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4.4.5 Effect of bunton spacing

Neither measurements nor parametric studies using DISCS 
have shown that bunton spacing is an important variable, 
although most of the measurements were in shafts with 
the same bunton spacing, i.e. 4,57 m. Only two sets 
of measurements were in shafts with 6,10 m bunton 
spacing, two with 3,68 m bunton spacing, and two with
4,0 m bunton spacing which are probably insufficient to 
be very conclusive. However, the time between buntons 
increases as bunton spacing increases and for a given 
misalignment the off-vertical angle of the guides re­
duces. The magnitude of misalignment should thus be 
related to bunton spacing to give:

*m " 0,010 x A "  
4,57

~ 450 6 KA D

where A = bunton spacing.

4.4.6 Effect of guide and bunton stiffness

The only noticeable effect of differing stiffness was 
in shafts where the buntons on one side were stiffer 
than on the other side of the conveyance. As shown in
Table 4.1, for Hartebeestfontein No. 8 shaft the 
peak wheel loads on the side with the stiff buntons 
were very much higher than on the other side. The 
layout of buntons in this shaft is shown in Figure 4.13.

iMBMs»uBi*35<s3!«a!H5iMmi!m*imsieQi8«aiKs!Bi!S3amaaia6
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The stiffnesses of the buntons as numbered on Figure 
4.13 is:-

skip Bunton/guide stiffness
ratio

1 - 50 000 kN.m 39,5
2

Cage
2
3

14 286 kN.m 11/9

11 111 kN.m 9,4
7 692 kN.m 6,8

The maximum wheel loads measured at 15 m/s on these
buntons were:

Skip
1 19,4 kN
2 8,1 kN

Cage
2 12,7 kN
3 7,6 kN

In both cases the ratio of wheel loads to the bunton 
stiffness is similar on both sides, indicating that the 
maximum wheel loads are directly related to the bunton 
stiffness, and the relative bunton stiffnesses on 
opposite sides of the compartment. The figures above 
show no absolute relationship between wheel load and 
bunton stiffness, but this ratio seems to increase as 
the relative bunton stiffness increases. One way of 
dealing with this would be to consider the wheel loads 
as being above and below an average value, the amount 
above or below being determined by the bunton stiffness 
ratio as shown in Figure 4.14 below.
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BRATTICE WALL

CAGE

SKIP

3

FIGURE 4.13 : Rartebeestfontein No. 8 shaft layout

It is also recommended in Chapter 6 that more severe 
deflection limitations should be applied as the bunton 
stiffness ratio increases, to limit the effects of this 
phenomenon.

In this shaft the practice is to use a fairly high pre­
load (0,5 tonnes) . in the absence of such preload 
there may well not be this relationship because the 
maximum wheel loads relate to dynamic behaviour of the 
conveyance to a greater degree, except that where the 
guide gauge reduces a stiff bunton will lead to a high 
wheel load.
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The factor K x PRELOAD above should thus be taken as:

K X PRELOAD = ^Bunt p ^ O A D  + & 5 -^Bunt)
*Bank

where K = average equivalent wheel spring stiffness
Bunt at a bunton

K = average equivalent wheel spring stiffness
Bank at bank where wheel preload is set.
5 = maximum guide gauge reduction ' {in m).
K = ratio of stiffen bunton stiffness to

mn-TA flexible bunton stiffness - 1.

This can then be rewritten as:

K (PRELOAD + S, ( 1±0(15l{,
Bunt K 2

Bank

4.4.7 Effect of wheel preload

All the measurements and DISCS predictions show that 
wheel preload acts only as a fixed preset displacement 
on the wheels, giving a wheel load which varies with 
varying guide stiffness. In no case was there clear 
evidence of a higher or lower preload either increasing 
or decreasing the dynamic behaviour of the conveyance.

4.4.8 Effect of spring stiffness

In practice there is not a very wide variation of spring 
stiffness of guide wheels and it was never possible to
alter this with all other parameters unchanged. Para- 
metric studies using DISCS and work done by McKechnie*
show that a more flexible spring on the wheels leads to 
lower wheel loads. However, for this to operate a 
larger deflection is required, so that a greater clearance 
between guide and slipper is required. If slipper/guide
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contact occurs because a more flexible spring is used 
the consequent maximum wheel loads may well be more 
severe than with a stiffer spring which prevents such 
contact. McKechnie18 thus uses a double spring, a 
flexible spring for normal operation and a much stiffer 
spring to prevent slipper/guide contact. Spring stiff­
ness has also been shown to be the cause of wheel 
resonance in the case of President Steyn. This is a 
difficult problem to predict, so that it should be 
catered for, not by adjusting the design wheel load, 
but by using wheelsets where the spring stiffness can 
easily be varied on site if a problem arises.

4.4.9 Maximum wheel load equation

Combining the relevant effects discussed above gives 
the equation for maximum wheel load as:

P=We (0,16v2M) + + I 1 (1±0'15k) for skips

p =Me ,0,20V KBunt (fSSSM ♦ ,,±0.15,0 for cages
xBank

This can be rewritten as:

where F is a "conveyance factor" equal to:

4,8 for skips
6,0 for cages

There may be some justification in specifying different 
F factors for good, acceptable and non—acceptable shafts 
as described in Chapter 6. However, this is to some
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extent covered by the term A in the equation, so this 
will not be done, as a single factor for each type of 
conveyance is easier to work with.

For koepe winders there is some indication that the above
F factor may be divided by 2, by virtue of the damping 
effect of the tailropes, so the Western Deep Levels 
have been doubled in calculating the averages in table 
4.8. This needs verification by further tests however. 
It should be noted that the above equations deal only 
with cases where there is no dynamic magnification. 
Section 5.5 deals with wheel loads in the presence of 
magnification.

4.5 RELATIONSHIP OF WHEEL LOADS TO ACCELERATIONS

In trying to find some way of relating lateral acce— 
lerations to wheel loads, several transfer functions 
between wheel loads and accelerations were calculated 
from the relevant power spectra. This did not however 
give useful results, probably because all the wheel 
loads and all the accelerations are interrelated, so 
that no one acceleration is directly related to one 
wheel load, and also because of the presence of noise.
A low (noise) power spectrum value divided by a lower 
(noise) value can give a large result at random.

An alternative means of achieving an averaged relation­
ship is described below:

The expected acceleration value is equal to a factor,
T, multiplied by the square root of the sum of the 
power spectrum values, and the expected value of wheel
load is equal to the same factor, T, multiplied by the 
sum of its power spectrum values. The relationship

muTîrfir TraTnhiiiHHrtiira'i



between the force and acceleration values is thus given 
by :•

R = t . /[Power Spectrum of Wheel' Load 
T. /EPower Spectrum of Acceleration

= /zPower~'Spectrum of Wheel Load 
/EPower Spectrum of Acceleration

This value, R, is given in Table 4. 9 below for all the 
shafts in which wheel load measurements were made. 
Omitting the values at Blyvooruitsig No. 4 shaft, which 
was not felt to be a good wheel load measurement, the 
means of these values is 1,30 with a standard deviation 
of 0,47. The same analysis was carried out for the 
DISCS runs with similar, although somewhat higher 
results. These are also shown on Table 4.12.

TABLE 4 . 9  : R VALUES

SHAFT R - value DISCS R - value
Top Wheel Bottom Wheel Top Wheel Bottom Wheel

Pres. Steyn 4
19* skip 0,76 1,78 - -
10* skip 1,03 1,42 - ■“

Western Deep Levels 2*18% skip 0,67 — 2,64 2,58

Western Holdings 1* 10t skip 1,06 1,13 0,87 1,63

Blyvooruitsig 4 Skip 0,33 0,22 - -

Hartebeestfontein8 #
SkipCage 1,31

0,68 (R) 1,34 (L) 1,58 2,02 1,73
Hartebeestfontein6ftCage 1,00 2,39 - -

1 ̂Deelkraal 1 21t skip 1,55 1,78 2,91 2,55
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Assuming a normal distribution for R, a 1 % probability 
of ^xceedence, and zero preload, the expected wheel 
load is then given by:-

WHEEL LOAD = Acceleration (1,30 + 2,4 x 0,47)
= 2,4 x ACCELERATION

Including preload the expected wheel load is:

WHEEL LOAD = PRELOAD + 2,4 x ACCELERATION

This serves to confirm the above statement that no 
problems or damage should be expected below accelera­
tions of about 7 m/sec2, because this gives

WHEEL LOAD = PRELOAD •< 1 v 8

Typically, preload uv c 2s are not greater than 3 kN, 
i.e.

WHEEL LOAD = 19,8 kN at 7 m/sec2

Many modern conveyances fully loaded weigh 20 tonnes or 
more, so that the W/10 design load is 20 kN or more.
No problems should be expected until this design load 
is significantly exceeded.



CHAPTER 5 : DYNAMIC MAGNIFICATION

The dynamic magnification of wheel loads and accelerations 
due to the interaction of natural frequencies and ex­
citing frequencies is a phenomenon which must be avoided 
in a mineshaft. Instances of high dynamic magnification 
have been known/6 f ̂ and have had serious consequences 
for the shaft and conveyances. The following is an 
assessment of this problem and how it may be avoided.

Initially, the recommendations of two major reportsr i.e. 
that of Reinke8 and one from the CSIR9 are considered, 
and this is followed by discussion of parametric studies 
carried out using DISCS. These are followed by some 
comments relating to actual instances of dynamic magni­
fication which has been experienced in various shafts. 
General conclusions regarding the problem of dynamic 
magnification are drawn and finally recommended methods 
for avoiding dynamic magnification and for assessing 
the level of wheel load when it does occur, are described.

5.1- Literature survey

The CSIR9, and Reinke8, both deal at some length with
dynamic magnification.

5.1.1 CSIR report9

This report assesses the magnification of displacements 
in three dimensions and then calculates the wheel loads 
from the displacements. All the translational and 
rotational modes are considered as being uncoupled.
Thus in the X-Z plane, i.e. the plane between the guides, 
the force amplitudes are:-



For the top and bottom wheels, where:-

✓'2(1 + cos a)
-----2 (1 - r)5 j

Z2 /2 (1 - cos a)
B  = 2 ( z V p j -"n’T

ns =

p = r i/m

a = 2ir (2Z-a) /a for 0<2Z<2a
2ir(2Z-na)/a for na<2Z< (n+1) a

a = bunton spacing
% « half the conveyance overall length

=_ /4K/% = 2/K/^

K = individual wheel spring stiffness

fi = 2 ttv 
a

U - the amplitude of misalignment, assumed to be 
a sine curve.

In this equation, K and U are constants. Thus:-
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CHAPTER 5 : DYNAMIC MAGNIFICATION

The dynamic magnification of wheel loads and accelerations 
due to the interaction of natural frequencies and ex­
citing frequencies is a phenomenon which must be avoided 
in a mineshaft. Instances of high dynamic magnification 
have been known,6'7 and have had serious consequences 
for the shaft and conveyances. The following is an 
assessment of this problem and how it may be avoided.

Initially, the recommendations of two major reports, i.e. 
that of Reinke8 and one from the CSIR9 are considered, 
and this is followed by discussion of parametric studies 
carried out using DISCS. These are followed by some 
comments relating to actual instances of dynamic magni­
fication which has been experienced in various shafts. 
General conclusions regarding the problem of dynamic 
magnification are drawn and finally recommended methods 
for avoiding dynamic magnification and for assessing 
the level of wheel load when it does occur, are described.

5.1 Literature survey

The CSIR9, and Reinke8, both deal at some length with 
dynamic magnification.

5.1.1 CSIR report3

This report assesses the magnification of displacements 
in three dimensions and then calculates the wheel loads 
from the displacements. All the translational and 
rotational modes are considered as being uncoupled.
Thus in the X-Z plane, i.e. the plane between the guides, 
the force amplitudes are:-
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F _ ko/A2+B2-2A cos a// - 2B sin <x)'l + I 
v

For the top and bottom wheels, where:-

/2(1 + cos a)
A - JTFnTl

Z2/2(1 - cos"oT
B " 2 ( z ^ P  - n*I

n= = o 2 / P /

P = R^/M

a = 2it (2Z--a) /a for 0<2Z<2a
2it (2Z-na) /a for na<2Z< (n+1) a

a = bunton spacing
2 = half the conveyance overall length

px = / W M = 2/k 7^~

K = individual wheel spring stiffness

fi = 2itv 
a

U = the amplitude of misalignment, assumed to be
a sine curve.

In this equation, K and U are constants. Thus:-

p a /a2 + B2 -* 2 A cos a/2 - 2 B sin a/2 + 1
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Plotting F against hoisting velocity typically gives a 
graph as shown in figure 5.1. In order to draw a more 
useful graph, and the one used by Reinke8 (see below), 
of areas of high magnification on a plot of bunton 
spacing against hoisting velocity, it is considered, 
arbitrarily, that a high magnifier is where:

/Aa + Bi - 2 A cos a/2 - 2 B sin a/2 + T  £ 4
Because of the very high slope of the curve for F, see 
Figure 5.1, this arbitrary selection of the limits of 
areas of high magnification is felt to be acceptable.
This then results in the area shown by the crosses in 
Figure 5.2, for a typical cage.

5.1.2 German approach

The approach used by Reinke8 in studying dynamic magni­
fication is to model the conveyance in two dimensions 
as a single rigid body with two degrees of freedom, 
supported by elastic springs onto an elastically 
supported continuous beam. By solving the equations 
of motion of the system, natural frequencies are ob­
tained which are then related to the frequency of 
passing buntons

This result can then be plotted on a graph of bunton 
spacing against hoisting velocity, to show areas of high 
magnification of forces. A typical plot is shown by 
the circles on figure 5.2,

A computer programme, DYNMAG, which is listed and described 
in appendix E, was written to calculate these areas of 
high magnification following both the above methods.
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The output from this programme is a graph in the form of 
figure 5.2.

There are always two main natural frequencies, the fre­
quencies of translation and rotation. For the very 
simplified conveyances considered by the CSIR report9, 
these frequencies are:-

where:-

K = spring stiffness 
M = conveyance mass 
8 = conveyance rotational inertia
a = half the conveyance length.

However it is known that for this case with centre of 
mass and geometric centre coinciding

wT for translation

R for rotation

8 j j  (4a2 + b2)

where:-

b = conveyance width

Thus

wT

wR
/ I
4Ka2
~  (4a2 + b2)
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=  j  4k j n

= / l l
"  ̂" ' - "■'T4 + • M,

In all practical cases a is larger than b, thus 

4 < 4 + ^ /a2 < 5 

and 1,55 < / 12 < 1,73
4“ r F 7 ~ r

The rotational frequency is thus always the higher one, 
with a value approximately 1,6 times the translational 
frequency.

Clearly these two methods give very similar results, 
except that the CSIR areas of high magnification always 
start from the origin because damping is neglected.
The German curves are thus more useful in practice.
Only the German method is thus referred to below.

5.2 Prediction by DISCS of dynamic magnification

In order to study this phenomenon of dynamic magnification 
using DISCS, various hypothetical models, covering a 
wide range of possible shaft layouts, were run. In all 
cases the misalignment of the guides was as shown on 
Figure 5.3.

These models were run using bunton spacing of 4 m and 8 m 
and various hoisting velocities, both inside and outside 
areas of dynamic magnification. Figure 5*4 shows a 
typical result.
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:

From these runs, it is clear that DISCS predicts dynamic 
magnification in similar conditions to Reinke's pre­
dictions, although areas of high magnification do not 
exactly coincide. DISCS shows a greater tendency 
towards magnification and a higher level of magnification 
in the translational mode than in the rotational mode. 
DISCS also in some cases predicts magnification between 
the two modes given by Reinke’s method.

Returning to the simplified CSIR approach, using un­
coupled translation and rotation, Warburton19 shows that 
for a single-degree-of-freedom system, excited by a 
sinusoidally varying force, the magnification is:-

1
# [n - “ + (Ce/K)'] %

High magnification occurs where

and its value is given by:-

  1 ______________
[(1 - V / a  2)2 + ~( CwN/K) =] %

_K
CwN

For constant damping, C, and stiffness, K, it is clear 
that this magnification reduces for higher natural 
frequencies.

It would thus be expected that in general, high magni­
fication is less manifest in the rotational mode, which 
is the higher natural frequency, than in the trans­
lational mode.
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DISCS can thus be used to predict dynamic magnification 
as well as wheel loads and accelerations with random 
misalignment. Reinkef s finding that dynamic magnifi­
cation reduces with increasing magnitude of guide mis­
alignment was also confirmed by running DISCS with the 
specified misalignment and also with random misalign­
ment, as .;wn in Figure 5.5.

5.3 Measured Dynamic Magnification

High dynamic magnification has been measured at some 
shafts such as Deelkraal No. 2 shaft. On this shaft 
it occurred at about 15 m/sec hoisting speed, but not 
during every hoist.

The maximum hoisting speed was reduced to 11,5 m/s and 
this dynamic magnification was thus not recorded by 
measurements taken for the present study. Measurements 
showed natural frequencies of the cage in this shaft to 
be 1,2 hz, 2,3 hz, 3,3 hz and 18,5 hz. At 15 m/sec 
with a bunton spacing of 4,0 m, the frequency of passing 
buntons is 3,75 hz, which does not coincide with any of 
the natural frequencies. At 9 m/sec however, the fre­
quency of passing buntons is 2,3 hz which does coincide 
with the second natural frequency and at 5 m/sec the 
frequency of passing buntons is 1,25 hz which coincides 
with the fundamental natural frequency. At 9 m/sec 
hoisting speed, the magnitude of the peak at 2,3 hz is 
slightly increased by virtue of the coincidence of a 
natural and an exciting frequency, but not to the extent 
that it could be considered a dynamic magnification 
problem. Apart from this, the power spectra did not 
show the frequency of passing buntons at all.



The fundamental flexural frequency of the cage is given 
approximately by:-

I ~ 7,8 m (the length of the cage)
I s 1050 x 10 m 4 (the second moment of area

about the vertical axis of 
the cage)

pA s3 0,5 t/m excluding top and bottom transoms
(the mass per metre length of the
cage)

f i — 17,1 hz

This is probably the 18,5 hz natural frequency shown by
measurement. This vibration mode is shown schematically 
in Figure 5,6

This coincides with the frequency of rotation of the 
guide wheels at a hoisting speed of 14,5 m/sec. At 
lower hoisting speeds, the frequency of revolution of 
the wheels is clearly shown as a very significant fre­
quency , leading to the conclusion that this is probably 
the cause of the dynamic magnification.

Another shaft where severe problems have been experienced
is President Steyn No. 4 shaft. The wheel load measure­
ments on both the 19 tonne and 10 tonne skips, sections 
of which are shown in Figure 5.7 and the power spectra 
of these measurements, clearly show the problem frequency 
to be in the region of 20 hz. Again this is the

For this cage:

Thus:



frequency of revolution of the wheels at 15 m/sec hoisting 
speed, and it is also likely to be the fundamental natural 
frequency of the wheel itself.

The Structural Dynamic Research Corporation20 (SDRC) have 
carried out tests on the wheels used on the skips in this 
shaft and have found that at a low preload their natural 
frequency is 17 hz, increasing to about 29 hz at a high 
preload. At a certain level of preload, the natural 
frequency of the wheels can thus coincide exactly with 
their frequency of revolution. Although SDRC20 found 
the wheels to have high damping (about 40% of critical) 
this is not sufficient to prevent magnification of the 
dynamic effects.

It seems likely that the cause of the problem in this 
shaft is resonance between the wheel revolution and its 
own natural frequency.

Another shaft in which problems have occurred is the 
Deelkraal No. 1 shaft on the 21 tonne skips. Dimitriou21 
has studied this problem, and concludes that, although 
this problem occurs at a lower frequency, it is due to 
severe misalignment rather than dynamic magnification.

Measurements in this shaft bear out this finding. Be­
tween the time of the work carried out by Dimitriou21 
and the time of taking measurements for the present work, 
extensive realignment of the shaft steel work has taken 
place. The measurements showed a short section with 
very high wheel loads and accelerations in a few runs 
only (see Figure 5.8). These measurements do not show 
any tendency for increasing wheel loads or accelerations 
as would be expected if dynamic magnification were a 
severe problem. Rather it appears that the cause of 
these very high wheel loads is a short badly aligned 
section of the guides or perhaps it is only at one
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bunton where the guide is badly aligned and is struck 
by the skip only if it is orientated in a certain way 
as it approaches that section.

It is however interesting that for this shaft, the 
engineer stated that dynamic magnification occurs at 
12,5 m/sec hoisting speed. Reinke's8 method when 
applied to this skip running empty, indicates that 
dynamic magnification in the translational mode should 
be expected at hoisting speeds between 12,5 m/sec and 
12,9 m/sec as shown in figure 5.9.

Significantly, the magnitude of wheel loads measured at 
10 m/sec was higher than those measured at 12,5 m/sec.
This reducing magnitude probably indicates some dynamic 
magnification at approximately 10 m/sec. This is not 
a severe problem here, the magnified wheel loads still 
being less than those at 15 m/sec and faster, but it does 
occur at a hoisting speed which is fairly close to the 
speed at which dynamic magnification was predicted.

5.4 Avoiding Dynamic Magnification

There are two different frequency ranges in which dynamic 
magnification should be considered, i.e. the higher frequencies 
relating to wheel rotation, and the lower frequencies 
relating to bunton spacing.

5.4.1 High Frequency Problems

These are related to the frequency of revolution of the 
wheels, and appear to occur at the higher hoisting speeds, 
where the frequency is in the region of 18 hz to 21 hz.
In considering the elimination of this problem, it is 
necessary to study the behaviour of conveyances in more 
detail. DISCS does not model the wheels as individual 
units, nor does it make allowance for the higher fre­
quency modes of vibration of the conveyance. What is
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/Uy

.5 : Flexural Vibration Mode of Deelkraal No. 2 
Shaft Cage.
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required is a finite element model of the conveyance, 
including the wheels as separate masses, in order to 
establish the higher order natural frequencies. 
Alternatively, once a conveyance is in service, there 
are methods available whereby these higher frequencies 
can be measured. One such method is the use of the 
cyclical exciter described in section 3.1.5* The 
wheelsets must then be designed in such a way uhat 
there is no coincidence between wheel revolution fre­
quency and any natural frequencies, or if this cannou 
be avoided some form of dampers should be fitted.

j.4.2 Low Frequency Problems

Although only one case of dynamic magnification has been 
specifically measured at low frequencies during the 
present work, it should not be ignored. The ore example 
quoted above shows that it may well be a problem in 
other cases as well. Two modes of behaviour may develop 
at lower frequencies, translation or rotation. As 
discussed in section 5.2 above, translation is always the 
lower frequency and is likely to produce the higher 
magnification if this occurs. Studying the motion of
the conveyance, as shown in Figure 5.10, where the over 
all conveyance length is equal to an integer multiple 
of the bun ton space the stiffness of the guide at the 
top and bottom wheels is increasing or decreasing at 
the same time. This will tend to excite translation 
rather than rotation. On the other hand where the 
overall conveyance length is equal to an integer-plus- 
half multiple of the bunton space the stiffness of the 
guide at the top wheel increases while that at the 
bottom wheel decreases, which will tend to excite 
rotation rather than translation.



In avoiding the more likely and severe problem of dynamic 
magnification at the translation frequency, an overall 
conveyance length of an integer—plus-half multiple of 
bunton spacing should be used. In addition, some 
assessment of possible dynamic magnification using DISCS 
or a method such as that proposed by Reinke8 should be 
made. If possible problems are predicted, than some 
suitable adjustment should be made to bunton spacing, 
guide stiffness or conveyance geometry.

5.5 Maximum Wheel Load with Magnification

From the measurements it was observed that tne increase 
of wheel load with velocity was usually linear, but 
that where dynamic magnification occurred it became 
exponential. This exponential increase above a linear 
increase is also shown by DISCS, and can be shown 
schematically as in figure 5.11 to have two components - 
the basic linear increase and a magnification 'hump' 
above it. In practice, hoisting speeds were seldom high 
enough to measure the decrease beyond the hump, but this 
is predicted by DISCS, and measured at Deelkraal No. 1 shaft.

