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IIpoeedeni docniorncenns w000 enausy 006208iuHoCmi
pobomu cmpiuku Ha cobigapmicmv mpawcnopmyeéanis
monu eanmasicy. /Jocnioicenns noxazanu, wo uum éirvua
0062061unicCMb MPAHCROPMHOT YCMAHOBKU, MUM MEHULA
cobisapmicmv Mpancnopmyeanns 6ammasicy, a NoeHo-
uinnuili mepmin caydxicobu mpybuacmozo xoneeepa éuna-
uae mepmin cayxncou cmpiuxu. B ceoto uepey na mep-
MiH CAYAHCOU cmpiuKku 6nauealomv napamempu Koneeepa,
a maxoic napamempu 6aHMANCY WO MPAHCNOPMYEMBCSL.
Buseneni 3nanumi napamempu, na axi npoexmye8anvHux,
npu po3poduyi mpyduacmozo Koneeepa, moxjce naUHYmu,
a came: padiycy cmpiuku 3z0pnymoro 6 mpyody i weuo-
xocmi pyxy cmpiuxu. Paoiyc i wmeuodxicmo pyxy cmpivku
MOJICHA NPONOPULIHO 3MinI08aAMU 8iIOHOCHO 3a0anoi npo-
OyKmueHocmi KOHGeEPA MuM CAMUM 3MIHION0UU MePMiH
cayxchbu cmpiuku i cobieapmicmo mpancnopmyeanns 6amu-
maoicy. Buseneni pospaxynkoei 3anexcnocmi inmezpao-
H020 eKOMOMIUN020 noOKA3HuUKA — cobieapmocmi mpan-
CROpMYBAHHA MOHU 6AHMANCY 8 AKUI YSIllWAU GUMpPamu
Ha 3apobimny naamy, erexmpoenepeiio, amMopmu3auiio,
Mmamepianu, pemonm, iHwi GUMpamu, Maca nepemiueHo-
20 eammajicy 3a yeeco mepmin Cayxicou poéomu Koueec-
pa. 3anpononosana mMemoouKa 6UIHAUEHHS ONMUMATL-
Hux paodiycy i weuodxocmi pyxy cmpiuku npoexmoeanozo
mpyouacmo20 Koneepa, npu AKUX cepeons codieapmicmo
Mpancnopmyeanus MoHu 6aHma’icy 3a 6eCb 4aAC eKc-
nayamauii xoneeepa Gyode MiHiMaANLHOIO. 34 OMpuUMAHU-
Mu 3anexicHocmamu nodyoosani epadiku aminu cepeonvoi
cobisapmocmi mpancnopmyeans 6anmanicy KoHeeepom
6 3anedxcnocmi 6i0 padiyca i weuodKocmi pyxy cmpivku.
Ananiz epagpixie 003602u6 eusHAUUMU ONMUMATLHI Pa-
diyc i meuodKicmo pyxy cmpiuKu npoeKxmoeanozo KoHeee-
pa npu axux codieapmicmo mpancnopmyeans 6aHmaxicy
Minimanvra. /lns 3adanux ymos excnayamauii, nageoe-
HUX 8 AKOCMI NPUKIA0A, OMPUMAHi peKkomerndosani napa-
Mempu padiycy i weudxocmi pyxy cmpiuku axi 36invuy-
10moea 3i 36iTbUEHHAM NPOOYKMUBHOCHI KOHBEEPA

Kniouosi cnosa: mpybuacmuii xoneeep, coéieapmicmo
MPaAnCnopmyeanis 6AHMANCY, MEMOOUKA GUHAUEHHS, Pa-
diyc, weuoxicmo cmpiuxu
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Belt conveyors are widely used in various industries
to move various materials horizontally or at a small angle.
This is predetermined by the simplicity of design and high
efficiency of the processes employed to transport materials
to the required location. There is a significant need in many
cases to move various materials at large angles to the horizon-
tal. Displacement of materials at angles when the component
of lifting exceeds friction forces on the belt is impossible by
using conventional belt conveyors. Tubular belt conveyers
are proposed instead of typical belt conveyors. Such con-
veyors can move materials not only at angles but could be ap-
plied to the spatial configuration of the route with inflections
along the horizontal and vertical planes at the same time.
They can be used for the transportation of various materials
under conditions of mountainous terrain, as well as when
natural and artificial obstacles appear on the route. A special

feature of the structure of such conveyors opens up a possi-
bility to transport a cargo at the upper (freight) and lower
branches of a conveyor. However, effective and widespread
use of these conveyors is hindered by the need to improve the
methods of their calculation.

