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Foreword

ISO (the International Organization for Standardization) is)a worldw|de federation of
national standards bodies (ISO member bodies). The work of preparing International

Standards is normally carried out through ISO techhnieal committeek.

Each member

body interested in a subject for which a technical.,committee has been established has
the right to be represented on that committeg; tnternational organigzations, govern-

mental and non-governmental, in liaison with\1SO, also take part i
collaborates closely with the InternationalElectrotechnical Commis:
matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees
the member bodies for approval before their acceptance as Internatio
the ISO Council. They are approved in accordance with 1SO proced
least 75 % approval by thesmember bodies voting.

International Standard 1SO 5048 was prepared by Technical Commit
Continuous mechanical handling.

This second edition cancels and replaces the first edition (ISO 5048 :
subclauses 4.1.2 and 4.3.4, clause 5 and figures 3, 4 and 5 of W
technieally revised, and figure 6 and table 4 deleted. A new clause 2
been’ added.

the work. ISO
ion (IEC) on all

are circulated to
hal Standards by
lres requiring at

ee ISO/TC 101,

1979), clause 2,
hich have been
(definitions) has
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Introducti

In the design of

ol

belt conveyors, it is advisable first to calculate the required driving

force on the driving pulley and the belt tensile stresses resulting therefrom, since these

values will effecti
the belt.

The operating pd

vely determine the choice of driving system and the construction of

wer requirements are derived from the driving force on the driving

pulley and from the speed of the belt.

The necessary be
and, possibly, of

Attention is draw

driving pulley a

n
exactly. This Int%

design calculatio
the majority of ¢
details are provid

In simple cases, \
calculation of po
the belt, which
mechanical equip

However, certairn
with multiple dri
calculations, whi
consult a compe

t width is calculated on the basis of the maximum capacity of the belt
the particle size of the material to be handled.

n to the many varied factors which influence the driving force on the
which make it extremely difficult to predict the power requirement
national Standard is intended to give a simple method-of conveyor
. Consequently it is limited in terms of precision but.is sufficient in
hses. Many factors are not taken into account in the formulae but
ed on their nature and their effect.

vhich are the most frequent, it is possilile to progress easily from the
ver requirements to those of the necessary and the real tensions in
are critical in the selection of the ' belt and in the design of the
ment.

conveyors present more.complicated problems, for example those
ves, or with an undulating profile in vertical elevation. For these
ch are not covered.in/this International Standard, it is advisable to
ent expert.
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Continuous mechanical handling equipment —:Belt
yors with carrying idlers — Calculation;of

conv

opera;

1 Scope

This Internatjonal Standard specifies methods for the calcula-

tion of the o
of a belt con
It applies to

2 Definit

For the purp

berating power requirements on the driving pulley
eyor, and of the tensile forces exerted on\the’belt.
belt conveyors with carrying idlers.

ions

bses of this International Standard, the following

definitions apply.

ting power and tensile forces

2.1 surcharge angle (of the material hanglled), § : Angle

formed with the horizontal by the tangent to th

b material cross-

section at the intersecting point with the belt in motion (see

figure 3). The surcharge angle is expressed in

2.2 angle of repose,  : Angle formed wit

degrees.

h the horizontal

by the surface of a conical heap of material falling slowly and

regularly from a small height onto a horizonta
face. The angle of repose is expressed in degr|

stationary sur-
Pes.
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3 Symbols and units

Table 1 — Symbols and units

Symbol Description Unit
a, Idler spacing on the carrying side of the conveyor m
a, Idler spacing on the reverse side of the conveyor m
A Contact area between the belt and the belt cleaner m?2
b Material-carrying belt width (i.e. width of the belt actually filled with or bearing

material); usable width of the belt m
by Width between skirtplates m
B Belt width m
C Coefficient (secondary resistances) —
Ce Trough factor —
d Belt thickness m
dy Shaft diameter of inside bearing m
D Pulley diameter m
e Base of natural logarithms —
f Artificial friction coefficient —
F Average belt tension at the pulley N
Fy Tight-side tension at the pulley (see figure 2) N
Fy Slack-side tension at the pulley (see figure 2) N
Fy Main resistances N
Froax Maximum belt tension N
Frin Minimum belt tension N
Fy Secondary resistances N
Fg Special resistances N
Fgq Special main resistances N
Fgo Special secondary resistances N
Fgy Resistance due to slope N
Fr Vectorial sum of the two belt tengions acting on the pulley and of the forces
due to the mass of the revolving parts of the pulley N
Fy Required peripheral driving force on the driving pulley(s) N
g Acceleration due to gravity m/s2

