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Summary: New development of the IC engine is followed by the increase of the specific parameters: specific engine power per volume (kW/dm3), specific engine torque per volume (Nm/dm3), specific engine load per piston crown area (kW/dm2), etc. All of the parameters mentioned above increase dynamic load of the engine’s crank mechanism, particularly the engine’s crankshaft. Common methods reducing dynamic loads of the engine’s crankshaft, mainly as a result of the torsion vibration, are the torsion vibration dampers mounted on. The most widely used the torsion vibration dampers in the vehicles engines are viscoelastic and viscous dampers. However, there are also its drawbacks such as reliability, increased weight of the crankshaft, etc. In order to obtain the highest possible reliability of the dampers by diminishing peaks of the extreme torsion loads of the crankshaft and, at the same time, reducing the weight, face a new solution in the form of the vibration dampers built in the existing components of the engine crankshaft. So dampers (absorbers) developing today are:
· dampers in the form of the dual mass flywheels and

·  dampers built in the counterweights of the engine’s crankshaft.
This paper gives comparative analysis of the damping efficiency of the dynamic viscoelastic dampers and absorbers built in the counterweights on the dynamic load of the crankshaft. At the end, the adoption of the dynamic absorber with the optimal characteristics will be shown.
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1. INTRODUCTION
The variable load transferred by the crankshaft, due to the basic work process of an IC engine, the randomness of the combustion process, as well as the inconstant stiffness of the crankshaft on different sections of it, cause a vibration motion of the entire crank mechanism. 
Considering the construction of the crank mechanism, and the way in which the torques are transmitted, the crankshaft vibrates in three ways: torsional, bending, and axial. Due to the intensity of the crankshaft forces and torques, as well as the bearing methods, torsion vibrations are of the highest intensity.  They cause high frequency dynamic loads, which may lead to material fatigue, and eventually, cranskhaft failure. Avoiding IC engine crankshaft fatigue is extremelly difficult, and can rarely be achieved using constructional adjustments, due to the crankshaft working enviroment. Thus, the most common way of avoiding the crankshaft fatigue is reducing the vibration amplitudes, using a torsion vibration dampers (TVD). Conventional damper types often installed on ICE are:
· mechanichal spring or friction dampers,
· elastic dampers,
· viscous dampers,
· dynamic absorbers.

whose appliance is based on the engine type. Elastic dampers have been used the most, so far. Today, however, aiming to reduce the crankshaft aditional masses, as well as reducing damper cost, and increasing its reliability, has lead to the developmnet of dampers integrated into some fundamental parts of the crankshaft (dualmass flywheel, counterwight dampers).
In this paper, a comparisson analysiss and an adoption of the optimal charachteristhics crankshaft counterweight damper, shown in figure 1. The damper is mounted on the side of the crankshaft which is opposite to the flywheel.
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	Fig. 1  Design of a crankshaft counterweight torsion vibration damper


2. RESEARCH OBJECT
The results were analysed on a four-cylinder, four-stroke, naturally aspirated, air cooled vehicle diesel engine, as described in lit [1]. Engine power is 150 kW at 2150 rpm, with a maximum torque of 787 Nm at 1500 rpm.  The physical model used for the analysis is a linear torsion-equivalent system, as show in figure 2.
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	Sl. 2 The equivalent torsion-vibration sistem of the analysed engine


The figure illustrates the concentrated masses of the flywheel, on the right side, along with its inertia member (7), belt pulley on the left (inertia member 2) and a counterweight damper (inertia member 1), which can be shown in such a way, due to its proximity to the belt pulley. The basic data for the shown equivalent torsion vibration system (inertia momentum (, stiffness (c), excitation (M) )  is defined in [1],[2], and shown in table 1.
Table 1 The basic elements of the model shown in figure 2.

