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ANALIZA I SYM ULACJA DYNAM ICZNYCH W LASNOSCI 
ELEKTROM ECHANICZNYCH SYSTEM ÓW  NAPĘDOW YCH  ZE 

SPRZĘŻENIAMI ZW ROTNYMI

Streszczenie. W referacie zajęto się problemem symulacji system ów  
napędowych ze sprzężeniami zwrotnymi. Symulacji organizacji strukturalnej 
dokonano za pom ocą modelu urządzenia napędowego jako całości, jak również 
przez w yliczenie wewnętrznych i zewnętrznych oddziaływań, m ających wpływ  
na reakcje podsystem ów.

ANALYSIS AND SIMULATION OF DYNAM ICAL PRO PERTIES OF 
IN TERAC TIV E ELECTROM ECHANICAL DRIVE SYSTEM S

Summary. T he paper deals with the problem of sim ulating of interactive  
drive system s. The sim ulation of the structural arrangement is defined by 
a correct assessent of the internal and external interactions, influencing the 
reaction of m odel system s, and also the model of the drive as a whole.

ANALYSE UND SIMULATION VON DYNAM ISCHEN  
ELEKTROM ECHANISCHEN EIGENSCHAFTEN DER  

A N TRIEBSSY STEM E MIT RÜCK KO PPLUNG EN

Zusammenfaßung. Das Referat behandelt das Problem der Simulation 
von Antriebssystem en m it Rückkopplungen. Die Simulation der Strukturor
ganisation wurde m ittels des M odells einer als Ganzes betrachteten Antrieb
seinrichtung sowie durch Berechnung der inneren und äußeren Einwirkungen, 
welche die Reaktionen von Subsystem en beinflussen, durchgeführt.

1. IN TRO DUC TIO N

T he objective social need to bring the design sector closer to the needs of the operating 
conditions makes it necessary to analyse a number of informations on possible future
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effects, on internal and external interactions of the analysed system , and last but not 
least to  seek answers to  questions regarding the dynam ic properties of the system , and 
its reactions to  the standard and break-down situations. If possible, all this should be 
already acquired at the stage of design.

In case of dynam ic analysis of the drive system s these requirements are com plicated  
by the fact that we have to do with a complex dynam ic system , whose basic structural 
parts have various physical aspects (mechanical, electronic, hydraulic, etc.). Especially, 
in the case of controlled drives, these interactive system s are combined with bassically  
m ulti-stage feedback subsystem s. M achine drive system s, in the narrower technical se
nse, contain as a rule: system s of driving motors, transm issions, the working m achines, 
feedback and control system s and information transfer system s.

2. SPECIAL PU R PO SE  AND PARTIALLY STR UCTU RED DYNAM IC SYSTEM S

T he answers to the questions regarding the properties of new m achine drives, and how  
they react on a number of operating conditions, can be acquired through experim ents 
with m athem atical m odels, defined on actual system s, e.g. [1], [2], [3). T he noting  
’’dynam ic system ” has itself not yet been univically defined. We shall stick to the definition  
of it according to ZADEH [4], in sense w ith the identification of the actual (primary) 
object and of the abstract (secondary) object, represented by the general dynam ic system , 
represented in this case by a m athem atical model.

T he basis o f the success o f experim enting with this m athem atical m odel is a correct 
functional definition of the system , w ith special view to solving a concrete problem. T he  
’’functional definition” of the system  does not mean that it is fully defined by its functions 
and m anifestations only, on the very contrary. We presume, that all these functions have 
their bearers, that should also be comprehended as a black box. Therefore we define 
at least the approxim ate degree of structural com plexity, power output and inform ative  
capacity o f the system . Thus the system  has a certain target and som e inform ative  
functions, on higher level som e control functions. In view of the fact that the actual 
m odels of m achine drives are of varying complexity, we have defined the m otion "purpose- 
formulation of the system  on the actual object” [2]. We comprehend it in the sense that 
som e system  elem ents, system  links and properties may be a smplified or even neglected  
in connection w ith the concrete situation. Further, the dynam ic system  will always be 
reagarded as ’’im perfectly structured” . According to the concrete purpose we can create, if 
need be, several structural qualities. At that we can make even of som e extrem e principles, 
faciliating the description of the state  of the system  in marginal cases, e.g. in cases when 
the perm itted load level has been exceeded, in case of deformation, breakdown, etc.

