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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:

- A

Kn ™ 5,010 = & X
450 &
= 7 Bp

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.
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The stiffnesses of the buntons as numbered on Figure

4.13 is:-
Skip

1 - 50 000

2 - 14 286
Cage

2 - 11 111

3 - 7 692

kN.m
kN.m

kN.m
kN.m

Bunton/guide stiffness
ratio

39,5
11,9

9,4

14

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

buntons were:

Skip
1 19,4
2 8,1
Cage
2 12,7
3 7:6

kN
kN

kN
kN

In both cases the ratio of wheel loads to the bunton

stiffness is cimilar 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 Figqure 4.14 below.

A
e

sy
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FIGURE 4.13 : Hartebeestfontein No. 8 shaft layout

T+ ig also recommended in Chapter 6 that more severe
deflection limitations should be applied as the bunton
stiffriess ratio increases, to limit the effects of this

phencmenorn.

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 KP %« PRELOAD above should thus be £aken as:—

. B )
'Kp X PRELOAD = (_Bunt ppproap + 3 § .K } (1%0,15x)
\ Bunt
Bank
where ﬁBunt = average equivalent wheel spring stiffness
» at a bunton
KBaqk = average equivalent wheel spring stiffness
: at bank where wheel preload is set.
8 = maximum guide gauge reduction ° (in m) .
K = ratio of stiffer bunton stiffness to

more flexible bunton stiffness - 1.

This can then be rewritten as:
- PRELOAD 8
KBunt (;~—~——- + 5) { 1£0,15«)
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 cleax
evidence of a higher or lower prelcad 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

3
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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. McKechnie®® thus uses a double spring, a
flexible spring for rormal 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 eguation

Combining the relevant effects discussed above gives

the equation for maximum wheel load as:

- 308, , % PRELOAD . & .
P—WE(0,16V x ) o+ KBunt(ﬁ*‘—Thu + 2)(1i0,15K) for skips
Bank
- 304A = PRELOAD )
P=y (0,20V =5=)+ Kpo ¢ (KBank + %) (1£0,15¢) for cages

This can be rewritten as:

P =F.W_{

EVA ) + K (w+% ) (1£0,15k)

A Bunt KBank
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 Chapterxr 6. However, this 1s to some
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extent covered by the term 4 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

hive 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

e o G gt omivg - ~

give useful results, prcbably because all the wheel

loads and all the accelerations are interrelated, soO

that no one acceleration is directly related to one B
wheel load, and also because of the presence of noise. : f§
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 sguare root of the sum of the
power spectrum values, and the expected value of wheel
load is equal to the same factoxr, T, multiplied by the

sum of its power spectrum values. The relationship
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between the force and acceleration values is thus given

by:

R = T. YiPower Spectrum of Wheel Load

T, YiPower Spectrum of Acceleration

YIPower Spectrum of Wheel Load

/iPower 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 T

— 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 '}*'
Blyvooruitsig 4#
Skip 0,33 0,22 - -
Hartebeestfontein
8 # - 0,68 (R) f
Cage 1,31 1,58 2,02 1,73
Hartebeestfontein
6%Cage 1,00 2,39 - -
Deelkraal 1"

eelkraa c

21t Sk]p 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

‘loéd is then given by:-

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

WHEEL LOAD

i

Including preload the expected wheel load is:

i 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/sec?, because this gives:-

4 WHEEL LOAD = PRELOAD < 1u 8

i e =

Typically, preload v .25 are not greater than 3 kN,

il.e.

WHEEL LOAD = 19,8 kN at 7 m/sec?

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

is significantly exceeded.




— R i e S0 s b o e R nemeeT T

A ke s e i A TR e e R

109

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

7 and have had serious consequences

have been known,®:s
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 Reinke? and one from the CSIR? 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 end finally recommended methods
for avoiding dynamic magnification and for assessing

- +he level of wheel load when it does occur, are described.

5.1- Literature survey

The CSIRY!, and Reinke?, both deal at some length with

dynamic magnification.
5.1.1 CSIR report®

This report assesses the maénification 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, = KUVAZ+B2-2JA cos a/2 - 2B sin a/2 + 1
For the top and bottom wheels, where:-
a Y2{(1 + cos a)

2(1-n")
B = 722v/2{1 - cos a)

QI Z(ZZ/pZ — nl)
o 2 2

ne = Q /Px
P = Ry/m
o = 2n(2%Z-a)/a for 0<2Z<2a

2w (22-na)/a for na<2Z<(n+1)a
a = bunton spacing
7 = half the conveyance overall length
Px =, ¢4K7M = 2VK7M
X = individual wheel spring stiffness
§ = 21y

a

U = the amplitude of misalignment, assumed to be

a sine curve.

In this equation, K and U are constants. Thus:~-
P o /AT ¥ B - 2 A cos 6/2 ~ 2 B sin a/2 + 1
\

T et




gy TR A e s e e e e Tl et e i Sl B A A - "o Afialat i it o - e Reea AdEs e B A T

109

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
] v have been known, ®s? and have had serious consequences
B é for the shaft and conveyances. The following is an
e assessment of this problem and how it may be avoided.

Initially, the recommendations of two major reports, i.e.
that of Reinke® and one from the CSIR? are considered,

and this is followed by discussion of parametric studies
carried out using DISCS. These are followed by some

Rkttt gt s

00 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

o L e S

- the level of wheel load when it does occur, are described.
5.1- Literature survey

The CSIR®?, and Reinke®, both deal at some length with

dynamic magnification.

5.1.1 CSIR report?

This report assesses the maénification 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, = KUVRZ+B2-2A cos o/2 — 2B sin o/2 + 1

For the top and bottom wheels, where:-

_ /2(1 + cos a)

A 2(1-n*)
B = 722 /2 (1 - cos o)
pT 2(27/p* - n?*)
2 -~ 2 2
n Q /PX
P = Ryy
a = 2r(2z-a)/a for 0«<2Z<2a
27 {22~na) /a for na<2%<(n+l)a
a = bunton spacing
7 = half the conveyance overall length
X = individual wheel spring stiffness
a = 21
a
U = the amplitude of misalignment, assumed to be

a sine curve.

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

F o /& + Bf - 2 Acos a/2 -~ 2 B sin a/2 + 1
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Normalized spring force F/KU

N

|

:>
HOISTING VEL
(m/sec)
FIGURE 5.1 : Dynamic Magnification Acecording to CSIR Report®
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FIGURE 5.2 : Areas of High Dynamic Magnification
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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 Reinke? (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:

VB2 ¥ B2 - 2 A cos a/2 - 2 B sin o/2 + 1 z 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 Reinke? 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

e 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 5%;

] passing buntons:- 4
0 = 21y
e a

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.

s R . g

RO R . e ,‘1“.‘:&%..
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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-
: guencies of translation and rotation. For the very
J“g ' simplified conveyances considered by the CSIR report?,

these frequencies are:-

_  /J4K

Yo T VY for translation
= 2 ’

“r 4%? for rotatior

) 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

M 2 2
5 {42 + Db?})

o
i

where:-

5
oy
1

conveyance width

Thus:~—
_ 4K
W o -b-/r
wn T //%Ka’
P %% (42 + h?)
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it

TRATEE

12
//4 + b!7a2 e Op

In all practical cases a is larger than b, thus

2
4 < 4 + b /a? < 5
and 1,55 < 12 < 1,73
4 + b’?a2

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 CS5IR 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.

o 5.2 Prediction by DISCS of dynamic magnification

In order to study this pheromenon 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

s i PR w . e N A - . R E. RESIEN Raadnc It
D o iAo, 7 e g e oot vt vy v oo e et .t —— s e e Yo ; o o R i
PO, M, = AR, . o . o e R Dinn i e Ty 2 A s R ee O % by 9 by e
g 4 = BT Vadost AR Shbaed

s aemrs

Figure 5.3.

o These models were run using bunton spacing of 4 m and 8 m T }
and various hoisting velocities, both inside and outside ’ '
areas of dynamic magnification. Figure 5.4 shows a

typical result.

v
otk i i e Sk Ok .
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From these runs, it is clear that DISCS predibts dynamic ST
magnification in similar conditions to Reinke's pre- : -
dictions, although areas of high magnification do not L
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-
- e coupled translation and rotatiom, Warburton®® shows that :_;“
}i f¢ 3 for a single-degree-of-freedom system, excited by a
r? f, f sinusoidally varying force, the magnification is:-

] —% L
- [ - 9 Jog®)? + (Cu/K) 7] %2

High magnification occurs where:-—

and its value is gilven by:-

, 1 R
| [(1 =5 Ju)® + (cad/R) "] % i

CmN

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. Reinke'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, ag . 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 freguencies of the cage in this shaft to
be 1,2 hz, 2,3 hz, 3,3 hz and 18,5 haz. 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 fregquencies. 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 freguency. 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.
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The fundamental flexural frequency of the cage is given

approximately by:-

f = L :E_._I_:. 1/ 2
1 22% \pA

For this cage:

ol
1

7,8 m (thg length of the cage)
1050 x 10 m* (the second moment of area

H
114

about the vertical axis of
the cage)
pA 2 0,5 t/m excluding top and bottom transoms
(the mass per metre length of the
cage)

Thus:

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 cevere 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
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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 Corporation?® (SDRC) have

carried out tests on the wheels used on the skips in this
shaft and have found that at a low prelcad 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 SDRC® 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. Dimitriou?
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 Dimitriou®
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's®’ 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 thosc 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 freguencies
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-
gquency modes of vibration of the conveyance. What is

N i
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FIGURE 5.6 : Fleaural Vibration Mode of Deelkraal No. 2
Shaft Cage.
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Shaft, 21 Tonne Skip.
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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 fregquencies.
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 that
there is no coincidence between wheel revolution fre-
quency and any natural frequencies, or if this cannot
be avoided some form of dampers should be fitted.

5.4.2 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 iqnored. The or.e example
quoted above shows that it may well be a problem in
other cases as well. Two modes of behaviour may develop
at lower freguencies, translation or rotation. As
discussed in section 5.2 above, translation is always the
lower frequency and is likely to produce the higher
magpification 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 bunton 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.
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In avoiding the more likely and suvere problem of dynamic

magniflcatlon at the translation frequency, an overall
_ conveyance length of an integer- plus-half multiple of
bunton spacing should be used. In addition, some e i
assessment of possible dynamic magnification using DISCS |
or a method such as that proposed by Reinke® should be
made. If possible problems are predicted, than some
suitable adjustment should be made to bunton spacing,

quide stiixfness or conveyance geometry.
5.5 Maximum Wheel Load with Magnification

From the measurements it was observed that the increase S ;
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
schematicaliy 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 R ﬁ
can be split in*o two components as shown by figure 5.11, : N

giving:

W

]

Wl <+ ‘qg

Wa
Wi (1+W1)

]

Wi,

The factor W/W, is referred to as the dynamic magnifi-

19

cation factor, and it is given by Warburton for a

single degree of freedom system as:
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FIGURE 5.12 : Magnification Factor
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_ 1
LT ¢ (2 y D)

==

i

Where vy damping ratio

i

r ratio of the exciting frequency

to the natural frequency.

The exciting frequencies are proportional to the speed,

so r could equally well be defined as

r = ratio of hoisting speed to speed .t which the exciting

frequency equals the natural freqg.ency.

This magnification factor has a value significantly
above one only for 0,7 < r < 1,3 as shown on Figure 5.12.
T+ 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 orxder (de-

formation mode or wheel set) natural frequency,

W1 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 10/0’25“= 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 eqguals the wheel revolution

frequency.
Vo = W x 0,257
= 0,785 w
o]
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{c) For speeds in the range
0,7 VO <V < 1,3 Vo
the maximum wheel load is then given by

Wi
[(1-r?)* + (2yr)*[*2

W o=

Where W; = maximum wheel load calculated from

linear increase.

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

W o
1-r?

but with a maximum value determined by the damping

® shows a maximum magnification

ratio. Warburton!
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 ‘ v

semi-empirical approach thus seems to be:~-

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

¢
W o= —— v
V 2
1= (go)

but W % 3 W, A

At low frequenciles, 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 buntorn 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 Devy®? , 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 reguire 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

=
. "
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CHAPTER 6

DESIGN LOAD RECOMMEMNDATIONS

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 Devy® , 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 load,
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
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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 misalivnment 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 Gotzman® , 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 1s thus specified as a ratio of
distance from surface. See Table 6.1.
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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.

the gu.de 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.

. 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.

i A e
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FIGURE 6.1 : Misalignments of guides

134

Mismatch
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6.1.2 Lateral acceleration

As shown in .. =tion 4.5 above the design loads of W/10

which have previously been used are, in general, equi- o 3

valent to lateral ageceleration of about 7 m/sec?.

A good shaft in the assessment of wosi engineers Las .

accelerations below about 3 n/sec?, so that these are

suggested as the basic limits for a good shafl and an

] - acceptable shaft. The reason for using lateral accele-
uh Ci ration as the contrel variable here is that it does
: ‘ have a definite relationship to shaft condition and
b v 2 : - ' » ’
B some bearing on maximum whoel loads, and it is also - L
% S easy to measure with equiprent. which is readily f
] available to =11 mines.
v TABLE 6.1 @ BAGIC OPERATING LIMITS
Control variuhle Good shaft Acceptakle chaft
overail off-vortical D/2000 /1000
misallgnn P 0.5 m 20,5 m
al inciooaonl . ﬁ
H 25 mm + 8 mm 1
~0 muw -3 nun
+2 1. +4 mm
LAY -
0,2 nn 0,6 am
? aoaolovation 3 w/aoat 7 m/sec?
EIVIIIRY . Y I T — , FETU SO . ——
$
! 4
-, o= Jdaptls boalow shoavos
‘ |
; |
1 |
f |
: ‘
E |
i |
: 1]
. ' . |
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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 fgw 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.

PRELOAD +%)(1t0,15K)~-~6-1

P = VA L F
= EWy ) Hpane &L

E

i

The results of this equation, together with measured
maximum wheel loads and DISCS predictions are shown

in Table 6.2



TARLE 6.2 DESICGN, MEASURED AND DISBCS WH‘.;JE
AT 15 m/sec

Shaft ~ Design Measured DISCE Tnss
SHAFT condition load (kN) Tload (kM) (ki)

Pres. Steyn* Non-acceptable 21,4 16,8 11,3 ;
4% skip 22,8 31,4 ‘

Western Deep | Good 6,6 6.8 758 1
Levels 2% i
sKip + §

i

e T e ey s

Western Good 4,3

Holdings - \ &
1% skip Acceptable 6,9 7,8 10,5

Harties Acceptable 13,3
P>
cage Non-acceptable 17,9 15,6 15,3

Dealkraal Acceptable 21 % 14,7 17,5
1¥ skip

* vyaluzs given for top and bottom wheals

+ Koop2 winder, ¥ = /2

valums for "good", "acceptable and "non-acceptahla”
shafts in this Table 6.2 are obtained by putting the

valur of & egual to 0,00%, 0,008 and 0,012 respectiveldy.

In designing conveyances, these wheel loads should be
applied at any cne wheel and resistod at the level of
the centre of gravity of the conveyance, i.c¢. by the

inertia of tho conveyanae,
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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 .iay also have

a high value, so that the puntons 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 toc 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 defiection 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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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 kuntons 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 Cuide 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 ioad and the preload increases, the bunton de-
flection should increase under the design load, but the
guide defiection 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 d«flection
(minimum limit, i.e. deflection should not be less than
this value) and for guide deflection (maxiaum limit,
i.e. deflection should not be greater than this value) .
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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 steel-
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 Fatigque life

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

recommended by Fotopoulos?® .
6.2.5 Preventing dynamic magnification

This progiem relates to the frequency of revolution of
the wheels. If this frequency is within 30% of a
natural fregquency of deformation of the conveyance, one
of the freguencies should be altered. The simplest
alteration would be to change the diameter of the wheel,
preferably to a larger diameter sc 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.

AR RN Oy
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6.3 DESIGN METHOT

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

10ad should be used.

(d) Check that strosses dr 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

pevy? has shown the application of several existing
design methods, to the shaft Jayout 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 | Bunton size
force as % of full 0
conveyance weight

0ld AAC 12,5 300 x 100 x 8

New A A C 10 300 x 150 x 8

German 8,33 200 x 100 = 6

DISCS predictions "t =T

Krige (method 6 300 x 100 x 8

proposed in this

thesis)

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 iess than 20 m/sec. Dynamic
magnification is thus not a problem in this instance.

Tt 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 1s thus:

va = PRELOAD . § _
P = 4,8 WF 7;) + KBunt (~ﬁ--~ + 5)(110,15K)
Bank

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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the hoisting velocity is 15 m/sec and it will be
assumed that specified alignment errors are in the
acceptable classification, i.e. 4 = 0,008. Assuming
that the wheel spring stiffness is 1000 kN m, we have:

15.0,008 15000x1000 ,2
W= 4,8 x 89 L } + ( + 0O).
4,57 1500041000 KBank
(TiO,"S.O)
P ~ 2 ;
4 : = 11,2 + 937,5 (57— ) kN :

| I Bank

Assuming that the wheels are adjusted where the stiffness
of the guides 1is 8000 kN m,

o b S
e oot

R SR J

8000 x 1000 _ gag g ky.m

Kpank = B000 + 1000
% Thus
W= 11,2 + 5 = 13,3 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 : wﬁq

B.M = 13,5 kN.m

The required modulus is thus

¢ 1
13,5 x 10°_ 163,6 x 10 m?

6 v

T T, e e R
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This requires the use of a

300 x 100 x 8 [J bunton.

‘2 } The stiffness of this bunton can be calculated as:

i 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 « = 16264 -1 ’
= 0,

This bunton stiffness gives a design wheel load of:

16864 x 1000

- 2

it

11’2 '+ 2]0 kN

{3,2 kN

i

Check deflections:

xk = 0,4
Bunton deflection = 13,2 . 0,0008 m & 1 mm
: ' 16864 4
. . _ 13,2 _ _
Guide deflection = T057 © 0,0125 m = 12,5 mm

Tﬁe 300 x 100 x 8 [)is thus acceptable.
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CHAPTER 7

CONCLUSION AND FURTHER RESEARCH NEEDED

Previous design practice for shaft steelwork has been
based on assumed or "historically extrapolated" con-
veyance wheel loads. There has rot previously been
any comprehensive measurement of these wheel loads, or
use of theoretically derived methods in predicting
them. Tre research described in this report addresses

this problem.

7.1 ‘CONCLUSIONS

A computer model, DISCS, has been set up, based on &
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

conditioris has been developed.

An assessment of the validity of 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.
Thic gives an acceptable degree of confidence that the
model can be altered to predict design values.

Several important conclusions can be drawn from the

neasurements which were obtained.

18
L
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(b)

{c)
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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.

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 jocation or magnitude of

highk wheel loads, they do give a good general in-

~ dication of the shaft condition.

The condition of the wheels and their revolution
frequency are very important to the determination

of the dynamic behaviour of a conveyance.

Dynamic magnification was found to relate to the
natural frequencies of the wheelsets or of defor-
mation of the conveyance coinciding with the fre-
guency 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.

o i 458 o S AT T e
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FURTHER RESEARCH NEEDED

As has been mentioned in this thesis, it was necessary

to limit the scope of the work undertaken, thus ex-

cluding aspects which may be of significant importance.

Further research in these areas, listed below, is

required.

7.2.1

(a2)

Geometric factors

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 mnot 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

(b)

than about other axes, so that high accelerations
relating to rotation may not lead to high wheel
loads.

»

Guide Lavout.  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.
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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 cbtained if this could be
done, even if it is only to measure forces which are

seldom applied.
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7.2.3 Economic and Maintenance Aspects

A étudy 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.

o
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MAJOR NOTATION

A - - bunton spacing
A; to An - «constants used in the equations of
motion in DISCS
By to By - constants used to calculate the
natural frequencies in DISCS |
Cy ~ damping (percentage of critical) of |
conveyance body and bridle
CS - damping {percentage of critical)
Cslto CSs - effective damping of steelwork and wheel
5
di to dg - conveyance dimensions
E {x} - expected value of x
F -~ "econveyance factor"
FN - upper frequency limit
Fito Fg - forces on three rigid bodies in DISCS
fn or £ - natural frequencies
IR_and Itho - mass moments of inertia
IR,
X - effective wheel spring stiffness at
Bank bank level where preload is adjusted
—Bunt - average effective wheel spring stiffness
at a bunton
KC3 to Kc“ - connection stiffness between conveyance
body and transoms 4
K°1 to Kes -~ effective wheel spring stiffness
KG - guide stiffness
KW -~ wheel spring stiffness
K., XK. K, , v
W P M -~ varlous constants used in deriving
KD wheel load equation
£ - overall conveyance length
My to M, - masses

B TR,

-
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other wheel effect, i.e. the displace-

ment at one wheel due to the other b

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 bhetween
guide and guide shoe

guide position off true vertical

function of time (either acceleration or
wheel locad)

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

" Rotation Equation:-

For simplicity of writing equations use :-

i

¢ (t)
vy (E) -

¢

v

1]

va= va(t)

vy= vy (t)
Ig = Ig, * Iz, * g,
;= Qelt)
i dt
vy = as above
v, = as above
vy = as above
A0S
dt* .
wy = wy (x, t)
w, = w, (x, t}
W, = Wy (x + £, t)
wy = w, (x + £, t)

Assumptions

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

MOTILON

Al

e
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wo = wa (%)

W = We (x)

¢ is small, so that:-

cos ¢ = 1 sin ¢ 2 ¢
i é.]; > i g'..@. 2 i _.12 o
sin ¢ 5 F sin ¢ 5 ¥ sin $ 5 F 0

Equation of Motion is :-

. <.. * % Q.‘ d .
IRl ¢+ Ip, @ tIp, ¥ ° (-F1+F,~F,) 5~ =F;b-F,d,-F4du+Fsb+Fgb

d
+ (Fs=Fs~Fu)x ~Fsb

IR¢+(F1~F2+F,)g»llrF,d;,Jrquw(-F5+F5+Fh)%6= 0 eeennn. (1)

Fi=(vy,~Wi—W 2 + (Va2-wy~W C
1= (v -wy cz.)Kel (Va2-wy g) -

K, are spring stiffnesses

Fy={~v,=w, W (V5 +Wg +0 .
2 =(mva=wy=wae JK o, ~(Va#Watwe )Cg, c, are damping values.

