w0 20207169874 A1 | NI 0000 KOV 0 OO0 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 August 2020 (27.08.2020)

(10) International Publication Number

WO 2020/169874 Al

WIPO I PCT

(51) International Patent Classification:

AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

FOIM 11/10 (2006.01) GOIN 33/30 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
FIG6N 29/02 (2006.01) GO7C 5/00 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 1IN,
FI6N 29/04 (2006.01) HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(21) International Application Number:
PCT/FI2019/050139

(22) International Filing Date:
21 February 2019 (21.02.2019)

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.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L . . kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM. KE. LR, LS, MW, MZ. NA. RW, SD. SL. ST. SZ. TZ.
(71) Applicant: WARTSILA FINLAND OY [FI/FI]; Jarvikatu UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
2-4, 65100 Vaasa (FI). 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,
(72) Inventors: SIREN, tl“apm, Tgrhgajanﬂe 2, 65380 Vaasa MC, MK, MT, NL. NO, PL, PT, RO, RS, SE, SI. SK, SM.
(FI). JUOPERI, Kai; Tarhaajz'mne', 2, 65380 Vaasa (FI). TR), OAPI (BF, BJ, CF, CG. CI, CM, GA. GN, GQ, GW,
ZAKHAROYV, Alexey; Tarhgajar}tle 2, 65380 Vaasa (F1). KM, ML, MR, NE, SN, TD, TG).
KANGAS, Tuomas, Tarhaajantie 2, 65380 Vaasa (FI).
ILVESSALMI, Tomi; Tarhaajantie 2, 65380 Vaasa (FI). Published:

GRANLUND, Jan-Anders; Tarhaajantie 2, 65380 Vaasa
(FD).

(74) Agent: BOCO IP OY AB; Itdmerenkatu 5, 00180 Helsinki
(FD).

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

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

(54) Title: APPARATUS, DEVICE AND COMPUTER IMPLEMENTED METHOD FOR DETERMINING CONDITION OF
LIQUID LUBRICANT

(57) Abstract: A computer implemented method system and apparatus for deter-
mining condition of a liquid lubricant for an engine, the method comprising: receiv-
ing engine sensor data, the engine sensor data corresponding to at least one parame-
ter of the liquid lubricant; receiving engine operation data; combining the engine
sensor data and the engine operation data to provide a dynamic operation model of
the liquid lubricant, and determining condition information of the liquid lubricant
based on the dynamic operation model.

LFEDL T4

L]
\/\
/( 160
123

s 124
. y EU’Q@.J’Q?'
ﬁ;ﬂ%

5
120

150
el
P 161
140 141
112
-122

‘&..T“

121

Fig. 1



10

15

20

25

30

WO 2020/169874 PCT/F12019/050139

APPARATUS, DEVICE AND COMPUTER MMPLEMENTED METHOD FOR
DETERMINING CONDITION OF LIQUID LUBRICANT

TECHNICAL FIELD

00011 The present applicalion generally relates to an apparatus, a device, a

method and software code for determining condition information of a liquid lubricant
for an engine.
BRIEF DESCRIPTION OF RELATED DEVELOPMENTS

00021 This section Hlustrates useful background information without admission

of any technique described herein representative of the state of the art.

10003} Modern vehicles, such as maring vessels, face fuel sfficiency
requirements that are more and more stringent. New legislation in the United States
and European Union within the past few years has set fuel economy and emissions
targets not readily achievable with prior known vehicle and lubricant technology.
$00604] To address the increasing standards, engine eguipment manufacturers
are demanding betler fuel economy as a lubricantrelated performance
characteristic, while maintaining deposit control and oxidative stability requirements.
{00051 Furthermare, requirements for engine performances constantly increase.
Such engine performance parameters comprise, for example, Brake Mean Effective
Pressure {BMEP) and maximum cylinder pressure. Therefore, there will be more
stress on the lubricant affecting lubricant lifetime {and service life}.

100086] Lubrication of an internal combustion piston engine is typically arranged
by feeding lubrication medium, typicaily oil, to parts of the engine reguiring
iubrication by pressurizing the lubricating oll and leading pressurized off to the
desired locations by means of lubrication channels arranged to the engine. While
the engine is operated, the quality of the oil decreases due 1o e.g. contaminanis
originating from combustion process and also wearing of the components of the
engine. Usually a closed circulation loop is used, for example in 4-stroke diesel
engines, in which the same amount of lubricating oll is gathered {0 an oif sump of
the engine after participaling in lubrication and pumped again o the desired
iubrication locations after proper treatment like fillering. Before the lubrication and

possibly other properties of the oll are deleriorated oo much the ol is changed.
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{00071 There is also drive to reduce engine service demands that will also create
the demand to maximise lubricant life time. The guality of lubricating oll has great
impact on the service life and required maintenance intervals of the engine.
{00081 Mechanical moving parts working logether, such as gears, are lubricated
o eliminate or reduce metal-lo-metal wear and thus ensuring machineg operation
time and operation predictability and prolonging machine life. Lubrication liquid may
be supplied by a liguid lubrication system enabling evaluation and purification of the
Hiquid and removing for example wear debris pariicles generated as the machine
wears down over time.
§0009] In current solutions, it is possible to assess the lubricant, wherein various
sensors may be placed to evaluate different aspects of its condilion, such as large
and small wear debris particles, water content and liguid degradation. The sensor
data may then be sialistically analysed to define triggers for warnings and system
stops, when the sysiem traverses speciiic historically determined thresholds.
00101 However, since machines, such as engines, operate at different
capacities and on different situations, the lubricant condition is affected differently
even within the bounds of normal operation and therefore, service and operator
personnel have difficulties when assessing, whether a change to lubricant sensor
data is prompted by a change in operation intensity only, or whether the system is
drifting. Thus, a noticeable change of data may be very difficull or impossible to
notice until damage is already caused to the system.
(00111 Thus, an sasy to sel-up, accurate, and highly functional and reliable
solution is needed io provide more accurate system for delermining condition
information of a liquid lubricant for an engine.
SUMMARY
(0012} According to a first example aspect of the disclosed embodiments there
is provided a compuier implemented method for determining condition of a liguid
iubricant for an engine, the method comprising:

receiving engine sensor data, the engine sensor data corresponding to al least
one parameier of the liguid lubricant;

receiving engine operation dats,;

combining the engine sensor data and the engine operation data to provide 3

dynamic engine operalion model for the liquid lubricant; and
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determining condition information of the liguid iubricant based on the dynamic
engine operalion model.
{0013} In an embodiment, the engine sensor data is received from al least one
sensor device and comprises information on electrochemical properties of the liquid
fubricant at a molecular level.
(00141 in an embodiment, the electrochemical properties are configured to be
measured by using a high frequency AC current to measure a ratio belween
conductance and capacitance of the liquid lubricant. The electrochemical properties
comprise at least one of the following: loss factor data; and Tan delta (TD) number.
{00151 in an embodiment, the sensor device is operationally connected fo the
engine.
{00186} fn an embodiment, the method further comprises correcting the engine
sensor data before combination to the engine operation dala.
{0017} in an embodiment, the method further comprises detecting an anomality
based on at least one of the Toliowing: the engine sensor data; the engine operation
data; the dynamic engine operation model; and the condilion information.
{6018} in an embodiment, the method further comprises comparing condition
information to reference mainienance threshold information; and generating
automatic maintenance service order in response to the comparing step.
{00181 In an embodiment, the engine operation data is received from at least
one sensor device or engine control system and comprises information on at least
one of the following: liquid lubricant temperature; engine load; engine speed; engine
on/off indicator; ambient conditions; fuel consumption; liquid lubricant reservoir
level, liguid lubricant sump level, fuel properties; reference liquid lubricant
properties; reference test results; on-site fest results; and historical liguid lubricant
management records on lubrication maintenance.
{00201 In an embodiment, combining the engine sensor data and the engine
operation data comprises normalizing the engine sensor data with the engine
operation data.
{06021} in an embodiment, the normalizing step comprises correcting the engine
sensor data using liguid lubricant temperature.
100221 in an embodiment, the correcting step comprises multiplying the liguid

iubricant temperature with a pre-defined coefficient and sublracting the mulliplied
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result from a loss factor to refine the engine sensaor data.
{00231 In an embodiment, combining step of the engine sensor data and the
engine operation data comprises selecling a subsel of the engine sensor data based
on engine on/off indicator of the engine operation data.
{0024} In an embodiment, selecting step of the subset of the engine sensor data
is triggered afler the engine is determined to be on for a predefined time based on
the engine on/off indicator.
16025} in an embodiment, the condition information comprises at least one of
the following: water contamination information, Base Number (BN} informalion, and
viscosity irnformation.
{0026} In an embodiment, the method {further comprises: comparing condition
information to threshold information; determining condition profie information
comprising information on running hours when condition information being below
threshold information; and iransmitling the profile information from an engine
apparatus comprising the engine for an edge cloud apparatus or a cloud apparatus.
{06027} in an embodiment, the combining step is configured to isolate guality of
the liguid lubricant from other faclors impacting fuel consumption.
{00281 in an embodiment, the other faclors comprise at least one of the
following: engine data; cooling water data; turbocharger data; maintenance data;
and ambient conditions data.
16028} in an embodiment, the liguid lubricant is automatically monitored using
the condition information and service requests are automatically generated in order
to maintain guality of the liquid lubricant in a pre-defined range for minimizing engine
operating costs. The engine operating cosis comprise at least fuel consumption.
{30301 in an embodiment, the method further comprises:

receiving reference engine sensor data, the reference engine sensor dala
corresponding to at least one parameter of a liquid lubricant of a reference engineg;

receiving reference engine operation data;

combining the reference engine sensor data and the reference engine
operation data o provide a reference engine operation model of the liquid lubricant;
and

determining the dynamic engine operation model of the liquid lubricant using

the reference engine operation model.
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{0031} in an embodiment, the method further comprises fransmitling the engine
sensor data and the engine operation data from an enging apparatus comprising
the engine to an edge cloud apparaius or a cloud apparatus for combining.

(00321 in an embodiment, the methad further comprises pre-processing at least
one of the engine sensor data and the engine operation dala before transmission to
the edge cloud apparatus or the cloud apparatus.

{00331 In an embodiment, the dynamic engine operation model implements a
neural network.

{0034} In an embadiment, the method further comprises comparing the received
engine sensor daia and engine operation dala to a specified dala signature
associated with the dynamic engine operation mode! of the liquid lubricant, and
determining based on the comparison the condition information of the liquid
iubricant.

{0035} In an embodiment, the specified data signature is programmed into a
synapse of the neural network.

{00361 In an embodiment, the comparing step comprises inputling the engine
sensor data and engine operation data into the neural network.

{00371 In an embodiment, the neural network is trained using a plurality of data
signatures from the engine sensor data and the engine operation data.

{00381 In an embodiment, weights for different inpuls are configured o be
adjusted before feeding in to a hidden layer of the neural network comprised by the
dynamic engine operation model.

{0039} in an embodiment, the method further comprises: receiving a plurality of
reference engine operation models from a plurality of reference engines;
determining a reference engine operation model of the plurality of reference engine
operation models based on af least one of the engine sensor data or the engine
operation data; and determining the dynamic engine operalion model of the liguid
iubricant using the determined reference engine operation model.

