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ANALYSIS OF INFLUENCE OF DESIGN CHARACTERISTICS
OF INCLINED BUCKET ELEVATOR ON THE POWER OF ITS DRIVE

Purpose. One of the main elements of the inclined belt bucket elevators is their drive. To determine the drive
power, it is necessary to carry out calculations according to standard methods, which are described in the modern
literature. The basic design parameters are the productivity, lifting height, type and properties of the transported ma-
terial, the angle of inclination. It is necessary to build a parametric dependence of the driving power of the elevator
on its design parameters, which takes into account the standard sizes and types of buckets and belts. Methodology.
Using the methodology of traction calculation of inclined belt bucket elevator there were built parametric depend-
ences of efforts in specific points of the route of the elevator, as well as the parametric dependences of the drive
power of high-speed elevators with deep and shallow buckets on their design parameters and characteristics.
Findings. On the basis of constructed parametric dependencies, it was found that the function of changing the value
of the elevator’s power from design capacity (at fixed lifting height, type of cargo, belt speed) is piecewise constant
and monotonically increasing. It was built a graphical representation of elevator drive power on the angle of its in-
clination within acceptable limits of change. The resulting relationship is non-linear and monotonically decreasing.
In general terms the intervals of project performance values, which provide a constant value of drive power of in-
clined elevator were defined. As an example of the obtained results it was observed the process of dependence con-
struction of the drive power on design capacity and inclination angle of the elevator for transporting the fine coal.
Originality. For the first time there were constructed the parametric dependences of drive power of inclined
bucket elevator on its design parameters that take into account the standard sizes and types of buckets and belts.
Practical value. Using the constructed dependencies enables relatively quick determination of the approximate val-
ue of the drive power of high-speed inclined elevators with deep and shallow buckets at the design stage and high-
quality selection of its basic elements in the design of specific characteristics: type of cargo, productivity, lifting
height, angle of inclination.

Keywords: inclined elevator; bucket; drive; power; productivity; cargo; angle of inclination

Introdiction and high-volume production with wide use of au-
tomatic lines. A special type of stream-flow trans-
portation machines is inclined belt bucket eleva-
tors. Generally, elevators are the lifts that are used
for vertical and steeply inclined (at an angle 60—
82°) displacement of bulk and piece cargo without
intermediate loading and unloading. Their use
when transporting materials increase the efficiency
of the production process in many industries:
chemical, metallurgical, engineering, etc.

Increasing the pace of economic development
is impossible without technical re-equipment of
production. The successful solution of this problem
is largely determined by implementation of new
technologies with the use of stream-flow transpor-
tation machines. They have great performance and
length of transportation and can replace batch ma-
chines in traditional application fields, such as
hauling, handling and warehousing operations.
These machines have become very popular in mass
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The main publications describing the structure,
design features, performance and design parame-
ters of elevators, including the inclined ones are
the following works [5-9, 11-15]. To determine the
drive power of inclined elevator it is necessary to
conduct a detailed calculation of its elements and
perform a selection of basic elements of the drive.
The order of these calculations is described in de-
tail in the works [8, 9]. It should be noted that the
use of traditional calculation methodology of the
elevator’s drive requires a lot of time. To improve
the design process of the inclined elevator’s drive
it is necessary to define a scheme that makes it
possible to determine the required drive power
value depending on the specific design parameters:
the type of load, lifting height, track inclination
angle and performance using simpler calculations.
The works [2-4] of one of the authors include simi-
lar scheme for vertical elevators and conveyor
belts. The natural generalization and continuation
of these works will be the construction of schemes
for inclined elevators. This is because the inclined
elevators as opposed to the vertical ones include
the component of tension force related to the force
of belt friction on the support elements.

Purpose

The article is aimed to construct and analyze
the parametric dependence of inclined elevator’s
drive power on its design parameters (type of load,
lifting height, angle of inclination, performance)
taking into account the standard sizes and parame-
ters of buckets and belts.

Methodology

In general, for design of stream-flow transpor-
tation machines one should have the following ba-
sic data:

— diagram of machine track with indicated
places of loading and unloading;

— appointment, conditions and operation mode
of machine and the place of its installation;

— the required performance;

— characteristics of transported cargoes.

Thus, the initial data for design calculation of
the elevator are such values as the transported ma-
terial (its density and physical and mechanical
properties) lift height of cargo, inclination angle of
elevator to the horizon, required performance.

To construct general dependence of drive pow-
er on the performance there will be used the re-
quired coefficients at the values that make it possi-
ble to calculate the corresponding values of the
required drive power for specific types of cargoes.

By analogy with [3] let us consider the value a
that takes into account the properties of transported
cargo for further studies:

o=3,6vpy. (D
Linear content of the elevator’s bucket:
i Pr

b _ _Pr
t  3,6vpy a’

2

where o — is a value that takes into account char-
acteristics of the cargo and is calculated using de-
pendence (1), t m/l h; v — is a coefficient of bucket

fill (according to the physical and mechanical
properties of cargo); ¢ — is a spacing of the buck-
ets, m; p — is a cargo density, t/m’; v — is a speed
of the belt movement, m/s.

According to the value of linear content of ele-
vator’s bucket calculated from the formula (2) the
type and spacing of buckets in accordance with the
table 1 recommended by the wok [9] are selected.
Selection of buckets type depends on the properties
of the material, which is being transported. Deep
buckets are used for free-flowing, dusty and small
pieced cargoes; the shallow ones — for non-free-
flowing cargoes.

To take account physical and mechanical prop-
erties of the cargo, which is being transported in
further calculations let us construct the correspon-
dence tables of elevator parameters specified in the
Table 1 to the performance value expressed by the
formula (2) in the parts of coefficient o . The ob-
tained data will be tabulated in the Tables 2, 3 for
elevators with deep and shallow buckets respec-
tively.

Based on the design value of elevator produc-
tivity and the type of material, which is being
transported according to the Tables 2 and 3, the
bucket parameters, their spacing on the belt and the
required width of the belt are selected. Characteris-
tics of deep and shallow buckets are shown in the
Tab. 4.
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Table 1
Value of linear content of buckets
Bucket
Bucket width
B mm Belt width B, | Spacing of the deep shallow
" mm buckets ¢, mm iy 1 i iy 1 i
—,l/m —,l/m
1 2 3 4 5 6 7
100 125 200 0.2 1 0.1 0.5
125 150 320 0.4 1.3 0.2 0.66
160 200 320 0.6 2 0.35 1.17
200 250 400 1.3 3.24 0.75 1.87
250 300 400 2.0 5 1.4 3.5
320 400 500 4.0 8 2.7 5.4
400 500 500 6.3 12.6 42 8.4
500 650 630 12 19 - -
650 800 630 18 28.6 - -
800 1000 800 32 40 - -
1000 1200 800 45 56.25 - -
Table 2
Dependence of parameters of deep buckets on the elevator’s productivity
Bucket width B, , mm Belt width B, mm Spacing of the Bucket capacity Elevator
buckets ¢, mm i1 productivity, t/h
100 125 200 0.2 o
125 150 320 0.4 1.3a
160 200 320 0.6 20
200 250 400 1.3 3.240
250 300 400 2.0 Sa
320 400 500 4.0 8a
400 500 500 6.3 12.6a
500 650 630 12 19a
650 800 630 18 28.60
800 1000 800 32 400
1000 1200 800 45 56.25a
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Table 3
Dependence of parameters of shallow buckets on the elevator’s productivity
Bucket width B, , mm Belt width B , mm Spacing of the buck- Bucket. capacity Elevator productivity,
ets ¢, mm iy, 1 t/h
100 125 200 0.1 0.5a
125 150 320 0.2 0.660.
160 200 320 0.35 1.17a
200 250 400 0.75 1.87a
250 300 400 1.4 3.5a
320 400 500 2.7 5.4a
400 500 500 42 8.4a
Table 4
Description of elevator buckets
Bucket type Internal size of bucket, mm Bucket ca-
width B, outreach A, height R pacity, [
Rounded deep one D 100 50 65 25 0.1
100 75 80 25 0.2
125 90 95 30 0.4
160 105 110 35 0.6
200 125 135 40 1.3
250 140 150 45 2.0
320 175 190 55 4.0
400 195 210 60 6.3
500 235 255 75 12
650 250 275 80 18
800 285 325 85 32
1000 310 355 95 45
Bucket type Internal size of bucket, mm Bucket ca-
width B, outreach A4, height R pacity, /
Rounded shallow one S 125 65 85 30 0.2
160 75 100 35 0.35
200 95 130 40 0.75
250 120 160 55 1.4
320 145 190 70 2.7
400 170 220 85 42
For clearness of further research let us take the The belt thickness is determined by the formula
conveyor belt according to'State Standard 20-85 of 5. =8 475 +5 3)
the type BKNL-150 as traction body of elevator. The b="o £
actual number of spacer plates of the belt can be 3-6.
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where 6, =3 mm, 6, =1,5 mm — is the thickness
of rubber coatings from the working and non-
working sides of the belt; Sf =1,6 mm — is the

thickness of fabric insert ply, i — is the number of
fabric insert plies.

