wo 2017/189603 A1 | 0K 00000

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2017/189603 A1l

02 November 2017 (02.11.2017) WIPO|PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOIN 21/64 (2006.01) GOIN 33/28 (2006.01) kind of national protection available): AE, AG, AL, AM,
G01J 3/44 (2006.01) GOIN 33/30 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, €O, CR, CU, CZ, DE, DI, DK, DM, DO,
PCT/US2017/029456 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
(22) International Filing Date: KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
25 April 2017 (25.04.2017) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
- . PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
62/327,558 26 April 2016 (26.04.2016) Us kind of regional protection available). ARIPO (BW, GH,
. GM,KE, LR, LS, MW,MZ,NA,RW, SD, SL, ST, SZ, TZ,
(71) Applicant: SAUDI ARABIAN OIL COMPANY UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
[SA/SA]J; 1 Eastern Avenue, Dhahran, 31311 (SA). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant (for AG only): ARAMCO SERVICES COM- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
PANY [US/USJ; 9009 West Loop South, Houston, Texas MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
77210-4535 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
) KM, ML, MR, NE, SN, TD, TG).
(72) Inventors: HEGAZI, Ezzat; Saudi Aramco, P.O. Box 62,
Dhahran, 31311 (SA). CUNNINGHAM, Vincent; Saudi = p pricpoq.

74

Aramco, P.O. Box 62, Dhahran, 31311 (SA). NOUR, Ma-
ha; Saudi Aramco, P.O. Box 62, Dhahran, 31311 (SA).

Agent: BRUCE, Carl E. et al,; Fish & Richardson P.C.,
P.O. Box 1022, Minneapolis, Minnesota 55440-1022 (US).

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

(54) Title: CHARACTERIZING LUBRICANT OIL DEGRADATION USING FLUORESCENCE SIGNALS

(57) Abstract: Methods, systems, and apparatus to diagnose lubrication oil deterioration. In one as-

200
COLLECT OIL SAMPLE
GENERATE A CONTINUOUS
LIGHT BEAM
CONVERT THE CONTINUQUS LIGHT

BEAM TO A STEP LIGHT BEAM
IRRADIATE AN OIL SAMPLE
WITH THE STEP LIGHT BEAM

FILTER THE LIGHT-INDUCED
FLUORESCENCE SIGNAL

FOCUS THE FILTERED
FLUORESCENCE SIGNAL

CAPTURE THE FOCUSED
FLUORESCENCE SIGNAL
PROCESS THE
FLUORESCENCE SIGNAL
IDENTIFY A STEADY STATE OF
THE FLUORESCENCE SIGNAL
DIAGNCSE QIL DETERIORATION

ESTIMATE USEFLL
REMAINING LIFETIME

FIG. 2

pect, a method includes irradiating a lubrication oil sample with a light beam to emit a light-induced
fluorescence, detecting and processing the light-induced fluorescence signal to determine a temporal
variation of a fluorescence intensity, identitying a steady state of the light -induced fluorescence signal,
processing the temporal variation of the fluorescence intensity to determine a lubrication oil parameter,
and correlating the oil parameter to a calibration curve to diagnose the lubrication oil deterioration.
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CHARACTERIZING LUBRICANT OIL DEGRADATION USING
FLUORESCENCE SIGNALS

CLAIM OF PRIORITY
[0001] This application claims priority to U.S. Provisional Patent Application
No. 62/327,558, filed on April 26, 2016, the contents of which are hereby incorporated

by reference.

TECHNICAL FIELD
[0002] This specification relates to lubrication oil analysis (LOA) and related
methods.
BACKGROUND
[0003] Lubrication oil performs two essential tasks. One is to provide a

homogenous protective layer between surfaces that are in relative motion to reduce
friction, prevent wear and avoid the catastrophic event of seizure resulting from mating
parts. Another role of lubrication oil is to maintain working parts cool, protect against
corrosion and flush away contaminants and deposits for the surface of mating parts.
Lubrication oil degradation is caused by several factors that include: variation in the
electrical, physical, chemical, and optical properties. The main causes for the
deterioration are a combination of water contamination, oxidation and particle
contamination. Several parameters can be used to monitor the degradation of lubrication
oil, such as viscosity, water content, total acid number (T AN), total base number (TBN),
particle counting, pH value or others. Other parameters, that correlate well with the
standard parameters, such as viscosity measurements, can also be used to identify
varying grades of degradation from real samples of oils.

[0004] Lubrication oil analysis (LOA) is a process used to derive oil analysis
data (for example, physical and chemical properties) from lubrication oil samples
obtained from industrial equipment. The industrial equipment can contain rotating and
moving parts (for example, gear boxes, hydraulic systems, engines, compressors,
turbines or other moving parts), such as equipment used in hydrocarbon-producing
wells. LOA can reveal viscosity changes, as well as ferrous and nonferrous
contamination. LOA can also indicate corrosion of the equipment, leaks between
different parts of the equipment, remedial actions, or other critical machinery diagnostic
information. LOA can provide information about the useful lifetime of the lubrication

oil along with the status of the lubrication oil. Knowledge of the useful lifetime and the
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status of the lubrication oil can be used to ensure the reliability and correct functioning

of the equipment.

SUMMARY

[0005] The present disclosure describes methods and systems for performing
lubrication oil analysis (LOA) of a lubrication oil sample. In some implementations, a
method includes irradiating a lubrication oil sample with a light beam such that a light-
induced fluorescence can be emitted from the lubrication oil sample, detecting a light-
induced fluorescence signal from the lubrication oil sample, processing the light-
induced fluorescence signal to determine a temporal variation of a fluorescence
intensity, identifying a steady state of the light -induced fluorescence signal based on
the temporal variation of the fluorescence intensity, after identifying the steady state,
processing the temporal variation of the fluorescence intensity to determine a lubrication
oil parameter, and correlating the oil parameter to a calibration curve to diagnose the
lubrication oil deterioration.

[0006] The foregoing and other implementations can each optionally include
one or more of the following features, alone or in combination. In an aspect, the method
includes collecting the lubrication oil sample from an industrial equipment. The light
beam can be a continuous electromagnetic wave characterized by a single wavelength.
The single wavelength can be between 200 nanometers and 550 nanometers.

[0007] In a further aspect, the method includes converting the continuous
electromagnetic wave into a plurality of step light beams, such that each step light beam
has substantially the same intensity within a time interval. The method can further
include guiding the light beam at an acute angle on a front surface of a container holding
the lubrication oil sample. The method can further include filtering the light -induced
fluorescence signal.

