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Embodiments provide a malfunction monitoring and early
warning system which can learn the determined malfunction
data. The malfunction monitoring and early warning system
may be used in connection with engines of different fields
such as industrial engines, wind turbine engines, rail trans-
port engines. The malfunction monitoring and early warning
system ensures early detection of malfunction, required
maintenance, and early warning determination by monitor-
ing the temperature, vibration, and speed information of the
engine monitored by the system.
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SELF-LEARNING MALFUNCTION
MONITORING AND EARLY WARNING

SYSTEM
CROSS-REFERENCES TO RELATED
APPLICATIONS
[0001] The present application claims priority to Turkish
Patent Application No. 2018/05591 entitled

(").CV)RENEBiLEN ARIZA TAKIP VE ERKEN UYARI
SISTEMI, filed Apr. 19, 2018, which disclosure is incorpo-
rated herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a malfunction
monitoring and early warning system which can learn the
determined malfunction data, is used in engines of different
fields such as industrial engines, wind turbine engines, rail
transport engines, and ensures malfunction, maintenance,
and early warning determination by monitoring the tempera-
ture, vibration, and speed information of the engine on
which it is used.

[0003] Engines are used in almost all fields in the industry
for performing various works. In industrial applications,
operation of all types of machines is usually ensured by
engines. Engines generate power and said power is used for
operation of machines. Different types of engines are used
according to the characteristics and application areas of
machines, and operation of the machines is ensured by
means of said engines.

[0004] Some of the areas where engines are commonly
used are as follows: wind turbines, railway rail system
transportation, manufacturing, ship transportation, petro-
leum platforms, aircrafts and aviation industry and so on.
[0005] In areas where an engine is used, it is quite impor-
tant that the engine used is suitable for the work to be done,
the engine is used efficiently, the engine maintenance is done
on time, and malfunctions occurring in the engines are
detected and timely intervened. As all machines, engines
also have service lives. The service life of an engine can vary
depending on its usage conditions, operating temperature,
the level of vibration the engine gets exposed to, the
operating speed of the engine, and compliance with periodic
maintenance. Timely maintenance is required for engines to
ensure their efficient and problem-free use. Usage conditions
of engines should be monitored so as to plan their mainte-
nance periods according to the usage conditions, and their
maintenance should be performed on time.

[0006] Today, there are systems used for monitoring the
conditions of use of engines and detecting their malfunction
situations. In said systems, vibration, temperature, and speed
parameters of engines are recorded by non-smart devices
that cannot perform interpretation, and are reported by
human-dependent systems. A significant technical problem
encountered in recording and monitoring systems used in the
state of the art applications is that engine data is only
recorded and reported by human-dependent systems. Not
being able to monitor engine operation data while recording
the data with a dynamically learning structure, and not being
able to dynamically estimate the malfunction and mainte-
nance times according to engine operating conditions are
significant technical problems. In systems known in the state
of the art, there is no procedure for predicting engine
malfunction or maintenance times, estimating maintenance
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times by means of monitoring the use of the engine. Lots of
mistakes are made with the state of the art malfunction
determinations and manual maintenance times.

BRIEF SUMMARY OF THE INVENTION

[0007] Various embodiments are directed to a self-learn-
ing malfunction monitoring and early warning system which
predetermines engine malfunction and maintenance times
by continuously measuring engine operating conditions,
engine temperature, speed, and vibration.

[0008] Various embodiments are directed to a malfunction
monitoring and early warning system which self-learns
about encountered malfunctions according to engine oper-
ating conditions, and develops new malfunction conditions
according to the learned malfunctions.

[0009] Various embodiments are directed to a malfunction
monitoring and early warning system which updates main-
tenance scheduling according to the learned new engine
malfunctions, and then performs new estimations according
to the updates.

[0010] Various embodiments are directed to a malfunction
monitoring and early warning system which performs mal-
function maintenance estimation beforehand, and provides a
common malfunction maintenance program for engines that
are found close to each other.

[0011] Embodiments provide a malfunction monitoring
and early warning system coupled to an engine. The mal-
function monitoring and early warning system comprises a
speed sensor coupled to the engine to detect a speed of the
engine via an engine rotor; a temperature sensor coupled to
the engine to measure an operating temperature of the
engine; a vibration sensor coupled to the engine or a place
where the engine is fixed, to measure a level of vibration
generated during operation of the engine or the engine is
subjected to; a malfunction monitoring module including a
processor, a memory, a communication unit, and an expe-
rience database. The malfunction monitoring module is
configured to receive measurement values by communicat-
ing with the speed sensor, the temperature sensor, and the
vibration sensor. The measurement values include the
detected speed of the engine, the measured operating tem-
perature, the measured level of vibration. The malfunction
monitoring module is further configured to perform engine
malfunction estimation by interpreting the measurement
values according to predetermined engine usage conditions
stored in the experience database using the processor, pre-
dict malfunction and engine maintenance times, and predict
each malfunction together with a reason of the malfunction
by means of recording encountered malfunctions and the
speed, the operating temperature, and the level of vibration
at which the encountered malfunctions occur.

