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discrete organic molecules in the pursuit of new drug discovery, which have led to the
development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating
collections of diverse materials or compounds--commonly known as libraries--and to
techniques and instruments for evaluating or screening libraries for desirable properties.
Presently, research in the lubricant industry involves forming candidate
lubricating oil composition and then performing a macro-scale analysis of the formed
composition. If the results of the test(s) are not satisfactory, the entire testing procedure
will be repeated for a succession of individual candidate compositions, until one of the
tested candidates will meet the required criterion. Typically, the methods employed for

testing each candidate composition require manual operation. This, in turn, significantly
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allow for reformulation to occur in an expeditious manner. As such, there exists a need
in the art for a more efficient, economical and systematic approach for the preparation of
lubricating oil compositions and screening of such compositions for information
correlating to the actual useful properties of the compositions.

Yet the availability of the complete data and efficient searching tool is critical to
respond to, react to and even predict constantly changing new operating conditions and
governmental and industrial standards or specifications. Thus, it would be invaluable if
the data regarding a variety of diagnostic tests such as wear tests were complete and
efficiently searched to design and select optimal lubricating oil compositions for

applications such as diesel or internal combustion engines.
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minor amount of at least one lubricating oil additive; (b) measuring wear stability of each
sample to provide wear stability data for each sample; and, (c) outputting the results of
step (b).

In accordance with another embodiment of the present invention, a high
throughput screening method of lubricating oil compositions, under program control, is
provided comprising the steps of (a) providing a plurality of different lubricating oil
composition samples comprising (i) a major amount of at least one base oil of lubricating
viscosity and (ii) a minor amount of at least one lubricating oil additive; (b) measuring
extreme-pressure wear stability of each sample to provide extreme-pressure wear data for

each sample; and, (c) outputting the results of step (b).
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become more readily apparent
from the detailed description of the preferred embodiments of the present invention
accompanied by the following drawings, in which:

FIG. 1 is an example of the system of the present invention;

FIG. 2 is a flow chart of the method of the present invention for determining and
storing anti-wear properties of a plurality of lubricating oil compositions provided in

accordance with the system of FIG. 1;



accordance with the systemof FIG 1;FIG 3 is a
di agrammatic view of an exanple of the system of the
w@r@smomm6s nvent i on capabl e of carrying out theP@EUN®A4/036071
of FIG 2; FIG 4 is an exploded view of a Test Pin
and Vee Bl ock shown as an exanpl e of machinery capable
of carrying out a plurality of wear tests in
accordance with the nethod and system of the present
i nv. i,an; FIG 5.is.an jsonetri ' - Ral |
Bl othc TS P IEETERBGA G%Ofaaﬁl&tx he r’feg);; ig{ﬁpeﬁwgg%lfoqnﬂ{égﬁlésﬁgfy
. capable of carryin ut I ity of wear tests in
IV ERiLH 3B %oé&qqﬁaﬁﬁ tﬁ@?ﬁ%ﬁﬁéﬁﬁﬁé tem of the present
invention; and, FIG 6 is a flow chart_ of another
KT ridh n ST Y ShAT ST RGRY SE Blask Shofipge an sxample of
determ ning and storing anti-wear properties of a
maghinersicapaplasdf cesing ewitd merabiiyl of stapiss(F i eneerdapgevafh thpmethod
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The present
and sysent ofche pissat ingedteod; t o a hi gh t hroughput screening
nmet hod for determ ning |ubricant performance of a
pl UFEE.istiy a®isofefricatemndf 4 EdurBaitBlock Ddst S@bshposias auaikerby
subjecting a plurality of different lubricating oi
exd V1P OB inhd1Pkbr$ 8PS Bf Ediryingd & ROk oOWeardbst@inpicturddrict ith
of test receptacles to neasure wear stability. The

theSHRhEE AW steRi @ heMseMaRMtion,aqused herein shal | be
understood to nean that a relatively |arge nunber of

di f I?I%?(}ts a lrt{féw éhﬁlﬁ%f gl‘g)ﬂ%ir gmp&ﬂﬂlgﬁé thé Ren RSB HBIG. 2 for

pr epar anal yz irst step of the screening

R e e

-

apri Vi SCOSI and at
| east one lubricating oil additive are introduced in
CmF@§B§EF1ve test reservoirs so that each reservoir
contains a different |ubricating oi

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed to a high throughput screening method for
determining lubricant performance of a plurality of different lubricating oil compositions
by subjecting a plurality of different lubricating oil composition samples in a respective
one of a plurality of test receptacles to measure wear stability. The expression “high
throughput” as used herein shall be understood to mean that a relatively large number of
different lubricating oil compositions are rapidly prepared and analyzed. In a first step of
the screening method of the present invention, varying quantities of at least one base oil
of lubricating viscosity and at least one lubricating oil additive are introduced in
respective test reservoirs so that each reservoir contains a different lubricating oil

composition having a different composition depending upon the percentage amounts
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same manufacturer's specification; and that is identified by a unique formula, product
identification number, or both. The base oil for use herein can be any presently known or
later-discovered base oil of lubricating viscosity used in formulating lubricating oil
compositions for any and all such applications, e.g., engine oils, marine cylinder oils,
functional fluids such as hydraulic oils, gear oils, transmission fluids, etc. Additionally,
the base oils for use herein can optionally contain viscosity index improvers, e.g.,

polymeric alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylene

copolymer or a styrene-butadiene copolymer; and the like and mixtures thereof.
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pol yal phaol efin or PAO oils, or from hydrocarbon
bus yottlheisidgo plissitletion, eslvent refining, hydrogen processing, oligomerization,
esterification, and rerefining. Rerefined stock shall be substantially free from materials
introduced through manufacturing, contamination, or previous use. The base oil of the
lubricating oil compositions of this invention may be any natural or synthetic lubricating
base oil. Suitable hydrocarbon synthetic oils include, but are not limited to, oils prepared
from the polymerization of ethylene or from the polymerization of 1-olefins to provide
polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis procedures
using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process. For

example, a suitable base oil is one that comprises little, if any, heavy fraction; e.g., little,

if any, lube oil fraction of viscosity 20 ¢St or higher at 100°C.
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oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the like.