(h/a)aqm | Allowable belt sag between idlers —
H Lift of the conveyer.between the dumping area and the loading area m
Iy Capacity m3/s
k Slope factor —
Ky Scraping factor N/m

/ Length of the installation equipped with skirtplates m
I3 Length of centre idler (three-roller trough) m
Iy Acceleration length m
T Conveyor length (centre-to-centre distance) m
L Additional length of the conveyor m
€ Length of the installation equipped with tilted idlers m
p Pressure between the belt cleaner and the belt N/m?
Pp Operating power requirement on the driving pulley(s) W
Pnm Operating power requirement on the driving motor(s) W
qg Mass per metre of the belt along the carrying side and along the return side kg/m
qqG Mass per metre of the material handled kg/m
qRo Mass per metre of the revolving idler parts along the carrying side of the conveyor kg/m
qRU Mass per metre of the revolving idler parts along the return side of the conveyor kg/m
S Cross-sectional area of the material on the belt m?2
Belt speed m/s
Vo Velocity component of the conveying speed of material handled in the direction
of belt movement m/s
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Table 1 (concluded)

Symbol Description Unit
o Angle of repose degrees
7] Slope angle of the installation in the direction of movement degrees
€ Tilt angle of the idler axis with respect to the plane perpendicular to the

longitudinal axis of the belt degrees
n Efficiency —
0 Surcharge angle (of the material handled) degrees
A Angle between the side axis of the troughed carrying idlers and the horizontal degrees
u Friction coefficient between the driving pulley(s) and the belt —
ug Friction coefficient between the carrying idlers and the belt —
U1 Friction coefficient between the material and the belt ~
77 Friction coefficient between the material and the skirtplates -
U3 Friction coefficient between the belt and the belt cleaner -
14 Acceleration coefficient —
Loose bulk density of the material handled kg/m3
Angle of the belt wrap on the driving pulley(s) radians

4 Resistgnces to motion of belt conveyor
4.1 Generpl

The overall rgsistance to motion of a belt conveyor comprises
various resistnces, which can be classified into the following
five groups :

— main fesistances, F} (see 4.2);

— secor|dary resistances, Fy (see 4.3);

— special main resistances, Fgq (see 4.4);

— special secondary resistances, Fg, (se€)4.5);
— slope|resistance, Fg, (see 4.6).

These five grpups include all the resistance which a belt con-
veyor driving|system has to overcome to counter friction and
the route slope, and also to aceelerate the conveyed material up
to belt speed|at the loading.point.

The main apd secondary resistances, Fy and Fy, occur
on all bely conveyors, whereas special resistances,
Fg = Fgy + [Fgy, are only present in certain installations. The
main resistances,/ F; and Fcq, occur continuously along the

b) belt.advancement resistance due to the|pressing down
of thelidlers into the belt, and the recurrent flexing of the
beltyand of the material.

4.3 Secondary resistances, F)

Secondary resistances, Fy, comprise the following :

a) inertial and frictional resistances due to the acceleration
of the material at the loading area;

b) resistance due to the friction on the sife walls of the
chute at the loading area;

c) pulley bearing resistance with the exception of the driv-
ing pulley bearings;

d) resistance duetothe wrapping of the bel{ on the pulleys.

4.4 Special main resistances, Fg;

Special main resistances, Fg, comprise the following :

a) drag resistance due to forward tilt of the idler in the

belt conveyor, whereas secondary resistances, Fy and Fg,, are
only present locally.

The slope resistance, Fg;, may have positive, zero or negative
values, depending on the gradient of the conveyor. Further-
more, it can occur in a continuous manner all along the con-
veyor or only arise on some sections of the length.

