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A METHOD AND AN APPARATUS FOR PREDICTING THE CONDITION OF A MACHINE OR A

COMPONENT OF THE MACHINE

Field of the invention

The present invention relates to a method and an apparatus for predicting the condition of

a machine, such as a rotating machine, or a component of the machine, for example, a

bearing, gear, gearbox, pump, electrical motor, turbine, or compressor.

Prior art

In production processes it is necessary to apply condition monitoring (CM) t o reduce

downtime and prolong production time, as well as to improve the productivity and product

quality in order to reduce production cost and increase profit continuously. Thus, the

condition of a machine and/or significant components of the machine should be monitored

during the lifetime of the machine.

The condition of a mechanical component degrades gradually through structural, surface

and subsurface deterioration. The time and extent of deterioration depends on many

factors, such as construction, material, operating and environmental conditions. The life of a

machine or a significant component includes three different phases before a failure has

occurred; no damage, damage initiation and development, and imminent failure. The

second phase often represents more than half the total usable life time of the component.

The condition of a component is usually assessed based on measurements of one or more

condition monitoring parameters, such as vibration, temperature, sound, or Shock Pulse

Measurements (SPM). Figure 1 shows an example of how the value of the condition

monitoring parameter may vary over time before and after damage has been initiated. The

level of the condition monitoring parameter is usually considered stationary during the first

phase, prior to the initiation of the damage, and the level is fluctuating about a mean value

x0, as seen from the figure. However, during the second phase, i.e. after initiation of the

damage and during its development, the level of the condition monitoring parameter is

increasing with operating time, as illustrated in the figure.

The machine or the significant component must be replaced when the value of the

condition monitoring parameter is close to or passes a defined replacement level. However,

the time needed by a component to approach the replacement level is a random variable.

To be able to determine the most cost effective point in time for maintenance, i.e. repair or

replacement, of the component, it is necessary to predict the level of the condition

monitoring parameter during the near future. Based on the predicted condition monitoring

parameter it is possible t o assess the optimal moment of replacement.



The article "Mechanistic model for predicting the CM parameter value: a case study" by

Basim Al-Najjar and Imad Alsyouf, Conference Modelling in industrial maintenance and

reliability, MIMAR 2004, Salford University, UK, pages 7-12, discloses a method for

predicting condition monitoring parameters for a rotating machine based on measurements

of the condition monitoring parameters. The method detects when damage of the

components has been initiated. The time elapsed from the damage have been initiated is

estimated. A deterioration factor is estimated based on the current machine load, future

load, and the previous change in the deterioration rate, and the gradient of deterioration. A

value in close future, e.g. at the next planned stoppage or the next measuring opportunity,

of at least one CM parameter is predicted. The prediction is made using a dynamic

mathematic model disclosed in the article. The predicted value of the CM parameter is used

t o determine the condition of the machine, or its components in the close future, which can

be used for planning the future maintenance of the machine. However, the result of the

prediction depends on the measurements used as input data to the dynamic model. The

raw measurement data is often influenced by disturbances that affect the result of the

prediction. In order to achieve a satisfactory result of the prediction, it is necessary to

identify a set of measurements whose values reliably represents the deterioration process,

i.e. damage under development. Thus, the measurement data has t o be treated before they

are used as input data to the dynamic model.

US2004/0098233A1 discloses a system for tracking small changes in technical processes,

machines or the like, based on measurement data. The measurement data are treated

before they are used for the tracking. Validity conditions are defined for the measured data,

and the measurement data is only utilized if their validity conditions are fulfilled. A validity

condition for the measured data is, for example, a value going higher or lower than a special

measured value. The purpose of the treatment of the measuring data is to increase the

chances to track small changes in the condition of the process or machine, which otherwise

is difficult t o detect due to noise and other disturbances.

Object and summary of the invention

An object of the present invention is t o improve the prediction of a condition monitoring

parameter, and accordingly to improve the estimation of the most cost effective point in

time for replacement or maintenance of the machine or significant components of the

machine.

According to one aspect of the invention, this object is achieved by a method as defined in

claim 1.