2. Literature review and problem statement

Application of belt tubular conveyors is outlined in pa-
per [1]. Work [2] investigated a tubular belt conveyor taking
into consideration reverse motion of the belt and demon-
strated prospects of a given class of transportation means.
A confirmation of the effective application of such trans-
portation means is given in paper [3] whose authors report
results of calculation of parameters and present the design of
a tubular conveyor. Meanwhile, as indicated by studies [1-3],
the unresolved tasks are determining the optimum para-




meters of a tubular belt conveyor, which would minimize
the cost of capital and operating expenditures An important
element of tubular conveyors is the belt whose durability
affects the work of the entire installation. That explains why
most studies address the work of the belt, as well as deter-
mining the forces of adhesion between a material and the
belt. Paper [4] investigates the influence of lateral pressure
of a material in order to establish a model of adhesion with
a conveyor belt. The authors derived an analytical depen-
dence, which determines relationships between a lateral pres-
sure, conditional diameter of a material and the rate of filling.
At the same time, they failed to examine the operational re-
liability of the belt and only indicated a possibility of impact
from the results obtained. Work [5] is worth considering as
the authors studied and measured the wear of industrial con-
veyor belts and modeled their performance under an impact
mode for the predefined conditions of operating parameters.
The analysis of the wear of the tape from impact, in the boot
device of the conveyor with different number of supporting
rollers, the material about the tape is given. The paper gives
an analysis of the wear of a belt due to the impact, in the
filling device of a conveyor with a varying number of sup-
porting rollers, of a material and the belt. At the same time,
the wear and durability of the belt, which affect capital and
operating costs, were not dealt with for the case of its motion
with the material on linear roller supports.

Paper [6] employs a classical linear regression model
to analyze dependences of a conveyor belt on the impact
loading, though with certain assumptions. Study [7] applied
a logistic regression equation based on the obtained values
of damage in a rubber-textile belt. The application of such
approaches is relevant only within the numerical values of
the parameters that are obtained under specific conditions
of the performed experiments. Paper [8] reports results of
research into influence of the number of transportation belts
that are equipped with tension rollers on a failure in the place
of impact. The research focuses exclusively on the analysis
of failures under certain conditions of loading a conveyor
belt. Paper [9] describes an analysis of conveyor belt failures
under conditions of its impact loading based on the appli-
cation of a dissipation coefficient. The above study requires
the refinement of hypotheses based on which the dissipation
was defined. The dependences derived do not account for the
compressive forces of a tubular belt with the load on linear
roller supports, as well as their influence on the durability
of the belt.

Paper [10] reports results of experimental research into
estimation of damage to belt conveyors used in the mining
industry. The authors did not determine the effect of load
transportation cost, which depends on the durability of
the belt.

Authors of work [11] describe the study into durability of
a tubular belt when transporting bulk cargo. However, there
are no results regarding the cost of capital and operating ex-
penditures for belt tubular conveyors.

Therefore, it is an important scientific task to establish
optimal parameters for the tubular belt conveyor based on
an economic integrated indicator — the cost of transporting
a ton of cargo. Resolving this task would make it possible to
utilize tubular belt conveyors more efficiently and to bring
down economic costs.

Unresolved part of the problem related to the establish-
ment of optimal parameters based on the economic integrated
indicator is to determine the dependences between a service

time of the conveyor, capital and operational expenses asso-
ciated with the transportation of cargo. Typically, the life
cycle of a tubular belt defines the operation term of a con-
veyor. A combination of the dependences given in paper [11]
with known dependences for the calculation of techni-
cal-economic indicators might solve the specified problem.

3. The aim and objectives of the study

The aim of present study is to devise a procedure for
determining optimal parameters of the belt tubular conveyor
based on the economic criterion, which takes into conside-
ration durability of the belt. That would make it possible to
attain a certain economic effect during industrial implemen-
tation of the designed transportation installation.

To accomplish the aim, the following tasks have been set:

— to determine parameters for the belt tubular conveyors,
which affect a service life of the belt;

— to establish estimation dependences for the integrated
economic indicator — the cost of transporting a ton of cargo;

—to propose parameters for belt tubular conveyors,
which would provide for a minimum cost of transporting
a ton of cargo.

