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Abstract 

Issues related to the general design and purpose of shearer advance systems, 

taking into account key historical solutions and global experience gained 

from the operation of longwall systems in underground mines, are presented. 

Currently used shearer advance systems are based on chainless systems with 

a toothed drive wheel cooperating with toothed bars mounted in the chain 

conveyor troughs. This design, in different variants, is used in many 

countries as the primary system responsible for moving the shearer along the 

mining face. Despite its many advantages, the Eicotrack advance system also 

has a disadvantage resulting from the rigid design of the toothed bars. These 

disadvantages are accentuated by premature wear of the gear teeth and 

toothed bars, especially on non-linear sections of the longwall conveyor 

route. As part of the KOMTRACK research project, co-financed by the 

European Regional Development Fund, an attempt was made to develop an 

innovative advanced system with the flexibility and adaptability of toothed 

segments mounted in guides to the current position of the gang wheel. In 

addition to design work, a number of studies were conducted using various 

testing techniques. One of the research directions was to determine 

approximate stress values at the contact surface between the toothed segment 

and the gang wheel tooth using resistance strain gauges. The testing 

methodology and the results, along with their analysis, are presented. It has 

been concluded that the developed testing methodology, based on resistance 

strain gauges, can be successfully used to identify stresses at the contact 

surface of the friction pair formed by the gear wheel tooth and the tooth of 

the toothed segment. Stresses determined from the measured strains for a 

single gear wheel provide repeatable results after approximately twenty 

contacts between the gear wheel and the gear segment. A higher number of 

loads results in the strain gauge system becoming decalibrated, leading to 

significant discrepancies in the results or a loss of the strain gauges' 

measurement capabilities. 
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Introduction 

 

Longwall shearers used in hard coal mining are equipped with a haulage system that allows the machine to 

move along the mining face and to load the mined material. Over the fifty-year history of longwall shearer 

operation, chainless haulage systems with a toothed or pin-type drive wheel have been tested (Mackie et al., 1987; 

Langefeld & Paschedag, 2019; Sikora et al., 2003; Korski, 2021A), as well as systems such as Rackatrack, 

Peratrack, and Dynatrack, described in publications such as (Korski, 2021B; Fennelly, 1978; Braun, 1983). 

Currently, chainless haulage systems such as Eicotrack, Megatrack, and Gigatrack are widely used in hard coal 

mines, and their design and operating principles are described in publications (Sikora et al., 2005; Korski, 2020; 

Fries, 2003). These systems, commonly used, have a number of advantages and a major disadvantage resulting 

from the rigid design of the toothed bars (Kotwica et al., 2023; Giza & Mann, 2005; Piekło et al., 2016; Giza et 

al., 2003), the unfavorable features of which are demonstrated by premature wear of the teeth of the gang wheels 

and the pins in the toothed bars on non-linear sections of the face conveyor route (Twardoch et al., 2016; Kotwica 

et al., 2021; Kovanič et al., 2021). The rigid attachment of the toothed bar segments (ladders) to the gate supports 

prevents their movement, especially in the horizontal plane, which changes the position of the toothed bar relative 

to the gang wheel during bending of the scraper conveyor route. This leads, on one hand, to a disturbance of the 

pitch between the extreme pins of adjacent ladders and a change in the distance between the pins of the toothed 

bar segments and the axis of rotation of the gang wheel. These unfavorable phenomena, in turn, lead to so-called 

tooth edging, which results in excess dynamic forces that increase wear on the shearer gang wheel. On the other 

hand, tooth edge wear significantly exceeds the pressure stress values at the mating surfaces of the gang wheel and 

the rack, leading to excessive wear of the gang wheel on shearer loaders. These phenomena have been intensified 

with increasing drivetrain power and shearer weight (Zachura & Żuczek, 2014; Kovanič et al., 2023; Gondek et 

al., 2000; Matsui & Shimada, 1996).  

As part of the KOMTRACK research project carried out jointly by the KOMAG Institute of Mining 

Technology, the AGH University of Science and Technology, the Łukasiewicz Research Network – Krakow 

Institute of Technology, Specodlew Innowacyjne Przedsiębiorstwo Odlewnicze and the Polish Mining Group S.A., 

co-financed by the European Regional Development Fund (contract no. POIR.04.01.04-00-0068/17), an 

innovative advance system was developed, characterized by flexibility (Kotwica et al., 2023) and the ability to 

adjust the toothed segments installed in the guides to the current position of the gang wheel (Fig. 1). 

