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_________________________________________________________________________________ 

ABSTRACT— The paper presents the force loading schemes of one-sided, double-sided and annular drills 
with interchangeable inserts used in modern mechanical engineering. 
Data are provided for the contact load in the cutting zone as well as the results obtained for the strength 
characteristics of different cross-sections of the bodies, which in practice determine the shape and dimensions 
of the chip excretory channels. 
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1. INTRODUCTUON 

The tools for machining of holes created on the basis of the exchangeable carbide inserts 

(ECI), working in unbalanced state, i.e. presence of radial force. Their bodies in the cutting 

process work in tensile state (elastically deformed) as they have no guiding elements. Ensuring of 

the accuracy and flawless operation depends entirely on the strength characteristics of their 

bodies. 

2. LOADING OF THE TOOLS IN THE CUTTING ZONE 

The total load of the structure of various drills resulting from the forces occurring in the cutting 

zone. In Table 1 (Лефтеров, 2013) are shown the data for the normal force N, the frictional force 

Fn, the friction coefficient μ and the average contact loads qf and qn, acting on the face and major 

flank of the cutting insert. With index "1" are the parameters on the major flank.  

The forces N and Fn are obtained experimentally, and the remaining values are calculated 

theoretical.  

The absence of guiding elements allows with a certain approximation, the tools to be 

considered as fixed at the one end beams with a complex shape (Fig. 1).  

The analysis of the force load of a one-sided, double-sided and annular drill shows that the 

plane in which the cutting forces act does not coincide with the main inertial plane, i.e. drills are 

subjected to total (obliquely) bending (Лефтеров, Баев, 2005; Лефтеров, Баев, 2006; Outeiro 

and team, 2003).  

For single-sided drills, the forces can be decomposed into components lying in two mutually 

perpendicular main inertial planes.  

To obtain the stresses from total bending, the principle of superposition is applied. Although 

the position of the cutting insert, the one-sided drills are primarily loaded with torsion, and the 

cutting edge angle kr has a strong influence on the radial load (Лефтеров, 2017; Astakhov, 2011) 

(Fig.2).  
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Table 1 Data for the contact forces and stresses acting on the face and major flank of the tool 

during machining of steel AISI 1045 (Лефтеров, 2013) 

Permanent 

magnitudes 

Variable 

magnitudes N, N Fn, N μ qF, Pa qN, Pa F1, N N1, N qF1, Pa qN1, Pa 

α0, ° γ0, ° 

V=200 

m/min 

s=0,16 

mm/rev 

κr=85° 

11 0 2258 850 0,376 388 1028 159 474 281 848 

10 1 2200 785 0,356 387 1086 169 486 282 811 

9 2 2096 726 0,347 388 1117 179 504 281,5 791 

7 4 1984 667 0,996 388 1152 208 555 289 749 

s, mm/rev 

V=200 

m/min 

α0=11° 

γ0=0° 

κr=85° 

0,13 1980 660 0,326 380 1142 157 464 286 741 

0,14 2086 751 0,357 388,7 1108 168 483 281 780 

0,15 2221 765 0,361 390 1073 179 495 281 820 

0,16 2258 850 0,376 388 1028 159 474 281 848 

V, m/min 

α0=11° 

γ0=0° 

κr=85° 

s=0,13 

mm/rev 

170 1954 678 0,374 388 1116 158,1 456 281 811 

180 1977 677 0,343 389,9 1128 158,2 462 281 821 

190 1978 672 0,34 388,9 1140 158,8 468 281 780 

200 1980 660 0,326 380 1152 157,3 464 280 741 

 

 

Fig.1 Schemes of force loading of drills 

a) one-sided drill; b) double-sided drill; c) annular drill 
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The loading of the double-sided and annular drills is more complicated due to the presence of 

two cutting inserts (Komarovsky, Astakhov, 2002). The application points of the cutting forces 

are generally not in plane YZ (fig. 1 b) (Лефтеров, 2013)). The components of the cutting forces 

and the moments acting on the structure are aligned with the YZ coordinate system.  

 

 

a)                                                                   b) 

Fig.2 Force loading of drill D=14 mm и L=3D 

a) changing of bending moment; b) changing of torsion moment at 1 - S = 0,1mm/tur; 2 – 

S=0,05 mm/rev; 3 – S=0,08 mm/rev, V=200 m/min 

3. STRENGTH CALCULATIONS OF TOOLS WITH REPLACEABLE HARD-ALLOY 

INSERTS 

The strength calculations of drills with replaceable hard-alloy inserts are an essential part of 

their designing method, and it is necessary to evaluate all the individual parts: the cutting part, the 

body and the connecting part.  