4. Determining the parameters of a belt tubular
conveyor, which can be altered during design

There is a sufficient number of parameters for belt tubular
conveyors that affect duration of belt operation (as the most
expensive part of a transporting installation) enough. There
are important parameters that a designer can influence under
the assigned conditions, as well as insignificant ones that
a designer cannot alter. Changing the significant parameters
can help find such an optimal value at which the cost of trans-
porting a ton of cargo would be minimal.

Let us define the importance of the influence of parame-
ters of belt tubular conveyors on belt durability.

Belt durability of belt tubular conveyors for transpor-
ting bulk T,=T; or lumpy T,=T, cargo depends on: the
length of conveyor transportation Ti=f(L.), To=f(L.);
a radius of the conveyor belt rolled in a tube Ty=f(Ry),
Ty=/(Ry); the distance between linear roller supports
Ti=/(l,), To=/(l,); belt motion speed T1=/f(V}), To=f(Vp);
the angle of conveyor positioning T;=/£(B), To=£(B) [11].
It is obvious that the length L, and the angle of conveyor
positioning B are dictated by operational conditions that
a designer cannot alter. The distance between linear roller
supports /, is associated with the belt sagging that cannot
exceed the permissible one [12]. Therefore, parameters L.,
B, I, of the distance between linear roller supports, the
length of transportation, and the angle of conveyor posi-
tioning are not significant for belt durability.

The radius of belt conveyor rolled in a tube R, and the
speed of belt motion V, are connected by the conveyer
performance indicator Q.. When designing belt tubular
conveyors with assigned performance efficiency, parameters
of the radius of belt rolled in a tube R, and the speed of
belt motion Vj, can be changed, accordingly, by a designer
while assessing belt durability and the payback period of
a conveyor. Therefore, the parameters R, of the radius of the
belts rolled into a tube, and V;, of the belt motion speed are
significant.



5. Establishing estimation dependences
of an integrated economic indicator

We shall define estimation dependences of the integrated
economic indicator for a belt tubular conveyor whose sche-
matic is shown in Fig. 1.

The longer durability of a transporting installation, the
lower the cost of transporting a cargo.

It is known that the belt is the most expensive and the
least durable part of a transporting installation, which is why
one can assume that the full life cycle of a tubular conveyor
determines the service life of the belt. Based on the above,
the mean cost of transporting a ton of cargo over the entire
service life of a belt tubular conveyor shall be derived from
dependence:

C,(T,)+C,(T,)+D+C, (T,)+C, (T,)+C, (T;)
Q(7,)

c(r,)=

where C,(T}) are the wages of workers over the entire service
life of the conveyor (USD); C.(T}) is the cost of electricity
over the entire service life of the conveyor (USD); D is the
cost of depreciation charges (USD); C,(T}) is the cost of
materials over the entire service life of the conveyor (USD);
CA(Tp) is the cost of repairs over the entire service life of the
conveyor (USD); C,(T}p) are other expenses over the entire
service life of the conveyor (USD); Q(T}p) is the mass of
transported cargo over the entire service life of the belt, (m);
Ty is the belt life cycle (hours).

Other expenditures include taxes, fees, payments to
funds, etc. In the absence of actual data, it is recommended
to accept their volume to be 10-20 % of the amount specified
above:

Cr)(];v)z T;) : T;ur. .nz.'rvork_’ (USD)’ (2)

where Ty, is the hourly tariff rate of workers that operate
the conveyor (USD/hour); 7y, is the average number of
workers that operate the conveyor (workers).

Ce (Tb) = ZNeKZKulil.nT

can.’ (USD)’ (3)
where N, is the total power of electric motors (kW); K; is
aload factor. For a three-phase induction motor, K;=0.8; K, is
the utilization coefficient of machines over 24 hours; T, is the
cost of one kilowatt-hour of installed capacity (USD).

D=K-e, , (USD), (4)

stan.”’

K=K, 6 +K

el.mot.

+K,, (USD), )

» (USD/m), (1)

where ey, is the standard coefficient of depreciation;
K s the value of fixed assets (USD); K. is the value of fixed
assets (capital expenditures) for purchasing metal parts for
a conveyor (USD); Ky is the value of fixed assets (capi-
tal expenditures) for purchasing electric motors for a con-
veyor (USD); K, is the value of fixed assets (capital spen-
ding) to purchase a conveyor belt (USD);

Ko =Cp M., (USD), (6)

met.?
where C,. is the average cost of 1kg of metal part for
a conveyor (USD/kg); M. is the mass of metal parts of the
conveyor (kg).