Useful synthetic lubricating oils include, but are not limited to, hydrocarbon oils
and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes), and the like and
mixtures thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the like; polyphenyls such as biphenyls,
terphenyls, alkylated polyphenyls, and the like; alkylated diphenyl ethers and alkylated

diphenyl sulfides and the derivative, analogs and homologs thereof and the like.
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polymers (e.g., methyl poly propylene glycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500-1000,
diethyl ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or
mono- and polycarboxylic esters thereof such as, for example, the acetic esters, mixed
C3-Cs fatty acid esters, or the Cy30x0 acid diester of tetracthylene glycol.

Yet another class of useful synthetic lubricating oils include, but are not limited
to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic acids,
alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic

acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
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waelr@ankysyl i c acids e.g., phthalic acid, succiPCT/USZNE036071

al kyl succinic acids, al kenyl succinic acids, maleic

acid, azelaic acid, suberic acid, sebacic acid,

fumaric acid, adipic acid, linoleic acid diner,

mal oni ¢ aci ds, aIkyI mal oni ¢ aci ds, al kenyl mal onic
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sebacate, diisooctyl azelate, diisodecyl azelate,
didei¢yd phtjaplateh disteoasl ecbagnteldles/2-chhibenyl dicster af incleg peid dimer, the
sebacate, the 2-ethyl hexyl diester of linoleic acid
complee estert hemasidrpating shemokear weldicisycidewst iwegmolse ofol e
of sebacic acid with two noles of tetraethylene glyco
tetrasdtlyle®glyedl@ad ofo Dokt biy2-biyherdnoicacidandribe ke | i ke.
Esters useful as synthetic oils also include, but are
not EitbRiub&d] 4s@ynth&ssls Akd endlideiib @ arduwt Yhiied as ithise made from
havi ng from about 5 to about 12 carbon atons with

carﬁ&%@@ QbRls hivife froBbHRRBAb ab&it NaR&bon Slbfis wilOld6hos, @FI
pol'yol ethers such as neopentyl glycol, trlnethylo

aﬁ&a& and? ee@{} ,‘;’fo? Itlggrfdﬁ)g yo}] gthﬁ‘? @ﬁ&ea{sﬁ'é?%égh@ glycol mmethylol

rlpén aeryt ased oi |
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but are _not limted to, tetraethyl Illiﬁt
PO]B’@TY}O&-Yr%l@%WP and yijicatq Qils, gqupprige EBOtRGT iS¢ a%S)Of synthetic
silicate, tetra-(4-nmethylhexyl) silicate,
lubrieating qils- Seedifihenayiptas oh{heysinrluge bat are not limited to, tetraethyl
hexyl - (4- net hyl - 2- pent oxy) di si | oxane,
silipatbytémeishpiop gl dilaenesa-(Holhylherylhsiligie nstia)y @ihehyness,
and the like. Still yet other useful synthetic
hetyiilice®] fettg-(®tdrisbutylphangtBsilituns, hax@-(habethyl 2ipeatbxtyplisiloxane,
l'iquid esters of phosphorous
poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet other useful

synthetic lubricating oils include, but are not limited to, liquid esters of phosphorous
containing acids, e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane
phosphionic acid, etc., polymeric tetrahydrofurans and the like.

The lubricating oil may be derived from unrefined, refined and rerefined oils,
either natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinabove. Unrefined oils are those obtained directly from a natural or synthetic source

(e.g., coal, shale, or tar sands bitumen) without further purification or treatment.
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contai ning acids, e.g., tricresyl phosphate, trioctyl
phosphate, diethyl ester of decane phosphionic acid,
wet@s/ 043968 yneri c tetrahydrofurans and the |i kePCTH82004/036071
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obtained directl.y .fro I tdb6a; Tol=nl
Exay ot irstnt Gl fghod POl BcliBhedth, SRk R bEAR iRy
further purjfication or treat t. 10Exanples. of
from G OB, £ HE oL ot B AP Bt N el g ogan estr
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an ester oil obtained directly froman esterjf cation

furtherfecatraent o Refinagfoikaarectimilay te therimirfigd ilt $keart they haye peen
treatment. Refined oils are simlar to the unrefined

furthied tseatedde phe otheyrelpaviBcdtior stepsitot ihgproveroaa DreloferPIoPRELIRSY
nmore purification steps to inprove one or nore

Thd2e PPefidatien tecligss apltdofintathose of edlhi the es aad mcludovinr t o
those of skill in the art and include, for exanple,

exad@Ne 88l e kitREibhs) Beoon&e ¢ aiRdRAthonhcd bl Basd bxarctia ifdiraion,
base extraction, filtration, percolation,

perb%gt’icﬁlt, LB b D%ing ARWAXIND Gtc. R GefifRA Sl inftefbt-Bhddbyafiting used
obtained by treating used oils in processes simlar to

oilsta i?g’%gﬁeésj%g %nﬁlgr Q8E & le{ 'ogglﬂl REh& 0iRUSRcK f‘e&&fﬂleﬂ Qfls gﬂelaisso

nown as recial ned or reprocessed olls an

i STl S SRR P
. .L [ ' i.l.b
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used, either_alone or_in conmbipation with the
af obwpEngeil bass stogkrresived fomphs hdreyspraerzptn o wag rapy also
wax i sonerate oil is produced by the )
be hsedr Gihsoatend ardn combipationawith die afressidnapealiandigp waghesic base
m xtures thereof over a hydroi sonmerization catal yst.
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or

synthetic waxes or mixtures thereof over a hydroisomerization catalyst.

Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
mineral oils; synthetic waxes are typically the wax produced by the Fischer-Tropsch
process.

