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CELAJMEHANISMU REGULEJAMAS ELEKTRISKAS PIEDZINAS 1ZVELES
EKSPERTU SISTEMA

EXPERT SYSTEM FOR THE SELECTION OF THE ADJUSTABLE ELECTRIC
DRIVE OF LIFTING MECHANISMS

Y. Chaiko, N. Kunicina, A.Galkina, A. Zhiravecka, L. Ribickis
Keywords: control, electrical drives, expert system, methods, modeling

Introduction

The article considers the problem of electrical systems elaboration taking into account a large
variety of electric drives, motors and control systems accessible nowadays. During the
development of the electrical systems the optimal components parameters are calculated for
the further equipment selection by these parameters or the demands for the special machine
production are formed. The application of electric drive is widened within the process of
automatization of different industrial processes and with the use of modern control methods
of industrial systems. The advantages of the industrial processes automatization are obvious
thus the engineers often meet the necessity of development of such systems resulting in the
designing of new production lines. Despite of the large number of existing types of electric
motors, drives and control systems for the obtaining as high as possible effectiveness of the
industrial process the design of the system or process should go according to the particular
given parameters and the choice of all the elements should meet the requirements of these
parameters as close as possible. For each specific production line from large variety of types
of DC and AC motors such a motor should be chosen that corresponds to the technical-
economic parameters, in other words the motor should be safe, simply maintained, with an
appropriate cost, weight and size, having high enough power parameters. The article analyses
the structure of an expert system on the base of knowledge on types of electric motors, drives
and control approaches. The investigation is connected with the development of an automized
system for the selection of optimal lifting mechanisms performing the calculation of systems
parameters and choosing an appropriate from a data base. The selection of adjustable drives
for lifting mechanisms is provided with the use modern information technologies. The
investigation resulted in the mathematical description of the selection procedure of the
adjustable drives for the lifting mechanisms and the realization of a part of expert system
(with a limited number of motors in data base) for the selection of it. The structure and
operation of the expert system are experimentally examined selecting the equipment for the
design of lifting system.

Lifting mechanisms [4] are widely used in industrial systems and for household needs (multy-
storey living houses). Lifting mechanisms of short-time intermittent duty are used for the
cargo and passengers transportation.
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Problem statement of the adjustable electric drive selection for lifting mechanisms

The construction of the systems of lifting mechanisms can be divided into several steps the
most important form which is the calculation of power of an electrical drive. The load
moment on the traction sheave is determined by means of the force differential at the
circumference of the traction sheave. It is, therefore, useful to consider how this differential
force can be reduced. The static differential force on the traction sheave thus falls to the
calculated value. A distinction has to be made between translational and rotational masses that
contribute to inertia. During acceleration and retardation of the masses moving up and down
in the hoist way, the inertia force directly affects the differential force on the traction sheave.
It is, therefore, wise to reduce all masses moving in the hoist way. Reducing the car mass
results in an equal reduction in the counterweight; hence, the effect is doubled. However,
there are two reasons that restrict this reduction: the lower the masses of car and
counterweight in relation to the contract load, the smaller the traction will become. Secondly,
the higher the car mass, the greater the traveling comfort the user will experience [6].

There are some measures that can be implemented to improve the efficiency of the elevator in
the hoist way. The losses on the guides for the car and counterweight can be reduced by the
use of roller guides instead of guide shoes. When guide shoes are used, preference should be
given to materials with better coefficients of friction, i.e., polyethylene, and attention should
also be paid to effective lubrication. The greater the forces that act on the guides, the greater
will be the losses due to friction. The elevator car and counterweight should, therefore, as a
matter of course, be suspended from the centre of gravity. The forces acting on the guides due
to uneven loading of the cabin can be reduced by increasing the gap between the guide shoes.
The worm gears chiefly used in elevator construction have a relatively poor efficiency by
virtue of their design. Improvements brought about through new production methods, better
materials, the use of roller bearings in place of friction bearings or more effective lubricants
cannot fully compensate for this disadvantage.