The mass of metal parts of belt tubular conveyors in-
cludes: liner part of the conveyor, the mass of rollers, drive
and traction devices with drums, as well as the
mass of the drive frame. A dependence for deter-
mining the mass of metal parts of a belt tubular
conveyor was derived in paper [13]:

M,, =M +M[,+Md_/_+M +M,, =

lin.par. td.

=4.45L +20L B, +4.2L B} +

+ 1] 6943(a,,)"" +279(d,.)" B, (1) "+

+ (2.6+8.4BC)10‘3i[Wn (ﬁf*i)}
i=1 i T

2

J=1

+(4.8+ 15.63b)10-3i[5di sin 2, } (kg), (7

where Mji, par. is the mass of liner part of the conveyor, (kg);
M, is the mass of rollers (kg); M, 4is the mass of drive de-
vices with drums, (kg); M,is the mass of traction devices
with drums, (kg); Mgy is the mass of the drive’s frame, (kg);
By, is the belt width (m); /; is the distance between roller
supports, [13]; L is the length of the conveyor (m); d,;, d,..
dyy, dy, is the diameter of rollers loaded and empty branches
of the conveyor, respectively (m) [13]; Wy; is the traction
effort of the i-th drum; in this case, there is one only (Fig. 1)
(derived from traction calculation) (N); A; is a traction co-
efficient of the i-th drum (taken based on the working con-
dition of the conveyor [12, 13]; Za, is the angle of wrapping
anon-drive drum by the belt [12] (degrees); Sy; is the pull on
non-drive drums (calculated from traction estimation) (N).

K Nel.mot.cel,mot.’ (USD)’ (8)

el.mot. =~

where N, o is the power of conveyor’s electric motors (kW);
Ceimor. is the specific cost of electric motors (USD/kW).
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K,=2-C,-

L, (USD), (€))

where C, is the specific cost of one meter unit of the belt
(USD/1 unit m).

T,

USD
30-24’ € )

C, (Tb ) =H filub.” Tf.lub (10)

where Hyyy, is the monthly rate of consumption of fuel and
lubricants (kg); Trus. is the cost of one kilogram of fuel and
lubricants (USD/kg).

C.(T)=p

» (USD), (11)

T,
365 24

where p is a standard indicator of expenditures for all types of
repair, diagnosing and technical maintenance of a transpor-
ting installation determined from formula:

‘r'M }1 ( / )
USD year
T 100(y

(12)
where Cy is the renovation cost of the machine, (USD); H,
is the norm of annual expenses for repair and maintenance
as a percentage of the renovation cost of machines; T is the
annual operation mode of machines (machine hours/year):

C (T,)=0.1 C.(T,)+C.(T,)+ D+ USD 13
u( b)_ . +Cm(7;))+ci(7;)) ’ ( )7 ( )
Q(7,)=Q-T,, (v). (14)

To determine the cost of transporting a ton of cargo over
the entire service life of a belt tubular conveyor, we shall
employ dependences given in papers [11, 14].

5. 1. 1. Determining the service life of belt operation

Assuming that the full life cycle of a belt tubular conveyor
defines a service life of the belt, we shall represent dependen-
ces to determine a service life of the belt operation [12].

The durability of a tubular belt when transporting lumpy
cargo with an angle of filling @iy =@, =37° is determined
from dependence [11]:

2:3600C,L,
4

-1
+I1m L J+

I,=T,=

(HV"’

027 " 0.3d, +H},{’”£
T2 R, (21 d) /

piece pr P

b1 l

X , (hours), (15)

where C, is the capacity of a conveyor belt (J); m is a para-
meter that characterizes the inclination angle of logarithmic
characteristics of the belt compression fatigue [11]; L. is
the length of the installation (m); I1, is the energy of belt
compression on the roller support of the linear part of con-
veyor (]); I1,q is the energy of a conveyor belt compression
by a cargo flow that falls from height H at the point of loa-
ding (receiver) (]); I1,; is the energy of belt compression at
the point of loading (receiver) when a piece of cargo of the
i-the fraction hits it (J); ITy; is the energy of belt compres-

sion by pieces of cargo on the rollers of the linear part of the
conveyor (J); [, is the distance between roller supports (m);
Vj is the speed of belt motion (m/s); [, is the distance bet-
ween roller supports at the point of loading (m); d,, is the dia-
meter of the roller (m); R, is the radius of a tubular belt (m);
Apicce=1/dpiccc i3 the curvature of the asymmetric surface of
a piece of cargo (m™'); dyiece is the diameter of a piece pro-
trusion (m).