{00401 In an embodiment, the method further comprises: comparing engine
sensor data with a plurality of reference engine sensor data associated with the
plurality of reference engine operation models; delermining the reference engine
operation model of the plurality of reference engine operation models by selecting

closest counterpart for engine sensor data; and determining the dynamic engine
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operation model of the liguid lubricant using the determined reference engine
operation model.
{0041} n an embodiment, the method further comprises: comparing engine
operation data with a plurality of reference engine operation dala associated with
the plurality of reference engine operation models; determining the reference engine
operation model of the plurality of reference engine operation models by selecting
clasest counterpart for engine operation data; and determining the dynamic engine
operation model of the liquid lubricant using the determined reference engine
operation madel,
§00421 in an embodiment, the method further comprises determining at least one
of the engine sensor data or the engine operation data based on the determined
reference engine operation model.
{0043} According o a second example aspect of the disclosed embodiments
there is provided an engine apparatus, comprising:
an engine;
a communication interface;
at least one processor; and
at least one memaory including computer program code;
the at least one memory and the computer program code configured to, with
the at least one processor, cause the apparatus o
receive engine sensor data, the engine sensor data corresponding o at
least one parameter of the Hguid lubricant;
receive engine operation data;
combine the engine sensor data and the engine operation data to provide
a dynamic engine operation model of the liguid lubricant; and
determine condition information of the liquid lubricant based on ths
dynamic engine operation model.
{00441 According to 8 third example aspect of the disclosed embodiments there
is provided a server apparatus comprising:
a communication interface;
at least one processor; and
at least one memory including computer program code;

the at least one memaory and the computer program code configured to, with
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the at leasti one processor, cause the apparatus {o:
receive engine sensor data, the engine sensor data corresponding o at
least one parameter of the liguid lubricant;
receive engine operation dats;
combine the engine sensor dala and the engine operation dala to provide
a dynamic engine operation model of the liguid lubricant; and
determine condition information of the liguid lubricant based on the
dynamic engine operation model.
{00451  According to a fourth example aspect of the disclosed embodiments there
is provided a compuler program embodied on a computer readable medium
comprising computer executable program code, which code, when executed by at
least one processor of an apparatus, causes the apparatus to! receive engine
sensor data, the engine sensor data corresponding to at least one parameter of the
Higuid lubricant; receive engine operation data; combine the engine sensor data and
the engine operation data o provide a dynamic engine operation mode! of the liguid
tubricant; and delermine condition information of the liquid lubricant based on the
dynamic engine operation model.
{00461 Different non-binding example aspects and embodiments of the
disclosure have been illustrated in the foregoing. The above embodiments are used
merely (o explain selecled aspecis or steps that may be utilized in implementations
of the present invention. Some embodiments may be presented only with reference
o certain example aspects of the invention. it should be appreciated that
corresponding embodiments may apply 1o other example aspects as well
BRIEF DESCRIPTION OF THE DRAWINGS

{30471 The aspects of the disclosed embodiments will be described, by way of

exampie only, with reference to the accompanying drawings, in which:

{00481 Fig. 1 shows a schemalic piclure of a system according o an aspect
of the disclosed embodiments;

{30491 Fig. 2 presents an example block diagram of an engine apparatus
{marine vessel or power plant} in which various embodiments of the invention may
be applied;

{30501 Fig. 3 presents an example block diagram of a sensor device in

accordance with an example embodiment;
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{0051} Fig. 4 presents an example block diagram of a server apparatus in
accordance with an example embodiment;

{0052} Fig. 5 presents an example block diagram of a remote computer
apparatus;

{0053] figs. Ba-c show diagrams iliusirating oif conditioning data in accordance
with an example embodiment of the invention;

i0054] Figs. 7a-b show diagrams illustrating determining condition information
of the liguid lubricant for abnormal conditions in accordance with an example
embodiment of the invention;

{0055] Fig. 8  shows diagram illustrating determining condition information of
the liquid lubricant for guality management in accordance with an example
embodiment of the invention;

{6056} Fig. & shows a schematic picture of a dynamic engine operation
model 127 of the liguid lubricant and related information flows according o an
example embodiment;

(6057} Fig. 10 shows a flow diagram showing operations in accordance with
an example embodiment of the invention;

{60581 Fig. 11 shows a schematic diagram of an exemplary engine apparalus
related items for delermining condition of a lguid lubricant for an engine in
accordance with an example embodiment; and

{G6059] Fig. 12 shows a schematic diagram of a data item in accordance with
an example embodiment.

DETAILED DESCRIPTION

16060} in the following description, like numbers denote like elements.

{0061} Fig. 1 shows a schematic picture of a system 100 according to an
example embodiment. A marine vessel 121 or a power plant 121 may comprise an
engine apparatus 120, for example. Instead of a marine vessel or a power plant, the
system 121 may comprise any setup utilizing an engine with a liguid lubricant used
for engine operation.

00621 As an example, a marine vessel 121 is discussed. The marine vessel 121
comprises an engine apparatus 120 comprising means for generating, processing
and iransceiving engine related data through a communication interface, for

example. The apparatus 120 is capable of downloading and locally executing
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software program code. The software program code may be a client application of
a service whose possible server applicalion is running on a server apparatus 130,
131 of the system 100. The apparatus 120 comprises an engine 125, a
communication interface, a memory and a processor, and may further comprise at
least one capluring device, such a sensor device, for providing engine operation
data 124 and engine sensor dats 126. The sensor device may comprise an
accelerometer, a gyroscops, a temperature Sensor, a prassure Sensor, a measuring
SENSor or a camera, for example. The camera may also be used o provide video
data and a microphone may be used for providing audio dala, for example. The
engine sensor data 126 may comprise information on at least one of the following:
ioss factor data, and Tan delta (TD) number.

{3063} In an embodiment, there is provided a computer implemented method,
apparatus and system for determining condition of & liguid lubricant for an engine
125, the method comprises receiving engine sensor data 126, the engine sensor
data 128 corresponding o at least one parameter of the liquid lubricant, receiving
enging operation data 124, combining the engine sensor data 120 and the engine
operation data 124 fo provide a dynamic engine operation model 127 of the liquid
iubricant, and determining condition information of the liquid lubricant based on the
dynamic engine operalion model 127.

{00641 In an embodiment, at least one reference engine 170-172 may be
arranged and configured o generaie reference engine profile data 182 by
determining reference engine parameters 175 of the reference engine 170-172. At
least one reference engineg 170-172 is configured to generale reference engine
tiguid lubricant data 183 by mechanical or chemical testing of an oll sample 176 from
the reference engine 170-172. Reference engine 170-172 reiated measurements,
data coliection and transceiving may be carried out by a reference engine data
apparatus 180. A reference model 184 is generaled by associating the reference
engine profile data 182 with the reference engine liguid lubricant data 183.

{3065] The reference maodel 184 may be transmitled to a server apparatus 130,
131 Jor storing and processing over connection 181,150, The reference engine
profile data 182 and/or the reference engine liquid lubricant data 183 may also be
transmitted to a server apparatus 130, 131 for storing and processing. The reference

model 184 may also be generated at the server apparatus 130, 131.
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{0066} in an embodiment, the server apparatus 130 is configured o receive
engine sensor data 126 and the engine operation data 124 and combining the
engine sensor dala 126 and the engine operation data 124 1o provide a dynamic
engine operation model 127 of the liguid lubricant. Furthermore, the server
apparatus 130 is configured (o determine condition information of the liguid fubricant
based on the dynamic engine operation model 127, For clarily reasons, engine
operation data 124, engine sensor data 126 and the dynamic engine operation
model 127 are only shown at engine apparatus 120 but they can be also received
and processed at the server apparalus 130 as disclosed.

(0067} in an embodiment, the engine apparatus 120 is configured {o determine
condition information of the liquid lubricant based on the dynamic engine operation
model 127 locally.

{0068} in an embodiment, the reference model 184 is configured {0 be received
at an engine apparatus 120 that may comprise on-site engine 125 or engine 125
operated in the marine vessel 121, for example. Al the engine apparatus 120,
engine parameters 124 and sensor data 126 are measured relaling to operation
conditions of an engine 125 of the engine apparatus 120, and condition information
of the liquid lubricant may be determined using the reference model 184, engine
operation data 124, and engine sensor dats 126. The reference model 184 may
replace dynamic engine operation model 127 or the dynamic engine operation
model 127 may be determined using the reference model 184.

{0069} in the present description, by vessel are meant any kinds of waterbome
vessels, typically marine vessels. Most typically the vessel is a cargo ship or large
cruise vessel, but the present disclosure is also applicable for yachis, for example.
in the present description, by power plant are meant any kinds of power generating
systems, typically power plants with a power producing combustion engine 125,
such as a gas engine or a diesel engine or a dual fuel engine. Most typically the
power plant is a mulli-source plant implementing also solar, wind or batltery
management system, bul the present disclosure is also applicable for any sysiem
comprising an engine with a liquid lubricant.

{0070} The engine apparaius 120 is configured o be conneclable, at least
occasionally, o a network 150, such as internet, direclly via local connection or via

a wireless communication network 140 over a wireless connection 122. The wireless
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connection 122 may comprise a mobile cellular network, a sateliite nelwork or a
wireless local area network (WLAN), for example. The wireless communication
network 140 may be connected to & public data communication network 150, for
example the internet, over a data conneclion 141, The engine apparatus 120 may
be configured 1o be conneclable o the dala communication network 150, for
exampie the Internet, directly over a data connection that may comprise a fixed or
wireless mobile broadband access. The wireless communication network 140 may
be connected to a server apparatus 130 of the systemn 100, over a data connection.
The network 150 may be privale or public network.

(00711 in an embodiment, an engine apparatus 120 may set up local
connections within the marine vessel 121 {or power plant, for example) with at least
one capluring device, such as a sensor, and a computer device. The capturing
device, such as a sensor, may be inlegrated to the engine apparatus 120 or the
maring vessel 121, atiached to the hull of the marine vessel 121 and connected (o
the vessel control system or arranged as separate sensor device and connectable
to the nelwork 150 over separate connection.

(0072} The engine apparatus 120 and its client application may allow the engine
apparatus 120 (o log into a vessel or engine dala service run on a server 130
(00731 Real-time interaction may be provided between the engine apparatus
120 and the server 130 {o collaborate for marine vessel {or power plant) dala over
a network 150. Real-lime interaction may also be provided between the engine
apparatus 120 and the remole user device 160 to collaborate for marine vessel {or
power plant} or engine dala over a network 150, 161,

10074} A sensor data tem, such as engine operation data 124 and/or sensor
data 126, is generated by a sensor device or engine apparatus 120 and transmitted
to the server 130. Sensor data items may be pre-processed at enging apparatus
120 before transmitling or they may be sent without processing (o the server 130.
{00751 Engine operation data 124 and/or sensor data 126 may also be stored
within the engine apparatus 120 before transmission over the network 150, Then
again, transmitled engine operalion data 124 andior sensor data 126 may be
stored/and or processed at the server apparats 130 or at the remotle user device
160. Engine operation data 124 and/or sensor data 126 may be maintained within

an engine control system, such as the engine apparatus 120.
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{0076} The dynamic engine operation model 127 may be generated at the
engine apparatus 120 or at server apparatus 130, or at both. Latest version of the
dynamic engine operalion model 127 may be updated over the network connection
150 between the engine apparaius 120 and the server apparatus 130.

{00771 A capluring device {e.g. a8 sensor device) may caplure and send sensor
data as a real-time content or non-real time data to the server apparatus 130 or to
the remote user device 160 over a peer-lo-peer connaction formed over network.
[0078] The engine apparatus 120 may be connecled to a plurality of different
capturing devices and instruments and the engine apparatus 120 may be configured
to select which sensor device(s) is actively collaborated with.

(00791 A user of the engine apparatus 120 or the remote user device 1680 may
need to log in with user credentials to a chosen service of the network server 130.
{0080} in an embodiment, the system 100 comprises a sensor device configured
to be comprised by or conneclable to the engine apparatus 120 over a local
connection. The local conneclion may comprise a wired connection or a wireless
connection. The wired connection may comprise Universal Serial Bus (USB), High-
Definition Multimedia Interface (HDMI), or RCA interface, for example. The wireless
connection may comprise acoustic connection, Bluetooth™, Radio Freguency
identification (RF-1D) or wireless local area network (WLAN), for example. Near field
communication (NFC) may be used for sensor device identification between the
sensor device and the engine apparatus 120, for example.