All this is done to enable the functional definition of the system , to acquire the basic 
dynam ic characteristics, principles of configuration, parameters of functioning, and even
tually of the developm ent of com plex system s that could be quantified, at least partially.
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Fig. 1. 
Rys. 1.

3. CO N CRETE EXAMPLE

The scheme of the drive of an experimental wire-drawing mill we can see in Fig. 1 .
The task was to  check the dynamic properties of the drive as a  whole, and the specific 

dynamic properties and behavior of the motor subsystem. Herq we face problems in 
synchronizing th e  revolutions of the individual motors on starting the run of the mills, in 
idle run on entering thé mill by the m aterial, and following problems, on account of the 
purpose-form ulation of m athem atic models are suitable.

RU  ( r t o - l o o d  )

. N

RU (working m ot io n )

Fig. 2 .
Rys. 2.

For example, the first problem, the analysis of basic dynamic properties of the drive 
as a whole, can be solved w ith the help of a model of a branched discrete system  presented 
in the Fig. 2. The m athem atic model is a  system of differential equations of movement 
(linear or linearized - the couplings between motors may have a nonlinear characteristic). 
Another problem to be faced is the detailed analysis of the dynamic system of the motor 
subsystem . A suitable purpose-model in this case is presented in Fig. 3. Technological 
part is reduced on the technological moment MT . Here we have to consider a controlled 
drive systems (the to tal speed is controlled).

It has been therefore necessary for each m otor to set up model comprising sub-models 
of a thyristor converter for feeding the arm ature of the m otor of the power regulator 
in arm ature circuit and motor speed regulator [5]. The possible ways of controlling the 
m otor subsystem  have been defined in Fig.4.
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Fig. 4.
Rys. 4.

The results o f dynam ic analysis of the train drive, acquired with the help of descri
bed m odels, can be found in [2] and [5]. Only two exam ples com puter sim ulations are 
dem onstrated here. In order to suppress the parasitic effects of non-linear characteristic 
of flexible couplings have been used. This has lead to the lim itation of parasitic affect 
only on the beginning of the sim ulate rolling proces (see courses of the flexible moment 
M45 in the train drive, without clearance on the Fig. 5a and with clearance on the Fig. 
5b.

In the consequence of the disengagem ent of the drive system  (clearance in the m echani
cal couplings), thyristor converters may generate very com plicated parasitic com ponents. 
Then, the clearance in the flexible couplings, namely the size of the clearance, causes cha
nges in the param eters of the couplings. These changes make rise to com plicated motions 
- for exam ple phase portraits in coupling (2-5), see Fig. 6a,b,c, (a...very little  clearance - 
state  of determ inistic chaos; b, c... an increase of the clearance in the coupling).
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4. CONCLUSION

The problems connected w ith the simulation of the dynamic properties of interactive 
movement systems contain, as an analysis of the properties of each complex system, 
certain m om ents of uncertainty, inconclusiveness and still have an open character. The 
development of the present level of scientific knowledge, however, makes it im perative to 
follow the problem ’s areas too, include certain disputed moments. We could mention here 
e.g. the form ulation of purpose - structured m athem atic models of drive systems. We also 
dem onstrated the links between functional manifestations of drive submodels and their 
organized structure, arising in the process of discovering new release, new context.
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Such a m ethodic approach to the solution of practical problems can be already done at 
the stage of designing the basic structural com ponents of the drive system s.
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Streszczenie

Analizę dynam iki system ów  napędowych komplikuje fakt, że oprócz zjawisk czysto m e
chanicznych m am y do czynienia ze zjawiskami elektronicznym i, hydraulicznymi i innymi. 
Dodatkowo, w przypadku napędów sterowanych, musimy brać pod uwagę przepływ info
rmacji w system ie. Odpowiedzi na wiele pytań dotyczących własności nowych urządzeń 
napędowych, ich zachowań w rozmaitych sytuacjach (na przykład awaryjnych) m ożna uzy
skać przez sym ulację numeryczną. W pracy przedstawiony jest konkretny przykład ana
lizy dynam icznej walcarki do drutu, napędzanej czterem a silnikami elektrycznym i. W zięto  
pod uwagę różne możliwości sterowania silnikami. Zamodelowane nieliniowości (luzy) w 
sprzęgłach generują chaos determ inistyczny, m ożliwy do zaobserwowania na płaszczyznach  
fazowych.


