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INTRODUCTION 

The POU-BW/01-WAP device offers a possibility to measure the cutting forces 

applied to knives during the mining process. The resistance extensometry 

method ensures that the cutting forces can be measured with sufficient accuracy 

as it enables accurate strain measurement. In practice it consists of measuring 

elongations on the body surface under the influence of known external forces. 

The measurement principle consists of determining a measuring segment of 

original length L, called the measuring base, measured in the desired direction, 

and then measuring the increase in its length 
λ
L

 under the influence of external 

forces. For a uniform deformation state, the quotient  determines the specific 

elongation 

ε = 
λ

L
         (1) 

Knowing the elastic constant of material under test and the result of 

measurement of specific elongation, it is possible, using Hooke’s law, to 

calculate the values of stress occurring in the material, and through it other 

mechanical quantities, such as force, bending moment, pressure, etc. 

If the tests are to be carried out under normal operating conditions, it is best to 

use the resistance strain method, which uses strain gauges classified as 

electrical strain gauges. This method provides the possibility of making multi-

point measurements with remote recording of results, or with their direct transfer 

to a recording device (memory, computer). Such a measuring system has a very 

low inertia, which allows measurements of quickly changing quantities. 

The electrical strain gauge method is based on the property of a metal wire to 

change its electrical resistance due to changes in its cross-section and length, 

induced by deformation, as a result of external force. 
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Resistance strain gauges take the form of a series of wires properly adhered to 

a substrate and attached to the test surface with a special adhesive. Currently, 

foil resistance strain gauges are commonly used, where the resistance grid is 

made of thin metal foil between two layers of plastic foil. Electrical wires are 

connected to the ends of strain gauge leads, connecting the strain gauge to the 

measuring system. The measuring system consists of a power source, a strain 

gauge bridge with measuring and compensation strain gauge (its task is to 

compensate the influence of side factors, mainly temperature), measuring 

amplifier, increasing the signal to a value suitable for the recording device. The 

measuring strain gauge is one of the branches of the bridge, in the other 

branches of which there are reference elements (resistances). The state when 

no current flows in the diagonal branch of the bridge is called the equilibrium 

state, and the relationships between the parameters of individual branches in 

equilibrium are called the equilibrium conditions. 

Measurement bridges are divided into balanced and unbalanced. In the case of 

a balanced bridge, the measurement consists in bringing the bridge to 

equilibrium state by changing the values of reference elements and calculating 

– from the equilibrium conditions – the parameters of tested element. For an 

unbalanced bridge being previously in equilibrium, the voltage (in the diagonal 

branch of the bridge) is measured, which arises as a result of changes in 

resistance of strain gauge attached to the tested element, which is also one of 

the branches of that bridge. 

The main problem in conducting measurements using the resistance 

extensometry method is to find a place for attaching strain gauges on the tested 

element in such a way that the interpretation of obtained measurement results 

is easy and unambiguous. 

 

FORCES IN THE CUTTING PROCESS 

The mining process that takes place under natural conditions using a specific 

technology is a complex process (Biały 2002, 2011, 2013, 1013a, 2014, 2015, 

Krauze & Kotwica, 2007, Myszkowski & Paschedag, 2008, Krauze et al. 2015, 

Bołoz 2018). Most often this process differs significantly from the adopted 

model. Due to the fact that tangential-rotary knives are most commonly used in 

modern longwall drum shearers (Fig. 1), the most serious problem was to design 

the measuring element of the device in such a way that the measurement is 

possible at all (Biały 2013b, 2014a). Strain gauges should be arranged to allow 

direct measurement of these forces. 

 

 
Fig. 1 Tangential-rotary knife used in the head of POU-BW/01-WAP device 
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In fact, the tangential-rotary knives have the ability to rotate in their holders, 

which makes it impossible to attach strain gauges directly to them in such a way 

as to receive a signal. A solution has been proposed that enables the forces to 

be measured in a simple way and then, thanks to the known geometrical 

parameters of the device, allows the load parameters, e.g. in a form of forces 

(force moments), to be calculated using elementary equations. It is also 

important to be able to statistically process the results of any number of 

measurements, each of which is a record of the load course of a given cutter in 

real time. 

During mining, a force acts on the shearer’s knife (Fig. 1), which is divided into 

the following components (Fig. 2) (Biały 2005, 2009):  

Fs – cutting force, 

Fd – pressure force applied to the mining a body of coal, 

Fb – lateral force (thrust).  

 

 
Fig. 2 Force components in the mining process 
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In the POU-BW/01-WAP device, the measuring head (Fig. 3), has been 

constructed in such a way that it allows to measure simultaneously two of three 

forces occurring during the cutting process: cutting force Fs (Fig. 4) and pressure 

force applied to the mining a body of coal Fd (Fig. 5). 

The value of cutting force Fs is measured from the force moment that bends the 

holder in which the knife is fixed. While the knife pressure force Fd, is measured 

by the knife pressure on the body base, also by means of strain gauges. 