4.2 Main resistances, Fy

Main resistances, F, comprise the following :

a) rotational resistance of the carrying and return strands
of idlers due to friction in the idler bearings and seals [see
equations (3) and (4)];

direction of belt movement;

b) resistance due to friction against chute flaps or skirt-
plates, if these are present over the full length of the belt.

4.5 Special secondary resistances, F's,

Special secondary resistances, Fg,, comprise the following :
a) resistance due to friction with belt and pulley cleaners;
b) resistance due to friction with the chute flaps or skirt-

plates, if these are present over only part of the length of the
belt:
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c) resistance
belt;

due to inversion of the return strand of the

d) resistances due to discharge ploughs;

e) resistance

due to trippers.

4.6 Slope resistance, Fg;

Slope resistance, Fg;, is resistance due to the lifting or lowering
of the material on inclined conveyors.

Contrary to certaj

be precisely dete

Fsi=qgHg

The elevation heil
stallations and ne

5 Driving fd

5.1 Peripheras
pulley(s)

5.1.1 General ¢

The peripheral (
pulley(s) of a be
resistances as fol

mined using the following equation :
(1)

ght, H, is taken as positive for ascending in-
gative for descending installations.

rce and power requirements

| force required on the driving

alculation formulae

riving force, Fy, required on the driving
t conveyor is obtained by adding up all the
ows :

FU=FH+F

+ Fg1 + Fgp + Fgq ...(2)

The main resistgnce, F}y, can be calculated in a simplified
manner by using fan artificial friction coefficient, f. By applying
Coulomb’s frictiop law the main resistance is equal to the pro-
duct of the artifigal coefficient, f, the conveyor length; L, and
the sum of the vdfrtical forces per linear metre resulting from all

the moving mas
(2), the following

Fy=fLglq
+

Since a conveyor|
an upper limit fo
of slope, J, may
loads equal to th
(cosd = 1).

s; therefore, by substituting. £ )in equation
equation is obtained :

rRo + Gru + (2 g + gg) Cos d] +

TN +FS1 +FSZ+FSt (3)
slope of the erder of 18° generally represents
I smooth-strfaced belt conveyors, the angle

be disregarded in equation (3) and vertical
b conveyor loads may be used for calculation

© s the loose bulk density, in, for example, kilograms per
cubic metre;

v is the belt speed in, for example, metres per second.

Equation (3) is valid for all installation lengths.

For long centre-belt conveyors (for example over 80 m), the
secondary resistances are clearly less than the main installation
resistances and can be calculated in a simplified manner
without risk of too serious an error. For this purpose, a coeffi-
cient C is introduced as main resistance factor dependent on

: ; e following
equation is obtained :
Fy=CfLglgro + qru + 2gg +.G)7 +
+qGHg+FS1 +F52 (5)

If the conveyor slope exceeds 18°-<{made possiblg by use of
ribbed or herringbone belts)~the’ conveyor loads,|gg and gg
shall be multiplied by cos J"

5.1.2 Coefficient C

Coefficient C corfesponds to the quotient given by|the follow-
ing equation.:

Fotal resistance without slope resistanceq
and without special resistances

Main resistances

Fy+ Fy
= — ...{6)
Fy

Coefficient C is a function of the length of the|installation
because the majority of the secondary resistandes, Fy, in
equation (6) are independent of conveyor length and only
occur locally.

Figure 1 indicates coefficient C as a function of the[length L of
the belt conveyor, the values plotted being derived from tests
carried out on a variety of installations — particulprly for the
longer centre installations. The diagram in figure 1 $hows that,
when applying coefficient C in calculations, reliabl¢ values for
the peripheral force as the driving pulley can only lbe obtained
for conveyor lengths over 80 m.

If the conveyor length, L, is over 80 m, coefficierft C can be

calculated using the following equation :

If the conveyor slope exceeds 18° (made possible by use of
ribbed or herringbone belts), the conveyor loads gg and gg
shall be multiplied by cos d.

