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Abstract. The article deals with the actual issue of reducing the energy
consumption of the mining enterprises conveyor transport system. The
analysis of energy loss by conveyor belt during transportation of bulk load
is given. A comparative analysis of energy losses in the cases of regulation
and non-regulation of the speed of the conveyor belt is given. It was found
that when regulating the speed of conveyor belt in the case of reducing the
value of the load flow entering to the conveyor by half the loss of
electricity for the transportation of load is reduced by 30 % compared to
the unregulated speed of the belt. The energy efficiency criterion of the
conveyor transport system is determined, which coincides with the specific
energy capacity equal to the ratio of the average energy capacity of the
transportation of load to the transport system average carrying capacity. It
has also been established that for conveyor transport systems conveyor—
bunker—conveyor, taking into account the downtime of conveyor
equipment while regulating the speed of conveyor, energy losses are
reduced by 23 %. The research results can be used to create a computer
control system for the operation of conveyor transport systems.

Introduction

In connection with the rise in price of electricity at mining enterprises, the problem of
reducing energy costs during the transportation of bulk load by belt conveyors arose. The
main reason for the increase in unproductive energy consumption during transportation of
load by the conveyor transport system is the underload of the conveyor, due to the
unevenness of load flow entering the transport system, as well as downtime of the conveyor
equipment for emergency, technological and organizational reasons. In this case, the
conveyors in the conveyor transport system for a long time work with a load much smaller
than the nominal load, or no load at all.

One of the methods to reduce energy consumption when changing the value of load
flow entering the transport system is to regulate the speed of the conveyor belt [1, 2].
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Currently, the speed of the conveyor belt is controlled by a frequency-controlled drive.
With this method, in the case of an increase in the value of the load flow entering the
conveyor, the speed of the conveyor belt increases, and with a decrease in the value of the
load flow, the speed of the belt decreases.

The issues of reducing the energy consumption of the system of underground conveyor
transport of coal mines are devoted to the work [1-6].

In these works, a comparison of the energy efficiency of a conveyor with adjustable and
non-adjustable belt speed is given. At the same time, different values are taken as the
criterion of energy efficiency in these works. In addition, in these works, the physics of the
loss of electricity during the transportation of bulk load according to the conveyor belt is
not sufficiently disclosed.

In this paper, the analysis of electric power losses during the transportation of bulk load
through a belt conveyor, as well as the system conveyor—bunker—conveyor is presented, and
on the basis of this, the rationale for the use of a belt conveyor with adjustable belt speed is
given. In addition, the parameters of the optimal control of the speed of the conveyor belt
are defined.

Methods

We first determine how much it is necessary to reduce the speed of the conveyor belt while
reducing the load flow to it, in order to significantly reduce the energy consumption for the
load transportation.

The drive power of a conveyor belt N, going to transport load, according to [7] is
determined by the formula:

Wy
1000m

(1)

where W is the force on the drive drum of the conveyor, N; v, is conveyor belt speed,
m/s; 1 is the efficiency of the drive.

The force on the drive drum consists of the component forces of the weight of the load
and the belt, the forces of resistance to the movement of the load and the belt along the
roller conveyors, as well as local resistances during the rotation of the drums and in the
reloading nodes. According to [7], this force is determined by the formula:

/4 =k1(q1 +4q! +q;'+2qb)L(o'cosoc+q,Lsina, 2)

where g, g, is the linear weight of the load and the conveyor belt, respectively, N/m; ¢',,
q". is linear weights of the rotating parts of the roller supports of the upper and lower
branches of the conveyor belt, N/m; L is the length of the conveyor, m; o is the angle of
inclination of the conveyor, m; @' is the coefficient of resistance to the movement of the
belt with a load along the roller supports of the belt conveyor; k; is coefficient taking into
account local resistance to movement of the conveyor belt.

Substituting (2) into (1), after the conversion we get:

N = L[qul (k' cosa+sina)+ kv, (g. + g +2q, Jo' cosa]. (3)
1000m

According to [6], the linear weight of the load on the conveyor belt:
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q,= , “4)

where Q is the current productivity of the conveyor, i.e. the value of the load flow to the
conveyor, t/hr; g is acceleration of gravity, m/s”.
In view of (4), expression (3) has the form:

Lg | © :
= ko' cosa+sina )+ kv "+g"+2 ' cos o 5
1000 |:36( 1 ) 1 b(qr q, qb) :l ( )

or
N=AQ+Bv,, (6)

Lg . Lg
where 4=—=—(k,0'cosa+sina); B=—2—k (g +q"+2 "cosa .
360011( 1 ) 1000 1(q, q, Qb)“)

In this case, the rated drive power of the conveyor is determined by the formula:
N,=A4Q, +Bv,,

where Q, is the nominal (technical) productivity of the conveyor, t/hr.
The value of O, according to (4) we find the formula:

Qn = 0'36‘1[mava .