{00811 A sensor device may also be connecled directly to the public netwark
150, such as Internet, via direct local connection or via a wireless cellular nefwork
connection 140, 141,

16082} In an embodiment, the system 100 may comprise a server apparatus
130, which comprises a slorage device 131 for storing service data, service meltrics
and subscriber information, over data connection 151, The service data may
comprise configuration data; account creatlion data; engine sensor data; engine
operation data, sensor 1D’'s; reference data ilems, user input data; real-time
collaboration data; reference engine profile data, reference engine parameters,
reference engine ol lubrication data, predefined settings; or altribute data.

100831 in an embodiment, a proprietary application in the engine apparatus 120

may be a client application ¢of a service whose server application is running on the
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server apparatus 130 of the system 100. The proprietary applicalion may comprise
a dynamic engine operation model 127 of the liquid lubricant.

{3084} The proprietary application of the engine apparatus 120 may receive
engine sensor input data and engine operation input data, then combine the engine
sensor data and the engine operalion data to provide a dynamic engine operation
model of the liquid lubricant, and determine condition information of the liguid
iubricant based on the dynamic enging operation model as the output data. The
input data may comprise data captured by the capluring device such as & sensor
device or a camera, or by the enging apparatus 120.

{00851 in an embodiment, configuration information or application download
information for any appearatus may be aulomatically downloaded and configured by
the server 130, Thus, the user of the devices may not need to do any initialization
or configuration for the service. The system server 130 may aiso take care of
account creation process for the service, sensor devices, apparatuses and users.
{0086} In an embodiment, the association of the devices can be one-time or
stored persistently on any of the devices or the server 130.

16087} in an embodiment, authentication of a sensor device or engine apparatus
120 on a systemn server 130 may utilize hardware or SIM credentials, such as
international Mobile Equipment ldentity (IMEl) or International Mobile Subscriber
identity (IM&I). The sensor device or engine apparatus 120 may iransmit
authentication information comprising IME! and/or IMS!, for example, o the system
server 130, The system server 130 authenticates the device or engine apparatus
120 by comparing the received authentication information o authentication
information of registered users/devices/vessels/apparatuses stored at the sysiem
server database 131, for example. Such authentication information may be used for
pairing the devices and/or apparatuses to generate association between them for a
vessel or power plant dala conneclion.

{0088} in an embodiment, a service web application may be used for
configuration of a system. The service web application may be run on any user
device, admin device, or a remote conirol device 160, such as a personal computer
connected (o a public data network, such as Internet 150, for example. The control
apparatus 160 may also be connected locally to the engine apparatus 120 over a

iocal connection 123 and may utilize the network conneclions of the apparatus 120
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for configuration purposes. The service web application of the control apparatus 160
may provide searching/adding instruments, determining attributes, device setup and
configuration, for example. The service web application of the control apparatus 160
may be a general configuration tool for tasks being oo complex {o be performed on
the user interface of the engine apparatus 120, for example.

{00881 in an embodiment, a remote control apparatus 160 may be authenticated
and configuration data sent from the conirol apparatus 180 o the system server
130, 131, wherein configuration setlings may be modified based on the received
data. In an embodiment, the modified setlings may then be sent to the engine
apparatus 120 over the network 150 and the local connection or the wireless
operator. The maodified seflings may also be sent to external devices
correspondingly, through the engine apparatus 120 or directly over the network 150.
{00080} in an embodiment, the sensor device may be wireless or wired.

100911 The system 100 may aiso comprise a plurality of satellites 110 in orbit
about the Earth. The orbit of each satellite 110 is not necessarily synchronous with
the orbits of other satellifes and, in fact, is likely asynchronous. A giobal positioning
system receiver apparatus such as the ones described in connection with preferred
embodiments of the present invention is shown receiving spread spectrum giobal
positioning system (GPS) satellite signals 112 from the various sateliites 110. The
plurality of satellites 110 may be used for localion purposes, input for determining
traveled distance {since oil change, for example), or input for accurate time (since
oil change, for example).

100921 The remote control apparatus 1680 may be configured to be operated by
a remote operator of the vessel or the power plant 121. The remocle control
apparatus 160 may be arranged on a ground station, on the vessel or power plant
121 or on another vessel, for example.

100931 Fig. 2 presents an example block diagram of an engine apparatus 120
{(within a marine vessel or a power plant, for example) in which various embodiments
of the invention may be applied. The engine apparatus 120 may comprise a user
equipment (UE), user device or apparatus, such as a vessel computer system, in
addition to the engine.

100941 The general struclure of the engine apparatus 120 comprises a control

unit 200 and an engine unit 201,
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100951 The general structure of the control unit 200 may comprise a user
interface 240, a communication interface 250, a sateliite positioning device (GPS)
270, a capturing/sensor device 260 for capturing engine operation data, current
activity data and/or current environmental data relating to the vessel or the power
plant, a processor 210, and a memaory 220 coupled to the processor 210. The control
unit 200 further comprises software 230 stored in the memory 220 and operable to
be loaded into and executaed in the processor 210. The software 230 may comprise
one or more software modules and can be in the form of a computer program
product. The control unit 200 may further comprise a user interface controlier 280.
{00961 The processor 210 may be, e.g., a ceniral processing unit (CPU), a
microprocessor, a digital signal processor (DSP), a graphics processing unit, or the
like. Fig. 2 shows one processor 210, but the apparatus 120 may comprise a plurality
of processors.

100971 The memory 220 may be for example a non-volatile or a volatile memory,
such as a read-only memory {ROM)}, a programmable read-only memory (PROM},
erasable programmable read-only memory (EPROM), a2 random-access memory
{RAM}, & flash memory, a data disk, an optlical storage, a magnelic storage, a smart
card, or the like. The apparatus 120 may comprise a plurality of memaories. The
mernory 220 may be construclted as a part of the apparatus 120 or it may be inseried
into a slot, port, or the like of the apparatus 120 by a user. The memory 220 may
serve the sole purpose of sloring data, or it may be constructed as a part of an
apparatus serving other purposes, such as processing data. A proprietary
application {client application) 231 comprising the dynamic engineg operation model
and determining condition information of the liquid lubricant based on the may be
stored at the memaory 220. Engine data, sensor data and environmental data may
also be stored to the memory 220.

{0098  The user interface coniroller 280 may comprise circuilry for receiving
input from a user of the apparatus 120, e.q., via a keyboard, graphical user interface
shown on the display of the user interfaces 240 of the engine apparatus 120, spsech
recognition circuitry, or an accessory device, such as a headset, and for providing
outpul to the user via, e.g., a graphical user interface or a ioudspeaker.

{00991 The satellite positioning device 270 is configured to provide location

information or time information, for example. Such information may comprise, for
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example, position coordinates, speed, direction of movement, GPS time; and
altitude information.

(601001  The communication interface module 250 implements atleast partof data
transmission. The communication interface module 250 may comprise, e.g., a
wireless or a wired interface module. The wireless interface may comprise such as
a WLAN, Bluelooth, infrared (IR), radio frequency identification (RF 1D},
GSM/GPRS, COMA, WCDMA, LTE {(Long Term Evolution), or 5G radic module. The
wired interface may comprise such as universal serial bus (USB) or National Marine
Electronics  Association (NMEA) 0183/2000 standard for example. The
communication interface module 250 may be integrated into the apparatus 120, or
into an adapter, card or the like that may be inserted into a suitable siot or port of
the apparatus 120. The communication interface module 250 may support one radio
interface technology or a plurality of technologies. The apparatus 120 may comprise
a plurality of communication interface modules 250.

(00101] A skilled person appreciates that in addition to the elements shown in Fig.
2, the apparalus 120 may comprise other elements, such as microphones, extra
displays, as well as additional circuilry such as inputioutput (/O) circuitry, memory
chips, application-specific integrated circuils (ASIC), processing circuitry for specific
purposes such as source coding/decoding circuitry, channel coding/decoding
circuitry, ciphering/deciphering circuitry, and the like. Additionally, the apparatus 120
may comprise a disposable or rechargeable battery (not shown) for powering when
external power if external power supply is not available.

(001021 In an embodiment, the apparatus 120 comprises speech recognition
means. Using these means, a pre-defined phrase may be recognized from the
speech and fransiated into control information for the apparatus 120, for example.
{60103]  The satellile positioning device 270 and the sensor device 260 may be
configured o be comprisaed by the apparatus 120 or connected as separate devices
to the apparatus 120. In case the satellite positioning device 270 and the capluring
device 260 are comprised in the apparaius 120 they may be connecled to the
apparatus 120 using an internal bus of the apparatus 120. In case the satellile
positioning device 270 and the sensor device 260 are external devices connecled
to the apparatus 120 they may be connecled o the apparatus 120 using

communication interface 250 of the apparsatus 120 or using the internal bus.
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{00104] The general structure of the engine unit 201 may comprise an engine
291, engine sensor device 290 and a communication interface 293. The engine
sensor device 290 may be not necessarily connected to the internal bus and to the
main processor 210 and memory 220, Such sensor device 280 may be connecled
or operationally connecled {o the engine 291 and the communication interface 293
of the engine unit 201, Furthermore, sensor data iterns with sensor data provided
by the sensor device 280 may be transmitted over the communication interface 293.
Alternatively, sensor dats items with sensor data provided by the sensor device 290
may be provided for and transmitted by the communication inferface 250.

(00105]  In an embodiment, a second sensor device 260 may be configured to be
integrated o a marine vessel's 121 information system 200, and the first sensor
device 290 is configured not {o be integrated o the marine vessel's 121 information
system 200 but operationally to the engine 291 only.

{00106] In an embodiment, the first sensor device 290 is configured o be
integrated to the engine 281 of the engine apparatus 120.

{60107] No matter a single sensor 220 is shown, the sensor 290 may comprise a
plurality of sensors 280. The sensor devices 290 may be configured to, for example,
measurg engine performance, liguid lubricant characteristics or operational data.
100108} In an embodiment, a communication inferface (see e.g., Fig. 3) of the
sensor device 280 itself or the communication interface 283 of the engine unit 201
comprises an automatic identification system (AlS) receiver for receiving a wireless
{ransmission comprising auiomatic identification system data from the marine vessel
121. The AIS receiver may include an antenna configured to receive the automatic
dentification system data or the sensor device 280 may include an antenna
configured to receive the automatic identification system data. In another example,
AlS receiver is configured to receive the automatic identification system data from
an antenna external o the sensor device 280,

(00108]  In an embodiment, the engine 281 and at least one sensor device 280
are configured to generale sensor data items based on the received automatic
identification system dala and sensor data. The sensor data iferm may thus comprise
sensor data generated by the sensor device 280 and an identifier information. The

identifier information may comprise at least one of the following: sensor-iD (S-1D);
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engine-1D {(E-1D}, and vessel-iD (V-ID) (see also Fig. 12) thal comprises at least part
of the received automatic identification system data.

{00110] The sensor data e may also comprise information identifying the
marine vessel (for example, International Maritime Crganization (IMG) ship
identification number or Maritime Mobile Service Identity (MMSI)). This identifying
information may be taken from the automalic identification system (AlS) signal or it
may be slored within the engine apparalus 120 when insialled.

{60111]  The sensor data relating o the engine 2891 performance, liquid lubricant,
or operation measured by the at least one sensor device 260, 290 or GPS 270 may
comprise measured data values as they were measured and/or data after
processing al least some of the measured data values first.

30112]  In an embodiment, universal clock information of the control unit 200 is
determined based on a vessel receiver device, comprising at least one of the Global
Positioning System (GPS) receiver 270 and a communication interface 250 of the
maring vessel. The universal clock information may comprise at least one of the
following: a Global Positioning System (GPS) time and a Coordinated Universal
Time (UTC).

