woO 2020/007434 A1 | NI 00000 KO0 Y OO O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 January 2020 (09.01.2020)

(10) International Publication Number

WO 2020/007434 Al

WIPO I PCT

(51) International Patent Classification:

FOIM 1/16 (2006.01) FI6N 29/02 (2006.01)
FI16N 7/38 (2006.01) FOIM 1/02 (2006.01)
FI16N 13/04 (2006.01) FOIM 1/08 (2006.01)
F16N 13/16 (2006.01)

(21) International Application Number:
PCT/DK2019/050219

(22) International Filing Date:
04 July 2019 (04.07.2019)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

PA 2018 70473 06 July 2018 (06.07.2018) DK

(71) Applicant: HANS JENSEN LUBRICATORS A/S
[DK/DK]; Smedevanget 3, 9560 Hadsund (DK).

(72) Inventors: BAK, Peer, Kvisten 9, 9300 Sxby (DK).
KRISTENSEN, Nikolaj; Petersborgvej 2, 2., 9000 Aal-
borg (DK).

(74) Agent: PATRADE A/S; Ceresbyen 75, 8000 Aarhus C
(DK).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

84

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: A METHOD FOR UPGRADING A LUBRICATION SYSTEM IN A LARGE SLOW-RUNNING TWO-STROKE EN-

GINE
24 FIG. 4
20 % TR 16
21 A1 T4
\\/\ wﬁ}f}w\ \\‘.«"
LA 27 %
rf \
23 o
24\ bg
- }/K 22 24 103
€ .
o 102

W
7

g

(57) Abstract: A method for optimizing lubrication in a large slow-running two-stroke engine by which an existing lubrication system
is upgraded by inserting an upgrade valve system downstream of an existing lubricator.



10

15

20

25

30

WO 2020/007434 PCT/DK2019/050219

A method for upgrading a lubrication system in a large slow-

running two-stroke engine

FIELD OF THE INVENTION

The present invention relates to a method for optimizing lubrication in a large slow-
running two-stroke engine. Options are presented for modifying an existing lubrica-
tion system, especially for more frequent injection and lower lubricant volume per
injection. For example, the large slow-running two-stroke engine is a marine engine or
a large engine in power plants. The invention also relates to an upgraded lubrication

system.

BACKGROUND OF THE INVENTION

Due to the focus of on environmental protection, efforts are on-going with respect
reduction of emissions from marine engines. This also involves the steady optimiza-
tion of lubrication systems for such engines, especially due to increased competition.
One of the economic aspects with increased attention is a reduction of oil consump-
tion, not only because of environmental protection but also because this is a signifi-
cant part of the operational costs of ships. A further concern is proper lubrication de-
spite reduced lubricant volume because the longevity of diesel engines should not be
compromised by the reduction of oil consumption. Thus, there is a need for steady

improvements with respect to lubrication.

For lubricating of large slow-running two-stroke marine diesel engines, several differ-
ent systems exist, including injection of lubrication oil directly onto the cylinder liner

or injection of oil quills to the piston rings.

An alternative and relatively new lubrication method, compared to traditional lubrica-
tion, is commercially called Swirl Injection Principle (SIP). It is based on injection of

atomized droplets of lubricant into the scavenging air swirl inside the cylinder. The
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helically upwards directed swirl results in the lubricant being pulled towards the Top
Dead Centre (TDC) of the cylinder and pressed outwards against the cylinder wall as a
thin and even layer. This is explained in detail in international patent applications
W02010/149162 and WO2016/173601. Examples of SIP lubricant injector systems in
marine engines are disclosed in international patent applications W02002/35068,
W02004/038189, W02005/124112, W02010/149162, W02012/126480,
WO02012/126473, W02014/048438, and WO2016/173601. The injectors comprise an
injector housing inside of which a reciprocating valve member is provided, typically a
valve needle. The valve member, for example with a needle tip, closes and opens the
lubricant’s access to a nozzle aperture according to a precise timing. In current SIP
systems, a mist of lubricant with atomized droplets is achieved at a pressure of, typi-
cally, 35-65 bar, which is substantially higher than the oil pressure of less than 10 bar
that are used for systems working with compact oil jets that are introduced into the
cylinder. In some types of SIP valves, the high pressure of the lubricant is also used to
move a spring-loaded valve member against the spring force away from the nozzle
aperture such that the highly pressurised oil is released therefrom as atomized drop-
lets. The ejection of oil leads to a lowering of the pressure of the oil on the valve
member, resulting in the valve member returning to its origin and remaining there
until the next lubricant cycle where highly pressurized lubricant is supplied to the lub-

ricant injector again.

In such large marine engines, a number of injectors are arranged in a circle around the
cylinder, and each injector comprises one or more nozzle apertures at the tip for deliv-
ering lubricant jets or sprays or mist of lubricant with atomized droplets into the cyl-

inder from each injector.

One of the currently more traditional approaches for lubrication of marine engines is
disclosed in German patent document DE19743955B4 and equivalent Danish patent
DK173288B1. It discloses a lubrication system in which a central controller feeds
lubricant to a lubricator for each cylinder of the marine engine. The lubricator distrib-
utes lubricant to a plurality of lubricant injectors distributed around the circumference
of the cylinder. The lubricator comprises a housing in which a plurality of piston
pumps are arranged around a circle and driven simultaneously in common by a hy-

draulic driven actuator piston. Each of the piston pumps comprises an injection plung-
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er that is pumping lubricant through a non-return valve to one of the injectors of a
single cylinder. The hydraulic driven actuator piston is moving over an adjustable
distance between its stationary rearward end stop and a forward end stop that is ad-
justable by an adjusting screw. For turning the adjusting screw, it is accessible at an
end cap that covers a flange of the housing, through which the adjusting screw ex-

tends.

In connection with injection of compact jets of lubricant into marine engine cylinders
and also for lubricant quills onto the piston between the piston rings, this system has
gained widespread distribution and is marketed under the trade name Alpha lubricator

by the company MAN B&W Diesel and Turbo.

FIG. 1 illustrates an example of an Alpha lubricator as it is found on the Internet page
http://www.mariness.co.kr/02_business/Doosan%20Retrofit%20Service. pdf?PHPSES
SID=fd56da9%de6eaca2f1f446512e84fct69. The drawing is slightly modified with ad-

ditional reference numbers in order to explain the principle in more detail.

Similar to the above mentioned DE19743955B4 and DK 173288B1, the Alpha lubrica-
tor 100 comprises a housing 101 in which a plurality of injection plungers 119 are
arranged one a circle and driven simultaneously in common by a hydraulic driven
actuator piston 123. Each injection plunger 119 is arranged slidingly in a dosing chan-
nel 115 receiving lubricant from an internal volume 114 of the housing 101 through an
inlet aperture 113. The inlet aperture 113 is closed by the injection plunger 119 during
forward motion of the injection plunger 119 so that further forward motion by the in-
jection plunger 119 pressurizes the received lubricant in the remaining part of the dos-
ing channel 115 and pumps it through a non-return valve 102 into a pipe 103 and to
one of the injectors of a single cylinder. During retraction of the actuator piston 123,
caused by the pre-stressed spring 109, the injection plunger 119 is retracted, and vac-
uum created in the dosing channel 115, until the forward end of the injection plunger
119 is retracted past the inlet aperture 113 and lubricant can flow through the inlet

aperture 113 and refill the dosing channel 115.

The volume of lubricant pressurized by the injection plunger 119 in the dosing chan-

nel 115 and expelled through the non-return valve 102 is defined by the travel distance
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of the injection plunger 119 from the inlet aperture 113 to the most forward position
before retraction. During the movement of the actuator piston 123 over the stroke
length, the first part of the movement of the injection plunger 119 past the inlet aper-
ture 113, and only once the injection plunger 119 has moved past the inlet aperture
113 and closed it, the lubricant is pressurised and expelled from the remaining dosing

channel distance.

