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Summary

Introduction. Recently, new systems have appeared on marine engines cylinder liner
lubricants from different manufacturers. World leaders the following manufacturers
are involved in the production of these systems: Wirtsild Retrofit pulse lubrication
system (RPLS); MAN B&W Lubrication engine control system (LUBECS) and Hans
Jansen. Major innovations and technical developments in cylinder systems lubricants
boil down to the following: saving cylinder oil; reduction of wear of cylinder liners; —
reducing the risk of cold corrosion of cylinder liners, maximum possible operating time
in “Slows teaming” mode and “Extra Slow steaming” (mode of long-term operation
of ship engines on low loads 50% MCR and ultra-low loads from 10% to 50% MCR).
Purpose. Analysis of the approaches of the above-mentioned manufacturers to solving
problems of high-quality functioning of cylinder lubrication systems allows us to
trace current trends in ensuring optimal lubrication regimes for modern marine diesel
engines with increased piston stroke. Solving these problems (according to ship tests
of the manufacturers in question) leads to a reduction in cylinder oil consumption by
approximately two times. Results. Overview of cylinder oil injection systems into the
cylinder, determination of the approaches of a well-known manufacturer of lubrication
systems and the difference in supply principles, designed for training ship mechanics —
understanding the differences and features of lubrication systems in modern operating
conditions (different types of engines, manufacturers, and differences in classes of ships)
will help to avoid breakdowns of main engines and financial losses for shipowners.
Conclusions. We will consider the methods by which these problems are solved and the
assigned tasks are solved in this article.
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Anomauisn

Bemyn. Ocmanniv yacom 3'asunuca HOGI cucmemu 3mawjenus 01 YUliHOPOSUX
8MYIOK CYOHOBUX 08U2YHIE 8i0 pi3HUX 8upoOHUKIE. Ceimosumu 1idepamu y UpoOOHUYMEI
Odanux cucmem € maxi eupoonuku: Wdrtsild Retrofit pulse lubrication system (RPLS),
MAN B&W Lubrication engine control system (LUBECS) ma Hans Jansen. OcHogHi
iHHOBaYIl ma mexHiyHi po3poOKU 8 YUTIHOPOBUX CUCEMAX 3MAWEHHS 36005IMbCs 00
HACMYNHO20. eKOHOMISL YUTTHOPOBO2O MACIA,; 3MEHULEHHS 3HOCY YUTIHOPOBUX 8MYIIOK,
3MEHUEHHS PUSUKY XOL0OHOI KOPO3Ii YUNiHOPI6, MAKCUMATILHO MOACIUBULL Hac pobomu
6 peaxcumax «Slows teaming» ma «Extra Slow steamingy (pexcum mpusanoi pobomu
CyOHo8uUx 08uzyHie na manux Haganmasicenusax 50% MCR i HaOHU3bKUX HABAHMANCEHHSX
6i0 10% 0o 50% MCR). Mema. Ananiz nioxodie euuje3asHavyeHux GUPOOHUKIE 00
BUPIULEHHS 3A80AHb AKICHOZ0 (OYHKUIOHYBAHHS CUCTEM 3MAUeHHs YUTIHOPI8 0036015€
NpoCmedNcumu  Cy4dacHi meHoenyii w000 3a6e3neyeHHs ONMUMANbHUX PEeHCUMIE
3MAWEHHSI CYUACHUX CYOHOBUX OUSETbHUX OBUSYHIB 13 30i1bUeHUM XO0OM NOPULHSL.
Bupiwenns yux npobnem (3a cyOHOBUMU GUNPOOYEAHHAMU PO3STAHYMUX SUPOOHUKIB)
npu3B00Ums 00 3HUICEHHS SUMPAMU YUTIHOPOBO2O MACLA NPUOIUSHO 6 08d PA3U.
Pesynomamu. O2nia0 cucmem 6NOPCKY8AHHA YUNIHOPOBO2O MACAA 00 YULIHOPY,
BU3HAYEHHSL NIOX00I6 8IOOMO20 GUPOOHUKA CUCTEM 3SMAWEHHS A PI3HUYSL 6 NPUHYUNAX
nooaui, Kpim mozo po3yMiHHA GIOMIHHOCMEN Ma 0COONUBOCMEN CUCeM 3MAULeHHS 8
CYUACHUX YMOBAX eKCNIyamayii (pi3Hi munu cyOHOBUX OU3ENbHUX 08ULYHIB, UPOOHUKIE,
a maxoxic BIOMIHHOCMI 8 KIACAX CYOeH) OONOMONCYMb YHUKHYIMU HOJOMOK 20108HUX
08uzyHie i ¢hinancosux empam O0isi CyOHo81aCHUKIG. Bucnoeku. Ilpoananizysasuiu
8Ci CYHaCHI KOHCMPYKMUGHI DIUEHHS Ma [HX#CeHepHi Ni0X00Uu BUPOOHUKIE CYOHOBUX
08U2YHIB, a MAKONHC 0coducmutl 00c8i0 — oYU chopmynrbosani 3a2anbHi pekomeHoayii
wooo onmumizayii npoyecie 3MAawjeHHs YUIIHOPONOPUIHEBOT epynu ma Memoou
supiuents yux npooiem.