001131  In an embodiment, a proprietary condition application (client application)
comprising the dynamic engine operation model 231 may be received at an engine
apparatus control unit 200 from the server apparatus, for example. Engine sensor
data and engine operation data relsting to the engine 281 of the engine apparatus
120 are measured using atleast one sensor 260, 280. Condition information of Hquid
fubricant in the engine 291 of the engine apparatus 120 is then determined using
the dynamic engine operation model 231.

{60114]  In an embodiment, at least one of the propeller revolutions per minute,
torgue at propeller, propulsion power, thrust, and engine fuel consumplion is a
measurement value resuiting from a corresponding indirect measurement based on
vessel vibrations, and can be used as further input for the dynamic engine operation
model 231.

[001158] For al least one first sensor 290, instead of a direct measurement of for
example the propelier revolutions, it is possible to obtain this measurement value or
data from an indirect measurement based on vessel vibrations detected by the

sensor 280 attached o the vessel hull or engine, for example.

18



10

15

20

25

30

WO 2020/169874 PCT/F12019/050139

{00116] No maiter a plurality of elements is shown, all elements are not essential
for all embodiments. Some elements are optional, such as GFS 270G, sensor device
260, user interface 240 and user interface coniroller 280.

[00117]  Fig. 3 presenis an example block diagram of a sensor device 260, 290 in
which various embodiments of the invention may be applied. The sensor device
260, 280 may comprise various means for aclivity data detection, operational data
detection and environmental data detection, for example. The sensor device 260,
280 may be used for both engine related data, such as engine sensor data or engine
operation data, and environmental data capturing. The sensor device 260 may
correspond o the sensor device 290 elements Hlustrated in Fig. 3.

{00118] In an embodiment, the sensor device 280 may comprise a liquid lubricant
sensor for measuring quality of the lubricant in engine, gearbox or hydraulic system,
for example. Loss factor data or {an delta number could be measured, for example.
{001198]  In an embodiment, the sensor device 260, 290 and the processing of the
sensor data may provide a plurality of parameters relating to an engine, for example
one or more of the following: lime, posilion {(latifude & longilude), SOG (speed over
ground)}, COG ({course over ground), vibrations in three dimensions,
propeller/engine RPM the operation conditions of the engine comprises at leasi one
of the foliowing: number of engine starts; operating hours since last oll change; load
cycles of the engine; miles traveled with the engine; amount of fuel used by the
engine,; and inlegral sensor data of the engine.

(001201 The sensor device 280 may also comprise several capturing devices,
combinations of any above-mentioned devices, and the like. The environmental
temperature may comprise air temperature, water temperature or ground surface
temperature, for example.

{60121]  The sensor device 280 may comprise also a communication interface
capable of connecting with at least one of the communication interfaces 250, 283.
The generated sensor data may be transmitted to the communication interface 203.
The sensor device 280 may also transmil s sensor dala via its internal
communication interface o the communication interface 250 of the control unit 200.
[00122] In an embodiment, the communication interface within the sensor device
290 or the communication interface 293 is, for example, a wireless transmitler or a

wireless fransceiver (for example, Wireless Local Area Network (WLAN]} transceiver
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or any mobile or celiular communication network transceiver (for exampile,
Wideband Code Division Mulliple Access (WODMA), Long Term Evolution (LTE)
etc.} or a local data port {e.g. Ethernet, Universal Serial Bus (USB) etc.).

[00123]  In anembodiment, the sensor device 260, 290 may also store information
identifying the engine, the marine vesse! or the power plant. This may have been
precontigured o the sensor device 260, 280. Since the automatic identification
sysiermn data identifies e.g. the marine vessel! to which the received data relates to,
the sensor device 260, 280 is thus able to make sure that the received automatic
identification system dala relates to the marine vessel to which the sensor device
260, 290 is affixed. One possibility for identifying the correct marine vessel is to use,
for example, wireless signal strength of the AIS signal. The strongest AlS signal
relates to the marine vessel to which the sensor device 260, 290 is attached. Yet
another possibility is to compare the acceleration signal from the acceleration
sensor to the data indicating vessel movements in the AlS signals and to determine
the correct AlS signal based on the comparison.

001241 A second sensor device 280 of the maring vessel main information
system 200 may comprise corresponding elements as disclosed for the first sensor
device 290.

(00125]  In an embodiment, a sensor device 280 is configured to measure the
marine vessel performance related data when the sensor device 200 is affixed 1o
the hull structure of the marine vessel 121. For example, bolting, gluing or any other
way for affixing or attaching the sensor device 280 to the hull structure or engine
body may be used. In other words, since the sensor device 280 is firmly attached to
the hull structure or engine body, there is no relative motion between the sensor
device 280 and the hull structure or engine body respectively, and thus the sensor
or sensors 280 sense the motions and vibrations of marine vessel or the engine via
the hull structure or the engine body.

(00126] The AlS receiver {comprised by the communication interface 293 or the
communication interface within the sensor device 280) may receive a wirgless
transmigsion comprising an AlS signal from the same marine vessel 121 to which
the sensor device 290 is affixed. The sensor device 290 may beforehand slore
information identifying the marine vessel 121 (for example, Internationa!l Maritime

Organization (IMO) ship identification number or Marilime Mobile Service identity
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{(MMSH)) so that itis able to determine that the AlS signal relates to the marine vessel
121 to which it is affixed. The AIS signal includes several pieces of information
relating to the marine vessel, Tor example, the vessel's ideniity, engine(s)
identifier(s) and type, position, course, speed, navigational status and other related
information. The sensor device 290 may utilize the AIS signal as it was received (in
other words, every piece of information contained in the AIS signal). In another
example, the sensor device 280 may select a subset of information included in the
AlS signal to be included in the sensor data. In one example, the subset includes at
least position and/or time information of the marine vessel 121,

(001277  Normsally the AIS signal is intended to assist a vessel's watch standing
officers fo track and monitor movements of other vessels and also allow maritime
authorities to track and moniior movements of vessels. it also identifies and locales
vessels by electronically exchanging data with other nearby ships.

{00128] In an embodiment, the AIS signal is received by a sensor device 280
installed in a vessel that is sending the AIS signal. This makes it possible for the
sensor device to link the AlS signal with sensor dala measured by the sensor or
sensors 280, Since the sensor device 280 has the information included in the AlS
signal and measurements from one or more sensors 290, there is no neead to make
the traditional integration tasks {o the marine vessel's information systems. The AlS
signal sent by the marine vessel o the sensor device 280 is a strong signal.
Therefore, it may not be necessary o install a separate antenna in order to be able
to receive the AIS signal. This makes the instaliation of the sensor device 280
simpler and quicker. For example, it i3 possible to install the sensor device 280
including only an internal antenna inside a marine vessel because the AlS signal
leaks to the interior of the marine vessel via various existing cables, for example.
1601281 In an embodiment, a video camera is configured to provide video signal.
Based on the video signal the apparatus may determine at least part of the
environmental or operational data. The determination may be done by video image
processing, patlern recognition, fillering or other such means, for example.

(601301 The sensor device 200, 290 may comprise communication interface
module implementing at least part of data transmission. The communicatlion
interface module may comprise, e.g., & wireless or a wired interface module. The

wireless interface may comprise such as & WLAN, Bluetooth, infrared {IR), radio
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frequency identification (RF 1D}, GSMIGPRS, CDMA, WCDMA, LTE {Long Term
Evolution), or 56 radio module. The wired interface may comprise such as universal
serigl bus {(USB) or National Marine Electronics Association (NMEA) 0183/2000
standard for example. The communication interface module may be integrated {o
the sensor device 260, 200 or to an adapter, card or the like that may be inserted
info a suitable siot or port of the sensor device 260, 280. The communication
interface module may support one radio interface technology or a pluralily of
technologies. The sensor device 260, 290 may comprise a plurality of
communication interface modules.

(00131]  The sensor device 2890 disclosed in Figs. 2-3 may include atl least one
accelerometer or three-dimensional accelerometer. Since the sensor device 290
may be affixed to the hull of the marine vessel or the engine body, the accelerometer
is able (o sense vibrations in the hull of the body. From the vibrations sensed by the
accelerometer, it is possible to determine, for example, speed of rotation of a
propeller of the marine vessel or of the main engine. In most vessels, the speed of
rotation of the propsller is identical with the speed of rolation of an engine of a
marine vessel. Thus, it is possible to determine, based on an analysis of the
measurements of the acceleromeler, the speed of rotation of a propeller and an
engine of a marine vessel.

001321 In an embodiment, in order 1o determine the speed of rotation of the
oropeller, the sensor device 280 or the associated computer device may analyze
the signals measured by the accelerometer to identify the fundamental freguency in
the signals. The fundamental frequency is the RPM (Revolutions Per Minute) of the
engine or its multiple. One possible method for pilch detection {i.e. find the
fundamental frequency) is the Harmonic Product Spectrum (HPS) method. In the
method, a spectrum is compressed a number of times (down sampling), and it is
compared with the original spectrum. it can then be seen that the strongest
harmonic peaks line up. The first peak in the original spectrum coincides with the
second peak in the specirum compressed by a factor of two, which coincides with
the third peak in the spectrum compressed by a factor of three. Hence, when the
various spectrums are mulliplied together, the result will form a clear peak atl the
fundamental frequency. It is obvious that the HPS is only one possible method for

tinding the fundamental frequency and also other methods may be used. The speed
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of rotation of the propeller may also be stored in the memory of the sensor device
280 o be transmitted o or accessed by an exiernal entity.

{00133] On the new engine designs, with multiple funings and emission control
strategy, it is increasingly complex o adjust a cvlinder lubrication in an optimal way.
Keeping this in view, the possibility of having an sfficient and automated system to
morniitor the residual BN of the cylinder oil on real time basis, to provide adeguate
corrosion profection and manage cylinder liner wear, is even betler solution.
100134] Until now the available monitoring tools, mainly shaker kits provided by
the oll suppliers, only allowed manual colleclion of the scrape down oil from the
piston underside. The oil collection was conducted at predefined intervals taking
samples from individual cylinders and analyzing for residual BN, This procedure
does not take into account the effects of engine load variation, amount of injected
fuel and ambient conditions continuously, and corrosion could start in a short span
of time due o low base number (BN), which defines the oil's ability 1o neutralize
acids, or oil feed rale not being continuously adiusted.

{00135} In an embodiment, a real-lime cylinder oil monitoring system is intended
to avoid cylinder corrosion by continuously analyzing the scrape down oil from the
pision underside and therefore providing an indication of the corrosive environment
inside the cvlinder according to the specific ambient conditions and engine power.
in this way the cylinder oil feed rate can be continuously adjusted o control the
corrosive wear. The system includes an oil collection tray installed under each
cylinder liner. The collected oil is guided through a manifold and is analyzed by
means of a sensor device 290 detecting oil quality and residual base number (BN).
According to the sensors’ feedback {one per cylinder)}, the lubrication oil feed rale
can be adjusied accordingly. In addition, the oll base number (BN} can be adjusted
if there are multiple BN cylinder oils or a blending on board system.

{00136]  In such system, ofl passes through a dieleciric gap of the sensor device
290, where it is energized by a high frequency oscillator. Taking advantage of the
characteristic of oils o show decreasing conductivily for increasing contamination,
the sensor "undersiands” the oif condition and determines its base number {(BN).
[00137] Moreover, an additional sensor 290 is instailed in the oil feed line o the
engine 291 {oil still to be injected) and detects its characleristics as reference to

compare the status of the collected one. In this way it is be possible to determineg,
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for each cylinder the oil deterioration. In an open loop system, the residual BN can
be shown on an independent display unit or on the alarm and monitoring system.
Manual adjustments to the feed rate or BN can be made for adequate corrosion
protection based on refrieved information from individual cylinders. Sensors’ 280
feedback can also be sent to cylinder lubrication control system 200, 201 as input,
in order 1o adjust the oil feed rate 1o each cylinder in closed loop control {optional).
This would result in an optimized oil feed rate for the specific ambient and engine
operating conditions, determining an oil consumption reduction and minimizing the
risk to corrosive wear.