The second component of the lubricating oil compositions for use herein is at
least one lubricating oil additive. Such additives can be any presently known or later-
discovered additive used in formulating Iubricating oil compositions. The lubricating oil
additives for use herein include, but are not limited to, antioxidants, anti-wear agents,

detergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying agents,
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Nat ural waxes are typically the slack waxes recovered

by the sol vent dewaxing of mneral oils; synthetic
wores4as® typically the wax produced by the PCT/US2004/036071

Fi scher-Tropsch process. The second conponent of the

| ubricating oil conpositions for use herein is at

| east one lubricating oil additive. Such additives can

be any presently known or |aterdiscovered additive
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depressants, antifoam ng agents, co-solvents, package
addiverpelt apbiopriste thickensisy dsyasielyi effihanddiives argdmpwa gnd

di spersants, dyes, extreme pressure agents and the
cothinkeialycvaiabiai ' Bese #islitewss, or Gegaselogaus|compewiflsy eanttige

addi tion of appropriate thickeners. A variety of the
empldgid for @ @erdtvawd tlendriownibriatiag bif campoditids dereilthese

addi tives, or their anal ogous conpounds, can be

enpAG¥ediidy, thdRbRERPa L aiditves) dah Gurtirr t@isin a diluent oil to

| ubricating oil conpositions herein. Alternatively,

forg‘heﬁl dddBive eBhdeREate] Th&d dbhdeN®4ts) usG AR bl 8 leLORbR dbodt 90
IlTuent oil to forman additive concentrate. These

U P R At o
W %t t o, % i i % 1o
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Fom about

wt. % to about 50 wt. % .of. the reqgoin ditiv .
sbagisUau1 . o e gy e gLt PR
~inert diluent, preferably_ap oil of ] ubti caéjisng
inajydeapy ineyt diluept, preferghly Qb phlubricating yiseosgy sucheas, for example, a

descri bed herei nbel ow, so that the concentrate my be
bageailiis| dgsamibgd Herginbplow, so that the concentrate may be readily mixed with

lubricating oils to prepare lubricating oil compositions. Suitable lubricating oils that may
be used as diluents can be any oil of lubricating viscosity.

Examples of antioxidants include, but are not limited to, aminic types, e.g.,
diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and alkylated
phenylene-diamines; phenolics such as, for example, BHT, sterically hindered alkyl
phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-
(2-octyl-3-propanoic) phenol; sulfur-containing materials, e.g., sulfurized olefins or esters

and the like and mixtures thereof.
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| ubricating oils to prepare |ubricating oi

conpositions. Suitable lubricating oils that may be
was@d/oasedli | uents can be any oil of [ubricati nBCT/US2004/036071

viscosity. Exanples of antioxidants include, but are

not limted to, amnic types, e.dg., diphenylam ne,

phenyl - al pha- napt hyl -am ne, N, N-di (al kyl phenyl)

anines and alkylated phenylene-dianines; phenol i cs
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Efferitiveraps of Sme)Mfi@QMBlﬂﬂiyl andl Dza,ryﬂcdlthlophosphates 1n Different
di aryl di t hi ophosphates, e.g., those described in an
Lutaidated MechyniBos"nampearig in mbiitdtied Scirateat-2 dansiaiypl X9e1 ske &o1
Chem cal Structure and Effectiveness of Sone Metallic
exabiphd fages 9A00D; Ria pldsphlatesdrndpihosyhitad, eslfurreomiafiires esters,
Lubri cated Mechani sns", appearing in Lubrication
pho%élhc%ﬁlf& dbmporiLhREi] élr%%’-;&eé gehibeibaxaspkaipageskyl sulfides
100; aryl phosphates and phosphites,

anméiﬂdé kOt AeSt €r's,  phosphosul fur conpounds,
nmetal or ash-free dithiocarbanates xant hat es, al kyl

S ul %k et QIe{e%% { uﬁ:?ucﬁngut ot ﬁ1ﬁ§tef1 he %@&f)asegﬁf‘ﬁah%ﬁ

gents but are not i fited o,
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| rom a enzene an

su fur C .aci enates h. oyer base r | ow

sul A skt S iep B o R ae e P@ﬁroz{?@gﬁeg phenate
phenol ates, salicyl ates, phosphonates )

stearpiee Pherakies salicglates. gl ephenatess Shiophosphonates, fieniq surfacigplg and
m xtures thereof. Low overbased netal sul fonates

thetlikp ia:g@miygmrhaﬂ]@regf.t lava pvasbased metal sulfonates typically have a total base

number (TBN) of from about 0 to about 30 and preferably from about 10 to about 25.
Low overbased metal sulfonates and neutral metal sulfonates are well known in the art.
Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene
sorbito]l monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol
monooleate;. stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid
amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric

alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thereof and
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nunber (TBN) of from about O to about 30 and

preferably from about to about 25. Low overbased net al
wagadosomases and neutral netal sul fonates are wedCT/UKIWO¥0B6071

in the art. Exanples of rust inhibitors include, but

are not limted to, nonionic polyoxyal kyl ene agents,

e.g., polyoxyethylene |auryl ether, polyoxyethyl ene

hi gher al cohol ether, pol yoxyethyl ene nonyl phenyl
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gl ycol nonool eate;. stearic acid and other fatt
aci Bremplescof fresiopmadifiers insludpehulpre aghlimited toy %@02&@6‘1 fatty
amne salts; nmetal salts of heavy sul fonic acjd,

amipes; boriteddaithepoyides; faity phasphites, faty ensixides.detixaraines herated
phosphoric esters; (short-chain) al kenyl succinic

alk@xoilaed fapqmmins, matblenks ofhfetty afidsafetty acid amides, glycerol esters,
13ni trogen-contai ning derivatives thereof; synthetic

bordlell 2Tytoltsi@n ahe fattyemitazolires ad disilowed yi Ueth Patent Wo.e,372,696,
sul fonates; and the |i ke and m xtures thereof.

the ESABRS 88 which bfd i68drSdtate® 8l féflescel Hagdin) dBctidaUhodifiers Bbtained
limted to, al koxylated tatty am nes; borated fatty

froBRIXLARR grdcdﬂht ag%}c@ @:)%, Rferatflfh Y t&OAX A8 Rost P;ﬁ{éﬂbl aCgto

am nes, borate koxylated fatty am nes, ne salts
of fatty_ aci - q ] ¥ &8 ,
Cooggiri b bfyud st Qb Yo R TBpE0R HILTION ESERD
disclosed in U S Patent No. 6,372 69 6
coneih LR 1 ap pr Sty FLPERR L PER SLETNG
frictiaon nodifiers obtained from.a reaction duct of
10403, e ik aF AP S paicssse R HEEOBPErE) SoIgae
to C20, fatty acid ester and a nitrogen-containing
hergiongrsithellisetsonigrestheieethe group consi sting of
ammoni a, and an al kanol am ne, e.g., those disclosed in
U. SExBaplesdf ahbfoamdiglgents dglude; hus dreet Emitp@to, polymers ¢falkyl
contents of which are incorporated by reference
methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.
Examples of ashless dispersants include, but are not limited to, polyalkylene
succinic anhydrides; non-nitrogen containing derivatives of a polyalkylene succinic
anhydride; a basic nitrogen compound selected from the group consisting of
succinimides, carboxylic acid amides, hydrocarbyl monoamines, hydrocarbyl
polyamines, Mannich bases, phosphonoamides, thiophosphonamides and
phosphoramides; thiazoles, e.g., 2,5-dimercapto-1,3,4-thiadiazoles,
mercaptobenzothiazoles and derivatives thereof; triazoles, e.g., alkyltriazoles and

