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Abstract. The results of laboratory studies on the non-dismountable assessment of the technical condition of a model
torsional vibration damper conducted at the MTS testing center of the Astrakhan State Technical University are pre-
sented. The relevance lies in the practical application of the obtained research results for a non-dismountable assess-
ment of the technical condition of silicone dampers of marine diesel engines and improving the effectiveness of the
existing methodology. The assessment is proposed to be carried out using an in-depth analysis of the torsional oscilla-
tion function using wavelet analysis and window Fourier transform methods for dynamic modes of operation of a ma-
rine power plant with a rapid change in the rotational speed of the shaft line — start, set the rotational speed and stop.
These modes can be dangerous for marine propulsion systems, which is confirmed by a number of facts of shaft de-
struction and loss of propellers during start-up and reverse of the main power plant. As criteria for evaluating the tech-
nical condition of the damper are adopted both traditional ones (the magnitude of stresses in the shafts, the amplitude
and frequency of torsional vibrations) and the author's ones (the characteristics of the waveform analysis and win-
dowed Fourier transform methods of the torsional vibration function) as well as the magnitude of vibration along three
measuring axes. The data were obtained as a result of the use of the author's experimental samples of the torsional vi-
bration monitoring system and a measuring device based on accelerometers in research. As a result of the study, the
dependence of the voltage changes in the shafts, the frequency of vibrations, vibration and the characteristics of the
waveform of the wavelet analysis of the Morlet function and windowed Fourier transform diagrams of the torsional
vibration function on three simulated situations of the technical condition of the silicone damper — during silicone
leakage, flywheel mass sticking and normal operation.
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AHHoTanms. IIpuBoaaTcs pe3ynbTaThl JJAOOPATOPHBIX HCCIENOBAaHUK 1O 0e3pa300pHON OIEHKE TEXHHYECKOTO CO-
CTOSTHHS MOJETIBHOTO JeMIlepa KpYTHIIBHBIX KoJieOaHu, TPOBEACHHBIX B HCHBITaTeNbHOM eHTpe MTS ®I'BOY BO
«AcTpaxaHCKHil TOCYIapCTBEHHbIN TEXHUYECKOH YHUBEPCHTET». AKTYaJIbHOCTb 3aKJII0YAETCs B IIPAKTHYCCKOM IIPH-
MCHEHHH IOJTYYCHHBIX PE3YJIbTATOB UCCIENOBAHMS JUIsl 0e3pa300pHOH OIEHKH TEXHUYECKOTO COCTOSHHS CHIIMKOHO-
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Ship power plants and propulsion systems

BBIX AeMII()epOB CYIOBEIX Ju3eneil 1 MoBbIIIeHHs 3G QeKTHBHOCTH cyIecTByIomei MeToquku. OneHKy Ipeiaraercs
OCYIIECTBUTH IIPH IHOMOIIM TIIIyOOKOTO aHaiuu3a (YHKIUHM KPYTWIBHBIX KoJIeOaHMI MeToJaMu BeHBIeT-aHaIHM3a
U OKOHHOTO IpeobOpazoBanus Dypbe A JUHAMUYECKHX PEXHUMOB pabOTH CyJOBOH 3HEPreTUYECKOH yCTaHOBKH
¢ OBICTPBIM M3MEHEHHEM YacTOTHI BPAIIEHUs BaJOIPOBOJA — IyCK, HA0Op YaCTOTHI BPallleHHsI U OCTaHOBKA. [laHHEIE
PEXKUMBI MOT'YT OBITH OINACHBI JUISl CYAOBBIX MAIIMHHO-JBHXXUTEJIBHBIX KOMIUICKCOB, YTO IIOJTBEPIKIACTCS PSIOM
(bakTOB paspyIICHHs BaJOB M MOTEPH I'PEOHBIX BUHTOB IIPH MYCKE M PEBEpCe INIaBHON YHEPreTHUECKOIl yCTaHOBKH.
B kauecTBe KpUTEPUEB OLCHKH TEXHHMYECKOTO COCTOSHUA AeMIi(pepa MPUHATHI KaK TPaJUIHOHHbIC (BEMYNHA HATIPS-
KEHUH B BaJaX, aMIUIMTYJa U YacTOTa KPYyTHJIBHBIX KOJeOaHUH), TaKk U aBTOPCKUE (XapaKTep CKalorpaMMm BeifBieT-
aHanM3a U OKOHHOTO aHanu3a Pypbe) GyHKIUH KPYTHIBHBIX KOJIEOAHMH, a Takke BEJIMYMHA BUOPAIMHU IO TPEM H3-
MEPHUTEIBHBIM OCsM. JlaHHEBIE IOJyYeHBI B pe3yibTaTe UCIOIb30BAHUS B HCCIIEIOBAHHAX aBTOPCKUX IKCIICPHMEH-
TAJILHBIX 00pa3L0B CHCTEMBI MOHUTOPHHTA KPYTHIIBHEIX KOJIeO0aHUH U M3MEPUTENEHOT0 YyCTpOicTBa Ha 0ase akcerne-
pomeTpoB. B pesynbrare nccieqoBaHNs YCTAaHOBIICHA 3aBUCHMOCTh N3MEHEHUSI HANIPSDKEHUH B BaJIaX, YaCTOTHI KOJIe-
OaHuii, BHUOpanMu 1 XapakTepa CKalorpaMM BelBieT-aHann3a QyHKIud Mopie U quarpaMM OKOHHOTO Ipeo0pa3oBa-
HUs Dypbe GYHKIMU KPYTHIBHBIX KOJICOAHHI OT TPEX CMOACIHPOBAHHBIX CUTYALNH TEXHHYECKOTO COCTOSHHS CHIIH-
KOHOBOTO sieMIiepa — IPpU BBITEKAHUN CHIIMKOHA, 3aKJIMHKE MAaXOBOif Macchl 1 HOPMaJIbHON KCILTyaTallUH.