Kntrouoei cnosa: emynxa yuninopa;, Macmuio, cyOHO8I 08USYHU.

Introduction. The new systems have been designed on marine engines cylinder liner
lubricants from different manufacturers in order to minimize oil consumption, decrease
level of wear and damage to marine engines and reduce the economic losses of the ship-
owners. The following well-known leading manufacturers such as Wirtsild RPLS;
MAN B&W LUBECS; Hans Jansen are involved in the production of these systems
concerned in this paper.
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Most of the projects and technical improvements in cylinder systems lubricants may
be determined as the following: saving cylinder oil; reduction of wear of cylinder liners;
reducing the risk of cold corrosion of cylinder liners; maximum possible operating time
in “Slow steaming” mode and “Extra Slow steaming” (mode of long-term operation
of ship engines on low loads 50% MCR and ultra-low loads from 10% to 50% MCR).

Modern operating conditions of ship engines require highly qualified and experi-
enced engineering staff who are ready to respond to any deficiency or trouble-shoot-
ing matter. If problems arise during operation with the condition of the cylinder-piston
group, the manufacturer should be aware of the problems concerned with his products in
order to take all possible measures and actions to prevent and stop the process of dete-
rioration of the engine condition.

The present work makes ample use of the maritime experience and test trials con-
ducted on board of M/V “Primerose” and APL “Salalah”. The results of this practical
research were systematized and clearly illustrated in the figures given in the previously
published scientific work [23]. The theoretical background and practical references to
manuals for engine room department were widely used while preparing this paper. The
results of this research will be useful for training and upgrading the knowledge of future
and active marine engineers.

1. Analysis of modern cylinder lubrication systems for marine diesel engines be
Wirtsilda RPLS, MAN B&W LUBECS and Hans Jansen.

1.1 The main design solutions developed by Wirtsild regarding the lubrication
of the cylinder-piston group of diesel engines come down to the following points.

The RPLS system for supplying cylinder oil through high pressure quills (non-return
valves) is shown in Figure 1 [24, 25] and includes a separate hydraulic oil system to
operate the hydraulic actuator using a solenoid valve (Figure 2) [24, 25].

0)

Fig. 1. System for supplying cylinder oil to parts of the Wiirtsild cylinder-piston group:
a) general layout of the system; b) installation diagram on a diesel engine

In addition, the RPLS system includes system for determining the position

of the engine crankshaft and injecting oil at exactly specified moment considering
the crankshaft speed, load and a given feed (set by the processor).
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Fig. 2. Functional structure of the hydraulic oil system

1.2 Engineering and design solutions from MAN B&W LUBECS.

The LUBECS system developed by MAN B&W supplies cylinder oil through
non-return valves under high pressure by injecting at each control point with plungers
driven by hydraulic oil from a signal solenoid valve to a cylinder lubricator installed on
each cylinder.

The cylinder lubricator is industrially installed on the hydraulic cylinder control unit
(HCU) which does not require a separate control and monitoring system (additional
processors) and is built into the main control panel system (MOP). The MAN B&W
hydraulic control unit is shown in Figure 3 [8].

Fuel Oil Exhaust Valve

Pressure Actuator
booster

\

\ Accumulator

Overflow pipe —
FIVA valve
Ball Valve

Distribution Block -~ ] =
Cylinder Lubricator

Fig. 3. Complete set of hydraulic control unit for cylinder lubrication system LUBECS
from MAN B&W

Oil is supplied to the diesel cylinder by a lubricator the diagram of which is shown
in Figure 4 [3].
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Fig. 4. Lubricator for lubrication system LUBECS from MAN B&W

1.3. Engineering and design solutions from Hans Jensen

This system was tested by one of the container shipping companies. According to
the agreement with the shipowner, the functional components of this system have been
installed on new ships since summer 2014.

