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Structural Vibration in Escalators: Part 1 Dynamic Modeling
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ABSTRACT

Escalators are widely used for mass transportation in public places. In recent years, strict requirements
on the comfort and reliability for the public transportation have drawn a great attention to vibration in
escalators., This paper presents a dynamic model for escalators to be used for the analysis and design of
low vibration escalators, The dynamic model is developed so as to reflect the physical observation on
peculiar characteristics in escalators such as the difference between up-moving and down-moving, and the
abnormal vibration affected by the load applied. For validation of the dynamic model developed,
experimental results are compared with numerical results from the model. The numerical study shows that
the developed model may be useful for the analysis and design of escalator systems.
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Fig. 3 Typical acceleration signals in escalator steps

(a) linear spectrum for up-moving

(b) linear spectrum for down-moving

(c) time response in consecutive up-moving
and down-moving
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Fig.4 Typical change in fundamental frequency
(3.65Hz) component during down-moving
(a) full system, (b) without handrail
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Fig. 5 Schematic drawing of an escalator
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(a) 1st Mode (b) 2nd Mode
Fig.12 Mode shapes
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Fig.13 Signal for comparison of two sensors
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Table 1 Comparison of first three natural frequencies

Number of persons First Second Third
1 6.22151 | 7.86560 | 16.38870
2 6.08291 | 7.74382 16.37857
3 594303 | 7.65298 16.37004
4 5.80659 | 7.58518 16.36338
5 567667 | 753417 | 16.35858
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Fig. 16 Simulation: 1X, 2X components in inertance
with increasing the number of persons during
up-moving
(a) 1X(3.65 Hz), (b) 2X(7.3 Hz)
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Table 2 Comparison of first three natural frequencies

Number of persons First Second Third
1 5945796 | 7.862776 | 13.966752
2 5420859 | 7.723463 | 13.932772
3 4490474 | 7586704 | 13.868224
4 3.7483858 | 7.462277 | 13.816311
5 4342999 | 7.395858 | 13.855673
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