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Abstract: The paper deals with a series of innovative solutions of equipment devised i
the efficiency of mechanized coal faces 
fect of the increased face height on
a new concept of mechanized extraction complex
constructive changes on the shearer, on the face conveyor and shields, 
shearer’s body and the drums symmetrically related to its longitudinal axis, a new concept o
lowing the reduction of height and offering accessibility to chains and  flight bars
of shield allowing the increase of operating height with a shortest 
ics in a wider range of working heights. The proposed system is only a concept, the  refining of it being 
suitable for the construction of a new generation of mechanized longwall fa
height, with relevant  advantages in terms of productivity.
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1.  INTRODUCTION 1  
 

The fully mechanized longwall (Fig. 1
used method in underground coal mines worldwide.

The longwall complex equipment consists 
three specialized equipment, devoted to fulfill specific 
unit operations: the shearer-loader, which realize the 
breaking of coal in massif and the loading
coal on the armored face conveyor (AFC); this second 
equipment has as main function to haul the produced 
out from the face towards the main transportation chain 
of the mine, and a first secondary function to act as a 
sliding way for the shearer loader, and finally, a second 
auxiliary function to be a rigid connection element for 
the support shields; the support shields, arranged along 
the face, realize the support of the face roof, and to co
trol the gob  laying down behind the face. 

The main parameters of a longwall face, as a basic 
production system in underground coal mining, are 
panel width, face height and panel length. 

As the literature and the acquired experience shows, 
the longwall face output increase is driven by
three design factors [1]. 

All these factors are limited both by 
try of coal seam and technological design decision
bles. As the face width is actually limited by technolog
cal factors (installed power of AFC drives)
300‒400 meters and the panel length, in favorable 
tions can reach values from a few hundred meters to 
kilometers, the height of face is determined by the thic
ness of the seam.  
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The paper deals with a series of innovative solutions of equipment devised i
the efficiency of mechanized coal faces in thick seams which avoids the inconveniences relat

t on the on shearer, armored face conveyor(AFC) and shield supports, 
concept of mechanized extraction complex. The presented system encompasses

constructive changes on the shearer, on the face conveyor and shields, such as a new po
ums symmetrically related to its longitudinal axis, a new concept o

ing the reduction of height and offering accessibility to chains and  flight bars and 
e of operating height with a shortest canopy, and offering a better kinema

range of working heights. The proposed system is only a concept, the  refining of it being 
suitable for the construction of a new generation of mechanized longwall faces with increased working 

ages in terms of productivity. 
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In seams with thickness until 4
ture technological solutions, using the so
mining [2]. If the thickness is greater than 5 m, the multi
slice (Fig. 2) or top coal caving
utilized. 

Both methods are rationale if the thickness of the 
seam is greater than 10 meters, 
method, and no less than 6 meters 
method because the height of an individual slice less than 
3 m lead to other inconveniences
tivity and difficult roof control, the upper slice having 
natural roof and the lower one artificial roof
 

Fig. 1. General view of a classical 
mining system

 
 

Fig. 2. Schematics of a multi
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In seams with thickness until 4‒5 meters they are ma-
using the so-called one slice 

If the thickness is greater than 5 m, the multi-
2) or top coal caving (Fig. 3) method can be 

methods are rationale if the thickness of the 
seam is greater than 10 meters, in case of top coal caving 

no less than 6 meters in case of multi-slice 
height of an individual slice less than 

3 m lead to other inconveniences, such as limited produc-
tivity and difficult roof control, the upper slice having 

nd the lower one artificial roof [3]. 

  
 

General view of a classical  fully mechanized  longwall 
mining system. 

 
 

Schematics of a multi-slice mining system. 
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Fig. 3. Schematics of a mechanized top coal caving mining 

system. 
 
 
 

The one slice mining (full thickness mining) at seams 
with 5, 6 or 7 meters do not have yet a mature solution, 
because in this height range the technical solutions ca
not be extrapolated from those used in 
because this implies major technical pr
the equipment behavior and functionality

One of the problems is that not satisfactory constru
tive solution for support shields with working height 
were  devised and manufactured, mainly because height 
increase lead to dramatic increase of other dimensions , 
i.e. canopy length, shield length and weight. 

The second problem, is the corresponding increase of 
cutting height of the shearer-loader, which lead to drum 
diameters greater than 3 m, excessive length 
ranging arms, great installed power of electric drives, 
dimensions of embedded gearboxes, and last but not least 
the stability in transversal direction due to asymmetric 
location of drums and need to ensure enough clearance
underneath the shearer main body to allow the haulag
extracted coal flow.  