The conveyor load, gqg, resulting from the mass of the con-
veyed material, can be calculated, in, for example, kilograms

per metre, using

Iy
v

4G =

where

the following equation :

..(4)

I, is the capacity, in, for example, cubic metres per

second;

L+L,

C= - ...(7)

where the additional length, L, is, in general, between 70 m
and 100 m.

Coefficient C shali be equal to or greater than 1,02.

For centre-to-centre distances, L, of less than 80 m, the value
of coefficient C becomes unsure, as is shown by the hatched
area in figure 1. The unreliable area of coefficient C for short
centre conveyors is explained by the predominance of the
secondary resistances of such installations. The broken lines
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for coefficient C in this short centre zone do not represent
boundary curves but merely draw the attention to a growing
uncertainty of the C value.

In most cases C will be located in the hatched area. It is,
however, also possible to have smaller values, especially for
conveyors with unit loads with small secondary resistances, or
much greater values, especially for short high-speed feed con-
veyors of large capacity.

For more precise calculation of the driving power of belt con-

ISO 5048 : 1989 (E)

d) for carrying idler diameters lower than those mentioned
above;

e) for ambient temperatures of less than 20 °C;
f) for a decrease in belt tension;

g) for flexible carcass belts and those with thick and
flexible covers;

h) for poorly aligned installations;

veyors with arcentre=to-centre distance L, of lessthan 80 m it

is consequently recommended that equation (3) be used.

5.1.3 Artifigial friction coefficient, f

The artificial] friction coefficient, f, comprises the rolling
resistance of| the carrying idlers and the belt advancement
resistance, and has been calculated at 0,02 as a basic value for
a moving bel}, based on the results of a broad series of tests.

For fixed and properly aligned installations, with easily rolling
idlers and alsp for low internal friction materials, this value can
be lower by apout 20 %, dropping to 0,016, whereas for poorly
aligned belt cpnveyors with badly rolling idlers and high internal
friction matefials, values exceeding the basic value by about
50 %, ranging up to 0,03, may result.

i) when operating conditions are dustysand wet and/or

sticky;

j) for idler spacing of markedlymore tham 1,5 m for the
upper strand (or carrying side)|ef-the belt gnd 3 m for the
lower strand (or return side) ‘of) the belt.

The artificial friction coefficient, f, may decr¢ase under the
basic value of 0,02 if the, influences listed above in a) to j) are
reversed.

If the installatioh is‘running under no-load conditions, the value
of f can be either lower or higher than under full-load operating
conditions;\depending on the mass of the movihg parts and on
the tension of the conveyor belt.

After account has been taken of the influences| listed above in

The basic va
applies only 4
ing, it is furth

— used

— convg

coefficient;

ue indicated for the artificial friction coefficient
b normally aligned belt conveyors. Strictly speak-
ermore only applicable to an installation

At around 70 % to 110 % of its nominalcapacity;

ying products with an average.internal friction

’

ahto j), the value of f = 0,02 may be confirmed
optimum choice and assessment of the exact v.
be left to the manufacturer because of the many
fluences in connection with it. In general, suffi
results are reached with respect to the drivin
pulley of a belt conveyor if the basic value of the
is inserted into equation (3) or (5).

Downhill conveyors which require to be brg
motor, shall, as a safety measure, be calculatd
lower by 40 % than that used for the calculatio

. However, the
alue of f should
and diverse in-
iently accurate
g force at the
factor f = 0,02

ked by brake-
d with a value
h of driven belt

— equipped with three-roll carrying idiers for the upper
side of the belt;

— with & 30° side troughing angle;
— operating at beltspeeds of about 5 m/s;

— operating at ambient temperatures of about 20 °C;

— with i s with

conveyors : the result of this is a basic value of f = 0,012.

5.1.4 Secondary and special resistances

For a more precise calculation of the driving force on the
driving pulley and the operating power requirements of belt
conveyors using equation (3), the secondafly and special
resistances, F, Fgq and Fg,, shall be known.

labyrinth grease seals, together with idler spacing of 1 m to
1,5 m for the upper strand (or carrying side) of the belt and
of around 3 m for the lower strand (or return side) of the
belt.