(00138] Furthermore, device or apparatus analyzing the sensor data, such as a
server apparatus 130, the sensor device itself, the control unit 200 or the remole
apparatus 160 may perform frequency analysis of the signals measured by at least
one acceleration sensor of the sensor device 280, In case the sensor device or
some other device or apparaius performs the frequency analysis, the amount of
sensor data to be transmitted culiside the sensor device/computer device is reduced.
The frequency analysis may comprise, for example, frequency-time analysis, such
as Short-Time Fourier Transform (STFT) or Discrete Wavelet Transform {(WFT).
With the frequency analysis, an understanding of frequency components over a
short time is received. The frequency analysis is performed, for example, so that
motions of a marine vessel 121 can be understood betler and also analyzed.
{60138] Further, the frequency analysis may comprise applying a dimensionality
reduction method, for example, Principal Component Analysis (FCA) in order o
identify the most significant componenis in the frequency domain.

(001401 An sccelerometer and an inclinometer can be used 1o measurea the same
paramelers since both of them measure acceleration. One of the main differences
is that the accelerometer provides acceleration components separately, bui they are
more inaccurate. However, acceleration components are usually provided within a
larger dynamic range. The inclinometer measures inclination more accurately but
within a narrower range. Therefore, it is possible to perform RPM measurements
also with the inclinometer if its bandwidth is high encugh. Further, it may be possible
to perform a frequency analysis for the data provided by the inclinometer and get
the same or almost the same resulls than based on accelerometer data. One

difference, howeaver, is that the inclinometer doss not measure vertical acceleration.
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{00141] Based on the analysis of the sensor data, it may be possible to delermine
the operation efficiency of the marine vessel 121 {or the power plant, for example)
and its engine 120 and to automatically trigger service reguests such as oil change
for the engine 128, for example.

001421 Moarine vessel dala and engine data may be generated based on received
sensor data from at least one sensor. Based on the engine data and the dynamic
madel 127, 231 #t is possible to delermine performance oplimization. Sensor
detected engine sensor data and engine operation data may also be transmitted {o
the server apparaius 130, 131 and utilize the data and the dynamic model 127, 231
there for determining condition information of the liguid iubricant, for example.
{00143] Fig. 4 presents an example block diagram of a server apparatus 130 in
which various embodiments of the invention may be applied.

{00144] The general structure of the server apparatus 130 comprises a processor
410, and & memory 420 coupled to the processor 410, The server apparatus 130
further comprises software 430 stored in the memory 420 and operable {0 be loaded
into and executed in the processar 410, The software 430 may comprise one or
more software modules, such as service application 431 and can be in the form of
a compuler program product. The service application 431 may be configured to
combine the engine sensor data and the engine operation data to provide a dynamic
engine operation model of the liguid lubricant and determine condition information
of the liguid lubricant based on the dynamic engine operation model.

{00145] The processor 410 may be, e.q., a central processing unit {CPU)}, a
microprocessor, a digital signal processor (DSP), a graphics processing unit, or the
like. Fig. 4 shows one processor 410, but the server apparatus 130 may comprise a
olurality of processors.

160148] The memory 420 may be for example a non-volatile or a volatile memory,
such as a read-only memaory {(ROM)}, a programmable read-only memory (PROM},
erasable programmable read-only memory (EPROM), a random-access memory
{RAM), a flash memory, a data disk, an oplical slorage, a magnetic slorage, a smart
card, or the like. The server apparatus 130 may comprise a plurality of memories.
The memaory 420 may be constructed as a part of the server apparatus 130 or it may

be inserted into a slot, port, or the like of the server apparatus 130 by a user. The
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memory 420 may serve the sole purpose of storing data, or it may be construcied
as a part of an apparatus serving other purposes, such as processing dala.
(601471  The communication interface module 450 implements at least part of
radio transmission. The communication interface module 450 may comprise, e.g., 8
wireless or a wired interface maodule. The wireless interface may comprise such as
a WLAN, Bluelooth, infrared (IR), radio frequency identification (RF D),
GSM/GPRS, COMA, WCDMA, LTE {(Long Term Evolution), or 5G radic module. The
wired interface may comprise such as universal serial bus (USB) or National Marine
Electronics  Association (NMEA) 0183/2000 standard for example. The
communication interface module 450 may be inlegrated into the server apparatus
130, or info an adapter, card or the like that may be inserted into a suitable slot or
port of the server apparatus 130. The communication interface module 450 may
support one radio interface technology or a plurality of fechnologies. Caplured
activity data associated with environmental data of the engine apparatus 120 (e.g.
from marine vessel or from power plant), as well as measured engine paramelers
relating to operation conditions of the engine of the engine apparalus may be
received by the server apparatus 130 using the communication interface 450.
{00148] The e-mail server process 460, which receives e-mail messages sent
from engine apparatuses 120, such as marine vessel or power plant apparatuses,
and remote computer apparatuses 1680 via the network 150, The server 460 may
comprise a content analyzer module 461, which checks if the content of the received
message meets the criteria that are set for new activity data itermn of the service. The
content analyzer module 461 may for example check whether the e-maill message
contains a valid aclivity dala item o be used as reference data item. The valid
reference data ilem received by the e-mail server is then sent o an application
server 440, which provides application services e.g. relaling to the user accounts
stored in a user database 470 and conlent of the content management service.
Content provided by the service system 100 is stored in a content database 480.
{00149] A skilled person appreciates that in addition to the elements shown in Fig.
4, the server apparatus 130 may comprise other elemenis, such as microphones,
displays, as well as additional circuitry such as inpultioutput (YO} circuilry, memaory
chips, application-specific integrated circuits (ASIC), processing circuitry for specific

purposes such as source coding/decoding circuitry, channel coding/decoding
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circuitry, ciphering/deciphering circuitry, and the like. Not all elermenis disclosed in
Fig. 4 are mandatory for all embodiments.

(601501 In an embodiment, engine sensor data corresponding to at least one
parameter of the liguid lubricant, and engine operation data are received at the
server apparatus 130. The engine sensor data and the engine operation data are
combined o provide a dynamic engine operation model of the liquid lubricant, and
condition information of the liguid lubricant is determined based on the dynamic
engine operation model.

001511  According to an embodiment, reference engineg profile data and reference
engine oil lubrication data may be received at the server apparatus 130, wherein the
reference engine profile data is generated by determining reference engine
parameters of a reference engine, and the reference engine oil iubrication data is
determined based on mechanical testing of an oil sample from the reference engine.
A reference model may be generaled at the server apparatus 130 by associating
the reference engine protile data with the reference engine oil lubrication data.
{00152] The reference model or an engine-specific modified version of it may be
used o determine the dynamic engine operation model of the liguid tubricant.
{001583] The reference model or an engine-specific modified version of it may be
transmitted 1o the engine apparatus 120 for utilizing it for determining condition
information of the liguid lubricant locally.

{601584] According to an embodiment, the server apparatus 130 may receive
selection information for a plurality of reference engines and generate the reference
engine profile data by determining reference engine parameters of the plurality of
reference engines based on the selection information. The reference engine
paramelers may be generated based on sensor data received from al least one
reference engine. The reference engine parameters may relate {o different operation
conditions of the reference engine.

i00155] In an embodiment, a reference engine data apparatus 180 (see Fig. 1)
may be configured to determine the reference engine liquid lubricant data based on
mechanical or chemical testing of iubricant samples from the plurality of reference
engines based on the selection information. The mechanical or chemical testing of

the sample, carried out by the reference engine data apparatus 180, may comprise
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e.g. tribological lubricity test of the sample. The tribological lubricity test may be
configured to be evaluated based on friction test rig resulls.

{00156] In an embodiment, reference engine sensor data and reference engine
operation dala may be determined and combined {o generate reference engine
operation model,

(001577  In an embodiment, the reference engine oil lubrication data is based on
the tribological lubricity fest of the oil sample, wherein the reference engine il
iubrication data comprises Stribeck type of friction data.

{00158] The reference mode! data of the reference model may be maintained at
a server apparatus 130, and dynamically updating the reference model data in
response o receiving reference engine profile data or reference engine ol
tubrication dala.

{00158]  In an embodiment, the server apparatus 130 receives engine apparatus
identification information and generales the reference model by associating
reference engine profile data with reference engine oil lubrication data based on the
engine apparatus identificalion information. The generated reference model may be
transmitted o the engine apparatus 120 for determining engine current and future
performance, as well as estimating engine oil lifetime.

(00160] Fig. 5 presenis an example block diagram of a remote computer
apparatus 180 in which various embodiments of the invention may be applied. The
computer apparatus 160 may be a user eguipment (UE), user device or apparatus,
such as a mobile terminal, a smart phone, a laptop computer, a deskiop computer
or other communication device. The remote control apparaitus 160 may be
configured to be operated by a remole operator of the vessel 121 or the power plant
121 (Fig. 1). The remote control apparatus 160 may be arranged on a ground
station, on the vessel 121 (Fig. 1) or on another vessel, for example.

{001611  The general structure of the computer apparatus 160 comprises a user
interface 540, a communication inferface 550, a processor 510, and a memaory 520
coupled (o the processor 510. The computer apparatus 160 further comprises
sofiware 530 stored in the memory 520 and operable to be loaded into and executed
in the processor 510, The sofiware 530 may comprise one or more software

modules, such as remote client software application 531, and can be in the form of
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a computer program product. The computer apparatus 160 may further comprise a
user interface controller 560.

(601621 The processor 510 may be, e.g., a central processing unit {CPU), a
microprocessor, a digital signal processor (DSP), a graphics processing unit, or the
like. Fig. 5 shows one processor 510, but the computer apparatus 160 may comprise
a plurality of processors.

{60163] The memory 520 may correspond o fealures disclosed for the memory
420 of the apparatus 120.

{00164] The user interface coniroller 560 may comprise circuilry for receiving
input from a user of the computer apparatus 160, e.q., via a keyboard, graphical Ul
shown on a display of the user interfaces 240 of the computer apparatus 160,
speech recognition circuifry, or an accessory device, such as a headset, and for
providing output to the user via, e.g., a graphical Ul or a loudspeaker.

{00165] The communicalion inferface module 550 implements at least part of
radio transmission and may comprise corresponding elements as module 250 of
apparatus 120. The computer apparatus 160 may comprise a plurality of
communication interface modules 550, Sensor data items from engines 125, 170-
172, 291 andfor liguid lubricant data may be downloaded from the server apparatus
130 and stored o the remote computer apparatus 160,

{00168] A skilled person appreciates that in addition to the elements shown in Fig.
5, the computer apparatus 160 may comprise other elements, such as microphones,
exira displays, as well as additional circuiiry such as inpultioutput (VO) circuitry,
memary chips, application-specific integrated circuits {ASIC), processing circuilry
for specific purposes such as source coding/decoding  circuitry, channel
coding/decoding circuitry, ciphering/decighering circuilry, and the like. Additionally,
the computer apparatus 160 may comprise a disposable or rechargeable battery
{not shown} for powering if external power supply is not available.

100167} Figs. 6a-c show diagrams Hlustrating determining condition information of
the higuid lubricant in accordance with an example embodiment of the invention.
{00168] Fig. 6a Hlustrates ol conditioning data {engine sensor data, loss factor)
received from the sensor device and enriched with operating data of the asset, such
as an engine, to produce signal corrected version of the (sensor) data as shown in

Fig. 8b. The correcled (sensor} dala may be further processed by anaiylics
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algorithm {dynamic engine operation model} to produce real-time oil condition daia,
as shown in Fig. &¢.

{00169 In an embodiment, a method comprises receiving engine sensor data,
the engine sensor data corresponding to at least one parameter of the liquid
fubricant, receiving engine operation data, combining the engine sensor dala and
the engine operation data to provide a dynamic engine operation model of the liguid
iubricant, and determining condition information of the liquid lubricant based on the
dynamic engine operation model.