After the lowest possible output required for the motor has been established, the choice of
control system enables losses to be reduced in the drive region. A large number of
publications have dealt with these possibilities. The approximate relationships given below
can be taken from Doorlaard's measurements and roughly agree with other figures.

If the energy consumption of a traditional traction sheave elevator with a pole-changing motor
is taken as 100%, then the now-widespread variable voltage control with an eddy current
brake (ACVV) requires approximately 70% of this energy for the same output. If the still
relatively expensive variable frequency control (VVVF) is employed, the value reduces for
about 50%.

Currently, when an energy-saving elevator is offered, it is generally a traction sheave elevator
with variable voltage control (ACVV). If the power supply rating or energy consumption has
to be lowered further, then the recommendation is for an additional rope-equalizing gear or,
on inclusion of a surcharge, for variable frequency control (VVVF). To date, proposals have
rarely included higher-efficiency drives.

Compared to toothed-gear drives, the V-belt drive has the advantage that the brake is arranged
on the slow-running traction sheave shaft. However, the crucial factor is that the author can
offer the V-belt drive as part of an overall energy-saving concept, based on decades of
experience in designing low-energy elevators.

The capacity and angular speed of electrical drive should be chosen before. The approximate
capacity of electrical drive should be calculated
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P=k,mgv-10°/n )

where k, - stock coefficient, which is equal 1,2 — 1,3 and which takes in account dynamic
moment influence; depending of value of speed of the lift - v, according formula

V = @R the nominal angular speed of electrical drive are calculated.

Description of vertical movement system [5]

The amount of constructions of passenger and cargo lifts are huge, but in each model the main
block of lift the following: winch, ropes, lift car, counterweight, electrical drive, mechanical
breaks, control equipment.

Fig. 1 demonstrates the scheme of the vertical transportation electric drive system.

BUILDING
GROUND
y CONTROLLER
DRIVE | TwISTED PAIR
SERIAL LINK
GROUND TO
BEDPLATE CONDUIT
3 PHASE
STEEL
GROUND BUS BAR

Figure 1. The block-scheme of the vertical transportation (lifting) electric drive

Basic requirements to the electric drive of lifts

For the qualitative transportation of the loads and passengers together with the high
effectiveness the electric drive of lifts should also provide: a reverse operation of the motor;
soft-starting and braking regimes under the conditions that the acceleration and braking of the
motor are not higher than the required norms; minimum time of transient processes; precise
stop of the cabin.

The implementation of these requirements is connected with some particular features of the
lifts operation, that are obvious from the expression of the passenger lift effectiveness
(number of the passengers transported during an hour):

3600/F,

K= 20T, +3t @
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E, - is a rated capacity of the cabin, i.e. the number of passengers; H — height of the

transportation, m; Vi — speed of the cabin movement, m/s; 2t - total time of all the stops,
including opening of the doors, incoming and outdoing of the passengers, starting and braking
of the cabin, s; Y — factor of the cabin loading depending on the intensity of the passengers
flow, for the lift of 6-10-storey buildings - ¥ = 0,6 +0,8.

At the automatization of the lifting mechanism the control of the precise stopping process is
fully realized by the electric drive, that sometimes is a basic factor influencing the selection of
its type.

Figure 2 demonstrates the dependence of the efficiency of the mechanism on the load,
where Fy is a factual active load but Fgn is a rated active load [7].

%ﬁn
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. = == [
L =y .
/ ///; 22
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0 fy
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Figure 2. Dependence of the efficiency n of the mechanism on the load

Safety Circuit Integrity

The electrical contacts of the most critical safety devices are typically connected in series to
supply power to the elevator control system. This series of electrical contacts is usually
referred to as the "safety circuit". A typical elevator safety circuit is shown in figure 3.

Hardwired Circuits

The introduction of program logic controllers (PLCs) and microprocessors to control
elevators requires special hardware considerations. Faults in the software programming or
solid state hardware control should not affect the integrity or reliability of the critical circuits.

