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Abstract: The paper contains a mathematical calculus method for the torsion systems, representing physical models of cranked shafts belonging to internal combustion engines with powers greater than 80 kW and variable working load. The differential equations of torsion vibrations are deduced and solved using the programming environment named MathCAD. The results of numerical integration are presented as graphics from which are deduces the optimal characteristics of rotary dampers attached to cranked shafts. These are used in such a manner in order to   reduce the amplitudes of the torsion forced vibrations to limits accepted by technical standards specific to different types and sizes of internal combustion engines.
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1.  Introduction
A real mechanical system which makes torsion vibrations may be replaced by equivalent dynamic elements made up from inertial circular masses, shaft stiffness and functional damping elements, or supplementary attached as is shown in figure 1.
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Figure 1

The signification of the circular masses from the structure of vibrating equivalence system differs from the functional role component parts belonged to the real mechanical system.
1. The simplified physical model used from the study of crank shafts    torsion vibration


The vibrating equivalence mechanical system may be replaced by simplified mathematical models made up less number of circular masses of which dynamic function is identical with that real vibrating system.


This replacement leads to a simplification of movement equations and of calculation which are made for functional optimization of the rotary dampers. 

In figure 2 is shown a torsion vibrating system under a sampled form which is dynamical equivalent with mobile equipment attached to it.
 
The inertial circular masses J1…..Jn+Jc, the elastic coefficients k1….kn and the damping coefficients c1….cn from the equivalent torsion system shown in Fig. 1 are replaced in the simplified torsion system from Fig. 2 with equivalent mechanical elements computed with the following relations:
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Figure 2


The crankshaft has attached a flywheel and it is joined from work. It has also attached a rotary seismic mass of the dampers. The joining elements between seismic mass Js and the casing have elastically properties and frictional viscous. 

The differential equation,, which are describing the damping forced torsion vibrations made by the mechanical system formed from the four circular masses may be written in the matrix form:
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 (2)
Or in the short form:

[image: image5.wmf])

t

(

K

C

J

M

=

F

+

F

+

F

&

&

&

                                                               (3)
The differential equation (3) may be written in the next complex form:
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The solving of the differential complex equation (4) is done using complex solution:
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With this complex solution and its derivatives the equation (4) becomes:
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From this algebraic complex equation on obtained next solution: 
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The angular amplitudes of torsion vibration, done by the reduced circular masses Ju, Jv, JE and Js result from the relations:
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For obtaining performed functional parameters of the frictional dampers with elastically elements is used minimization principle of the angular amplitude (E of the equivalent circular mass JE, which corresponds to the crankshaft of the internal combustion engine.
3. The numerical example

A torsion vibrating real system was replaced by a simplified equivalent system which has mechanical characteristics:
    Ju=3.0 kgm2     Jv=1.267235 kgm2   JE=0.639959 kgm2   Js=0.035 kgm2   ku=100000 Nm/rad   (=60…700 rad/s
       kE =142740 Nm/rad    ka=1000....30000 Nm/rad    cE=15.1731 Nms/rad    ca=0…15 Nms/rad    ME=500 Nm

The calculus the amplitudes of torsion vibrations (u, (v, (E and (s are deduced using the programming environment named MathCAD11. The results of numerical calculus are presented as graphics from which are deduces the optimal characteristics of rotary dampers attached to cranked shafts.

