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Abstract. The article presents analysis of the advantages and disadvantages in assembling the spring dampers of tor-
sional vibrations in modern marine diesel engines. There are considered the urgent problems of using spring dampers
in the marine propulsion systems: lack of the systematized scientific data about the spring damper design, statistics
of their prevalence in the marine diesel engines, analysis of breakdowns. It has been stated that today there is no
methodology for assessing the technical condition of spring dampers, except for the methods recommended by the
Russian Maritime Register of Shipping in relation to the silicone dampers. Disassembly diagnostics of the technical
condition of spring dampers is extremely difficult and costly for a shipowner. Most of the vessels that are currently be-
ing operated in Russia are found obsolete, and there has started a gradual process of modernization and replacement
of morally and physically obsolete main engines '60, I'70 (64PH 36/45), SKL NVD, 6UH18/22, 3D6 (6UH 15/18)
etc. by new foreign diesel engines manufactured by Wartsila (Finland), Caterpillar (USA), Volvo - Penta (Sweden),
Scania (Sweden), Henan Diesel Engine Industry Co., Ltd (China) etc., which have new dampers of such companies as
Geislinger (Germany), Hasse & Wrede (Germany), STE - Schwingungstechnik (Germany), Holset (England), Cater-
pillar (USA) etc. Diagnostics of dampers of modern diesel engines is a new direction for the domestic marine indus-
try; it requires a revision of both the technological processes of working with such equipment and training the quali-
fied specialists. The study of the structural and operational features of spring dampers of modern diesel engines will
allow to accumulate the necessary amount of scientific and technical information to create in Russia the foundations
of production of efficient structures and the development of engine building in general.
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Annoranus. [IpoBeseH aHaIM3 NPEUMYIECTB U HEAOCTATKOB YCTAaHOBKH IIPYXKUHHBIX JIEMII(EPOB KPYTWIBHBIX KoseOa-
HHH B COCTaBE COBPEMEHHBIX CY/OBBIX Au3enel. PaccMaTpHBaloTCs akTyanbHblE MPOOIEMBI, CBA3aHHBIE C TIPUMEHEHHEM
TPYXHMHHBIX JEMII(PEPOB AN CYJOBBIX MAIIMHHO-IBIKUTEIBHBIX KOMIIIEKCOB, B YACTHOCTH OTCYTCTBHE CHCTEMATH3alluM
HayYHBIX CBEJICHUH O KOHCTPYKI[MH MPYXHHHBIX AeMI(EPOB, CTaTUCTHKH UX PAaCHPOCTPAHEHHOCTH B CYZOBBIX AU3EIIX,
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aHaJIN3 CIIydaeB MOJIOMOK. OTMEUCHO, UTO B HACTOSIIEE BPeMsI He CYIECTBYET METOAUKHU OLEHKU TEXHUYECKOTO COCTOSTHUS
HPYKUHHBIX J1eMI(epoB, B OTIMYHE OT PEKOMEHIOBAHHON POCCHICKMM MOPCKUM PETHCTPOM CYJOXOACTBA M HUCIONb3Ye-
MO METOZIMKH JUIs CHIIMKOHOBBIX JieMIi(epoB. Paz0opHas AMarHoCTHKa TEXHMYECKOTO COCTOSHHS NPYKUHHBIX ieMIl(epoB
SIBISICTCS KpaliHe 3aTPyIHUTENBHON U 3aTPAaTHOM Ui CyAOBJa/enbla. Y CTaHOBICHO, YTO OOJbIIAs YacTh CYAO0B, HAXOMS-
IIMXCA B 9KCIUTyaTauuu B Poccuu, ycrapena, IpOMCXOAUT MOCTEHEHHBIH IPOLIecCe MX MOJECPHU3ALMH U 3aMEHBI, YTO IIPHBO-
T K TOSIBJICHUIO HA CMEHY YCTapeBIINM INIaBHBIM aBuraressM tuma ['60, I'70 (6UPH 36/45), SKL NVD, 6UH18/22, 3[16
(6YH 15/18) npyrux, HOBBIX HHOCTpAHHBIX Au3elnelt nmpousBoacTea kommanuii Wartsila (Qummtaaust), Caterpillar (CLLA),
Volvo - Penta (I1IBenust), Scania (I1IBenwst), Henan Diesel Engine Industry Co., Ltd (Kutaif) u T. 1., KOTOpBIE IMEIOT B CBO-
eM cocraBe HOBble No KoHCTpykumu aemmdepsr ¢upm Geislinger (Iepmanmst), Hasse & Wrede (I'epmanus), STE -
Schwingungstechnik (T'epmanust), Holset (Anrmust), Caterpillar (CILIA) u np. duarsoctuka aemiepoB COBpEMEHHBIX IU-
3ej1eld — 3TO0 HOBOE HAIpaBJICHUE ULl OTEUECTBEHHOH MOPCKON MHIYCTPHH, KOTOpPOE TpeOyeT MepecMoTpa Kak TeXHOJIOIU-
YECKMX IIPOLIECCOB PabOThI C TAKOrO poa 000PYyAOBaHHEM, TaK M IIOATOTOBKU KBaJIM(HIMPOBAHHBIX CIELHUATUCTOB. M3y-
YeHHe KOHCTPYKIMOHHO-IKCILTYyaTaIIOHHBIX OCOOEHHOCTEH IPYKMHHBIX IeMI(EpPOB COBPEMEHHBIX AM3ENCH MO3BOJUT
HAKOIUTh HEOOXOUMBII 00hEM HayIHO-TEXHUIECKOH MH(pOpMaLHH JUIT co3qaHust B Poccr 0cHOB npon3BoaCcTBa ddek-
THBHBIX KOHCTPYKIHII ¥ Pa3BUTHUSI IBUTATEICCTPOCHUS B LIETIOM.

