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(57) Abrege(suite)/Abstract(continued):

vibration at the at least one vibration sen-sor (38, 40); - attaching a sensor (32) to the at least one piston machine (1) that renders a
sighal for calculating the rotational speed and shaft position of the at least one piston machine (1); - calculating the rotational speead
and angular shaft position of the at least one piston machine (1); - calculating at least one complex harmonic Fourier amplitude of
the measured vibration signal; - low pass filtering said amplitude; - calculating the deviation amplitude as the magnitude of a

complex difference between said filtered amplitude and a base amplitude; and - monitoring said deviation amplitude (46) to detect a
leakage.
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(57) Abstract: A method for detection of a fluid leak related to at least one piston machine (1), where the method includes: -
attaching a vibration sensor (38, 40) to at least one of the upstream pipe (8) or the downstream pipe (14) of the pis-ton machine (1);
- measuring the vibration at the at least one vibration sen-sor (38, 40); - attaching a sensor (32) to the at least one piston machine
(1) that renders a signal for calculating the rotational speed and shaft position of the at least one piston machine (1); - calculating
the rotational speed and angular shaft position of the at least one piston machine (1); - calculating at least one complex harmonic
Fourier amplitude of the measured vibration signal; - low pass filtering said amplitude; - calculating the deviation amplitude as the
magnitude of a complex difference between said filtered amplitude and a base amplitude; and - monitoring said deviation amplitude

(46) to detect a leakage.
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METHOD FOR DETECTION OF A FLUID LEAK RELATED TO A PISTON MA -
CHINE

This invention concerns detection of a Fluid leak in relation

to a piston machine. More specifically the invention concerns

3 method for detection of a fluid leak related to at least

one piston machine, where the method includes:

—

the up-

- attaching a vibration sensor to at least one O:

o
mad

stream pipe or the downstream pipe of the piston machine;

- measuring the vibration at the at least one vibration sen-

SOOI ;

i

~attaching a sensor to the at least one piston machine tha

renders a signal for calculating the rotational speed and

shaft position of the at least one piston machine;

— calculating the rotational speed and angular shaft position

of the at least one piston machine;

- calculating at least one complex harmonic Fourier amplitude

of the measured vibration signal;

- low pass filtering said amplitude;

- calculating the deviation amplitude as the magnitude of a

complex difference between said filtered amplitude and a base

amplitude; and

leakage.

i}
Q)

- monitoring said deviation amplitude to detec

—

Leakage in this context cover a wide range oL malfunctions
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having in common that they lead to cyclic drops in the flow

rate through the machine, relative to a normal situations

with no defective components. Examples of such malfunctions

are:

- plston seal failure;

- valve seal defects causing a reverse f£low past the seal

during the closing time of the seal; and

- a broken valve return spring causling an extended delay of

valve closing.

Detection and localization of leaks related to plston ma-

chines (hereafter referred to as pumps, for simplicity) is

important for minimizing costs and down time related to valve

and piston failures. Today'’s practice offers no certaln way

to detect and localize leaks.

It is well known that a leak in one or more valves or pistons

) N

will cause a drop in the total flow and that this drop will,

in turn, cause a drop also in the discharge pressure. How-

ever, such a pressure drop can also result from leaks outside

the pump or even reductions in the flow resistance not re-

lated to leaks. Such reductions can come from changes 1in

fluid temperature and viscoslity, or from a bypass of one oxr

more flow restrictors. Therefore, a pressure drop cannot

alone be used for localizing the leak.

g

A leak in a valve or piston manifests itself by several ef-

'

fects that can be picked up by various sensors. The most

striking changes due to a growing leak are:

- The discharge pressure starts dropping, provided that the

i

loss in pressure 1s not compensated by an increase of the to-

tal pump rate.

~ The discharge pressure for a pump starts to vary cyclically

with a period equal to the pump rotatilion period.

~ The suction pressure for a pump also starts to vary cycli-

cally with the same period.

~ Low frequency and cyclic vibrations increase, especially on
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flexible hoses, both the high-pressure hose and the low-pressure

hose.

All the mentioned leak indicators can be used, either as stand-

alone indicators or in combination with the others.

It 1is well known that the lower harmonics of the pressure,
especially the first and second harmonics, i1increase 1n magnitude
as the leak develops and the reverse flow through one of the

plstons or valves 1increases, see US-patent 5720597.