E‘ - ‘“w — ) + - -“ ...
5 (\)3 3 Woa )KQS (\)3 W3 an)Css

E‘s"‘("VJ‘Wq“WQt,)K 6"‘ (\:’3+V:Ju+\;qu)css Note: Fl, F;, Fs &

e
Fg are zero if
deflection

F“:("Ul*d“¢*v°)Kcu+(‘vl+du¢+sa)cbu causes wheels

Fy=(vytdyd-v, )Kc, + (:’1+d3 ‘}""\)2 )Cb:,

to leave the

rails.

g




A2

o e m o mn e *-Kc%'-cg-m-—--"-""-- e Cé

S ARPAS- |
e TR T e =
) . - gl 4 - 3 —~ "~y Y -
~ > & , .

- i L
. < B e
4‘_‘ :l.' ) C!S “C!q_ L 1
A S M s —
wo = wa (X)
We = We (X)
¢ is small, so that:-
cos ¢ = 1 sin ¢ = ¢ 4
¥ dl o 1 é‘.ﬁ. = i b o
sin ¢ 5 = sin ¢ 5 = gin ¢ 5 = 0
!
Equation of Motion is :- : i
- N (‘
-.' e - . d 4
IR1 d + IR2 ¢ +IR3 o = (-F,+F,~F, )5+ -F;b-F,d,-F4dy+F;b+Fsb

+ (Fs“Fs”‘Fq)gs“Fsb .

. IR¢+(Fl—F2+F3)§1+F3d3+Fudg+(—F5+F5+Fu)gs= [+ IR &

Fr=(v,-wWi-wa JK  + (V2a-Wi-Wa) C
el . sl ., . X
X, are spring stiffnesses

Fo=(=v,=W,-Wa JK __ ~(V2+Watwe ) C '
2 2" W JK o, ~(V2tWatwe ) Cg, ¢, are damping values.

Fs=(v,=W,~We JK__ +(V3-Wa—u
5={vy-w,~Wp ) os (va—wa Woa)Css

Fe=(-vy-wy~wg) K “’(53+Qu+Wmﬂcss Note: Fi, F,, Fs &

es
F¢ are zero if
deflection

causes wheels

F3=(\)1+d3 ¢V, )K03 + (\.)1+d3‘}’"\)2 )Cb3
Fq=(-V1+d“¢+V3)Kc“+(“V1+d%¢+53)cbu

to leave the

rails.
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Horizontal Motion of Mass M; o

.l
Mivy=-Fy 4Py

..a‘ Ml\e)‘l"'Fa'—F'{ :Ooo.-—oa;-u-.c.co-n-..---o--.--. (2)

Horizontal Motion of Mass M,

Mz \‘).2 =-—F1+F2 +F3 i
c.‘ Mz“)‘z+F1-F2~F3 =O e # 5 3 8 e e B ® ST S 6O P S EELEE NS U, (3)

Horizontal Motion of Mass M,

Myv, =-Fs+Fg-F,

e Myvy +Fs=Fg+Fy= 0 tevriaesnenasssssonsennansas (4)

i
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APPENDIX B : DERIVATION OF GUIDE STIFFNESS EQUATION v

Derivation of Varying Guide Stiffness

?g' Considering the 3 - span F— % jT
o beam shown, the stiffness
| can be evaluated for load = L/3 @g L/3 ©x L/3
moving across the centre - @le gz

span. This stiffness
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 sx s 2L/3 only)

! and ? resp.

. 1 FPor Ry =R, =0 where a = %

- I a2 40m3

o by = qgapy (T1+19a-27a%+9a’) Ay, A, are the

5 B - 3 ;

_§ b2 = TEIET (8a 9a?) deflections at
i

S L

£y

2 For wW=20

_ . = ABR1#TR,) T s, = ATR1#8R,I T2 o 8
. 486 EI 2 486 EI ~

, g
The deflections under the action of W, resisted by %

spring supports are thus:-

= _.Li_. - - 2 3yl — Bl
Ay = TEIET [W( 1+19a-27a2+9a%) -4 (8Ry + TR;) |= KB

]

L

.

I W(8a-9a®) -~ ¥ (TR1+8R,} |= R,
162EI 1 2 KB

where KB is the bunton stiffness.
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these two equations for R, and R, gives:—

Solving
c -
Ry = Wlpl(—1+19a~27a2+9a3)+82(~1+11a—27a2+18a3)J
r
R, = WL?I(Sa—9a3)—B2(—1+11a—27a2+18a3{}
‘ _ 1 _ 7/3 _ 162EI
where By = W B, = B (W) B, = _._f'_j.._.._-
7
It can then be shown that the deflection under W is:-
A= w [Sda’(1—a)2—B1(~1+19a~27a2+9a’)’—31(8a~9a3)2
X Bsp

—Bz(~1+11a—27a2+18a3)‘]

The guide stiffness, Kg, is thus given by:-

1/KG=1/B {(—Bl—Bz)+(3831+2282)a+(54—47981—17552)a2
3 -

«(108—104431—63052)a3+(54~92731~112532)a“

+(48681+972B2)a5~(16281+324B2)a51
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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 Q
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:
MB M

The gquide is simplified as a continuous beam over
elastic supports having reactions RA to 'RH and support

moments of MB to MG. Initially, the moments and

reactions due to a unit load, as shown, are calculated.

o —— 2
Putting : K ;ﬁ?i, Y1 = Xi§~¥L—

C

a a , : 1

N Fixed end moments 3

v, = Ylazy) 4
Mp ="Mpp = Mpe Mo = ~Heog = Mop Mp = -Mpe = Mpg
Mp =-Mpp = Mpp Mp=—Mpp = Mpg Mg =Mgp = Mgy

we can write the slope-defection equations for the beam

ass
. . 3EBX .+ K -
Mg =~ g 0g t 5 (6gm8,)
. _ 4EI , _ 2EI )
My =Y, BT g, - 22L o, + K(55-8p)

et —— AT

1. e




A7

2EL

M = - ABL o _2BL o L g5 -5)

{
.
i
[
0|
L£3]
)
fes)

!
=

]

{

o }Z ; G a c a F

M 3JEI 0., +
a

L TR R e L

1 3f3 where 6 and 6 are the rotation (clockwise +ve) and
deflection (down +ve) respectively at the support

points.

,¥ Eliminating all ¢'s from these equations we have: A §

4M_ + M, = 2%, - ¥, + K&, - ZKGB + K&

it B C A c

]

¥1-2Y, + K&_ — 2K&, + K¢

M+4MC+M B C D

B D

M, + 4Mp + Mp = K8, = 2K§ + Kép

M, +
E 4MF + MG

it

K5E~2h6F + KGG

~M_~3M_ + 3M, = - -
53N g © “Kég *+ 3KS_-3K§, + Ky

M - o -
C 2MD + 6ME + 7MG = KGC + 4K6D - 6K6E + SKGF—5K6G+2K6

H

PRSI B S
e e i+

SRR G AR BT
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Equilibrium equations are:

2yt i : s =
. Vertical aR, + aRy, + aRj + aRy + aRp + aRp + aR, + aRy=a

A B D
Moment : aRH = - MG
2aRH + aRG = - MF

3aRH + ZaRG + aRF = - ME

4aR, + BaRG + 2aRF + aRp = = My
SaRy +v4aRG + 3aRg + 2aR, + aRp =M,
aRA =~MB

2aRA + aRB - (a--y)=——MC

We also have:

aaiKB = a.Ri where KB is bunton stiffness.

K§,= KaRi = K,aRi where K; = —sr
i - akK
aKB B-

substitute for Mi and Kéi above, and include vert. equil
and equate the two expressions for Mc, dividing through

by a, to give:-

R -3 +1-L = 2a7¥s -
6RA RB+1 Y P + KIRA 2K1RB + KIRC

-9R. ~R_~4R_-9R_- - i A -
2RA RB 4RE QRF 14RG 19RH+1 5 KIRC 2K1RD + KlRE

_9R -4R_-R_~2R_-3R - —aY = Ya-2Y -
QRA 4RB RE ZRF BRG 4RH+4 4a 3 ? + KlRB 2K1RC+K1RD

*RF~6RG~12RH =K1RE -~ 2K1RF + KlRG
RF+SRG+6RH =~K1RE+3K1RF - 3K1RG + KlRH
2 - — - - X. v - - z
hRA+RB+2RE ZRF 6RG 17RH 1+a KlRC+4K1RD 6K1RE+651RF
~5K1RG+ZK1RH
RA+RB+RC+RD+RE+RF+RG+RH = 1
- - = - X
ZRA RB+RD+2RE+3RF+4RG+SRh 1+ 5

e X yprprriey-currs FNU

i
LA

e
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Eliminating RA and then RB and rearranging equations

gives:~
“RF - GRG “12RH = KIRE - 2K1RF +K1RG

~R, -6Rp ~12R,=18R=24R,= KiR,~2KiRy + KiRp
~RC~6RD—12RE~18RF~24RG~30RH = X1-5X; +K1X; -4K1R~2K1Ry

' -4K1RE~5K1RF—6K1RG—7K1RH
RD+4RE+RF—2RG—12RH = - KiR +4KiRp=6K Ry +6Ky .t - 5Ky R, +2K1 Ry

~4R-9R~14R~19R~24R~29R = X, =5X; =3K1X; +6K1 R +8K1 Ry

+11K1RE+14K1RF+17K1RG+20K1RH

Rg= ~ 8RG—24RH—K1RE+3K1RG~2K1RH
¥,1-2Y 2Y -
where X, = —LE——l+ 5 + 4 4L X, ~X§~Xi +X3+5 + %




SRl e WTTRRAS THE AT e Bt e s i, e
¥ v

A10 g
Put X, = X; -5X, + KiX; Xs = X,-5%,-3K1X; ;
Substitute for R to give :- o f
o
- — — 2 Qv 2 — 2 -
RG+6RH 10K1RG 23K1RH K RE+JI)1 RG 2K+ RH 0
. —RC-6RD-12RE+12ORG+4OZRH+4K1RC+2K1RD+22K1RE-—88K1RG-77K1RH

"'SKlzRE’*"] 5K12 RG""‘ OKlzRH'—:Xq

"? RD+4RE~1ORG~36RH+K1RC~4KlRD+5K1RE+56K1RG+140K1RH+6K12RE
-18K13RG+12K1’RH=0
~4R 9% ~14R+128R +427R,~6K R 8Ky Ry +8K 1 R+ 3BKa Rg#354Ks Ry
+14Ky?R ~42K) 7R +28K1* Ry = Xs

1, 6 .78 264 - |
Ro=" %, Bp7E, Re'K e Ky R *2Ry+11Ry = 36R, + 24Ry | A

Substitute for RC to give:-

- - - 2 2 - 2 = P

—
-

POV P e

( 1 . 6 _ 78 _ 264 _ _ .
. TR e = Ry =~ ¥~ Ry 128 47R +46BR,+1434R+ 10K Ry
' +66K1RE-232K1RG+19K1RH—5K12RE+15K12RG—1OK1’RH=X4 f  P

4 24_ 312 1056 I _ -
2 R R R Ro R R 11R,~22R;~196R;~1253R,~20Ka Ry,

"58K1RE+254K1RG+21 OKlRH""] 41(12 RE“‘42K12 RG+28K11RH = Xs

1 34 114
T e e ot O — r
RD KlRE+ B RG+ R, RH+8RE+1ORG+82RH+3K1RE 9K1RG+6K1...I

g

S AR B b A TN e
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Substitute for RD and regroup the equations to give:-

'(-Klz)RE +(1~10K1+3K12)RG +(6—23K1~2K12)RH = 0

1, 26 5k, %) R+ (34, - 476 — 24K;-75K;?
( X2t R, 150+110K{+25K; )RE+(K12 - +679 24K;-75K; )RG
114 1550
+(Klz "R, + 1596+767K1+50K12)RH = Xy 1
|
_4 87 . 4g- - 2 136 _ 646 _ 2
% * R 78-251Ky-46K, )RE+(R-—1-1 %, 1022+153K1+138K; )RG
456 _ 1982 _ _ _ 2 _
(Klz K, 441 1496K,-92K, )RH = Xs
- . 2
Put: le 1 10K; FBK]_
Ky?
g = 6-23K;-2K;?
2 K]_2
1 26
2y= - 'R‘lz + "I-(—l" - 150+110K;+25K;?
34 476
Zy= -I;:"Iz - K, + 679 - 24K1"'75K12
is= 24 - 1?{?0 + 1586 + 767K1+50K12
- 4 67
dg= - -R";z + ey - 78 - 251K;-46K;,?
7,= 435 _ 846 _ 1422 4+ 153K, +138K;?
Ki ¥a ‘
4
o= 258 _ 1382 _ 44491 - 1496K,-92K,? |
Ky Ky :
The equations can then be written as:-
: Ry = ZiRy + 23Ry
ZyRp+tZyRy + BsRy = Xy
|
ii ZGRE + Z7RG + ZgRH = X5

¢ ok AT i STHE A,
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Substituting for RE:

]

(Zizs+zk)RG + (Z223+Z5)RH X%

1f

{21Z5+Z7)RG + (Zzzs*ZQ)RH Xy

(Z21Z6+%7) (sza‘*Zu)RG + (Z1%6+27) (ZZZ;‘+Zs)RH=(Z125~l-Z7)Xg

(les+zu)(les+z7)RG+(Z123+Zu)(ZzZs+Zs)RH=(lez+Zu)X5

(21%+27) Ky~ (21%3+24) X5

| Thus: Ry = (@17 e707) (Ba82+238) = (L4184 +2y) (B, %6+%8)
‘ XQ_(Zgzg'*‘ZS)RH

| RG = (212,+2y)
i

) Having established the reactions, the effect in the other
it : spans is determined as follows:-

dv? M BM -~ -~ 1 BMx EMx
< dz? = EI a " BI (BM- — a )
EI
d B b
: *&3\%’-%—]:" f(Bbi——;M—}E+Eb_f{) dx
_ 1 BMx? EMx?
= g7 (BMx - =_— + =7~ + C)
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1 BMx? EMx? )
Vo= BT ; (BM 55 55 +C Jdx
1 BMx? BMx? EMx?
vo=gr 55 ) ga~ * Cx v D)
At x = 0, v =B¢ Thus D = EIBS
At x = a v = ES
N 2 2 Y 2
BT.ES =?Aa _ BMa + EMa + ca + EL BS
2 6 6
I \ BMa? EMa?
Ca = BIL.B§ — EI ,Bg -~ 3 + %
BT BMa EMa
= 2= Tops) - —e o+ 22X
C 2 (E8-BJ) 3 3
Thus:
21 BMx® _ BMx® EMx® _ BMax _ EMax, _BES ES <
v = g7 72 Y 3t )T Xtz XvBO

This is then multiplied by the value of the relevant
wheel load at the previous time step and added to the

guide position.

k11

s m
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APPENDIX D : DERIVATION OF EQUATIONS TO CALCULATE
NATURAL FREQUENCIES

(a) EQUATIONS OF MOTION
The full equations of motion can be written as:-

IR¢+(Ke¥2~Kelwm +C51V2—C51wm'+Keav2+KezW“'+cszw”

. - » 1 — - .—‘ - é-L
-rCSI\)Z*»I\CJ\)l +KC3d3¢ KCJ\)2+CBBv1+CBsd3¢ CB“\)2 5

+(KC3“1+KC3d3¢_KC3v2+CB3v1 +CBad3¢—Cst2)d3+(KC“v3—KC“v1

+Kcud“¢—cshw1+CBud“¢+CBQV3)d“+(Kcu“B"Kcuvl+Kcud“¢

~ch61+cBgdu&>+CB“\33—KESV,+Kesw03 +c85v}°3 -CSS\33—~K86\)3

~K_ Wou -CSG\:J@,, -CSSGB)%S— = 0

I $'+( s d21+c dy-Cg,du- %Q)Gﬁ(cm%hcsz%—‘— -—CBa%—l- ~cBad3)\}2+

(CBkd“+cBu%i *-CssdzS CS 2 )\J3 (CB%i:,%l—-t-C d32+C duz*C d# )¢

+(I<Csd21 Cad; ~Ko, GuKe, 5 )v1+(Kel%—l— +Kez-‘1—2}- —KCa%l— —KC3d3)v2

+(Kc dy+K de -K de -X 51—5’-)\;3+(K d3d1+K c'i3 +K ., ds?+K dh—*)tp
b Cy 2 es 2 es 2 Cs Cy Cy

+(Kez—d2—1- W —-Kel%‘- Wa +Kes%_§- Wos - Kes%—s— W oy +C826: %——

—Cslwm %L +CgsWa %—i ”CSGV:IQQ %i) =0

e

P
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Putting:-

S‘_____,C dﬁ dG

A, =C By 2

B“dq'i'c

dy

= 2 2
_AI*—CBSdD 2+CBsd3 +C qdl“ +CBLpd

B

d,
c.3 Re

o8}
&)

A5=K sdJ"Kdeq“Kc“—é“'

3 2
3QBZ+Kqu“ +KC4d

We thus have:

A15

dg
42

de
"2

de.. g ds
s W Keszwcu

IR&).-{»A:L{)]_-:‘AIOQ-PAJ{)J +AL’&>+A5V1+A5\)2 +Agv,+Ag¢+Aa=0 ...... (1)

M3V +K 3v1+KC3d3¢~KC3v2+C v,+C

C Ba B

"chdy({)"KC“\); +CBM\)1—CBl§dh¢ "CBI’\);;:O

M\.).1+ (C +C

B, Bu)v1+(_c

B

+(~KC3)v2+(—KCu)v3+(KC3d°—KCud“)¢ =0

3d3¢~CB3v2+K

v
Cu !

3)\)2+(~CBq)v3+(CBJdJ-—CB“dq)¢+(KC3+KC“)\)1

-’
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Putting:- Ay = CB3 " CBq

Br = Kca ¥ KC“

A13 K dS - K dg
3

C Cu

We thus have:-

M1Vi+Ag 931-C 3\"2'CBL’\,’3+A11 $+R1p vi=Ko va~Ko vy *+ An =0...(2) | ;

B

M,v,+K_ vy-K_ wgq +C
2V2Thg V2R TR g,y

D,-C.. Wo *K_ va+K_ Weg +C. v, +C. W
2 S1 o e, 2 e, @2 S, 2 C52 02

Kéz_ vl—KC3d3¢+KC3\)2—CB3\.}1~CB3d3<¥>+CB3{:2 = 0
M, {{2+(—cBa)\31+ (Csl+csz+cs3)\"2+ (-Cg, da) o+ (-Rg Jvi+ (K +K, +K. ) va
+ (-—KC3 d,;) o+ (Kezw"z «-Kelwm +C82Wm —Cslwﬂ ) = -O )
Putting:~ - Ay = Csl+ CB:, + C52
A = -Cy d, 4
By = K, *K_ 4K
Ay = K. 4,
Ay = K, Vo -Kelw01 *Csz':”” —CS],‘:VOI

We thus have:-—

M, \')'2"‘CBQ\.)1+A11+ \')2 +A15 &J—KCJ\)1+A15 va+Aiyy d+A = 0 eeeas (3)
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M3v3+Ke5v3“Keswm +C55v3—c55w“ +Kesv3+KeSWm¢+CSSV3+CSGWM

-K “V1+chdq¢+KC“V3“C v1+CBud“¢+CBMV3 =0

C By

M5v3+(—CBu)v1+(CS§CSG+CBu)v3+(CBud“)¢+(—ch)v1+(Ke5+Ke6+KCu)v3

+ (Ko, dy) o+ (K, wou =K  (Woy =Cg Woy +Cg Woy ) = 0
Putting:~ Ay = CB“dq
An = KC4+Kes+Kes
Ay = chdk
Ay = Kesw@§~Keswm +Cssw@,—CSSWm
Ay = CSS+CSe+CBq

We thus have:-

B

(b) Expansion of Determinant

To obtain a non-trivial solution the determinant must

be non-zero,

ie:x
Au"lez ”KC3 ‘KC“ An
“Kcl Am -M2m2 0 Au
1 =0
_KC“ 0 Am —MJwZ Au
As Ag Ay Aa~IRw2
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Expanding this determinant by the second row gives:-

"""KCJ "KC“ A13 Au f‘lez “‘KCL} A13
KC3
0 Ay ~Mjw? An |+(Ri ~Mzu?) -Kea, Ry -Myw? An |-0
Ag Ay Aa"'IRmz Asg Ay Ag—IRmz
- 2 - -
Ap ~Miw KCa KCu
.
As Ag Ay

Expanding these determinants by the second row in each

case gives:-— : > ;
Ke, | -0+{Axn ~Myu? }{~K, (Rg=Ign?)-Rehy }-Aa {-KC3A7+KC4A5}I
+|Ap M 0? | ]KCH{-KC“ (Re~Ipw?)-A7RAy }+{ Bg =Maw? }{(Ap ~Miw?)
(Ae".IRm’)"‘AsAu Az {(Ap ~M1w1)A7+KC,+A5}l+A17 lKCt&{—KC3A7+KCuA5}
~{BAgyp -M;w? }{ (Ap ~M;iw? )A5+KC3A5}|= 0

\ — 2 — - - —
Kcsl(Azo Myw?) { Ko, RetKy Ipu AgA1s )+KC3A7A21 Kq,Rsha

+|A15 ~M, w? ‘ ‘ch (—KC"A8+KC‘GIRL’)2»A7AB )+ (A20 ~M, w’)

{(AgAyp ~Ap I w?-RAgMiw?+M; I w"-AsAla }-Axn (AR5 —A7M1w2+KC As) I
"

R R

+Ay | =K. K. A7+K

ciaiey 2A5“(Azg "‘MJ wz) (As}-\m "AGlez*‘KCBAS) = 0

Ch

- l%-;
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w? (MM, M, Ig) ~0® (Bgs MyMy Tp+Agp My My To+B g0 MM, Ip+BeMiMM;)

+w* (=K My I+ A My Tp+As Aw MyI +AgAss MaMa+Ag Rgg My Iy

C

+AgA1 My My =Ky, 2 M Tp-AsAi Mo My +AsAn MMy ~ArAn MM, =AeAy MyM;)

+w? (KC32A20 IR+ zAsMa +K 3A5A13 M; -Ajs Agg A IR—'A&AIZ Asg M,

KC: C

+KC**2AJ‘G IptAsAs Ais Ma~NaAygAgz My+A7A1s Ay Mi~Aghyp Ay M,

+A9hA12 Ay M, +K “zAgMz +K ., AsAy3 M, +K Aghgy My+AgAq; Ay M,
4 y

c c c

+KC3ASA17 My +RAghya Ay My+Aghyy A Mi)+ (“KcszAaAzo +KC 2A5A 9
2

~K., K
3

c “AsAn ~K

3A6A13 Bog +AgA1 Ay Ay ~AgAyp Ay Apy -KCRZABAIS

c c

*KC“A7A13 Ay =K

C“AsAls Ay -AsBi3 Ajs App 'KC?KC“A7A17 "KCJASAJJ Ay

~Aegly AIZ'A?.D +K szsAr; y = 0

c

Dividing through by MiM;M, IR and putting:-

By= Ay /My+Ay /My+Ry /My + Aa/IR

B, = 2/ (MiMy ) #B1s Bgg / (MyMy ) #Bgs Rgg / (Mo M3 ) +Rg2h56 / (M, IR)

-—I{C3
+Ay By / (MyM;) +RAgAp /(MLIR)-KC“’/ (MiM; ) =AsAys /(My IR)

+Ag Bz / (M, IR) ~B7An /M, IR)"'AGAJ.’I / (M, IR)

S
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B,=(KC32Am IR+KC32A3M3+KC3A5AH M3=RAp Ay Ay Ip-BAsAi12hs M,

+AsAyg Ay My—Aghys Agy Mi+A7A 5 Ay My—AghAyp Ay M,

c R

+A7A1 An M, +K

c C

2 +
y Ast KC

“A7A13 M2 +K “AsAz}_ Mz +A5A13 Ao M:z

+Ro AsAy My +Ash1 Ay My +Ashy Az My)/ (MyM M3 I0)

Bu"("KCJ’AaAzo +KC32A7A21 "KCSKC“AGAH "KC3A6A13 Ay +AgA1n Ay Ay

~RA,A1p Ay An ~K ., ?AgA ~K lfA?Ala Ap -XK hAsAls Ay =Ashiz Ay A

Cy C C

-K_, K
3

c 4A7A17 -K

3A5A17 Ay ~AgBhyp Ay Ag +X. 2RAeAy7 )/ (MiM, M, IR)

C c Cy

We then have:

wi-Bwb+Bu +B, w2 +B,y=0

(The slope w.r.t w? is 4uw®-3B;w"+2B,uw?+B,)
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APPENDIX E : COMPUTER PROGRAMMES
" E.1 DISDAT

The input for DISDAT is all in free format in response

to questions.

