WO 03/ 091550 PCT/ US03/10986 -1 Method of Anal yzing and Modifying Lubricant
in an Engine FIELD OF THE I NVENTI ON [ 0001] The present invention rel ates
to a met WO BoOIBsAPI oy i nstrunentation 5 to effectuate vaPCaUSOI1G986

| ubricant flow rate or properties in.fesponse to actual engine conditions.
BACKGROUND OF THE | NVENTI ON 10 [0002] Diesel engines may generally be
classified as sl ow speed, nedium speed or high-speed engines, wth the

sl ow spaerdodwanbaBtiy docieifyinedabficinbip at pgine | ar gest, deep draft vessels and in

i ndustrial applications. Slow speed diesel engines are typically direct
coupled,F -ﬁ qs I Y TiRr stroke cycle engines operating in the range
of about 1y run on residual fuels. 15 These engi nes
are of crosshead construction with a diaphragmand stuffing boxes
separating the power cylinders fromthe crapkcase t [ event ustion
product s [606 eriTle pregentriaventaeik celates & nﬂﬁ"ﬁ?&&’ W&fﬁ&@%ﬁ%@‘e oi | .
Medi um speed engi nes, typi.cal 0 ate in_t ut 1100
rpm and tmife@yékaYaélmmlﬂgut’%%rﬁﬁ(?%ﬁ%te@f pll;l (\?H)J@E ?%kgsgég%efoo%ﬁ%e engi nes
are trunk 20 pis%qg design, and nmany operate on residual fuel as well. They
may al so SBEECECEU N yi stillate fuel containing little or no residua. On
deep-sea vessel s these engines may be used for propulsion, ancillary
applications or both. Slow speed and nedium speed narine di esel engines
are al so EXCEGROENDWOETHE DOWENTIONI Nt operati ons. The present invention

is applicable to sl ow speed diesel 25 engines in both marine and power
pl ant applications.

10 [0002] Diesel engines may generally be classified as slow-speed, medium-

speed or high-speed engines, with the slow-speed variety being used for the
largest, deep draft vessels and in industrial applications. Slow-speed diesel
engines are typically direct coupled, direct reversing, two-stroke cycle engines
operating in the range of about 57 to 250 rpm and usually run on residual fuels.

15 These engines are of crosshead construction with a diaphragm and stuffing
boxes separating the power cylinders from the crankcase to prevent combustion
products from entering the crankcase and mixing with the crankcase oil.
Medium-speed engines typically operate in the range of 250 to about 1100 rpm
and may operate on the four-stroke or two-stroke cycle. These engines are trunk

20  piston design, and many operate on residual fuel as well. They may also operate
on distillate fuel containing little or no residua. On deep-sea vessels these
engines may be used for propulsion, ancillary applications or both. Slow speed
and medium speed marine diesel engines are also extensively used in power
plant operations. The present invention is applicable to slow-speed diesel

25 engines in both marine and power plant applications.

[0003]  Each type of diesel engine employs lubricating oils to lubricate piston
rings, cylinder liners, bearings for crank shafts and connecting rods, valve train

mechanisms including cams and valve lifters, among other moving members.



[ 0003] Each type of diesel engine enploys lubricating oils to lubricate
piston rings, cylinder liners, bearings for crank shafts and connecti ng
rods, valwe osioaiss0 mechani sns i ncl udi ng cans and val ve | i fPCa&rso3/aveng ot her
novi ng nenbers. WD 03/091550 PCT/ US03/10986 -2 The |ubricant prevents
conponent wear, renoves heat, neutralizes and di sperses conbustion
products, prevents rust and corrosi orZz-and prevents sludge formation or
deposits. 5 100041 In | ow speed narine crosshead di esel engines, the
cylinders and crankcase are |lubricated separately, with cylinder
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cylinder ol 1s typically fornmulated to provide for good | o piston ring and
cylinder gridgeposiear control, as well as good oxidation and thernal
stability, water demulsability, corrosion protection and good antifoam
performance. Al kaline detergent additives are also present to neutralize
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10  piston ring and cylinder liner wear control, as well as good oxidation and
thermal stability, water demulsability, corrosion protection and good antifoam
performance. Alkaline detergent additives are also present to neutralize acids
formed during the combustion process. Dispersant, antioxidant, antifoam,
antiwear and extreme pressure (EP) performance may also be provided by the

15 use of suitable additives.

