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I nvent i onwiosesiesddl y concerned with inprovenents in anal y;stngsg,j)ﬁmm

el ectrical properties of a working fluid, such as a lubricating oil. More
particularly the invention is concerned with an on-line, real tineg,
electrical neasure of lubricating oil degradation. BACKGROUND OF | NVENTI ON
[0002] Working fluids, such as lubricatilhg oils and hydraulic fluids, are

i nportant conponents of a wide variety of nechanical systens in whi ch t hey
provi de one or nore functions such as lubricating noving parts, transferring
force or ener gymmmob hrMBRRANMIING| A SipREENT FPUIOL 88NN MPENANGE SRFECIBISCVRAr  Or
even a conbination of these. [0003] These fluids typically consist of a
hydr ocar bon, base oil fornmulated wth nunerous additives selected to
enhance one or nore performance characteristics of the fluid. [0004] Wth
use over td fiB y becone contam nated with substances with

whi ch t hey=eeferAro—tohtaet, by the ingress of foreign substances in the
nmechani cal system by oxidation of the base oil and chemical deconposition
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{ measure of lubricating oil degradation.

BACKGROUND OF INVENTION

[0002] Working fluids, such as lubricating ocils and hydraulic fluids, are
important components of a wide variety of mechanical systems in which they
provide one or more functions such as lubricating moving parts, transferring
force or energy on the mechanical system, protecting parts against wear or even

a combination of these.

[0003] These fluids typically consist of a hydrocarbon, base oil formulated
with numerous additives selected to enhance one or more performance

characteristics of the fluid.

[0004]  With use over time these fluids may become contaminated with
substances with which they come into contact, by the ingress of foreign
substances in the mechanical system, by oxidation of the base oil and chemical
decomposition of the additives used in the formuiated fluids. The net resultis a
decrease in the performance characteristics of the fluid with the concomitant

negative impact on the mechanical system using the fluid,

[0005] Therefore, in many industrial environments regular fluid analysis by

common laboratory methods is a standard modus operandi. This necessitates



-2- running a sanple of the fluid and transporting it, typical |2|y o@\L-[ﬁ]'te,
for analysis. This procedure normally takes at |east three ful 0 §A¥, A0gef or e
the requi YQ8Y/1MAM ysis is conpleted and a report can be olp@frpadssdch a
time lag is highly wundesirable. [0006] The art is replete with proposed

met hods for the on-line evaluation of the quality of lubricants, many of
which are based on electrical neasuremenys, such as the dielectric constant
or inpedance of the fluid, with the neasurenents being taken nost often at
one, and sonetinmes two, discrete and fixed frequencies. Experience has

shown, ho { - ent | tl.sfact .For
oxanpi o, Siiaing.d bl 3R IR M3, ArSpPind bl JR, P it
property ; ' ' b Shyl LGl L d to give a
PLrPoby o (This podediré bty TGS f Rast fure Pl daft BBfor RERRMBHKE [ | ently
sensi ti veanalysiirisioonpletedyant o seporiean bebbuesedsBuch ¥ timeYaglis liphpccurat e

I ndication of the condition of the lubricant. Al so, the wires and ot her
conmponent aindesigatllor naki ng el ectrical measurenents can produce spurious
effects that obscure or distort the electrical properties of the fluid.

Mor eover, the best frequency for optinmumsensitivity is highly dependent on
t he propel0006] of Thhartisrkplete withi propesed methndsdios the onsljriecenalyatiotkef at

di screte d fixed frequencies ar ot. optim_zed for a_ specific working
fluid. [ ogﬁqﬂumﬁq i 1Y RECRRLS, TRy qefmrivéph@m E’Eﬁ%‘é%ﬁi?éﬂ'&&lm??éppem%&&
conductivities. ... For;examle,. industrial oi t yot cal Ly have siqgnificantl

| ower con&hﬁﬁia\;/mﬁ glqchﬁ'eo*lmtr(ﬂrglmé%ﬁgﬁgpﬁlﬁe g‘ﬁ‘b‘fﬁ‘é“ﬁ{&‘b“r W&%?%W%ubt eél y
due to th '%‘gﬁ ' Y d Is b dERRG Fons of the

i ndustri a?»e{{]{ ri %%#@%éﬁsaécﬁghﬁgﬁﬁgﬁﬂg&tﬁbt?y to E%H%*ég]ect rical

neasur eneficgueacies. Bxpbrisack haeshowns, howas) that et Incthvds apedof aitireligi ne
| ubricants to determne the quality or condition of oils that have

