5. Mathematical Code Evaluation Design Program

5.1 Introduction

A common characteristic, which can be identified in most approximation programs, is
the need for a realistically estimated input of the workable solution by the user. The
hindrance is usually that the user has no idea of what the expected solution’s
parameters are going to be, thus has no starting point from which the simulation
program can work. For this reason the author decided to use two versions of a
prediction program. The first version is spreadsheet based, and has all the permissible
ratios of geometry inserted in envelope form (/imit<X<limit), for the user to simply
check whether the chosen values are of correct proportion. This version produces an
appropriate force, based on a simplistic calculation, ignoring the change in speed of
the mass during the retardation process. The second version of the simulation
program, which is MATLAB code based, is then fed the result of the first version,
which would be a reasonable estimation of the final outcomes proportion. The second
version of the program then delivers an accurate approximation, based on realistic
scenario estimations, allowing for the change in speed during the deceleration
process.

There are two basic differences between the two versions of the prediction programs.
The first difference is the taking into account of the effect which the changing in
speed of the mass or conveyance during the retardation process has on the system. In
the first spreadsheet version the assumption is made that the deformation rate remains
constant throughout the process of deceleration, which is clearly incorrect. This
assumption however produces a valuable estimation of the scale of parameters to be
expected. The second version of the program, which is automated code executing in
MATLAB version 5.3 for students, takes into account the effect of diminishing speed
during the retardation process. This diminishing speed greatly affects the performance
of the retardation process, causing a transition from dynamic to quasi-static
performance. The gradual decrease in arresting force with the decrease in speed is
witnessed in the practical experiments, the FEA as well as the analytical program’s
prediction. This will be mentioned again in chapter 7, where the comparisons between
all three methods, namely experiments, FEA and computer generated analytical
prediction, are compared.

The second difference is the program’s ability to account for the effect of the taper
section of the strip, mentioned in section 1.2 (refer: Figure 1). The spreadsheet version
of the program cannot account for this and thus assumes a parallel section. The
resulting answer, based upon this assumption, is used as the maximum width for the
taper in the MATLAB version of the program. The thin section of the strip is
determined by calculating the factor of safety upon yielding when subjected to the
maximum deceleration force and ensuring that this safety factor is no less than six,
which is the acceptable amount based on the Occupational Health and Safety Act and
Regulations [21]. The Act is applicable to ropes and cables. In this application the
strip could be classified as a structural element, which then requires a design factor of
a magnitude consistent with “good engineering practice”, which would not need to be
as large as the factor required for the ropes and cables. The higher factor specification
is still maintained and applied, for total peace of mind.
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Through the experimental phase of the project it has been found that the length of this
taper section, generally required to fulfil the task of deceleration is between 5 and 10
times the difference in taper width. This implies that a taper of 10mm to 40mm would
generally be applied between 150mm and 300mm, as illustrated in Figure 17,
depending on the deceleration space available and whether or not the deceleration
limit is of application concern. The deceleration magnitude is influenced by the
profile of the strip, and can thus be adapted according to specific requirements.
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Figure 17 Schematic profile of a typical deceleration strip.
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5.1.1 First version of prediction program

The flow diagram Figure 18 illustrates the method of execution of the spreadsheet
version prediction program. This illustrated process is converted into the examples
shown in Table 3 and Table 4. The selection choices and implications thereof are
discussed in the following text, with reference to the shown example.
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Figure 18 Flow chart of spread sheet program.



| e Design Process.

Biue blocks are the arrester design variables for the
user to specify! '
elfow blocks are to be checked for envelopes spec!
White blocks are for information purposes!
¥What & TGRVEY 46km/h
elocity in m/s 12.77778m/s
iz an 20000kg
Je : : 2.50s
Deceleration in m/s*2 24 5m/s’
Total arresting force needed. 490000N
2
Arresting force per set needed. 245000N
R (as selected by user) . 0.2m
t {as selected by user) = 0.014m
R/t (Ratio should be between15-25) 14.28571
&' (strain rate for described situation) 5.144033s™
' 2.8E+08Pa
40.4s”
5
3
O ya 4.65E+081Pa

Table 3 User input variables for spread sheet prediction program.

Table 3 illustrates the actual view of the spread sheet, set up to guide the user to a
reasonable base decision. The user describing the problem scenario to which the
deceleration systems are to be applied, fills in the red blocks. Following that, the two
blue blocks referring to the radius of the roller and the thickness of the strip are
chosen. This is done in such a way that the R/t ratio is within the ranges specified.
This ratio controls the geometric aspect in terms of having a thick strip bending
around a small radius and thus creating the opportunity for extremely high strain rates
or surface tearing due to excessive surface straining (refer: section 4.2). The
information block indicating strain rate ( &') is for the current application at the points
of bending, and is the solution of Equation 5. The purple blocks allow for the material
characteristics of the material chosen for the strip. The variables (D) and (p) are the
specific strain rate sensitive qualities of 300W mild steel. These variables allow for
the evaluation of Equation 6, which is the magnitude of the dynamic yield stress
(o, ) of the material.
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