KiroueBble ci10Ba: KpyTHIbHBIE KOJIeOaHMUS, CHIMKOHOBEIN AeMiipep, 6e3pa30opHas AUarHOCTHKA, TEXHHYECKOE CO-
CTOSIHUE, CyJJ0Bast PHEPreTHYecKas yCTaHOBKA, CyJOBOM JH3ENb
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TEXHUYECKOTO COCTOSIHHSI MOJICJIBHOTO CHJIMKOHOBOTO JieMI(epa KpyTHIBHEIX KosiebaHU 1o pesynbraraMm jabopa-
TOPHBIX HccieoBaHuil // BecTHHK ACTpaxaHCKOTO TOCYJapCTBEHHOTO TEXHHUYECKOro yHHBepcurera. Cepus:
Mopckas TexHuka u TexHoiorms. 2024. Ne 4. C. 34-45. https://doi.org/10.24143/2073-1574-2024-4-34-45.
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Introduction

The most dangerous situation for the development
of torsional vibrations in marine propulsion systems is
a decrease in efficiency or failure of the dampers of the
main and auxiliary diesels. The failure of dampers can
lead to an increase in torsional vibrations and fatigue
failure of propeller and intermediate shafts, crankshafts
of diesel engines, elastic coupling materials [1-3].

A non-selective technique for assessing the tech-
nical condition has been developed for silicone damp-
ers [4, 5] and it involves measuring resonant stresses
and torsional vibration frequencies, the values of which
are compared with reference (calculated) values and
norms, according to the rules of classification societies —
the Russian Shipping Maritime Register (RSMR), the
Russian Classification Society (RCS) and foreign ones.
Thanks to this procedure, the residual life of the silicone
damper can be predicted, however, the value of the as-
signed resource has a share of probability, which is in-
dicated in the methodology and research of well-known
specialists [4-10] and this is due, among other things, to
a rather long period between control torsiographs — up
to 15 000 hours. Also, in cases of high operating time
of dampers — more than 60 000 hours, the accuracy
of assessing their technical condition will be of great
importance, therefore it makes sense to develop and
apply additional criteria, for example, a deep analysis
of torsiograms and the use of measurement of three-
axis vibration in the nose of a diesel engine.

When assessing the technical condition, an analysis
of the stresses and vibration frequency to which the
silicone damper is initially configured is performed —
that is, the parameters of the motor shape of torsional
vibrations. The rules of the RSMR [4] indicate that for
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propulsive power plants having a shaft line and/or an
elastic coupling of high malleability behind the engine
flywheel (when their malleability is 10 or more times
greater than the malleability of the crankshaft knee),
the motor shape practically coincides with the single-
node oscillation shape for the section of the rotating
mass system “damper — crankshaft — flywheel” with
the rest of the discarded part behind the flywheel of the
internal combustion engine.

Recently, the method of constant (or periodic after
short periods of time) monitoring of torsional vibrations
has been considered for practical application, which
allows measuring the actual values of voltages and sig-
naling excess of permissible norms, as well as avoiding
prolonged operation of the main power plant at danger-
ous resonant rotational frequencies. At the same time,
there is a question of using torsional vibration monitor-
ing systems to diagnose the technical condition
of dampers. The complexity of the operational determi-
nation of the technical condition of the damper directly
on board the vessel lies in the need for a detailed analy-
sis of torsiograms and a number of calculations, includ-
ing a harmonic analysis of the torsional vibration func-
tion using the Fourier transform. In this regard, the
question arises about the development of criteria that
can be determined quickly enough and taking into ac-
count the limited resources of the monitoring system to
form a diagnosis of the technical condition of dampers
based on the concept of “here and now”.

Setting the research task

The boundary conditions of the technical condition
of the silicone damper are: complete freedom of rotation
of the flywheel mass relative to the housing and fixing
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(locking) of the flywheel mass in the housing [6-11].

Complete freedom of rotation of the flywheel mass
relative to the body occurs due to the leakage of sili-
cone liquid from the damper due to non-tightness or
damage to the structure. The suspension of the fly-
wheel mass in the damper body occurs due to defor-
mation of its elements or the transition of a silicone
liquid into a gel substance with an increase in viscosi-
ty, for example, due to the accumulation of wear prod-
ucts from friction [6-11]. It is obvious that in this case
there is a change in the total moment of inertia of the
damper and, accordingly, a change in the parameters
of torsional vibrations and stresses arising in the ele-
ments of the machine-propulsion complex.

In this study, the task was set to find out the possi-
bility of indiscriminately determining the technical
condition of a model silicone damper based on meas-
urements made by experimental samples of a monitor-
ing system [12] and a measuring device based on mi-
croelectromechanical accelerometers [13] by repeated
experiments with controlled external influences (active
experiment).

A model torsional vibration damper and a laboratory
stand of the MTS Research Center of the FSBEI HE

“ASTU” were used as the object of research [10, 14].
Physical experiment, methods of mathematical sta-

tistics for processing measurement results and wavelet

analysis were used as research methods [15, 16].

Equipment and materials

The composition of the laboratory stand according
to Fig. 1 includes (numbering of the elements of the
stand begins with a damper to match the torsion
scheme): / — torsional vibration damper; 2 — direct cur-
rent electric motor; 3 — clutch No. 1; 4 — small flywheel
No. 1; 5 — shaft; 6 — large flywheel; 7 — clutch No. 2;
8 — direct current generator; 9 — small flywheel No. 2.
The laboratory stand simulates the operation of a marine
engine and propulsion complex with a medium-speed
diesel engine and direct transmission to a fixed-pitch
propeller. The direct current electric motor 2 simulates
the operation of a marine internal combustion engine
with the possibility of creating a torque of variable am-
plitude and with a different period of action. The pres-
ence of a shaft 5 with a large length and small diameter
and a large flywheel mass 6 provides high compliance
and a large moment of inertia in the torsional circuit
of the laboratory stand, respectively.

