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RESEARCH OF INFLUENCING OF PROJECT DISCRIPTIONS
OF ELEVATOR ON PARAMETERS OF ITS DRIVE

Purpose. One of basic elements of band bucket elevators is their drive. For determination of power drive it is
necessary to conduct calculations on standard by methods, in what it is needed to expend enough time. One of pro-
ject parameters is productivity of elevator. It is necessary to build parametric dependence of power drive of elevator
on its design capacity that takes into account a type and descriptions of load, lifting height, standard sizes and pa-
rameters of buckets and tapes. Methodology. Using the method of hauling calculation of band buckets elevators, the
parametric dependences of power drive of high-speed elevators are built with deep and shallow buckets from their
productivity at fixed type of load and height of getting up. Findings. It is set on the basis of the built parametric
dependences that the change function of a size of elevator power from design capacity (at fixed to the lifting height,
load type, rate of tape movement) is piecewise and droningly increasing. The intervals of project values of produc-
tivity, which provide the permanent size of elevator power drive are certain in a general view. As the example of
application of the recived results the construction process of power drive dependence from design capacity of eleva-
tor of shotblasting room, which is intended for transporting of the metallic shot using for consolidating of carriage
springs, is considered. For concrete type of load and lifting height of such elevator graphic dependence of power
drive on productivity was built. Originality. Parametric dependences of elevator power drive on its design capacity
were first built, which take into account a type and physical and mechanical descriptions of load, lifting height,
standard sizes and parameters of buckets and tapes. Practical value. The use of the built dependences enables in
relation to rapid determination of approximate value of power drive of vertical high-speed elevators with deep and
shallow buckets on the stage of planning and to execute the high-quality selection of its basic elements at concrete
project descriptions: type of load, productivity, lifting height.

Keywords: elevator; bucket; drive; power; productivity; load

mechanization of cargo handling and industrial
process. They increase the work productivity and

Today it is hard to imagine any industry field production efficiency. The bucket belt elevators
without the use of transporting cars. Machines of are the separate type of continuous transport
continuous transport are the basis of complex machines. The elevators are lifts of vertical action

Introduction
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and used for vertical and high-angle (angle
60—82 °) transportation of bulk and manufactured
cargo without intermediate loading and unloading.
The use of elevators as an intermediate means of
transport makes it possible to have a compact
transport scheme, which occupies small space.
They are used in the chemical, metallurgical,
machine-building  industry,  production  of
construction materials, coal preparation plants,
food plants and in granaries.

The main publications that describe the
structure, design features, operational and design
values of the elevators are [3, 4, 5, 6, 7,9, 10]. It is
necessary to calculate the reels, the traction unit
(tapes), traction calculation and to perform the
selection of the main elements of the driving unit
for determination the parameters of elevator drive,
and in particular its capacity. The order of
performing such calculations are described in
detail in [6, 7]. But, the definite part of time is
spent during the attraction of such elevator drive
calculation methodology. For the process of
elevator drive design improvement, it is desirable
to have a scheme which allows simplifying
calculations to determine the desired value for the
drive power depending on design capacity in
a particular type of cargo and the height of its
ascent.

Purpose

The aim of this work is building of a parametric
dependence of the elevator power drive from its
design capacity, which takes into account the type
and characteristics of the cargo, lifting height,
standard dimensions and parameters of the buckets
and tapes.

Methodology

The value of the drive power of the elevator
depends on many parameters. The main parameters
are: type of cargo, design capacity and lifting
height. For further study we will define the basic
components of the overall calculation of the
elevator which in varying degrees depends on
design capacity. These include: linear capacity of
buckets (capacity and disposed step of the
buckets); width, number of strips and linear weight
of tape; the required distributed weight of the load;
linear load on the working branch; draft force on
the drive drum.
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Linear capacity of elevator buckets:

i, P P

t :3,6vp\|/ :E’

(1

where a =3,6vpy — value, that takes into account
the properties of the transported cargo, tem/I*h;

— coefficient of bucket charge (according to the
physical and mechanical properties of cargo); ¢ —
disposed step of buckets, m; p — cargo density,
t/m3; v — tape speed, m/s.

According to the meaning of linear capacity of
the elevator bucket that is calculated by the
formula (1) the type and disposed step of buckets
are selected by the table 1 [7]. The selection of
bucket type depends on the material properties that
is transported. The deep buckets are used for easily
granular, powdered and small parts of cargoes;
shallow — for difficult bulk materials.

With the aim of taking into account the
subsequent calculations of the physical and
mechanical properties of the cargo that is
transported, we’ll build a correspondent table of
the elevator parameters, defined in table 1, the
value of performance, expressed by the formula (1)
in parts of the coefficient o. The obtained data
will be posted in tables 2 and 3 for elevators with
deep and shallow buckets accordingly.

On the basis of design value capacity of the
elevator productivity and the type of transported
material, parameters of the bucket, the step of their
disposition on the tape, and the necessary width of
the tape are selected by tables 2 and 3.
Characteristics of deep and shallow bucket (width,
the bucket outreach, bucket height and capacity)
are shown in table 4.

© V. M. Bohomaz, K. TS. Hlavatskyi, O. A. Mazur, 2015
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Table 1
Value of linear capacity of buckets
Bucket
: Di d st
Bucket width Tape width B, olfstrl)qzsf)ucskeeg deep shallow
By, mm mm {, mm i
g iy, 1 L Um iy, 1 L Vm
t

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 4,2 8.4

500 650 630 12 19 - -

650 800 630 18 28,6 - -

800 1000 800 32 40 - -
1 000 1200 800 45 56,25 - -

Table 2

Dependence of parameters of deep buckets on the productivity to the elevator

. Di d step of L i
Bucket width B, , mm Tape width B, mm b;sfl?:tz tsjgn(i Bucket capacity i, 1 Elevator etf/tsctlveness,

100 125 200 0,2 o

125 150 320 0,4 1,3a

160 200 320 0,6 2a

200 250 400 1,3 3,240

250 300 400 2,0 Sa

320 400 500 4,0 8a

400 500 500 6,3 12,60

500 650 630 12 19a

650 800 630 18 28,60

800 1 000 800 32 400
1 000 1200 800 45 56,250

Table 3
Dependence of parameters of shallow buckets on the productivity to the elevator
. . Disposed step of Bucket capacity Elevator effectiveness,
Bucket width B" > m Tape width B, mm buckets , mm io L t/h