[0005]  As engines produce higher power and are operated under more severe
conditions, the lubricating oil's required functionality and performance have
dramatically increased. These increased performance demands have resulted in
20  a corresponding increase in the lubricant's expense. Lubricants are being made
with increasingly sophisticated and expensive base stocks, including wholly
synthetic base stocks. In addition, a wide variety of expensive additives, such as
dispersants, detergents, antiwear agents, friction reducing agents, viscosity
improvers, viscosity thickeners, metal passivators, acid sequestering agents and

5 antioxidants are incorporated into the lubricants to meet functional demands.

[0006] Traditionally in Marine Diesel two stroke engines, the lubricant flow
rate to the cylinder liner remained constant, or may have varied with respect to

engine RPM. Early suggested improvements included setting this constant flow
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Engines, p. 160, 2001. DE 10112691.3 incorporated this method by suggesting
a near real-time variation of the feed rate of the lubricant to the cylinder liner in
response to a real-time or near real time measurement of the sulfur content of the
fuel entering the cylinder, or parameters which varied due to this sulfur content

(eg. Wear, Fe content in the used lubricant, BN of the used lubricant).

[0008]  The current inventors, in co-pending application USSN 60/361376
February 26, 2002 (herein incorporated by reference), improved upon all
previous methods by demonstrating an apparatus and method for varying the

properties of the lubricant itself in response to any engine condition of concern.

[0009]  One major inefficiency of DE 10112691.3 is that it did not teach any
possible means to obtain these measurements. Indeed, this should not have
been unexpected; most devices used to measure used lubricant Fe content and
BN did not produce results in near real-time or were too bulky to be included on
an operating marine diesel two stroke engine. Similarly, the '691 application
neither provided nor suggested a method to actually measure the sulfur content
of the fuel in a real-time or near real-time mode However, in developing their
invention noted in the above co-pending application, the inventors also

discovered a combination of instrumentation that would allow them to efficiently

, Or



February 26, 2002 (herein incorporated by reference), inproved upon all
previ ous net hods by denonstrating an apparatus and nethod for varying the
properti e80®B/091380 | ubri cant itself in response to any engiPa@/usosdiosé on of
concern. 20 [00091 One mmjor inefficiency of DE 10 112691.3 is that it did
not teach any possible neans to obtain these neasurenents. Indeed, this
shoul d not have been unexpected; nost? devi ces used to measure used

| ubricant Fe content and BN did not produce results in near real-tine or
were too bulky to be included on 25 an operating nmarine diesel two stroke
engine. '1bgrthéﬁr iRt 9 e Mstamiémmromighatien applies aseerelhte asuggest ed a
nmethod to actual ly nmeasure the sul fur content. of the fuel in a real-tine
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| ubri ganteff&ﬁt\,{g%ggéﬂa der liner. It is the object of the present invention
to present a corfbination of instrunentation that will permt both their

I nvention, and that suggested by DE 10 112691.3, to 5 effectively operate.
SUMVARY  GR T A RWEDF I TONE BB TIDN present invention relates to a process
of enploying To rnstrunentation for inplenmenting the near real tinme varying
of an "all loss" diesel engine's lubricating oil's properties or flowrate

' espon[%%l'b]o aQ[thléall)resent invention relates to a process of employing

10  instrumentation for implementing the near real time varying of an "all loss"
diesel engine's lubricating oil's properties or flow rate in response to actual
engine lubrication requirements. Preferably, the present invention provides a
method for the in situ monitoring of the lubricating oil's effectiveness in a diesel
engine by measuring the Fe content of the used lubricant with miniaturized XRF

15 technology, the actual fuel sulfur content using miniaturized XRF technology
and the used lubricant's BN with an IR measurement device, and for modifying
the lubricant's properties and/or flow rate in response to the actual wear or
corrosion, or other needs of the machinery or engine. More preferably, the
present invention is directed to the use of these instruments in a system that

20  varies the feed rate or lubricant properties in a two-stroke crosshead diesel

engine.