rel ati vel yatisfactoondffor exampls at semedeequengies rand| atdowdempegaiures ther obl enat i c.
electrical property of the fluid being measured is insufficiently sensitive to give a

reliable indication of the condition of the fluid and even if sufficiently sensitive, .
the frequency chosen may not necessarily provide an accurate indication of the
condition of the lubricant. Also, the wires and other components used for
making electrical measurements can produce spurious effects that obscure or
distort the electrical properties of the fluid. Moreover, the best frequency for
optimum sensitivity is highly dependent on the properties of the working fluid
and measurements typically taken at discrete and fixed frequencies are not

optimized for a specific working fluid.

[0607] Additionally, many working fluids have extremely low conductivities.
For example, industrial oils typically have significantly lower conductivities than
internal combustion engine lubricants undoubtedly due to the higher viscosity
and lower additive concentrations of the industrial lubricants. Consequently the
ability to employ electrical measurements based on fixed frequency measure-
ments developed for engine lubricants to determine the quality or condition of
oils that have relatively low conductivities such as industrial oils is quite

problematic.



2 0 NOvV 2006 WD 03/104798 PCT/ USO03/ 18026 -3- [0008] Thus there remains a
need for inprovenents in determning the condition of a workipgnNpyugg such
as a | ubriW&m3/1049809] An object, therefore, of the present P&’f'/é)gﬁ'ifis(ﬁ% is to
provide a nmethod for detecting the depletion of performance additives in a
| ubricant. [0010] Another object is to provide an electrical neasurenent

nmet hod for determning the condition of | ow conductivity industrial oil.
[0011] Still another object is to provid@{for inproving the sensitivity in
the electrical measurenment for determning the condition of working fluids.
[0012] These and ot her objects will becone apparent fromthe description

whi ch” f ol | B308]sunhws/there rewegs|aaecdoior smpepyasnents in deteamining the esent

i nvention enpl.oys ternati .cqurrent ((AC). el ectro-inpedance spectroscopy
to deterni ﬁ&%@%‘%ﬁr%}”ﬁgﬁwﬁﬂ&@ Sé‘ﬁl&ﬁséslﬁ\g%‘ﬁ%ﬁ“i' cants, and especially

I ndustrial oils, one or nore of the follow ng properties: the resistance,

t he capaci , the fr.equency. at ch the phase angl e between he vol t age
and currenhﬂﬂ@ﬁ45 g‘é‘gﬂt@% 53’%? Present ?‘?‘?@%ﬂé?&h?{ové ‘Elana?éleﬁet e

i npedance o C : | ] . with a
predetermﬁ(gjddb&g?nd?ﬁlgr @%@Q%E%B%ﬁéﬂ@%%ﬁ‘gﬁ& at%% condition to
determ ne the condition of the working fluid. Preferably the property

det er m ned as IR L . BEfg | PTI ON
o DRAW NS 14] “é.sg}?? té’bjbdutg a é&ﬁ%ﬁg&éﬁl@?ﬁéﬁslﬁ%&%& ﬂal%asuﬁng
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[0011]  Still another object is to provide for improving the sensitivity in the

electrical measurement for determining the condition of working fluids.

[0012] These and other objects will become apparent from the description

which follows.

SUMMARY OF INVENTION

[0013] Briefly stated, the present invention employs alternating current (AC)
electro-impedance spectroscopy to determine for working fluids such as
lubricants, and especially industrial oils, one or more of the following properties:
the resistance, the capacitance, the frequency at which the phase angle between
the voltage and current is 45 degrees (Omega max), the time constant, and
discrete impedance values; and comparing the determined property with a
predetermined value for the same property for a known fluid condition to
determine the condition of the working fluid. Preferably the property

determined is measured at a temperature above about 50°C.

BRIEF DESCRIPTION OF DRAWINGS

[0014] Figure 1 is a schematic illustration of a measuring device for collect-

ing impedance data according to the invention.