[0008] In a further aspect, the method includes capturing the light-induced
fluorescence signal by a fast photodiode. The fluorescence intensity can be represented
as a second order dynamic system. The oil parameter can be associated to an oil
viscosity. The oil parameter can be a damping factor of the fluorescence signal. The
second order dynamic system corresponds to an over-damped oscillator and the
damping factor can be larger than 1. The oil parameter can be an undamped natural

frequency of the fluorescence signal. The second order dynamic system corresponds
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to an under-damped oscillator and the damping factor can be smaller than 1.

[0009] In a further aspect, the method includes comparing the oil parameter to
previously measured oil parameter to determine an oil deterioration rate. The method
can further include determining an estimate of a useful remaining lifetime of the
industrial equipment associated to the lubrication oil sample based on the oil
deterioration rate. The industrial equipment can be in use in a hydrocarbon-producing
well during determining the estimate of the useful remaining lifetime of the industrial
equipment. The industrial equipment can be a submersible pump configured to pump
fluid uphole from the hydrocarbon-producing well and wherein the submersible pump
can be disposed within the hydrocarbon-producing well. In a further aspect, the light
beam can be generated by a laser source.

[0010] In some implementations, the present disclosure also provides a non-
transitory, computer-readable medium for diagnosing lubrication oil deterioration and
storing computer-readable instructions. The instructions can be executable by a
computer and the non-transitory, computer-readable medium can be configured to:
guide alight beam to a lubrication oil sample, detect light -induced fluorescence signal
from the lubrication oil sample, process the light -induced fluorescence signal to
determine a temporal variation of a fluorescence intensity, identify a steady state of the
light -induced fluorescence signal based on the temporal variation of the fluorescence
intensity, process the temporal variation of the fluorescence intensity to determine a
lubrication oil parameter, and correlate the oil parameter to a calibration curve to
diagnose lubrication oil deterioration.

[0011] In some implementations, the present disclosure also provides a system
to diagnose lubrication oil deterioration, the system including: a memory and a
hardware processor interoperably coupled with the memory. The hardware processor
can be configured to: guide a light beam to a lubrication oil sample, detect light -
induced fluorescence signal from the lubrication oil sample, process the light -induced
fluorescence signal to determine a temporal variation of a fluorescence intensity,
identify a steady state of the light -induced fluorescence signal based on the temporal
variation of the fluorescence intensity, process the temporal variation of the
fluorescence intensity to determine a lubrication oil parameter, and correlate the oil
parameter to a calibration curve to diagnose lubrication oil deterioration.

[0012] In some implementations, the present disclosure also provides another
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system to diagnose lubrication oil deterioration, the system including: a light beam
generator configured to generate a light beam, a container including a lubrication oil
sample, an optical equipment configured to guide the light beam to a face of the
container, a fast photodiode configured to detect light -induced fluorescence signal
from the lubrication oil sample, and a hardware processor interoperably coupled with
a memory. The hardware processor can be configured to: process the light -induced
fluorescence signal to determine a temporal variation of a fluorescence intensity,
identify a steady state of the light -induced fluorescence signal based on the temporal
variation of the fluorescence intensity, process the temporal variation of the
fluorescence intensity to determine a lubrication oil parameter, and correlate the oil
parameter to a calibration curve to diagnose lubrication oil deterioration.

[0013] The details of one or more implementations of the subject matter of this
specification are set forth in the accompanying drawings and associated description.
Other features, aspects, and advantages of the subject matter will become apparent from

the description, the drawings, and the claims.

DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a diagram illustrating an example system for characterizing
lubricant oil degradation using fluorescence signals.

[0015] FIG. 2 is a flow chart of an example of a process for characterizing
lubricant oil degradation using fluorescence signals.

[0016] FIGS. 3A and 3B illustrate example plots of data associated with an over-
damped model of oil samples according to an implementation.

[0017] FIGS. 4A and 4B illustrate example plots of data associated with a
critically damped model of oil samples according to an implementation.

[0018] FIG. 5 is a high-level architectural block diagram of an example of a
computer system for correlating and predicting LOAs in a lubrication oil sample

obtained from a hydrocarbon well.

DETAILED DESCRIPTION
[0019] Currently, the condition of lubrication oil provides the best possible
detection method for early waming of machine failure. However, the majority of

industries use offsite and offline lubrication oil analysis (LOA) to quantify the remaining
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lifetime of the oil. It would be beneficial to have an accurate, efficient, and rapid ability
to perform onsite LOA.

[0020] LOA is aprocess used to derive one or more characteristics (for example,
physical and chemical properties) of a lubrication oil, such as lubrication oil samples
obtained from equipment used in hydrocarbon-producing wells. LOA is typically
performed offsite and offline. In some cases, each lubrication oil sample can require a
day or more to fully analyze before one or more of the electrical, physical, chemical,
and optical properties can be determined. Changes over time in the LOA in lubrication
oil samples from one or more pieces of equipment used in hydrocarbon-producing wells
can provide data useful to determine the operational lifetime trends of the equipment.
The normal practice for comparing and validating available lubrication oil analysis data
is to leverage technical skill or expertise to numerically interpret lubrication oil analysis
data, but does not leverage correlations or relationships that can be efficiently derived
from available lubrication oil analysis data and rapid measurement of lubrication oil
characteristics. It is important to have an efficient, rapid, and simple ability to derive
up-to-date data based on prior LOA lubrication oil analysis data in order to be able to
perform special analysis studies and to determine, for example and among other things,
the earlier-mentioned hydrocarbon resource trends and reduction or increase of
lubrication oil degradation.

[0021] At ahigh level, this disclosure generally describes methods and systems,
including computer-implemented methods, computer program products, and computer
systems, for predicting lubrication oil degradation of a lubrication oil sample obtained
from an equipment used in a hydrocarbon well. Particularly, the predictions are based
on determining a damping factor or an undamped natural frequency or both, of a
fluorescence signal generated by the lubrication oil sample, which are directly
proportional to the viscosity of the lubricant oil sample. The subject matter described
in this specification can be implemented in particular implementations so as to realize
one or more of the following advantages. The methods and the systems described in
this specification can be implemented to diagnose oil degradation in the proximity of a
hydrocarbon well, on aregular basis, such as a daily basis, at low costs, non-intrusively
and on-line. LOA data can be obtained for a lubrication oil sample from a particular
hydrocarbon well equipment, such as turbine oil. LOA can include physical properties,

such as lubrication oil viscosity, which can be leveraged by applications to provide
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useful analysis and predictive functions of equipment lifetime. LOA can be performed
using minimum amounts of lubrication oil (for example, turbine oil) for analysis (for
example, 1-2 milliliters).