The total wheel load where dynamic magnification occurs
can be split in*"0 two components as shown by figure 5.11, 
giving:

W = Wi + W3

= Wi (1 + at >

The factor W/Wj, is referred to as the dynamic magnifi- 
cation factor, and it is given by Warburton* for a
single degree of freedom system as:
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WHEEL LOAD(kN)

Dynamic magnification 
components W 2

Basic linear increase component, Wi

FIGURE 5.11: Dynamic Magnification Hump

HOISTING VEL(m/sec)

W/W,

0,7 1,3 r

FIGURE 5.12 : Magnification Factor



W  i
Wi = I (1-r2)" + (2 Y rr
Where y = damping ratio

r = ratio of the exciting frequency
to the natural frequency.

The exciting frequencies are proportional to the speed, 
go r could equally well be defined as

r = ratio of hoisting speed to speed ,t which the exciting 
frequency equals tne natural frequency.

This magnification factor has a value significantly
above one only for 0,7 < r < 1,3 as shown on Figure 5.12.
It has also been noted in chapters 4 and 5 that in 
practice severe dynamic magnification appears usually, 
but not always to relate to the frequency of revolution 
of the wheels.

In order to establish dynamic magnification of wheel loads 
at high frequencies the following procedure is suggested.

(a) Establish whether there is a higher order (de­
formation mode or wheel set) natural frequency, 
cd , in the range of wheel revolution frequency 
at speeds of 10 m/sec and faster. With the 
standard 0,25 m diameter wheels used at present 
this is a frequency range of W q ^ S t T  12,5 hz 
and higher.

(b) If there is not, ignore dynamic magnification.
If there is such a frequency, calculate the speed,
Vo, at which it equals the wheel revolution 
frequency.

Vo = u)0 x 0,25m 
= 0,785



For speeds in the range

0,7 < V < 1,3
the maximum wheel load is then given by

Wi
% - |(1-rZ)":"+-(2Yr)*|^2

Where Wi = maximum wheel load calculated from 
linear increase.

For low damping ratios, a good approximation to 
this is:

w = - a
1 -r3

but with a maximum value determined by the damping 
ratio. Warburton19 shows a maximum magnification 
of five for a damping ratio of 0,1, but the 
complexity of the practical shaft appears to 
restrict the magnification more severely. A good 
semi-empirical approach thus seems to bes-

For 0,7 Vo<V<1,3 Vo

WiW
' - O '

but W * 3 Wi

At low frequencies, if magnification is predicted in the 
translation mode, the conveyance length should be made 
equal to an integer-plus-half multiple of bunton spacing. 
If magnification is predicted in the rotation mode, then 
the conveyance length should be an integer multiple of 
the bunton spacing.
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CHAPTER 6

DESIGN LOAD RECOMMENDATIONS

It has already been stated in the introduction that 
shaft steelwork practice has developed, by necessity, 
with the historical development of mines to greater 
depths and greater production requirements. Shaft 
steelwork design methods, also developing historically 
or empirically, have at no stage reflected the dynamic 
character of the loads imposed by conveyances on the 
guides. This is clearly shown by Devy22 , in an 
interesting survey of shaft steelwork design methods.
All but the most recent Anglo American design method 
are based very simply on a static load equal to some 
percentage of the conveyance mass. The latest Anglo 
American design method still assumes a static lead, 
but this is now related to the square of hoisting speed 
and certain limitations are imposed on the relative 
stiffnesses of buntons and guides.

The design of conveyances, both skips and cages has 
tended to follow prototype testing methods. Suppliers 
have, by experience, based new designs on what they 
know has operated well in the past. This has led to 
uncertainities regarding factors of safety, fatigue life 
and discomfort to passengers. The mining houses are 
at present beginning to require more satisfactory design 
procedures, but there is not a great deal of value in a 
properly executed design which is based on unknown 
magnitudes of loading.

The following recommendations form an attemt to remedy 
this situation, by providing easy to use yet acceptably

X
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accurate methods of predicting design loads for conveya­
nces and shaft steelwork. The work on which these 
recommendations is based represents only a small sample 
of measurements. Thus, although the format of these 
recommendations and the way in which the important 
variables are included is unlikely to alter, further 
measurements may well indicate that the absolute values 
proposed need adjustment.

6.1 SUGGESTED BASIC OPERATING LIMITS

In order for the conveyances in a shaft to operate safely 
and reliably, and to carry out routine maintenance to an 
acceptable standard, limits should be placed on certain 
variables. The two suggested "control variables" are 
guide misalignment for quality control which should be 
specified for shaft equipping and lateral acceleration 
which can be used in an existing shaft to determine the 
necessity of maintenance. Following similar categories 
to those suggested by Gotzman23 , these will be defined 
for good, acceptable and unacceptable conditions of 
shafts.

6.1.1 Misalignment of the guides

There should be four basic values defined as components 
of the overall misalignment. These are:

(a) overall distance of the guide from the true vertical 
position. This does not have any noticeable effect 
on the conveyance behaviour, but it should be limited 
to ensure that the conveyance is basically running 
vertically, and to limit the horizontal component 
of rope pull. It is thus specified as a ratio of 
distance from surface, See Table 6.1.
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(b) the increment of the guide position from true 
vertical, from one bunton to the next. This is 
an important factor in determining the dynamic 
behaviour, so it should be carefully controlled. 
Discussion with engineers at various mines as well 
as parametric studies using DISCS has led to the 
recommendations shown in Table 6.1, where a good 
shaft should not have wheel loads greater than 
half the maximum design value, and an acceptable 
shaft should not have wheel loads exceeding the 
design loads.

(c) the guide gauge error can reasonably easily be 
controlled accurately by the use of a template, 
and it is also of significant importance in 
dynamic behaviour. Guide gauge reduction could 
lead to jamming of conveyances, so it should not 
be permitted. Guide gauge increase can lead to 
wheels coming away from the guides which leads to 
increased wheel loads and severe tyre wear, so 
that it is limited to a small amount.

(d) . guide mismatch leads to high shock loads and should
thus be minimised, either by some system whereby 
it can be ensured that guides of very nearly equal 
height are placed consecutively down the shaft, or 
by grinding joints where there is mismatch to a 
maximum slope of 1:20.

These misalignments are shown schematically in Figure
6.1 and suggested maximum permissable values are given 
in Table 6.1.

\



134

Gauge error

Maximum/increment

Maximum overall

Mismatch
-5'-

20

FIGURE 6.1 ; Misalignments of guides

\
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6.1.2 Lateral acceleration

As shown in otion 4.5 above the design loads of M/10 
which have previously been used are, in general, equi­
valent to lateral acceleration of about 7 m/scc*.

A good shaft in the assessment of most engineers has 
accelerations below about. 3 ra/sec2 , so that these are 
suggested as the basic limits for a good shaft and an 
acceptable shaft. The reason for using lateral accele­
ration as the control variable here Is that it does 
have a definite relationship to shaft condition and 
some bearing on maximum wheel loads, and it is also 
easy to measure with equipment which is readily 
available to all mines.

TABLE 6.1 : BASIC OPERATING LIMITS

Control variable

O i- •f >
c*u
4*?
r>c
<uou: to c - a-4 J C

overall off-" 
misalignment

misalignment 
CainiL error

vni.'jn withf.'Ut 
grinding)

le Good shaft Acceptable shaft

rtical D/2000 
j- 0,5 m

D/1000 
4" 0,5 ni

acre: tent ± 5 mm + 8 mm

-0 m:.t -0 mm 1
+ 2 mm + 4 mm j

- fn 0,3 mm 0,6 mm

rati(''!i 3 m / s c 2 7 m/soc2

.'low sli-,..

r

\
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6.2 DESIGN RULES

Based on the measurements obtained as described above, 
on personal discussions with many engineers and on 
some parametric studies using DISCS, the following 
rules are proposed for establishing the design loading 
for conveyances running between two guides in vertical 
mineshafts. From two sets of measurements in con­
veyances with a different guide configuration, similar 
rules probably apply to other guide configurations, 
but too few measurements were obtained to extend these 
proposals to such cases.

6.2.1 Assesmment of wheel loads and their point of 
application

The design procedure should be based on an assessment 
of the wheel loads as given in section 4.4.9 and 5.5 
above, i.e.

? = F.W ( x )+gBiint ( j p - —  IU0, 1 5 k ) .. .6.1 E A Bunt KBank i

The'results of this equation, together with measured 
maximum wheel loads and DISCS predictions are shown 
in Table 6.2
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TABLE 6.2 DESIGN, MEASURED AND DISCS # B EL LOADU 
AT 15 m/sec

SHAFT

Pres. Steyn* 4 *  skip

Western Deep Levels 2 ̂  skip +

WesternHoldings1* skip

Harties
8#
cage

Deelkraal1* skip

Shaft ' condition
Non-acceptable

Good

Design Measured DISCS in?load (kN) load (kN) (kMj

Good
Acceptable

Acceptable
Non-acceptabli

Acceptable

21,4

6,6

4,3
6,9

13,3
17,9

21 I

16,8
22,8

6,8

7,8

15,6

14,7

11.331.4

7,8

10,5O s

15,3

17,5

* Values given for top and bottom wheels 

+ Kocpe winder, F = F/2

The values for "good", "acceptable" and "non-acceptablo 
shafts in this Table 6.2 are obtained by putting tuc 
value of A equal to 0,005, 0,008 and 0,012 respectively

In designing conveyanceJ, these wheel loads should bo 
applied at any one wheel and resisted at the level oi 
the centre of gravity of the conveyance, i.e. by the 
inertia of the conveyance.
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To design the guides, the first section only of equation
6.1 should be used. This arises by virtue of the dynamic 
behaviour of the conveyance and can occur anywhere along 
the guide. At the buntons, the preload may also have 
a high value, so that the buntons should be designed 
considering the entire equation 6.1 for the wheel loads.
In both cases P should be considered as acting at one 
wheel only. These design loads are shown schematically
in Figure 6.2.

6.2.2 Guide and Bunton Stiffnesses

As discussed above, the guide and bunton stiffness can 
play an Important part in Increasing wheel loads where 
there is a significant preload, where the guide guage
descreases, or if the bunton stiffness is not the same 
on both sides. One or other of these applies in 
almost all mines, so certain limitations need to be 
placed on guide and bunton stiffness. As the maximum 
wheel load and the preload increases, the bunton de­
flection should increase under the design load, but the 
guide deflection should not increase, but rather decrease. 
Also, as the ratio of the bunton stiffness of the stiffer 
bunton to the more flexible one increases above one, 
the guide deflection should decrease to prevent the 
high change in wheel load on the side of the stiffer 
bunton. The set of curves in Figure 6.3 represent the 
recommended deflection limits for bunton deflection 
(minimum limit, i.e. deflection should not be less than 
this value) and for guide deflection (maximum limit, 
i.e. deflection should not be greater than this value) .

\
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\
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Bank

P.F.We(^)

FIGURE 6.2 : Design wheel loads
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6.2.3 Basic permissable stresses

The basic permissable stresses in shaft steelwork should 
be those given in SABS 0162 divided by 2 to allow for 
the much greater uncertainties of loading and oteel 
work condition after some years in the shaft. For 
conveyances the same loads apply, but these should then 
be factored in accordance with the rope strength factors 
specified by the Mines and Work Act, divided by the 
ratio of ultimate strength to maximum working stress 
and the stresses as given in SABS 0162 should be used.

6.2.4 Fatigue life

The fatigue life should be calculated in accordance with 
BS 5400 or SABS 0162 Appendix F , using the fatigue load 
of 5 kN applied the number of times which will be
recommended by Fotopoulos15 .

6.2.5 Preventing dynamic magnification

This problem relates to the frequency of revolution of 
the wheels. If this frequency is within 30% of a
natural frequency of deformation of the conveyance, one 
of the frequencies should be altered. The simplest 
alteration would be to change the diameter of the wheel, 
preferably to a larger diameter so that the frequency 
of revolution decreases for a given hoisting speed.
To achieve this, it would be very valuable if the wheel 
suppliers could offer wheels of different diameter. 
Alternatively, some alteration should be made to the 
conveyance, to alter its natural frequencies of 
deformation.

x



6.3 DESIGN METHOD

6.3.1 Applying the rules

In applying the recommended design rules above, the 
following design procedure should be used.

(a) establish the shaft layout and conveyance size and
mass from normal shaft design criteria.

(b) make some assumption regarding bunton stiffness 
and hence with a standard, or specified preload, 
assess the maximum wheel loads, including dynamic 
magnification

(c) check that deflections are within the limits 
specified in 6.2.2. In calculating guide
deflections use only that component of the wheel 
load applicable to dynamic behaviour, and in 
calculating the bunton deflection the full wheel 
load should be used.

(d) Check that stresses d' not exceed the relevant 
values, again using only the dynamic component of 
wheel load for the guides in bending, and the full 
wheel loads for the guides in shear and the buntons.

6.3,2 Example of design

Devy22 has shown the application of several existing 
design methods, to the shaft layout in the Free State 
Geduld No. 5 shaft, shown in Figure 6.4. These design 
methods, together with the maximum horizontal loads and
resulting bunton sections are shown in Table 6.3. This 
shaft layout is used for a design example which 
illustrates the design method proposed in this thesis.
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TABLE 6.3 : DESIGN COMPARISONS

Design method Maximum horizontal 
force as % of full 
conveyance weight

Bunton
0
size

Old A A C 12,5 300 X 100 X 8

New A A C 10 300 X 150 X 8

German 8,33 200 X 100 X 6

DISCS predictions 11

Krige (method 
proposed in this 
thesis)

6 300 X 100 X 8

The shaft layout at Free State Gedule No. 5 shaft is 
shown in Figure 6.4. Figure 6.5 shows the results of 
checking for dynamic magnification using DYNMAG. It is 
clear from this figure that no dynamic magnification 
should be expected with a bunton spacing of less than 6,0 m 
and a hoisting velocity of less than 20 m/sec. Dynamic 
magnification is thus not a problem in this instance.

It is assumed that the wheel preload will be 2 kN and 
that the bunton stiffness will be 15000 kN.m. The 
design wheel load for the skip is thus:

p - 4.8 WB (3£, ♦ SBllnt < £ - ® f M > n ±0(15O

Looking initially at the skip compartment marked with a
cross, the buntons on each side of it will be assumed to 
have equal stiffness. The empty weight of the skip is 89 kN

\
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FIGURE 6,4 : Layout of Free State Gedutd No, 5 Shaft
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SKIP

FIGURE 6.4 : Layout of Free State Geduld No. 5 Shaft
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%
the hoisting velocity is 15 m/sec and it will be 
assumed that specified alignment errors are in the 
acceptable classification, i.e. A = 0,008. Assuming 
that the wheel spring stiffness is 1000 kN m, we have:

W = 4,8 x 89 ;|ggg^g§(|Bank

(1+0,15.0)

= 11,2 + 937,5 (K ) kN
Bank

Assuming that the wheels are adjusted where the stiffness 
of the guides is 8000 kN m,

K 8000 x 1000 
Bank 8000 + 1000 = 888,9 kN.m

Thus

W - 11'2 + = 1 3 -3 kN

The bunton length is 3,39 m and this force is applied
1,02 m from the end. Assume that it is fixed ended.

Thus the maximum bending moment is

B.M = 13,5 kN.m

The required modulus is thus

„ = 13,5 x 103_ 163,6 x IQ6 m3
req'd 165/2

\



This requires the use of a

300 x 100 x 8 Q  bunton.

The stiffness of this bunton can be calculated as:

16864 kN/m.

The stiffness of the other bunton a 610 x 230 x 140 UB, 
can be calculated as :

23566 kN/m
23566

These are not similar, so that c = 16864 - 1= 0,4
This bunton stiffness gives a design wheel load of:

» ■ 11-2 ♦ t t H H ^ W  W W  (^0,15X0,4) kN 

= 11,2 + 2,0 kN 

= 13,2 kN 

Check deflections: 

c = 0,4
Bunton deflection = = 0 • 0008 m s 1 mm

Guide deflection = = 0,0125 m = 12,5 mm

The 300 x 100 x 8 is thus acceptable,
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CHAPTER 7

CONCLUSION AMD FURTHER RESEARCH NEEDED

Previous design practice for shaft steelwork has been 
based on assumed or "historically extrapolated" con­
veyance wheel loads. There has not previously been 
any comprehensive measurement of these wheel loads, or 
use of theoretically derived methods in predicting 
them. The research described in this report addresses 
this problem.

7.1 CONCLUSIONS

A computer model, DISCS, has been set up, based on a 
simplified mathematical model of a conveyance running 
between two guides of equal stiffness. In addition,
_ method of measuring the latera" accelerations and 
the wheel loads on a conveyance under normal operating 
conditions has been developed.

An assessment of the validity or the computer model, by 
comparison of its predictions with actual measurements, 
has shown that once some adjustments have been made to 
certain input variables, the wheel loads are predicted 
with reasonable accuracy. Such adjustments could in 
all cases be explained - as relating to one or other of 
the simplifying assumptions made in setting up the model. 
This gives an acceptable degree of confidence that the 
model can be altered to predict design values.

Several important conclusions can be drawn from the 
measurements which were obtained.
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a) The wheel load, W/10, which is the normal current
design value, is usually a good maximum design 
value, although in many cases it is too high.
The major exceptions to this, where the actual 
wheel loads exceed this value are cases where there 
is dynamic magnification, where the hoisting speed 
exceeds 15 m/sec, or where the guide misalignment 
is significantly worse than the acceptable limit 
proposed in Chapter 6. An empirical method is 
proposed whereby these factors are taken into 
account, to give a more accurate assessment of the 
design wheel load value.

(b) There is no direct relationship between wheel loads 
and the associated accelerations, so that measure­
ments of acceleration only will not necessarily 
indicate the wheel load magnitude. It was however 
found that in general, high levels of acceleration 
are linked to high levels of wheel loads. Thus, 
although the commonly used "decelerometer traces 
do not yield the exact location or magnitude of 
high wheel loads, they do give a good general in­
dication of the shaft condition.

(c) The condition of the wheels and their revolution 
frequency are very important to the determination
of the dynamic behaviour of a conveyance.

(d) Dynamic magnification was found to relate to the
natural frequencies of the wheelsets or of defor­
mation of the conveyance coinciding with the fre­
quency of revolution of the wheels, rather than to 
the coincidence of the natural frequencies of over­
all displacement of the conveyance and the bunton 
passing frequency. This latter possibility cannot 
be ruled out however. A method is proposed for 
assessing and avoiding, or allowing for, possible 
dynamic magnification.
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7.2 FURTHER RESEARCH NEEDED

As has been mentioned in this thesis, it was necessary 
to limit the scope of the work undertaken, thus ex 
eluding aspects which may be of significant importance. 
Further research in these areas# listed below, is 
required.

7.2.1 Geometric factors

(a) Three dimensional study. The measurements which 
were taken in the direction perpendicular to the 
plane between the guides show that accelerations 
in this direction are often higher than in the 
plane between the guides. No analysis of these 
measurements was undertaken, and it is not certain 
whether it would follow that the wheel loads on the 
sides of the guides are thus also higher than the 
face wheel load. Buntons are usually very stiff 
in this direction, being loaded axially rather 
than flexurally, which may be a contributary factor 
to this higher acceleration, and the mass moment 
of inertia about the vertical axis is much lower 
than about other axes, so that high accelerations 
relating to rotation may not lead to high wheel 
loads.

(b) Guide Layout., Linked to the three dimensional 
study, is an assessment of the contribution to 
dynamic behaviour of different guide layouts.
The one set of measurements taken on a cage with 
two guides on one side only, as shown in figure 
7.1(a), when compared with the DISCS prediction 
showed similar results to those expected with one 
guide each side, but this is by no means an 
indication of the behaviour with other layouts, 
some of which are shown in Figure 7.1.



(c)

FIGURE 7.1 : Other guide layouts
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(c) Other Factors. There may well also be merit in 
investigating other factors such as aerodynamic 
behaviour of skip and cage shapes, and the effects 
of two conveyances travelling the same direction, 
next to each other in adjacent compartments.

7.2.2 Specific problem areas

During the course of this study, several specific problem 
areas were identified, which need a more detailed 
investigation.

The first of these was the behaviour of the wheels.
A more detailed study, both theoretically and experi­
mentally of variables relating directly to the wheel, 
should be undertaken. These variables should include 
the lever arm between wheel and pivot, the age and 
condition of the rubber tyre, the inertia of the wheel 
about its pivot, and the effect of damping the wheel.

The second of these was the higher order natural fre­
quencies: Local factors such as connection stiffness
and slip between bridle and skip or cage played a 
significant part in determining the natural frequencies 
relating to deformation of the conveyance. More 
measurements should be undertaken to enable an empirical 
or theoretical assessment of these frequencies to give 
more accurate results.

A third problem was that slipper contact forces could 
not be measured. A more complete picture of the
dynamic behaviour would be obtained if this could be 
done, even if it is only to measure forces which are 
seldom applied.

\



7.2.3 Economic and Maintenance Aspects

A study such as outlined in this thesis could well be 
followed up with a detailed study of the relation be­
tween initial capital expenditure in equipping a new 
shaft, and subsequent expected maintenance and down­
time costs. Such a study would probably require 
measurements repeated in one or more selected shafts 
over an extended time period, or at least an examination 
of decelerometer trace records where they are available * 
over the past few years.

7.4 DESIGN RECOMMENDATIONS

While this project has identified many important factors 
which determine the dynamic response, the absolute levels 
of the design recommendations specified in Chapter 6 
should be assessed in a wide range of good and acceptable 
shafts as well as shafts which are not acceptable, in 
order to improve the confidence with which these 
recommendations can be applied.
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MAJOR NOTATION

A ‘ - bunton spacing
Aj. to A23 - constants used in the equations of

motion in DISCS
Bi to El* - constants used to calculate the

natural frequencies in DISCS
C„ - damping (percentage of critical) of

conveyance body and bridle
Cg - damping (percentage of critical)

to C„ - effective damping of steelwork and wheelSi Sg
di to ds - conveyance dimensions
E {x> - expected value of x
F - "conveyance factor"
F̂ _ - upper frequency limit
Fito Fg - forces on three rigid bodies in DISCS
f or f - natural frequencies

and I„ , - mass moments of inertiaR Rito

IR,
K. - effective wheel spring stiffness at 
Bank bank level where preload is adjusted

K , - average effective wheel spring stiffness
at a bunton

K^3 to - connection stiffness between conveyance
body and transoms

K to K - effective wheel spring stiffnessei es
Kg ~ guide stiffness
K_. - wheel spring stiffness
K K KW' P' M' - various constants used in deriving 
Kd wheel load equation

I - overall conveyance length

Mi to M3 masses
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OWE

P '
r
R

sy y  M

V
w
Wi to Ws
w.E
wXX
W qi to Won 
y (t)

A
a
Y
K
Vl to V 3

iiS

♦

- other wheel effect, i.e. the displace­
ment at one wheel due to the other 
wheel on the same guide
the design wheel load
ratio of frequencies

~ ratio of sum of power spectra for
wheel loads and accelerations

- power spectrum of y(t)
hoisting velocity 
wheel load
specific wheel loads calculated by DISCS

- empty weight of conveyance
spring travel, or clearance between 
guide and guide shoe
guide position off true vertical

- function of time (either acceleration or 
wheel load)

- maximum misalignment increment 
minimum guage error
damping ratio

- (ratio of stiffness of stiffer bunton 
to more flexible bunton)~1
lateral displacements of rigid bodies 
in DISCS
cyclical frequencies

- rotation of rigid bodies in DISCS



APPENDIX A : DERIVATION OF THE EQUATIONS OF MOTION

Rotation Equation;-

For simplicity of writing equations use 

$ = <j> (t)
Vl~ Vi (t) ^
v 2 = v 2 (t)

v 3 = X>3 (t)

^R " ^Ri + ^R: * ^R,

vx 
V2 
V 3

t)
t)

7 _ d=*(t)* - atr-
Wi = Wi (x, t)
Wa = Wj (x, t)
W3 = Wi (x + l r
wt, = w 3 (x + ■£,

- d(|> (t)
dt

= as above 
= as above 
= as above

Assumptions

Angular rotation of transoms 
is the same as body of the 
skip - i.e. bridle legs are 
taken as inextensible,



w oi = vz 01 (x)
W 02 = WQ2 (x)

i s  s m a l l ,  s o  t h a t : -  

s i n  <j>c o s  $ s 1 

s i n  * s i n d6 s m  $ ~2 -

E q u a t i o n  o f  M o t i o n  i s  :-

= (—p +F2 —F3) —F7b"P3 d3 -Ei#d4+P7D+Fgb

+ (F5~Fs“F4) t 6 8h

IRi '♦ + IR= * +IRJ *

IR i|>+{Pl“F 2+F, + F 4dit+(~F 5+Fs+ F1.) t 6 - 0  (1)

Fl = (v3 -W1-W01 )k ei+ (v 2-W1-W01) C'si X  a r e  s p r i n g  s t i f f n e s s e s  

F a = ("v j - W j - W 0 2  e2 - ( v 2 + w 2 + W02 £  a r e  d a m p i n g  v a l u e s  .