KnroueBble ci10Ba: py>XUHHbBIE AeMII(EPHI, KPYTHIbHbIE KOJIEOaHNUs, COBPEMEHHEIE CYOBBIC AN3ENIH, KOHCTPYKIU-
OHHO-3KCIUTyaTallMOHHBIE OCOOCHHOCTH, YCTAaHOBKA JeMI(pepoB
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Introduction

Today, the strategic objectives of the development
of the Russian state are to increase its technological
sovereignty, as well as to solve import substitution
issues in all clusters of the economy [1, 2]. These
problems can be clearly demonstrated by the example
of the operation of spring dampers of torsional vibra-
tions (SD TV), in particular the diagnosis of their
technical condition. The problem of damping the TV
of shaft lines of diesel engines is very important for the
durability and operational safety of the entire propul-
sion complex (PC) of the vessel. The lack of high-
quality technical operation of dampers can cause
a violation of the navigation safety due to the fact that
the service life and reliability of such elements as pro-
peller, intermediate, crankshafts, gearboxes, couplings,
etc. depend on them. In this regard, the rules of both
national (the Russian Maritime Register of Shipping
(RMRS) [3], the Russian Classification Society
(RCS)) [4] and foreign (Det Norske Veritas & Ger-
manischer Lloyd (DNV GL) [5, 6]; Bureau Veritas
(BV) [7]; Registro Italiano Navale (RINA); Lloyd’s
Register (LR), etc.) classification societies prescribe
the requirements for the mandatory calculation and
measurement of TV.

Most of the vessels that are currently operating in
Russia are outdated, and there is a gradual process
of their modernization and replacement, which leads to
replacing the morally and physically obsolete main
engines such as I'60, I'70 (6UPH 36/45), SKL NVD,
6UH18/22, 3/16 (6UH 15/18) by new foreign diesel
engines manufactured by Wartsila (Finland), Caterpil-
lar (USA), Volvo - Penta (Sweden), Scania (Sweden),
Henan Diesel Engine Industry Co., Ltd (China), etc.,
which have in their composition new dampers by Geis-
linger (Germany) [8], Hasse&Wrede (Germany) [9],
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STE - Schwingungstechnik (Germany) [10], Holset
(England) [11], Caterpillar (USA) and other companies.

