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Summary: In order to increase energy efficiency of the vehicle powertrain, the innovative solutions in the construction of internal combustion engines, its aggregates, systems and equipment must be obtained. A trend that is prevalent today is widely known as downsizing. Namely, downsizing involves reducing of engine volume (consequently, its mass) and keeping or even increasing the power output compared to a reference IC engines in the same time. However, structural changes coincide with changes of the IC engine’s dynamic load output and its oscillatory behavior. Certain modes where the resonance and the excessive amplitude of oscillation of IC engine crankshaft appears, can lead to its breakage. For this reason, besides classical damping system of the oscillation amplitude, in form of elastic dampers at the one of the crankshaft’s ends can be introduced, as well as the dual mass flywheel so enabling dynamic relief of IC engines while simultaneously balancing the angular velocity of the IC engine.

In this paper, analysis of the dual mass flywheel application will be presented compared to the oscillatory behavior of IC engine with or without other damping systems used to decrease torsional oscillations. Besides the analysis, an optimization of the parameters, based on dual mass flywheel, will be performed (mass distribution and stiffness of the springs) in order to achieve a better output of the IC engine’s oscillatory behavior.

Key words: torsional vibration, dual mass flywheel, IC engine
1. INTRODUCTION
The IC engine is a cyclic machine which transformes internal chemical fuel energy into power, through the combustion process. Due to the cyclic repetition of the process, unbalanced fuel quality, as well as the randomness of the combustion process, the engine itself is exposed to the various alternating mechanichal loads. In order to achieve a more balanced rotating speed, the engine is fitted with a flywheel. Despite that, an imbalance of the current effective torque exists, which is basically the result of the excitation for the torsion vibration of the crankshaft. The vibration of the crankshaft is undesirable, and may lead to the crankshaft failure, as a result of extreme dynamic loads, especially in the case of the high output IC engines. The modern trend of decreasing engine volume, known as »downsizing« additionaly increases the dynamic load of the crankshaft, and in the terms of torsion vibration extremely affects the crankshaft lifetime. Due to lack of possibility of changing the structural integrity, or even the design of the crankshaft, the use of vibration dampers is inevitable. The vibration dampers are used to decrease the cryticall vibration amplitudes, thus preventing crankshaft failure. Dampers are usually mounted on the opposite side of the flywheel. Dampers can be, considering their design, divided into several groups, of which the elastic dampers are used the most. Today, the use of dual-mass flywheels is becoming a general practice for most engine manufacturers. A dual-mass flywheel enables the solution of two crutial problems (rotating speed balance, and vibration damping) of an operating engine, as a system integrated into a whole. Next to these crutial problems, the dual-mass flywheel decreases the engine noise and the work of the transmission system makes easier, thus increasing the driving comfort. The dual-mass flywheel constists of the two masses attached by a spring of an appropriate stiffness. The total mass of dual-mass flywheel is equal to the mass of a classic flywheel. Figure 1 illustrates the dual-mass flywheel manufactured by LUK.
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	Fig. 1 Dual-mass flywheel (LUK)


Due to the complexity of the dual-mass flywheel construction, it is extremely hard to define all of its parametrs nessecery for the torsion vibration calculations. This paper shows one possible way for optimising the stiffness and the inertia of the dual-mass flywheel in order to achieve the best damping effect in a resonant area of the IC engine. The following text describes a possibility use of the dual-mass flywheel on a specified turbocharged diesel engine, originally fitted with a classic torsion vibration damper, installed on the free end side of the crankshaft. 
2. THE EQUIVALENT VIBRATION SYSTEM
A frequently used equivalent system for the torsion vibration analysis is a linear system, in which all the elements are reduced to a mutual axis of rotation, regarding the equality of the potential and kinetic energy of the matching elements. Figure 2 illustrates an equivalent torsion vibration system of an six-cylinder, four-stroke, turbo-charged, water cooled diesel engine fitted with a dual-mass flywheel. Experimental results have been made for the observed engine, and the results will be used for the verification of the model used for the calculations. The inertia values () of certain cylinders are different between each other, due to different counterweights fitted on the cranks of the crankshaft.
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	Fig. 2 Equivalent vibration system 


The table 1. shows the basic construction data of the engine, as well as the parametrs of the equivalent system.
Table 1 Basic engine data and parameters of the torsional vibration system
	