E’s - (V3 ~v/3 -W03 ) 5 + (v 3 - W 3 - W 0 3  )Cs 5

Pg = (-\,3 - w % - W m ) K  - (v 3 + W h + W o4 )Cs6 N o t e :  F i , F a , F s  &
• • „  F e a r e  z e r o  i f

F 3 = (vi+d3 *-v3)K +(vi+d,*-v,)Cb, , ^  _c 3 . . . deflection
Fw=(-v,+d4 *+v 3 )K2 4 +(-vi+d%*+v,)Cb4 causes wheels

t o  l e a v e  t h e  

r a i l s .



w ai = w 01 (x) 
W 02 = W 02 (x)

is small, so that 
cos ij> s 1 sin $ s <j> 
sinin * ^  £ sin $ £ sin $ ^ s 0

E q u a t i o n  o f  M o t i o n  i s

I $ + * +I2, * = (-Fi+Fz-F,)^^ -Fyb-Fada-E^dt+Ffb+Fab

+ (F s"F 6—F 4)i"S—F ab 

I^l̂+ (F1~F2 +F3 )t 1+F3 d3 +F4di»+ (-F5+F6+F4)t 5 = 0  ^  ̂

Px-W.-w,-*. )Kei+ (v=-6x-w0l) Csl ^  are sprlng stlffnesses 
F a =(-v5-w2-W02 ) K e 2 - ( v 2 + W 2 + w 02 ) C g 2  c   ̂ a r e  d a m p i n g  values.
F 5 =  ( v 3 - w 3 - w 03 ) K e s  +  ( V 3 - W 3 - W 0 3  ) C s 5

F 6 =  ( — v 3 — Wi*— v/oit) K e 6 “  (v 3 + w 4 + w 04 ) C S s  N o t e : F i , F 2 , F  5 &

. * - F s a r e  z e r o  i f
F . - N x + d x t - v . l K ^  * ( v ^ d , * - « , ) C b j  d e f l e c t i o n

Fi, =  (-vx+d k t f i  +  V i  ) K C 4  + ( - v i + d 4 ' i > + V 3  c a u s e s  w h e e l s

t o  l e a v e  t h e

r a i l s .
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Horizontal Motion of Mass Mi

Mi^i^-Fa +F 4 

MiV i+F3 - F 4 = 0 ............

Horizontal Motion of Mass M2

M 2 v 2 = - F i + F 2 +F 3 

.*, M 2 v 2 + F i - F 2- F 3 = 0  ........

Horizontal Motion of Mass M3

M a v 3 = - F 5+ F s - F  4 

.*. M 3 v 3 + F 5“F s + F 4 — 0 ........
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APPENDIX B : DERIVATION OF GUIDE STIFFNESS EQUATION

Derivation of Varying Guide Stiffness

Considering the 3 - span 
beam shown, the stiffness 
can be evaluated for load 
moving across the centre 
span. This stiffness

W
x

v
T73 C^Tl/S <2̂  L /3 

/ft =A tfv
Rx R-2

repeated along the guide gives the varying guide stiffness

Using standard structural deflection theory it can be 
shown that:-
(N.B. - Applies for L/3 §x S 2L/3 only)

1 For Rx = Rz = 0
Ax = (-1+T9a-27a=+9a:)

6= = iTJlx |8a - 9a,)

where a x

Ax, A2 are the 
deflections at 
1 and 2 resp.

For W = 0

- A; (8Ri + 7R2. ? L3 
486 El

(7Rx +8R2) L3 
486 El

The deflections under the action of W , resisted by 
spring supports are thus:

L3A1 = 1 62EI
L3 

16 2EI

W (-1+19a-27a2+9a3) (8Rx + 7R2) 

V7 (8a-9a3) - -V (7Rx + 8R2)

R x
KB

&
KB

where KQ is the bunton stiffness.

m 1111-ini ■iii- fn 1 i’~iH>inimrTn i n 11miinmmtmiimMWRm'



Solving these two equations for Ri and R, gives:

Rl = wĵ Bi (-1 +1 9a-27a2 + 9a3 ) +B2 (-1 + 11a-27a2+1 8a3)

r2 = w Ibi (8a-9a3 ) -B2 (-1+11a-27a2 +I8a3 
1 _ m , 7/3

where B x = B,/Kg+5 Bn B (B77Kg+r/3) 03
162EI —T3 -

It can then be shown that the deflection under W is:-

& = % r54a2 (1-a):-Bi(-1+19a-27a:+9a3)2-Bi(8a-9a3):
X  B3 l

-B2 (-1+11a-27a2+l8a3)2

The guide stiffness, KQ, is thus given by.-

G 'B3
(-Bx-Ba)+(38Bx+22B2)a+(54-479Bx-175B2)a2

(108-1044Bi-630B2)a3+(54-927Bi-1125B2)a^

+ (486Bi + 972B2)a5- (162Bx + 324B2 } a
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APPENDIX C ; CALCULATION OF GUIDE DISPLACEMENT 
DUE TO OTHER WHEEL LOAD

The effect at each wheel due to the other wheel on the 
same guide is calculated as below. Due to symmetry 
and laws of reciprocity, the unit load effect at each 
of the four wheels is the same.

Consider the beam shown below:

%
v

\ \

Mc

/ \  %  '
/ \  %  / X  M f M g

t  A '
f W l

[ ^ A  /' A t

ra r b V  Rc D *F *0

The guide is simplified as a continuous beam over
elastic supports having reactions to R^ and support 
moments of M_ to M_. Initially, the moments and-O Ureactions due to a unit load, as shown, are calculated.

Putting : K ^ Fixed end moments

% ="mba ' mbc Mc - -mcb = hcd m d ■ "m dc = m de
m e =-m ed m ep mf mfe ' m fg m g =-m gf = m gh

we can write the slope—defection equations for the beam 
as:

M„ = -B

MB =Y 1
4EI Ifi ec + K(6C-6B)

\
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= Y2 

. Me = -

4EI 2EI

4EI
iT »C * T  »B +

2 E I

a  - C  a  9 D  + ' “ d - ' c 1

-»D = " ^  9D ' ^  9C + Kl5D - V

MD - - i5I 6a- "D - ^  6E + K<5E " S ’

-»E - - ^  =E " ^  9d + k ,5e-6d >

m e - - ^  9e - 9f * k !9f -5e »

-Mp
= -

i l l  e F  “  a  e E  +  K { 6 f " i5 E ) 
a

4 E I  „ 2 E I
" F  a

MG = - ^ n  eG + 2 5̂h"6Ĝ

where 9 and 6 are the rotation (clockwise +ve) and 
deflection (down +ve) respectively at the support 
points.

Eliminating all 6's from these equations we have:

4M„ + = 2Yi - Y* + K5a  - 2K6R + K6C B

M_ + 4M„ + = Y i-2Y2 + KSg - 2K5p + K6
B D D

M„ + 4Mn + 24̂  = K6n - 2K6d + K6
E E

Mg + 4Mp + Mg = K6g-2K6p + K6g

-Me -3Mf + 3MQ = -K6e + 3K6p-3K6g + K6

-Mc - 2Md + 6Mg + 7Mg =-K6g + 4K6d - 6K6E + 6K6p -5K5g+2K5
H



Equilibrium equations are:

Moment

aRA + aRg + aRc + aRD + aRE + aRF

aRg - -• m g
2aRH + aRg = - Mp
3aRH + 2aRg SBIiipf«s4*

4aRg + 3aRg + 2aRp + aRg - ■■ MD
5aRg + + 3aR + 2aRg +

aR^ =-,
2aRA + aRB

su1II>11rdi

H

We also have:
a6.K% = aR^ where Kg is bunton stiffness.

K6.= **^1 = KiaRi where Ki = %jrr- 
i aK^-

substitute for and K5^ above, and include vert, equil 
and equate the two expressions for Me, dividing through 
by a, to give:-

-6Ra~Rb +1-J = "  + k ira _2KiRb + KlRC

-2RA-Rg-4Rg-9Rp-14Rg-19Ry+1-2 = KiRc-ZKiRg + KiR^ 

-9RA-4Rg-R2-2Rp-3Rg-4RH+4-4% = + KiRB-2RiRc+KiRD

^Rp-6Rg-12Rg =RlRE '* 2RiRf + RlRG

Rp+5Rg+6Ry =-KiRg+3KiRp - 3KiRg + KiRy

2RA+Rg+2Rg-2Rp-6Rg-l7Ry-1+% = - KiRc+4KiRQ-6KiRg+6KiRp
-SKiRg+ZKiRy

V V RC+RD + V RF + RG+RH = 1 
- 2 V W 2V 3RF + 4V 5Rh = "1 + a

fA8 |



Eliminating R and then and rearranging equations 
gives:-

-Kp - 6Rg  "12Rh = KiRg - ZK.Rp « 1RG

-Rg -6Rg -12Rp-1 8Rq-24R^= K iR(̂-2KiR^ + K iR̂ ,

-R -6RQ-12Rg-18Rp-24Rg-30Rg = Xi-5X 3 + K 1 X 3 -4KiRc-2K 1 R]D
-4K iRe -5K iRf -6 K iRg -7K j.Rh

Rd +4Re +Rf -2Rg-1 2Rh = - K 1 Rc+4K 1 RD“6K 1 RE+6K 1 .i;p - 5K 1 R (

-4Rc-9Rd-1 4Re-1 9Rf~24Rg~29Rh= X2-5X3-3KiX3 +6KiRc+8K1R][

+1IKiRg+14K1RP+17KiRG+20KiRg

RF= - 8RG-24RE-KiRE+3KiRG-2KiRy

where X, - 5 + 4 J  Xa= ^  +X1+5 t 2

+ 2KiRg
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Put Xi* = Xx "5X3 + KiX3 X 5 - X2 SXa 3K1X3

Substitute for Rp to give :■

Rg+6RH-10KiR2-23KiRg-Ki:Rg+3Ki=Rg-2Ki=RQ=0

-R -6Ro-12Rg+120Rg+402RQ+4KiR2+2KiRp+22KiRg-88KiRg-77KiRg

-5Ki:Rg+15Ki:Rg-10Ki:Ra=X<t
R+4Rg-10RQ-36Ry+KiR2-4KiRD+5KiRg+56KiRg+140KiRy+6Ki2Rg

-l8Ki:Rg+12Ki:Rg=0

“4RC-9RD“14Re+128Rg+427Rh-6KxR^SKxRq+SK 1Re+38K1Rg+354K1Rh 

+14KiZRg-42KiZRG+28Ki:Rg = X 5

*C=- I T  *H+2*D+liaE * 3**6 + 24%%

Substitute for R^ to give:-

RG + 6Ry -10KiRG-23KiRy-KiZRg+3Ki=RG-2KiZRg, =0

i RE - g  RG - F  SH ' 12ED-47RE+468RG+1434V 10KlRD
+ 66KiRg-232KiRG+19KiRy-5KiZRE+15Ki=RG-10Ki=Ry=X4

V I P  Rli-11RD-22RE-196RG-1253RH-20K1RD
-58KiRg+254KiRG+210KiRQ+14Ki:Rg-42Ki=RG+28KiZRE = X 5

Rd - - It rg + F  rh+8re+10rg','82rh+3KiEe“9KiV SKiP'h



Substitute for and regroup the equations to give:-

(-Ki=)Rg +(1-10Ki+3Ki=)RG +(6-23Ki-2Ki:)Ry = 0 

1 , + - 150+110Ki+25Ki:)Rg+(^Y:- +^79 - 24Ki-75Ki')Rg('KiXVI X\X XV! J

+ (^4 " + 1596 + 767KX+50K!2 )Rh = X4

(-^ 2 + - 78-251Ki-46Ki2)Rg+(lY# " -1022 + 153X1 + 138X1=)^

+ (^4 - -441 1 - 1496Xi-92Xi=)Ry = Xs

Put:

Z2 = 

z3 =

Z 4 = 

Z 5 =

1-1 OX)+ 3 K i : 
_ _

6-23Ki-2K;

Z7 = 

Z 8 :

Kl'
1 + 26

"  Ki = Ki

34 476
Ki = Ki
11 4 1550
Kia “ Ki

4 + il
'  iC' Ki
136 646
Ki2 Ki
456 1982
Ki5 “ Ki

150 +11 OKi + 25Ki2

+ 679 - 24Xi-75Xi=

+ 1596 + 767Ki+50Xi=

- 78 - 251K1-46K12

- 1022 + 153Ki+138Xi=

- 4411 - l496Xi-92Xi=

The equations can then be written as:

Rg = ZiRc + Z,Rx

Z]Rg+Z4Rg + ZsRy = X4

ZsRg + ZfRg + ZgRy = Xs

wêMBeaMriwwlees:
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Substituting for R^:

(ZiZ 3 + Z 4)rg + (Z2Z3+Zs)Rh =

(Z1ZG+Z7)Rq + (Z2Z5+Z8)Rh = Xs

(ZiZe+ZylfZiZa+ZjRg + (ZiZs+Z7)(Z2Z,+Zs)R%=(ZlZs + Z7)X4

(ZiZ3+Zn) (Z i Z s + Z ? ) Rg+ (Z x Z 3 + Z i* ) (Z2 Zs + Za) RH=(ZiZ3 + Zlt)X5

Thus: Rĵ  - (21Zg + Z7)(ZJZ3+Z5)-(ZiZ3+Z4)(Z2Zs+Z8)

X4- (z2z3+z 5)Rh

Having established the reactions, the effect in the other 
spans is determined as follows:~

(ZiZ6+Z7)Xu“ (ZiZ3+Zn)Xs

*G  ̂ (ZiZ3+Zj

dv3 _ M _ BM 
d5F" = El " —

BM-EM EMx
El
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v / + ^ + C  )dx
_ 1_ ,BMxL _ BMxl + EMxl + cx + D) 

v si ' 2 6a 6a

At x = 0, v =B6 Thus D - EIB6

At x

EI.EG =BMa?

EG

BMa= + EMa=. + ^  + El.B6

Ca = El.EG - EI.Bg

6

BMa2 EMa

El (EG-BG) BMa + EMa

" P t l U - S  *I , BMx= BMx' . EMx' _ BMax EMax. BG EG gg 
v = ^  ( -2-----6 Z "  6a 3 6  ̂ a ' a
This is then multiplied by the value of the relevant 
wheel load at the previous time step and added to the 
guide position.



APPENDIX D : DERIVATION OF EQUATIONS TO CALCULATE 
NATURAL FREQUENCIES

(a) EQUATIONS OF MOTION

The full equations of motion can be written as

iRf+tKg^-K^Wm. +CgiV,-CgiW% +Ke/:+K2,W02 +Cg,w%

+Cg^:+KcVi +Kc33]t-Kc,V2+CB,Vi+Cg,d,$-Cg^Vz)$i

+ (Kc,Vi+Kc3d3+-Kc3^=+CB,vi +Cg,d,*-Cg^:)cl, + (Kc/3-Kc/i 

+K2,dt*-Cg4Vi+Cg^d4*+CgtV,)d4+(K( V, -K„

m i +r rl 4 (fi-i-C
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ri d
Putting: - Aj =CB -^+CB3 “CB “CB <*~2

A2= C „ _ ^ - C n — -"Ĉ  d3+Cc"Si 2 B3 2 B: ' Sz 2

^=CB,d,%L+C2,d,'+Cg^, = +Cg^,<LL

A5=Kc3&+Kc3^~Kc4*^Kc4lf'

i&+Ke,&~Kc,T~"Kc3

A7=Kc,d4+Kc4lf'Keslf-KeGl^

A8=Kc3d3% ’+KC3d3 2 ' K c ^ ^ c ^ ' - T

As^ezir" +Keslf*w -Keelf""

We thus have:

I )̂*+Ai v i+A2 v2 +A3 03 +Ait ̂)+As v i +As v2 + A 7 v3 +As ̂ +A9 = 0 ..... (1)

MiVi+Kc,Vi+Kc3d3*-%C3''z+CB,Vi+Cg^d3*-Cg^z+Kc^i

-Kckd"+-Kc/3+CB^i-Cg^,+ _Cg^,=0

Mvi+(CB,+CBJ v i + ( - C B , ) v ,  + ( - C g j C 3 + ( C g , d , - C B ^ d J * + ( K ^ + K c J v i

+ (-KC3) v2 + (-KC4) v3 + (Kc^d3 -Kc i,) <j> -0
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Putting: - A 10 = Cg, +

An = CB3d3 -  CB,d"

A # = KP +V3 KC

A 13 = Kc,d: -  Xc4d»
We thus have:-
Mi v*i + A 10 Cl-Cg3V2- $ + A x  vi~

. .

 ̂ 3 + Ay ({) -0 . . . (2)

+Ke2V:+Ke2*e+Cg2V2+Cg^Wa,

%C, Vi-Kc,d,*+Kc^:-Cg^i-Cg^d,*+Cg^, - 0

M:V, + (-Cgj{,i+(C^+Cg^CgjC: + (-Cg^d,)*+(-Kc,)Vi+(Ke/K2,+KcJV: 

+ (-K_ d, )*+(%. W e - K  Wa +C_,*m -C ) = 0V3 Ba e 1 & x

Putting: - A14 = Cgl+ Cg^ + Cg
2

3

Axs = -cB3d3

A% = K^+Kc+Kc

A 17 = - K C 3 d 3

A x  = Kg^Wo2 - K g ^ W o i + C g 3Wo2 -Cg^Woi

We thus have:-
M 2 - C g ^  v 1 + A 14 v 2 +Ais | - K ^ 3 V i + A x  Va+Ai? <|>+Ax = 0    (3)
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MaVs+KggVa-KggWrn +Cg^3-Cgg&o3 +Ke/3+Kes*'*+CggV,+CggWw

-Kc4*l+Kc4^**+Kc4*:~CB^Vi+Cg^d4*+Cg^v, - 0

M,v, + (-CgJvi+(Cg+Cgg +CgJ\,, + (Cg^dU*+(-KcJvi+(K<,/Keg+Kc'')'''

+ (Kcud9 ) *+ (Ke6w04 -Ke.5W 03 ”Cg 5W 03 +Cg gWo4  ̂ = ^

Putting; - A19 = CE^,

A 20 = KC +Ke!+Kes

A21 Kc,d,

A 22 = Kg^Ww-K^gWoa +Cgg*o4-Cg,^wo3

A23 =

We thus have:-
M3 V3 -Cg^ Vx+A23 V3 +A19 'i)-KCitVl+A'20 V3+AZL <{>+A22 = 0 .. (4)

(b) Expansion of Determinant

To obtain a non-trivial solution the determinant must 
be non-zero.
re:
A 12 -Miu)1

-Kc-

-KO
As

-KC 3
A is -M 2 u '

-KC4
0

A 13

A 17

0 A20 ”M3 a)2 A21

As A7 A e 2

= 0



Expanding this determinant by the second row gives

-Kc, -Kc, A 13 A 12 - K i  oj2
- K C 4 A 13

K _
C 3

0  A 20 " M 3 0)2 A  21 +  ( A l e  “ M j t o2 )
- % C 4 ^

- M 3 t o2 A 2 1

A s  A  7 A g - I R w 2 A s A 7 A g - V 2

A 12 “ M 1 O 2 K C 3 -Kc,
+ A 1 7 -Kc, 0  A  20 - M 3 ai2 =  0

A s A S a 7

Expanding these determinants by the second row in each 
case gives:-

K • 0  +  { A 20 - M 3 U)2 H ~ K  ( A s - I p t o 2 ) “ A s A i 3 } - A a  { - K  A 7 + K  A 6 } |Ca 1 "Ca v"° ' "Ca"

+ |A%; - M , w = |  i K c J - K c / A s - l R W ^ - A y A i s  } + { A% - M , w = } { ( A % - M i w : )

(Aa-IgW2 }-Aa ((Aw-Miw^Af+KctAsll+Ai? iKctt'KcsAy+KctAe]

-{A20 -M3 O)2 } { (A12 -M1W2 ) As +K 3̂ A5 } | = 0

K  | {A2o - M 3 isi2 ) (-KC 3 A a+ K C 3 IR ti)2- A 6A ],3 ) + K C3A 7A a  -K^^^gAa. |

+ | A i s  -M:W2 | | K c J - K c 4 A 8 + K c , l R * ' ' " A 7 A . i 3 )  + ( A 2 0 - M 3 w : )

(A@Ai2 -A12 Ir0)2 -AbMi0)2 +MiIrm 4-A5A 13 )-A21 (A7A^ -A7Mio)2 +Kc ^As) | 

+Ai? |-KC3KC4A7+KCl)2A6- (A20 "M3 toa ) (AsAji “A 6M 1a)2 +KC 3A s) = 0
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u>8 (MiM 2M 3Ir ) -co6 (Ais M i M 3IR +Ai2 M 2M 3Ir + A 20 M iM 2 Ir + A bM iM 2M 3 )

+ u)4 (-KC 3 2M 3Ip + A n  Ai6 M 3IR +Ai6 A 20 M i I r + A 8A i6 M i M 3 +A12 A 2o M 2IR

+ A 8Ai2 M 2M 3- K C!t2M 2IR“AsAi3 M 2M 3 + A 8A 2o M i M 2“A 7A2i M i M 2- A 6Ai7 M iM 3 ) 

+ co2 (K 2 A20 IR +KC3 2 A aM 3 +KC3A 6Ai3 M 3- A u  Aie A 2o I R “A 8Ai2 Aie M 3

+Kclt2 A y  IR +AsAi3 Ai6 M 3- A 8Ai6A%, Mi+AyAie A 21 M i ~ A 8Ai2 A 20 M 2

+A7A12 A n  M 2 +Kc ^2 A bM 2 +Kc A 7Ai3 M 2 +Kq 4a-5A 2i M 2 +A5A13 A 20 M 2

+KC3A 5Ai7 M 3 + A 6Ai2 A 17 M 3+ A 6Ai7 A 20 M x) + ( - K ^  2 A 8A 2o +K c 32 A 7 A zi

-K^, K^^AeAyi - K ^ A e A i s  A  20 + A 8Ai2 A is A  20 "A7A12 A  is A  21

~K^, 4 A 7A 13 A  is -Kq, A 5A 16 A 21 -A5A 13 A  is A  20 ™"̂ C3^CitA7Al7 ~^C3AsAl7 A20

—AsA12 A 17 A 20 + K ^ ^ 2AsAi7 ) = 0

Dividing through by M i M 2M 3 IR and putting 

Bi = A  is / M 2+Ai2 / M i + A 2o / M 3 + A 8/I r

B 2 = -K- 2 / (M%M2 ) +A12 A  is / (MiM 2 ) +A16 A 20 / (M2M 3 ) + A 8 Aie / (Ma IR )C-3

+A]2 A 20 / (MiM 3 ) +Aa A12 / { M i Xr ) — K̂ , ̂ / (M1M5 ) ~AsAi3 / (Ml IR )

+ A 8 A20 / (M3 Xr ) —AyA21 / (M3 Ir ) —As A 17 / (M2 Ir )

\
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B 3 = (K̂ , 2 A  20 2 A e M 3 + K ^ 3 Ag Axa M 3 -A 12 A  is A  20 I-^-AgAi zAis M 3

+K(_,̂ 2Ais Ir + A 5A 13 A  is M 3 -Ab Ais A  20 Mi+AyAig A  21 Mi-Ag A12 A  20 M 2

+A7A12 A 21 M2 +K^,^2 A a M 2 ̂ K^^AyAia Mj+K^^AsAti M2 +A5A13 A 20 M2 

A5A17 M 3 +AeA12 A 17 M 3 +AgAi? A 20 Mi)/ (MiM 2M 3Ir )

Bi,= (-K^3 2 A0A2O +K ^ ^ 2A?A2i -K ^ 3K ^ ^ A bA ti -K^^AgAia A 20 +AgA12 Ai£ A 20 

-A7A32 A  is A  21 -K^-,^2 AgAis ”K̂ , ̂ A7 A13 A is -K^^AgAig A  21 “A5A13 A 15 A 20 

— K̂ , K^^A?Ai7 AgA27 A 20 "AsA12 A 17 A 20 +K ^ ^ 2 AsAi? ) / (MiM 2M 3Ir )

We then have:

a)8 —Bi 6) S+B2to1*+B3oi2 +B 4 = 0

(The slope w.r.t to2 is 4w 8- 3Biw'* + 2B 2w 2+B3 )
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APPENDIX E : COMPUTER PROGRAMMES

E.1 DISDAT

The input for DISDAT is all in free format in response
to questions.