The third problem is coming from the influence and 
interdependence between the parameters of the three 
production system’s elements, and is related to the a
mored face conveyer (AFC). 

It increases in dimensions, weight, installed
because of the increased  flow of extracted coal and su
plementary mechanical loads due to the need to support a 
heavier shearer loader and increased maneuver forces 
from the support.  

Taking into account the above mentioned issues, our 
research team proposed an integrated solution 
only at concept level ‒ which tries to solve this problem. 

Some parts of the technical solutions presented in the 
paper are subjects to patent proposals under evaluation. 

 
 

2.  ACTUAL SITUATION 
 

A fully mechanized longwall coal face consist mainly 
in three interoperating correlated equipment. i.e. the 
shearer loader, (Fig. 4) the face support shields
and the armored face conveyor (Fig. 6). 

In case of great height, the drums of the shearer,
roughly with diameter equal to the half of the face height, 
can reach on actual designs 2‒3 meters
extraction height of maximum 4‒6 meters

The width of drums, equal with the advance step of 
the face, is limited to max 0.6‒0.7 m, and this is 
ard dimension for AFC width and shield support advance 
step. 
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Schematics of a mechanized top coal caving mining 

kness mining) at seams 
do not have yet a mature solution, 

technical solutions can-
those used in thinner seams, 

problems related to 
the equipment behavior and functionality [4]. 

not satisfactory construc-
tive solution for support shields with working height 
were  devised and manufactured, mainly because height 

ase of other dimensions , 
i.e. canopy length, shield length and weight.  

The second problem, is the corresponding increase of 
loader, which lead to drum 

rs greater than 3 m, excessive length of drum 
installed power of electric drives, 

dimensions of embedded gearboxes, and last but not least 
the stability in transversal direction due to asymmetric 
location of drums and need to ensure enough clearance 

the shearer main body to allow the haulage of 

The third problem is coming from the influence and 
interdependence between the parameters of the three 
production system’s elements, and is related to the ar-

, weight, installed power 
because of the increased  flow of extracted coal and sup-

due to the need to support a 
heavier shearer loader and increased maneuver forces 

Taking into account the above mentioned issues, our 
m proposed an integrated solution – for now 

to solve this problem.  
Some parts of the technical solutions presented in the 

paper are subjects to patent proposals under evaluation.  

coal face consist mainly 
in three interoperating correlated equipment. i.e. the 

) the face support shields (Fig. 5) 
).  

In case of great height, the drums of the shearer, 
roughly with diameter equal to the half of the face height, 
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the advance step of 
0.7 m, and this is a stand-

ard dimension for AFC width and shield support advance 

The rationale of this value is dictated by roof stability 
reasons, related to maximal value of unsupported roof in 
front of the tip of the shield’s canopy. This 
influences the role of the face height as a secondary p
rameter in increasing the transversal cross section area of 
the face, with the inherent negative effects related to 
height increase.  

 
 

 
Fig. 4. Schematics of a shearer-loader
2 ‒ haulage unit; 3 ‒ energy distribution; 4

nism. 
 

a 

b 
Fig. 5. a ‒ Schematics of a longwall support shield

matics of four bar (lemniscate) 
 

 
Fig. 6. Schematics of a longwall AFC pan.
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onale of this value is dictated by roof stability 
to maximal value of unsupported roof in 
of the shield’s canopy. This constraint 

ole of the face height as a secondary pa-
rameter in increasing the transversal cross section area of 
the face, with the inherent negative effects related to 

 

loader: 1 ‒ cutting-loading unit; 
energy distribution; 4 ‒ haulage mecha-

nism.  

 

 

Schematics of a longwall support shield; b ‒ kine-
matics of four bar (lemniscate) mechanism. 

 

chematics of a longwall AFC pan. 
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The technological forces and torques with three dire
tional components acting on the drums, can disturb 
mechanical stability of the shearer (mainly those acting 
on the upper drum) and induces high reaction forces on 
the other structural parts of the support 
AFC.  

This is mainly because the body of the shearer is sli
ing on the AFC pans and the two drums are non
symmetrically disposed on the vertical plan 
8). 

The powered roof supports (shields) with great height 
imposes a length of the goaf shield (rear 
somewhat proportional with the height, because of the 
construction of the four bar (lemniscate) 
which connect the canopy to the base and insures the 
vertical straight movement of the pin of the canopy
5,a,b and 9).  