The Hans Jensen lubrication system traditionally supplies cylinder oil through
non-return valves under high pressure, while the cylinder oil is supplied to the space
above the piston but not to the piston rings, up to the cylinder liners with swirling cyl-
inder oil flows (SWIRL principle). The Hans Jensen lubricator is shown in Figure 5 [4].

Fig. 5. Lubricator from Hans Jensen

2. Analysis of general solutions in the cylinder liners Iubrication.

Currently, leading manufacturers of marine engines are intensively developing
lubrication systems for cylinder-piston groups largely based on their engineering inno-
vations considering the experience of operating marine diesel engines in marine con-
ditions. Systems for monitoring and adjusting the cylinder oil supply are constantly
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and regularly updated (via software) and the companies constantly monitor compliance
with these requirements.

Analysis of cylinder lubrication systems by Wairtsild (RPLS), MAN B&W
(LUBECS), Hans Jensen gives the opportunity to witness the progress of engineering
concept of system developed and resorts to identifying common solutions and trends in
systems:

— installation of non-return valves before inlet of cylinder oil to the cylinder;

— use of a hydraulic drive system (hydraulic actuator) of dosing pumps (Lubricators
Hydraulic Units);

— ensuring accurate injection of cylinder oil into exactly specified torque by the Cen-
tral Processor (Controller) considering the speed, engine load and the amount of oil
designated for each system (mandatory includes a crankshaft position sensor);

— ensuring cylinder oil savings by skipping piston strokes (except for Hans Jensen
systems under development).

3. Analysis of peculiarities and principles in providing lubrication of cylinder-piston
elements group.

3.1 Wartsila (RPLS) strategy

The RPLS cylinder lubrication system developed by Wirtsild solves the following
problems:

— injection direction control;

— injection of cylinder oil at precisely specified time by processor considering
the position of the cylinder rings at the ratio: 40% — top rings; 40% — bottom rings
and 20% piston skirt.

The direction of cylinder oil injection is demonstrated in Figure 6. Savings are
achieved by skipping piston strokes. According to tests on a steamship the description
does not register more than 6 piston strokes in case of light loads, that is the established
minimum consumption g/(gKWh) per number of piston strokes (mandatory injection).
The minimum declared cylinder oil consumption is 0.8 g/(gKWh).

Fig. 6. RPLS cylinder oil injection direction
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3.2 MAN B&W strategy

The LUBECS cylinder lubrication system developed by MAN B&W as well as
Wirtsild solves the same problems in a similar way: injection of cylinder oil at exactly
specified time by the processor without precise distribution to the upper and lower rings
of the piston. The injection direction is shown in Figure 7 [3].

Savings are achieved by skipping piston strokes (no more than 12 piston strokes in
case of light loads, i.e. the established minimum flow rate g/(kWh) which is mandatory
injection). The minimum declared cylinder oil consumption is 0.6 g/(KWh).

A\
4

Cylinder liner

Fig. 7. Cylinder oil injection direction of the LUBECS system

3.3 Hans Jensen strategy

Hans Jensen's latest cylinder lubrication system developed and tested in 2013
and launched in 2014 runs different route in providing cylinder liner lubrication. The basic
principle is that cylinder oil injection occurs at each stroke of the piston and cylinder oil
flows above the piston onto the cylinder liner with swirling flow of the injected cylin-
der oil (SWIRL principle) using non-return valves under high pressure hydraulic system
and additional air charge impulse. The injection direction is presented in Figure 8.

High pressure SIP-valves.

Ensures even distribution of
cylinder oil on the upper part
of the liner.

Fig. 8. Hans Jensen cylinder oil injection direction

Figure 9 shows the surface covered with an oil film on traditional cylinder lubrica-
tion system, and in Figure 10 from Hans Jensen.
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Traditional Lubrication HJ SIP Lubrication
Uneven Coverage Even Coverage

Oil onto ring pack Qil above piston
Frequency: intermittent Frequency: every piston stroke

Fig. 9. Surface covered by an oil  Fig. 10. Surface covered by
film on a traditional cylinder an oil film on the system Hans
lubrication system Jensen cylinder lubricant

The declared cylinder oil consumption is shown in Figure 11 according to the results
of tests on the M/V "Primrose" and one has to admit that comparison was made with
the old mechanical lubricator system.