benzotriazoles; copolymers which contain a carboxylate ester with one or more additional

polar function, including amine, amide, imine, imide, hydroxyl, carboxyl, and the like,
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herein, and the |like and m xtures thereof. Exanples of

antifoam ng agents include, but are not limted to,
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di methyl silicone and the |ike and m xtures thereof.
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sucomimideedeaved fioonmimpmnard pblyalkyiconsuccinis| anlydrides mithe,
am de, imne, imde, hydroxyl, carboxyl, and the |ike,
pold#iRylgne pdlyaitet s prepared by copolynerlzatlon of I ong
chain al kyl acrylates or nethacrylates wi th nononers
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t her eof derivatives of these dispersants, e.g.
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conduct npl ecul ar nodel in roposed compoun
suchdectory ag,[far example, transition sta %es bon% lenpgths bond arlgrg)les gpole moment,
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- |

hydrophobicity, etc, of the compounds. Accordingly, the proposed compounds can be
screened to determine, for example, which compounds may perform poorly in an
oxidation inhibition process due to a poor ability to trap intermediate peroxides. This can
be carried out using known software such as, for example, Quantum Mechanics available
from Accelrys (San Diego, California).

Software for the design of test libraries can be used to design the original
compound test libraries based on input from the foregoing experimental program(s). This
software can be used to efficiently design test libraries that cover the desired
experimental space and utilize statistical experimental design methods. Other software
can then be used to analyze the data from the experiments and correlate that data with the

structure of the compounds and/or compound treatment conditions and/or reaction
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out involving such factors as, for exanple, transition

states, bond | engths, bond angl es, dipole nonent,
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confih@liBafied Witk irndfdagedWirbBabilitg fos tihdisip @etiradie dofigounds. For
conpounds and/ or conpound treatnent conditions and/ or
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érred to as CB R software (Quantitative Structure
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conmpounds. For
data collector. In this way, new compounds, conceived by one skilled in the art can be

checked by the QSAR software to predict their activity prior to their actual synthesis.
Additionally, such software tools may be utilized to prioritize a list of possible
compounds being considered for synthesis in such a way that one skilled in the art will
have a higher probability for success.

Referring now to FIG. 1, an example of a system to provide the foregoing
compositions in the plurality of respective test receptacles is generally illustrated as
system 100. Representative of this system and method for providing the foregoing
compositions in the plurality of respective test receptacles is one disclosed in co-pending
U.S. Patent Application Serial No. 10/699,510 filed on October 31, 2003 and entitled

“HIGH THROUGHPUT PREPARATION OF LUBRICATING OIL COMPOSITIONS

16



exanpl e, the conpounds anal yzed can be fornmulated into
various lubricating oil conpositions, as decribed
wheoosiosz76mnd t hen further anal yzed by way of, POF/US2004/036071
exanpl e, regression and anal ysis technol ogi es, using
known software, e.g., C -QSAR available from Accelrys
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foregoi ng base oils of lubricating viscosity B. Vesse

compgeroniralless a supply of additive A which can be any

of the foregoing additives useful for nodifying the
Tubular line 121 is a conduit for communicating the lubricatirig oil'additive A to

nozzle portion 123, from which it can be dispensed into a selected test reservoir, as
described below. The amount of lubricating oil additive dispensed is determined by
metering pump 122, which also can be computer controlled. Computer programs and
systems for automatically metering predetermined amounts of materials in accordance
with a preselected protocol are known in the art and can be used herein.

Nozzles 113 and 123 are preferably in close proximity so that base oil B and
additive A can be simultaneously dispensed in a test reservoir. Alternatively, base oil B
and additive A can be sequentially added to the test reservoir. The nozzles 113 and 123

can comprise a multichannel pipette or one or more syringe needles.
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properties of the base oil. As one skilled in the art

woul d readily appreciate, one or nore of vessels 110
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one base oil and/or nore than one additive,

respectively. Tubular line is a conduit for

communi cating the base oil B to nozzle portion 113,
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baseniett fAnAoasdidds ¥ Bk 3N obgarsparehitradetdl $6.y., glass)
di spensed in a test reservoir. Alternatively, base oi
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tional ly.. nore than two,ve I
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known and comerci al avail able. n the event that ...
prefigRItyfesBGiop i eaartcopiast aafr e it oY Pk ttves in
used, the vessels 110 and 120 and/or the th |l ar |ines
each pompesitiarpwill yasy EpmyRye reservoir to another. Optionally, the reservoirs can

be individual receptacles (e.g., test tubes) mounted upon a rack, instead of being recesses
in a block. Preferably, the test receptacles comprise transparent glass tubes. While five
reservoirs, i.e., recesses 132a, 132b, 132¢, 1324, 132e, are illustrated in FIG. 1, any
number of reservoirs can be employed herein. For example the system can employ 20,
50, 100 or even more test receptacles and samples as required.

The individual reservoirs are adapted to hold relatively small amounts of samples.
The sample size in each reservoir can generally be no more than about 20 ml, preferably
no more than about 15 ml, more preferably no more than about 10 ml and yet more
preferably no more than about 5 ml.