 

  
Fig. 1. KOMTRACK advancing system – cooperation of the shearer track wheel with the tooth segment 

 

 
Fig. 2. Yield of the KOMTRACK advancing system: a) horizontal plane, b) vertical plane  
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The KOMTRACK system consists of guides attached to the conveyor trough and toothed segments placed in 

it. This system offers an advantage over previously used advancing systems as it allows the toothed segments to 

move relative to each other. This mobility in the horizontal and vertical planes, without changing the pitch, is 

enabled by toothed segments that contact each other with spherical surfaces. (Fig. 2). 

In the KOMTRACK project, tests were planned to understand the nature of the friction pair between the gear 

wheel and the toothed segment, using strain gauges (Roliński, 1981; Iriarte et al., 2021). The friction pair in the 

advancing system has a contact across the mesh width, as is the case with gear transmissions (Shanran et al., 2023; 

Lingaiah & Ramachandra, 1977; Huang & Su, 2013). Therefore, the use of strain gauges as a method for 

determining stresses at the friction pair contact point is not possible due to damaging (crushing) the strain gauges. 

The problem of determining stresses in gear teeth is extensively discussed in (Park et al., 2024; Paucker et al., 

2019; Zuo et al., 2025; Raghuwanshi & Parey, 2016; Syzrantsev & Syzrantsev, 2017; Link et al., 2013; Lisle et 

al., 2017; Lisle et al., 2019). In these papers, the authors present results from strain-gauge measurements of stresses 

at the tooth base, without addressing the problem of determining stresses at the tooth contact surface. To determine 

the actual stresses in the toothed segment resulting from the gang wheel's action, a simplification was applied, as 

shown in Fig. 3.  

 

              
Fig. 3. Toothed segment prepared for gluing strain gauges on the side guides and on the tooth flank 

 

For testing purposes, indentations in the toothed segment of the advancing system were made, both on the 

side guides and in the center of the tooth flank. These indentations allowed for the attachment of strain gauges, 

positioned and oriented in the direction of strain measurement, along with the routing of electrical cables, as shown 

in Fig. 4. 

 

  
 

Fig. 4. Arrangement and orientation of strain measurement directions Fig. 5. Wheatstone bridge diagram 

 

Measuring systems containing resistance strain gauges consist of an input circuit, an amplifier, and an output 

circuit that interfaces with sensitive devices that record changes in the resistance of the measuring components. 

Most often, the input circuit, including the strain gauges and the power supply, is implemented in a bridge 

configuration. To enable further processing and analysis of the signals coming from the bridge, an amplifier is 

used in the measuring line. When analyzing the operation of half-bridge strain gauge systems, it is convenient to 

consider a full Wheatstone measuring bridge (Roliński, 1981; Hoffman, 1989; Jung, 2022; Kitchin, 2004) (Fig. 5). 

The bridge, supplied with constant voltage UE, produces a voltage UA at its output, described by the following 

relationship (1): 

 
𝑈𝐴

𝑈𝐸
= (

𝑅1

𝑅1+𝑅2
−

𝑅3

𝑅3+𝑅4
)                                                                      (1) 

 

The initial resistance of the strain gauges R1 ÷ R4 is the same and equal to R. After setting the strain gauge 

resistance increment (due to deformations), the relationship (1) can take the following form (2): 
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𝑈𝐴

𝑈𝐸
=

1

4
(
𝛥𝑅1

𝑅1
−

𝛥𝑅2

𝑅2
+

𝛥𝑅3

𝑅3
−

𝛥𝑅4

𝑅4
)                                                              (2) 

 

In the half-bridge circuit, only strain gauges R1 and R3 remain active. For the remaining ones, the resistance 

increase is constant and equal to 0 for the entire processing range. With this assumption, relationship (2) can take 

the following form (3): 

 
𝑈𝐴

𝑈𝐸
=

1

4
(
𝛥𝑅1

𝑅1
+

𝛥𝑅3

𝑅3
)                                                                     (3) 

 

Further analysis should be performed for two cases: 

• for a single active strain gauge (used in the measurements), 

• for two active strain gauges. 