Fig. 1. General view of the laboratory stand MTS testing center

The direct current generator § simulates the opera-
tion of a propeller with the possibility of changing the
magnitude of the braking torque. The measurement
of torsional vibrations is possible using two small fly-
wheels with toothed rings 4 and 9 located at both ends
of the laboratory stand and one large measuring gear
of the flywheel 6. The presence of a long shaft 4 and
a large flywheel mass 6 allows stress measurement
using strain gauges.

To measure the stresses in the shaft of the laborato-
ry stand, an experimental sample of the monitoring
system was used, which was developed at the Depart-
ment of Operation of one Transport and Industrial
Fishing of the FSBEI HE “ASTU” (Fig. 2). The metro-
logical characteristics of the experimental sample of
the monitoring system and measuring device based on
microelectromechanical accelerometers were con-
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firmed by comparative tests conducted on the refer-
ence equipment of the Federal State Budgetary Institu-
tion “The State Regional Center for Standardization,
Metrology and Testing in the Astrakhan Region and
the Republic of Kalmykia”.

According to Fig. 2: I — load cell (Wheatstone
bridge with strain gauge resistors 2FKP5-400 manu-
factured by Sibtenzopribor); 2 — autonomous unit for
measuring load cells; 3 — wireless charging of the bat-
tery of the autonomous unit; 4 — central measuring
unit; 5 — shaft of the laboratory installation.

Before the measurements were carried out, the sys-
tem was calibrated on a beam of equal displacement
SM-25 and verified loads. The installation location
of the strain gauge platform was determined as a result
of calculating the laboratory stand for free torsional
vibrations and analyzing elastic moments [6, 17].
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Fig. 2. General view of the experimental sample of the torsional vibration monitoring system

An experimental sample of a device based on mi-
croelectromechanical accelerometers was installed on
the damper (Fig. 3). This made it possible to obtain the

magnitude of vibration along three measuring axes and
the angular amplitude of torsional vibrations.

Fig. 3. A general view of the prototype of a torsional vibration measurement device based
on microelectromechanical accelerometers

Experimental results

A series of experiments was carried out — at least
three repeated experiments for three states of the mod-
el torsional vibration damper:

1. Dry — without filling with silicone;

2. Stalled — with blocking of the flywheel mass;

3. Viscous — with filling the inner volume of the
damper with silicone liquid PMS-4000.

To generate a sufficient amount of experimental
data, measurements were carried out over several days
with repeated modeling of the technical condition
of the damper. The brand of silicone liquid PMS-4000
(with a viscosity value of 4000 cSt) was chosen based
on the research of Doctor of Technical Sciences, Pro-
fessor M. N. Pokusaev [10].

The operating mode of the laboratory stand was
provided according to the program “start — set of rota-
tion speed 375 rpm — stop”, but when processing the
results it was necessary to take into account the errors
that arose. For example, the results of stress measure-
ments when filling a damper with silicone PMS-4000
and conducting an experiment at different durations,
shown in Fig. 4, show the same trend, but the variation
in the magnitude of stresses is in a certain range. In
this case, using the maximum voltage in each of the
cycles may give erroneous results. To improve the
accuracy of the results, a statistical analysis of the ob-
tained data was performed for their maximum correla-
tion and further experiments with a short duration were
carried out.
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Stresses in the shaft when damper filling the PM5-4000

o

Stresses, MPa

Fig. 4. The results of tension measurements in the shaft of the laboratory stand when filling
the damper with silicone PMS-4000

In addition to identifying identical dependences
of stress development in the shaft of the laboratory
stand and removing incorrect results, an analysis was
carried out of the possibility of using traditional har-
monic analysis using the Fourier transform in this case.
Since the considered operating mode of the stand was
accompanied by a rapid increase in the rotational fre-
quency (within 30 s to 375 min ') and a sharp change in
torsional vibrations, it was decided to additionally use

wavelet analysis with the Morlaix function, which is
most suitable for analyzing torsional vibrations in such
situations according to research [18, 19].

As a result of using the Wolfram Mathematica
software product, scalograms were obtained, an exam-
ple of which is shown in Fig. 5. Figure 6 shows the
results of harmonic Fourier analysis to test the hypoth-
esis of its limited use in this case.

Fig. 5. Waveform analysis of the results of voltage measurements during filling
of the PMS-4000 model damper: a — 1st experience; b — 2nd experience; ¢ — 3rd experience

10: 10
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Fig. 6. Results of harmonic Fourier analysis when filling a model damper with silicone liquid:
a — 1st experience; b — 2nd experience; ¢ — 3rd experience

As can be seen from Fig. 5, the scalograms ob-
tained from the results of the 2nd and 3rd experiments

are identical and differ from the sialogram of the 1st
experiment. At the same time, Fig. 6 shows completely
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different results of harmonic analysis using the tradi-
tional Fourier transform for all three experiments. The
noted high value of the amplitude of the 1st harmonic
for all three experiments is a marker of the damper
revolutions and does not characterize the development
of torsional vibrations, i.e. it is a false harmonic caused

1} 1

by the beating of the damper body.

Due to the conducted wavelet analysis for experi-
ments with three states of a silicone damper, the most
identical experiments were identified and characteris-
tic types of scalograms were obtained, shown in Fig. 7.

Fig. 7. Scalograms of the wavelet analysis of the stress variation function in the shaft of the laboratory stand:
a — without silicone; b — the stalled flywheel mass; ¢ — with silicone PMS-4000

As can be seen from the data of the scalograms,
when the damper is filled with silicone, the greatest
response of the function with maximum stress ampli-
tudes (colored purple) is observed in a fairly narrow
section of the function, unlike graphs in the absence
of silicone and a stalled flywheel mass. This character-

izes the damping of the largest amplitudes with a sili-
cone damper and the equalization of the response at an
average level. Based on the results of the analysis, the
most likely graphs of stress development in the shaft
of the laboratory stand were obtained, depending on its
technical condition (Fig. 8).

