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Armored face conveyor’s smooth velocity control
for increased durability

The article presents the concept and assumptions concerning the smooth velocity
control of an armored face conveyor, and also (on this basis) the subsequent transport
conveyors used in an underground coal mine. The most-important significant math-
ematical equations are presented, allowing us to adjust scraper movement speed to
maintain a constant cross section of the transported material stream, both in the case of
unidirectional and bidirectional mining. Particular attention has been paid to the zones
where a longwall shearer works with a variable web; that is, when a shearer is entering
into a new coal seam layer at the ends of the excavation.
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1. INTRODUCTION

All of the scraper conveyors currently working in
underground coal mine longwall systems are operat-
ing in practice with the constant movement velocity
of a scraper chain (with the exception of to the use of
two-speed drives for easier start-up). The variability
of the longwall working conditions, technology of the
mining operations, and cooperation between the ma-
chines and equipment of the longwall, maingate, and
subsequent transport devices make the work of armor-
ed face conveyors (AFC), beam stage loaders (BSL),
and belt conveyors characterized by high variability
of efficiency; thus, the constant speed of the work of
the AFC becomes unfavorable due to:

— the significant shortening of the conveyor’s life,
calculated in the amount of transported material
from the moment of commencement of the con-
veyor’s work to the replacement of its individual
components and assemblies,

— the increased electricity consumption,

— the increased heat and noise emissions to the
mine atmosphere.

The solution of this inconvenience is to change the
nature of the work of the AFC from a fixed velocity to
a variable one. To archive this, it is necessary to imple-
ment in new control system frequency inverters that,
by using the appropriately selected control signals and
algorithms, will provide such an automatic control of
the conveyor chain speed to ensure a constant most-
favorable cross section of coal output on the conveyor.

The use of a frequency inverter also gives the addi-
tional advantage of the soft starting and braking
of the scraper conveyor. Currently, the two-speed
electric motor connected to the flexible coupling is
the most-commonly-used solution for facilitating the
start-up of the conveyor. There are also other techni-
cal solutions to this problem, such as fluid couplings,
thyristor starters, and CST drives. More information
about this topic is presented in [1].

2. APPLICATION CONDITIONS
AND STRUCTURE OF CONTROL SYSTEM

Analysis of longwall shearer work has shown that,
in the case of mining with a constant web, the appliction
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requirement for conveyor chain velocity control is the
access to two external control signals; i.e., the velocity
of the shearer’s movement during the excavation and
cleaning of the track (in the case of unidirectional
mining) as well as information about the direction of
the shearer’s motion (movement direction consistent
with or opposite to the movement of the conveyor
chain).

Since the longwall shearer changes its web in
the function of shearer distance to the end of the
longwall during its entrance into a new coal seam lay-
er, a third necessary control signal is the position of
the shearer in the longwall for stabilizing the excavat-
ed material stream cross-section in this phase. Be-
cause of this, it is essential to obtain either the infor-
mation of the present position from the shearer’s
internal recorders or to install external sensors and
devices for measuring such a position for the proper
operation of a conveyor speed control system. The
concept of measuring the displacement of the shearer
as it relates to the base point on the basis of the pulses
from the drive system is presented in a later part of
this paper.

In order to control the speed of the chain of an ar-
mored face conveyor during mining with a constant
web, the use of special control algorithms is necessary
that, in this case, are the dependencies determining
the velocity of the chain as a function of the following
parameters:

— the velocity of the longwall shearer during mining
and cleaning of the path (for unidirectional mining),

— the direction of the shaper’s movement relative to
the transport direction of the conveyor,

— an effective shearer web,

— effective mining height,

— carbon looseness factor,

— the most-favorable cross section of the excavated
material on the conveyor,

— the coefficient determining the relative value (part)
of the material loaded on the longwall conveyor by
the milling head during unidirectional mining.