The weight of one running meter of belt is de-
termined by the formula

q, = 107 Bd,p,g “4)

where p, =1100 kg/m’ — belt density.

Involving the formulas (3)-(4) in the calculation
let us present the table of correspondence of width
and linear weight of the belt with a different num-
ber of insert plies to design values of elevator pro-
ductivity for deep and shallow buckets.

Table 5
Linear weight of belts for deep buckets
Bucket width B , | Linear weight of | Linear weight of | Linear weight of | Linear weight of | Elevator productivity,
mm the beltat i =3, the belt at the beltat i =5, the belt at t/h
N/m i=4,N/m N/m i=6,N/m
125 12.5 14.7 16.8 19.0 o
150 15.0 17.6 20.2 22.8 1.3a
200 20.1 23.5 27.0 304 20
250 25.1 29.4 33.7 38.0 3.240
300 30.1 353 40.4 45.6 Sa
400 40.1 47.0 53.9 60.8 8a
500 50.1 58.8 67.4 76.0 12.6a
650 65.2 76.4 87.6 98.8 19a
800 80.2 94.0 107.8 121.6 28.6a
1000 100.3 117.5 134.8 152.0 400
1200 120.3 141.0 161.7 182.4 56.25a
Table 6
Linear weight of belts for shallow buckets
Bucket width B, | Linear weight of | Linear weight of | Linear weight of | Linear weight of | Elevator productivity,
mm the beltat i =3, the belt at the beltat i =5, the belt at t/h
N/m i=4,N/m N/m i=6,N/m
125 12.5 14.7 16.8 19.0 0.5a
150 15.0 17.6 20.2 22.8 0.660
200 20.1 23.5 27.0 304 1.17a
250 25.1 29.4 33.7 38.0 1.87a
300 30.1 353 40.4 45.6 3.5a
400 40.1 47.0 53.9 60.8 5.4a
500 50.1 58.8 67.4 76.0 8.4a
Distributed weight of cargo per 1 m of belt is h ro_ & ffici d di h
determined by the formula: whnere = 3,? — coefficient depending on the
Prg belt speed, N-s/kg-m.
D =36~ APr, ®) The dependence of value of distributed weight

of cargo on the design productivity calculated by
the formula (5) is given in the Table 7.
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Table 7
Distributed weight of cargo
Bucket Distributed cargo weight Elevator productivity Distributed cargo weight Elevator productivity
width B, , during operation of elevator | with shallow buckets, | during operation of elevator with deep buckets,

mm with shallow buckets N/m N/m with deep buckets N/m N/m

100 0.50A 0.5a oA a

125 0.660A 0.660 1.30A 1.3a

160 1.170A 1.17a 20A 20

200 1.870A 1.87a 3.240M 3.24a

250 3.50A 3.5a Soh Sa

320 540\ 5.4a 8ok 8a

400 8.40M 8.4a 12.60A 12.60

500 - - 19aA 19a

650 - - 28.60A 28.6a

800 - - 400 400

1000 - - 56.25aA 56.25a

Linear weight of the belt with buckets is deter-
mined by the formula:

where m, —bucket weight, kg (Tab. 8).
Linear burden on the loaded strand is deter-

m
qx:qb""T’

mined using the formula:

The estimated weight of deep and shallow

buckets is given in the Table 8 [9].

(6)

Involving the formulas (6)-(7) in the calculation
and taking into account data from the Table 8 let us

determine the dependency of linear load on the

loaded strand of elevator on the productivity values
for deep and shallow buckets. The obtained results

of calculations for belts with different number of
insert plies is presented in the Tables 9, 10.

9o =9: 4, )
Table 8
Estimated mass of elevator’s buckets
Bucket width, mm Wall thickness, mm Weight of one bucket, kg
Deep Shallow
100 2 0.5 0.4
125 2 0.7 0.6
160 2 0.9 0.7
200 3 2 1.5
250 3 3 2
320 3 5 5
400 4 11 10
500 5 18 -
650 5 23 -
800 6 28 -
1000 6 33 -
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Table 9
The linear load on the loaded strand for deep buckets
Bucket Distributed Linear load on Linear load on Linear load on Linear load on Elevator
width weight of loaded strand at loaded strand at loaded strand at loaded strand at productiv-
B, , mm cargo q,,, | thebelt with i=3 the belt with the belt with the belt with ity, t/h
N/m q, . N/m i=4 q,,N/m i=5 q,,Nm i=6 ¢q,,N/m
100 ol 37+ah 39.2+ah 41.3+aA 43.5+0A a
125 1.301 36.4+1.3aA 39+1.3ar 41.6+1.3aA 44 2+1.30M 1.3a
160 20A 47.7+20\ 51.1+20A 54.6+20A 58+2ah 2a
200 3.24aM 74.143.2400 78.4+3.240M 82.7+3.240)\ 87+3.240A 3.24a
250 Sai 103.6+5aA 108.8+5aA 113.9+5a\ 119.1+50A Sa
320 8ad 138.1+8aA 145+80) 151.1+8aA 158+8al 8a
400 12.60A 265.7+12.60\ 274.4+12.60A 283+12.60A 291.6+12.601 12.6a
500 190 345.2+19ah 356.4+19aA 367.6+19ah 378.8+19aA 19a
650 28.60A 438+28.60A 451.8+28.60A 465.6+28.60A 479.4+28.60\ 28.6a
800 4001 443.3+400A 460.5+400A 477.8+400aA 495+40aA 400
1000 56.250\ 524.6+56.3aA 545.3+56.30h 566+56.30h 586.7+56.3aA 56.25a
Table 10
The linear load on the loaded strand for shallow buckets
Bucket width Distributed Linear load on Linear load on Linear load on Linear load on Elevator
B, , mm weight of loaded strand at | loaded strand at | loaded strand at | loaded strand at | productiv-
cargo ¢, , the belt with the belt with the belt with the belt with ity, t/h
N/m i=3 ¢q,,Nm | i=4 ¢g,,Nm | i=5 q,,Nm | i=6 ¢q,,N/m
1 2 3 4 5 6 7
100 0.50A 32.1+0.50A 34.3+0.50\ 36.4+0.50\ 38.6+0.50\ 0.50
1 2 3 4 5 6 7
125 0.660A 33.4+0.660\ 36+0.660\ 37.8+0.660\ 40.4+0.660A 0.660
160 1.170A 41.5+1.17an 44.9+1.17aA 48.4+1.170n 51.8+1.170) 1.17a
200 1.87ar 61.9+1.870L 66.2+1.870L 70.5+1.870L 74.8+1.870M 1.87a
250 3.50h 79.14+3.5aA 84.34+3.50A 89.4+3.50h 94.6+3.50A 3.5a
320 540\ 138.1+5.4aA 145+5.40M 151.1+5.4ar 158+5.400 5.4a
400 8.4k 246.1+8.40\ 254.8+8.40h 263.4+8.4ah 272+8.40)\ 8.4a

Traction calculation of inclined bucket elevator
is performed by the method of encirclement, the
basic principle of which is to identify specific
points of the track where the belt tension is

changed. At this tension in the next (i+1) point is
equal to the sum of belt tension in this (i) point

and the belt movement resistance in the area be-

tween these points:

S =58+

w.

i+l

S, =8, =59, .

