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Foreword

1SO (the International Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing international
Standards is normally carried out through ISO technical committees. Each member
body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with I1SO, also take part in the work. SO
collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

The main task of ISO technical committees is to prepare international Standards. In
exceptional circumstances a technical committee may propose the publication of a
technical report of one of the following types:

— type 1, when the necessary support within the technical committee cannot be
obtained for the publication of an International‘Standard, despite fepeated efforts;

— type 2, when the subject is still under technical development requiring wider
exposure;

— type 3, when a technical committee has coilectéd data of adifferent kind from
that which is normally published as an International Standard ("'state of the art”’, for
example).

Technical reports are accepted for publication directly by 1SO Council. Technical
reports of types 1 and 2 are subject to review within three years of publication, to
decide whether they can be transformed into International Standards. Technical
reports type 3 do not necessarily have to be reviewed until the data they provide are
considered to be no longer valid or useful.

ISO/TR 10357, which is a technical report of type 2, was prepared by Technical
Committee ISO/TC 41, Pulleys and belts (including veebelts).

Annexes A and B of this Technical Report are for information only.
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means, electronic or mechanical, including photocopying and microfilm, without permission in
writing from the publisher.
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Iintroduction

The distance between the terminal pulley and the adjacent fully troughed idler set at
either the head or tail end of a conveyor is known as the transition distance. Within this
distance, the belt changes from a fully troughed to a flat profile, or vice versa. It is
important that these distances should be sufficient to prevent the tension in the belt
edge which will destroy the edges and force the belt towards the idler intersections,
becoming excessive. In addition, the occurrence of zero or negative tensions in the
centre of the belts must be avoided when the belt tension is low, such as occurs at the
tail end of some conveyors. It is recommended that the transition distances be
calculated from the formula given in ISO 5293 : 1981, Conveyor belts — Formula for
transition distance on three equal length idler rollers, taking the appropriate values of
the functions from the tables provided and using the manufacturer’'s value of belt
modulus; The levehof thetop of theiterminalipulleys is significant and is normally set in
liné with'the horizontal rollers ‘of the three‘puliey sets or, alternatively, in line with an
imaginarysline located at one third,of the depth of the troughed section of the con-
veyor. Calculation methods forceach of these configurations are given.

in the instance of, ISO weork, a method which is an important step forward for the
accuracy of calculation and the inclusion of admissible stress exerted on the belt was
proposed.

This method requires a good knowledge of the belt stress in non-steady operating con-
ditions, for example when starting and stopping the conveyor belt.

In view of current state of standardization, no standard exists which allows these
stresses to be calculated with the expected degree of accuracy.

So it was agreed to prepare a type 2 technical report, rather than revise
1S0O 5283 : 1981, in order not to exclude the possibility of progress given by this new
method.

Since the application of this new method must be tested during a determined time to
take into account technological progress, it was agreed that this Technical Report
would be issued in the meantime.
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Conveyor belts — Formula for transition distance on three
equal length idler rollers (new method)

1 Scope

This Technical Report specifies the formula for calculating
conveyor belt transition distances.

2 Normative references

The following standards contain provisions which, |through
reference in this text, constitute. provisions :of this Technical
Report. At the time of publication, the editions indicated were
valid. All standards are subject to revision, and parties to
agreements based on this Technical Report are encouraged to
investigate the possibility of applying the most recent editions
of the standards indicated below. Members of IEC and 1SO
maintain registers of currently valid International Standards.

ISO 1537 : 1975, Continuous mechanical handling equipment
for loose bulk materials — Troughed belt conveyors (other than
portable conveyors) — Idlers.

1ISO 9856 : 1989, Conveyor belts — Determination of elastic
modulus.

3 Formula for caiculating transition distance

The formula for calculating the transition distance, the
derivation of which is given in annex A, is as follows:

M \V/2
Iy =.05707 h | —
AT

where
177" the“transition'distance, in metres;

h is the vertical distance the belt edge raises or lowers in
the transition (see figure 1), in metres;

M is the elastic modulus, measured under tension Ty, in
newtons per millimetre;

Tg is the maximum recommended belt or belt joint tension
(RMBT) for a steady-state condition of the conveyor, in
newtons per millimetre;

AT is the induced belt edge stress in the transition, in
newtons per millimetre.

Figure 1
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4 Application of the formula for transition
distance

Calculate the transition distance by using appropriate values of
M, h and AT as follows.

4.1 Values of elastic modulus, M, of belt

These are determined in accordance with iSO 9856.

m~beemm - gy pig | P PR, . . | | P ey |
4.2 Values of vertical distance, /i, which the beit

edge raises or iowers

This is calculated from the idler trough angle A (see figure 1)
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and the position of the terminal pulley with respect to the

4.2.1 The pulleyis or e with the top centre idler rolier (see
figure 2)
b sin 4
h =
3
where

h is as defined in clause 3;
b is the width of the belt, in metres;

A is the idler trough angle.

Figure 2

4.2.2 The pulley is elevated by 1/3 of the trough depth above
the line of centre idler roller (see figure 3).

h is then equal to 2/3 full trough depth, i.e.

bsind bsin A

2
h=73x—3 45

where h, b and A are as defined in 4.2.1.

Figure 3

4.3 Values of AT

4.3.1 Calculate the average belt tension at the transition and
express it as a fraction of the maximum recommended beit ten-
sion for a steady operating condition, T, taking the strength of
the belt joints into account. Values of belt tension at transition
higher than 1 Ty take into account peak belt loadings which
can occur in short-time non-steady operating conditions, for
example when starting and stopping the conveyor belt.

