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COMPARISON OF THE METHODOLOGIES FOR THE DETERMINATION OF THE BELT
TENSIONS AND THE REQUIRED DRIVE POWER OF THE BELT CONVEYORS
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ABSTRACT. Four methodologies are discussed: short and precise methodology of the Design, Science and Research Institute for Industrial Transport
(Protransniiproekt), Russia; short and precise methodology according to the German calculation standard for belt conveyors DIN 22101.

The calculations are accomplished using the four methodologies for a concretely solved example - a stationary all-purpose belt conveyor with assigned layout profile,
type and characteristic of the transported material, capacity, belt width and belt velocity, linear mass of the material, the belt and the idlers. In the calculations an
equal coefficient of motional resistance and an equal coefficient of friction between the belt and the drive pulley are assumed. The belt tensions at start-up and at
steady state working and the required drive power are determined.

The following conclusions are drawn: 1. Approximately equal values are obtained for the required drive power; 2. Smaller values are obtained for the belt tensions in
the precise methodology in comparison with the short methodology. 3. Higher values are obtained for the belt tensions in the DIN methodology in comparison with
the Protransniiproekt methodology. The reason is the difference in the methods for determination. 4. It should be noticed that the coefficient of motional resistance in
the Promtransniiproekt methodology is recommended to be taken greater in comparison with the DIN methodology, which will lead to the increase of the belt tensions.
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CPABHABAHE HA METOAMKWUTE 3A ONPEOENAHE HA CUNUTE HA OMbH B JIEHTATA U MOLLHOCTTA HA
3ANBWXBAHETO HA NEHTOBUTE TPAHCNOPTbLOPU

Xpucmo Lllelipemos

Murto-eeonoxku yHusepcumem "Cg. Uear Puncku”, 1700 Cogpusi

PE3IOME. PasrnefaHu ca YeTupy MeToauku: npubnnautenHa W yTOMHEHa MeTOAMKa Ha MPOEKTAHCTCKWS M HAy4HO-M3CIeA0BaTENCKM UHCTUTYT 3@ MPOMMLLIIEH
TpaHcnopT (MpoMTpaHCHUMNPOEKT), Pycusi; npubnuanTentHa n yTouHeHa u METOAMKA MO HEMCKUS CTaHAApT 3a u34ucnsiBaHe Ha neHTosu TpaHcnopTsopu DIN 22101.
HanpaBeHu ca u34ncneHus no YeTMpuTe METOAMKM 3a KOHKPETHO pellaBaH Mpumep - CTaLMOHapeH OBLLOMPOMULLIEH TPAHCMOPTLOP CbC 3adafeHu npodmn Ha
TPaceTo, BUA W XapaKTepucTUka Ha TPaHCMOPTUPaHUs MaTepuan, NPOU3BOLMUTENHOCT, WMPUHA W CKOPOCT Ha MEHTaTa, NIMHEHW Macu Ha Matepuana, neHTata u
ponkosuTe onopu. pn n34ncneHnsTa e NpueT eaHakbB KOeUUMEHT Ha CbNPOTUBMEHWE NPU ABWKEHMETO Ha NEHTaTa U eHaKbB KOeUUNEHT Ha TPUEHE MeXay
neHTaTa 1 3aaBuxealLms 6apabaH. OnpefeneHy ca CUnUTe Ha OMbH B NIEHTaTa Mpy MyCKOB 1 YCTAHOBEH PEXUM M HEeOBX0AMMATa MOLLHOCT Ha 3aABUKBAHETO.
HanpaBeru ca cnepgnute n3soau: 1. 3a HeobxoaumaTa MOLLHOCT Ha 3aJBUKBAHETO Ce NonyyaBaT 6rmM3ku No 3Ha4eHue CTOMHOCTY; 2. 3a CUNUTE Ha OMbH B NeHTaTa
Mpu YTOYHEHaTa METoaMka Ce NofyyaBaT Mo-Masiku CTOAHOCTW B CpaBHeHWe C npubnuautenHata Metoanka; 3. 3a cunute Ha OMbH B NEHTaTa Mo ABETE YTOYHEHU
meToauku npn meToamkata Ha DIN ce nomyyaBat no-ronemy CToiHoCTy. MpuynHa 3a ToBa € pasnukata B HauuHa UM Ha onpeaensiHe; 4. Tpsibea fa ce otbenexu, ye
no meToaukaTta Ha MpoMTpaHCHUMMPOEKT Ce NpenopbyBa KOEULUMEHTBT HA CbNPOTUBNEHUE NPU ABKEHWE Aa CE NpUeMa No-roNsiM B CPABHEHME C METOAMKATA Ha
DIN, koeTo Lle foBefe [0 YBENMYABAHETO Ha CUMIUTE Ha OMbH.