The measurement data used for the prediction is cleaned in such a way that an optimal

prediction is achieved. If there is damage in any part of the machine, the measurements



shou ld be increasi ng beca use any damage in a machi ne com ponent is irreversi ble, i.e. it

cannot be hea led by itself, which should make the val ues of the measurements non-

decreasing in t ime. During the f irst phase, measured data are clea ned by on ly selecting

measu rements with increasi ng va lues, i.e. val ues which are la rger tha n the va lues selected

during the previous measuring moments. Thus, measurements that are conta minated by

machine interna l or externa l disturbi ng factors are disca rded. The selected va lues are stored

in a movi ng window ada pted to store a predetermi ned num ber of measurement va lues.

When the movi ng window is ful l, the oldest measu rement val ue is always disca rded when a

new va lue is stored in the moving window. Thus, the number of stored measu rements is the

same over t ime.

The prediction sta rts when the val ue of the measured condition monitori ng pa rameter has

exceeded a potentia l fail ure level, i.e. damage is initiated, at which a potentia l fai lu re of the

machi ne or com ponent is considered initiated. The potentia l fail ure level can, for example,

be a predefined va lue determined based on previous measurements of the parameter.

During the seconds phase, in addition to only selecti ng measurements with increasi ng

va lues, the measurements are clea ned by disca rding measurement va lue that deviates too

much from an expected va lue of the monitori ng pa rameter. The expected value is

determi ned based on a predefi ned pattern that reflects an expected behavior of the

monitoring parameter after damage has bee n initiated, and the t ime ela psed between the

point in t ime the measurement was made and the point in time the monitoring parameter

exceeded the potentia l fai lu re level . Thereby, faulty measurement va lues are disca rded.

Thus, the measurement va lues must fulfil l two different conditions to be allowed to be

stored in the moving window; the va lues must be increasi ng and they are not al lowed to

deviate too much, i.e. not more tha n a certai n amou nt, from their expected val ues. This

amou nt can e.g. be a predetermi ned value, or can be decided dyna mica lly.

The prediction is made based on the measu rement val ues stored in the moving window,

which are al l clea ned from distu rba nces. Thus, the prediction is improved.

Due to the fact that the measurement data is clea ned during also the f irst phase, it is

possi ble t o sta rt the prediction based on the measurement va lues stored in the moving

window as soon as the value of the monitori ng pa rameter has passed the potentia l fai lure

level . Thus, the prediction is based on measurement val ues stored duri ng the first phase as

well as during the second phase. It is advantageous to sta rt the prediction as ea rly as

possible to be able to provide early warnings and mai ntena nce instructions to the user.

According to an embodiment of the invention, the movi ng window includes at least three

stored measurement va lues. Due to the clea ning of the measurements, the num ber of

measu rements needed to achieve a prediction good enough is reduced. Three



measu rements va lues, which have been clea ned accordi ng to the invention, are enough to

provide a reliable resu lt.

According to an embodi ment of the invention, the defi ned pattern for the condition

monitoring pa rameter is a curve which sta rts increasing at the point in t ime the monitori ng

pa rameter exceeded the potentia l fai lu re level. The curve describes the val ue of the

monitoring parameter versus time ela psed since the poi nt in t ime the monitori ng pa rameter

exceeded the potentia l fai lu re level . The sha pe of the pattern, and accordi ngly of the curve,

depends, for example, on the type of pa rameter, the type of damage, for example crack or

wea r, and the type of deterioration process, the machi ne load and velocity, and the type

and qua lity of the machine or com ponent. For many type of faults, the curve is

exponentia lly increasing. The curve is, for example, determined based on previous

measurements of the sa me condition monitoring parameter for the sa me or simila r type of

machine or component. The curve begins at the same time as it is detected that a damage

has been initiated, i.e. at the poi nt in time the monitoring parameter exceeded the potentia l

fai lu re level, and the curve is increasi ng during the entire second phase. The expected va lue

of a measurement is determined based on the curve and the time of the measurement.

Thus, it is easy t o determine the expected va lue of the measurement.