Figure 1 shows an exemplary control system of an
armored face conveyor that is suitable for use under
industrial conditions. A detailed description of this
system (along with details of the control software
structure) is provided in [2]. The control system as-
sembly of conveyor velocity is based on the main con-
troller (A1), local controller (A2), frequency inverters
(separately for the maingate [U1] and tailgate drives
[U2]), control panel (A4), electric drives (M1-M3), and
auxiliary communication and emergency brake sys-
tems. Considering the cooperation of the conveyor
with other longwall equipment and subsequent trans-
port devices, the system should also be equipped with
a communication interface to connect with the beam
stage loader and belt conveyor controllers as well as
with the supervisory control system.

Comunication and emergency break system

I R — |

Armored face conveyor

<&
®

To supervisor system - fiber optics

Fig. 1. Diagram of speed control system of AFC: M1, M2 — maingate motors; M3 — tailgate motor;

Al — master controller; A2 — local control; A4 — control panel; Ul, U2 — frequency inverters
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3. MONITORING OF SHEARER POSITION
IN LONGWALL EXCAVATION

Continuous information about the harvester posi-
tion is required for the scraper conveyor controller
for the following reasons:

— to determine the speed of the conveyor movement
as a function of the haulage rate and the size of the
shearer web during its entrance into a coal seam,

— it is helpful to properly control the work of the
shearer to overcome the difficulties and hazards
occurring in the various parts of the face,

— it can contribute to the full automation of the en-
tire longwall complex and improvement of work
safety.

Positioning of the harvester in the longwall must
be accurate (without systematic error), which could
increase with each harvester passing along the exca-
vation. For this reason, the gear ratio of the shearer
haulage system needed to determine the displace-
ment from the adopted coordinate system should be
reported as a theoretical relationship, taking into ac-
count the number of teeth of all gears in the gearbox
and not (as commonly used) as an approximation of
the gear ratio (with a gear ratio error of 0.1%, one
passing through the face of a 300 m length gives an
error in the shearer position of up to 0.3 m).

Displacement of the shearer from the starting po-
sition is best determined by the number of turns of
the high-speed gear of the drive system. The direction

LSO

of the shearer is determined by the following rela-

tionship:
n.
Li=="2z; p [m] (1)
lC
where:

L, — distance of the drive gear wheel from the be-
ginning of the measuring reference [m],

n; — the number of turns of the high-speed shaft

on the path of the shearer,

number of teeth of the sharer drive wheel,

pitch of the sharer haulage system (ladder

mechanism) [m],

i, — overall gear ratio of the shearer drive system.

If the beginning of the measurement reference on
the conveyor is adopted at the location of the shearer
drive wheel axis on the maingate side, when the cut-
ting drum finishes the cutting the upper layer of the
coal seam (point K), i.e. L; = 0 = L, (Fig. 2), then the
shearer movement should be terminated when the K’
point is reached; i.e., when the shearer travels the fol-
lowing distance:

Ly = Lgo = Apy = 2Ly [m] ()

The position of point L, _ o at the initial stage of the
sharer work (first cutting) will be at a distance from
point Kequalto Ly = L,, + W.

Rungs of ladder

i=0 L0=Li=o

Beginning of[measurement
reference — point 0

Fig. 2. Scheme for determining position of shearer when moving in line with and opposite to direction
of movement of AFC: Nw — maingate drive, Nz — tailgate drive, Kw, Kz — drive wheels on the shearer’s maingate
and tailgate sides
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For different reasons, the position of the K points
relative to the previously adopted point L;_, may
change; then, Ly — L,, + W. Such situations may occur
near the maingate, tailgate, or even on both sides
when the normal or shortened pans are inserted or
removed. Then, dependence (2) will then take the
following form:

Ly =Lso = Apr —2Ljg = Ly, £ Ly, [m] (3)

where:

L, — distance that shearer travels passing
the longwall [m],
L,, — initial length of the longwall [m],

N

A,,» — spacing between shearer arm attach-
ment axes [m],
L,, — length of the shearer arm projection
on horizontal axis [m],
L4, Lg, — lengths added or subtracted due to the
addition or subtraction of pans near

the maingate and tailgate drives [m].