The value of f may, for instance, increase above the basic value
0,02 and range up to 0,03 in the following cases :

a) for handled materials with a high internal friction coeffi-
cient;

b) for troughing angles of over 30°;

c) for belt speeds of over 5 m/s;

The calculation formulae for these resistances are given in
tables 2 and 3, and values can be determined on the basis of the
known characteristics of the belt conveyor.

Table 2 gives the secondary resistances, Fy, which occur on all
belt conveyors, whereas table 3 gives the special resistances,
Fg, which do not always occur.

It is possible to simplify the calculation by disregarding minor
secondary and special resistances, i.e. by account only being
taken of the inertial and frictional resistance at the loading area
and the friction of the conveyed material on the side walls of
the chute in the acceleration area, together with the frictional
resistance due to the belt cleaners and forward tilt of carrying
idler sets.
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Table 2 — Formulae for calculating secondary
resistances, Fy

Table 3 — Formulae for calculating special

resistances, Fg

Symbol Type of resistance Unit Symbol Type of resistance Unit
Fpa Inertial and frictional resistance at the Fe Resistance due to idler tilting N
loading point and in the acceleration area L . i
between the material handled and the belt : N — for carrying idlers equipped with three
Fop = Iye v — vg) equal length rollers :
- [e]
Fi Frictional resistance between handled Fe = Ceuo L lag + gg) g cos dsin €
material and the skirtplates in the where
acceleration area : N
5 C, = 0,4 for 30° trough
uplyogly
= o = U,b for 4b° trough
v+ v\2
o b% ug =03t00,4
2 . . |
— for return idlers equipped with-“two
where rollers :
o = 0,61t00,7
andl Fe = g Le qg g COSAGOs J sin €
vZ — Vg where ug = 0,310 0,4
b,min =~ 9 N
ER FgL Resistance dueto.friction between mateyial
where handled and, skirtplates : N
=05t00,7
A1 ilZog!
R Wiap resistance between belt and pulleys N FoL & v2 p2
— | for fabric carcass belts : 1
F d where up = 0,5 t0 0,7
f1=9B {140 + 0,01 Bl D F, Friction resistance due to the belt cleangrs : N
—| for metal carcass belts : Fo=Apuz
- F\ d where p is normally between 3 x 104 afid
1 = 123(2004’0,01;) —D— 10 x 104N/m2
Fy Pulley bearing resistance (not to be Fy Resistance due to friction at a discharge]
calculated for the driving pulleys) : N plough : N
d, Fa =Bk,
F, = 0,006 — F .
=0, D T where k, is normally 1 500 N/m

5.1.5 Applicability of formulae

The formulae fof calculating the peripheral force at the driving
pulley are only duitable for uniformly abd)continuously loaded
installations.

For belt conveyors running over rough ground with slope
changes or only|sloping in a-downhill direction, for which par-
tial loading of the belt is_frequently the case, the calculation of
the peripheral fofce shall.be carried out under, for example, the
following differént operating conditions :

Should one or more of the loading conditions indidate negative
force at the driving pulley, the system thu$ becoming
regenerative, it is necessary to introduce into thiI calculation

a basic value lower than that used for the drive
as given in 5.1.3. In such cases, the highest po:

calculation,
itive driving

force and the greatest negative braking force shgll then both
be taken into account for the design of the driving|land braking

systems.

conveyor

5.2 Operating power requirements for tIhe belt

a) empty conveyor,
b) fully loaded throughout;

c) loaded on some sections of the conveyor with a rising,
level or slightly descending run where each section requires
positive force to move it, and empty on the remaining sec-
tions which would be regenerative if loaded;

d) loaded on regenerative sections, and empty on sections
with a rising, level or slightly descending run.

The highest peripheral force on the driving pulley found in this
way is used for the design of the driving system.

The operating power required on the driving pulley(s) of the
belt conveyor P,, in, for example, kilowatts, is derived from
the peripheral driving force, Fy;; the value of P is calculated
from the following equation :

PA=FUV ...(8)

where

F, is the peripheral driving force, in, for example,
kilonewtons;

v is the belt speed, in, for example, metres per second.
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The respective operating power required on the driving
motor(s) is obtained from equation (9a) or (9b), in which ac-
count is taken of the efficiency of transmission equipment, as
appropriate :

for belt conveyors requiring positive power

1SO 5048 : 1989 (E)

Considering the stress of the belt and the other parts in the
installations submitted to forces produced in the belt, the ten-
sile forces applied to the belt shall be as low as possible.