-4- [0015] Figure 2 is a schematic illustration of a systemfor n%n' tvlc:){ g
the condition of a working fluid according to the invention. [0@ G“hﬂ u@ﬂres
3 and 4 d&YRA¥I¥MBe the ability to generate Nyquist curves Fowusisaoze
conductivity oils at tenperatures above 50C. DETAI LED DESCRI PTI ON OF

| NVENTI ON [ 0017] AC (alternating current) el ectro-inpedance spectroscopy is
a well  known technique. It involves thg _inposition of AC signals over a
broad range of frequencies to a material to be analyzed. The el ectri cal
response to those signals is determ ned and by the application of

el ectrica IgC Ui : s B | mat eri al
IS obtai n'éoc}}.jl 5[]Oofg]gh{ﬁgE%?gggﬁ?%%\%%ﬁbﬁheoﬁp*%%@@sgf%cg?trdgir}gﬁrﬂggdance
spect r oscepydition of ef working fluid acomding anthedhvéntidii ki ng fluid. Indeed the
present invention is particularly applicable to determ ning the conditions
of low conductivity oils. The |Iow conductivity oils to which the present

i nvent i onfog @)ar tFiguted 3 ind@dentonsihilte iy sbilioregervae N pihist &ilkvks fave a

ki nematic viscosity at 100C of greater than 15 ¢St and containing | ess than
about 3 wiow canduativityaeils it tempedaiiurés/avovesH)°€tt ed from di spersants,

antioxi dants, detergents, VI inprovers and antiwear agents. Thus, an

| nportant aspect of the present invention is the provision of an AC

el ect r o- | DEAHFED IPESCRIPTION OFCINVENTIONet er m ni ng t he condi tion of
industrial oils, especially on-line, i.e., when contained in nmechani cal
systens, even when the systens are operating. [0019] According to the

i nvent i on[0M7}ai rACT(altpmatinigamarentk¢lectrodihpedancr speatroscopy tsomwedl ri c,
cylindrical electrodes 1 . and 2 shown in Figure 1, are placed in a bady of
wor ki ng f kKe@wndechsaqus oltjineetvepihs knpesifion ot Afe s1gnus over abroadsange pf a

Cy<t om ( nseaesTER o § o B Ahelrell. i B poBEEo flonf oBRIET 27 o

NO V' 200645 determined and by the application of electrical circuit theory a description of

the properties of the material is obtained.

[0018] The present invention employs AC electro-impedance spectroscopy to
determine the conditions of a working fluid. Indeed the present invention is
particularly applicable to determining the conditions of low conductivity oils.
The low conductivity oils to which the present invention is particularly applic-
able are those unused oils that have a kinematic viscosity at 100°C of greater
than 15 ¢St and containing less than about 3 wt% (active basis) of additives
selected from dispersants, antioxidants, detergents, VI improvers and antiwear
agents. Thus, an important aspect of the present invention is the provision of an
AC electro-impedance spectroscopic method for determining the condition of
industrial oils, especially on-line, i.e., when contained in mechanical systems,

even when the systems are operating,

[0019] According to the invention, a pair of spaced apart electrodes, such as
the concentric, cylindrical electrodes 1 and 2 shown in Figure 1, are placed in a
body of working fluid to be analyzed. Preferably the working fluid is within a
mechanical system, for example in an oil reservoir or sump of a mechanical

system (not shown), in an oil delivery manifold, or bypass manifold of a



WO 03/104798 PCTI US03/ 18026 -5- nechanical system (also not shown)
requiring lubrication or use of a working fluid. [0020] The di nensj ons of
the el ect iaglgs/iQhogcoOUr se, will depend on its positioning w t A Ot 2000

nmechani cal system and the nature of the working fluid bei ngCTAPA%026. For

I ndustrial |ubricants, such as paper nmachine oils, the length of the

el ectrodes .shown in Fi gure 1 typically will be in the range of between about
0.5 cmto about 20 cm the dianeter of5the outer el ectrode between about
0.5 cmto about 4 cmand the gap between the inner and outer el ectrode
between about 0.1 to 10 nm Oher geonetries for the el ectrodes may be

enpl oyed, mechimiasl yisttm (plao alok showhatesmirifig atbricatendrgiseaifedwelldagr odes
etched on_an inert substrate and the 1like. [0021] Placing the electrodes in
a wor ki ngﬂflldji d contained in a nechanical systempermts on-line, real

time, analysis of the fluid, i.e., the condition of the fluid can be
nmeasur ed contl nuousl ~while e oned I n the nechanical system wthout the
need to rEHM2M 1$fons ﬁlml@pt!rqd@nof ﬁ@lr§9,sw&1hfl¢mnctmmt§su s. [0022]