For each type of drills (table 2), the coordinates of the mass center, the static moments and the 

position of the main inertia axes and moments are consistently determined (Лефтеров, 2015). The 

principle schemes are shown in fig. 3 and fig.4. 

 

Fig.3. Scheme for determining the static moments acting on drills with replaceable hard-alloy 

inserts 
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Fig.4 Scheme for determining the position of the main inertia axes and ξ and η 

 

Table.2 Types of tools for machining of holes 

Basic types of cross sections Variations 

One-sided drills 

 

Double-sided drills 

 

Annular drills 

 
 

The static moments Sy and Sz of section F (fig. 3) in relation to the Y and Z axes are 

determined by the expressions: 

 

𝑆𝑦 = ∫ 𝑧𝑑𝐹;     𝑆𝑧 = ∫ 𝑦𝑑𝐹
𝐹𝐹

                                                    (1) 

 

where: y and z are coordinates of dF. 

The main moment of inertia Iyz, Izc of the section F in relation to the axes yc and zc is 

determined by the expression: 
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𝐼𝑦𝑐 = ∫ 𝑧𝑐
2𝑑𝐹;      

𝐹
𝐼𝑧𝑐 = ∫ 𝑦𝑐

2𝑑𝐹 
𝐹

                                               (2) 

 

The position of the main inertia axes and the values of the main moments of inertia (fig. 3) are 

determined by the centrifugal moment of the drill: 

 

𝐼𝑦𝑧 = ∫ 𝑦𝑐𝑧𝑐𝑑𝐹
𝐹

                                                             (3) 

 

In a certain position of the inertia axes ξ and η (fig. 4) the expression may be used: 

 

𝐼𝜉𝜂 =
𝐼𝑦+𝐼𝑧

2
±

√𝐼𝑦−𝐼𝑧

2
+ 𝐼𝑦𝑧

2                                                      (4) 

 

The main inertia axes, which correspond to 𝐼𝜂 = 𝐼𝑚𝑎𝑥 (𝐼𝜉 = 𝐼𝑚𝑖𝑛), concluded with the y-axis 

angle α0 (fig. 4): 

 

𝑡𝑔2𝛼0 = 2.
𝐼𝑦𝑧

𝐼𝑦−𝐼𝑧
                                                          (5) 

 

Table 3 shows the values of the variation of the main inertia moments for different cross-

sectional shapes of one-sided drills with replaceable hard-alloy inserts. 

 

Table.3 Inertia moments of drills with replaceable hard-alloy inserts (Лефтеров, 2013) 

Shape of cross-section 

Moment of inertia  
𝐼𝑚𝑎𝑥

𝐼𝑚𝑖𝑛
, m

4
 

Diameter of the drill, mm 

14 15 16 17 

 

1,2. 10−9

8,8. 10−10
 

1,58. 10−9

1,17. 10−9
 

2,05. 10−9

1,51. 10−9
 

2,61. 10−9

1,93. 10−9
 

 

1,3. 10−9

9,05. 10−10
 

1,6. 10−9

1,2. 10−9
 

2,15. 10−9

1,6. 10−9
 

2,75. 10−9

1,99. 10−9
 

 

1,4. 10−9

10,5. 10−10
 

1,7. 10−9

1,35. 10−9
 

2,25. 10−9

1,8. 10−9
 

2,61. 10−9

2,15. 10−9
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In the case of drills with two chip separation grooves, the greatest resistance to force impact 

has this cross section, whereby the difference between the main inertia moments (dependence (4)) 

is minimal. 

On fig. 5 a) and b) are determined optimum values of the angle ψ (Fig.1 b) and c)), 

characterized the shape of the cross section.  

The aggregate normal stresses can be determined by the dependence: 

 

𝜎𝑥 =
𝑅𝑥

𝐹𝑥
+

(𝑀𝑥𝐼𝑧+𝑀𝑦𝐼𝑦𝑧).𝑧−(𝑀𝑧𝐼𝑦+𝑀𝑦𝐼𝑦𝑧).𝑦

𝐼𝑦𝐼𝑧−𝐼𝑦𝑧2
                                           (6) 

 

where: Rx – normal stress; Fx – area of cross section.  