Experience has proved it difficult to normalize the first

harmonic pressure component so that it is nearly independent of

speed and mean pressure. This 1s due to the fact that a dynamic
pressure 1s a complicated function of the frequency of the leak
flow variations and the piping geometry, upstream piping
geometry for the suction pressure and downstream piping geometry

for the discharge pressure.

WO document 03/087754 describes a method using a combination of
active speed variation tests and harmonic analysis to both
quantify and localize leakage. Experience has shown, however,
that this method does not work satisfactory in field

environments.

The object of the invention is to increase the cost efficiency
of recovery of petroleum from a reservoir rock formation. The

object is sought to be achieved by the method and machine

disclosed herein.

In one embodiment, there is provided a method for detection of a
fluid leak related to a machine comprising at least one piston
and a pump shaft, the method comprising: receiving a vibration
signal from a vibration sensor disposed on at least one of an

upstream pipe and a downstream pipe of the machine; receiving a
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rotational speed signal and an angular shaft position signal
from a speed and position sensor digposed on the machine;
calculating a rotational speed and an angular shaft position of
the pump shaft; calculating at least one complex harmonic
Fourier amplitude of the vibration signal; low pass filtering
the at least one complex harmonic Fourier amplitude to obtain a
filtered amplitude; calculating a deviation amplitude as the
magnitude of a complex difference between the filtered amplitude
and a measured base amplitude; and detecting, when present,
fluid leakage within the machine based upon the deviation

amplitude.

It 1s greatly advantageous to monitor the deviations of the
dynamic variations instead of just the amplitudes. The reason is
that the observed variations may consist of several components
having different phases. Each component may be regarded as a
vector, characterized by having both a length and direction, and
the total dynamic component is the vector sum. It can often
happen that the length of the vector sum is less than the length

of the largest component.

As an example, imperfect balancing of the piston machine will
cause a cyclic first harmonic motion. When a leak-induced motion
is superimposed on this unbalanced motion, it is not unlikely
that the directions or phases differ by more than 90°, causing
the resulting amplitude to drop when a leak develops. By
monitoring the deviation amplitude instead of the resultant

amplitude, a growing leak can be detected even though the

resulting amplitude decreases.

Monitoring of deviations implies that reference or base values
must be established before a deviation can be detected. The

procedure for finding the base line values is discussed
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below.

The lower harmonics of the vibrations can be calculated in

several ways. One method is to apply standard Fourier trans-

—
p—

form of a time record and pick the components corresponding

' Y

o the pump harmonics. A more accurate method that 1s pre-

ferred if the pump speed and/or the sampling time intervals

vary, is to use a Fourier analysis based on the measured an-

'

gular shaft position € as shown below.

Below, complex notation where i=+4-1 is the imaginary unit,

is utilized. The complex Fourier coefficients of a dynamic,

time dependent variable f 1s given by

1 27 | 1 27 ; 27
Fy=— [f-e*d0== |f-cos(kO)dO+— | f-sin(k6)ao (
4 0 Qg 0 4 0

L]
=

where k is a positive integer representing the harmonics num-

ber. In principal, any harmonics of the vibration signal can

be used as leak indicators, but the first harmonic 1s nor-

mally the most sensitive one and the most convenient to use.

Unless otherwise stated it is assumed that k=1, and the har-

monics index will be omitted, for convenience. The integrals

must be implemented by summations in a computer, i1imn accor-

dance with well-known technigques for numerical integrations.

The amplitudes are updated at every completed revolution or

the pump.

The complex amplitude defined above may be regarded as a vecC-

tor in the complex plane. The length of this vector, which

equals the magnitude of the complex amplitude, 1s not suit-

able for early leak detection as the amplitude is disposed to

fluctuations if there is much noise or non-harmonic varia-

) -

he signal may also include

tions present in the signal, and

true harmonic variations that are not cominq from a leak.

~
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Applving a smoothing filter to the complex amplitude will ef-

fectively reduce the disturbances from of noise and non-

harmonic variations. Smoothing, which is another word for low

pass filtering, will dampen all components except the true

5 harmonic components. A wide range of low pass filter types
may be used. In general, the lower the cut-off fregquency and

the steeper the roll-off rate of the filter is, the more ef-

fectively the dampening i1s. However, the drawback of a very

— g
e

low cut-of:

frequency 1s a poor response time, meaning that

10 detection of rapidly growing leaks 1s delavyed.