The length of the arm in the projection (or L,,)
determines the following relationship:

Lyg =2 =(Hy — Hy—05D,)> [m] (4)

where:
H; — maximum cutting height [m],
H, — the height of the shear arm from the long-
wall floor [m],

D, - the diameter of the mining drum [m].

o

L=N*p

The position of the shearer in the wall from start-
ing point L,_, can be accurately determined by
the number of pitches of the shearer haulage system
(ladder mechanism) that it has passed:

L n -z
N;===""k (5)
p I

Miners often determine shearer position in the face
approximately by specifying the number of the sec-
tion of the longwall powered roof support counted
from the maingate drive. In order to use this measure,
the following formula can be used (Fig. 3):

§i="L "t s, (©)

S; — section number indicating the approximate
location of the shearer,

N; — the number of pitches of the shearer haul-
age system from point L;_,

N, — the number of pitches of the shearer haulage
system from point L,;_, to the beginning of
the AFC section,

N, — the number of pitches of the shearer
haulage system on one normal AFC
section,

S, — number of sections of powered support at

the maingate drive with a pitch different

from the AFC sections.

L—-L=(N;i—N;)*p

L.=N.*p

Sz+2 Sz+1 Sz

2 Section
numbers

Fig. 3. Determination of approximate position of sharer in longwall by providing number of powered support sections

on basis of counted pulses Ni
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4. DEPENDENCIES ESSENTIAL
TO CONTROLLING VELOCITY
OF CONVEYOR MOVEMENT
DURING OPERATION OF SHARER
WITH CONSTANT WEB

The volume of the mined coal seam and the vol-
ume (performance) of the output is described by de-
pendence [3]:

Q=H, Z v [m’fs] (7
Q. =Q¥=H, Z-v-¥ [m’fs] ®)
where:

0, O, — volume of the mined coal seam and vol-
ume of the coal output [m?s],
H, - mining height [m],
Z — sharer web [m],
v — shearer movement velocity [m/s],
Y - relaxation coefficient (¥ = 1.35-1.4).

The velocity of the conveyor chain relative to the
sharer is determined by the following dependence:

Vis/k = Vis £vi [m/s] ©)

where:
v — velocity of the conveyor chain relative to
the sharer [m/s],
vy — shearer movement velocity [m/s],
v, — conveyor chain velocity [m/s].

In formula (9), the “+” sign should be used when
the shearer and chain velocity vectors have opposite
directions (when the sharer moves in the direction of
the tailgate), and the “~” sign when these vectors are
consistently oriented in the direction of the maingate.

During bidirectional mining, it is possible to as-
sume that the entire output is taken over by the con-
veyor; then, its Q, efficiency is equal to the following:

Q,=Q,=H, Zv [mfs] (10)
By substituting the actual cross-section of the coal
output on the conveyor F, with the equivalent rectan-

gular cross-section (Fig. 4), the following relationship
is obtained:

F=b;-h [m’] (1)

This cross-section (as a nominal Fj,,) should be de-
termined according to the following relationship:

Fyy =by-h, =@y b} [m?] (12)
where ¢, = (0.4-0.6).

Because:
Qu =Qs =Em'vls/k (13)

Hence, using dependencies (8), (9) and (12), the
following formula is obtained:

Oy =0, =H, Z v, ¥ =¢;-b vy [m’/s] (14)

from which the following is obtained:

_H, Z-v¥

Vis 0, 'bs2 - (ivk) =
(15)
= -[%—(ﬂ)} [

Formula (15) for the opposite movement direction
of the sharer (i.e., in the direction of the conveyor’s
return drive) will be as follows:

H, Z-Y
Vis :Vk'lu—z_l}:kzp'vk [mys] (16)
@5+ b5

and for the consistent movement (i.e., in the direction
of the maingate):

