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DYNAMICS OF A CLOSED SYSTEM
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Abstract:  The presented work analyses the character of functions of kinematical parameters of a closed system “motor – clutch – working machine - regulator” from the standing start during switching over different transmissions of the transport machine. The kinematical characteristics of the process are obtained by the created mathematical model. Their analysis enables evaluation of the dynamic characteristics of the transport machine.
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1. INTRODUCTION 

Usage of modern devices and methods for geometrical, kinematical and dynamic analysis, based on mechanical and mathematical methods is necessary for investigating of the dynamic characteristics of the transport machines ([1], [2]). A dynamic model of the closed system “motor – clutch – working machine - regulator” is presented in this work. The mechanical environment is described by mathematical differential and algebraic equations and a simulation model is programmed by software MATLAB, toolbox SIMULINK ([3]).
The simulations of the standing start, the movement with slipping clutch, acceleration of the transport machine at I-st  transmission and the switching over between I-st  and II– nd  transmissions are discussed in previous works ([4], [5], [6], [7]).
2. DESCRIPTION OF THE DYNAMIC MODEL
2.1. Mechanical Model
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Figure 1:  Scheme of the mechanical model of the investigated system
The presented work deals with the character of the changes of the kinematical parameters during the entire process of operation of the transport machine –beginning from the moment of the standing start, passing thorough the stages of the movement with slipping clutch and acceleration with switched over j- th  transmission till achieving uniform movement.
A mechanical model of a closed system “motor – regulator - clutch – working machine” with the following generalized degrees of freedom is created:


[image: image2.wmf]d

j


- angle of rotation of the crankshaft of the motor;
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- axial coordinate of the displacement of the muff of the regulator;
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- angle of rotation of the shaft of the clutch.

The process of the standing start of the transport machine and its acceleration and switching over from the I-st to the IV -th  transmission can be divided in four stages:

I -st stage
– acceleration of the motor and a standing start regime;
II -nd stage
– start operating of the transport machine with slipping clutch;
III -rd stage
– acceleration of the transport machine with switched over j-th  transmission;
IV -th stage
– switching over the different transmissions: from j -th  transmission to (j+1) -th  transmission.

2.2. Mathematical Model

The differential equations used in all four stages of the process are presented here.

I -st stage
– acceleration of the motor and a standing start regime.

The following differential system is solved:
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where:
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- frequency of the rotation of the crankshaft;


[image: image7.wmf]p

n


- frequency of the rotation of the fuel-charging pump of the motor;
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- indicating moment of the rotation of the motor;
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- moment of the mechanical losses of the motor;
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- adjusted mass moment of inertia of the motor towards the crankshaft;
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- frequency of rotation of the muff of the clutch;
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- centrifugal force of the regulator;
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-restoring force of the springs of the regulator;
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- coefficient of viscous friction in the regulator;
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- starting position of the first partial characteristic;


[image: image16.wmf]start

h


- starting position of the outer characteristic;
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- velocity of pressing the accelarator.

II -nd stage
– start operating of the transport machine with slipping clutch;
Here the used differential equations are:
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where the additional used symbols are:
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- moment of friction of the clutch;
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- moment of resistance, i.e. moment of the outer pressure over the muff of the clutch;
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- velocity of increasing of the moment of friction of the clutch;
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- mass moment of inertia of the transport machine at j -th   transmission, adjusted towards the axis of the driven discus of the clutch.
III -rd stage
–acceleration of the transport machine with switched over j-th  transmission;
This stage is described mathematically in the following way:
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All used in these equations symbols are explained above.
IV -th stage
–switching over the different transmissions: from j -th  transmission to (j+1) -th  transmission.

The following differential equations are solved:
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where 
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 is the starting position of the partial characteristic № i.

More detailed explanation of all functional relations between the moments and forces included in the equations can be found in [4], [5], [6] and [7].

3. NUMERICAL EXAMPLE
All presented in the work simulations of switching over up to IV -th   transmission are done for the following input data:
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= 22000 kg 
- mass of the transport machine;
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=3.1 kg.m2

- mass moment of inertia of the motor;
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=3500 Ns/m
- coefficient of viscous friction in the regulator.

Some of the additional input parameters are presented in table 1.

	Table 1: Values of some parameters, used in the presented numerical simulation
№ of the transmission 
	mass moment of inertia of the transport machine at transmission № j, [kg.m2]
	gear ratio of the transmission № j

	I -st transmission
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	II -nd transmission
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	III -rd transmission
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	IV -th transmission
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The obtained from the simulation results are graphically shown in figures 2 to 6.

The graphs of the rotating frequency of the motor 
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 and of the rotating frequency of the clutch 
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 as functions of time are shown in fig. 2. The character of changing of these functions can be described as follows: the rotating frequency of the motor 
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 increases during the processes of the start and the acceleration of the transport machine and significantly decreases while switching over the different transmissions; the rotating frequency of the clutch 
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 sharply increases at the moment of slipping start and after that continues easy to increase while the transport machine accelerates, 
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 decreases a little while switching over the different transmissions.
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Figure 2:  Graphs the rotating frequency of the motor 
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 and of the rotating frequency of the clutch 
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as functions of time
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Figure 3:  Graph of the position 
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 of the rack of the fuel-charging pump as a function of time
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Figure 5:  Graph the linear velocity of the transport machine as a function of time
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Figure 4:  Graph of the position 
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 of the rack of the fuel-charging pump as a function of the rotating frequency of the motor 
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Figure 6:  Graph the linear acceleration of the transport machine as a function of time
The process of pushing and release of the accelerator, respectively the corresponding process of changing the position 
[image: image52.wmf]h

 of the rack of the fuel-charging pump is shown in fig. 3. When the quantity of the fuel increases the rack goes from the partial velocity characteristic to the outer one (lines 1-2, 5-6, 9-10 and 13-14). When the accelerator releases the rack returns to the corresponding partial characteristic (lines 3-4, 7-8 and 11-12). The work of the motor while the rack goes over the partial characteristic is shown by lines 2-3, 6-7, 10-11 14 and so on. While the rack goes over the partial characteristic the corresponding lines are 4-5, 8-9 and 12-13.
The relation between the position of the rack of the fuel-charging pump and the rotating frequency of the motor 
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 can be seen in fig. 4.

The graph of the linear velocity and the graph of the linear acceleration of the transport machine as functions of time are shown in fig. 5 and 6. As can be seen these both kinematical parameters are cyclic functions and register the movement of the transport machine from the standing start to achieving uniform movement.
The process of standing start lasts up to 
[image: image54.wmf]s
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=

, i.e. to point 1 in fig. 5. A process of acceleration with switched on transmission follows. It corresponds to the line from point 1 to point 2 in fig. 5. A release of the rack of the pump and decrease of the fuel charge, i.e. return of the rack back (from outer to the partial characteristic – fig. 3) is the next step. It is the period when minimal quantity of fuel is charged. These stages repeat until switching over the IV-th  transmission and accelerating of the transport machine to uniform velocity.
4. CONCLUSION
The presented mathematical model is universal and can be applied to a transport machine of every kind, if there is any experimental data for the moments 
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 and 
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, as well as for the forces
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([1], [2], [4]).

The software MATLAB, toolbox SIMULINK ([3]) is quite convenient, suitable and user-friend device for numerical modeling of mechanical systems of the described type.
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