[0022] In some implementations, LOA can be used to automatically predict a
quantitative value of the remaining useful lifetime of the analyzed lubrication oil
sample. The use of LOA is an easy, efficient, and time saving process of comparing
and validating available LOA lubrication oil analysis data. LOA can be associated to
multiple performed actions that include determination of lubrication oil breakthrough,
determination of lubrication oil invasion, determination of casing leaks between two
hydrocarbon reservoirs, prediction of scale precipitation, monitoring sweep,
performing remedial or proactive actions based on LOA lubrication oil analysis data
correlations, predictions, or other performed actions. LOA can enhance the efficiency
of the performed actions based on LOA lubrication oil analysis data that can be derived
or predicted from rapid and simple measurement of lubrication oil fluorescence.
Multiple oil samples extracted from the same equipment at different times (for
example, during a time interval in which the lubricant oil of an equipment was not
replenished or replaced) can be used to generate a graphical correlation of respective
LOAs. The graphical correlation of multiple LOAs can provide data useful for
monitoring and adjusting development of specific hydrocarbon-wells or groups of
wells, -plants, -fields, or —reservoirs. For example, the described approach for
correlating or relating, displaying, and predicting data pertaining to LOAs can be used
by one or more elements of an organization to develop different actions particular to
their assigned function for the organization.

[0023] FIG. 1 is a diagram illustrating an example of a system 100 provided by
the present disclosure. The system 100 of FIG. 1 can be used to perform LOA and to
derive the damping factor or an undamped natural frequency of a fluorescence signal
generated by the analyzed lubrication oil sample 102. In some implementations, the
system 100 is covered by a housing 103, which provides access to the container 108
holding the lubrication oil sample 102. All components or some components of the
system 100 can be attached to a supporting fixture 105 (for example, a table, a shelf, a
frame or any other type of supporting fixture). The example components of the system
100 can include a laser source 104, a chopper 106, a container 108, a beam dump 110,

an optical filter 114, lenses 116, a fiber optic 118, a fast photodiode 120 and a computing
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system 122.
[0024] In some implementations, the laser source 104 can generate a light beam

as continuous electromagnetic waves 105. The laser source 104 can emit
electromagnetic waves 105 of a single wavelength (for example, laser beam). In some
implementations, the laser source 104 can be a tunable laser that can emit
electromagnetic waves 105 of a plurality of wavelengths within a range of wavelengths.
In some examples, the laser source 104 can include a polarizing filter 103 that polarizes
the electromagnetic waves 105 that are directed towards the lubrication oil sample 102.
The laser source 104 can include a set of one or more reflectors that varies the angle at
which the electromagnetic waves 105 are delivered from the laser source 104. In some
examples, the angle at which a laser beam is oriented can be adjusted. The
electromagnetic waves 105 can be in the visible light spectrum, in the ultraviolet light
spectrum, or in the infrared light spectrum. For example, the wavelengths of the
electromagnetic waves 105 can be within a range of 200 — 550 nanometers.

[0025] In some implementations, the laser source 104 can be a continuous wave
(CW) collimated laser with a central emission wavelength of 405 nanometers and output
power of 20 milliwatts. In some implementations, the laser source 104 can be a pulsed-
wave laser. The laser source 104 is aligned such that it generates a laser beam incident
on the front surface of the container 108 (for example, at an angle of 45 degrees to the
plane of the surface in the horizontal direction). The chopper 106 can be a mechanical
optical chopper. The chopper 106 can be placed in the optical path of the collimated
laser beam 105, before the container 108. The chopper 106 can open quickly and remain
open for a predetermined period of time. For example, the chopper 106 can convert the
continuous laser beam 105 into a step laser beam 107 with a constant intensity for a
particular time interval (for example, 4 minutes or a longer or shorter time duration). A
part of the step laser beam 107 is reflected by the walls of the container 108. The
reflected laser beam can be absorbed by a beam dump 110.

[0026] The step laser beam 107 crosses the walls of the container 108 to irradiate
the lubrication oil sample 102. The container 108 has walls that are transparent to the
central emission wavelength (for example, 405 nanometers). For example, the container
108 can be a quartz cuvette. The container 108 can have multiple geometries that
provide at least one planar side (for example, a planar front wall 107) that enables

optimization of the irradiation of the lubricant oil. For example, the container 108 can
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be square-shaped or rectangular shaped. The lubrication oil sample 102, irradiated by
the step laser beam 107, generates a laser-induced fluorescence signal 112. The
fluorescence signal 112 of the lubricant oil is filtered by the optical filter 114, which is
placed parallel to the front wall 107 of the container 108 that is first crossed by the
electromagnetic waves generated by the laser 104 (for example, front surface of the
container 108). The center of the optical filter 114 is aligned with the incidence point
of the step laser beam 107 and the front wall 107 of the container 108.

[0027] The broadband fluorescence spectrum emission signal (plus or minus 200
nanometers) can be optically filtered using the optical filter 114, having a narrow
wavelength range (plus or minus 10 nanometers). For example, the fluorescence signal
112 can be filtered by the optical filter 114 at one wavelength, which is chosen to
correspond to a fluorescence signal of a reasonable intensity (for example, 440 plus or
minus 10 nanometers). The filtered fluorescence signal 112 can be collimated and
focused by lenses 116 onto an optical fiber 118. The optical fiber 118 can be connected
to a fast photodiode 120 to capture the fluorescence intensity as function of time. The
output signal of the photodiode 120 at the filtered wavelength (for example, 440 plus or
minus 10 nanometers) can be acquired and recorded every 20 ms during the time
interval, in which the chopper is open.

[0028] The acquired fluorescence signal can be processed by a computing
system 122. Data post processing can include smoothing, reduction of redundant
information and fitting algorithms (for example, process 200 described with reference
to FIG. 2). In some implementations, the computing system 122 can be a mobile
handheld device. In some examples, the computing system 122 and the laser source 104
can be directly connected to and powered by an external power source (for example, a
wall outlet).