Diagnostics of dampers of modern diesel engines is
a new direction for the domestic marine industry and
requires a revision of both the technological processes
of working with such equipment and the training
of qualified specialists.

The use of SD for marine PC is associated with the
following problems that require an up-to-date solution:

1. The design of SD is more complicated than that
of silicone. There are several versions of SD: with
plate elements; with spring elements; with a combined
design - mechanical and hydraulic parts, etc. This re-
quires scientific systematization of information about
the design of SD, analysis of statistics of their preva-
lence in marine diesel engines, analysis of breakdowns
and factors that can lead to damage to the damper.

2. Currently, there is no methodology for assessing
the technical condition of SD, in contrast to the rec-
ommended by RMRS and used for silicone dampers.
Spring dampers manufacturers offer the shipowners to
disassemble and assess the condition of spring ele-
ments every 10,000 - 15,000 hours of operation. This
is not an easy task. The procedure may require the
special tool base, involvement of the specialists from
the manufacturer or repair specialists and the RMRS or
RCS inspectors to approve assessing the technical
condition of the damper. Torsiography can become an
alternative and simpler solution for assessing the tech-
nical condition of SD and assigning a residual resource
before their repair or replacement.

3. The period between 10,000 - 15,000 hours as-
signed by the SD manufacturers between inspections
can be used for intensive operation of a vessel in one
year, an example is the operation of the support vessels
“Langepas” and “Kogalym”, whose main engines pro-
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duced more than 10,000 hours in the period from
summer 2019 to autumn 2020 [12-15]. This indicates
that the procedure of opening and assessing the tech-
nical condition of the SD can be very frequent and
costly for the shipowner.

4. The widespread use of foreign SD TV and their
installation on modern marine diesels leads to a reduc-
tion in the number of domestic dampers that were pre-
viously used for diesel engines of the I'60, I'70 type
and, accordingly, dependence on foreign manufacturers.

The study of the structural and operational features
of the SD of modern diesel engines will allow to ac-
cumulate the necessary amount of scientific and tech-
nical information to create the foundations of domestic
production of effective structures and to start up build-
ing engines as a whole.

Marine diesels with SD TV

1. Application of SD for MAN diesel engines.

Using SD in marine diesels began quite a long time
ago, for example, for diesel engines of the MAN com-
pany (Germany) model K6Z57/80. Currently, SD is
installed on MAN B&W S70MC6, 7S50MC engines
(Fig. 1), L35MC6 and other models [16].

Fig. 1. General view of the MAN B&W 7S50MC engine

Technical parameters of the MAN B&W 7S50MC
engine:

- Number of cylinders: 7 pcs.;

- Cylinder diameter: 500 mm;

- Piston stroke: 2,000 mm;

- Rated power: 11,060 kW;

- Rated speed: 127 rpm;

- Average effective cycle pressure P: 19.0 bar;

- Specific fuel consumption: 171 g/kWh.

These engines are installed on ships of the “Afram-
ax” class tanker type with a displacement of up to
100,000 tons. The most common brands of damper for
these engines are MAN, Geislinger.
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2. Application of SD for MAK diesel engines.

Spring dampers is also used in common diesels
of the MAK (CAT) company [17], for example,
in MAK 8M25 engines (Fig. 2) with a rated power
of 2,640 kW. These engines are used on vessels
providing drilling platforms, for example, “Kogalym”,
“Langepas”.

Fig. 2. General view of the MAK 8M25 engine

MAK 8M25 engines have the following technical
characteristics:

- Rated power: 2,640 kW;

- Rated speed: 750 rpm;

- Cylinder diameter: 255 mm,;

- Piston stroke: 400 mm;

- Number of cylinders: 8.

Geislinger spring dampers are used on these diesels.

3. Application of SD for Wartsila diesel engines.

The most popular series of marine engines with SD
TV is the Wartsila (Finland) model 6L20 engine [18]
(Fig. 3) with a power of 1,200 kW, which is installed
on ships of the RST, RSD projects with a displacement
of 7,000-9,000 tons, which are currently being built to
replace the outdated ships “Volgodon™” series, “Vol-
goneft”, “Omskiy” and others.