[0012] The processor is configured to determine parts of
the engine that are required to be replaced and correspond-
ing time period for replacing the parts by comparing the
measurement values with the predetermined engine usage
conditions stored in the experience database. When a type of
malfunction that is not recorded in the experience database
is encountered, the malfunction monitoring module is con-
figured to determine at which total temperature, speed, and
vibration values the engine had been used before the type of
malfunction, and the reason of the type of malfunction; and
record determined values in the experience database
together with engine type information thereby continuously
updating the experience database with new malfunctions so
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as to learn about the new malfunctions. The experience
database is configured to record, via the processor, the
malfunction and the reason associated with the malfunction,
when an engine malfunction that is not previously recorded
is encountered, and to ensure that malfunction control and
estimation is performed while a new malfunction analysis is
being made.

[0013] The malfunction monitoring and early warning
system further comprises a malfunction display module
configured to communicate with the malfunction monitoring
module via a wired, wireless, Ethernet, or can bus connec-
tion, and display visual graphics of the engine to output the
engine malfunction, the reason of the engine malfunction,
one or more suggestions, and the engine maintenance times
based on data received from the malfunction monitoring
module.

[0014] With the malfunction monitoring and early warn-
ing system according to the present application, usage
conditions and malfunctions of engines are monitored, pre-
diction is made about malfunction and maintenance times
according to these usage conditions, and notification is
provided to users or operators about the predictions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic view of the malfunction
monitoring and early warning system.

[0016] FIG. 2 is a schematic view of an exemplary system
for implementing various embodiments described herein.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] Embodiments are directed to measuring tempera-
ture, speed, and vibration data of the engine, recording said
data, and performing estimations for engine malfunction
and/or maintenance times according to the obtained data.
Embodiments provide a self-learning system, in which the
malfunctions encountered, the reasons of the malfunctions,
maintenance results according to maintenance periods are
recorded and learned by the system, and used for determin-
ing the maintenance time in the next malfunction determi-
nation. Accordingly, embodiments are directed to monitor-
ing and recording operation of the engines, and performing
maintenance and malfunction estimations according to the
usage conditions of the engine.

[0018] According to various embodiments, the operating
conditions and times of the engine are monitored by means
of sensors. A possible malfunction estimation and a main-
tenance time estimation are performed according to the
engine operating time (e.g. duration of the operation) and
operating conditions. The system described herein has a
self-learning structure. The results of all malfunctions,
errors, and failures that occur during use of the system is
learned by the system, and determination is made for the
next similar situation.

[0019] According to various embodiments, temperature,
speed, and vibration data of the engine are monitored so as
to determine the operating conditions of the engine and
perform maintenance and malfunction time estimation (pre-
diction) according to said data.

[0020] According to various embodiments, the operation
of the engines is monitored continuously and instanta-
neously. The operating conditions of the engine are moni-
tored by measuring the vibration, temperature, and speed
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information during operation of the engine. Since mainte-
nance and malfunctions of an engine are dependent on the
operating conditions and operating times of the engine, the
maintenance periods of the engine are determined according
to the actual operating conditions of that engine. A possible
malfunction is preemptively estimated to inform relevant
people. Embodiments further provide a self-learning struc-
ture. The system according to various embodiments may
learn, improve itself as the system works, and automatically
digitalize all kinds of malfunctions. In this way, maintenance
times are predicted, maintenance is determined in a planned
way, and significant cost advantages are achieved in terms of
maintenance costs.

[0021] Embodiments provide a malfunction monitoring
and early warning system that includes sensors placed on an
engine for measuring the speed/revolution, vibration, and
temperature values of the engine, a malfunction monitoring
module to which the sensors are connected, and a malfunc-
tion monitoring module showing the engine operation, mal-
function and maintenance situations according to the infor-
mation received from the malfunction monitoring module.
The malfunction monitoring module records the measure-
ment values received from the sensors and determines
whether the measured values meet the conditions of use and
whether they indicate a malfunction or not by comparing the
same with the values in the database. The malfunction
monitoring module not only detects malfunctions but also
monitors the engine usage conditions and estimates the
maintenance periods according to the usage conditions, and
transmits said data to the malfunction display module. The
malfunction display module is a web based application or an
application that can be used in smart devices. It visually
displays the information received from the malfunction
monitoring module and the usage values of the engine, and
allows the user to monitor the operation of the engine. The
patent according to the present application has a self-
learning, self-improving system structure. The malfunction
monitoring module comprises the experience database, and
the experienced malfunctions are recorded into said database
together with the information including the reason of mal-
function, usage conditions before the malfunction, type of
the engine, and characteristics of the engine etc. In this way,
the system continuously improves itself and learns about
new malfunctions and their reasons, and gives malfunction
and maintenance warnings by comparing with new malfunc-
tions while performing malfunction monitoring.

[0022] An exemplary malfunction monitoring and early
warning system is shown in FIG. 1. The components given
in the figures are enumerated individually, and the meanings
of these numbers are given below.