The AFC capacity is dependent on the width of the 
pan, which cannot be greater than 0.5
height of the pan, also limited because of the loading 
possibility of the shearer’s drum, and the clearing b
neath the shearer (Fig. 8). 

The optimal correlation of these dependencies is very 
difficult to be realized, for the classical arrangements (up 
to 3‒4 meters face height this is a result of a 50 years 
experience of miners, equipment manufacturers and 
designers [5] and, in the past years CA
software involvement. 

 

Fig. 7. Disturbing forces due to non-symmetric arrangement of 
drums in longitudinal plane Fw ‒ weight; F

vertical forces and torque on drums; Ff –frictional force
advance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Disturbing forces on transversal plane

Disturbing force

Clearing 
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y disposed on the vertical plan (Figs. 7 and 

The powered roof supports (shields) with great height 
shield (rear side of the face) 

proportional with the height, because of the 
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which connect the canopy to the base and insures the 
vertical straight movement of the pin of the canopy (Figs. 

The AFC capacity is dependent on the width of the 
pan, which cannot be greater than 0.5‒0.6 meters, the 
height of the pan, also limited because of the loading 
possibility of the shearer’s drum, and the clearing be-

ptimal correlation of these dependencies is very 
difficult to be realized, for the classical arrangements (up 

4 meters face height this is a result of a 50 years 
experience of miners, equipment manufacturers and 

and, in the past years CAD and evaluated 

 
symmetric arrangement of 

F, R, T – horizontal, 
frictional force of haul 

on transversal plane. 

   

   
 
Fig. 9. Height limitation of classical shield 

sponding lemniscate linkage kinematics.

 
3.  THE IMPROVED SOLUTION
 

In order to overcome these i
per a proposal of an innovative longwall system is 
sented, as can be seen in the Fig

The main improvement of the proposed solution is 
the construction of the shearer loader 
support (Fig. 10).  

Firstly, the two drums are disposed symmetrically 
relative to the longitudinal axis of the 
order to avoid the transmission of loads towards conve
or pans in longitudinal and transversal plane, and to i
sure the stability (balance) of the entire machine during 
operation.  

Secondly, the sliding of the shearer is performed on a 
structure containing three guidance 
shearer’s body is sliding on roll bearings

The guiding structure has its own 
ting to ground system, consisting in floor bars disposed 
between shield support’s base, aiming 
amount of supplementary load 

The armored face conveyor is also an innovative one
(Fig. 11) 

In classical solution (Fig. 6
bars are moving inside the pans
neath the empty one, the upper 
coal. As the flow rate increases, the dimension of chains 
increases accordingly, and the height of pan make diff
cult the load of coal by the drums.

On the other hand, in view to ensure a sufficient 
clearing the body of the legs supporting the shearer body 
must be longer.  

Disturbing force 

Fig.10. The armored face conveyer and the shearer 
arrangement in the proposed system
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Height limitation of classical shield supports with corre-
sponding lemniscate linkage kinematics. 

THE IMPROVED SOLUTION 

In order to overcome these inconveniences, in the pa-
per a proposal of an innovative longwall system is pre-

Figs. 10‒13.  
The main improvement of the proposed solution is 

of the shearer loader and its haulage 

Firstly, the two drums are disposed symmetrically 
relative to the longitudinal axis of the shearer’s body, in 

nsmission of loads towards convey-
in longitudinal and transversal plane, and to in-

sure the stability (balance) of the entire machine during 

Secondly, the sliding of the shearer is performed on a 
structure containing three guidance points on which the 

’s body is sliding on roll bearings. 
The guiding structure has its own reaction transmit-

consisting in floor bars disposed 
shield support’s base, aiming to reduce the 

amount of supplementary load on the conveyer.  
The armored face conveyor is also an innovative one 

Fig. 6), the chains and flight 
are moving inside the pans, the laden branch be-

neath the empty one, the upper branch conveying the 
As the flow rate increases, the dimension of chains 

increases accordingly, and the height of pan make diff i-
cult the load of coal by the drums. 

On the other hand, in view to ensure a sufficient 
gs supporting the shearer body 

The armored face conveyer and the shearer 
arrangement in the proposed system. 
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Fig. 11. The lateral (left) and longitudinal view of the conveyer 
pans and the chain-flight bar contour (right). 

