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Abstract 

An axial tool in a real process makes a complex movement relative to the workpiece. Additional relative tool 

movements associated with deviations from the kinematic cutting pattern are the main factor determining the error of 

the machined hole. The deviation of the real axis of rotation of the tool from the axis of rotation defined by the 

machine spindle represents a precession, and the deviation of the diameter of the real hole from the size of the tool is 

a breakdown.The hole breakdown can be represented as the result of the complex effect of the precession of the tool 

axis and the natural vibration of the tool relative to its axis.The study showed that with an increase in cutting speed, 

the size of the breakdown of the hole first increases and then falls, both in the case of a spiral drill and in the case of 

a new one. In all cases, the size of the hole breakdown after drilling with the developed drill is less than after spiral 

processing in the entire studied range of speeds. This is due to the absence of a transverse edge and, as a 

consequence, a sharp decrease in axial forces of the projected drill. Axial forces, especially their difference, have a 
rather large impact on the accuracy of the resulting holes. The study of the effect of feed on the accuracy of the 

obtained holes showed that when processing all materials with increasing feed, the size of the hole breakdown also 

increases. In general, the size of the breakdown of the hole after applying the developed drill is less than that of the 

spiral. This difference increases with increasing feed and reaches 2 times when reaching a feed of 0.17 mm / rev.The 

article considers the issues of ensuring the accuracy of holes machined with a special drill and presents the results of 

studies with a standard drill. 
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1. Introduction 

In general, the accuracy of machining is understood as the degree of correspondence of the machined part to its 

geometrically correct prototype or sample.Considering the accuracy of processing a particular part, distinguish: 
1) the accuracy of the dimensions of the surfaces of the part in relation to the processing of holes, this corresponds 

to the size of the diameter of the hole and its depth; 

2) the accuracy of the shape of the surfaces, for holes, by this we mean the degree of their correspondence to the 

geometrically regular surface of a circular cylinder, and in the cross section to a geometrically regular circle; 

3) the accuracy of the relative positioning of the surfaces of the part when processing holes, it includes coordinate 

errors characterizing the location of the hole, the removal of the axis of the hole, deviation from the alignment of 

the location of sections of stepped or intermittent holes, etc. [3]. 

2. Materials and methods 

Drilling relatively small holes in sheet materials is associated with certain difficulties that arise when inserting and 

exiting the drill from the material [1, 10-14]. When drilling, the sheet material experiences significant deformations 

along the axis of the drill and for processing a quality hole, it is necessary to choose the type of drill used and the 
shape of the sharpening of the cutting part. 

Spiral drills are considered the most used tool for drilling. However, the most common among them are twist drills 

of small diameters, which are most widely used when drilling holes in sheet materials. The company National Twist 

Drill Co (USA) found that on average 90% of drills are in the diameters of 1.25 ... 12.0 mm and only 5% in 

dimensionally higher or lower than this interval. Characteristically, drills with a diameter above 19 mm made up 

only 1% of the total number of drills. 

Although spiral drills are manufactured within fairly tight tolerances, they are not an accurate tool and are intended, 

in essence, for pre-machining holes. If we consider the working conditions of a spiral drill, then its cutting part 

consists of two elements that differ in the nature of the work - two main cutting edges and one transverse cutting 

edge. If the work of the main cutting edges is, in general, similar to the work of the cutting edges of other metal 

cutting tools, then the mechanism for removing material with a transverse edge is extremely complex [1].  As you 

approach the center of the drill, the work of the transverse edge becomes more like the work of a blunt wedge-
shaped indenter, pressed into the material being processed.  In this small area, severe deformation of the material 

displaced into the chip grooves takes place. As a result of this, almost half of the axial force of the drill with 
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diameters up to 12 mm falls on the transverse cutting edge, the length of which is determined by the thickness of the 

core of the drill. 

 

 

3. Results of study 

A design of a spiral drill with a special sharpening of the cutting part (Patent the Republic of  Uzbekistan  No. 0595. 

Drill. BI №. 2, 2002) for the conditions for drilling holes in sheet materials [2] was developed at the Department of 

Engineering Technology of Tashkent State Technical University. The dynamics of drilling with drills with a special 

V-shaped sharpening of the cutting part due to the absence of a transverse cutting edge is determined by the gradual 
incision of the peripheral part of the drill with the formation of a truncated cone in the center of the hole. The 

uniform distribution of the radial components of the cutting forces holds the drill stem in the strictly axial direction, 

which ensures the conditions of self-centering after several revolutions of the tool. 