The test frame 130 and dispensing nozzles 113 and 123 are movable relative to

one another. Although manual movement of the apparatus by an equipment operator is
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punps 2 and 122, and/or nozzles 113 and 123 can be
heated to facilitate fluid flow therethrough. The test

wo e@s®42780 i ncl udes a bl ock 131 of transparent PORUSZ0&D36071
(e.g., glass) having a plurality of recesses 132 for
recei ving the di spensed additives or base oil and
additives. The recesses provide test reservoirs
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moysblq inc lgfernd and/ 9@@@@5@%&% Y t¥> se@sptiallymesijions selpeier
upon a rack, instead of being recesses in a bl ock.
recd?s efidar dli dispensiog herlesléd apt 5. d anethyrranthedimpenh dhapazpies
gl ass tubes. Wile five reservoirs, i.e., recesses
113133423 1a3lwptiddaly, thd BRskls 182md 1a0eare Hlidablyrmaevebleilatea]l g,
1, any nunber of reservoirs can be enpl oyed herein.
andFRSveicaliPloacthi@plsshosinvaiag oLiphoyzld0,1356¢ 1200 or even
nore test receptacles and sanples as required. The
| Ndin\4 (@Rl Pr&ERaINOdiSel AT 1® Aadapy ek fiikd Raththe ella@tdMebricant
smal | anmounts of sanples. The sanple size in each
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movenent are preferred. In one enbodi nent the test
reppsitioned e be isaligpmentevitiuthe et reqeps bipband grerrp%{eréd amounts of

additive A and/or base oil B are changed in accordance with a predetermined schedule of
variation such that the lubricating oil in recess 132b has a different percentage
composition of additive than that in recess 132a. The pattern is repeated as the nozzles
113 and 123 are sequentially aligned with the successive recesses 132¢, 132d, and 132¢
so that each recess has a predetermined composition of lubricating oil.

The components A and B are preferably combined in the reservoirs by mixing, for
example, by agitation of the frame 131, static mixing, individual stirring of the contents
of the reservoirs (mechanical or magnetic stirring) and/or by bubbling the reservoir with
gas, e.g., nitrogen. Optionally, base oil B and additive(s) A can be combined prior to

dispensing into the respective reservoirs. For example, a single dispensing nozzle having
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novable in a lateral and/or vertical direction so as
to sequentially position a selected recess under the
walr@ppisshg nozzles 3 and 123. I n anot her enboRPCTERL004/036071
the nozzles 113 and 123, and optionally the vessels 0
and 120, are slidably novable l[aterally and/or
vertically to acconplish positioning of the nozzles 3
and 123. In a testing procedure, vessels 110 and 120
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next recess 132b and the netered anounts of additive A
eacheli then be sealyietl f& raspeciivecamtjerkal progetios danweanftatility. While
predet erm ned schedul e of variation such that the
cladsiftvaticndf wepr oyes irtludes dasard 3@irhizs! ta, afhésier wenr, abrasive wear,
per cent age conposition of additive than that in recess
fati%@e? and pHIEhRB} HRTelldvAng epeahesllybtbrdeitajfiozd estslddreard
23 are sequentially aligned with the successive

prebREER R Tesls3 Bbdrodsithic #BH 1&B2RdLOrbid weREdtd, ecess has
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into the
combustion engine when the piston reaches the upper dead center and is subjected to the
force of the fuel combustion explosion while the piston is for an instant not in sliding
motion.

A hydrodynamic test is designed to test the ability of the Iubricating oil
compositions to prevent wear under conditions wherein a fluid lubricant film is retained
between the interacting surfaces. Typically, a hydrodynamic lubricant condition occurs
in an internal combustion engine between the piston rings and cylinder wall when the
piston is in sliding motion during the stroke.

Finally, a corrosive wear test is designed to test the ability of the lubricating oil

composition to protect the interacting surfaces from wear in a corrosive environment.
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m xi ng chanber and then di spensed through the nozzle
into the reservoir. Once the plurality of receptacles
whaoos/okpsen provi ded containing |ubricating oi | Pemusz00¥¢36071
conpositions and/or lubricating oil conpositions, the
plurality of fluid sanples each can then be anal yzed
for respective anti-wear properties, i.e., wear
stability. While classification of wear types
incl ude y o) [ . ' :
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are generally three maj or wear. .tests:. extrenepresskre
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tests. An extrene-pressure wear test is associated
gengzagqs sylfaniq 2834 on where the I ubricating oil conposition
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delivering test receptacles 310, each containing a respective sample identifying code bar

350, to a testing station 320. The robotic assembly is configured to have one or more
movable arms 312 each provided with a grasping mechanism 314, which engages the
individual test receptacles 310 in accordance with instructions from a computer controller
316.

The testing station 320 may include a single testing apparatus performing one test
at a time, or preferably, this station is assembled of multiple apparatuses operating
simultaneously so that each carries out a respective test in accordance with instructions
220 (FIG. 2) from the controller 316. In case of multiple apparatuses, a tested lubricating
oil composition can be distributed among an extreme pressure test apparatus 322,

hydrodynamic test apparatus 234 and a corrosive test apparatus 326. Each of the test
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conposition to protect the interacting surfaces from
wear in a corrosive environnent. 20The |l atter may be
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sulfuric acid. Referring nowto FIGS. 2 and 3, the
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sel ection of candi date conpositions capabl e of
partyefcos dhst antirg ruagingyengge.o s, Her explente sriggugpressure test
hydrodynam ¢ and corrosive wear stability tests under
appanausi3 meylopate a0 ihatythe eppliediloatssequeng el ieisases in a time
requi renents. Having provided a plurality of
conttlet @@nhagfrah) for emapdd, tban 20&ibs 2b@AbGERAD 1) to about 4001bs.
robotic assenbly 300 (FIG 3) is adapted to carry out
ThE A§Hro@Ynainie tdsﬁ:%ip&rabm 398 hegthie\cehiyollde o inereasegtht &mtl from, for
receptacl es 310, each containing a respective sanple
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The robotic assenbly is configured to have one or nore
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nec , which th
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recseaitithe SleFiredcOFQEivE SHEOPRICR] GPECTROBEINE P Bfég%?r&ﬁ’ﬁ@glo#taﬂd
I nstructions
acid concentrations to determine the corrosive wear stability of the lubricating oil

composition. It is to be understood that the specific load and acid concentration
conditions are not the only parameters that can be controllably created and modified in
association with each of the test apparatuses.

