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Belt Conveyor
Steel Cord Splice Analysis
Using Finite Element Methods

L. Nordell, X. Qiu, and V. Sethi, USA

Summary

Owners and operators of large material
handling installations are questioning the
proficiency of engineers to set accurate,
up-to-date, splice design criteria for steel
cord belt conveyors. Costly splice fail-
ures have occurred repeatedly in belts
where engineers and installers have not
set the appropriate guidelines or stan-
dards during manufacturing ‘and installa-
tion. This concern is emphasized when
safety is questioned, especially as belt
breaking strength exceeds St 6000
N/mm and/or where the belt service fac-
tor is reduced below SF = 6.0:1. At the
higher belt strengths, the dynamic splice
efficiency is reduced [1]. Improper coor-
dination of cable diameter, cable pitch,
and splice schematic will lead to further
reduction in the belt's temporal perfor-
mance. Little has been published on the
critical elements which contribute to the
splice design and installation procedure,
and to the appropriate criteria for reject-
ing a design or installation. Some of
these critical factors are discussed here.
This presentation is an overview of
results to date, and the areas presently
under investigation. This is not a defini-
tive assessment of splice design, but we
present a suggestion for new treatment,
which updates the well recognized stan-
dards of DIN 22101, DIN 22131, and
other industrial standards in use.

1. Introduction

Ceonveyor Dynamics, Inc. (CDIl) has
developed a method of analyzing the
steel cord belt conveyor splice using the
finite element method (FEM) from ANSYS
[2]. In this paper, a discussion is
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l Tested Splice |
Location Belt Strength | SF  |Dynamic Efficiency Supplier
Selby 1983 St 7000 N/mm | 5.0:1 N/A BTR
Chuquicamata 1985 St 6600 N/mm | 7.0:1 N/A Goodyear/Clouth
| Prosper Haniel 1986 | St 7500 N/mm | 5.5:1 38% Phoenix |
Palabora 1988 St 6600 N/mm |6.5:1 50% Continental |
Channar 1989 St 3000 N/mm | 5.0:1 58% '~ Continental

Table 1: Mines with high strength and low service factored belts with respective tested splice efficiency

presented on the procedures followed to
develop and verify the three dimensional
(3-D) FEM model, including: wire rope
modeliing, isotropic hyperelastic non-lin-
ear rubber modelling, H-block simulation,
and experimental splice testing. The FEM
analysis will improve the understanding
of splice failure mechanisms and splice
schematic dimensional sensitivities, and
provide insight on improvements in
splice efficiency and guality controls in
manufacturing. The study may provide
methodology for altering the core rubber
compounds and cable design.

As pointed out by Flebbe [1], DIN 22101
formulates a restrictive assessment on
belt rating based on the belt service fac-
tor. Unfortunately, at present, it is the
guideline to which operators and consul-
tants can refer in lieu of their own inde-
pendent research, or those of universities
[3], and manufacturers [1, 4]. New crite-
ria must be developed to provide engi-
neers with qualified methods that ac-
count for the recent findings and practic-
es in high strength and low service fac-
tors, such as in the mines listed in
Table 1.

2. ANSYS and the

Computer

The ANSYS finite element software pro-
gram [2] is a modified version 4.4. The
program can handle up to 5,000 wave
front degrees of freedom.

A typical splice model will take about
8,000 elements and 20,000 nodes. The
program can model non-linear hypere-
lastic and composite materials. The AN-
SYS program is provided on a UNIX plat-
form. CDI is running the program on an
IBM RS/6000 RISC workstation.

The computer is equipped with 48 MB of
memory, uses three hard disks totalling
1.2 GB of memory, and has a 2.3 GB
streamer tape backup. The computer
computation power is rated at about 33
MIPS and 10 MFLOPS. A typical non-lin-
ear analysis takes between 30 and 50
hours of dedicated computation time.

3. Wire Rope Modelling

The wire rope is analyzed as an extruded
double helix with the specified wire fila-
ment diameters and helix lay lengths for
all strands as shown in Fig. 1. The cable
shown is the design for the St 6600
N/mm belt on the Palabora (RSA) con-
veyor [5]. The tensile elongation,
coupling with the resulting torsional twist
and bending flexure are computed from
a CDI program developed on the princi-
ples of Costelfo [6]. A special CDI defined
element was then developed for ANSYS.
This element provides the properties of
wire rope behavior with the correct ge-
ometry, and coupling behavior between
elongation and torsion, and reduced
bending stiffness. The element provides
correct node-to-node interfacing with the
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Fig. 1:  Wire rope construction - Palabora ST 6600

N/mm belt with 12.4 mm diameter cable

ANSYS brick {rubber} hyperelastic ele-
ment. The right and left lay cable pat-
terns are accounted for in the splice. In
Fig. 2, a cable pattern is illustrated for a
213- (3 step) splice sequence. The alter-
nating color sequence from the 9 cables
of each end denotes the altemating lay
pattems. The differing color patterns de-
note individual elements in use. The
width of the splice plot has been exag-
gerated for clarity.

4. Rubber Modelling

The model described is fully three dimen-
sional. The ANSYS program has a num-
ber of hyperelastic, non-linear, isotropic
element configurations. Different material
models were investigated for their accu-
racy in replicating the material behavior
of rubber over large deformations up to
300%. Two constitutive laws were found
that closely predict the stress-strain be-
havior of rubber over large deformations:
The Mooney-Riviin Law [7] and the
QOgden Law [8]. It is difficult to uniquely
determine the material constants for

Fig. 3: Goodyear experimental measurements of rubber properties
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Fig. 2:

these laws from experimental data. Spe-
cial experimental machines are required
that provide the unique properties for
uniaxial extension, simple shear, equibi-
axial extension, and pure shear.

The highly non-linear response of rubber
[9] can be seen in Fig. 3. A mathematical
method has been perfected that reason-
ably tracks the experimental data of
Fig. 3 and the H-block pullout diagram of
Fig. 4.

Fig. 4:  5-cable H-block arrangement

FEM element and cable arrangement — 3 step splice pattern 213-

5. H-Block Test and

Splice Modelling

The H-block and splice models devel-
oped are fully parametric. All splice ge-
ometry details are variable from a single
step splice through a four step splice,
including the variables:

e core rubber thickness

e butt end clearance

e gtep lengths

e cable size and properties

* lay sequence

The H-block was analyzed for the 5
cable arrangement of Fig. 4. The peak
FEM von Mises rubber stress is illustrat-
ed in Fig. 5. The peak stress occurs at

the top and bottom covers where the
belt has been notched and where the

Fig. 5 (below). Cross-section H-block von Mises
rubber -

stress gradient in
expanded view
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