According to an embodi ment of the invention, the new measu rement va lue is disca rded if

the measurement deviates from the expected va lue with more tha n a limit value. The limit

va lue can be predetermi ned or be dyna mica lly ca lcu lated duri ng the second phase.

According to an embodiment of the invention, the method further incl udes: generating a

message to a user t o control the measurement and provide a new measurement when it is

detected that the measu rement va lue deviates too much from the defined pattern,

receiving a new measurement val ue, com paring the new measu rement va lue with the

expected va lue determi ned in accorda nce with the defined pattern for the condition

monitoring pa rameter, and generating a warni ng if the new measu rement value also

deviates too much from the expected va lue. Otherwise the oldest of the stored

measu rement va lue in the moving window is replaced with the new measu rement val ue. A

new measurement is made in case the val ue of a measu rement deviates too much from the

expected val ue during the second phase. Alternatively, a new measurement is taken

automatica lly when it is detected that a measurement deviates too much from the expected

value. By, this embodiment a faulty measurement is disca rded and replaced with a new

deterioration-releva nt measu rement. If the new measu rement also deviates too much from

its expected va lue, a warni ng is generated to the user. This can either mea ns that something

is wrong with the measu ring equi pment, or that the damage is developi ng much faster than

expected and a maintena nce action is urgently needed .

According to an embodi ment of the invention, the method further com prises: com pa ring

the predicted level of the condition monitori ng parameter with at least one limit level for



the condition monitoring parameter, repeating the previous steps at least until the

predicted level of the condition monitoring parameter exceeds the limit level, and

generating a message regarding a maintenance action when the predicted level of the

condition monitoring parameter exceeds the limit level. The limit level is, for example, a

warning level which is below the replacement level of the component or machine. It is also

possible t o have several limit values between the potential failure level and a replacement

level. This embodiment makes is possible to propose a maintenance action with enough

lead time at a cost-effective point in time.

According to an embodiment of the invention, the machine is a rotating machine and the

measurement values any of vibration measurements, temperature measurements, sound

measurements, and shock pulse measurements.

According to another aspect of the invention, this object is achieved by a computer program

product directly loadable into the internal memory of a computer, or through Remote

desktop, web service, or Cloud, comprising software for performing the steps of the

method, when said program product is run on the computer.

According to another aspect of the invention, this object is achieved by a computer-

readable medium, having a program recorded thereon, where the program is to make a

computer perform the steps of the method, when said program is run on the computer.

According to another aspect of the invention, this object is achieved by an apparatus as

defined in claim 8 .

Brief description of the drawings

The invention will now be explained more closely by the description of different

embodiments of the invention and with reference to the appended figures.

Fig. 1 shows an example on how measurement of a condition monitoring parameter may

vary over time before and after damage has been initiated.

Fig. 2 shows an example of how measurement of a condition monitoring parameter may

vary over time in relation to a defined potential failure level and limit levels for generating

maintenance instructions.

Fig. 3 shows a block diagram of an apparatus for predicting the condition of a machine or a

component of the machine according to an embodiment of the invention.



Figs. 4 show three examples of patterns for the condition monitoring parameter, which

reflects an expected behavior of the monitoring parameter after damage has been initiated.

Fig. 5 shows a flow chart of a method for predicting the condition of a machine or a

component of the machine according to an embodiment of the invention.

Detailed description of preferred embodiments of the invention

Figure 2 shows an example of how measurement of a condition monitoring parameter may

vary over time before and after damage has been initiated. A potential failure level X of a

condition monitoring parameter has been defined, at which level damage of the machine or

component is considered initiated. Further two limit levels Ai, A2 for generating

maintenance instructions have been defined. A replacement level RL is also shown in the

figure. When the replacement level has been approached or reached, the component or the

machine must be replaced. The number of limit levels for generating maintenance

instructions may vary. In one embodiment, only one limit level may be defined. It is also

possible to have several limit levels, and to generate a special message for every particular

limit level and component in a machine, identifying which machine (if there are several

machines included), showing component location, component damage severity, number of

days left until the time of the predicted level of the condition monitoring parameter, and

increasingly maintenance alert.