KniouoBu AYMU: CUNK Ha ONBH B NEHTaTa, MOLLHOCT Ha 3aBWKBAHETO, METOAMKA

Introduction Design, Science and Research Institute for Industrial Transport
Promtransniiproekt, Russia - short and precise methodology
There are different methodologies for the calculation and (Posobie po proektirovaniyu konveyernogo transporta,1988);
the design of the belt conveyors - the American standards 1SO the methodologies according to the German standard for belt
and CEMA, the German standard DIN, Russian conveyor design DIN 22101 - short and precise methodology
methodologies, etc. Because of the differences in the methods (Dunlop conveyor belt design and calculation, Phoenix
for the determination of some parameters it will be useful conveyor belt design fundamentals, 2004).
tohave a comparative evaluation of the calculation results The aim of the present research is to calculate the belt
using these methodologies. tensions at start-up and at steady state working and the
The present research is a continuation of a previous required drive power using the four methodologies and to
research, in which the calculation results of the material cross compare the results. A concrete example is solved for a
section area and the capacity of the belt conveyor using three conveyor with a given layout profile, type and characteristic of
methodologies are compared (Journal of Mining and the transported material, capacity, belt width and belt velocity,
Geological Sciences, 2018). linear masses of the belt, the material and the idlers. In the
The calculations in the present paper are accomplished calculations an equal coefficient of motional (primary)
using the following methodologies: the methodologies of the resistance and an equal friction coefficient between the belt

and the drive pulley are assigned.
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Determination of the belt tensions and the
required drive power using the different
methodologies

Input data for the design

The calculations in the present research are accomplished
for a stationary belt conveyor with the following parameters:
length of the horizontal projection of the conveyor Lr = 200m;
lifting height H = 24 m; transported material limestone with

har.
2 - 5734m

l142 = a5 = 9B
h344 = Ly - k1041 - h11.12 - 11243 = 58.67 m
lo7 = 1510~ 7.4 =49 m

l2_3 = l13_14 - l1_2 =57.67m

The length of the conveyor is:

density p = 1,5 t/m?3; belt width B = 800 mm; belt velocity v = 2.mB.Ry Iy  2.MB.R;
1.6 m/s. L=lorot —65—- (r:osB t—ogg Theu=2035m
10
Determination of the geometric parameters of the layout 10
profile of the conveyor (according to Fig.1)
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Fig.1. Scheme of the layout profile of the conveyor

Initially it is assumed: angle of inclination of the conveyor
= 18° (the maximum permissible angle for the transportation of
limestone); radius of the concave curve R2 = 100 m (the
minimum permissible radius at belt width B = 800 mm); radius
of the convex curve R1= 10 m (the minimum permissible radius
at B =800 mm and an angle of inclination of the side rollers A =
30°); length of the horizontal section
le-10 = 50 m; length of the horizontal projections of the sections
k2= l7s=1m.

