses stress can be calculated using FEA 
simulation [4]. Deflection of tool affects on their tool life, surface 
roughness and dimensional correctness. The results can be 

calculated using Taguchi’s experimental design method and 
FEM analysis using ABAQUS finite element program [5]. 
 As no one has worked on the deflection of tool under 
when side rake angle along with side cutting edge angle are 
changed, this research work shows results of tool deflection 
under variable side rake angle along with side cutting edge angle 
using finite element analysis. Analytical solution may not predict 
the deflection very accurately whereas the more realistic 
prediction by FEA requires extensive computational time and 
space. Thus in the present work the tool deflection is predicted 
by FEA prediction and results are compared and validated with 
beam model. Cantilever beam model predicts the deflection to 
very close accuracy similar to finite element. The predicted 
deflections in axial, radial, tangential directions by FEA are 
compared with Beam model results at different side cutting edge 
angle and increasing side rake angle for single point cutting tool 
for tungsten carbide. 
 

II. MATERIALS AND METHOD 
2.1 Finite Element Analysis 
      Finite element analysis is carried out to study the cutting tool 
deflection in three directions e.g., axial, radial and tangential 
direction due to simultaneous action of all three  cutting forces 
namely axial force (Fa), radial force (Fr), tangential force (Ft). 
Experimental cutting forces are taken as in reference from Chang 
and Fuh (1995), which were measured using dynamometer. The 
workpiece held in the chuck of lath and the cutter mounted on a 
dynamometer were used to measure the three-axis component 
force. The three-axis component forces are Axial cutting force 
acting in X axis, Radial cutting force acting in Y axis and 
tangential cutting force acting in Z axis.Below the cutting forces 
are shown graphically in Fig 1(a), 1(b), 1(c). Nine different tools 
with geometrical parameters shown in table 1.1 having variable 
side rake angle according to increasing side cutting edge angle as 
shown in the following tableshaving tungsten carbide material 
properties (Yield strength 1404 MPa, Tensile strength 344 MPa, 
Young’s modulus 669 GPa, Poisson’s ratio 0.25) is considered 
for present simulation. Figure 2(a) shows the CAD model of 
single point cutting tool. Complete cutting tool geometry is 
meshed with 25554 tetrahedral elements (51793 nodes) with 
mesh refinement. Figure 2(b) shows meshing of tool. 
Experimentally measured axial, radial, tangential forces are 
applied on the edge of nose radius in respective direction [shown 
in Fig 2(c), 2(d), 2(e)]. Axial, radial, tangential forces at different 
side rake angle are applied with different DOC (d = 0.5, 0.75 and 
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1 mm), whereas feed (f = 0.3 mm/min) and cutting speed (N = 
160 rpm) is kept constant.The tool deflections are predicted by 
FEA under the simultaneous changes in side rake angle. Shank of 
cutting tool ( upto the length to which it is hold ) is fixed  and 
remaining shank length along with the flank length of tool 
behaves like cantilever beam. Average measured forces after the 
stabilization is used to calculate the tool deflection by FEA as 
well as beam model. After the simulation, the deflection in axial 

(δa), radial (δr) and tangential (δt) direction are extracted and 
compared with beam model results. 
2.1.1 Cutting Forces 
        The cutting forces which was recorded during experimental 
setup shows that there is increase in force as due to depth of cut 
increasing and as the value of Side Cutting Edge Angle Is 
increase the force reading decreases from Side Cutting Edge 
Angle 20o to Side Cutting Edge Angle 30o but the reading for 
force increase for Side Cutting Edge Angle 40o. 