In case of drive drum rotation (Fig. 1) in
clockwise order the minimum tension will be at the
point 2 — S, . This tension in the belt during normal

scooping satisfies the following condition:

)

The belt tension force at the point 3 consists of

tension force §,, drum resistance and resistance to

(8)  scooping of cargo W, :
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where k£ =1,08 — coefficient of tension increase in

the belt with buckets when bending around the
drum.

Fig. 1. Scheme of inclined bucket elevator

Resistance to material scooping is determined
using the formula:

kg,
Wy, =——,

g

(11)

where k, — is a coefficient of scooping (Nm/kg),
which is determined by specific work expended for
scooping of 1 kg of material. At the speed of buck-
ets v=10...1,25 m/s k, =12,5.25 Nm/kg for
powdered and small pieced materials,
and &k, =20...40 Nm/kg — for medium pieced mate-

rial.
Thus, substituting formulas (8) and (11) to (10),

Choosing the valuek, =25 N m/kg (which
meets all cargoes) we have:

S, =7,95q, . (13)

We assume that the belt with buckets at the
track sections 3-4 and 1-2 (Fig. 1) is supported by
direct roller supports.

The specific weight of moving parts of roller
supports for loaded (section 3-4) and unloaded
(section 1-2) strands is determined by the formu-
las:

G,

q()() :_" . (14)
I
Gv

Gon = (15)

where G; — weight of rotating parts of the upper

and lower rolers.

For further calculations the tables of estimated
values of the distances between rollers of loaded
strand (Tab. 11) and the characteristics and sizes of
roller supports shown in the Table 12 will be used.

Ordinary roller supports of the strand 1-2 are

set with the spacing/., twice as high as /.. The

dependence of the weight of ordinary roller sup-
ports on the belt width is presented in the Table 12.

To facilitate further studies, it is assumed that
the cargo has a density in the range of 1 ... 2 t/m’.
Using the formulas (14)-(15) let us present the val-
ues of specific weight of moving parts of roller
supports for loaded and unloaded strands depend-
ing on the belt width and width of the bucket. Cal-
culated values of the specific weight will be pre-

we have: sented in the Table 13.
S5 =qw[5,4+£]. (12)
g
Table 11
The estimated value of distances between supports of loaded strand l;,
Material density Distances between supports of loaded strand at the belt width, mm
p> tm’ 400 500 650 800 1000 1200 1400...1600 1800...2000

1 1500 1500 1400 1400 1300 1300 1200 1100

1..2 1400 1400 1300 1300 1200 1200 1100 1100

more than 2 1300 1300 1200 1200 1100 1100 1100 900
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Table 12
Weight of ordinary direct roller supports
Belt width B, mm Weight, kg
400 6.0
500 7.5
650 10.5
800 18.5
1 000 22.0
1200 25.0
Table 13
The estimated values of the specific weight of moving parts of roller supports
for loaded and unloaded strands
Bucket width B, , mm
Specific weight of moving parts
320 400 500 650 800 1000
loaded strand ¢,,, N/m
40 50 75 132 169 192
uloaded strand g, , N/m
20 25 37.5 66 84.5 96

For clearness of further calculations at the
buckets with width less than 320 mm, let us take
the value of specific weight of moving parts of
roller supports for loaded and unloaded strands
branches ¢, =40 N/m, ¢,, =20 N/m, respec-
tively. We also accept that working conditions of
the elevator will be difficult; therefore, the resis-
tance coefficient of the belt movement along the
rollers in future will be equal to 0.03.

Traction forces at the points 1 and 4 are deter-
mined using the formulas:

S,=8,=8,+W,, =

=7,95¢,,+(q, +94,,)H -c-ctgB+q, H ,(16)
S$=8,=8+W, =
(17)

where H - lift height of cargo, m; B — inclination

=5¢, + (4, +qon ) H -c-ctgB+q,H ,

angle of elevator, degree; ¢=0,03 — resistance

coefficient of the belt movement along the rollers.
The dependence of traction forces values at the

point 4 calculated by the formula (16) on the value

of design productivity, bucket type and amount of
insert plies are summarized in the Tables 14-15.

The dependence of the values of tension force
at the point 1 calculated by the formula (17) on the
value of design productivity, bucket type and
amount of insert plies of the belt are summarized
in the Tables 16-17.

Tractive effort accounting rotational resistance
of the drive drum is determined using the formula:

F, =8, =8 +(k'=-1)(S,+S)), (18)

where k'=1,08 — is a resistance coefficient of
drive drum rotation.

After algebraic transformations in the formula
(18) we have:

F, =1,085, - 0,925, . (19)