 

 
Fig. 3 Measuring head body with measuring blade 

 

 
Fig. 4 Sensor for measuring the cutting force Fs 

 

  
Fig. 5 Knife force sensor applied to the unmined coal Fd 
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The strain gauges were adhered in such a way that their base was in 

accordance with the direction of the greatest stresses (Fig. 6, 7), at the same 

time as the greatest change in the length of measurement element (bending). 

 

 
Fig. 6 Place of strain gauges adhesion for measurement of the cutting force Fs 

 

 
Fig. 7 Place of strain gauges adhesion for measurement of the pressure force Fd 

 

Compensating strain gauges are adhered across from the active ones, i.e. in 

the direction of minimum stress. This configuration provides the greatest bridge 

deviation from equilibrium as the stress changes in a measuring element. On 

the other hand, attaching the compensating strain gauge in the same place as 

the active one causes that they are at the same temperature and the 
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temperature-induced changes in their resistance are the same. Whereas in a 

bridge they interact in the opposite way, i.e. they compensate each other. 

Separation of the cutting force component Fs is obtained using the 

compensation method, by adding and subtracting the results (in each case) from 

the bridge located on the bended side (Fig. 6). The knife pressure force Fd is 

obtained from the strain gauge bridge located in the lower part of cutting head, 

where compression occurs (Fig. 7). 

The cutting head of POU-BW-01-WAP device was calibrated for known loads 

on the test stand. Therefore, it is assured that the results obtained are reliable. 

Moreover, since the device is equipped with force and pressure sensors, it is 

possible to determine the cutting forces from two independent measurement 

sources, and thus verify the obtained measurement results – cutting force (Fs) 

and knife pressure force (Fd). 

The cutting head with strain gauge bridges for measurement and recording of 

two forces involved in the coal cutting process is shown in Figure 8.  

 

 
Fig. 8 POU-BW/01-WAP cutting head with strain gauge bridges 

 

The blade used in the cutting head is a tangential-rotary knife. This knife has the 

ability to rotate freely during the cutting tests. 

 

ANALYSIS OF AW-PSSW COAL CUTTING FORCE MEASUREMENT 

RESULTS 

The AW-PSSW program (Fig. 9) allows visualization and analysis of collected 

information from the Coal Cutting Force Measurement system (Documentation, 
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2012, 2012a). On the monitor screen, there are three values that can be read 

directly: cutting force Fs, pressure force Fd and pressure value.  

 

 
Fig. 9 Graphical layout of the AW-PSSW program 

 

The main program options include: 

• browsing of collected files in the form of entries arranged in a table, 

• conversion of DAT files to a spreadsheet, 

• data visualization in the form of graphs, 

• data analysis using histogram and outcome statistics, 

• measurement printout, 

• measurement export to a text file. 

The program requires a PC with Windows XP and Micrsotf.NET Framework 3.5 

installed for proper operation. 

 

CONCLUSION 

In order to correctly select or predict the shearer loader power in real geological-

mining conditions, it is necessary to know the force components involved in this 

process. For this purpose, the POU-BW/01-WAP device is used, which allows 

the measurement and recording of two force components involved in this 

process (Fs and Fd). 

It is the only device in the world with which it is possible to determine the two 

force components involved in the machining process. Determination of force 

components involved in the cutting process, is possible by using two 

independent measuring blocks, which is a strain gauge force sensors: cutting 

(Fs) and knife pressure (Fd). In order to register these forces, a real mining knife 

used in longwall shearer drums was applied – i.e. tangential-rotary. 

Knowing the force value required for the cutting operation, it is possible to 

determine two parameters: workability index A, or energy workability index AE. 
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The workability index A is defined as the ratio of average force (Fśr) to depth of 

cut (g): 

A =         (2) 

While the energy workability index AE is defined as follows: 

AE =        (3) 

where: 

Fśr – average cutting force per cutting length, 

l – length of the cutting groove, 

Q – volume of mined coal (rock). 

This device uses the most modern solutions in terms of construction as well as 

measurement and recording of measured values. The POU-BW/01-WAP device 

can be used in real conditions (mining plants) as it has ATEX certificate that 

allows operation in potentially explosive atmospheres – according to the 

94/9/EC directive. 
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Abstract: The paper presents a method for measuring and recording the forces 
involved in the coal cutting process. Moreover, a method for visualization of all forces 
involved in the cutting process was described. In the following part, the construction 
and principle of operation of a device for determination of forces involved in the 
cutting process (coal mining), referred to by the author as POU-BW/01-WAP, are 
presented. Resistance extensometry was used to measure the forces. This is the 
only device in the world that determines two of three force components that take part 
in the cutting process. For this purpose, two independent measuring blocks were 
used, which are strain gauges of force: cutting (Fs) and knife pressure (Fd). In order 
to register these forces, a real mining knife used in longwall shearer drums was 
applied – i.e. tangential-rotary. The equipment has the ATEX certificate allowing for 
operation in real conditions as a device intended for use in potentially explosive 
atmospheres – in accordance with the directive 94/9/EC. It has received many 
awards at world fairs for inventions and innovative solutions. 
 
Keywords: workability, cutting forces, measurement, recording, strain gauges 

 