100 125 200 0,1 0,5a

125 150 320 0,2 0,660

160 200 320 0,35 1,17a
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End of Table 3

Bucket width B, ,mm |  Tape width B, mm ?)ﬁflfjfsd ;’tiﬁrﬁf Buc}‘i,:‘ffa"”y Elevator effectiveness,
200 250 400 0,75 1,87a
250 300 400 1,4 3,50
320 400 500 2,7 5,40
400 500 500 4,2 8,40
Table 4
Description of buckets to the elevator
Type of the bucket Internal sizes of the bucket, mm Capacity of
width B, departure 4, hight R the bucket, 1
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
Curved deep D
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
1 000 310 355 95 45
125 65 85 30 0,2
160 75 100 35 0,35
200 95 130 40 0,75
Curved shallow S 250 120 160 55 1,4
320 145 190 70 2,7
400 170 220 85 4,2

The tapes of State standart 23831-79, State
standart 20-85 are used in the bucket elevator as
the traction units. The rubber and fabric tapes of
State standart 20-85 type BKNL-150 are accepted
as a traction units of bucket elevator for the
determination of further researches. The actual
number of tape strips can be 3, 4, 5, 6.

The thickness of the tape is determined by the
formula

O, =98, +id,+9,, 2)

where 8, =3 mm, 8, =1,5 mm is the thickness of
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the rubber plates with working and non-working
sides of the tape; 8p =1,6 mm is the thickness of

one fabric strip. i is the number of strips.
The weight of one meter of tape is determined
by the formula

g,=10"Bdp.g, (3)

where p, =1100 kg/m3 is a density of the tape.
Using the formula (2) and (3) for calculation, we
presented the table of width and linear weight of tape

with different number of stripes and its compliance of
elevator productivity for deep and shallow buckets.
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Linear weight of ribbons for deep buckets

Table 5

Width of tape B, | Linear weight of | Linear weight of | Linear weightof | Linear weight of Elevator effective-
mm tape when tape when tape when [ =5, tape when ness, t’h
i=3,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 1,30

200 20,1 23,5 27,0 30,4 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 12,60

650 65,2 76,4 87,6 98,8 19a

800 80,2 94,0 107,8 121,6 28,60
1 000 100,3 117,5 134,8 152,0 400

1200 120,3 141, 161,7 182,4 56,250

Table 6

Linear weight of ribbons for shallow buckets

Width of tape B, | Linear weight of | Linear weight of | Linear weightof | Linear weight of Elevator effective-
mm tape when tape when tape when [ =5, tape when ness, t’h
i=3,N/m i=4 N/m N/m i=6,N/m
125 12,5 14,7 16,8 19,0 0,50
150 15,0 17,6 20,2 22,8 0,660
200 20,1 23,5 27,0 30,4 1,17a
250 25,1 29,4 33,7 38,0 1,87a
300 30,1 353 40,4 45,6 3,50
400 40,1 47,0 53,9 60,8 5,40
500 50,1 58,8 67,4 76,0 8,40

Distributed weight per 1 m of the tape is
determined by the formula:

Pg
=—==f3P, 4
T34y B “4)
where =% is the coefficient, which depends
,6v

on the speed tape, Nes/kgem.
The dependence of the distributed weight of the
cargo from the design capacity is calculated by the
formula (4) and shown in table 7.
Linear weight of tape with buckets is deter-
mined by the formula
mg

= —+ ,
qn qs t

)

doi 10.15802/stp2015/42178

where m, is bucket weight, kg (table 8).
Linear load on working branch is given by:

(6)

Tentative mass of deep and shallow buckets are
shown in table 8 [7].

Using the formula (5)-(6) and taking into
account the data of table 8, we define the linear
dependence of the load on the working branch of
the elevator from the performance values in the
deep and shallow buckets. The results of the
calculations for tapes with different numbers of
stripes are shown in tables 9, 10.

Qr:qh—l_qv'
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Distributed weight of load

Table 7

Width of Distributed weight during | Elevator productivity Distributed weight during Elevator effectiveness
tape B the elevator work with with sallow buckets, | the elevator work with deep with deep buckets,
mm ’ shallow buckets, N/m N/m buckets, N/m N/m
100 0,503 0,50 of o
125 0,660 0,660 1,3ap 1,30
160 1,170p 1,170 20 2a
200 1,870 1,87a 3,240f 3,24a
250 3,503 3,5a Sap Sa
320 5,40 5,40 8o 8a
400 8,40 8,40 12,603 12,60
500 - - 190 19a
650 - - 28,603 28,60,
800 - - 400p 400
1 000 - - 56,250p 56,250
Table 8
Tentative mass of buckets to the elevator
) ) The weight of one bucket, kg
Bucket weight, mm Wall thickness, mm
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 -
1 000 6 33 -
Table 9
The linear loading on a working branch at deep bucket
Bucket Distributed Linear load on the Linear load on Linear load on the | Linear load on the Elevator
width cargo working branch in the working working branch in | working branchin | effective-
B,,mm | weightq,, tape with i =3 branch in tape tape with i =5 tape with [ =6 ness, t/h
N/m g,,N/m with i=4 ¢, ¢..N/m ¢..N/m
N/m
100 off 37+af 39,2+0p 41,3+ap 43,5+ap o
125 1,30 36,4+1,30f 39+1,30p 41,6+1,30f 44.2+1,3af 1,30
160 2af 47,7120 51,120 54,6+2af 58+2ap 2a
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End of Table 9