Monitoring the deviation amplitude instead of the variation

amplitude solves the problem of disturbing harmonic base

variations not originating from a growing leak. The deviation

amplitude is defined by

15 6F =|F, — F,| f(J"*JZ)

thus representing the magnitude or length of the complex dif-

ference between the smoothed amplitude F, and the base ampli-

tude F,. An alarm should be triggered when this deviation

amplitude exceeds a certalin alarm limit. The normal condi-

20 tions not deviating too much from the base conditions are

— A

visualized as a hatched circular area in figure 2. Methods to

find the base amplitude F, and the maximum deviation ampli-

tude O6F are discussed below.

If the lowest harmonics from only one sensor is used, there

mplitude will respond poorly to

—

25 18 a risk that the deviation &

P
p—

a leak, because the sensor 1s placed close to a node of a

standing wave, or the leak induced motion i1s polarized in a

direction with low sensor sensitivity. To minimize this risk,

the method above can be generalized to use multiple harmonics

30 and/or multiple sensors. The additional sensors can either be

p—

at the same location but have different orientation, or they
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may be placed at different locations. From each combination of harmonics k and

locations/orientations / a partial deviation amplitude 6F), is calculated, using the

procedure outlined above. These partial amplitudes can conveniently be com-
bined into one global deviation amplitude defined as the square root of a

weighted sum of the partial deviations amplitudes squared:

AF = \/Zk[wk,(5Fk1)2 (E3)

where w,, are chosen weight factors. If all partial deviation amplitudes are ex-

pected to have the same order of amplitude, the weight factors can simply be a
constant equal to unity divided by the number of combinations. Then the global

deviation amplitude is the rms value of all partial vibration amplitudes.

The method of using multiple vibration sensor signals can be further generalized

to include harmonic pressure variations, measured either on the high pressure
side and/or the low pressure side. The deviation amplitudes for the pressures
can be found in the same way as the vibration deviation amplitudes, but they
must be rescaled and transformed to equivalent displacement amplitudes by
selecting a proper scaling factor. As an example, if a leak typically generates a

deviation displacement amplitude of 1 mm and a first harmonic discharge pres-

sure variation of 1 bar, the scaling factor for this pressure could be 1 mm/bar.

The main advantages of combining several harmonics and/or measurement sig-
nals into one global deviation amplitude are:

- the risk for hitting a condition or frequency with very low leak response is mi-
nimized; and

- the logics for triggering the leak alarm based on multiple signals is greatly

simplified.
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harmonics of the pump vibrations are closely

cvclic leak flow and to the corresponding varia

suction pressure and the discharge pressure.

PCT/NO2008/000139

prior art, the lower

related to the

-1ons of the

According to the invention a leak is detected, usually at an

early stage, through monitoring the lowest wvibre

tion harmon-

ics of the piping or flexible hoses. Preferably the vibration

harmonics are calculated with reference to the angular posi-

tion of each pump.

ITn a preferred embodiment a vibration sensor

is attached to

the most motion sensitive part of the piping, for instance

outside the centre par

and monitor the low freguency vibrations. The vibre

sor 1s typically an acceleromei

ment sensors can alterne

increase rapidly with the pump rotation speed,

amplitudes, 1n contrast

mended to monitor the vibration amplitude in

placement amplitude. The displacement amplii

rived even from an accelerometer signal by time in

the raw signal twice be:

plied. However, this method has the disadvantage that

~ude C&

terms of

integration step must be combined with a so-called AC

to avolid uncontrolled growth of

ing noilse components. To avoid °

i

to use a different procedure briefly outlined below.

form of a time integrated variec

form of the wvariliable i1

~self divided by the imaginary

i where @ denotes the angular frequency. When the fr

cies are restricted to pump harmonics only, we can put

w=k2, where k£ i1s the

rotation speed of the pu

ha

integral of velocity,

r—
\grd

t of the high pressure flexible hose,

tion sen-

~er, but velocity or displace-

tively be used. Because acceleration

to displacement amplitudes, tend to

1t 1s recom-

dis-—

n be de-

~egrating

‘ore the harmonics analysis 1s ap-

each

filter

DC components or slowly vary-

~his problem 1t is recommended

It is well known for a skilled person that the Fourier trans-

ble eguals the Fourilier trans-

factor

eguen-

rmonlics number and Q is the angular

~ude of he

the displacement amplii

mp. Because displacement is the time

TMONI1CS
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no k can be found from the corresponding velocity amplitude

by dividing by kQ . Similarly, the displacement amplitude can

—

nplitude by dividing the lat-

be found from the acceleration &

ter by the same factor twice, or just —(kQ)* since i*=-1.