	Inertia
	Stiffness
	Damping (external)

	1 – variable
	c1 – variable
	(1 = (2 = (3 = (4 = 10 Nms/rad

	2 = 0,096 kgm2
	c2 = 2,18 ( 106 Nm/rad
	

	3=...= 6 = 0,1144 kgm2
	c2 = c3= c5= 3,56 ( 106 Nm/rad
	

	7 = 1,77 kgm2
	c6 = 5,47 Nm/rad
	


The internal damping of the crankshaft (2, ... (6 is calculated by a model described in [3]. The inertia of the damper, its stiffness and damping are an object of research, and shall be described as a part of  the analysiss of their influence  on the torsion vibrations. 
3. THE RESULTS OF THE ANALYSIS 
The analysis required a calculation program to be developed. The developed program calculates the torsion angles caused by torsion vibration, and the experimental results are used from the lit. [2], [4]. The developed program is based on the vibration equations of concentrated masses, such as:
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which are, in fact, linear differential in homogeneous equations of the second degree. 
The method used for the solving of the equations is described in detail in lit. [3]. 
For the verification of the mathematichal model, as well as the developed calculation program, an engine described in table 1. has been used. The engine was unequipped with a torsion vibration damper. The comparisson of the results of the experiment and the calculation results are shown in figure 3, regarding the I vibration mode, and the 9.5, 10th and 12th excitation order. 
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	Sl. 3 Diagram of the amplitude of vibration obtained computationally and experimentally for three excitation orders


The above figure shows a satisfying match of the calculated and the experimental results, which indicate that the chosen physical model and the numerical solution used in the calculation program have been properly selected. Thus, all further calculations of the torsion vibration can be considered highly accurate. 
For the analysis of the torsion vibration in this paper, the following parameters have been modified: inertia (1), spring stiffness (c1), while the internal damping (1) was held unchanged. The impact of the stiffnes of the springs which are a part of a counterweight damper is shown on figure 4.  The figure shows vibration angles of 9.5, 10 and 12th excitation order for the I vibration shape, for three differrent stiffnes values:  c1 = 0,3 ( 106 Nm/rad, 0,2 ( 106 Nm/rad and 0,1 ( 106 Nm/rad. The figure shows the influence the stiffness makes to the belt pulley vibration angle amplitudes. The same figure shows the appropriate vibration angle amplitudes for the belt pulley of the same  engine when equipped with a classic elastic damper.
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	Sl. 4 Diagram comparing the vibration amplitude of the motor pulley for different values   of the damper spring stiffness


By comparing the angular amplitudes of the belt pulley of an engine equipped with a classic damper to the angular amplitudes of an engine equipped with a counterweight damper, it can be stated that the same effect can be achieved when using a  counterweight damper as when using a classic elastic damper, by choosing an optimal damper spring stiffness. The system oscillation frequency is significantly moved to the right side of the working range, but this has no significant effect to the dynamic durability of the crankshaft. Stiffness of c1=0,1 ( 106 Nm/rad, has given appropriate angular vibration amplitudes, and therefore it has been held constant, while optimising the inertia of the counterweight supplementary mass. The inertia has been altered in a range moving from 1 = 0,02 kgm2 to 1 = 0,08 kgm2. The analysis was made for the I vibration mode, and the 10th excitation order. The results are shown in figure 5. The same figure shows the angular vibration amplitudes of the same engine when equipped with a classic elastic damper. 
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	Sl. 5 Diagram comparing the vibration amplitude of the motor pulley for different values of the damper inertia moment 


The given results indicate that the highest damping quality is achieved when using an inertia of 1 = 0,03 kgm2. In this way, the angular vibration amplitudes of the belt pulley are even lower than when using a classic elastic damper, with a slightly increased system vibration frequency. 

A more detalied optimisation should take into consideration an alteration of all relevant damping charachteristics: inertia (), stiffness (c), and internal damping coefficient, which exceeds the boundaries of this paper.
4. CONCLUSION
In this paper, based on a self-developed calculation program for calculation of angular vibration amplitudes, and using an experimental verification, an analysis of the following elements has been made: 

· influence of the inertia of the crankshaft counterweight damper on the angular vibration amplitudes during a resonance vibration period,
· influence of the counterweight spring stiffness on the angular vibration amplitudes during a resonance vibration period.
The given results indicate that a crankshaft counterweight damper has the same efficiency when damping torsion vibration of a crankshaft, as a classic elastic damper-

With a more detailed analysis of the damper parameters, a satisfactory efficiency can be achieved as when using a conventional damper.
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