Bucket Distributed | Linear load on the Linear load on Linear load on the | Linear load on the Elevator
width cargo working branch in the working working branch in | working branchin | effective-
B,,mm | weightg,, tape with i =3 branch in tape tape with I =5 tape with i =6 ness, t/h
N/m q,,N/m with i=4 ¢, q,,N/m q,,N/m
N/m
200 3,240 74,143,240 78,4+3,240B 82,7+3,240f3 87+3,240f 3,240
250 50f 103,6+5aP 108,8+5ap 113,9+50P 119,1+50f Sa
320 8ap 138,1+8af 145+8ap 151,1+80f 158+8ap 8a
400 12,6ap 265,7+12,6a3 274,4+12,6af 283+12,6af 291,6+12,60f3 12,60
500 190f3 345,2+19af 356,4+19ap 367,6+19af 378,8+19ap 19a
650 28,60 438+28,60f 451,8+28,60f 465,6+28,60f 479,4+28,60f3 28,60
800 400f 443,3+400f 460,5+400f 477,8+40af 495+40af 400
1 000 56,25u0B 524,6+56,30p 545,3+56,3ap 566+56,3af 586,7+56,3af 56,250
Table 10
The linear loading on a working branch at shallow bucket
Bucket width Distributed Linear load on Linear load on Linear load on Linear load on Elevator
Bk ,mm cargo weight the wquing the Wo'rking the wquing the Wo'rking effective-
q,,N/m branch in tape branch in tape branch in tape branch in tape ness, t/h
withi=3 ¢g,, | withi=4 ¢q,, | withi=5 ¢q,, | withi=6 q,,
N/m N/m N/m N/m
100 0,50p 32,140,508 34,3+0,50f3 36,440,503 38,6+0,503 0,50
125 0,660 33,4+0,6603 36+0,660f3 37,8+0,660p 40,4+0,660p 0,660
160 1,17aB 41,5+1,170p 44.9+1,17ap 48,4+1,170p 51,8+1,170p 1,17a
200 1,870 61,9+1,870f 66,2+1,870p 70,5+1,87ap 74,8+1,870p 1,87a
250 3,50p 79,1+3,5ap 84,3+3,50p 89,4+3,5a 94,6+3,5af3 3,5a
320 5,40 138,145,403 145+5,40f3 151,145,403 158+5,40f3 5,4a
400 8,403 246,1+8,40p 254,8+8,40p 263,4+8,40p 272+8,40f3 8,40
Traction calculation of bucket tape elevator is  cargo scooping W, ;:
performed by the method of the outline traversing,
the basic principle of which is the revelation of the Sy =kSy + W, 4, €

characteristic points of the route where the change
in tension of the tape takes place. In addition
the tension in the next point (i +1) is the sum of the
tape tension in the point (7 ) and the resistance of the
tape movement on the section between these points:
S.a=S+W.

i+1 i i,i+1 . (7)

In case of a drum drive speed (Fig. 1) by
clockwise the minimum tension will be at the point
2 — S, . Such tension in the tape at normal material

scooping satisfies the condition:

SZ = Smin 2 qu . (8)

The strength of the tension at the point 3 consists
of a resistance force on the drum and resistance of

doi 10.15802/stp2015/42178

where k =1,08 is the coefficient of tension increase
in the tape with buckets during the drum rounding .

Resistance of scooping material is determined
by the formula

k,q,
Wyy= >

g
where k, is the coefficient of scooping (Nm/kg),

(10)

which is determined by the specific work, that is
expended on scooping of 1 kg material. When the
speed of buckets is v=10..1,25 m/s,

k,=12,5..25 Nm/kg for pulverous and small
pieces materials and k, =20...40 N/'m for middle
pieces materials.
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Fig. 1. Chart tape bucket of the elevator

Thus, substituting the formulas (8) and (10) in

(9) we have:

S3=qv(5,4+%}

(an

Choosing the meaning k£, =25 Nm/kg (it satis-

fies all cargoes) we have:

S, =17,95¢, .

(12)

The tension forces in the points 1 and 4 are

determined by the formulas:
S, =8, =8+W,_,=795q, +q.H,
S; =8, =8 +W,,=5q,+q,H,

(13)
(14)

where H — height of cargo lifting, m.

The dependence of the tension forces values at
the point 4, calculated by the formula (13), from
the value of design capacity, the type of bucket and
the number of strips of tape are summarized in

tables 11-12:

The strength of tension in a point 4 at deep buckets

Table 11

Bucket width B, , The strength of tension in the tape The strength of tension in the Elevator effectiveness,
mm with i=3 S,,N tape with i =4 S, N th
100 37N+af(7,95+N) 39,2N+af3(7,95+N) a
125 36,4N+1,3aB(7,95+N) 39N+1,3ap(7,95+N) 1,3a
160 47,TN+2ap(7,95+N) 51,IN+2ap(7,95+N) 20
200 74,1N+3,240f3(7,95+N) 78,4N+3,240f3(7,95+N) 3,240
250 103,6N+50f(7,95+N) 108,8N+50f(7,95+N) Sa
320 138, IN+8af(7,95+N) 145N+8ap(7,95+N) 8a
400 265,7N+12,60(7,95+N) 274,4AN+12,60p(7,95+N) 12,60
500 345,2N+190f3(7,95+N) 356,4N+190f3(7,95+N) 19a
650 438N+28,60p(7,95+N) 451,8N+28,60p(7,95+N) 28,60
800 443 3N+400p(7,95+N) 460,5N+400p(7,95+N) 400

1 000 524,6N+56,30p(7,95+N) 545,3N+56,30p(7,95+N) 56,250

Continuation of table 11

The strength of tension in a point 4 at deep buckets

Bucket width B, ,

The strength of tension in the tape

The strength of tension in the

Elevator effectiveness,

mm withi=5 §,,N tape with i =6 S, ,N t/h
100 41,3N+ap(7,95+N) 43,5N+0f(7,95+N) o
125 41,6N+1,30f(7,95+N) 44 2N+1,3aB(7,95+N) 1,30
160 54,6N+2aB(7,95+N) 58N-+20f(7,95+N) 20
200 82,7N+3,24ap(7,95+N) 87N+3,240p(7,95+N) 3,240
250 113,9N+50(7,95+N) 119,IN+50(7,95+N) Sa
320 151,IN+8af(7,95+N) 158N+8af(7,95+N) 8a
400 283N+12,6ap(7,95+N) 291,6N+12,6ap(7,95+N) 12,60
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End of Table 11

Bucket width B, ,

The strength of tension in the tape
with i=5 §,,N

The strength of tension in the
tape with i =6 S, , N

Elevator effectiveness,
t/h

mm
500 367,6N+19aB(7,95+N) 378,8N+19aB(7,95+N) 19a
650 465,6N+28,60B(7,95+N) 479,4N+28,60B(7,95+N) 28,60
800 477,8N+400B(7,95+N) 495N+400B(7,95+N) 400
1000 566N+56,30B(7,95+N) 586,7N+56,3ap(7,95+N) 56,250
Table 12
The strength of tension in a point 4 at shallow buckets
Bucket width Bk , The strength of tension in the tape The strength of tension in the tape | Elevator effectiveness,
mm with i=3 S,,N with i=4 S,,N th
100 32,1N+0,50B(7,95+N) 34,3N+0,50B(7,95+N) 0,5a
125 33,4N+0,6608(7,95+N) 36N+0,660f(7,95+N) 0,660
160 41,5N+1,17ap(7,95+N) 44 ON+1,170B(7,95+N) 1,170
200 61,9N+1,870f(7,95+N) 66,2N+1,87ap(7,95+N) 1,87a
250 79,IN+3,50B(7,95+N) 84,3N+3,50p(7,95+N) 3,5a
320 138,IN+5,40B(7,95+N) 145N+5,4ap(7,95+N) 5,4a
400 246,1N+8,408(7,95+N) 254,8N+8,40B(7,95+N) 8,40