Fach of the leak indicators discuscsed above will have a base

line that can change much with varying conditions, such as

pump speed and discharge pressure. If these indicators shall

be used for triggering leak alarms thelr normal bands or

alarm limits cannot be fixed.

In a preferred embodiment the base values and alarm limits

are set automatically by the following procedure:

e When a substantial change in the flow conditions 1s en-

countered, for instance a change i1n the rotation speed

of at least one of the pumps, a quarantine timer is

started. The duration of the gquarantine time must be

sufficiently long to allow transient changes i1n the dy-

guinnd

namlc amplitudes to fade away, typically a few tens ot

seconds.

¢ During this gquarantine time the low pass filtered ampli-

tudes are frozen, the transient changes are ignored and

the alarm logic is disabled.

e By the end of the guarantine time, a base estimation

timer i1is started. The duration of this base estimation

period is typically 2-10 times longer than the quaran-

tine time.

e At the end of the base estimation period the base values

for the complex variation amplitudes are set equal to

the average values measured during the base estimation

period, and the alarm limits for the deviation amplitude




10

15

20

25

30

CA 02678659 2012-06-27

are determined. The limits may be relative, which is set to a fraction of base
value magnitude, or absolute. In a further embodiment the alarm limits can be

determined from more advanced functions taking into account also the meas-

ured variations and extreme values.

After this base estimation period, and while the piston machines are running at
steady conditions the alarm limits are kept constant, meaning that an alarm is set if

the deviation amplitude, or the global deviation amplitude, exceed the alarm limit.

The automatic updating of base values and alarm values for the deviation ampli-
tudes should preferably be carried out for all pumps even if the speed of only one
pump is substantially changed. This is important as the total flow and discharge

pressure may affect the base amplitudes for all running pumps.

The invention not only teaches a relatively simple method for detecting a leak, but

also renders it possible to point out which pump is leaking.

In the following there is described an example of use of the method illustrated in

the accompanying drawings, in which:

Fig. 1 schematically shows a pump with upstream and downstream pipe connec-

tions; and

Fig. 2 shows a smoothed value and base value for the harmonic amplitude as vec-
tors in the complex plane, and the alarm limit for deviation amplitudes as the pe-

riphery of circle with its centre at the end of the base amplitude vector.

On the drawings the reference numeral 1 denotes a so-called triplex pump, below

termed pump, provided with three indi-

10
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vidually acting pistons 2, extending through their respective
cylinders 4. Only the first piston 2 and corresponding cylin-

der 4 is shown. The cylinders 4 communicate with an inlet

manifold 6 and an upstream pipe 8 through their respective

inlet valves 10, and an outlet manifold 12 and a downstream

pipe 14 through thelr respective outlet valves 16.

A first flexible connection 18 is included in the upstream

pipe 8 while a second flexible connection 20 is included 1in

the downstream pipe 1l4.

An inlet pressure sensor 22 is connected to the inlet mani-

fold 6, communicating with a computer 24 via a cable 26, and

an outlet pressure sensor 28 is connected to the outlet mani-

fold 12, communicating with the computer 24 wvia a cable 30. A

rotational angle transmitter 32 is arranged to measure the

rotational angle of a pump shaft 34 of the pump 1, and 1is
communicatingly connected to the computer 24 by means O:

cable 36.

Y
1 1)

a.

A first vibration sensor 38 in the form of an accelerometer

is connected to the first flexible connection 18, and a sec-

el

an accelerome-

ond vibration sensor 40, also in the foxrm o:

ter, is connected to the second flexible connection 20. The

vibration sensors 38 and 40 are coupled to the computer 24 by

~ion sensor 38 and

b

respective cables 42, 44. The first vibra

the second vibration sensor 40 may 1nclude more than one sen-

£

-he general part of the description.

sor as outlined 1n

The sensors 22, 28, 38 and 40, the transmitter 32 and the

computer 24 are of types that are known per se, and the com-

puter is programmed to carry out the calculations in ques-

tion.

In the event of a leak in a valve 10 or 16, or in a not shown

1]

-he piston 2, the discharge through the outlet

packing o:

11
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valve 16 during the pumping phase will be reduced by a quantity equal to the leak-

age flow past the piston 2.

The leak past piston 2 induce an asymmetry into the flow trough the pump 1. The
asymmetry sets up an increased vibration in the downstream pipe 14 including the

second flexible connection 20. The second vibration sensor 40 senses the increased

vibration.

By substantially continuously performing an angular position-based Fourier analysis
of the vibration from the sensors 38, 40 as outlined in the general part of the de-

scription, an oncoming increase in the deviation amplitude OF of the vibrations of

the pump 1 will be detected.

