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The design of cutting heads is a complex process in which it is necessary to perform 
multiple recalculations of complicated formulas and to correct the assumptions of 
input data. The purpose is to provide high efficiency and effectiveness of these tools, 
along with their durability and reliability during exploitation in difficult mining and 
geological conditions. The article presents a program, developed by the authors, 
which enables to design a cutting head with picks or with discs. After the input data 
are entered and the calculation process is completed, the program presents in  
a graphic manner the distribution of cutting tools on the head and the distribution of 
cut slices generated by the designed head. The program enables to determine the 
forces and torques which act on a single cutting tool, as well as the forces and tor-
ques which are reduced at the end of the head shaft. 
 
key words: computer-aided design, rock breaking, cutting heads, scroll-type cutting 
heads. 

 
 
 
 
1. INTRODUCTION 

 
 
The rock breaking process, i.e. separating a part 

of the rock from the rock mass, is the first opera-
tion in the technological process aimed at the ex-
traction of useful minerals. Both in the Polish and 
global mining industries most works related to 
driving of roadways and exploitation of mineral 
resources are carried out with the use of mechani-
cal methods [2, 5, 6]. 

The use of state-of-the-art methods to produce 
mining machines and their subassemblies is one of 
the basic conditions to ensure high efficiency and 
effectiveness of their operations, combined with 
durability and reliability during exploitation in 
difficult mining and geological conditions [5, 6]. 

Winning machines are one of the basic groups of 
mining machines. In underground hard coal min-
ing, as well as in the extraction of other minerals, 
such as salt or copper ores, this role is performed 
by shearer loaders and roadheaders with working 
heads, equipped with different cutting tools. The 

main task performed by these machines is to break 
the rock and, this way, to provide access to the 
deposit and prepare it for exploitation and an ex-
ploatation. Heading machines are used in driving 
of roadways, while shearer loaders and TBM min-
ers are employed in exploitation works. This  
process is commonly carried out with the use of 
cutting heads which are equipped with cutting 
tools (radial picks, tangential-rotary picks, discs) 
set in holders which are welded into these heads  
[4, 5, 10].   

The stereometry of cutting heads of winning ma-
chines, i.e. the number, type, distribution and set-
tings of cutting tools, has a considerable impact on 
the rock breaking process and allows to achieve 
high efficiency at the lowest possible cost. Due to 
the complexity of phenomena that accompany rock 
breaking, the design of cutting heads is supported 
by computer tools. Thanks to computer simulations 
of the rock breaking process it is possible to opti-
mize the structure of the head and to adapt it to the 
exploitation conditions of the winning machine  
[4, 11, 12]. 
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2. CUTTING HEADS OF ROADHEADERS 
 
 
One of the basic criteria to divide roadheaders into 

different types is the way they deal with the heading 
face. The applied method decides about the kine-
matic structure of the cutting manipulator. Thus, 
according to this criterion, we can have arm miners 
mining selectively, with arm heads which have at 

least two degrees of freedom in motion in the head-
ing face plane. There are also continuous miners 
mining linearly, with jib heads which have one de-
gree of freedom in such a motion. Finally, there are 
TBM miners whose heads do not move in the head-
ing face plane, though such movements can be made 
by the elements of the cutting head, such as plates or 
arms (Fig. 1) [1, 3]. 

 

 
 

Fig. 1. Different methods of rock breaking with the use of different tools:  
a – selective cutting, b – continuous linear cutting, c – TBM cutting [3] 

 
Roadheaders use multi-pick heads to perform the 

cutting process. The process is carried out by com-
bined working and advance motions, in three basic 
combinations: 
a) the major rotary motion of the cutting head and 

the rotary advance motion of the jib to which the 
head is attached, while the rotation axis of the 
head is perpendicular to the jib axis, thus such 
heads are called transverse cutting heads (Fig. 2.). 

b) the major rotary motion of the cutting head and 
the rotary advance motion of the jib with the at-

tached head, while the rotation axis of the head is 
parallel to the jib axis, thus such heads are called 
lateral heads (Fig. 3). 

c) the major rotary motion of the cutting head, at-
tached to the jib, and its advance, usually linear 
motion which is characteristic of cylinder-shaped 
heads. Such heads are used in continuous miners 
(Fig. 4) while driving dog headings with rectangu-
lar cross sections as well as in road construction 
machines [1, 4, 10]. 