 

 
This produces an increase of the moment of disturb-

ing forces with negative impact on the shearer’s lateral 
stability.  

In the presented solution, the two sliding ways are 
separated and inverted, the active (laden) branch being 
the lower one, and the return (empty) branch the superior 
one.  

By this constructive measure, the thickness of the pan 
are reduced to about  half, and the available space for the 
coal flow is independent from the shearer clearance, 
being dependent only on the distance between the upper 
and lower branches (sliding ways of the chain-flight 
bars). 

The discharge of the coal at the head-gate is possible 
through a window in the lower plate of the pan. (fig.11) 

An important improvement is proposed also regard-
ing the shield support. 

In this respect, the lemniscate mechanism being re-
placed with a so called pantograph mechanism, fulfilling 
the same function and reducing the shield’s length to-
wards the goaf side of the face (Fig. 12). 

As we see a shield support in a simplified plane lat-
eral view, it cannot handle horizontal forces on the cano-
py, unless a guiding mechanism is mounted between the 
base and the canopy.  

The classical guiding mechanism consists on a four 
bar linkage (Figs. 5 and 9). This linkage ensures the 
longitudinal mobile rigidity of the entire frame, and al-
lows a quasi straight line movement of the front tip of the 
canopy.  

The proposed solution, which the structural and kin-
ematic synthesis and analysis has been performed using 
CAD software, based on the mentioned requirements  
and the minimal weight – maximal resistance criteria is a 
pantograph mechanism (Fig. 13).  

A view of the entire face equipment setup arrange-
ment can be seen in the Fig. 14.  

Another possible improvement is to detach the rear 
shield from the lemniscate linkage, in view to allow its 
free movement to better control of falling rock from the 
roof.  

Complementarily, the symmetric construction allows 
advancing the face in both directions, only by transfer-
ring the shearer and AFC during the transition of the face 
from a slice to the further one in descending. 

 
 
 

 
 

Fig. 13.  CAD based analysis of the pantograph 
mechanism. 

 

 
 

Fig. 12. The proposed  construction of the shield support 
and its guiding mechanism kinematics. 
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a 
 

 
b 

Fig. 15. Screen captures of the design phase of the reversible 
shield support. 

 
This new concept (Fig. 15) allows using the support 

both for multi-slice method and the top coal caving 
method if necessary. 

The detachment of the lemniscate linkage from the 
rear shield, allows a better stability of the canopy be-
cause of the median location of the guiding mechanism 
connecting pin to the canopy, and more freedom to di-
mensional synthesis of the linkage.  

As a result, a better kinematics of straight line guid-
ance can be obtained on a larger range of working 
heights of the support , as it can be seen in Fig. 16.  

 

 
 
Fig. 16. Results of kinematic analysis of the reversible support 

unit for two extreme values of working height. 
 

On the other hand, the possibility to modifying the 
slope angle of the shield with an appropriate hydraulic 
cylinder, allows the setting it in an adequate position to 
obtain best roof sliding control, not dependent on the 
working height of the support. 

The structural design of the floor plate (base) of the 
presented shield support units has been optimized using 
FEM in order to ensure the better pressure distribution on 
the floor, which is suitable for a good longitudinal stabil-
ity of the support.  

The model used considered a variable cross section 
beam on elastic continuous support (Winkler) beam 
model.   

The pressure distribution along the base is presented 
in Fig. 17. 

 

 
Fig. 17. Pressure  distribution on contact between base and 

floor. 

 
Fig. 14. Overall aspect of the mechanized coal face (lateral 

view). 
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4.  CONCLUSIONS 
 

In order to improve the efficiency of mechanized coal 
faces in mining out the seams of height around and over 
6 m. and to avoid some inconveniences related to the 
effect of the increase of the face height on the shearer, 
armored face conveyer and shield supports, a new mech-
anized ensemble is presented. 

The presented system, make some constructive 
changes on the shearer, on the face conveyor and shields, 
as: 

• a new positioning of the shearer body and the drums 
symmetrically related to the longitudinal axis which 
eliminates the effect of disturbing lateral forces;  

• a new concept of AFC, allowing the reduction of 
height and offering accessibility to chains and flight 
bars; 

• a new construction of shield allowing the increase of 
operating height with a shortest shield part , and a 
better kinematics in a wide range of working heights.  
The proposed system is only a concept, the refining 

of it being suitable for the construction of a new genera-
tion of mechanized longwall faces with increased work-

ing height, with the cited before advantages in terms of 
productivity.  
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