[0029] In some implementations, the computing system 122 can include a
trigger source that is a computer program operable to control one or more of a start time,
an end time, and a rate at which the chopper 106 opens and closes. In some examples,
the trigger source can be determined by an algorithm stored within a computer-readable
memory of the computing system 122. In some implementations, the system 100 can
include a trigger source that is housed external to and separately from the computing
system 122 or affixed to the external surface of the chopper 106. For example, the

trigger source can be a foot pedal, a switch, a button, or a lever that allows a user of the
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system 100 to activate the trigger source by depressing the pedal, flipping the switch,
depressing the button, or moving the lever, respectively. In some examples, the trigger
source is operable to cause the chopper 106 to deliver a laser beam with a particular
temporal characteristic to the lubrication oil sample 102 when the trigger source is
activated by the user of the system 100.

[0030] FIG. 2 is a flow chart of a method 200 for diagnosing oil deterioration
according to an implementation. The method 200 can be executed using the systems
described with reference to FIGs. 1 and 5, in the proximity of a hydrocarbon well.
However, it will be understood that method 200 can be performed, for example, by any
other suitable system, environment, software, and hardware, or a combination of
systems, environments, software, and hardware as appropriate. In some
implementations, various steps of method 200 can be run in parallel, in combination, in
loops, or in any order.

[0031] At 202, an oil sample is collected. The oil sample can be a lubricant oil
sample that is collected from an equipment used in a hydrocarbon well for LOA. The
amount of collected oil sample can be smaller than 1 centiliters (for example, about 1-2
milliliters). The collection of the oil sample can include placing the oil sample in an
optically transparent cuvette. The cuvette can be a quartz cuvette with 1 cm optical path
length.

[0032] At 204, a light beam is generated. The light beam can be an
electromagnetic wave of a particular wavelength. For example, the light beam can be a
CW laser radiation. The laser source used to generate the CW laser radiation can be a
CW collimated laser with a central emission wavelength of 405 nanometers and output
power of 20 milliwatts. The laser can be setup so that it is incident on the front surface
of the cuvette and at a preferred incidence angle (for example, 45 degrees) to the plane
of the surface in the horizontal direction. In some implementations, the laser can be
setup in a position that is independent from the front surface of the cuvette and the light
beam is directed towards the front surface of the cuvette at a preferred incidence angle
through an optical system made of one or more lenses and mirrors.

[0033] At 206, the continuous light beam is converted into a step light beam.
The conversion to step light beam can be done by a mechanical optical chopper placed
in the path of the collimated laser beam, before the cuvette (see FIG. 1). The mechanical

optical chopper can provide a step laser intensity on the sample for a particular time
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interval (for example, 4 minutes). At 208, the oil sample is irradiated by the step light
beam. At 210, the resulting laser-induced fluorescence signal from the lubricant oil is
optically filtered by an optical filter. For example, the fluorescence signal can be
optically filtered at one wavelength corresponding to a fluorescence signal of reasonable
intensity (for example, 440 plus or minus 10 nanometers). At 212, the filtered
fluorescence signal can be collimated and focused onto an optical fiber, using a
combination of lenses.

[0034] At 214, the fluorescence signal can be captured by a fast photodiode as
function of time. The fast photodiode can be synchronized to the mechanical optical
chopper, such that the fluorescence signal is captured while the mechanical optical
chopper is open. For example, the photodiode can acquire and record the fluorescence
signal every 20 ms once the mechanical optical chopper is open.

[0035] At 216, the fluorescence signal is processed. Data processing can include
smoothing, reduction of redundant information and fitting algorithms. Fitting
algorithms are based on the type of oil that is analyzed. Each type of oil is associated to
a particular temporal variation of the fluorescence intensity. For example, some oils do
not produce a damping effect. In case no damping effect is produced, the natural
frequency can be measured. Some oil samples produce an overdamped effect. In case
an overdamped effect is produced, the natural frequency or the damping factor (> 1) or
both can be measured. And a third type of oils produce underdamped behavior, in which
the natural frequency or the damping factor (<1) or both can be used. For determining
a damping factor, the fluorescence signal is treated as a second order system. An
example second order differential equation that can be used to describe the behavior of
the second order fluorescence response is:

[0036] %+ 20wk + wi x = f(t) (Eq. 1)

[0037] In Eq. 1, x is the response of the system, in this case the time-dependent
fluorescence response of the oil, w, is the un-damped natural frequency during the
transient response, { is the damping factor of the fluorescence response and f(t) is the
applied function to the system, in this case the incident laser radiation.

[0038] To examine the transient response of the induced fluorescence signal a
unit step function u(t) can be applied to represent the sudden onset of the laser:

Ofort< O

[0039] f(t) = u(t)= { L S0 (Eq. 2)

10
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[0040] In Eq. 2, for time < 0, the laser is off, and for time > 0, the laser is on, in
continuous wave mode. Accordingly the second order differential equation for the

time-dependent fluorescence response (Eq. 1) becomes:

[0041] %+ 2lwyX + w3 x = u(t) (Eq. 3)
[0042] In Eq. 3, u(t) is the previously described step function.
[0043] At 218 a steady state of the light -induced fluorescence signal is identified

based on the temporal variation of the fluorescence intensity. The steady state value of
the light -induced fluorescence signal can indicate if the time-dependent fluorescence
response corresponds to an over damped system or a critically damped system. In some
implementations, the time-dependent fluorescence response corresponds to an over
damped system. In the case of an over damped system, the damping factor is greater

than one (¢ > 1) the over-damped step response can be expressed as:

10044] x(0) = wig [ L4 <—<+1 oon(E-VT1) +;e_wn(c+\/ﬁ)t>]

2{1=0 \-t4/0-1 QNS
(Eq. 4)
[0045] Eq. 4 is the solution of the damped equation for the over-damped case

system response, where all the initial conditions are assumed to be zero.
[0046] In some implementations, the time-dependent fluorescence response
corresponds to a critically damped system. The solution of Eq. 2 for the critically

damped case, in which the damping ratio is equal to one ({ = 1), is expressed as

follows:
1 — '
[0047] x(t) = o [1—e nt(1— w,b)] (Eq. 4"
[0048] In Eq. 4° all the initial conditions are assumed to be zero.
[0049] At 220, after the identification of the steady state, an oil parameter is

determined. The oil parameter can include the damping factor and the undamped natural
frequency of the fluorescence signal. For example, the results of the analysis of the
temporal response of the laser induced fluorescence of lubrication oil as a second order
system (including a steady state phase) can be used to provide the oil parameter
associated to the over-damped or undamped natural frequency of the response. In
particular, the damping ratio can be used as a parameter for oil characterization. In some
implementations, the determined oil parameter values are displayed to a user analyzing
the oil sample and stored in a suitable persistent memory storage, such as a database.
Steps 202 to 220 can be repeated for multiple samples (including a fresh sample and

deteriorated samples) of the same type of oil, extracted at different times from a
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particular equipment.

