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Abstract. Our interest in finding a tool that can be used to understand and record the behaviour of
electro-mechanical machines is continuing in this study. We have chosen escalators in our studies
because their natural electrical and systematic designs are based on systematic cyclic and periodic
behaviour. Escalator nature of operation has given us an excellent platform to determine how regular
or irregular or chaotic the behaviour of an escalator is, especially when some sort of malfunction
develops in it. We used two tools to achieve our objectives [1-6], the fractal dimension concept and
the phase plan map as well as the Poincare section.

In this study, we will concentrate our efforts on the behaviour of the gearbox which drives the
escalator. The parameter which will be looked at is the temperature of the gearbox. Temperatures
were measured from different locations in the gearbox. The phase plan maps and Poincare sections
of various traces from various temperature sensors have been plotted, and they have presented some
interesting and useful patterns. The plots can be used as reference maps for the normal and abnormal
operating conditions of an escalator.

1 INTRODUCTION

In our previous studies, we have proven the fractal nature of escalator behaviour during operation [1-
6]. We plotted the phase plan map and the Poincare section for escalator behaviour [7,8,9]. There
were useful and interesting patterns. They showed the patterns of stress level attractors in the
machines, how they behave, and how they change paths and layout or embedment regions. The
general pattern was repetitive, but there were some differences which are a reflection of the local
from which the measurement was taken.

In this study, our attention will be on the temperature distribution in the escalator gearbox, see Figure
1. Motor gearboxes are used to drive a machine like an escalator. The function of the gearbox is to
transmit mechanical power from the motor through the gearbox to the escalator top drive shaft. A
gearbox consists of a worm shaft (drive/input shaft), a newel wheel sprocket, and then the output
shaft. Using a prognostic technique to monitor and study the behaviour of a gearbox can be a useful
tool in achieving maximum efficiency from the gearbox.

The behaviour of a complex system like a compressor has been monitored and looked at by many
studies [10-13]. The raw-measured signals were used for fault diagnosis. Research concerning the
modelling of reciprocating compressors uses phase space trajectories, Poincare maps, and Lyapunov
exponents for identifying the chaotic behaviour of a reciprocating compressor system with subsidence
rub-impact fault [14,15].

Nonlinear and chaotic dynamical systems can be analysed by using tools like the phase space diagram
and Poincare plot [16]. The Poincare map has been used for visualising the nonlinear chaotic
behaviour of faults in gears and bearing elements [16].

This study will give an insight into the behaviour and pattern of operation of the escalator gearbox
during normal and abnormal conditions.
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Figure 1 The escalator motor gearbox with the distribution of temperature sensors.

2 CONSTRUCTING THE MAP

Temperature sensors were distributed at different locations on the gearbox, as shown in Figure 1. The
data/traces were logged into a data logger, see Figure 3, and then downloaded on a computer for
analysis. The period of the run was divided into two regions, region 1 and region 2. Region 2 includes
a shutdown period, to impose a stage of variation in the measurements. It is our intention to see
whether the adopted technique in this study will or will not detect this variation.

The Poincare space map and the phase plane map for the nonlinear behaviour of a machine like an
escalator have been constructed using the traces from the temperature sensors. The Poincare space
map is constructed by using the pseudo-phase plane method (also called the embedding space
method). For one degree of freedom system with measurement x(t), one plots the signal versus itself,
but delayed or advanced by the fixed time constant [x(t), x(t+T)]. The idea is that the signal X(t+T) is
related to x'(t) and should have properties similar to those in the classic phase plane [x(t), x (t)]. If
the motion is chaotic, the trajectories do not close.

When the state variables are greater than three (position, velocity, time or any other parameter), the
higher-dimensional pseudo-phase-space trajectories can be constructed using multiple delays. For
example, a three-dimensional space can be constructed using a vector with components (x(t), x(t+T),
x(t+27)) [1].
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Figure 2 Presents the temperatures against the running time.
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Figure 3a A magnification view for region 1 (0-4000 seconds) in Figure 2.
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Figure 3a A magnification view for region 1 (4000-10000 seconds) in Figure 2.

3 RESULTS AND DISCUSSION

Figures 4 to 13 show plots for the Poincare section and the phase plan map for each trace. It is very
interesting to observe that the patterns and shape of the plots are very regular and systematic in the
running period 0.0-4000s, region 1. However, the data in region 2 shows a different systematic pattern
to those observed in the first period. They are certainly not chaotic but periodic, forming different
loops (periodic behaviours), which reflect the variation that happened in the escalator during the
shutdown period.

4 CONCLUSIONS

This study has proven that the phase plane map and the Poincare section are interesting tools to be
used to monitor the behaviour of gearboxes. Beautiful and interesting patterns were developed in the
maps and sections of temperatures measured from the gearbox. Variations in the behaviour of the
gearbox temperature were noticed too, in the shape of other periodic patterns and shapes.
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Figure 4a Shows the Poincare section for output gear box shaft between 0.0-4000 seconds.

48

46

a4 |

42

T+1(C)

Temperature of Output Shaft

30 32 34 36 38 40 42 44 46 48 50

T(C)

Figure 4b Shows the Poincare section for the output gear box shaft between 4000-10,000

seconds.
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Figure 5a Shows the Phase Plan Map for the output gearbox shaft between 0.0-4000 seconds.

Figure 5b Shows the Phase Plan Map for the output gearbox shaft between 4000-10,000
seconds.
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Figure 6a Shows the Poincare section for the non-drive gearbox shaft between 0.0-4000
seconds.
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Figure 6b Shows the Poincare section for the non-drive gearbox shaft between 4000-10000
seconds.
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Figure 7a Shows the Phase Plan Map for the non-drive gear box shaft between 0.0-4000
seconds.

Figure 7a Shows the Phase Plan Map for the non-drive gearbox shaft between 4000-10000
seconds.
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Figure 8a Shows the Poincare section for the input gearbox shaft between 0.0-4000 seconds.
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Figure 8b Shows the Poincare section for the input gearbox shaft between 4000-10000
seconds.
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Figure 9a Shows the Phase Plan Map for the input gearbox shaft between 0.0-4000 seconds.

Figure 9a Shows the Phase Plan Map for the input gearbox shaft between 4000-10000 seconds.
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Figure 10a Shows the Poincare section for the back-end gearbox shaft between 0.0-4000
seconds.
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Figure 10b Shows the Poincare section for the back-end gearbox shaft between 4000-10000
seconds.
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Figure 11a Shows the Phase Plan Map for the back-end gearbox shaft between 0.0-4000
seconds.
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Figure 11a Shows the Phase Plan Map for the back-end gearbox shaft between 4000-10000
seconds.
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Figure 12a Shows the Poincare section for the front-end gearbox shaft between 0.0-4000
seconds.
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Figure 12b Shows the Poincare section for the front-end gearbox shaft between 4000-10000
seconds.
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Figure 13a Shows the Phase Plan Map for the front-end gearbox shaft between 0.0-4000
seconds.
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Figure 13a Shows the Phase Plan Map for the front-end gearbox shaft between 0.0-4000
seconds.
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