(1) A title up to 80 characters long

(idi) A filename of 6 characters
(iii) The conveyance rotational inertia in t.m.? (RI)

[  ' (iv) Masses, in t, of the body, the top transom and

; the bottom transom in that order. (AM1, AM2,

; {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)

b e e s i

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

N e ot 4 O

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

o (1ix) The damping constants, as percentage of critical
damping, for the shaft steelwork/wheel combination
and for the conveyance. {CS, CB)
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~6 b :
(x) The guide inertia in units of 10 m and the ;
bunton stiffness in kN/m. The bunton stiffness ‘ 1
is calculated in accordance with normal structural
theory, making allowance for end compliance as
described by Laubsher and Bull . (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. (2K, DIAM)

'f (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, PREL, CLEAR)

(xiv) Spring travel, in m. This is the distance the

; wheel can move back before hard contact occurs. : j
} (WXX)

(xv) Wheel irregularity (in m) and four phase angles
for the initial wheel positions (AMP, PH1, PHZ,
PH3, PH4).
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(xvi) Number of buntons for the run. A typicai 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

i the number of buntons. (IBUNT)
{f , 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
T random seed numbers, which should be any numbers
between 0 and 199017 (WL(3), XWX(1) to XWX(6)). : L

If MISAL = 2 :- ok ,

(xx1) 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

L .
e s 2 g i

initial bunton, number 0, which allow for
initiallising. For specified misalignment the
first seven input lines should thus be zeros in

most cases.
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Y
The output from DISDAT is:~ 1
o (1) Heading in 20A4 format. |
L ' |
2y (ii) RI, AM1, AM2, AM3 in 4F12.4 format.
(iii) D1, D3, D4, D6, A, AOL in 6F12.4 format
) (iv) CB, CS, CK1, CK2, AK in 5F12.4 format
.:3‘ :
J (v) CEK3, CEK4 in 2F12.4 format
L {vi) VEL, PREL, CLEAR, WXX in 4F12.4 format
! o A
ji i (vii) AMP, DIAM in 2F12.4 format
(viii) PH1, PH2, PH3, PH4 in 4F12.4 format
o
i
! (ix) NOB, MISAL in 217 format
EL L (% WO(1), WO(2), WM(1), WM(2) in 4F12.4
b : - format, for each bunton.
s
i i
c
e
1
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DISDAT : Flowchart

Specify dimensions

and read variable types

~ Read input interactively
Specify full filename

Jof output as:

Filename ="DL1:"“f9ilename"{. DAT"

Logical unit 1 is assigned to
file E

Calculate total number of buntons
considered

A25

Initiallise
]

Read heading & filename
I

E = "DL1:'B'1.DAT"
]

Read major input

Open file E for output
I

Yrite major output

1
Read IBUNT

!
NBBA = NOB+7/
IBUNTA = IBUNT + 7

MISAL=1? No

\/

Yes

Read misalignment
limits and seeds

AN

<t

2]

Q

=

Guide 2 misalignment o

is gauge error less "
guide 1 misalignment —
ju B

[

Q

P |

Q

[}

Calculate random
misalignments at next
bunton |

I'f IzIBUNTA misaHgnments)
= 0,0 I

(wo(z) - Wo(2) - wo(1)>

Write misalignments

This section reads
specified misalignment

Yes

1,

to file
IZIBUNTA?

No

NOBA

Do Loop 1

Read misalignments

Set misalignments :)
to zero

N Write misalignments
to file

Close output file

!
STOP

B
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PROGRAMME DISDAT : Listing

C

L THIS FROGRAMME GENERATES THE INPUT FOR DISCS INTERACTIVELY
c

INTEGERX2 E(3)sI(I)yE(B)+F(2)
DIMENSION WO(2)yWL(3) s WM(2)sC(20)
i REALXE YWY yXWX(&)
4 TYFE 300 i ‘
. 300 FORMAT(’ ENTER RUN TITLE ¢ < 80 CHARS BEGINMING WITH A BLAMK )¢5y :
g READ(S,301X(CCI)rI=1520)
i 301 FORMAT(20A4)
5 TYFE 302 S
! 302 FORMAT(’ ENTER DATA FILE NAME ¢ & CHARS )’) j
, READ(S s I 7Y (R(I)sI=153) : j
o 303 FORMAT(342) :
' DATA I //1.73°DA’y’ T/ n
DATA F /7/DL’,*1L7/
Do 29 I=1,2 o
29 ECI)=F(I) g
00 30 I=1,3 gy ;
30 E(I+2)=R(I) S :
DO 31 I=1,3 : f
31 E(I+5)=D0¢1) £ |
TYFE 1 ' |
1 FORMAT(’ ENTER ROTATIONAL INERTIZ ) R :
ACCEPT %sRI : %
TYFE 2 ' o
FORMAT(’ "ENTER MASSES OF ¢ ROIY, TOF TRANSOM, EOTTOH TRAMSOM’)
ACCEFT ¥,AML1,AMZANI
; TYPE 3
S 3 FORMAT(’ ENTER DEFTHS OF TOF AND EOTTOM TRANSOMS’) : gﬁ
_ ACCEPT X,01,D04 » »
TYFE 4
4 FORMAT(’ ENTER DISTANCE FROM C.G. TO TOF & BOTTOM OF RODY’)
ACCEPT %,D3,04
TYFE S
5 FORMAT(’ ENTER OVERALL CONVEYANCE LENGTH?) , i
ACCEFT %,;A0L ;
TYFE &

b FORMAT(’ ENTER BUNTON SFACING’)
ACCEPT XsA

TYFE 7

7 FORMAT(’ ENTER % DAMFING OF STEELWORK §& CONVEYANCE ")
ACCEFT %,CSsCH
TYFE 8

8 FORMAT(’ ENTER GUIDE INERTIA & BUNTON STIFFNESS’)
ACCEFT %,CK1,CK2

A e

BT et i e i
rJ
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TYFE ¢
9 FORMAT(’ ENTER WHEEL SFRING STIFFNESS & WHEEL DIAMETER’)
ACCEFT ¥,AK,DIAM
. TYFE 10
sk 10 FORMAT(’ ENTER CONNECTION STIFFNESS TO TOF & BEOTTOM TRANSOMS‘)
i ACCEPT %,CEK3,CEK4
g TYFE 11
S 11 FORMAT(’ ENTER VELOCITY, WHEEL FRELOAD & WHEEL CLEARANCE’)
: ACCEFT %sVEL,FREL ,CLEAR
ij TYFE 12
g 12 FORMAT(’ ENTER SFFING TRAVEL EEFORE HARD SLIPFER CONTACT’)
. ACCEPT %,WXYX
" TYPE 18
K is FORMAT(’ ENTER WHEEL IRREGULARITY g 4 FHASE ANGLES(desgrees)’)
i ACCEFT Xy AMPIFHLsFPH2,FH3,FHA
| TYFE 13
‘ 13 FORMAT(’  ENTER NUMEER OF BUNTONS FOR RUN‘)
ACCEFT %,NOK
TYFE 14
14 FORHMAT(’ ENTER 1 FOR RANDOM HISALIGNMENT, 2 FOR SFECIFIED MISAL
BONMENT )

' ACCEFT %,MISAL
o CALL ASSIGN(1,E,15)

HRITE(1r304)(C(I):I=1:20)

5 304 FORMAT(2044)
; WRITE(Ls100)RIsAML,AN2yANZ
o 100 FORMAT(4F12.4)
E HRITE(i:110)31;D3:D4:D6:A:AOL
; 110 FORMAT(6F12, 2)
o HRITE(i:120)CB:CS:CK1:CK2:AK
i 120 FORMAT(SF12,4)
; ! WRITE(1,130)CEK3yCENA
1 ! 130 FORMAT(2F12,4)
%} M&ITE(i;iOO)UELzPREL;CLEQR:NXX

WRITE(1,130)ANFsDIAN
NKITE(l’100)PH11PH2:PH3;FH4

WRITE(1,140)NOBsHISAL
1490 FORMAT(217)

Lo |
o TYPE 17 : g
3€ 17 FORMAT(’ ENTER NUMEER OF BUNTONS WITH NON-ZERD MISALIGNMENT ) ' :
; ACCEPT X, IRUNT ’ y
NOEA=NOR+7 : :

~§ IBUNTA=IBUNT+7

. ¥
o akie o e 4 e

, IF(MISAL \NE.1)60TO 50
i TYPE 15

135 FORMAT(* MAX MISALIGNMENT CHANGE, GAUGE ERROR & MAX MISALIGNMENT %)
ACCEPT ¥ UWLCL) s WL C2)Y s ULMAX
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o
TYFE 9
9 FORMAT(’ ENTER WHEEL SFRING STIFFNESS & WHEEL UDIAMETER’)
ACCEFT %rAK,DIAM
o TYFE 10
S 10 FORMAT(” ENTER CONNECTION STIFFNESS TO TOF § ROTTOM TRANSOHMS®)
7 ACCEPT %,CEK3,CEK4
Ef TYPE 11
ke 11 FORMAT(’ ENTER VELOCITY, WHEEL FRELOAD % WHEEL CLEARANCE’)
; ACCEFT ¥sVEL)FREL sCLEAR
) TYFE 12
‘ 12 FORMAT(’ ENTER SFRING TRAVEL BEFORE HARD SLIPFER CONTACT’)
i . ACCEPT ¥suUXX
R TYFE 18
) S i8 FORMAT(’ ENTER WHEEL IRREGULARITY & 4 PHASE ANGLES(dezrees) )
| o ACCEFT XsAMF,FH1sPH2 s FHZ,FH4
i}» o TYFE 13
z o 13 FORMAT(’ ENTER NUMEER OF BUNTONS FOR RUN‘)
}i = ACCEFT X,NOE
- TYFE 14
i 14 FORMAT(’ ENTER 1 FOR RANDOM MISALIGNMENT, 2 FOR SPECIFIED MISA:

{f b BGNHENT 7))
¥ ' | ACCEPT %,MISAL

] CALL ASSIGN(1,E,15) | J
, MRITE(1,204) (C(I),T=1,20) : 5 q
304 FORMAT (2044) o i

| HRITE (15100)RI;AM1,AND, AN3
; 100 FORMAT(4F12,4) : !
o MRITE(1,110)01,03,D4,06,4,A0L ;
i 1190 FORMAT(6F12.4) | ;
g WRITE(1,120)CR,CSCK1y0K25AK
| 120 FORMAT(SF12,4) 7 | ‘
. WRITE(1+130)CEK3,CEKA
g 130 FORMAT(2F12,4)
- MRITE(i;100)UEL7PREL;CLEARrMXX : -
T WRITE(1,130)AMP,DIAN
H

NRITE(l;iOO)PHIyFHE;PHB:PH4 }
WRITE(1/140)NDEB,MISAL

140 FORMAT(217)
TYPE 17
17 FORMAT(* ENTER NUMEER OF BUNTONS WITH NON-ZERO MISALIGNMENT )

ACCEPT X, IRUNT
NOKA=NOR+7
IBUNTA=TBUNT+7
IF(MISAL.NE.1)GOTO S0
. TYPE 15

158 FORMAT(’ Max MISALIGNMENT CHANGE, GAUGE ERROR & MAX MISALIGNMENT )
ACCEPT Ko UL 1)y WLC2) s WLMAYX

B 7 o
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TYFE 16

FORMAT{Y ENTER MISMATCH VARIANCE & 6 SEEDNS’)

ACCEFRT XsWL(Z) o XWX (L) o XWX(2) y XWX (F) » XUX(4) p XUX(T) ¢y XWX (S
0 20 I=1,NOEA

D0 21 J=1:6 :
YWY=(24298 . kXUX(J)+99991.)/7199017.,

XUX () =(YUY-DINTC(YHY))%R199017,
IF(JLE.2)W0(D) =XUWX(J) /199017 %2, %¥WL (D) -WL (D)= (J=-2) kW0 (J)
IF(J.EQ+4.ORVJLEQWAIYUHY=XUX(J-1)/199017,
IF(JEQ.A4.0RVJVEQ.HIUM(I/3)=WL(I)KRSART(DLOGC(YRYIH (0, ~2,))XDICOB(6
e 2832XXUWX(J)/199017)

CONTINUE

NUM=(I/2)%2

0o 22 J=1,2

IF(I.GT.IBUNTA)WUM(I)=0,000

IF(I.GT.IRUNTAIWO(J)=0.000

IF(NUMJER.IDWM(II=0,000

CONTINUE

IF(WOC1) BT WLHAX) WO(
IF(WOC1) LT, ~WLHAXI WO
WO (2)=W0(2) -0 (1)
WRITEC1,2000W0C1) /WOC2) s WMCL) /WMD)

FORMAT (4F12,4)

6070 70

D0 51 I=1,NOBA

IF(I.GT,IRUNTA)GOTO 52

TYFE 19

FORMAT(’ ENTER MISALIGMMENT AT BOTH GUIDES & MISMATCH AT BOTH’)
ACCEFT ¥ HOC1),0¢2) ;UML) s WM(2)

GOTO 53 _

WO(13=0.0

WB(2)=0,0

WM(1)=0,0

WM (2)=0,0

MRITE(1,2000W0C1) ,WDC2) ML) yWM(2)

CONTINUE

CALL CLOSE(1)

STOF

ENI

WLMAX-WL (1)

1)=
(L)=-WLMAX+WL (1)
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TYFPE 16
16 FORMAT(’ ENTER MISMATCH VARIANCE & & SEEIS’)
ACCEPT RsWLCI) s XWX L) s XWX C2) s XWX CT Iy XUXCA) s XUX(F) s XWX (S)
0 20 I=1,MNOEA
Do 21 J=1s6 .
e YWY=(24298, kXWX (J)I+99991.3/1959017,
o XWX O = (YRHY-DINT(YRY) IRLI99017,
IF(JVLE 2 WO () =XUWX(J) /199017 %2 kWL (I ~WL (Y= (-2 %WO (D)
IF(JWEQvA.ORVJVEQ .G YUY =XWX(J-1)/199017,
IFCJVEQ4.ORVJVEQSIWMCI/3)=WL{3)KSART(OLOG(YWY 2% (0. ~2,))XDC0S(6&
@ JEBI2XNUX(II/199017,)
CONTINUE
NUM=(I/2) %2
D0 22 J=1,2
IFCIWGT.IRUNTAYUM(J)=0,000
IFCI.GT IRUNTAYWO(J)=0.000
IF(NWM.EQ.IIWH(II=0,000
; CONTINUE
. IF(UODCL) W BT WLMAXIWOC(L ) =WLMAX-WL (1)
: TFCWOCLY VLT . ~WLMAX WO (L) =-WLMAX+WL (1)
; WOC2y=W0(23-Wo(1)
o 20 WRITE(1,200)0W0C1) »HO(2) s UML) 1 WM(2)
. 200 FORMAT(4F12.4)
i GoTo 70
50 0 S1 I=1,NORA
IFC(I.GT.IBUNTAIGOTD 52
TYFE 19
19 FORMAT(’ ENTER MISALIGMMENT AT RBOTH GUILES & MISMATCH AT ROTH’:
ACCEFT %, WO(1)HO(2) s UML) s WM(2)
BOTO 53 _
52 WO(1)=0.0
WB(2)=0.,0
WM(1Y=0,0
WM(2)=0.0
. 5% WRITE(1,200)0W0(1) s WOC2)sWMCL)Y s WM(2)
A 51 CONTINUE
‘ 70 CALL CLOSE(1)
STOF
END

F3
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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 filenamé,
and all other input is then from the data file
created by DISDAT.

o The output is:-

i (1) A data file giving the wheel load and
3 j acceleration information and time at each
:];; ) data point.
f {(ii) A data file giving basic information, such

as time step and total number of samples,

which is required by the analysis programmes.

(iii1) Printout of the input parameters, then the
calculated natural frequencies over one

il - P At

guide span, and finally the guide mis-
: ' alignment is listed at each bunton. If | 1
%i | - there is instability, this is printed, with
i - the time at which it occurred, between the ' -
relevant buntons listed above. Jé
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Flowchart for DISCS A30

Initialise

Read Major
Values

[Write input values

[
Calculate Actual Damping
From Damping %

Calculate Stiffness Constantéj)
for other Wheel Effect

Read Number of Misaligned
Buntons

Calculate Conveyance Position
(Top Wheel)
DIS, DX, DIST.

Increment
I1JK

is DIST>DX >
&/ .

Read Misalignment at
New Bunton & Shift Others
VY 2 Array Positions

" e Nz0
No Yes

Write Bunton Member
and Misalignments and
Increment Bunton Number, N

Calculate Bottom Wheelj>
Position

Calculate Guide Stiffneséj)
at top and bottom wheels

Calculate Effective Stiffnes%)
and Damping at each wheel

Yes

IS Time

~
e
(:ACa1cu1ate Guide Displacement
under Preload

No «
@m ~
Bu <

nton No)l~ NO

B
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- Flowchart for DISCS (cont'd) | ' Aéf
P Calculate Effective Guide
g Position at Each Wneel
Yes Y
A Is this the first time
i Step?
g : 10K = 1
1 A\
A No
5
| (:Calcu?ate Other wheel effecﬁj)
g
1 3§ (:iCaICUIate rate of change of
£ S Guide Position
b <:§et 01d Guide Position
i § ~ \_to_current guide position
‘ ',é Calculate relative Dist
. between Guides & Conveyance
“ % Are Wheels « No
it SEEREEE in Contact -
1 / Set Wheel SEiTfness™ -
1 { = Yes Damping & Wheel
i i Rot. Inc. =0
;% : _ Calculate Portion of
i , a relative Dist. is Across
5 i : Spring .
: ? ave wheels Yes
= Bottomed out?
{ //////?i:?Et Effective j:)
P Stiffness = Guide
| No \y Stiffness
! ]
! Calculate Constants
; AEI - AE23
f z 1 <& Bunton No <0

N?

= 0 ( Increment M ) !

Calculate Constants:>
.. BE1 - BE4
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Flowchart for DISCS {cont'd)

Yes

A3l

<:Ca1cu1ate Effective Guide
Position at Each Wheel

Is this the 1irst time
Step?

A

Yes

No
(:pa1cu1ate Other wheel effec%j)

7" Calculate rate of change of ,
Kkﬁuide Position j

“Set 01d Guide Position
to current guide position

Calculate relative Dist ;:>
between Guides & Conveyance

Are Wheels No f
s ;
™~ Set Wheel STiffness ™y = :

Yes Damping & Wheel
Rot. Inc. = 0 | é

Calculate Portion of eg
relative Dist, is Across "
Spring |
ave wheels Yes ’
BottoTii/EBEg,// %
~~ <::§et Effective 1
Stiffness = Guide \
Noy Stiffness
]
Calculate Constants
AEI - AE23
z 1 < Bunton No <0

o N? - | ~ |
g
\\\\\\jq;// = 0 (ﬁncrement @;)

(Trlncremgnt JA j)

Calculate Constantsj)
BE1 - BE4
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Flowchart for DISCS (ant‘d)

Yes 15 7 35>

Calculate Initial Approx.
solutions to frequency
equation

Set T?a; Step
\/ to previous step
Not ?1;1d;?nbyp§giod Solve for Cyclical Freq.
divided by 8 32?521ng from previous
N Calculate Natural
Calculate Derivatives :
and next solution to frequencies
motion equations using
runge-kutta 4th order / Write Natural
5
frequencies
(/S e St T
solution using K\ g1n;mgm period multiplied
. Adams Mouton 2y 2.
- Increment time by
(%ET - Jd = O:> time Step
- fon Z
C <

(Z?a1cu1ate New Derivative
values

Yes

V

\ No

Calculate Corrector
Values

AN ' //’Ca1cu1ate Ratio betweeni:>
s

. Prev. & Corrected Value
N Minus 1§

Yes
<JJ=10

No
(Eﬁcrement JJ‘>

\\4

bisine

i e 8 Em )




Calculate Initial Approx.
Yes solutions to frequency
equation

Solve for Cyclical Freq.
starting from previous ‘
Value i

Set Time Step
to previous step
divided by 20

i.e. min. period
divided by 8

Calculate Derivatives Calculate Natural

- and next solution to frequencies
E motion equations using
E. - " [
é runge-kutta 4th order Write Natural
5 frequencies
oA
| Ca}cu1a§e predicted Set time Step Equal to |
values for new D : ey :
solution using <::g1n;mgm period mu1t1p11e$j:) ‘
Adams Mouton e

. _ Increment time by
(?ET - Jd = D:> time Step

-

3 P
4 . < :
{ i
3 ;

Calculate New Derivative ~ :
values 4:> o '

\

Yes

v

IS Z > 572
//

\y No

e aTh G s 5 o 0%

Calculate Correctorj)
Values

AN "/ Calculate Ratio between
Prev. & Corrected Values
N Minus 1

Yes
IS JJ = 10; >

b e e i i b ¢ P

No
(,Increment Jdﬁj
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Flowchart for DISCS (cont'd) A33

Sl TR
N Ty M e T iy i e

Is Accu;;Z;\\\:> - Yes Yes

Sufficient

\

o any Derivat,
values exceed

Divide all
solution values

No derivatives
& current wheel
No oads by 20
Y [Write Unstable |
Calculate Accelerations and
Wheel loads at current time
\\‘step

Move all solutions and derivative
values to previous array position

(ﬁncrement time by time steE)

ave 19990 steps been deng? Yes

Yes

No

ave specified No. of
buntons been passed?

