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FEATURES OF PARAMETER FORMATION WHEN
COMPARING THE EFFICIENCY OF PASSENGER
ELEVATORS ELECTRIC DRIVES

A. boiuixo, A. Casenves, 1. Knumuyxk, [ lenamenxo. OcodauBocTi ¢opMyBaHHS mapaMeTpiB HpH NOPiBHAHHI e)eKTHBHOCTI
€JIEKTPONPUBOIB MacaKUPChbKUX JiTiB. CydacHuil cTaH Ji()TOBOrO rocrnofapcTBa y XUTIOBO-KOMYHAIBHOMY CEKTOpI SIBIISiE COOOFO
JIOBOJIi BAYKIIUBY aKTyalbHy IpoOaeMy. BilbIricTs MamiH HassBHOTO MApKy BiKe BiAHparroBain cBiif pecypc Ha 60 % Ta 6inpime. IIpoBeneno
aHAJI3 CYy4acHOro CTaHy MapKy MacaXHUPChKUX MiQTIB, K B )KUTIOBUX OyAHMHKAX Tak i B CHOPYAax Pi3HOTO TUIy KOMYHAJIbHO-KHTIOBOTO
ceKTopy. BusiBIIEHO, 1110 BHCHOBKH IIOAO 3HAYHOTO MiJBHUIIEHHS €HeProe(heKTUBHOCTI €NEKTPONPHBOAIB HOBUX THIIB YacTO POOIATHCS Ha
OCHOBI iX MOPIBHSAHHSA 3 TEXHOJIOTIYHO 3acTapiIuMH J1e0iqKaMul 3 IBOIIBUIKICHUMY ABUTYHAMH Ta YepB’SYHUMHU pPeAyKTopamu. BusHaueHo,
IO TEXHIYHI PIlICHHS peali3ylThCs 32 PaxXyHOK psijy KOMIIPOMICIB, a came: 301IbLICHHsT KPAaTHOCTI IMOJIicCIacTa; BiAMOBA BiJl IPOTHUBAry;
30iIbLIIeHa TOBXKIHA KaHATIB IPH Mauii o nepepisy. JloBeaeHo, o s NpoBeeHHs 00'€KTUBHOTO TEXHIKO-EKOHOMIYHOIO TOPiBHSHHS
TM(TOBUX EIEKTPONPUBOAIB B yMOBaX HECTayl IaHUX MPO iX KOHCTPYKTUBHI XapaKTEPUCTHKKA HEOOXiJHE KOPEKTHE 3aCTOCYBaHHS SIK HOBHX,
TakK i BXK€ iCHYIOUMX METO[IB OIHKU. [IoKa3aHo - mepe]] MPOBEICHHSIM TEXHIKO-€KOHOMIYHOTO aHai3y 000B’I3KOBHUM € 30ip CTATUCTUYHHUX
JIAaHMX MO0 eKCILTyaTalii JlihTa Ta #oro OCHOBHHX cHcTeM. YCi mapaMeTpH, IO IMiJUIsTaoTh aHali3y, TOAUIAIOTECS Ha 3araibHi, TapaMeTpu
MiJHOMHOTO MEXaHi3My Ta eJEeKTPONPUBOAY. 3 MPAKTHYHOTO JIOCBiy TIOKa3aHO — TEXHIKO-€KOHOMIYHI TOKa3HUKH Ji(h)TOBOTO
€JIEKTPOIIPHBO/LY 3HAYHOIO MipOI0 3alieXkKaTh BiJl HAsSBHOCTI ab0 BiJICYTHOCTI peIyKTOpa, THITy JeOiJKH Ta BHKOPUCTOBYBAHOI CHCTEMH
KepyBaHHS, a TAKOXK BiJl peXuMiB poOOTH 1UX eneMeHTiB. Ha 0CHOBI 00paHMX MaTeMaTHYHUX Mojesel poOoTH Ty y BUBHAYHHX yMOBAX
OTPMMAHO ONTHMAJIbHI JliarpaMu pyxy KaOiHM JiTa NMpH pi3sHUX BiACTaHAX i1 NMEpPeMIIICHHs, a TaKOX PO3PAaXyHKOBI KiHEMAaTH4HI CXEMH
MiIHOMHUX MeXaHi3MiB JIQTIB i3 MPAMOI0 MiABICKOIO Ta 3 MOJICIACTHONO MMiJBiCKOI. Tako)X BM3HAUCHO NapaMeTpU €IEMEHTIB TUIOBOT
ni¢ToBOT MiIHOMHOI YCTAaHOBKM Ta CTATM4HI 3yCWJUIS Ha 00Ol KaHATOBEAY4YOro ILIKiBA Ta MOMEHTH HAaBaHTaKCHHS Wil 4ac Migiomy
3aJIeKHO BiJ HOMepa 3ynuHKU. OTpHMaHi pe3yIbTaTH JOCIIDKEHHS JO3BOJSIOTh HaJlali BUALUINTH OCHOBHI BapiaHT IOMYJIIPHUX JTi(TOBHX
CHCTeM, SKi IUIraloTh TEXHIKO-eKOHOMIYHOMY ITOPIBHSHHIO Ta BiPi3HSIOTHCS MiXK COOO0I0 KOHCTPYKIII€IO.