455.48k,, R’S, d

p/a
=

compr.b

R (y~g-cos[3)51 2
N g, k) O

(16)
where k,/,=4+5 is a coefficient that characterizes the ratio
of passive energy of belt compression on the roller support
to the energy of its active collapse; Ecomprp is the conveyor
belt compression rigidity (N/m); 8, is the thickness of the
belt (m); yis the volumetric mass of the bulk cargo (kg/m?);
E, is the modulus of elasticity of rubber (N/m?); k4 is a coef-
ficient of dynamism that characterizes kinetic energy of
the mass of part of the cargo that is involved in a dynamic
interaction when the belt passes a linear roller support; &, is
a coefficient of a cargo part’s participation in the interaction
when the belt passes a linear roller support.

k Vb2 ’ ’ ’
k{’:Hz;dp’ k,=kc,(1-k )+o,(k ~1), A7)
where
( )_1 at x>0,
)=y ot x<0,
dy, R -v-gl
K =1398 0 |28 iy (18)
(X+‘/b) Erdl)

where y is a parameter that characterizes the plasticity of car-
go being transported, (m?/s?); k, is a coefficient of the cargo
mass participation at belt compression.

0.0003(g-y-H)' d &
m. = (g Y ) pob , 0)7

71
L 0.365R
E ) c t
I: compr.b [100 + dplp,. J]

where yis the volumetric mass of the bulk cargo (kg/m?).

(19)

M, =86 el /(146 e/ G,). (), (20)
where H is the height of the fall of a piece on a belt at the point
of loading (m); Gpiece.i=0.22Ypiock @ picce: is the mass of a piece
of the i-th fraction (kg); @piecei is the length of the largest
piece of the i-th fraction in the volume of a rock mass (m);
Yook is the volumetric cargo weight in block (kg/m?);
G, is the mass of a roller support (kg).

d
I, =4.558-10" thsm (“@) y

piece™ p

™ Gpim:p i ( piece.i + d )/ apmr(’ i
1+ Gpie(:e 1( piece.i + d )/( m((:e.iGp)

rampr b

,(J)v 21)



A service life of the belt of a tubular conveyor that
transports a bulky cargo is determined excluding the compo-
nents II,; and I1;:

¢

T, =1,

7= 2~36000L{H%m
Y,

-1
+H1/”’L‘] , (hours).  (22)

b1
lP

A life cycle of the belt of a tubular conveyor, which trans-
ports a bulk cargo, may differ from the service life of the belt
of a tubular conveyor that transports a lump cargo.

5.1. 2. Determining the calculation parameters of
a belt tubular conveyor

Calculation parameters of the belt tubular conveyor are
derived from the following dependences:

1. At an optimum filling angle of the cross-section of
a tubular belt @gz=@q. [11], a cargo weight per unit
length (kg/m) is equal to:

g.=2.114yR?, (kg/m). (23)

2. The pull at the non-drive drums is equal to the pull of
the belt at the point of loading [11] (Fig. 1):

S,=8,=10"B; (L /100)=

=10°(8.28R,)" (L, /100), (N). (24)

3. The width of the belt of a tubular conveyor can be de-
rived from dependence:

B,=2nR +35, , (m). (25)

Paper [1] indicates that the magnitude of the zone of
overlapping the sides of the belt when it is rolled into a tube
should equal 8,,.,= 0.5d,.

4. A traction effort of the i-th drum is determined from
a traction calculation (in this case, there is one drum
only (Fig. 1)).

A traction calculation of the belt tubular conveyor is
given in paper [14]. It is indicated that applying a method of
traversing the contour using a general coefficient of motion
resistance @’ = 0.04 is employed to roughly calculate the trac-
tion of a conveyor, which is subsequently refined in line with
the devised procedure.

In order to identify optimal parameters of a tubular belt
based on the economic indicator, which is the mean cost
of transporting a ton of cargo over the entire life cycle of
a tubular conveyor, approximate traction calculation would
suffice.

Traction effort of any belt conveyor is determined as the
sum of all forces of motion resistance [12, 14]:

Wi =Wy =W, =W, + Wy + W, (N), (26)
where Wy is the force of belt resistance at the upper
branch (N); Wp is the force of belt resistance at the bottom
branch (N); Wk is the force of belt motion resistance at the
point of loading (N). Assume Wx=0.