Stresses in the stand shaft at different damper states

0,8

Streszes, MPa

— Withoutsilicone

—— The stalled flywheel mass

— With =silicone PME-8000 time, =

Fig. 8. Graphs of stress development in the shaft of the laboratory stand depending
on the technical condition of the damper

As can be seen from Fig. 8, the amplitudes and the
nature of the stress development graphs differ depend-
ing on the technical condition of the damper. The
analysis of the obtained tensograms was carried out
according to two parameters: the maximum voltage
occurring in the shaft and the average voltage in the

cycle. Based on the results of averaging the stress val-
ues in three experiments for each state of the damper,
Table 1 was obtained. The error in the magnitude
of the stresses for each of the three series of experi-
ments did not exceed 5%, which is a satisfactory con-
vergence in experimental work.

39

$159} AI0JBIOQR] JO S)[NSAI Y} UO

paseq odurep UOIIRIQIA [BUOISIO} QUODIIS [SPOU B JO UOTIPUOD [BITUYDI} ) JO SONSOUSBIP JRUIWILIOSIPU] *A Y ONUSYIRI( “JA JA ASYIRGIOD) “A "I OUSWIOUY “N ‘JA AdLSI 0



Iokycaes M. H., Xomenko T. B., 'opbaueB M. M., [lpsiuerko A. B. be3pa3bophas quarHocTHKa TEXHHYECKOTO COCTOSHUS MOJICIIBHOTO CHIIMKOHOBOTO AemIidepa

KPYTHIIBHBIX KOJICOaHMII [0 Pe3yIbTaTaM JTab0paTOPHBIX HCCIIEIOBAHMUI

Becmuuk Acmpaxancxozo zocydapcmeelmozo MEXHUUECKO20 yHusepcumema.

Cepusa: Mopckas mexnuka u mexnonozus. 2024. No 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)

Cyoosvle sHepeemuyecKkue YCMaHo8KU U MAUUHHO-08UNCUMENbHbIE KOMIIEKCbL

Table 1

The results of the analysis of tensograms with changes in the technical condition of the model silicone damper

The condition Maximum Change maximum stresses relative ?t:Z:sa;gse Thrifz?t?:eg:olrtlhiv:t;ig‘;vsittfss
. _ ° y
of the damper stresses, MPa to the state with PMS-4000, % MPa PMS-4000, %
With silicone
PMS-4000 0.490 0 0.14 0
Without silicone 0.705 +43.88 0.17 +21.43
The stalled 0.595 +21.43 0.15 +7.14
flywheel mass

As can be seen from Table 1, if we consider the
full filling of cavities with silicone PMS-4000 as the
normal technical condition of the damper, then in its
absence there is an increase in maximum stresses by
43.9% and average stresses by 21.4%, which makes it
possible to clearly identify the deterioration of the
technical condition of the damper during operational
measurements by the monitoring system. For the con-
dition of a damper with a stalled flywheel mass, there
is a not so significant increase in stresses — by 21.4%,
and by 7.14% on average, which requires the use
of additional criteria, for example, the frequency
of torsional vibrations or conducting an in-depth anal-
ysis based on data transmitted to the technical service
of the shipowner or the company servicing the moni-
toring system. In general, for a model damper and un-
der the conditions of the experiment, it was found that
the loss of silicone liquid in torsional vibration damp-
ers is more dangerous than the loss of its flywheel
mass. The authors suggest that the absence of silicone
will lead to an increase not only in torsional vibrations,
but also axial ones, as well as to the beating of the
flywheel mass against the lid and possible damage to

5000 10000 15000 20000 25000 30000 5000 10000

a
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the damper housing. In the experiment with the ab-
sence of silicone, the authors observed periodic me-
chanical knocking, which may give another diagnostic
sign of an unsatisfactory technical condition of a sili-
cone or spring damper. This is an important conclu-
sion, since the change in the magnitude and degree
of danger of torsional vibrations during the operation
of marine diesel engines is most often recommended to
be assessed using purely subjective methods. These
include increased noise, the appearance of knocks,
increased vibration of the diesel engine and they can
be ignored or even misinterpreted by ship mechanics.
This leads to the need to implement torsional vibration
monitoring using special systems that can generate
alarms and issue diagnostic prescriptions for specific
actions by a mechanic to avoid accidents.

Based on the results of measuring the magnitude
of torsional vibrations using an experimental sample
of a device based on microelectromechanical accel-
erometers and the use of the Wolfram Mathematica
software product, the scalograms shown in Fig. 9 were
obtained.

‘\ 12 f‘

20000 25000 10000 15000 20000 25000 30000

c

Fig. 9. Waveform analysis of the accelerometer measurement results when filling the model damper with silicone:
a — st experience; b — 2nd experience; ¢ — 3rd experience

The data of the scalogram on vibration measure-
ments along the transverse X axis of the accelerometer
(which characterize torsional vibrations) confirm the
identity of the experiment, however, some deviations
can also be noted, which are associated with errors in
the conditions of the experiment and the processing
of its results.
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Figure 10 shows the results of the obtained torsion-
al oscillation function using short-term (window) Fou-
rier analysis (STFT), which differs from the traditional
Fourier transform. The STFT method splits the signal
into short sections (blocks) and applies the Fourier
transform to each block, which allows analyzing the
spectral characteristics of the signal at different points
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in time. This is applicable when the signal changes
over time, for example, in non-stationary processes or
in the case of temporary changes in the frequency
components of the signal, as in this experiment. Such
a conversion can be used in this case, since the sam-

pling frequency of the signal by the device is quite
high, the amount of data received per minute exceeds
25 000. The minimum sampling rate at which the ade-
quacy of the Fourier transform is maintained is the
subject of further research.

a b

3000

c

Fig. 10. The results of a short-term Fourier analysis when filling a model damper with silicone:
a — 1st experience; b — 2nd experience; ¢ — 3rd experience

Figure 10 shows the overlap of blocks of 10 values —
25 values each. Changing the sizes of blocks and over-
laps also provide an understanding of the identity
of the analyzed data. Thanks to the conducted Fourier

3000

a b

window analysis for experiments with three states
of a silicone damper, the graphs shown in Fig. 11 were
obtained.

