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Abstract.  When developing coal and ore deposits by underground method, 
it is necessary to carry out a large volume of preparatory mine workings 
using drilling and blasting operations. Minerals are found in rocks under 
various conditions and their physical and mechanical properties change in a 
wide range. Under such conditions, it is necessary to use drilling machines 
this different to the principle of action and structural features. The article 
considers geometric parameters of roc cutters, peculiarities of drilling 
modes, affecting energy intensity and drilling productivity in rocks with 
different strength coefficient. 

Introduction  

When developing mineral deposits by underground method, it is necessary to build a large 
complex of preparatory mine workings. An important task is the selection and application of 
effective means of drilling mechanization, the development of schemes and parameters of 
drilling and drilling operations and methods of explosion energy control, which make it 
possible to increase the overall efficiency of the drilling and blasting complex, reduce labor 
intensity, and increase the rate of drilling and blasting workings. 
Efficiency of preparation of mine workings is inextricably connected with productivity of 
used drilling machines, which provide required rate of carrying out of mine workings, and 
this depends on physical and mechanical properties of rocks, modes and methods of drilling, 
quality of drilling tool, depth and number of blast hole, number of simultaneously working 
drilling machines. The main task is to establish the relationship between drilling efficiency 
and the rate of mining operations based on the planned volumes of mining operations. 
Main factors affecting drilling performance: 
- physical and mechanical properties of rocks; 
- drilling mode; 
- cutting tool configuration; 
- volume of drilling works in the cycle; 
- operational reliability of drilling machines; 
- depth of continuous drilling; 
- number of drilling machines simultaneously participating in the work; 
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- method of drilling fines removal. 
Depending on conditions of mine workings and properties of rocks, machines of rotary, 
rotative-percussive and percussive drill can carry out drilling of holes. In strong rocks, only 
rotative-percussive and percussive drilling can be used.  
As is known, the main indicator of the evaluation of the rotative-percussive drilling mode is 
the relationship of the specific feed of the tool with the axial force, rotation speed and 
geometric parameters of the rock cutter. As is known, the main indicator of the evaluation of 
the rotative-percussive drilling mode is the relationship of the specific feed of the tool with 
the axial force, rotation speed and geometric parameters of the rock cutter. The dependence 
of the drilling speed on the axial force can be expressed by the equation: 

 

                        ( )0PPkV n −= ,                                                  (1) 

where k – efficiency factor of rotative-percussive drilling,; Pn – min rig pulldown, P0 - acting 
rig pulldown. 
The graphical dependence of the drilling speed on the rotational speed of the drill bit under 
various rig pulldown conditions is shown in Fig. 1. 

 
 
 

 

Fig. 1. Dependence of the drilling speed on the rotational speed of the drill bit under various 
rig pulldown conditions 

The dependence of the productivity of drilling holes on the depth of 
bite at different numbers of revolutions of the drill bit is shown in 
Fig. 2. 
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Fig. 2. Dependence of the productivity of drilling holes on the depth of bite (δ) at different 
numbers of revolutions of the drill bit 

 
With the same rig pulldown, the drilling speed depends on the rotational speed of the drill 
rod with the cutter. It was found that the drilling speed at a constant rig pulldown increases 
in proportion to the rotation speed only up to a certain limit, then this proportionality is 
violated. 
Research shows that the increase in specific feed depending on the axial force is not the same 
in rocks of different hardness. With an increase in the hardness of rocks, the degree of 
influence of the axial force on the specific feed has almost no effect, but the wear of the tool 
blades increases, and therefore it is inappropriate to increase it. With an increase in the 
rotational speed of the tool, its specific feed decreases. This leads to the fact that up to a 
certain value of the rotational speed of the tool, the drilling speed will increase, and then may 
decrease. 
The rational limit of the rotational speed of the drilling tool when drilling rocks with a 
strength factor f = 6-10 is 400-1500 min 1. In rotary percussion drilling, in contrast to rotary 
drilling, with an increase in the feed force to 1200-1500 kg, the drilling speed in medium-
hard rocks increases by 4.5-5.0 times, and in strong rocks by 2.2-3,5 times. 
For medium-hard rocks, drilling machines are effective with an increase in feed of 800-1200 
kg with a drill rotation speed of 200-500 min 1, a frequency of 3000-4000 impacts per minute 
with an impact energy of 3-5 kgm. When drilling hard rocks (f ≥ 14), the rotational speed of 
the drill should be reduced to 100-300 min 1. 

Recommended modes for rotary and rotary percussion drilling 
are shown in Table 1. 

Table 1. Recommended modes for rotary and rotary percussion drilling 

 

Parameter 

Unit of 

measur

e 

rotary drilling rotary percussion drilling 

f = 6-8 f = 8-12 f = 6-8 f = 8-12 f ≥ 12-14 

Rig pulldown kg 1000 1200 1000 1200 1200 
Rotation speed min-1 400-500 200-400 400-500 200-400 100-200 
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Rotational 
torque 

kgm 8-12 10-12 10-15 15-20 12-20 

Impact 
frequency 

min-1 - - 3000-
3500 

300-400 3500-6000 

Impact energy kgm - - 3,0 3-5 4-5 
 
Analysis of the data of various researchers [1-4] proves that the rational rotational speed 

is in the range of 100-300 rpm. There is an inverse relationship between the frequency of a 
rotation and the strength of rocks. 