'Lr’ (N)r

+q,+q’ |® -cosP*
WU:g.[ch 4, +4,)0" cosp o

(4. +q,)sinB

or

’Lc’ (N)r

(28)

(2,114ny +q, +q;)w’cos[3i
Wo=g|

(2,1 14YR’ + qb)sinB

W, =g[(q,+4})o -cospq,sinB]- L, (N), (29)

where ¢, is the transported cargo mass per unit length (kg/m);
gy is the belt mass per unit length (kg/m); ¢/ is the upper
roller supports mass per unit length (kg/m); g7 is the lower
roller supports mass per unit length (kg/m); B is the angle of
conveyor positioning (degrees); o =0.04 is a coefficient of
motion resistance.

5. A mass of one meter of belt at width B; can be deter-
mined roughly to be refined thereafter based on the results of
traction calculation:

q,=250B, /g, (kG/m), (30)
or by assigning in advance the i number of spacers according
to formula [12]:

q,=1.1-B,(8-i+h +h,), (t/m), (31)
where 1.1 is the specific weight of the belt (t/m?%); § is the
thickness of the spacer (m); hy is the thickness of the upper
layer of a rubber gasket (m); ks is the thickness of the bottom
layer of a rubber gasket (m).

6. The belt speed is defined by the performance of a con-
veyor; we shall derive it by performing transforms.

A cross-sectional area of the cargo on a belt (Fig. 2):

FE=S8u- Ssegm,BC sc T Sasco» (m?). (32)
F. =nR’-05R’[4¢, —sindg, |+
+sin’ 2¢ - tgp, (m*). (33)

Here, in expression 0.5R;[4(|)ﬁ[1f sin4(pﬁ11.] anglc Qrill. is ex-
pressed in radians. Upon transforming radians into degrees,
the expression will take the following form:

0.5R sy —sindeyiy |.

Fig. 2. Geometrical diagram of the belt cross-section:
k1B, — width of the belt tangent to a cargo; @z, — angle that
characterizes the degree of filling the belt cross-section;

p — angle of natural inclination of a material in motion



From equation (33):

R~ | K

, —  (m).(34)
\/ T —0.5[45{)”-—51114(9 ﬁ,l_:|+sin2 20, tgp
The width of the belt, tangent to a cargo:
kB, =2nR, (360°—4¢ , ) /360°, (m), (35)
kB, =R, (2-4¢, /45°), (m). (36)

Substituting equation (34) into equation (36), we obtain:
kB, =

| g .

\/ n_o,5[n;psfjj’- —sin4¢ ﬁ,l}+sin22(p Ju.-t8p

P rin.
x| 1— ,(m).
(-9 )
A cross-sectional area of the transported cargo, at known
productivity, is determined from expression:

Emedl ()
3600V, v

=2

37

(38)

Substituting equation (38) into equation (37), we obtain:

kB, =2n , Q X

Ty .
n—0.5| ——=-sindo,, [+
3600V, -y [ 45° ﬁ”':|

+sin’ 20, -tgp

90° (39

x [1— P J (m).
By denoting a value of &, by the coefficient of produc-
tivity, we obtain:

O -
n— 0.5(2)5@— sind@ ;. J +sin? 2, -tgp

kp = 5 . (40)
(1 _ Q. )
90°

Substituting equation (40) in (39), we obtain the width
of the belt tangent to a cargo expressed through productivity
and the productivity coefficient &,:

kB, =2 |— % (m).
=2 36000, v &, ™

The optimum angle of filling the cross-section of a tu-
bular belt @z, =37° [10]. At @z, =37°, the productivity of
a belt tubular conveyor is maximum.

From equation (25):

(41)

R (m).

©2(r+0.5) “2

Substituting equation (42) in equation (36), we shall
derive coefficient k:

n(2-9, /45°)

T o (n+05) ‘9

Substituting value @z =37° in equation (42) and equa-
tion (40), we shall determine &, and &;:

_3.14(2-37°/45°)

k= =0.503, 44
bt 2(3.14+0.5) “d)
n—O.S(ngZO—sin(4-37°))+sinz(2-37°).tgp

k.= / =
p.opt. 0\2
(o)
90°
:2.744(2.231+tgp). (45)

The maximum productivity of a tubular belt will be de-
termined by substituting equation (45) and equation (44)
into equation (41):

Q.=63.388V,-v- B2(2.231+tgp), (t/hours) (46)
or
Q. =63.388V,B7 (2.231+tgp), (m?/hours). (47)
Hence:
Q.
vV, = A , . 48
' 633888 (2.23 1+ tgp) "> (45)
Substituting equation (25) into equation (48), we obtain:
V= & /), (49)
63.388[ 2R, (n+0.5)] (2.231+tgp)
V,=2.98-10"Q, /[ R*(2.231+tgp) ], (m/s). (50)
Hence:
Q.
R = ~, (m 51
' \/ 253.552V,(2.231+ tgp)(n+0.5)’ m o
or
Q.
R = , (m). 52
’ \/ 33594621, (2.231+ tgp) ™ 62)

7. Capacity of a belt conveyor drive is derived from de-
pendence:

N =B gy
1000-n

(53)
where K,=1.1...1.2 is a coefficient of power reserve; 1=0.85
is the drive’s performance efficiency.