4

Fig. 11. Typical scalograms of the wavelet analysis of the function of measuring angular displacements
of the damper body: a — without silicone; b — the stalled flywheel mass; ¢ — with silicone PMS-4000

As a result, there was a significant decrease in am-
plitudes when using silicone liquid, as well as a change
in the shape of the scalograms. Further, the authors
calculated the dependences of the angular magnitude
of torsional vibrations on the time of the experiment

1 1

2

3

a b

N O
u 31
5 10 15 20 5 10 15

and on the rotation frequency.

Due to the conducted wavelet analysis for experi-
ments with three states of the damper, the most identi-
cal and characteristic types of scalograms were identi-
fied and obtained, shown in Fig. 12.

1

‘.
j |
2 > 5 10 15 20 25 30

4

Fig. 12. Typical wavelet scalograms of the function of measuring angular displacements of the damper body:
a — without silicone; b — the stalled flywheel mass; ¢ — with silicone PMS-4000
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The scalograms indicate a change in the gradient,
contrast, and density intensity when the technical con-
dition of the damper changes. The data obtained con-
firm the identity of the results obtained using the
monitoring system.

Based on the results of the experiment, graphs
of the development of the amplitudes of torsional vi-

0.4

0.35

Amplitudes of torsional vibrations, degrees

—

—

0 10 20

= Without silicone
With silicone PMS-4000

N-’(/j_/‘{__’j X 1

brations of the body of the model damper, depending
on its technical condition, were obtained.

As can be seen from Fig. 13 the amplitudes and the
nature of the graphs differ depending on the technical
condition of the damper. The graphs were analyzed
according to two parameters: maximum and average
amplitudes (Table 2).

30 40 50 time,s 60

=== The stalled flywheel mass

Fig. 13. Graphs of the development of torsional vibrations depending on the technical condition of the damper

Table 2
The amplitudes of torsional vibrations depending on the technical condition of the model silicone damper
o Maximum amplitudes Change in max. Average values | Changing environments.
The condition . . . . .
of the damper of angular amplitudes relative of amplitudes, amplitudes relative
P magnitudes, degrees to PMS-4000, % degrees to PMS-4000, %

With silicone
PMS-4000 0.117 0 0.029 0
Without silicone 0.342 +192.31 0.056 +93.10
The stalled 0.192 +64.10 0.044 +51.72
flywheel mass

Conclusion

As a result of the conducted research, the following
main conclusions can be drawn and recommendations
for further research can be made:

1. Torsional vibration monitoring systems can pro-
vide constant or periodic monitoring of stresses occur-
ring in the elements of propulsion systems with the
formation of alarms about exceeding permissible val-
ues, which will reduce the risks of accidents.

2. Degradation of silicone dampers leads to chang-
es in maximum and average voltages, which can be
used as criteria for assessing its technical condition in
automated mode using a monitoring system and form-
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ing appropriate actions of ship mechanics — from
switching to another operating mode and up to stop-
ping the diesel engine.

3. With the loss of silicone fluid and emptying
of the damper cavities, an increase in maximum stress-
es by 43.88% and average stresses by 21.43% is ob-
served, which makes it possible to identify this change
in the technical condition of the damper. At the same
time, the increase in the maximum angular amplitudes
of torsional vibrations on the damper body was 192%,
and the average 93.1%.

4. With an increase in the viscosity of the silicone
liquid up to the fixing of the flywheel mass with the
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body, the stress increase is not so significant and for
maximum stresses is 21.43%, and the average is 7.14%,
and clear identification in the operational measurement
mode may be difficult. At the same time, the increase in
the maximum angular amplitudes of torsional vibra-
tions on the damper body was 64.1%, and the average
51.72%.

5. For a clearer identification of the state of the sil-
icone damper of torsional vibrations, it is possible to
develop a methodology for studying the scalograms
obtained from the results of wavelet analysis, which
requires conducting studies of torsiograms of real ma-
rine diesels with different operating hours of dampers
and their technical condition. For this study, it is
planned to use the experience and databases of the

MTS Research Center, obtained since 2004.

6. The use of a device based on microelectrome-
chanical accelerometers can provide an opportunity to
assess the technical condition of the damper based on
the results of wavelet analysis or short-term (window)
Fourier analysis.

7. The reliability of the data obtained is confirmed
by previously conducted studies obtained by the au-
thors with the help of trusted equipment — the Astech
Electronics strain gauge complex and the Ecophysics-
110A spectrum analyzer vibrometer, which are used
by specialists of the MTS Research Center of the
FBSEI HE “ASTU” when carrying out real measure-
ments on ships.

References

1. Final Report. Marine inquiry MO-2013-203 DEV
Aratere, fracture of starboard propel-ler shaft resulting in
loss of starboard propeller Cook Strait, 5 November 2013.
Transport Accident Investigation Commission, 2016. 80 p.

2. Feese T., Hill C. Guidelines for preventing torsional
Vibration Problems in reciprocating Machinery. Engineer-
ing Dynamics Incorporated, 2002. 48 p.

3. Khudiakov S. A. Vibrostoikost' i konstruirovanie up-
rugikh sistem sudovykh energeticheskikh ustanovok: avtoref.
dis. ... d-ra tekhn. nauk [Vibration resistance and design
of elastic systems of marine power plants: abstract dis. ...
Doctor of Technical Sciences]. Vladivostok, 2015. 49 p.

4. Prilozheniia k rukovodstvu po tekhnicheskomu na-
bliudeniiu za sudami v ekspluatatsii [Appendices to the
manual on technical supervision of ships in operation]. Ros-
siiskii morskoi registr sudokhodstva. Saint Petersburg,
Izd-vo RMRS, 2022. 411 p.