H, - Z-¥
Vi =Vk'lu—2+1} :kzz'vk [m/s] (17)
(Ps'bs

cross-section

Fig. 4. Real and substitutive output cross-section
on conveyor base plate
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When the shearer is mining unidirectionally, the
part of the excavated material remains at the ramp
plate of the conveyor. Then, the efficiency of the
coal loaded by the shearer on the conveyor Q; deter-
mines the following formula:

Q=0 ky=k, H,Z¥ [m’fs] (18)

and the efficiency of loading coal from the ramp late
to the conveyor Q, will equal:

0,=0,(1-k,) [m/s] (19)

where k,, in formulas (18) and (19) is the coefficient
determining the relative value (share) of the coal
loaded on the conveyor during the mining.

In the same way as for bidirectional machining, the
appropriate dependencies can be derived to control
the movement velocity of the conveyor.

When the shearer cuts the coal in a direction con-
sistent to the conveyor’s chain movement (in the di-
rection of the maingate), the following relationship is
obtained:

k, -H, Z-¥
Vg =V | 5+ 1=k v [ms] (20)
@y - by

and while working in the opposite direction:

k,-H,-Z-¥
vb=vk-{ﬂp+bz—1]=k1p-vk [mis] (1)
) S

Lre=Lrp

During the return of the shearer, the excavated
material is loaded from the ramp plate. The depen-
dencies on the v, are as follows:

— for consistent movement:

1-%k,)H, - Z-¥
%:w{( .) H, 1}

95 b (22)
= klzp Vi [m/s]
— for opposite movement:
1-k,)-H,-Z-¥
Vis:Vk'I:( 2) 3 _1}:
O 'bs (23)

= klpo Vi [m/s]

5. DEPENDENCIES ESSENTIAL
TO CONTROLLING VELOCITY
OF CONVEYOR MOVEMENT
DURING MINING OF LEFTOVER COAL LAYER

According to Figure 5, the thickness of the leftover
layer equals H = H,,— D, = kg, - H,,. In the same man-
ner as in point 3, the dependence on the vy, in the case
of the leftover layer cutting by the maingate is ob-
tained as [2]:

k, H,-Z-V¥ ,
v =V | 51 |=kp, v [ms] (24)
(Ps'bs

Leftover for cutting from
Phase | lower coal layer Lre
(darkened) r

W I Lrp | Any | Lrp |
Lpp + W I 2Lg+ Any
2(2Lgp + Arnr)
D [ Begining of AFC 1
N snake path

Conveyor axis projected

C
Lk

on floor surface
3Lgp +2A - W

Fig. 5. Shearer path during cutting of leftover coal layer and position of upper cutting drum at moment

of shearer entrance to snake part of AFC
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and the same way at the leftover cutting by the tail-
gate:

k, H, Z-¥Y ,
vig = v | 5+ 1| =ky, v [mis] (25)
@y - by

where k,, = H/H,, is the relative thickness of the left-
over lower coal layer.

6. DEPENDENCIES ESSENTIAL
TO CONTROL VELOCITY
OF CONVEYOR MOVEMENT
DURING MINING WITH VARIABLE WEB

Shearer passing through a snake part of the con-
veyor (which implies a variable cutting web) can be
divided into three simplified phases. For example,
when the harvester is driven in the area close to the
maingate in Phase 1 (i.e., when drive wheel K, passes
from point C to C;’, at which wheel K, moves in the
direction of the coal seam by about 0.25 Z), the shear-
er will move by 0.35 L, (Fig. 6). During this move-
ment, the shearer velocity can be the same as during
the cutting of the leftover layer.