The critical circuits directly initiate the movement of the elevator and the operation of the
brake. As previously discussed, the safety circuit is a critical circuit. The failure of a single

198




solid state device, such as an output thyristor, should not render the safety circuit ineffective.
In fig. 3 for example, a PLC should not serve as an interface between the sheave deck switch
and the master control relay. When microprocessor or PLC elevator control is utilized a
conventional, hardwired safety circuit must be installed. Furthermore, the safety circuit must
immediately disconnect the brake circuit through hardwired relay control and cause the brake
to apply. This will ensure that faults in the solid state devices or software programming will
not result in unsafe operation of the elevator.

CARGOV  CWT GOV UPPER
0.8 0.S. HOISTWAY PIT
V /V FINAL LiMiT ~ SWITCH
CONTROL ROOM
CWT CAR DOWN
SAFETIES  SAFETIES LOWER
RELAY RELAY TOP OF CAR  HOISTWAY
| | | | FINAL LIMIT
CONTROL ROOM UP
CARGOV CWT GOV
ROPE ROPE
TENSION TENSION (I:\/(I)j?\]s;}fgL
RELAY  RELAY SHEAVE RELAY

I l I | DECK

Il ofo—)

Figure 3. Elevator Safety Circuit

Typically the hardwired logic serves as a redundant circuit for the solid state logic and
programming used to operate the elevator.

The electrical brake control is extremely critical to the safe operation of the elevator. On
virtually every static control elevator and many motor-generator set controllers, the brake is
the sole means of stopping the elevator when overspeed and overtravel conditions occur.
Therefore, it is essential that the brake control design be rugged, reliable and fault tolerant.
The elevator brake is typically released by a large electromagnetic solenoid and applied by
coil spring tension. Therefore the brake is automatically applied when the brake circuit is
interrupted.

The dc brake coil inductance may measure several Henrys. Therefore, careful consideration
must be given when selecting a dc brake circuit relay to ensure the contacts are capable of
interrupting this highly inductive load. Fig. 4 demonstrates Governor Protection-Limit Switch
scheme.
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Figure 4. Governor Protection-Limit Switch scheme

Structure of Expert System

Electric motor selection method [1] development based on information system based on
expert system. Expert system consists of the following elements: Knowledge base, user
interface, designer, explanation subsystem, intelligent editor of knowledge base, user, expert,
knowledge engineer. Expert system [3] is a knowledge based system that provides expertise,
similar to what expert in a closed data application is doing. The main blocks of expert system
are showninfig.5. ... .. . .

Expe—l—b Knowledge | Data

==

Inference
, “v Y
Knowledge { User 94 Explanation
v
User

Figure 5. Architecture of expert system

The main tasks, when it is useful to use expert system are: data interpretation, diagnostics,
monitoring, system design, forecasting, planning, learning, management, decision making
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support. The problems of system design, management, and decision making support are very
important for system functioning in optimal energy consumption regime. In this investigation
the fact was realized, that expert system performance for energy efficiency increasing is
effective in static expert system case for electric drive systems design and management.

Mathematical model of Expert System design

There are the following stages for electrical motor expert system design:
1. step - Identification of the problem
2. step — Conceptualization: what is given and what should be inferred?
3. step — Formalization - answer for question are the data and knowledge are reliable,
accurate and precise, or not? What kind of explanation is needed?
4. step — Realization: what methods and tools are appropriate for representing data and
knowledge?
5. step — Experiment and validation results.
The expert system design is a complex task. Using of expert system for electrical drive system
design is useful, if we have knowledge about motors, there is an expert, which could
formalize this knowledge. From the other side the expert system design could decrease
electric energy consumption in the case of electrical drives system design activities. The task
of system design is analyzed in the article.
Output procedure for expert system is often as rules interpretation by planning. Decisions
rules are interpretation as if s;, then p;.
The s;, is chosen from p; taking into account factors f;, in a complicated way. The output
procedure could be defined in the different ways, the main idea is to define set of factors:
F={f,, ..., fu},
It is important to know, that the new facts can not be achieved as results of system
functioning. The main aim of system is to define relations for real situation facts.
The two existing set F subsets will be defined in the article Fy, F;
F=F0UF1, Fof\F1=®
The subset S; will be named as subset of marked (known) facts, but subset Fo— the subset of
unmarked facts. The subset F;, sometimes could be considered as a working field of decision
support system. In the beginning of the work the system has some facts, for example: Fi={fj,
£, f5}.
The subset F; fulfilment could be made by moving elements from F, subset. The rules
interpretation could be described as s;— p; with facts from Fy, if the rule is subset F; will be
fulfilment from facts, which are true in right side of production P;. The choosing best decision
from S;={si(pi(f1)), s2(p2(f2)), s3(p3(f3)} is the decision maker function, the best alternative we
described as S’;>8;.