(i) A title up to 80 characters long

(ii) A filename of 6 characters

(iii) The conveyance rotational inertia in t.m.2 (RI)

(iv) Masses, in t, of the body, the top transom and
the bottom transom in that order. (AMI, AM2,
AMS) .

(v) Depths, in m, of the top and bottom transoms,
in that order. (D1, D6).

(vi) Distances, in m, from the conveyance centre of
gravity to the top of the body and then to the
bottom of the body (D3, D4)

(vii) The overall length of the conveyance, or the 
distance between top and bottom guide wheels, 
in m. (AOL)

(viii) The bunton spacing, in m. (A)

(ix) The damping constants, as percentage of critical 
damping, for the shaft steelwork/wheel combination 
and for the conveyance. (CS, CB)



(x) The guide inertia in units of 10 m and the
bunton stiffness in kN/m. The bunton stiffness 
is calculated in accordance with normal structural 
theory, making allowance for end compliance as 
described by Laubsher and Bull14 . (CK1 , CK2)

(xi) Spring stiffness of wheels in kN/m, and wheel
diameter. For the stiffness an average value, 
based on the spring curve supplied by the 
manufacturers, is used. (AK, DIAM)

(xii) Stiffness, in kN/m, of connection between top 
transom and conveyance body, and of the connection 
between the bottom transom and body. This 
stiffness divided by the mass of the relevant 
transom should not exceed about 25000, or ill- 
conditioning of the equations of motion results. 
The stiffness is calculated in accordance with 
standard structural methods. (CEK3, CEK4)

(xiii) The velocity of conveyance travel, in m/sec, the 
preload applied to the wheels in KN, and the 
wheel clearance from the guides. One of these 
last two must be zero, as both relate to the 
positioning of the wheels relative to the guides. 
(VEL, PEEL, CLEAR)

(xiv) Spring travel, in m. This is the distance the 
wheel can move back before hard contact occurs.
(wxx)

(xv) Wheel irregularity (in m) and four phase angles 
for the initial wheel positions (AMP, PHI, PH2, 
PH3, PH4).



(xvi) Number of buntons for the run. A typical deep 
shaft has 300 to 500 buntons, but for DISCS to 
give good predictions for analysis 50 buntons 
are probably sufficient. (NOB)

(xvii) A number to determine how the misalignment is 
Input, (MISAL)

1 - Misalignment is calculated randomly between
specified limits.

2 - All misalignment values must be specified

xviii) Number of buntons, from start, which have non­
zero misalignment. This is usually equal to 
the number of buntons. (IBUNT)

If MISAL = 1  :-

(xix) The maximum values, in m, of misalignment incre­
ment, gauge error and overall misalignment
(WL (1 )  , WL ( 2 )  )

(xx) The variance of the mismatch, in m, and six 
random seed numbers, which should be any numbers 
between 0 and 199017 (WL(3), XWX{1) to XWX(6)).

If MISAL = 2

(xxi) The misalignment, in m, of the two guides and the 
mismatch, also in m, of both guides. (WO(1),
WO(2), WM(1), WM(2)), This input is repeated 
for each bunton, including 7 buntons prior to the 
initial bunton, number 0, which allow for 
initiallising. For specified misalignment the 
first seven input lines should thus be zeros in 
most cases.



The output from DISDAT is:~

(i) Heading in 20A4 format.

(ii) HI, AMI , AM 2, AMS in 4F12.4 format, 

(ill) D1, D3, D4, D6, A, AOL in 6F12.4 format

(iv) CB, GS, CK1, CK2, AK in 5F12.4 format

(v) CEK3, CEK4 in 2F12.4 format

(vi) VEL, PREL, CLEAR, WXX in 4F12.4 format

(vii) AMP, DIAM in 2F12.4 format

(viii) PHI, PH2, PH3, PH4 in 4F12.4 format

(ix) NOB, MISAL in 217 format

(x: WO(1) , WO(2) , WM(1) , WM(2) in 4F12.4
format, for each bunton.



DISDAT : Flowchart
A25

Specify dimensions and read variable types Read input interactively Specify full filename of output as:

Filename ="DL1:"filename"!. DAT"
Logical unit 1 is assigned to 
file E

Calculate total number of buntons 
considered

Guide 2 misalignment is gauge error less guide t misalignment

This section reads specified misalignment

A

<tCQOz:

CLoo
oo

Initiallise
Read heading & filename
E = "DL1:1B' 1 . D A H.... . . . . . .  , . . ....
Read major input
Open file E for outputI,. . .... . .. —  "
Write major output
Read IBUNT
-. :. r:::. JNBBA = NOB+7 IBUNTA = IBUNT + 7

MISAL=1?
Yes

Read misalignment 
limits and seeds

Calculate random misalignments at next bunton _ _ _ _ _ _ _
If la 

V =  0.0
IBUNTA misalignments

W0(2) = W0(2) - W0(1) J

Write misalignments to file

II <c
1-4 00oC LZoo
oQ

Is IBUNTA? 
No

Read misalignments
Set misalignmentsto zero

A Write misalignments to file

Close output file
STOP
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C
C
C

300
301

302
303

29
30
31 
1

2

3

4

5

6

7

8

PROGRAMME DISDAT : Listing

THIS PROGRAMME GENERATES THE INPUT FOR DISCS INTERACTIVELY
INTEGER&2 B(3),D(3),E(8),F(2)
DIMENSION W0(2),WL(3),WMl2),C(20)
REAL*8 YWY,XWX(6)
TYPE 300
FORMAT </ ENTER RUN TITLE ( < 80 CHARS BEGINNING WITH A BLANK )') 
READ(5» 301)(CXI),1 = 1,20)
FORMAT < 20A4)
TYPE 302
FORMAT(' ENTER DATA FILE NAME ( 6 CHARS )')
READ(5,:r7>(B(I),I=l,3)FORMAT < 3A2)
DATA D /'!♦'»'DA','TV 
DATA F /'DL','1i'/
DO 29 1=1,2 
E(I)=F(I)
DO 30 1=1,3 
E(I+2)=B(I)
DO 31 1=1,3 
E(I+5)=D(I)
TYPE 1
FORMAT<' ENTER ROTATIONAL INERTIA )ACCEPT *,RI
TYPE 2
FORMATC' "ENTER MASSES OF t BODY, TOP TRANSOM, BOTTOM TRANSOM') ACCEPT % rAni 9AM2 ? AM3
TYPE 3
FORMAT<' ENTER DEPTHS OF TOP AND BOTTOM TRANSOMS')ACCEPT *,D1,D6
TYPE 4
FORMAT(' ENTER DISTANCE FROM C.G, TO TOP % BOTTOM OF BODY') 
ACCEPT $,D3,H4
TYPE 5
FORMAT(' ENTER OVERALL CONVEYANCE LENGTH')
ACCEPT *,AOL 
TYPE 6
FORMAT(' ENTER BUNTON SPACING')ACCEPT *,A
TYPE 7
FORMAT(' ENTER % DAMPING OF STEELWORK 8 CONVEYANCE')ACCEPT *,CS,CB
TYPE 8
FORMAT(' ENTER GUIDE INERTIA 8 BUNTON STIFFNESS')
ACCEPT #,CK1> CK2
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10

11

12

1 8

1 3

1 4

304

100
110

120
130

1 4 0

1 7

TYPE 9
A ? C E ^ (;,flK"oifiMUHEEL ^ ^ N E S S  * WHEEL DIAMETER' )
TYPE 10
A C C E R i ^ C E K ^ C E K r ^ 1™  T° T[>P S ^ T O M  TRANSOMS' )
TYPE 11

uheel s c l e a r a n c e-,
TYPE 12
ACCEP^;,UExTER SPFING TRAVEL BEF0RE "ARD SLIPPER CONTACT',
TYPE 18
ACCEPT *,AMpIpHl"pH2^PH3^PH4^*^^^^ *  ̂ ANGLES(dearees)')TYPE 13
" c e ? t (T,NOBTER NUMBER 0F BUNT0NS FOR RUN-,
TYPE 14

eGNMEM'I'' ENTER 1 F0R RANr,0M MISALIGNMENT, 2 FOR SPECIFIED MISAL
ACCEPT *,MISAL 
CALL ASSIGN(1,E,15)
WRITE(1»304)(C(I)jI = 1?o o )
F0RMAT(20A4)
WRITE(1,100)RI,AM1,AM2,AM3FORMAT(4F12 » 4)
m?,lT(61F1ll!41,,I'3 ’C4’l:"5’A 'A0L
WRITE{1,120)CB,CS,CK1,CK2,AKF0RMAT(5F12»4)
WRITE(1,130)CEK3,CEK4 
F0RMAT(2F12,4)
: i : : u : i : : ^ : s ^ ' EEEAR' ^
WRITEd, 100)PH1 ,PH2,PH3,PH4 
WRITEd , 140)N0B,MISAL FORMAT(217)
TYPE 17
ACCEPT^,IBUNTR NUMBER °F BUNIONS WITH NON-ZERO MISALIGNMENT')
N0BA=N0B+7
IBUNTA=IBUNT+7IFCMISAL,NE,1)GOTO 50
TYPE 15

A C C E p r * , u u 1^ u L d d W L M A X CHANGE' GAUGE ERR0R 8 MAX MISALIGNMENT')
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9

10

11

12

18

13

14

304

100
110

120
130

140

17

15

1 I f t  y

ACCEPT^rAK^DIAMWHEEL SPRING STIFFNESS 8 WHEEL DIAMETER')
TYPE 10
ACCEPT^*,CEK3!cEK4^^E^^^°" STIFFNESS TO TOP & BOTTOM TRANSOMS') 
TYPE 11
A^CE^f'^rVELlpREL^CLEAR"' ^ ^ O A D  & WHEEL CLEARANCE')
TYPE 12

BEFORE "*RD SLIPPER CONTACT')
TYPE 18
A g c E P T ^ ^ A M p j p l ^ H ^ p ^ ^  ' " FHASE ANGLES(de,rees)')
TYPE 13

«cept(;,NobTER NUMBER of m i s  RUN',
TYPE 14

eGNMENT') ( ENTER 1 F°R RANr,0M MISALIGNMENT, 2 FOR SPECIFIED MISAL
ACCEPT *,MISAL 
CALL ASSIGN(1,E,15)
WRITE(1,304)(C(I),l=i,20)F0RMAT(20A4)
WRITE(1,100)RI,AM1,AM2,AM3FORMAT(4F12,4)

WRITE(1,120)CB,CS,CK1,CK2,AKF0RMAT(5F12»4)
WRITE(1,130)CEK3,CEK4FORMAT(2F12 * 4)

WRITE(1,100)PH1,PH2,PH3,PH4
cnJIE(l,140)N0B,MISAL FORMAT(217)
TYPE 17
ACCEPT^*,IBUNT^ NUMBEiR 0F BUNTONS WITH NON-ZERO MISALIGNMENT')
N0BA=H0B+7 
IBUNTA=IBUNT+7 IF(MISAL.ME * 1)GOTO 50 
TYPE 15
A C C E N T 1; , G A U G E  ERROR , MAX M I S A L I G N M E N T '  >

i iw  i w Tw iiiim imaT r n r iT i iiir T ii - i



TYPE 16
FORMAT(/ ENTER MISMATCH VARIANCE S 6 SEEDS')
ACCEPT *,WL(3),XWX(1),XWX(2),XWX(3),XWX(4),XWX(5),XWX(6)
DO 20 I=1,N0BA 
DO 21 J=l,6
YWY=(24298.*XWX(J)+99991*)/199017.
XWX(J)=(YWY-DINT(YWY))*199017.IF(J,LE.2)W0(J)=XWX(J)/199017.*2.*WL(J)-WL(J)-(J-2)*W0(J)
IF(J.EQ,4,0R.J.EQ,6)YWY=XWX(J-1)/199017,
IF(J,EQ.4.0R,J,EQ.6)WM(J/3)=WL(3)*SQRT(DL0G(YWY)*(0,-2.))*DC0S(6 
,2832*XWX(J)/199017,)
CONTINUE 
NWM=(I/2)*2 
DO 22 J=l,2
IF(I.GT♦IBUNTA)WM(J )=0.000 
IF <I.GT♦IBUNTA)WO(J)=0.000 
IF(NWM,EQ.I)WM(J)=0,000
CONTINUE
IF(WO(1),GT,WLMAX)W0(1)=WLMAX-WL(1)
IFCUOC1),LT.-WLMAX)W0(1)=-WLMAX+WL(1)
WO(2)=WO(2)-WO(1)
WRITE(1,200)W0(1),W0(2),WM(1),WM(2)
FORMAT(4F12.4)
GOTO 70
DO 51 1 = 1» NOBA
IF <I» GT.IBUNTA)GOTO 52
TYPE 19
FORMAT(' ENTER MISALIGNMENT AT BOTH GUIDES S MISMATCH AT BOTH') 
ACCEPT *,W0(1),W0(2),WM(1),WM(2)
GOTO 53 __
W0(1)=0.0 
WO(2)=0 » 0 
UM(1)=0,0 
WM(2)=0.0
WRITE(1,200)W0(1),W0(2),WM(1),WM(2)
CONTINUE 
CALL CLOSET 1)
STOP
END



TYPE 16
FORMAT(7 ENTER MISMATCH VARIANCE 8 6 SEEDS')
ACCEPT *,WL(3),XWX(1),XWX(2),XWX(3),XWX(4),XWX(5),XWX(6)
DO 20 I=1,N0BA 
DO 21 J=l,6
YWY=(24298,*XWX(J)+99991 ♦)/199017*
XWX(J)=(YWY-DINT(YWY))*199017,
IF(J,LE.2)W0(J)=XWX(J)/199017,*2.*WL(J)-WL(J)-(J-2)*W0(J) 
IF(J,EQ,4.0R,J,EQ,6)YWY=XWX(J-1)/199017,
IF(J,EQ.4.0R.J,EQ,6)WM(J/3)=WL(3)*SQRT(DL0G(YWY)*(0,-2,))*DC0S(6 
,2832*XWX(J)/199017,)
CONTINUE 
NWM=(I/2)*2 
DO 22 J=l,2
IF(I,GT+IBUNTA)WM(J)=0»000 
IF(I * GT*IBUNTA)W0<J)=0.000 
IF(NWM,EQ,I)WM(J)=0,000
CONTINUE
IFCUO(l),GT,WLMAX)W0(1)=WLMAX-WL(1)
IF(U 0(1),LT»-WLMAX)W0(1)=-WLMAX+WL(1)
WO(2)=WO(2)-WO(1)
WRITE(1,200)W0(1),W0(2),WM(1),WM(2)
FORMAT < 4 F12.4)
GOTO 70
DO 51 1=1,NOBA 
IF(I,GT,IBUNTA)GOTO 52 
TYPE 19
FORMAT(' ENTER MISALIGNMENT AT BOTH GUIDES S MISMATCH AT BOTH') 
ACCEPT *,W0(1),W0(2),WM(1),WM(2)
GOTO 53 __
W0(1)=0.0 
W0(2)=0,0 
WM <1)=0 * 0 
WM(2)=0 * 0
WRITE(1»200)W0(1),W0(2),WM(1),WM(2)
CONTINUE 
CALL CLOSE <1>
STOP
END
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E.2 Programme DISCS
This is the main programme for predicting the 
dynamic behaviour of the conveyances.

The input is an interactive request for the filename, 
and all other input is then from the data file 
created by DISDAT.

The output is:-

(i) A data file giving the wheel load and 
acceleration information and time at each 
data point.

(ii) A data file giving basic information, such 
as time step and total number of samples, 
which is required by the analysis programmes.

(iii) Printout of the input parameters, then the 
calculated natural frequencies over one 
guide span, and finally the guide mis- 
alignment is listed at each bunton. If 
there is instability, this is printed, with 
the time at which it occurred, between the 
relevant buntons listed above.



Flowchart for DISCS A30
Initialise

Read
Valu Majores

Write input values
Calculate Actual Damping 

From Damping %
Calculate Stiffness Constants 

for other Wheel Effect

Read Number of Misaligned Buntons

Calculate Conveyance Position 
(Top Wheel)

DISs DX» DIST.
Increment

U K

IS DIST>DX

Read Misalignment at New Bunton & Shift Others 2 Array Positions_ _ _ _ _ _

Yes
Yes

Write Bunton Member and Misalignments and Increment Bunton Number, N

Calculate Bottom Wheel Position

Calculate Guide Stiffness at top and bottom wheels

Calculate Effective Stiffness and Damping at each wheel
YesIS Time

Calculate Guide Displacement 
under Preload

Is N<0



Flowchart for DISCS (cont'd) A31

Calculate Effective Guide 
Position at Each W h e e l  ,

Yes
Yes Is this the first time' 

Step?
•^JJK = 1

Calculate Other wheel effect

Calculate rate of change of 
Guide Position_ _ _ _ _ _ _ _ _ _

Set Old Guide Position to current guide position

Calculate relative Dist between Guides & Conveyance

/ Are Wheels in Con t a c t -
Set Wheel Stiffne.ss 
Damping & WheelYes V

Calculate Portion of relative Dist. is Across 
Spring_ _ _ _ _ _ _ _ _ _ _ _ _ _

YesHave wheels'-" Bottomed out?
Set Effective Stiffness = Guide 
Stiffness __ _No v

Calculate Constants 
AEI - AE23

< 0Bunton No

(increment

Calculate Constants 
BE1 - BE4

(‘'"increment Z ^



Flowchart for DISCS (cont'd) A31

Calculate Effective Guide 
Position at Each Wheel

Yes
Yes Is this the first time 

Step?

Calculate Other wheel effect

f  Calculate rate of change of 
X. Guide Position

' Set Old Guide Position to current guide position

Calculate relative Dist between Guides & Conveyance

''Are Wheels in Contact .
Set Wheel Stiffness Damping & WheelYes v

Calculate Portion of relative Dist, is Across 
Spring ___

YesWave wheels"" Bottomed out?
Set Effective Stiffness = Guide Stiffness __ .No \/

Calculate Constants 
AEI - AE23

< 0Bunton No

^Increment" M^)

Calculate Constants 
BE1 - BE4

(^Increment Z )



Flowchart for DISCS (Cont'd)

Yes IS M > U

Calculate Initial Approx. solutions to frequency 
e q u a t i o n _ _ _ _ _ _ _ _ _ _ _ .Yes

Set Time Step \  to previous step divided by 20 i.e. min. period divided by 8 V
Solve for Cyclical Freq. starting from previous 
Value_ _ _ _ _ _ _ _ _ _ _ _ __
Calculate Natural frequencies____Calculate Derivatives and next solution to motion equations using runge-kutta 4th order. Write Natural frequencies

Calculate predicted 
values for new solution using Adams Mouton_ _ _ _ _ _

z oec time step tqudi uu ( minimum period multiplied 
V b y  2.5 _ _ _ _ _ _ _ _ _ _ _ _ _

Increment time by time Step_ _ _ _ _ _( s e t  L j j T o )

Calculate New Derivative values _ _ _  — '
Yes

Calculate Corrector Values

Calculate Ratio'between i Prev. & Corrected Value 
X. Minus 1 _ _ _ _ _ _ _ _

Yes

( i n c r e m e n t e d )



Flowchart for DISCS (Cont'd)

YesYes IS M>1Z

Calculate Initial Approx. solutions to frequency 
equation _ _ _ _ _ _ _ _ _ _ _ _Yes

Set Time Step \  to previous step divided by 20 i.e. min. period 
divided by 8 V

Noy Solve for Cyclical Freq. starting from previous 
Value _ _ _ _ _ _ _ _ _ _ _
Calculate Natural frequencies____Calculate Derivatives and next solution to motion equations using runge-kutta 4th order. Write Natural 
frequencies

Calculate predicted 
values for new solution using Adams Mouton _

Set time Step Equal to minimum period multiplied

Increment time by time Step(SET JJ = (T)

Calculate New Derivative values  - - - - - - —
Yes

Calculate Corrector Values

Calculate Ratio between Prev. & Corrected Values 
Minus 1   .

Yes

(increment JJ ^



Flowchart for DISCS (cont'd) A33

Is Accuracy Sufficient o any D e n  vat values exceed 
200?