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A. Boiko, A. Savieliev, I. Klymchuk, D. IThnatenko. Features of parameter formation when comparing the efficiency of passenger
elevators electric drives. The current situation in the elevator industry in the housing and communal sector is a rather important and urgent
problem. Most of the machines in the existing fleet have already worked out their resource by 60% or more. There was conducted an analysis
of the current state of the passenger elevator fleet, both in residential buildings and in various types buildings of the communal and
residential sector. It was found that conclusions regarding a significant increase in the energy efficiency of new types electric drives are often
made on the basis of their comparison with technologically outdated winches with two-speed motors and worm gearboxes. It was determined
that technical solutions are implemented at the expense of several compromises, namely: increasing the multiplicity of the pulley block;
abandoning the counterweight; increasing the length of the ropes with a small cross-sectional area. It was proved that for an objective
technical and economic comparison of elevator electric drives when a lack of data on their design characteristics, the correct application of
both new and existing assessment methods is necessary. It is shown that before conducting a feasibility study, it is necessary to collect
statistical data on the operation of both the elevator properly and its main systems. All parameters subject to analysis are divided into general,
parameters of the lifting mechanism and electric drive. From practical experience, it is shown that the technical and economic features of the
elevator electric drive largely depend on the presence or absence of a reducer, the winch type and the control system used, as well as on these
elements’ operating modes. Based on the selected mathematical models of the elevator operation in specific conditions, optimal diagrams of
the movement of at different distances of its movement were obtained, as well as calculated kinematic diagrams of the elevator car lifting
mechanisms of elevators with direct suspension and with polyspast suspension. The parameters of the elements of a typical elevator lifting
installation and static forces on the rim of the rope-driving pulley and load moments during lifting depending on the stop number were also
determined. The obtained research results allow further identifying the main variants of popular elevator systems that are subject to technical
and economic comparison and differ in design.
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1. Introduction