| B hﬁm%pmmeg Fel bt o 355~

f -f 3M Hz.
The app! 1 SRR EoCinBdtal briChts, slcif s bipbifabRSHiR did Rk BP0
which is gRagdi@&hown HEFighee lefypiH%HEMhl‘l%é fietheirdngé of BErwWEASabou 9.3 he

output, i.e., a frequency response analyzer (FRA)"is shown diagramatically
i n Fi gur ecth thyaboat 20 entehe dismmetat of theSonter éleerode bytweespatras (efainyoer s are
comercial |y available devices and are used to acquire frequency dependent

i rrpedancealmtal cmrmlﬁbf: gap |b@me¢m§man%andmume§ elactrogiedhatweem ehmt. Gl 1y in
Flgure_z_v\,h6 resg,nt |c el ectrodes i me (;hﬂtn an oi l
2 %A i g 1af0 i EBe° ecfsRBER 3P deRaodesmay BRIy A Sl ot o
sequence Of ftOpAtes, ABFimerdiGididll electrodes etched on an inert substrate and the

like.

[0021] Placing the electrodes in a working fluid contained in a mechanical
system permits on-line, real time, analysis of the fluid, i.e., the condition of the
fluid can be measured continuously while employed in the mechanical system

without the need to remove a sample of the fluid from the system for analysis.

[0022] An AC signal is applied to one electrode at a plurality of frequencies,
typically at more than three frequencies, for example from 4 to 1000 frequencies
and preferably from 4 to 20 in the range of from 1 Hz to 3M Hz. The applied
signal produces an electrical output at the other electrode which is measured. A
device for applying the signal and measuring the output, i.e., a frequency
response analyzer (FRA) is shown diagrammatically in Figure 1 by reference
numeral 3. Such frequency response analyzers are commercially available
devices and are used to acquire frequency dependent impedance data. Another
fluid impedance monitor is shown schematically in Figure 2 where 1 and 2
represent concentric electrodes immersed in an oil 4. A digital function
generator 5 generates a predetermined discrete sequence of signals and a digital-

to-analog converter 6 converts the sequence to an analog sinusoidal voltage of



to-anal og converter 6 converts the sequence to an anal og sinusoi dal voltage
of 2 0 NOy, 2006 WO 03/104798 PCTI US03/ 18026 -6- small anplitud@gNoWnajesand
frequency WP YHP8appl i es the voltage to the outer el ectr aaer@sosfibeesappl i ed
signal produces an electrical charge on the inner electrode 1. A charge
anplifier 7 converts the charge into a sinusoidal voltage, Vout, at the
sanme frequency, co. The tine-based waveforns of both input and out put

vol tages are converted by an analog-to-digital converter 8 and the

resulting data is acquired and processed by data processor 9. [0023] In the

?ﬁéacﬁkﬁfgﬁﬂﬂiﬂﬁelé%d@i Y&?ﬁsﬁeﬁﬁ%ﬁﬁiy%ﬁ@?@ﬁ%@?ﬁﬁ%ﬁ GeEERer o ¢ E:ejal "
output " vEfESodeZ The Bbphied kindl plodicEo fi REadéd o e Bhef THO! 42
transfer eleogiodert, | & chafgebmipliflehd doaivers dhe hargedatbasikomaisonagf the

charge anplifier 7 to the inpedance of the working fluid to be analyzed.
Di vi di ng Mumt} atethe amef feequidney, wbyThdimeroased ampyéfbimas of bettbmpit angledance,
the admttance of the working fluid is obtained. The reciprocal of the

adni t t anceuipntagltages aret ¢nnvented dyrareandlogite-digisakeconyerten Bandithes process of
data acqui sition and processing is re ted over all_ operating frequencies
until theT ‘Fn&éaqaﬂﬁéﬁﬁﬁgﬁgépgmqsﬁ%ﬁsﬁ@f?eﬂqc&ﬁm@ata i s obtained. [0024]
According to the invention the frequency dependent inpedance or admttance
dat a obt aj as descrjbed herein is used.to determ ne one_or nore of the
resistanct&?ﬁ]e cﬂ’p’i’@i PEOCES Y ﬁé{!}%ﬁﬂ?ﬁﬂ?ﬁ%ﬂ@ﬁ%ﬁ@%ﬁ@r%gﬁ bet ween
the volta r [entsd.s..4 [ wor ki ng
e, vol Ao B bl ARG B ERnEY o bk BRaGALF Mgl e
dependent jp di%%ﬁg&,ei.@!,aﬂﬁ tafioldtehé ebmiphkx h?gﬁ%ﬂzébf_ E%Eﬁg(l WA, output