DETAILED DESCRIPTION

25 [0011]  The increased performance demands of modern diesel engines have
resulted in their mounting sophistication, complexity and sensitivity. In
response, cylinder oils have also become more advanced by utilizing more
complex base stocks and additives. However, such innovations also provoke

higher costs in both the base stocks and the additives.



engi ne lubrication requirenents. Preferably, the present invention provides
a nethod for the in situ nonitoring of the lubricating oil's effectiveness
in a di eswbo3pygsne by nmeasuring the Fe content of the usedTiusos/1ant wth
m niaturized XRF 15 technol ogy, the actual fuel sulfur content using

m niaturized XRF technology and the used lubricant's BNwith an IR

measur enent device, and for nodifyings-the lubricant's properties and/or
flowrate in response to the actual wear or corrosion, or other needs of
the machinery or engine. More preferably, the present invention is
directed to the use of these instrunments in a systemthat 20 varies the
feed rate or lubricant properties in a two-stroke crosshead diesel engine.
DETAI LEDIGESAR! PThERh giheldd8dHonThtahisesr stiresty mhmsnwenr deponits f _odem
di esel e*gln s have esulted in their mounting sophistication, conplexity
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by utilizing nore_caompl ex base stocks and.additives. .Howe such
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i nter est fpaltie boliflierddidry Indasaltadatiye, decaarmiylsg berpaedisted frogbatheht in

metal or netal oxide particles present_in the s¢rape down |ubricangt from
the cyl i reameiensr For ﬁxamﬁeaﬁsé@lﬁhtha\Sého\?@épa‘r@amzlleg8"035Hb? 065[%%0 % rom

other diesel engine may be accurately predicted from the sulfur content of the fuel, the
10 load on the engine, and the total base number ("TBN") of the lubricant entering
the cylinder. See Vince Carey and J. Fogarty, "Key Parameters in Cylinder Oil

Performance and Crosshead Diesel Lubrication", Proceedings of the 21%

International Congress of Combustion Engines, p. D63, 1995, incorporated

herein by reference. Thus, the wear of the cylinder may be measured directly or

15 accurately predicted from other parameters.

[0013] X-ray Fluorescence spectroscopy ("XRF") analysis began with Barkla
and Sadler in 1908 with their recognition that materials do not merely scatter X-
ray radiation but modify it thus yielding "characteristic rays". Barkla, C. G,

20 Sadler, C. A. Philos. Mag., 1908, 16, 550. Others showed that the characteristic
rays were related to atomic number, i.e. they could be used to identify elements
such as iron. In 1948, Friedman and Birks of the U.S. Naval Research
Laboratory pioneered the first electronic detection for XRF by replacing
photographic film with a Geiger counter. Gilfrich, J. V. X-Ray Spectrum., 2001,

25 30, 203-211. That innovation paved the way for quantitative XRF measurement.

[0014]  Since that time, detectors, windows, X-ray sources, algorithms to
account for matrix effects, computing power, etc. have improved significantly.