An alarm limit 46 is automatically set as lined out in the general part of the descrip-
tion. When deviation amplitude OF, see fig. 2, reaches the alarm limit 46 the com-
puter 24 will set an alarm, and in the case that more than one pump 1 are supply-

ing the downstream pipe 14, also identify which pump 1 is leaking.

The identification of the leaky pump is most certain when the pumps run at differ-
ent speeds, because the lower harmonics then have different and unique frequen-

cies. However, leaky pump identification is also possible when two or more pumps

are running synchronously, due to the fact that the change vibration level will be

highest near the leaky pump.

The alarm set by the computer 24 may trigger a further investigation in order to

locate the leak either in one of the pumps 1 if a frequency alarm is set, or else-

where if only the normalized pressure alarm is set.

12
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Claims:

1. A method for detection of a fluid leak related to a machine

comprising at least one piston and a pump shaft, the method

comprising:

receiving a vibration signal from a vibration sensor

disposed on at least one of an upstream plpe and a downstream

pipe of the machine;

recelving a rotational speed signal and an angular shaft

position signal from a speed and position sensor disposed on

the machine;

calculating a rotational speed and an angular shaft position

of the pump shaft;

calculating at least one complex harmonic Fourier amplitude

of the wvibration signal;

low pass filtering the at least one complex harmonic

Fourler amplitude to obtain a filtered amplitude;

calculating a deviation amplitude as the magnitude of a
complex difference between the filtered amplitude and a measured

base amplitude; and

detecting, when present, fluid leakage within the machine

based upon the deviation amplitude.

2. The method according to c¢laim 1, wherein the method further

includes:

activating an alarm when the magnitude of the deviation

amplitude exceeds an alarm limit.

3. The method according to claim 1 or claim 2, wherein the

13
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method further includes:

determining an alarm limit for the deviation amplitude

automatically, as a function of the measured base amplitude.

4. The method according to any one of claims 1 to 3, wherein

the method further includes:

setting a base value for the at least one harmonic Fourier

amplitude automatically by the followlng procedure:

starting a quarantine time during which the transient
changes 1n the at least one harmonic Fourier amplitude is ignored
and alarm logic 1s disabled when a substantial change in flow

conditions 1s encountered; and

determining a new base value as an average of the at least
one harmonic Fourier amplitude measured during a base estimation

time subsequently following the guarantine time.

5. The method according to any one of claims 1 to 4, wherein

the speed and position sensor comprises an accelerometer.

6. The method according to any one of claims 1 to 4, wherein

the speed and position sensor comprises a velocity sensor.

7. The method according to any one of claims 1 to 4, wherein

the speed and position sensor comprises a displacement sensor.

8 . The method according to any one of claims 1 to 7, wherein an

amplitude for displacement is calculated from a harmonic
acceleration amplitude by dividing by the factor - (kQ)z, wherein

k 1s a positive integer representing a harmonics number and Q is

an angular rotation speed of the pump shaft.

9. The method according to any one of claims 1 to 7, wherein an

14
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amplitude for displacement 1s calculated from a harmonic velocity

amplitude by dividing by the factor 1k, wherein i=v-1 {5 the

imaginary unit, k 1s a positive integer representing a harmonics

number and €2 is angular an rotation speed of the pump shaft.

10. The method according to claim 8 or claim 9, wherein the

method further includes:

deriving partial deviation amplitudes for at least two

harmonics numbers based on the same vibration sensor signal;

calculating a global deviation amplitude as the square root
of a welghted sum of the partial deviation amplitudes squared;

and

detecting, when present, fluid leakage within the machine

based upon the global deviation amplitude.

11. The method according to claim 8 or claim 9, wherein the
vibration sensor comprises at least two sensors that are at
least one of different locations and orientations, and the

method further comprises;

deriving partial deviation amplitudes from each selected

el

combination of harmonics numbers and vibration sensor signals;

calculating a global deviation amplitude as the square root
of a weighted sum of the partial deviation amplitudes squared;

and

detecting, when present, fluid leakage within the machine

based upon the global deviation amplitude.

