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Introduction

The pace of movement and the speed of machine-tractor mechanisms should constantly and
to a large extent show positive dynamics because it is the increase in the productivity of the
return of technical devices that depends on the speed of movement [1].

Designing torsional vibration dampers for crankshafts of machine-tractor engines that
work great over the full speed range is a rather difficult task. Even to calculate the crankshaft
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only for strong and fundamental harmonics of the exciting moment, it is necessary to know
the required work due to friction torque [2].

Let us consider the opposite spark ignition six-cylinder engine (O6) to analyze these target
parameters.

2 Materials and methods

The research aims to consider the issues of designing a torsion vibration d
crankshafts of internal combustion engines, capable of operating efficiently i
operating range of speed dispersion [3].
To achieve the stated aim, a range of the following tasks has been fo
o Explore standard approaches to designing dampers with const
¢ Solve a multi-parameter optimization problem;
e Consider an exemplary method according to which
designed damper are determined for different operati

e entire

and model calculations, and methods of designing
(MATrix LABoratory)/Simulink software pac
mathematical efficiency systems of torsion shock
crankshafts of reciprocating internal combustion e

3 Results
Determination of the vikf arameters is the result of torsional vibration
1)
2) lations and corresponding resonant modes of
3) orque in all resonant operation modes;
4) ations of Inotor masses and arising elastic moments;

and required damper installation place;
tial for effective damper operation during all modes.

ain journal: diameter d m= 0.055 m and lengthl m= 0.025 m;

journal: diameterd r=0.055 m and lengthl r=0.025 m;

Crank web: thicknessd w=0.055 m and widthl w=0.025 m;

e Crank radius: r=0.0366 m;

The calculation is carried out according to the standard method described in [5].
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Fig. 1. Scheme of the engine with torsional vibration d. — moment of inertia of the torsional
vibration damper; .J2, J3, J4, Js, Jo, J7— motor mass mo
inertia; li-i+1 — length between i-th and (i+1) stsections i rsional scheme.

Source: Compiled by the authors.

of the eight-mass torsional scheme, where Ji
1 is the length of the section between the i-th
s of the section between the i-th and (i+1)st

educed length lii+1, m Stiffness, Ci-i+1, N/m
li2=0.112 Ci2=1.89388:10°
123=0.0967 C23=3.53993-10°
134=0.0967 C3-4=3.53993-10°
14-5=0.0967 C4-5=3.53993-10°
156=0.0967 Cs5-6=3.53993-10°
167=0.0967 Ce7 =3.53993:10°
17-s= 0.0505 C78 = 6.76655:10°

iled by the authors.

Natural frequencies are determined using the MATLAB computing platform and the
icrosoft Excel spreadsheet. Based on the calculation method from [7], the system’s natural
frequency (00) was found as 1284 s—1. We obtained the relative amplitudes (Table 2).

Table 2. Relative amplitudes.

Index number of the 1 2 3 4 5 6 7 8
i-motor mass

Relative amplitude 1 0.676 0.491 0.298 0.100 -0.099 -0.297 -0.398
of the motor mass a;

Source: Compiled by the authors.
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And a single-node vibration mode (Figure 2).

Fig. 2. Single-node vibration mode considering motor masses.
Source: Compiled by the authors.

We performed the harmonic analysis of torque for nominal operati
rpm according to the standard method (Table 3); for other modes, t paramete

kv Ak Bk

0.5 —82.863

1.0 48.629

1.5 —10.995 .

2.0 9.373 -3.236
2.5 10.108 -8.937
3.0 —9.445 11.388
3.5 15.508 —20.462
4.0 —14.784 —32.075
4.5 29.778 —31.784
5.0 23.602 —35.054
5.5 19.605 —41.485
6.0 15.979 —43.640

Note: kM — torsional k4 oscillations; Bk — internal oscillations; Mk —
mechanical oscillati
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. 3. Frequency Interference Diagram. Source: Compiled by the authors.

Consider the resonant operating modes at nres= 2,045 rpm for km=6 (for the
fundamental harmonic) and nres= 4,089 rpm for km=3 (for strong harmonics).
To determine absolute vibration amplitude of the 1st motor mass, it is necessary [9]:
Calculate RS for k M=3 and k M=6 from the following equation:

1
Rg(,=6) = [[Zﬁvﬂ a;sin (kep A0 _)]% + [Z?’:1 a;cos (keyAB;_)]?]2=0.771 )
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where:

*

a. . . . .
" is the relative amplitude of the i-th motor mass;

01"' is the phase displacement between the motor masses.
According to recommendations in [10], the damping coefficient & can be computed by
the following formula 2:

&= E_Fprzi =0.1-106-0.007082-:0.03662=5.697

where:

F, is the piston area;iisthe number of engine cylinders.