In agreement with the belt manufacturer, seiect a maximum
beit edge tension of F' % related to the steady operating con-
dition {100 %) and take the value AT from table 1 (inter-
polating if necessary), provided that the gap (or overlap)
between, ihe rollers ;eomplies with the requirements of
180Q./1537.

4.3.2 The values of AT selected {calculated in accordance
with annex B) wiil

=t/ prevent-edgel ténsionnot only in the steady operating
conditions;but also in the temporary non-steady conditions
from exceeding the maximum recommended tension of the
beit or the belt joints in the steady conditions by F %;

— keep the tension in the belt centre adequate and always
positive to prevent the centre of the belt from buckling.

4.3.3 The additional tensions induced at the troughing tran-
sition will normally be equalized beyond the transition distance
as well. For this reason the actual existing edge stress will be
lower. For determining the maximum transition distances a
higher value of AT can be fixed by agreement with the belt
manufaturers, if necessary.

4.3.4 Unless otherwise specified by the belt manufacturer the
values below can be allowed for belt edge tensions in short-
time non-steady operating conditions:

F < 2 Ty or 200 % max. for textile belts;

F = 27 Ty or 270 % max. for steel cord belts.
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Table 1
Maximum belt edge 137y [ 145T; | 16Tz | 1.8Tq | 27 | 237x | 2774
tension / 130% | 145% | 160% | 180% | 200% | 230 % | 270 % Criterion
Rz::tio of average belt AT
tension at transition to 7
1,5 Ty — - - 045T; | 075 T | 12Tz | 1,87y
1,4 Ty - - 037 | 0675 | 09Tx | 1,357 | 1,95 T
13T, - 0257y | 04573 | 07673 | 1,057 | 1,67z | 21 T4
1,2 Ty 0157, | 04T, | 0673 | 09T; | 1273 | 1,65T; | 2,25 Tx Maximum belt edge
tension F %
11 T4 037; | 056575 | 07573 | 1,067 | 1,367 | 1,87 | 24Ty
1,0 T 0457, | 0775 | 09Tg | 1275 | 167z | 1,95 73 | 2,55 Ty
0.9 74 067, | 08Ty | 1,0673 | 1,367 | 16573 | 21Tz | 27T
0,8 74 075 Tz | 1Ty 12T, | 16T | 1,873 | 22673 | 24 T4
0,7 Tx 097z | 11675 | 1,35 T | 16573 | 19575 | 2173 | 2.1 T4
0,6 Ty 10675 | 137 | 167z | 1.8Tx | 187 | 1.87x | 187
0,5 7y 12T, | 145T | 1,673 | 1,673 | 16T | 16Tz | 1,673
0,4 Ty 12T | 12Tx | 1273 | 1,273 | 12T | 1,27z | 1,273 No belt centre buckling
0,3 7y 0975 | 0975 | 0975 | 0975 | 0975 | 0973 | 0974
0,2 T3 067, | 0675 | 0675 | 0675 | 0675 | 0675 | 0674
0,1 T3 0373 | 08375 | 0373 | 037; | 0373 | 0373 | 0374
0,05 Tx 0,167z | 0,16 73 | 0,16 73 | 0,16 73 | 0,156 73 | 0,16 73 | 0,15 Ty




ISO/TR 10357 : 1989 (E)

Annex A
(informative)

Derivation of the formuia

A.1 Assumptions

The following two assumptions are made to simplify the

r nff + et
mathematics and because they only have a minor effect on the

calculated transition distance. Also, the effect of the first is par-
tially compensated by the effect of the second.

The portion of belt on the inclined troughing roll is assumed to

b
be 3 whereas in fact it is slightly less.

The belt edge is assumed to make a straight vertical drop

cCge assSult ke a Sual voiruLar Livp

through the transition whereas there is actually slight lateral
displacement as well.

A.1.1 From the stress-strain-modulus relationship

a*L1
M=AT (1
L,
Or:
AT
= — 1 P
a L1(M + ) (2)
where

a is the length of belt edge in transition distance;

Ly, M, hand AT are defined in clause 3.

for transition distance

A.1.2 Aiso, by the Pythagorean theorem:
a=(L3Z2+ h2)1/2 ... (3)

A.1.3 Letequation (2) equal equation (3). Square both sides
and simplify to the following:

)

Ly=—221 @)

( ZM)”Z

1+
AT

A.1.4 Drop the 1in the equation (4) denominator since it will
2M
be very small compared with AT

Then simplify to the following formula for transition distance:

1/2
momona (22 "
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Annex B
(informative)

Derivation of values of AT

B.1 Normal and maximum tensions

For normal (steady) operating conditions a maximum recom-
mended belt or belt joint tension Ty is assumed. For this con-
dition the belt edge tension is taken as the 100 % basis.

In the troughing transition the edge tension will be twice as
high during each revolution and higher still during the non-
steady conditions (starting and stopping). These belt edge ten-
sions are taken as F' %.

NOTE — If calculations are based on assumptions of safety factors the
following equation applies:

F=8./S

sta

where

Sqa is the safety factor in the steady operating condition (in the

case of the belt joint strength S, = 8);

S is the safety factor corresponding to the maximum permissible
edge tension in short-time non-steady operating conditions (for
example S > 4 for textile belts, S = 3 for steel cord belts).

B.2 Belt tension distribution

Figure B.1 shows the tension relationship in the troughing tran-
sition. The two assumptions made in clause A.1 apply likewise.

{The diagram shouid not be mistaken for the geometrical
relationship shown in figure 3.)

—
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Where

b is the belt width;

T is the average belt tension at the transition;

T, is the maximum edge tension at the transition;

T' is the tension in the trough centre;

AT is the induced belt edge stress at the transition.

Figure B.1
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