The hydraulic driven actuator piston 123 is moving over an adjustable distance be-
tween its stationary rearward end stop 104 and a forward end stop 105 that is adjusta-
ble by an adjusting screw. For turning the adjusting screw 121, it is accessible at an
end cap 106 that covers a flange 107 of the housing 101, through which the adjusting
screw 121 extends. The flange 107 in the Alpha lubricator 100 supports the spacer 122
and contains a threading 110 for adjustment of the adjusting screw 121. The reciprocal
actuator piston 123 is driven by oscillating oil pressure in the volume 108 behind the
actuator piston 123, where a solenoid valve 116 shifts between two pressure levels in
this volume 108 behind the actuator piston 123. Once, the lower pressure level is
reached, a spring 109 load presses the actuator piston 123 back to the rear end stop.

The solenoid valve 116 is regulated by corresponding signals from a control unit.

As can be seen in FIG. 1, a spacer 122 for basic settings of the pump stroke is provid-
ed in the 107 flange behind the end cap 106, at which the head of the adjusting screw
121 is accessible for adjustment by rotation. Accordingly, there are two adjustment
features, namely a basic adjustment feature by the spacer 122 and the adjustment by
the adjusting screw 121. For the spacer variation, the basis setting is delimited by the
length of the threading 110 that holds the adjusting screw 121 and in which the adjust-
ing screw 121 is rotated for adjustment. The length of the threading 110 is much less
than the spacer illustrated in FIG. 1.

However, as explained in the following, another feature delimits a possible reduction

of the stroke length 112 of the actuator piston 123.

In this marketed product, the Alpha lubrication system is modified as compared to the

above mentioned patents DE19743955B4 and DK 173288B1 in that a capacitive feed-
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back sensor 120 is used to verify a sufficiently long stroke length of the hydraulic ac-

tuator.

This feedback sensor 120 is also illustrated in FIG 1. As illustrated, the hydraulic ac-
tuator piston 123 comprises two circumferential grooves 111, and the feedback sensor
120 gives a confirmation signal of proper lubrication to the central controller if the
stroke of the hydraulic actuator piston is long enough for the second groove to move
pass the feedback sensor. When the first and second grooves 111 pass by the feedback
sensor 120, the feedback sensor 120 creates a double-pulsed signal which the central
controller takes as confirmation of proper lubrication. If only one the first groove 111
passes by the feedback sensor 120, the corresponding single-pulsed signal from the
feedback sensor 120 indicates to the central controller general functioning of the feed-
back sensor 120 and movement of the actuator piston 123 over at least a small dis-
tance but not sufficient movement of the actuator piston 123 for proper lubrication. If
the feedback sensor 120 is giving any signal, a warning message is provided by the

controller that the stroke was not measured as long enough for proper lubrication.

Although, the forward end stop 105 for the hydraulic actuator piston 123 is adjustable
by the adjusting screw 121 and potentially further adjustable by the spacer 122, the
minimum stroke length of the hydraulic actuator piston 123 must still be sufficiently
long for the second groove 111 to move past the feedback sensor 120, as otherwise the

controller is caused to register insufficient lubrication.

The amount for injection by the Alpha lubricator is determined by the frequency for
injection into the engine. In practice, lubricant injection by the Alpha lubricator is not
performed for each revolution of the engine but typically only for each fixed number

of revolutions, for example one injection for each 10 or 12 revolutions of the engine.

In some research projects, indications have been found that more frequent injection
than one injection for each 10 or 12 engine revolutions leads to a better lubrication
result for the marine engine and reduces wear in the engine cylinder. The higher injec-
tion frequency requires lower dosages per injection in order not to increase the total

lubricant consumption. Documentary reference is made to the Paper No. 283 by Jen-
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sen et al. published at the CIMAC congress in Finland June 6-10, 2016 “Lubtronic

SIP promise remarkably low wear rates with low CLO consumption”

However, when considering a possible change of the Alpha system to more frequent
lubrication, this implies difficulties in that the stroke length of the actuator piston 123
cannot be reduced below the minimum stroke length as determined by the cooperation
of the feedback sensor 120 with the grooves 111 in the actuator piston 123 in the Al-
pha lubricator 100, as already discussed above. The minimum stroke length as deter-
mined by the feedback sensor 120 is not easily reduced, as the signal is provided by
fixed grooves groove 111 in the metallic actuator piston 123. Accordingly, such
change of the Alpha lubricator 100 to lubrication with higher frequency is a complex

task.

This problem is of general nature and applies equally well when modifying an Alpha

system to an extent that it is specifically suitable as lubricator for SIP injection.

In this connection, it is put forward that the market has an increasing demand for SIP
injection system due to its advantages for proper lubrication at low lubricant consump-
tion. However, in some instances, there is a request for not exchanging the entire lu-
brication system of the engine but only those parts that are necessary to exchange in
order to achieve the desired effect. This is not only a matter of costs but also based on
interest to keep those modules of the system that appear to function well. Especially,
there is a general demand to change the compact jet injection to SIP injection with a

mist of lubricant.

In those cases where Alpha lubricators have been used for compact jet injection, and
SIP injectors are mounted as a substitution for compact jet injectors, further modifica-
tions are necessary, as the SIP injectors are desired with a higher injection frequency
than used for compact jet injection using Alpha lubricators. For example, a SIP injec-
tion is done for every revolution or even with more than one injection per revolution.
However, as mentioned above, such upgrade appears to be a major task due to the

feedback sensor.
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EP2395208A1 discloses a modification of a lubrication system in which a lubricator
with a hydraulically driven actuatopr piston which moves a number of injection
plungers that pressurize lubricant for injection by a similar number of injectors. In the
modification, the injection plungers are all connected to a single supply line to the
injectors, however with individual valves in between the injectors and the single sup-
ply line. In this way, the timing and time length for the injection can be individually

adjusted.

Although, this improves the lubrication with respect to timing and time length of the
injection, it is dependent on the time when the lubricator pressurizes the lubricant by
advancing the actuator piston. For this reason, this system is only useful for reducing
the amount of lubricant relatively to the normal function of the lubricator, but it is not
entirely independent of the lubricator frequency and timing. It would be desirable to
improve the system towards a higher degree of independence for the lubrication injec-

tion timing and time length.

Accordingly, it would be desirable to find a proper upgrade procedure.

DESCRIPTION / SUMMARY OF THE INVENTION

It is an objective of the invention to provide an improvement in the art. A particular
objective is to provide a method for upgrade of a lubrication system for a large slow-
running two-stroke engine, in particular an Alpha lubrication system. It is a further
objective to provide a lubrication system suitable for SIP injection. This objective is
achieved by a method of improving the lubrication of a large slow running engine. It
is in particular achieved by a method for modifying a lubrication system as explained

in more detail in the following.

The lubrication system provides lubricant to injectors for lubricating the cylinder or
cylinders in a large slow-running two-stroke engine engine, for example a marine en-
gine or a large engine in power plants. Typically, the engine is burning diesel or gas
fuel. The engine comprises one or more cylinders, each with a reciprocal piston inside

and with a plurality of lubricant injectors distributed along a perimeter of the cylinder
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for injection of lubricant into the cylinder at various positions on the perimeter during

injection phases.

The lubrication system comprises a lubricator that is pipe-connected to each injector
by a corresponding lubricant feed conduit for providing pressurized lubricant to each

injector though the corresponding lubricant feed conduit during the injection phases.

