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Abstract. The torsional vibration damper of a marine diesel engine is investigated in connection with the development
of a digital double of the damper. The development of a digital twin of the torsional vibration damper of a marine diesel
engine is carried out using data received from the monitoring system. The rules of classification societies, scientific and
technical literature in the field of torsional vibrations and the authors' own research were used. A structural model of the
digital twin was obtained with the testing of its functionality on the damper of the torsional oscillations of the main engine
MAN B&W 8L27/38 of the vessel of the Turcas project. Conclusions are drawn about the possibility of developing a dig-
ital twin of the torsional vibration damper of marine diesel engines and using it to assess the technical condition and pur-
pose of the residual life of the damper. The use of a digital twin made it possible to assess the degree of change in the
technical condition and residual life for the torsional vibration damper of the main engine of the MAN B&W 8L27/38
vessel of the Turcas project. As a result of monitoring of the cruise oscillations for the engine-propulsion complex of the
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Keywords: marine propulsion systems, torsional vibrations, monitoring system, technical diagnostics, torsional vibra-
tion damper, digital twin

For citation: Gorbachev M. M., Pokusaev M. N., Rudenko M. F. Development of a digital twin of a marine diesel en-
gine torsional vibration damper using a monitoring system. Vestnik of Astrakhan State Technical University. Series:
Marine engineering and technologies. 2023;4:62-71. (In Russ.). https://doi.org/10.24143/2073-1574-2023-4-62-71.
EDN LDLHFQ.

Hayunas crates
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AnHoTanms. Mccnenyercs aemndep KpyTWIBHBIX KOJCOaHHH CyZOBOTO AM3ENS B CBSI3HM € pa3paboTKoW 1udpoBOro
nBoitHuka aemmndepa. Pazpaborka undpoBoro aBoiiHKMKa AeMmidepa KPYTHIbHBIX KOIeOaHHH CYIOBOTrO IH3EINs Mpo-
H3BOJUTCS TIPH ITOMOIIY JAHHBIX, IOJYYECHHBIX OT CHCTEMbl MOHUTOpUHTA. VICIIOIb30BaHbI paBmiIa KiIacCH(UKAI-
OHHBIX OOIIECTB, HAyIHO-TEXHUYECKasl JINTepaTypa B 00JacTH KPYTWIBHBIX KoyeOaHMi 1 COOCTBEHHBIC HCCIE0Ba-
HUs aBTOpOB. [Tomydena cTpykTypHas Mozelb MI(POBOro JBOMHUKA C OTPaOOTKOH ero (GyHKIMOHAIBHBIX BO3MOXK-
HOCTel Ha Jemidepe KpyTHIBHBIX KoneOaumii rinaBHoro asuratenss MAN B&W 8L27/38 cymma mpoexra Turcas.
CrenaHbl BBIBOABI O BO3MOKHOCTH pa3paboTku 1udpoBoro nBoiHMKA AeMmIdepa KPYTHIBHBIX KOJeOaHUN CYDOBBIX
JM3eNell 1 MPUMEHEHHUs ero JUI OLEHKH TEXHMYECKOr'O COCTOSHHMS M Ha3HA4YeHMS OCTATOYHOro pecypca nemmdepa.
ITpumenenne nudpoBoro ABOWHMUKA MO3BOJIMIIO OLEHUTh CTENIEHb U3MEHEHHS TEXHUUECKOTO COCTOSIHUS U OCTaTOUHO-
ro pecypca st feMidepa KpyTHIbHBIX Kostebanuii riasaoro asurarenss MAN B&W 81L.27/38 cynna mpoekra Turcas.
B wurore mpoBeneHMs] MOHHUTOPHHIA KPYTHJIBHBIX KOJEOAHMI JUIS MaIIMHHO-IBHKUTEIFHOTO KOMIUIEKCAa TaHKepa
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Introduction