Numerical experiment
The developed software “Smart Engineer” will support the efficient electrical drives chosen

for each system with electrical drive. The software “Smart Engineer” is developed as Expert
system.
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For example three-phase induction electric motors of the type AJl 112 were taken (the rated
parameters are given in Table 1 with the technical characteristics: voltage 380 V, frequency
50 Hz and protection class of terminal boxes IPS55).

Table 1.
The rated parameters of the three-phase induction electric motors of the type AJl 112

112MB6 | 40 1000 | 825 |079 | 24 28 55 80 40,4

Using the developed program “Smart Engineer” with the given rated parameters we can
calculate the necessary data of the system configuration. The example of the calculation is
demonstrated in fig. 6.

Is inwenieris

Figure 6. A part of the results of the software “Smart Engineer” operation
The principal factor of the software “Smart Engineer” Expert system is applied for the

selection of motors from the existing data base. The calculation example has been developed
with the use of motor ABB M2AA 132 SB parameters fig. 7.
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Figure 7. Example of motor selection results in software “Smart Engineer” environment

Conclusion

The developed expert systems are based on the artificial intelligence approach. The result of
this research were the development of expert system — program ”Smart Engineer”, the data
management subsystem — DBMS, the model management subsystem — MBMS. In the
article the subsystem of model management is presented in the formalized mathematical type.
Within the process of the model development of the electric drive selection for lifting
mechanism not only the mathematical formalization of the selection process has been
provided but also a module for calculation of the acceptable motor parameters has been
developed for the use in the case if the system is in the process of elaboration. The set of both
modules represents a passive system of decision making that helps in this process, but does
not suggest an acceptable solution of the system development and electric equipment
selection. The importance of the electric motor selection for the lifting mechanisms is in the
reduction of electric energy consumption in the whole system. Therefore the correct selection
of a correspondent motor provides fewer losses during the process of operation. This tool can
help production process technical managers to do faster decisions for process efficiency
improvement and quality increase.
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Caiko J., Kupicina N., Galkina A., Ziravecka A., Ribickis L. Céléjmehanismu regulgjamas elektriskas
piedzinas izveles ekspertu sistema

Raksta tiek apskatita elektrisko sistému izstrades problema, nemot vera elektrisko piedzinu, motoru un vadibas
shému esoSo daudzveidibu. Elekirisko sistému izstrades gaita tiek veikts optimalo komponensu aprekins un
izvéle no esosajam komponentém, ka ari sniegti ieteikumi specialas masinas izgatavosanai . Elektropiedzinas
izmantoSana paplasinas, automatizéjot dazadus industrialos procesus — un izmantojot jaunakas industrialo
sistému vadibas metodes. Ir aprakstits ekspertu sistemas matematiskais modelis, formalizéta izvéles procedura.
Ekspertu sistéma tika izstradata, izmantojot maksligo intelektu. Modelu vadibas apakssistéma tika aprakstita
matematiski formalizéta veida. Risinot problemu, tika izstradats ari céléjmehanismu regulejamas elektriskas
piedzinas parametru aprékinu modulis. Abu modulu kopa izveidoja pasivo lemumu pienemsanas sistemu, kas
palidz pienemt lemumus, bet nevar ierosindt priekslikumus. Vertikalas transportéSanas mehanismu
elektrodzinéju izvéles uzdevuma aktualitate ir visas sistemas elektroenergijas paterina samazinasand
ekspluatacijas procesa. Atbilstosa elektrodzingja izvéle dod iesp&ju sistémai stradat bez zaudéjumiem. Izmantota
programma palielina tehnisko darbinieku darba kvalitati un efektivitati.

