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The Power of Rubber - Part |

L.K. Nordell, USA

Summary

The power of rubber is commanding spe-
cial respect for its importance to belt con-
veyor design and performance.

Cover rubber rolling resistance, energy
consumption theory, laboratory investi-
gation and field measurement validation
surveys are presented in Part |. This
shows new procedures to test rubber
specimens and rationalize differences
among polymers to meet different envi-
ronmental applications with important
cost benefits. Conveyor performance can
now be predicted accurately!

In Part Il of this two part series, splice
core rubber compatibility and its dynamic
endurance to fatigue will take on new def-
inition through a presentation of new test-
ing procedures. These procedures quan-
tify differences in the polymer physical
properties among manufacturers that can
improve their competitive edge, and ex-
tend their range of performance to higher
belt strengths.

This paper extends information on Con-
veyor Dynamics, Inc. (CDI) prior work [1]
and [2], providing new findings, methods
and recommendations that significantly
alter transportation economics of over-
land and pipe conveyors through the
understanding of their rubber systems.

Fig. 1 is a photograph of the 5 km Ger-
man Creek curved overland conveyor
(Australia), jointly engineered with Barclay
Mowlem Construction Limited. Barclay
Mowlem received an Engineering Excel-
lence Award in 1996 from The Institution
of Engineers, Australia for their achieve-
ments on this modern installation. This
paper discusses some of the new tech-
nologies applied in the engineering of this
overland belt conveyor.
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1. Introduction

Rubber and its polymer substitutes are,
next to fuel, arguably the most important
products of the modern transportation
age. Roughly US$200 billion is spent
worldwide on rubber products each year.
Vehicle tires make up the principle share
and have guided the development of
rubber's applications. By contrast, about
US$250 million is spent annually in the
USA on conveyor belting [3]. Even with
these exaggerated sums being spent, the
industry's  scientific understanding of
rubber's behavior is not duly established.
These facts are evident from the continu-
ing worldwide exposition in recent bulk
solids handling publications of studies in
rubber mechanics with respect to belt
conveyor systems (4], (5], (6], (7], and [8].

Fig. 1:

5 km German Creek Curved Overland lo-
cated in Queensland, Australia

Capital expenditure for most belt con-
veyor systems is largely governed by the
belt component. Its relative value typically
ranges from 45% to 65% for medium to
large steel cord belt installations. Due to
the economic significance, modern re-
searchers strive to improve belt design
methods which translate into cost bene-
fits.

A belt's cover rubber can govern 60% of
the belt rolling resistance and therefore is
a key factor in overland conveyor design.
This percentage will become less signifi-
cant with rolling efficiency improvements.

Until recently, the mining industry and en-
gineering community have been blind to
these differences and how to manage the
value offered in the product solicitations.
A few belt manufacturers are funding re-
search, seeing the opportunity to wed
their superior product performance with
new techniques which demonstrate the
products true worth to the mining com-
munity.

2. Power Equation &
Belt Tension

2.1  General Comment

A paradigm shift to classical mechanics
methods is being applied in determining
belt power and tension. This technology
mirrors the procedures used in the auto-
motive tire industry. Experimental investi-
gation is used as a guide post and verifi-
cation tool to investigate the sensitivity of
the many variables. Ultimately, field
measurements are used to corroborate
CDI's findings on conventional and pipe
conveyor performance.

2.2 Historical Methods

Rolling resistance calculation methods,
used by most engineering firms, have not
changed in the last 30 years. Empirical
coefficients are chosen based on vague
details with no regard for the belt's phys-
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ical constants and material properties.
The most widely used methods are ISO
5048 [9], DIN 22101 [10], and CEMA [11].
ISO 5048 and DIN 22101 combine all roll-
ing losses into one drag resistance coeffi-
cient (f). This coefficient varies between
0.017 and 0.025 depending on general-
ities of the installation, such as installation
accuracy, maintenance, and severity of
use. Downhills are treated in a different
arbitrary manner. The value of "f" is not
based on any scientific measure, and its
selection is quite arbitrary. The engineer's
method of selecting "f" is based on ex-
perience and on published data. ISO and
DIN have three variables which alter the
rolling resistance: a) the value of "f" |, b)
material and belt weight per unit of
length, and c) a temperature compensa-
tion factor. CEMA adds: a) belt tension, b)
idler spacing, c) idler drag, and d) para-
sitic losses (pulleys, scrapers, material
acceleration, and skirtboards).