The lubricator is of the type that comprises a housing in which a hydraulic-driven ac-
tuator piston is arranged reciprocal with a stroke length along a stroke direction. The
lubricator further comprises a stroke length adjustment mechanism configured for
variably adjusting the stroke length of the reciprocal hydraulic-driven actuator piston

between a minimum stroke length and a maximum stroke length.

The lubricator further comprises a plurality of injection plungers slidingly arranged in
corresponding dosing cylinders, wherein the injection plungers are coupled to the ac-
tuator piston in order to be moved by the actuator piston and for pressurizing lubricant
in the dosing cylinders during this movement. When the actuator piston is moved over
the stroke length, the injector plungers are moved over a corresponding length. The
movement the injection plungers inside the dosing channel pressurizes the lubricant in
the dosing channel while the injection plungers move over a dosing channel distance,
where the dosing channel distance defines the volume of lubricant expelled from the
dosing channel during the injection phase through a non-return valve and through the

feed conduit to the injector for injection of the lubricant into the engine cylinder.

As will be apparent below, the dosing channel distance is equal to or less than the

stroke length. This depends on the configuration as also discussed above.

The dosing channel distance is adjustable between a minimum dosing channel dis-
tance and a maximum dosing channel distance corresponding to the actuator piston’s
variable stroke length between the minimum stroke length and the maximum stroke
length. By reducing the stroke length of the actuator piston, also the dosing channel

distance is reduced and the expelled lubricant volume correspondingly.
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The lubricator also comprises an electrical valve arranged for causing switch between
hydraulic pressure levels that are acting on the actuator piston in order to hydraulically
drive the actuator piston reciprocally by the switching pressure levels. Typically, the

actuator piston is pre-stressed against the rear end stop by a helical spring.

In some concrete embodiments, the lubricator receives high pressure oil for driving
the actuator piston, and the electrical valve switches between

a) access of the pressurized oil to the actuator piston in the injection phase and

b) connection between the actuator piston and a drain for drainage of oil from the ac-

tuator piston between injection phases.

The lubrication system further comprises a controller electrically connected to the
electrical valve for controlling the timing of the switching for the injection phases by

corresponding electrical signals transmitted from the controller to the electrical valve.

According to the above objective, the lubrication system is modified after a certain

time of normal operation of the engine.

In more detail, the method comprises
- operating the engine with lubrication from the lubricator under control of the con-
troller with one injection through the lubricant injectors for each first number of
engine revolutions;
- stopping the operation of the engine for modification of the lubrication system,;
- modifying the lubrication system;

- continuing operation of the engine with the modified lubrication system.

The modification of the lubrication system comprises

- providing a lubricant accumulator for accumulating pressurized lubricant in the lub-
ricant accumulator, an upgrade valve system for controlled flow of lubricant through
the upgrade valve system, and an upgrade controller for controlling opening and clos-
ing of the upgrade valve system,

- decoupling the lubricant feed conduits between the lubricator and the injectors and
instead pipe connecting the lubricator with a single supply line to an upstream side of

the upgrade valve system,
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- pipe connecting the lubricant accumulator to the upstream side of the upgrade valve
system for use as a buffer for the lubricant from the lubricator;

- functionally connecting the upgrade controller to the upgrade valve system for con-
trolling the timing, frequency, and time length, for the opening and closing of the up-
grade valve system.

The modified lubrication system is configured for causing the lubricator to pump pres-
surized lubricant into the accumulator and to the upgrade valve system, by the upgrade
controller controlling the upgrade valve system with respect to timing and frequency
as well as time length of the lubricant flow for injecting the lubricant by the injectors

into the engine cylinder under the control of the upgrade controller.

Correspondingly, the operation of the engine with the modified lubrication system
comprises causing the lubricator to pump pressurized lubricant into the accumulator
and to the upgrade valve system, by the upgrade controller controlling the upgrade
valve system with respect to timing and frequency as well as time length of the lubri-
cant flow for injecting the lubricant by the injectors into the engine cylinder under the

control of the upgrade controller.

Advantageously, the method comprises substituting the multiple lubricant feed con-
duits for the injectors of an engine cylinder by a single common lubricant feed line for
all of the injectors of a cylinder or at least for a group of injectors of the single cylin-
der. This principle, also called “common rail” principle, simplifies the injection ar-

rangement in that all injectors are fed simultaneously by the same line.

In some embodiments, the upgrade valve system is then feeding lubricant from the
upgrade valve system to the group of injectors or all injectors of a single engine cylin-

der only through the common lubricant feed line.

For example, the improvement comprises connecting the injectors to a downstream
side of the upgrade valve system for causing flow of lubricant from the lubricator to
the group of injectors only through the upgrade valve system and subsequently
through the single common lubricant feed line. By increasing pressure in the common

lubricant feed line (during injection phases, but not between the injection phases, pres-
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surised lubricant is fed simultaneously to all injectors in the group of injectors through

the common lubricant feed line in the injection phases.

Alternatively, the improvement comprises providing each injector in the group of in-
jectors with an internal electrically activated valve as part of the upgrade valve system
and connecting the group of injectors to the common lubricant feed line. In this case,
pressurized lubricant in the common lubricant feed line is used for feeding the valve
inside the injectors, the valve of each of the injectors is operated under control of the

upgrade controller.

In some practical embodiments, the method comprises electronically connecting the
controller to the upgrade controller and by the upgrade controller receiving timing
signals from the controller. The upgrade controller uses these timing signals for
providing corresponding upgraded activation signals for activating the upgrade valve

system in predetermined time dependence with the timing signals.

The upgrade activation signals are created in time dependence with the timing signal
from the controller but not necessarily simultaneously. The upgrade activation signals
from the upgrade controller to the injectors can be time shifted relatively to the timing
signals from the controller to the upgrade controller. Typically, also, several upgrade
activation signals are provided for each timing signal in order to increase the injection

frequency.

In particular, the modification of the lubrication system comprises pipe connecting the
lubricant accumulator to the single supply line at an upstream side of the upgrade
valve system in the flow path between the lubricator and the upgrade valve system for
use as a buffer for the lubricant from the lubricator and for taking up pressure varia-

tions in the single supply line from the pumping action of the lubricator.

In some embodiments, the lubricant accumulator functions as a large enough buffer to
provide sufficient pressure and volume of lubricant to the upgrade valve system such
that injection by the injectors can be done solely by lubricant from the lubricant accu-
mulator and independent from the pumping action of the lubricator. Especially, in

such case, there is no need for synchronization between the upgrade activation signals
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from the upgrade controller and the timing signals from the controller, but there is
typically a time dependence, as the timing from the controller may still serve for find-

ing a correct timing for the upgrade valve system.

In some embodiments, the method comprises electronically causing the lubricator to
increase the stroke length and/or the frequency of the actuator piston of the lubricator
for providing sufficient lubricant volume to also maintain the lubricant in the accumu-
lator pressurized. For example, a motor is provided for rotating the adjusting screw.
This motor is then electronically activated for rotating the adjustment screw selective-
ly in one or the other direction. This activation is caused by signals from the upgrade

controller either directly or via the controller.

Optionally, the method comprises electronically connecting the upgrade controller to
the controller for by signals from the upgrade controller causing the controller to in-
crease stroke length and/or frequency of the lubricator for providing sufficient lubri-
cant volume to also maintain the lubricant in the accumulator pressurized. This func-
tion can be also used in case that the lubricator is functioning as an independent pump

for feeding lubricant into the lubricant accumulator.

In some embodiments, the method comprises electronically connecting the upgrade
controller to the controller and by signals from the upgrade controller causing the con-
troller to increase frequency of the lubricator and increase the frequency of the up-
grade valve system and injecting lubricant at higher injection frequency with one in-
jection phase for each second number of engine revolutions, wherein the second num-
ber is smaller than the first number. For example, the first number is at least 4, option-
ally 4-16 revolutions, and the second number is smaller than 4, for example 1-3 revo-
lutions or even less than unity, such as 0.5, corresponding to two injections per revolu-

tion.