(001701 The condition information of the liguid lubricant may comprise information
on oil condition, failure prevention, oll guality management, equipment maintenance
management or fuel consumption oplimization, for example.

(601711 Qil condition information may comprise information on at least one of the
following: Qi condition monitoring, BN (Base Number) monitoring, and viscosity
monitoring.

(00172] Failure prevention information may comprise information on water
contamination, for example.

(60173] Ol guslity management information may comprise information on at least
one of the following: Prediclion of end of oil life in hours, monitoring remaining useful
oil lifetime, smart top-up and sweelening {(adding fresh oil and removing used oil},
and oil consumption.

{60174] Eguipment maintenance management information may comprise
information on monitoring and flagging oil condition impacts on the squipment.
{00175]  In an embodiment, the engine sensor data may be enriched with the
engine operation data by combining the two data and then analyzing engine
operating data impact on the sensor signal and creating necessary correction
factors to corrected version of the raw signal data to provide a dynamic engine
operation madel of the liguid lubricant.

(00176]  In an embodiment, the engine sensor data and the engine operation data
may be combined by dropping off the sensor signal when the engine is off and
maybe some pre-defined amount of time {e.g. hours) after the engine is turned on
to ensure the potential condensates {like water} is removed from lubricating oil and

that it will not affect to the signal anymore.
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{00177}  In an embodiment, the engine sensor data and the engine operation data
may be combined by correcling the loss factor according to the liquid lubricant
temperature when the engine is running. The correction coefficient is determined
based on the correlation between the lube oll temperature and the loss faclor in a
short timescale, so that the impact of the oll degradation on the loss faclor is
negligible. The correction coefficient is estimated using the data collected while the
enging is on and not containing any lube oil maintenance events {e.g. swestening
and top-up).

001781  In an embodiment, the engine sensor dala and the engine operation data
may be combined by determining the loss factor against the engine running hours
in order to better visualize the oil degradation rate and trend.

001791  In an embodiment, the engine sensor data and the engine operation dala
may be combined by collecting physical lubricating oil samples and doing iaboratory
tests to find actual BN (Base Number) and viscosity values and in response o that
it is possible 1o make correlation and conversion equations to change sensor loss
facior into BN (Base Number) and viscosily reading. To reduce the lube il quality
estimation error, the bias of the conversion eguations changing the loss factor {o the
iube oll gquality characleristics can be updated using the resulls of the Iatest lab tests.
in addition, loss factor readings can be used to determine the inadequate lab test
results that should be discarded, and for triggering repeated lab lesis.

{00180] The engine sensor data and the engine operation data may be
transmitted io the server apparatus for combining to provide a dynamic engine
operation model of the liguid lubricant or the combination and providing the dynamic
engine operalion model may be done locally on-site at the engine apparatus.
{00181] Figs. 7a-b show diagrams illustrating determining condition information
of the liguid lubricant for abnormal conditions in accordance with an example
embodiment of the invention.

(00182] In Fig. 7a, dark bars 710 illustrate the time periods when the engine is
on. Time periods when engine is off, is shown on areas outside the bars 710. Engine
onfoff status information may be used as discussed in relation to Figs. Ba-¢ and
other embodiments, for example.

{00183] Fig. 72 lustrates liquid lubricant measurement data received from the

sensor that may be enriched with operating daia of the asset, such as an engineg, o
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produce signal corrected version of the measured dalg, such as the dynamic engine
operation model. Based on the dynamic engine operation model, unusual ol
property change is detecled as shown in Fig. 7b. The dynamic engine operation
model including the unusual oil property change dala may be further processed by
analylics algorithm to produce real-time oif anomality indication. Such indication may
be for example water detection in the ol and trigger automaltic aleris for service
operators of the asset, for example.

{60184] In an embodiment, engine sensor data may comprise at least one of the
following: Loss factor data; and Tan delfa number.

(00185]  In an embodiment, engine operation data may comprise information on
at least one of the following: lubricating oil temperature; engine load; engine speed;
engine on/off indicator; and ambient conditions.

{00186] In an embodiment, the engine sensor data and the engine operation data
may be combined io provide a dynamic engine operation model of the liguid
iubricant by up-trending of the loss factor while the engine is turmned off and down-
trending of the loss factor for a pre-defined time afler the engine is turned on, as
shown in Fig. 7a.

{001871  In an embodiment, the engine sensor dala and the engine operation data
may be combined o provide a dynamic engine operation model of the liguid
iubricant by detecting oscillations in the loss factor signal while the engine is running,
as iustrated in Fig. 7b. Oscilistions can be determined based on the dynamic
engine operation model, for example, to indicate that there is probably water in liquid
fubricant.

{00188] In anembodiment, the engine sensor data and the engine operation data
may be combined fo provide a dynamic engine operation model of the liquid
tubricant by combing the loss factor reading from the sensor with the average lube
ait lifetime in the engine, calculated using the lube olfl mainlenance history, the
engine running periods and the engine load, in order to determine abnormal lube ol
degradation trends not agreeing with the average lube ol iifetime in the engine.
{00188] In an embodiment, the engine sensor data and the engine operation dala
may be combined lo provide a dynamic engine operation model of the liquid
iubricant for detecting oscillations thal may identify water in oil, for example.

Oscillations may be detected in the loss faclor signal while the engine is running.
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Detection may be configured to be done, for example, by applying FFT (Fast Fourier
Transform) to & part of the loss faclor signal and detscting a spike in the signal
spectrum in a certain frequency range. Water may be detecled from the above by
monitoring the signal deviations {too fast/high up-trending/down-trending vs the
reference limil values). Reference data may be maintained from reference engines
as disclosed, and mechanical or chemical testing done for initial reference data.
However, as more reference data is gathered {ab test will become unnecessary.
100190] Fig. 8 shows diagram illustrating determining condition information of the
Hguid lubricant for quality management in accordance with an example embodiment
of the invention.

(001811  In Fig. 8 engine sensor data, such as oil measurement data, received
from a sensor device, which data may be enriched with operating data of the asset,
such as an engine, o produce signal correclted version of the measured engine
sensor data. From the combined data, a usual oil property change is detected as
shown in Fig. 8. The combined data including the ususal ol property change data
may be further processed by analvtics algorithm o produce real-lime ol guality
information. Such information may be for example a record of ol top-up sweetening
and estimate of ofl qualily improvement, for example. Feedback from muitiple
reference engines fo improve the detection, alerts and recommendations may be
used.

(601821 In an embodiment, engine sensor data may comprise at least one of the
following: Loss factor data; and Tan delta number.

1001831  In an embodiment, engine operation data may comprise information on
at least one of the following: lubricating oil temperature; engine load; engine speed;
engine anfoff indicator; and ambient conditions. Furthermore, other sources of data
that can be used for enriching {as operation data) sensor data may comprise at least
one of the following: cleaned sensor signal data, pre-defined operational limits for
the loss factor, current loss factor signal, engine running profile data, engine load
profile data and historical lube ol management data on lubrication maintenance and
lab records.

{00184] In an embodiment, the engine sensor data and the engine operation data

may be combined io provide a dynamic engine operation model of the liguid
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iubricant for determining real-time data for estimating guality improvement, for
example. For oll gquality management, a variety of steps may be done.

(6018581 In an embodiment, end of ol lifetime In hours may be predicted and
remaining useful ol lifetime may be monitored by carrying out atl least some of the
following steps. First, the loss factor may be limited to Himil value. Second, current
state of the loss factor may be used for enriching. Third, the difference of the limit
value and the current slate may be calculated and divided by the slope of the loss
factor {loss faclor degradation rate). Fourth, more precise calculations of the
remaining il may be determined based on engine running profile {expecied running
hours and load) and further using the fuel characteristics.

{00186] In an embodiment, smart top-up and sweetening may be managed o
enable fine control of oil quality monitored by carrying out at least some of the
following steps. First, upper and lower limits of the loss faclor signal can be
calculated for a specific site based on the correlation of the loss factor {0 the lube
oil guality characteristics {like BN {Base Number) and viscosily), as well as lube oil
and fuel specifications. The algorithm {dynamic engine operalion model) may be
configured to calculale when {o sweeten and how much that can ulilize the
correlation between the sweetening volume and the effect of sweetening on the loss
tactor. Second, the algorithm can be infegrated into automation system so that this
can happen aulomatically, for example under conirol by the engine apparatus
arranged at marine vessel or power plant, for example. Third, the algorithm may be
arranged to calculate cost savings and {ube ofl savings achieved by oplimizing the
operations and lube oll maintenance, based on the previous history of lube oil
maintenance, for example. Fourth, the algorithm may be configured to calculate how
many engine running hours with the off-spec lube oil conditions have been avoided
by the oil quality management.

[001971 Fig. © shows a schemalic picture of a dynamic engine operation modsl
127 of the liquid lubricant and related information flows according to an example
embodiment. The dynamic engine operation model {(DEOM) 127 can be configured
to operate a3 a stand-alone solution or as an integrated part of the control system
of the marine vessel or power plant, for example. The dynamic engine operation
model (DEOM) 127 enables automation of the liquid lubricant monitoring, prediction

and maintenance management, and further enables a higher degree of aulonomous
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operation. For eguipment maintenance management, monitoring and flagging ol
condition impacis on the equipment may be provided.

{00188] In an embodiment, the dynamic engine operation model (DEOM) 127 15
interfaced with engine sensor data 820 and engine operation data 930, Furthermore,
in some optional features, the dynamic engine operation model (DEOM) 127 may
be interfaced also to other sub-systems or information sources, such as user input
980, reference model related information 960 or mainienance information 940, as
shown in Fig. 8, for example. The dynamic engine operation model {(DEOM) 127
may further be configured to receive and manage information about the hesalth
status of sub-systems directly or through the power management and autormnation
systems 850. The dynamic engine operation model (DEOM) 127 can determine
condition information of the liquid lubricant based on the dynamic engine operation
model and generate tasks andfor instructions for the asset management,
automation and power management systems based on the dynamic engine
operation model 127 and combining the engine sensor data and the engine
operation data.

{60188] In an embodiment, eqguipment maintenance management may be
provided. The dynamic engine operation model 127 is arranged {o receive engine
sensor data 920, wherein the engine sensor dala corresponds to at least one
parameter of the liquid lubricant. The engine sensor data 920 may comprise, for
example, at least one of the following: loss factor from the sensor, Tan delta number
from the sensor and lubricating oil temperature. The dynamic engine operation
model 127 is arranged to receive engine operation data 930. The engine operation
data 930 may comprise, for example, at least one of the following: Engine load
information, engine speed information, engine on/off indicator, ambient condition
information, route plan information including information like weather forecasts,
navigation information for the dedicaled roule, waypeint information for the
dedicated route, emission restricted areas, environmental restrictions and other
relevant information. The route plan information may be received from the
navigation system of the marine vessel system or the route plan information may be
generated by the conlbrol apparatus. The route plan information may comprise at
least one of the following: navigation information; and environmental information.

The navigation information may comprise at least one of the following: destination
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information of the dedicated route; remaining travel time of the dedicated route;
rermaining distance of the dedicated route; navigation information for the dedicated
route; waypoint information for the dedicated route; emission resiricled area
information of the dedicated route; and environmental restriction information of the
dedicated route.

1002001 In an embodiment, reference model related information 960 (see also Fig.
1 and items 180-184) associated to al least one reference engine with a liguid
lubricant may be used as an input. The reference model related information 960
may comprise at least one of the following information: Engine overhaul statistics
from a plurality of reference engines, engine performance and maintenance data
from a plurality of reference engines, sensor data from a plurality of reference
engines, and lube oil data from a plurality of reference engines.