For two active strain gauges, equation (3) remains unchanged, while for a single active strain gauge, equation 

(3) takes the following form (4): 

 
𝑈𝐴

𝑈𝐸
=

1

4
(
𝛥𝑅1

𝑅1
)                                                                          (4) 

 

Since all strain gauges in the half-bridge configuration have the same characteristic resistance, it can be 

assumed that R1 = R3 = R. Thus, it can be assumed that for a single active strain gauge, equation (4) takes the 

following form (5): 

 
𝑈𝐴

𝑈𝐸
=

1

4
(
𝛥𝑅

𝑅
)                                                                           (5) 

 

For two active strain gauges, equation (3) can be written in the following form (6): 

 
𝑈𝐴

𝑈𝐸
=

1

2
(
𝛥𝑅

𝑅
)                                                                            (6) 

 

Using the relationships (5) and (6), we can determine the relative deformation ε. For the case where a single 

strain gauge is active, the relationship for relative deformation takes the following form (7): 

 

𝜀 =
4

𝑘
⋅
𝑈𝐴

𝑈𝐸
                                                                               (7) 

 

However, for a system of two active strain gauges, the relative deformation takes the following form (8): 

 

𝜀 =
2

𝑘
⋅
𝑈𝐴

𝑈𝐸
                                                                              (8) 

 

where: 

 ε – relative deformation, 

k – strain gauge constant (for TF-5/120 strain gauges, it was 2.15 ± 0.5%). 

According to Hooke's Law (9): 

𝜎 = 𝐸 ⋅ 𝜀                                                                               (9) 

where: 

 ε – relative deformation, 

E –Young's modulus (modulus of longitudinal elasticity),  

and by substituting equations (7) or (8) into it, one can determine the relationship defining the stresses 

expressed: 

 for a single active strain gauge (10): 

 

𝜎 = 𝐸 ⋅
4

𝑘
⋅
𝑈𝐴

𝑈𝐸
                                                                         (10) 

 

 for two active strain gauges (11): 

 

𝜎 = 𝐸 ⋅
2

𝑘
⋅
𝑈𝐴

𝑈𝐸
                                                                          (11) 
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Test stand and methodology of testing using the resistance strain gauges 

 

Functional tests of the KOMTRACK haulage system required the development of a test stand, testing 

methodology, and appropriate preparation of the gear segments. The test methodology involved successive travels 

of the shearer loader along the KOMTRACK track and recording the selected physical parameters. It was assumed 

that the interaction between the gang wheel and the gear segments would be continuously monitored during the 

tests, via video recording of most runs. During each travel, the shearer was braked by a winch brake installed at 

the beginning of the route. The return travel was without the load. 

The functional tests were planned for two main aspects. The first aspect of the tests was to verify the correct 

operation of the haulage system through successive runs along the shearer track, braked by the winch brake. The 

second aspect of the tests was to determine the stress values generated at selected locations on the gear segments 

due to contact with the gang wheel using strain-gauge measurements. In the case of measurements using resistance 

strain gauges, the number of travels was of secondary importance. The most important factor was to obtain the 

measurement data from the strain gauges and other sensors, recorded on a common time axis. 

The program assumed tests on three tracks: a straight track, symbolically marked P (Fig. 6), a track with a 

horizontal bend, marked S (Fig. 7), and a track with a vertical bend, marked G (Fig. 8).  

 

 

 
Fig. 6. Test track of straight profile P 

 

 

 
Fig. 7. Test track with a profile bent in the horizontal plane S 

 

 

 
Fig. 8 Test track with a profile bent in the vertical plane G 

 

For the tests, a ~50-meter-long section of the longwall complex equipped with the KOMTRACK haulage 

system was prepared at the storage yard of the Piast-Ziemowit coal mine (Ruch Piast). The toothed segments were 

placed in 66 guides. The guides, in turn, were attached to the conveyor troughs. Powered roof supports were 

installed along the length of the complex, enabling shaping of the shearer route profile. The complex was equipped 
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with a KSW-1140 longwall shearer manufactured by FAMUR S.A. The shearer haulage system was equipped 

with hydraulic tensioning systems located at both ends of the route. 