As each of the lubricating oil compositions or a subset thereof is subjected to the
foregoing test(s), as indicated by 230 of FIG. 2, the computer controller 316 (FIG. 3)
processes and outputs respective test results at 240, each of which is added to the library.
Accordingly, the information regarding the anti-wear properties of lubricating oil
compositions stored in the library becomes another piece of information in addition to,

for example, storage stability and oxidation stability of the cataloged compositions.
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220 (FIG 2) fromthe controller 316. In case of
mul ti pl e apparatuses, a tested |ubricating oi
W@ eoop0$i765 on can be distributed anbng an extr eP€I/US2004/036071
pressure test apparatus 322, hydrodynam c test
apparatus 234 and a corrosive test apparatus 326. Each
of the test 2lapparatuses operates under the desired
and controlled conditions including, anong others, a

B
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individiiatip bt Extondinatione Eeeexaimple] matbie Test Rin donfigerbemdidlG. 4, two
about 50 I bs. to about 100 | bs. to about 150 | bs at
Veé Bloeky 4l (scandertbhigsllablypressedlagafmat £ rtatinggonrhdle2Dwisch &l s
associated with the load increase in the extrene | oad

subfRRAIah 4 SuP 490 whih Tiad tedted RGNS Bil \CEmMPORREN AR URTnghS, the
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associ ation with each of the test apparatuses. .As %?ch

candfe redlizefl fioF instanea §y spnstantiuesting gpéurisackl at thspoint of the
thereof is subjected to the foregoing test(s), as.

jouimlli OAtwuisdythexder end/ e rate of watehiscreaesa therackdronetirlien
316 (FIG 3)

increases.

The four-ball test configuration 500, as shown in FIG. 5, is constructed so that the
three bottom test balls 530 are placed in a stationary holder 540, locked in place, and
covered with a respective one of the lubricating oil compositions 520. Upon placing a
top ball 510 in a chuck and attaching the top ball 510 to a spindle 550, the load is applied
in a computer-controlled manner, as discussed above. Depending on which of the
hydrodynamic and extreme pressure tests is being run, it is possible to determine either
the load wear index corresponding to the scar diameter from the tests run or the weld

point.
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processes and outputs respective test results at 240,
each of which is added to the library. Accordingly,

wo b@siosf763 mat i on regardi ng the anti-wear propePCT/852004/036071
| ubricating oil conpositions stored in the library
beconmes anot her piece of information in addition to,
for exanple, storage stability and oxidation stability
of the catal oged conpositions. 22A variety of
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65¢ en Bsiher wWEA00 opipo cphdiddtesghat exhibit the most appropriate anti-

wear characteristics.

However, the use of the most suitable Iubricating oil compositions for any given
requirements may be associated with prohibitively high costs. In accordance with step
660, the method and system of the present invention enables the optimization of the
selected candidates. The optimization of the selected lubricating oil compositions is the
selection of the type and the amount of additive(s), which would provide a satisfactory,
not necessarily the best, lubricating oil composition at the least cost. In other words, the
optimization is a balancing test including performance and cost analysis based on the
information stored in the electronic library in accordance with the method and system

described herein.
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top ball 510 in a chuck and attaching the top ball 510
to a spindle 550, the load is applied in a
W@ op8265 cont rol | ed manner, as di scussed abovRCT/US2004/036071
Dependi ng on which of the hydrodynam c and extrene
pressure tests is being run, it is possible to
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ondephRgl tragad thedlopb 28pbikeasdffetanmcAditived) ohé eancitid tha for
requi renents, including, for exanple, higher |oads

ex@SIE QhardyeliBEH S WhShahg BERBYEFor bhéBpe bf @R @bakelAkbusstests
results of the test(s) can be transmtted and stored

do ;ngtr }% gL}c% lgg%el.‘ﬁ'%grelsﬁlw hrus&@bfor Bﬁ%\ptte%ﬁ’.tSﬁ&ﬁ% @3 Qnfofstion in

onitcally conpare e expected
results.at 640. Foll ow 4% c ' . . .
R P S o7 PR L SBIA0 AR B P
to optinal candidates that exhibit the .
CoTBRR I SSPE PR M RETCT S B8R R s pforaton
of the nost suitable Iubricat%&g oi | congo itions for
mayralow; fpeerlqudaingmenssprry changey R thsadgitvgs alfhgreast cost.
prohi bitively high costs, accordance wiith step .

For example, wear stability data regarding the lubricating oil compositions can be
stored in a relational database to provide a combinatorial lubricating oil composition
library. Alternatively, the system may be electrically connected to a signal data collector
comprising a computer microprocessor for system operation and control to collect the
data from the various tests over an extended period of time to compile the combinatorial
lubricating oil composition library. The database can be used to find optimum
combinations for a desired product stream, and can be particularly useful when the
desired product stream varies depending on market factors. When the product

requirements change, appropriate combinations can be selected to prepare the desired

product.
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660, the nethod and system of the present invention

enabl es the optim zation of the sel ected candi dates.
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withinrrcge scope and spirit of the invention as defined by the claims appended hereto.
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library. Alternatively, the systemmy be electrically
connected to a signal data collector conprising a
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corrosive wear test and a combination thereof.

3. The method of claim 2, wherein the step of measuring wear stability further
comprises the step of selectively changing a variety of conditions for measuring wear
stability in accordance with the program control, the variety of conditions being selected
from the group consisting of duration of the at least one test, load generated during the at
least one test, acid amount delivered during the at least one test and a combination

thereof.
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within the scope and spirit of the invention as
defined by the clains appended hereto. 26WHAT IS
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7. The method of claim 2, further comprising the step of systemizing the
outputted results of each of the extreme pressure, hydrodynamic and corrosive wear tests,
thereby assembling a library of the outputted results associated with each of the plurality
of lubricating oil compositions, wherein each one of the wear tests is selected to be

indicative of performance of a selected part of or an entire running internal combustion

engine.