The lengths of the horizontal projections i; and the lifting
heights hij of the other sections are:

l|-10_11 = II'5—6 = Rz.Sinﬁ =309m
h10_11 = h5-6 = R2 - R2.COSB =4.89m

I|-12_13 = l|-3_4 = R1 .Sinﬁ =3.09m
h12_13 = h3_4 = R1' R1 .COSﬁ =0.48m

1142 = hys = H - hig.4q - hyp43 =18.63 m
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Short methodology of Promtransniiproekt

Required peripheral forces of the drive pulley at start-up and
Steady state working

P=kykylw. (qM +q +q" + 2.qﬂ) +q,H=24370N

(11)
Py = koK oL W, (qM g+ + 2.qn) +q,.H=26780N,
(12)

where: ks - coefficient of the additional resistances from belt
bending (it is chosen from Table 1 according to the conveyor
length L; at L =200 m ko= 1.45);

ko' - correction coefficient (at horizontal conveyors and at
inclined conveyors with length L < 100 m k&' = 1; at inclined
conveyors with length L = 100 m kq' is chosen from Table 2; at
L=200mand n=>5kb=1.15);

w, wn - coefficients of motional resistance during the belt
movement at start-up and at steady state movement (at normal
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conditions of exploitation to be
w =0.020 and wx = 0.026);

gu - linear gravity force of the material (gu = 681 N/m at
conveyor capacity Q =400 t/h and belt velocity v = 1,6 m/s);
v, qo" [dN/m] - linear gravity forces of the rotating parts of the
carry and return idlers (they are assumed to be go' = 179 N/m
and go" = 64 N/m at belt width B = 800 mm, density of the
material p = 1.5 /m? and idler pitches I,=1mu /", =2.2 m);

gn [dN/m] - linear gravity force of the belt (it is assumed to be
@n= 140 dN/m at B = 800 mm).

they are assumed

Table 1. Coefficient of additional resistances ko

Lim] |10 |20 30 |50 |60 |80 100
ko 45 |32 |26 |22 |21 |[191]|175
Lim] | 120 | 140 | 160 | 180 | 200 | 250 | 300
ks 171 16 | 155 | 15 | 145 | 1.38 | 1.32
L{m] | 350 | 400 | 500 | 700 | 800 | 1000
ko 128 | 1.24 | 119 | 1.12 | 1.095 | 1.087
Table.2. Correction coefficient ko'
L [m] 100 | 150 | 200 | 300 | 500 | =800
n=3-5 [ 104 | 113 | 115 | 13 | 142 1.53
n=6-10 | 121 | 131 | 142 | 154 | 1.66 1.81

L - length of the conveyor; n - number of belt bending over the
drive and non-drive pulleys and the convex sections of the
conveyor. For the solved example (Fig.1) n = 5.

Belt tensions in the points of entering and leaving of the
drive pulley at start-up and steady state working

1a

Sen = 814:m =33740N (13)
no_ o . 9P,

Sin =S4 = 1y ST0BON (14)

Sysn = S1 = Sap - P=9370N (15)

Stan =81 =Sg, - P, =10300N (16)
where: u - coefficient of friction between the belt and the drive
pulley (it is assumed p = 0.35 at rubber lagged pulley and dry
surfaces);

a - wrap angle of the belt (a = 210° = 3.66 rad).

Required power on the shaft of the drive pulley

Pyv

Ne = T000

=39 kW

Precise methodology of Promtransniiproekt

Belt tensions

The belt tensions are determined using the method of
going round of the contour. The resistances of the sections Wi,
are added consecutively to the belt tension in the point of
leaving from the drive pulley St1 = Susn and the remaining
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tensions are obtained. For the solved example for the start-up
period it is obtained (according to the scheme of Fig.1):

S1 = iy (18)