The development of diagnostic systems has led to
the possibility of monitoring the technical condition
of not only the main units of marine power plants —
main engines and diesel generators, but also their indi-
vidual important components — fuel equipment, gear-
boxes, torsional vibration (TV) dampers, turbochargers
and others. The importance of the reliability of moni-
toring the technical condition of dampers is confirmed
by the storage of cases of damage to the crankshafts,
intermediate and propeller shafts of marine propulsion
systems (MPS) due to the development of dangerous
TV. Currently, a separate direction in technical diag-
nostics has appeared in science and technology — the
development of digital twins, which are formed by
creating an exact virtual copy of the design and behav-
ior model of real objects as part of power plants. The
development of digital twins is ensured by an increase
in the number of sensors and recording devices that
monitor the parameters of real objects and the possibil-
ity of modern means of communication for data trans-
mission to digital networks. This makes it possible to
obtain not just a computer model of the device, but
also to perform technical diagnostics in real time, pre-
dict the development of various situations or simulate
the occurrence of accidents with complex and expen-
sive installations, including ship installations.

Currently, the technical condition of TV dampers is
determined by collapsible and non-collapsible methods
based on a regulatory approach. If we talk about the
concept of technical diagnostics “in fact”, then a digi-
tal twin can serve as a necessary tool for assigning
a residual resource or a qualitative assessment of the
condition of a real object based on monitoring its pa-
rameters. This will avoid unnecessary costs for routine
maintenance, if the technical condition of the damper
meets the required standards. At the same time, the
introduction of an approach to assessing the technical
condition “in fact” requires the availability of adequate
mathematical models, as well as software and hard-
ware complexes that allow solving the task.

The relevance of the development of a digital
twin of a torsional vibration damper

In fact, monitoring of changes in the technical con-
dition of the elements of the ship’s MPS from the ef-
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fects of TV using non-selective methods is currently
possible only for silicone dampers. This is explained
by the availability of an appropriate methodology de-
veloped by L. V. Efremov [1] and approved by the
classification societies - the Russian Maritime Register
of Shipping (RMRS) [2], the Russian Classification
Society (RCS) [3]. The presence of a large number
of data obtained from the TV monitoring system and
the possibility of their transmission to a remote com-
puter, allow us to talk about the prospect of developing
a digital twin of the TV damper. The digital twin, thus,
can be a tool for implementing the concept of mainte-
nance of the damper according to the actual condition,
which will reduce the costs of the shipowner and the
risks of accidents in comparison with maintenance
according to the regulations. According to SS
57700.37-2021 Computer models and modeling. Digi-
tal product binaries. General provisions [4] the intro-
duction of digital twins technology at the stage
of product operation will make it possible to make
informed decisions about the maintenance and repair
of the product. Therefore, the concept of “digital twin”
(in our opinion) can be fully applied to the TV damp-
ers of marine diesel engines. In practical terms, this
allows the technical service of the shipowner to deter-
mine the probable residual life of the damper, as well
as to draw conclusions about the deviation of its tech-
nical condition from normal. Also, the digital twin will
allow you to indicate the probable cause of such a de-
viation — the leakage of silicone liquid or the blade
of the flywheel mass due to mechanical damage to the
housing or the high viscosity of the filler from wear
products.

Development of a digital twin of a torsional
vibration damper

A digital twin for a product is defined according to
the text of SS 57700.37-2021 [4] as a system consist-
ing of a digital model and two-way information links
with the product (if there is a product) and (or) its
component parts. According to the classification
of digital twins, in the case of a TV damper, it is nec-
essary to use the CD-E type - a digital twin, the filling
and functionality of which is determined during the
implementation of the product operation stage.
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A necessary component for the development
of a digital twin is software, which must have the ap-
propriate verification and certification.

According to SS 57700.37-2021 [4]: verification is
a confirmation that the computer modeling software
performs the preparation of the output data, calcula-
tions and processing of the results of such calculations
in accordance with the specified mathematical model,
validation is a confirmation that the computer model-
ing software in the declared field of application is ade-
quate with a given degree of accuracy, performs the
preparation of initial data, calculations and processing
of the results of such calculations. Verification
of computer simulation software is a prerequisite for
its subsequent implementation.