N

STOP
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PROGRAMME DISCS : Listing A3d

*##**##X***#**#**##*X*#**#%*K%**##*#%****%*X*#***X*#*#*X****#*X#*K*

THIS FROGRAM GENERATES THE DYNAMIC WHEEL LODADS AND ACCELERATIONS OF
MINESHAFT CONVEYANCES FROM INPUT OF RANDOM OR SFECIFIED GUIDE.
MISALIGNMENT AMD MISHMATCH.

KEERERERKY ********XX*XX*X#*******XX#**#X*****#****XXX*#*XXX*#%*XX*

DIMENSION XT(836)yDT(B?é)yZT(B?S):ZK(B!Q)7ET(8:4)1FREQ(4130)
DIMENSION CHECK(8)sAR(2),ETEST(4)BK(2)

DIMENSION WOC12) »WL(3)»WH{12)sBAF(12):C(20)

REAL%8 Z1:722:23» ZA4,75¢26927128:29sRCyRISRESRFrRGyRH
INTEGERY2 R(8)sD(8)»E(8)sF(3)26(3)» HH(3YsFF(3) s DLI2)

INITIALISE ALL NECESSARY VALUES

TYFE i

FORMAT(’ INPUT FILE NAME (& CHARS)")

READC(S»2IC(F(I)»I=1:3)

FORMAT(3AZ)

ng 4 I=1,3

R{I+2)=F (1)

G(I+2)=F(1)

E(I+2)=F (1)

DATA DL 7’07137/

DATA B /4t fs/DA ' T/

LATA HH /727« 0As"'T7/

DATA.FF /'3y’ DA T’/

g &6 I=1,2

E(I)=DLC(I1)

D{I)=0LCT)

ECIy=0LACT)

00 5 I=1:3

BCI+S)i=6(1I)

D(I45¥=HH(ID)

E(I+5)=FF (1)

DATA WL(1) s WL(2)sWL(3)/0,:0.,504/

DaTA OWO1,0WR2 2, 0W03,0M04, W01 W02,WO03,H04/0490:90410470.+70.450.,70
e ./

TINE=0,

DIST=1,

N=~2

¥=0

KK=0

JJ=0

i




110

130
C

c
c

IJK=0
Z=0,
ARY=1,
pg 110
ng 110
XT¢Js1)

DTS, 1)
o 130 1

HOC(I)=0.0

WMCI)=0.0
GAP(I)=0,005

o re
HO O 1
2 RS g
0O O ..

saliu

10

INFUT AND WRITE SPECIFIED VARIABLES

CALL ASSIGN(2sRy135)
CALL ASSIGN(1,D,135)
CALL ASSIBGN(Z,E,19)
CALL ASSIGN(4,’DATAFILE.DAT’s12)

READ(2,3)(C{I)»I=1,20)
FORMAT(20A4)

READI(2,11000)RIAMLI AM2» AM3
READ{27,11100)011s 03,0406 Ay ACL
READ(2,11400)CEB,CS»CK1yCKZsAK
READ(Z2,11300)CEK3CERS
READ(Z2,11000)VELPREL;CLEARWXX
READC(2,11300)AMFP;DIAN
REATI(2y11000)PH1sPH2FHI sFH4
PER=2,XVEL/DIaN

TIW1i=PH1/FER

TIWZ2=PH2/FPER

TIWI=PHI/PER

TIW4=FH4/PER
READ(2511200)N0R,MISAL
RAT=A0L/A

ANOE=NOBX1.0
UWRITE(L:3)(C(I)sI=1,20)

WRITE(Z»3)(C(IYsI=1+20)
URITEC(4,50000)(C(I)sI=1520)

WRITE(4,12100)
WRITE(4,12500)
WRITE(4,12600)RI
URITE(4,12700)AM1,AM2,AN3
WRITE(4,13000)CSsCH
WRITE(4513700)
WRITE(4,12200)AK»CEKZ,CEK"
WRITE(4,13100)CK1yCK2
WRITE(4,13600)

A35
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58 WRITE(4,12800)A,A0L

o WRITE(4,12900) 01,03y 04,16
P WRITE(4,14100)CLEAR P WXX

' WRITE(4,138C0)IIAM AMF
WRITE(4y13300)VEL
WRITE(4y13400)FREL
WRITE(4,12100)
WRITE(4,12200)

C8T=CS/50. ¥SART(AM2XAK/2.)
CSB=CS/50, XSART(AMIXAK/2.)
CRT=CE/50.XSQRT(AMZ2%XCEK3)
CRE=CR/50, KSGRT (AMIKCEK4)
CK1=CK1%208.,%142./A%X3/27,

CALCULATE CONSTANTS FOR EQUATIONS FOR OTHER WHEEL EFFECT,»IE WHEEL
INTERACTION

O oo

EI=CRIKAXX3/162.X27,
: XXK=& XEI/AXX2

. XXK1=XXK/A/CK2

: Z1=€1.-10, RKXXK1+3 kXXK1IHR2) /{XXK1%%X2)
72206, -23 XXXK1 -2, kXXKL1R¥2) /(XXK1¥X2)
73226 /XXK1-1./XXK1%%2~-150,+110 XKXXK1+25, RXXKI¥¥2
ZA=F4, /XXK1KK2~476./XXK1+679,-24 XXXK1-75  KXXK1KXX2
75=114,/XXK1%X2-1550, /XXK1+1596, 4767 +¥XXK1+50 ¥ XXK1¥%2
Z74=67 7XXK1-4, /XXK1¥¥2-78, 251, kXXK1-4& , kXXK1%%2
Z7=136./XXK1**2-646./XXK1—1022.+153.XXXK1+138.*XXK1%*2
28=456./XXK1*32~1982./XXK1~4411.~1496«*XXK1*92.*XXK1*#2
79=(Z1XZ6+Z7 )X (Z2XZ3I+Z5) ~(Z1XZI+Z4) ¥ (L2%Z6+18)

—

INITIALISE NEW TIME STEF

=000

20 DIS=AINT( (TIMEXVEL) /A)
TJK=TJK+1 | o
DX=DIST
DIST=TIMEXVEL-DIS¥A
IF(DIoT.GT.0X)GOTO 210

CALCULATE GUIDE MISALIGHMENT AND MISMATCH

=000

40 [0 200 I=1+2 {
WOC(I+10)=W0O(I+8)

WOCI+8)=W0(I+6)
WOCI+62=UWO(I+4)

WO(I+4)=WO(I+2)

WOCI+2)=W0(I1)
WOC(IN=WO(I)+CLEAR

ek L
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IF(WM{I) GT.0.0)GAF(I)I=CAP(I)*3.,0
200 CONTINUE
ng 205 I=1:9,2
UMAL3-I)=WM11-T)
WH{12-1)=WM{10-1)
GAF(13-1)=GAFP(11-1)
GAP(12-1)=6AP(10~-1)
GAF(1)=0.003
GAF(2)=0,005
REAIN(2,11000)W0C(1) s WOC(2) y WM L) WM ()
KK=KK+1
IF(KK.LT.5)607T0 140
GMA=WO(3>%X1000,
GME=W0(4)%X1000,
GMC=UNM(3)%X1000.
GML=WM(4)X1000,
, IF(N.EQ.,0)GOTO 113
] L GOTO 1185
f 113 WRITE(4,12100)
TIME=TIHE-A/VELX2,
IJK=1
115 IF(N.GE.0)WRITE(4,11500)N,GHBsGHA»GMD,BHC
IF(N.GE.O)WRITE(4,13500)
N=N+1
IF(N.LE,0)GOTO 210

158
<
4]
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CALCULATE RELEVANT DAMPING RATIOS - EASIC DAMPING IS ASSUMED CONSTANT

CALCULATE RELEVYANT STIFFNESS VALUES - WHEEL STIFFNESS IS CONSTANT
FIRST CALCULATE GUIDRE STIFFNESS.

RNOOOOn

10 ARAT=(A0L-DIST)/A
£A{1)Y=DIST/A/3.+1/3.
IFLARAT.GT.3.0)AA(2)=(ARAT-2,)/3,
IF(ARAT.GT.2.0,ANDO:ARAT.LE.3.,0)AA(2)=(ARAT~1,)/3.,
IF(ARAT.GT.1.0,ANI,ARAT.LE 0)AA(2)=ARAT/3,
IF(ARAT.LE.1.0)AA(2)=(ARAT+1.)/3,
CoA=1,/(CKL/CK245.)
COE=7,/3,/(CK1/CK24+1,/3.)%C0A

& DO 300 I=1+2

| BK(I)=(162.XCOA+324 . XCORBIXAA(I)

: BK(I)=(484,%C0A+972 . ¥COR-BK(I) ) ¥AA(T)
BRKCI)=(RBK(I)+54.~927 . ¥C0A~1129,XCOR)I XAACI)
o EK(I)=(RK(I)~-108,+1044,%C0A+630,.XCORIXAA(I)

! BK(I)=(RK(I)+54,~47%,¥COA-175 ., %¥COR)XAA(I)

; BRCIY=(BK(I)+38,¥COA+22 . XCOR) ¥AACT)

4 EK(I)=CK1/(BK(I)-COA-COR)

: 300 CONTINUE

[P S
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c
C CALCULATE COMERINED STIFFNESSESsCER
c

CEK1=AKXEK(1)/(AK+BK(1))
o CEK2=CEK1
H CERKS=AKXEK(2)/(AK+BK(2))
' CEK4=CEKS
£81=CST
CS2=C8T
£C85=CSK
CS&=CSH
; IF(TIKE.EQ,0.0)PR=PREL/CEK1
: IF(N.LT.0)GOTO 340

CALCULATE WO VALUES AT THE WHEELS FROM VALUES AT THE BUNTONS
FR ARE EFFECTIVE DISPLACEMENTS DLE TO FRELOAD SFECIFIED,CALCULATED
AT THE FIRST RUNTON

HOOO OO

05 WO1=CWO(II+UM(Z)I I H(HOCL) - (LO(3I+WM(3) ) IRNIST/A-FR
WO2=CWOCAY+UN(4) Y H (UG (2) (W0 (4) tUM(4))IXDIST/A-FR - ;

IF(ARAT.B6T.3,0)G0TQ 240

Sl <L s,

IF{ARAT,GT,2.,0)G0TO 230 -
IF{ARAT.GT.1,0)G0T0 220 !
WO3=WO (I +C(WOCTI+RM(T) ) -WO(3) ) KARAT-FR :
WOA=WO(4)+((WOLH) WM (6 ) -WOCANIXARAT-FR
GOTO 230

220 WOZ=WO(S)+((WO(7)+WH(7) ) ~WO(S)IX(ARAT-1,)~FK
WO4=WO(E)I+((WO(B)+WH{B) )~UO(4) )X (ARAT~1.)-FR
GOTO 250

230 WOZ=WD(7)+((WO(PIHUM(DII-WO(7))K(ARAT-2.)-FR
WOA=RD(8)+C(WOC1Q)+UM(10))~WO(B) )X (ARAT-2,)-FR L
GOT0 250 ﬁ

240 WOZ=WO(PI+((WO(L1)+WM(11))~WO(P) ) XR(ARAT-3.)-FK ;
WOA=WOC10)+({WOCL2)+UH(12))-WO0L10) I X(ARAT-3,)-FR

oty iy Mwre

C CALCULATE WO VARIATION DUE TO EFFECT OF THE OTHER WHEEL ON SAME GUIDE

3

50 IFCIJKVEQ.1)60TO 295
ARX=ARY

| IF CARATGE .0, 0)ARY=(1,~ARAT)
TFCARAT,GT+1,0)ARY=(2.~ARAT)
IF CARAT 6T +2,0) ARY=(2,~ARAT)
IF CARAT 6T+ 2,00 ARY=(4, ~ARAT)
YONE=ARYX(1,~ARY)%%2

 YTUO=ARYXX2¥ (ARY-1.)
XONE=YONE-2 . KYTWO+5 , +4  XARY
XTWO=2 . KYONE~YTWO+XXK1+5, +ARY
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] c
! £ CALCULATE COMBINED STIFFNESSES:LEK
c

CEK1=AK¥EK(1)/(AK+BK(1))
CER2=CEK1
CERS=ARYRER(2)/(ARKFBK(2))
CEK&=CEKRT

C81=CST

C82=C8T

C585=CSE

C86=C8R
IF(TIME,EQ,0,0)FR=PREL/CEK1
IF(H.LT.0)XGOTO 340

CALCULATE WO VALUES AT THE WHEELS FROM VALUES AT THE BUNTONS
FR ARE EFFECTIVE DISPLACEMENTS DUE TO FRELOAD SFPECIFIED,CALCULATEDR
AT THE FIRST BUNTON

oo oo

05 ML= (WO (3) +WM(TI I+ (HO13~(WO(3) +WM(3))IXDIST/A-FR
WO2=CWOCA) FUN(4)) HCUO(2) - (WO(4) +WM(4)) ) XDIST/A-FR

L% | IF (ARAT.GT.3.0)G0TO 240

tt\ ; IF(ARAT,GT.2,0)GOTO 230

i : IFCARAT.GT.1,0)60TO 220

; WO3=WOC(3) 4+ ¢ (WO(S) +WM(5) ) -WO(3) I KARAT-FR

%, WOA=WO(4)+( (WD) +WM(6) ) -UD(4) ) KARAT-FR
| , GOTO 250 ;
i - 220 WOB=WO(5)+( (WO(7) HWH (7)) -WT(5) )k (ARAT-1,)-FR ;
| WOA=WOCS)+C (WO (B +UM L) I~UO(6) IR (ARAT-1.) ~FR ‘ o
a 60TO 250
i | 230 WOZ=WD{7)+{ (WO +UM(P) ) -WO(7) IR (ARAT-2,)-FR .
| & WO4=HD(8) +((WOCL10) +WM(10)) ~HO(B) I X (ARAT-2,) -FR f
BOTO 250
240 WOZ=WO(9) 4+ ((WOCI1I+WM(11))-WO(F) I X (ARAT-3.)-FR
- WOA=WOC10) +((HOC12) +UH(12))-U0(10) I ¥ (ARAT-3,) -PR
C CALCULATE WO VARIATION DUE TO EFFECT OF THE OTHER WHEEL ON SAME GUIDE
C
250 IF(IJK,EQR.1)60TO 295

|

ARX=ARY : l
IFCARAT,GE.0,0)ARY=(1,~ARAT) g :
IFCARATGT.1,0)ARY=(2,~ARAT) t |
IFCARATVGT.2.0)ARY=(3,~ARAT)
; IFCARAT.GT.3,0)ARY=(4,~ARAT)
; YONE=ARY¥(1,~ARY)¥%2
. YTWD=ARYX¥2%(ARY-1,)

XONE=YONE-2,%YTWO+5, +4. XARY

XTWO=2, KYONE~YTWO+XXK1+5 . +ARY

Ao
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et ot 1
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XTHR=1,+ARY
XFOU=XONE-S . X THR+XXK1kXTHR
XFIV=XTWO~5 . kXTHR-3 « ¥XXK1¥kXTHR
RH= ((Z1KZ4+Z7 )R XFOU~(Z1RZI+ZAIXXFIVI/ZY
RG=(XFOU-(Z2XZ3I+Z5)%RH) /(Z1XZ3+Z4)
RE=Z1%XRG+Z2%RH
RH=(34.$RG+114-IRH*RE)/XXK1+8‘¥RE+10.XRG%BO.S*RH+(3.#RE~9’*RG+6.
2 ARH)YXXXK1 )
RC=(78¢*RG+264'KRH"RD~6.*RE)/XXK1+2o*RD%il'*RE—Bé.#RG+24.#RH
RF=0.~8,¥RG-24  XRH-XXK1XRE+Z  kXXK1KXRG-2 ., ¥XXK1X¥RH
IF{ARAT.GT,.3.,03G0T0O 280
IF(ARAT.GT.2.,0)607T0 270
IF(ARAT,BT,1,0)6B0TO 260
REGM=0.-AX(RD+2, ¥RE+3 + KRF+4, ¥RG+3 .+ ¥RH)
ENIM=0,-A¥(RE+2,XRF+3+ XREG+4 . XRH)
BDEL=RC/CK2
EDEL=RD/CK2
GOT0 290
260 BEGHM=0.-0X(RE+2 . ¥RF+3 . XRG+4 +XRH) '
ENDM=0,~A%{RF+2.%¥RG+3 .+ ¥RH) .
EDEL=RI/CK2
EDEL=RE/CK2
GOT0 290
270 BEGM=0,~AX(RF+2,XRG+3 . XRH)
ENDN=0 ., ~A%(RG+2,%RH)
BOEL=RE/CKZ
EREL=RF/CK2
GOT0 290 .-
280 BEGH=0.,-A%X(RG+2.XRH)
ENDM=0 .~ AKRH
BOEL=RF/CK2
EREL=RGB/CK2
290 OWE=EDEL+(EREL~BUEL)YXDIST/A+(ENDM-2,¥BEGH) /6 KAXDIST/EI+NISTHXL/
@ EIX((ENDM-BEGM)/6,/A%DNISTH+BEGM/2.)
WO1=WD1+CX*OUWE
WO2=WD2+DX¥0OWE
WO3=WO3+AXKOQUE
W04=W04+BXKOUE

c

C CALCULATE WO VARIATION DUE TO WHEEL IRREGULARITIES . THIS VARIATION

C IS ASSUMED TO BE A SINE WAVE .

C :
WOi=WO14+AMPXSINCTIWLIRXFPER) ;
WO2=WO2+ANFXSIN(TIUZ2XFER) ;
WO3=WOI+AMPRSIN(TIWIXFER)

‘ WOA=WO4+ANPESIN(TIWAXFPER)
c
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C CALCULATE WVUD VALUES3;IE RATE OF CHANGE OF GUIDE FOSXTION
c

WY01=(W01-0Wo1) /NELT

WY02=(W02~0W02) /DELT

WU03I=(W0I~-0W03) /DELT

WVO4=(W04~-0W04) /DELT

IF¢DIST.GT.OX)G0TO 293

WUO1=WUOL+WM(3) /GAF(3)

WYD2=WV02+UH(4) /GAF(4)

293 IF(ARY.GT,ARX)YGOTO 295
IF(RATLT.1.0)MIN=3
IF(RQT&GE@1~0cANUORATtLTv2&O)NIH:5

IF(RAT.GE, 2,0, AND . RAT LT 3, 0IHIN=7
TF(RAT.GE+3,0,AND RAT LT 4, 0)MIN=7

IF(RAT.GE,4,0)HMIN=11

WYO3=UUOZ+UN (MIM) /GAP (MNIM)
WVOA=WYOA+WH (HIM+1) /BAF (HIMHL)
295 ouo1=4o1
oWO2=W02
QWO3=K03 .
OWO4=K04 '

e e e e s i
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CHECK WHETHER WHEELS ARE IM CONTACT WITH THE GUIDES AND FUT DAMFING
AND STIFFNESS OF RELEVANT WHEEL EQUAL To 0 IF THEY ARE NOT

OO0

WOL=XT(5,5)-W01
WO2=XT(S5s3)+W02
WHZT=XT(6,5)~-WO3
WO4=XTL{6,5)1+UW04
IF¢WN1,.67T.,0.,0)60T0 310
CEK1=0.0
£51=0.0

310 IF(WO2.LT.0,0)G0TS 320
CER2=0.,0
£82=0.0

320 IF(YN3,.67T,0.0)60T0 330
CERG=0.0
£s85=0.0

330 IF(WD4.LT,0.,0)80T0 331
CEK6=0.0
£86=0.,0

"

C

C CHECK FOR EOTTOMING OUT AND PUT WHEEL STIFFNESS EQUAL TO GUIDE ;

C STIFFNESS IF IT HAFFENS : }

C u

331 AKE1=BK(1)/(BK(1)+AK)
AKEI=BK(2)/ (BK(2) +AK)

A
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333

334

(T o el

40

C
c

WRLIX=WD1XAKE1L

WR2X=0.-W02%AKEL
BDIX=WITKRAKEZ
WRAX=0.-W04%XAKES
IFCWDLIX.LT.WXX)GO0TO 332
CER1=BR(1Y

WIT=WO01+UWXX
IF(UD2X,LT..UXX)G0TO 333
CEK2=RK(1)

WO2=WO2+WXX

IF{WRIX.LT WXX)GOTO 334
CEKS=BK{2)

WO3I=L03+UXX
IFCWRAX, LT WXX)GOTO 340
CEK&=BK(2Z)

WO4=UO4+UXX

CALCULATE CONSTANTS»AE FOR USE IN EQUATIONS OF MOTION

AE1=0,-CEEX(D4+N4/24 ) +CRTR(DI+D1/24)
AE2=CS1¥D1/2 . +CS2%D1/2, ~CRT#(D3+01/2.)
AEZ=CREX{(D4+06/2,)~-CE5%D6/2,~C86XI6/2,