The first term in the formula (6) determines the power of the drive of the belt conveyor,
which is necessary to overcome the forces of resistance to the movement of the load along
the roller supports and the force of gravity when the load is moved by the belt conveyor.
The second term defines the drive power of the belt conveyor, necessary for overcoming
the resistance forces of the belt movement along the conveyor roller supports and the
resistance forces of the rotating parts of the rollers.

From (6) it follows that with a decrease in the value of the load flow Q entering the
conveyor, under the condition that the belt speed is constant, the conveyor drive power
consumed to move the load decreases, and the conveyor drive power consumed to move the
belt and the rotation of the rollers does not change.

With a decrease in the belt speed v, at a constant value of the load flow Q according to (4),
the linear load ¢, of the conveyor increases and reaches the maximum value g, When the
speed of the conveyor belt is equal to vy, < v,. When this is g, . determined by the formula:

Og
= . 7
Tima =3 6y @)
From the last equality we have:
Vmin = & ° (8)
3 '6qlmax

According to [7], the maximum linear load of the conveyor g, is determined by the
maximum cross-sectional area of the load on the belt and depends on the width of the
conveyor belt, the angle of inclination of the rollers and is a constant value for this conveyor.

Substituting (8) into (6), we get:
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N=AQ+B—28 ©)
3'6QImax

It follows from (9) that when the value of the load flow QO entering the conveyor
changes, the drive power of the conveyor for moving the belt and rotating the rollers is
minimal if the belt speed takes the minimum value vy, at which the linear load takes the
maximum value ¢; = ¢; max.

Thus, optimal control of the speed of the conveyor belt from the point of view of energy
consumption will be such a control, at which the belt speed will be minimal, and the linear
load on the conveyor will be maintained at its maximum:

ql = qlmax =const. (10)

In this case, according to expression (2), the force on the drive takes a constant
maximum value:

Wm = kl (qlmax +QL + q;’ + 2Qb )L(D,COSG‘F qlmaxLSina . (11)

The speed of the conveyor belt can be controlled using an asynchronous motor with a
short-circuited rotor with a proportional change in the values of frequency and voltage on
the electric motor. This ensures a constant maximum torque on the electric motor [2].

Now we define the specific energy consumption of transportation of the conveyor with
unregulated and adjustable speeds of the conveyor belt according to [5]:

o= kWit (12)
0

From (12), taking into account (6), we obtain the specific electrical capacity at
unregulated tape speed:

e:A+%. (13)

Similarly, substituting (9) into (12), we find the specific electric capacity with
adjustable speed of the conveyor belt in the form:

Bg

e=A+——=——.
3'6qlmax

(14)

From formulas (13) and (14), it follows that the specific energy capacity of the belt
conveyor at an unregulated belt speed increases with an increase in the value of the load
flow QO entering the conveyor and decreases asymptotically as Q — oo approaches a
constant value and at regulated belt speed the specific energy capacity of the belt conveyor
takes a constant value regardless of Q.

Result and discussion

Figures 1 and 2 show the dependencies of the drive power of the conveyor N on the value
of the load flow Q entering to the conveyor for horizontal (a0 = 0°) and inclined (a = 5°)
conveyors, respectively, in the case of constant speed of the conveyor belt constructed
according to the formula (6) (straight line 1), and in the case of a change in belt speed,
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corresponding to the maximum linear load, constructed according to formula (9) (straight
line 2). In this case, the initial data took the values: L = 1000 m; o = 0°; a = 5°
vy, = 1.6 m/s; ki= 1.08; n = 0.85; ' =0.03; ¢', =245 N/m; ¢", =88.3 N/m; ¢, =157 N/m;
Gimax = 698.5 N/m; O, = 410 t/hr (nominal productivity of the conveyor).
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Fig. 1. Graphs of the drive power of the belt conveyor without regulation and with belt speed
regulation when o = 0°.
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Fig. 2. Graphs of dependence of the drive power of a belt conveyor without regulation and with belt
speed regulation at o = 5°.

It can be seen from the graphs that when idling, the drive power of a horizontal belt
conveyor is about 40 % of the drive power at the nominal load of the conveyor (Fig. 1).

In addition, for a horizontal conveyor (o = 0°), the drive power going to move the load
and the belt, in the case of constant belt speed (straight 1), is more than the drive power
going to move the load and belt, if the speed of the conveyor belt is regulated at ¢; = ¢; max.

For an inclined conveyor (o = 5°) (Fig. 2) the difference between straight lines 1 and 2
is small. Therefore, for inclined conveyors, the drive power of the conveyor used to move
the load, in the case of regulating the belt speed, is not significantly different from the case
of an unregulated belt speed. This is due to the fact that for inclined conveyors, the drive
power of the conveyor is mainly used to lift the load, while at the same time the drive
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power of the conveyor, which goes to resists the movement of the belt and load and the loss
in the drive of the conveyor, is negligible.

If the belt speed regulating for horizontal and inclined conveyors is carried out using an
asynchronous frequency-controlled electric motor, the induction losses in the electric motors
associated with the load deviation from the nominal one are significantly reduced [2].