[0023] 1. Malfunction monitoring and early warning sys-
tem

[0024] 2. Speed sensor

[0025] 3. Temperature sensor

[0026] 4. Vibration sensor

[0027] 5. Malfunction monitoring module

[0028] 5.1. Processor

[0029] 5.2. Memory

[0030] 5.3. Communication unit
[0031] 5.4. Signal converter
[0032] 5.5. Filter
[0033] 5.6. Experience database
[0034] 5.7.Amplifier
[0035] 6. Malfunction display module
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[0036] The malfunction monitoring and early warning
system (1) according to the invention is a system which
performs malfunction monitoring and gives warning in
dangerous situations for systems that may be associated
with, for example, rail systems, manufacturing, ship trans-
portation, wind turbine, oil platforms, and aviation sector.
The malfunction monitoring and early warning system (1)
ensures estimation (prediction) of malfunction situations
and maintenance times of engines having different charac-
teristics and being used in different areas in industry, accord-
ing to their usage conditions. The malfunction monitoring
and early warning system (1) according to the invention has
a self-learning structure, and records engine malfunctions
together with the engine usage conditions during and before
occurrence of the malfunction, and thus expands stored,
readily available malfunction information and uses the new
information in malfunction analysis and comparison. An
electronically embedded smart card and a cloud based
software signal mechanism algorithms are used in the mal-
function monitoring and early warning system (1). The
malfunction monitoring and early warning system (1) is
placed in rotating and moving accessories of all of the above
said machines in industry, and early malfunction estimation
is made by examining mechanical vibration wave forms
during operation of the engine by means of a high frequency
accelerometer vibration sensor (4). In this way, operational
maintenance activities and maintenance costs are reduced in
machines where the malfunction monitoring and early warn-
ing system (1) is used.

[0037] The malfunction monitoring and early warning
system (1) which is used in industrial engines, and ensures
malfunction, maintenance, and early warning determination
by monitoring the temperature, vibration, and speed infor-
mation of the engine on which it is used, and can learn the
determined malfunction data, comprises the following com-
ponents:

[0038] atleast one speed sensor (2) placed in the engine
to detect the engine revolutions or speed via the engine
rotor,

[0039] at least one temperature sensor (3) placed on or
in the engine to measure the operating temperature of
the engine,

[0040] at least one vibration sensor (4) placed at the
engine or at the place where the engine is fixed, to
measure the level of vibration generated during opera-
tion of the engine or the engine is subjected to,

[0041] at least one malfunction monitoring module (5)
comprising at least one processor (5.1), at least one
memory (5.2), at least one communication unit (5.3),
and at least one experience database (5.6), receiving
measurement values by communicating with a speed
sensor (2), a temperature sensor (3), and a vibration
sensor (4), and adapted to perform engine malfunction
estimation by interpreting said measurement values
according to ideal engine usage conditions using the
processor (5.1) and the experience database (5.6) found
therein, predetermine the malfunction and engine main-
tenance times, and ensure determination of each mal-
function together with its reasons by means of record-
ing encountered malfunctions and the speed,
temperature, and vibration values at which the mal-
function occurs,

[0042] at least one processor (5.1) which is adapted to
ensure that the experience database (5.6) learns about
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malfunctions by being continuously updated by record-
ing, in the experience database (5.6), malfunctions that
are not previously recorded in the experience database
(5.6), together with the information of the engine type
and measurements of engine usage such as tempera-
ture, speed, and vibration, before the malfunction is
encountered,

[0043] an experience database (5.6) which is adapted to
record, via the processor (5.1), the malfunction and its
reasons, when an engine malfunction that is not previ-
ously recorded is encountered, and to ensure that mal-
function control and estimation is performed using the
updated malfunction list while a new malfunction
analysis is being made,

[0044] at least one malfunction display module (6) which
communicates with the malfunction monitoring module (5)
via wired, wireless, Ethernet, or can bus connection, can be
operated through the internet or a smart device, comprises
visual graphics of the monitored engine, and allows the user
to see the engine malfunction, the reason of malfunction and
suggestions, and the engine maintenance time according to
the data received from the malfunction monitoring module
).

[0045] The malfunction monitoring and early warning
system (1) consists of three main structures. The first struc-
ture is the structure where the sensors used for monitoring
the operation of the engine on which malfunction and
maintenance monitoring will be made. The second structure
is the malfunction monitoring module (5) where malfunction
determination and early malfunction determination are made
according to the data received from the sensors. The third
structure is a malfunction display module (6) allowing the
user to visually see the malfunctions according to the data
received from the malfunction monitoring module (5), and
preferably operating on cloud in a web-based and/or smart
device-based manner.

[0046] The operation of the engine is preferably detected
by the speed sensor (2), the temperature sensor (3) and the
vibration sensor (4) coupled to (e.g. positioned on, in, or
around) the engine. In an embodiment of the invention, an
encoder or a tachometer is used as the speed sensor (2), and
the speed data is detected by means of said sensors. The
speed sensor (2) preferably measures the rotation of the rotor
or the engine shaft so as to calculate the revolution or
rotation speed of the engine. For example, in a malfunction
monitoring and early warning system used in engines of
vehicles such as trains, the speed of the engine is measured.
In engines used for tasks such as starting, rotating, or
pushing a machine on industrial sites, the revolution of the
engine shaft or rotor is measured.

[0047] The speed sensor (2) has a wired or wireless
connection with the malfunction monitoring module (5).
The speed sensor (2) continuously measures the speed
and/or revolution of the engine and immediately transmits
the measurement results to the malfunction monitoring
module (5). The speed sensor (2) transmits the measurement
values in a digital or analogue way.