Figure 3 shows an example of an apparatus 1 for predicting the condition of a component 2,

such as a rolling element bearing, of a machine according to an embodiment of the

invention. The apparatus includes hardware, for example a computer including a processor,

and software modules executed by the computer. A condition monitoring parameter, such

as vibration level, temperature level, sound level, or SPM level, is continuously or

periodically measured by means of a sensor 3 . The condition monitoring parameter is, for

example, measured once each month. The measurement values and information on the

time when they were measured are stored in a company database 4 . The apparatus 1

includes a communication unit 5 configured to communicate with the database 4, and to

retrieve the measurement values and the time for the measurement. Alternatively, the

machine sends data including the measurement values and the time for the measurement

t o the apparatus, or the measurement values and the time for the measurement are sent t o

the apparatus through special files. In that case the communication unit receives the

measurement data.

The apparatus includes a data storage 6 configured to store a moving window including a

plurality of measurement values of the condition monitoring parameter. The moving

window is adapted to store a predetermined number of measurement values, for example

three measurement values. The predicted values of the condition monitoring parameter,



time of damage initiation, i.e. the time when the monitoring parameter exceeded the

potential failure level X shown in figure 2, time of the predicted value, the discarded values

of the condition monitoring parameter and other analysis results can also be saved in data

storage 6. When the moving window is full, the oldest measurement value is removed from

the moving window when a new value is stored in the moving window. Thus, the number of

stored measurements is the same over time. Preferably, the moving window is adapted to

store at least three measurement values. The data storage is, for example, a register.

The apparatus further includes a monitoring module 7 configured to monitor the

measurement values and to determine which measurement value exceeds the potential

failure level X , at which damage of the component is considered initiated, and to determine

the point in time t the monitoring parameter exceeded the potential failure level. The

monitoring module 7 compares new measurements with the potential failure level XP, and

when a measurement value exceeds the potential failure level, damage has been initiated

and the second phase has started. The point in time when the monitoring parameter

exceeded the potential failure level is the point in time when the potential failure started.

This time can be determined based in the measurement values and the time for the

measurements.

The apparatus further includes a data cleaning module 8 for cleaning the obtained

measurement values. The data cleaning module is configured to compare a new

measurement value of the condition monitoring parameter with the latest stored

measurement value in the moving window, and to discard the measurement if it is smaller

than the latest stored measurement value. Discarded values are not stored in the mowing

window. However, it is possible to store the discarded values in the data storage 6 to be

used later for performing analyses of the measuring values.

Thus, the measurements that are contaminated by machine internal or external disturbing

factors are discarded, i.e. they are not stored in the moving window and not used in the

prediction. The data cleaning module is configured to store the measurement values in the

moving window if they are larger than the latest stored measurement values. The

measurement values are stored in the moving window until the moving window is full. For

example, if the moving window is adapted to store three measurements, the moving

window is full when three measurements are stored in the moving window. If the moving

window is full, the oldest of the measurement values stored in the moving window is moved

from the moving window and instead the new measurement value is stored in the moving

window, i.e. the oldest of the measurement values stored in the moving window is replaced

with the new measurement. The data cleaning module is configured to continue to store the

measurement values in the moving window, if they are larger than the latest stored

measurement values, as long as damage has not been initiated, i.e. the monitoring

parameter has not yet exceeded the potential failure level.



The data cleaning module is configured to further clean measurement values obtained after

the point in time when damage has been initiated, i.e. after the monitoring parameter has

exceeded the potential failure level. If damage has been initiated, the cleaning module is

configured to determine an expected value for the measurement based on a defined

pattern for the condition monitoring parameter, which reflects an expected behavior of the

monitoring parameter after damage has been initiated, and the time elapsed since the point

in time the monitoring parameter exceeded the potential failure level. The time elapsed

since the point in time the monitoring parameter exceeded the potential failure level is

determined based on the time for the measurement. The pattern is, for example, a curve

which starts increasing at the point in time t p the monitoring parameter exceeded the