Fig. 3. General view of the Wartsila 6L.20 engine
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Analysis of the advantages and disadvantages
of SD TV

Advantages of SD.

The advantages of the SD of modern marine diesel
engines include the following:

Greater work efficiency.

The peculiarity of the SD design is the presence
of a combined mechanical and hydraulic part of the
damping area - for this purpose oil is supplied to the
damper from the engine under pressure, as a result it is
located between the packages of spring plates and
converts vibrations into thermal energy, heating the
oil. This complicates the design of the damper, but
allows to use the advantages of both SD and hydraulic
dampers. It combines two types of friction - mechani-
cal and hydraulic, i.e. it has greater efficiency than the
silicone one and can work in in the plants with a large
number of nodal forms of torsional vibrations or, more
simply, with a large number of the ship power plant
(SPP) elements. Some foreign sources write about

Spring type

lLub oil supply

high-energy torsional vibrations, which are just re-
duced by using such combined dampers.

The company WinGD (Winterthur Gas & Diesel
Ltd.), which is a subsidiary of the company Sulzer
Diesel Engine for its marine diesel engines model
X40-D (with a capacity of 1,135 kW per cylinder, two-
stroke diesel) allows installing both silicone and SD.
At the same time, the company recommends doing this
in the following cases.

Installation of silicone viscous dampers.

Where it is necessary to reduce torsional vibrations
with low energy, a viscous damper can be installed
(Fig. 4). In some cases, the calculation of torsional
vibrations shows that additional cooling is required for
a viscous damper. In such cases, the layout must com-
ply with the recommendations of the damper manufac-
turer and the wing design department. The viscosity
of the silicone filler in these dampers should be
checked periodically.

Viscous type

Fig. 4. Variants of dampers for installing on the marine diesel engines WinGD model X-40D

Installation of SD.

For high-energy torsional vibrations that may oc-
cur, for example, on 5-6-cylinder engines, a SD can be
installed with its additional adjustment to increase the
damping effect (Fig. 4).

The SD must be supplied with oil from the engine
lubricating oil system. To install a spring-type damper,
the use of a damper control system is mandatory (first
of all, monitoring the pressure and oil flow in the
damper is meant).
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The peculiarities of using SD instead of silicone ones
include using them, among other things, on dual-fuel
diesels, which is caused by some change in the nature
of TV when changing fuel from liquid to natural gas.

Geislinger uses SD in the units where the number
of resonant frequencies of the TVs is large and the
amplitudes cannot be reliably reduced using silicone
dampers (which this company also produces).

A long-term stability of the damper properties.

In classical silicone dampers, wear products accu-
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mulate after prolonged operation, which leads to in-
creasing viscosity of the silicone fluid of the damper,
and, consequently, to a change not only in the efficien-
cy of reducing the amplitudes of TV, but also to
a change in the frequency of vibrations, which ulti-
mately can cause jamming of the flywheel mass of the
damper and loss of its efficiency. In SD with a flow
system and using oil under pressure such a problem
doesn’t appear, which allows to talk about the stability
of SD properties for a long time.

Fine tuning.

Fine tuning of the damper is possible when it is in-
stalled on a specific SPP by using springs with differ-
ent stiffness or changing their number in the damper.
Therefore, the effectiveness of the damper is deter-
mined by its design, shape and number of springs. Thus,
the torsion system is rebuilt, and the most critical reso-
nance is eliminated. If the outer part of the damper vi-
brates with respect to the inner, the leaf springs bend,
and the engine oil is pumped from one chamber to an-
other under pressure. This reduces the relative motion
of the two parts and thus dampens the TV.

Maintainability of the damper.

Maintainability of the damper is related to the fact
that the springs wear out to a greater extent, and the
damper housing to a lesser extent, so that the repair is
provided by replacing spring packages.

Proven manufacturing and operation technology.

In addition to using the SD on the two-stroke and
four-stroke marine diesel engines, they are used in the
diesel locomotive engines, industrial diesel engines,
drilling rigs etc. This allows manufacturers to accumu-
late theoretical and practical experience in their calcu-
lations, manufacturing and repair, which improves
their design and reliability.