Resistance strain gauge tests first required properly preparing the toothed segments and applying strain gauges 

to their surfaces. A total of 44 toothed segments were prepared for resistance strain gauge tests. (Fig. 9).  

 

 
Fig. 9. Toothed segments prepared for testing with attached strain gauges and signal cables 

 

Three types of toothed segments were prepared for strain gauge testing. Some were equipped with two strain 

gauges mounted on the tooth flank surface interacting with the gang wheel (Fig. 10).  

 

     
Fig. 10. Toothed segment with two strain gauges glued on it (one on each tooth flank) 

 

Some were equipped with four strain gauges, mounted on each side of the surface in contact with the gang 

wheel (Fig. 11).  

 

     
Fig. 11. Toothed segment with four strain gauges glued on it (two on each tooth flank) 

 

The last type consisted of the segments with six strain gauges (Fig. 12), which, in addition to being mounted 

on the tooth flank, also had strain gauges on the side guides. 
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Fig. 12. Tooth segment with six strain gauges glued on it (two on the tooth flank and one on each side surface) 

 

As part of the preparatory work for the tests, the strain gauges were connected with signal cables and plugs, 

which significantly simplified assembly of the measuring lines on the test stand. Furthermore, to protect the strain 

gauges and soldered joints from atmospheric conditions (especially moisture), appropriate adhesive coatings and 

additional silicone sealants were applied. 

In parallel with the process of preparing the gear segments for testing, analytical work was conducted to 

determine the installation locations for the gear segments equipped with strain gauges in the track. Taking all 

boundary conditions into account, the installation locations for each gear segment were determined according to 

the diagram shown in Fig. 13. 

 

 
 Fig. 13 Diagram of the arrangement of toothed segments on each type of track 

 

For each type of track (P, S, and G), strain gauge tests were planned on two stands located approximately 

halfway along the track. To identify each type of toothed segment, markings were used, including the number of 

strain gauges attached to the segment and the sequential number of the measuring point (for example, 3/4T 

indicates the third measuring point with four strain gauges attached to the segment). During each test run, 

simultaneous recording (on a common timeline) of the signals from twenty-two strain gauges, along with the 

pressure signals in the tensioning system (at the beginning and end of the test track), the load force on the shearer, 

and the shearer's electrical parameters (current), were planned. 

According to the art of strain gauge measurements, temperature compensation was also implemented. For 

this purpose, plates with compensation strain gauges were prepared (Fig. 14) (Roliński, 1981; Hoffman, 1989; 

Jung, 2022; Kitchin, 2004), the number of which corresponded to the number of strain gauges installed on the 

toothed segment. The prepared compensation plates, similarly to the toothed segments, were protected against 

moisture using an adhesive and silicone coating. 
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Rys. 14. Plates with compensation strain gauges corresponding to toothed segments covered with strain gauges in the following numbers:  

a) six, b) four, c) two 

 

To verify the accuracy of the manufactured test pieces of toothed segments with attached strain gauges, the 

research team tested individual pieces on a testing machine (Fig. 15).  

 

 
Fig. 15. Preliminary tests of toothed segments with attached strain gauges on a testing machine 

 

Selected segments were subjected to compression tests to determine stress at the strain-gauge locations. These 

tests were intended to ultimately verify the segments' correct manufacture before submitting them for functional 

testing. Test loads on the toothed segments demonstrated the correct installation of the strain gauges and confirmed 

the ability to record strain values. As a result of applying a compressive force, strain values were recorded, and 

after removing the force, the strain gauges returned to their initial values. This confirmed the correct installation 

of the strain gauges and their operation within limits that did not cause permanent deformation. 

 

Tests using the resistance strain gauges 

 

Toothed segments, covered by strain gauges, were installed in the selected locations along the track, including 

straight sections P and areas of straightness distortion resulting from deflections in the horizontal plane S and 

vertical plane G. Figure 16 shows examples of the installation of all three types of toothed segments with two, 

four, and six attached strain gauges. All signal cables were led outside the track using the process holes in the 

guide base (Fig. 17). 

 

a)

 

b)

 

c)

 
Fig. 16. Toothed segments installed on a test stand with the following number of strain gauges: a) two, b) four, c) six 

 

Figure 17 also shows the location of the measuring toothed segment installed along the longwall complex, 

with the marking of the shearer's travel directions (with and without a load). 