 

 
(a) Cutting forces for Side cutting edge angle 20o 

 

 
(b) Cutting forces for Side cutting edge angle 30o 

 

 
(c) Cutting forces for Side cutting edge angle 40o 

 
Figure 1 – Graphical representation of experimental cutting forces due to DOC 
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Table 1.1 Geometrical Parameters of Single Point Cutting Tool 
 

Total Width 15 mm 
Total Height 15 mm 
Total Length 70 mm 
Flank Length 10 mm 
Fixed  Shank Length 45 mm 
Nose Radius 0.5 mm 

 
Table 1.2Angular Parameters of Single Point Cutting Tool for Side Cutting Edge Angle 20o 

 

 
 
 
 
 
 
 
 

Table 1.3Angular Parameters of Single Point Cutting Tool for Side Cutting Edge Angle 30o 

 

 
 
 
 
 
 
 
 

Table 1.4Angular Parameters of Single Point Cutting Tool for Side Cutting Edge Angle 40o 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Angle Tool 1 Tool 2 Tool 3 
End Relief Angle 10 10 10 
Side Rake Angle 10 20 30 
Side Relief Angle 10 10 10 
Side Cutting Edge Angle 20 20 20 
End Cutting Edge Angle 15 15 15 
Back Rake Angle 10 10 10 

Angle Tool 1 Tool 2 Tool 3 
End Relief Angle 10 10 10 
Side Rake Angle 10 20 30 
Side Relief Angle 10 10 10 
Side Cutting Edge Angle 30 30 30 
End Cutting Edge Angle 15 15 15 
Back Rake Angle 10 10 10 

Angle Tool 1 Tool 2 Tool 3 
End Relief Angle 10 10 10 
Side Rake Angle 10 20 30 
Side Relief Angle 10 10 10 
Side Cutting Edge Angle 40 40 40 
End Cutting Edge Angle 15 15 15 
Back Rake Angle 10 10 10 
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(a) CAD Model     (b) Meshing with refinement 

   
(c) Axial Force   (d) Radial Forces   (e) Tangential Force 

 
Figure 2 – Single point cutting tool, meshing and boundary condition used for FEA. 

2.2 Beam Modelling 
        The forces are measured on the single point cutting tool during machining due depth of cut and used for deflection prediction. 
The elastic energy due to cutting forces is stored in the tool. The tool deforms due to this elastic energy and this deformation can be 
found out using Castigliano’s theorem. 
        A force based model for cutter deflection is developed by considering the cutting tool as cantilever beam with forces and 
moments. 
        The total strain energy (Ua) stored in the tool of length (L), cross sectional area (A) and young’s modulus (E) due to axial force 
(Fa) is given by 
 

      (1) 
 
        The total shear strain energy (Ur,t) stored in the tool with modulus of rigidity (G) due to radial force (Fr) and tangential force (Ft) 
is given by 
 

     (2) 
 
        The total strain energy (Um) stored in the tool with moment of inertia (I) due to bending moment (M) is given by 

       (3) 
 
        The total strain energy stored (Ut) in the tool with polar moment of inertia (J) due to Torsion is given by 

      (4) 
 
Total strain energy is calculated as 
 

 
 

    (5) 
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        According to Castigliano’s theorem, the displacement corresponding to any force is given by 
 

                   (6) 
 
        Therefore, by using Castigliano’s theorem, the deflection in the direction of axial (δa), radial (δr) and tangential (δt) obtained as 

       (7) 
 

     (8) 
 

    (9) 
 

III. RESULT AND DISCUSSION 
        The FEA analysis results show decrease in axial deflection at some extant, continues increase in radial deflection, and varying 
deflection results for tangential deflection for increasing side rake angle. In Fig 3(a), 3(b), 3(c) FEA predictions for deflection are 
shown below. 
 

 
(a) Axial Deflection   (b) Radial Deflection   (c) Tangential Deflection 

 
Figure 3 – Sample force plot and sample FE results of single point cutting tool deflection. 

