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Abstract. The paper considers a simplified methodology for calculating the load and
performance of passenger elevators. It is emphasized that the actual average daily load of the
elevator differs from the calculated one. The necessity of development of new methods of
consideration of elevator parameters and technical and economic comparison of applied solutions
in the design of lifting electromechanical systems is emphasized.
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Anamauyia. Y pobomi po3ensioaemvcsi cnpoujeHa Memoouxka po3pPaxyHKy 3A6aAHMANCEHHS |
NPOOYKMUBHOCI NACANCUPCOKUX Tighmie. Akyenmyemvbcs yeaca, wjo Gaxmuyre cepeoHbo00008e
3a6anmanicents aigpma BiOpiZHAEMbCS 8I0 po3paxynkoeozo. Hazonoweno Ha HeobXioHocmi
PO3POONEHHS HOBUX MEMOOIB YPAXYBAHHA NAPAMEMPIB Tighmie i MeXHIKO-eKOHOMIUHO20 NOPIGHAHHSA
3aCcmMoco8y8anux piuiensb nio 4ac NPOeKmy8aHHs NIOUOMHUX eJIeKIMPOMEXAHIYHUX CUCTHEM.

Knwuosi cnosa: nacasxcupcokuil aigpm, nacaxrcuponomix, po3paxyHOK 3A6AHMANCEHHS,
Nighmosuii enexkmponpugoo

Introduction.

The elevator industry is a powerful component of the global technology and
economy. It consists of dozens of large corporations and thousands of different
enterprises and organizations designing, manufacturing and operating elevator
equipment, which provide millions of jobs. In its importance, this field reflects one
of the most important features of modern civilization [1].

The main task of all passenger elevators is to provide transport in the vertical
plane in buildings and structures for various purposes. They not only facilitate the
daily physical movement of people, but are often the only means of such movement.

In large cities, the total daily volume of transport by passenger elevators exceeds the
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volume carried by all modes of urban transport [2]. Classification of elevators is very
ramified and differentiates them by purpose, load capacity, speed, design features of
the lifting mechanism, types of automation systems, the level of comfort provided,
determined by the design of cabins, lighting and controls. The present work is
devoted to the solution of separate problems of synthesis of electric drives of the
lifting mechanism of passenger elevators of mass application.

Main text.

Calculation and selection of lifting electromechanical systems of passenger
elevators, it is suggested to base on the account of maximum passenger flow. During
the day passenger flows vary in direction and grandeur. In the morning and evening
there are ‘peak’ periods of elevator loading, between which there is a more even
distribution of load [3]. In most cases in the design of passenger elevators design
period is taken equal to five minutes. Such choice is justified by the fact that at longer
time intervals the intensity of passenger flow fluctuates significantly. If average
values are used for calculations, it can lead to the formation of queues and increase
the waiting time of passengers at certain moments. If the occupants are evenly

distributed on the floors, the five-minute passenger flow is determined as follows.
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where A - the total number of residents; N - the total number of floors of the building;
a - the number of floors whose population does not use the elevator (1-2 floors of a
residential building); 1'/100 - passenger flow intensity indicator, characterizing the
number of passengers (in percent) to be transported up and down in the continuation
of the calculated five-minute peak. The values of ‘five-minute’ peaks, depending on

the functional purpose of the building, are given in Table 1 [3].
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Table 1 - Values of ‘five-minute’ peaks of passenger elevator loading

Peak (as a percentage of the total
Type of building number of people served by the
elevator)
Residential buildings 4-6%
Hotels 7 -10%
Administrative and business buildings 12 - 20%
Educational institutions 20 -35%

The magnitude of the five-minute peaks is also influenced by the location of the
building in the city. When selecting the number of elevators, the time that a elevator
takes for a complete round trip is taken into account. The hourly capacity of a
elevator (total number of passengers transported in one direction per hour) can be
calculated [1].

3600E
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where E = Q/80 is the capacity of the cabin (people); Q - is the capacity of the

)

elevator; 80 kg is the average mass of one passenger; Xt, - the time taken by the
elevator cabin to stop.

This time can be determined by

t, =(t, +t, +t ) (N, +1)+t, +t, +t, 4)

For passenger elevators with a capacity of 320, 500 and 1000 kg at a speed of
0.71 and 1.0 m / s, the total time spent on acceleration and deceleration (t;), start (t),
as well as door operations (tg), is 10.0-12.0 seconds. For cargo-passenger elevators
this time increases to 12-14 seconds. If the width of the door opening does not exceed
1000 mm, the time for entry (t.,) and exit (tex) of one passenger is 1.5-2.0 seconds. If
the width of the opening is more than 1000 mm, it is reduced to 0.8-1.2 seconds. The
additional time (t.q) spent on accidental delays is expressed as a percentage of the
total round trip time [5]. For passenger flows travelling in one direction, it is 5-10%
of the total round trip time, and for two-way flows it is 10-15% of the round trip time
in one direction [4].

The number of probable stops of the elevator cabin is determined [3]
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N, =N -4 N g

where N, - number of possible stops on the floors above the first floor; y - design
coefficient (recommended value - 0.8).

Other recommendations for calculating the load and performance of passenger
elevators are also proposed [6-8]. However, all the proposed calculation methods
mainly allow to determine the passenger flow in general for a day or an average hour,
but do not allow to calculate the actual load of the elevator (for example, the number
of calls, stops, the number of passengers, the distribution of passengers when moving
up and down). For example, at a elevator speed of 2.0 m/s, a full cycle of operation
for a five-minute maximum passenger load in a 40-storey building and a capacity of
1,600 kg is 303 seconds round trip, carrying 28 people. This corresponds to an
estimated five minute interval. Assuming this is 5% of the total number of people
living in the building and using the elevator, the total number of passengers per day is
560. When calculating the passenger flow based on peak hour load, this number
would be 993 people. However, the elevator, operating at the maximum five-minute
intensity, 1s capable of making 235 full trips and carrying 7,934 passengers per day.

Comparison of the obtained data shows that the actual average daily load of the
elevator differs practically by an order of magnitude from the calculated load, on the
basis of which it is recommended to choose the elements of the elevator
electromechanical system.

Conclusions.

1. A simplified method for calculating the load of passenger elevators was
proposed based on the maximum passenger flow. Its application allows for the
preliminary selection of electric drive elements and lifting mechanisms for mass-
market passenger elevators.

2.1t has been determined that for synthesizing the parameters of elevator
electromechanical systems, assessing energy characteristics and performing other
technical and economic calculations, it is important to have data on the actual load of

elevators based on statistical studies.
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3. It has been determined that in the absence of statistical data, it is necessary to
develop and use new methods of technical and economic comparison of the options

and technical solutions used in the design of elevator systems.
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