Marek KALITA et al. / Acta Montanistica Slovaca, Volume 30 (2025), Number 4, 845-863 
 

853 

 
Fig. 17. Method of routing signal cables after installing the toothed segments with strain gauges glued in the guide 

 

Each measuring line (active strain gauge on the toothed segment and compensating strain gauge) in the form 

of a half-bridge system (with one active strain gauge) was connected to a data acquisition and recording system 

consisting of a set of three SPIDER-8 amplifiers and a PC recording computer installed in a mobile measuring 

station. (Fig. 18). 

 

   
Fig. 18. Mobile measuring station enabling recording and archiving of the data during strain gauge tests. 

 

Toothed segments with attached strain gauges enabled the measurement and recording of the deformation of 

the material beneath the strain gauges and in their immediate vicinity as a result of the shearer's travel. Based on 

the identified material deformation state, it was possible to determine the stresses at the moment of contact between 

the gear wheel tooth and the flank of the toothed segment. Examples of the parameter curves recorded during the 

strain-gauge tests (stress, pressure, force, and electrical power) are shown in Fig. 19. 

 

  

 
Fig. 19. Examples of parameters recorded during the strain gauge tests. 
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Test results analysis 

 

As part of the KOMTRACK project, a series of tests and computer simulations were conducted, described in 

(Kotwica et al., 2019; Kalita, 2019; Kalita et al., 2020). Analyses of the test results and simulations of the longwall 

shearer advance system formed the basis for planning the tests using the resistance strain gauges described in this 

paper. During the tests, care was taken to ensure that the recorded current parameters, system loads, and strain 

gauge responses were aligned on a common time axis. This approach enabled analysis of the test results, 

assessment of the suitability of the applied method for determining the mating friction pair stresses, and 

determination of these stresses. As shown in Fig. 19, the amount of recorded measurement data on a common time 

axis appears chaotic. This is the response of each strain gauge to the load induced by the gang wheel's passage, as 

well as the current parameters and the force loading the shearer. A deeper analysis of the measurement data and 

the separation of each signal enabled the determination of stress values at the strain gauge locations. The presented 

curves show that each time the gang wheel contacts a toothed segment (a toothed segment with strain gauges 

attached), there is a momentary increase in compressive stresses on the side of contact between the two teeth and 

tensile stresses on the opposite, unloaded side of the tooth. Example stress curves, determined based on the strain 

gauge tests, are shown in Fig. 20 and Fig. 21.  

 

  
Fig. 20. Sample stress values determined for a toothed segment with two strain gauges attached. 

  

 
Fig. 21. Sample stress values determined for a toothed segment with four strain gauges attached 

 

The frames indicate the portions of the graphs that correspond to the instant of contact between the gang 

wheel and the flank of the toothed segment. Positive stress represents the response of the strain gauge attached to 

the side, where the flank of the gang wheel tooth contacts the flank of the toothed segment. Negative values 

represent the response of the strain gauge installed on the other (unloaded) side of the toothed segment. 

As mentioned earlier, during the tests, the shearer was loaded with a force generated by the winch braking 

system. Figure 22 shows an example graph of the force recorded during the shearer travel. The recorded load 

varied from 45 kN to 90 kN. The average load to the shearer was 63.5 kN.  
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Fig. 22 Graph of the recorded load force on the shearer and its average value 

 

During the tests, the shearer moved both loaded and unloaded, covering a route with strain gauges installed 

on toothed segments. Figure 23 shows sample stress graphs determined for toothed segments with two strain 

gauges attached.  

 

 

 
Fig. 23 Compressive and tensile stress diagrams determined for toothed segments with two strain gauges attached 

 

Figures 24 and 25 show stress determined based on strain gauge tests for several selected toothed segments. 

As shown in the graph, the determined stress values due to shearer braking are approximately 20%-35% (27% on 

average) higher than the stresses generated on the toothed segment loaded by the shearer gang wheel while 

traveling unloaded. 
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Fig. 24. Stresses resulting from the action of the first wheel on the toothed segment of the advance system – 

the case of the shearer traveling with and without a load 
 

 
Fig. 25. Stress generated by the action of the second gear on the toothed segment of the advance system –  

the case of a loaded and unloaded shearer travel. 