	Index
	Numerous value
	Unit

	Engine Volume
	Vh
	11045
	cm3

	Bore 
	Dk
	125
	mm

	Stroke 
	h
	150
	mm

	Engine Power
	Pe
	185
	kW

	Engine Torque
	Me
	890
	Nm

	Firing order
	--
	1-5-3-6-2-4
	--

	Moment of inertia
	1; 2,4,5,7; 3,6; 8; 9
	0.102; 0.147; 0.083; 1; 0.9
	kgm2

	Stiffness
	c1, c2,3,4,5,6; c7, c8
	4.32; 2.80; 4.11; optimization
	x106 Nm/rad

	Internal damping
	1,2,3,4,5,6,7;
	calculated; optimization
	Nms/rad

	External damping
	1,2,3,4,5,6
	10.8
	Nms/rad


3. VERIFICATION AND MODEL OPTIMIZATION 
The form of the system of the differential equations which is going to be used in this paper in order to analyse the torsional vibration system shown in figure 2. is given below:
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Where 
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 is the angle of torsion due to vibration, 
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 are the matching derivatives of the angle, whilst the Mi represents the excite momentum of the disk i. Considering the real shape of the excite momentum, it must be transformed into the Fourriers order:
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For solving the system of equations (1) a self-developed program code was built, in the Matlab commercial software. Figure 3 illustrates the comparison of the calculation results and the experiment results for an engine without a torsion vibration damper.
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	Fig. 3 Verification of the calculation results for an engine without a torsion vibration damper


Figure 3 shows a fairly good match of the results obtained by the calculation to those which are measured by the experiment. After such verification of the model, a calculation of the angular vibration amplitudes is performed, with the accent made on the belt pulley, and regarding the model shown in figure 2. Since the charachteristics of the dual-mass flywheel are relatively unknown, an inertia ratio of 8/9 = 1/0.9, has been adopted, while the stiffness  c8 has been altered in an interval of 0.3x106 to 1.2x106 Nm/rad. Internal damping has been kept constant, with a value of 8 = 30 Nms/rad. Although, in order to obtain more detalied optimisation of the dual-mass flywheel, these parameters would require a lot more attention. However, in this paper, it is chosen to observe the influence of the spring stiffness. Figure 4 shows the angular amplitude change as a function of the dual-mass flywheel spring stiffness.
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	Fig. 4 Changes of the amplitude on the belt pulley for a 6th excite order depending of the spring stiffness 


Figure 4 shows that the spring stiffness of c8=0.3x106 Nm/rad generates an exceptable angular amplitude, for the 6th excite order. After such optimisation, a complete calculation for the mentioned stiffness is performed, using an inertia of the supplementary mass in a value of a 9 = 0.9 kgm2. Figure 5 shows the calculation results, compared to an engine equipped with a classic elastic torsion vibration damper (experimental results). 
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	Fig. 5 Results of the amplitudes on the belt pulley with dual-mass flywheel 


As figure 5 shows, the dual-mass flywheel with the following parameters c8=0,3x106 Nm/rad i 9 = 0.9 kgm2 can succesfully reduce critical angular amplitudes on the belt pulley, and keep them in the boundaries achieved by a classic torsion vibration damper. The excite orders 7.5 and 9 are moved out of the working engine speed range, albeit it was not in the case of using a classic damper. Further optimisation could generate an even greater reduction of the amplitudes of the 6th order, or even completely moving it out from the working speed range. 
4. CONCLUSION
In this paper an analysis of the influence of the spring stiffness of the dual mass flywheel on the angular vibration amplitudes during a resonance vibration period has been made, using the self-developed calculation program that calculates the angular vibration amplitudes and the experimental results as well.
The given results indicate that the dual mass flywheel has the same efficiency as a classic elastic damper in damping torsional vibrations of the crankshaft.
With a more detail analysis of the dual mass flywheel parameters (8, 9, c8, 8), the same satisfactory efficiency can be achieved as when using a conventional damper. 
LITERATURE
[1] Filipovic. I. (2007). Motori s unutarnjim izgaranjem, dinamika i oscilacije. Mašinski fakultet Sarajevo, Sarajevo. 
[2] Bibić. Dž. (2004). Uticaj viskoelastičnog prigušivača na torziono-oscilatorno ponašanje motornog mehanizma. Magistarski rad. Mašinski fakultet Sarajevo, Sarajevo.
[3] B.I.C.E.R.A. (1958). A Handbook of Torsional Vibration. Cambridge. University Press.

[4] Wilson K. (1963). Practical Solution of Torsional Vibration Problems. Chapman & Hall Ltd., London.
[5] Bibić Dž., Filipović I., Blažević A. (2010). Contribution in defining parameters of the equivalent system of torsional vibrations with the significant internal damping elements. Mobility & Vehicle Mechanics, International Journal for Vehicle Mechanics, Engines and Transportation Systems, volume 37, Number 2, 2011, pgs. 69 – 78, University of Kragujevac – Faculty of Mechanical Engineering, Kragujevac.
HERE WILL BE LOGO








� Almir Blažević, Sarajevo, Faculty of Mechanical Engineering Sarajevo, blazevic@mef.unsa.ba


� V. Prof. Dr. sc. Dževad Bibić, Sarajevo, Faculty of Mechanical Engineering Sarajevo, bibic@mef.unsa.ba


� Prof. Dr. sc. Ivan Filipović, Sarajevo, Faculty of Mechanical Engineering Sarajevo, filipovic@mef.unsa.ba





6
5

_1364327768.unknown

_1364327770.unknown

_1364327771.unknown

_1364327769.unknown

_1364327767.unknown