Sz =1+ Wiy =51+002.5] (19
S3=S3+ Wy =S+ (qﬂ * Q"p) Wyl (20)
Si=S+Why =S+ [Si+ (g, q) R Bws  (21)
SE=Si+ Wis =S+ (4, +0%) Wnes-Guhes  (22)
Sp=S7+ Was =S+ (q,+ ") Wndss -qhss  (29)
S7= S5+ War =S5+ (g, 0",) Wao (24)
S5=S7+Wig=57+002.5 (25)
S6= S5+ Who = S +0,04.5] (26)
Sio = S + Wa = Sg + (qM+ q* q'p) Wo-lo.10 (27)
Sy = S + Wig.1 = Sip + (qM+ q* qlp) Wiyo-41 +

+(g,+9 ) hroy (28)
Sig = Siy + Wipip = Sip + (qM+ q* q'p) Wyhirz - (29)

Sty = Sty + Whps = Sia + [ S7a+ (9,4 0.+ 4,) .Ri | Bw, (30)

8’174 = SZI‘I = S:3+ M3_14 = 8’173 + (qM+ qn+ q’p) .Wn.l13_14

=1,07. + 22231 (31)

On the other hand:

Sy = Sf.et =361.5] (32)
When the equations (31) and (32) are solved together, the
tension S1p is obtained:

1.097.87 +22331 = 3.61.5" (33)

S{=8870N (34)

Using the formulae (19)+(31) the remaining tensions are
obtained. The tensions at steady state of working are obtained
by analogy, but the coefficient of motional resistance is taken w
= 0.020 instead of wn= 0.026. The results from the calculations
of the belt tensions at start-up and at steady state working are
given in Table 3.
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Table 3. The results from the calculations of the belt tensions
at start-up and at steady state working

Formula for Belt tensions [N]
calculation Start-up Steady state
(wn=0.026) wx=0.026 w =0.020
Sin= 8870 Sin=8870 | S1=Sun=8250
Son=1.02. S S2n = 9050 Sz = 8420
S37=1.02. S1" + 306 S37=9350 S3 = 8660
Sqn=1.036. S17 +358 Sq4n=9370 S4 = 8650
Ssm =1.036. S17 - 2048 Ssn=7070 S5 = 6280
Se" = 1.036. S1” - 2567 Se" = 6550 Se = 5720
Sz =1.036. S17 - 2307 S =6810 S7=5920
Ss" = 1.056. S¢7 - 2354 Sg" = 6940 Ss = 6030
So" = 1.098. S¢7 - 2448 Son =7210 Se = 6270
S107=1.98. S + 1148 S10" = 8510 S10=7270
S11n=1.098. S17+ 3662 | S117=13320 S11=11890
S127=1.098. S17 + 20457 | S127=30110 S12 = 28340
S13"=1.11. S+ 20706 | S13" =30430 S13 = 28580
S1an =111, 517+ 22231 | S147=31960 | S1s =Sen= 29750

Required peripheral force on the drive pulley

Sen- S
p= % =23120N (35)
6

where: ne - coefficient of efficiency of the drive pulley (it is
determined by formula (36))

o= ———m— =0.93 (36)
1+ws. (2 1)

where: we - coefficient of resistance of the drive pulley taking
an account of the belt bending (it is assumed to be ws=0.04).

Required power on the shaft of the drive pulley

Pv

N5 =555 = 37 kW (37)

Short methodology according to the standard DIN 22101
Required drive power
PT=P1+P2+P3=35.8kW (38)

where: P1 [kW] - required power for the belt and the material
moving on the rollers (it is determined by formula (39));

P> [kW] - required power for the material lifting (it is determined
by formula (40));

Ps5 [kW] - sum of the required additional powers for the trippers,
side boards and unloading ploughs (when there are no trippers
boards and ploughs P;=0);

cgV+Q
= 2 M =97 kW (39)
Cp.Kr
H.Q
P,= — =26.1kW (40)
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where: cs - coefficient depending on the belt width and the
density of the transported material (it is determined by Table 4;
at B=800 mmand p = 1.5 t/m3 it is assumed cs= 126);

c. - coefficient depending on the conveyor length (it is
determined by Table 5; at L = 203,5 m after interpolation it is
assumed ¢ = 62);

ki - coefficient depending on the working conditions (it is
determined by Table 6; at medium (normal) working conditions
ke=1).