[0048] A temperature sensor (3) is used in the malfunction
monitoring and early warning system (1) according to the
invention to measure the temperature of the engine. The
temperature sensor (3) has a wired or wireless connection
with the malfunction monitoring module (5). The tempera-
ture sensor (3) is mounted on the engine or in the engine, so
that it measures the temperature of the engine during opera-
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tion. The temperature sensor (3) transmits the measurement
values in a digital or analogue way. The malfunction moni-
toring module (5) controls the operating temperature of the
engine according to the value received from the temperature
sensor (3).

[0049] Another factor that directly affects the expected
life, malfunctioning, and maintenance periods of the engine
is the vibration of the engine. In the malfunction monitoring
and early warning system (1) according to the invention, the
vibration level of the engine is measured by means of the
vibration sensor (4) positioned at the engine or at the place
where the engine is inserted. In an embodiment of the
invention, piezoelectric vibration sensor is used as the
vibration sensor (4). The vibration sensor (4) has a wired or
wireless connection with the malfunction monitoring mod-
ule (5). The vibration sensor (4) can transmit the measure-
ment values to the malfunction monitoring module (5) in a
digital or analogue way. The malfunction monitoring mod-
ule (5) controls the level of vibration that the engine is
subjected to, according to the value it obtains from the
vibration sensor (4).

[0050] In an embodiment of the invention, the speed
sensor (2), the temperature sensor (3) and the vibration
sensor (4) have an integrated structure. The speed, tempera-
ture, and vibration of the engine can be detected by means
of a single integrated detection unit placed on the engine.
[0051] In the malfunction monitoring and early warning
system (1) according to the invention, the operating condi-
tions of the engine are measured by the speed sensor (2),
temperature sensor (3), and vibration sensor (4), and then
transmitted to the malfunction monitoring module (5). The
malfunction monitoring module (5) is adapted to track and
monitor the operating conditions of the engine according to
the measurement values obtained from the sensors (3, 4, 5).
In an embodiment of the invention, the malfunction moni-
toring module (5) comprises a processor (5.1), a memory
(5.2), a communication module (5.3), a signal converter
(5.4), a filter (5.5), an experience database (5.6), and pref-
erably an amplifier (5.7).

[0052] Inanembodiment of the invention, the malfunction
monitoring module (5) has signal inputs for connection of
the speed sensor (2), temperature sensor (3), and vibration
sensor (4). In an embodiment of the invention, the tempera-
ture sensor (3) and the vibration sensor (4) transmit the
measurement results to the malfunction monitoring module
(5) as analogue signals, and the signal converter (5.4) found
in the malfunction monitoring module (5) converts said
analogue signals into digital signals. The signal converter
(5.4) preferably transmits the measured values of the engine
to the processor (5.1) as a digital signal.

[0053] In an embodiment of the invention, the speed
sensor (2) and the temperature sensor (3) are connected to
the amplifier (5.7). The amplifier (5.7) can either be posi-
tioned within the malfunction monitoring module (5) or be
positioned in an independent structure outside the malfunc-
tion monitoring module (5). The speed sensor (2) and the
temperature sensor (3) enter the values to the amplifier in the
form of analogue signal (5.7), and the amplifier (5.7) ampli-
fies said signals and transmits thereof to the malfunction
monitoring module (5). In an embodiment of the invention,
the amplifier (5.7) amplifies analogue signals directly or in
an isolated manner.

[0054] In an embodiment of the invention, the signal
converter (5.4) and/or sensors (2, 3, 4) are connected to the
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filter (5.5). The signals received from the signal converter
(5.4) are filtered by the filter (5.5) to eliminate unclear
signals, and the signals are enhanced by the filter (5.5).
[0055] With the filter (5.5), noise is eliminated from the
signals received from the speed sensor (2), temperature
sensor (3), and vibration sensors (4), and the values are read
more clearly.

[0056] In an embodiment of the invention, the signals
received from the speed sensor (2) and/or temperature
sensor (3) and/or vibration sensors (4) that perform analogue
measurement are separated by the filter (5.5). Said signals
are filtered (5.5) separately to receive each sensor value after
they come out from the signal converter (5.4).

[0057] The malfunction monitoring module (5) preferably
comprises a communication unit (5.3) which can perform
wired or wireless communication. Remote access is ensured
to the malfunction monitoring module (5) by means of the
communication unit (5.3). Data transmission between the
malfunction monitoring module (5) and the malfunction
display module (6) is ensured via the communication unit
(5.3). The communication unit (5.3) can perform 3G con-
nection, Ethernet connection, CAN BUS (A Controller Area
Network) connection, or Bluetooth connection, and can
transmit data through said connections.

[0058] The malfunction monitoring module (5) is posi-
tioned on or close to or relatively far from the engine to be
monitored. The speed sensor (2), temperature sensor (3), and
vibration sensor (4) placed on the engine are connected to
the malfunction monitoring module (5). In this way, the
operating conditions and malfunction situation, the speed,
temperature, and vibration measurements of the monitored
engine are transferred to the malfunction monitoring module
(5). The malfunction monitoring module (5) processor (5.1)
processes the speed, temperature, and vibration measure-
ment values for the engine to monitor the operating situation
of the engine. The processor (5.1) ensures recording of the
analogue measurement values obtained from the vibration
sensor (4) and the temperature sensor (3) into the memory
(5.2), directly or after coming out of the signal converter
(5.4). The speed data for the engine is preferably taken
digitally from the speed sensor (2) and recorded directly in
the memory (5.2). The speed, temperature, and vibration
measurement values are recorded in the memory (5.2)
together with the hour, minute, and second information.
[0059] In an embodiment of the invention, the measure-
ment values (e.g. the speed, the operating temperature, and
the level of vibration) received from the speed sensor (2), the
temperature sensor (3), and the vibration sensor (4) are
filtered by the filter (5.5), before being recorded in the
memory (5.2) or after being recorded in the memory (5.2).
With the filter (5.5), frequency components of digital signals
such as speed and vibration are found. At the same time,
noise filter is applied on said digital signals via the filter (5.5)
so that the noise on the signal is reduced, and the vibration
value is determined from the signal value.