8. The method of claim 7, further comprising the step of storing a reference value
selected from desired operating conditions or statutory requirements and comparing the
outputted results of at least one of the extreme pressure, hydrodynamic and corrosive
wear tests of the plurality of lubricating oil compositions to the stored reference value in

accordance with the program control.
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control. 5. The nethod of claim2, wherein the extrene

pressure, hydrodynam c and corrosive wear tests are
w@omnduer7esl sequentially in accordance w th t heP@r/o§r0841036071

control. 6. The nethod of claim2, wherein the

corrosive wear test is conducted simnultaneously with

at | east one of the extrene pressure and hydrodynam c

tests in accordance with the programcontrol. 7. The

met hod, of ¢l ai ; r | 8i £ 19

cysCerSiefof aEbigm pubtdf bR B P8 ocB i Elpasoi

extre essur h odynam c..an Qrr.osi v s
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results _associated wth each of the plurality of .
storedtip ifsairery UBeT CuBRATE @%9@20 R A R

wear tests is selected to be indicative of performance
thegrogramepaeled part of or an entire running interna

conmbustion engine. 8 The nmethod of claim7, further

conprising the step of storing a reference val ue

sel ected from desired operating conditions or

st at 0t Theymethod bf €laen®,Snalred canpyxdng the steheoinsteptng @group of

results of at |east one of the extrenme pressure,
thelTHBH QN B3I GrPodtli e bR oM Eheipadsed/BSI Salabs ddveprplitinglal doyt

of lubricating oil conpositions to the stored
andI i E6EABIE oM BE Wedtdl ReP WML bt GBIl Betyg¥itions to select

control. 289. The nethod of claim8, further

[ S/ . gt ep . i.gning a "pass/fail" val ue

at@%ﬂ&%%ﬁhﬁ%ﬂ?ﬂ%w%%t %?%% ?%gﬂlts of the plurality of

| ubricating oil conpositions stored in the library

upon conparison thereof to the reference value in

ace ?Ed%ﬂg r%emogl Igf glgi%l , fﬁgﬂe? E:rcl)rcr:lgrrllstnrlgo éh'e step of analyzing a change of

the outputted results of each of the extreme pressure, hydrodynamic and corrosive wear
stability tests stored in the library upon changing the plurality of conditions in accordance

with the program control.

12. The method of claim 11, wherein the step of analyzing includes generating a
slope associated with the outputted results of each of the extreme pressure, hydrodynamic
and corrosive wear stability tests of the plurality of lubricating oil compositions to
identify a pattern of performance thereof in response to changing of the plurality of

conditions in accordance with the program control.
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10. The nmethod of claim9, further conprising the
steps of selecting a group of the l[ubricating oi
W@ oimp0$3765 ons based on the "passed/fail" val ueBCHOS2004/036071
providing a cost analysis of each of the sel ected one
of the group of lubricating oil conpositions to select
at |l east one optimal lubricating oil conposition.
The nethod of claim?7, further conprising the step of
anal yz C 0
ho i Pemanid8RagecL Vﬁh@%ﬁ%ﬁwﬁeﬁﬁ%@ fkiehedh R R
I|t tests stored.i e i brar hangi.n
selgdigs b §55p %ﬁn%%?%anﬁ i, SRR Wg%ﬁ st
pr.ogram contr ol The nmethod of claim, rﬁhn t he
nﬂlsbl@gs éﬁha&w&ag%thglemﬁlé}fwaé%a% apeial ﬂﬁ@ﬂ&a@g&ﬁ@n‘w ction
associ ated with the outputted results_ of each of the
magifiqrs frenoas sepressaify,cng hpnie asealsdeocwvestsi naskogear
stability tests of the plurality of |ubricating oi
compatibilsets| comsion-inldbintrs,faghlasspligpersamts,afyep extiemerpugssare agents
thereof in response to changing of the plurality of
an€ aigtidel @r%of.n accordance with the program control
2913. The nethod of claim 1, wherein the at |east one
| ubricating oil additive is selected fromthe group
consi sting of antioxidants, anti-wear agents,

det @k 9@Rd Dethbd 8t clhiRf®, kﬂlltﬂ% %o)mgﬁﬁﬁgzihg Gtcf G Hfsﬁlacmg the plurality
denul'si fying agents, netal deactivating agents

of Lfbbf%ting%ﬂ%%g&ﬁ%lﬁ to Q%éﬁn? chat[iﬁn &%ﬁgﬁ%& rovide at least one of

m ng agents, co-sorvents

theaq@%%tre {gge:sﬁtlgg %{aé ta%q ?elsjté %Edrbtri]\gﬂaprhé Qedrted alﬁh ?l’f'e dporroswe wear

sSur e a eﬁt

m xtures thereof. 14 Th d . of
=8 A S T A S R P{l gorgpSeiions in
| ubricating oil conp05|t|ons to a testlng station
aceopdampey With homogravrpiElat | east one of

15. The method of claim 14, further comprising the steps of storing each of the
plurality of lubricating oil composition in a respective vessel, and arranging a plurality of

vessels in a predetermined sequence.

16. The method of claim 15, wherein a robotic assembly sequentially retrieves
and displaces the plurality of vessels to the testing station in accordance with the program
control for determination of anti-wear properties of the plurality of lubricating oil

compositions.
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the extreme pressure wear stability test, hydrodynamc

wear test, and the corrosive wear test to determ ne
w@rasAHwes properties of each of the tested | ubCT/US10041036071

oi | conpositions in accordance with the program

control. 15. The nmethod of claim 14, further

conprising the steps of storing each of the plurality

of lubricating oil conposition in a respective vessel,

2 LR L e Ry s o

wher ei n. obotic assenbly .sequentially .retrieves an
aerfiesppailal viavel 6B et L dusP e fry v bl pRERgn Bkol

station . in accordance with the progr control, for .
for glsteppizption Plomtioyeas Rioperiese! t%? BiyEality %@%caﬁlﬁg o IcoRPsitgps-

of lubricating oil conpositions. 3017. The net hod of

claim15, wherein a robotic assenbly selectively

retrieves and delivers individual vessels to the

t esi8.nGhesmethpdnf ¢lainalks drthancenmisitg thé step oHprozidingshe testing

for determ nation of anti- wear propertiesof the
stafibrutvith bt ¢asdond agpatatatconfipupéd towonghas itieiaoleast oh8 of &iteme

met hod of claim 15, further conprising the step of

preRé&uRy, iniodyhditic bR vk Gtabilidf te0tS, thé hpaddtud aft selRfed from the
apparatus configured to conduct the at | east one of

gro%gtcf)ﬁémin 1088 P Snd V6104 REBICBANHIOM AR & bebinhiioh thereof.
tests, the apparatus being selected fromthe group

consisting of a Pin and Vee Bl ock, a Four-Ball Bl ock
and a conbination thereof. 19. A nethod for screening

comb? Bl sFeRRLapirRlse of Bt RS RHAAPHED pu

ditterggt | ubricating oil conposition sanples
COPTRE YPSEPYPY a maj or anount of at |east one base oi

of | ubricating viscosL%y and (ii) a .
(2) providing a plurality of different lubricating oil composition samples

comprising (i) a major amount of at least one base oil of lubricating viscosity and (ii) a
minor amount of at least one lubricating oil additive;

(b) measuring extreme-pressure wear stability of each sample to provide exireme-
pressure wear data for each sample; and,

(c) outputting the results of step (b), thereby assembling an electronic library.