The drilling speed is greatly influenced by the number of blows applied to the tool per 
revolution. Increasing or underestimating the number of impacts can result in increased 
energy consumption, decreased drilling speed, or hardening and tool breakage. For the range 
of rocks with f = 4-20, the rational number of strokes is 10-50 beats/rev. Fewer blows 
correspond to rocks with a lower strength coefficient. If increase the energy of a single blow, 
then the number of blows can be reduced. 

Drilling performance is highly dependent on the geometry of the drilling tool. In fig. 3 
shows the influence of the angle of sharpening of the drill bit on the productivity of drilling 
holes. It can be seen from the figure that with a decrease in the sharpening angle from 70° to 
50°, the drilling productivity increases 2 times for any rock strength. However, the 

permissible limit for reducing the angle of sharpening of the drilling cutter is determined by 
its strength. 

 

 
Fig. 3. Influence of the angle of sharpening of the drill bit on the productivity of drilling holes 
(P = 1500 kg, n = 275 min-1.) 

 
Researchers [5] show that often the angle of sharpening of cutters does not correspond to 

the necessary conditions for effective burial of cutters upon impact and the mode of cutting 
the rock during rotation. When struck at the moment of rotation of such a rock cutter, the 
impact force is "washed out" at the bottom of the hole, and when rotating, the cutter leaves 
the hole without cutting off the chips, which significantly increases the energy consumption 
of drilling and reduces the speed of drilling the holes. 

In rotary percussion drilling, it is necessary, due to the effective geometry of the cutter, 
to ensure a clear burial of the cutter into the rock during impact and cutting off the rock 
shavings without the cutter coming out of the burial. For this purpose, we have proposed a 
new modification of the drill bit, created based on the serially produced BU-43-25 bit [6]. 
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The reason for this was the research carried out at the ore mines of JSC "EVRAZ ZSMK" in 
the Tashtagol city [7] during mining workings in hard rocks with f= 8 - 18. 

For drilling boreholes, it is used both percussion drilling with perforators on pneumatic 
supports and perforators from drilling carriages, as well as rotary percussion drilling with 
SBU-2M rigs. But, as in the first and in the second cases, the KDP 40-25 chisel bit is used 
and in some cases BU-43-25. 

Such bits do not provide high drilling performance, the resulting pattern of rock 
destruction does not correspond to the used drilling method. These crowns have a large 
negative rake angle (-45 ° and -25 °) and do not have a cut in the central part, therefore, for 

their deepening and shearing of the layer, the rock requires an increased axial load. When 
using such crowns, very high wear of the cutting blades is observed. 

The experimental bit was distinguished by the fact that it had a central cut with a width 
of 0.05-0.06 m, a double clearance angle, and the front-cutting edges had a concave surface 
with a radius of curvature of 20*10-3 m. 5 ° directly at the blade, and the second 25 ° - at a 
feather height of 5*10-3 m. 

The use of the concave surface of the bit blade had the goal of increasing the depth of the 
bit and reducing the possibility of the bit coming out of the formed hole at the moment of 
impact and subsequent removal of the rock layer. The double clearance angle maintains the 
necessary strength of the bit blades. And in combination, this bit geometry allows you to 
achieve an increase in drilling productivity with lower rig pulldown. 

The results of testing various types of drill bits when drilling holes are presented in 
Table 2. 

Table 2. Recommended modes for rotary and rotary percussion drilling 

Drill bit 

type 

Drilled 

holes, pcs 

Depth of 

holes, m 

Drilling 

time, h 

Drilling 

speed, m / 

h. 

Used drill 

bits per 

cycle, pcs. 

KDP 40-25 11 2,0 1,72 12,8 3 
BU-43-25 13 2,0 1,56 16,7 3 

Experiment 17 2,0 1,7 20 3 
 
The research results showed that the use of experimental bits gives an increase in the 

drilling speed in rocks with f = 8-10 by 46-50%, in rocks with f = 10-12 by 60%, and in rocks 
with f = 12-14 - up to 70-80%. In all studies, except for the geometry of the drill bits, all other 
operating parameters were identical. 

Conclusion  

Thus, the following indicators have been established. 
1. The experimental bit turned out to be the most effective when drilling rocks f = 8-14. 
2. With the use of an experimental bit, the drilling time of the hole was significantly 

reduced, and the productivity of the drill increased by an average of 32%. The cost of drilling 
decreased by 33%. 

3. A decrease in the drilling speed occurs because due to the concave front face of the 
feathers of the experimental bit, the rake angle decreases and the penetration into the rock 
decreases. However, this allows you to maintain the required strength of the feathers and 
ensure high wear resistance of the bit. When regrinding, only the back plate is machined at a 
double angle, while the rake angle increases from -10 ° to -30 °. 
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