5. Rukovodstvo R.043-2016. Otsenka rabotosposobnos-
ti silikonovykh dempferov krutil'nykh kolebanii sudovykh
dvigatelei vnutrennego sgoraniia [Manual R.043-2016.
Evaluation of the performance of silicone torsional vibration
dampers of marine internal combustion engines]. Rossiiskoe
klassifikatsionnoe obshchestvo. Moscow, Izd-vo RKO,
2016. 66 p.

6. Efremov L. V. Teoriia i praktika issledovaniia kru-
til'nykh kolebanii silovykh ustanovok s primeneniem komp'i-
uternykh tekhnologii [Theory and practice of studying tor-
sional vibrations of power plants using computer technolo-
gy]. Saint Petersburg, Nauka Publ., 2007. 276 p.

7. Rodin P. T. Diagnostika dempferov [Diagnosis
of dampers]. Sudokhodstvo, 1998, no. 10, pp. 70-71.

8. Rodin P. T. Ekspluatatsiia silikonovykh dempferov
krutil'nykh  kolebanii  valoprovodov  sudovykh dizelei:
uchebnoe posobie [Operation of silicone dampers of torsion-
al vibrations of marine diesel pipelines: a textbook]. Mos-
cow, TsRIA «Morflot», 1980. 41 p.

9. Vikulov S. V. Diagnostika kolenchatogo vala su-
dovogo dizelia po parametram krutilnykh kolebanii [Diag-
nostics of the crankshaft of a marine diesel engine according
to the parameters of torsional vibrations]. Polzunovskii vest-
nik, 2013, no. 4/3, pp. 146-150.

10. Pokusaev M. N. Dempfirovanie krutil'nykh kolebanii
v valakh sudovykh dizelei: modelirovanie, eksperimental'nye
i naturnye issledovaniia: dis. ... d-ra tekhn. nauk [Damping

43

of torsional vibrations in the shafts of marine diesel engines:
modeling, experimental and field studies: dis. ... Doctor
of Technical Sciences]. Astrakhan', 2005. 346 p.

11. AVM Diesel. Sales & Service of Hasse & Wrede,
2015.2p.

12. Pokusaev M. N., Gorbachev M. M. Rezul'taty
ispytanii eksperimental'nogo obraztsa sistemy monitoringa
krutil'nykh kolebanii v sudovykh usloviiakh [Test results
of an experimental sample of a torsional vibration monitor-
ing system under ship conditions]. Materialy 67-i Mezhdu-
narodnoi nauchnoi konferentsii Astrakhanskogo gosudar-
stvennogo tekhnicheskogo universiteta (Astrakhan', 29-31
maia 2023 g.). Astrakhan', Izd-vo AGTU, 2023. Pp. 588-
591. 1 CD-disk. Available at: http://www.astu.org/Content/
Page/5833 (accessed: 21.03.2024). Ne gosudarstvennoi regis-
tratsii 0322400207.

13. Gorbachev M. M., D'iachenko A. V., Konishchev D. G.,
Kokuev A. G. Sravnitel'naia otsenka primeneniia mikro-
elektromekhanicheskikh akselerometrov dlia izmereniia
krutil'nykh kolebanii sudovykh mashinno-dvizhitel'nykh kom-
pleksov [Comparative assessment of the use of microelectro-
mechanical accelerometers for measuring torsional vibrations
of marine propulsion systems]. Vestnik Astrakhanskogo gosu-
darstvennogo tekhnicheskogo universiteta. Seriia: Morskaia
tekhnika i tekhnologiia, 2024, no. 1, pp. 95-103.

14. Gorbachev M. M., Pokusaev M. N., Sibriaev K. O.
Sravnitel'nye ispytaniia model'nogo dempfera krutil'nykh
kolebanii pri ispol'zovanii razlichnykh vidov napolnitelei
[Comparative tests of a model torsional vibration damper
using various types of fillers]. Transportnoe delo Rossii,
2016, no. 3, pp. 102-104.

15. Abdel' R., Urozhaev A. V. Issledovanie nestatsi-
onarnykh dinamicheskikh protsessov pri pomoshchi veivlet-
analiza [Investigation of nonstationary dynamic processes
using wavelet analysis]. Stroitel'naia mekhanika i raschet
sooruzhenii, 2012, no. 4. Available at: https://cyberleninka.ru/
article/n/issledovanie-nestatsionarnyh-dinamicheskih-protsess
ov-pri-pomoschi-veyvlet-analiza/viewer (accessed: 26.03.2024).

16. Konysheva V. Iu., Maksimov N. A., Sharonov A. V.
Veivlet-analiz v zadachakh kontrolia i diagnostiki lineinykh
dinamicheskikh sistem [Wavelet analysis in problems of control
and diagnostics of linear dynamic systems). 7rudy Moskovskogo
aviatsionnogo instituta. Available at: https://cyberleninka.ru/
article/n/veyvlet-analiz-v-zadachah-kontrolya-i-diagnostiki-lin

$159) A1038I0qR] JO S)NSAI S} UO

paseq Joduwep UOBIqIA [BUOISIO) SUODI[IS [9POU B JO UOTIPUOD [BIIUYD) SY} JO SONSOUTLIP JBUILIISIPU] *A "V ONUSYIRI( “JA ‘] ASYOBQIOD) “ A “ I, ONUSWOYS] “N ‘JA AdeS{0d



Iokycaes M. H., Xomenko T. B., TopbaueB M. M., Ipsiuerko A. B. Be3pa30opHas qMarHOCTHKA TEXHUYECKOTO COCTOSHUS MOJIEIBHOTO CHIIMKOHOBOTO JieMIidepa

KPYTHIJIBHBIX KOJICOaHMH 10 pe3yJbTaTaM JIabOpaTOPHBIX MCCIIC0BAHHI

Becmnux Acmpaxancxozo zocydapcmeennozo MEeXHU1YeCcKo20 ynusepcumema.