As the calculations showed, in the case of a two-fold reduction in the value of the load
flow entering to the conveyor, the electric power loss at frequency regulation of the speed
of the conveyor belt is reduced by 30 % compared to the unregulated speed of the conveyor
belt.

Figure 3 shows graphs of the specific energy consumption of a belt conveyor e at
unregulated (curve 1) and regulated e (curve 2) speeds of the conveyor belt from the load
flow Q. At the same time, the initial data assumed the same values as for the graphs in
Figure 2.
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Fig. 3. Graphs of the specific energy capacity of the belt conveyor on its productivity.

From the graphs (Fig. 3) it can be seen that with an unregulated speed of the conveyor
belt, the specific energy capacity of the conveyor with an increasing the load flow Q
entering the conveyor decreases according to a hyperbolic law and changes from infinity at
0 =0 to a constant value e = 4 at O — oo. With an regulating belt speed, the specific energy
capacity of the belt conveyor takes a constant value of e = 4 + Bg/(3.6¢;m.x) and does not
depend on the productivity of the conveyor Q.

Consequently, regulating the speed of the conveyor belt with an asynchronous
frequency-controlled electric motor under the condition of a constant maximum linear load
q1 = ¢/ max = const for a horizontal conveyor significantly reduces drive power losses during
movement of the load and the conveyor belt, and for an inclined conveyor it significantly
reduces induction losses of electric motors at high power factor cose.

For a conveyor transport system with a complex branched structure and with a large
number of conveyors and bunkers, the average specific energy capacity £ (kW-h/t) equal to
the ratio of the average throughput to the average energy capacity of the transportation
system is taken as an energy efficiency criterion, which according to [8, 9] is determined by
the formula:

w

C

E= ,
60m,
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where w, is the average energy capacity of transportation of the conveyor transport
system, kW; m, is the average throughput of the conveyor transport system, t/min.

Figure 4 shows graphs of the specific energy capacity of transportation £ of the
conveyor—bunker—conveyor system versus the average value of the load flow m, entering
to the over-bunker conveyor in the case of an uncontrollable bunker at a constant speed of
the bunker conveyor belt (curve 1) and when regulating the speed of the bunker conveyor belt
at various nominal productivity of the over-bunker conveyor Q,,;, equal respectively to
O, = 5; 6; 7 t/min (curves 2, 3, 4).
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Fig. 4. Graphs of specific energy capacity E of the conveyor-bunker—conveyor system versus the
average value of the m.

In addition, in the case of regulating the speed of the belt the over the bunker conveyor,
its linear load ¢;; (N/m) took the maximum value and according to (7) was determined by
the formula:

qll qllmax 3.6me1 s

where v, ;1 is the maximum allowable speed of the over-bunker conveyor belt, m/s.
In this case, the speed of the over-bunker conveyor belt, depending on the load flow m,
arriving at it is equal to

m,
__0
Vo1 = Vomt -

O

Graphs in Figure 4 were built with the following initial data: the intensity of downtime
and recovery of the over-bunker conveyor is A, = 0.025 min; u; = 0.0614 min™', and the
under-bunker one A, = 0.017 min™; u = 0.069 min”', bunker volume ¥ = 100 m’, feeder
speed O, = 6 t/min; the parameters of the over-bunker and under-bunker conveyors are L, =
=L, =300 m; o} = oy = 2°% i1 max = G max = 712 N/m; ¢ = ¢'12 = 250 N/m; ¢")1 = ¢")0 =
=90 N/m; ¢gp = gp = 160 N/m; o'y = o', = 0.03; ky = k», = 1.3; n; =1, = 0.85. At the same
time, the nominal speeds of the over-bunker and under-bunker conveyors are v, ,;; = Vp 2 =
=1.6 m/s.
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From Figure 4 it can be seen that at m, < 6.8 t/min, the specific energy capacity of the
conveyor—bunker—conveyor system £ in the case of regulating belt speed is 23 % less than
in case of unregulated speed of the conveyor. If the value of the load flow arriving at the
over-bunker conveyor is mg > 6.8 t/min, then the specific energy capacity of the conveyor—
bunker—conveyor system £ with an unregulated and regulated belt speed of the over-bunker
conveyor takes a constant value regardless of the load flow m,, to the over-bunker conveyor,
and does not depend on the nominal productivity of the over-bunker conveyor Q,,;.

Conclusions

1. When regulating the speed of the conveyor belt at a constant maximum linear load on the
belt, if the load flow to the conveyor is halved, the electric power loss when regulating the
speed of the conveyor belt is reduced by 30 % compared to the loss at an unregulated belt
speed. In the case of regulating the speed of the conveyor belt, the specific energy capacity
of the conveyor belt takes a constant minimum value, independent of the value of the load
flow entering the conveyor.

2. When regulating the speed of the conveyor belt of the over-bunker conveyor of the
conveyor—bunker—conveyor system, the average and specific energy capacity of this system
are reduced on average by 23 % than at the constant speed of the over-bunker conveyor
belt.
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