It is important to notice that the insertion of an upgrade valve system and lubricant
accumulator between the lubricator and the injectors allows a more frequent injection
and with an injection volume per injection smaller than for the injection at lower fre-
quency prior to the upgrade. Also, the injection volume per injection can be made

smaller than possible with the adjusting screw of the lubricator. This is at least partly
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due to the fact that the accumulator functions as a buffer that can take up some of the
surplus volume that is pumped by the lubricator when this volume is larger than need-
ed for the more frequent injection. Accordingly, no modification of the lubricator is
needed despite lower injection volume per stroke than possible with the lubricator’s

adjusting screw, which makes the upgrade universal.

In some embodiments, the single supply line from the controller is connected to a
drain line through a safety pressure valve such that a drain of surplus lubricant from
the lubricator can be drained from the single supply line, which protects the upgraded
lubrication system from pressure overload and which also allows the injection volume
per injection at higher frequency being made smaller than possible with the adjusting

screw of the lubricator.

In other embodiments, no such drain line is provided. A possible alternative includes

injectors that are provided with a drain line.

The increased injection frequency improves the lubrication effect and reduces wear of
the engine. Documentary reference is made to the Paper No. 283 by Jensen et al. pub-
lished at the CIMAC congress in Finland June 6-10, 2016 “Lubtronic SIP promise
remarkably low wear rates with low CLO consumption” Further reference to the SIP
injection is found in the publication “SWIRL INJECTION LUBRICATION - A NEW
TECHNOLOGY TO OBTAIN LOW CYLINDER OIL CONSUMPTION WITHOUT
SACRIFICING WEAR RATES” by Lauritsen et al, published at the 2001 CIMAC

Congress in Hamburg.

Advantageously, the total lubricant consumption in the continued operation of the
engine with the modified lubricator is not larger than the lubricant consumption prior
to modifying the lubrication system. If the higher frequency for injection does not
compromise the aim for minimal oil consumption, the overall result is a better lubrica-

tion without increasing the environmental aspects of low consumption of lubricant.

For example, the upgrade valve system is optionally provided as a single unit for all

engine cylinders or as a plurality of units with one unit for each engine cylinder.
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For clarification, it is pointed out that the term “injector” is used for an injection valve
system comprising an injector housing having a lubricant inlet port, flow-connected to
the lubricant feed conduit for receiving lubricant from it for injection into the cylinder.
The injector further comprises one single injection nozzle with a nozzle aperture as a
lubricant outlet that extends into the cylinder for injecting lubricant from the inlet port
into the cylinder in the injection phase. Although, the injector has a single nozzle that
extends into the cylinder through the cylinder wall, when the injector is properly
mounted, the nozzle itself, optionally, has more than a single aperture. For example,

nozzles with multiple apertures are disclosed in W02012/126480.

The term “injection phase” is used for the time during which lubricant is injected into
the cylinder by an injector. The term “idle phase” is used for the time between injec-
tion phases. The term “injection-cycle” is used for the time it takes to start an injection
sequence and until the next injection sequence starts. For example, the injection se-
quence comprises a single injection, in which case the injection-cycle is measured
from the start of the injection phase to the start of the next injection phase. The term
“timing” of the injection is used for the adjustment of the start of the injection phase
by the injector relatively to a specific position of the piston inside the cylinder. The
term “frequency” of the injection is used for the number of repeated injections by an
injector per revolution of the engine. If the frequency is unity, there is one injection
per revolution. If the frequency is 1/10, there is one injection per every 10 revolutions.

This terminology is in line with the above mentioned prior art.

For example, each of the injectors comprises an outlet-valve system at the nozzle con-
figured for opening for flow of lubricant to the nozzle aperture during an injection
phase upon pressure rise above a predetermined limit at the outlet-valve system and
for closing the outlet-valve system after the injection phase. The outlet-valve system
closes off for back-pressure from the cylinder and also prevents lubricant to enter the

cylinder unless the outlet-valve is open.

For example, the outlet-valve system comprises an outlet non-return valve. In the out-
let non-return valve, the outlet-valve member, for example a ball, ellipsoid, plate, or
cylinder, is pre-stressed against an outlet-valve seat by an outlet-valve spring. Upon

provision of pressurised lubricant in a flow chamber upstream of the outlet-valve sys-
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tem, the pre-stressed force of the spring is counteracted by the lubricant pressure, and
if the pressure is higher than the spring force, the outlet-valve member is displaced
from its outlet-valve seat, and the outlet non-return valve opens for injection of lubri-
cant through the nozzle aperture into the cylinder. For example, the outlet-valve spring
acts on the valve member in a direction away from the nozzle aperture, although, an

opposite movement is also possible.

As mentioned, optionally, a valve system is integrated in the injector housing. Such
valve is in functional connection with the upgrade controller, for example electronical-

ly connected.

Optionally, SIP injectors are used. SIP injectors are configured to provide a mist of
lubricant into the scavenging air of the cylinders. A mist of atomized droplets, also
called mist of oil, is important in SIP lubrication, where mist of lubricant is repeatedly
injected by the injectors into the scavenging air inside the cylinder prior to the piston
passing the injectors in its movement towards the TDC. In the scavenging air, the at-
omized droplets are diffused and distributed onto the cylinder wall, as they are trans-
ported in a direction towards the TDC due to a swirling motion of the scavenging air

towards the TDC.

Examples of such injectors for SIP injection are disclosed in W0O2012/126473. Addi-
tional options for SIP injectors with electrical valves are found in Danish patent appli-

cations DK2017 70936 and DK2017 70940.

For example, the injectors comprise a nozzle with a nozzle aperture of between 0.1
and 1 mm, for example between 0.2 and 0.5mm, and are configured for ejecting atom-

ized droplets in the mist of lubricant.

The atomization of the lubricant is due to highly pressurized lubricant in the lubricant
injector at the nozzle. The pressure is higher than 10 bar, typically between 20 bar and
120 bar for this high pressure injection. An example is an interval of between 30 and
80 bar, optionally between 35 and 60 bar. The injection time is short, typically in the
order of 5-30 milliseconds (msec). However, the injection time can be adjusted to 1

msec or even less than 1 msec, for example down to 0.1 msec.
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Also, the viscosity influences the atomization. Lubricants used in marine engines, typ-
ically, have a typical kinematic viscosity of about 220 ¢St at 40°C and 20 cSt at
100°C, which translates into a dynamic viscosity of between 202 and 37 mPa's. An
example of a useful lubricant is the high performance, marine diesel engine cylinder
oil ExxonMobil® Mobilgard™ 560VS. Other lubricants useful for marine engines are
other Mobilgard™ oils as well as Castrol® Cyltech oils. Commonly used lubricants
for marine engines have largely identical viscosity profiles in the range of 40-100°C
and are all useful for atomization, for example when having a nozzle aperture diame-
ter of 0.1-0.8 mm, and the lubricant has a pressure of 30-80 bar at the aperture and a
temperature in the region of 30-100°C or 40-100°C. See also, the published article on
this subject by Rathesan Ravendran, Peter Jensen, Jesper de Claville Christiansen,
Benny Endelt, Erik Appel Jensen, (2017) "Rheological behaviour of lubrication oils
used in two-stroke marine engines", Industrial Lubrication and Tribology, Vol. 69

Issue: 5, pp.750-753, https://doi.org/10.1108/ILT-03-2016-0075.