Cepusn: Mopckas mexuuka u mexuonozus. 2024. No 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)

Cydoeble JdHepeemudecKue yCmaHoeKUu U MAUWUHHO-08UNCUMEIbHBLE KOMNJLEKCbL

eynyh-dinamicheskih-sistem/viewer (accessed: 20.03.2024).

17. Istomin P. A. Krutil'nye kolebaniia v sudovykh DVS
[Torsional vibrations in marine internal combustion en-
gines]. Leningrad, Sudostroenie Publ., 1968. 303 p.

18. Glushkov S. P., Glushkov S. S., Kochergin V. L,
Lebedev B. O. Analiz dinamicheskikh kharakteristik kru-
til'no-kolebatel'nykh sistem sudovykh energeticheskikh usta-
novok [Analysis of dynamic characteristics of torsional-
oscillatory systems of marine power plants]. Morskie intel-

lektual'nye tekhnologii, 2018, no. 2 (40), pp. 59-66.

19. Glushkov S. P., Glushkov S. S., Sigimov V. L
Veivlet-funktsii Morleta v issledovanii peremennykh sostav-
liaiushchikh krutiashchego momenta dvigatelei vnutrennego
sgoraniia [Morlet wavelet functions in the study of variable
torque components of internal combustion engines]. Vestnik
Sibirskogo gosudarstvennogo universiteta putei soobshche-

niia, 2016, no. 2 (37), pp. 45-51.

CnucoK HCTOYHUKOB

1. Final Report. Marine inquiry MO-2013-203 DEV
Aratere, fracture of starboard propeller shaft resulting in loss
of starboard propeller Cook Strait, 5 November 2013.
Transport Accident Investigation Commission, 2016. 80 p.

2. Feese T., Hill C. Guidelines for preventing torsional
Vibration Problems in reciprocating Machinery. Engineering
Dynamics Incorporated, 2002. 48 p.

3. XyamsxoB C. A. BuOpocTOWKOCTE M KOHCTPYHPOBA-
HHE YNPYTUX CHCTEM CYJOBBIX HEPTeTHYECKHX yCTAHOBOK:
aBTOped. Iuc. ... O-pa TexH. HayK. Bnagusoctok, 2015. 49 c.

4. TlpunoxeHWss K PYKOBOJACTBY IO TEXHUYECKOMY
HaOJIIOZICHUIO 3a CylaMu B SKcIutyartaruy / Poccuiickuii Mop-
ckoi peructp cynoxoacrsa. CII6.: U3a-8o PMPC, 2022. 411 c.

5. PykoBoxctBo P.043-2016. Onenka paboTocrnocoOHO-
CTH CHJIMKOHOBBIX JIeMII()epOB KPYTHIIBHBIX KOJeOaHui CyI0-
BBIX JIBUTaTelell BHyTpeHHero cropanus / Poc. xiaccudukar.
0-B0. M.: U3n-Bo PKO, 2016. 66 c.

6. Edpemon JI. B. Teopust u mpakTuka McCIeJOBaHUSA
KPYTHJIBHBIX KOJICOAHUH CHIIOBBIX YCTAaHOBOK C IIPHMEHCHHU-
eM KOMIBIoTepHBIX TexHosorui. CII16.: Hayka, 2007. 276 c.

7. Pomun II. T. InarHoctuka nemmndepos / Cymnoxon-
ctBo. 1998. Ne 10. C. 70-71.

8. Pommn II. T. DkcrmyaTanusi CUIMKOHOBBIX AeMIde-
POB KPYTHJIBHBIX KOJe0aHUH BaJOIPOBOJOB CYHOBBIX JIH3€-
neit: yue6. mocobue. M.: LIPUA «MopdnoT», 1980. 41 c.

9. Bukynos C. B. /luarHocTrKa KOJICHYaTOro Bania Cy-
JIOBOTO IM3€Nsl 10 MmapaMmeTpaM KpYTHIBHBIX KojeOaHuit //
Tlonzynos. BecTH. 2013. Ne 4/3. C. 146-150.

10. IToxycaes M. H. JlemndupoBanue KpyTHIBHBIX KO-
nebaHuH B BajJax CyJIOBBIX JIu3eJed: MOAEIUPOBAHUE, IKC-
MEePUMEHTANbHBIE U HATYpHBIE UCCIEAOBAHMA: AUC. ... O-Pa
TeXH. HayK. AcTpaxaHb, 2005. 346 c.

11. AVM Diesel. Sales & Service of Hasse & Wrede,
2015.2 p.

12. IToxycae M. H., I'opbaueB M. M. Pesynprarsr uc-
MBITAHUH SKCIEPHMEHTAIBHOTO 00pa3a CUCTEMbl MOHHUTO-
pHUHTa KPYTHJIBHBIX KOJICOAHUH B CyJOBBIX yclIoBusAX // Ma-
Tepuansl 67-if MexayHap. Hayd. KoH($. AcTpaxaH. roc.
TexH. yH-Ta (Acrtpaxasp, 29-31 mas 2023 r.). AcTpaxaHb:

Wza-eo AI'TY, 2023. C. 588-591. 1 CD-muck. URL:
http://www.astu.org/Content/Page/5833 (mara oOpammenus:
21.03.2024). Ne roc. perucrpanuu 0322400207.

13. I'opbaueB M. M., [Ipsiuenko A. B., Konmmes . I'.,
Koxkyes A. I'. CpaBHuTENbHAS OLICHKA MPUMEHEHUS] MUKPO-
JJIEKTPOMEXAHWYECKHX aKCEeIePOMETPOB IS H3MEpEHHS
KPYTWJIBHBIX KOJICOAHUH CYIOBBIX MAIIMHHO-BHXHUTEIBHBIX
KomIiekcoB // BectH. AcrtpaxaH. roc. TexH. yH-Ta. Cep.:
Mopckas Texanka u TexHonorus. 2024. Ne 1. C. 95-103.