The values of tractive effort taking into account
the drum rotation resistance depending on the val-
ues of design performance, bucket type (deep and
shallow) and the number of insert plies of the belt
are summarized in the Tables 18-19.
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Table 14
Traction force at the point 4 at deep buckets
Bucket Traction force at the Traction force at the belt | Traction force at the belt | Traction force at the belt | Elevator
width | beltwith i=3 S,,N with i =4 §,,N with i=5 §,,N with i =6 §,,N productiv-
B, ity, th
mm
100 37H+ah (7.95+H)+ | 39.2H+oA (7.95+H)+ | 41.3H+oA(7.95+H)+ | 43.5H+0\ (7.95+H)+ o
+(77+aA) cHetg +(79.2+a)) cHetgp +(81.3+al) cHetgf +(83.5+al) cHetgp
125 36.4H+1.30M7.95+H 39H+1.30) 41.6H+1.30A(7.95+H 44 2H+1.30A 1.3a
)+ (7.95+H)+ ) (7.95+H)
+(76.4+1.3al\)cHcetgf | +(79+1.3al)cHctgp +(81.6+1.3a)) +(84.2+1.3a)) cHctgp
cHctgp
160 47.7H+200\ 51.1H+20h 54.6H+20M(7.95+H)+ | 58H+2aM (7.95+H)+ 20
(7.95+H)+ (7.95+H)+ +(94.6+20)) cHetg | +(98+20)) cHetgp
+(87.7+20A) cHetgf | +(91.1+2a)) cHetgp
200 74.1H+3.240M(7.95+ | 78.4H+3.24aM(7.95+ | 82.7H+3.240A(7.95+ 87H+3.240 3.240
H) H)+ H) (7.95+H)+
+(114.1+3.240))cHct +(118.4+3.2400) +(122.7+3.240))cHct +(127+3.2401)
gp cHctgp 2B cHctgp
250 103.6H+50\ 108.8 H+50 113.9H+500(7.95+H) | 119.1H+50\ (7.95+H) Sa
(7.95+H)+ (7.95+H)+ + +(159.1+500) cHetgf
+(143.6+50) cHetgf | +(148.8+50A) cHetgB | +(153.9+50)) cHctgf
320 138.1H+80\ 145H+8ah 151.1H+80A(7.95+H) | 158 H+8aM(7.95+H)+ 8a
(7.95+H)+ (7.95+H)+ + +(198+8a)) cHetgp
+(178.1+80) cHetgf | +(185+8al) cHetgB | +(191.1+8a)) cHctgp
400 265H+12.60M(7.95+ | 274.4H+12.6aM(7.95 | 283H+12.600(7.95+ | 291.6H+12.600(7.95+ 12.60
H) +H) H) H)
+HGI5.7+12.60M)cHet | 1(324.4+12.600) +(333+12.6000) +(341.6+12.60)
gp cHetgpB cHetgpB cHetgp
500 345.2H+190h 356.4H+190M(7.95+ | 367.6H+190M(7.95+ | 378.8H+190M7.95tH 19a
(7.95+H) H) H) )
+(420.2+1901) +(431.4+190) +(442.6+190)) +(453.8+19010)
cHctgp cHctgp cHctgf cHctgp
650 438 H+28.6a\ 451.8H+28.60M(7.95 | 465H+28.60A(7.95+ | 479.4H+28.60M(7.95+ 28.60.
(7.95+H) +H) H) H)
+(570+28.601) +(583.8+28.60) +(597.6+28.60A)cHct +(611.4+28.60))
cHctgp cHctgf B cHctgp
800 443 3H+400A 460.5H+4000M(7.95+ | 477.8H+400A(7.95+ | 495H+400M7.95+H) 400
(7.95+H) H) H) +
+(612.3+4001) +(629.5+4000) +(646.8+4001) +(664+400)) cHetgf
cHctgp cHctgpB cHctgf
1000 | 524H+56.30A(7.95+ | 545.3H+56.30M(7.95 | 566H+56.30M(7.95+ | 586.7H+56.3a\(7.95+ | 56.25a
H) +H) Hy+ H)
+(716.6+56.30\)cHct +(737.3+56.30) +(758+56.30\) +(778.7+56.3a))
gp cHctgp cHctgp cHctgp
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Table 15
Traction force at the point 4 at shallow buckets
Bucket Traction force at the Traction force at the Traction force at the Traction force at the Elevator
width | beltwith i=3 S,,N | beltwith i=4 S,,N | beltwith i=5 S,,N | beltwith i=6 S,,N | productiv-
B,. ity, t/h
mm
100 32.1H+0.5aM\(7.95+ 0.5a
H) 34.3H+0.5a0(7.95+ | 36.4H+0.50M7.95+ | 38.6H+0.5aA(7.95+
H) +(74.3+0.50A) H) +(76.4+0.50A) H) +(78.6+0.50)
H(72.1+0.5ad) cHctgp cHctgp cHctgp
cHctgp
1251 33 48+0.6640(7.95 36{7;233;“ 37.8H0.6600(7.95 | 40.4H+0.6600(7.95+ | 0-06%
+H)+(73.4+0.660A) ’ +H) +(77.8+0.660)) | H) +(80.4+0.660A)
cHctgp +(76+0.6602) cHctgp cHctgp
cHctgp
160 41.5H+1.170M7.95 | 449H+1.170M(7.95 | 48.4H+1.170M7.95 | 51.8H+1.170M(7.95+ 1.17a
+H) +(81.5+1.17a)) | +H) +(84.9+1.170)) | +H) +(88.4+1.170)) | H)+(91.8+1.170})
cHctgp cHctgp cHctgp cHctgp
200 61.9H+1.87aM(7.95 | 66.2H+1.87aM7.95 | 70.5H+1.870M(7.95 | 74.8H+1.870M(7.95+ 1.87a
+H) +H) +H) H)
+(101.9+1.87ah)cH | +(106.2+1.870h)cH | +(110.5+1.8700)cH | +(114.8+1.870)\)cHc
ctgf ctgf ctgf tep
250 79.1H+3.5a0(7.95+ | 84.3H+3.50M7.95+ | 89.4H+3.50M(7.95+ 94.6 H+3.50\ 3.5a
H)+ H)+ Hy+ (7.95+H)
+(119.1+3.500)cHet | +(124.3+3.5aAh)cHet | +(139.4+3.50h)cHct | +(134.6+3.50))cHct
gp g gp gp
320 138.1H+5.400(7.95 145H+5 .40\ 151.1H+5.40A(7.95 158 E+S 400 5.4a
+H) (7.95+H) *+H) (7.95+H)+
+(178.1+5.400)cHet | +(185+5.4ah)cHetg | +(191.1+5.40))cHct 1(198+5 4ak)cHetgp
gp gp
400 246.1H+8.40M(7.95 | 254.8H+8.400(7.95 | 263.4H+8.402(7.95 272 H+8 Ak 8.4
+H) *+H) *+H) (7.95+H)+
+(296.1+8.4aA)cHct | +(304.8+8.4aM)cHet | +(313.4+8.40)\)cHct +(322+8 400)cHetgp
gp gp g
Table 16
Traction force at the point 1 at deep buckets
Bucket Traction force at the | Traction force at the | Traction force atthe | Traction force at the Elevator
width B,, | beltwith i=3 S,, | beltwith i=4 S, | beltwith i=5 S,, | beltwith i=6 S,, | productivity
mm N N N N  vh
1 2 3 4 5 6
100 37TH+50M+ 39.2H+50A+ 41.3H+50A+ 43.5H+50A+ a
+57cHctgf +59.2cHctgf +61.3cHctgf +63.5cHctgp
125 36.4H+6.50A+ 39H+6.5a\+ 41.6H+6.50\+ 44 2H+6.50)\+ 1.3a
+56.4cHctgf +59cHctg +61.6cHctgf +64.2cHctgf
160 47.7H+100A+ S51.1H+100A+ 54.6H+100A+ S8H+10aA+ 20
+67.7cHctgf +71.1cHctgf +74.6cHctgf +78cHctgf
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End of table 16

Bucket Traction force at the | Traction force at the | Traction force atthe | Traction force at the Elevator
width B,, | beltwith i=3 S,, | beltwith i=4 S,, | beltwith i=5 S,, | beltwith i=6 S,, | productivity
mm N N N N > vh
1 2 3 4 5 6
200 74.1H+16.20A+ 78.4H+16.20A+ 82.7TH+16.20A+ 8TH+16.20A+ 3.240
+94.1cHctgf +98.4cHctgf +102.7cHctgp +97cHctgp
250 103.6H+250A+ 108.8 H+250A+ 113.9H+250h+ 119.1H+250A+ Sa
+123.6cHctgp +128.8cHctgf +133.9cHctgp +139.1cHctgp
320 138.1H+400A+ 145H+4000+ 151.1H+400A+ 158 H+400A+ 8a
+158.1cHctgp +165cHctgp +171.1cHctgp +178cHctgp
Table 17
Traction force at the point 1 at shallow buckets
Bucket width Tractive effort at Tractive effort at Tractive effort at Tractive effort at Elevator produc-
Bb , mm the belt with i =3 the belt with the belt with i =5 the belt with tivity, t/h
S, N i=4 S,N S,,N i=6 S;,N
100 32.1H+2.5aA+ 34 3H+2.50\+ 36.4H+2.50\+ 38.6H+2.50A+ 0.5a
+52.1cHctgf +54.3cHctgf +56.4cHctgf +58.6cHctgf
125 33.4H+3.30A+ 36H+3.30At+ 37.8H+3.30A+ 40.4H+3.30A+ 0.66a.
+53.4cHctgf +56cHCctgp +57.8cHctgp +60.4cHctgf
160 41.5H+5.850A+ | 44.9H+5.8500+ | 48.4H+5.8500+ | S51.8H+5.850)+ 1.17a
+61.5cHctgf +64.9cHctgp +68.4cHctgp +71.8cHctgp
200 61.9H+9.3500+ | 66.2H+9.350M+ | 70.5H+9.350A+ | 74.8H+9.350A+ 1.87a
+81.9cHctgf +86.2cHctgf +90.5cHctgf +94.8cHctgp
250 791H+17.500+ | 84.3H+17.500+ | 89.4H+17.50A+ | 94.6H+17.50A+ 3.5a
+99.1cHctgf +104.3cHctgp +109.4cHctgp +114.6¢cHctgp
320 138.1H+27aht+ 145H+27 oA+ 151.1H+27 oA+ 158H+27 0+ 5.4a
+158.1cHctgp +165cHctgf +171.1cHctgp +178cHctgf
400 246.1H+4200+ 254 .8 H+4200+ 263.4H+4200+ 272 H+4200+ 8.4a
+271.1cHetg +279.8cHctgp +288.4cHctgf +297cHctgf
Table 18
Tractive effort on the drive drum at deep buckets
Bucket
width Elevator
B Tractive effort at the Tractive effort at the Tractive effort at the | Tractive effort at the belt | produc-
b beltwith i=3 F,N | beltwithi=4 F,N | beltwithi=5 F,N withi=6 F,N tivity,
mm t/h
1 2 3 4 5 6
100 | 5.9H+oA(4+1.08H)+ | 6.3H+oA (4+1.08H)+ | 6.6H+a) (4+1.08H)+ | 7H+oA (4+1.08H)+ a
+(30.7+1.08ar)cHet | +(31.1+1.080A)cHcetg | +(31.4+1.08ah)cHetg | +(31.8+1.080))cHcetg
g p
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End of table 18