{60201] In an embodiment, the maintenance information 940 may comprise atl
least one of the following: Historical faillure information, historical liquid lubricant
management records, historical maintenance and lab records, failure report
information and lubricating ol running hour information (how long the liquid lubricant
has been in the engine, gearbox, hydraulic system efc.}).

[00202] Al least the engine sensor data 820 and the engine operation data 830
is combined o provide a dynamic engine operation model 127 of the liquid lubricant,
and condition information of the liguid lubricant is determined based on the dynamic
engine operation model 127. Also, in combining, further information may be used.
(002031 In an embodimeni, combining may also comprise collecling
representative statistics on the failure frequency in connection to iube oif guality from
reference data 860. Such dala may be generated from exisling installations whose
data is maintained as reference data 960.

100204 In an embodiment, combining may also comprise collecting
representative sialistics on the work and costs required in overhauls in connection
to lube oil gquality using maintenance history from reference data 960 or
maintenance information 940.

{00205] In an embodiment, combining may also comprise collecting the site
specific data from operation data 8930 and/or user interface 980 and determining

condition information based on the engine operation model 127 and the site specific
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data against multiple reference engines information 960 in other reference
instaliations.

{60206] The dynamic engine operation model 127 algorithm may be configured
to compare reference data 860 from multiple reference engines against lube ol
quality and lube ofl quality history {(e.g. from maintenance information 940) of the
installation, in order to evaluate the expected effect of the overall lube oil guslity on
the engine availability and running costs, including the unplanned maintenance due
to failures and additional overhaul costs.

[002071 In an embodiment, aigorithms of the dynamic engineg operation maodel
127 and lube ofl limits are dynamically improved by continuously collecting the data
from mulliple reference engines in muiliple reference installations. The dynamic
engine operation model 127 may be configured to provide intelligent
recommendations regarding the lube ol quality limits, based on the collected
statistics, plant specific condilions {engine age, fuel and lube oll specifications, load
profile, etc.) and goals (availability, costs, elc.}, for example.

{00208] In an embodiment, fuel consumption optimization may be provided. The
dynamic engine operation model 127 is arranged to receive engine sensor data 820,
wherein the engine sensor data corresponds to at least one parameter of the liguid
iubricant. The engine sensor data 820 may comprise, for example, al least one of
the following: loss factor from the sensor, Tan delta number from the sensor and
lubricating off temperature. The dynamic engine operation model 127 is arranged to
receive engine operalion data 930. The engine operalion data 930 may comprise,
for example, at least one of the following: Engine load information, engine speed
information, engine on/off indicator, ambient condition information, cooling water
paramelers, historical running profile and fuel consumption data, iurbocharger
operational data, route plan information including information like weather forecasts,
navigation information for the dedicated roule, waypoint information for the
dedicated route, emission restricted areas, environmental restrictions and other
relevant information. The engine operation data 930 may further comprise fuel
property information and fuel consumption information.

{00208] In an embodiment, engine sensor dala 820 is combined with engine

operational data 930 comprising cooling waler parameters, ambient condition
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information and turbocharger operational data, and further with maintenance data
8940 to isolate oil guality from other factors impacting fuel consumption.

1002101 The dynamic engine operation model 127 algorithm may be configured
to control liguid lubricant guality management to keep the liguid lubricant in the
optimum level with narrow changes in olf quality. Thus, impact of oif quality into fusl
consumption may be calculaied by using the dynamic engine operation model 127.
(002111 Inanembuodiment, the dynamic engine operation model 127 is configured
to operate as a neural network. A computer implemented method for determining
condition of a liguid lubricant for an engine, comprises receiving engine sensor data,
the engine sensor data corresponding to at least one parameter of the liguid
iubricant; receiving engine operation data; combining the engine sensor data and
the engine operation data to provide a dynamic engine operation model of the liquid
iubricant; and determining condition information of the liguid lubricant based on the
dynamic engine operation model.

(00212] In an embodiment, the combining step further comprises comparing the
received engine sensor data and engine operation data to a specified daia signature
associated with the dynamic engine operation model of the liquid lubricant, and
determining based on the comparison the condition information of the liguid
iubricant.

{00213] The specified datla signature is programmed into a synapse of a8 neural
network, and the comparing step comprises inputting the engine sensor data and
engine operation data into the neural network.

{00214] The neural network that may be trained using a plurality of data
signatures from engine sensor data and engine operalion data. Weights for different
inputs 320-340, 380 may be adjusted before feeding in to hidden layer of the neural
network comprised by the dynamic engine operation model 127,

{00215] The dynamic engine operation model (DEOM) 127 may be further
arranged o receive operational characteristic information 830 representing at least
one operating characteristic of a2 marine vessel. The operating characterislic
information 930 of the marine vessel may comprise at least one of the following:
information on currently active propulsion system; status information of energy

generation sub-sysiem; and status information of energy sforage sub-system.
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{00216] The dynamic engine operation model (DEOM) 127 may further be
arranged o receive operational characteristic information 930 or user input
information 880 representing at least one current environmental characteristic of the
marine vessel, such as weather information;, wind information; alr pressure
information; ice information; wave height, frequency or direction information; tidal
data; current information; water termnperature information; waler saline level
information; and roll or pitch information.

(602171  In an embodiment, if there has not been identified any violations of
possible constraints, the dynamic engine operation model (DEOM) 127 may
generate at least one task for controlling an automation element of the automation
systern 950 for liquid lubricant related monitoring, control or management.

(602181 In an embodiment, condition information generated based on the
dynamic engine operation model (DEOM)} 127 may be transmitted {o a cloud server
apparatus for vessel, flest or power plant maintenance related monitoring and
optimization. For example, maintenance aclions and breaks may be automatically
requeasted based on the received condition information of the liguid lubricant.
(002191 In an embodiment, the automation element of the marine vessel
automation system 950 is configured to control at least one of the following: power
management systemn of the marine vessel and navigation system of the marine
vessel. The automation element may be configured o control, for example, power
management system of the marine vessel for at least one of the following: schedule
for changing propulsion power source,; schedule for changing used fuel; schedule
for activating scrubber; and schedule for operating HVAC {(Heating, Ventilation and
Air Conditioning).

(602201 In an embodiment, i there has not been identified any violations of
possible constraints, the dynamic engine operation model {(DEOM) 127 may
generate liquid lubricant plan (LLP) 970 and utilize the liguid lubricant plan {LLP)
8970 for determining control, monitoring or maintenance related tasks relating to
enging control, maintenance aclivity, energy production, energy consumplion or
energy storage within the marine vessel automatically.

(002211 While cruising and performing transit during the voyage, the dynamic
engine operation model (DEOM} 127 maintains a dynamic and up-to-date situational

awareness in relation to the executed route (navigation)} and liguid lubricant plan
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(LLP} 970 and the continued health status from all energy/power producers. If the
siiuation changes and a systemm changes health siatus, the dynamic engine
operation model (DEOM) 127 may be configured to update the liquid iubricant plan
{LLP"Y 870 including tasks and automatically notifying the operator system and/or
navigation system. Based on notification, maintenance or service requests may be
generated or the navigation system is allowed o modify the route plan information
automatically.

(602221 Because the dynamic engine operation model (DEOM) 127 has access
to information about optimal operation condilions of the sub-systems with liguid
iubricant, the model can help to avoid stressing engines, preventing failures, as the
safety limit parameters are known to the dynamic engine operation mode! (DEOM)
127. An operating mode may be used wherein only confirmed reguest from the
operator is needed, and the dynamic engine operation model (DEOM) 127 may
aliow conirolling and monitoring sub-systems within or outside the optimal operation
conditions.

{00223] The liquid lubricant plan (LLP) 970 information can be provided in a first
mode as a schedule made available 1o the engineers to follow. The engineers may
perform the scheduled tasks based on the liquid lubricant plan (LLP) 870, In a
second mode, the liquid lubricant plan (LLP) 970 may be embedded in the main
display of the engine control room and the power management system, for example.
The automation system may be further configured to provide an infegrated guidance
tool to prompt the operator when a task should take place and by acknowledgement
from the operator enable and perform the task and end the task when performed. A
third mode allows a fully aulomated solution, where the operator may only be
informed about the liguid lubricant plan {(LLP} 970 or the fasks determined by the
dynamic engine operation model {(DEOM) 127. Optionally, current status of the
model and next steps may be informed o the operator but the dynamic engine
operation model (DEOM) 127 is configured to control automation elements andfor
maintenance {asks automatically. In such embodiment the liguid lubricant plan (LLP)
970 may be optional.

(002241 In an embodiment, the dynamic engine operation model (BEOM) 127
may be configured to control engine sub-systems and fuel selection via the

automation and power management systems and the dynamic engine operation
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model (DEOM) 127 can e.g. automatically negotiate the used main or aux engine
within the vessel or power plant, loads for different engines, operating speeds for
different engines, plannead route with the navigation system based on the availability
of energy producers with liguid lubricant and their health status {able fo operate (-
100%) and the planned energy consumption in relation to ship operation,
maintenance time and ship position, for example.

{00225} In an embodiment, the dynamic engine operation mode! {DEOM) 127 is
configured o receive input from an operator (USRK) 880 either at the vessel or power
olant or remote at other vessel or remaote control station, for example. In certain pre-
defined operating modes or tasks, it may be reguired thal operator
acknowledgement is received from the operator (USR) 980 for the delermined task
by the dynamic engine operation model (DEOM) 127 before controlling an
automation element.

{00228] In an embodiment, the dynamic engine operation model (DEOM) 127
may be updated in realtime.

{00227] Fig. 10 shows a flow diagram showing operations in accordance with an
exampie embodiment of the invention. In step 1000, the method for determining
condition of a liguid lubricant for an engine, is started, In step 1010, engine sensor
data is received, wherein the engine sensor data corresponding to at least one
parameter of the Hguid lubricant. In step 1020, engine operation data is received. In
step 1030, the engine sensor data and the engine operation data are combined. In
step 1040, a dynamic engine operation model of the liguid lubricant is generated
based on the combination. In step 1050, condition information of the liquid lubricant
is determined based on the dynamic engine operation model. The method is ended
in step 1060.

{60228] Fig. 11 shows a schematic diagram of an exemplary engine apparaius
related items for determining condition of a liquid lubricant for an engine in
accordance with an example embodiment.

{00229] First, from a pluralily of candidate reference engines 170-172 at least one
reference engine 170 and related engine and oll data is selected.

1002381  In an embodiment, selection information may be recsived for a plurality
of reference engines from an operator of the system or defined automatically based

on engine type identifiers, for example. The reference engine profile data may be
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generated by determining reference engine parameters of the plurality of reference
engines based on the selection information.

{00231] At least one reference engine 170-172 is configured o generate the
reference engine profile data 182 by delermining reference engine parameters 175
of the reference engine 170-172. The reference engine parameters 175 may be
detected using at least one sensor either integrated to the engine 170 or external fo
the engine 170. The reference engine profile data 182 may be generated based on
the reference engine parameters (sensor data) 175 from at least one engine 170.
The reference engine parameters may relate o different operation conditions of the
reference engine.

i00232] At least one reference engine 170-172 is configured to generale
reference engine sensor {liguid lubricant) data 183 by e.g. mechanical or chemical
testing of an oll sample 176 from the reference engine 170-172. The lesling of the
oit sample 176 may be done by a friction test rig 710 or any test device 710
configured to perform mechanical tribological lubricity test or chemical test of the ol
sample 176. The test device 710 may be a separaie test device and nol integrated
to the same device as other elements of apparatus 180.

{00233] Reference engine 170-172 related measurements, data collection and
transceiving may be carried out by a reference engine dala apparatus 180. A
reference engine operation model 184 is generaled by associating the reference
engine operation data 182 with the reference engine sensor data 183. The reference
engine sensor data 183 is thus resulting from liquid lubricant related data (Stribeck
type friclion data, tan delta, loss factor, for example).