The variation of this amplitudes are graphically represented in the figures 3 ÷ 22 by the angular speed (, the elastically coefficient ka and damping coefficient ca of the rotary damper.
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[image: image21.emf]Figure 19. Amplitude utility rotary mass , Ka=30000 [Nm/rad]
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Figure 19. Amplitude utility rotary mass , Ka=30000 [Nm/rad]
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[image: image22.emf]Figure 20.  Amplitude flywheel [rad], Ka=20000
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Figure 20.  Amplitude flywheel [rad], Ka=20000
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[image: image23.emf]Figure 3. Amplitude utility rotary mass , Ka=1000 [Nm/rad]
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Figure 3. Amplitude utility rotary mass , Ka=1000 [Nm/rad]
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[image: image24.emf]Figure 21. Amplitude equivalent rotary mass, Ka=30000  [Nm/rad]
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Figure 21. Amplitude equivalent rotary mass, Ka=30000  [Nm/rad]
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[image: image25.emf]Figure 6. Amplitude seismic mass rotary dampers, Ka=1000 [Nm/rad]
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Figure 6. Amplitude seismic mass rotary dampers, Ka=1000 [Nm/rad]
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[image: image26.emf]Figure 22. Amplitude seismic mass rotary dampers, Ka=30000 [Nm/rad]
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Figure 22. Amplitude seismic mass rotary dampers, Ka=30000 [Nm/rad]
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[image: image27.emf]Figure 5. Amplitude equivalent rotary mass, Ka=1000  [Nm/rad]
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Figure 5. Amplitude equivalent rotary mass, Ka=1000  [Nm/rad]
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[image: image28.emf]Figure 4.  Amplitude flywheel [rad], Ka=1000
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Figure 4.  Amplitude flywheel [rad], Ka=1000
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[image: image29.emf]Figure 7. Amplitude utility rotary mass , Ka=6000 [Nm/rad]
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Figure 7. Amplitude utility rotary mass , Ka=6000 [Nm/rad]
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[image: image30.emf]Figure 8.  Amplitude flywheel [rad], Ka=6000
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Figure 8.  Amplitude flywheel [rad], Ka=6000
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[image: image31.emf]Figure 10. Amplitude seismic mass rotary dampers, Ka=6000 [Nm/rad]
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Figure 10. Amplitude seismic mass rotary dampers, Ka=6000 [Nm/rad]
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[image: image32.emf]Figure 13. Amplitude equivalent rotary mass, Ka=12500  [Nm/rad]
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Figure 13. Amplitude equivalent rotary mass, Ka=12500  [Nm/rad]
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[image: image33.emf]Figure 14. Amplitude seismic mass rotary dampers, Ka=12500 [Nm/rad]
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Figure 14. Amplitude seismic mass rotary dampers, Ka=12500 [Nm/rad]
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[image: image34.emf]Figure 15. Amplitude utility rotary mass , Ka=15500 [Nm/rad]
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Figure 15. Amplitude utility rotary mass , Ka=15500 [Nm/rad]
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[image: image35.emf]Figure 16.  Amplitude flywheel [rad], Ka=15500
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Figure 16.  Amplitude flywheel [rad], Ka=15500
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[image: image36.emf]Figure 9. Amplitude equivalent rotary mass, Ka=6000  [Nm/rad]
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Figure 9. Amplitude equivalent rotary mass, Ka=6000  [Nm/rad]
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[image: image37.emf]Figure 17. Amplitude equivalent rotary mass, Ka=15500  [Nm/rad]
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Figure 17. Amplitude equivalent rotary mass, Ka=15500  [Nm/rad]
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From the graphics shown in figure 13, result the optimum value of the elastically constant ka=12500 Nm/rad. The damping optimum coefficient ca result from graphics shown in figures 13 and 17, and it has the value between 5 and 10 Nms/rad.

From the presented graphics it also results that the amplitudes of the rotors vibrations which represent the utilization and the fly-wheel are reduced if the value of the damping coefficient of the viscous medium from the rotary damper is in the limits of the optimum values previously mentioned.

The computing program realized in MathCAD is interactive and allows modifying different functional and structural parameters specific to the torsion vibrating systems.

5. Conclusions
 
Using the minimization principle of the angular amplitude (E corresponding to the equivalent circular mass JE which represents the crankshaft from torsion vibrating system, may be determined the optimum functional characteristics of the rotary dampers.
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[image: image38.emf]Figure 18. Amplitude seismic mass rotary dampers, Ka=15500 [Nm/rad]
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Figure 18. Amplitude seismic mass rotary dampers, Ka=15500 [Nm/rad]
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