AEA=CETX(D3KD1/2,+D3¥¥2) +CREX(DAXK2+DA%XD6/2,)

AES=CEKI%(D1/2.+03)-CERK4X (DA4+D6/2.4)
AE&=(CEK1+CEK2~CEK3)4D1/2, ~CERIXD3
AE7=CEKAXD4~(CEKS+CERS4-CERKAIXD6/ 2

AES=CEK3%(D3%¥D1/2,+D3%k%2) +CERKAX(I4X¥2+D4%*D6/2,)

AE9=D1/2t¥(CENEXWDE"CEKI*N01+081*NU01~882*N002)+B6/2

CEK&EWOA+CSHRWVOI-CS4%UWV04)

AEL1C=CRTHCER

AE11=CRTXI3~CEBXDA

AE12=CEK3Z+CEKA4

AE1Z=CEK3XN3-CEK4%DA

AE14=CS1+CS2+CHT

AEL5=0.,~CRTXD3

AE14=CEK1+CEK2+CEK3

AE17=0,-CEKI)DR
AE18=CEK2%UO2-CEX1XW01+CS24WVOR2-CS1%WVOL
AE19=CBEXDA

AED2Q0=CEK4+CERKS+CEKS

AE21=CEK4%XD4
AE22=CEKL¥WO0A-CERSXWOI+CSE%WV04~-CSTRUVO3
AERI=CS5+CS6+CRE

IF(N,GE,1)G0TO 395

IF(N.GE.0)GOTO 393

CALCULATE NATURAL UNDAMFED FREQUENCIES FROM THE EXFANDED DETERMINANT

s XR(CEKGXWO3~
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C OF THE EQUATIONS OF MOTION

C
348

3460

380

385
390

[ BRI r ROV ] e

MWD

H=M+1
BE1=AE14/AM2+AEL12/AMI+AERO/AMI+AEB/RI
BEE=(AE12*AE16—CEK3*#B)/AMl/AM2+AE16*AE20/AM2/AH3+AE8*AF16/AM2/R

I+ﬁEi2*ﬁE20/ﬁH1/ﬁﬁ3+AES*AE1E/Aﬁi/RI*CEK@**E/Aﬁl/AMZ—(AEE#QE13/Aﬁ

1—&E8$QE20/AH3+AE7*QE21/Aﬁ3+AE6*QE17/Aﬁ2Y/RI )
BEB=(CEK3**2#(AEQO*RI+QE8*AM3)+CEK3*AE6#AE13#AM3~A512$A516*A520X

RI~AE8XAE12*QE16$AM3+CEN4#$2*AE16¥RI+ﬁESXQEi3#9E16*AM3—AE8*AE16#
ﬁEEOXAN1+AE7$AE16*AE21%ﬁﬁi*AEG%AElZXAEQO*AM2+AE7WAE12*9E21*AM2+C
EKQ*XQXAEB*A“2+CEN4*AE?*AEi3*éM2+CEK4ﬁth*AEQI#QMQ+AES*&E13*AEQO
*QH2+CEK3*AE5%AE17*AH3+AE6$QE12*QE17*AM3+AE6%AE17*QEQO*AM1)/Aﬁl/
AM2/AM3/RI
BE4=(CEK3*$2*(AE?*AEQl“AEB*AEEO)~CEK3$AE6*(CEK4#AE21+QE13*AEEO)+
QEB#QE12*GE16*QE20—AE7*AE12*AE16*%E21-CEN4*¥2*AEBX§E16~CEK4*AE7%
éEiB*QEié—CEK4*AE5#AE16$AEQI—AE5XRE13XQEI6*AE20~CEN3$CEK4*AE7*AE
17~CEK3*AESXAE17*9EEO—A56$QE1EXGE17#AE20+CEK4X$2¥AE6*AE17)/AMl/é
M2/74H3/R1

IF{4.67,1)G0TOQ 370

FUNC=BEA4
§85=1.0
I=1

FUNF=(((SSS"BEl)*SSS+BEE)*SSS+BE3)*SSS+BE4
FUNR=FUNC/FUNF

FUNC=FUNF

588=888%1.05

IF(585.6T.1000000.0)60T0 340
IF(FUNR,.LT,0,02G0T0 360

GOoTo 350

FREQ(I,H)y=88S5

ETEST({)=0,01%FREQCI M)

IF{IVEQ.4)607T0 370

I=I+1

GOTA 350

no 390 I=1,4
IF(M.BT.1)FREQ(I:”)=(FREQ(I7(H-l))*6.2832)$*2
IF(FREQG(IsH).GE,1000000.0)G0T0 383
ﬂFGz(((FREG(I7ﬁ)“BE1)*FREQ(I!ﬁ)+BEE)*FREQ(IvM)+BE3)*FREG(I:ﬁ)+BE
4 : .
SLDPE=((4.*FREQ(I7M)*3.*BEI)*FREQ(IrH)+2«*BEQ)$FREQ(Irﬁ)+BE3
CHFR=FREQ(IsHN)

FREQ(I,»M)=FREQ(I,M)-DFQ/SLOFE

ESC=ABS(CHFR-FREQ(I/M))
IFC(ESC.GT.ETEST(I))GOTO 380

FREQ(I»M)=8QRT(FREQ(I,M)) /64,2832
CONTINUE
wRITE(4112300)FRE0(17M)rFREG(ZyM)yFREG(SvH):FREQ(4yH)
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DELT=2.5/FREQ(4r,1)

QUER=DELTAVEL/A
IF(@VER.BT.0.3)TIME=TIME+UELT/3.
IF(GUER.LE.O.B.AND.OvER.GT.0.0é)TIME=TIME+DELT
IF(BUER.LE$0.06)TIME=TIME+DELT*3.

GOTS 120

USE RUNBE-KUTTA FOURTH ORDER METHOD TO SOLVE EQUATIONS OF MOTION IN

FIRST FQUR TIME STEFS
CALCULATE K VALUES

Z=Z+1

IF¢Z.GE.5.0)60T0 393
IF¢Z.EQ.1.,0)DELT=DELT/20.
R=RELT/24.

po 705 I=1.8
ZTCI 1) =XT(1y3)

CONTINUE

ng 700 J=is4
ET(ivJ)=(CEK3*ZT(S;J)+CEK4*ZT(6vJ)~AE13*ZT(7yJ)~AE10*Z?(17J)+CBT

.*ZT(E;J)+CBB*ZT(3rJ)-QEll*ZT(B:J)~A512#ZT(4yJ))/AMl

ETinJ)=(CEK3%ZT(4sJ)*éElé*ZT(51J)~9E17¥ZT(7yJ)-QE18+DBT*ZT(17J)
—AE14*ZT(21J)~AE15$ZT(B:J))/AHE
ET(Z!J)=(CEK4#ZT(4yJ)~AE20*ZT(67J)~AE21*ZT(7vJ)—AE22+CBB$ZT(1rJ)
—REQ3*ZT(3rJ)”AEl?#ZT(SvJ))/AHK

ETC4,)=2T(1» )

ETC(S,J)=2T(2,d)

ETC6s I)=ZT(Ir D)
ETC7,4)=2TC(8sJ)
ET(8;J)=(0.—AEI*ZT(iyJ)-AEE*ZT(B;J)~éE3*ZT(37J)~ﬁE4*ZT(8:J)~AE5X

ZT(49J)~AE&*ZT(SyJ)—AE7*ZT(6vJ)-AES*ZT(?vJ)*AE?)/RI
ng 700 I=1-8
ZKETr J)=DELTXET(IsJ)

ZTCI» (JH1))=XT(I15)HZK
IF{J.EQ.3)ZT(I» (JHL))=

CONTINUE

72,
1

(Is
ZT(Lr (J+FLIIFIR(T P D720

CALCULATE NEW XT VALUES USING K VALUES

pg 710 I=1+8
XT(I:6)=XT(115)+(ZN(I91)+2.*ZK(I,2)+2o*ZK(Iy3)+ZK(Iv4))/6.

CONTINUE
GOT0 410

USE ADAMS-MOULTON FREDICTOR-CORRECTOR STEF-BY~-STEF SOLUTION AFTER

c
C FOURTH TIME STEF
C PREDICTED NEW XT VALUES

e

o BA R Summemampinianrr
o~
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c

395 00 400 I=1.,8
XT(Iy6)=XT(Iy5)+Q*(55.*HT(Iy5)“59.*DT(174)+37,$DT(173)~9.*DT(112

‘ @ 1

400 CONTINUE

Co-

g CALCULATE NEW DERIVATIVE VALUES FRON SIMULTANEOUS EQUATIONS

Jd=0
410 ﬁT(136)=(CEK3*XT(576)+CEK4#XT(676)—A513$XT(716)~AE10*XT(116)+CBT

B XXT(276)+CBB$XT(3:6)~AEIl$XT(8:5)-ﬁE12*XT(4n6))/éﬁi

DT(296)=(CEK3*XT(4v6)—AEié*XT(S76)~9E17*XT(7y6)~AE18+CBT*XT(1;6)
g ~-AE14XXT(2:&)~-AELS¥XT(8:6)) /AN

DT(3:6)=(CEK4*XT(4?&)*AEEO*XT(&7&)-QEQIXXT(7:6)—AE32+CBB*XT(1v6)
P ~AERIEXT(Ir&)-AELPEXT(856))/ANS

DT(4s6)=XT(11é)

DT{5r4=XT(2,48)

DTC4:6)=XT(316)

DT(7:8)=XT(8s4)

DT(8:6)=(Oa“AE1$XT(1:6)~QE2*XT(216)~AEEXXT(316)~AE4#XT(8r6)—AE5X
cl XTi@96)—QE6*XT(5:6)"AE?*XT(&;S)*QES*XT(7:6)“ﬁE9)/RI

C
C CALCULATE CORRECTOR VALUES

C
IF(Z,LT.5)60T0 600
D0 420 I=1.8
XT(I;i):XT(IrS)+Q$(9«*BT(I76)+19.$DT(I;5)-5»XDT(Iv4)+DT(I:3))
gQO CONTINUE
¢ CHECK ACCURACY OF CORRECTED VALUES
C -
po 430 I=1.,8
CHECK(I)=ABS((ABS(XT(Iv&))+0.001)/(ABS(XT(I;1))+0.001)—1.)
ATLLr63=XT(Ir1)
4.0 CONTINUE
IF(JJEQ.10)G0OTD 600
Jd=Jdd+1
00 440 I=1.:8
IF(CHECK(I).GT,0.,001)G0TO 410
. 440 CONTINUE
C
C CALCULATE WHEEL LOADS AND ACCELERATIONS
C
600 DO 640 I=1:8
IF(DT(I+4)+GT+200.0)B0TO 810
640 CONTINUE
630 AX=CEK1¥(XT(S,6)-WOL)+CSLR(XT(2,6)-UWVOL)

R
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BX=0,-CS2%X(XT(2s6)+WV02)~CEK2X(XT(S5:8)+W02)
CX=CEKS%(XT(56r6)-WOII+CSSR(XT(3+6)-WVD3)
DX=0,-CS6X(XT(3+6)+WV04) -CERKEX(XT(676)+W04)
FX=DIT(3s6)
E  HX=DT{1s8)-D4XOT(8Bs4)
i GX=DT(1:6)
' FX=DT(1s6)+D3IX0T(B:4)
EX=DT(2s8)
YR=TIME
S JUR=32
< IF(OELT.GT,0.0007)JWR=16
IF¢UELT.GT.0.0015)JWR=8
IF(DELT.GT.0.003)JUR=4
IF{DELT.GT.0.0075) JUR=2
IF¢DELT.GT.0,015) JWR=1
IMR=(IJK/JWR) X JUR
IF(IJK+ER1INFTS=0
TF{N.GE.1,AND,IJK.EQ. INRI)WRITE(1,14400)AX+EXsCXsIXsEXsFXsGBXsHX>
@FXsYR
IF(N.GE.1,AND,IJK.EQ.IWR)INFTS=NFTS+1

UL 5
5 g XL b R S TS

C

€ HOVE ALL XT AND DT VALUES TO NEXT ARRAY FOSITION FOR NEXT TIME STEF
c

DO 620 I=1,8
D8 20 J=2+3
XTCI D =XT(Is(J+1))
DTCIsJI=DT(Is(J+1))

4620 CONTINUE
TIME=TIME+DELT
IF(CS1.NE, O, }TIWI=TIWI+DELT
IF(CS2..NEL O TIW2=TIWZ4NELT : ’
IF(CSS NE.O.)TIW3=TIWI+DELT : gg
IF(CS3.NELO I TIWA=TIWA4DELT K )
IF(N.LE.NOKYGOTO 120

PSS

RENPESIRPRIT R S ]

. 60TO BOO '4
c

; C IF ACCELERATION VALUES EXCEED 200 REDUCE ALL ACCELERATION,VELOCITY |

: C AND DISPLACEMENT VALUES BY A FACTOR OF 20 AND WRITE WARNING MESSAGE }

A c ‘ f

' 810 OO0 820 I=1,8 & 5

XTC1+8)=XT(I1s4)/20,

DT(X+6)=DT(I1+6)/20,

D0 820 J=1:4 o :

ET¢I»J)=ET(IsJ)/20, N
820 CONTINUE : :

Wo1=W01/20, :

Wo2=402/20.

R el 0. M L
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HOZ=W03/20,
H04=UD4/20.
WRITE(4,14200)

WRITE(4s14300)TIME
WRITE(45,14200)

60TO 430
C
€ END OF LOAD AND ACCELERATION GENERATION
] C
‘ T 800 CALL CLOSE(1)
3 i DELT=DELTXJUR

MRITE(3512245)DELT s VEL s NOB
WRITE(3y11111)INFTS
CALL CLOSE(3)
READ(2,801,ENI=803)(F(I)yI=1,3)
o 801 FORMAT(ZA2)

o IO 802 J=3,5
S ‘ B(J)Y=F(J-2)

% D(JY=F(J-2)

bt
TR

: go2 E(J)=F(J-2)
o CalLL CLOSE(2)
o CALL CLOSE(4)
i GOTD 7
' 803 STOF

2t 11000 FORHAT(4F12.4) =
g 11100 FORMAT{&F12.4) o !
S 11111 FORMAT(I?) , ¢
’» i 11200 FORHAT(2I7) ‘
: 11300 FORMAT(2F12.4)
11400 FORMAT(GF12.4)
11560 FORMAT(/ 5" BUMTON NO.“:I16,8X:’GUIDE MISALIGNMENT (IN mms) ’+2F
8.2, _.GUIDE MISHATCH (IN mms) ’‘,2F8.2
12100 FORMATC(// 1 12 C/XXRXXKX KXK"Y/ /)

12200 FORMAT (17X, 7UNDAMPED NATURAL FREQUENCIES’/)
12300 FORHAT(9X,4F11,2)

123435 FORMAT(F12.8sF12.4516) )

12500 FORMAT(SXy "%’ 348Xy INFUT VALUES 48Xy "X’ 9/ 29X 7k’ 548Xy "RERXUNKKKLAR
, : BXXK’»48Xs "X 9y /15X "%"4108X,7%7)

12600 FORMAT(OSX» "%/ 2108Xs "X s /15X 7%/ ,0%y’MASS MOMENT OF INERTIA ¢ RI

L e e g s T

. L

B =sF8.,2785Xs7%") 2 ;
12700 FORMAT(SXy "%/ 10BXy "X " 5/53X2"%°s5Xs'MASSES §{ CONVEYANCE RODY.AM1
' B ='3F8.2¢" TOP TRANSOMsAM2 ='FB8,2s ¢ BOTTOM TRANSOM:AM3 = ’»

BFB.2:3Xs’%")

12800 FORMAT(SX, 7%’ 192Xy "BUNTON SFACING =7 sF6.3s " OVERALL CONVEYANCE
@ LENGTH ="sF7.3s29Xs’%")

12900 FORMAT(OXy "%’ ,16Xy'TOP TRANSOM DEPTH =‘sF7.3+’ EQOOY TOF TO C.G
Be ='9F7439¢’ BODY EOTTOM TO CvGe ="sF7.397Xs %" 9/sSXs 7%/ s11%sy’ B

v e+ et s et B 4 S s e SO, A e e s <
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BOTTOM TRANSOM DEFTH ='2F7.3:66Xr’%")

13000 FORMAT(S5Xs "% 5108Xs %75 /23Xy "% s IXy "DANFING 2
@ =’3F7.2y" %4’314Xs 'BRIOLE ='+F7.2y7 Z7533Xs°%")

131090 FORMAT(SX, %/»8Xs STEELWORK ¢! GUIDE INERTIA =
@='pFi2,2s33Xy"X")

13200 FORMAT(S5Xs %’ +s21Xs “WHEEL SFRING =’yF12,2,7 RRIDLE TOF ='sF12.2>
@’ ERIDLE EROTTOM =’,F12,2,6Xy'%")

STEELWORK & WHEELS

7 9F8.,2,9X s ‘HBUNTONS

13300 FORMAT(SXs “X’5108Xy ‘X’ 5 /15%Xs %’ y5X» "HOISTING SFEEL 1 VEL
B =" sF3.1768Xs7%")
13400 FORMAT(SX: 7% +108Xy "% 2 /25Xy "%/ 25Xy 'WHEEL PRELOAD 3 FREL

B ='sFo8.,19s867Xs7%")
13500 FORMAT (26X “{(4VE IS OUTWARD DISFLACEMENT)’ /)
134600 FORMAT(S5X: ‘%’ r108Xs %X s/y5Xs’ %’ +5Xy'LINEAR DIMENSIONS :7,84Xs %7

. @) .
13700 FORMAT(SX s %X’ 7108BXs %’ /15Xy %’ y5X»/STIFFNESS VALUES 17,83X» %’)
13800 FORMAT(SXs "%’ +108Xs %'+ /55Xy %’ +y5Xs 'WHEEL DIAMETER = “»F35.3r20Xs
8’'WHEEL IRREGULARITY AMFLITUDRE = ‘»F6.4,24X, %)
14100 FORMAT(SX s %+ 108Xy "% /13X %7 y5Xs'WHEEL CLEARANCE ¢ CLEAR

@ =’;FS5.3,10Xs “SFRING TRAVEL 3  WXX =’»F6.3,29Xs’%")
14200 FORMAT(S0X, /UNSTABLE SYSTEM!!!)
14300 FORMAT (40X ‘ACCELERATIONS, VELOCITIES & DISFLACEMENTS DIVIDED BY
@ 20,0 TIME=’3F8.2)
14400 FORMAT(10F11.,3)
S0000 FORMAT(//,T20:80(’=7)s/+T20520841/5T20-80C‘=")y/)
END
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Programme DATAPL ]

This programme plots DISCS or measured results. The

input to this programme is initially interactive, being

free format in response to questions.

(1)

(ii)

(iii)

(iv)

(v)

(vi)

Filename to plot. This is the six letter file-
name specified for DISTAT and DISCS as well {7)

Total number of channels and hignest 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)

Number of channels to be plotted. This is up to

four channels on one page (NPL)

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.
Start time and time scale. This gives the section

of the record which is plotted. (TIME, SCALE)

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.
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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 time
of previous plot.

0 - to stop.