Continuation of table 12

The strength of tension in a point 4 at shallow buckets

Bucket width B, , The strength of tension in the tape The strength of tension in the tape | Elevator effectiveness,

mm with i=5 S,,N with i=6 S,,N t/h

100 36,4N+0,50B(7,95+N) 38,6N+0,5aB(7,95+N) 0,50
125 37,8N+0,660p(7,95+N) 40,4N+0,660f(7,95+N) 0,660
160 48,4N+1,170p(7,95+N) 51,8N+1,170f(7,95+N) 1,17a
200 70,5N+1,87af(7,95+N) 74,8N1,870f(7,95+N) 1,87a
250 89,4N+3,50p(7,95+N) 94,6N+3,50B(7,95+N) 3,5a
320 151,IN+5,40f(7,95+N) 158N+5,40p(7,95+N) 5,4a
400 263,4AN+8,40f(7,95+N) 272N+8,40f(7,95+N) 8,40

The dependence of the values of the tension
forces at the point 1 is calculated by the formula

(14) the value of design capacity, the type of

bucket and the number of strips of tape are

summarized in tables 13-14.

The strength of tension in a point 1 at deep buckets

Table 13

Bucket The strength of The strength of The strength of The strength of Elevator effec-
width Bk , tension in the tape tension in the tape tension in the tape tension in the tape tiveness, t’h
mm with i=3 S§,N with i=4 S;,N with i=5 S,N with i=6 S;,N
100 37N+50 39,2N+5ap 41,3N+50p 43,5N+5af a
125 36,4N+6,5ap 39N+6,50p 41,6N+6,503 44,2N+6,5a3 1,30
160 47,7N+100p 51,IN+100f 54,6N+100p 58N+10af 20
200 74,1IN+16,20f3 78,4AN+16,20f3 82,7N+16,20f3 8TN+16,2a 3,240
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End of Table 13

Bucket The strength of The strength of The strength of The strength of Elevator
... B tension in the tape tension in the tape tension in the tape tension in the tape effectiveness,
width ~k, ] . . . t/h

mm with =3 SN | wih =4 SN | with =5 SN | wim i=6 Si N
250 103,6N+250p 108,8N+25ap 113,9N+250pB 119,IN+250 Sa
320 138,IN+4003 145N+400p 151,IN+4003 158N+400p 8a
400 265, 7N+63ap 274,AN+630p 283N+630p 291,6N+630af 12,60
500 3452N+95ap 356,4N+95up 367,6N+950f3 378,8N+950 19a
650 438N+1430f 451,8N+1430p 465,6N+1430p 479,4AN+1430p 28,60
800 443 3N+2000 460,5N+2000 477,8N+20003 495N+2000f 400

1 000 524,6N+281,5a 545,3N+281,5ap S66N+281,5ap 586,7N+281,5a 56,250

Table 14
The strength of tension in a point 1 at shallow buckets
Bucket The strength of The strength of The strength of The strength of Elevator effec-
width Bk , tension in the tape tension in the tape tension in the tape tension in the tape tiveness, t’h

mm withi=3 §|,N with i=4 §|,N withi=5 §|,N with i=6 S;,N
100 32,IN+2,50 34,3N+2,50p 36,4N+2,5af3 38,6N+2,5af 0,5a
125 33,4N+3,3ap 36N+3,30p 37,8N+3,3af3 40,4N+3,3af 0,660
160 41,5N+5,850B 44 9N+5,850 48,4N+5,850p 51,8N+5,850pB 1,17a
200 61,9N+9,350f3 66,2N+9,350f3 70,5N+9,35af3 74,8N+9,3503 1,87a
250 79,IN+17,50B 84,3N+17,50B 89,4N+17,50p 94,6N+17,50B 3,5a
320 138,IN+27ap 145N+270f3 I51,IN+27apB 158N+270f3 5,4a
400 246,I1N+420B 254, 8N+420B 263,4N+420 272N+420p 8,40

Traction force with regard to the resistance to
rotation of the drive drum is determined by the
formula

(15)

where k£'=1,08 is the coefficient of resistance to

the drive drum rotation.
After the algebraic transformations in formula
(15) we have:

Fy=8,-5 +(k'—1)(S4+S1),

F, =1,085, — 0,928, .

(16)

The value of traction force with regard to the
resistance to rotation of the drive drum depending
on the values of the design capacity, the type of
bucket (deep and shallow) and the number of tape

strips are summarized in table 15-16:

Traction force on a drive drum at deep bucket

Table 15

Bucket width B, , Traction force of the tape with Traction force of the tape with Elevator effective-

o i=3 F.N i=4 F.N ness, th
100 5,9N+ap(4+1,08N) 6,3N+ap(4+1,08N) o

125 5,82N+1,30p(4+1,08N) 6,2N+1,30f(4+1,08N) 1,30

160 7,63N+2ap(4+1,08N) 8,2N+2af(4+1,08N) 2a

200 11,9N+3,240B(4+1,08N) 12,5N+3,240p(4+1,08N) 3,240

250 16,6N+50p(4+1,08N) 17,4AN+50B(4+1,08N) Sa

320 22,IN+8ap(4+1,08N) 23,2N+8ap(4+1,08N) 8a

400 42,5N+12,60p(4+1,08N) 43,9N+12,60p(4+1,08N) 12,60
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Traction force on a drive drum at deep buckets

End of Table 15

Bucket width B,

Traction force of the tape with

Traction force of the tape with

Elevator effective-

mm i=3 F,N i=4 F,N ness, t/h
500 55,2N+190f(4+1,08N) 57N+19ap(4+1,08N) 190

650 70,1N+28,60p(4+1,08N) 72,3N+28,60p3(4+1,08N) 28,60

800 70,9N+400p(4+1,08N) 73, 7N+400ap(4+1,08N) 400
1 000 83,9N+56,30p(4+1,08N) 87,2N+56,3ap(4+1,08N) 56,250