[0050] At 222, the oil parameter is used to determine the degradation of the oil.
At 224, the degradation of the oil is used to determine the useful remaining lifetime of
the oil (for example, days, weeks, months or years). The useful remaining lifetime of
the oil can be determined by correlating the change in the measured damping factor or
the natural frequency to the calibration curve for each type of oil. For a particular type
of oil, the damping factor or the undamped natural frequency of the fluorescence signal
of one fresh sample can be compared to the corresponding parameters of multiple
deteriorated samples of the same oil type. For those oils that produce a damping effect,
the damping factor of the fresh sample (for example, 1.26 radians/second) can be used
as a reference point and as the value of the damping factor increases above the
corresponding threshold (for example, 3.3 radians/second) it can indicate that the oil is
degraded beyond use and replacement is recommendable. For those oils that are
characterized by an underdamped behavior, the natural frequency of a fresh sample of
one type of lubrication oil (for example, 3.36 radians/second) can be used as a reference
point for the corresponding type of lubrication oil. A value of the natural frequency that
exceeds a particular threshold (for example, 8.5 radians/second) can indicate that the oil
is degraded beyond use and replacement is recommendable. In some implementations,
the estimated useful remaining lifetime of the oil is provided (for example, displayed)
to a user analyzing the oil sample and stored in a suitable persistent memory storage.In
some implementations, the results of the process 200 are stored in sets corresponding to
each equipment associated to the tested oil degradation. The records can be used to find
the rate of increase in the natural frequency or in the damping factor for each equipment
and convert the degradation rate into the estimate of the useful remaining lifetime. The
determined LOA data (for example, oil parameter) can be stored as a backup in any
suitable persistent memory storage, such as a database. For example, in some
implementations, the backup data can be stored in an offsite data repository, in a separate
local or remote database, or within a machine associated database.

[0051] The use of any suitable programming language is considered to be within
the scope of this disclosure. LOA lubrication oil analysis data can be retrieved (for
example, using a suitable database query language) from earlier database to determine
a degradation rate. Processing can include a repetition of steps 202-224 at different

times (corresponding to different degradation rates) and an estimated useful remaining
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lifetime of the oil is provided (for example, displayed). Output of the method 200 can
be provided in a standard tabular format, but other formats are possible and considered
to be within the scope of this disclosure.

[0052] The method 200 can be used to determine relationships between the LOA
parameters (for example, natural frequency or the damping factor) associated with the
existing LOA lubrication oil analysis data (for example, viscosity) and then graphically
display the determined relationship results using a graphical technique, as described with
reference to FIGs. 3B and 4B.

[0053] FIG. 3A illustrates an example fit for the over-damped model
corresponding to an oil sample 300a. Fluorescence intensity 302a is displayed as a
function of time with a selected time resolution (for example, 20 ms). The term w
corresponds to the best fit frequency in radians/second and d is the damping factor. In
some implementations, a similar graph can be displayed to a user analyzing a particular
oil sample, according to method 200. The example display can allow a rapid, visual
analysis of the presented data.

[0054] FIG. 3B illustrates an example experimental validation 300b of method
200 for an over-damped system, described with reference to FIG. 2. The experimental
validation tests the relationship between damping factors 302b determined using method
200 and kinematic viscosities for a plurality of oil samples. Experimental validation
tests were performed on 4 different samples of turbine lubricant oils taken from the same
equipment, at different times (for example, corresponding to different levels of
deterioration). The kinematic viscosity (at 40°C) and density (at 20°C) were measured
using ASTM D-7024 and D-4052, respectively, and are listed in Table 1. Data reduction
algorithm was used to reduce the number of points by 5 times before a best fit for Eq. 4
was carried out to obtain the oscillation frequency for each of the samples. The damping
factor of the oils tested was found to increase with viscosity. A plot of the oscillator
frequency vs. viscosity, as shown in FIG. 3B shows a linear correlation of R? values (for
example, coefficient of determination) better than 96%. The linear correlation between
the oil parameter and viscosity, as illustrated in FIG. 3B indicates that method 200 can
be used to measure the deterioration condition of the lubricant oil. The relationship
between the damping factor, density and kinematic viscosity can also be used to

determine the viscosity of turbine oil in-situ for each analyzed oil sample.
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Density at 20°C Kinematic viscosity at 40°C
Sample 1 | 0.8739 31.476
Sample2 | 0.8716 32.605
Sample3 | 0.8737 33.243
Sample 4 | 0.8737 33.270
Table 1
[0055] FIG. 4A illustrates an example fit for the critically-damped model

corresponding to an oil sample 400a. Fluorescence intensity 402a is displayed as a
function of time with a selected time resolution (for example, 20 ms). The term w
5  corresponds to the best fit fluorescence oscillation frequency in radians/second. In some
implementations, a similar graph can be displayed to a user analyzing a particular oil
sample, according to method 200. The example display can allow a rapid, visual
analysis of the presented data.
[0056] FIG. 4B illustrates an example experimental validation 400b of method
10 200 for a critically damped system, described with reference to FIG. 2. The
experimental validation tests the relationship between undamped natural frequencies
(expressed in radians/second) 402b determined using method 200 and kinematic
viscosities for a plurality of oil samples. Experimental validation tests were performed
on 5 different samples of turbine lubricant oils taken from the same equipment, at
15  different times (for example, corresponding to different levels of deterioration). The
kinematic viscosity (at 40°C) and density (at 20°C) were measured using ASTM D-7024
and D-4052, respectively, and are listed in Table 2.