Installation on modern diesel engines.

A relative merit of SD is their use on modern marine
diesels such as Wartsila 61.20, Wartsila 91.20, MAK
8M25 and others, which proves a tendency to compli-
cate this device and increase versatility of its type, com-
plexity and operating conditions of the SPP [19].

Disadvantages of SD

The disadvantages of SD are the following facts.

Complexity of the design.

Based on the fact that silicone dampers have max-
imum simplicity, SD, on the contrary, have a large
number of structural elements, which can lead to un-
expected breakdowns of dampers not only due to the
spring wear, but for example, as stated in the official
press release of MAN, when operating TV dampers on
the two-stroke diesels for more than 80,000 hours,
cracks and destruction of SD covers can occur in the
places of the fixing bolts (Fig. 5).

inside

_rm':.

outside
plate

Fig. 5. Destruction of the cover of the SD MAN
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The company recommends regular visual inspec-
tion of both side plates of the dampers. The experience
of MAN showed that cracks were found in the holes
and threaded holes of the side plates. Therefore, the
damper must be dismantled, which in total takes about
3-4 days. MAN Diesel & Turbo recommends changing
the inner and outer side plates after 80,000 - 100,000
hours of operation to ensure safe and reliable operation
of the engine. It is strongly recommended to carry out
the inspections, as these cracks can lead to serious
subsequent damage to the TV damper.

High cost.

The complexity of the design leads to an increased
cost of SD. However, as the SD manufacturers assure,
no costs are required for their maintenance before
90,000 hours of operation. In fact, this is not true, be-
cause a damper requires periodic diagnostics of the
technical condition of the springs, which will require
the disassembly of the damper.

Providing additional control of the damper.

The complexity of the design leads to the need to
ensure specific requirements during their operation - in
particular, monitoring the pressure at the entrance to
the combined damper, oil quality control and the ther-
mal condition of the damper. As noted by the Geis-
linger manufacturers, the thermal power released by
the SD can reach 50 kW, and the oil consumption
through it makes up to 12 m’/h.

Complexity of defect detection and diagnostics
of damper elements.

The simplicity of maintainability does not entail
the simplicity of its defect - that is, the process of re-
placing spring packages may not be complicated and
performed directly on the ship, but the process of ac-
cessing spring packages may require removing the
damper from the diesel engine, the use of special tools
and devices, as well as the presence of specialists from
the manufacturer, the inspector of the classification
society to ensure guarantees of further effective opera-
tion of the damper. The key disadvantage is the lack
of the possibility of non-selective diagnostics of the

technical condition of SD, unlike silicone ones. Manu-
facturing companies such as Geislinger allow diagnos-
tics of the technical condition based on torsiography,
both during the initial installation of dampers and dur-
ing its operation, but do not replace the need to open
and inspect spring packages to assess their wear.

Conclusions

1. The key problems of import substitution, as well
as increasing the level of technological sovereignty
of Russia, affect not only the manufacture of domestic
machines, mechanisms, installations and equipment,
but also the development of their own methods for
calculating their structural and operational parameters,
including methods for assessing the technical condi-
tion of objects and assigning their residual life to the
limit state.

2. The method of non-selective diagnostics is part
of the big problem of technological sovereignty
of Russia in the field of design, operation and repair
of SD TV marine diesel engines.

3. Diagnostics of the technical condition of SD TV
is a new direction for the domestic marine industry and
requires a revision of both the technological processes
of working with such equipment and the training
of qualified specialists.

4. According to the analysis, the main advantages
of SD TV are: high efficiency; stability of the damper
properties for a long time; fine tuning, maintainability,
proven manufacturing and operation technology, in-
stallation on modern diesel engines.

5. The disadvantages of SD TV are: the complexity
of the design, high cost, the need to provide additional
control, the complexity of defect detection and diag-
nostics of elements.

6. The study of the structural and operational fea-
tures of the SD of modern diesel engines will allow
accumulating the necessary amount of scientific and
technical information to create the foundations of do-
mestic production of efficient structures and the devel-
opment of engine building as a whole.
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