[0060] The malfunction monitoring module (5) processor
(5.1) determines, according to the measurement values
recorded in the memory (5.2), whether there is vibration or
not during operation of the engine. The processor (5.1) is
adapted to determine whether there is vibration or not in
operation of the engine, whether the vibration causes reso-
nance or not, and to perform vibration classification accord-
ing to the filtered measurement value received from the
vibration sensor (4). The processor (5) preferably compares
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the measured vibration value with the vibration values found
in the experience database (5.6). In the experience database
(5.6), the vibration values, and whether the vibration is
circular or linear according to the vibration values are
recorded. The processor (5.1) compares the measured vibra-
tion value and the vibration value found in the experience
database (5.6) so as to determine whether there is resonance
or not during operation of the engine, and whether the
vibration is circular or linear, and then records said infor-
mation and/or transmits thereof to the malfunction display
module (6) through the communication unit (5.3).

[0061] In a preferred embodiment of the invention, char-
acteristics of different types of engines are recorded in the
experience database (5.6) and/or new recordings can be
made by a user or operator according to the engine to be
monitored. For example, in a system where the malfunction
and maintenance situation of a train is to be checked, first of
all the manufacturer company of the train, the type of ball
bearing used and the type of mechanical parts used by the
manufacturer company, the operating conditions of the ball
bearing or materials, and usage threshold values are
recorded in the experience database (5.6). Parts maintenance
information is also entered in the experience database (5.6)
together with the said data. In this way, the replacement
periods of different parts of the engine and their maintenance
periods can be determined by the processor (5.1). Since
usage and malfunction maintenance instructions of engines
are not followed closely enough by operators, there may be
situations where malfunctions occur or maintenance is
needed earlier than the required period due to the expected
lives of engines, and such situations can be monitored by the
malfunction monitoring module (5). After the maintenance,
malfunction, and parts information about the engine are
entered, early warning determination is made according to
the temperature, speed, and vibration values of the engine,
so that the user can be informed about malfunction and
maintenance due to usage.

[0062] The malfunction monitoring module (5) processor
(5.1) determines, according to the measurement values
recorded in the memory (5.2), the operating temperature of
the engine. According to the filtered measurement values
received from the speed sensor (2) and the temperature
sensor (3), the processor (5.1) compares the operating speed
and temperature of the engine with the values found at the
experience database (5.6) of the engine so as to monitor the
operating conditions of the engine. The processor (5.1)
records the operating conditions and periods of the engine
with regard to the temperature, speed, and vibration of the
engine, starting from the moment when the engine is started.
The processor (5.1) records the measured temperature and
speed values and/or transmits thereof to the malfunction
display module (6) through the communication unit (5.3).

[0063] The processor (5.1) monitors and records the vibra-
tion, temperature, speed, and usage period data of the engine
during engine operation. The processor (5.1) performs mal-
function and maintenance prediction for the engine accord-
ing to said usage conditions. The processor (5.1) compares
the engine usage values with the values found in the expe-
rience database (5.6), and calculates, according to the oper-
ating condition values, when the engine will need mainte-
nance. The processor (5.1) calculates the probability and
expected time of a possible malfunction according to the
usage conditions of the engine. The processor (5.1) is
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adapted to transmit said calculated values to the malfunction
display module (6) through the communication unit (5.3).
[0064] When there is a malfunction in the engine, the
malfunction monitoring module (5) determines the type of
the malfunctioning engine, at which temperature, speed, and
vibration values the engine had been used before the mal-
function, and the reason of occurrence of the malfunction,
and then records the same to the experience database (5.6).
In this way, encountered malfunctions and malfunction
conditions are recorded in the experience database (5.6) so
that the malfunction monitoring module (5) can continu-
ously learn about the malfunctions.

[0065] In an embodiment of the invention, malfunction
monitoring and early warning systems (1) used for different
engines in different places can be integrated to each other.
Each malfunction monitoring and early warning system (1)
malfunction monitoring module (5) shares, via the commu-
nication unit (5.3), the newly obtained malfunction and
malfunction reason information with the malfunction moni-
toring modules (5) and experience databases (5.6) found at
different places. The processor (5.1) records the new mal-
function recordings received from external systems to the
experience database (5.6). In this way, the malfunction
monitoring and early warning systems (1) learn by them-
selves and are converted into a structure that can improve
their own experience databases (5.6).

[0066] Since the malfunction monitoring module (5)
monitors the mechanical behaviour of the engine according
to the measurement values received from the sensors (2, 3,
4), it can provide information about mechanical fatigue and
warning about malfunction in early stages.