SHORT DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail with reference to the drawing, where

FIG. 1 is areproduction of a drawing of an Alpha controller s published on the Inter-
net site
http://www.mariness.co.kr/02_business/Doosan%20Retrofit%20Service.pdf?
PHPSESSID=fd56da9de6eaca2f1f446512e84fcf69

FIG. 2 is a sketch of part of a cylinder in an engine prior to modification;

FIG. 3 is a sketch of part of a cylinder in an engine after modification;

FIG. 4 illustrates a modified lubrication system in detail;

FIG. 5 illustrates the electronic connection between the components;

FIG. 6 illustrates an alternative embodiment.

DETAILED DESCRIPTION / PREFERRED EMBODIMENT

FIG. 1 is a reproduction of a drawing of an Alpha controller s published on the Inter-
net site
http://www.mariness.co.kr/02_business/Doosan%20Retrofit%20Service. pdf?PHPSES
SID=fd56da9%de6eaca2f1f446512e84fcf69.
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For the method as described herein, this drawing of the Alpha lubricator in FIG. 1
serves as example for a concrete embodiment of a lubricator that is modified, although
slight variations of the lubricator are possible without departing from the basic princi-
ples of an actuator piston driving the plurality of injection plungers for injection. Ac-
cordingly, the explanation as given in the introduction applies for the explanation of

the modification of the lubricant system equally well.

FIG. 2 illustrates a sketch of part of a cylinder in a large slow-running two-stroke en-
gine and a lubrication system prior to modification, for example in a marine diesel
engine. The cylinder 1 comprises a cylinder liner 2 on the inner side of the cylinder
wall 3. Inside the cylinder wall 3, there are provided a plurality of injectors 4 for injec-

tion of lubricant into the cylinder 1.

As illustrated, the injectors 4 are distributed along a circle with the same angular dis-
tance between adjacent injectors 4, although this is not strictly necessary. Also, the
arrangement along a circle is not necessary, seeing that an arrangement with axially
shifted injectors is also possible, for example every second injector shifted towards the

piston’s top dead centre (TDC) relatively to a neighbouring injector.

As illustrated, the injectors 4 receive pressurised lubrication oil from a lubricator 11
through lubricant feed conduits 9, one for each injector. It relates in particular to the
type of lubricator 100 as initially explained in connection with FIG. 1, for example the

Alpha lubricator.

The supplied oil is typically heated to a specific temperature, for example 50-60 de-

grees.

The lubricator 11 supplies pressurised lubrication oil to the injectors 4 in precisely
timed pulses, synchronised with the piston motion in the cylinder 1 of the engine. The
injection by the lubricator 11 is controlled by a controller 12. For the synchronisation,
the controller 12 monitors parameters for the actual state and motion of the engine,
including speed, load, and position of the crankshaft, as the latter reveals the position

of the pistons in the cylinders.
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Each of the injectors 4 has a nozzle 5 with a nozzle aperture 5° from which lubricant is
ejected under high pressure into the cylinder 1, for example in the form of a compact

jet or oil quill.

Optionally, the cylinder liner 2 is provided with free outs 6 for providing adequate
space for the lubricant 8 in the form of a jet, spray or mist of atomized droplets from

the injector 4.

The lubricator 11 is connected to a supply conduit 14 for receiving lubricant from a
lubricant supply 15, including an oil pump, and, optionally, a return conduit 13 for
return of lubricant, typically to a lubricant reservoir, optionally for recirculation of
lubricant. The lubricant pressure in the supply conduit 14 is higher than the pressure in
the return conduit 13, for example at least two times higher. The lubricant supply con-
duit 14 is also used for supplying lubricant for lubrication in addition to driving the

actuator piston.

FIG. 3 illustrates a sketch of part of a cylinder in a large slow-running two-stroke en-
gine and a lubrication system after modification in a first embodiment. In this case a
modified lubrication system in which an upgrade kit 16 has been added to the original
lubrication system as well as an upgrade controller 19 that is controlling the lubrica-

tion via the upgrade kit 16.

The upgrade controller 19 is optionally also electronically connected to the original

controller 12. Advantages of this option will become clearer in the following

The multiple lubricant feed conduits 9 are substituted by a single common feed line
9’. The pipe connections 103 into which lubricant is pumped by the lubricator 11 are
feeding lubricant into the upgrade kit 16, which in turn feeds lubricant to the injectors
by a “common rail” system in which all injectors 4 of an engine cylinder, or a sub-
group of injectors for a single engine cylinder, are receiving lubricant through the sin-

gle lubricant feed line 9” in common and simultaneously.

Optionally, there is provided a return line 10 for back flow of lubricant from the injec-

tors 4.
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Optionally, for example as an upgrade, the lubricant is ejected as a mist 8 of lubricant
with atomized droplets 7 for SIP injection. It is based on injection of atomized drop-
lets of lubricant into the scavenging air swirl 17 inside the cylinder 1. The helically
upwards directed swirl 17 results in the lubricant being pulled towards the Top Dead
Centre (TDC) of the cylinder 1 and pressed outwards against the cylinder wall 2 as a

thin and even layer.

For example for SIP injection, the nozzle aperture has a diameter of between 0.1 and
0.8 mm, such as between 0.2 and 0.5 mm, which at a pressure of 10-120 bar, for ex-
ample 20 to 120 bar or 20 to 100 bar, optionally 30 to 80 bar or even 50 to 80 bar, or
even at higher pressure than 120 bar, atomizes the lubricant into a mist 8 of lubricant,
which is in contrast to a compact jet of lubricant. The swirl 17 of the scavenging air in
the cylinder 1 transports and presses the mist 8 of lubricant against the cylinder liner 2

such that an even distribution of lubrication oil on the cylinder liner 2 is achieved.

FIG. 4 illustrates an example of an upgraded lubrication system with an upgrade kit 16

and with a lubricator 11 as a pumping system for the upgrade kit 16.

The outlets of the lubricator 11 with the non-return valves 102 and the pipe connec-
tions 103 are connected to an upgrade valve system 20 via a single supply line 24.
Under control of the upgrade controller 19, the upgrade valve system 20 feeds lubri-

cant to the injectors 4 via the common lubricant feed line 9°.

A lubricant accumulator 21 branches off the supply line 24 upstream of the upgrade
valve system 20 for use as a buffer for the pressurized lubricant from the lubricator
100. For increased pressure control and flow control, a pressure meter 22 and a flow
meter 23 are added to the system. In order to prevent backflow from the lubricant ac-

cumulator 21, a non-return valve 27 is installed in the supply line.

The lubricator 11 is used as a pump to provide lubricant to the injectors 4 through the
upgrade valve system 20 and also to fill the lubricant accumulator 21 and keep the
lubricant accumulator 21 filled with lubricant at adequate pressure. In order to not

only provide sufficient pressurized lubricant for the injectors but also fill the lubricant
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accumulator, the pumping action of the lubricator 11 creates a surplus of pressurized

lubricant into the upgraded kit 16.

As a safety measure for preventing overpressure, a pressure-adjustable return safety
valve 26 is connected to the supply line 24 upstream of the upgrade valve system 20.
Lubricant drained through the safety pressure valve 26 is recycled through a drain line
28 to the general lubricant supply. The drain line 28 is optional, and the upgraded lub-
ricant system can also be provided and function properly without such drain line, for

example in case that the injectors 4 comprise a drain.

With reference to the Alpha lubricator of FIG. 1 in combination with FIG. 4, the fol-
lowing important aspect is observed. The accumulator 21 and the optional drain line
28 make it possible to cause the lubricator to provide it pumping action over the nor-
mal stroke length without causes pressure overload or increased injection volume.
This is advantageous in that a correct feedback sensor signal to the controller 12 can
be maintained, which would not be possible if the stroke length of the actuator piston
123 would have to be reduced due to more frequent injection, for example at twice the
frequency, with lower dosage injection, for example half the dosage per injection

phase.