Divide all solution values 
derivatives & current wheel 
oads by 20

V  No

UnstableWrite

No

/'  Calculate Accelerations and' 
f Wheel loads at current time 
Vstep

Move all solutions and derivative values to previous array position

(Increment time by time step)

ave specified No. of buntons been passed?



no
n 

o
o

n
o

n
o

n
o

o
PROGRAMME DISCS : Listing A34

*******************************************************************
THIS PROGRAM GENERATES THE DYNAMIC WHEEL LOADS AND ACCELERATIONS OF 
MINESHAFT CONVEYANCES FROM INPUT OF RANDOM OR SPECIFIED GUIDE 
MISALIGNMENT AND MISMATCH,
********** ********************************************************

DIMENSION XT(8,6),DT(8,6);ZT(8,5),ZK(8,4),ET(8,4),FREQ(4,30) 
DIMENSION CHECK(8)»AA(2)>ETEST<4)/BK<2)
DIMENSION WO(12),WL(3),WM(12)»GAP(12)fC(20)REAL*8 Z1,Z2,Z3,Z4,Z5,Z6,Z7,Z8,Z9,RC,RD,RE,RF,RG,RH 
INTEGER*2 B(8),D(8),E(8);F(3),G(3),HH(3),FF(3),DL(2)

INITIALISE ALL NECESSARY VALUES
TYPE 11 FORMAT(' INPUT FILE NAME (6 CHARS)z)
READ(5,2)(F(I),1=1,3)

2 FORMAT < 3A2)
DO 4 1=1,3 
B<I+2)=F(I)
B(1+2)=F(I)

4 E(1+2)=F(I>
DATA DL /'DL','l:'/
DATA G /'I,f,'DA','T'/
DATA HH /'2,' ,'DA', ' T V  
DATA FF /'3,','DA','TV 
DO 6 1=1,2 
B(I)=DL(I>
D(I)=DL(I)

6 E(I)=DL<I)
DO 5 1=1,3 
B(I+5)=G(I)
D (1+5)=HH <I)

5 E(I+5)=FF(I)
DATA WL(1),WL(2),WL(3)/0,,0.,0./
DATA 0WQ1,0W02,0W03,0W04,W01,W02,W03,W04/0♦,0,,0,,0,,0,,0 , ,0. ,0

e , /
7 TIME=0 *

DIST=1,
N=~2
M=0
KK=0
JJ=0
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I JK=0
z=o.
ARY=1,
DO 110 1=1,6 
DO 110 J=1,8 
XT < J ,I)=0 * 0 

110 DT(J ,I)=0♦0
DO 130 1=1,10 
W0(I)=0,0 
WM(I)=0,0 

130 GAP(I> =0♦005
C
C INPUT AND WRITE SPECIFIED VARIABLES C

CALL ASSIGN(2,B »15)
CALL ASSIGNC1,D,15)
CALL ASSIGN(3,E ,15)
CALL ASSIGNC4,'DATAFILE,DAT',12) 
READ(2,3)CCCI),1=1,20)3 ' FORMAT(20A4)
READ(2,11000)RI,AM1,AM2,AM3
READ(2,11100)01,D3,D4,D6,A,AOL
READ(2,11400)CB,CS,CK1, CK2,AK
READ(2,11300)CEK3,CEK4
READ(2,11000)VEL,PREL,CLEAR,UXX
READ(2,11300)AMP,DIAM
READ< 2,11000)PHI,PH2 j PH3,PH4
PER=2,*VEL/DIAM
TIW1=PH1/PER
TIW2=PH2/PER
TIW3=PH3/PER
TIW4=PH4/PER
READ<2,112C0)N0B,MISAL
RAT=AOL/AANOB=NOB*1,0
WRITEd,3) (C(I) ,1 = 1,20)
WRITE < 3,3)(CXI),1 = 1,20)
WRITE(4,50000)(0(1),1=1,20) 
WRITE(4,12100)
WRITE(4,12500)
WRITE(4,12600)RI 
WRITE(4,12700)AMI,AM2,AM3 
WRITE(4,13000)CS,CB 
WRITE(4,13700)
WRITE(4,13200)AK,CEK3,CEK) 
WRITE(4,13100)CK1,CK2 
WRITE(4,13600)

u l n t m in r f  n n lli TTm r n r i r i iw iiiT iiiiiiin  i i i T n f ln m r n n T
\
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WRITE(4,12800)A,A0L
WRITE(4,12900)D1,D3,D4,D6 
WRITE(4 114100)CLEARfWXX 
WRITE(4>13800)DIAMfAHP 
WRITE(4,13300)VEL 
WRITE(4,13400)PREL 
WRITE< 4 »12100)
WRITE(4,12200)
CST=CS/50,*SQRT(AM2*AK/2,)
CSB=CS/50,*SQRT(AM3*AK/2,)
CBT=CB/50,*SQRT(AM2*CEK3)
CBB=CB/50,*SQRT(AM3*CEK4)
CKl=CKl*208,*162,/A**3/27*

) CALCULATE CONSTANTS FOR EQUATIONS FOR OTHER WHEEL EFFECT,IE WHEEL 
3 INTERACTION

EI=CK1*A**3/162.*27,
XXK=6,*EI/A**2XXK1=XXK/A/CK2
Z1=(1.-10.*XXK1+3.*XXK1**2)/(XXK1**2)
Z2=(6.-23.*XXK1-2.*XXK1**2)/(XXK1**2)Z3=26./XXK1-1./XXK1**2-150,+110.*XXK1+25.*XXK1**2
Z4=34 ,/XXKl**2-476 . / XXK14-679 , -24 . *'XXK 1-75 »*XXK1**2 
25=114,/XXKl**2-1550,/XXKl+1596,+767.*XXKl+50,*XXK1**2 
Z6=67./XXKl-4,/XXKl**2-78.-251.*XXK1-46,*XXK1**2 
27=136, /XXKl**2-646 , /XXK1-1022, 4-153 , #XXK1 + 138 , *XXK1**2 
Z8=456,/XXK1**2-1982,/XXK1-4411,-1496,*XXKl-92,*XXK1**2 Z9=(Z1*Z6+Z7)*(Z2*Z3+Z5)-(Z1*Z3+Z4)*(Z2*Z6+Z8)

C INITIALISE NEW TIME STEP 
C
120 DIS=AINT((TIME*VEL)/A)

IJK=IJK+1 
DX=BIST
DIST=TIME*VEL-BIS*A
IFiBIisT.GT . DX) GOTO 210

C
C CALCULATE GUIDE MISALIGNMENT AND MISMATCH 
C
140 DO 200 1=1,2

W0(I4-10)=W0( 1+8)
WO(1+8)=W0(1+6)
W0<I+6)=W0(1+4)
WO(1+4)=W0(1+2)
W0(I+2)=W0(I)UO(I)=WO(I)+CLEAR



IF(WM <I),GT.0,0)GAP(I)=GAP(I)*3,0 
200 CONTINUE

DO 205 1=1,9,2 
WM(13-I)=WM(11-I)
WM(12-I)=WM(10-I)
GAP(13-1)=BAP(11-I)

205 GAP(12-I)=GAP(10-I)
GAP <1)=0♦005 
GAP(2)=0.005
READ(2,11000)WOC1),W0(2),WM(1),WM(2)
KK=KK+1
IF(KK,LT,5)G0T0 140 
GMA=WO(3)*1000.
GMB=WO(4)*1000,
GMC=WM(3)*1000,
GMD=WM(4)*1000+
IF(N .EQ * 0)GOTO 113 
GOTO 115 

113 WRITE(4,12100)
TIME=TIME-A/VEL*2,
IJK = 1

115 IF(N,GE.0)WRITE(4,11500)N,GMB,GMA,GMD,GMC
IF(N.GE.O)WRITE(4,13500)
N=N+1
IF(N♦LE♦0)GOTO 210

C
C CALCULATE RELEVANT DAMPING RATIOS - BASIC DAMPING IS ASSUMED CONSTANT 
C CALCULATE RELEVANT STIFFNESS VALUES - WHEEL STIFFNESS IS CONSTANT 
C FIRST CALCULATE GUIDE STIFFNESS,
C
210 ARAT=(AOL-DIST)/Af.A(l)=DIST/A/3,+l/3.

IFCARAT,GT.3.0)AA(2)=(ARAT-2.)/3,
IF(ARAT,GT.2,0,AND»ARAT.LE,3,0)AA(2)=(ARAT-1,)/3.
IF(ARAT.GT »1 .0 ,AND♦ARAT * LE ,0>AA(2)=ARAT/3,
IF < ARAT,LE»1*0)AA(2) = (ARAT+1,)/3.
C0A=l,/(CKl/CK2+5.)C0B=7,/3./(CKl/CK2+l,/3.)*COA 
DO 300 1=1,2
BK(I)=(162.*C0A+324,*C0B)*AA(I)
BK(I)=(486,*C0A+972,*C0B-BK(I))*AA(I)
BK(I)=(BK(I)+54.-927,*C0A-1125,*C0B)*AA(I)
BK(I)=(BK(I)-108,+1044,*C0A+630.*C0B)*AA(I)
BK(I)=(BK(I)+54,-479,*C0A-175,*C0B)*AA(I)
BK(I>=(BK(I)+38,*C0A+22,*C0B)*AA(I)
BK<I)=CK1/(BK(I)-COA-COB)

300 CONTINUE
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C
C CALCULATE COMBINED STIFFNESSES,CEK
C

CEKl = AK*BK<l)/<AK+BK(m 
CEK2=CEK1
CEK5=AK*BK(2)/(AK+BK(2))
CEK6=CEK5
CS1=CST
CS2=CST
CS5=CSB
CS6=CSB
IF(TIME »EQ,0.0)PR=PREL/CEK1 
IF(N *LT♦0)GOTO 340

CC CALCULATE WO VALUES AT THE WHEELS FROM VALUES AT THE BUNIONS
C PR ARE EFFECTIVE DISPLACEMENTS DUE TO PRELOAD SPECIFIED,CALCULATED
C AT THE FIRST BUNION
C
305 W01=(W0(3)+WM(3))+(WO(1)-(WO(3)+WM(3))>*DIST/A-PR

U02=(W0(4)+WM(4))+CU0(2)-(W0(4)+WM(4)))*DIST/A-PR 
IF<ARAT»GT,3,0)GOTO 240 
IF<ARAT »GT,2.0)0010 230 
IF(ARAT « GT +1»0)GOTO 220
W03=W0(3)t((W0<5)+WM(5))-W0(3))*ARAT-PR 
W04=W0(4)+((W0(6)+WM(6))-W0(4>)*ARAT-PR
GOTO 250

220 W03=WO(5)+((W0(7)+WM(7))-W0(5))*(ARAT-1,)-PR
W04=WO(6)-K<WO(8)iWM(8))-W0(6))*(ARAT-l.)-PR 
GOTO 250

230 W03=W0(7)+((W0(9)+WM(9))-W0(7)>*(ARAT-2.>-PR
W04=W0(8)+(<W0(10)+WM(10))-WO(8))* (ARAT-2►)-PR 
GOTO 250

240 W03=W0(9)4((WO(11)+WM(11))-W0(9))*(ARAT-3.)-PR
W04-WO(10) + ((WO(12)+WM <12))-W0(10))*(ARAT-3,)-PR

C
C CALCULATE WO VARIATION DUE TO EFFECT OF THE OTHER WHEEL ON SAME GUIDE 
C
250 IFdJK.EQ.DGOTO 295

ARX=ARY
IF(ARAT.GE.0,0)ARY=(1.-ARAT)
IF<ARAT,GT,1,0)ARY=(2.-ARAT)
IF(ARAT,GT,2,0)ARY=(3,-ARAT)
IF(ARAT.GT,3,0)ARY=(4.-ARAT)
Y0NE=ARY*(1,-ARY>**2
YTW0=ARY**2*(ARY-1,)
X0NE=Y0NE-2,*YTW0+5,+4,*ARYXTW0=2,*Y0NE-YTW0+XXKlf5,+ARY
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CC CALCULATE COMBINED STIFFNESSES,CEK 
C

CEKi=AK*BK<1)/(AK+BK(1))
CEK2=CEK1
CEK5 = AK)KBK(2)/(AK+BK(2) )
CEK<S = CEK5
CS1=CST
CS2=CST
CS5=CSB
CS6=CSB
IFCTIME,EQ,0.0)PR=PREL/CEK1 
IF(N»LT,0)GOT0 340

C
C  CALCULATE WO VALUES AT THE WHEELS FROM VALUES AT THE BUNTONS 
C PR ARE EFFECTIVE DISPLACEMENTS DUE TO PRELOAD SPECIFIED,CALCULATED 
C AT THE FIRST BUNTON 
C
305 W01=<U0(3)+WM(3))+CWO<1>-(W0<3)+WM(3)))*DIST/A-PR

W02=(WO(4)+WM(4))+(WO(2)-(WO(4)+WM(4)))*DIST/A-PR 
IF(ARAT,GT.3,0)G0T0 240 
IF(ARAT,GT,2,0)G0T0 230
IF(ARAT* GT♦1.0)GOTO 220
W03=W0(3)f((W0(5)+UMC5))-W0(3))*ARAT-PR 
W04=W0(4)+((WO(6)+WM(6))-WO(4))*ARAT-PR
GOTO 250

220 W03=W0(5)+((WD(7)+WM(7))-W0(5))*(ARAT-1,)-PR
WQ4=W0 (6 )■+< (W0(8)+WM(8) )-W0(6) )*<ARAT-1 * )-PR
GOTO 250

230 W03-W0(7)+((WO(9)+WM(9 ))-W0(7))*(ARAT-2»)-PR
W04=W0(8)+(CW0(10)+WMC10))-W0(8))*(ARAT-2,)-PR 
GOTO 250

240 W03=W0 < 9)+((W0(il)+WM(11))-W0(9))*(ARAT-3.)-PR
W04=WO(10)+C(W0(12)+UM(12))-W0(10))*(ARAT-3,)-PR

C
C CALCULATE WO VARIATION DUE TO EFFECT OF THE OTHER WHEEL ON SAME GUIDE 
C
250 IF<IJK.EQ♦1>GOTO 295

ARX=ARY
IF(ARAT,GE,0,0)ARY=(1.-ARAT)
IF<ARAT,GT.1,0)ARY=(2,-ARAT)
IF CARAT,GT *2,0)ARY=(3«-ARAT)
IF(ARAT,GT.3,0)ARY=(4.-ARAT)
Y0NE=ARY*(1,-ARY)**2
YTW0=ARY**2*(ARY-1,)
XONE=YONE-2,*YTWO+5,+4,*ARYXTW0=2,*Y0NE-YTW0+XXKl+5.+ARY

\



XTHR=1++ARY
XF0U=X0NE-5.*XTHR+XXK1*XTHR
XFIV=XTW0-5.*XTHR-3.*XXK1*XTHR
RH=((Z1*Z6+Z7)*XF0U-(Z1*Z3+Z4)*XFIV)/Z9
RG=(XF0U-<Z2*Z3+Z5)*RH)/(Z1*Z3+Z4)
RE=Z1*RG+Z2*RHRD=(34.*RG+114.*RH-RE)/XXKl+8,*RE+10,*RG+80.5*RH+(3**RE-9,*RG+6.

0 *RH)*XXK1RC=(78»*RG+264,*RH-RD-6.*RE)/XXKl+2+*RD+ll,*RE-36.*RG+24,*RH
RF=0.-8»*RG-24,*RH-XXK1*RE+3.*XXK1*RG-2.*XXK1*RH
IF(ARAT.GT.3,0)G0T0 280 
IF(ARAT,GT.2,0)G0T0 270 
IF(ARAT,GT,1,0)G0T0 260BEGM=0.-A*(RD+2,*RE+3»*RFt4.*RG+5.*RH)
ENDM=0.-A*(RE+2,*RF+3,*RG+4,*RH)
BDEL=RC/CK2 
EDEL=RB/CK2 
GOTO 290

260 BEGM=0.-A*(RE+2.*RF+3.*RG+4.*RH)
ENDM=0.-A*(RF+2»*RG+3.*RH)
BDEL=RIi/CK2 
EDEL-RE/CK2 
GOTO 290

270 BEGM=0,-A*(RF+2,*RG+3.*RH)
ENDM=0,-A*(RG+2,*RH)
BBEL=RE/CK2 
EDEL=RF/CK2 
GOTO 290 ...

280 BEGM=0.-A*(RG+2,*RH)
ENDM=0.-A*RH
BBEL=RF/CK2
EBEL=RG/CK2

290 0WE=BBEL+(EBEL-BDEL)*DIST/A+(ENBM-2,*BEGM)/6.*A*BIST/EI+BIST**2/
8 EI*((ENDM-BEGM)/6,/A*DIST+BEGM/2.)

W01=W01+CX*0WE
W02=W02+DX*0WE
W03=W03+AX*0WE
W04=W04+BX*0WE

C
C CALCULATE WO VARIATION BUE TO WHEEL IRREGULARITIES . THIS VARIATION 
C IS ASSUMED TO BE A SINE WAVE ,
C

W01=W01+AMP*SIN(TIW1*PER)
W02=W02FAMP*SIN(TIW2*PER)
W03=W03+AMP*SIN(TIW3*PER)
W04=W04+AMP*5IN(TIW4*PER)
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C CALCULATE WVO VALUES;IE RATE OF CHANGE OF GUIDE POSITION 
C WV01=(WQ1-0W01)/DELT

WV02=(W02-OW02)/DELT
WV03=(W03-OW03)/DELT
WVO4=(WO4-OW04)/DELT
IF(DIST »6T « DX)GOTO 293WV01=WV01+WM(3)/GAP(3)
WV02=WV02+WM(4)/GAP(4)

293 IF(ARY.GT,ARX)GOTO 295
IF(RAT♦LT »1,0)MIM=3 
IF < RAT ♦ GE ♦1»0*AND*RAT *LT .2«0,)MIH=5 
IF(RAT * BE » 2.0.AND * RAT,LT,3,0)MIM=7 
IF < RAT * GE►3.0 »AND.RAT.LT.4,0)MIM=9 
IF(RAT.GE,4,0)MIM=11 
WV03=WV03+WM(MIM)/GAP(MIM)WV04=WV04+WM(MIM41)/GAP(MIM+1)

295 OUOi'-WOl
0W02-U02 
0WO3=W03 
0W04=W04

c WD1=XT(5,5)-W01
WD2=XT(5,5)+W02 
WD3=XT(6,5)-W03 
WD4=XT(6,5)+W04 
IF(WD1.GT,0,0)G0T0 310
CEK1=0*0
CS1=0.0

310 IF(UD2»LT >0 »0)G0T0 320
CEK2=0,0 
CS2=0*0

320 IF(WD3,GT,0,0)G0T0 330
CEK5=0♦0 
CS5-0 * 0

330 IF(WD4.LT,0,O)GOTO 331
CEK6=0,0
CS6=0,0

C CHECK FOR BOTTOMING OUT AND PUT WHEEL STIFFNESS EQUAL TO GUIDE 
C STIFFNESS IF IT HAPPENS 
C331 AKE1=BK(1)/(BK(1)+AK)AKE3=BK(2>/(BK(2)+AK)
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WD1X=WD1*AKE1 
WD2X=0,-WD2*AKE1 
WD3X=WD3*AKE3 
WD4X=0.-WD4*AKE3 
IF(WD1X.LT.WXX)G0T0 332 
CEK1 = BK(1)'
W01=W01+WXX

332 IF(WD2X,LT.WXX)G0T0 333 
CEK2=BK(1)
W02=W02+WXX

333 IF(WD3X,LT,WXX)G0T0 334 
CEK5=BK(2)
W03=W03+WXX334 IF(WD4X.LT,WXX)G0T0 340 
CEK6=BKC2)
W04=W04+WXX

C CALCULATE CONSTANTS,AE FOR USE IN EQUATIONS OF MOTION
Q
340 AE1=0.-CBB*(D4+D6/2,)+CBT#(D3+D1/2♦)

AE2=C51#Bl/2.+CS2*Dl/2,-CBT*(D3+Dl/2,>
AE3=CBB*(D4+D6/2»)-CS5*D6/2»-CS6*D6/2.AE4=CBT*(D3KD1/2»+D3**2)+CBB*(D4**2+D4*D6/2.) 
AE5=CEK3*(Dl/2.+D3)-CEK4*(D4+D6/2,> 
AE6=(CEKl+CEK2-CEK3)*Dl/2.-CEK3*D3 
AE7=CEK4*D4-(CEK5+CEK6-CEK4)*D6/2,
AE8=CEK3*(D3*Dl/2,+D3**2)+CEK4*(D4**2+D4*D6/2.)
AE9=Dl/2»*(CEK2*W02-CEKl*W01+CSl*WV01-CS2*WV02)+D6/^.*(CEKu*W03-

g CEK6*W04+CS5*WV03-CS6*WV04)
AE10=CBT+CBB
AEli=CBT*03-CBB*D4
AE12=CEK3+CEK4
AE13=CEK3*D3-CEK4*D4
AE14=CS1+CS2+CBT
AE15=0»-CBT*D3
AE16=CEK1FCEK24CEK3
AE17=0»-CEK3*D3AE18=CEK2*W02-CEK1*W01+CS2*WV02-CS1*WV01
AE19=CBB*D4
AE20=CEK4+CEK5+CEK6
AE21=CEK4*D4AE22=CEK6*W04-CEK5*W03+CS6*WV04-CS5*WV03
AE23=GS5+CS6+CBB
IFtN.OE*1)GOTO 395 
IF(N»GE,0)G0T0 393

C CALCULATE NATURAL UNDAMPED FREQUENCIES FROM THE EXPANDED DETERMINANT
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348 K=M+1

I Ilsiisiiiisllssj
6 M2/AM3/RI 

IFCM.GT, DGOTO 370 
FUNC=BE4
SSS=1»0

350 FUHF=C((SSS-BE1)*SSS+BE2)*SSS+BE3)*SSS+BE4
FUNR=FUNC/FUNF 
FUNC=FUNFSSS=SSS*1,05
IFCSSS »GT.1000000,0)GOTO 360 
IF(FUNR»LT,0,0)G0T0 360 
GOTO 350 

360 FREQ <I> M)-SSS
ETESTCI)=0,01*FREQ(I'M)
IF(I,EQ.4)G0T0 370 
1= 1+1  
GOTO 350 

37 DO 390 1=1'4IFfM.GT,1)FREQ(I? M) = (FREQ(I» <M-1))*6»2832)**2
380 DFa=(((FREQ(I^M)-BEl)*FREQ(I,M)+BE2)*FREQ(I,M)+BE3)*FREQ(I,M)+BE

8 SLOPE=((4,*FREQ(I'M)-3,*BE1)*FREQ(I'M)+2,*BE2)*FREQ(I,M)+BE3
CHFR=FREQ(I,M)
FREQ(I,M)=FREQ(I» M)”DFQ/SLOPE 
ESC=ABS(CHFR-FREQ(I'M))
IFCESC.GT.ETEST(I))GOTO 380 

385 FREQ(I,M)=SQRT(FREQ<I,M))/6,2832
390 5r h |(4!i2300>FREQ(1,H),FRED(2,M),FREQ(3,H),FREQ(4,M)
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DELT=2.5/FREQ(4,1)
OVER=DELT*VEL/A

GOTO 120
USE RUNSE-KUTTA FOURTH ORDER METHOD TO SOLVE EQUATIONS OF MOTION IN
FIRST FOUR TIME STEPS 
CALCULATE K VALUES

393 2=24-1
IFCZ,GE.5,0)G0T0 395 
IFtZ.EQ.1.0)DELT=DELT/20♦
Q=DELT/24*
DO 705 1=1,8 
ZT €1,1)=XT <1,5)

705 CONTINUE

6 ^ “ ^I^EK«z“ w;-AE««?-LJ>-AE2I«ZT(7,J,-AE22T0BB«T(l,J>
q -AE23*ZT(3,J)-AE19*ZT(8,J))/AM3 

ETC4,J)=ZT(1,J)
ET<5,J)=ZT(2,J)
ET{6,J)=ZT(3,J)

DO 700 1=1,8 
ZK<I,J)=DELT*ET(I,J)

700 CONTINUE
C CALCULATE NEW XT VALUES USING K VALUES

XT(I^6)=XT(I,5)+(ZK(I,l)+2,*ZK(I,2)42.*ZK(I,3)+ZK(I,4))/6.
710 CONTINUE

GOTO 410
C USE ADAMS-MOULTON PREDICTOR-CORRECTOR STEP-BY-STEP SOLUTION AFTER
C FOURTH TIME STEP 
C PREDICTED NEW XT VALUEb
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C
7,95 DO 400 1 = 1,8XT(I,6)=XT(I,5)+Q*(55»*DT(1,5)-59,*BT(1,4)+37»*DT(I,3)-9♦*DT(i, 0

0 ))400 CONTINUE
C CALCULATE NEW DERIVATIVE VALUES FROM SIMULTANEOUS EQUATIONS

 ̂ DT(3?6*=(CEK4*XT(4*6)-AE20*XT(6,6)-AE21*XT(7,6)-AE22+CBB*XT(1,6)
@ -AE23*XT(3,6)-AE19*XT(8,6))/AM3

DT(4,6)=XT(1,6)
DT(5,6)=XT(2,6)
DT(6,6)=XT(3,6)
DT(8^6) = (0»-AEl>!cXT< 1, 6)-AE2*XT(2,6)-AE3*XT (3,6)-AE4*XT(8,6)-AE5*

0 XT(4,6)-AE6*XT(5,6)-AE7*XT(6,6)-AE8*XT(7,6)-AE9)/RI
Cc CALCULATE CORRECTOR VALUES 
C

IF < Z »LT »5)GOTO 600
XTC1,1)=XT(I,5)+Q*(9»$DT(I,6) + 19*&DT(I;5)-5»&DT(1,4)+DT(I ? 3) )

420 CONTINUE
C CHECK ACCURACY OF CORRECTED VALUES
C

CHECKd)=ABS((ABS(XT(1,6)) + 0 ♦001)/(ABS(XT(1 ,1))+0.001)-1 . > 
XT(I,6)=XT(I,1)