n
rect angul ar coordrnates, 1 nmaginary I frpedan Z) =1Z] Sin(e)) is
pl otted ageltagd to that of the sinusoidal input voltage. This complex transfer function is

equal to the ratio of the feedback impedance of the charge amplifier 7 to the
impedance of the working fluid to be analyzed. Dividing the transfer function
by the known amplifier feedback impedance, the admittance of the working fluid
is obtained. The reciprocal of the admittance is equal to the impedance of the
working fluid. This process of data acquisition and processing is repeated over
all operating frequencies until the desired impedance or admittance spectrum
data is obtained.

[0024] According to the invention the frequency dependent impedance or
admittance data obtained as described herein is used to determine one or more of
the resistance, the capacitance, the frequency at which the phase angle between
the voltage and current is 45° (Omega max), the time constant of the working
fluid. This can be achieved, for example, by plotting the frequency dependent
impedance data in the form of a Nyquist plot where, in rectangular coordinates,
imaginary impedance (Z” = im(Z) = [Z] Sin(®)) is plotted against real
impedance (Z’ = re(Z) = [{Z]Cos()) or, in polar coordinates, |Z| = [(Z’)2 +
(Z)2)}2 is plotted against ©, the phase difference between voltage and current.

Examples of Nyquist plots are shown in Figure 3 for a paper machine lubricant.



| npedance

current.

(Z =re(2) =[Z]Cos(O) or, in polar coordinates, RZI =[(Z)2 +
(Z")2)112 is plotted against e, the phase difference between vol 8 &3¢ 2gpd

Vaapbe9s of Nyqui st plots are shown in Figure 3 fgr

T (B?l
machi ne lubricant. 2 0 NOV 2006 WO 03/104798 PCT/ US03/ 18026 [ﬁ§ 3%5] I n
the Y axis is the negative of the inmaginary part of inpedance, Z"

Fi gure 3,
and the x

Nyqui st pl

| east - squares best fit curve.
dat a anal ysi s packages.

axis is the real part of inpedance, T. [0026] Preferably the

ot inpedance data is further ahalyzed by fitting the data to a

Such a curve can be fit using nmany standard
The resistance of the oil/electrode system can then

be cal cul ated by determ ning the dianmeter of the curve along the x axis.
The freque@®25ht JniFigute 3, theat hxs id thelpegatbe ofsthknmagimesy Paggd max. The

reci procal, of Orega_pax is the tjnme constant

be det er imaRRAARSENG ABALRE 3@is 1oth

.

of the invention frequency dependent inpedance data are neasured for
ues of O sgqanni ng a_range of at |east_ 45, de%rees and _a parti al

than 4 val

Nyqui st cul0fR6ls dus

rablyt the Nygshst plat immpedanceglata

RC. The capacitance may then
gacalpartohimpedange, 4] | n one embodi nent
nor e

hanayzehbYcur ve can

hat Che roUTECe et 16 aleRhadusres BEOATETE Suoh = chde B PR BTt o7 cLr ve

can then X@apggﬁﬂd'éf& tha%amée QR%%EE.“ $hiFeFsiaaby of tM ?ﬁ/%ié&ngiri?% sg%%m

ga max
.thé &aGs.t ance,

degr ees.

can al so bgfiglefbd eculatédtABlictéimifag tho dRn®iter SEtHeRRIred Al

time constant and i npedance val ues obtai ned for the working

Orega nax,

sane tine v capacl tance, resistance

fluid is tThe feqopacedt which Opeactedserndemdes/ Bl kiwp as Gmegn max! Mhecondi tion
of the fluid being analyzed or nonitored. [0029]thref erably, the AC

el ecr o- i npregiproealrafomegaunax isthgdime constant, RC.

e capacitance may then be

determined using relations, Omega max = 1/RC.

[0027] In one embodiment of the invention frequency dependent impedance
data are measured for more than 4 values of © spanning a range of at least 45
degrees and a partial Nyquist curve is constructed from that data. This portion
of the curve can then be analyzed with a standard least squares fitting program
by assuming that the Nyquist plot follows an elliptical curve. The entire Nyquist
curve can then be constructed by extrapolating to © values of zero and 180
degrees. At the same time values for capacitance, resistance and Omega max

can also be determined.