In operation of the engine, the modified lubrication system causes the lubricator 11 to
pump pressurized lubricant into the accumulator 21 and to the upgrade valve system
20. The upgrade controller 19 is controlling the upgrade valve system 20 with respect
to timing and frequency as well as length of the lubricant flow from the upgrade valve
system 20 to the injectors 4 for injecting correct portions of lubricant into the engine

cylinder in the injection phase.

In order to provide adequate timing for the lubricant injection, it is an advantage to
electronically connect the upgrade controller 19 to the controller 12. The upgrade con-
troller 19 is then configured for receiving the same lubricator activation signals from
the controller 12 as the lubricator 11 is receiving. These signals can then be used by

the upgrade controller 19 for sending injection signals to the upgrade valve system 20.
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Although, it is possible to activate the upgrade valve system 20 in synchronization
with pumping action of the lubricator 11, this is not necessary, as the lubricant accu-
mulator 21 works as a lubricant buffer and also takes up pressure variations from the

pumping action of the lubricator 11.

For example, the controller 12 is caused to increase stroke length and/or frequency of
the lubricator 11. This function is useful for filling the lubricant accumulator 21 and

keeping it loaded with adequate pressurised lubricant for a subsequent injection.

Optionally, pumping signals are sent, for example from the upgrade controller 19, to
the controller 12 causing the controller 12 to increase the pumping action, for example
by increased stroke length and/or increased frequency, for providing sufficient lubri-
cant volume to also maintain the lubricant in the lubricant accumulator 21 pressurized.
In this case, the upgrade controller 19 overrules the controller’s 12 normal function in
order to achieve increased pumping action as compared to the pumping action prior to

the modification.

Optionally, the lubricator 11 is caused to increase the pumping action by command
from the controller 12 after reprogramming of the controller. In this case, the upgrade

controller 19 is not sending the pumping signal for increasing the pumping action.

Optionally, the adjusting screw of the lubricator 11 is connected to a motorized drive
that drives the screw for stroke adjustment. This screw is potentially controlled and
activated by the upgrade controller 19. in this way, the pumping action of the control-

ler can be increased without changing the action of the controller 12.

For example, the lubricant accumulator 21 functions as a large enough buffer to pro-
vide sufficient pressure and volume of lubricant to the upgrade valve system 20 such
that injection by the injectors 4 can be done solely by lubricant from the lubricant ac-
cumulator 21 and independent from the pumping action of the lubricator 11. For ex-
ample, the lubricator 11 is caused to fill the lubricant accumulator 21 again after each

injection phase or after each multiple injection phases.
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FIG. 5 illustrates an example of an electronic setup with the controller 12 and the up-
date controller 19. In this embodiment, the lubricator 11 communicates with the con-
troller 12 and receives the activation signals for pumping from the controller 12. The
upgrade of the lubrication system includes the upgrade controller 19, which receives
timing signals from the controller 12 for the injection, which are then used for the up-

grade valve system 20.

As already outlines above, the upgrade controller 19 may be programmed to cause the
controller 12 to increase the frequency for injection and/or the stroke length in order to
provide lubricant more frequently and at higher volume, especially to fill the lubricant
accumulator. However, typically, the increased frequency of the lubricator 11 is

achieved by simple reprogramming of the controller 12.

FIG. 6 illustrates an alternative embodiment in which the upgrade valve system 20 of
FIG. 4 has been substituted by an upgrade valve system 20’ which is integrated in the
injectors 4. Each injector 4 has a housing that is mounted on the outer side of the cyl-
inder wall 2, where the housing contains an electronically operated valve, controlled

by the upgrade controller 19 and as part of the upgrade valve system 20°.

Examples of such injectors for SIP injection are disclosed in W0O2012/126473. Addi-
tional options for SIP injectors with electrical valves are found in Danish patent appli-

cations DK2017 70936 and DK2017 70940.

The injectors 4 are receiving lubricant from the common single feed line 9°, which is
connected the end 24’ of the single feed line 24, which is illustrated in FIG. 4. How-
ever, the common single feed line 9” provides constantly pressurized lubricant to the
injectors 4 which due to the integrated upgrade valve system 20’ regulate the injection

under control of the upgrade controller 19.

In practical embodiments, the injectors 4 are provided with electrical connectors 25’
that are electrically communicating with the upgrade controller 19 through electrical
cables 25. The upgrade controller 19 sends electrical control signals to each injector 4

for controlling injection of lubricant by the injector 4 through the nozzle 5. As it is
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illustrated, one cable 25 is provided for each injector 4, which allows individual con-

trol of injection by the respective injector 4.

However, it is also possible to provide one electrical cable 25 from the upgrade con-
troller 19 to all injectors 4 such that all injectors 4 are injecting simultaneously upon

receiving an electrical control signal through one single electrical cable 25.

Alternatively, it is also possible to provide one electrical cable 25 from the upgrade
controller 19 to a subgroup of injectors, for example a subgroup of 2, 3, 4, 5 or 6 in-
jectors, such that a first subgroup is controlled by the upgrade controller 19 through a
first cable 25 and a second subgroup is controlled through a second cable 25. The

number of cables and subgroups are selective dependent on preferred configurations.

The electrical control signals from the upgrade controller 19 to the injectors 4 are pro-
vided in precisely timed pulses, synchronised with the piston motion in the cylinder 1
of the engine. For this purpose, the upgrade controller receives timing signals from the

controller, as illustrated in FIG. 5.

Typically, timing and amount of lubricant is dependent on parameters for the actual
state and motion of the engine, for example speed, load, and position of the crank-

shaft, where the latter reveals the position of the pistons in the cylinders.

Optionally, there is provided a return line for back flow of lubricant from the injectors

4, similarly to the return line 10 in FIG. 3.

As it appears from FIG. 4 and 6, the modification is an add-on to an existing system,
where the add-on is connected to the downstream side of the lubricator 12, whereas
general lubricant supply and the electronic connection to the engine are maintained.
For these reasons, the modification is relatively simple, when having an upgrade kit of

the type as described above.

Advantages are relatively low cost and labour for modification as well as short down

time of the engine, for example marine engine.
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The above mentioned patent applications on the SIP injectors are herewith incorpo-

rated by reference.
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CLAIMS

1. A method of improving the lubrication of a large slow running engine, the engine
comprising a cylinder (1) with a reciprocal piston inside and with a plurality of lubri-
cant injectors (4) distributed along a perimeter of the cylinder (1) for injection of lub-
ricant into the cylinder (1) at various positions on the perimeter during injection phas-
es; the engine further comprising a lubrication system for providing lubricant to the
injectors in the injection phases;

wherein the lubrication system comprises a lubricator (11) pipe-connected to each
injector by a corresponding lubricant feed conduit (9) for providing pressurized lubri-
cant to each injector though the corresponding lubricant feed conduit (9) in the injec-
tion phases;

wherein the lubricator (11) is of the type that comprises a housing (101) in which a
hydraulic-driven actuator piston (123) is arranged reciprocal along a stroke length
(112), wherein the lubricator (11) further comprises a stroke length (112) adjustment
mechanism configured for variably adjusting the stroke length (112) of the reciprocal
hydraulic-driven actuator piston (123) only between a minimum stroke length and a
maximum stroke length;

wherein the lubricator (11) further comprises a plurality of injection plungers slidingly
arranged in corresponding dosing channels (115), wherein the injection plungers are
coupled to the actuator piston (123) in order to be moved by the actuator piston (123)
over the stroke length (112) and as a consequence pressurize lubricant in the dosing
channels (115) over a dosing channel distance for expelling the pressurized lubricant
from the dosing channel through a non-return valve (102) and through the lubricant
feed conduit (9) to the injector (4) for injection of the lubricant into the engine cylin-
der (1); wherein the dosing channel distance defines the volume of lubricant expelled
from the dosing channel during the injection phase; wherein the dosing channel dis-
tance is adjustable between a minimum dosing channel distance and a maximum dos-
ing channel distance by adjusting the stroke length (112) between the minimum stroke
length and the maximum stroke length of the actuator piston (123);