Bucket
width Elevator
B Tractive effort at the Tractive effort at the Tractive effort at the | Tractive effort at the belt | produc-
b beltwith i=3 F,N | beltwith i=4 F ,N | beltwith i=5 F,N with i=6 F,N tivity,
1 2 3 4 5 6
125 5.82H+1.30M4+1.0 6.2H+1.30L 6.7H+1.30\ 7.1H+1.300 1.3a
8H) (4+1.08H) (4+1.08H) (4+1.08H)+
+(30.6+1.4al) +(31+1.4al) cHcetgp +(31.5+1.4aA) +(31.9+1.4a)) cHctgp
cHctgp cHetg
160 7.63H+20\ 8.2H+20M 8. 7TH+20\ 9.3H+20\ (4+1.08H)+ 20
+(32.4+2.1601) +(33+2.160)) +(33.5+2.1601) cHctgp
cHctgp cHctgp cHctgp
200 11.9H+3.240M(4+1. | 12.5H+3.24aM4+1. | 13.2H+3.2400(4+1. 13.9H+3.240) 3.24a
08H) 08H) 08H) (4+1.08H)
+(36.7+3.50A) +(37.3+3.50A) +(38 +3.501) +(38.7+3.5a)) cHctgp
cHctgp cHctgp cHctgp
250 16.6H+5aA 17.4H+50\ 18.2H+5aA 19.1H+50\ S5a
(4+1.08H)+ (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(41.4+5.4al) +(42.2+5.4al) +(43+5.4aA) cHetgB | +(43.9+5.40)) cHetgf
cHctgp cHctgp
320 22.1H+8aA 23.2H+8ah 24.2H+8aA 25.3H+8ah 8a
(4+1.08H)+ (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(46.9+8.6401) +(48+8.640)) +(49+8.640)) +(50.1+8.64a1)
cHctgp cHctgp cHctgp cHctgp
400 42 5H+12.60M4+1. | 43.9H+12.6aM4+1. | 45.3H+12.600(4+1. 46.7H+12.60\ 12.6a
08H) 08H) 08H) (4+1.08H)
+(73.5+13.6a)) +(74.9+13.6a)) +(76.3+13.601) +(77.7+13.6a))
cHctgp cHctgp cHctgp cHctgp
500 55.2H+19aA 57H+19a 58.8H+19aA 60.6H+19aA 19a
(4+1.08H)+ (4+1.08H)+ (4+1.08H) (4+1.08H)
+(101.7+20.501) +(103.5+20.501) +(105.3+20.501) +(107.1+20.5aA)
cHctgp cHctgp cHctgp cHctgp
650 70.1H+28.6aA(4+1. | T2.3H+28.60M4+1. | 74.5H+28.600(4+1. 76.7H+28.6aA 28.6a
08H) 08H) 08H) (4+1.08H)
+(167.8+30.90) +(170+30.9a)) +(172.2+30.90) +(174.44+30.90))
cHctgp cHctgp cHctgp cHctgp
800 70.9H+400 73.7TH+400 76.4H+400A 79.2H+400 400
(4+1.08H) (4+1.08H) (4+1.08H) (4+1.08H)
+(196+43.2a)) +(198.8+43.20)) +(201.5+43.201) +(204.3+43.20))
cHctgp cHctgp cHctgp cHctgp
1000 | 83.9H+56.3a\(4+1. | 87.2H+56.30A(4+1. | 90.6H+56.3aM(4+1. 93.9H+56.30\ 56.25a
08H) 08H) 08H) (4+1.08H)
+(202.9+60.8a) +(206.2+60.80)) +(209.6+60.8a) +(212.9+60.80)
cHctgp cHctgp cHctgp cHctgp
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Tractive effort on the drive drum at shallow buckets

]ivuicdlilelt Tractive effort at the Tractive effort at the
B belt with i=3 F,N | beltwith i=3 F,N
b> i=3 F,N i=4 F,N
mm
100 S5.1H+o\ (4+1.08 H)+ 5.5H+o) (4+1.08 H)+
+(30+1.080)) cHetgB | +(30.3+1.08ar)cHctgp
125 5.3H+1.30M(4+1.08H) | 5.8H+1.3aM4+1.08H)
+(30.1+1.40A) cHetgf | +(30.6+1.40A) cHetgf
160 6.6H+2a0A (4+1.08H)+ | 7.2H+20\ (4+1.08H)+
+(31.4+2.160A)cHctgB | +(32+2.16a)\) cHetgp
200 9.9H+3.240M(4+1.08H) | 10.6H+3.24a)\(4+1.08H)
+(34.7+3.50A) cHetgf | +(35.4+3.50) cHetgf
250 12.7H+50\ (4+1.08H)+ | 13.5H+50\ (4+1.08H)+
+(37.5+5.40M) cHetgP | +(38.3+5.40h) cHetgf
320 22.1H+80) (4+1.08 H)+ | 23.2H+80 (4+1.08 H)+
+(46.9+8.60)) cHctgp +(48+8.60)) cHctgf
400 [39.4H+12.60M4+1.08H) |40.8 H+12.6aM(4+1.08 H)
+(70.4+13.60)) cHetgP | +(71.8+13.60A) cHetgf3

Estimated kinematic scheme of the elevator’s

drive is shown in the Fig. 2.

Table 19
Tractive effort at the Tractive effort at the Elevator
belt with i=3 F,N | beltwith i=3 F,N | productiv-
i=5 F,N i=6 F,N ity, t/h
5.8H+al (4+1.08H)+ 6.2H+ak (4+1.08H)+ 0.50
+(30.6+1.080A)cHetgB | +(31+1.08aA) cHetgp
6.0H+1.30M(4+1.08H) | 6.5H+1.30A(4+1.08H) 0.660.
+(30.8+1.4aA) cHetgf | +(31.3+1.4aA) cHetgfp
7. 7H+20A (4+1.08H)+ | 8.3H+20\ (4+1.08H)+ 1.17a
+(32.5+2.1601)cHetgB | +(33.14+2.160)1)cHetgp
11.3H+3.240M(4+1.08H) | 12H+3.240\ (4+1.08 H)+ 1.87a
+(36.1+3.5a) cHetgB | +(36.8+3.5a)) cHetgp
14.3H+50) (4+1.08 H)+ | 15.1H+5a\ (4+1.08 H)+ 3.5a
+(39.1+5.40) cHetgB | +(39.9+5.4aA) cHetgp
24.2H+80A (4+1.08H)+ | 25.3H+8aA (4+1.08H)+ 5.4a
+(49+8.60) cHetgp +(50.1+8.60A) cHetgf
42.1H+12.60M(4+1.08H) |43.5H+12.60\(4+1.08H) 8.4a
+(73.1+13.60)) cHctgP | +(74.5+13.60)) cHctgf

Engine power is determined by the formula:

__Fy
1000n

e2y)

Calculated power of the engine is determined

by the formula:

P =nP,

g u

(22)

where n, =1,1...1,2 —is the safety factor.

Fig. 2. Scheme of bucket elevator drive:
1 — engine; 2 — elastic clutch; 3 — locking device (ratchet); 4 —
reducing gear; 5 — chain transmission; 6 — drive drum; 7 — belt

Efficiency coefficient of the drive is determined
by the formula:

N=N NN, » (20)

where n, =0,96 — efficiency coefficient of reduc-

ing gear; m, =0,95 — efficiency coefficient of
chain transmission; m, =0,98 — efficiency coeffi-
cient of clutch.

Thus,

N="NNeNe =0,96-0,95-0,98=10,89.