In 1983 Sanders, et al. from the Pacific Northwest Laboratory demonstrated that



paranmeters. For exanple, research has shown that cylinder wear in a
two-stroke diesel engine nay be accurately predicted fromthe sul fur
content oWwotoheofseel , the io | oad on the engine, and the tecalushas®scqunber
("TBN') of the lubricant entering the cylinder. See Vince Carey and J.
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That i nnoat9on paved the way for quantitative XRF nmeasurenment. [00141

Since that time, detectors, w ndows, X-ray sources, algorithns to account
for matrix effects, conputing power, etc. have inproved significantly. In

oo i e b B L M b e s 2t
]Ic?ue{N oi bvﬁ%ﬂﬁs@ful%%@é@@u%@ fSllysi 1hfp1€d1©ﬁn@ﬁﬁufsﬁ¢al asnpehedRF.  Sander s,
10  failure, the present inventors reahzed from their work on co-pending invention
USSN 60/361776 filed February 26, 2002, that the XRF detectors could be
employed to modify the lubricant flow rate or physical or chemical properties
thus controlling engine wear or other engine parameters of interest. Of course,
this instrumentation package could be extended to control parameters in any

15 component employing a lubricant.

[0016] Wilson concluded that actual wear conditions could be determined
long after the fact by using XRF to measure the iron content of the used oil
samples. However, the present inventors recognized that the real-time wear of
20 the cylinder liner could be measured with in-line XRF detectors. Moreover, the
current inventors recognized a novel use for in-line or on-line XRF sensors in
that the measurement of sulfur in the fuel oil being burned could be accurately
determined in real-time or near real-time. Thus, the same type of sensor could
monitor two critical elements of determining the actual wear conditions of the

25 engine and adjusting the lubricant's flow and properties to correct for that wear.

[0017] A distinct advantage of this approach is that the sulfur level of the
fuel-in-use is known. Sulfur content does not have to be calculated or estimated

which is a particularly difficult problem for blended fuels from different



Ni el son, K K. Anal. Chem, 1983, 65, 1911-1914. Only recently, WIson, et
al. have reported the use of XRF spectroneters as in-line sensors for

noni t ori MyoOd3opgsd ds. W1l son, B. W, Price, L. S. Lubricatrcaorisasdss ui d
Power, 2000, August, 16-19. [00151 Although WIson recognized that the
mniaturized XRF instrunents were useful to replace used oil analysis in
predi cting industrial conmponent lo faiTure, the present inventors realized
fromtheir work on co-pending invention USSN 60/361776 filed February 26,
2002, that the XRF detectors could be enployed to nodify the |ubricant
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[0018] Likewise, the inventors discovered a unique in-line real time or near
real time method of measuring the BN of a used lubricating oil using an IR
measurement device as detailed in copending application USSN 60/361375 filed
on February 26, 2002 (herein incorporated by reference). The inventors

15 determined a specific range of the IR spectrum and developed mathematical
models relating the peak of this spectrum range to the base line of this range that
accurately determined either the BN of the used lubricant, or the change of BN

of a used lubricant.

20 [0019] The use of a miniaturized XRF technology independently or combined
with the BN/IR technology will improve the efficiency of a system varying the
feed rate or properties of a lubricant entering a cylinder liner in a two-stroke

diesel engine.

25 [0020] The instrumentation set of this invention may be used singly or in any
combination. A preferred method is to use both sensors to vary the feed rate or
lubricant properties. Given this solid foundation, one of ordinary skill in the art
could easily consider other instruments to add onto this set of instrumentation.

Also, it is clear that this instrumentation could apply to a recirculating lubricant



WO 03/ 091550 PCT/ US03/ 10986 -7 bunkerings or when swi tching fromone

fuel -in-storage to another. Current practice is to collect fuel sanples as
t hey are weimgotsenkered into storage tanks and to send t IREMUSO3/80986

| aboratory for analysis. The results are received a few days |later. Use of
an in-line or on-line device to neasure sulfur elimnates the 5 guesswork,
and allows for the optinization of thé1ube oil feed rate and/or
conposition even when the fuel sulfur level varies significantly. Even
though DE 10 11269 1.3 desired that fuel sulfur levels be deternined in
real - ti Mgy Qenngatesckidll byl tie inwdkorstihehgir esqendimpaplicatiopd&ifNes a
practical " nmethod of meking that determ nation. 10 [001&% Li kewi se, the