 
 

 
 

Fig. 2. Cutting head of a readheader manufactured by Alpine [13] 
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Fig. 3. Cutting head of the EBZ 230 XCMG machine manufactured by Times Asia [14] 
 

 

 
 

Fig. 4. Cutting head of the CM345 machine manufactured by CATERPILLAR [15] 
 
 

3. CUTTING HEADS OF CUTTER LOADERS 
 
 
The working element of the shearer loader is a cut-

ting head which breaks the rock with the use of cut-
ting tools and loads the mined rock onto a scraper 
conveyor. Currently used shearer loaders are 
equipped with scroll-type cutting heads whose struc-
ture, along with a proper set of picks and with as-
sumed structural and kinematic parameters, should 
ensure the best possible cutting and loading effects, 
i.e. low energy consumption, high efficiency and 
proper reduction of coal grain size [7, 9]. 

The currently used scroll-type cutting heads have 
different numbers of blades and different shapes of 
cutter plates (Fig. 5). The shapes of the cutter plates, 
hubs and blades  result from the function assigned to 
the cutting head and from the kinematics of the cut-
ting machine movement. The cutting machine, along 
with its head(s), moves along the heading face with 
the advance speed vp. At the same time, the cutting 
heads rotate around their own axis with the cutting 

speed vs, which is the function of their diameters Ds 
and rotations n. The compilation of these two speed 
values makes the cuttting tools penetrate the rock 
mass with the resultant speed vu. While the rotary 
motion of the head and its shape force the loading of 
the mined rock onto the scraper conveyor [7, 9].  

The rotations of cutting head and the turn of the 
advance speed vp result in different directions of the 
head work, i.e. the places where the cutting tools 
enter and leave the rock and the movement of the 
mined rock inside the head. That is why, it was as-
sumed that the rotations of the head are overshot 
(Fig. 6a) when the tool starts the cutting near the 
floor and completes the process near the roof. In the 
reverse situation, the rotations of the head are called 
undershot (Fig. 6b) [7]. 

Scroll-type cutting heads are usually equipped with 
cutting tools, such as radial picks and tangential-
rotary picks (Fig. 7a). However, other types of cut-
ting heads are used too, to be applied in specific con-
ditions, for example cutting heads equipped with 
discs (Fig. 7b). 
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Fig. 5. Sample scroll-type cutting heads:  

a – with a flat cutter plate, b – with a not fully-filled cutter plate,  
c – with a cone-shaped cutter plate, d – without a cutter plate [7] 

 
 

 
 

Fig. 6. Diagram of the cutting head working mode:  
a – overshot, b – undershot [7]  

 
 

  
 

Fig. 7. Scroll-type cutting heads equipped with:  
a) tangential-rotary picks, b) discs (photo by the authors) 
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4. STRUCTURAL AND KINEMATIC  
PARAMETERS OF CUTTING HEADS 

 
 
Each structure, including the structure of cutting 

heads, has certain parameters which describe its fea-
tures and properties. Most parameters are common 
for all cutting heads. Scroll-type cutting heads, how-
ever, have several extra parameters related to the 
loading process. 

All cutting heads have the following common pa-
rameters: 
− cutting head diameter Ds, 
− cutting head length (web) Z, 
− shapes of particular elements of the head [7]. 
Kinematic parameters which impact the work and 

structure of the cutting  head are the following: 
− cutting speed vs, 
− advance speed vp, 
− direction of the cutting head rotation [7]. 
The above listed parameters decide, first of all, 

about the structure of the cutting head and its proper-
ties understood as proper performance of the cutting 
process. There are some extra parameters which im-
pact the process: 
− type of cutting tool (radial picks, tangential-

rotary picks or discs), 
− number of cutting lines is, 
− scale between cutting lines ts, 
− scales in the cutting line tw,  
− disctribution of picks in relation to each other 

(compatible cut slice, inverted cut slice) [7]. 
Scroll-type cutting heads, due to their extra loading 

function, have extra structural parameters:  
− number of helixes (blades) i,  
− inclination angle of coils (blades) α2, 
− hub diameter d, 
− lead of the helix S [7]. 
 