potential failure level. Figure 4 shows three examples of suitable patterns A, B, C for the

condition monitoring parameter after damage has been initiated. The pattern A is a rapidly,

exponentially increasing curve. The pattern B is a medium, exponentially increasing curve,

and the pattern C is a slowly, exponentially increasing curve. The shape of the pattern, and

accordingly of the curve, depends, for example, on the type of parameter, the type of

damage, for example crack or wear, and the type of deterioration process, the machine load

and velocity, and the type and quality of the machine or component. A suitable pattern can

be defined based on previous measurements of the condition monitoring parameter from

the point in time when damage was initiated until the component must be replaced. The

previous measurements can belong to the machine/component under monitoring, or past

data from other identical or similar machines/components. As seen from the example

shown in figure 2, the measurement values are exponentially increasing after the failure has

been initiated, and accordingly the defined pattern should preferably also be exponentially

increasing.

If the pattern is defined as the curve C, and a measurement is made at the time ti, an

expected value X(ti) for the measurement is determined based on the curve C and the time

At elapsed since the point in time t p when the monitoring parameter exceeded the potential

failure level as seen in figure 4 .

The data cleaning module is configured to discard the new measurement value if it deviates

too much from the expected value, i.e. if the new measurement value deviates from the

expected value with more than a limit value, and to replace the oldest of the measurement

values stored in the moving window with the new measurement value, if the measurement

value does not deviates too much from the expected value. Thus, if the new measurement

value does not deviate from the expected value with more than the limit value, the oldest of

the measurement values stored in the moving window is thrown away and the new

measurement value is stored in the moving window. This means that after the point in time

when the monitoring parameter exceeded the potential failure level, the measurement

value is only allowed to be stored in the moving window if the measurement fulfills two

criteria; the value must be larger than the value of the latest stored measurement, and the



value should no deviate too much from the defined patter. If both criteria are fulfilled, the

measurement is stored in moving window. At abnormal values, i.e. if measurement value

deviates too much, from the expected value, the apparatus generates a message t o the

user, for example, to request that the measurement is made again. The abnormal values of

a measurement can be different based on the level of the condition monitoring

measurement value, and time elapsed since the point in time the monitoring parameter

exceeded the potential failure level, for example, it can be four times the average increment

of the last three measurement values, or it can be 100% of the last measurement value.

Also, the abnormal values can be dissimilar for different machines and components,

therefore, abnormality can be decided dynamically.

The apparatus includes a predicting module 10 configured to predict the level of the

condition monitoring parameter at a future point in time based on the measurement values

stored in the moving window. The predicting module 10 is configured to start the prediction

when the condition monitoring parameter has exceeded the potential failure level X and

the moving window is full with measurements of the condition monitoring parameter

values. If both criteria mentioned above are fulfilled, the measurement is stored in moving

window and a prediction of the condition monitoring parameter value is conducted.

The modules 5, 6, 7, 8 and 10 can be implemented in software, hardware or a combination

thereof. The units and modules 5-8, 10, and 11 can be interconnected, for example, via an

internal bus 9 .

A detailed example of how the prediction can be carried out is described in the article

"Mechanistic model for predicting the CM parameter value: a case study" by Basim Al-Najjar

and Imad Alsyouf. In this example, a deterioration factor is estimated based on the current

machine load, future load, the previous change in the deterioration rate, and the gradient of

deterioration. The predicting module 10 predicts the value of the condition monitoring

parameter in the close future, for example, at the next planned stoppage or measuring

opportunity, based on the measurements stored in the moving window, the estimated time

elapsed from the time of damage initiation, and the estimated deterioration factor using a

mathematic model. The model is dynamic because all model's parameters and constants are

re-calculated at every new measurement (and prediction) which means that the prediction

of the condition monitoring level follows changes in the behavior of the component

deterioration. Also, the model responds to changes in production speed and load. Due to

the fact that the prediction is based on the measurement values in the moving window, it is

ensured that the prediction uses recent measurements and always excludes older

measurement when new measurements are done.