The principles of the development and creation
of “digital twins” in industry and technology are de-
scribed in the sources [5-10], and are also developed
by such domestic and foreign firms as: Siemens, ABB,
IBM, General Electric, JSC Rotec, JSC VNIIAES, LLC
Productive Technological Systems and others. All spe-
cialists and firms pay attention to the necessary condi-
tion for the functioning of a digital twin - the presence
of a stable connection between a virtual model and
a real object for data transmission. Since specialists
invest quite a lot of components in the concept of “dig-
ital twin” and form them according to their own
schemes, we will give the author’s scheme for devel-
oping a digital twin of the TV damper of a marine die-
sel (Fig. 1).
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Fig. 1. Diagram of the development of a digital twin of a silicone TV damper of a marine diesel

As can be seen from this scheme, the ultimate goal
of the proposed digital twin of the damper is to assess
its technical condition and assign a residual resource
based on periodic measurements of the parameters
of TV occurring in the ship’s MPS. Such a technology
is currently used for periodic torsiography, however,
the use of a digital twin (provided that data is received
from the monitoring system) will help to make an as-
sessment with shorter time intervals and, accordingly,
more reliably.
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The described procedure is implemented by Geis-
linger for dampers of its own production, however, the
technology is the know-how of the company and does
not have an open code for its implementation [11, 12].

External factors affecting the real object

As external factors that affect the silicone damper
and influence it, it is possible to indicate: generation,
development and damping of the cruise oscillations in
the ship’s MPS.
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Real object

The real object in this case is a silicone damper
mounted on a diesel engine. If we consider its typical
design (Fig. 2) [13], then the main elements are: the
body, the flywheel mass and the filler — silicone fluid.

The principle of operation of the silicone damper is
well known and described in many scientific and tech-
nical works [1, 13-17], but, it will be more important
to consider issues related to the change in its technical
condition. Failures and damage to the damper will
occur for the following reasons: the flywheel mass is
jammed due to an increase in the viscosity of the sili-
cone liquid from the accumulation of wear products;
filler leakage through leaks; wear of the flywheel sur-
faces and the damper housing; damage to the mounting
bolts of the damper attachment to the crankshaft of the
engine. An example of defects in silicone dampers
from “Hasse & Wrede” is shown in Fig. 3 [18].

BWN =

Fig. 2. Silicone damper “Geislinger” Vdamp: 7 —lid;
2 —housing; 3 — seal; 4 — flywheel; 5 — support surface;
6 — cavity for filling with silicone liquid

Fig. 3. Example of defects in silicone dampers from “Hasse & Wrede™:
a — suspension of the damper flywheel due to leakage of silicone fluid;
b — increasing the viscosity of the silicone liquid to the state of suspension;
¢ — damage to the surfaces of the flywheel mass of the silicone damper;
d — damage to the surface of the silicone damper housing
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A tool for determining the parameters charac-
terizing the state of the object

The author’s TV monitoring system is a tool for
measuring the necessary parameters and transmitting
data [19, 20]. It allows you to measure and transmit
parameters such as: the frequency of rotation of the
shaft; the frequency and amplitude of TV, stresses in
the strain gauge shaft.

Data transmission channel

Both a wireless network (Wi-Fi, GPRS, etc.) and
a wired network (Ethernet) can serve as a data trans-
mission channel if the operation of the digital twin will
be carried out directly on the ship. For example, during
the control strain gauge, setting up and calibration
of the monitoring system, the data will be transmitted
to the laptop via the USB or RS interface.

Digital twin

A digital model of a silicone damper in the range
of tasks indicated by us should have a mathematical
model for assessing the technical condition and calcu-
lating the residual resource. The mathematical model
of the digital twin will be based on the methodology
of L. V. Efremov [1] and given in the rules of the
RMRS [2] and RCS [3], as well as on the classical
method of calculating the parameters of torsional os-
cillations (matrix method or the method of chain frac-
tions of A. P. Terskikh). Let’s consider how it is pos-
sible to assess the technical state of the damper using
a TV monitoring system.

The necessary parameters for the practical assess-
ment of the technical condition of the damper according
to the rules of the RMRS [2] and RCS [3] will be: the
actual resonant rotational frequency for the correspond-
ing oscillation order; the actual frequency of the motor
form oscillations; the actual amplitude of the harmonic
component oscillations; the actual total amplitude of the
oscillations. The following parameters are taken as ref-
erence parameters: the calculated frequency of free os-
cillations of the motor form; the resonant frequency
of rotation; the amplitude of the harmonic component
of the oscillations and the tangential stresses from it at
the resonant frequency of rotation; the total amplitude
of the oscillations and other parameters.