Since N=0,89and n, =1,1 then using the for-
mulas (21) and (22) we obtain the following:
__Ey
£ 1000m

=0,001F,v . (23)

Dependence of the calculated engine power on
the values of design performance, bucket type,
number of insert plies of the belt, speed of the belt
movement and lifting height of cargo calculated
using the formula (23) taking into account data
from the Tables 18-19 are summarized in the Ta-
bles 20-21:
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Table 20
Calculated power of engine at deep buckets
Bucket
width Engine power at the Engine power at the Engine power at the Engine power at the Elzvattgr
B,, | beltwithi=3 P,W | beltwith i=4 P, W | beltwith i=5 P, W | beltwith i=6 P, W prﬁy“fﬂ‘lv'
mm ’
1 2 3 4 5 6
100 v [5.9H+aA v [6.3H+aA v [6.6H+aA v[7TH+o\ o
(4+1.08H)+ (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(30.7+1.08aA)cHet | +(31.1+1.08ad)cHcet | +(31.4+1.08al)cHct +(31.8+1.08al)
gB] gp] gB] cHetg]
125 [5.82H+1.3aA(4+1. [6.2H+1.30) [6.7H+1.3a\ [7.1H+1.3aM4+1.08 1.3a
08H) (4+1.08H) (4+1.08H) H)+
+(30.6+1.4aA)cHctg +(31+1.40A) +(31.5+1.4al) +(31.9+1.4aA)cHctg
Blv cHctgf]v cHctgflv Blv
160 v[7.63H+2aA [8.2H+2a\ [8.7H+20\ v[9.3H+2ah 20
(4+1.08H) (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(32.4+2.1601) +(33+2.160) +(33.5+2.160aA)cHct +(34.1+2.16ah)
cHctgp] cHctgBlv gBlv cHetgp]
200 [11.9H+3.20A(4+1. | [12.5H+3.200(4+1.0 | [13.2H+3.2004+1.0 | [13.9H+3.200(4+1.0 3.24a
08H) 8H) 8H) 8H)
+(36.7+3.50)) +(37.3+3.501) +(38 +3.501) +(38.7+3.50A)
cHctgfB]v cHctgfB]v cHctgBlv cHctgfB]v
250 [16.6H+50A [17.4H+50ah [18.2H+5aA\(4+1.08 [19.1H+5ah Sa
(4+1.08H)+ (4+1.08H)+ H)+ (4+1.08H)+
+(41.4+5.40)) +(42.2+5.40l) +(43+5.40h)cHcetgf] +(43.9+5.4al)
cHctgBlv cHctgfB]v v cHctgfB]v
320 [22.1H+8ah [23.2H+8ar [24.2H+8aA [25.3H+8ar 8a
(4+1.08H)+ (4+1.08H)+ (4+1.08H)+ (4+1.08H)+
+(46.9+8.640\)cHct +(48+8.640)) +(49+8.640))cHetgB | +(50.1+8.64aA)cHct
gBlv cHctglv v gBlv
400 [42.5H+12.600(4+1 | [43.9H+12.60M4+1. | [45.3H+12.60M(4+]1. | [46.7TH+12.6aA(4+1. 12.6a
.08H) 08H) 08H) 08H)
+(73.5+13.6al) +(74.9+13.6al) +(76.3+13.601) +(77.7+13.6al)
cHctgBlv cHctgBlv cHctgBlv cHctgBlv
500 [55,2H+19aA V[57TH+190) v[58,8 H+190\ v[60,6 H+190) 19a
(4+1,08H)+ (4+1,08H)+ (4+1,08H) (4+1,08H)
+(101,7+20,5a\)cH +(103,5+20,50) +(105,3+20,50) +(107,1420,50)
ctgBlv cHetgf] cHctgf] cHctgf]
650 [70,1H+28,600(4+1 | [72,3H+28,6aM4+1, | [74,5H+28,60M(4+1, | [76,7H+28,60A(4+1, 28,60
,08H) 08H) 08H) 08H)
+(167,8+30,9a\)cH +(170+30,90)) +(172,2+30,90M)cHe | +(174,4+30,90))cHc
ctgfv cHetgPlv tgflv tgflv
800 [70,9H+400A [73,7H+400aA [76,4H+400A [79,2H+40aA 400
(4+1,08H) (4+1,08H) (4+1,08H) (4+1,08H)
+(196+43,2a)) +(198,8+43,200)cHe | +(201,5+43,2ah)cHe | +(204,3+43,20))cHc
cHctgBlv tegplv tgplv tgPlv
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End of table 20
Bucket
width Engine power at the Engine power at the Engine power at the Engine power at the Elzvattgr
B,, | beltwithi=3 P,W | beltwithi=4 P,W | beltwith i=5 P, W | beltwith i=6 P, W pri‘iy“f/ﬁv‘
mm ’
1000 | [83,9H+56,30M(4+1 | [87,2H+56,3aM(4+1, | [90,6H+56,300(4+1, | [93,9H+56,3aA(4+1, | 56,250
,08H) 08H) 08H) 08H)
+(202,9+60,80M)cH | +(206,2+60,8aA)cHe | +(209,6+60,80))cHe | +(212,9+60,8a))cHc
ctgBlv tgPlv tgBlv tgBlv
Table 21
Calculated power of engine at shallow buckets
Bucket
width Engine power at the Engine power at the Engine power at the Engine power at the Elzvattc_)r
B,, | beltwith i=3 P, W | beltwith i=4 P, W | beltwith i=5 P, W | beltwith i=6 P, W pri‘;y“tc/ﬁv'
mm ’
100 [5,1H+aA v[5,5H+0A v[5,8H+ol v[6,2H+aA 0,50
(4+1,08H)+ (4+1,08H)+ (4+1,08H)+ (4+1,08H)+
+(30+1,080)) +(30,3+1,08a) +(30,6+1,08a) +(31+1,080))
cHctgBlv cHctgf] cHctgf] cHctgpB]
125 [5,3H+1,300(4+1,08 | [5,8H+1,30A(4+1,08 | [6,0H+1,300(4+1,08 | [6,5H+1,30A(4+1,08 0,660
H)+ H)+ H)+ H)+
+(30,1+1,4al) +(30,6+1,4al) +(30,8+1,4al) +(31,3+1,4ah)
cHctgfBlv cHctgBlv cHctgflv cHctgfBlv
160 [6,6H+20) [7,2H+20) [7,7H+20) [8,3H+20ar 1,17a
(4+1,08H)+ (4+1,08H)+ (4+1,08H)+ (4+1,08H)+
+(31,4+2,1601)cHct +(32+2,160)) +(32,5+2,160A)cHet | +(33,1+2,16aA)cHct
gBlv cHetgpBlv gBlv gBlv
200 [9,9H+3,24aA [10,6H+3,20A(4+1,0 | [11,3H+3,20A(4+1,0 | [12H+3,240A(4+1,0 1,87a
(4+1,08H) 8H) 8H) 8H)
+(34,7+43,5aA) +(35,4+3,5aA) +(36,1+3,5aA) +(36,8+3,50))
cHctgfB]v cHctgfB]v cHctgf]v cHctgBlv
250 [12,7H+50A(4+1,08 [13,5H+50A [14,3H+5aA [15,1H+5ah 3,50
H)+ (4+1,08H)+ (4+1,08H)+ (4+1,08H)+
+(37,5+5,4aA) +(38,3+5,4aA) +(39,1+5,4aA) +(39,9+5,4a))
cHctgfBlv cHctgfBlv cHctgB]v cHctgfBlv
320 [22,1H+8aA [23,2H+8ahA [24,2H+8aA [25,3H+8ar 5,40
(4+1,08H)+ (4+1,08H)+ (4+1,08H)+ (4+1,08H)+
+(46,9+8,6a1) +(48+8,60A) +(49+8,60A) +(50,1+8,6a1)
cHctgBlv cHctgBlv cHetgflv cHctgfBlv
400 [39,4H+12,600(4+1, | [40,8H+12,6aM(4+1, | [42,1H+12,6aA(4+1, | [43,5H+12,60A(4+1, 8,40
08H) 08H) 08H) 08H)
+(70,4+13,601) +(71,8+13,601) +(73,1+13,601) +(74,5+13,60))
cHctgBlv cHctgBlv cHetgf]v cHctgfBlv
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Findings

Let us analyze the influence of design parame-
ters of inclined bucket elevator for transportation of
fine coal on the power of required drive. Taking into
account the physical and mechanical properties of
fine coal according to the recommendations pre-
sented in the work [9] it was selected the belt eleva-
tor with spaced deep buckets and centrifugal dis-
charge. The speed of belt movement is v=1,6m/s;
fill factor of the bucketv =1,6 ; t/m® —density of fine
coal; lift height of the cargo H =10 m; inclination

angle of elevator to the horizontal f=75".
Under these conditions the coefficient are:

a=3,6py=3,6-1,6-1,0-0,8 =4,61 (tm/l h);

g
ol =3,6vpy —=—= =
P\V3 6v pvg

b

=1,0-0,8-9,8=7,84. (N/m)

At this the dependence of calculated power of
electric engine of the elevator’s bucket on the de-
sign performance is given in the Table 22.