Table 4. Coefficient cs depending on the belt width
0 Belt width B [mm]
[tm3] | 650 | 800 | 1000 | 1200 1400 1600

<1 81 | 108 | 133 194 227 2N
1-2 92 | 126 | 187 277 320 468

>2 | 103 | 144 | 241 360 414 644
p - density of the material

Table 5. Coefficient c. depending on the conveyor length

L[m | 10 | 20 | 32 | 50 | 80 | 100 | 150 | 200

cL | 417 | 286 | 222 | 167 | 119 | 103 | 77 | 63

100 | 150 | 200 | 250 | 300 | 500 | 800 | 1000 | 2000

103 | 77 | 63 | B3 | 47 | 31 | 20 | 17 9

Table 6. Coefficient kr depending on the working conditions of
the conveyor
Working conditions ke
Light
Good belt centering, small belt velocity 117
Medium (normal, standard) 1
Heavy
Dusty atmosphere, low temperatures,
overloading, high belt velocity

0.87-0.74

Precise methodology according to the standard DIN 22101
Belt tensions at steady state working

According to the scheme of Fig.1 the correspondence of
the belt tensions is: T2to S1, Tsto Ss, Tato So n T1 to Sta.

Ty=Fy.c;=8910N (41)
Ty3=T,+F,-Fg,=6330N (42)
T4=T3; T1=T4+FN+FO+FSTO=32070N (43)

where: Fu - total peripheral force on the drive pulley (it is
determined by formula (44));

c2 - drive factor for the determination of the belt tension in point
of leaving from the drive pulley (it is determined by formula
(49));

Fo, Fu - primary resistances in the carry and the return run
(from the belt and material movement, rotation of the rollers,
bending of the belt, strike of the belt to the rollers, inner friction
of material etc. (they are determined by the formulae (46) and
(47));




Journal of Mining and Geological Sciences, Volume 62, Number 3, 2019

Fsw, Fsw - gradient resistances in the carry and the run side
(they are determined by the formulae (48) and (49));

Fn - total secondary resistance (from the bending of the belt
around the pulleys, friction in the pulley bearings, resistances
in the loading and cleaning devices, etc. (it is determined by
the formula (50)).

Fu=Fy+Fy+ Fg=23170N (44)
1
0= g = 03846 (45)
Fo=fL.g[mpo+ (mg+m)).cosd] =3910 N (46)
F,=fLg.(mpg,+mg).cosd=790N (47)
Fso = Hg.(ms+m') = 19710N (48)
Fo, = Hg.m's = 3370 N (49)
Fy=(C-1).Fy =2120N (50)

where: f - coefficient of motional (primary) resistance (it is
assumed f=w=0.02);

m're, M'ru - linear masses of the rotating parts of the idlers in
the carry and the return run (they are assumed according to
the previously chosen qp =179 N/m and q"p = 64 N/m - m'ro =
18.3 kg/m and m’ru= 6.5 kg/m);

m's, m'. - linear masses of the belt and the material (they are
assumed according to the previously chosen g, = 140 N/m and
gu= 681 N/m - m's= 14.3 kg/m and m'. = 69.4 kg/m);

0 - angle of inclination of the conveyor (6 = 8= 18°);

C - coefficient of secondary resistance (corresponds to the
coefficient ko; it is assumed C = ko= 1.45 from Table 1);

F+ - total primary resistance (it is determined by the formula
(51));

Fst - total gradient resistance (it is determined by the formula
(52)).