However, for the correct operation of the installation it is in-
dispensable that the tensile forces in the belt fulfil the following

two conditions :

Py
Py = _,; --(9a) a) the tensile forces exerted on the belt shall be such that,
at any rating, the peripheral forces applied to all the driving
— for regenerative installations pulleys are transmitted to the belt by friction without the
belt slipping;
Py = Pany ...(9b)
b) the tensile force exerted on the bélt shall be sufficient
where for there not to be too much belt sag’between two sets of

ny s Ienerally chosen between 0,85 and 0,95;

n, is generally chosen between 0,95 and 1.

5.3 Belt fprces

5.3.1 Genglral

The tensile forces exerted on the belt vary along the whole
length of the belt; their magnitude depends on

the path of the belt conveyor;

the umber and arrangement of driving pulleys;

the characteristics of the driving and braking systems;

the
devices;

type and arrangement of the belt<ténsioning

the Ipad case of the installation :(starting, nominal
rating, braking, stopped, either at no load or completely or
partially Igaded.

carrying idlers.

5.3.2 Transmission of the peripheral force at the

driving pulley(s)

For the transmission ©f ‘a peripheral force, Fy

from a driving

pulley to the belt, as(shown in figure 2, it is ne¢essary to main-

tain a tensile force, F,, on the return belt,
calculated using the following formula :

1

F2,min > FU,max ely _ 1

where

which can be

...(10)

Fy max is the maximum peripheral force which most often

occurs when starting up or when braking

loaded conveyor;

the completely

u s the friction coefficient between the drjving pulley and
the belt, which can be determined using taple 4;

¢ is the angle of wrap of a driving pulle

, which is, ac-

cording to the geometrical conditions, approximately be-
tween 2,8 and 4,2 (160° and 240°).

Table 4 — Friction coefficient, u, between driving pulleys and rubber belting

Friction coefficient, u, as a function of pulley lagging
Operating conditions o - . Rubber lagging with Polyurethane lagging Cecbmic lagging
LQTNOUUT Dare it . . - . .
steel pulley herringbone- with herringbone- with herringbone-
patterned grooves patterned grooves patterned grooves

Operation in dry conditions 0,351t0 0,4 0,4 to 0,45 0,35t00,4 0,4 t0 0,45
Operation in clean and wet conditions 0.1 035 0,35 0,350 0,4
(water)
Operation in wet and dirty conditions 0,05 t0 0,1 0251003 0.2 0,35
(clay or loam)
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5.3.3 Limitation due to belt sag

The minimum tensile force, F;,, which shall be exerted on the
belt in order to limit belt sag between two sets of carrying idlers
is obtained from formulae (11a) or (11b), as appropriate :

— for the upper strand (carrying side)

a,lgg + gglg

The coefficient £ takes into account the fact that the peripheral
force shall be higher when starting the plant up than when at its
nominal rating. According to the drive characteristics, the value
of coefficient ¢ lies between 1,3 and 2.

In all complicated cases, the variation of the tensile forces ap-
plied to the belt shall be carefully calculated by a specialist.

Fpin > ...{(11a) . .
mn 8 (h/a)qm 6 Capacity and cross-section of a conveyor
. i m
— for the lower strand (return side) with a smooth patternless belt
The maximum capacity of the belt conveyor, g/,~in| for exam-
a, s & . . . .
oy Y] (11b) ple, cubic metres per second, is calculated using,the following
len } o .
8 (h/a) agm equation :

Values lower than| these shall never be reached at any point on
the installation. The maximum allowable belt sag, (h/a),4m,., is
generally fixed at [between 0,005 and 0,02.

5.3.4 Variation |[of the tensile forces and maximum
tensile force onjthe belt

The necessary tenysile force and its alteration along the convey-
ing length shall bg determined for each load case as a function
of the number, the arrangement and characteristics of the driv-
ing and braking dgvices, and according to the type and location
of the tensioning [devices, by suitably adding to or subtracting
from the minimunp forces exerted on the belt the resistances to
motion, the forcgs due to the weight of the belt and the
materials conveyed, and the peripheral forces applied to all the
driving pulleys.