i nvent or 0 60087efiled Febimary 26, 2A0R i(whidheighergipane@rpREded Oy d8IeTenGtd net hod
of nmeasuring the BN of a used lubricating oil using an IR neasurenent
device as detailed in copending application USSN 60/ 361375 filed on
February 26, 2002 (herein incorporated by reference). The inventors 15
determ ned a specific range of the IR spectrum and devel oped mat hemati cal
nodel s relating the peak of this spectrumrange to the base line of this
range that accurately determ ned either the BN of the used |ubricant, or
the change of BN of a used lubricant. 20 [0019] The use of a mniaturized
XRF technol ogy i ndependently or conbined wth the BNNIR technol ogy w il

i nprove the efficiency of a systemvarying the feed rate or properties of
a lubricant entering a cylinder liner in a two-stroke diesel engine.



25 [0020] The instrunmentation set of this invention may be used singly or
in any conbination. A preferred nmethod is to use both sensors to vary the
feed rat eworo3/op1sbr i cant properties. Gven this solid founaeatriusni/198e of
ordinary skill in the art could easily consider other instrunments to add
onto this set of instrumentation. Also, it is clear that this
instrumentation could apply to a reci+%ul ating | ubricant WO 03/ 091550
PCT/ US03/ 10986 system as descri bed by the inventors in their co-pending
application USSN 60/360087 filed February 26, 2002 (which is herein
i ncor por gte Pyg.ref erence) WO 03/ 091550 PCT/US03/10986 -9- CLAIMS: 1. A
nmet hod f or e nodification of a systenis base lubricant's flow rate
and/ or properties during engine operation conprising: 5 a) Regularly
monitoring, directly or indirectly, one or nore engjne conditign
paraneters in an enbi demgihad faghemodilicationset 4 feste Sr}%?éf’g‘& n?§ om t he
group conpri si ng or BN.neasurenent w .l 3 10 b) Cal cul ating
from sai %Wd???ea@gﬁp]ﬁp@#l?a %?P@teé}géneaﬂpérg%ﬁﬁpﬁﬁ%%%ﬁ 'y the feed rate or
nodi fy. the propel -ties of the base lubricant to the engine 15 c) Varying
the feed rate or nodi fying the properties of the |ubricant.

a) Regularly monitoring, directly or indirectly, one or more

engine condition parameters in an engine with one or more instruments

selected from the group comprising XRF or BN measurement with IR

spectra
10
b) Calculating from said engine condition parameters an
amount to vary the feed rate or modify the properties of the base lubricant
to the engine
15 ¢) Varying the feed rate or modifying the properties of the

lubricant.

2. A process as in claim 1 wherein said engine condition
parameters is one or more parameters selected from the group comprising

20 lubricant iron content, fuel sulfur content and lubricant Total Base number.

3. A process as in claim 1 where said engine is an all-loss

lubricating system.

25 4. A process as in claim 1 where said engine is a recirculating

Iubrication engine.

5. A process as in claim 3 where said engine is a two-stroke diesel

engine.



2. A process as in claiml wherein said engine condition paraneters is one
or nore paraneters selected fromthe group conprising 20 lubricant iron
content, WoaB/0susbd ur content and | ubricant Total Base nuniPe€m/USB3/1088¢r ocess
as in claiml where said engine is an all-loss |lubricating system 25 4. A
process as in claiml where said engine is a recirculating |ubrication
engine. 5. A process as in claim3 whEle said engine is a two-stroke diesel
engi ne. WD 03/091550 PCT/ US03/10986 10 6. A nethod as in claimb5 wherein
said two-stroke diesel engine is a crosshead said two-stroke diesel

engine, 5 7. A process as in claim3 wherein the nmethod is applied to a
marine or industrial diesel engine. 8. A process as in claim3 where said

engine is a two- st Bokk method asiin skaiokewhatedn said g Sl§SE FEIERE 1510
a crosshead said two-stroke diesel engine.
5 7. A process as in claim 3 wherein the method is applied to a

marine or industrial diesel engine.

8. A process as in claim 3 where said engine is a two-stroke or
four-stroke internal combustion engine.

10