2.3 Modern Power Equation

Adequate description of modern rolling
resistance formulae must include the ad-
ditional features of [2]:

a) belt speed (rubber excitation fre-

quency)

b) belt trough shape (belt-idler pressure
distribution along contact surface)

c) ore load configuration or shape and %
loading (pressure distribution)

d) belt cover thickness top and bottom
(bottom only with turnovers)

e) idler roll diameter and spacing (carry
and return)

f) va: vertical curve pressure (convex
increase; concave decrease belt
force on idler)

g) Cph: Horizontal curve pressure

(increase force on idler)
h) rubber viscoelastic properties:

i) E': tensile/compression
dynamic modulus (spring)

i) E" tensile/compression loss or
viscous modulus (dash pot)

i) G': shear dynamic modulus (-

spring)
iv)  G": shear loss or viscous mod-
ulus (dash pot)

strain dependent on temper-
ature,  deformation  fre-
quency, and E', E*, G', G"

vi) B, belt bending stiffness mod-
ulus (longitudinal and trans-
verse for conventional belt
and for pipe belt)

rubber master curve incor-
porating all viscoelastic
properties referenced at zero
degrees Celsius
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Fig. 2:

Idler roll rubber indention into belt bottom cover

Indention Pressure from
Theoretical Analysis

Belt - Roll Interface
Indention Pressure

Fig:'3:

As stated earlier, the rubber can consti-
tute 60 — 70% of all rolling losses. This
loss has three components using the
CEMA ky rolling resistance convention:

CEMAK =k, + K +Kg 1)
(Note: CEMA does not separate these
variables)
ko idler roll indention into belt
rubber
ko belt flexure between idler sta-
tions
kys: ore agitation or trampling

shape change between idler
stations

The CEMA k, idler drag losses are still
treated separately, unlike the ISO and
DIN method.

Figs. 2, 3 and 4 are borrowed from a pre-
vious paper [1].

Generic idler trough pressure distribution at belt interface

Fig. 2 schematically illustrates the idler roll
indention into the belt cover. This is an
approximation to the true complex form.
The asymmetric pressures about the
centerline can be resolved into a force to
spin the roll (AF):

AF=(F, -a,-F,-ayr 2)
where i =1, 2 - left side, right side

F, = total force acting on either
side of center idler

a, = distance of force centroid
from idler center

r = idler radius

The rubber excitation frequency half cycle
is given by the belt velocity divided by the
length of contact between belt and idler.
Color bands represent the distribution of
normal stresses developed by the initial
static loading before rotation of the idler.
As the idler rotates, the rubber cannot in-
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stantly recover, thereby shortening the
exit contact length causing an imbalance
between incoming and exiting contact
zones with respect to the idler centerline.

Fig. 3 illustrates the generic pressure dis-
tribution of idler indention into the belt
cover forloss k, ;. This is based on a theo-
retical equation. Similar pressure patterns
have been measured [12].

Fig. 4 illustrates the belt and ore shape
change between idler supports for losses
k., and k ;. The details are omitted from
this paper for brevity.

Fig. 5 is taken from [2]. This demon-
strates the rubber viscoelastic properties
E', E" which only vary with temperature
(=50 °C to +50 °C). The excitation fre-
quency is fixed to one value. The meas-
urement device is explained in an earlier
paper [2].

Fig. 6 illustrates a rubber master curve for
a belt cover compound. The E', E" values
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Sag at Belt Center

Sag at Belt Edge
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d Fig. 4:  3-dimensional belt and ore shape change between idler stations
are plotted against frequency. Frequency
and temperature are inversely propor- shell idlers is based on the following crite- 5. Hertz = w/2m = 2b/v
tional to each other and can be combined ria: (Note: G', G" influence is omitted for '
through a transformation function [13]. By brevity.) = contact cycles (6)
producing many frequency sweeps for . where:
each 5 °C temperature increment, this 1+ £ f(T. & 03), . ]
master curve can be generated by the w = f(T, g, ) T:  belt cover thickness in contact
transformation function. The hundred =1, & with idler
plus E', E" data points are curve fitby a = 2. o(t) = o, sin (@ ) (t) =¢, sin (ot - §) . : g
special process that leads to the curve fit < ? ©) L e.x ponent@l coeff,cnent L
shown. The master curves are generated . o viscoelastic properties
for a range of strains (1~7%) that meet 3.6, = Ele)/cosd=E"ej/sind (4) n:  exponential coefficient for
most operating conditions, except for trough shape
pipe conveyors. w 70
A
The CDI compression idler indention rub- 4 AF = J.0~57t[5 HE ]mpn[ 2/3}7(W) dw  (5)
ber energy loss equation, AF, for steel 0 d
Fig. 5:  Viscoelastic properties E', E" and tan & versus temperature
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