The minimum ndcessary tensile force is fixed either by the
ability to transmit|the peripheral force at a driving pulley of by
the limitation of helt sag. This highest value of the necessary
tensile force for a| given load case is generally maintained with
all the other load fases, even if they do not requiresit, ‘as, nor-
mally, it is neither reasonable nor practicable to_produce dif-
ferent take-up forces with different load cases.

The maximum tepsile force, F,,,, exerted on the belt which
shall be used for the choice and dimensjoning of the belt can-
not be indicated Iy a formula which js universally valid.

It is only in the simple cases~which, however, occur relatively

often, i.e.

gradient,

I, = Svk ...(13)
where

S is the maximum cross-séctional area of the material on
the belt, in, for example, square metres;

v is the belt speed, in, for example, metres pef second;
k is the slepe\factor of the installation.

The maximum cross-sectional area of material on the belt
depends en

a)" the usable width of the belt, b, in metres, |which is a
function of the belt width, B, in metres;

b) the shape of the trough, i.e. the number gnd dimen-
sions of the idlers (length of the centre idler, /3), apd their ar-
rangement (angle between the side axis of the trqughed car-
rying idlers and the horizontal, 1);

c) the shape of the load stream on the belt (as ynderstood
in this International Standard) limited by a| curve of
parabolic shape characterized by the surcharge angle, 6
(see 2.1).

The usable width of the belt, b, in metres, is ¢letermined
generally using the following equations :

— forB <2m

— in the cape of horizontal conveying or with a small b=09B -005 ---(14a)
— forB>2m
— and if there is a single driving pulley, b=B-02 .(14b)

— and if low braking forces for stopping the plant are
required,

— and if the minimum belt tension required is not deter-
mined by any other layout or operating conditions (for ex-
ample by belt sag),

that the maximum tensile force applied to the belt can be

calculated, approximately, by using the following formula (see
figure 2):

1
Fmax:F1 =Fy¢ (W—_1+ 1) ...(12)

For horizontally running belts and one-, two- or three-idler sets,
the total cross-sectional area of material on the belt, S, can be
determined by using the surcharge angle 6 and adding the
(upper) section S; and the (lower) section S, (see figure 3) as
expressed in the following equations :

2
Sy =3+ (b - Iy cos 4] —t%—e ...(15a)
(b — 1) (b~ )
S, = [13 + 3 cosA] [ 3 sinxl] ...(15b)
2 2
S=5+8$, ..(15¢)
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In the case of one- or two-idler sets, the length of the centre
idler has to be taken as zero.

The surcharge angle, 6, is dependent on the material and on
the conveying conditions (for example speed, belt sag, etc.). If
the surcharge angle, 6, is not known, an approximate value can
be calculated using the angle of repose (see 2.2), by taking a
value of 8 = 0,75 a. If, however, the material has unusual flow
properties, i.e. it is sticky or very free-flowing, the value of 8
may vary significantly from this approximation.

ISO 5048 : 1989 (E)

where k is the reduction factor of the surcharge portion.

If an idealized running of conveyors handling virtually sized
material with a middle lump size is considered, it can be as-
sumed that k4 is given by the following equation :

]/ cos2g — cos?d
ki=\| —/————
L 1 — cos2¢ (17

where

Jd is the slope angle of the conveyor;

The slope factor, k, is determined by taking into account the
decrease of|the section S; when the material is fed on to an in-
clined part ¢f the belt, as expressed in the following equation :

S
k=1- §1 (1 - ky) ...(16)

¢ is the surcharge angle of the material handled.

Using equations (15) to (17), it is noticeabld that, where the
slope angle of a conveyor, J, is equal to the slircharge angle of
the material handled, 6, the uppef_section §; becomes non-
existent and only the lower section S, can be yised for handling
purposes.
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Figure 1 — Coefficient C as a function of L
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Figure 2 — Tensile forces exerted on the belt
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