The main task of all passenger elevators is to provide transportation in the vertical plane in vari-
ous purposes buildings and structures. They not only facilitate the daily physical movement of people,
but sometimes are the only means of such movement. In large cities, elevators carry more passengers
every day than all types of urban transport combined.

Elevators are classified according to many characteristics: purpose, load capacity, speed, design
of the lifting mechanism, level of automation and comfort. In modern multi-storey and administrative
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buildings of Ukraine, built since the mid-90s, the most often installed are elevators from well-known
foreign companies which are also engaged in their maintenance. Such elevators meet world standards,
and their quality is constantly being improved.

However, elevators in mass-built buildings of the 70s, 80s and early 90s are morally and physi-
cally outdated. Planned replacement or modernization of these elevators’ electric drives (EDs) has
practically not been carried out since then, which only worsens the situation. Given that the estimated
service life of an elevator is no more than 25 years, among more than 100 thousand passenger eleva-
tors in Ukraine, at least 60...70% have already served this term [1].

Thus, the development of the passenger elevator fleet in Ukraine is an urgent economic, social
and technical problem of the state level.

2. Analysis of literary data and formulation of the problem

Most researchers note the fact that leading manufacturers of passenger elevators hide basic tech-
nical information about their developments, limiting themselves to general advertising descriptions [1-
4, 7, 8]. Information from technical catalogs of elevator manufacturing companies is characterized by
the absence of even basic indicators of electric drives, such as the drive motor speed or its efficiency
factor (EFC) [3, 8]. At the same time, technical parameters can be provided in full, but in a very frag-
mented form [2]. This also renders impossible to objectively compare the efficiency of elevator elec-
tric drives of different types and manufacturers.

Conclusions about a significant increase in energy efficiency of new types of electric drives are
often made on the basis of their comparison with technologically outdated winches with two-speed
motors and worm gearboxes [3]. At the same time, when comparing innovative gearless elevator
winches with gear winches of a new design, which are controlled by frequency converters, these con-
clusions can be diametrically opposed [4].

Technical solutions are implemented through a number of compromises, most of which are con-
sidered controversial:

1. Increasing the pulley block multiplicity to reduce the required speed of the winch motor
leads to an increase in the number of diverter blocks [5]. This complicates the installation of the eleva-
tor, increases the ropes wear, reduces the efficiency of the rope transmission, and limits the height of
the car lift. It also causes uneven tension of the ropes and skewing of the car, which increases the load
on the guides, causing their wear and increased mechanical losses [6];

2. The counterweight forces rejection involves a significant increase in the installed power of
the motor, even in comparison with the common two-speed inductors motor (IM), which leads to in-
creased power losses in static and dynamic operating modes [7, 8];

3. The increased length of the ropes with a small cross-sectional area leads to significant
manifestations of flexibility, which can cause car oscillations and an increase in the stopping error [9].
This is compensated by the recommended car lift heights of no more than 20...25 m [10].

Comparison of weight and dimensions of electric drives is usually carried out without taking into
account mounting blocks and lifting mechanism structures, which is incorrect [11, 12].

3. The purpose and objectives of the research

Modern passenger elevators are equipped with various types electric drives, each having specif-
ic characteristics that determine their efficiency depending on the operating conditions. However, ex-
isting evaluation methods often do not take into account a comprehensive analysis of elevator systems
and their main parameters, such as [4, 5]:

— energy consumption in different operating modes;

— dynamic characteristics of movement;

— efficiency of the elevator system;

— the impact of load and operating mode on the equipment durability.

The need to form objective criteria for comparing electric drives is due to the need to optimize
the elevator equipment operation, to reduce energy consumption and to increase operational reliability.

For conducting an objective technical and economic comparison of elevator electric drives in the
absence of data on their design characteristics, it is necessary to correctly apply both new and existing
evaluation methods.

One of these methods is the basic trip method, based on the introduction of the elevator car basic
trip concept, and any arbitrary trips are subsequently reduced to an equivalent number of basic ones
[13]. The complexity of using this method lies in the need to process and organize a large amount of
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initial operational parameters and their combinations (average number of starts per hour, trip length,
cabin load).

This determines the given study purpose: to develop a methodology and justify approaches to the
formation of parameters for a comparative analysis of the efficiency of passenger elevator electric
drives. The study considers key parameters that affect the energy efficiency and operational character-
istics of elevator electric drives of different types [3].

4. Methods of conducting research and processing experimental data

Before conducting the technical and economic analysis, it is mandatory to collect statistical data
on the operation of the elevator and its main systems. This can be done both on an operating passenger
elevator and using its mathematical or physical models. In this case, each parameter that affects the
feasibility indicators is given a specific numerical value. If necessary, several values of one parameter
are considered.