In phase 2 (which is on the path from point C;” to C;),
the velocity of the shearer changes linearly depending
on the position of the shearer on the curvature.
At point C, (after passing a distance of 0.48 L),
the shearer will gain velocity corresponding to the full
web. For this phase, after transforming dependen-
ce (1) and using the fact that the variable velocity of

the shearer occurs at 0.48 L, the following formula is
obtained:

Vs =vic; + n?v_fscz (m —nc’) [mis] (26)

Considering that:

Avys = (Kip —kzp )-vic [mis] (27)
and:

ne_c, = i 0,38h (28)

Zk P

and by substituting form (29), equation (30) is ob-
tained:

_ (k; _kép)
k= ic 0,481, )
Zp
v = (ki + ki) (ni =g, ) [mis] (30)

In phase 3, from points C, to D; i.e., at a distance
of 0.17L, and later at a distance of (/,; + A + W), the
vy should be like during mining with a constant web
(i.e., v = ky, - v). The movement of the shearer at
distance (/,; + Aa + W) is necessary so that the K|,
wheel reaches the end of the snake section and reach-
es point D (Fig. 6). During the shearer movement
through the snake section, the conveyor on the side of
the tailgate drive should be progressively pushed to

1/6 L, 2/3 L, 1/6 L,
~0,48 L, ~0,18L,  ~0,17L,
D & Real line
1 + 3
‘Cz r N y
™y Approximated li «* e} R

9 pproximated line o T Ci®y v

N

0,35 Ly a

o

Lk

Fig. 6. Replacement of real curvature line of conveyor on snake section
with straight line C,—C-;-C,
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the front of the face so that, when point D is reached,
the entire length of the conveyor curvature is already
straight.

7. CONTROL OF FOLLOWING CONVEYORS
IN COAL OUTPUT TRANSPORT CHAIN

On the basis of the velocity control of the armored
face conveyor, it is very easy to initiate the velocity
control beam stage loader (BSL) and further ele-
ments of the coal output transport chain. In the case
of the beam stage loader (Fig. 7) [4], the control sig-

nal for its chain velocity will be the movement rate of
the longwall AFC.

The relationship between the velocity of move-
ment of the AFC and the beam stage loader is linear
and proportional according to the following formula:

Vip =kp vy [m/s] (31)
where:
vy, — velocity of beam stage loader chain [m/s],
vy, — velocity of armored face conveyor [m/s],
— beam stage loader velocity rate in relation-
ship to the AFC.

kp

20 1 | Zg

13
4 7 15
el B
o { o o/
8
10a

Fig. 7. Schematic of BSL velocity control system: 1 — transmission of shearer haulage system; 2 — sharer haulage
unit; 3 — AFC velocity controller; 3a — BSL velocity controller; 4, 4a, 4b — frequency inverters; 6 — AFC scraper chain;
7-AFC; 8, 8a, 9 — drive units; 10, 10a, 11 — drive motors; 12, 12a, 13 — gear units; 14, 15 — star pulleys; 16 — BSL
control unit; 17 — BSL scraper chain; 18 — BSL; 19, 19a — BSL frequency inverters; 20, 20a — BSL drive units
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Coefficient k), is determined by equation (32):

2
k, = Lbsz (32)
©p by
where

b, — the width of the AFC base plate [m],

b, - the width of the BSL base plate [m],

¢, — the relative height of the equivalent rectangular
output stream on the AFC (¢, = 0.4-0.6),

¢, — the relative height of the equivalent rectangular

output stream on the BSL (¢, = 0.3-0.5).

Coefficients ¢ and @, are determined by the fol-
lowing equations:

_ s (33)
%=
hy,
0, = b—p (34)
P

In formulas (33) and (34), the constants are denot-
ed by the following:

h,s — the nominal height of the equivalent rectan-
gular output of the AFC [m],

— the nominal height of the equivalent rectan-
gular output of the BSL [m].

h

np

1000 V, S0 Hz

The motion velocity of the belt conveyor receiving
a coal output stream from the BSL should be based
on the BSL scraper movement rate (Fig. 8), which
depends on the movement speed of the AFC scraper
chain. Direct use of the signal from the shearer is not
advisable to control the velocity of the belt conveyor
(just like in the case of the BSL velocity control) be-
cause it would require us to synthesize new complex
control algorithms that incorporate both consistent
and opposite mining directions during bi- and uni-
-directional cutting.