Density at 20°C Kinematic viscosity at
40°C
Sample 1 0.8739 31.476
Sample 2 0.8716 32.605
Sample 3 0.8723 32.850
Sample 4 0.8739 33.084
Sample 5 0.8739 33.122
Table 2
20 [0057] Data reduction algorithm was used to reduce the number of points by 5

times before a best fit for Eq. 4° was carried out to obtain the oscillation frequency for
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each of the samples. The fluorescence oscillation frequencies of the tested oils were
found to increase with viscosity. A plot of the oscillator frequency vs viscosity is shown
in FIG. 4B, which shows a logarithmic correlation of R? values (for example, coefficient
of determination) better than 94%. The linear correlation between the oil parameter and
viscosity, as illustrated in FIG. 4B indicates that method 200 can be used to measure the
deterioration condition of the lubricant oil. The relationship between the undamped
natural frequency, density and kinematic viscosity can also be used to determine the
viscosity of turbine oil in-situ for each analyzed oil sample.

[0058] FIG. 5 is a block diagram 122 of an exemplary computer 502 used for
predicting lubrication oil degradation based on LOA in a lubrication oil sample
according to an implementation. The illustrated computer 502 is intended to encompass
any computing device such as a server, desktop computer, laptop or notebook computer,
wireless data port, smart phone, personal data assistant (PDA), tablet computing device,
one or more processors within these devices, or any other suitable processing device,
including both physical and virtual instances of the computing device. Additionally, the
computer 502 may comprise a computer that includes an input device, such as a keypad,
keyboard, touch screen, or other device that can accept user information, and an output
device that conveys information associated with the operation of the computer 502,
including digital data, visual and audio information, or a graphical user interface (GUI).

[0059] The computer 502 can serve as a client, network component, a server, a
database or other persistency, or any other component of a computer system for
predicting lubrication oil degradation based on LOA in a lubrication oil sample. The
illustrated computer 502 is communicably coupled with a network 530. In some
implementations, one or more components of the computer 502 may be configured to
operate within a cloud-computing-based, local, global, or other environment.

[0060] At a high level, the computer 502 is an electronic computing device
operable to receive, transmit, process, store, or manage data and information associated
with predicting lubrication oil degradation based on LOA in a lubrication oil sample.
According to some implementations, the computer 502 may also include or be
communicably coupled with an application server, e-mail server, web server, caching
server, streaming data server, business intelligence (BI) server, or other server.

[0061] The computer 502 can receive requests over network 530 from a client

application (for example, executing on another computer 502) and respond to the
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received requests by processing the said requests in an appropriate software application.
In addition, requests may also be sent to the computer 502 from internal users (for
example, from a command console or by other appropriate access method), external or
third parties, other automated applications, as well as any other appropriate entities,
individuals, systems, or computers.

[0062] Each of the components of the computer 502 can communicate using a
system bus 503. In some implementations, any or all the components of the computer
502, both hardware and software, may interface with each other or the interface 504 over
the system bus 503 using an application programming interface (API) 512 or a service
layer 513. The API 512 may include specifications for routines, data structures, and
object classes. The API 512 may be either computer language-independent or -
dependent and refer to a complete interface, a single function, or even aset of APIs. The
service layer 513 provides software services to the computer 502 and other components
(whether or not illustrated) that are communicably coupled to the computer 502. The
functionality of the computer 502 may be accessible for all service consumers using this
service layer. Software services, such as those provided by the servicelayer 513, provide
reusable, defined business functionalities through a defined interface. For example, the
interface may be software written in any suitable language providing data in extensible
markup language (XML) format or other suitable format. While illustrated as an
integrated component of the computer 502, alternative implementations may illustrate
the API 512 and the service layer 513 as stand-alone components in relation to other
components of the computer 502 and other components (whether or not illustrated) that
are communicably coupled to the computer 502. Moreover, any or all parts of the API
512 and the service layer 513 may be implemented as child or sub-modules of another
software module, enterprise application, or hardware module without departing from the
scope of this disclosure.

[0063] The computer 502 includes an interface 504. Although illustrated as a
single interface 504 in FIG. 5, two or more interfaces 504 may be used according to
particular needs, desires, or particular implementations of the computer 502 and
functionality for predicting lubrication oil degradation based on LOA. The interface
504 is used by the computer 502 for communicating with other systems in a distributed
environment that are connected to the network 530. Generally, the interface 504

comprises logic encoded in software and hardware in a suitable combination and
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operable to communicate with the network 530. More specifically, the interface 504
may comprise software supporting one or more communication protocols associated
with communications such that the network 530 or interface’s hardware is operable to
communicate signals within and outside of the illustrated computer 502.

[0064] The computer 502 includes a processor 505. Although illustrated as a
single processor 505 in FIG. 5, two or more processors may be used according to
particular needs, desires, or particular implementations of the computer 502. Generally,
the processor 505 executes instructions and manipulates data to perform the operations
of the computer 502. Specifically, the processor 505 executes the functionality for
predicting lubrication oil degradation based on LOA in a lubrication oil sample.

[0065] The computer 502 also includes a memory 506 that holds data for the
computer 502 and other components that can be connected to the network 530. For
example, memory 506 can be a database storing LOA lubrication oil analysis data, and
data consistent with this disclosure. Although illustrated as a single memory 506 in FIG.
5, two or more memories may be used according to particular needs, desires, or
particular implementations of the computer 502 and functionality to predict lubrication
oil degradation based on LOA in a lubrication oil sample. While memory 506 is
illustrated as an integral component of the computer 502, in alternative implementations,
memory 506 can be external to the computer 502.

[0066] The application 507 is an algorithmic software engine providing
functionality according to particular needs, desires, or particular implementations of the
computer 502, particularly with respect to functionality required for predicting
lubrication oil degradation based on LOA in a lubrication oil sample. For example,
application 507 can serve as one or more components, modules, and applications
described with respect to any of the figures. Further, although illustrated as a single
application 507, the application 507 may be implemented as multiple applications 507
on the computer 502. In addition, although illustrated as integral to the computer 502,
in alternative implementations, the application 507 can be external to the computer 502.

[0067] There may be any number of computers 502 associated with, or external
to, a computer system containing computer 502, each computer 502 communicating

2% <<

over network 530. Further, the terms “client,” “user,” and other appropriate terminology

may be used interchangeably as appropriate without departing from the scope of this
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disclosure. Moreover, this disclosure contemplates that many users may use one
computer 502, or that one user may use multiple computers 502.