 

5. HOW TO DETERMINE RESISTANCE TO 
CUTTING WITH THE USE OF CUTTING 
PICKS 

 
 
The cutting process, i.e. breaking pieces of rocks 

from the rock mass with the use of a pick or a set of 
picks installed on a cutting head, results from the 
combination of two motions of the winning machine. 
The basic motion is the rotary motion of the head, 
characterized by the cutting speed vs or the number of 
the head rotations n. The auxiliary motion is the ad-

vance motion of the whole machine or the jib, ex-
pressed by the advance speed vp [7]. 

In the breaking process carried out by means of 
drums, the cutting depth of particular picks changes 
from zero to maximum. The change of the cutting 
depth (gs(i, j), gmax) can be determined from the de-
pendencies (1) ÷ (4) which take into account any 
distribution of cutting tools on the cutting line and the 
advance speed vp of the machine [7]. 
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C(i) – coordinate of the pick position on the drum 

 
The pick in the rock mass is a subject to the result-

ant force of the resistance to cutting P. This force has 
the following components: cutting force Ps, clamping 
force Pd and lateral force Pb (Fig. 8) [7].  

 

 
 

Fig. 8. Forces that impact the pick during the cutting 
process: Ps – cutting force (tangential), Pd – clamp-

ing force (normal) and Pb – lateral force  
(authors’ own elaboration based on [7]) 
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Based on the investigation of the resistance to cut-
ting with the use of cutting picks it was found out that 
the biggest force is the cutting force Ps which is pro-
portional to the cutting depth. As a result of these 
assumptions the following dependencies were ob-
tained for the forces Ps, Pd and Pb [7]. 
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ξ – inclination of the pick [o] 
Bn(i) – width of the pick [cm] 
A – cutting ratio [N/cm] 
gs(i, j) – cutting depth [cm] 
β – angle of lateral breaking [o] 
T(i) – distance from the nearest scale whose picks 

are in the rock mass  
i – number of the pick 
j – number of the successive rotation at the j  

angle  
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Knowing the values of forces on a single pick (Fig. 

9) it is possible to reduce these forces at the begin-
ning of the shaft on which the head is placed [7]. 

 

 
 

Fig. 9. Distribution of component forces of resistance to cutting on the i-th pick [7] 
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where: 
K = -1 for undershot work 
K = 1 for overshot work 

 
Apart from the forces Px, Py and Pz  the shearer 

loader is subject to torques which can be determined 
from the following dependencies [7]. 
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X(i) – distance from the heading face 
Ds – diameter of the drum with picks or discs 
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6. ALGORITHM TO CARRY OUT CALCULA-
TIONS WITH THE USE OF A PROGRAM 
DEVELOPED BY THE AUTHORS 

 
 
Designing a cutting head is a complex process 

which requires to perform multiple recalculations of 
dependencies (1) – (12). What is more, it is necessary 
to correct the assumptions of input data with each 
dependency and to change the distribution of cutting 
tools on the head. Manual recalculation of the above 

dependencies is time-consuming and laborious. 
Therefore a computer program was developed to 
automate the calculation process [8, 12]. The pro-
gram operations are presented in Fig. 10.  

The following are input data for the program: di-
ameter of the drum, advance speed of the shearer 
loader, rotational speed of the head, web, angle of 
lateral breaking, cutting ratio, cutting height, propor-
tionality coefficient of the clamping force and lateral 
force, holders sizes, picks sizes, location of picks on 
the head. 