Taking into account standard values of power
of three-phase asynchronous squirrel cage motors
of 4A series with synchronous frequency of

rotation 1000 rev/min for the drive of inclined
elevator for transportation of fine coal it was com-
piled the table of correspondence of design
performance and the required engine power.

Analyzing results of calculations presented in
the Table 23 it can be concluded that the depend-
ence of elevator drive power on its design per-
formance (at fixed lift height, type of cargo, the
angle of inclination to horizontal) in general is
a piecewise constant monotonically increasing
function. At this the productivity values given in
the last column of the Table 23 should be consid-
ered as such, in which the power value varies and
is equal to the appropriate value given in the sec-
ond column of the Table 23. But to the value of
4.61 t/h the power is 0.75 kW due to the minimum
of such power in the engines of such class. Accord-
ing to calculations it was plotted the dependence of
inclined elevator drive for fine coal transportation
on the value of design productivity (Fig. 3).

To determine the graphic dependence of eleva-
tor drive power on its inclination angle we take the
initial data: transported material — fine coal; pro-
ductivity Pr=20 t/h lift height A =10 m; speed
of the belt movement v=1,6 m/sec.

Table 22
Calculated power of the engine at deep buckets

Bucket Elevator

width Engine power at the Engine power at the Engine power at the Engine power at the | productiv-
B,, | beltwith i=3 P, W | beltwith i=4 P, W | beltwith i=5 P, W | beltwithi=6 P, W | ity,th
mm
100 520 533 543 555 4.61
125 614 627 651 670 6
160 899 918 934 953 9.22
200 1438 1457 1480 1502 14.9
250 2158 2184 2210 2239 23.1
320 3306 3341 3373 3409 36.9
400 5452.5 5493 5538 5588 58.1
500 7935 7988 8045 8109 87.6
650 11533 11603 11673 11746 131.8
800 15251 15341 15430 15519 184.4
1000 20939 21039 21144 21261 259.3

doi 10.15802/stp2016/90497

152

© V. M. Bohomaz, M. V. Borenko, S. V. Patsanovskiy, O. O. Tkachov, 2016



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcnopty, 2016, Ne 6 (66)

HETPAIULIIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MH

Taking into  account the fact that P=76,3-ctgp+1751,2. (24)

a=4,617tm/lh - and Pr=20 t/h for calculation
of drive power the dependency in the 5th line and
first column will be used (Tab. 20).

Substituting the initial data for calculation into

Graphic dependence of value of elevator drive
power when transporting fine coal with design
productivity Pr=20 t/h on the angle of its inclina-
tion within B =m/3...n/2 is presented in the Fig. 4.

resulting dependence we obtain:

Engine power at shallow buckets

Table 23

Bucket width B, , mm Engine power P, kW Engine type Elevator productivity, t/h
100 0.75 4A80A6VY3 4.61
125 0.75 4A80A6Y3 6
160 1.1 4A80B6Y3 9.22
200 1.5 4A90L6Y3 14.9
250 2.2 4A100L6Y3 23.1
320 4.0 4A112MB6VY3 36.9
400 5.5 4A132S6VY3 58.1
500 11.0 4A160S6Y3 87.6
650 15.0 4A160M6Y3 131.8
800 18.5 4A180M6Y3 184.4
1000 30 4A200M6Y3 259.3

304 . ] AT
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Pr, t/h

Fig. 3. Dependence of elevator drive power
on the productivity
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Fig. 4. Dependence of elevator drive power
on the angle of inclination
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Originality and practical value

It was plotted the analytical dependence of ele-
vator drive power on its design parameters (type
and characteristics of the cargo, lifting height, in-
clination angle, productivity), which takes into ac-
count the standard sizes and types of buckets and
belts.

Using this dependence makes it possible rapid
determination of the approximate value of drive
power of inclined elevators with deep and shallow
buckets and performing high-quality selection of
its key elements at the specific design characteris-
tics.

Based on the proposed dependences it was plot-
ted graphic dependence of power influence of re-
quired inclined elevator’s drive on design produc-
tivity at the fixed lift height, inclination angle, and
the type of cargo. It was also presented the graphic
dependence of drive power on the inclination angle
of elevator at the other fixed design parameters.

Conclusions

For inclined belt bucket elevators it was plotted
analytical dependence of the drive power value on
its design parameters. This makes it possible to
obtain the required drive power value taking into
account the type and physical and mechanical
properties of the cargo, the value of lift height, in-
clination angle, design productivity and working
conditions, involving only one calculation formula.
As an example of involving the obtained results it
was considered the process of plotting the depend-
ence of drive power on the design productivity of
elevator for fine coal transportation. For such ele-
vator it was plotted the parametric and graphic de-
pendence of drive power on design productivity
and inclination angle of elevator taking into ac-
count the standard parameters of buckets and prop-
erties of electric engines. It was established that the
function of varying the value of elevator power on
the design productivity (at fixed lifting height, type
of cargo, inclination angle) is piecewise and mono-
tonically increasing, and the dependence of eleva-
tor power value on its inclination angle (at fixed
design productivity, lift height, load type, the speed
of belt movement) is non-linear and monotonically
decreasing.
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AHAJII3 BINVIMBY HNPOEKTHUX XAPAKTEPUCTHUK HOXHUJIOI'O
KIBIIIOBOI'O EJJEBATOPA HA MIOTYXKHICTbh MOI'O IIPUBOIY

Meta. OtHIM i3 OCHOBHHX €JIEMEHTIB ITOXHMJIMX CTPIYKOBHX KiBIIOBUX €JIEBATOPIB € iX mpuBiA. [ BUSHaUEHHS
MOTYXXHOCTI TPHUBOJNY HEOOXiJHO BHUKOHATH pO3paxyHKH 3a CTAaHJAPTHUMH METOIUKAaMH, SIKi HaBeaeHi
B Cyd4acHill nitepatypi. OCHOBHUMH MIPOEKTHAMH apaMeTpPaMU TaKHX eJICBaTOPiB € MPOAYKTUBHICTh, BUCOTA IIiJI-
oMy, THIT Ta BIACTHBOCTI TPAHCIIOPTOBAHOTO BaHTAXYy, KYT HaXmiy. B poboTi HeoOXinHO MoOymyBaTH mapaMeTpu-
YHY 3aJIeKHICTh MOTYKHOCTI MIPUBOAY €JeBaTopa BiJ HOro MPOEKTHUX ITapaMeTpiB, sKa BpaxoByBaia O cTaHIApTHI
PO3MipH 1 TUIH KOBIIIB Ta CTpidoK. MeToauKa. BUKOPHCTOBYIOUH METOIHNKY TATOBOTO PO3PAXYHKY HOXHIINX CTPi-
YKOBHX KiBIIEBHX €JIEBATOPIB, MOOYIOBAaHO MapaMETPHYHI 3aI€KHOCTI 3yCHIIb Y XapaKTepHUX TOYKaX TPAcH ejieBa-
TOpa, a TAaKOX 3aJEKHOCTI MOTYKHOCTI NMPHUBOAY IIBHIKOXIAHUX €JEBATOPIB 13 MIMOOKUMH Ta MUIKHMH KOBIIAMH
BiJl IX IPOEKTHUX MapameTpiB Ta xapakTepucTuk. PesyabraTu. Ha ocHOBI mo0Oy/j0BaHNX MapaMETPUYHUX 3aJI€XKHO-
CTel BCTaHOBJICHO, 110 (PyHKIIis 3MiHHM BEIMYHMHH MOTY>KHOCTI €J1eBaTopa Bijl MPOEKTHOI NPOIYKTUBHOCTI (1IpH (ik-
COBaHMX BHUCOTI MiAHOMY, TUIIl BaHTaXy, KyTi HAXMITy) € KyCKOBO-CTaJIOI0 Ta MOHOTOHHO 3pocratouoto. [ToOynoBa-
HO TpadivyHy 3aJeXKHICTh HOTY)XHOCTI NPUBOJY €JIeBaTOpa Bii KyTa HaXWIy B JIOyCTUMUX MeXKax HOro 3MiHH.
OTpuMaHa 3aJICKHICTh € HENIHIHOI Ta MOHOTOHHO CIAQJal0vyor0. Bu3HAveHI B 3araJbHOMY BUTIISAL iHTEPBAJH
MPOEKTHHUX 3HAYeHb IPOAYKTHBHOCTI, IO 3a0€311eUyIOTh MOCTIiHY BEIMYNHY HOTY)KHOCTI IPUBOAY HOXMIIOTO €Jie-
Baropa. SIK IpHKIaJ 3ajy4eHHS OTPUMAHUX PE3yJIbTaTiB PO3MISIHYTO MPOoLeC MOOYA0BU 3aI€KHOCTEH ITOTYKHOCTI
MPUBOAY BiJ MPOCKTHOI MPOMYKTHBHOCTI Ta KyTa HAaXWIIy eJieBaTOpa IUIsl TPAHCIIOPTYBaHHS IPIOHOTO BYTLLIS.
HaykoBa HoOBH3Ha. ABTOpamH BIrepIe MoOyAOBaHI MapaMeTPUYHI 3aJIE€KHOCTI MOTY)KHOCTI IPUBOIY ITOXHIIOTO
KIBIIEBOTO €JIeBaTOpa BiJ HOTO MPOEKTHHX MapaMeTpiB, sIKi BPaXOBYIOTh CTaHAAPTHI PO3MIPH i THIM KOBIIIB Ta
crpivok. IIpakTyHa 3HaunMicTh. BukoprctanHs moOyJoBaHUX 3aJIeKHOCTEH A€ MOXKJIMBICTH BiJHOCHO IIBHI-
KOr0 BU3HAUESHHS NPUOIM3HOTO 3HAYEHHS MOTY)KHOCTI MMPUBOJLY MOXMJIMX IIBHIKOXITHUX €JIEBATOPIB i3 MNIMOOKHMMHU
Ta MUIKAMH KOBIIAMH Ha CTaJil NPOEKTYBaHHS, a TaKOX MOXIIMBO BHKOHATH SKICHMW MiAOIp HOrO OCHOBHUX
€JIEMEHTIB NpPU KOHKPETHUX IPOEKTHUX XapaKTEPUCTHKaxX: THUI BaHTaXy, NPOAYKTHBHICTb, BHCOTa Hiniomy,
KyT Haxwiy.