Bucket width Bk , Traction force of the tape with Traction force of the tape with Elevator effective-

o i=5 F.N i=6 F.N ness, th
100 6,6N+ap(4+1,08N) TN+0p(4+1,08N) a

125 6,7N+1,30p(4+1,08N) 7,IN+1,30f(4+1,08N) 1,30

160 8,7N+20f(4+1,08N) 9,3N+20(4+1,08N) 2a

200 13,2N+3,240p(4+1,08N) 13,9N+3,240p(4+1,08N) 3,240

250 18,2N+5ap(4+1,08N) 19,IN+50B(4+1,08N) Sa

320 24 2N+8af(4+1,08N) 25,3N+8ap(4+1,08N) 8a

400 45,3N+12,60B(4+1,08N) 46,7N+12,60p(4+1,08N) 12,60

500 58,8N+19af(4+1,08N) 60,6N+190f(4+1,08N) 19a

650 74,5N+28,60f(4+1,08N) 76,7N+28,603(4+1,08N) 28,60

800 76,4AN+400f(4+1,08N) 79,2N+400p(4+1,08N) 400
1 000 90,6N+56,3af3(4+1,08N) 93,9N+56,3af3(4+1,08N) 56,250

Table 16

Traction force on a drive drum at shallow buckets

Bucket width Bk , Traction force of the tape with Traction force of the tape with Elevator effective-
. i=3 F.N i=4 F.N ness, th
100 5,IN+afB(4+1,08N) 5,5N+af(4+1,08N) 0,50
125 5,3N+1,30p(4+1,08N) 5,8N+1,30p(4+1,08N) 0,660
160 6,6N+2af(4+1,08N) 7,2N+20(4+1,08N) 1,170
200 9,9N+3,240p(4+1,08N) 10,6N+3,24ap(4+1,08N) 1,87a
250 12, 7N+50B(4+1,08N) 13,5N+5ap(4+1,08N) 3,5a
320 22, IN+8af(4+1,08N) 23,2N+8ap(4+1,08N) 5,4a
400 39,4N+12,60p(4+1,08N) 40,8N+12,60p(4+1,08N) 8,40

Continuation of table 16

Traction force on a drive drum at shallow buckets

Bucket width B, , Traction force of the tape with Traction force of the tape with Elevator effective-
mm i=5 F.,N i=6 F,N ness, t/h
100 5,8N+af(4+1,08N) 6,2N+af(4+1,08N) 0,50
125 6,0N+1,30p(4+1,08N) 6,5N+1,30p(4+1,08N) 0,660
160 7,7N+2ap(4+1,08N) 8,3N+2ap(4+1,08N) 1,170
200 11,3N+3,240p(4+1,08N) 12N+3,240p(4+1,08N) 1,870
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End of Table 16

Bucket width B, , Traction force of the tape with Traction force of the tape with Elevator effective-
mm i=5 F.,N i=6 F,N ness, t/h
250 14,3N+50B(4+1,08N) 15,IN+5ap(4+1,08N) 3,5a
320 24 2N+8af(4+1,08N) 25,3N+8ap(4+1,08N) 5,4a
400 42,IN+12,60B(4+1,08N) 43,5N+12,608(4+1,08N) 8,4a

Kinematic chart of the elevator drive is shown
in Fig. 2.

Fig. 2. Chart of the elevator drive:
1 — engine; 2 — elastic clutch; 3 — stopping device (arresting);
4 —reducing gear; 5 — chain transmission;
6 — drive drum; 7 — tape

The coefficient of the drive useful effect
performance duty is determined by the formula:

N=NMNMm » (17
where 1. =0,96 — coefficient of the reducing gear
useful effect performance duty; m,=0,95 -

coefficient of the chain transmission useful effect
performance duty; m,, =0,98 — coefficient of the
sleeve useful effect performance duty.

Therefore

n=nnm, =0,96-0,95-0,98=0,89.

The power of the engine is determined by the
formula
__ky
1000m

(18)

Design power of the engine is determined by
the formula

£=nP, (19)

where n, =1,1...1,2 — margin of power coefficient.

As far asn=0,89 andn, =1,1, then from the

formula (18) and (19) we receive:
p=—LY _0001F .
1000n
The dependence of the calculated engine power
from the values of the design capacity, the type of
bucket, the number of tape strips , the speed of belt
movement and the lifting height of the load is
calculated by the formula (20) that based on the
data tables 15-16 are summarized in tables 17-18:

(20)

Table 17
Design engine power at deep buckets
Bucket width Bk , Engine power when the tape is { =3 Engine power when the tape is Elevator effective-

mm P.W i=4 P,w ness, t’h
100 (5,9N+0f(4+1,08N))v (6,3N+0f(4+1,08N))v o

125 (5,82N+1,30B(4+1,08N))v (6,2N+1,3ap(4+1,08N))v 1,30

160 (7,63N+20p(4+1,08N))v (8,2N+20ap(4+1,08N))v 20

200 (11,9N+3,240B(4+1,08N))v (12,5N+3,240p(4+1,08N))v 3,240

250 (16,6N+50f(4+1,08N))v (17,AN+50f(4+1,08N))v Sa

320 (22,IN+80f(4+1,08N))v (23,2N+8af(4+1,08N))v 8a

400 (42,5N+12,60p(4+1,08N))v (43,9N+12,608(4+1,08N))v 12,60

500 (55,2N+19aB(4+1,08N))v (57N+19ap(4+1,08N))v 19a

650 (70,1N+28,60p(4+1,08N))v (72,3N+28,608(4+1,08N))v 28,60

800 (70,9N+400p(4+1,08N))v (73,7N+400B(4+1,08N))v 400
1 000 (83,9N+56,3ap(4+1,08N))v (87,2N+56,30p(4+1,08N))v 56,250
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Continuation of table 17

Design engine power at deep buckets

Bucket width B,

Engine power when the tape is i =35

Engine power when the tape is

Elevator effective-

mm P.W i=6 P,wW ness, t’h
100 (6,6N+af(4+1,08N))v (7N+op(4+1,08N))v o
125 (6,7N+1,3ap(4+1,08N))v (7,IN+1,3ap(4+1,08N))v 1,30
160 (8,7N+2ap(4+1,08N))v (9,3N+2ap(4+1,08N))v 20
200 (13,2N+3,240p(4+1,08N))v (13,9N+3,240B(4+1,08N))v 3,24a
250 (18,2N+50p(4+1,08N))v (19,IN+50f(4+1,08N))v Sa
320 (24,2N+80f(4+1,08N))v (25,3N+80f3(4+1,08N))v 8a
400 (45,3N+12,60p(4+1,08N))v (46,7N+12,608(4+1,08N))v 12,60
500 (58,8N+19ap(4+1,08N))v (60,6N+19ap(4+1,08N))v 19a
650 (74,5N+28,60p(4+1,08N))v (76,7N+28,60p(4+1,08N))v 28,60
800 (76,AN+400B(4+1,08N))v (79,2N+400p(4+1,08N))v 400