A drive engine is to be selected from reference literature.



6. Determining the recommended parameters
for a belt tubular conveyor

Let us define the optimal parameters for a belt tubular
conveyor based on the economic indicator by performing
calculations in the Mathcad software.

General initial data accepted for calculation are: §,=
=0.0176 m; R,=0.1..1m; d,=0.195m; y=2.4-10°> N/m?
H=10m; E=0.5-10"N/m? B=0°% [,=1.2m; [,,=0.5m;
C.=0.6-10"J; x=0.4m%/s% kyu=5; i=6; Apiece=350m1;
Vy=0.1..10 m/s; L.=200 m; Q.=95...7,300 m?/year; Gpiccei=
=6kg ¢,=28kg A;=4.09; Zo,=180° g=10 m/s% Coe=
=5.7USD/kg; K,=1; Kuir=1; Tean.=0.00087 USD; T, =
=0.019 USD/hours; o =2 people; Trpp-Hrpup Tp/(30-24) =

V,, m/s T,, hours C, $/m
0.81 410", 3.0.10°
0.6/ 310'°]2.25-10° \ e
044 210" 1.5.10° 17( \\\
0.24 1-10™ 075101 \

N
0 0 0

2

ol

02 04 06 0.8
R, m
a

=0.0000038 USD/kg; C,=11.407 USD/1 unit length; K,=1.1;
N=0.85; Cpimor.=19.011 USD/kW, p=0.0000076 USD /hours;
esan=0.15,m=6/11.

The result of the software implementation of the calcu-
lation of optimal parameters for a belt tubular conveyor, we
obtained charts of change in the cost of transporting a ton
of cargo for the radius C=/f(R;) and the belt motion speed
C=/(Vp).

For a lump transported cargo, these are Fig.3—6, for
a loose cargo — Fig. 7-10.

For productivity Q.=95 m?®/hour — Fig. 3, 7.

For productivity Q,=430 m?/hour — Fig. 4, 8.

For productivity Q.= 1,300 m?/hour — Fig. 5, 9.

For productivity Q.=7,300 m®/hour — Fig. 6, 10.
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Fig. 3. Charts of change when transporting a lump cargo at a belt tubular conveyor productivity at Q.=95 m3/hour:
a—1—V,=AR),2— Th=ARy),3— C=F(Ry); b— 1* — R=Ff(V,), 2* — T,=F(V,), 3* — C=£(V,), where V, is the speed
of belt motion, R; — radius of the belt rolled into a tube, 7, — belt service life, C — cost of transporting a ton of cargo
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Fig. 4. Charts of change when transporting a lump cargo at a belt tubular conveyor productivity of Q,=430 m3/hour:
a=1=Vo=f(R), 2= T=1(Ry), 3= C=F(Ry); b— 1% = Ri=f(WVp), 2% — Th=F(V}), 3* — C=F(Vp)
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Fig. 5. Charts of change when transporting a lump cargo at a belt tubular conveyor productivity of Q.= 1,300 m3/hour:
a=1=Vo=FfR),2— T;=(R), 3= C=f(R); b= 1% = R=£(Vp), 2* — T, =1(V,), 3* = C=f(Vp)
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Fig. 6. Charts of change when transporting a lump cargo at a belt tubular conveyor productivity of Q.=7,300 m3/hour:
a—=1=Vp,=£(R), 2= T, =f(R), 3= C=£(R); b= 1* = R=1(Vp), 2% — T, =f(Vp), 3* — C=1(Vp)
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Fig. 7. Charts of change when transporting a loose cargo at a belt tubular conveyor productivity of Q.=95 m3/hour:
a=1=Vp=£(R), 2= T1=£(R), 3= C=£(R); b= 1% = Ri=£(Vp), 2* — T1 =1£(V}), 3* — C=1(V,)
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Fig. 8. Charts of change when transporting a loose cargo at a belt tubular conveyor productivity of Q. =430 m3/hour:
a=1=Vp=AR), 2= T1=1(R), 3= C=F(R); b= 1* = Ri=1f(Vp), 2% = T1 =£(Vp), 3* — C=1(Vp)
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Fig. 9. Charts of change when transporting a loose cargo at a belt tubular conveyor productivity of Q. =1,300 m3/hour:
a=1=V,=F(R), 2= T1=F(R), 3= C=F(R); b= 1% = R=f(WVp), 2* = T1 =f(Vp), 3* = C=£(Vp)
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Fig. 10. Charts of change when transporting a loose cargo at a belt tubular conveyor productivity of Q,=7,300 m3/hour:
a=1=V,=f(R), 2= T1=f(R), 3= C=f(R); b= 1* = Ri=£(V,), 2* = T1 = f(Vp), 3* = C=£(Vp)