All parameters subject to analysis are divided into general, parameters of the lifting mechanism
and electric drive. As practice shows, the technical and economic indicators of the elevator electric
drive largely depend on the presence or absence of a gearbox, the type of winch and the control system
used, as well as on the operating modes of these elements. Such an assumption allows reducing the
number of general parameters to a logically justified minimum.

As an object of such study, it is advisable to choose passenger elevators of residential buildings
with a height of up to 9...20 floors. This is relevant for the construction industry of Ukraine and al-
lows taking into account almost the entire range of nominal cabin lifting speeds [1]. It is recommended
to limit the nominal mass of the transported payload to the maximum operational value of 1600 kg [4].

All other coefficients, time intervals and other parameters describing the operating modes of any
arbitrary elevator electric drive system should be taken in accordance with the regulatory operational
requirements.

5. Results of experimental bench research

Nominal cabin capacity:

En = Mgy /mpasv (1)
where: m,,; =80 — average weight of one passenger, kg.
E, =1600/80 = 20 pas.

Given that inter-storey transportation is rare in residential buildings, the estimated cabin capacity
when moving up:

Ecwp =V " E.- 2
E.,, =0.8-20=16 pas.
And when moving down:
Econ =Yan " E-s 3)
E.sn =0.6-20=12 pas. ,
where: v,,,74, — €levator cabin occupancy rates during ascent and descent, respectively [14]. Number
of probable stops:

E,
Np,:Nl—Nl[Nl_lj , (4)
N,

where: N — number of floors in the building; N1 =N—1 — number of floors served by the elevator; E. —

estimated number of passengers.
During upward movement N, =13; During downward movement: N, =10. The magnitude

of the jerk should be discussed separately. As studies of elevator dynamics taking into account the
elasticity of the ropes have shown, the jerk can increase by two times or more compared to the dynam-
ics of a rigid system [8].

Therefore, the calculations assume a jerk value smaller than that recommended in the literature.
The accepted calculated values of speed, acceleration, and jerk are summarized [5]. The choice of the
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jerk value should be discussed separately. As shown by studies of elevator dynamics taking into account
the elasticity of the ropes, the jerk can increase by two or more times compared to the dynamics of a rig-

id system [8]. Therefore, the calculations assume a jerk value smaller than that recommended in the liter-

ature. The accepted calculated values of speed, acceleration, and jerk are summarized in Table 1.

Estimated values of the speed, acceleration and jerk

of the elevator cabin

Table 1

Maximum speed | Maximum acceleration|Calculated jerk
Vinax, M/S amax, M/s? r, m/s®
15 15 3
2 2 3
2.8 2 3
4 2 3
6 2 3

The average distance of one trip during
ascent is 9 m, and during descent it is 11.7 m.
For the considered range of speeds, accelera-
tions and jerks, depending on the distance of
the trip, three types of optimal diagrams of the
cabin movement can be expected in accord-

ance with Fig. 1. The values of the motion pa-
rameters used in further calculations are given

in Table 2. The total time of the cabin move-
ment up and down consists of the movement
time and the auxiliary time. The movement

time, in turn, consists of the acceleration time ta, braking time t,r and the time of movement at a con-
stant speed tcon during ascent or descent. It depends on the given value of the nominal speed of the ele-
vator cabin (Table 2). Since the diagrams are symmetrical, the acceleration time is always equal to the

braking time.

r,a,Vv
+ry

Vimax= Vn

C +rn
B,
Amax = dn
A

r.ayv
+Ip

a

Vimax < Vn

+r,

—In

b

Amax = dn

rav

+ry

Vimax < Vn

+r,

-

max < @n

c

Fig. 1. Optimal diagrams of the elevator car movement at different distances of its movement: trapezoidal
acceleration diagram (a); truncated trapezoidal acceleration diagram (b); triangular acceleration diagram (c)