wherein the lubricator (11) comprises an electrical valve (116) arranged for causing

switch between hydraulic pressure levels acting on the actuator piston (123) to hy-
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draulically drive the actuator piston (123) reciprocally by the switching pressure lev-
els;
wherein the lubrication system comprises a controller (12) electrically connected to
the electrical valve (116) for controlling the timing of the switching for the injection
phases by corresponding electrical signals transmitted from the controller (12) to the
electrical valve (116);
wherein the modification of the lubrication system comprises
- providing a lubricant accumulator (21) for accumulating pressurized lubricant in the
lubricant accumulator (21), an upgrade valve system (20) for controlled flow of lubri-
cant through the upgrade valve system (20), and an upgrade controller (19) for con-
trolling opening and closing of the upgrade valve system (20),
- decoupling the lubricant feed conduits (9) between the lubricator (11) and the injec-
tors (4) and instead pipe connecting the lubricator (11) with a single supply line (24)
to an upstream side of the upgrade valve system (20, 20°),
- functionally connecting the upgrade controller (19) to the upgrade valve system (20,
20’) for controlling the timing, frequency, and time length, for the opening and closing
of the upgrade valve system (20, 20’);
characterized in that the method comprises
- operating the engine with lubrication from the lubricator (11) under control of the
controller (12) with one injection through the lubricant injectors (4) for each first
number of engine revolutions;
- stopping the operation of the engine for modification of the lubrication system,;
- modifying the lubrication system;
- continuing operation of the engine with the modified lubrication system;

wherein the modification of the lubrication system comprises pipe connecting
the lubricant accumulator (21) to the single supply line (24) at an upstream side of the
upgrade valve system (20.20’) in the flow path between the lubricator (11) and the
upgrade valve system (20, 20’) for use as a buffer for the lubricant from the lubricator
(11) and for taking up pressure variations in the single supply line (24) from the
pumping action of the lubricator (11);

wherein the operation of the engine with the modified lubrication system
comprises causing the lubricator (12) to pump pressurized lubricant into the accumu-
lator (21) and to the upgrade valve system (20, 20°), by the upgrade controller (19)

controlling the upgrade valve system (20, 20”) with respect to timing and frequency as
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well as time length of the lubricant flow for injecting the lubricant by the injectors (4)

into the engine cylinder (1) under the control of the upgrade controller (19).

2. A method according to claim 1, wherein the method comprises substituting the lub-
ricant feed conduits (9) from a group of injectors (4) of a single engine cylinder (1) by
a single common lubricant feed line (9) for feeding lubricant simultaneously to all

injectors (4) in the group of injectors (4) through the common lubricant feed line (9°).

3. A method according to claim 2, wherein the method comprises connecting the in-
jectors (4) to a downstream side of the upgrade valve system (20) for causing flow of
lubricant from the lubricator (11) to the group of injectors (4) only through the up-
grade valve system (20) and subsequently through the single common lubricant feed
line (97); increasing pressure in the common lubricant feed line (9”) during injection
phases but not between the injection phases for feeding pressurised lubricant simulta-
neously to all injectors (4) in the group of injectors (4) through the common lubricant

feed line (97) in the injection phases.

4. A method according to claim 2, wherein the method comprises providing each in-
jector (4) in the group of injectors (4) with an internal electrically activated valve as
part of the upgrade valve system (20’) and connecting the group of injectors (4) to the
common lubricant feed line (9°); providing pressurized lubricant in the common lubri-
cant feed line (97) and activating the valves of each of the injectors (4) under control

by the upgrade controller (19).

5. A method according to any one of the preceding claims, wherein the method com-
prises electronically connecting the controller (12) to the upgrade controller (19) and
by the upgrade controller receiving timing signals from the controller (12) and sending
upgraded activation signals to the upgrade valve system (20, 20) for activating the
upgrade valve system (20, 20’) in predetermined time dependence with the timing

signals.

6. A method according to any one of the preceding claims, wherein the method com-
prises electronically causing the controller (12) to increase at least one of stroke length

of the actuator piston (123) (123) of the lubricator (12) or to increase for providing
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sufficient lubricant volume to also maintain the lubricant in the accumulator (21) pres-

surized.

7. A method according to any one of the preceding claims, wherein the method com-
prises causing the controller (12) to increase pumping frequency of the lubricator (12)
and correspondingly increasing the frequency of the upgrade valve system (20) and
injecting lubricant at higher injection frequency with one injection phase for each sec-
ond number of engine revolutions, wherein the second number is smaller than the first

number.

8. A method according to any one of the preceding claims, wherein the method com-
prises delimiting the total lubricant consumption in the continued operation of the en-
gine with the modified lubrication system to less than or equal to the lubricant con-

sumption prior to modifying the lubrication system.

9. A method according to any one of the preceding claims, wherein the lubricant in-
jectors prior to modification are of the type that inject oil quills or compact lubricant
jets; and wherein the method comprises exchanging the lubricant injectors with a SIP
type injectors (4) and continuing operation of the engine with lubricant injection by
SIP injectors (4) and injecting a mist of atomized droplets of lubricant into the scav-
enging air swirl inside the cylinder, wherein the pressure of the lubricant from the SIP

injectors is in the interval of 20 to 120 bar.

10. A method of modifying a lubrication system for improving the lubrication of a
large slow running engine, wherein the engine is of the type comprising a cylinder (1)
with a reciprocal piston inside and with a plurality of lubricant injectors (4) distributed
along a perimeter of the cylinder (1) for injection of lubricant into the cylinder (1) at
various positions on the perimeter during injection phases; wherein the lubrication
system is configured for providing lubricant to the injectors in the injection phases;

wherein the lubrication system comprises a lubricator (11) with pipe connections
(103) for being pipe-connected to each injector (4) by a corresponding lubricant feed
conduit (9) and for providing pressurized lubricant to each injector (4) though the cor-

responding lubricant feed conduit (9) in the injection phases;
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wherein the lubricator (11) is of the type that comprises a housing (101) in which a
hydraulic-driven actuator piston (123) is arranged reciprocal along a stroke length
(112), wherein the lubricator (11) further comprises a stroke length (112) adjustment
mechanism configured for variably adjusting the stroke length (112) of the reciprocal
hydraulic-driven actuator piston (123) between a minimum stroke length and a maxi-
mum stroke length;

wherein the lubricator further comprises a plurality of injection plungers slidingly
arranged in corresponding dosing channels (115), wherein the injection plungers are
coupled to the actuator piston (123) in order to be moved by the actuator piston (123)
over the stroke length (112) and as a consequence pressurize lubricant in the dosing
channels (115) over a dosing channel distance for expelling the pressurized lubricant
from the dosing channel through a non-return valve (102) and through the feed con-
duits (9) to the injectors (4) for injection of the lubricant into the engine cylinder (1),
wherein the dosing channel distance defines the volume of lubricant expelled from the
dosing channel during the injection phase; wherein the dosing channel distance is ad-
justable between a minimum dosing channel distance and a maximum dosing channel
distance by adjusting the stroke length (112) between the minimum stroke length and
the maximum stroke length of the actuator piston (123);

wherein the lubricator (11) comprises an electrical valve (116) arranged for causing
switch between hydraulic pressure levels acting on the actuator piston (123) to hy-
draulically drive the actuator piston (123) reciprocally by the switching pressure lev-
els;
wherein the lubrication system comprises a controller (12) electrically connected to
the electrical valve (116) for controlling the timing of the switching for the injection
phases by corresponding electrical signals transmitted from the controller to the elec-
trical valve (116),

wherein the modification of the lubrication system comprises

- providing a lubricant accumulator (21) for accumulating pressurized lubricant in the
lubricant accumulator (21), an upgrade valve system (20) for controlled flow of lubri-
cant through the upgrade valve system (20), and an upgrade controller (19) for con-
trolling opening and closing of the upgrade valve system (20),