1 000 (90,6N+56,30p(4+1,08N))v (93,9N+56,30p(4+1,08N))v 56,250

Table 18

Design engine power at shallow buckets

Bucket width B IR

Engine power when the tape is

Engine power when the tape is

Elevator effectiveness,

mm i=3 P,wW i=4 P,w t/h

100 (5,IN+op(4+1,08N))v (5,5N+op(4+1,08N))v 0,50
125 (5,3N+1,3ap(4+1,08N))v (5,8N+1,3ap(4+1,08N))v 0,660,
160 (6,6N+20aB(4+1,08N))v (7,2N+2aB(4+1,08N))v 1,17a
200 (9,9N+3,240B(4+1,08N))v (10,6N+3,24af(4+1,08N))v 1,87a
250 (12,7N+50B(4+1,08N))v (13,5N+50B(4+1,08N))v 3,50
320 (22,IN+8ap(4+1,08N))v (23,2N+8af(4+1,08N))v 5,40
400 (39,4N+12,6aB(4+1,08N))v (40,8N+12,6aB(4+1,08N))v 8,40

Continuation of table 18

Design engine power at shallow buckets

Bucket width By ,

Engine power when the tape is

Engine power when the tape is

Elevator effectiveness,

o i=5 P w i=6 P w t/h

100 (5,8N+ap(4+1,08N))v (6,2N+ap(4+1,08N))v 0,5a
125 (6,0N-+1,3ap(4+1,08N))v (6,5N+1,3ap(4+1,08N))v 0,660
160 (7,7N+2ap(4+1,08N))v (8,3N+2ap(4+1,08N))v 1,17a
200 (11,3N+3,24ap(4+1,08N))v (12N+3,240aB(4+1,08N))v 1,870
250 (14,3N+50p(4+1,08N))v (15,1N+50f(4+1,08N))v 3,50
320 (24,2N+8ap(4+1,08N))v (25,3N+80f3(4+1,08N))v 5,40
400 (42,1N+12,60B(4+1,08N))v (43,5N+12,60B(4+1,08N))v 8,40

Analyse the impact of the design capacity of
the elevator shotblasting room to the power of
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Findings

necessary drive should be conducted. Shotblasting
room is used to strengthen the metal springs of car
by the method of shot peening. For automation
work of such room the elevator is used, that
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transports the spent shot in feed hopper of
shotblasting machine of the rotary type. The steel
shot of State standart 3184-95 with diameter of
1,2-1,4 mm is used for the strengthen of the springs.
Given the physical and mechanical properties of steel
shot (can be attributed to hard-running granular bulk
cargo), the tape elevator with disposed buckets and
centrifugal unloading was selected. The speed of the
tape is v=1,45 m/s; the fill factor bucket v =0,6;

p=7,2 t/m3 is the shot density in accordance with

State standart 3184-95; lifting height of the load
H=4,5m.
Under these conditions, the coefficients are equal

=22,55t-m/lperh;

g
ap =3,6vpy—>—=
B PV S =PVE

b

=7,2-0,6-9,8 = 42,34 N/m’

The dependence of the design power of the
electric drive motor of an elevator from the design
capacity are shown in table 19.

Given the standard values of three-phase
asynchronous briefly closed motors power of 4A
series with synchronous rotation speed of 1000
rpm, table of design capacity and necessary engine

Lok power correspondence was built for the elevator
a=3, 6vpy=3,6-1,45-7,2-0,6 drive of shotblasting room.
Table 19
Design engine power at deep buckets
Bucket width Engine power Engine power Engine power Engine power Elevator effective-
Bk , mm when the tape is when the tape is when the tape is when the tape is ness, t/h
i=3 P.w i=4 P,W i=5 P,wW i=6 P,W
100 5382,0 585,0 587,0 589,6 22,55
125 745,0 747,6 750,8 753,44 29,31
160 1137,7 1141,4 1 144,6 1 148,6 45,1
200 1 840,0 1843,9 1 848,5 1 853,1 73,1
250 2 828,0 28332 2 838,4 28443 112,75
320 4 495,7 4502,9 4509,4 4516,6 180,4
400 7 130,9 7 140,1 7 149,2 71583 284,1
500 10 695,0 10 706,8 10 718,5 10 730,2 428,45
650 16 014,0 16 028,4 16 042,8 16 057,1 644.,9
800 22 220,2 222384 22 256,1 222743 902
1 000 31171,2 311927 312149 31236,4 12684
Table 20

Engine power at deep buckets

Bucket width Bk . mm Engine power P, kW Type of engine Elevator effectiveness, t/h

100 0,75 4A80A6U3 22,55

125 1,1 4A80B6U3 29,31

160 1,5 4A90L6U3 45,1

200 2,2 4A100L6U3 73,1

250 3,0 4A112MA6U3 112,75

320 5,5 4A13256U3 180,4

400 7,5 4A132M6U3 284,1

doi 10.15802/stp2015/42178

202

© V. M. Bohomaz, K. TS. Hlavatskyi, O. A. Mazur, 2015



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

Hayxka ta nporpec Tpancnopty. BicHux J{HimponeTpoBcEKOro

HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 2 (56)

HETPAIULIIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MH

End of Table 20

Bucket width Bk , mm Engine power P, kW Type of engine Elevator effectiveness, t/h
500 11,0 4A160S6U3 428,45
650 18,5 4A180M6U3 644,9
800 30 4A200M6U3 902
1 000 37 4A225M6U3 1268,4

Analyzing the results of calculations presented
in table 20, we conclude that the dependence of the
power drive of the elevator from its design
capacity (at fixed lifting height, type of cargo, the
speed of movement of the tape) in general is
a piecewise continuous monotonically increasing
function that is continuous on the left side at the
point of rupture. In this case values effectiveness
given in the last column of the table 20 should be
considered where the power value changes and
equals to the corresponding value given in the
second column of the table 20. But to the value
29,31 t/h capacity is equal to 0,75 kW due to the
minimality of such power in a number of engines
of this class. The graph of the capacity of the
elevator drive shotblasting room on the value of
design capacity was built according to the results
of calculations (Fig. 3).