Kniouosi crosa: noxunuii eneBaTop; KiBlI; IPUBIJI; TOTYKHICTh; IPOAYKTUBHICTh; BAHTAXK; KYT HAXUITY
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AHAJIN3 BJIUAHUSA ITIPOEKTHBIX XAPAKTEPUCTHUK
HAKJIOHHOI'O KOBIIOBOT'O 3JIEBATOPA
HA MOIIHOCTbD EI'O IPUBOJIA

Heab. OaHUM K3 OCHOBHBIX 3JIEMEHTOB HAKJIOHHBIX JIEHTOUHBIX KOBIIOBBIX 3JI€BATOPOB SIBJISAETCS WX MPUBOJI.
Jlis ompeneeHusl MOIIHOCTH MPHUBOJA HEOOXOAMMO IMPOBECTH PACYETHI MO CTAHIAPTHBIM METOAWKaM, KOTOPBIC
M3JI0KEHBI B COBpEMEHHOM JTepaType. OCHOBHBIMHU MPOEKTHHIMH MapaMeTpaMy SBISIOTCS TPOU3BOIUTEIFHOCTD,
BBICOTA TOABEMA, THIl U CBOWCTBA TPAHCIIOPTHPOBAHHOTO MaTepHaja, yroJ HakiloHa. B pabore HeoOXoaumo mo-
CTPOHTH ITapaMeTPUUIECKYI0 3aBUCHMOCTh MOIIIHOCTH IIPHBOMA JIEBATOpPa OT €ro MPOEKTHBIX MapaMeTpoOB, KOTOPas
y4uThIBada OBl CTAaHAAPTHBIE pa3Mephl M TUIIBI KOBIIEH 1 JieHT. MeToauka. Vcnoiap3ys METOIUKY TATOBOTO pacyde-
Ta HaKJIOHHBIX JICHTOYHBIX KOBIIOBBIX 3JIEBATOPOB, ITOCTPOCHHI IapaMETPHUYECKUE 3aBUCHMOCTH YCHJIMH B Xapak-
TEPHBIX TOYKAX TPACCHI JIEBATOPA, & TAK)KE 3aBUCHMOCTH MOIIIHOCTH HPUBOJA OBICTPOXOAHBIX 3JIEBATOPOB C TIIy-
OOKMMHU M MEJIKUMH KOBIIIAMH OT MX MPOEKTHBIX MapaMeTPOB M XapakTepucTuk. PesyabTaThl. Ha ocHOBe mocTpo-
CHHBIX MapaMETPUUYCCKUX 3aBUCUMOCTEN YCTaHOBJICHO, YTO q)yHKIJ,l/ISI HN3MEHCHUSA BCJIMYMHBI MOIIHOCTH 3JIEBATOpa
OT NPOEKTHOH NMPOU3BOAMTENBHOCTU (IIPHU (PMKCHPOBAHHBIX BBICOTE TOABEMA, TUIE IPy3a, CKOPOCTH JBIIKEHUS
JICHTHI) SIBIIIETCS KyCOYHO-TIOCTOSSHHOW W MOHOTOHHO Bo3pactaromieil. [locTpoeHa rpadudeckas 3aBHCHMOCTh
MOIIHOCTH MPHUBOJA 3JIEBaTOpa OT YIJia HAKJIOHA B JOMYCTUMBIX Mpenenax ero usMeHenus. [loayueHHast 3aBucH-
MOCTb SIBIISICTCSI HEIMHEHHON U MOHOTOHHO yObIBatomiei. Ompe/esieHbl B 00IeM BUIC HHTEPBAIBI IIPOCKTHBIX 3HA-
YeHUH MPOU3BOIUTEIHFHOCTH, KOTOPHIE 00ECMEUYNBAIOT MOCTOSHHYIO BEIHMYHMHY MOITHOCTH IMPHBOAA HAKIOHHOTO
aneBatopa. B kauecTBe mpuMepa MpUMEHEHHs MOMYUYCHHBIX PE3yIIbTATOB PACCMOTPEH MPOILECC MOCTPOCHUS 3aBU-
CHMOCTH MOIIIHOCTH MPUBOJIA OT MIPOEKTHOH MPOW3BOJUTEIHHOCTH U yIiIa HAKJIOHA JIEBaTOpa UL TPAaHCIOPTUPOB-
KH MeJKoro yriist. HayyHasi HOBU3HA. ABTOpaMH BIIEPBBIE MTOCTPOCHBI TApAaMETPHUYECKIE 3aBUCHMOCTH MOIITHOCTH
MIPUBO/A HAKJIOHHOTO KOBIIEBOTO 3JIEBATOPa OT €r0 MPOEKTHBIX MapaMeTpOB, KOTOPHIE YUUTHIBAIOT CTaHIAPTHEIC
pa3mepsl U TUIlbl KoBIIeH U jieHT. [IpakTuyeckas 3Ha4YUMOCThb. M crioap30BaHNe OCTPOEHHBIX 3aBUCUMOCTEN JJaeT
BO3MO>XXHOCTb OTHOCHUTECIIBHO 6I>ICTpOFO OIIPEACICHUA HpI/I6J'II/I3l/ITeJ'leOFO 3HAYCHUA MONLIHOCTH IIPUBOJA HAKJIOH-
HBIX 6blCTp0XO[lH]>IX 3JICBATOPOB C Fﬂy6OKI/IMI/I 1 MCJIKMMHU KOBIIAaMMU Ha CTaJUU MPOCKTUPOBAHM. A Taxxe MOXHO
BBITIOJIHUTH Ka4eCTBEHHBIN HOI[GOp €ro OCHOBHBIX 3JICMCHTOB ITPU KOHKPCTHBIX IMPOCKTHBIX XapaKTCPUCTHUKAX: THUIIC
rpy3a, MPOU3BOJUTENILHOCTH, BLICOTE IOBEMA, YTIIE HAKIOHA.

Knroueswvie cnosa: HaKIIOHHBIN 3J71€BATOP; KOBLI; PUBOJ; MOIIHOCTh; POU3BOAUTENBLHOCTD; FPY3; YTOJI HAKJIOHA
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