Main Engine Type: 12RTA8SIC

d of e comumption
S = 1ZRTARIC-UG (MCR-B6120PS3¢ 102rpan)
MYV "Primrose i ro™

Fig. 11. Cylinder oil consumption during test trials of the m/v "Primrose”

4. “Slow steaming” mode (long-term operation mode at low load of marine engines)
and recommendations from manufacturers Wértsild and MAN B&W.

Due to economic reasons marine engine manufacturers are aimed at achieving trou-
ble-free operation under (50% MCR) and ultra-light (<50% MCR) load operating condi-
tions of marine engines to reduce fuel consumption and maximum decrease of the cylin-
der oil consumption.

Low load conditions on WARTSILA engines led to the following problems of the cylin-
der-piston group:

— cold corrosion of cylinder liners;

— increased wear of cylinder liners and damage to cylinder rings; unfortunately,
it should be noted that the loss of one bushing on this engine has its own feature — in
the event of failure to replace the problematic cylinder liners being detected in time
leads to the loss of half of the engine cylinder liners (as there is not enough time for
replacement due to the ship’s schedule or any other reasons).

An example of damage to cylinder rings on 12RT-Flex 96C engine is shown in
Figure 12.
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Fig. 12. Example of damage to cylinder rings on an engine

Wairtsild currently makes the following recommendations to solve these problems:

— continuous inspections of piston rings and cylinder liners;

— at least once every three days increasing the load to 70% MCR and more, for
a period of one-two hours to get rid of solid deposits and unburned fuel residues will be
carried out (the load should be increased gradually);

— replacement of the cylinder lubrication system with an RPLS system;

— installation of the MAPEX system (Monitoring & Maintenance, Performance,
Enhancement with Expert Knowledge).

The MAPEX system determines in real time:

a) Monitoring the stability of the cylinder oil film cylinder liners.

b) Alarm activation in case of local overheating of the cylinder liners.

¢) Monitoring of cooling water temperature and alarm activation in case of parame-
ters exceeding the set modes.

d) Informing in case of failure of one or more injectors.

e) Monitoring the temperature of the air charge and signaling in case of exit from
the established modes.

Figure 13 shows examples of real-time temperature readings for cylinder liners,
cooling water and air charge.

# ~alDi]
[ - trreratires e pask 10§ x e

la.
e
1=

Lines'Wall Temp [C]
Fows
e 1
Cpbrdes 2 |7
Chraten 3
Citrien &
Circien &
Colrcten &
Cieder 7
Ctresm s
Cylerden 5
Cpedto B 8
LT R

T3
TR,

W
1

Fig. 13. Example of temperature readings of cylinder liners, cooling water,
air charge in real time of the MAPEX system
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Figure 14 shows examples of notifications about parameters of the MAPEX system
going beyond acceptable limits.
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Fig. 14. Example of signaling in the MAPEX system

Problems considered in light load modes of marine diesel engines identified by
MAN B&W:

— cold corrosion of cylinder liners (especially long-stroke engines)

Figure 15 [1] shows an example of cold corrosion of cylinder liner on SSOME-B9.2 engine.

-

S S .
e X
4

Fig. 15. Example of cold corrosion of an engine cylinder liner

— partial removal of metal in the locks and damage to the piston rings and damage
to the cylinder rings.
Figure16 shows an example of cylinder ring damage on an SSOME-C9 engine.

Fig. 16. An example of damage to cylinder rings on an SSOME-C9 engine
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According to service bulletins and operating experience of MAN B&W engines,
the following recommendations have been suggested:

— continuous inspections of piston rings and cylinder liners;

— atleast once every two days increase the load to 50% MCR and more, for a period
of one-two hours to get rid of solid deposits and unburned fuel residues should be car-
ried out (the load has to be increased gradually, an example is shown in Figure 17);

— replacement of cylinder lubrication systems with LUBECS system;

— pay special attention to the adaptive cylinder oil control (ACC) factor in settings
and adjustments of the supply of cylinder oil to the cylinder liners. The ratio of the metal
coefficient and base number (BN) in the analysis of oil taken from the underside piston
space. Figure 18 [10] shows the dependence of the metal level on BN and the recom-
mended safe work zones according to the analysis readings.