 

The test also included an analysis of stresses determined based on deformations recorded by strain gauges 

installed on the same toothed segment, on opposite sides of the tooth. Fig. 26 presents the stress for a loaded 

(braked) shearer run, while Fig. 27 presents the stress values for an unloaded shearer run. 

 

  
Fig. 26. Stresses in the shearer when travelling with a load Fig. 27. Stresses in the shearer when travelling without a load 
 

Based on the results, it was found that during the shearer run under load (Fig. 26), the compressive stresses 

generated by the gang wheel are higher than the tensile stresses on the opposite side of the tooth. A similar situation 

occurs when the shearer runs without a load. In this case, the change in travel direction causes compressive and 

tensile stresses on the opposite sides of the toothed segment than during the run with a load, while the determined 

values are lower. Compressive and tensile stresses, determined based on the deformations recorded by pairs of 

strain gauges installed on the same tooth, are illustrated in Fig. 23. This stress state is indicated by negative values 

(in the direction of action) of compressive stresses and positive values of tensile stresses. The identified 

relationships confirm that the applied testing method and the adopted simplifications in tooth geometry, which 
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enabled the attachment of strain gauges, enable the determination of stress in the tooth of a toothed segment of a 

longwall shearer advance system subjected to bending. Stress values were determined similarly for toothed 

segments with four strain gauges attached. Example graphs of the determined compressive stresses and the 

corresponding tensile stresses are shown in Fig. 28. 

   

 

 
Fig. 28. Compressive and tensile stress graphs determined for toothed segments with four strain gauges attached. 

 

The stress values for each strain gauge are given in Fig. 29-32. In this case, the determined stresses generated 

at the locations of strain gauges "a," "b," "c," and "d" as a result of the shearer-loaded run are higher than the 

stresses determined for the unloaded run. As with the toothed segments with two strain gauges attached, the 

difference between the stress values is similar, ranging from 28% to 30% (average 29%). 

 

 
Fig. 29. Stresses generated at the place of attachment of the strain gauge "a" as a result of driving the shearer under  

a load and without load 
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Fig. 30. Stresses generated at the place of attachment of the strain gauge "b" as a result of driving the shearer under  

a load and without a load 
 

 
Fig. 31. Stresses generated at the place of attachment of the strain gauge "c" as a result of driving the shearer under  

a load and without a load 

 

 
Fig. 32. Stresses generated at the place of attachment of the strain gauge "d" as a result of driving the shearer under  

a load and without a load 
 

Based on the results, it was also possible to analyze the stress for strain gauge pairs "a"–"c" and "b"–"d" 

installed at different heights on the tooth flank of the toothed segment, on opposite sides. The results are illustrated 

in Fig. 33 and Fig. 34.  
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Fig. 33. Comparison of stress values determined for the places of the strain gauges "a" and "c" - upper part  

of the toothed segment flank 

 

  
Fig. 34. Comparison of stress values determined for the places of gluing the strain gauges "b" and "d" - lower part of the toothed 

segment flank 

 

Pair of strain gauges "a"–"c" measured strains in the upper part of the toothed segment flank, while pair "b"–

"d" was placed in the lower part, at the base (Fig. 11). Depending on the strain gauge location, the results differ in 

magnitude and direction of action. The stresses determined based on measurements for strain gauge "a" are of 

tensile nature, and their values are lower than those determined for the counterpart "c," for which the stresses are 

of compressive nature. The stresses determined based on data recorded by strain gauges "b"–"d" are identical in 

nature, although their values differ. As the tooth in the toothed segment is thicker at the bottom (at the base), 

compressive stresses are higher than the tensile stresses determined on the opposite side of the toothed segment. 

The identified stress state confirms that less deformation occurs in the lower part of the tooth than in its upper part. 

As mentioned in the introduction, the developed test stand and testing methodology allowed for carrying out 

the tests on the straight track P (Fig. 6), S (Fig. 7), and G (Fig. 8). Based on the collected data, the stress values 

generated at the locations where strain gauges "a," "b," "c," and "d" were attached for loaded shearer travel on 

track P and G (Fig. 35-38) were compared.  

 

 
Fig. 35. Comparison of stress at the place of the strain gauge "a" when the shearer is driven on the P and G type track. 
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Fig. 36. Comparison of stress at the place of the strain gauge "a" when the shearer is driven on the P and G type track. 