 

 
Fig. 10. Block diagram of the program to design a cutting head of a shearer loader (authors’ own elaboration) 

 
The program makes it possible to design a head 

with picks or with discs. After input data are entered 
to the program and the calculation process is com-
pleted, the program presents in a graphic manner the 

distribution of cutting tools on the head and the dis-
tribution of cut slices generated by the designed head. 
If there are irregularities observed on one of the fig-
ures, it is possible to correct the input data and/or the 
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distribution of cutting tools. The third reason to make 
corrections are the following forces and torques pre-
sented in a table and graph: the determined forces and 
torques acting on single cutting tools as well as re-
sultant forces and torques from all tools. The correc-
tions are repeated until satisfactory results are 
achieved. 

The program enables to print the input and calcula-
tion data in the form of tables and graphs. Additional-
ly, it is possible to export the data to an *.xls file. The 
data entered into the program are stored in a single 
*.p5s file which acts as a database. 

 

7. CALCULATION EXAMPLE OF THE  
CUTTING HEAD OF A SHEARER LOADER 

 
In order to demonstrate the designing possibilities 

of the developed computer program according to the 
above presented dependencies, a calculation example 
has been provided. The calculations are made for the 
head of a shearer loader. The head has a diameter of 
1,800 mm, is equipped with tangential-rotary picks 
and is used for cutting hard coal. 

Figure 11 features the main window of the program 
with the parameters of the longwall, the head and the 
cutting tools. 

 

 
 

Fig. 11. Main window of the program with the entered data (authors’ own elaboration) 
 
In order to conduct further calculations, the above 

data have to be entered manually. It is particularly 
important to enter the parameters about the location 
of cutting picks. It is possible to visualize the picks to 
check their distribution (Fig. 12).  

It is possible to see the successive numbers of picks 
on the drum as well as the inclinations of picks on the 
cutter plate – marked with a bold vertical line. 

For the planned set of picks a view of cut slices is 
determined. The cut slices are made by the head while 
cutting (Fig. 13). It is possible to see the cut slices 

made during two rotations of the head. Additionally, 
one can see the succession of cutting performed by 
picks. The presented view features the advance of the 
head by means of the upward advance of the cut slice 
top in accordance with the succession of picks. 

For the designed set of picks it is necessary to de-
termine the cutting depth of each pick in the function 
of the rotation angle of the head (fig. 14). This cut-
ting depth is the basis to determine the forces which 
act on particular picks (Fig. 15) as well as resultant 
forces reduced at the end of the head shaft (Fig. 16). 
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Apart from the forces, it is necessary to determine 
the torques which act on the picks and the torques 
reduced at the end of the head shaft (Fig. 17). 

The last element of the calculation process is to de-
termine the power which is lost when the designed 
head performs the cutting (Fig. 18). 

 

 
 

Fig. 12. Graphic presentation of the picks distribution (authors’ own elaboration) 
 

 
 

Fig. 13. View of cut slices (authors’ own elaboration) 
 

 
 

Fig. 14. Diagram of cutting depth in the function of the rotation angle of the head for the first three picks which 
enter the solid rock (authors’ own elaboration) 
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Fig. 15. Diagrams of forces Ps, Pd and Pb which act on the picks during the cutting process  
(authors’ own elaboration) 

 

 
 

Fig. 16. Diagrams of forces Px, Py and Pz  reduced at the beginning of the head shaft  
(authors’ own elaboration) 

 

 
 

Fig. 17. Diagrams of reduced torques of forces Mx, My i Mz (authors’ own elaboration) 
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Fig. 18. Diagram of power lost during the cutting process (authors’ own elaboration) 

 
8. CONCLUSIONS 

 
 
Cutting heads are widely used both in underground 

and opencast mining. The selection of parameters 
should be conducted similarly for each head. It is 
necessary to select the diameter of the head, its web, 
number of rotations, diameter of the hub, kinematic 
and structural parameters of the whole machine, as 
well as type and properties of the cut material. 

Thanks to the computer program developed by the 
authors it is possible to determine cutting resistance 
for different types of heads, not only scroll-type cut-
ting heads. The program enables to enter changes to 
the picks distribution and to observe how this distri-
bution impacts the values of cutting resistance. An 
important advantage of the program is the ability to 
observe the changing values of forces when particular 
parameters change. This way it is possible to select 
the best conditions of the shearer loader operations. 
These conditions have an effect on power consump-
tion and efficiency. 
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