By analyzing the charts denoted by positions 3 and 3*
we determine at which values of the radius and the belt mo-
tion speed the cost of transporting a ton of cargo is minimal.
When selecting the optimal parameters, one should consider
the charts denoted by positions 1 and 1* since a parameter
for the speed of belt motion and a parameter for the radius
of a tubular belt are related by an inversely proportional
dependence.

Regarding the actual calculation at a conveyor produc-
tivity of:

—~95m3/hour: recommended — V,=1,0:1,5m/s, R;=
=0.15+0.075 m;

— 430 m®/hour: recommended — V,=1.5+2.0m/s, R,=
=0.2+0.15 m;

— 1300 m3/hour: recommended — V,=2.0+2.5m/s, R;=
=0.3+0.2 m;

— 7300 m?/hour: recommended — V,=5.0+6.0m/s, R, =
=0.45+0.3 m.

7. Discussion of results of studying the parameters
of belt tubular conveyors that affect a belt service time

The results of present research include the development
of a procedure for determining the optimal parameters of
a belt tubular conveyor based on the economic criterion,
which takes into consideration belt durability. This is a fun-
damentally new result. We have investigated the mean cost



of transporting a ton of cargo over the entire lifetime of
a tubular conveyor. We have shown a possibility to design
parameters of a tubular conveyor at which average cost of
transporting a ton of cargo over the entire period of conveyor
operation would be minimal.

Correctness of the chosen procedure for determining the op-
timal parameters of a belt tubular conveyor is confirmed by the
parameters, specified in papers [1, 2, 15, 16], provided by manu-
facturers from Germany, France, Italy, Great Britain, India, the
United States, South Korea and others. The obtained optimal
parameters reflect the same dynamics of the growth of values of
speed and radius of the belt relative to productivity as the belt
tubular conveyors’ parameters given in the above studies.

The research performed is continuation of the pre-
viously conducted studies into durability of a conveyor belt
whose tubular cross-section is not fully filled with a car-
go (Fig. 1) [11].

The next stage of research could be the development of
and research into a mathematical model of the belt dura-
bility, vertical or steeply inclined conveyors whose tubular
cross-section is filled with material to the full. Upon the
development of a mathematical model it would be possible to
determine the optimal parameters for a vertical or a steeply
inclined conveyor based on the economic indicator — the cost
of transporting a ton of cargo. Thus, the results reported here
could only be used for a conveyor with an incomplete filling
of the intersection of a belt tube (Fig. 1).

When conducting research, we assumed that the full
lifespan of a tubular conveyor determines a service life of the

belt; that does not take into consideration possible failures of
amechanical system and metal parts of a conveyor. However,
at strict execution of the factory instruction for operation of
the conveyor such failures seem unlikely.

The results of the cost of transporting a ton of cargo
were approximated during economic calculations and have
been obtained relative to the prices of Ukraine at the rate of
exchange as of May 05, 2018, so they require clarification.

8. Conclusions

1. We have established parameters for a belt tubular con-
veyor, which affect the term of service of the belt and which
can be altered in proportion at the stage of design, specifically
the radius and the speed of belt motion.

2. We have obtained dependences to determine the mini-
mum magnitude of the cost of transporting a cargo, which take
into consideration the durability of the belt, capital and opera-
ting costs over the entire service life of the tubular conveyor.

3. We have developed a procedure for determining the
optimal radius and the speed of belt motion for a designed
tubular conveyor. Applying the dependences derived, we
constructed charts of change in the cost of transporting
a cargo depending on the radius and the speed of belt motion.
Analysis of the charts has allowed us to propose the radius
and the speed of belt motion for a designed conveyor under
different operating conditions at which the cost of cargo
transportation would be minimal.
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