Fy=fLg.[mg, +mg, + (22m'g + m').cos8] =4710N (51)
FSt = H.g.m'L =16340 N (52)

Belt tensions at start-up

Tyo = F4.004 = 10590 N (53)
Tys=Tp+tF,-Fg, +F, =10020 N (54)
Taa = Ty3 =10020 N (95)
Ta1 =Tyt Fy+ Fyt Fgo + F3o =45750 N (56)

where: c2a - drive factor at start-up (it is determined by the
formula (57));

Fau, Fao - acceleration forces in the carry and return run (they
are determined by the formulae (58) and (59));

1
Cop = m =0.3009 (57)

Fao=L.an.(0.9.mg, + mg+m') =9990 N (58)
Fay=L.an.(0.9.mg, +ms)=2010N (59)
where: ua - coefficient of friction between the belt and the
pulley at start-up (it is determined by the formula (60));

aa - acceleration of the conveyor at start-up (it is determined by
the formula (61));

My=p+005=04 (60)

_ Fa-Fy
A L(09.mgy +0.9.mg, + 2mg + m))

= 0.49 m/s? (61)

where: Fa - peripheral force on the drive pulley at start-up (it is
determined by the formula (62)).

Fa=kyFy=(1.2+15).Fy=13.F,=35200 N (62)

Correction of the belt tensions at the steady state working
according to the kind of the tension device

A condition is used that the belt tensions in the point,
where the tension weight is put (in this case on the return
pulley), at start-up and steady state working are equal. This
means that Tas = Ta. Then for the belt tensions at steady state
working after the correction with the value of AT=Tas-Ts it is
finally obtained:

Taa=Ty, AT=Ty-T,=3690N (63)
T, =T, +AT=35760 N (64)
T,=T,+AT=12600N (65)
T3=T,=T,+AT=10020 N (66)
Required drive power

P;= fuv | 37 kW (67)
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Conclusions

The results of the calculations are generalised in Table 7.

Table 7. Comparative results of the calculations of the belt
tensions and the required drive power

Methodology 1 2 3 4
Tt (S14, Sen) [N] 33740 | 29750 - 35760
T2 (St, Susn) [N] 9370 | 8250 - 12600

T3 (Ss) [N] - 6030 - 10020

T4 (So) [N] - 6270 - 10020

Tar (S14n) [N] 37080 | 31960 - 45750

Taz (S1) [N] 10300 | 8870 - 10590

Tas (Ss") [N] - 6940 - 10020

Tas (Sg") [N] - 7210 - 10020

Pr (Ns) kW] 39 37 35,8 37

1 - Promtransniiproekt short; 2 - Promtransniiproekt precise;
3 - DIN 22101 short; 4 - DIN 22101 precise.
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The following conclusions can be drawn from the
calculations using the four discussed methodologies:

1. Approximately equal values are obtained for the required
drive power Pr (Ng). The highest is the value obtained by
methodology 1 and the smallest - by methodology 3.

2. a Smaller values are obtained for the belt tensions
according to the precise methodology (methodology 2) in
comparison with the short methodology (methodology 1).

3. Higher values are obtained for the belt tensions using
the precise methodologies (2 and 4) according to methodology
4 in comparison with methodology 2. The reason is the
difference in the methods for their determination. In
methodology 2 the belt tensions at start-up are determined in
the same way as at steady state working, but a higher
coefficient of motional resistance is assumed. In methodology
4 the acceleration forces at start-up are considered.

4. Higher values are obtained for the belt tensions at
steady state working using the precise methodologies in
methodology 4. The reason is the correction (increase) of the
tensions in accordance with the condition, that in the point
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where the tension weight is put the tensions at start-up and
steady state working are equal.

5. The calculations are accomplished at equal coefficients
of motional (primary) resistance f (w). It should be noticed, that
in methodologies 1 and 2 it is recommended to take higher
coefficients of motional in comparison with methodologies 3
and 4. This will lead to the increase of the belt tensions,
determined by methodologies 1 and 2.
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