[0028] At least one of the resistance, capacitance, Omega max, {ime constant
and impedance values obtained for the working fluid is then compared to a
predetermined value to determine the condition of the fluid being analyzed or

monitored.

[0029] Preferably, the AC elecro-impedance measurements made on low
conductivity industrial oils are made at a temperature above about 50°C and

more preferably above about 65°C and up to about 150°C.



conductivity industrial oils are nade at a tenperature above about 50C and
nore preferably above about 65C and up to about 150C. 2 0 NOV 3@Q0¢)yWya6

03/ 104798WeO0/ 10808/ 18026 -3- [0030] In one enbodi nent the pR¥7ddoBRse2k €2
time, inpedance neasurenents taken and used to calculate at |east one of
the resi stance, capacitance, Onega nex, tinme constant and discrete

| npedance val ues of a working fluid and conpared to a predetermned simlar
val ue or values as the case nay be, is-fed to provi de a visual display
such as an indication of the renaining useful life of the fluid.

such as a bell or alarm my be

QJLES{ _325' Xf@# h ' S“agmg,gmgﬁé‘&hz'pg,g Regeal mdapawﬁnqsdnh%ﬁf@nmam ring
Thiodi o0 ks iy c§5§f1§s°a‘fiéa&?‘f‘>h§%£&‘?§£ﬁ%&m% REpAT R O L £

SETJE‘FBL,?G%HE%@% %@@o@%@ggﬁg}a asurerrent at rﬁgg@ éﬁ?ZOC using a

Sol artronco dfoeﬂ Yemﬁﬂe@sﬁmlﬁwuégrvﬁlﬂ%)astﬁ@cﬂé ﬁazbeﬁm&f 1 volt
and a DC offset of volts Frequency was scanned from 10 .

Figure 3 tcspmdehermmmmlapmdms gemhaammofﬂmmnmmgaxseﬁﬁdtfploef 2 [0032]
Fol | owi ng procedure of Exanp a fresh sanple of the sanme comerci al

paper maclﬁl?engu wl. | ABernatiyely, @Yﬂsqﬁéxr%h%flﬁﬂgﬂaleﬁuch@érﬂ ?@hﬁ%iﬂ&ﬂ@r@ay bg&bout 25C)

d at 120C. .E t | b ted wh
the measPER Nten nd RUE chadioRampehet  pEdErined 3% w8 en canpl co
of a papeghiRGfkof thd FulPbefoPLEahGEsink T ABES ﬂ'fe':ﬂgchamcal system. This is

shown in Figure 2 as result display or signal module 10.

EXAMPLES

Example 1

[0031] A used sample of a commercial paper machine oil was subjected to
AC electroimpedence measurement at 70°C, 90°C and 120°C using a Solartron
1260 frequency response analyzer (FRA), an AC amplitude of 1 volt and a DC
offset of 5 volts. Frequency was scanned from 10 Hz to 3.2 MHz. Figure 3
shows the Nyquist curves generated from the data.

Example 2

[0032] Following the procedure of Example 1 a fresh sample of the same
commercial paper machine oil of Example 1 was measured at room temperature
(about 25°C) and at 120°C. Figure 4 shows that a Nyqist curve could not be

generated when the measurement was made at room temperature.

Example 3

[0033] Ten samples of a paper machine oil were obtained from operating
paper machines and their impedance was measured at 130 frequencies at 120°C

over a range of 10 hertz to 3.2 megahertz using a Solartron Model 1260A



paper machines and their inpedance was neasured at 130 frequencies at 120C
over a range of 10 hertz to 3.2 megahertz using a Sol artron Iydgly J@H0A 2 O
NOV 2006 VW@ 03{okosk798 PCT/ US03/ 18026 -9- inpedance/ gain pg%slﬁlsinal{%zer and
a Kavlico cylindrical inpedance electrode pair with the osci e Tt
output circuitry disconnected. The resulting Nyquist curve was fit using
Zpl ot/ Zvi ew software from Scri bner Associates. The resistance was then
calculated. In addition, the sanples wer®-anal yzed by inductively coupled
pl asma (1 CP) spectroscopy for phosphorous, zinc and calcium inportant

el ements found in paper machine oil additive packages. [0034] Depletion of
these el erimpedanes/ghinphiase pnalyzenid & ddvliverdydindeicakimpedance elewtiotiet i ve of

| oss or degradation of_ the additives. The data are summarized in Table 1.