12. The method according to claim 8 or claim 9, wherein the

method further includes:
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receliving a pressure signal from a pressure sensor attached
to at least one of an 1nlet manifold and an outlet manifold of

the machine;

deriving partial pressure deviation amplitudes from each
selected combination of harmonics numbers and pressure sensor

signals;

transforming the pressure deviation amplitudes into
equlvalent vibration deviation amplitudes by multiplying by

proper transformation factors;

calculating a global deviation amplitude as the square root
of a weighted square sum of the equivalent partial deviation

amplitudes and vibration sensor based deviation amplitudes; and

detecting, when present, fluid leakage within the machine

based upon the global deviation amplitude.
13. A vibtration monitored machine, comprising:
at least one piston;

a shaft;

an upstream pipe and a downstream pipe;

a vibration sensor coupled to at least one of the

upstream pipe and the downstream pipe;

a speed and position sensor configured to render a signal
for calculating a rotational speed and an angular shaft

position; and

a controller coupled to the vibration sensor and the
speed and position sensor, wherein the controller is

configured to: calculate the rotational speed and the angular
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shaft position from the signal from the speed and position
sensor, calculate at least one complex harmonic Fourier
amplitude of a vibration signal from the vibration sensor, low
pass filter the at least one complex harmonic Fourier
amplitude to obtain a filtered amplitude, calculate a
deviation amplitude as a magnitude of a complex difference
between the filtered amplitude and a measured base amplitude,
and detect, when present, fluid leakage within the machine based

upon the deviation amplitude.

14. The machine of claim 13, wherein the controller is

further configured to activate an alarm when a magnitude of

the deviation amplitude exceeds an alarm limit.

15. The machine of claim 13, wherein the controller is
further configured to determine an alarm limit for the deviation

amplitude automatically, as a function of the measured base

amplitude.

16. The machine of any one of claims 13 to 14, wherein the
controller 1s further configured to set a base value for the at
least one harmonic Fourier amplitude automatically by the
following procedure: starting a quarantine time during which the
transient changes in the at least one harmonic Fourier amplitude
1s 1gnored and alarm logic is disabled when a substantial change
in flow conditions is encountered; and determining a new base
value as an average of the at least one harmonic Fourier
amplitude measured during a base estimation time subsequently

followlng the quarantine time.

17. The machine according to any one of claims 13 to 16,

wherein the speed and position sensor comprises an

accelerometer.
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18. The machine according to any one of claims 13 to 16,
wherein the speed and position sensor comprises a velocilty

SEIISOY.

19. The machine according to any one of claims 13 to 16,
wherein the speed and position sensor comprises a displacement

SENnsoYxY.

20. The machiline according to any one of claims 13 to 19,
wherein the controller is further configured to calculate an

amplitude for displacement from a harmonic acceleration amplitude
by dividing by the factor - (k)°, wherein k is a positive integer

representing a harmonics number and {2 is an angular rotation

speed of the pump shaft.

21. The machine according to any one of claims 13 to 19,
wherein the controller is further configured to calculate an

amplitude for displacement from a harmonic velocity amplitude by

dividing by the factor ik{), wherein i=v=1 ig the imaginary unit,

k 18 a positive 1integer representing a harmonics number and Q is

angular an rotation speed of the pump shaft.

22. The machine according to claim 20 or claim 21, wherein the
controller 1s further configured to derive partial deviation

amplitudes for at least two harmonics numbers based on the same
vibration sensor signal, calculate a global deviation amplitude
as the square root of a weighted sum of the partial deviation
amplitudes squared, and detect, when present, fluid leakage

within the machine based upon the global deviation amplitude.

23. The machine according to claim 20 or claim 21, wherein the
vibration sensor comprises at least two sensors that are at

least one of different locations and orientations, and wherein
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the controller 1s further configured to derive partial
deviation amplitudes from each selected combination of harmonics
numbers and vibration sensor signals, calculate a global
deviation amplitude as the square root of a weighted sum of the
partial deviation amplitudes squared, and detect, when present,

fluid leakage within the machine based upon the global deviation

amplitude.

24. The machine according to claim 20 or claim 21, wherein the

controller 1s further configured to receive a pressure signal
from a pressure sensor attached to at least one of an inlet
manifold and an outlet manifold of the machine, derive partial
pressure deviation amplitudes from each selected combination of
harmonics numbers and pressure sensor signals, transform the
pressure deviation amplitudes into equivalent vibration deviation
amplitudes by multiplying by proper transformation factors,
calculate a global deviation amplitude as the square root of a
welghted square sum of the equivalent partial deviation

amplitudes and vibration sensor based deviation amplitudes, and

detect, when present, fluid leakage within the machine based upon

e .

the global deviation amplitude.

25. The machine according to any one of claims 13 to 24,

wherein the controller is provided by a computer.
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