 

 
Fig. 37. Comparison of stress at the place of the strain gauge "c" when the shearer is driven on the P and G type track 

 

 
Fig. 38. Comparison of stress at the place of the strain gauge "d" when the shearer is driven on the P and G type track 

 

This article does not consider the test results for track S. As expected, the determined stress at each analyzed 

location is higher for travel on track G than for track P. Repeatability of the results was observed for both loaded 

and unloaded travels. Furthermore, there was a high degree of compliance in the difference between the determined 

stress values, which averaged 35% across each strain gauge. 
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Conclusions 

 

The innovative shearer advance system, developed as part of the KOMTRACK project (contract no. 

POIR.04.01.04-00-0068/17), is characterized by the flexibility and the ability of the toothed segments to 

continuously adjust (keeping pace with load and the changing geometry of the face conveyor route) to the shearer 

gang wheel. This functionality, a distinctive feature compared to other shearer advance systems, was achieved 

through the special design of the guides and toothed segments. The project, co-financed by the European Regional 

Development Fund, provided an excellent opportunity for a series of functional, engineering, and material tests 

using various testing technologies. Resistance strain gaging is one of the testing technologies. With regard to the 

testing facility, which is designed for operation in harsh mining conditions in areas at risk of methane and/or coal 

dust explosions, the only possible location for this type of test was a test (laboratory) stand constructed on the 

surface storage yard of the Piast-Ziemowit Coal Mine (Ruch Piast). 

Within the framework of the research work opportunities, the KOMAG Institute attempted to use resistance 

strain gauges to determine approximate values of the stresses generated at the contact surface between a toothed 

segment and the flank of a gear wheel tooth, and to verify the strength of the mating friction pair. For this purpose, 

special toothed segments were developed and manufactured, allowing for the attachment of strain gauges to their 

surfaces. 

During the tests, successive travels of the longwall shearer along the P, S, and G tracks were made. The results 

of tests using resistance strain gauges to measure shearer travel along the P and G tracks with toothed segments, 

with two and four strain gauges, were presented. During outward travel, braking force was simulated, and during 

return travel, the shearer operated without a load. As a result of the tests, a large amount of measurement data was 

collected, including strain-gauge responses, braking force, pressure in the track-tensioning system, and shearer 

electrical parameters. 

The tests allowed us to determine the stresses generated near the friction pair contact surface as a function of 

the constant load applied to the shearer, and then compare the results with those for travel without a load. For 

obvious reasons, the determined stresses cannot be considered surface pressure values at the tooth flank, but they 

nevertheless provide an insight into the stress state resulting from the friction pair interaction. Furthermore, the 

tests confirmed the basic relationships between compressive stresses on the side of the applied load and tensile 

stresses on the opposite side of the tooth (tooth bending). High consistency and repeatability of the results were 

also observed, with values varying within a range of 20-30%. The tests indicate that the applied resistance strain 

gauge method is effective and can be used to identify stresses near the contact surface of the friction pair formed 

by the tooth of the gang wheel and the tooth of the toothed segment in the longwall shearer advance system. Stress 

determined from measured deformations of a single toothed segment yields repeatable results after more than 20 

contacts between the gang wheel and the toothed segment. In some cases, a greater number of load cycles can 

cause decalibration of the strain gauge system, leading to increasing discrepancies in the results or a complete loss 

of measurement capabilities. During the tests, it was found that in several strain gauges, despite the required care 

and appropriate safeguards, the adhesive bond was damaged, and the strain gauge lost its measuring properties. 

The tests with resistance strain gauges also allowed comparison of the measured stress results with those from 

numerical analyses using the finite element method. In the FEM calculations, when defining the boundary 

conditions, the values of the compressive forces on the toothed segments generated by the tensioning systems 

(determined on the basis of recording the pressure in the hydraulic cylinders) and the values of the shearer braking 

force applied by the hydraulic winch brake were used during the functional tests. Preliminary results of these 

analyses are presented in (Kotwica et al., 2023). FEM analyses of the toothed segments, taking into account the 

operating parameters of the advanced system recorded during the strain gauge tests, and their comparison, due to 

the complexity of the issues, will be the subject of a subsequent scientific article. 
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