The apparatus further comprises a Human Machine Interface (HMI) 11 configured to

provide messages regarding maintenance actions and warnings to a user. The human

machine interface 11 is, for example, a display screen. The human machine interface 11 may

also be configured to generate a message regarding if a measurement value deviates too



much from an expected value for the measurement based on a defined pattern for the

condition monitori ng pa rameter, and to generate a message rega rding informing a user that

no prediction of the condition monitori ng pa rameter val ue has been made due to the fact

that the moving window is not full, i.e. the num ber of measurements is less tha n the

predetermined num ber, for example, three or fou r measurements.

The monitori ng module 7 is configured to com pa re the predicted level of the condition

monitoring pa rameter with at least one limit level Ai, A2 for the condition monitori ng

pa rameter, and t o generate a message rega rding a mai ntena nce action when the predicted

level of the condition monitoring pa rameter exceeds the limit level. It is also possi ble to

have severa l levels with different degree of severity. The monitoring module 7 judges the

new predicted value whether it dema nds mai ntena nce or not t hrough compa ring the new

predicted va lue with already setup levels of severity.

Figure 5 is a flow cha rt ill ustration of a method and a com puter progra m product according

to an embodi ment of the present invention. It wil l be understood that each block of the

flow chart can be implemented by com puter progra m instructions.

A potentia l fail ure level X for the condition monitori ng pa rameter been defined

beforeha nd. One or more limit va lues that lie between the replacement level RL and

potentia l fail ure level X can also been defined beforeha nd . The potentia l fai lu re level X is a

level of the monitoring pa rameter at which a potentia l fail ure is considered initiated. From

the point in time the condition monitori ng parameter exceeds the potentia l fai lure level

damage of the com ponent or machine is under development. A pattern for the condition

monitoring pa rameter, which reflects an expected behavior of the monitoring parameter

after damage has been initiated, has been defi ned beforeha nd or is defined dyna mica lly.

A new measurement value X,(t) of the condition monitoring parameter is obtai ned, block 20.

The measu rement val ue can be retrieved or received from the com pany data base, the

machine or a specia l file. The measurement va lues also include information on the point in

time when the measurement was made. The new measurement va lue X,(t) is com pa red with

the latest stored measu rement val ue in the moving window, block 22. If the new

measu rement value is sma ller tha n the latest stored measurement val ue, the measurement

is disca rded, block 24, 26. If the new measurement value is la rger tha n the latest stored

measu rement va lue in the movi ng window, the new measu rement va lue X,(t) is com pa red

with the potentia l failu re level XP of the condition monitoring parameter, block 28. If the

measu rement va lue X,(t) is below the potentia l fail ure level, the measurement is stored in

the moving w indow together with the time the measurement was made, block 30. If the

movi ng window is full, the oldest of the measurement va lues stored in the movi ng window

is replaced with the new measu reme nt value. The blocks 20 - 30 are repeated until the new

measu rement val ue exceeds the potentia l fail ure level of the condition monitori ng

pa rameter.



When the measurement value is larger than the potential failure level, the point in time

when the condition monitoring parameter exceeded the potential failure level X is

determined, unless this has not already been done for a previous measuring value, block 32.

The potential failure level X can be different for different machines and components. This is

why it can always be accommodated with respect to each machine or a component in the

machine. The time elapsed since the point in time the monitoring parameter exceeded the

potential failure level is determined for the new measurement value based on the

differences in time between the times the measurements were done and the time the

monitoring parameter exceeded the potential failure level. An expected value for the

measurement is determined in accordance with the defined pattern for the condition

monitoring parameter and the time elapsed since the point in time the monitoring

parameter exceeded the potential failure level, block 34. The new measurement value is

compared with the determined expected value, and it is determined whether the

measurement deviates too much from the expected value, i.e. whether the measured value

deviates from the expected value with more than a limit value, block 34.