14. I'opbaue M. M., Ilokycaes M. H., Cubpses K. O.
CpaBHHTEIBHBIC HCHBITAaHUS MOZENBHOTO JeMidepa Kpy-
TWIBHBIX KOJEOAHWH IIPH HCIOJIL30BAHUM  Pa3JIMYHBIX
BuoB HamonHuteneil // Tpancn. memo Poccum. 2016. Ne 3.
C. 102-104.

15. Abnens P., YpokaeB A. B. HccnenoBanne Hecrammo-
HapHBIX JMHAMUYECKUX IIPOLIECCOB NPH IIOMOIIM BEHBIET-
ananmm3a / CTpoUT. MeXaHHKa U pacueTr coopyxeHui. 2012. Ne 4.
https://cyberleninka.ru/article/n/issledovanie-nestatsionarnyh-
dinamicheskih-protsessov-pri-pomoschi-veyvlet-analiza/view
er (nara obpamienus: 26.03.2024).

16. Konsimena B. 10., Makcumos H. A., llaponos A. B.
BeiiBner-ananus B 3a7a4ax KOHTPOJIA M TMarHOCTUKHU JIMHEH-
HBIX JUHaMu4deckux cucreM // Tp. Mock. aBuan. un-ta. URL:
https://cyberleninka.ru/article/n/veyvlet-analiz-v-zadachah-kon
trolya-i-diagnostiki-lineynyh-dinamicheskih-sistem/viewer (nara
obpamenust: 20.03.2024).

17. UcromuH I1. A. KpyTuibHbie konae0aHus B CyZOBBIX
JABC. JL.: Cynoctpoenue, 1968. 303 c.

18. I'mymkos C. II., I'mymkos C. C., Koueprun B. 1.,
Jle6enes b. O. AHann3 HUHAMHYECKHX XapaKTEPUCTUK Kpy-
THIIBHO-KOJIE0ATEIbHBIX CHCTEM CYJIOBBIX SHEPTeTHYECKHX
ycTaHoBOK // Mop. wuHTemekTyan. TtexHomornn. 2018.
Ne 2 (40). C. 59-66.

19. I'mymkos C. II., T'mymxos C. C., Curumos B. H.
BeiiBner-pyaxkunn Mopiera B MCCIEIOBAaHUN NEPEMEHHBIX
COCTaBIISIONINX KPYTSIIETO MOMEHTAa ABUTATeNeil BHYTPEH-
Hero cropanus // Bectn. Cubup. roc. yH-Ta myTeid cooOiie-
Hus. 2016. Ne 2 (37). C. 45-51.

The article was submitted 01.04.2024; approved after reviewing 23.09.2024; accepted for publication 08.10.2024
Cratest noctynmia B pegakuuio 01.04.2024; ono6pena nocne penensuposanus 23.09.2024; npunsra k myonukanuu 08.10.2024

Information about the authors / Undopmanust 00 aBTopax

Mikhail N. Pokusaev — Doctor of Technical Sciences, Pro-
fessor; Head of the Department of Operation of Water
Transport and Industrial Fishing; Astrakhan State Technical
University; evt@astu.org

44

Muxaun Hukonaeeuu IloKycaeg — noxtop TEXHHYECKAX
HayK, mpodeccop; 3aBeAyromHi Kadenpol SKCIUTyaTalud
BOJHOTO TPAHCIIOPTA M IPOMBIIIIEHHOTO PBIOOTIOBCTBA;
AcTpaxaHCKUI roCy/1apCTBEHHBIN TeXHUYECKUH YHUBEPCUTET;
evt@astu.org



Vestnik of Astrakhan State Technical University.

Series: Marine engineering and technologies. 2024. N. 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)

Ship power plants and propulsion systems

Tatyana V. Khomenko — Doctor of Technical Sciences,
Professor; Head of the Department of Automated Control and
Data Processing Systems; Astrakhan State Technical Universi-
ty; t_v_khomenko@mail.ru

Maksim M. Gorbachev — Candidate of Technical Scienc-
es, Assistant Professor; Assistant Professor of the Depart-
ment of Operation of Water Transport and Industrial Fishing;
Astrakhan State Technical University; max9999 9@mail.ru

Artem V. Diachenko — Applicant for Candidate degree
of the Department of Operation of Water Transport and Indus-

Tamvana Bnaoumupoena Xomenko — noxrop texHude-
CKHX HayK, Ipogeccop; 3aBeyroNIuii kadeapoil aBToMaTH3HU-
POBaHHBIX cHcTeM 00pabOTKH MHGOPMalWH WM YIPaBICHHS;
AcCTpaxaHCKUI rocy1apCTBCHHBIN TEXHUYECKUH YHUBEPCUTET;
t v_khomenko@mail.ru

Maxcum Muxaitnosuu I'opbauee — xaununar Texuude-
CKHUX HayK, JOIIEHT; JOIEHT KadeIphl SKCIITyaTallll BOJHO-
ro TpaHCHOPTa W TPOMBIIIIEHHOTO PBHIOOIOBCTBA; AcTpa-
XaHCKMM TOCY/JapCTBEHHBIM TEXHMUYECKUH YHUBEPCUTET;
max9999 9@mail.ru

Apmem Bnaoucnaeosuu /Joauenxo — conckarens xaden-
PBI 3KCILTyaTalyd BOJHOTO TPAHCIOPTAa W NPOMBIIIJICHHOTO

trial ~ Fishing; Astrakhan State Technical University;  ppiGonoBcTBa; ACTpaxaHCKuii TOCYJapCTBEHHBIA TEXHHYE-
sadwyn1997@gmail.com ckuii yHuBepcuteT; sadwynl997@gmail.com
— B S—

45

$159} AI0JBIOQR] JO S)[NSAI Y} UO

paseq odurep UOIIRIQIA [BUOISIO} QUODIIS [SPOU B JO UOTIPUOD [BITUYDI} ) JO SONSOUSBIP JRUIWILIOSIPU] *A Y ONUSYIRI( “JA JA ASYIRGIOD) “A "I OUSWIOUY “N ‘JA AdLSI 0