Caiko Y., Kunicina N., Galkina A., Zhiravecka A., Ribickis L. Expert system for the selection of the
adjustable electric drive of lifting mechanisms

The article considers the problem of electric systems development taking into account the large variety of
existing types of electric drives, motors and control systems. Within the process of the electric system
development the calculation of optimal components and selection of the components take place or production of
a special machine is suggested. The application of electric drive is widened with the automatization of different
industrial processes and with the application of modern methods of industrial system control. The article
provides the description of the mathematical model of the expert system and the procedure of the selection is
formalized. The expert system has been elaborated with the help of artificial intelligent. The subsystem of the
model management is mathematically described in a formalized way. Calculation modules of the parameters of
adjustable electric drive of a lifting mechanism were developed while solving the problem. The set of both
modules represents a passive system of decision making that helps in this process, but does not suggest an
acceptable solution of the system development and electric equipment selection. The importance of the electric
motor selection for the lifting mechanisms is in the reduction of electric energy consumption in the whole system.
Therefore the correct selection of a correspondent motor provides fewer losses during the process of operation.
This tool can help production process technical managers to do faster decisions for process efficiency
improvement and quality increase.

Yaiixo E., Kynuuvina H., Fankuna A., Kupaseyxan A., Poiouyuit JI. Boibopounsie IKcChepmiHble CLUCHEMbL
Pezyuposaemozo 31eKmponpugoda noObEMHbIX MEXAHUIMOE !

B cmamve paccmampugaemcs: npobnema paspabomKu 3MEKMPUYECKUX Cucmem, npurumai 6o GHUMAHUE
cywecmayiowjee pasnHoobpasue 371eKmponpusooos, deuzameneii u cxem ynpaenenus. Ilpu paspabomiKe
3NeKMPUYECKOU CUCIEMbl NPOU3EOOUMCSL pacyem ONMUMANbHbIX KOMNOHEHMOS, svibop uz cyuecmeyrouux
KOMNOHEHMO8, 4 MAKJCe BBOOAMCS NPedNodICeHUs NO US20MOGNIEHUI0 CREYUANbHO20 08U2AMENA. B xo0e
ABMOMAMU3AY UL PASIUYHBIX HPOUE0OCMEEHHBIX NPOYECCO8 C UCHONbIOBAHUEM HOBEUULUX Memodoe ynpasneHUl
UHOYCMPUGNbHBIX CUCMEM B03DACMACN BAXCHOCMb NPUMEHEHUs aGMOMAMU3UPOEAHHOZ0 anekmponpugooa. 1?
Cmambe ONUCLIBACMCS MAMEMAMUYecKas MoOdenb 3KCNEPMHOl cucmemst ¢ QopManu306aHHOU npoyedypou
guibopa. IKcnepmHas Cucmema paspabomana ¢ ucnonb306aHUemM UCKyCCMGEHHO20 UHMENNEKma. IToocucmema
ynpaenenus MoOenamMu OnUCaHa MamemMamuiecKu - 6 popmanuzosanrom eude. Paspaboman modyns noocuema
napamempos pezynupyemoz0 31eKmponpusood nodvemuvix mexanuzmos. CosokynHocms oboux MoOyneU
coz0aem cucmemy NPUHAMUSL NACCUSHBIX pewenull, m.e. maKyio Cucmemy, Komopas nomozaem NPUHAMUIO
peulenul, HO He GbI0GU2AEM NPEONOIICEHUN. Axmyanenocmu 3adavu vibopa 31eKmpoosuzamens noovLeMHbIX
MeXQHUZMOG COCIMOUM 6 CHUMICEHUL pacxo0a SN1eKmpOIHep2UuL CUCMEMOTL 8 YellomM 6 npoyecce sKcnyamayui.
Buwibop coomsemcmeyloujezo snekmpoosuzamens. obecnedugaem pabomy cucmemsl ¢ MeHbUUMU NOMEPAML.
Hcnonvsyemas npozpamma no36onsem yeenuiums npoOyKmueHoCmy U appexmusHocms pabomvl mexHu¥ecKkIx
pabomHuxos.
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