 
        Figure 4 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side rake 
angle 10o with side cutting edge angle 20o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and DOC = 
(0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and beam 
modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling. 
        Figure 5 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side rake 
angle 20o with side cutting edge angle 20o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and DOC = 
(0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and beam 
modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling. 
        Figure 6 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side rake 
angle 30o with side cutting edge angle 20o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and DOC = 
(0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and beam 
modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling. 
        Figure 7 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side rake 
angle 10o with side cutting edge angle 30o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and DOC = 
(0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and beam 
modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling.  
        Figure 8 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side rake 
angle 20o with side cutting edge angle 30o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and DOC = 
(0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and beam 
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modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling. 
        Figure 9 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side rake 
angle 30o with side cutting edge angle 30o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and DOC = 
(0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and beam 
modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling. 
        Figure 10 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side 
rake angle 10o with side cutting edge angle 40o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and 
DOC = (0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and 
beam modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling.  
        Figure 11 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side 
rake angle 20o with side cutting edge angle 40o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and 
DOC = (0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and 
beam modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling. 
        Figure 12 shows the comparison of deflection in axial, radial, tangential direction between FEA and Beam modelling for side 
rake angle 30o with side cutting edge angle 40o. The process parameters are given as cutting speed 160rpm, feed 0.3 mm/min and 
DOC = (0.5, 0.75, and 1). The can be observed that axial deflection and tangential deflection are very closely predicted by FEA and 
beam modelling with maximum error less than 10%. However, deviation in radial deflection can be observed between FEA and beam 
modelling. 
        Figure 13 show comparison of axial deflection at Depth of Cut 0.5 mm between Side Rake Angle and Side Cutting Edge Angle 
increment.  
        Figure 14 show comparison of radial deflection at Depth of Cut 0.5 mm between Side Rake Angle and Side Cutting Edge Angle 
increment.  
Figure 15 show comparison of tangential deflection at Depth of Cut 0.5 mm between Side Rake Angle and Side Cutting Edge Angle 
increment.  

 

   
(a)        (b) 

 
(c) 

Figure 4 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 20o 
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(a)       (b) 

 
(c) 

Figure 5 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 20o 
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(a)       (b) 

 
(c) 

Figure 6 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 20o 

 

   
(a)        (b) 

 
(c) 

Figure 7 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 30o 
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(a)        (b) 

 
(c) 

Figure 8 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 30o 

 
 

   
(a)        (b) 

 
(c) 

Figure 9 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 30o 
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(a)        (b) 

 
(c) 

Figure 10 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 40o 

 

   
(a)       (b) 

 
(c) 

Figure 11 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 40o 
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(a)        (b) 

 
(c) 

Figure 12 – Comparison of (a) axial (b) radial (c) tangential deflection due to DOC for side cutting edge angle 40o 

 

 
 

Figure 13 Comparison of Axial Deflection between Side Rake Angle and Side Cutting Edge Angle at DOC 0.5 
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Figure 14 Comparison of Radial Deflection between Side Rake Angle and Side Cutting Edge Angle at DOC 0.5 
 

 
 

Figure 15 Comparison of Tangential Deflection between Side Rake Angle and Side Cutting Edge Angle at DOC 0.5 
 

IV. CONCLUSION 
        The FEA analysis shows that the tool deflection depends not 
only on the cutting forces but geometrical parameters, higher the 
cutting force higher will be the value of tool deflection, but 
where as for the side rake angle the deflection decreases for some 
extent and then increases. From the result sit was concluded that 
a deflection value varies throughout the tool. It is maximum at 
tool tip and minimum at holding position. The theoretical 
calculations have been done by varying parameters. The critical 
analysis of results shows that when side rake angle along with 
side cutting edge angle is varied by keeping others parameter 
constant, the deformation values seemed to be more sensitive to 
it. It means the value of deflection decreases to certain extent 
with the increase inside rake angle, which decreases the tool 
deflection.Axial deflection decrease to certain extent for increase 
in side rake angle, whereas Radial deflection increase in every 
case.Tangential deflection varies with side cutting edge 
angle.The results of theoretical deflection are more than FEA 
results. 

        Where comparison between Side Rake Angle and Side 
Cutting Edge Angle show that the axial and radial deflection 
increases as there is increase in angular value for Side Cutting 
Edge Angle. But Tangential Deflection decrease with the 
decrease in Side Cutting Edge Angle. 
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