< e e




Flowchart for DATAPL A50

Read Input
|
Check Time Range
to be plotted & calculate
lotting time increment

Read Input to start

§§ time
124
o
o Read Data to be
, = plotted. All channels
— I
: S b
: i L o Extrapolate between Data
it «f SN o points to get plotting points for
' 4 all channels
i : 2
f S
[ o Write channels 2 to 4 to
3 S Qutput
. Channel 12 =
:f éﬁ Yes \/ Read plot Data
i = | 7 ,
= _ 1
, : i é: Scale =02 > Yes 1 - ‘ ﬁ
f ° A o (: calculate scale :)
| 5 > =
1 a | No ~
‘ E | % - —— ‘
2 | 5 (set plotting Position ) , %@
i [ o I
A e | = ‘
! o Plot Data i
1 b4 p
.;; S
é a Plot Axes
! i
: A g ~.
’1 Plot next time > Jes
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Flowchart for DATAPL A50

Read Input
|
Check Time Range
to be plotted & calculate
plotting time increment

Read Input to start

E? time
[
[ 4
o Read Data to be
= nlotted. A1l channels
— D
S| B
L ° Extrapolate between Data
SN o points to get plotting points for
4 all channels
o
Q
3
° Write channels 2 to 4 to
e Qutput
!
@m > Mo
{5 Yes Read plot Data
= 7 |
é% Scale =07 S, Yes : |
4 A ] < i ‘ '
o N ' - <: Calculate scale :)
a No 7
> | 8 (Set plotting Position) | .
= | P et plotting Position g
. | G | g
| e |z l |
vé o Plot Data
. [=]
i -
% 3 Plot Axes ‘ g |
{ h
. : ~,
Plot next timg > yes
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PROGRAMME DATAPL : Listing

THIS FROGRAMME FLOTS VALUES OF WHEEL LOADS AMD/OR ACCELERATION
GENERATED EY DISCS OR MEASUREI.
M.E. $ EXTRA RUFFERS ARE NEEDED TO RUN THIS FROGRAMME: THUS!
1 - $FAFC (TO COMFILE)
2 - »TKE
TKES>DNATAFL/CF/FF=DATAPLyLINE;AXISyLEtL101y1IFLOTEX/LEy
' LESC11y37IF4POTS/LE

|
|
i
ni
|

TRE>/

ENTER OFTIONS!
TRKE>ACTFIL=6

TRKEB>//

> (LINKRING COWMFLETEDD

SRPPTURR,

ooOoOoooOOaOOnOoOn00

DIMENSION VAL (2:14)yX(1270)sY(1270),SCALE(4)»UHIN(A)
LOGICALX1 A(13)sB(13)

. o INTEGER®4 ISAMF,JrISAsL
i . INTEGER C(80)¢JB(4),JC(4)

INTERACTIVE INFUT AND INFUT FROM FILES CREATED RY DISCS OR CALIR

_yﬁﬁéﬁ,
I
oo

TYFE 1
FORMAT ¢/ FILENSAME TO FLOT 77)
. READ(S:2) (ACI),I=5,10)
2 FORMAT(6A1)
TYFE 18
18 FORMAT(’ TOTAL NO OF CHANNELS & HIGHEST WHEEL LOAD CHANNEL ?7)
ACCEFT %yNOCHNyIWH
NOCHN1=NOCHM+1
TYFE 8
8 FORMAT(’ NO OF CHANNELS TO PLOT (MAX 4) 77) : |
ACCEFT ¥sNFL .
TYFE 3
3 FORMAT (¢ VALUE TO FLOT & NUMBER OF FLOT ON PAGE 7°)
DO § IPL=1sNFL
9 ACCEFT %y JE(IFL)»JCCIFL)
DATA ACL) sA(2) A3 JACA) /DL s 175787/
I0 4 I=1,10
4 E(I)=A(I)
: DATA ACLL1)1ACLI2),AC1Z)1ACL4)1ACLIS)I/ 2757 "3 D s A"+ T/
DATA B(11)sBC12) s B(L13) yB(1A),BC15)/ /3727, 5 /D s A"y’ T"/
CALL ASSIGN(1,E,15) g ?
READ(1+5) (C(I)yI=1,80) :
FORMAT (BOAL) ‘
TYFE & |
6 FORMAT(/ START TIHE & TIME SCALE (1/10 OF RANGE) ?/)

[y

w

.._-.‘_uw—.....v-&.,, egun
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" ACCEPT %, TIME,TSCALE
READ(1»1000)DELT» Ry MH
READ(1,1200) ISANP
catt CLOSE(L)
HORPL=0
: CALL ASSIGN(1:Ar15)
302 TYPE 7
7 FORMAT(’ VERT SCALE & MIN VALUE? (SCALE=0. FOR AUTO SCALING) 2}
DO 10 IFL=1sNFL
10 ACCEPT %:SCALE (IFL) s UMINCIFL)
TINEL=0.0
DT=33.%TSCALE/3800.°
JA=1
catl QSSIBN(E:’ULO?FLDTE.DATGI’y15)
caLt QSSIGN(3:’DLO?PLOTZ.DQT?l’:15)
CALL ASSIBN(4;’DLO:PL0T4*DAT§1’115)
IF(ﬁORPL.EG.O)REQD(irS)(C(I)71=1:80)
IFC(OT.LT DELTILT=RELT
S : IF(MORPL.EQ,OYJ=TINE/DELT
Ly ISA=10%XTSCALE/DELT
fi% IF(ISA.GT.ISANP) IGA=ISANF
o K=ISA-1
U IF(S.6T,S50IK=K450
LF{J.08T,50)J4=J-50

e

READ MAIN DATA FILE, INTERFOLATING TO ACHIEVE 4 GOOD TIME STEF FOR
FLOTTINGs AND WRITE NEW VALUES TO FILES FOR LATER FLOTTING

Do

Do 130 L=1sJ
130 READ(151100)VALLUN
Do 110 L=1,K
REAL(1,1100) (VAL (2,H) yM=1yNOCHNI)
DT1=VAL (2, NOCHN1)-TINE1-TIHE
| IF(DT1.LT.0,)GOTO 120
% Y(JAY=TIMEL1+TIME
X(JR)=OAL(2:JB(1))—(VAL(E;JB(i))*UAL(iyJB(l)))/DELT*HTl
IF(NFL,LE.1)GOTO 203
IF(NFL.LE.2)G0TO 202
L 1F (NFL.LE.3)G0OTO 201
> XPL=UAL(Q,JB(4))—(UAL(Q:JB(A))—09L(1;JB(4)))/DELT*DTi
. WRITE(2,1111)XFL

e

201 XPL=VAL(2;JB(3))~(URL(2;JB(3))—VAL(iyJB(3)))/DELT*DTl
! WRITE(3,1111)XPL
: 202 XPL=UQL(Q;JB(2))~(UAL(2;JB(2))~UAL(1»JB(2)))fDELT*DT1 |
- WRITE(4s1111)XPL :
i 203 TIME1=TIMEL1+4DT - :
' Ja=Ja+t

N -




120

110

aaooOo

200
210

303

DG 110 II=1,NOCHNI
VAL(L,TI)=VAL(2,11)
CONTINUE

Ja=Ja-1

CALL CLOSE(2)

calk CLOSE(3)

CaLL CLOSE(4)

CALL ASSIGN(4»/PLI +3)
CALL PLINIT(1)

CALL FLON

THE FOLLOWING LOOF FLOTS THE CURVES INDIVIDUALLY - ONE CURVE IS
PLOTTER EACH TIME THE LOOF IS COMPLETELD.

Do 3200 IPL=1yNFL

IF¢IFL.EQ,1)GOTO 301

IFCIFL.EQR.2)CALL ASSIGN(2y/DLOIFPLOTA.DATILI"»13)
IFCIPLLEQ.3)CALL ASSIGN(2, DLOIFLOTI.OATIL »13)
IFCIPL.EQ.4)CALL ASSIGN(2y‘DLOIFLOT2.DATIL 510)
0o 302 IJA=1,JA

READC(Z,11110X(TIJA)

Z2=UMNIN(IPL)

Z1=7Z24+2 . ¥8SCALECIFL)

IF(SCALE(IFPL),NE.,O0.0)GOTO 303

CaLL MINVAL(X,JA,Z22)

CaLll MAXVAL{X:JA:Z1)

ZZ=ABS(Z2)

DO 200 L=1,13

AR=7.,-L

Z17=71/10,¥XAK

Z3Z=Z3/10.X%AK

IF(Z1Z.GE.,1.)G0T7T0 210

IF(Z3Z,86E,1,)G0T0 210

CONTINUE

1Z1Z=(Z212Z/24+1)

Z1=2 . %TZ1Z%10Q,k%AK

IF(Z3.,EQ,0,0)Z3=0.00001

1Z3Z=(Z23Z2/2-1%(Z22/23))

22=2 ., X1Z37Z%10,.XXARKXZ2/Z3
IF(Z1.GE,0.0)Z1A=Z1%1,25

IF(Z1I LT 0. 0)YZiA=Z1%0,75
IF(Z2,LT,0.0)YZ2A=2Z2%1,25
IF(Z2,6GE,0,0)Z2A=Z2%0.73

IFCIFL BT 1)YFAUSE ‘! WHEN FLOTTER STOGFPS TYFE °"RES®" TO RESUME’
CaLl, DWINDOCTIME-TSCALE,10.XTSCALE4FTINE,Z2AvZ1A)
IFCJCCIPLY JEQ.LXCALL TWINDO(200r409022140,2755)
IFCJCCIPLY JEQ.2)CALL TWINDO(200,4000,1485,2100)
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IFCICC(IPL) »EQLZ)CALL TWINDO(20054000,830,1445)
IF(JC(IFL) +EQ.4)CALL TWINDO(2005400071755790)
CALL LINE(YsXsJA)
il CALL MOVEACY(JA)70,0)
CALL DRAWACTINE;O0.0)
i SCALE(IPL)=(Z2-Z1)/2,
§ TECIFL.EQ.2.0R.NFL.EQ.1)CALL AXIS(TIME,Z2,0,+'T I MW E (s e ¢
W @s ) ‘+11yTSCALE,SCALE(IFLYS10Q) :
; TECJECIFLY JLE.IWH)CALL AXIS(TIME;Z2,90.,‘W H L OAD (kN
@ /y%2,SCALECIFL) yTSCALE,2)
| Ih CUBCIFL) »BT.IWHICALL AXIS(TIME,Z2:90.s’ACCEL (m /s 2)
i B “»32ySCALECIFL)sTSCALE,2)
o CALL CLOSE(2)
. 300 CONTINUE
: CALL PLCHAR(35,60)
CALL DUINDOCO.s10¢70.510,)
CALL THINDB(20054000550,120)
CALL MOVEACL.1-4.)
caLL ALOUT(80:C) >
TYPE 501 e

501 FORMAT(’ IF MORE PLOTS ENTER 1 OTHERWISE 071} P b
g ACCEFT XsMORFL : {
e% J=1 ’ . ;

S ISANF=ISANP-JA

. . TIME=VAL (2,NOCHN1)+DELT - ,

: g CalLl CLOSE(4) . |
§ IF (MORPL.EQ.1)G0TO 502 -

| caLt CLOSE(1) | o

CALL FLOFF
1000 FORMAT(3XiF12,4,F12,4+16)
; 1100 FORMAT {<NOCHN1»F11.3)
: 1200 FORMAT(17) |
g 1111 FORMAT(1XsF11,3) .
{ END ?
! c
; C  THIS SUEROUTINE CALCULATES THE MAXIMUM VALUE ON THE CURVE
o C
: SUBROUTINE MAXVAL(X»>IsA)
DIMENSION X(I)
A=X(1)
K=1~-20
Uo 100 J=1,K,10
100 A=AMAXL (A XYy XCIHLY p X (42 s XCJED) s XCIH4) s X CIHS) 1 X (16 1 X(IET Dy
B X{JH8) 1 X(J+9))
RETURN
ENL
c
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THIZ SUEBROUTINE CALCULATES THE MINIMUM VALUE ON THE CURVE

oy

SUBROUTINE MINVAL(X»I»A)
DIMENSION X(I)
A=X (1)
K=I-20
o 100 J=1sKy10
100 A=ANINICAY XD o XCH1Y y X2 s X (I3 p XG4 o X(JHE) s X6y X(J47 D s
g X8 X{J+9)) '
RETURN
END

1
;
} :
3 N
=18 1
f ¥
; ;
't :
3
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§
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i
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SUBROUTINE LINE(XsYsI)
DIMENSION X(I)sY(I)
CALL MOVEA(X(L)sY (1))
g 100 J=1,1

100 CALL DRAWACX(II»Y(J))
RETURN
ENT

e o i

i it < % SN A R
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SUBROUTINE QXIS(XAyYA:DEGyTITLEyITLEN:SCALEB;SCALEA;J)

A = X CO-ORLDINATE OF THE START OF THE AXIS
Yo -=-m— Y * '
LEG -—--- ANGLE OF THE AXIS ANTICLOCKWISE FROM THE HORIZONTAL
CAN ONLY BE 0.5 90.s 180,
TITLE =-- OUTFUT HEADING (MAX LENGTH 72)
LETTERS MUST BE SEFARATED EBY ELANKS
ITLEN -- NO OF LETTERS IN TITLE
SCALER - INCREMENTS ON THE AXIS
IF NEGATIVE HEADING IS FLOTTED ANTI-CLOCKWISE FROM THE AXIS
FOSITIVE ' y CLOCKWISE ° ' *
SCALEA — LENGTH OF THE INCREMENT LINE
RELATES TO THE SCALE OF THE OTHER AXIS
J NO OF INCREMENTS ON THE AXIS

AoMEmooooOoonnonna

INTEGER TITLE(72) REF(4)sRAF(SINUM(13),00T
DATA DOTsRAF (1) fRAF(2) yRAF(3) /7070’ a0/ 2 "E7/
DATA NUR/Z O’y 1737275 B3 3/ A% 157976 4 77087y 975 1027727 ty
AA‘:OQ
X=XA
Y=YA
A=ARS (SCALEA)
IF(SCALEE,.GT.0,)A=0,~A
IF (SCALEER.GT.0.)AA=A/2.
SCALE=ABSL{SCALER)
CALL RROTAT(DEG)
g CALL LINROT(DESG)
i CALL MOVEA(X:Y)
IF (DEG.GT»~1+0sAND.IEG.LT.1,0)6=ANAX1(JKSCALETXyARS (X))
IF(HEG.GT.89,0,AND,DEG,LT.91,0)G=ANAX1(JKXSCALEFY ARS(Y))
IF(DEG.GT 17940+ AND,IEG,LT.181,0) G=AMAX1 (J¥SCALEHX: ARS (X))
o 10 K=1,13
AK'—:K"‘70
GK=G/10.%X%AK
TF(GK.LT.10,)G0TO 11
10 CONTINUE
11 MIH=ARS (AK) +1
IREF=0
IF(GQGEOQQ fANDonLEo 1000)IREF=1
> IF(IREF.EQ.O)REF(3)=00T
. RAF(5)=NUM(HIH) ‘
- IF(AK.LT.0.0)RAF(4)=NUM(1D)
35 IF(AK.GE .0, 0)RAF (4)=NUH(11)
TF(DEG.GT+~1,0+&NI,DEG.LT.1,0)AX=X/10+X¥AK

o e+ o Pt A0 A b i s i e i i et e D R T e
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IF(DEB.BT.89.0.AND.DEG.LT.91.0)AX=Y/10'**AK
IF(DEG.GT»179.0.ANB.DEG.LT.181*0)ﬁX:X/10.¥*AK
XSC=8CALE/10,%%AK

XOR=AX-XSC

CALL DRAWR(SCALEXJs0.)

CALL MOVER(-SCALEXJs0.)

CALL PLCHAR(25,48)

Ji=J+1
IF(HEG.GT+~1,0ANDLDEG.LT.1,0)X=X~SCALE
IF(DEG.GT.87+0.AND, DIEG.LT+91.,0)Y=Y-5CALE
IF(OEB.BT+179,0,AND . DEG,LT,181.,0)X=X+SCALE
[0 100 JI=1,J1

REF(1)=NUM(11)
IF(DEG.BT+~1,0AND,IEG.LT.1,0)X=X+SCALE
IF(DEG.GT.8%.0.AND,.DEG.LT,91,0)Y=Y+SCALE
IF(NEG.GTV179,0,AND,DEG, LT, 181.0)X=X-SCALE
CALL MOVEA(X:Y)

CALL DRAWR{(0.0:A)

CALL MOVER{-0,2%SCALEsA+AR)

ADR=XDR+X8C

IFC(XDR. LT 0)REF (1)=NUM(12)
IXA=(ABS{XDIR)+0,05)

IF(XIR.,EQ.0,0)IX=0
IF(XORWNE.0,0)IX=IXAX(XDIR/ABRS(XDR))
IF{IREFL EQ, 0)REF(2)=NUM(IXA+1)
IXA=(ARS((XDR-IX)%10)+40,5)
IF(IREF.EROIREF (4)=NUMCIXA+1)

IF(IREF,EQ,1)CALL REFER(REF,XIR,AKsNUM)
CALL Aal0UT(4,REF)

CONTINUE
CALL- MOVEA(XAsYA)
CALL AIOUTC(ITLENSTITLE)

IFC(IREF.EQG,0)CALL A10UT(SsRAF)
CALL RROTAT(O0.)

CALL LINROT(O,)

RETURN

END

SUEBROUTINE REFER(REF,»XDIRyAK:NUM)
INTEGER REF (4),NUM(13)
X=ABS(XDR)Y%10,%%kAK+0,5

I=X/100

REF(2)=NUM(I+1)
IF(I.EQ.QIREF(2)=REF(1)
IF(IWEQ.Q)REF(1)=NUM(13)
X=X-100,%1I

I=X/10

e




REF (3)=NUN(I+1)
X=X-10, %I

I=X

REF (4)=NUN(I+1)
! ~ RETURN

A END

o AR et e A I3 .
!
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Programme SAMPLER

This programme is used to sample measured data from the

A 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)

ii)

iii)

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

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

Sampling rate. This is give: .n hz. {RATE)
Sampling starts immediately =' .s rate is accepted

and continues for the specified number of samples.

Y tawerimrodr sy showia 4 Netiml 1
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Flowchart for SAMPLER
[Initiallize and Open Files
Input Sampling Information
a
©
: "é: Set Clock and Buffers Using
i S Standard Routines
v
H wy
1 i)
! (& {o)]
: 2= Sample into Buffers
: =y
: a/NE
:03 v
sl = Write Full Buffers to Disc
+ | £ land Release for Refilling
O prow
[
Read from Disk
Write, Unformatted X :
; into Specified File g
STOP
“* |
i
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PROGRAMME SAMPLER : Listing

IMFLICIT INTEGER (A-W)
INTEGER¥4 ISANF

REALXA4 QDNELL:RATE;DMELL
DIMENSION RUF(1024:8) s IBUF (400> I0SE(2)

LOGICALXL 99(15)183(5)700(4)
EQUIVALENCE (IBUF(l)yIOSB(i))

oo

DPEN(UNIT=1rNAHE='HL1:E2v43SAﬁPLER.DQT§1’

TYFE &
b FORMATCY DATA FILENAME T7)
READ(S;B)(QA(I)!I=5110)
FORMAT (8A1)
uaTh BR /'4':'.’:’D':'Q'!’T'/
pata CC /’B'r'L'r’l'r'l'/
g 3 I=1:5
3 ﬁﬁ(1+10)=83(1)

pg 7 I=1:4
7 AA{IY=CC(T)

TYFE 4

jes)

ACCERT %, ISAMP P NCHN
NBUE=FLDAT(ISAﬁP)/1024.*FLOAT(NCHN)+1.

s Re R

TYPE 5
FORMATC’ SAMPLING RATE 7}

ACCERT ¥rRATE
DWELL=1./RATE

caLL XRATE(BNELL:IRQTE;IPRSET:O)

caLL CLOCKA (IRATE? IFRSET s INID
ADMELL=XRATE(HMELL;IRATE;IPRSET,O)

URITE(S;&)AUNELL:IRATE;IPRSET
FORMAT(SX:’ACTUAL SAMPLING TIME/ s F13:50

[ &4

ROUTINE

oo onO%r

CALL RLSEUF (IRUFy IND» 011;2)3:415:6:7)

(R

4
1

e

INITIALIZE THE 1RUF ARRAY FOR THE A/D SWEEF

caLL SETIEF (IBUF;INDy » BUF(1s1)y BUF(1:2)7
¥ BUF(1l:4)7 BUF(1+3)s BUF(1:+6) BUF(1:7) BUF(1:8))
yRECDRDSIZE=1024y
@ 1NITIQLSIZE=2500rTYPE=’UNNNDMN’yFORH='UNFORﬁﬁTTEU’)

4 FORMATC’ _NU OF SAMPLES PER CHANNEL AND NO 0

SET THE CLOCK RATE AND FRESET FOR THE SWEEF

THIS 18 INFUT S0 RELEASE ALL BUFFERS TO SER

A62

BUF (153D

F CHANMNELS 77)

1 218)

START THE SWEEF,USE 1024 WORD BUFFERSy SAMFLE FOREVER




Ll v
~ 0
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EVENT FLAG 30y NCHN CHANNELS (0).

o0

CALL ADSWF (IBUF, 1024y -1, Oy IFRSET»
¥ 30y 0s Oy NCHN)

HERE WE COULD CHECK THE I/0 STATUS BLOCK TO ENSURE
THAT THE SWEEP IS ACTUALLY RUNNING

GoaooOa

WRITE (S5, 910) IOSE(1)

IBFCNT=0

THIS IS THE TOF OF THE DATA FPROCESSING LOOF.UWE
WAIT FOR A RUFFER TO RE COMPLETEDsAND THEN WRITE

THE BUFFER INTO A DATA FILE - UNFORMATTED
10 IRUFNDO = IWTRUF(IBUF, 30)+41
IWTRUF WILL RETURN A FOSITIVE NUMRER

AS LONG AS THERE IS A& BUFFER OF DATA AVAILABLE
IF RESULT IS ~1,WE PROBARLY HAD IATA OVERRUN, S0 STOF

NOMN00 O0E00

IF (IRUFNO ,LE. Q) GOTO 100
IRFCNT=IBFCNT+1

WRITE (1) {BUF(IsIRBUFNO), I=1,1024)
IF(IBFCNT.GE NEBUF)GOTO 200

RELEASE BUFFER FOR SERVICE ROUTINE TO REFILL

oo

_ caLL RLSBUF (IRUF» IND» TEUFNO-1)
i IF (IND .NE. 1) GOTO 400
: GOTO 10

100 WRITE (S5, 904)

WRITE(S,900)I0SR(1),IBFCNT
GOTO 500

; 200 CALL STESWF(IBUFyO» INI
ol IF(INDLNE.1)GOTO 300
WRITE(S,901)
WRITE(S,900)I0SK(1)yIRFCNT |
: GOTO 500 . ’
- 300 WRITE(S,902)
WRITE(S5,900)I08E(1) s IRFCNT
GOTO 500
400 WRITE (5s 903) IRUFNO-1, IRFCNT
500 CLOSE(UNIT=1)
CALL ASSIGN(11AA»15)
CALL ASSIGN(2;’/DL1iC2y41SAMPLER.IATI1/522)

O
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;e 510 READCZ,END=400) CRUF(Is1)sI=1+1024)
! WRITECIX(BUF(I»1),I=151024)
T GOTO 510
i 4600 WRITECLIYCRUF(T»1)yI=151024)
,§ CALL CLOSE(1)
| CALL CLOSE(2)
oy 900 FORMAT (5Xs “OFERATION COMPLETE WITH STATUS’sI4»’ AFTER WRITING
s RI7s* RUFFERS’)
g 901 FORMAT(5Xy "OFERATION COMFLETED SUCCESSFULLY’)
B 902 FORMAT(S5X, ‘SWEEF STOF ERROR’)
' 903 FORMAT(SXy "BUFFER “yI12,’ NOT RELEASED AFTER FILLING’sI7,’ RUFFE’
@s’RS’)
904 FORMAT(5Xy 'NO MORE RUFFERS TO EE EMFTIED’)
910 FORMAT (’ SWEEF STARTED WITH STATUS =/, I4)
930 FORMAT (2214)
END

R
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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. (IFIL)
(ii) Heading. This is the first liné of all sub-
sequent files to identify them, and is used on

all outputs. {HEAD)

{1ii) Data filename. This is the basic filename

used on all analysis. (p)
(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, IBUNT,
DWELL, VEL)

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

4096 = +5 volts
2048 = 0 volts
0 = =5 volts

e v e ¥
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The values used here can be calculated,vor 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.

e
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Flowchart for CALIB
Read Input
f il Assign Logical Unit
: o Numbers
! .
: E Write Heading & Basic
: - ' information to Files
. ,; Read Data Block
s ! g/ ‘
i‘ - (s
b e /N Torrect for Zero and —
; : Scale and Arrange Data ©
o : 2 \_into correct channels 5
‘ — &) Y
§ o 4
: fas] s
; 5 : T 1 ;
; 13 Write to File &
i * < [’
0 : o+ [wn]
; o )
H [} i
jm .
j Y : :
: es STOP o o
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PROGRAMME CALIB : Listing

DIMENSION DATAA(LS)Y s DATAB(LIS) ;IDAT(15) » JOAT(1100) » ZERD(14)
DIMENSION SCALE(14)

