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Abstract. The paper presents results of simulation of stress-strain state of disk tools attachment points 

on tetrahedral prisms of working bodies of multipurpose roadheaders while cutting of coal and rock 

faces. 

Introduction 

Development of technologies in coal mines, increase of coal extraction speed, implementing of 

complex mechanization and automation of manufacturing methods of coal production by 

underground methods increases demands to the mining equipment with a view to reduction of a 

specific energy consumption [1, 2]. Geological and mining conditions of the openings to surface in 

coal mines of Russia are very diverse and vary not only within a single region, but within a single 

mine. Differences in thickness and seam inclination, methods of openings and primary mining, host 

rock physical-mechanical properties, depth of occurrence, abundance of water and gas emission 

determine the variety of cross-section types, technology and mechanization during opening-to-surface 

works. 

Experience in the design and operation of boom working bodies of multipurpose tunneling 

machines identified both advantages and disadvantages of numerous engineering solutions and 

designs used in mining and underground construction [3]. 

The main advantages of bit boom working bodies include: 

- possibility of selective extraction of structurally inhomogeneous rock mass, such as coal rock;  

- providing a wide range of excavation shapes and cross-sections that are convenient for the 

subsequent stabilizing and laying underground utility system; 

- widening the scope of roadheading machinery for mechanization of room-and-pillar mining; 

- overlapping of cutting and loading of rocks of different physical and mechanical properties; 

- ensuring availability of the face and workspace for technical inspection and repair with easy 

retreat of the roadheader from the face space;  

- interaction with a variety of self-propelled machines and mechanisms of floor and  overhead 

monorail types in forming of mechanized mining complexes;  

- drilling of technology wells and cutting of side chambers in the walls of excavations, as well as 

holes for roof supports and drainage grooves. 

The main disadvantages of multipurpose tunneling machines are: 

- console mounting of the boom working body to the base frame, that leads to a loss of stability if 

intensive modes of operation;  

-  sharp decline in performance if coal is replaced by rocks;  
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- high dynamics, vibration, noise and dust in the workspace; a shorter service life of rock cutting 

tools, bit housings, loading and conveying elements of different loading machines; 

- low loading capacity in working areas; 

- low efficiency of lump crushing in the face space on the face ground in the area of the loader 

feeder desk; 

- increased danger when driving mine workings in unstable free-caving rocks and quicksands; 

- low efficiency of the bits when cutting into rock on a transverse operating width at the beginning of a 

next driving. 

Working bodies of multipurpose tunneling machines with longitudinal axial bits square face up 

more accurately, without significant rock discrepancy and mechanize cutting of drainage grooves 

and drilling holes for roof supports; their shapes and sizes are better adapted to multipurpose 

excavation. 

Working bodies of multipurpose tunneling machines with longitudinal axial bits under prevailing 

horizontal movements are characterized by increased stability of frame subsystems and electric 

drive of propulsor subsystems, by decrease in dynamic stress of power subsystem elements 

especially during the excavation in hard and complex rocks.  

A full cycle of arcwall face treatment with axial bits includes a large number of sequential operations: 

a frontal cut; a vertical cut; a side cut. Excavation by vertical stripes is also possible. 

Performing cuts by the working body depends on the boom position: boom advancement into the 

face performs a frontal cut; boom lift performs a vertical cut up; boom lowering performs a vertical 

cut down [4]. 

The main advantage of the working bodies with cross-axial bits if compared to that with 

longitudinal axial bits is the increased stability of the machine when operating. 

The main disadvantages of the working body of this type are:  

- a lower quality of face treatment, as compared with the longitudinally axial bit, that increases 

complexity of the roof supporting and reduces the roof stability; 

- inability to cut the drain grooves and degradation of selective mining quality. 

Thus, for both types of bit working bodies the main disadvantages are: poor surface quality and face 

contour accuracy, which adversely affect the possibility of roof support mechanization. 

The main disadvantage of the working bodies of tunneling machines with cross-axial executive 

bodies is the low productivity of cutting because of an indestructible rock block in the inter-bits 

space (fig. 1, 2).  

         
Fig. 1. Working body operation: a – conventional body; b – when using disk tools with  

tetrahedral prisms on the distributing gear 

 

 
 

Fig. 2. View of multipurpose roadheader operation: a – side cutting view; b – top view after 

cutting 
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Researchers from the Department of Mining Machines and Complexes T.F. Gorbachev KuzSTU 

introduce disk tools on tetrahedral prisms in inter-bit area for efficiency of operations of the working 

body with cross-axial bits. 

On the basis of this idea, technical solutions are designed [5-7] raising efficiency of operations of 

mineral and rock cutting with working bodies with axial bits of multipurpose tunneling machines as 

P110, КP220. 

Rock cutting operation goes as follows (Fig. 1 and 2): working body boom 1 with distributing 

reduction gear 2, axial bits 3, cutters 4 and tetrahedral prisms 5 with disk tools 6 performs vertical-

rotary planning-off and simultaneously expands telescopically. 

