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Abstract

The paper studies the dynamics of an elevator, the theoretical determination of jerk at the start
and stop of an elevator for a certain tachogram. Maximum shock acceptable values are imposed by
standards.

Abstrakt

Clanek se studuje dynamiku vytahem, teoretické stanoveni narazu na zalitku a zastaveni
vytahu pro uréity tachogram. Maximalni pfipustné hodnoty narazii jsou uvedeny v pfislusnych
normach.

1 INTRODUCTION

Human transportation imposes a smooth functioning of elevators or any other devices used for
this purpose, therefore the kinematical diagrams proposed for these systems must ensure certain
values of the parameters, in order not to create any discomfort for passengers.

The functioning of an elevator is caracterized by certain kinematic and dynamic parameters,
such as speed, acceleration and jerk, meaning the derivate of acceleration. The values of these
parameters depend as much on technological factors as on the presence of man in the system. As
shown in paper [2], the limits of the dynamical parameters that can be tolerated by human are:

Table 1. Recommended limits for kinematical parameters at personal transportation.

Parameter Limits
Vertical acceleration / deceleration <1.0-1.5m/s’
Speed <7m/s
Jerk rate <2.5m/s’
Sound <50 dB
Ear pressure change <2000 Pa

This paper aims to determinate for a real diagram of speed, the jerk rate and the relations
between the kinematical parameters.
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2 METHODS AND PRINCIPLES

In order to get a smooth passage from one phase to another during acceleration and
deceleration periods, the theoretical linear variation of speed should be replaced by other variations,
such as parabolic, co sinusoidal, or a third degree parabola.

Considering the theoretical speed diagram with parabolic variation of speed during
acceleration and deceleration periods, due to a linear triangular variation of acceleration, (Fig.1) the
following diagrams for acceleration and jerk can be determined. The triangular form of acceleration
is a consequence of short periods of acceleration and deceleration.
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Fig. 1. Tachogram with parabolic variation of speed and linear triangular variation of acceleration.

The following variation result from the diagrams:
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Since the value of acceleration at t,, ty, ts, t7, tg and to is 0, the following relations between
jerk rates and time can be written:
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Since speed value is 0 at times t, and to, the following relations result from the diagram:
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This conducts to:
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13



Speed values will be calculated as:
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For an elevator having a; = 1 m/sz, Vmax = 1 m/s, and acceleration time t; —t, = 1s,
we get from relation (2.6):

1 . 1.
Vinax = 5]1(13 _tz)(t4 _tz) <= 1= 5]1(13 _tz)' L. 2.7)
If we consider symetrical the acceleration diagram for interval t, —t; , meaning t; —t, = 0,5 s,
1.
we obtain: 1= 5 J,;+0.5-1 ,andj, =4 m/s’, wich is much higher than the maximum admited value.

In conclusion, times t; — t, and t, — t; cannot be equal, wich consists with the actual functioning of
the AC machine. Considering maximum value j; = 2.5 m/s’, relation (2.7) becomes:

1=%-2.5-(t3—12)-1 2.8)

which conducts to the value t; —t, =0.8 s, and t;—t; =0,2's, meaning t; —t, =4(t;—t3).
With these values, we can determine j, as

=it -t) 2508
t, -t 1
Obviously, values j3, j4, js and j¢ are considerably lower than j; and j,.

J =2m/s’ 2.9).
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