If the new measurement X,(t) deviates too much from pattern, the measurement is

discarded, and the user is requested to control the measurement and/or to repeat the

measurement, block 36, 38. If the new measurement X,(t) deviates too much from pattern,

perhaps the measurement was wrongly measured. If the measurement was wrongly

measured, a new correctly measured measurement value Xi+ (t ) will probably not deviate

too much from the expected value. However, if the value was correctly measured, the new

measurement value Χµι (ΐ ) will still deviate too much from the expected value. In such case,

it might be necessary to provide an immediate control of the measuring system or a

maintenance action, and a warning is generated and displayed to the user.

If the measurement value X,(t) does not deviates too much from the pattern, the

measurement value is stored in the moving window together with the time the

measurement was made, by replacing the oldest measurement values stored in the moving

window with the new measurement value, block 36, 40.

When the condition monitoring parameter exceeds the potential failure level X , the

prediction of the condition monitoring parameter begins, block 42. The prediction is

repeated for each new measurement value, which does not deviate too much from the

defined pattern. The prediction is carried out based on the measurement values stored in

the moving window. The prediction determines the value of the condition monitoring

parameter in a future point of time, for example, the next time the measuring is t o be

carried out.

The predicted value is compared with at least one limit value Al for the condition

monitoring parameter, block 44. The limit value is, for example, a replacement level for the

component. If the predicted value is close t o or exceeds the limit value, maintenance

instructions are generated and displayed to the user. For example, if the predicted value



approaches or exceeds the replacement level for the component, an instruction is

generated which requests the user to immediately replace the component. Also, if the

predicted value exceeds any of the limit values that lie between the replacement level and

the potential failure level for the component, an instruction is generated which requests the

user to either wait, start plan maintenance action or immediately replace the component.

The method is repeated until maintenance has been done, for example, the component has

been replaced, block 46. When maintenance has been done, measuring data is removed

from the moving window and the program is automatically restarted for the new replaced

machine or a component, block 48.

For example all the levels involved in the apparatus, such as the potential failure level X and

warning levels, such as limit values are all changeable with respect to the user experience,

machine or component significance, failure consequences. The number of measurements

needed to fill up the moving window can be reduced and increased depending on needs.

If the new measurement Xi(t) deviates too much from pattern during the period when the

value of the condition monitoring is still below the potential failure level X , the

measurement is discarded, and the user is requested to control the measurement and/or to

repeat the measurement. If the new measurement deviates too much from pattern,

perhaps the measurement was wrongly measured. If the measurement was wrongly

measured, a new correctly measured value will probably not deviate too much from the

expected value. However, if the value was correctly measured, the new measurement value

will still deviate too much from the expected value. In such case, it might be necessary to

provide an immediate control of the measuring system or maintenance action, and a

warning is generated and displayed to the user. If the value of the measurement deviates

too much but it is still below replacement level, the value of the condition monitoring

parameter in the close future is predicted and new warning message is generated.

With discarding a measurement value is meant that the measurement value is discard with

regard to the prediction. The discarded measurement can be saved and used for other

purposes.

The steps defined in the claims can be carried out in different order. For example, the

prediction can be carried out as soon as the new measurement value has exceeded the

potential failure level of the condition monitoring parameter, i.e. the step h can be carried

out between the steps d and e. The measurement values can also be gathered from

additional condition monitoring parameters, for example, acoustic emission, thermography,

oil debris particles.



Claims

1. A method for predicting the condition of a machine or a component of the machine

based on measurements of a condition monitoring parameter, wherein a potential

failure level (X ) of the condition monitoring parameter has been defined, at which

level damage of the machine or component is considered initiated, characterized in

that a pattern for the condition monitoring parameter has been defined, which

pattern reflects an expected behavior of the monitoring parameter after damage has

been initiated, and a plurality of measurement values of the condition monitoring

parameter have been stored in a moving window, wherein the method comprises:

a) obtaining a new measurement value (X,(t)) of the condition monitoring parameter,

b) comparing the new measurement value with the latest stored measurement

value, and discard the new measurement value if it is smaller than the latest stored

measurement value, and otherwise replace the oldest of the measurement values

stored in the moving window with the new measurement value,

c) comparing the new measurement value with the potential failure level of the

condition monitoring parameter, and repeating the steps a - c until the new

measurement value exceeds the potential failure level of the condition monitoring