INTEGERX4 ISAMFIHEAD(20,20)»JSANF

LOGICALX1 Q(QO!iS)!B(lS)!P(iﬁ)rﬂ(ﬁ)1E(5)1G(5)7H(15)yﬁ2(4)
TYFE 15

FORMAT(’ NUMEER OF FILES TO CONVERT T7)

ACCEFRT XsIFIL

oo 16 JIi=1,IFIL

TYFE 13

FORMAT(’ ENTER HEADING (80 CHARS) )
REATI(Sy14) (HEADC(JI s IH) y IH=1,20)

FORMAT(20A4)

TYFPE 1

FORMAT(’ DATA FILENAME 77O

READCS ) (A(JI 1) 2 I=5,10)

FORMAT(46A1)
DATA AZ /71
LATA D /7747
DATA E /7727
RaTa G /737
o 25 KL=1i,4
R(KLY=AZ(KL)
H(KLY=AZ{(KL)
P(KLI=AZ(KL)
TYFE 4
FORMAT(’ NO! CHANNELS;SAMFLES EACHsEBUNTONS & TIME STEFsVEL T7)
ACCEFT XsNCHN;ISAMFPIEBUNT,DWELLVEL

NCHM1=NCHM+1

TYFE 7

FORMAT(’ ZERO VALUES AND SCALES FOR EACH CHANNEL 772

D 8 I=1yNCHHN

ACCEFT %,ZERC(IY»SCALE(I)

JI=1

ng 3 I1=3510

B(I)=ACJI 1)

H{I)=AC(JI 1)

F(I)=A{JI, 1)

IF(I1.EQ.,10)B0TO 3

FOI+6)=R(1-4)

B(I+6)=E(I-4)

H(I+4)=G(1-4)

CONTINUE

CALL ASSIGN(1:Fs135)

CALL ASSIGN(2sB,13)

Catl, ASSIGN(3sH,13)

WRITE(Z214)(HEAD(JIyIH) s IH=1+20)

AR RS A

,'l’,El"/g/"T,/
I.l,lr‘l’,iq”l'rl/
IQ”’I]’,’A),’T’/

MU 11 & TP b ity ™
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R WRITE(Zy14) (HEAD(JISIH)»yIH=1,20)
o : . WRITE(3s1400)DUELL y VEL » TRUNT

DATAA(NCHN1I=0.0
Ia=1
IB=1024
JEANF=1

100 READ(IyERR=200) (JDAT(I) »I=IAsIR)
ICHN=IR/NCHN
0 10 I=1,ICHN
R=(I-1)%NCHN
0 9 J=13sNCHN
ADAT={(FLT146(JDAT(K+J))~-ZERD(J))/SCALEC(])

9 DATAA(J)Y=ALAT
WRITE(2:1100)(CDATAACII)»II=1»NCHNL)
DATAA(NCHNLY=TATAACNCHNLY +IWELL
JSAMP=JSANFP+1
IF(JSAMF.GT.ISAMF)IGOTO 110

10 CONTINUE
IC=ICHNXNCHN
IA=IR~IC
0o 11 I=1,IA

11 JUAT(I)=JDATCICHI)

o IA=IA+1

Es _ IR=IA+1023

. GOTO 100

110 CALL CLOSE(1)

. CALL CLOSE(2)

R ' JEAMF=JSANP~-1

8 WRITE(3,1500) JBANMF

i E CALL CLOSE(3)

#’ JI=JI+1

IF(JIWLELIFIL)GOTO 17
STOF
200 WRITE(Ss1200) JSANF
GOTO 110

1000 FORMAT(3214)

1100 FORMAT (<NCHN1>F11.3)

1200 FORMAT(S5X, ‘READl ERROR AT SAMFLE NO 7»17)

1400 FORMAT(F12.8/F12,4,14)

1500 FORMAT(I?7)

END

s S i, bt K
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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:

(1) Sampling time and number of channels. The
_ T sampling time should be 0,3 to 0,7 seconds
i 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.

.

TR,
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Fiowchart for INIT A71

2 ; Initiallize and Set
o ’ Buffers

Input Rate and Channel
Information

Set A/D Convertor Using
Standard Routines

EA
o o Read Analogue Input
o I R o
o |
e [
+ 1O
5|2
S Write Qutput to Terminal
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PROGRAMME INIT : Listing

IMFLICIT INTEGER (A-W)
DIMENSION BUF(308,8), IEUF (40)s, IO0SHE(2)
EQUIVALENCE (IRUF(1),I0SE(1))

INITT . IE THE IBUF ARRAY FOR THE A/I! SWEEF

CALL SETIEF (IRUFsIND, » BUF(1,1)y BUF(1,2)sy BUF(1,3)s
BUF(1s4), BUF(1s5)s; BUF(1s64)s BUF(1s7)s RUF(1,8))
WRITE (55 900)

READ (Sy %) ZDWELL yNCHN-

IF(NCHNLVEQ, 1)JJE=22

IF(NCHN.EQG, 2)JJE=44

IF(NCHN.EQ, 3)JJR=66

IF(NCHN.EQ, 4)JJE=88

IFC(NCHNJEQ., S)JJB=110

IF(NCHN.EQ. &)JJB=132

IF(NCHN.EQ, 7)JJE=154

IF(NCHN.EQ, 8)JJE=174

IF(NCHN.EQ. 9)JJE=1%8

IF(NCHN.EQ,10) JJB=220

IF(NCHN,EQ,11)JJE=242

IF(NCHN.EQ,12) JJB=244

IF (NCHNJEQ,13) JJB=286

IF(NCHN.EQ,14) JJE=308

CALL XRATE(ZDWELL s IRATE,IFRSETs0)

SET THE CLOCK RATE AND PRESET FOR THE SWEEF
CALL CLOCKA (IRATE, IFRSET,INID

THIS IS INPUT,S0 RELEASE ALL RUFFERS TO SERVICE
ROUTINE

CALL ®LSEUF (IBUFsINDy 0:112135455,6+7)

START THE SWEEF,USE SFECIFIED SIZE EUFFERS, SAMFLE
FOREVER, EVENT FLAG 30, SPECIFIED CHANNELS ¢0).

CALL ADSWP (IBUFs JJBy -1, 0y IFRSETs

¥ 30y 05 Oy HNCHN)

HERE WE COULD CHECK THE I/0 STATUS ELDCK TO ENSURE
THAT THE SWEEF IS ACTUALLY RUNNING

WRITE (S» 910) IOSR(1)

(= g D
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IBFCNT=0

THIS I8 THE TOP OF THE DATA FROCESSING LOOF.WE
WAIT FOR A BUFFER TO BE COMFLETED,AND THEN DUMF
THE BRUFFER TO THE SCREEN

aoonoOoo

10 TRUFNO = IWTRBUF(IRUF, 30)+1

TWTRUF WILL RETURN A FOSITIVE NUMEBER

AS LONG AS THERE IS A RUFFER OF DATA AVAILAELE
IF RESULT IS -1,yWE FROBABLY HAD DATA OVERRUN, SO STOF

ooOoan

IF (IBUFNOD .LE. 0) STOF
IBFCNT=IRFCNT+1

WRITE (5,920) IKFCNT

IF(NCHHLEQ. 1)WRITE(S,931) (BUF(I»IBUFND)Y »I=1yJJE)
IF(NCHN.EQ.2 2)WRITE(S,932)(BUF(IsIRBUFNG) sI=1sJJE)
IF(NCHNJVERQ. 3)WURITE(S,$33)(RBUF(IyIRUFNO) sI=1sJJR)
IF(NCHNLEQ, 4)WRITE(S,934) (RUF{I,IRUFNO) sI=1sJJB)
IF(NCHN.ER, S)WRITE(S,935) (BUF(IsIRUFNO) yI=1sJJR)
IFONCHNVEQ. GIWRITE(S,934)(BUF(ISIRUFND) sI=1+sJJB)
: IF(NCHN.EQ. 7YWRITE(S:937) (RUF(I,IRUFNO)»I=1sJJR)
i IF(NCHNJEQ, 8)WRITE(S,938)(EUF(TIsIRUFND)sI=1sJJK)
. IF(NCHNEQ. PIWRITE(S,939) (RUF(TsIRUFNO) »I=1sJJE)
IFCNCHNVEQVLIO)UWRITE(S,940) (RUF (I, IRUFNO) s I=1y5JJR)
. S IF CNCHNVEQ.11)WRITE{S,241) (RUF (I, IRUFND) »I=1,JJR)
i i IFCNCHN EQ,I12)URITE(S,942) (BUF(Is IRUFNG) yI=1rJJR)
: , IF(NCHN.EQ,1Z3)WRITE(S,943) (RUF(I s IRUFNO) » I=15 JJR)
¥ IFCNCHN.EQ14)WRITECS,944) (RUF (I, IBUFNO) sI=1sJJR)

0

* RELEASE BUFFER FOR SERVICE ROUTINE TO REFILL

0

CaLL RLSEUF (IEBUF, INDy IRUFNO-1)
GOTO 10
200 FORMAT (/ ENTER SAMFLING TIMEs NO OF CHANNELS?! » %)
710 FORMAT (’ STATUS IS =‘, I4)
220 FORMAT (’ DUMP OF EBUFFER NUMEER “7,15,/)
’ 231 FORMAT(1X,117)
| 232 FORMAT(1X,217)
233 FORHAT(1Xy»317)
734 FORMAT(1Xy417)

k ¥ 935 FORMAT (1Xs517)
I s 936 FORMAT (1X,417)
fy | 937 FORMAT(1X,717)
|

?38 FORMAT(1X,817)

P39 FORMAT(1Xy917)
949 FORMAT(1X,1017)

e e A remamot momtr
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P41
742
243
P44

A

FORMAT(1X,111I5)
FORMAT(1X,1215)
FORMAT(1X+13135)
FORMAT(1X:1415)
END

A74
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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.

(1}

(ii)

(iii)

(iv)

(v)

(vi)

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

Enter conveyance length, i.e. the overall length

between wheels. (2Z)

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

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

Enter damping ratio as percentage. This should
usdally be entered as 1 or 2. (cs)

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.

o ey g ey | R AR | 1]



Flowchart for DYNMAG A76

Initiate

Initiate Plotting and
Plotting position

Read Interactive Input

l

Plot Axes

Y =

ICG'j/}//"*
0

\
(ﬁﬁcrement Ve]ociti)

Calculate CSIR
Magnification
N\
Yes
Y

Plot Positien

\/ No
Solve German
Equation

Plot solutions

,‘é [ncrement Buntoni>
* Spacing

| unt Se;flglEL*“"’ es
NO ;
STOP

3
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PROGRAMME DYNMAG : Listing

C  THIS PROGRAMME CALCULATES DYNAMIC MAGNIFICATION IN
C ACCORDANCE WITH CSIR REFORT MEG 706,
C

T oy o

DIMENSION RES(4)yVEL(4)
REAL K1sRK2,K3sK4sLE
REAL%®B CONS1,CONS2,CONS3sCONS4,FUNC
INTEGER IFL(2)
DATA IFL/'%'s»'0'/
calLl AGSIGN(4ys/FLY ¢3)
H CALL PLINITC(L)
: 4y cALL FLON
. R CALL TWINDO(~-10.S5y.51-3,
1 i CaLlL TWINDO(150,18505150
’ CALL MOVEA(Q.s0.) ﬁ
: TYFE 1
g 1 FORMAT(’ ENTER ROT INERTIAs MABSS, AND SFRING STIFF /)
ACCEFT %sRIsAM»SS q
- THETA=RI ;
K AMK=AM
o TYPE 2
g FORMAT(’ ENTER CONV LENGTH’) . ‘
¥ ACCEFT %12 |
ot : H=2Z
N Fb=—‘0.5
Z=2/2,
TYPE 3 ‘
3 FORMAT ¢/~ ENTER GUIDE INERTIA ANII BUNTON STIFFNESS’) t
ACCEFT %:GI1,HS
TYFE 7 :
7 FORMAT(’ ENTER LISTANCE FROM C.G.TO BOTTOM”) :
ACCEFT *sAL
1 TYFE B
“ 8 FORMAT(’ ENTER DAMPING RATIO AS Z7)
i ACCEFT %sC8
PX=SQRT(S5/AM) ¥2,
ROE=SQRT(RI/AN)
TYFE &
& FORMATC(/ ENTER ‘i FOR CSIR & GERMAN » ‘0% FOR GERMAN ONLY )
, ACCEFT %,IC6
. . CALL AXIS(0.s0.,190.5° V E L (m e s ) "913:31049,295)
CALL AXIS(0.s0,,180.s’ EBUNT SPACING ‘s13y-2.5.515)
: CALL MOVEA(O,1504)
B CALL DRAWA(-10.750.)
i CALL DRAWA(=10.504)
S 9 V=0,
: LE=A

-
(41004
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IF(ICG,EQ.0)B0TO 20

IF(Z. LT AYALFHA=4,283%(2.XZ~A)/A
IF(Z;GE«A.AND.Z.LT»I.SXQ)QLPHA=6¢283X(2.*Z—Q.*é)/é
IF(Z.GE.1¢5*A.ANB.Z.LT.Q.O*A)ALPHQ=6.283*(2.*2*3.*97/&
IF(Z.GE.Q.O*A.QND»Z.LT.2.SXA)ALPHQ=6.283*(2.*Z"4.*A)/A
IF(Z«GE»Q.SXA.AND§Z.LT.3.0XA)QLPHQ=6.283*(2.*2-5.*A)/A
IF(Z.GE,3.0*A.AND.Z.LTJ3*S%A)ALFHA=6¢283#(2.*Z~6'*A)/ﬁ
IF(Z.GE.B»5*A.AND.Z.LT.4.0*A)ALPHA=6.283*(2.*2*7«*&)/ﬁ

4 Y=U+1,0

AOMEGA=6,283I%KV/A

ETA=A0MEGA/FX

BBB=Z¥*2a/RDE**Qe*SQRT(Zo*(i0”C08(QLPHA)))/24/(2**29/R0E**20‘ETQ
Ch & ST

AAA=SQRT(2’#(1.+CDS(QLPHA)))/2»/(1»*ETAX*2’)

FDRCE=SQRT(QAA*$E.+HBB**2‘~L.*AAA*CUS(ALPHA/2.)*2,$BBB$SIN(
GALFHA/2.)+1.)

IF(FQRCE.LT.4,)G0T0 19

CALL FLCHAR(20,30)

CALL MOVEA(-AsU)

CaLL ALOUTC(L,IFLCLD)D

19 IF(Y.LT.50.)60T0 4

C -

c THIS FROGRAMME CALCULATES INSTAEBILITY FOLLOWING THE GERMAN REFORT
c BY REINKE

C

20 CC=162,4#208., %61/ (3 KLE)XX3,

ES1=1./C L/BEH5,)
BS2=HES1%7./3./(CC/ES+1,/3.)
BK=CC/(2.647-12,555%E51-0111XESY)
CENS=CC/(3,375-16,531%BS1)

GK=GK*588/ (GK+88)
CENS=CENS%58/(CENS+SES)

ALO=GK+CENS

AL1=0,5%({BK-CENS)

AO=ALO

Al=AL1%(1,+C08(4,2832%H/LED))
AMO=ALO/2 & {H-2,XAL)
AMLI=AL1I¥(H-ALX(1,+C0S5(6.,2832%H/LE) )
AN1=-AL1KHKXSIN(S,2832%H/LE)
GO=ALO/2, X ( (H-AL)I®X2,+ALKX2,)
D1=AL1%((H-AL)Y¥XX2 ., +AL¥XD . XCOS(S. 2832KH/LED)
WO1=8QRT(AO/ANK)

WO2=SART(QO/THETA)
RR=C8/100, ¥WO1XAMK

R1=4,%RR/ANMK
R2=2, KRRKCCH=AL) %%2, +ALXX2.)/THETA
CO=A0/ANK+AL/2,/ANK

e oo
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C1=A0/AMK~-a1/2./ANK
C2=00/THETA+RL/2,/THETA
CZ=00/THETA~QL/2./THETA
K1=AMO/AMK+ANL/ 2+ /AMK
Ko=AMO/ANK-AM1/2./AKK
K3=AMO/THETA+ANL/2./THETA
K4=ANKO0/THETA-ANL/2, /THETA
ER=ANL/2.,/6MK
: AR=ANL /2, /THETA
A FHI=0,
o J=1
4 CONGL=C04014C2+C3-RIKKD ~RIKKI,
CDNBE=C1*CO+CE*CS~2.%AA*BB—Kl%K3~N2$K4+(Ri*#ﬁ."Cl—CO)k(REXXQ.—CE
@-03)
CONS3=C2#C3*(CO+C1)+CO%C1%(CQ+CZ)-AA*BB*(CO+01+C2+CE)~R1*R2*(Kl%
@N4+K2zx3>~R1*$2.xczxcz-ﬁzx*2.xco*cz-ﬂixxzxc01+C37~K2*K4*(co+ca>+2.
BARIER2KAAKER .
COHBA=-K1*K2%K3%K4+QAKBBX(C1$02+CO¥03)—CO#Ci#CQ#C3~AA##2.*BB#*E.
@+agxxz.$x1*x2+39$mz.xxzxx4+x1*&3*c1xc3+xzmx4xcomcz
100 FUNC=—PHI$¥80+PHI*$6.$CDN51~PHI*$4.*BON52+PHI$$2.XCDN83+CONS4
IF(F’HI@EQ«O. GAND~FUNCQLTOOv)I=1
IF(FHI EQ.0, AND,FUNC.GE,0,)I=2
IF(I.EQ.1.ANDI.FUNC.GE.0.)G0TO 110
. IFC(I EQ.2.AND.FUNC,LT.0,)60TO 110

IF(PHI,GE,50,)G0TO 120
PHI=FHI+0.1

GOTO 100

110 RES(JII=FiI
IF(J.EQ.4YG0TO0 120
J=J+1

d I=2/71

N FHI=FHI+0.1

‘ GOTO 100

120 00 130 Jd=1.4
UEL(J)=RES(J)IXLE/3.1416
1IE{VEL(J),EQ.0.,0)G0TO 130
caLL MOVEA(-LESVELCJ))
CALL A1QUT(1sIFLC2))
RE5(J)=0.,0

130 CONTINUE
A=At 5
IF(A.LT+10.9)60TO 5
5TOF
ENI
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E.8 Programme TF

This'programme calculates a transfer Ffunction between
any two calculated power spectra. The interactive

input is:-
(i) Filename

{(ii) Transfer function between versions 'N1' and
tN2'. Each power spectrum with the same file-
name, i.e. from the same run, is a new version
c. the same filename, versions being in octal.
i.e. Channel 1 = version 1

2 2

3 = 3

4 = 4

5 5

6

6

7 = 7
8 = 10
g = 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.

R s Mg ;




‘,; Flowchart of programme TF '
i A81-
Initialize
Read Input
Assign Files
Read Heading
| Read size of . End of File
: Power Spectrum =
ie A Read Power Spectrum
|
. (:sum Consecutive Spectri)
& |

<::Ca]cu]ate Transfer Function;:>
TF = sum 1/Sum ?

Write Output

ot e ' e 102 o

Stop
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LISTING OF PROGRAMME TF

C FROGRAMME TF
C THIS FROGRAHME CALCULATES THE TRANSFER FUNCTION BETWEEN
: C ANY TWD MEASURED FUNCTIONS . .
LOGICAL¥: A(18),B(18)HEAD(80)
DIHENSION X(S12)sXX(S512)yF(512)
TYPE 1
1 FORMAT(/ FILENAME’)
; REATI(5,2) (A(I) s I=5,10)
g 2 FORMAT(6A1)
' THATA ACL) AC)sALZ)IsALAY /7T s L 9?1 578"/
TATA ACLL1)1A(12) rACIZ) rACLA) sACLIS) yALLEY /7S s W s /D v ATy T s
@57/
TYFE 3 p
3 FORMAT ¢’/ TRANSFER FUNCTION RETWEEN VERSIONS ‘N1 & ‘N2 (SEFARAT
@E LINES)")
REATI(S5:4) (ACI)»1=17118)
REAL(S,74) (R(I) s I=17,19)
4 FORMAT(2A1)
: - 14 FORMAT(80AL1)
N B N0 5 I=1s516
1 5 BE(I)=A(T)
: 1 CALL ASSIGN(1:A,18)
: : CALL ASSIGN(2,E,18)
C
C READ INFUT
e
REAINC1s14) (HEAD(I) s I=1,80)
READ(2,14) (HEAD(I) yI=1,80)
L=0
é READ(L,7sEND=B)J
REAT(2:7 yEND=8)J
Do 9 I=1,J
READCL,10)DUN,ZsF (L)
IF(F(I).BE.25,0,ANI.L,EQ.0)L=1/4
READ(2r10)IUMY » DOH
XXCI)=Y+XX(I)
9 XCI)=Z4X(T)
7 FORMAT(S5X»I4)
10 FORMAT(S5Xr3F10.6)
f GOTO &
? C
E CALCULATE TRANSFER FUNCTION ~ :
8 po 11 I=1,J

b ' IF(XX(I)EQ.04IXX(I)=0,0001
“ , 11 X(I)=SART(X(I)/XX(I))
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NRITE(&:iS)(HEAD(I)yI=1780)y(A(I)y1=17y18)v(B(I)y1=17718)
15 FORHAT(SX;BOQI;/:SX:SO(’=')r//ySXy'TRQNSFER FUNCTION BETWEEN'>»

@ CHANMELS ‘»2als’ AND 1 y0ple//14C7Xy FREQUENCY “ 52Xy “TR. FUNC’))

4
v M
%
¥t
aH
;
:

. po 12 I=1sL
! 12 WRITE (67 12)FCI) s XCI) s FCOI4L) s X CIHL) v FCI42KL) » X (IH+2KL) 5 F (T43%L)
; ; EXCI+3¥L) :
; i 13 FORMAT (4(8X:F8.272%XsF8.5))
# i STOF ’
1 i END
F
4
i
{ i
¥
i z
;
s
|
!
i
1
i
!
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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
cuxrve 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.
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PROGRAMME INTEG : FLOWCHART

Assigh 1/0 files
\

Read input

displacement

DO LOOP repeated for velocity then

Subroutine AMEAN corrects
data to zero mean

Integrate 2nd point h
using trapezoidal rule

b

Integrate 3rd oxnt
with Simpson's é rule

Integrate {st point
using back extrapolation

Integrate remaining points
using difference between Simpson's
% and” Y rules

N

Subroutine BMEAN corrects
displacement for zerc mean

Close files

STOP
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C****##*XXX%*#X***X*K*****#***X***#**X**#X#####**%*****##**##*##**##*X**
€ PROGRAMME INTEG '
C THIS PROGRAMME FERFORMS A DOURLE INTEGRATION OM A RECORD
C TO OBTAIN VELOCITY AND DISFLACEMENT FROM ACCELERATION
C%*ﬁ**$$**£$$£###****************#*#*****X**X****#X***#**##X*%*****%*##%
DIMENSTON X(4,2000)sY(10)
LOGICALX] IN(15) s IMC15) HEAD(B0) 13,17, IF(13)

TYFE 1

1 FORMAT(’ FILENAME TO INTEGRATE’)
READCS s 2Y (INCI) s I=5510)

2 FORMAT(4AL1)

IN(S)yIN(4):IN(11);IN(lZ)yIN(iE)vIN(lq)yINCIS)

y
1"1:’]l?..’f,Gl,'D,’JAI’IT'flzl”7'/

DATA INCIY»INCD)
@ yIZy1I7 /D7 /L7y
npg 2 I=1515
IF(II=INCL)

3 IMCII=INCT)
I¥MCLI1LY=13
IF¢113=17
TYFE 4

-4 FORMAT(’ CHANNEL & TOTAL NO OF CHANNELS 2

ACCERT %sICHNsJCHN

TYPE &

FORMAT(’ START & END SAMFLE NUMERERS ')

ACCEFT XsIST:IPT

IPT=IPT-18T

JCHN=JCHN+1

100 CALL ASSIGN{(1sIN»195)

CALL ASSIGN{(2sIMs13)

Call QSQIGN(391P315)

READCLsS) (HEAI(I) » I=1,80)

REALC2:5) (HEADCI) »I=1,80)

WRITE(3,5)(HEAL(I)sI=1,80)

FORMAT(BOAL)

READ(2,7)YH,VEL y IBUNT

O

4]

7 FORMAT(3X F12,4,F12,4,16)
READ(2,8) 18
8 FORMAT(I?7)

IF(IPT.GT.ISYIFT=IS
po 11 J=1,18T

11 READ(19)0UN
RO 16 J=1»IFT
REALICLs92)(Y (L) I=1,JCHN)
X1y d)=Y(ICHN)
X4, 0)=Y(JCHN)

16 CONTINUE
9 FORMAT (<JCHN>F11.,3)




i albianis el S kit A

r—

SRR pTISEEE ST SIS S

prarwey

A hopnad b s e

Qo0

fan R e R GO0

=000

13

USE TRAFEZOIDAL RULE FOR SECOND FOINT

0ne 10 J=2,3
CaLL AMEAN(XsIPTrJ-1)
XEJy2)=H/Z2 8 (XCCI=1) 2 12 +X0T~1)220)

USE SIMPSON’S 1/3 RULE FOR 3RD FOINT

X€Is3)=H/Z o k(X (CI=1)» 1) +4 kX ((J=1)p 2)+X((I~1) ¢ 3))

USE LIMEAR BACK EXTRAFOLATION FOR 1ST FOINT

X€Jr1)=2, %X (J92)-XCJr3)
DG 14 L=451IPT

A8/

USE DIFFERENCE RETWEEN SIMPSON’S /8 AND 1/3 RULES FOR EACH
SURSEQUENT FOINT.