Using the signal from the BSL is much simpler be-
cause the belt speed is determined by the simple
equation (35) in this case:

¢©, b 2
P ”p
v, = Vi, = k -V IIl/S
t ka'Fn ip t"Vip [ ] (35)
where:
v, — belt conveyor velocity [m/s],

F, — nominal cross-section of the output on belt
conveyor [m],

b, — BSL base plate width [m],
vy, — BSL velocity [m/s],
¢, — the relative height of the equivalent rectan-

gular output stream on the BSL,
k, — the conveyor belt velocity coefficient rela-
tive to the BSL.

mn
- |

20 { T 20a
Bp
i
= 22 R
M Ma
1000 V, 50 Hz T -e ] T
P Bt Pa

Fig. 8. Schematic of belt conveyor velocity control (in reference to scheme from Fig. 7): 3a — BSL controller;
19, 19a — BSL frequency inverters; 20, 20a — BSL drive units; 21 — belt conveyor controller (local); 22, 22a — belt
conveyor frequency inverters; M, Ma — belt conveyor motors; F. Pa — belt conveyor gear units;, Bp, Bt — BSL star
pulley and belt conveyor drive drum
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The presented method of belt conveyor velocity
control can be further extended to control all of the
following belt conveyors in the transport chain. This
way of velocity control can also be applied to control
the main (collective) conveyors; however, with the
current model of underground coal exploitation in
Poland (implying the simultaneous operation of a maxi-
mum of three longwalls from different regions and
underground levels of mining), the consideration of
such control of the conveyor belt operation is aimless.

8. FINAL REMARKS AND SUMMARY

The dependences and formulas shown in this arti-
cle allow for such a velocity control of the armored
scraper conveyor that, during its operation, the cross-
sectional area of the excavated material at the con-
veyor pans is approximately constant. Its optimum
value for each face excavation should be optimally
determined with regards to the exploitation condi-
tions, including the clearance under the shearer, size
of the output material, width of the conveyor, adopt-
ed mining system (uni- or bi-directional), and min-
ing and geological conditions. Relative, substitutive
output height h as related to base plate width h/bs
should not exceed 0.6, because the motion resistan-
ce then increases too greatly; moreover, the average
movement rate of the dragged coal significantly de-
creases with respect to the scraper chain velocity,
which makes transport less energy-efficient and less
effective.

The conveyor speed control algorithm can be im-
plemented in different ways. It can be a single com-
puter program covering all stages of the sharer work
in uni- and bi-directional systems or separate ones for
both of these cutting methods. It is also desirable for
the shearer operator to be able to manually control
both the shearer and the AFC in case of automatic
velocity control system failure.

An important issue that needs to be taken into ac-
count during the creation of conveyor speed control
programs is the AFC velocity when the shearer is
stopped and the coal output system is still working.
On the basis of the equations previously presented,
it would have been necessary to stop the AFC; such
a sudden stop does not appear to be advantageous
due to reduced miner safety and the delay created.
Such frequent stops reduce the effective working
time of the longwall and decrease productivity. For

this reason, it seems desirable that the conveyor not
stop completely but rather work continuously at ap-
proximately 10% of the nominal speed. The time
interval of this movement could also vary according
to local conditions.

Implementation of the presented velocity control
system of an AFC enables the easy control of the
movement speed of further conveyors in the trans-
port chain. However, this requires the use of variable
velocity drives in each transport device in such a chain.

Preliminary analyses based on practical observa-
tions tend to suggest that the introduction of the pro-
posed control system can increase the durability of
the conveyor components (measured by the amount
of transported coal until end of each component’s
technical life) to about 25%. It is also expected to re-
duce transport energy consumption at a similar level.
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