Table 2
Elevator cabin motion parameters during travel over typical distances
Specified nominal parameters and limitations
Distances and cabin Vo, M/ L5 2 2.8 4 6
movement parameters a, /s 15 2 2 2 2
P o, M/S2 3 3 3 3 3
Fig. 1 a b b c c
1 2 3 4 5 6 7
tac, S 15 1.6 1.6 1.6 1.6
tcon, S 05 - - - -
t, s 35 3,2 3,2 3.2 3.2
1. Floor (3 m) Vings VIS 15 1.88 188 1.88 1.88
Aave, M/S 1 1.175 1.175 1.175 1.175
Fig. 1" a a a b b
tac, S 1.5 1.67 2.07 2.09 2.09
teon, S 2.5 1.33 0.08 - -
t, s 5.5 4.67 4.22 4.18 4.18
2. Floors (6 m) Vings VIS 15 2 2.8 2.87 2.87
Aave, M/S 1 1.197 1.35 1.37 1.37
Fig. 1" a a a b b
3. Floors (average tac, S 15 1.67 2.07 2.48 2.48
lifting distance 9 m) teon, S 4.5 2.83 1.15 - -
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1 2 3 4 5 6 7
t,s 7.5 6.17 5.29 4.96 4.96
Vinax, VIS 15 2 2.8 3.64 3.64
Qave, M/s 1 1.197 1.35 1.47 1.47
Fig. 1" a a a a b
tac, S 15 1.67 2.07 2.67 2.8
teon, S 6.5 4.33 2.22 0.335 -
t,s 9.5 7.67 6.36 5.675 5.6
4. Floors (12 m) Vina, VIS 15 2 2.8 4 4.29
Qave, M/s 1 1.197 1.35 1.49 1.53
Fig. 1" a a a a b
tac, S 15 1.67 2.07 2.67 2.77
teon, S 6.3 4.18 2.11 0.26 -
Average distance when t, s 9.3 7.52 6.25 5.6 5.54
descending 11.7 m Vinax, V/S 15 2 2.8 4 4.23
Qave, M/s 1 1.197 1.35 1.49 1.53
Qave, M/s 1 1.197 1.35 1.49 1.53

“type of motion diagram according to Fig. 1; tac — acceleration (start-up) time, s; tcon — time of movement at a constant
speed, s; t — full time of movement, s; Vmax — maximum cabin speed, m/s; aave — average cabin acceleration during start-up,
m/s?

Auxiliary time includes the time of opening to, and closing t. of the elevator car door, the time of
passengers entry te, and exit tex, the time of the car movement beginning tweg and end tenq. The latter is
spent on leveling the car floor level with the landing platform level, as well as on applying and remov-
ing the mechanical brake. Auxiliary time does not depend on the speed of the car movement. The fol-

lowing values are taken in the calculations: t,, =t, =1.55s; t,, =t,, =15; t,,, =ty =0.5s.
Then full auxiliary time is [15]:
t0 = (top + tcI + tbed + tend)(Nprup + Nprdn) + (ten + tex)(Ecup + Ecdn) . (5)

For the considered parameters, the auxiliary time is 148 s.
According to the design, elevators with gear and gearless electric drives are considered. The cab-
in suspension can be direct or polyspast Fig. 2.

Fig. 2. Calculated kinematic diagrams of elevator lifting mechanisms with direct suspension (a) and with
polyspast suspension (b): 1 — cabin; 2 — counterweight; 3 — rope-driving pulley (RDP); 4 — tensioning block of
compensating ropes; 5 — branch block; 6 — suspension block

In the case of a geared version of the electric drive (ED), it is recommended to take the synchro-
nous speed of inductor motors as the calculated speed, which is 1000...1500 rpm, and for high-speed
DC motors — 600...750 rpm, depending on the motor power [16].

The linear speed of the elevator cabin V in m/s and the speed of the winch motor n,,, are related

by the known ratio:

. 1
V =ni'ng, —, 6
n 50 (6)
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where: i’ :% — equivalent gear ratio from engine to cab; D4, — diameter of the rope-driving pulley,
tr
m; iy — gear ratio of the winch transmission.