4 30 CONTINUE
IF(JJ*EQ,10)GOTO 600 
JJ=J J-Fl 
DO 440 1=1,8
IF (CHECKd) , GT.O. 001) GOTO 410 

440 CONTINUE
C
C CALCULATE WHEEL LOADS AND ACCELERATIONS
C600 DO 640 1=1,8

IF(nTd?6) >GT, 200,0 ) GOTO 810
640 CONTINUE630 AX=CEK1*(XT(5,6)-W01)+CS1*(XT(2,6)-WV01)
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BX=0.-CS2*(XT(2,6)+WV02)-CEK2*(XT(5,6)+W02)
CX=CEK5*(XT(6,6)-W03)+CS5*(XT(3y6>-WV03)
DX=0.-CS6*(XT(3,6)+WV04)-CEK6*(XT(6,6>+W04)
PX=DT(3,6)HX=DT(1,6)-D4*BT(8,6)
GX=DT(1,6)
FX=DT(1,6)+D3*DT(8,6)
EX=DT(2» 6 >
YR=TIME
JWR=32
IF(DELT.GT,0.0007)JWR=16
IF(DELT,GT.0.0015)JWR=8
IF(DELT.GT.0.003)JUR=4
IF<BELT♦GT♦0.0075)JWR=2
IF(DELT.GT,0,015)JWR=1
IWR=(IJK/JWR)*JWR
IF(IJK*EQ,1)NPTS=0
IFtN.GE.l.AMD.U K . EQ.IWR)WRITE(1»14400)AX»BX»CXfDX»EX»FX»GX»HX# 

GPX,YR
IF(N .GE.1♦AND«IJK * EG♦IWR)NPTS=NPTS+1

MOVE ALL XT AND BT VALUES TO NEXT ARRAY POSITION FOR NEXT TIME STEP
DO 620 1=1,8 
DO c20 J=2,5 
XT(I,J)=XT(I,(J+1))
DT(I,J)=BT(I,CJ+i))

20 CONTINUE
TIME=TIME+DELT
IF(CS1.NE.0.)TIW1=TIW1+DELT
IF CCS2..NE . 0 « )TTW2=TIW2+DELT
IF(CS5.NE.0.)TIW3=TIW3+DELT
IF(CS6.NE.0,)TIW4=TIW4+DELT
IF<N»LE«NOB)GOTO 120
GOTO 800

IF ACCELERATION VALUES EXCEED 200 REDUCE ALL ACCELERATION,VELOCITY 
AND DISPLACEMENT VALUES BY A FACTOR OF 20 AND WRITE WARNING MESSAGE

810 DO 820 1=1,8
XT <I,6)=XT(I,6)/20»
DT(I,6)=DT(I,6)/20.
DO 820 J = 1 ,4 
ET(I,J)=ET(I,J)/20.

820 CONTINUE
W01=W01/20,
W02=W02/20.



U03=W03/20.
W04=W04/20,
WRITE(4 y14200)
WRITE(4,14300)TIME WRITE(4,14200)
GOTO 630

C
€ END OF LOAD AND ACCELERATION GENERATION 
C
800 CALL CLOSE<1)

DELT=DELT*JWR
WRITE(3,12345>DELTrVELyNOB 
WRITE(3,11111)NPTS 
CALL CLOSE < 3)
READ(2,801,END=803)(F(I),1=1,3)

801 FORMAT(3A2)
DO 802 J=3,5 
B(J)=F(J-2)
DCJ>=F(J-2)

802 ECJ)=FCJ-2)
CALL CLOSE C 2)
CALL CLOSE(4)
GOTO 7

803 STOP
11000 FORMAT C4F12.4)
11100 FORMATC 6F12.4)
11111 FORMATC17)
11200 FORMAT C 217)
11300 FORMAT C2F12*4>
11400 F0RMAT(5F12,4)
11500 FORMATC/,' BUNION NO,',16,8X,'GUIDE MISALIGNMENT C1N mms) '?2F

@8.2,' .-GUIDE MISMATCH CIN mms) #,2F8.2)
13100 F0RMATC//,12C'**********'),//)
12200 FORMATC17X,'UNDAMPED NATURAL FREQUENCIES'/)
12300 FORMAT C9X»4F11.2)
12345 F0RMATCF12.8,F12*4,I6)
12500 F O R M A T C 5 X , , 4 8 X , 'INPUT VALUES',48X,'*',/,5X,'*',48X,'*********

@***',48X,'*',/,5X,'*',108X,'*')
12600 F0RMATC5X,'*',108X,'*',/,5X,'*',5X,'MASS MOMENT OF INERTIA : RI

@ =',F8.2,65X,'*')
12700 F0RMAT(5X,'*',108X,'*',/f5X,'*',5X,'MASSES : CONVEYANCE BODY,AMI

@ =' , F8 » 2,' TOP TRANSOM,AM2 =',F8.2,' BOTTOM TRANSOM,AM3 = '?
@F8.2,3X,'*')

12800 FORMAT CSX,'*',19X,'BUNTON SPACING =',F6,3,' OVERALL CONVEYANCE
@ LENGTH =',F7.3,29X,'*')

12900 FORMAT CSX,'*',16X,'TOP TRANSOM DEPTH =',F7.3,' BODY TOP TO C.G
@, =',F7,3,' BODY BOTTOM TO C.G. =',F7.3,7X,'*',/,5X,'*',11X,' B
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BOTTOM TRANSOM DEPTH =',F7.3,66X,'*')
13000 F0RMAT(5X,'*',108X,'*',/,5X,'*',5Xr'DAMPING t STEELWORK S WHEELS

@ =',F7.2,' %',14X,'BRIDLE =',F7.2,' %',33X,'*')
13100 F0RMAT(5X,'%',8X,'STEELWORK i GUIDE INERTIA =',F8*2,9X,'BUNT0NS

(?=' ,F12.2,35X, )
13200 F0RMAT(5X,'*',21X,'WHEEL SPRING =',F12.2,' BRIDLE TOP ='*F12.2,

0' BRIDLE BOTTOM =',F12.2,6X,'*')
13300 F0RMAT(5X,'*';108X,'*';/;5X,'*',5X,'HOISTING SPEED i VEL

0 =',F5.1,68X,'*')
13400 F0RMAT(5X,'*',108X,'*';/,5X,'*',5X,'WHEEL PRELOAD i PREL

0 =',F6.1,67X,'*')
13500 FORMATC26Xj'(TVE IS OUTWARD DISPLACEMENT)',/)
13600 F0RMAT(5X,'*',108X,'*',/,5Xf'*',5X,'LINEAR DIMENSIONS :',84X,'*'

0)
13700 F0RMAT(5X,'*',108X,'*',/,5X,'*',5X,'STIFFNESS VALUES :',85X,'*')
13800 F0RMAT(5X,'*',108X,'*',/,5X,'*',5X,'WHEEL DIAMETER = ',F5,3,20X,

0'WHEEL IRREGULARITY AMPLITUDE = ',F6.4,24X,'*')
14100 F0RMAT(5X,'*',108X,'*',/,5X,'*';5X,'WHEEL CLEARANCE t CLEAR

0 =',F5.3,10X,'SPRING TRAVEL t WXX =',F6*3,29X,'*')
14200 FORMAT(SOX,'UNSTABLE SYSTEM!!!')
14300 FORMAT(40X,'ACCELERATIONS, VELOCITIES S DISPLACEMENTS DIVIDED BY

0 20,0 TIME=',F8.2)
14400 FORMAT(10F11,3)
50000 FORMAT(//,T20,80(' = '),/,T20,20A4,/,T20- 80(' = '),/)

END
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E. 3 Programme DATAPL

This programme plots DISCS or measured results. The
input to this programme is initially interactive, being 
free format in response to questions.

(i) Filename to plot. This is the six letter file­
name specified for DISTAT and DISCS as well (A)

(ii) Total number of channels and highest wheel load
channel. For plotting a DISCS run these are 9 
and 4, and for plotting measurements, the response 
is any number up to 9 for the total channels 
sampled and up to four for the sampled wheel loads.
(NOCHN, IWH)

(iii) Number of channels to be plotted. This is up to 
four channels on one page (NPL)

(iv) Value to plot and number of plot on the page.
This gives the channel number and the position on 
the page, which is 1 at the top to 4 at the bottom. 
(JB, JC). This is repeated for each channel to
be plotted.

(v) Start time and time scale. This gives the section
of the record which is plotted. (TIME, SCALE)

(vi) Vertical scale and minimum value. This is half
the peak to peak value to be plotted and the
minimum value on the plot. If the scale is given 
as zero, a scale is calculated by the programme.
These values are given for each channel plotted. 
(SCALE, VMIN)

The two output files from DISCS or CALIB are also 
read as input to this programme.

\



After plotting each channel the computer will 
pause, and RES must be typed to resume plotting.

Once all channels have been plotted more inter­
active input is required to either stop or 
continue plotting.

(vii) More Plots. Response is:

1 - for more plots, return to (vi) above, with 
same time scale, and start time set to end t^me 
of previous plot.
0 - to stop.
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PROGRAMME DATAPL : Listing

C
C THIS PROGRAMME PLOTS VALUES OF WHEEL LOADS AND/OR ACCELERATION 
C GENERATED BY DISCS OR MEASURED»
C N,B ♦ 3 EXTRA BUFFERS ARE NEEDED TO RUN THIS PROGRAMME, THUS i
C 1 - $F4PC (TO COMPILE)
C 2 - >TKBC TKB>DATAPL/CP/FP=DATAPL»LINE,AXIS,LBJC101,IDPLOTEX/LB,
C LB:[11,37]F4P0TS/LB
C TKB>/
C ENTER OPTIONS♦
C TKB>ACTFIL=6
C TKB>//
C > (LINKING COMPLETED)
C

DIMENSION VAL(2»14)» X(1270),Y (1270),SCALE(4),VMIN(4)
LOGICAL*! A(13),B(15)
INTEGER*4 I SAMP,J,ISA,L 
INTEGER C(80),JB(4),JC(4)

C
C INTERACTIVE INPUT AND INPUT FROM FILES CREATED BY DISCS OR CALIB 
C

TYPE 1
1 FORMAT(' FILENAME TO PLOT ?')

REAIKS,2) (A(I) , 1=5,10)
2 FORMAT(6A1)

TYPE 18
18 FORMAT(/ TOTAL NO OF CHANNELS & HIGHEST WHEEL LOAD CHANNEL ?')

ACCEPT *,NOCHN,IWH 
N0CHN1=N0CHN+1 
TYPE 3

8 FORMAT( , NO OF CHANNELS TO PLOT (MAX 4) ?')
ACCEPT *,NPL
TYPE 3

3 FORMAT(* VALUE TO PLOT % NUMBER OF PLOT ON PAGE ?')
DO ? IPL=1,NPL

9 ACCEPT *,JB(IPL),JC(IPL)
DATA A(1),A(2),A(3),A(4)/'D','L',
DO 4 1=1,10

4 B(I)=A(I)DATA A(11),A(12),A(13),A(14),A(15)/'2','.','D','A','T'/
DATA B(11),B(12),B(13),B(14),B(15)/'3','.','D','A','T'/
CALL ASSIGN(1,B ,15)
READ(1,5)(0(1),1=1,80)

5 FORMAT(80A1)
TYPE 6

6 FORMAT( ' START TIME & TIME SCALE (1/10 OF RANGE) ?' >



ACCEPT *,TIME,TSCALE 
READ ClrlOOO)DELT »QiMM 
READdr 1200)ISAMP 
CALL CLOSE(1)
M0RPL=0
CALL ASSIGN(i r A »15)

7°Z FORMAT(' VERT SCALE S MIN VALUE? <SCALE=0. FOR AUTO SCALING)')
DO 10 IPL=1iNPL10 ACCEPT $,SCALE(IPL)fVMIN(IPL)
TIME1=0»0DT=33.*TSCALE/3800.'
CALL ASSIGN(2,'DL01FL0T2.DATiV,1 5)
CALL ASSIGN(3,'DL0:PL0T3.DAT,1 fIu )ŝoSikis (. 4o kva i<n: i-i tio,
IF(DT»LT,DELT)DT=DELT
IF(M0RPL,EQ,0)J=TIME/DELT
ISA=10*TSCALE/DELT
IF(ISA.GT*ISAhP)ISA=ISAMP
K=ISA-1IF < J »GT . 50 ) K=K4-50 
IF(J.GT.50)J=J-50

C DO 130 L=1,J 
130 R E A D ( 1f1100)VALDUH

READ(If 1100)(VAL(2iM)>M = 1 tN0CHN1)
DT1=VAL(2fN0CHN1)-TIHE1-TIHE 
IF(DT1.LT,0,)G0T0 120
X U A ! ™ ” M n ,-<VAL<2,JB(l,.-VAL<l,JB<l,,./=ELT»T1
IF<NPL,LE,1)G0T0 203 
IF(NPL,LE.2)G0T0 202
X « < 2 : ] B % - W A L ( 2 , J B , 4 ) ) - V A L ( 1 , J B ( 4 ) ) ) / D E L T » T 1  

201 XR” v A U 2 “ ^3n-<VAL(2,JB (3,)-VAL(.,JB(3,>)/DELTtoTl

202 XP^VALl^iM2))-<VAL(2,JB(2)>-VAL<l,UB(2)))/BELT«Tl
WRITE(4f I U D X P L  

203 TIME1=TIME1+DT
JA=JA+1



120 DO 110 II=1,N0CHN1
VAL(1,II)=VAL(2,II)

110 CONTINUE
JA=JA-1 
CALL CLOSE(2)
CALL CLOSE(3)
CALL CLOSE(4)CALL ASSIGN(4 >'PL*',3)
CALL PLINIT(1)
CALL PLON

C
C THE FOLLOWING LOOP PLOTS THE CURVES INDIVIDUALLY - ONE CURVE IS 
C PLOTTED EACH TIME THE LOOP IS COMPLETED,
C

DO 300 IPL=1,NPL 
IF(IPL>EQ,1)GOTO 301IFCIPL*EQ*2)CALL ASSIGN(2r yDLOtPL0T4.DAT?1'?15) 
IF(IPL,EQ*3)CALL ASSIGN(2,"DLOtPL0T3.DAT?1'»15)
IF<IPL»E Q ,4)CALL ASSIGNC2»'DLO♦PL0T2♦DAT »1'»15)
DO 302 IJA=1,JA

302 READ C2>illl)X(IJA)
301 Z2=VMIN(IPL)

Z1=Z2+2.*SCALE(IPL)
IFCSCALE(IPL)»NE,0,0)GQTO 303 
CALL MINVAL(X,JA,Z2)
CALL MAXVAL(X,JA,Z1)
Z3=ABS(Z2>
DO 200 L=l,13 
AK=7.-L
Z1Z=Z1/10,**AK 
Z3Z=Z3/10,**AK 
IF(Z1Z,GE.1,)GOTO 210 
IF(Z3Z,GE,1,)GOTO 210 

200 CONTINUE
210 lZlZ=(Z!Z/2+l)

Z1=2.*IZ1Z*10,**AK
IFCZ3,EQ,0,0)Z3=0.00001
IZ3Z=(Z3Z/2-l*(Z2/Z3))
Z2=2.*IZ3Z*10,**AK*Z2/Z3

303 IF(Z1,GE,0,0)Z1A=Z1*1.25 
IF(Z1,LT,0,0)Z1A=Z1*0,75 
1F<Z2,LT,0,0)Z2A=Z2*1.25 
IF<Z2,GE,0,0)Z2A=Z2*0,75
IFCIPL.GT.1>PAUSE /5 WHEN PLOTTER STOPS TYPE 8 RES * TO RESUME' 
CALL DWIND0(TIME-TSCALE,10.*TSCALE+TIME,Z2A,Z1A)
IFCJC(IPL).EQ »1)CALL TWIND0(200,4000,2140,2755)
IF<JC(IPL),EQ.2)CALL TWINDO(200,4000,14S5,2100)
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300

1F( JC( IF'L) .EQ,3)CALL TWIND0(200, 4000,830,1445)
IF( JC(IF'L) .EQ.4)CALL IWINDQ (200,4000 , 175, 790) 
CALL LINE(Y,X,JA)
CALL MOVEACYCJA),0.0)
CALL DRAWA(TIME,0.0)
SCALE(IPL)=<Z2-Zl)/2.
IF (I PL . EQ ♦ 2 . OR . NF'L ♦ EQ . 1) CALL AXIS (TI ME, Z2, 0 . , ' 
) ',11,TSCALE,SCALE(IPL),10)
IF(JB(IPL).LE.IWH)CALL AXIS(TIME,Z2,90,,'W 
',12,SCALE(IPL),TSCALE,2)IKJB(IPL) .6T.IWH)CALL AXIS (TIME, Z2, 90 . , A 
',12,SCALECIPL),TSCALE,2)
CALL CL0SEC2)
CONTINUE
CALL PLCHAR(35,60)

DWINDO(0,,10.,0.,10.)TWINBO(200,4000,50,120)
M0VEAC1.,-4.)
A10UTCS0,C)

T I M E ( s e c
L O A D  ( k N )

C C E L ( m / s

CALL
CALL
CALL
CALL
TYPE

501

1000
11001200
1111

501
FORMAT(' IF MORE PLOTS ENTER 1 OTHERWISE 0 
ACCEPT *,MORPL 
J=1
ISAMP=ISAMP-JA
TIME=MAL(2,N0CHN1)+DELT 
CALL CLOSE(4)
IF<MORPL♦EG♦1)GOTO 502 
CALL CLOSE(1)
CALL PLOFF
FORMAT(3X>FI 2.4,FI2.4,16)
FORMAT(<NQCHN1>F11»3)
FORMAT C17)
FORMAT(1X,F11.3)
END

> \

C
Cc

100

THIS SUBROUTINE CALCULATES THE MAXIMUM VALUE ON THE CURVE
SUBROUTINE MAXVAL(X ,1,A )
DIMENSION X U )
A=X(1)
K=I~20
DO 100 J=1,K,10A=AMAXl(A,X(J),X(J+l),X(J+2),X(J+3),X(J+4),X(J+5),X(J+6),X(J+7),
X(J+8),X(J+9))
RETURN 
END
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THIS SUBROUTINE CALCULATES THE MINIMUM VALUE ON THE CURVE
SUBROUTINE MINVAL(X,I,A)
DIMENSION X(I)
A=X(1)
K=I-20
DO 100 J=1,K,10100 A=AMIN1(A,X(J),X(J+1),X(J+2),X(J+3),X(J+4),X(J+5),X(J+6),X(J47),

e X(Jt8),X(J+9))
RETURNEND

X
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100

SUBROUTINE LINE(X,Y,I)
DIMENSION X(I),Y(I)
CALL M0VEA(X(1),Y(1))DO 100 J=lfI
CALL DRAUA(XCJ)»Y(J))
RETURNEND
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SUBROUTINE AXIS ( X A , Y A , BEG,TITLE,ITLEN,SCALED,SCALEA,J)

X A ----
Y A   Y
b e g ---

x CO-ORDINATE OF THE START OF THE AXIS
ANGLE OF THE AXIS ANTICLOCKWISE FROM THE HORIZONTAL
CAN ONLY BE 0.» 90.r 180*

TITLE —  OUTPUT HEADING (MAX LENGTH 72)
LETTERS MUST BE SEPARATED BY BLANKS 

ITLEN -- NO OF LETTERS IN TITLE
SCALES - ™ E ?TSe O N J H E nAXIS FROM THE

POSITIVE ' " CLOCKWISE
SCALEA - LENGTH OF THE INCREMENT LINE

RELATES TO THE SCALE OF THE OTHER AXIS 
j ____—  NO OF INCREMENTS ON THE AXIS

AA=0,
X=XA
Y=YA
A=ABS(SCALEA)
IF(SCALED.GT.O.)A=0*-A
IF CSCALEB.GT.0♦)AA=A/2.
SCALE=ABSX-SCALEB)
CALL RROTAT(DEG)
CALL.LINROT(DEG)

DO 10 K=1,13 
AK=K-7.
GK=G/10.**AK
IFCGK.LT.10.)GOTO 11

10 CONTINUE
11 MIH=ABS(AK)+1 

IREF=0
IF(G.GE »2.,AND.G.LE.100,)IREF = 1
IF(IREF.EQ.0)REF<3)=D0T
RAF(5>=NUM(MIH)



100

AS 8

IF(DEG,GT,89,0*AND,DEG,LT,91.0)AX=Y/10,#*AK 
IF(D E G t G T .179♦0*AND*DEG.LT.181+0)AX=X/10 + **AK 
XSC=SCALE/10.**AK
XDR=AX-XSC
CALL DRAWR(SCALE*J,0.)
CALL M0VER(-SCALE*J,0.)
CALL F'LCHAR (25 > 48 )
J1=J+1
IF(BEG.6T»-l,0,AND,DEG,LT,l,0)X=X-SCALE 
IF(DEG,GT,89*0,AND,DEG,LT,91,0)Y=Y-SCALE 
IF(BEGiGT.179,0,AND.BEG,LT,181*0)X=X+SCALEDO 100 JI=1,J1
REF(1>=NUM(11)
IF(BEG,GT,-1,O.AND,DEG,LT,1,0)X=XFSCALE 
IF(BEG.GT,89,0.AND,DEG♦LT.91,0)Y=Y+SCALE 
IF(DEG,GT,179,0,AND,DEG,LT,181,0)X=X-SCALE CALL MOVEACXfY)
CALL DRAWR(0,0,A)
CALL HOOER(-0,2*3CALE» A + AA)
XDR=XDR+XSC
IF (XDR,LT.0)REF(1)=NUM(12)
IXA=(ABS(XDR)f0,05)
IF(XDR,EQ,0.0)IX=0
IF(XDR,HE.0,0)IX=IXA*(XDR/ABS(XDR))
IF(IREF+EQ,0)REF(2)=NUH(IXAfl)
IXA=(ABS((XDR-IX)*10)+0,5)
IF(IREF,EQ,0)REF(4>=NUM(IXA+1)
IF(IREF,EU.1)CALL REFER(REF,XDR,AK,NUM)CALL A10UT(4,REF)
CONTINUE
CALL MOVEA(XA,YA)
CALL MOVER(0,/A*4,)
CALL A10UT(ITLEN,TITLE)
IF(IREF,EQ.O)CALL A10UT(5/RAF)
CALL RROTAT(0,)
CALL LINROKO, )
RETURN
END
SUBROUTINE REFER(REF,XDR,AK,HUM)
INTEGER REF(4),NUM(13>
X=ABS(XDR)*10,**AK+0.5
I=X/100
REF(2)-NUM(I+1)
IF<I,EQ.0)REF(2>=REF(1)
IF(I,EQ,0)REF(1)=NUM(13)
X=X-100.*I
I=X/10

\



RE F (3 > =NUM(1 + 1> 
X=X-10.*I
I = X
R E F (4)=HUH(1+1)
RETURN
END



E.4 Programme SAMPLER
This programme is used to sample measured data from the 
tape recorder at a rate of up to 200 hz. Up to 14 
channels can be sampled almost simultaneously,

The input for this programme is interactive and analogue 
signals.