[0068] Implementations of the subject matter and the functional operations
described in this specification can be implemented in digital electronic circuitry, in
tangibly embodied computer software or firmware, in computer hardware, including the
structures disclosed in this specification and their structural equivalents, or in
combinations of one or more of them. Implementations of the subject matter described
in this specification can be implemented as one or more computer programs, such as,
one or more modules of computer program instructions encoded on a tangible,
non-transitory computer-storage medium for execution by, or to control the operation
of, data processing apparatus. Alternatively or in addition, the program instructions can
be encoded on an artificially generated propagated signal, such as, a machine-generated
electrical, optical, or electromagnetic signal that is generated to encode information for
transmission to suitable receiver apparatus for execution by a data processing apparatus.
The computer-storage medium can be a machine-readable storage device, a machine-
readable storage substrate, a random or serial access memory device, or a combination
of one or more of them.

2 <

[0069] The terms “data processing apparatus,” “computer,” or “electronic
computer device” (or equivalent as understood by one of ordinary skill in the art) refer
to data processing hardware and encompass all kinds of apparatus, devices, and
machines for processing data, including by way of example, a programmable processor,
a computer, or multiple processors or computers. The apparatus can also be or further
include special purpose logic circuitry, for example, a central processing unit (CPU), an
FPGA (field programmable gate array), or an ASIC (application-specific integrated
circuit). In some implementations, the data processing apparatus and special purpose
logic circuitry may be hardware-based and software-based. The apparatus can
optionally include code that creates an execution environment for computer programs,
for example, code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them.
The present disclosure contemplates the use of data processing apparatuses with or
without conventional operating systems.

[0070] A computer program, which may also be referred to or described as a

program, software, a software application, a module, a software module, a script, or
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code, can be written in any form of programming language, including compiled or
interpreted languages, or declarative or procedural languages, and it can be deployed in
any form, including as a stand-alone program or as a module, component, subroutine, or
other unit suitable for use in a computing environment. A computer program may, but
need not, correspond to a file in a file system. A program can be stored in a portion of
a file that holds other programs or data, for example, one or more scripts stored in a
markup language document, in a single file dedicated to the program in question, or in
multiple coordinated files, for example, files that store one or more modules,
sub-programs, or portions of code. A computer program can be deployed to be executed
on one computer or on multiple computers that are located at one site or distributed
across multiple sites and interconnected by a communication network. While portions
of the programs illustrated in the various figures are shown as individual modules that
implement the various features and functionality through various objects, methods, or
other processes, the programs may instead include a number of sub-modules, third-party
services, components, libraries, and such, as appropriate. Conversely, the features and
functionality of various components can be combined into single components as
appropriate.

[0071] The processes and logic flows described in this specification can be
performed by one or more programmable computers executing one or more computer
programs to perform functions by operating on input data and generating output. The
processes and logic flows can also be performed by, and apparatus can also be
implemented as, special purpose logic circuitry, such as, a CPU, an FPGA, or an ASIC.

[0072] Computers suitable for the execution of a computer program can be based
on general or special purpose microprocessors, both, or any other kind of CPU.
Generally, a CPU will receive instructions and data from a read-only memory (ROM)
or a random access memory (RAM) or both. The essential elements of a computer are
a CPU for performing or executing instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also include, or be operatively
coupled to, receive data from or transfer data to, or both, one or more mass storage
devices for storing data, for example, magnetic, magneto-optical disks, or optical disks.
However, a computer need not have such devices. Moreover, a computer can be
embedded in another device, for example, a mobile telephone, a personal digital

assistant (PDA), a mobile audio or video player, a game console, a global positioning
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system (GPS) receiver, or a portable storage device, for example, a universal serial bus
(USB) flash drive, to name just a few.

[0073] Computer-readable media (transitory or non-transitory, as appropriate)
suitable for storing computer program instructions and data include all forms of
non-volatile memory, media and memory devices, including by way of example
semiconductor memory devices, for example, erasable programmable read-only
memory (EPROM), electrically erasable programmable read-only memory (EEPROM),
and flash memory devices; magnetic disks, for example, internal hard disks or
removable disks; magneto-optical disks; and CD-ROM, DVD- R, DVD-RAM, and
DVD-ROM disks. The memory may store various objects or data, including caches,
classes, frameworks, applications, backup data, jobs, web pages, web page templates,
database tables, repositories storing business and dynamic information, and any other
appropriate information including any parameters, variables, algorithms, instructions,
rules, constraints, or references thereto. Additionally, the memory may include any
other appropriate data, such as logs, policies, security or access data, reporting files, as
well as others. The processor and the memory can be supplemented by, or incorporated
in, special purpose logic circuitry.

[0074] To provide for interaction with a user, implementations of the subject
matter described in this specification can be implemented on a computer having a
display device, for example, a cathode ray tube (CRT), liquid crystal display (LCD),
light emitting diode (LED), or plasma monitor, for displaying information to the user
and a keyboard and a pointing device, for example, a mouse, trackball, or trackpad by
which the user can provide input to the computer. Input may also be provided to the
computer using a touchscreen, such as a tablet computer surface with pressure
sensitivity, a multi-touch screen using capacitive or electric sensing, or other type of
touchscreen. Other kinds of devices can be used to provide for interaction with a user
as well; for example, feedback provided to the user can be any form of sensory feedback,
for example, visual feedback, auditory feedback, or tactile feedback; and input from the
user can be received in any form, including acoustic, speech, or tactile input. In addition,
a computer can interact with a user by sending documents to and receiving documents
from a device that is used by the user; for example, by sending web pages to a web
browser on a user’s client device in response to requests received from the web browser.

[0075] The term “graphical user interface,” or “GUI,” may be used in the
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singular or the plural to describe one or more graphical user interfaces and each of the
displays of a particular graphical user interface. Therefore, a GUI may represent any
graphical user interface, including but not limited to, a web browser, a touch screen, or
a command line interface (CLI) that processes information and efficiently presents the
information results to the user. In general, a GUI may include a plurality of user
interface (UI) elements, some or all associated with a web browser, such as interactive
fields, pull-down lists, and buttons operable by the business suite user. These and other
UI elements may be related to or represent the functions of the web browser.

[0076] Implementations of the subject matter described in this specification can
be implemented in a computing system that includes a back-end component, for
example, as a data server, or that includes a middleware component, for example, an
application server, or that includes a front-end component, for example, a client
computer having a graphical user interface or a web browser through which a user can
interact with an implementation of the subject matter described in this specification, or
any combination of one or more such back-end, middleware, or front-end components.
The components of the system can be interconnected by any form or medium of wireline
or wireless digital data communication, for example, a communication network.
Examples of communication networks include a local area network (LAN), a radio
access network (RAN), a metropolitan area network (MAN), a wide area network
(WAN), worldwide interoperability for microwave access (WIMAX), a wireless local
area network (WLAN) using, for example, 802.11 a/b/g/n and 802.20, all or a portion of
the Internet, and any other communication system or systems at one or more locations.
The network may communicate with, for example, internet protocol (IP) packets, frame
relay frames, asynchronous transfer mode (ATM) cells, voice, video, data, or other
suitable information between network addresses.