The equivalent gear ratio introduction allows preliminary calculations to be made without precise
information about the diameter of the rope-driving pulley and the gear ratio of the reducer. Real gear
ratios of reducers at a nominal speed V, > 1.5 m/s are quite difficult to implement using worm gears
[17]. In addition, the main property of the worm gear — self-braking — is not used in controlled systems
in which the modes of “weighing” and precise stopping of the elevator car are used [6]. Therefore, the
condition is accepted that the required values of gear ratios are implemented using cylindrical gear-
boxes (planetary), which have an average efficiency of 90....95%. Data on the masses and moments of
inertia of individual components of the lifting mechanism are given in Table. 3. Determination of stat-
ic forces in the rope and moments on the rope-driving pulley of the winch is performed with the as-
sumption that the change in the elevator car mass at stops occurs uniformly [18].

Table 3
Parameters of elements of a typical elevator lifting installation
Parameters g:nnc:? Value Parameters Conv. denot. Value
General parameters Tensioning block of compensating ropes
Elevator load capacity Mip 1600 kg diameter Der 0.85m
Mass of cabin Me 2500 kg Inertia momentum Jer 16 kg-m?
Mass of traction ropes Mip 1100 kg Braking pulley
Mass of compensation ropes Mer 990 kg diameter D | Dpp | 06m
Mass of suspension ropes Msr 330 kg Speed limiter block
Counterweight weight My 3300 kg diameter Dy 0.33m
Rope-driving pulley Inertia momentum Jgi 5 kg-m?
Diameter Dr gp 0.68 m Rope bending loss 3 0.02
Inertia momentum Jrap 13 kg-m? coefficient '
Branch block
Diameter Do | 0.68m [ Inertiamomentum | Jb | 13kg:m?
m
Amz = N—z (7)

pr

When lifting [16]: Am,,, =% =98.5 kg., when lowering: Amg, =%= 96 Kkg.

Due to the close value of Amg, and Amg,,, it is possible to obtain their average value
Am; =98 kg. Static forces at different cabin loadings during lifting [19]:

Npr -1
Fup :(ms My oy — K I AmZup _mcou]g- (8)

0

When lowering:

Fdn = _(ms +K I AmEdn - mcou]g’ (9)

0

where: K — coefficient depending on the stop number; g — acceleration of gravity, m/s2.
The zero stop number for lifting corresponds to the first floor, and for descending — to the last
(fortieth). In this case, the signs of the forces F,, and F,, reflect the engine operating mode (“+” —

driving, “=" — braking). Static moments on the winch RDP in motor mode:
F
Mo = up(dr-1)' , (10)
2Nl
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where: n, — Efficiency of mechanical transmission (0.9...0.98 for gear cylindrical transmission and
0.98 for gearless transmission and hoisting mechanism with a pulley block) [20].
When the winch motor is operating in braking mode:
_ ki,
T
Static forces on the RDP rim and load moments during lifting, depending on the stop number, are
given in Table 4. Total induced moment of inertia:

J =33+, (12)

(11)

where: £J,, — the given moment of inertia of rotating parts, kg'm? %J, — the given moment of iner-
tia of gradually moving parts, kg'm?:

(13)

J
ZJrotz(a+b+1)Jmot+_—;"+£+ Jo Js

i i2 2t 2’
P [Dﬂij (DS'iJ
tr tr
Drp Drp

where: a=0.25 — coefficient that takes into account the inertia of the gearbox; b=0.5 — coefficient that
takes into account the inertia of the brake pulley; J.qp — moment of inertia of the rope-driving pulley,
kgm? J,, J,, Jg —moments of inertia of the branch, tensioning and speed limiting blocks, respec-

tively, kg'm?