Note that the sources [1-3] provide detailed meth-
ods for assessing the technical condition of the silicone
damper during routine torsion grading and we will not
give them in this article.

The obtained algorithm of the digital twin of the
damper was implemented in the MS Excel program
(Fig. 4) in relation to the damper of the main engine
of the ship of the Turcas project, using data obtained
by the author’s model of the TV monitoring system
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during tests on the ship. The description of the experi-
ment on the model of the monitoring system on the
ship of the Turcas project is given in the work of the
authors [19]. It should be noted that the vessel’s MDK
includes the following elements: the main engine
MAN B&W 81.27/38 (with a rated power of 2 720 kW
and a rotation speed of 800 min'); the Vulkan Vulas-
tik-L-3010  coupling; gearbox AMG28 model
48V022; spacer shaft; propeller shaft; adjustable pitch
propeller; valogenerator.

The obtained results of the implementation of the
“digital twin” of the TV damper of the main engine of the
tanker of the Turcas project are shown in Fig. 5, 6. The
measured parameters from the model of the TV moni-
toring system during its operation on the ship were
transmitted by forming a file on the system memory
card and transmitting it by e-mail. When processing the
data, the participation of the tensogram obtained at the
resonant rotational speed of the crankshaft 445 min™,
that is, with fluctuations of the 4th order, was ana-
lyzed. This frequency corresponds to the oscillations
of the main order of the motor form and the damper is
adjusted to it for operation with maximum efficiency.
The frequency of the motor waveform for MPS was
calculated to be 1 788 Hz. As a novelty, it is proposed
to consider not only the permissible stresses, but also
the stresses that indicate the effectiveness of the damp-
er. According to the rules of the RMRS [2], the ability
to reduce the stress level from TV to 85% of the per-
missible ones is taken as an efficiency criterion.

Required according to SS 57700.37-2021 Comput-
er models and modeling. Digital twins of products.
General provisions [1] verification of the software
of the proposed digital twin of the damper is confirmed
by its compliance with the mathematical model given in
Annex 38 to the manual on technical supervision
of vessels in operation of the RMRS [2], and validation
is ensured by the adequacy of the results obtained.

According to the results of TV monitoring for
11 days, the technical condition of the TV damper
corresponded to the qualitative assessment of “good”,
and the residual resource was estimated at 7 500 hours
of operation. The obtained constancy of the results is
quite predictable, since the operating time during mon-
itoring was only 37.5 hours, which does not signifi-
cantly change the technical condition of the damper,
provided its gradual failure (degradation), and not sud-
den. At the same time, the obtained results on the max-
imum tangential stresses and the frequency of resonant
oscillations allowed us to construct their graphical
dependences on the operating time (Fig. 7).



Vestnik of Astrakhan State Technical University.

Series: Marine engineering and technologies. 2023. N. 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)

Ship power plants and propulsion systems

Tangential stresses, MPa

Lalcularion of the freguency of ihe mofor
form of forsional vibrations fo winch 1he
damper 1S funed

Lalcudlation of The shape parameters
of natural forsional vibrations
(camplefe MOK scheme/

Lalcudalion of resonant rofational freguencies

Cdlcudation of permissible fangential stresses

Aralysis of e measurement resulls
of farsional vibrafions af resonant
rofationdl 1reguencies

1 Lalculation of The residual [ife
of the torsional vibration damper

2 [etermination of 1he fectinical condfion
of the larsional vibration damper

Graphs of calculation resulls

Fig. 4. Algorithm of operation of the digital twin of the TV damper mounted on the crankshaft of a diesel engine

Tangential stresses in the diesel crankshaft, MPa

Y.