parameter, and

d) determining the point in time (t ) when the monitoring parameter exceeded the

potential failure level,

e) receiving a new measurement value of the condition monitoring parameter,

f ) comparing the new measurement value with the latest stored measurement value,

and discarded the new measurement value if it is smaller than the latest stored

measurement value,

g) comparing the new measurement value with an expected value (X(ti)) determined

in accordance with said defined pattern for the condition monitoring parameter and

the time elapsed (At) since the point in time the monitoring parameter exceeded the

potential failure level, and discard the new measurement value if it deviates too

much from the pattern, and otherwise replace the oldest of the measurement values

stored in the moving window with the new measurement value, and

h) predicting the level of the condition monitoring parameter at a future point in

time based on the measurement values stored in the moving window.

2 . The method according to claim 1, the moving window includes at least three stored

measurement values.



3. The method according to claim 1 or 2, wherein said defined pattern for the condition

monitoring parameter is a curve (A,B,C) which starts increasing at the point in time

the monitoring parameter exceeded the potential failure level.

4 . The method according to any of the previous claims, wherein the new measurement

value deviates too much from the expected value if the measurement deviates from

the expected value with more than a limit value.

5 . The method according to any of the previous claims, wherein if the measurement

deviates too much from the expected value, the step g further includes:

- generating a message t o a user to control the measurement and provide a new

measurement,

- receiving a new measurement value,

- comparing the new measurement value with an expected value (X(ti)) determined

in accordance with said defined pattern for the condition monitoring parameter and

the time elapsed (At) since the point in time the monitoring parameter exceeded the

potential failure level, and

- generating a warning if the new measurement value also deviates too much from

the expected value, and otherwise replace the oldest measurement value stored in

the moving window with the new measurement value.

6 . The method according to any of the previous claims, wherein the method further

comprises:

i) comparing the predicted level of the condition monitoring parameter with at least

one limit level for the condition monitoring parameter, repeating e - i at least until

the predicted level of the condition monitoring parameter exceeds the limit level,

and

j ) generating a message regarding a maintenance action when the predicted level of

the condition monitoring parameter exceeds said limit level.

7 . The method according to any of the previous claims, wherein the machine is a

rotating machine and the condition monitoring measurement values are any of

vibration measurements, temperature measurements, sound measurements, and

shock pulse measurements.

8 . An apparatus for predicting the condition of a machine or a component of the

machine based on measurements of a condition monitoring parameter, comprising:

- a communication unit (5) configured to obtain measurement values of the

condition monitoring parameter,

- a data storage (6) for storing a moving window including measurement values of

the condition monitoring parameter,



- a monitoring module (7) configured to monitor the measurement values and to

determine when a measurement value exceeds a potential failure level (X ) at which

damage of the machine or component is considered initiated, and to determine the

point in time (t ) when the monitoring parameter exceeded the potential failure

level,

- a data cleaning module (8) configured to discard a new measurement value if it is

smaller than the latest stored measurement value in the moving window, to

determine an expected value for the measurement based on a defined pattern for

the condition monitoring parameter, which pattern reflects an expected behavior of

the monitoring parameter after damage has been initiated, and the time elapsed

since the point in time the monitoring parameter exceeded the potential failure

level, to discard the new measurement value if it deviates too much from the

expected value, to store not discarded measurement values in the moving window,

and t o replace the oldest of the measurement values stored in the moving window

with the new measurement value if the moving window is full, and

- a prediction module (10) configured to predict the level of the condition monitoring

parameter at a future point in time based on the measurement values stored in the

moving window.

The apparatus according to claim 8, wherein the apparatus further comprises a

human machine interface (11) configured to provide messages regarding

maintenance actions to a user, and the monitoring module is configured to compare

the predicted level of the condition monitoring parameter with at least one limit

level for the condition monitoring parameter, and t o generate a message regarding a

maintenance action when the predicted level of the condition monitoring parameter

exceeds said limit level.

A computer-readable medium having a program recorded thereon, where the

program is t o make a computer perform the steps of any of the claims 1 -7, when

said program is run on the computer.
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