- decoupling the lubricant feed conduits (9) between the lubricator (11) and the injec-
tors (4) and instead pipe connecting the lubricator (11) with a single supply line (24)

to an upstream side of the upgrade valve system (20);
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- functionally connecting the upgrade controller (19) to the upgrade valve system (20,
207) for controlling the timing, frequency, and time length, for the opening and closing
of the upgrade valve system (20, 20’);

characterized in that the modification of the lubrication system further comprises
pipe connecting the lubricant accumulator (21) to the single supply line (24) at an up-
stream side of the upgrade valve system (20.20°) in the flow path between the lubrica-
tor (11) and the upgrade valve system (20, 20°) for use as a buffer for the lubricant
from the lubricator (11) and for taking up pressure variations in the single supply line
(24) from the pumping action of the lubricator (11);

wherein modified lubrication system is configured for causing the lubricator (12) to
pump pressurized lubricant into the accumulator (21) and to the upgrade valve system
(20, 20%), by the upgrade controller (19) controlling the upgrade valve system (20,
207) with respect to timing and frequency as well as time length of the lubricant flow
for injecting the lubricant into the engine cylinder (1) under the control of the upgrade

controller (19).

11. A method according to claim 10, wherein the method comprises substituting the
lubricant feed conduits (9) from a group of injectors (4) of a single engine cylinder (1)
by a single common lubricant feed line (9’) for feeding lubricant simultaneously to all

injectors (4) in the group of injectors (4) through the common lubricant feed line (9”).

12. A method according to claim 11, wherein the method comprises connecting the
injectors (4) to a downstream side of the upgrade valve system (20) for causing flow
of lubricant from the lubricator (11) to the group of injectors (4) only through the up-
grade valve system (20) and subsequently through the single common lubricant feed
line (97); increasing pressure in the common lubricant feed line (9”) during injection
phases but not between the injection phases for feeding pressurised lubricant simulta-
neously to all injectors (4) in the group of injectors (4) through the common lubricant

feed line (97) in the injection phases.

13. A method according to claim 11, wherein the method comprises providing each
injector (4) in the group of injectors (4) with an internal electrically activated valve as
part of the upgrade valve system (20’) and connecting the group of injectors (4) to the

common lubricant feed line (9°); providing pressurized lubricant in the common lubri-
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cant feed line (97) and activating the valves of each of the injectors (4) under control

by the upgrade controller (19).

14. A method according to any one of the claims 10-13, wherein the method compris-
es electronically connecting the controller (12) to the upgrade controller (19) and by
the upgrade controller receiving timing signals from the controller (12) and sending
upgraded activation signals to the upgrade valve system (20, 20) for activating the
upgrade valve system (20, 20’) in predetermined time dependence with the timing

signals.

15. A method according to any one of the claims 10-14, wherein the method compris-
es electronically causing the controller (12) to increase at least one of stroke length of
the actuator piston (123) (123) of the lubricator (12) or to increase for providing suffi-
cient lubricant volume to also maintain the lubricant in the accumulator (21) pressur-

ized.

16. A method according to to any one of the claims 10-15, wherein the method com-
prises causing the controller (12) to increase pumping frequency of the lubricator (12)
and correspondingly increasing the frequency of the upgrade valve system (20) and
injecting lubricant at higher injection frequency with one injection phase for each sec-
ond number of engine revolutions, wherein the second number is smaller than the first

number.

17. A method according to any one of the claims 10-16, wherein the method compris-
es exchanging the lubricant injectors with a SIP type injectors (4) for continuing oper-
ation of the engine with lubricant injection by SIP injectors and injecting a mist of
atomized droplets of lubricant into the scavenging air swirl inside the cylinder, where-
in the pressure of the lubricant from the SIP injectors is in the interval of 20 to 120

bar.

18. A lubrication system for a large slow running engine, wherein the engine is of the
type comprising a cylinder (1) with a reciprocal piston inside and with a plurality of
lubricant injectors (4) distributed along a perimeter of the cylinder (1) for injection of

lubricant into the cylinder (1) at various positions on the perimeter during injection
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phases; wherein the lubrication system is configured for providing lubricant to the
injectors in the injection phases;

wherein the lubrication system comprises a lubricator (11) with pipe connec-
tion to the injectors (4) for providing pressurized lubricant to the injectors (4) in the
injection phases;

wherein the lubricator (11) comprises a housing (101) in which a hydraulic-
driven actuator piston (123) is arranged reciprocal along a stroke length (112), where-
in the lubricator (11) further comprises a stroke length (112) adjustment mechanism
configured for variably adjusting the stroke length (112) of the reciprocal hydraulic-
driven actuator piston (123) between a minimum stroke length and a maximum stroke
length;

wherein the lubricator (11) further comprises a plurality of injection plungers
slidingly arranged in corresponding dosing channels (115), wherein the injection
plungers are coupled to the actuator piston (123) in order to be moved by the actuator
piston (123) over the stroke length (112) and as a consequence pressurize lubricant in
the dosing channels (115) over a dosing channel distance for expelling the pressurized
lubricant from the dosing channel through a non-return valve (102) and to the injec-
tors (4) for injection of the lubricant into the engine cylinder (1); wherein the dosing
channel distance defines the volume of lubricant expelled from the dosing channel
during the injection phase; wherein the dosing channel distance is adjustable between
a minimum dosing channel distance and a maximum dosing channel distance by ad-
justing the stroke length (112) between the minimum stroke length and the maximum
stroke length of the actuator piston (123);

wherein the lubricator (11) comprises an electrical valve (116) arranged for
causing switch between hydraulic pressure levels acting on the actuator piston (123) to
hydraulically drive the actuator piston (123) reciprocally by the switching pressure
levels;

wherein the lubrication system comprises a controller (12) electrically con-
nected to the electrical valve (116) for controlling the timing of the switching for the
injection phases by corresponding electrical signals transmitted from the controller to
the electrical valve (116);
wherein the lubrication system comprises a lubricant accumulator (21) for accumulat-
ing pressurized lubricant in the lubricant accumulator (21), an upgrade valve system

(20) for controlled flow of lubricant through the upgrade valve system (20), and an
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upgrade controller (19) for controlling opening and closing of the upgrade valve sys-
tem (20),

wherein the lubricator (11) is connected with a single supply line (24) to an upstream
side of the upgrade valve system (20);

wherein the upgrade controller (19) is functionally connected to the upgrade valve
system (20, 20°) for controlling the timing, frequency, and time length, for the open-
ing and closing of the upgrade valve system (20, 20’);

characterized in that the lubricant accumulator (21) is pipe-connected to the single
supply line (24) at an upstream side of the upgrade valve system (20.20°) in the flow
path between the lubricator (11) and the upgrade valve system (20, 20’) for use as a
buffer for the lubricant from the lubricator (11) and for taking up pressure variations
in the single supply line (24) from the pumping action of the lubricator (11);

wherein the lubrication system is configured for causing the lubricator (12) to pump
pressurized lubricant into the accumulator (21) and to the upgrade valve system (20,
20%), by the upgrade controller (19) controlling the upgrade valve system (20, 20’)
with respect to timing and frequency as well as length of the lubricant flow for inject-
ing the lubricant into the engine cylinder (1) under the control of the upgrade control-

ler (19).
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