(i) Data filename. This is a six letter filename
which will be used for all analysis or this data. 
(AA)

ii) Number of samples per channel and number of 
channels. (ISAMP, NCHN)

iii) Sampling rate. This is give n hz. (RATE)
Sampling starts immediately v .s rate is accepted 
and continues for the specified number of samples.
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ppnn-RAMME SAMPT'ER : Listing

C
C
c

1
2

3 
7
4

C
C
C
5

6
C
C
C
C

C

IMPLICIT INTEGER (A-W)
INTEGERS* ISAMP
DIMENSI0N"BUF(1024,8^, IOSB(_)

XKXTIALIZE THE IBUF ARRAY FOR THE A/D EWEEP  ̂ ^

BO 3 1=1>5 AA(I+10)=BB(I)
DO 7 1=1>4

OF SAMPLES PER CHANHEL AND NO OF CHANNELS T M

NBUF=FL0AT^ISAMP>/102A,*FL0AT(NCHN)+1•

SET THE CLOCK RATE AND PRESET FOR THE SHEEP

FORMAT(' SAMPLING RATE ?'>
ACCEPT *'RATE

SIIISE:   __
T„XS IS I N P U T , SC RELEASE ALL DUFFERS TO SERVICE 
ROUTINE

START^THE^SWEEP.USE 10=4 WORD BUFFERS, SAMPLE FOREVER
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C EVENT FLAG 30, NCHN CHANNELS (0),
C

CALL ADSWP (IBUF, 1024, -1, 0, IF'RSET,
* 30, 0, 0, NCHN)C

C HERE WE COULD CHECK THE I/O STATUS BLOCK TO ENSURE
C THAT THE SWEEP IS ACTUALLY RUNNING
C

WRITE (5, 910) I0SB(1)

IBFCNT=0
C
C THIS IS THE TOP OF THE DATA PROCESSING LOOP,WE
C WAIT FOR A BUFFER TO BE COMPLETED,AND THEN WRITE
C THE BUFFER INTO A DATA FILE - UNFORMATTED
C
10 IBUFNO = IWTBUF (IBUF , 30)4-1

C
C IWTBUF WILL RETURN A POSITIVE NUMBER
C AS LONG AS THERE IS A BUFFER OF DATA AVAILABLE
C IF RESULT IS -1,WE PROBABLY HAD DATA OVERRUN, SO STOP
C

IF (IBUFNO ,LE, 0) GOTO 100 
IBFCNT=IBFCHT+1
WRITE (1) <BUF(I,IBUFNO), 1=1,1024)
IF(IBFCNT,GE,NBUF)GOTO 200

C
C RELEASE BUFFER FOR SERVICE ROUTINE TO REFILL
C

CALL RLSBUF(IBUF,IND,IBUFNO-1)
IF (IND >NE, 1) GOTO 400 
GOTO 10 

100 WRITE (5, 904)
WRITE(5,900)I0SB(1),IBFCNT 
GOTO 500 

200 CALL STPSWP(IBUF,0?IND)
IF(IND,NE,1)GOTO 300 
WRITE<5»901)
WRITE(5,900)I0SB(1),IBFCNT 
GOTO 500 

300 WRITE(5,902)
WRITE(5,900)I0SB(1),IBFCNT 
GOTO 500

400 WRITE (5, 903) IBUFNO-1, IBFCNT
500 CL0SE(UNIT=1)

CALL ASS IGN(1,AA,15)
CALL ASS IGN(2,'DLi{C2 »41SAMPLER.DAT ?1',22)
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510

600

900
901
902
903

904
910
930

READ(2,END=600)(BUF(I,1),1=1,1024)
WRITE(l)(BUF(1,1),1=1,1024)
GOTO 510
WRITE(1)(BUF(1,1),1=1,1024)
CALL CLOSE(l)
CALL CLOSE(2)

« 7 ^ F<BSFis'')PE,iATI0N C0NPLETE MITH STATUS',14,' AFTER WRITING',
F0RMAT(5X,'OPERATION COMPLETED SUCCESSFULLY')
FORMAT<5X,'SWEEP STOP ERROR')

0,' R S M ^ 5^ /BUFFER NOT RELEASED AFTER FILLING',17,' BUFFE'
FORMAT(5X,'NO MORE BUFFERS TO BE EMPTIED')
FORMAT (' SWEEP STARTED WITH STATUS =', 14)
FORMAT (3214)
END



E.5 Programme CALIB

This programme reads the unformatted output from 
SAMPLER, applies the correct scale factor and zero, 
and writes, in engineering units into a properly 
formatted file.

The output is initially interactive, requesting the 
following:

(i) Number of files to be converted. This is 
simply the number of data files created in 
sampling one set of tests. (IFXL)

(ii) Heading. This is the first line of all sub­
sequent files to identify them, and is used on 
all outputs. (HEAD)

(iii) Data filename. This is the basic filename 
used on all analysis. (A)

(iv) Number of channels, samples each, buntons, time 
step and velocity. These are the number of 
channels sampled, the number of samples in each 
channel, the number of buntons passed in the 
section sampled, the time step between samples, 
and the hoisting velocity (NCHN, ISAMP, IBDNT, 
DWELL, VEL)

(v) Zero values and scale for each channel. These 
must be given in A/D convertor units i.e.:

4096
2048

0

+5 volts 
0 volts 

-5 volts
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The values used here can be calculated, or obtained 
from the programme INIT.

The programme then reads the output file from 
SAMPLER, scales it and corrects for zero and then 
writes two new datafiles in the same format as the 
DISCS output files.



Rep
eat

 '
for

 
all

Flowchart for CALIB

Write Heading & Basicinformation to Files

' Correct for Zero and Scale and Arrange Data . into correct channels_

Write to File
O

STOP

Read Input

Read Data Block

Assign Logical Unit Numbers



PROGRAMME CALIB : Listing
A68

DIMENSION D A T A A (15),D A T A B (15),I D A T (15),J D A T (1100),Z E R O (14) 
DIMENSION SCALEC14)
INTEGER*4 ISAMP , HEAD ( 20, 20 ) , JSAMP ,
LOGICAL*! A(20,15),B(15),P(15),D(5),E(5),G(u),H(lu),AZ(4)
TYPE 15

15 F O R M A T ( ' NUMBER OF FILES TO CONVERT ?')
ACCEPT *,IFIL
DO 16 J I = 1 ,IFIL 
TYPE 1313 F O R M A T (' ENTER HEADING (80 CHARS)')
R E A D (5,14)(HEAD(JI,IH),IH=1,20)

14 F O R M A T (2 0 A 4 )
TYPE 1

1 FO R M A T (' DATA FILENAME ?')
16 READ(5,2)(A(JI,I),I=5,10)
2 F O R M A T (6 A 1 )

DATA AZ /'D','L',
DATA D / M ' f ' . ' f ' D ' f ' A ' r ' T ' /
DATA E /'2','.','D','A','T'/
DATA G /'3','»','D','A','T'/
DO 25 K L = 1 ,4 
B(KL)=AZ(KL)
H(KL)=AZ(KL)

25 P (K L )= A Z (K L )
TYPE 4

4 F O R M A T (' NO: CHANNELS,SAMPLES EACH,BUNIONS I TIME STEP,VEL ?')
ACCEPT *,NCHN,ISAMP,IBUNT,DWELL,VEL 
NCHN1=NCHN41 
TYPE 7

7 FOR M A T (' ZERO VALUES AND SCALES FOR EACH CHANNEL ?')
DO 8  1=1,NCHN

8  ACCEPT * » ZEFiC (I ) , SCALE (I )
JI = 117 DO 3 1=5,10 
B(I)=A(JI,I)
H(I)=A(JI,I>
P(I)=A(JI,I)
IF(I.EQ.10)G0T0 3 
P(I + 6)=D(I-4)
B(I+6)=E(I-4)
H(IP6)=G(I-4)

3 CONTINUE
CALL A S S I G N (1,P ,15 >
CALL ASSIGN(2,B,15)
CALL ASSIGN(3,H,15)
W R I T E (2,14)(H E A D (J I ,IH ) ,IH = 1 ,20)



100

9

10

11

110

200
1000
1100
1200
1400
1500

W R I T E ( 3 r14)(H E A D (J I ,IH),IH=1,20)
WRITE(3»1 4 0 0 )DWELL»VELiIBUNT
BATAA(NCHN1)=0,0
IA = 1
16=1024
JSAMP=1
R E A D (1 >ERR = 200)(JDAT(I)»I = IA>IB)
ICHN=IB/NCHN
DO 10 1=1»ICHN
K=(I-1)*NCHN
DO 9 J=1,NCHN
ADAT=(F LT16(JDAT(K+J))-ZERO(J ))/SCALE(J) 
DA T A A (J )=ADAT
WRITEC2?1100)<D A T A A (I I ),II=1,NCHN1)
DATAA(NCHNl)=DATAA(NCHHl)fDWELL 
JSAHP=JSAHP+1
IF(JSAMP»GT*ISAMP)GOTO 110
CONTINUE
IC=ICHN*NCHN
IA=IB-IC
DO 11 1=1,IA
JDAT(I)=JDAT(IC+I)
IA=IA + 1 
IB=IAT1023 
GOTO 100 
CALL C L O S E <1)
CALL CLOSE < 2)
JSAMP=JSAMP-1 
W R I T E ( 3 f 1500)JSAMP 
CALL CLOSE < 3)
JI=JI+1
IF.CJI »LE*IFIL)GOTO 17 
STOP
WRITECS,1200)JSAMP
GOTO 110 
F O R M A T (3214)
F0RMAT(<NCHN1>F11.3)
FORMAT(5X,'READ ERROR AT SAMPLE NO ',17) 
F0RMAT(F12.8,F12.4,I6)
FORMAT <17)
END



E,6 Programme INIT

This programme samples slowly, any specified channels.
It is used to calculate zero correction and scale factors 
for sampled data.

The input is:

(i) Sampling time and number of channels. The 
sampling time should be 0,3 to 0,7 seconds 
usually. (ZDWELL, NCHN)

The A/D convertor then reads the specified channels 
and the values are displayed on the terminal for 
as long as desired.



Flowchart for INIT

*o
•P

4-> JO<o

Read Analogue Input

Write Output to Terminal

Input Rate and Channel Information

Set A/D Convertor Using Standard Routines

Initiallize and Set Buffers
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PROGRAMME INIT : Listing

IMPLICIT INTEGER (A-W)
DIMENSION BUF(308,8), IBUF (40), I0SB(2)
EQUIVALENCE (I B U F (1) ,I 0 S B <1)>C

C INITT >IE THE IBUF ARRAY FOR THE A/D SWEEP
C

CALL SETIBF (IBUF,IND, ? B U F (1,1), B U F (1,2), BUF(1,3), 
* B U F (1,4), BUF(1,5), BUF(1,6), BUF(1,7), BUF(1,8))

WRITE (5, 900)
READ (5, *) Z D W E L L ,N C H N •
IF(NCHN,EQ. 1)JJB=22
IF(N C H N ►E Q , 2)JJB=44
IF(NCHN,EQ, 3)JJB=66
IFCNCHN.EQ, 4)JJB=88
IF(N C H N .EQ. 5)JJB=110
IF(NCHN * E Q . 6)JJB=132
IF (NCHN » E Q , 7)JJB = 154
I F (NCHN * EQ » 8)JJB = 176
IF(NCHN,EQ. 9)JJB=198
IF< NCHN.EQ * 10)JJB=220
IF(NCHN,EQ,11)JJB=242
IF(NCHN»EQ,12)JJB=264
IF (NCHN * EQ * 13)JJB=286
IF (N C H N .E Q ,14)JJB=308
CALL XRATE(ZDWELL,IRATE,IPRSET,0)

C
C SET THE CLOCK RATE AND PRESET FOR THE SWEEP

CALL CLOCKA (IRATE, IF'RSET, IND)
C
C THIS IS INPUT,SO RELEASE ALL BUFFERS TO SERVICE
C ROUTINE
C

CALL E'LSBUF (IBUF,IND, 0,1,2, 3,4,5,6,7)
C
C START THE SWEEP,USE SPECIFIED SIZE BUFFERS, SAMPLE
C FOREVER, EVENT FLAG 30, SPECIFIED CHANNELS (0),
C

c
c

CALL ADSWP (IBUF, JJB, -1, 0, IPRSET, 
* 30, 0, 0, NCHN)

C HERE WE COULD CHECK THE I/O STATUS BLOCK TO ENSURE
C THAT THE SWEEP IS ACTUALLY RUNNING

WRITE (5, 910) I0SB(1)



c
c
ccc
10
c
ccc
c

ccc

900
910
920
931
932
933
934
935
936
937 
93W
939
940
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IBFCNT=0

THIS IS THE TOP OF THE DATA PROCESSING LOOP,WE
WAIT FOR A BUFFER TO BE COMPLETED,AND THEN DUMP 
THE BUFFER TO THE SCREEN

IBUFNO = IUTBUF(IBUF, 30)41

IWTBUF WILL RETURN A POSITIVE NUMBER
AS LONG AS THERE IS A BUFFER OF DATA AVAILABLE
IF RESULT IS -1,WE PROBABLY HAD DATA OVERRUN ? SO STOP

IF (IBUFNO »LE. 0) STOP 
IBFCNT=IBFCNT41 
WRITE (5,920) IBFCNT
IFCNCHN.EQ. 1)WRITE(5,931>(BUF(I,IBUFNO),1=1,JJB) 
IF(NCHN.EQ, 2)WRITE(5,932)(BUF(I,IBUFNO),1=1,JJB) 
IF(NCHN,EQ, 3)WRITE(5,933)(BUF(I,IBUFNO),1=1,JJB) 
IF(NCHN,EQ, 4)WRITE(5,934)(BUF(I,IBUFNO),1=1,JJB) 
IF(NCHN,EQ, 5)WRITE(5,935)(BUF(I,IBUFNO),1=1,JJB) 
IF(NCHN,EQ, 6)WRITE(5,936)(BUFd,IBUFNO),1=1,JJB) 
IF(NCHN » EQ, 7)WRITE(5,937)(BUF(I,IBUFNO),1 = 1,JJB) 
IF(NCHN,EQ, 8)WRITE(5,938)(BUFd,IBUFNO),1=1,JJB) 
IF(NCHN,EQ, 9)WRITE(5,939)(B U F d ,IBUFNO),1=1,JJB) 
IF(NCHN,EQ,10)WRITE(5,940)(BUFd,IBUFNO),1=1,JJB) 
IF <NCHN*EQ.11)WRITE(5,941)(BUFd,IBUFNO),1 = 1,JJB) 
IF< NCHN,EQ.12)WRITE(5,942)(BUF(I,IBUFNO),1 = 1,JJB)
^<NCHN,EQ,13)WRITE(5,943)(BUFd,IBUFNO),1=1,JJB)
IF(NCHN.EO.14)WRITE(5,944)(BUFd,IBUFNO),1=1,JJB)

RELEASE BUFFER FOR SERVICE ROUTINE TO REFILL

CALL RLSBUFdBUF, IND,IBUFN0-1)
GOTO 10
FORMAT (' ENTER SAMPLING TIME, NO OF CHANNELS:', $) 
FORMAT d  STATUS IS =', 14)
FORMAT (' DUMP OF BUFFER NUMBER ',15,/)
FORMATdX, 117)
F0RMAT(1X,2I7>
FORMATdX,317)
FORMATdX, 417)
FORMATdX,517)
FORMATdX, 617)
FORMATdX,717)
FORMATdX,817)
FORMAT(IX,917)
FORMATdX, 1017)
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941 FORMAT <1X/11I5)
942 FORMAT(1X»12I5)
943 FORMAT(IXf1315)
944 FORMAT(1X>14I5)

END



E.7 Programme DYNMAG

This programme calculates areas of high dynamic magni 
fication, in accordance with both the CSIR and German 
methods mentioned in the text of this report.

The input is all interactive.

(i) Enter rotational inertia, mass, and (wheel) spring
stiffnes. (RI, AM, SS)

(ii) Enter conveyance length, i.e. the overall length
between wheels. (Z)

(iii) Enter the guide inertia and bunton stiffness.
(GI, BS)

(iv) Enter the distance from the centre of gravity to
the bottom of the conveyance. (AL)

(v) Enter damping ratio as percentage. This should
usually be entered as 1 or 2. (CS)

(vi) Enter '1' for CSIR and German, or 'O' for German
only. This simply refers to the method by which 
the areas of magnification are calculated. (ICG)

The output from this programme is in the form of a graph 
of hoisting velocity against bunton spacing, on which 
the areas of dynamic magnification are plotted.



Flowchart for DYNMAG

Plot Axes

(increment Velocity)

Calculate CSIR Magnification ,

bonification

Yes

/Sy Yes Vel< 50

Solve German Equation

Increment Bunton 
Spacing____

Yesunt SP„<10,5

ICG = 2

STOP

Initiate

Plot Position

Plot solutions

Read Interactive Input

Initiate Plotting and Plotting position



PROGRAMME DYNMAG : Listing
All

T H I S  P R O G R A M M E  CALCULATES D Y N A M I C  M A G N I F I C A T I O N  IN 
A C C O R D A N C E  W I T H  C S I R  R E P O R T  M E G  7 0 6 »

D I M E N S I O N  RES(4),VEL(4)
R E A L  K1,K2,K3,K4,LER E A L M S  CONS1,CONS2,CONS3,CONS4,FUNC
I N T E G E R  I P L (2)
D A T A  I P L / i 'o '/
CALL A S S I G N ( 4 » ' P L : ' ,3)
CALL P L I N I T ( l )
CALL P L O NCALL DWIND0(-10,5,.5,-3.,52»)
CALL TWINDO(150,1850,150,2350)
CALL M0VEA(0,,0.)
T  'Y F* E  1F O R M A T C  E N T E R  R O T  I N E R T I A ,  M A S S ,  A N D  S P R I N G  STIFF')
ACCEPT *,RI,AM,SS
T H E T A = R IA M K = A M
TYPE 2F O R M A T C  E N T E R  CONV L E N G T H ' )
ACCEPT *,Z 
H=Z 
A = 0  * 5 
Z=Z/2.
T Y P E  3F O R M A T C r  E N T E R  G U I D E  I N E R T I A  A N D  B U N T O N  STIFFNESS')
ACCEPT *,GI,BS 
TYPE 7F O R M A T ( ' E N T E R  D I S T A N C E  F R O M  C . G . T O  B O T T O M ' )
ACCEPT *,AL 
T Y P E  8F O R M A T C  E N T E R  D A M P I N G  R A T I O  A S  %')
ACCEPT *,CS 
PX=SQRT(SS/AM)*2.
ROE=SQRT(RI/AM)
F O R M A T (' E N T E R  x 1 x F O R  CSIR I G E R M A N  » X0 X F O R  G E R M A N  O N L Y '
CALLFAXIs !o?,0.,?0.,' v E L (.,/ = ) ' , 1 3 , 1 0 .  2 ̂
CALL AXIS(0.,0.,180.,' B U N T S P A C I N G ',13,-,.,,u
C A L L  M O V E A (0 » , 5 0 , )
CALL D R A W A ( - 1 0 . ,50,)
C A L L  D R A W A ( - 1 0 . , 0 . )v=o,
LE=A

)
5)
,5)
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IF(ICG,EQ.O)GOTO 20IF(Z,LT,A)ALPHA=6,283*(2.*Z-A)/A
IF(Z,GE.A.AND.Z,LT.l,5*A)ALPHA=6.283*(2,*Z-2,*A)/A

IF(Z+GE,2,5*A«AND*Z,LT,3,0#A)ALPHA-6,283*(2.&Z-u»#A)/A

V=V+1*0
A0MEGA=6,283*V/A
BBB=Z**2,/R0E**2,*SQRT(2,*(1,-COS(ALPHA)))/2,/(Z**2./R0E**2,-ETA

^**AAA=SQRT(2,*(1,+C0S( ALPHA) ))/2,/<l,-ETA**2,) yr,r,r, v c t m ^F0RCE=SQRT(AAA**2,+BBB**2,-2,*AAA*C0S(ALPHA/2, )-^,%BBB,RSIN(
GALPHA/2,)+l,>IF(F0RCE,LT,4»)GOTO 19 

CALL PLCHAR(20 > 30)
CALL MOVEA(-ArV)
CALL A1OUT(1>IPL(1) )
IF(U ♦LT,50* )GOTO 4

THIS PROGRAMME CALCULATES INSTABILITY FOLLOWING THE GERMAN REPORT 
BY REINKE

CC=162,*2C8,*GI/(3.*LE)**3,
BS1=1,/(^L/SS+5,)
BS2=BSl*7,/3,/(CC/BS+l,/3,)GK=CC/(2»66/-12,555*BSl-0,lll*BS2)
CENS=CC/(3,375-16.531YBS1)
GK=GK*SS/(GK+SS)
CENS=CENS*SS/(CENS+SS)
ALO=GK+CENS
AL1=0,5*(GK-CENS)
AO=ALO
A1=AL1*(1,+C0S(6.2832*H/LE))
AM0=AL0/2.*(H-2,*AL)AM1=AL1*(H-AL*(1,+C0S(6,2832*H/LE)))
AN1=-AL1*H*SIN(6,2832*H/LE)
Q0=AL0/2,*((H-AL)**2,+AL**2.)
01 ~AL1Y> ( (H"AL)YY2,+ALYY2,YC0S(6»2832YH/LE) )
U01=SQRT(AO/AMK)
W02=SQRT(QO/THETA)
RR=CS/100,YU01YAMK 
R1=4.*RR/AMK
R2 = 2,*RR*(<H-AL)**2,+AL**2,)/THET A 
C0=A0/AMK+Al/2,/AMK
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100

110

120

130

Cl=AO/AMK-Al/2+/AMK
C2=Q0/THETA+Ql/2*/THETA
C3=Q0/THETA-Ql/2,/THETA
Kl=AM0/AMK+AMl/2+/AMK
K2=AM0/AMK-AMl/2./AMK
K3=AH0/THETA+AMl/2f/THETA
K4=AM0/THETA-AMl/2,/THETA
BB=ANl/2,/AMK 
AA=ANl/2,/THETA
P H I  ~ 0 *
| i ^ ^ n c M C 2 « 3 : 2 ! S A m - ” *K3-K2*K4HR1S,2.-Cl.C0,*<R2««.-C=

1 F ( F ' H I . E Q , 0 ,  4 AHIuFUNC.lt .0. ) 1 = 1

I F (I .E Q .2 .A N D .F U H C ♦L T .0.)GOTO 110 
IF(PHI,GE,50,)G0T0 120
PHI=F'HI + 0 . 1 
GOTO 100
RES(J)=FLII F ( J . E Q . 4 ) G 0 T 0  1 2 0  
J=J + 1 
1= 2/1P H I  = P H I  + 0 . 1 
G O T O  1 0 0
DO 130 J=l,4 VELCJ)=RES(J)*LE/3.1416 
IF(VEL(J),EQ,O.0)GOTO 130 
C A L L  MOVEA(-LE,VEL(J))
CALL A10UT <1 >1PL(2) )
REs(J)=0,0 
CONTINUE 
A=A+ . 5
IF(A,LT,10,5)G0T0 5
STOP
END
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E.8 Programme TF

TUls programme calculates a transfer function between 
any two calculated power spectra. The interactive
input is

(i) Filename

(11) Transfer function between versions 'NV and
<N2’. Each power spectrum with the same file 
name, i.e. from the same run, is a new version 
Ci the same filename, versions being in octal.

1 = version 1
2 2
3 = 3
4 4
5 = 5
6 6
7 = 7
8 10
9 11
10 = 12
11 — 13

etc.

The specified power spectra are then read and 
the first one is divided by the second and the 
square root of the solution gives the result, 
which is printed out.



Flowchart ? programme TF A81 ■

End of File

Sum Consecutive Spectra

Calculate Transfer Function 
TF = sum 1/sum 2 _ _ _

Stop

Write Output

Initialize

Read Input

Read Heading

Assign Files

Read Power Spectrum

Read size of Power Spectrum
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LISTING OF PROGRAMME TF

C THIS PROGRAMME CALCULATES THE TRANSFER FUNCTION BETWEEN
C ANY TWO MEASURED FUNCTIONS ,

LOGICAL*! A(18)> B (18)jHEAD(SO)
DIMENSION X(512),XX(512),F(512)
TYPE 1

1 FORMATC FILENAME')
READ< 5» 2)(A(I>,1=5,10)

2 FORMAT(6A1) , ,, , ,DATA A(l),A(2),A(3),A(4)/'D','L','l','/
DATA A(11),A(12),A(13),A(14),A(15),A(16)/'5','.','D','A

S' ? '/TYPE 3
3 FORMAT C ' TRANSFER FUNCTION BETWEEN VERSIONS 'N1x & N̂ .