2
1( D
Z‘]gr :_( 'fdp] (mc + mtr+mcr + msr + mw + mave)! (14)
Itr

where: m, — cabin mass, kg; m, , m, —mass of traction and compensating ropes, kg; m, — weight of
the suspension rope, kg; m,, — counterweight weight, kg; m,,. — weight with average cabin load dur-

ing lifting and lowering, kg:

mave — mave up + mave dn . (15)
4
Table 4
Static forces on the rope-driving pulley rim and load moments during lifting depending on the stop number
Stop number 0 1 2 3 4 5 6 7 8 9
effort (N) 4708 | 3747 | 2786 | 1825 | 863 | —98 | —1098 | —2021 | —2982 |-3943
P A O A I A e e S A O i B
' 100 79 59 39 19 | -3 -19 -35 —51 —68
100 80 59 39 18 | -2 -18 =35 51 —68
Geared 20 | = | == | = — | = | = | = — — | —=
eare 167 | 133 98 65 | 30 | -3 -30 -58 -85 | -113
winches 140 | 111 | 83 | 54 | 26 | 3 | 32 | —60 | -89 |-117
(accordingto | 2.8 223 | 185 | 38| 90 | 13| 5| =3
cabin speed 33 | 185 | 138 90 43 | -5 -53 -100 | -148 | -195
Mome|  (mis) | ,o | 200 | 159 | 118 | 77 |37 | 3| 37 | 70 | 103 [ -136
ntum ' 333 | 265 | 197 | 129 | 61 | -5 61 -116 | -171 | -226
(Nm) 6o | 0L | 289 | 178 | 117 | 55 | -5 | -85 | 104 | 154 | 204
' 502 | 398 | 297 | 195 | 92 | -8 -92 -173 | -257 | =340
Gearless electric
drives with direct 1633 | 1300 | 966 | 633 | 299 | -33 | -353 | 673 | -994 |-1314
suspension
Gearless electric
drives with chain hoist| 817 | 650 | 483 | 317 | 150 | -17 | -177 | -337 | -497 | -657
suspension

For the considered option:
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1280 +960

ave

=560 kg.

Averaging the mass of the load leads to an error that does not exceed £7% relative to the total
mass of the elevator hoisting mechanism. For a gearless electric drive with a direct suspension cabin,
i, =1, is assumed, with a polyspast suspension i, =2. In an electric drive with a polyspast, the inertia

of the two suspension blocks is additionally taken into account (the inertia of the block is equal to the
inertia of the rope-driving pulley), and the inertia of the tension block is not taken into account. Losses
mainly depend on the speed of the cabin [16]. Preliminary analysis shows that, for example, for a
speed of 2 m/s, the total time of transient processes during upward movement is 43.4 s, or 26% of the
total lifting time. For a speed of 4 m/s, movement at a steady speed is practically absent, and the time
of transient processes increases to 65 s and is already 44% of the lifting time.

Given the lack of data on the coefficients of excess dimensions of engines Agim, depending on the
adjustment range and duration of switching on, the following values can be recommended: for speeds
of 4...6 m/s — hgim=12...15; for speeds: 1.5...2.8 m/s — Agim=5...10.

Conclusions

1. In this paper defined are technical recommendations for the selection and systematization of
the main operational parameters of passenger elevators in order to further compare the efficiency of
their various electromechanical systems.

2. The analysis carried out allows further identifying no more than 40 main variants of popular
elevator systems that are subject to technical and economic comparison and differ in design, cabin
speed, type of kinematic connection of the cabin with the winch, etc., and as a result, in dynamic pa-
rameters (calculated moments of inertia, speeds and accelerations).

3. Analysis of the influence of the elevator lifting mechanism individual inertial elements on the
total moment of inertia, reduced to the shaft, shows that in a gearless electric drive, the main inertia is
created by the translationally moving parts of the elevator. The same trend is observed in an electric
drive with a polyspast cabin suspension.

4. Geared winches are characterized by a greater dependence of the total moment of inertia on the
inertia of the drive motor. The inertia of the translationally moving parts of the lifting mechanism of a
passenger elevator is only 20...30% of the total moment of inertia, and the “share” of the engine iner-
tia increases significantly. This applies to winches with low-speed engines of the classic design to a
greater extent.

5. The influence of the moments of inertia of the elevator engine, the coupling and the brake pul-
ley on the total moment of inertia of the electric drive is insignificant. As a result, for the considered
types in the preliminary calculations it is recommended to take a single value of the total moment of
inertia regardless of the speed of the lift cabin and the type of electric drive.
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