[0077] The computing system can include clients and servers. A client and
server are generally remote from each other and typically interact through a
communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-server
relationship to each other.

[0078] In some implementations, any or all of the components of the computing
system, both hardware and software, may interface with each other or the interface using

an application programming interface (API) or a service layer. The API may include
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specifications for routines, data structures, and object classes. The API may be either
computer language-independent or -dependent and refer to a complete interface, a single
function, or even a set of APIs. The service layer provides software services to the
computing system. The functionality of the various components of the computing
system may be accessible for all service consumers via this service layer. Software
services provide reusable, defined business functionalities through a defined interface.
For example, the interface may be software written in any suitable language providing
data in any suitable format. The API and service layer may be an integral or a stand-
alone component in relation to other components of the computing system. Moreover,
any or all parts of the service layer may be implemented as child or sub-modules of
another software module, enterprise application, or hardware module without departing
from the scope of this disclosure.

[0079] While this specification contains many specific implementation details,
these should not be construed as limitations on the scope of any invention or on the
scope of what may be claimed, but rather as descriptions of features that may be specific
to particular implementations of particular inventions. Certain features that are
described in this specification in the context of separate implementations can also be
implemented in combination in a single implementation. Conversely, various features
that are described in the context of a single implementation can also be implemented in
multiple implementations separately or in any suitable sub-combination. Moreover,
although features may be described as acting in certain combinations and even initially
claimed as such, one or more features from a claimed combination can in some cases be
excised from the combination, and the claimed combination may be directed to a sub-
combination or variation of a sub-combination.

[0080] Particular implementations of the subject matter have been described.
Other implementations, alterations, and permutations of the described implementations
are within the scope of the following claims as will be apparent to those skilled in the
art. While operations are depicted in the drawings or claims in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed (some
operations may be considered optional), to achieve desirable results. In certain
circumstances, multitasking or parallel processing may be advantageous and performed

as deemed appropriate.
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[0081] Moreover, the separation or integration of various system modules and
components in the implementations described earlier should not be understood as
requiring such separation or integration in all implementations, and it should be
understood that the described program components and systems can generally be
integrated together in a single software product or packaged into multiple software
products.

[0082] Accordingly, the earlier provided description of example
implementations does not define or constrain this disclosure. Other changes,
substitutions, and alterations are also possible without departing from the spirit and

scope of this disclosure.
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CLAIMS

1. A method to diagnose lubrication oil deterioration, the method comprising:

irradiating a lubrication oil sample with a light beam such that a light-induced
fluorescence is emitted from the lubrication oil sample;

detecting a light-induced fluorescence signal from the lubrication oil sample;

determining a lubrication oil parameter from the light-induced fluorescence
signal; and

determining an amount of lubrication oil deterioration by correlating the

lubrication oil parameter to a calibration curve.

2. The method of claim 1, wherein determining the lubrication oil parameter further
comprises determining a temporal variation of a fluorescence intensity from the light-

induced fluorescence-signal.

3. The method of claim 2, wherein determining the lubrication oil parameter
further comprises determining a steady-state of the light-induced fluorescence-signal

from the temporal variation of the fluorescence intensity.
4. The method of claim 3, wherein determining the lubrication oil parameter further
comprises determining the lubrication oil parameter from the steady-state of the light-

induced fluorescence-signal.

5. The method of claim 1, further comprising collecting the lubrication oil sample

from an industrial equipment.

6. The method of claim 1, wherein the light beam is a continuous electromagnetic

wave characterized by a single wavelength.

7. The method of claim 6, wherein the single wavelength is between 200

nanometers and 550 nanometers.
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8. The method of claim 1, further comprising converting the continuous
electromagnetic wave into a plurality of step light beams, such that each step light beam

has substantially the same intensity within a time interval.

9. The method of claim 1, further comprising guiding the light beam at an acute

angle on a front surface of a container holding the lubrication oil sample.

10. The method of claim 1, further comprising filtering the light -induced

fluorescence signal.

11. The method of claim 1, further comprising capturing the light-induced

fluorescence signal by a fast photodiode.

12. The method of claim 1, wherein the fluorescence intensity is represented as a
second order dynamic system which corresponds to an over-damped oscillator and the

damping factor is larger than 1 or smaller than 1.

13. The method of claim 1, wherein the oil parameter is at least one of associated to
an oil viscosity, is a damping factor of the fluorescence signal, is an undamped natural

frequency of the fluorescence signal.

14. The method of claim 1, further comprising:

comparing the oil parameter to previously measured oil parameter to determine
an oil deterioration rate; and

determining an estimate of a useful remaining lifetime of the industrial
equipment associated to the lubrication oil sample based on the oil deterioration rate,
wherein the industrial equipment is in use in a hydrocarbon-producing well during

determining the estimate of the useful remaining lifetime of the industrial equipment.

15. The method of claim 14, wherein the industrial equipment is a submersible pump
configured to pump fluid uphole from the hydrocarbon-producing well and wherein the

submersible pump is disposed within the hydrocarbon-producing well.
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16.

17.

18.

The method of claim 1, wherein the light beam is generated by a laser source.

A system to diagnose lubrication oil deterioration, the system comprising:
a memory;
a hardware processor interoperably coupled with the memory and configured to:
guide a light beam to a lubrication oil sample;
detect light -induced fluorescence signal from the lubrication oil sample;
determine a lubrication oil parameter from the light-induced fluorescence
signal; and
determine an amount of lubrication oil deterioration by correlating the

lubrication oil parameter to a calibration curve.

A system, comprising:
a light beam generator configured to generate a light beam;
a container comprising a lubrication oil sample;

an optical equipment configured to guide the light beam to a face of the

container;

a fast photodiode configured to detect light -induced fluorescence signal from

the lubrication oil sample; and

a hardware processor interoperably coupled with a memory and configured to:
determine a lubrication oil parameter from the light-induced fluorescence
signal; and
determine an amount of lubrication oil deterioration by correlating the

lubrication oil parameter to a calibration curve.
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