<

S

- v"\/
S oS
N

Yo DD DD DD D DA
o N R I N R I U R
T B B B B D P
SEIRS RS RS RN N RN SN R G IR R & §
I N I s S SR SN AN R
L0 S P L VeV IV ARV O R S NN SN

S Actual

£3
%

%o

Permissible - === Stresses during the effective operation of the torsional vibration damper Date

Fig. 5. Graphical representation of the development of stresses from resonant TV in the crankshaft
of the main engine of the vessel of the Turcas project
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Residual life of the torsional vibration damper
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Fig. 6. Graphical representation of the value of the residual life of the main engine damper
of the vessel of the Turcas project
Measured tangential stresses in the diesel crankshaft at resonance and the frequency of torsional vibrations
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Fig. 7. Stresses in the crankshaft and the frequency of TV of the motor form depending on the operating time

Since the MS FExcel program does not have the of functions for stresses in the diesel crankshaft and
ability to interpolate data to obtain a trend line func-  oscillation frequency. As a result, the tangential stress-
tion with high accuracy, an additional analysis was es change function with R = 0.87 has the form shown
carried out in the Wolfram Mathematica software in Fig. 8, and the frequency change graph with
product with the construction of graphs and the output ~ R*=0.98 in Fig. 9.
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Fig. 8. Graph of tangential stresses changes in the diesel crankshaft by monitoring days
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Fig. 9. Graph of fluctuation frequency changes by monitoring days

Discussion

As can be seen from the results obtained, the max-
imum stresses in the measurement process differed
from the average value of 29.94 MPa within 17.2%.
The oscillation frequency differed from the average
value of 1 806 Hz within 3.9%. Such deviations can be
explained by the variance of the measured values, as
well as by the influence of unaccounted factors, which
are quite numerous when carrying out real measure-
ments of torsional fluctuations.

The obtained dependences do not have a clear pat-
tern, therefore, it was not possible to obtain a stable
trend with predicting the development of stresses and
frequency changes in such a short period of monitoring
time, which was also confirmed by an attempt to use
functions based on data interpolation for long-term
forecasting. Therefore, in order to determine adequate
mathematical dependencies for determining the rate
of change of stresses and the frequency of oscillations,
much longer tests are required. The ideal option for
obtaining a complete picture of the development
of stresses over the life cycle of a damper would be to
monitor its parameters from the moment of manufac-
ture until it is written off, however, such an experiment
requires a lot of time and labor. The most likely solu-
tion to the problem of obtaining empirical dependen-
cies can serve as monitoring for the period between
routine torsiografations of the MPS, in this case, dur-
ing the assigned 7 500 hours of operation. A similar
problem can also be solved with the help of a digital
twin of a damper, provided that an adequate mathe-
matical model of the change in the frequency of oscil-
lations and tangential stresses from the time of its op-
eration is obtained. However, as experts point out, this
task is quite complicated, since such dependencies will
depend on the type of damper, its design, the type
of MPS in which it is located, the operating mode
of the diesel engine, etc. Therefore, the solution
of such a problem is the development of the technolo-
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gy of the digital twin of the TV damper and is the sub-
ject of further research by the authors of the article, the
direction of which is indicated, including in the au-
thor’s works [21, 22].

Separately, it should be noted that when introduc-
ing an indicator of its effectiveness as an additional
criterion for assessing the technical condition of the
damper, on some of the days there was an increase in
the tangential stresses level to 86-90% of the permissi-
ble ones. However, this did not lead to exceeding the
permissible norms according to the rules of the RMRS.

Conclusion

1. The digital twin of a silicone damper can be-
come a tool for moving from a routine assessment
of its technical condition to an actual approach.

2. The digital twin of the silicone damper makes it
possible to assess the technical condition and assign
a residual resource with much shorter periods than
with routine torsiography, which increases the effi-
ciency of monitoring changes in its technical condition
in the direction of deterioration.

3. The results obtained allow us to talk about the
dispersion of the measured values, both in terms
of tangential stresses and frequency of oscillations,
which in general did not affect the final assessment
of the residual life of the damper and the qualitative
assessment of its technical condition.

4. The development of a digital twin of the TV
damper of a particular vessel requires the development
and installation of an individual character monitoring
system, since the nature of TV and the location of the
measuring part of the system significantly depend on
the type of MDK and the nature of its operation.

5. Based on the results of monitoring of TV for the
MPS tanker of the Turcas project, the technical condi-
tion of the damper was determined as “good”, and the
life expectancy according to the results of measure-
ments for 11 days is 7 500 hours of work.
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