Based on geometric analysis and experimental studies, it was found that with a V-shaped sharpening of the cutting 

part of the drills, the effective rake angle is significantly improved even compared to V.I.Zhirov's undercut. 

V-shaped sharpening of drill bits improves hole accuracy and reduces vibration. The construction of the drill is 

shown in fig.1. [4] 

 
FIGURE 1. Drill for processing holes in sheet materials: 1-working part, 2-neck, 3-shank, 4-chip cutting grooves, 5-

two grooves. 

In order to determine the possibilities of using the developed drill, we studied the accuracy of hole machining when 

drilling sheet materials of steel - 3, with a thickness of t = 1 mm and duralumin grade - D16 with a thickness of t = 5 
mm with drills from high-speed steel P6M5, with diameters of 9, 13 and 22 mm and compared with hole accuracy 

with machined standard drills. 

Drilling was carried out on a model 2P135 vertical-drilling machine with cutting conditions: n = 1200 rpm S = 0.12 

mm / rev, for all drill diameters. After drilling the holes, a measurement was made along the x n y axis in two 

sections using a Vernier caliper with a division value of 0.01 mm. Then determined the average error of the hole for 

each investigated diameter of the holes. 

FIGURE 2. Shown a diagram of measuring the accuracy of holes in two mutually perpendicular diameters. [1]. 

The average hole error was determined by the formula: 

∆d = ldy − ldx                                    (1) 

The results of the study showed that when drilling with a newly developed drill, the process is more stable 

(without burrs and residual burrs, when the drill leaves the hole) and the manufacturing accuracy is increased 

compared to standard drills (table 1,2). 
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FIGURE 2. Diagram for measuring the hole after drilling: dx-deviation from the correct cylindrical shape: in 

the horizontal direction, in mm; dy- deviation from the correct cylindrical shape in the vertical direction, in mm. 

The research results are shown in table 1 and 2. 

 

 

№ 

 

Processed material 

Drill 

diameter in 

mm 

Special drill Standard drill 

dy1 dx1 dy2 dx2 dy1 dx1 dy2 dx2 

1 Duralumin D16  

22 

21.90 21.95 21.89 21.96 22.15 22,20 22,18 22,25 

Steel-3 21.95 21.96 21.98 21.94 23,72 23,99 24.09 23,50 

2 Duralumin D16  

13 

13.10 13.12  - 13,21 13.51 13,0 12,95 

Steel-3 13.08 12.95 12.93 13,05 12.88 12,91 12,71 12,92 

3 Duralumin D16  

9 

9.53 9.30 9.40 9.35 9,47 9.36 9,50 9.39 

Steel-3 9,25 9,15 9.20 9.16 9.45 9.42 9,43 9,42 

 

TABLE 1 

 

 

Diameter ∅ 

Special drill Standard drill 

∆d1 ∆d2 ∆d1 ∆d2 

9 0.23 0.05 0.11 0,11 

13 0,02 - 0.30 0,05 

22 
0,05 0,07 0,05 0,07 

Average 0.10 0,06 0,153 0,076 

Total average 

error ∆ 
0.08 0.115 

 

TABLE 2 

 

 

  
a) b) c) 

 

FIGURE 3. General view of the “heel” (a); the appearance of the hole at the exit of the drill (b) after drilling with a 

special drill; (c) a standard drill. The processed material is sheet steel D16, a drill  ∅ 13 mm from P6M5. 

Figure 3 shows photographs of the shape of the holes at the inlet (Fig. 3, a) and at the outlet (Fig. 3, b) of a new drill 

and at the output (Fig. 3, c) of a standard drill. 

In view of the foregoing, drilling holes in sheet materials is associated with certain difficulties when inserting and 

exiting the drill from the material. Significant deformations along the axis of the drill (buckling of the material to be 

processed when the drill exits the hole, burrs and burrs, etc.) do not allow a quality hole to be obtained, and require 
additional processing, such as locksmithing. Fig.3 a shows the “heel” obtained when a special drill emerges from the 

hole, and in Fig. 3 into the external view of the hole when drills exit the holes made with special and standard drills, 

respectively. 

 

4. Conclusion 

1  Analysis of the schemes, sharpening of drills showed that the design of drills with a V-shaped cutting part 

can be operated according to traditional schemes on existing equipment. 
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2 The process at the beginning of hole processing with new drills is more stable and occurs without 

deformation of the workpieces. 

3 The accuracy of hole processing with new drills is 40-60% higher than with hole processing with traditional 

drills. 
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