Manual load-up procedure
Load up, 10 — 40% load 30 minutes
Load up, 40 —» 75% load | 60 minutes (SLOS-501)

Fig. 17. Recommended loading time characteristics

Iron (Fe) total [mg/kg]
500

400 Danger — Do not operate in this area Cat fineg

300
Alert area — Adjustment of feed rate may be needed

200

100

BN [mgKOH/g]

Fig. 18. Dependence of the metal level on BN and recommended safe work zones
based on analysis readings taken in the underside piston spaces

Recommended oil consumption is calculated using the formula:
ACC x S=FR

where: ACC — 0.2-0.35 — is set experimentally after determining the metal coefficient
and BN in the analysis of oil taken from the underside piston space; S-sulfur (the amount
of sulfur in the fuel %); FR — feed rate (recommended oil consumption g/(KWh)).

At the same time, it must be considered that the recommended oil consumption
should not be lower than 0.6 g/(KWh) (the LUBECS system will automatically set
the consumption to at least 0.6 g/(KWh)).
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It should be noted that the manufacturer MAN B&W recommends changing the cyl-
inder lubricant to a TBN factor of 100 for long-stroke engines.

In order to combat cold corrosion of cylinder liners MAN B&W has developed a new
cooling system for cylinder liners.

It is a 4-pipe cooling system for cylinder liners (G-type engines and future gen-
erations Mark 9). Figure 19 [1] shows the general layout of the new cooling system
installed on the engine.

The system consists of two additional cooling water pipes along the entire engine
and additional pump and control valve that controls the sleeve cooling water tempera-
ture reaching 120°C and maintaining the temperature of the cylinder cover and exhaust
valve at 80-90°C. The high temperature of the cylinder liner is maintained only in low
load modes of the marine engine.

Cylinder cover outlet

Cylinder cover inlet 80 degrees

Two new cooling

water main pipes
Variable
temperature:
Up to 120°C

" Cylinder liner
cooling jacket:
KF material

_ | O-rings: Peroxide

= | cured

Cylinder liner outlet

Cylinder liner inlet

Fig. 19. General layout of new MAN B&W cooling system

Conclusion. General recommendations for optimizing processes of lubrication
of the cylinder-piston group of marine diesel engines. Having analyzed all the design
solutions and engineering approaches of marine engine manufacturers, general recom-
mendations for optimizing the lubrication processes of the cylinder-piston group may
be defined as the following:

— continuous inspection of cylinder rings and cylinder liners;

— increase in the operating temperature of the cooling water behind the jacket space
by 5-10°C of cylinder liners (within the limits allowed by the manufacturer);

— at least once every two days increasing the load to 50% MCR (70% MCR)
and more, for a period of one-two hours to get rid of unburnt fuel residues (the load
increase should be done gradually);

— constant control over the amount of cylinder oil supply when switching to fuels
with different sulfur content. Adjustment should be carried out from a higher feed rate
to a smaller one gradually with constant inspections of cylinder rings and cylinder lin-
ers and on the basis of an oil analysis in the piston underside space (MAN B&W) or
MAPEX (Wirtsild);

55



PO3BUTOK TPAHCIIOPTY
Ne 1(24), 2025

— quality control of fuel atomization (injectors);

— control of load distribution across cylinders.

Modern operating conditions of ship engines require highly qualified and experienced
engineering teams. If problems arise during operation with the condition of the cylin-
der-piston group, the Chief Engineer is obliged to inform the manufacturer immediately
and take all possible measures and actions to prevent and stop the process of deterio-
ration of the engine condition, with regard to the recommendations of manufacturing
companies as well as personal experience.

If damage to the cylinder rings is detected on one of the cylinders or the automatic
system turns off the fuel supply to one of the cylinders (for example, on RT-flex engine,
when the sensor for the amount of fuel supplied to the cylinder is jammed, the automatic
system turns off the fuel supply completely to this cylinder), maximum engine load
should be immediately limited on MAN B&W engines to 55% MCR, RT-flex (Wirtsild)
to 70% MCR until the problem is resolved. Mind that pirate navigation areas require
an increase in the ship’s speed or poor navigation conditions in the navigation area
cannot guarantee compliance with these recommendations and, therefore, the experi-
ence and qualifications of the Chief Engineer in these difficult conditions will play a
decisive role.
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