 

 
Fig.5 Amendment the difference between the main moments of inertia 

a) for double-sided drills; b) for annular drills 

 

Table 4 shows data for the normal stresses at different drill designs with interchangeable hard-

alloy inserts. 
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Table 4 Aggregate normal stresses at drills with interchangeable hard-alloy inserts  

Drill type 

Aggregate normal stress σх, Ра 

Diameter of the drill, mm 

14 15 16 17 

One-sided 3,7.10
7
 3,3.10

7
 3,0.10

7
 2,7.10

7
 

Double-sided 
25 30 35 40 

2,2.10
7
 1,87.10

7
 1,46.10

7
 1,18.10

7
 

Annular 50 60 70 80 

 

The values for σx referring to the double-sided tools are the minimum ones obtained by 

changing the angle ψ. 

As mentioned above, the drills with interchangeable hard-alloy inserts are mainly torsion 

loaded. Tangential torsional stresses can be obtained using numerical methods.  

Study of pure twisting is performed in the following sequence: 

- Fragment the area under study of a finite number of elements (preferably triangular 

simplex elements);  

- The function of the shape of each element is determined; 

- Minimizing of the function and obtain the system of linear equations. 

The variational task staging is related to the consideration of the function: 

 

𝜒 = ∫ [
1

2
. (

𝑑𝜑

𝑑𝑥
) +

1

2
. (

𝑑𝜑

𝑑𝑦
) − 2. 𝐺. Θ. 𝜑] 𝑑𝑉

𝑉
                                      (7) 

 

where: φ – stresses function; G – slip module; Θ – relative angle of rotation. 

At minimization of the function (7) a system linear equations is obtained: 

 

∑ ∫ [𝐵(𝑒)]
𝑇

. [𝐷(𝑒)]. [𝐵(𝑒)]𝑑𝑉
𝑉𝑒

𝐹
е=1                                                     (8) 

 

{Φ} = ∑ ∫ [𝑁(𝑒)]
𝑇

. (2. 𝐺. Θ)𝑑𝑉
𝑉𝑒

𝐹
𝑒=1                                                      (9) 

 

where: [B
(e)

] – gradient matrix; [D
(e)

] – matrix of material properties; [N
(e)

] – matrix of the shape 

function; {Φ} – vector of nodal values. 

The distribution of tangential stresses for different designs is shown in Figure 6. 

 

 
Fig.6 Distribution of tangential stresses in cross section for drills with interchangeable hard-

alloy inserts  

The most loaded are the areas which are in practice stress concentrators, as the values are close 
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up to 0.8 of the permissible (Astakhov, Outeiro, 2008).  

Table 5 gives the values for tangential and equivalent stresses in certain drill designs 

depending on the feed. 

 

Table 5 Tangential and equivalent stresses at drills with interchangeable hard-alloy inserts 

Diameter of the drill, mm 

Tangential stresses, МРа 

Equivalent stresses, МРа 

s=0,05 mm/rev s=0,08 mm/rev s=0,1 mm/rev 

1 2 3 4 

One-sided drills 

15 
25,1 28,2 33,5 

60,2 64,2 69,6 

16 
19,6 22,4 27,1 

49,5 51,9 56,1 

17 
18,1 20,9 25,2 

45,2 48,1 52,4 

Double-sided 

drills 

25 
31,5 39,5 42,0 

66,7 82,0 86,0 

30 
30,0 37,5 40,0 

62,8 77,2 82,1 

35 
27,5 34,5 38,5 

58,9 70,5 78,3 

40 
25,5 32,0 37,0 

52,3 65,0 74,9 

Annular drills 

50 
54,5 57,5 60,0 

109,0 115,0 120,0 

60 
53,0 56,7 59,0 

106,0 113,0 118,0 

70 
51,8 55,4 56,5 

103,6 110,8 113,0 

80 
50,2 53,7 55,0 

100,4 107,4 110,0 

 

4. CONCLUSIONS 

On the base of everything written above it can be made the following summaries: 

1. For the accurate strength calculation of tools for machining of holes, it is necessary to use 

a load taking into account differences as the cutting conditions for the central and peripheral insert 

(fig.1). 

2. In strength calculations of the cutting insert the contact loads on the face and the major 

flank must be used (Table 1). 

3. Strength studies of the bodies of the tools requires to optimizing of the design from the 

point of view of the shape (fig.5). 

4. Applying in full on numerical calculation methods does not accurately assess the stresses 

and deformations obtained (not shown in this paper). The error in some cases exceeds 10%, which 

requires a classic approach for calculating beams with variable cross sections.  
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