[0067] In an embodiment of the invention, operation of
more than one engine can be monitored via the malfunction
monitoring module (5). Individual sensors (2, 3, 4) are used
for each engine and the malfunction monitoring module (5)
monitors the operating, maintenance, and malfunction con-
ditions of all engines. When there are malfunctions or
maintenance is required for more than one engine, the
malfunction monitoring module (5) forms the optimum
maintenance intervention map so that the user can follow,
from the malfunction monitoring module (5) or the mal-
function display module (6), by which order the engines
should be dealt.

[0068] The malfunction display module (6) is the part that
visually informs the user about the operating conditions,
operating temperature, and malfunction situation of the
engine. The malfunction display module (6) can be a smart
device, a phone, an indicator panel, a display screen, or a
web based application.

[0069] In an embodiment of the invention, graphs con-
taining the drawings and schematic images of the engine(s)
are found on the malfunction display module (6). Areas are
found on said engine drawings where temperature, speed,
and vibration values can be shown, and the measurement
values received from the malfunction monitoring module (5)
are shown on said areas. The malfunction display module (6)
allows the user to monitor the operating conditions, mal-
function and maintenance predictions, and malfunction situ-
ations of the engine. The user can monitor the situation(s) of
the engine(s) used, on a display screen via the malfunction
display module (6).

[0070] In an embodiment of the invention, when the
malfunction and maintenance periods of the engines come,
warning can be given via the malfunction display module
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(6). By means of the malfunction display module (6), the
user can see the engine which already has a malfunction or
will have a malfunction soon, the reason of the malfunction,
and the way to deal with the malfunction.

[0071] Malfunction monitoring of more than one of the
engines found at the same place or at different places can be
made via the malfunction display module (6). Moreover,
when it is required to access to more than one of the engines,
an access and intervention map can be found at the mal-
function display module (6) for the engines that are mal-
functioning or need maintenance.

[0072] In the malfunction monitoring and early warning
system (1), the measurement values received from the speed
sensor (2), temperature sensor (3), and vibration sensor (4)
are interpreted by the malfunction monitoring module (5).
Sudden changes in temperature, speed, or vibration during
operation of the engine are interpreted by the malfunction
monitoring module (5) processor (5.1) by means of com-
paring the same with the values found in the experience
database (5.6). For example, when a malfunction occurs at
the measured temperature of 70° C., vibration of 4.6 G
value, and speed of 1450 revolution/minute value, the pro-
cessor (5.1) determines said malfunction as an engine bal-
ance defect (imbalance). If the malfunction detected by the
processor (5.1) is not recorded in the experience database
(5.6), it records said malfunction in the experience database
(5.6). Moreover, said malfunction is communicated via the
malfunction communication unit (5.3) to the malfunction
display module (6) together with the malfunction and the
solution proposal. In the malfunction display module (6),
said data are simulated and allow providing visual reporting.
The user can also receive a retrospective report according to
the date range to be entered from the malfunction display
module (6).

[0073] The operation of an embodiment of the malfunc-
tion monitoring and early warning system (1) according to
the invention is as follows. The speed sensor (2), tempera-
ture sensor (3), and vibration sensor (4) are mounted on the
engine(s). Said sensors (2, 3, 4) are connected to the signal
input lines of the malfunction monitoring module (5). If
technical data is not found in the experience database (5.6)
about the engine to be monitored for malfunction and
maintenance, the type, mechanical parts, ball bearings,
maintenance times of the parts, and usage conditions of the
parts are entered into the experience database (5.6). In this
way, the malfunction and maintenance monitoring opera-
tions are started. Whenever the engine is used, the malfunc-
tion monitoring module (5) receives the engine speed,
temperature, and vibration usage information. Analogy sig-
nals taken from the engine speed, temperature, and vibration
measurements are converted to digital signals by the signal
converter (5.4). Afterwards, the speed, temperature, and
vibration measurements of the engine are digitally recorded
in the memory (5.2). The engine speed, temperature, and
vibration measurements are filtered by the filter (5.5) before
or after being recorded in the memory (5.2). The vibration
value at which the engine operates is quite important espe-
cially for engine malfunction and maintenance. The pressure
force applied on the parts due to engine vibration and the
circular or linear type of said force is faultlessly monitored
during malfunction and maintenance operations. The pro-
cessor (5.1) preferably calculates the measured engine vibra-
tion value as vibration G force, makes a classification for
vibration as linear or circular vibration, and determines if the
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result would cause resonance or not, and records this deter-
mination in the experience database (5.6). The speed, tem-
perature, and vibration measurements made at the engine are
compared by the processor (5.1) with the engine-specific
mechanical part usage values found in the experience data-
base (5.6) so as to determine whether a malfunction is found
or not found at that moment, and the measured values are
recorded in the experience database (5.6). The processor
(5.1) is adapted to control the use of the engine over time.
Whenever the engine is used, the processor (5.1) monitors
the total duration of use and the conditions under which the
engine is used, and estimates which parts need maintenance
and when they need maintenance by calculating the forces
and temperatures applied on the mechanical parts according
to the usage conditions. The processor (5.1) communicates
all these estimates, malfunction, maintenance, and usage
information to the malfunction display module (6) via the
communication unit (5.3). The malfunction display module
(6) displays the information taken from the malfunction
monitoring module (5) to the user in a web-based or a smart
device-based manner. The user can preferably monitor the
usage status of the engine via the malfunction display
module (6), and notifies the user about malfunction notifi-
cations and maintenance notifications coming from the
malfunction monitoring module (5), and about operations to
be performed. Each malfunction that occurs is recorded into
the experience database (5.6) by the processor (5.1). The
processor (5.1) can use the new malfunction and advice
information recorded in the experience database (5.6) for the
next troubleshooting comparison. In this way, information
about new malfunctions, sources of malfunctions, and ways
of solving malfunctions are kept in a continuously learning
experience database (5.6), and new data are added into the
system as the number of malfunctions increases.