0E LINES)')
READ(5,4) (Ad), 1 = 17,18)
READ(5,4)(B(I),1=17,13)

4 FORMAT(2A1)
14 FORMAT < 80A1)

DO 5 1=1,16
5 B(I)=A(I)

CALL ASSIBN<1,A ,18)
CALL ASSIGN(2,B,18)

C
C READ INPUT 
C

READ(1,14)(HEAD(I),1=1,80)
READ(2,14)(HEAD(I),1=1,80)
L = Q

6 READ(1,7,EHD=8)J 
READ(2,7,END=8)J 
DO 9 1=1,J
READ(1,10)DUM,Z ,F (I)
IF(F(I),GE.25.0.AND.L,EQ.0)L=I/4
READ(2,10)DUM,Y,D0M
XX(I)=Y+XX(I)

9 X(I)=Z+X(I)
7 FORMAT(5X,14)
10 FORMAT(5X,3F10.6)

GOTO 6
C
C CALCULATE TRANSFER FUNCTION 
C
8 DO 11 1=1,J

IFCXXd) .EQ.O. )XX< I >=0.0001 
U  X(I)=SQRT(X(1)/XX(I))

','T',

(SEPARAT
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^'CHANNELS /»2Ai?/ AND 'y2Al?//)4(7X;'FREQUENCY j2Xj TR« FUNC ) >

12 WRITE(6j13)F Cl)»X(I)»F(I + L)>X(I + L)»F(I + 2$L),X(I+2*L),F(I+3#L);
eX(I+3*L)

13 F0RMAT(4(8X,F8.3,2X,F8.5>)
STOP
END

\



APPENDIX E .9 PROGRAMME INTEG

This programme calculates the velocity and displacement 
of a conveyance from an acceleration record.

The data is initially corrected to zero mean and zero 
linear slope, and it is then integrated to give the 
curve of velocity. This is again corrected to zero 
mean and zero linear slope and integrated to give the 
displacement. The output is written into a file DL1: 
Filename 7.DAT which can then be plotted by VELPL 
(which is similar to DATAPL so it is not described here)

The input to INTEG is a filename and then the output 
from either DISCS or CALIB.



PROGRAMME INTEG : FLOWCHART

C<U_C4-3
g
Uo
<u>
t.o
TDCU4-3
<uCL(DS-.
CL§
oo

4-3C
ECUucd
CLtn
~o

AssigS I/O files |
I

Read input

Subroutine AMEAN corrects data to zero mean

Integrate 2nd point using trapezoidal rule

Integrate 3rd point with Simpson's K  rule

Integrate 1st point using back extrapolation

Integrate remaining points using difference between Simpson 
%  and- Va rules _

<
Subroutine BMEAN corrects displacement for zero mean

Close files

STOP



c***********************************************************************
C PROGRAMME INTEG

DIMENSION X(4,2000),Y(10) TC,,1tr.LOGICAL#! IN<15)>I M (15) iHEAD<80)11 3 fI7»IPtl
TYPE 1

1 F O R M A T (' FILENAME TO INTEGRATE')
R E A D ( 5 f2 ) ( IN(I)/1 = 5 »10)

2 DATA*IN(1),IN(2),IN(3),IN(4),IN(11),IN(12),IN(13),IN(14),IN(15)
@ ,13,17 /'D'i'L','1','t/,'2 ',/ »/,'D/, A , T , 3 , 7 

DO 3 1=1,15 
IP(I)=IN(I)

3 IM(I)=IN(I)
IM<11)=I3 
IP(11)=17 
TYPE 4

. 4  F O R M A T (' CHANNEL 2 TOTAL NO OF CHANNELS')
ACCEPT * , I C H N ,JOHN 
TYPE 6

6  F O R M A T C ' START 2 END SAMPLE NUMBERS')
ACCEPT #, 1ST .»IPT
IPT=IPT-IST 
JCHN=JCHNF1 

100 CALL A S S I G N d  , IN,15)
CALL A S S I G N d ,  IM, 15)
CALL ASSIGN(3,IP,15)
R E A D (1,5)CHEAD(I),1=1,80)
R E A D (2,5)(H E A D (1),1=1,80)
URITE(3,5)(HEAD(I),1=1,80)

5 FORMAT < B 0 A 1 )
R E A D (2,7)H,MEL,IBUNT

7 F O R M A T (3X,FI 2,4,F 12,4,16)
READ(2,8)IS

8  F O R M A T (17)
IF(IPT,GT,IS)IPT=IS 
DO 11 J = 1 ,1ST 

1 1  R E A D (1,9)DUM
DO 16 J=itIPT 
R E A D ( 1,9)(Y (I >,1 = 1, JCHN)
X ( 1 ,J)=Y(ICHN)
X(4,J)=Y(JCHN)

16 CONTINUE
9 FOR MAT(<JCHN>F11.3)



c
C USE TRAPEZOIDAL RULE FOR SECOND POINT 
C

DO 10 J=2,3
CALL AMEAN(X,IPT,J-1)
X(J,2)=H/2,*(X(<J-l)11)+X< tJ-l> »2> >

C
C USE SIMPSON'S 1/3 RULE FOR 3RD POINT 
C X(J,3)=H/3,*(X( (J-l) 1 1> + 4.JKX( CJ-1) »2)+X( < J-l) r3) )
C
C USE LINEAR BACK EXTRAPOLATION FOR 1ST POINT
C X(J;1)=2,*X(J,2)-X(J,3)

DO 14 L=4,IPT
CC USE DIFFERENCE BETWEEN SIMPSON'S 3/8 AND 1/3 RULES FOR EACH 
C SUBSEQUENT POINT,
C
14 XCJ»L)=H/24,*(X((J-l),(L-3))-5.*X((J-l);(L-2))+

Bl9,$X((J-l)r(L-l))+9,*X((J-l),L))+X(J,(L-l))
10 CONTINUE

I F d P T  »GT *500)CALL BMEANCX, IPT)
DO 15 L = 1 ,IPT

15 WRITEC3,13)X(1,L),X(2,L),X(3,L),X(4;L) 
READ(2r2,END=101)<IN(I),I=5,10)
CALL C L O S E (1>
CALL C L O S E (2)
CALL C L O S E (3)
DO 102 1=5,10 
IM(I)=IN(I)

102 IP(I)=IN(I)
GOTO 100 

101 CALL CL0SE(2)
13 • F O R M A T ( 4 F 1 1 .3)

STOP
END

C
C THIS SUBROUTINE CALCULATES THE MEAN OF THE DATA 
C

SUBROUTINE A H E A N <X ,IP T ,J )
R E A L * 8  SU M 4 
DIMENSION X (4,2000)
KPT=IPT/2
SUM1=0,
SUM2=0,
DO 10 1=1,KPT



   IIWW» I'M,  ....   -

.) A88
a

SUMl"SUMlrXCJfI)
10 SUM2 = 8UM2+XCJ» (IPT-I + D )SUM3=(SUM1+SUM2)/(2*KPT)

S U M 4 = (SUH1-SUM2)/ K P T / CIPT-KPT)
DO 20 1= 1 fIPX 

20 X(J,I)=X(J,I)-SUM3-(IPT/2-I)*SUM4
RETURN 
END 

C
C THIS SUBROUTINE CORRECTS DISPLACEMENT FOR ZERO 
C

SUBROUTINE BMEANCX»IPT)
DIMENSION X(4,2000)
KPT = IPT/500 
LPT=IPT-KPT*500 
DO 10 1=1,KPT 
SUM=0,
DO 20 J=(I-1)*500+1,1*500 

20 SUM=SUM+X(3,J)
SUM=SUM/500
DO 30 J=(I-1)*500+1,1*500

"30 X (3 ,J )= X(3 iJ)-SUM
10 CONTINUE

\ SUM=0,
IF < LPT * E Q « 0)OOTO 60 
DO 40 I=KPT*500+1,IPT 

40 SUM=SUM+X(3,I)
SUM=SUM/LPT 
DO 50 I=KPT*500+1,IPT 

50 X(3,I)=X(3,I)-SUM
60 RETURN ..

END
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APPENDIX F : TYPICAL DISCS RESULTS AND MEASUREMENTS
This appendix shows the results from one run at 
Deelkraal No. 1 shaft in the 21 tonne skip running 
empty at 10 m/s, as well as the DISCS model of the 
same case. It was not felt necessary to include more 
results, which would in any case have been far too 
lengthy. The results shown here represent one of 
eighteen runs completed at Deelkraal, which was typical 
of the sets of measurements obtained at each mine when
tests were conducted.



RUN SAMPLER 
DATA FILENAME ?
NO OF SAMPLES PER CHANNEL AND NO OF CHANNELS ?
6000 6
SAMPLING RATE ?

ACTUAL SAMPLING TIME 0.01000 secs 1 lOOCO
SWEEP STARTED WITH STATUS =' &

i S l S S  : % L : T : % I T H l ^ T U S  0 AFTER WRITING 36 BUFFERS

'S

,WMD.E:^OF*FILES TO CONVERT ?

huk-frlf 2?? SKIPS>EMFTY .OH/.
DATA FILENAME ?
H q I^CHOHNELS(SAMPLES EACHiBUHTOHS , TIME STEP.OEL ?

Z E R 0 0 V A ^ E S ° A ? m  SCALES FOR EACH CHANNEL 7
2075, -11,6
2330, -9,0
2270, 10,4
2960, 10*4
2040, 10*4
2035. 10.5\5\4
T T 1 -- STOP.
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RUN DATAPL 
FILENAME TO PLOT ?
TOTALING .OF CHANNELS & HIGHEST WHEEL LOAD CHANNEL ?
6 2
NO OF CHANNELS TO PLOT (MAX 4) ?
VALUE TO PLOT & NUMBER OF PLOT ON PAGE ?
1 . l  -. .2 2 
3 3.
START TIME % TIME SCALE (1/10 OF RANGE) ?
.VERT*SCALE & MIN VALUE? (SCALE=0, FOR AUTO SCALING)
io.
10' o.
10 . \_-10 *
Sn'Cr-' PAUSE t WHEN PLOTTER STOPS TYPE 'RES' TO RESUME

.t.
RES
TT1 PAUSE : WHEN PLOTTER STOPS TYPE 'RES' TO RESUME

RES
TT1 - PAUSE t WHEN PLOTTER STOPS TYPE 'RES' TO RESUME

RES ...
IF MORE PLOTS ENTER 1 OTHERWISE 0

0
>RUN DATAPL 
FILENAME TO PLOT ?
% t % L % 0  OF CHANNELS % HIGHEST WHEEL LOAD CHANNEL ?
6 2NO OF CHANNELS TO PLOT (MAX 4) (

VALUE TO PLOT & NUMBER OF PLOT OH PAGE ?
5. 2
START TIME S TIME SCALE (1/10 OF RANGE) ?
.VERT'SCALE S MIN VALUE? (SCALE=0. FOR AUTO SCALING)
10. 710.
T n  " I - " p a u s e  i W H E N  plotter stops TYPE - RES- TO r e s u m e

R4ES\SE4\ES
^IF.MORE PLOTS ENTER 1 OTHERWISE 0
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RUN POWER

INPUT DATA FILE NAME (6 CHAPS> 
DK1091

ENTER NO OF RETURN EVENTS i 
5
ENTER RETURN PERIODS ONE AT A TIME £ 
500.,...
10000 .
100000 .
1000000
100000000
NUMBER OF WHEEL LOADS IN DATA ?
2

ENTER ’I' FOR DATA PRINTOUT, ”2' TO STORE
DATA. ----- ELSE NUMBER "O'
2
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oypur h e a d i n g  ; DEELKRAAL 1* DOWN EMPTY 10H/S

FIRST WHEEL ANALYSIS 
txtttrt*************

NO OF BUNTOMS OF DATA 150

SKIP OR CAGE VELOCITY I 10.000

STATISTICAL DATA

UN TRANSFORMED 
SMEMAX TRANSFORMED

MEAN

5203.419?
3543.0081

STD DEV

2132.6108
2086.6421

SKEWNESS

1.2670-0,0002

KURTOSIS

3.8653
1.893?

PREDICTIONS

RETURN PERIOD PR0BAL1TY OF 
OCCURANCE

EVENT 
SMEMAX TRANSFORMED

500,010000,0100000.01000000.0100000000.0

0.00200000 0.00010000 0.00001000 0.00000100 0.00000001

15170.8398 
18654,1855 
20915.5312 
22939.4121 
26496,5273

SECOND WHEEL ANALYSIS

STATISTICAL DATA

UN TRANSFORMED 
SMEMAX TRANSFORMED

MEAN

6151.8335 
3086.1118

STD DEV

1740.3304
1614.4451

S K EWNESS

!.5090 
-0,0)78

KURTOSIS

5.7423
2.4024

PREDICTIONS

RETURN PERIOD

500.0 10000.0 100000 .0 1000000.0 100000000,0

PROPALITY OF 
OCCURANCE

0.00200000 0.00010000 0.00001000 0.00000100 0 .00000001

EVENT 
SMEMAX TRANSFORMED

13864.8613 
16493.0039 
18199,1660 
19726.1621 
22409.9689



rum f f t a u t o

ENTER INPUT DATA FILE NAME (6 CHRS) ie BULLEY
DK1002 
NUMBER OF FFT'S ?

0
ENTER PROPORTION OF DATA TO BE TAPERED lie 0.2!

ENTER SERIES LENGTH
512
ENTER DATA POINTS BEFORE ANALYSIS SECTION
1500

^ A N D ^ N G H N *  f S r % S " o F T2haSnELSLYSE“
1 6
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DEEIKRAAL 1# DOUH EMPTY 10M/S

POU SPEC 0.1124 0.5518 0.1323 
0.0734 0.0132 0.0034 
0.0015 ' 0.0010 0.0914 
O'. 0007 0.0008 0.0003 
0.0005 0.0016 0.0026 0.0041 
0.0027 0.0011 
0.0006 
0.0 002  0.0004 
0.0004 0,0005 0.0005 
0.0005 0.0004 0.0003 0.0007 0.0003 0.0004 
0 .0 0 02  0.0003 
0 .0 0 12  
0.0005 0.0007 0.0031 
0.0003 0.0'" 04 0.0̂05 
0 .0 010  0.0014 0.0007 
0.0005 0.0003 0,0005 
0.0003 0.0013 
0 .0 002  
0.000 4 0,0000 0.0002 
0 .0 0 02  0.0002 0,0001 0.0004 0.0004 0.0002 0.0002 
0.0001  
0 .0 001  
0 .0 0 02  
0 , 0002  0,0003 

0002

FREQ 
0.20 0.781.76
2.543.324.10
4.885.666.45
7.23 
8.018.77 

' 7.5710.3511.13 
11.71 12.70 13.48 
14.26 15.04 15.82 
16.60 17.3818.14
18.75 1* 73 20.51 
2 1 .2?22.07 22.85 
23.63 
24 .41 25.20 
25.7826.7627.54
28.3237.1027.88
30.6631.4532.23 
33,01 33.7?34.57 
35.35 36.13 36.71 
37.70 38.4337.24 
40.04 
40.82 41.60 42.3843 . 14 43.75
44 .73 43.51 46.2?47.07

’ 47.85 18.43 47.41 
TER 1.2,3 OR
P Dl. 1 1 10073 . DAT I 1/DE 'IP PLl!OK 10105,DAT!«/Ll

SUM SPEC 0.1124 
1.1101 1.6633 
1.7772 2.0827 
2.1112 
2.1182 2.1232 2.1276 
2.1335 2.1365 2.1386 
2.1404 
2.1437 2.1500 
2.1626 2.1734 2.1778 
2.1303 2.181? 2.1836 
2.1853 2,1868 2.188? 2.1705 2.1923 2.173? 2.176? 2.1783 2.2013 
2,2036 2.2060 2.2071 
2.2120 2.214: 2.2155 
2,216? 2.2173 2.2208 
2.2233 2.2270 2.2310 2.2345 2.2364 2.2382 2.2377 2.2432 2.2448 
2.245? 2.24352.2474 
2.2430 2.24832.2474 
2.2502 2.2512 2.2517 2.2527 2.2534 2.2343 
2.2551 2.2558 2.2564 2.2573

4 FOR PLOT AT T.L.

FP.EO0.3?1.1.71.75 
2.73 3.324.30
5.085.86 
6.6 17.42 
8.20 8.98
9.77 10.55 11.33 
12.11 
12.8? 13.67 
14,45 15.23 16.02
16.30 17.5818.36 
17.1417.72 20,70 21.48 22.27 23.05 
23.83 
24.6125.37 
26.1726.7527.73
28.5227.3030.08
30.86 31.6432.42 33.20 33.7834.7735.53 36.33 37.11 
37.89 33.67 39.45 
40.23
41.02 41.30 
42.58 43.36 44.14 44.72 45.70 46. 43 47-27 
40.0543.03 
47.61

.9,1.,T.R,

POU OPEC 0.1134 0.2276 0.1208 0.0376 0,0086 0.0024 
0.0019 0.0017 0.0013 
0.0011 0,0006 0,0005 
0.0003 0.0028 0.0013 
0.0024 0.0006 0.0007 
6.0004 0,0004 
0 . 0 0 0 2  
0.0004 0.0006 0.0005 0.0005 0.0006 0.0015 0.0003 0.0008 0.0005 
0.0003 0.0007 0.0006 
0.0004 0,0008 
0 . 0 0 0 2  
0.0008 0.0002 0.0003 
0,0009 0.0007 0.0003 0.0004 
0 . 0 0 0 2  0.0002 
0.0005 0.0003 0,0004 
0 , 0 0 02  0.0003 
0 . 0 0 0 1  
0 , 0 0 0 1  
0.0003 
0 . 0 0 0 1  
0.0003 0.0001 
0.0001 
0 . 0 0 02  0.0004 
0 . 0 0 0 2  0.0001 0,0001 0,0002 
0 . 0 0 0 1  

OR B.R.

SUM SPEC 0.2258 1.2377 1.7841 2.0388 2,0713 2.U36 2.1201 
2.1251 2.1308 
2.1346 2,1371 2.1370 
2.1408 2.1464 2.1522 2.1650 2.1740 2.1787 2.1807 2.1823 2.1837 
2,1857 2.1875 2.1874 
2.17U 2.1927 2.1954 
2.1972 2.1771 2.2018 
2.203? 2.2666 2.2097 
2.2123 2.2149 
2.2157 2,2177 2.2195 2.2211 2.2242 2.2279 2.2313 2.2347 2.2363 2.2304 2,2404 2.2435 2.2452 
2,2460 2.2463 2,2474 
2.2401 2.2471 2.2495 2.2504 2,2513 2.2520 
2.2529 2.25382.2545 2.2552 
2.255?2.2546 
2.2571

FRED 
0.5?1.372.15
2.73 3.71 4,4?
5.27 6.056.84 
7.62 8.409.18 
7.7610.74 11.52 12.30 13.09 13.87 
14.65 
15.43 16.21
16.79 17.77 18.55 19.34 
2 0 . 1 220.70 
21.68 22.46 23.24 
24.0224.80 
25.5?26.3727.1527.73
28.71 29,4930.27 
31 .0531.84 
3 2 . 6 2  3 .4034.1834.7435.74 34.52 37.30 
38.09 
38.3?37.45
40.43 
41.21 41.79 42.77 43.55 44.34 
45, 12 45.9044.43
47.46 48.24 49,02 
47.ed

POU SPEC 0.0826 0.037? 0.1043 
0.0157 0.0116 0.0008 
0 . 0 0 1 2  
0 . 0 0 1 2  0.0013 
0.0007 0.0008 0.0006 
0.0006 0.0008 0.0025 
0.0031 0.0016 0.0005 
0.0008 
0 . 0 0 0 2  0.0007 
0.0005 0.0005 0.0005 
0,0005 0.0005 0.0003 0.0004 0.0014 
0 . 0 0 1 0  0,0014 
0,0008 0,0003 
0.0003 
0 . 0 0 0 2  0.0004 
0 . 0 0 02  0,0005 0.0004 0.0007 0,0015 
0 . 0 0 1 0  0.0008 0.0005 0.000/ 
0 .00. 0,0006 
0 . 0 0 0 1  
0.0003 
0 . 0 0 0 2  0.0001 
0 . 0 0 0 2  0.0001 0.0060 
0 . 0 0 0 2  
0.0002 0.000 8 0.0003 
0 . 0 0 0 1  
0,0002 
0 . 0 0 02  0,0001 0.0004 
0 . 0 0 0 2

SUM SPEC 0.3084 1,4255 1.8884 
2.0547 2.102? 2.1144 
2.1213 2.1263 2.1321 
2.1353 2.1377 2.1376 
2.1414 2.1472 2.1547 2,14812.1756 2,1772 2.1815 
2.1825 
2.1844 2.1362 
2.1880 2.187? 2.1915 3.17342.1757 2.1776 2.2004 2.2027 
2.2053 2,2074 2.2100 
2.2126 2.2151 2.2163 
2 . 2 1 7 *  2.22:3 2.2214 
2 . 2 : 4 9  2.22 "4 2.2328 2.2357 2,2373 2,2370 2.2408 2,2442 2.2453 
2.2463 2.2470 2.2477 
2.2484 
2.2492 2.2496 2.2506 2.2515 2.2522 2.2532 2.2540 2.2547 2.2554 2.2560 2.2570 
2.2576

FREQ0.781.562.343.12 3.91 4.6?
5.476.257.03
7.818.599.37 10.16 10.94 11.72 12.50 13.28 14.06 
14.84 15.42 16,41 
17.1? 17.97 IP.75 17.53 20.31 
21 . 0 9  21.87 
22.66 23.4 4 
24.22 25.00 25.78
26.5627.3428.12
28.71 29.6930.4731.2532.0332.81
33.5934.37 35.16 35.9436.72 37.50 
38,28 39.06 39.84 
40.62 41.41 42.19 
42,97 43.75 44.53 45.31 46.09 
4 4 . 8 7  4 7.66 48.44 47.22 
50.00

POU SPEC 0.2500 0.1050 0.0375 0.0148 0.0049 0,0023 
0.0007 0.0019 0.0006 
0.0004 0.0003 0.0004 
0.0007 0,0011 0.0037 0.0024 
0 . 0 0 1 1  0.0005 
0 . 0 0 0 2  0,0006 0.0005 
0 . 0 0 0 2  0.0003 
0 . 0 0 0 1  
0.0003 0,0002 0.0003 0.0005 0.0005 0,0006 
0,0003 0.0005 0.0015 
0.0005 
0 . 0 0 0 2  0.0003 
0,0008 0,0003 
0.0007 0.0005 0.0006 
0 . 0 0 1 2  
0.0006 0,0003 
0 . 0 0 0 1  0.0006 0.0005 
0 . 0 0 0 2  
0,0901 
0,0002 
0 . 0 0 0 1  
0 . 0 0 0 2  
o . o o o :  
0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 2  0.0003 0.0001 0.0002 0,0001 
0 . 0 0 0 2  
0 . 0 0 0 1  
0,0002 
0.0004

BUM. SPEC 0.5583 1.5305 1.925? 
2.0675 2.1078 2.1167 2.1222 2,1281 2.1328 
2.1357 2.1382 2.1400 
2.1421 2.1483 
2.1584 2.1705 
2.1767 2.1797 
2.1817 2.1831 2.184? 
2.1864 2.1884 2.1900 2.1718 2.1936 2.1760 2.19BO 2.2009 2.2033 
2.2056 
2.207? 2.2115 
2.2131 
2.2154 2.2166, 
2.2187 2.2203 2.2223 2.2254 2.2300 2.2340 
2.2363 2.2376 2.2391 2.2414 2.2446 2.2455 
2.24652.24722.2478 
2.2486
2.24732.2478 
2.2508 2.2517 2.2525 2.2533 2.2541 2.2548 2,2556 2.2561 2.2572 
2.2580

DIRECTORY DLl1C2i 41 
9-APR-02 08:35
HK10105.IIATI1 ?6.DM0105, HAT 12 ?6.
DM0105.PAm ?A<DM0105. DAI I 4 ?6.D M 01 0".. DAT I 5 *6 '
DMOtOM.OAm 96"
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