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ONE MATHEMATICAL MODEL OF OVERHEAT SOLVING MHD-RELAY FOR CAD/CAM SYSTEMS

Dzhura S.G., Yakimishina V.V.
The problem of creation complex electro-mechanical system is enough topicality. One of this system is magnetohydrodynamics (MHD) relay. Our department proposes the whole series of such devices legally protected by inventors certificates. For continue development this problem we have to create CAD/CAM system for detaled solution all the parameters of it. The most importend parameters is overheat solving [1]. 

The analysis of the overheat control methods gives us the answere that the most proper method is the method of the thermal equivalent circuits. This method is one of the types of the thermal design.  It is based on the thermal and electric processes analogy. The thermal equivalent circuit is the result of the method implication R is the analogy to the heat-resistance. The essense of the methods shows us the following table 1.

Table 1. 

Subsystem
Phase variables 
Elements 


Current type 
Potential 
R
C
L

Electric 
Current (I)
Voltage (U)
R- active 
C -capacitance 
L inductance 

Thermal 
Heat flow 
T temperature 
Heat resistance 
Ст    heat capacity
No 

Mechanical Advance 
Force 
(Ф)-flow
V – speed 
F – friction force 
F – elastic force 
Mass 

Hydraulic 
Flow 
P – pressure 
Hydraulic resistance 
Hydraulic capacitance 
Hydraulic inductance 

Mechanical Rotating 
Phase variable 
Angular speed 
no
Flexibility 
Moment of inertia 

The mathematical model of the system or process structure looks like a functional system. 
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x, y – vectors of input and output coordinates;

z – external influence vector; 
t – time coordinate.

The functional presentation method depends on the modeling aim, the known information object function, and the initial data character.
1. The differential equation systems describe dynamic systems, transient processes in the system of energy supply in particular (the equipment switch on and off, short-circuit conditions, etc). The traditional task is to define the size and time of the short-circuit operation (transient condition). 
2. Algebraic equations describe the equipment operation fixed regimes.  The typical task is to find the line currents to choose cuts and input currents.
Nonlinear equations or a system of nonlinear equations can be both algebraic and differential. The only difference with the previous one is in fact that to solve them you should take into account the changeable parametres of the power system, that is nonlinear resistance, saturation of transformers, magnetic conductors and other equipment which allows to find the equipment parametres exact meaning.
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The heat balance equation (1): 

C – Heat power matrix;

T small – time;

T big– temperature;

G – agent conductivity matrix (the calculations are made in accordance with the Kirhgof law)
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 - the temperature increase matrix.

The behaviour of the majority of technical systems could be characterized with the help of so called phase variables.  These are physical quantities such as: 
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- current, 
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- potential.

It is reasonable to display rather large elements within the objects of modeling.  These elements should be regarded as indivisible identities. The arrange equations which connect the different phase variables control the system functioning laws.  Generality of the description of the processes taking place in different technical systems allows to display several types of elements such as: 
R- energy dissipation elements;

C, L - energy accumulation elements. 
The combination of this simple elements makes up the equivalent scheme of the technical system of any difficulty as well as its mathematical model. 
The table 1 given below explains the idea of the phase variables in different subsystems. 

The mathematical deterministic and continuous model as well as the analogous one for the technical object in general is the system of ordinary differential equations. 

The matrix type of the heat model of the relay, the heat balance equation for the equivalent circuit is presented as  
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(2)

  
The system like this with great number of equations could be solved only with the help of calculus with replacement of continuous argument by its discontinuous analogue.

With the phase variables collection at the  (к) step  integration is made through the solving the algebraic equations N system with N unknowns.  
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There are overdetermined and underdetermined systems. 

Such systems solving is made by both direct and iteration methods.  The equation system 
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 is the combination of component, topological, and difference equations into one system.
The link between homogeneous and phase variables related to different system elements is presented by the topological equations.  The majority of physical systems equations are based on the equations of equilibrium and continuity. 
There are two types of tasks within the given equation :
1. Task solving in dynamics ( the equation 1 is used as a whole) 

2. Stable condition ( the equation 2 is G*T = P).

The mathematical model of the thermal process is the equation system of the matrix type reduced to (1)          


Stable tasks 







Linear (don’t change their properties under different meanings of the right part )

Nonlinear (backward to the linear ones)

 The theory of modeling is a section of science which studies methods of investigation of properties of objects of the originals based on their replacement by another object (model).  Many phenomena and processes of different nature are described by the analogous ratio (see the above example). That is why to analyze, solve and calculate mathematical model it is necessary to have the developed mathematical tool which covers all types of tasks in applied mathematics.
The posterior data – data known to make an experiment. 

Regression analysis - 
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- is the real data analysis;

Correlation analysis is the dependence of two processes connectability  

The mathematical modeling is a method of studying the real energy system through its replacement by more convenient model which preserves the considerable features of the original one. 
Our model is homomorphic besause there is adequacy only among the most considerable elements of the object and the model. 

The mathematical model consists of the following stages: 

1. The object studying and mathematical description making up. 

2. Building of the algorithm which models the object’s behaviour. 
3. Checking of the model and object’s adequacy. 
4. The model application ( getting new knowledge about the system) 
The modeling object studying and making up of its mathematical description lies in establishing the link among the process parametres, the initial and final conditions detection, forming of the process as the mathematical correspondence system. 

The mathematical description is based on fundamental equations of different branches of science, which characterize the investigated objects process dynamics and static.   


The analysis regression method (for example we get the table and make the mathematical analysis for the relation 
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The analysis correlation method (shows the relation of the two processes to each other 
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correlation coefficient, if 
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 inverse relation.


The model building principle 







Analytical 
(allows to obtain the sough quantity functional dependence. The most accurate models the accuracy of which is defined by initial data) 

Imitation 

However, the more complicated the modeling object is, the more difficult it is to build the mathematical model.  It is because the analytical models are developed only for the classical configuration body (ball, cylinder, and plane).  Moreover, the bodies are homogeneous, that is, they consist of one and the same material.  As far as the engineering models and electrical engineering objects are not within the frames, the analytical modeling is practically not applied to the engineering calculations.  The engineering calculations themselves presume the presence of certain errors.    

 At the same time the imitation models which are the computer experiments with mathematical models which imitate the real objects behaviour are widely spread.  The characteristics of functioning of objects of modeling and the mathematical description type define the model continuous or discontinuous character.  The design aim defines the determinate or stochastic approach to the mathematical model building.   
 The mathematical modeling methods in our case allow: 

· To exclude the necessity of manufacturing of huge physical objects which require big sums of money; 
· To reduce the time necessary to define the characteristics; 
· To study the modeling objects behaviour under different parameter meanings.  To analyze different elements application and get experimental at indices characteristics. 
There are two main advantages if to compare with the object physical modeling: 

1. The computer experiments are quick; 
2. The analysis of any situation of the mathematical model in any regime inaccessible for the physical modeling is intrinsic. 
We find the acceptable result of overheat solution for CAD/CAM system.
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