Wherein the block (Fig. 1a), which is formed during the operation of conventional working bodies, 

is destroyed with disk tools 6 on tetrahedral prisms 5 (Fig. 1b) in inter-bits space. 

A part of distributing reduction gear housing 2 of the boom 1 is turned to face surface and is made 

as a cylindrical sector, on its surface tetrahedral prisms 5 with the disc tools 6 are mounted in 

chessboard order; these overlap the space between the cutting lines, formed by the outer cutters 4 

from the large bases of the axial bits 3 side. 

In this case radial tool overhang of disk tool wedge cutting edges 6 does not exceed radial overhang 

of the outer cutters 4 on large bases of the axial bits 3. 

This allows cutting rocks at operating widths Bз (Fig. 2a) while moving the boom 1 during cutting 

in the vertical plane (arrowed line k) with telescopic expansion (arrowed line l). On stepped 

treatment with axial bits 3 boom 1 moves (arrowed line h) to the right or to the left (Fig. 2b) in the 

horizontal plane. 

Together with the Department of Mining Equipment YTI TPU, a procedure for Finite Element 

Modeling was developed and calculation of load forces Pz, Py, Px  for disk tools mounted on 

tetrahedral prisms was tested, which were previously approved in studies of reverse radial bits with  

disk tools on triangular prisms [8, 9]. 

Figure 3 shows a Finite Element Model of a tetrahedral prism with disk tools that forming an 

additional cutting area in the inter-bit space of the road header working body. Baseline characteristics 

for calculating parameters of stress state of destructible rock masses were chosen: coal (σcompress = 

12.4; 13.5; 14.8 MPa) and rock (σcompress = 51; 60.6; 78.9 MPa). Four design versions of the disk tool  

with diameter D = 160 mm were used (three biconical with taper angles: φ = φ1 + φ2 = 25° + 5° = 30°; 

20° + 10° = 30°; 15° + 15° = 30° and a conical φ = 30°). 

 
Fig. 3. Finite Element Model of the tetrahedral prism with disk tools 

 

The calculation was made in SolidWorks Simulation. When constructing the grid, parabolic finite 

elements in the form of triangular pyramids were used. The size of finite elements was selected 

such that further increase of the grid density would not affect results of calculation significantly. 

Material for details was 35 HGSA steel and Steel 45. Forces of cutting Pz, sump Py and lateral Px 

were determined considering design of disk tools, mode parameters and characteristics of rock mass 

σ compress. Rated load forces Pz, Py, Px were applied (Fig. 3) to finite element models of the disc 

instruments with attachment points on tetrahedral prisms to obtain models of stress-strain states of 

biconical and conical disk tools (Fig. 4). 
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Fig. 4. Distribution of equivalent stresses according to Mises criterion in the attachment 

point of biconical disk tool (φ = 25°+5° = 30°) when rock mass cutting σcompress = 78,9 MPa 

 

On the basis of design solutions stated in [5-7] an original engineering solution [10] was proposed; 

tetrahedral prisms with dual disk tools are manufactured as single dismountable structural units with 

possibility of conjoint free rotation on fixed pivot axles. This provides conjoint rotation of two disc 

tools on each tetrahedral prism, and reduces the risk of blocking and wear when cutting rock masses. 

Technical solutions and test results were obtained within the base part of Ministry of Education and 

Science of Russia state order, project №632 "Investigation of technologies and techniques 

parameters for selecting and developing innovative designs to improve operating efficiency of 

multipurpose mining machines in Kuzbass." 

Summary 

It is established that static load for all tested versions of disk tool attachment points on tetrahedral 

prisms of distributing gear housings of working bodies with axial bits is distributed so that static load 

is maximum at the edge of the disc tool in the area of contact with the rock mass; it gradually 

decreases to a minimum in the area of the fixed pivot axle and the axis with thrust collar. 

It is revealed that minimum level of equivalent stress when cutting as coal (σcompress = 12,4; 13,5; 14,8 

MPa) and rock mass (σcompress = 51; 60,6; 78,9 МPа) is observed using biconical disk tools (φ = 

25°+5° = 30°; φ = 20°+10° = 30° and φ = 15°+15° = 30°), and maximum level of equivalent stress 

is observed when using the conical disk tool (φ = 30 °). 

It is specified that when changing tapering angle of the biconical disk tool from asymmetric  

(φ = 25°+5° = 30°; φ = 20°+10° = 30°) to symmetric (φ = 15°+15° = 30°), decrease in the estimated 

level of the maximum equivalent stress with all versions of the load occurs. 

It is proved by the static FEM simulation of coal cutting operations in the range of compressive 

strength σcompress  = 12,4÷78,9 MPa that indicators of stress-strain state of structural elements of the 

disk tools with attachment points, manufactured on the proposed engineering solutions, provide a 

guaranteed safety margin for steels (35HGSА, St. 45). 

The chart of the disk tool layout on the distributing gear housing between the axial bits of the 

roadheader working body is recommended, with the placement of conical discs in the central zone 

and biconical disks - across the width of inter-bit space. 
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