TABLE 1 Spap withahe psaillstasmand mtpurnycuitrywijcapaeaied] The resultgg Nyquistio 2
8.0 477 717 143 %13. 55 51%)%44 2%)2 4 ]ztl 9% 482 733 263 5.9 .39 519 804
154 6 11 .CHEV&WasJHAISngeZp 19% SOV lr']% crpnepAfgogalesgddlie1 93 9 35. 55
fesi ot anodesigehee b e atifact. iradilioh, e GLBIPERBRE AAVEA BE

I ndi cati ven@hctiidy thifflel PlAima NP GreaEs Yo Mho¥idrous, zinc and

calcium, important elements found in paper machine oil additive packages.

[0034] Depletion of these elements results in poor lubricant performance and

is indicative of loss or degradation of the additives. The data are summarized in

Table 1.
TABLE 1
Sample No. Resistance P (ppm) Zn (ppm) Ca (ppm)

1 11.48 482 752 110
2 8.0 477 717 143
3 13.55 515 744 270
4 11.98 482 733 263
5 9.39 519 804 154
6 11.70 521 819 178
7 14.29 514 802 186
8 10.11 524 836 193
9 35.55 444 614 101
10 28.48 256 192 24

[0035] The data demonstrate that resistance, as measured in accordance with
the present invention, is indicative of additive level. Note especially the very

high resistance and low additive levels of samples 9 and 10.



hi gh resistance and | ow additive |evels of sanples 9 and 10. 2 0 NOV 2006 -
10 CLAIMS: 1. A nethod for obtaining an on-line indication of tHeN(}e¥éd and
condition of the additives of an indusﬁﬁr)i al oil containing less than 3 wt%
performance additives, on active ingrédients basis, where the oil is
contained in a nmechani cal system conprising: neasuring the inpedance data of
the oil at a plurality and over a range of frequencies while the oil is
cont ai ned imechani cal systemand is at 50C or higher, using the
measur ed i npedance data to construct Nyqui st curve; obtaining a value for at
| east one of resistance, capacitance, Orega nmax, inpedance and tine
constant fr.om thenehed éor olo):annargi mgohh'aeobdhaithmdoﬁ/&ieulevdrandabamlﬁiam ofhtha

er eby an i of the condition of the

predeterm ng. val ue or val ues n e .

B ¥ F o ot s 05 o bl R goB DI hedarar h fr{@w&v‘qu@eveeu?%ﬁwg

ext rapol atggreliRnisbasiX -voherSthe il id. E’(ﬁlté’[ﬁéd"iﬁq @éehﬁﬂ@é]@}ﬁeﬁ@@ﬁ@hﬁlnéhe i npedance
data is measured by di sposing a pair spaced apart electrodes in the oil,

i mposi ng an AC mé¢aghang dhe impedaner) alatf Of rﬂm@én@,ﬁ esplurality ded exyer agrange of
response tﬁec&t@r?cgg ﬁ%’lﬂ!: Bil is COnIapqr?cdq‘EEl{%Orﬂec% m%l%k&ét% a%?sraef TSB hFhl ﬁl‘]}edance

data i s neas Int &1 and
10, 000 Hz. 5. szcmgrthé h\@ﬁbu&fd 1fﬂp@dzmc4dat9¢d ctdistngctmﬁa]nmémte,generau ng an
el ectrical si gn% when t caI cul at eog val ue exceeds a predeterm ned val ue.

6. The nmethod dPPRNEEAY2 et‘a”é eAREPnsi H resdAng Gl RAGHANGE, 3§ alHREHATIE
conpar ed t9dqime/@n¥@nCfo Bhi&svd;or a known additive level in the oil.

comparing the obtained value or values with a predetermine value or values

whereby an indication of the condition of the oil is obtained.

2. The method of claim 1 wherein the Nyquist curve is extrapolated to the x-axis.

3. The method of claim 2 wherein the impedance data is measured by disposing a pair
of spaced apart electrodes in the oil, imposing an AC signal over a range of frequencies and

detecting the response to those signals.

4. The method of claim 3 wherein the impedance data is measured at 4 or more

frequencies in the range of between 1 and 10,000 Hz.

5. The method of Claim 4 including means for generating an electrical signal when the

calculated value exceeds a predetermined value,

6. The method of claims 1 to 5 wherein the value or values obtained is compared to a

value or values for a known additive level in the oil.