Using the formula 3, we determine the absolute vibration amplitu,
mass for the absolute value of the torque:

and ky = 6 are shown in Table 4.

Table 4. Estimated values of absolut

2

ky =
0.000821
0.000555
0.0004031
0.0002447

8.21E-05
—8.128E-05
—0.0002438
—0.0003268

XX [(A [N | B[R |—

it to operation and work of the disturbing moment. Due to

séince, resonance amplitudes increase only until a balance is
een the energy supplied to the system by disturbing harmonics over one
energy consumed to overcome the resistance during the same period.

g there is the following condition [11]. Work of resonating harmonic was
determlned by the following equation (formula 4):

Laise = Lgy 0}

where:
List 18 the resonant harmonic work.
Work of the disturbing moment was given by (formula 5):
Lgist = T X M, X A] X Rq, ®)
where:

*is the amplitude of k-th torque harmonic for resonant mode;
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*

1 is the absolute amplitude of the first motor mass;
Rs is the belt transmission.
Calculated values for work of the disturbing moment are shown in Table 5

Table 5. Estimated values of the work of the alarming moment.

ku 3 6
] 0.28448093 0.031790271

L

dist >

Source: Compiled by the authors.

Work done by viscous forces can be expressed as, (formula 6) [5]:

Lf‘r = Ffr' ' A(p,
where:
Ap = Aqmaxs
Fer = Vo Su/z is the viscous force;
Vi = %Ravis the velocity of the fluidbetween the friction s es; zis the thickness

of the layer;
S is the area;
1 =13200 Pa-s is the dynamic viscosity of th
Ry, 1s the average friction radius.
Thus, the work of the friction forcas
amplitude of the vibrations of the mi
operation in the full speed range and trong harmonics of the disturbing
moments, the work value of frigti ore than these parameters. This fact
can be attained by changing ¢ frlctlon surfaces with variable characteristics

of viscous friction and the
¢ torsional damper’s effective

ampers with adaptive characteristics for crankshafts of
engines are quite debatable. According to N. D. Chin, the standard

of the friction forces depends on the area of viscous friction and the amplitude of
ons of the motor masses. For the torsional damper's effective operation in the full
speed range and fundamental and strong harmonics of the disturbing moments, the work
alue of friction force should be more than these parameters. This fact can be attained by
clianging torsional dampers' friction surfaces with variable characteristics [13].

5 Conclusion

The torsional dampers’ design should be based on the crankshaft calculations for fundamental
and strong harmonics for all engine speed modes. Simultaneously, the vibration dampers’
design parameters should provide effective suppression of disturbing moments.
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We obtained a general trend in changing the characteristics of the torsion damper by
performing calculations for various engine operating modes. Based on these data, it is
possible to determine the operating modes of the control mechanism, which is the practical
significance of the research.

References

1. L. Bejan, V.F. Poterasu, Buletinul Institutului Politehnic. Bucuresti. Sec 5(3)
(1995)

2. Chao Chang-Po, Show SW, Lee Cheng-Tang, Transactions of ASME:
Mechanicas 1, 149-156 (1997)

3. N.D. Chin, Proc. IMechE Part K: J Multi-body Dyn 233, 327-3

V K. Chistyakov, Dynamics of Piston and Combined Intern:
(Mashinostroenie, Moscow, 1989)

5. F.Khaliullin, et.al, Engineering for Rural Developme
https://doi.org/10.22616/ERDev2020.19.TF263

6. F. Khaliullin, et.al, IOP Conference Series: Ea

7. F. Khaliullin, et.al, IOP Conference Series:
012041 (2021) https://doi.org/10.1088/1755-

8. F. Khaliullin, et.al, Engineering fop

10. Chao Chang-Po. Sho 1088 of ASME: Journal of appl. Mechanicas 1,
149-156 (1997)

11. C.A. Hafizov, ries: Earth and Environmental Science 96(1),

‘/10.1088/1755-1315/996/1/012031
12. F. i : ische Zeitschrift 3, 172—175 (1998)
13.

"//doi.org/10.1000¥278-3-030-99666-6_4


https://www.scopus.com/authid/detail.uri?authorId=57212190573
https://www.scopus.com/authid/detail.uri?authorId=57212190573#disabled
https://www.scopus.com/authid/detail.uri?authorId=57212190573
https://www.scopus.com/authid/detail.uri?authorId=57212190573
https://www.scopus.com/authid/detail.uri?authorId=57202644930