—
R, kW
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10 |
1
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a 0 L1 1 100 1280 1500
P. t'h

Fig. 3. Dependence of the elevator drive power
from the productivity
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Originality and Practical value

A parametric dependence of the elevator power
drive from its design capacity was built, and it
takes into account the type and characteristics of
the load, the lifting height, standard dimensions
and parameters of the buckets and tapes.

Using the built dependencies enables relatively
fast to determine an approximate value of power
over the vertical speed elevators with deep and
shallow buckets and perform the high-quality
selection of its key elements by specific design
characteristics: type of load, productivity, lifting
height.

On the bases of the proposed approach the
impact of the design capacity of the elevator
shotblasting room to the required drive was
analysed.

Conclusions

The parametric dependence of the values of
drive power from its design capacity was built for
the bucket tapes elevators. It gives the opportunity
to obtain the necessary value of drive power based
on the type and physical and mechanical properties
of cargoes, the value of the lifting height and
design capacity, using only one formula for calcu-
lation. The obtained results of the power drive
generation process from the expected capacity of
the elevator shotblasting room, which is designed
to strengthen the car springs are used as an
example of attracting. According to the standard of
bucket parameters and characteristics of electric
motors, the parametric and graphic dependences of
drive power from the design capacity was built for
such type of elevators. It is proved that the function
changes of the elevator capacity value from design
capacity (at fixed lift height, type of cargo and the
speed of the tape) are piecewise continuous and
monotonically increasing.
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JOCJLI’KEHHS BILVIUBY HPOEISTHOi IMPOAYKTHUBHOCTI
EJIEBATOPY HA IOTYKHICTb UOT'O ITPUBOY

Meta. OnHUM i3 OCHOBHHX €JIEMEHTIB CTPIYKOBHX KOBIIOBHX €JIeBaTOpiB € ix mpuBia. s BuU3HAYEHHS
MOTY>HOCTI IPUBOAY HEOOXIHO MPOBECTU PO3PAXyHKHU 3a CTAHAAPTHUMHU METOJMKAMH, JUIs YOTO IMOTPiOHO BUTpa-
TUTH J10CTaTHBHO yacy. OJHHUM 13 NPOEKTHHUX MapaMeTpiB € MPOAYKTHBHICTh ejeBaTopy. B crarri HeoOxinHO moly-
JyBaTH TapaMeTPUYHy 3aJIeKHICTh MOTY)XHOCTI IPHBOJY €JEBAaTOPY BiJ WOro MPOEKTHOI IPOMYKTUBHOCTI, sKa
BPaxOBY€ THH Ta XapaKTEePHCTHKH BaHTaXYy, BUCOTY IiHOMY, CTaHIapTHI PO3MIpH 1 ITapaMeTpu KOBIIIB Ta CTPIYOK.
MeTtoanka. BUKoOpHCTOBYIOUM METOIMKY TSTOBOTO PO3PAXYHKY CTPIYKOBHMX KiBIIEBHX €JIEBATOpiB, MOOYyIOBaHI
napaMeTpUYHi 3aJIeKHOCTI MOTYXHOCTI MPUBOY LIBHIKOXITHHUX €JIE€BATOPIB i3 ITIMOOKMMH Ta MIJKMMH KOBIIAMH
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BiJl X MPOJYKTHBHOCTI NpH (PiKCOBAHOMY THITI BaHTaXYy Ta BUCOTI mifiiomy. Pe3yabraTn. Ha ocHOBI mo0OynoBaHHX
MapaMeTPUIHUX 3aJISKHOCTEH BCTAHOBJIICHO, IO (PYHKI[iSl 3MiHM BEIHMYUHH MOTY)KHOCTI €JI€BaTOPY BiJ MPOEKTHOI
MPOAYKTUBHOCTI (IIpH (PiKCOBAHMX BHCOTI MiAHOMY, THITY BaHTaXy, IIBHAKOCTI PyXY CTPIUKH) € KyCKOBO-CTAJIOIO Ta
MOHOTOHHO 3pOCTarouol0. Bu3HaueHi B 3arajJbHOMY BHIVISII IHTEPBaJIM MPOSKTHUX 3HAYEHb MPOJYKTUBHOCTI, SIKi
3a0e3MeuyIoTh MOCTiiiHy BEIMYUHY HOTYXKHOCTI NPUBOAY eyieBaTopy. B sikoCTi mpukiany 3aiydeHHs OTPUMaHUX
Pe3yJbTaTiB PO3MIITHYTO MPOLIEC MOOYAOBH 3AJIEKHOCT] OTY)KHOCTI PUBOAY BiJl HPOEKTHOT MPOIYKTUBHOCTI €Jie-
BaTOpy JpOOOMETHOI KaMepH, SIKMH TPU3HAYEHHH JJIs1 TPAaHCIIOPTYBaHHS METaJIeBOTO Jpo0Y, [0 BUKOPUCTOBYETHCS
IIpY 3MIIIHEHHI BarOHHUX MPY>KUH. J[JIs1 KOHKPETHUX TUITy BaHTay Ta BHCOTHU HiIHOMY Takoro eieBaTopy Hooymo-
BaHO TpadivyHy 3aJeXKHICTh MOTYXKHOCTI HOro npuBoxy Bij npoaykTuBHOCTi. HaykoBa HoBu3Ha. Bniepie BuBeneHi
mapaMeTPUYHI 3aJIe)KHOCTI IMOTYKHOCTI IIPUBOJY €IIEBATOPY BiJl HOTO MPOEKTHOI MPOTYKTHBHOCTI, SIKi BPaXOBYIOTh
TUT Ta Pi3UKO-MEXaHIYHI XapaKTePUCTUKN BaHTaXYy, BHCOTY IMiTHOMY, CTAaHIAPTHI PO3MIPH Ta MapaMeTpy KOBIIIB
i crpivok. IlpakTHyHa 3HAYNMicTh. BuKkoprcTaHHa MOOYIOBaHHUX 3aTI€KHOCTEH 1a€ MOXIIUBICT BITHOCHO IIBH/I-
KOTO BH3HAYCHHS MPUOIU3HOTO 3HAYEHHS MOTY)KHOCTI MPUBOIY BEPTHKAJIBHUX IIBUAKOXITHUX €JIEBAaTOPIB i3 IIIH-
OOKMMHU Ta MIJTKUMH KOBIIAMH Ha CTafil MPOEKTyBaHHA. TakoX MOXKIIMBHM € BUKOHAHHS SKICHOTO MigOopy HOro
OCHOBHHX €JIEMEHTIB IPU KOHKPETHUX MPOEKTHHUX XapAaKTEPUCTUKAX: THI BAHTaXy, MPOAYKTHBHICTb, BUCOTA IIiA-
Homy.
Knrouogi crosa: eneBaTop; KiBII; IPUBIA; MOTYXKHICTh; IPOAYKTUBHICTD; BAHTAX
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NCCIEAJOBAHUE BJIUAHUSA ITPOEKTHBIX XAPAKTEPUCTUK
JJIEBATOPA HA ITAPAMETPHBI ET'O ITPUBOJA