[0074] Any of the elements in FIG. 1 may use any suitable
number of subsystems coupled to the malfunction monitor-
ing and early warning system 1 to facilitate the functions
described herein. Examples of such subsystems or compo-
nents are shown in FIG. 2. The subsystems such as a printer
208, keyboard 216, fixed disk 218 (or other memory, such as
memory 5.2, comprising computer readable media), monitor
212 (e.g. the malfunction display module 6), which is
coupled to a display adapter 210, and others are shown.
Peripherals and input/output (I/O) devices, which couple to
I/O controller 202, can be connected to the malfunction
monitoring and early warning system 1 by any number of
means known in the art, such as serial port 214. For example,
serial port 214 or external interface 220 can be used to
connect the malfunction monitoring and early warning sys-
tem 1 to a wide area network such as the Internet, a mouse
input device, or a scanner. The interconnection via system
bus 225 allows a central processor 206 (e.g. the processor
5.1) to communicate with each subsystem and to control the
execution of instructions from system memory 204 or the
fixed disk 218, as well as the exchange of information
between subsystems.

[0075] Specific details regarding some of the above-de-
scribed aspects are provided below. The specific details of
the specific aspects may be combined in any suitable manner
without departing from the spirit and scope of embodiments
of the invention.

[0076] Storage media and computer readable media for
containing code, or portions of code, may include any
appropriate media known or used in the art, including
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storage media and communication media, such as but not
limited to volatile and non-volatile, removable and non-
removable media implemented in any method or technology
for storage and/or transmission of information such as
computer readable instructions, data structures, program
modules, or other data, including RAM, ROM, EEPROM,
flash memory or other memory technology, CD-ROM, digi-
tal versatile disk (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, data signals, data transmissions,
or any other medium which may be used to store or transmit
the desired information and which may be accessed by the
computer. Based on the disclosure and teachings provided
herein, a person of ordinary skill in the art may appreciate
other ways and/or methods to implement the various
embodiments.

[0077] Any of the software components or functions
described in this application, may be implemented as soft-
ware code to be executed by a processor using any suitable
computer language such as, for example, Java, C++ or Perl
using, for example, conventional or object-oriented tech-
niques. The software code may be stored as a series of
instructions, or commands on a non-transitory computer
readable storage medium, such as a random access memory
(RAM), a read only memory (ROM), a magnetic medium
such as a hard-drive or a floppy disk, or an optical medium
such as a CD-ROM. Any such computer readable medium
may reside on or within a single computational apparatus,
and may be present on or within different computational
apparatuses within a system or network.

[0078] The above description is illustrative and is not
restrictive. Many variations of the invention may become
apparent to those skilled in the art upon review of the
disclosure. The scope of the invention may, therefore, be
determined not with reference to the above description, but
instead may be determined with reference to the pending
claims along with their full scope or equivalents.

[0079] One or more features from any embodiment may
be combined with one or more features of any other embodi-
ment without departing from the scope of the invention.
[0080] A recitation of an” or “the” is intended to
mean “one or more” unless specifically indicated to the
contrary.

What is claimed is:

1. A malfunction monitoring and early warning system

coupled to an engine comprising:

a speed sensor coupled to the engine to detect a speed of
the engine via an engine rotor,

a temperature sensor coupled to the engine to measure an
operating temperature of the engine,

a vibration sensor coupled to the engine or a place where
the engine is fixed, to measure a level of vibration
generated during operation of the engine or the engine
is subjected to,

a malfunction monitoring module comprising a processor,
a memory, a communication unit, and an experience
database, wherein the malfunction monitoring module
is configured to:
receive measurement values by communicating with

the speed sensor, the temperature sensor, and the
vibration sensor, wherein the measurement values
include the detected speed of the engine, the mea-
sured operating temperature, the measured level of
vibration,

G ke
a

Oct. 24,2019

perform engine malfunction estimation by interpreting
the measurement values according to predetermined
engine usage conditions stored in the experience
database using the processor,
predict malfunction and engine maintenance times, and
predict each malfunction together with a reason of the
malfunction by means of recording encountered mal-
functions and the speed, the operating temperature,
and the level of vibration at which the encountered
malfunctions occur, wherein the processor is config-
ured to:
determine parts of the engine that are required to be
replaced and corresponding time period for replacing
the parts by comparing the measurement values with
the predetermined engine usage conditions stored in
the experience database, and
when a type of malfunction that is not recorded in the
experience database is encountered, the malfunction
monitoring module is configured to:
determine at which total temperature, speed, and
vibration values the engine had been used before
the type of malfunction, and the reason of the type
of malfunction, and
record determined values in the experience database
together with engine type information thereby
continuously updating the experience database
with new malfunctions so as to learn about the
new malfunctions,

wherein the experience database is configured to record,

via the processor, the malfunction and the reason
associated with the malfunction, when an engine mal-
function that is not previously recorded is encountered,
and to ensure that malfunction control and estimation is
performed while a new malfunction analysis is being
made, and

a malfunction display module configured to:

communicate with the malfunction monitoring module
via a wired, wireless, Ethernet, or can bus connec-
tion, and

display visual graphics of the engine to output the
engine malfunction, the reason of the engine mal-
function, one or more suggestions, and the engine
maintenance times based on data received from the
malfunction monitoring module.