{00234] Collected data 182,183 may be processed based on, combining engine
operation data 182 to lubricity data 183 of liguid lubricant 176 into an independent
mathematical function, for example. This function will not require look-up tables or
polynomial filting of sample or sensor dala.

(00235] In an embodiment, the collected data of reference engine operational
data 182 and the reference engine sensor (lubrication) data 183 may be processed
at reference engine data apparatus 180 or transmitied to the server apparatus 130
over network 150 for processing.

{00236] In an embodiment, the reference model 184 may be fransmitled to a

server apparatus 130, 131 for storing and processing over connection 181, The
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reference engine operation data 182 and/or the reference engine sensor data 183
may also be transmilted over network 150 {o a server apparatus 130, 131 for storing
and processing. The reference model 184 may also be generated at the server
apparatus 130, 131,

{002371 In an embodiment, reference model dala of the reference model may be
maintained at a server apparatus, and dynamically updating the reference model
data over netwaork 150 in response o receiving reference engine operation data 182
or reference engine sensor data 183.

{002381 In an embodiment, the reference engine paramelers 175 and oil samples
176 may be received and processed at engine manufacturer when testing the
engines in test lab and before sending the engine(s) 170-172 to customers. The
reference engines(s) 170-172 may also be test engines (not sent to customers) that
are run at test iab with various operating profiles and various environmental effects
to gather reference data for reference model calculation. The reference engines(s)
170-172 may also be engines in use by any remote site or installation.

{00239] Fig. 12 shows a schematic diagram of a data item in accordance with an
exampie embodiment. The data item 1200 as disclosed may comprise engine
sensor data 124 or engine operation data 126 or both. Correspondingly, the data
itern 1200 as disclosed may comprise reference engine sensor data 175 or lubricant
data 176 or both. The data item 1200 comprises at least one identifier.

(602407 In an embodiment, the engine 291 and at least one sensor device 280
{see e.g. Fig. 2) are configured to generatle sensor data items based on the received
identification system data and sensor dafa. The sensor data item may thus comprise
sensor data generated by the sensor device 280 and an identifier information. The
identifier information may comprise al least one of the following: sensor-iD (8-10);
engine-1D (E-1D), and vessel-lID {V-ID) that may comprise at least part of the
received automatic identification system data, for example.

(00241] A sensor data itemn, such as engine parameters 124, is generated by a
sensor device of the marine vessel 121 or power plant and transmiited o the server
apparatus 130. Sensor data items may be processed at the engine apparatus 120

before transmitting or they may be sent without further processing to the server 130,
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(002421 Without in any way limiting the scope, interprefation, or application of the
claims appearing below, a technical effect of one or more of the example
embodiments disclosed herein is an improved system for an engine apparatus.
[00243] Atechnical effect of one or more of the example embodiments disclosead
herein is that accuracy and real-time manitoring of liquid lubricant condition is
improved.

302441 A lechnical effect of one or more of the example embodiments disclosed
herein is that fuel efficiency of an engine is improved. A further technical effect of
one or more of the example embodiments disclosed herein is thal operatlional
efficiency of an engine apparatus, is improved.

100245] Still further technical effect of one or more of the example embodiments
disclosed herein is thal it enables early faull detection and failure prevention by
detecting anomalities as early as possible. Furthermore, it enables real-time liquid
iubricant quality management, real-time BN {Base Number)} & Viscosity monitoring,
and accurate and fast control of oil quality.

(00246]  Still further technical effect of one or more of the example embodiments
disclosed herein is that it optimizes liguid lubricant consumplion and usage, reduces
component failures, helps to oplimize maintenance actions, generates an operalor
a view on their engines and how they are performing versus other engines.
{00247] Although various aspecis of the invention are setf cul in the independent
claims, other aspects of the invention comprise other combinations of features from
the described embodiments and/or the dependent claims with the features of the
independent claims, and not solely the combinations explicitly set out in the claims.
i00248] It is also noted herein that while the foregoing describes example
embodiments of the invention, these descriptions should not be viewed in a limiting
sense. Rather, there are several variations and modifications that may be made
without departing from the scope of the present invention as defined in the

appended claims.
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Claims:

1. Acompuier implemented method for delermining condition of a liquid lubricant
for an engine, the method comprising:

receiving engine sensor data, the engine sensor data corresponding to at least
one parameter of the liquid lubricant;

receiving engine operation data;

combining the engine sensor data and the engine operation data {o provide a
dynamic engine operation model for the liguid ubricant; and

determining condition information of the liguid lubricant based on the dynamic

engine operalion model.

2. The method of claim 1, wherein the engine sensor data is received from at
least one sensor device and comprises information on electrochemical properties of

the liguid lubricant at a molecular level.

3. The method of claim 2, wherein the electrochemical properties are configured
o be measured by using a high frequency AC current {o measure a ratio between

conductance and capacitance of the liquid lubricant.

4. The method of claim 2 or 3, wherein the elecirochemical properties comprise

at least one of the following: loss faclor data; and Tan delta {TD) number.

5. The method of any claim 1 to 4, wherein the sensor device is operationally

connected {o the engine.

6. The method of any claim 1 {o 5, wherein the method further comprises

correcting the engine sensor data before combination to the engine operation dala.
7. The method of any claim 1 to 6, further comprising detecting an anomality

based on at least one of the foliowing: the engine sensor data; the engine operation

data; the dynamic engine operation model; and the condition information.
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8. The method of any claim 1 to 7, further comprising comparing condition
information to reference maintenance threshold information; and generating

autormatic mainienance service order in response to the comparing siep.

8. The method of any claim 1 {0 8, whergin the engine operation data is received
from at least one sensor device or engine control system and comprises information
on at least one of the following: liquid lubricant temperature; engine load; engine
speed; engine on/off indicator; ambient conditions; fuel consumption; liquid lubricant
resarvoir level; Hguid lubricant sump level; fuel properties; reference liguid lubricant
properties; reference test results; on-sile test results; and historical liguid lubricant

management records on lubrication maintenance.

10. The method of any claim 1 fo 8, wherein combining the engine sensor data
and the engine operation data comprises normalizing the engine sensor data with

the engine operation data.

11. The method of claim 10, wherein the normalizing siep comprises correcting

the engine sensor data using liquid lubricant temperature.

12. The method of claim 11, wherein the correcting step comprises mulliplying the
Hiquid lubricant temperature with a pre-defined coefficient and sublracting the

multiplied result from a loss faclor o refine the engine sensor data.

13. The method of any claim 1 to 12, wherein combining the engine sensor dala
and the engine operation data comprises selecling a subset of the engine sensor

data based on engine on/off indicator of the engine operation data.

14. The method of claim 13, wherein selecling the subset of the engine sensor
data is iriggered after the engine is determined {o be on for a predefined time based

on the engine on/off indicator.

15. The method of any claim 1 o 14, wherein the condition information comprises

water contamination information.
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16. The method of any claim 1 to 14, wherein the condition information comprises

Base Number (BN} information.

17. The method of any claim 1 to 14, wherein the condition information comprises

viscosity information.

18. The method of any claim 1 to 14, further comprising:
comparing condition information (o threshold information;
determining condition profile information comprising information on running
hours when condition information being below threshold information; and
fransmitling the profile information from an enging apparatus comprising the

engine for an edge cloud apparatus or a cloud apparatus.

19. The method of any claim 1 to 18, wherein the combining step is configured o

isolate quality of the liguid lubricant from other factors impacting fuel consumption.

20, The method of ¢claim 19, wherein the other factors comprise al least one of the
following: engine data; cooling waler data; turbocharger dala; mainienance data;

and ambient conditions data.

21. The method of any claim 1 to 20, wherein the liquid lubricant is automatically
monitored using the condition information and service requesis are generated in
order to maintain guality of the liguid lubricant in a pre-defined range for minimizing

engine operating cosls.

22. The method of any claim 1 to 21, further comprising:

receiving reference engine sensor daia, the reference engine sensor data
corresponding to at least one parameter of a liguid lubricant of a reference enging;

receiving reference engine operation datg;

combining the reference engine sensor data and the reference engine
operation data {o provide a reference engine operation model of the liquid lubricant;
and

determining the dynamic engine operation mode! of the liquid lubricant using

47



10

15

20

25

30

WO 2020/169874 PCT/F12019/050139

the reference engine operation model.

23. The method of any claim 1 to 22, further comprising:
fransmitting the engine sensor data and the engine operation data from an
engine apparalus comprising the engine to an aedge cloud apparatus or a cloud

apparatus for combining.

24. The method of claim 23, further comprising:
pre-processing at least one of the engine sensor data and the engineg operation

data before transmission o the edge cloud apparatus or the cloud apparatus.

25. The method of any claim 1 1o 24, wherein the dynamic enging operation model

implements a neural network.

26. The method of claim 25, further comprising comparing the received engine
sensor data and engine operation data o a specified dala signature associaled with
the dynamic engine operation model of the liquid lubricant, and determining based

on the comparison the condition information of the liguid lubricant.

27. The method of any claim 25 or 28, wherein the specified data signature is

programmed into a synapse of the neural network.

28.  The method of any claim 206 or 27, wherein the comparing step comprises

inputting the engine sensor data and engine operation data into the neural network.

29, The method of any claim 26 to 28, wherein the neural network is trained using
a plurality of data signatures from the engine sensor data and the engine operation
data.

30. The method of any claim 25 to 29, wherein weights for different inputs are
configured to be adjusted before feeding in to a hidden layer of the neural network

comprised by the dynamic engine operation model.

31, The method of claim 22, further comprising:
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receiving a plurality of reference engine operation models from a plurality of
reference engines;

determining a reference engine operation model of the plurality of reference
engine operation models based on at least one of the engine sensor data or the
engine operation data; and

determining the dynamic engine operation model of the liquid fubricant using

the delermined reference engine operation model.

32. The method of claim 31, further comprising:

comparing engine sensor data with a plurality of reference engine sensor data
associated with the plurality of reference operation models;

determining the reference operation model of the plurslity of reference
operation models by selecting closest counterpart for engine sensor data; and

determining the dynamic operation model of the liguid lubricant using the

determined reference operation model.

33. The method of claim 31, further comprising:

comparing engineg operation data with a plurality of reference engine operation
data associated with the plurality of reference operation models;

determining the reference operation model of the plurality of reference
operation maodeis by selecting closest counterpart for engine operation data; and

determining the dynamic operation model of the liquid lubricant using the

determined reference operation model.

34. The method of any claim 31 to 33, further comprising determining at least one
of the engine sensor data or the engine operation data based on the determined

reference operation model.

35. An engine apparatus, comprising:
an engine;
a communication interface;
at least one processor; and
at least one memory including computer program code;

the at least one memory and the computer program code configured to, with
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the at leasti one processor, cause the apparatus to:
receive engine sensor data, the engine sensor data corresponding o at
least one parameter of the liguid lubricant;
receive engine operalion data;
combine the engine sensor dala and the engine operation dala to provide
a dynamic operation model of the liguid lubricant; and
delermine condition information of the liguid lubricant based on the

dynamic operation model.

36. A server apparatus comprising:
a communication interface;
at least one processor; and
at least one memory including computer program code;
the al least one memory and the compuler program code configured to, with
the at least one processor, cause the apparatus to:
receive engine sensar data, the engine sensor data corresponding (o at
least one parameter of the liguid lubricant;
receive engine operalion dats;
combine the engine sensor data and the engine operation data to provide
a dynamic operation model of the liguid lubricant; and
determine condition information of the liguid lubricant based on the

dynamic operation model.

37. A compuier program embodied on a computer readable medium comprising
comptuiier executable program code, which code, when executed by at least one
processor of an apparatus, causes the apparaius o

receive engine sensor data, the engine sensor data corresponding to at least
ong parameter of the liguid iubricani;

receive enging operation dala;

combine the engine sensor data and the engine operation data to provide a
dynamic operation model of the liquid lubricant; and

determine condition information of the liguid lubricant based on the dynamic

operation model,
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