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In this paper the modeling by different category graphs and analysis of vibrating
clamped — free mechatronic system by the approximate method called Galerkin's method has
been presented. The frequency - modal analysis and assignment of amplitude -frequency
characteristics of the mechatronic system is considered. The aim was to nominate the
relevance or irrelevance between the characteristics obtained by exact - only for shaft - and
approximate method. Such formulation especially concerns the relevance the relevance of the
natural frequencies-poles of characteristics both of mechanical subsystem and the discrete —
continuous clamped — free vibrating mechatronic system. This approach is a fact, that
approximate solutions fulfill all conditions for vibrating mechanical and/or mechatronic
systems and can be an introduction to synthesis of these systems modeled by different
category graphs. Using of the hypergraph methods of modeling and synthesis methods of
torsionally vibrating bars to the synthesis of discrete-continuous mechatronic systems is
originality of such formulation problems.

1. Dynamical Characteristic of Discrete-Continuous Torsionally Vibrating
Mechatronic System

The set of equations of considered torsional vibrating mechatronic system is following
(the meaning of symbols was passed in e.g. [8])
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After transformations [8-10] dynamic flexibility is obtain
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Absolute value of dynamic flexibility for mechanical subsystem of mechatronic
system is equal [7,8]
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The transients of absolute value of flexibilities (2) - after further formal
transformations and after putting of the numerical values of parameters and when x=/, that is

|Y,,| - and (3) for three first vibration modes - - it was showed in Fig. 1.
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2. Transformations of Characteristics of Torsionally Vibrating Subsystems of
Mechatronic Systems

A characteristic - dynamical flexibility of mechanical subsystem of mechatronic
system is given in form
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Fig. 1. Transient of the sum for n=1, 2, 3 vibration mode
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After transformations V(s)=sY(s) and Richards’ transformation r=thl’s [3-6] the
mobility (4) has been obtained as

V()= (5)

3. Modeling the Considered Subsystems of Mechatronic Systems by Means the
Different Category Graphs

Weighted graphs and hypergraphs have been applied to modelling of the considered
mechanical or/and mechatronic systems [3-6].

A following couple (using the symbols introduced in papers [1-3])
X=X, .x) (©)

is called a graph.
The hypergraph is called a couple

“x=(,x, Lx). (7
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where: | X is the set as in (6), and 5X= (;‘X(i)/ieN), (k=2,3, ... eN) is a family of
subsets of set ,X; the family %X is called a hypergraph over , X as well, and
§X={§X“), @ ;‘X(’”)} is a set of edges [1,2], called hyperedges or blocks.

4. The Synthesis of the Mechanical and/or Mechatronic Systems Represented by
Different Category Graphs

In this paper is showed how the method which were applied in order to synthesize the
dynamical characteristic of the torsional vibrating mechanical system may be applied to
synthesis the mechatronic system with cascade structure as well. This is the cascade method
of distribution of characteristic represented by different category graphs [3-6].

5. Algorithm of Synthesis of Mechanical Subsystem by the Recurrent Cascade
Method as Necessary Condition of Synthesis of Mechatronic System

The equation enabling the synthesis of the mobility function and, at the same time, its
inversion is introduced. In order to obtain these function, the third category graph [3-6], as a
model of torsional vibration mechnical and/or mechatronic system.

To carry out the synthesis of the mobility V(p) the form of (5) or its inversions U(p)
(comp. with [3-6]) by the cascade method it necessary to:

1° Assume that

Vip)=v"(p). (8)
2° Determine values of parameters (GJ)"” and (pJ/)"” from equations

1

(G =,
v
() =0,

assuming p=1 and i=1, f= \/g
3° Determine V¥ (p) of other part of system containing segments from i=2 to n, from

Richards' theorem

G+ ¢y _ () Yp)-pr

4° Divide the numerator and denominator of mobility ¥*(p) by (p* —1); this is the
condition of the physical realization of calculated mobility V*(p).

5° Repeat step 2, assuming i=2.

6° Carry out step 3° in order to calculate ¥ (p).

7° Check step 4° by dividing the numerator and denominator of ¥ (p) by (p* -1).

8° Repeat steps 2°, 3°, 4°, .. successively to determine formulas V“(p),
Vo), ..., V" (p).
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The algorithm described above is to be continued until type p or 1 of mobility
p

V™ (p) is achieved - multiplied by real constant / - and it is not possible to carry out step 3°
after step2° in order to determine (GJ)™ and (p/)™ . This is the end of the synthesizing

process.
6. Last remarks
Applied method and received results can make up the introduction to the synthesis of
torsionaly vibrating mechatronic systems with constant changeable cross-section. The
problems will be presented in future works.

Acknowledgements: This work has been conducted as a part of research project N
N502 452139 supported by the Ministry of Science and Higher Education in 2010-2013.

References: 1. Bellert S., Wozniacki H.: The analysis and synthesis of electrical
systems by means of the method of structural numbers [in Polish]. WNT, Warszawa 1968. 2.
Berge C.: Graphs and hypergraphs. American Elsevier Publishing Co., Inc., New York/ North
Holland Publishing Co., Amsterdam-London 1973. 3. Buchacz A.: The Synthesis of Vibrating
Bar-systems Represented by graphs and structural numbers ZN Politechniki Slaskiej,
Mechanika, z.104, Gliwice 1991. (in Polish) 4. Buchacz A.: Modelling, synthesis and analysis
of bar systems charaterized by a cascade structure represented by graphs. Mech. Mach.
Theory, 30, 7, pp. 969-986, Pergamon, 1995. 5. Buchacz A.: Modification of Synthesised
Vibration Bar-Systems Represented by Graphs by Means the Continued Fraction Expansion
Method. Donetsk State Technical University, International Journal of Proceedings-Machine-
Buildings and Systems, Donetsk (2002), Vol. 19, p.265+272. 6. Buchacz A.: Modelling,
Synthesis, Modification, Sensitivity and Analysis of Mechanic and Mechatronic Systems.
Journal of Achievements in Materials and Manufacturing Engineering, International
OCOSCO World Press,Vol. 24, Issue 1, September 2007, p. 198-207. 7.Buchacz A.:
Calculation of characterisics of torsionally vibrating mechatronic system. Journal of
Achievements in Materials and Manufacturing Engineering, Vol. 20, Issue 1-2, International
OCOSCO World Press, January-February 2007, p. 327-330. 8. Buchacz A.: Comparison of
solutions obtained by exact and approximate methods for vibrating shafts. Journal of
Achievements in Materials and Manufacturing Engineering, International OCOSCO World
Press,Vol. 23, Issue 1, July 2007, p. 63-66. 9. Buchacz A. Influence of a piezolectric on
characteristics of vibrating mechatronical system. Journal of Achievements in Materials and
Manufacturing Engineering, Vol .17, Issue 1-2, International OCOSCO World Press, July-
August 2006, p. 229-232. 10. Buchacz A.: Comparison of solutions obtained by exact and
approximate methods for vibrating shafts. Journal of Achievements in Materials and
Manufacturing Engineering, International OCOSCO World Press,Vol. 23, Issue 1, July 2007,
p. 63-66.

42