Heab. OmHIM M3 OCHOBHBIX 3JIEMEHTOB JICHTOYHBIX KOBIIOBBIX 3JIEBATOPOB SBIISIETCS MX MpHUBOA. J{iIst ompene-
JICHUS MOIITHOCTH MIPUBOAA HEOOXOIUMO MIPOBECTH PACUETHI MO0 CTAHIAPTHBIM METOAUKAMH, [ YeTO HYXKHO TOTpa-
TUTh TOCTaTOYHO BpeMeHH. OIHUM U3 MPOCKTHBIX MapaMeTpPOB SBISETCS MPOU3BOIUTEIHLHOCTH 3eBaTopa. Heod-
XOJMMO MOCTPOUTH NAapPaMETPUUECKYIO 3aBUCMMOCTb MOIIIHOCTH IIPUBOAA 3JIEBATOPA OT €0 MPOEKTHOW NMPOU3BOAU-
TEIBHOCTH, KOTOpasi YUUTHIBAET TUI M XapAaKTEPUCTUKHU I'py3a, BBICOTY IOABbEMA, CTAHAAPTHBIE pa3Mepbl U Hapa-
MeTpbl KOBLIEH U JIeHT. MeTtoauka. Vcrnonb3yss METOAUKY TATOBOIO pacdeTa JIEHTOYHBIX KOBLIEBBIX 3JIEBATOPOB,
MOCTPOCHBI MapaMETPUIESCKUE 3aBHCUMOCTH MOIIHOCTH MPUBOJIA OBICTPOXOIHBIX 3JIEBATOPOB C TIIyOOKMMH U MEJI-
KHMH KOBILIAMH OT MX MPOU3BOJAUTEIILHOCTH MPH (PUKCUPOBAHHBIX TUIIC IPy3a U BBICOTE Mmoabema. Pe3yabTaThl. Ha
OCHOBE IMOCTPOCHHBIX [TAPAMETPUUCCKUX 3aBHCUMOCTEH YCTAHOBIICHO, YTO (DYHKI[HSI M3MEHEHHSI BETUUYNHBI MOIITHO-
CTH 3JIeBaTOpa OT MPOCKTHOW MPOU3BOAUTEIHFHOCTH (TMPH (PUKCHPOBAHHBIX BBICOTE MOIBEMA, THIIEC TPY3a, CKOPOCTH
JIBIOKCHUS JICHTHI) SIBJISICTCS KYCOYHO-TIOCTOSTHHONH M MOHOTOHHO Bo3pactarolieil. OnpeaencHsl B o0eM BUIE HH-
TepBaJIbl IPOCKTHBIX 3HAYCHHUN IPOU3BOAUTEIBHOCTH, KOTOPBIC 00ECIICUYNBAIOT ITOCTOSIHHYIO BEJIMYUHY MOIIHOCTH
MpUBOJIA 3JIeBaTopa. B kauecTBe mpuMepa NpUMEHEHUs MOJYUYEHHBIX PE3YyJbTaTOB PACCMOTPEH IMPOLIECC MOCTPOe-
HUS 3aBIECHMOCTH MOIIHOCTH MPHBOAA OT IMPOECKTHOW MPOM3BOIUTEIHHOCTH JIEBaTOpa APOOOMETHOI KaMephl, KO-
Topasi mpeJHa3HaYeHa U1 TPAHCHOPTHPOBKHA METAIUTMYECKON ApoOH, MCIIONB3yeMOl NpH YIPOYHEHHUH BarOHHBIX
npyXuH. JlJi1 KOHKPETHOTO THIA TPy3a M BBICOTHI MOJBEMa TAKOTO 3JI€BAaTOpa MOCTPOCHA TpaduuecKasl 3aBHCH-
MOCTb MOLIHOCTH €r0 IpHBOJA OT Ipou3BoauTesbHOCTH. HayuyHasi HOBU3HA. BriepBble BBIBEIEHBI ITapaMeTpuye-
CKHE 3aBUCUMOCTH MOLIHOCTU IIPUBOJA 3JIEBATOPa OT €r0 MNPOEKTHOW MPOU3BOJUTEIBHOCTH, KOTOPbIE YUUTHIBAIOT
TUO U (PU3HKO-MEXaHUYCCKHE XapaKTEPUCTHKH IPy3a, BHICOTY MOAbEMa, CTAHAAPTHBIC pa3MEphl U MapaMeTPhl KOB-
wel u geHT. llpakTuyeckast 3HAYMMOCTh. VCrIoIb30BaHNE NOCTPOEHHBIX 3aBUCUMOCTEN J1a€T BO3MOKHOCTh OTHO-
CUTETIFHO OBICTPOTO OIpENCNICHHs MPUOTHU3UTEIBHOTO 3HAYCHUS MOIIHOCTH IPUBOJIA BEPTUKAIBHBIX OBICTPOXO/I-
HBIX DJIEBATOPOB C IIIYOOKHMH M MEJIKHMHU KOBIIAMH Ha CTaJUU MPOCKTHUPOBAHUS. Takke BO3SMOXKHBIM SIBIISCTCS
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BBINIOJTHEHHE Ka4EeCTBEHHOTO MOJ00pa €r0 OCHOBHBIX JIEMEHTOB IMPU KOHKPETHBIX MPOEKTHBIX XapaKTEPHCTHKAX:
THII TPY3a, IPOM3BOAUTEILHOCTD, BEICOTA ITOIBEMA.
Kniouegvie cnosa: 3neBaTop; KOBII; IPUBOJ; MOILITHOCTh; TPOM3BOANTEIBHOCTD; TPY3
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