XCJsL)=H/24, (X C(I=1)y (L=3)) =G kX ({J=1)y (L=20)F

Bi9.EX((J-1) s (L-12)42 kX ((J-1) L) +X I (L-1)

THIS

CONTINUE

IFCIFT,GT.S500)CALL EBHEAN(X,IFT)
ng 15 L=1,IFT
WRITE(313)X(1,L)
READ(2:,2,END=101)
Call CLOSE(1?
Catl CLOSE(Z)
CatL CLOSE(3)

ng 102 1=5,10

IN(I)=IM(I)
IPCI)=INCI)

GOTO 100

call CLOSE(2)
FORMAT(AF11.3)
STOF

EM

X(2yL) s X{3:L) ¢ X(4HL)
I YpI=5+10)

b &
(INC(IY I

SURROUTINE CALCULATES THE MEAN OF THE DATA

SUBROUTINE AMEANCXsIFTsJ)
REALX8 SUM4

DIMENSION X(4,2000)
KFET=IPT/2

SUNMi=0,

sSu2=0.

Do 10 I=1,KPT
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G50

60

SUML=8SUML+X(Js1)
SUNM2=8UH2+X(Jy (IFPT-I4+1))
SUMI=(SUML1+8UM2) / (2%XKFT)
SUM4=(SUM1-8UM2) /KFT/ (IPT-KFT)
0 20 I=1,IPT

X(JrIy=X(JsI)~SUMI~-C(IFT/2~1)%SUN4

RETURN
END

SURROUTINE CORRECTS DISFLACEMENT FOR ZERO

SUBROUTIMNE BMEAN(X,IPT)
DIMENSION X(4,2000)
KFRT=IPT/500
LET=IFT-KPT%300

D0 10 I=1sKFT

SuUM=0,

00 20 J=(I-1)k500+1,I%300
SUM=8SUN+X{31.d)
SUM=8UN/S500

Do 20 J=(I-13%500+1,1I%500
(37 J)=X{3sJ)-8UH
CONTINUE

SUM=0.,
IF(LPT.EQ.O0)CGOTO 560

IO 40 I=KPTX300+1,IFT
SUM=SUM+X(3: 1)
SUM=SUN/LFT

D0 S0 I=KPT%S00+1:1IPT
X{3yI)=X(3s1)-8UM
RETURN _

ENDI
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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. Tt 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.
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RUN SAMPLER
HATA FILENAME 7
IRK1009% .
NO OF SAMFLES FER CHANNEL AND MO OF CHANNELS 7
6000 6
SA* “LING RATE 7
1.0, ’
ACTUAL SAMPLING TIME 0.01000 secs i ~100C0
SWEEF STARTED WITH STATUS =’ 0
OFERATION COMFLETED CUCCESSFULLY
OFERATION COMFLETE WITH STATUS 0 AFTER WRITING

KUN CALIER
HUMRER OF FILES 10 COMVERT 7

1

EMTER HEADING (80 CHARS)

nEELKRAAL 11 217 SKIF EMFTY 10M/8

OATA FILENAME 7

NK1009 ) ] )
ND:'CHAHNELS;SAHPLES EACH:; RUNTONS & rIME STEF,VEL 7
4 4000 150 0.01 10,

ZERD VALUES AND SCALES FUR EACH CHANNEL 7

20751 —11t6

2330, =-9.0
2270, 10,4
2960, 10.4
2040, 10.4
2035, 10.,5\5\
TTL ~-- STOF.

A91
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"RUN DATAFL

FILEMAME TO PLOT 7

0K1008

TOTAL NO OF CHANNELS & HIGHEST WHEEL LOAI CHARNEL 7
6 2

MO OF CHANNELS TO FLOT (MAX 4) 7

4

JALUE TO FLOT & NUMEER OF FLOT ON FAGE 7

1
1.
3
4
START TIHE & TIME SCALE (1/10 OF RANGE). 7
0. 1!

RSN ON LS I

UERT SCALE & MIN VALUE? (SCALE=0. FOR AUTO SCALING)

10, 2
10" 00
10, (51C,
10, ~10.

» %

174, ~— FAUSE + WHEN FLOTTER STOFS TYFE °"RES® TO RESUME

RES 1.
> -,
TT1 -- FAUSE : WHEN FLOTTER STOPS TYRE *RESY TO RESUME
RES ..,
T14 7. FAUSE ! WHEN PLOTTER STOFS TYFE "RES® T0 RESURE
RES .
> £ -
IF WORE FLOTS EHTER 1 OTHERWISE 0
0 -

SRUN TATARL

EILENANE TO FLOT 7

IK1009

TOTAL NO DF CHANHELS & HIBHEST WHEEL LOAD CHANNEL 7
6 2

MO OF CHANNELS TO FLOT (HAX 4) 7

”3

UALUE TO PLOT & NUMBER OF FLOT OW FAGE 7
5. 2

6 3 .
eTA%T TIME & TINE SCALE (1/10 OF RAHGE) ¥
0. 1.

VERT SCALE & HIW VALUE? (eCALE=Y, FOR AUTO ICALIMG)

106 ':100

10, .210.. . . .

TTL ..-- FAUSE ¢ WHEI FLOTTER STOFS TYPE *RESS TO RESUNE

RAEG\SE4\ES

WV 4

. Ry
IF _HORT £LOTS FENTER L OINERVISE Q

e

O
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i
ff AS5
| RUN FOWER
! i
; + _ INFUT DATA FILE NAME (6 CHAFSY
% . IK1001
"ENTER NO OF RETURN EVENTS @
S
. "ENTER RETURN FERIORS ONE AT & TIME !
(500 .. .
~10000
100000 .
1000000
, 100000000
k‘ . NUMRER OF WHEEL LOADS IN DATA 7
kS 2
ENTER *"1' FOR DATA FRIMNTOUT, *2' TO STORE
DATA, =———-- ELSE NUMEER *O0°
2

et i oo e .
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RETURK EVENT ANALYSIS RY THE SHEMAX ANT THE FOUER TRAHNSFORMATION HETHODS
****ii*##t*i*##x***133********#***#**11#****X***t*****xtxxﬁ******#X*X*Xt

. QUPUT HEADING 3

DEELKRAAL 1% DOWN EMFTY 10H/8

j; FIKST WHEEL ANALYSIS -
KXFXEHETORXLIRRRF ST

__ SKIP OR CAGE VELOCITY @ 10,000
i ===============::=======
STATISTICAL DATA
MEAN STD DEV SKEWNESS KURTOSIS
UN TRANSFORHMED : 5203,4199 2132,6108 1.2670 3.8653
SHEHAX TRANSFORNED : 3543.0081 2056,4421 «0,0002 1.8939
FREDICTIONS
RETURN FERIOD FROBALITY OF EVENT
OCCURANCE SHEMAX TRANSFORMED
, 500.0 0,00200000 15170.8398
: 10060,0 0,00010000 18454.1855
; 1000000 6.00001000 20915,5312
; 1000060,0 0.0000C100 22939.4121
i 100000000.0 0.00000001 26496,5273
o SEROHD WHEEL AHALYSIS
PEXREFSERRETFHT R RKERX
STATISTICAL DATA
HEAN STD DEV SKEUNESS KURTOSIS
UH TRANSFORHED : 6151.8335 1740,3304 1,5650 S.7423
SHEHAX TRAHSFORNED : 1086,1118 1614.4451 -0,6178 2.4004
PREDICTIOHS
RETURN FERIOD FROEALITY OF EVENT
OCCURARCE SHERAY THANGFORRED
500.0 0.00200000 135054.8513
10000,0 0.00016000 14493,0039
1000060.0 0.00001009 10199,1440
1000000 ,0 0,00000100 19704.1621
160060000,0 0,00000001 n0409,9629
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b RUN FFTAUTO
| -
ENTER IMFUT DATA FILE NAHE (6 CHRS)Y ie BULLEY
pK100¢2
NUMBER OF FFT*S 7
5
) ENTER THE DEGREE OF FOLYNOMIAL TO EE REHOVED
; *0° FOR CONSTANT: *{* FOR LINEAR ‘
B o .
: ENTER PROFPORTION DF DATA TO EE TAPERED (ie 0.2}
; 2 ’
!
4 _ ENTER SERIES LENGTH
e ‘ 512

ENMTER DATA PDINTS EEFORE ANALYSIS SECTION
13500 ..

ENTER ‘N0 FOR DATA CHAMNEL TO EE ANALYSED
AND ‘NGHN* FOR NUMEER OF CHANNELS

14
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- B DEELKRAAL 18 DOWN ERPTY LOH/S

l====xw:u:zu:a--1---n-r::::s:u----un.n--nuan:g---nul-nn--zunnz-t-nnn-:nn:-;-n-nu
s

FREQ FOW SPEC SUH SPEC FREQ POV SPEC Sud SFEC FRED poOU SPEC sUH SPEC FRED pOW SPEC SUK SPEC

: 0.20 0.1124 0.1124 0.39 0.1134 0,.2258 9.599 0.0826 0,3084 0.78 0.,2500 0,5583
t 0.90 0.5518 1.1101 1.17 0.2274 1.,2377 1,37 0.,6879 1.4233 1.56 5.,1050 1.5303
'} 1.74 0.1328 1.6433 1.95 0.1208 1.78414 2.45 0,1043 1.8884 234 0.,0375 1.925%
i 2,54 0.,0734 1,9992 2.73 0.0376 2.0388 2.93 0.0159 2.,0347 3.12 00,0148 2.069%
it 3.32 0,0132 2.0827 3.52 0.0086 2,0713 3.71 0.0116 2.1029 3,91 0.00479 2,1078
; 4.10 0.0034 2.1112 4.30 0.0024 2.1136 4,49 0.,0008 2.1144 4.69 06,0023 2.1167
4.88 0.,0015 ° 2.1182 $5.08 0.G019 2.3120% 5.27 0.,0012 2.1213 S.47 0.0009 2.1222
5,46 0.,0010 2.1232 5,86 0.001% 2,1251 4,05 0.0012 2,1243 8,25 0.0019 2.1261
.45 0.0014 2,12948 8.6} 0.0013 2.,1308 6.84 0.0013 2,1321 7.03 0.0004 2.1328
7.23 05,5007 2.,1335 742 0.00181 2.1346 7.62 0.0007 2.1353 7,81 0.0004 2.1357
; 8,01 0.0008 2,134635 8.20 0.,0006 21371 8,40 06,0008 2.,1379 8,59 0.0003 2.1382
X . 8.7%9 0.0003 2.1386 g.98 0,000%5 2.1390 9418 0.00064 2,1396 9.37 0.0004 2.1400
{ i F.57 0.000% 2,1404 9.77 0.0003 2,1408 9.94 0.000& 2,1414 10.16 0.0007 2.1421
: oy 10.35 0.,0014 2.1437 10.55 0.0028 2.1444 10.74 0.0008 2.1472 10,94 0.0011 2,1483
: 11,12 0.00256 2.1508 11.33 0.0013 2.1522 11.92 0.0025 2.,1547 11.72 0,0037 2.158%
11.91 0.0041 2.146246 12.11 0.0024 2.1450 12.30 0.003L 2,14081 12.50 0.0024 2.1705
! 12.70 0.,0029 2.1734 12.89 0.0004 2.1740 13.09 0.0014 2,1756 13.28 0,0011 2.1767
i H 13.48 0.0011 2.1778 13.47 0.0009 2.4787 13.87 0.00035 2,1792 14,06 0.,0005 241797
3 3 ! ‘ 14.246 0.00048 2,1803 14,45 §.0004 2.1807 14.45 ¢.0008 2.1815 14.84 0:0002 2.181%
: ; \ 15,04 0,0002 2.1819 15.23 0.0004 2.,1823 15.43 00,0002 2.18239 15.42 00,0004 2,1831
15.82 0.0004 2.18346 14.02 0.0002 2.1837 14,21 Q. 0007 2.1844 14,41 0.0003 22,1849
156.60 0.0004 2.1833 16.80 0.0004 2,18397 1499 0.0005 2,1842 17,19 0.0002 2,1884
17.38 ©.0003 2.1868 17.%8 0,0064 2.187% 1777 0.0005 2.1880 17.97 0.,0003 2.1884
18.14 0.0005 2.1889 18.36 0.0005 2.1694 18.55 00,0005 2,1899 18,75 0.0001 241900
18.99 0.0005 2.190S5 19.14 0.0903 2.1911 19.34 00,0005 2.1915 19.53 6.0003 2.1918
) : 19423 0.0004% 2.1923 19,92 0.0006 2.192% 20.12 0.0005 7.1934 20.31 0.00032 2.1936
| . 20.51 0.0003 2.1939 20,790 0.0015 2,1954 20.90 0.0003 21957 . 21.09 0.0003 2.1960
3 : 21.2¢9 0.000% 2.1949 21.48 0.0003 2,1972 21,48 0,0004% 2.,1974 21.87 06,0005 2,1980
] : 22.07 0:0003 2.1983 22.27 0.0008 2.19%) 22,48 0.0014 2,2004 22,66 0.0005 2.3009
22.85 0.0004 2,2013 23.05 ©.,0005 +2018 23,24 0.0010 2.2027 23,44 0,06058 2.2033
L 23,43 0,0002 2,2036 23.83 0.0003 2.2013¢ 24,02 0.,0014 2.2053 24.22 0,0003 2,205
; 24.41 0.0003 2.2060 24,61 . 0.0007 2,20484 24,80 0.0008 2.2074 25.00 0.00035 + 2079
. 25,20 6.0012 2.,2091 25.39 0.,0006 2.20%97 25,59 0,0003 2.2100 25.78 0.00135 2.21435
N [ 25.98 0,0003 2.2120 2617 0.0004 2.2123 26,37 0.,0003 2,2126 26,54 0.0003 Z,213L
. 246.76 0.6007 242142 24,99 60,0008 2.2149 27,15 G.0002 2,2151 27.34 0.0002 2,2154
] ' 27.54 0.,0001 2.2155 272.73 0.0002 2.2157 27.%3 0.0005 2.,2143 28.12 £.0003 Z.2164
i 28.32 040003 2.2189 28.52 0.0008 2.2177 28.71 0.0002 2-217“ 28.%1 0.0008 22,2187
N N 9. 10 0.0°04 23,2193 29.30 0.,0002 2.2195 29,49 0,00053 L2202 29,49 0.0003 2.2203
29.88 0.0.39 2,2208 30,08 0.0003 «.&-ll 30.27 0.0004 2.?‘15 30,47 0.0007 242223
: 30.44 0,001 2,2233 30.94 0.000% 2.22 31.05 0.0007 2.2049 31.29 0.0003 2.2235%
i 31,45 0,0014 2,2270 31.64 0.0007 2.227° 31,84 0,0015 2.“"’! 32.03 0.0006 2.2300
¥ 32.23 0.00079 2.2310 32.42 0.0008 2.,2318 I2.62 0,0010 2,238 32.81 0.0012 22,2340
g 3.0 0.0005 2.2345 33,20 0, 0004 23,2349 1°.40 0.0008  2.2357 33.59 0.0008 R2,2743
: 33.79 0.0003 2.2348 33.78 G,0202 , 2368 3x.18 9.000% 22,2373 34.37 0,0003 2.2376
¢ 34.57 0.,0005 2.2382 34.77 0.0502 2.2384 34.98 0.000/ 2,2390 35.56 0.05018 2,23%9%
H 35.35 0.0008 2-23?9 . 35,35 Q. 0005 2.,2404 35,74 Q.00 2.2408 35.74 0.0005 2.2414
36.13 0.0013 2412 16,33 0.0003 2,2435 346,52 0,606 g.¢44“ 36.72 0.0005 2.2446
34.91 00,0002 2.§449 37.11 0,0604 2,2492 37,30 0.0001 Z.2433 37.50 0.0002 2.2453
1 37.70 0.,0004 2.,245% 37,89 0,0002 2,2460 18,09 ¢,0003 242443 38.28 0,0001 2.24465
£ 38.48 0.0000 2,2453 39,47 0.0003 2.2458 3g8.97 0.0002 2.2470 37.06 0,0002 22,2472
' . 39.28 5.0002 2.2474 39,43 0.0001 2,2474 39.8% 0.0001 22,2477 3%.84 0.0001 2.,2478 )
i 40,04 G.0002 2.2480 40.23 0,0001 2491 40,43 0.0002 2,0484 40,42 Q.0002 2.2488
1 40.82 09,0002 2.2488 Al1.02 2490003 ~--49! 43,20 0.0001 27,2492 41,41 0.000% 22,2493
’ i A5.80 0.0001 ;.~494 41.80 0.0001 L‘L495 41,99 00000 ¢.~4?6 .19 0,0002 2.2398
| 42.38 0.0004 2,2502 42,58 0.0003 2504 42.77 0.0u02 2,3504 42,97 0.0002 22,2508
f 43,14 0.QC03 2512 43.3% 0.,0001 ‘.~513 43.35 0.00602 ~-.515 43,75 ¢.0Q02 2.2517
i A3.55 0.,0002 ~‘~519 44,34 0.0001 2,3H520 44,34 0. 0001 2,252 41.53 0.,0003 24282
: 4,73 Q. 0002 2.3527 44,92 0,9002 .~42? 45,12 0.0003 2.35¢~ 45,31 0,0001 2,2532 a
s 45,51 0.0001 2,3034 15.70 0.0004 2538 45,90 0.0001 2,2540 46.09 0,0002 2,2541 I
i 48,29 9.,0001L ...543 45,48 0.0092 2.2545 44,43 ¢.0002 2,2347 A4.87 0.0001% 2.2548
. t 47.07 0.0002 2551 47.27 0.0001 23,2552 A7.48 0.0002 2,2554 47.64 0.0002 2,25586
T 47.8% 0.:0002 ~.~558 418,035 0,000t 2..559 48,34 Q.Q001 2,2540 43,44 0.0001% 22948
4 18,483 0.0003 2.25564 48,93 0,0002 256 49,02 0.0004 2.2570 47.22 0,0002 2.2572
' 47,41 0,0002 2.2573 49,41 0,000% &‘-474 19.8¢ 0.0002 £.25768 50.00 0.0004 2,2/HS :
. . ENTER 1,2,3 OR 4 FOR PLOT AT TiL.eB,LotTWRer OR BeRy :
CEE §
. PIP DL1LON10095.DATILE/DE

JPIP PLISONLCLIOS,DATIs/LL

DIRFCIORY DL1IC2941
i 9-aFR-33 00133

NK10105.UATHL T4, 04~APR-0Y L4158
DRLOLOD UATID 95 0&-AFR~03 12101
PRIOIOS. NATIS 4. 046~ AMR=R3 17105
100105, 00014 X Q4-ATR-83 17390
o DRI UATES Sé. CoH-AFR-B3 17312
DANLOLON . OATIS 4. OA~APKR-03 17013

e iy -

THTAL OF 576,/400. ALUCAS TN 4, FILES




Author Krige G ]
Name of thesis The behaviour and design of mineshaft steelwork and conveyances 1983

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2013

LEGAL NOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise
published in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (one machine readable copy and one print copy per page) for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.