2. The malfunction monitoring and early warning system
according to claim 1, wherein the speed sensor, the tem-
perature sensor, and the vibration sensor have an integrated
structure to each other to detect the speed, the operating
temperature, and the level of vibration of the engine by
means of a single integrated sensor placed on the engine.

3. The malfunction monitoring and early warning system
according to claim 1, wherein the malfunction monitoring
module comprises:

signal ports where the speed sensor, the temperature

sensor, and the vibration sensor are connected,

a signal converter which converts analogue signals into

digital signals,

a filter, and

an amplifier which amplifies the analogue signals.

4. The malfunction monitoring and early warning system
according to claim 1, further comprising an amplifier con-
nected to the speed sensor and the temperature sensor,
wherein the amplifier is configured to amplify signals
received from the speed sensor and the temperature sensor.
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5. The malfunction monitoring and early warning system
according to claim 1, wherein the communication unit is
configured to provide remote access to the malfunction
monitoring module, and support data transmission between
the malfunction monitoring module and the malfunction
display module.

6. The malfunction monitoring and early warning system
according to claim 1, wherein the experience database stores
information including characteristics of different types of
engines, manufacturer company of the engines, type of ball
bearings used by the manufacturer company, type of
mechanical parts used, operating conditions of the ball
bearing or materials used, usage threshold value data, and
parts maintenance information.

7. The malfunction monitoring and early warning system
according to claim 1, wherein the processor is configured to:

record, in the memory, the measurement values obtained

from the vibration sensor and the temperature sensor,
directly or after the measurement values are passed
through a signal converter,

directly record, in the memory, the measurement values

received from the speed sensor,

monitor an operating condition of the engine by process-

ing the measurement values, and

record the measurement values including the speed, the

operating temperature, and the level of vibration in the
memory together with associated time information in
hours, minutes, and seconds.

8. The malfunction monitoring and early warning system
according to claim 1, wherein the processor is configured to
determine whether there is a vibration during operation of
the engine, whether the vibration causes resonance, and to
perform vibration classification according to the measure-
ment values recorded in the memory and the level of
vibration received from the vibration sensor.

9. The malfunction monitoring and early warning system
according to claim 1, wherein the processor is configured to
compare the level of vibration received from the vibration
sensor with vibration values found in the experience data-
base, determine, based on the comparing, whether vibration
is circular or linear, whether there is resonance during
operation of the engine, record determined information, and
transmit the determined information to the malfunction
display module via the communication unit.

10. The malfunction monitoring and early warning system
according to claim 1, wherein the processor is configured to:

monitor and record the level of vibration, the operating

temperature, and the speed during operation of the
engine as usage values,

compare the usage values of the engine with values found

in the experience database,

calculate and estimate the maintenance times of the

engine according to the usage values, a possibility of
malfunction occurrence according to the usage values,
mechanical fatigue, and provide possible early mal-
function notification and times, and

transmit values to the malfunction display module

through the communication unit.
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11. The malfunction monitoring and early warning system
according to claim 1, wherein the processor is configured to:
determine, when there is a malfunction in the engine, a
type of the engine, at which temperature, speed, and
vibration values the engine had been used before the
malfunction, and a reason of occurrence of the mal-
function,

record determined information to the experience database,

and

allow the malfunction monitoring module to continuously

learn about malfunctions by automatically recording
each engine malfunction and malfunction conditions in
the experience database.

12. The malfunction monitoring and early warning system
according to claim 1, wherein the malfunction monitoring
module is configured to communicate, through the commu-
nication unit, with other malfunction monitoring modules
and experience databases located at different places, share
newly encountered engine malfunctions and associated rea-
sons with the experience databases located at different
places, and record, in the experience database, new mal-
function records received from other external systems.

13. The malfunction monitoring and early warning system
according to claim 1,

wherein the malfunction monitoring module comprises

more than one speed sensor inlets, more than one
temperature sensor inlets, and more than one vibration
sensor inlets, and

wherein the malfunction monitoring module is configured

to:

monitor operation of more than one engine,

individually monitor operation, maintenance, and mal-
function conditions of all of the engines,

provide an optimal maintenance intervention map
when malfunction occurs in or maintenance time
comes for more than one engine, and

output, via the malfunction display module, an order in
which the engines are to be processed.

14. The malfunction monitoring and early warning system
according to claim 1, wherein the malfunction display
module is configured to:

display drawings and schematic views of the engine

comprising areas where the operating temperature, the
speed, and the level of vibration are shown,

display the measurement values received from the mal-

function monitoring module in the areas, and

display the engine that has the malfunction or will have

the malfunction, the reason for the malfunction, and a
way to intervene in the malfunction.

15. The malfunction monitoring and early warning system
according to claim 1, wherein the malfunction display
module allows malfunction monitoring of more than one
engine, and which is adapted to provide an access and
intervention map to the engines when it is required to access
more than one engine for repairing malfunctions or perform-
ing maintenance.