20. A method for screening lubricating oil compositions, under program control,
comprising the steps of:

(a) providing a plurality of different lubricating oil composition samples
comprising (i) a major amount of at least one base oil of lubricating viscosity and (ii) a

minor amount of at least one lubricating oil additive;
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m nor anount of at |east one |lubricating oil additive;
(b) neasuring extrene-pressure wear stability of each

wGQ a00pl0€276D provi de extrenepressure wear data fPCT/E8204/036071
sanple; and, (c) outputting the results of step (b),
t hereby assenbling an electronic library. 20. A nethod
for screening lubricating oil conpositions, under
program control, conprising the steps of: (a)

proyiding a plurglity of different lubricating.oil
Contb eieprshe szt fim LnigY B ek “HaPER bR%iR: ' of
at | east one se ail of lubricatjng viscosity and
hy‘{rP@WlaﬁuW%rstag figta far eaeh y281pls ahe | ubri cating oi |
addi tive; .31§b) nmeasur i ng} hydr odynanmi ¢ wear stability
of EAenratingkhs reslis PHSER )Hﬁ@rﬁbwﬁ%mbl@lgméﬂecgp% ilibrary:
data for each sanple; and, (c) outputting the results
of step (b), thereby assenbling an electronic library.
21. A nethod for screening |lubricating oil
c onphsA tatins], fotisvtkesningrlolgicating oih toropositivospmilsi prggrneontrol,
steps of: (a) providing a plurality of different
cothpidin @b ktegs & | conposition sanples conprising a najor
anount of at |east one base oil of l|ubricating
VIS @%f&vi/djﬁgquﬁrdl'i‘td)n@ﬂ difBREINlbiatids ol EAEHos@MB samples
| ubricating oil additive; (b) measuring corrosive wear
B & I £ SOERY Bnd BasP bR YE RBrGHHEIRCYS WA mi
Cmé{)%gl:'l%%%oggﬁngaﬁgr eg%:* rsl,anﬁq'l e; andI,1 (c) out pg},@i rﬁlgmlmr
t he results of ; ).aqb:hereby assenbling an
amgPIg[@tf fo e?sté0?%*%‘%@].%‘%%??&#12%& em for screening a

Pl uEb Inlleta un%fg cl)yrggi{fg \%E:allrrégabﬁ{t}l/ of She gasnllﬁlé %npsrbvide corrosive wear

stability data for each sample; and,

(c) outputting the results of step (b), thereby assembling an electronic library.

22. A system for screening a plurality of lubricating oil compositions,
comprising:

() a plurality of test receptacles, each containing a different lubricating oil
composition each comprising (i) a major amount of at least one base oil of lubricating
viscosity and (ii) a minor amount of at least one lubricating oil additive;

(b) a moving unit configured to individually position each of the plurality of
lubricating oil compositions in a testing station for measurement of wear stability of each

of the lubricating oil compositions; and,
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conprising: (a) a plurality of test receptacles, each

containing a different lubricating oil conposition
weawhk/oeoapri sing (i) a major anmount of at | easPCDOB2004/036071

base oil of lubricating viscosity and (ii) a mnor

anmount of at |east one lubricating oil additive; (b) a

moving unit configured to individually position each

of the plurality of lubricating oil conpositions in a
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wear stability of each of the plurality of lubricating
COWWQ““?BﬁpOS|t|ons 23. The system of claim 22, wherein

the controller is provided with software for

automatically receiving and storing the neasurenents

of wear stability of each of the plurality of

| ub23. CHite systewidf climBdsiharein ghe catrolitrds ppsidedwih seftwgrmfor

23, wherein the controller is provided with software
autbsticalyp esdel vimpant k@riag dreatdeaseamants o nese sidbilivgaf each of the

stability of each of the plurality of lubricating oi

plufediBPOslubliifisg Pl 06:856@bnoN the testing station in an
el ectronic Ilbrary 25. The system of cl ai m 24,

wherein the testing station includes at |east one
apparat us confi gured to conduct at |east one wear
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25. The system of claim 24, wherein the testing station includes at least one
apparatus configured to conduct at least one wear stability test for measuring the wear

stability of each of the plurality of lubricating oil compositions.

26. The system of claim 25, wherein the at least one wear stability test is selected
from the group consisting of an extreme pressure test, hydrodynamic test, corrosive test
and a combination thereof, the at least one apparatus being coupled to the controller
having software, which executes thereon for selectively changing a plurality of conditions
for the at least one wear stability test, the plurality of conditions being selected from the

group consisting of duration of the at least one wear stability test, load generated during
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and a conbination thereof, the at |east one apparatus

bei ng coupled to the controller having software, which
wezx@snsass t hereon for selectively changi ng a pPCr/akio0y036071

of conditions for the at | east one wear stability

test, the plurality of conditions being selected from

the group consisting of duration of the at |east one

wear stability test, |oad generated during 33the at
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ring the a one Wwear sta t an
nbi nati.on thergof  27. The system of claim 26,
Staﬁ@ﬂ#ﬁé}ranéf}ﬁﬁ i %ng’terelogast one addi tional apparatus
coupled to the controller and configured to conduct
each of the extrenme pressure, hydrodynam c and
corrosive tests of the plurality of |ubricating oi
conposihg vitem gfglaimd, Syhergomprisiug af lopss pne phtienahannggatus
at | east one additional apparatus operates
cowpiled otthanenntrellgr anil chnfigveeddtp chrdust cagh ef tp gsiramesresurRe
controll er being provided with software operating
hydroéyrmaric fml conosiveakdts olyheploteliof oftlhleicaiingibll avrepasstiopns.
operati ng apparatuses so that each one of the
appar atuses conducts a respective test selected from
the group consisting of an extrene pressure,
hy dp @ dYRedTs e PTG R 770 ShMEInWES4t 188! ddbiiioh8Shpard@s operates
The system of claim 28, wherein the sinultaneously

sﬁ&ﬁéﬁédukl?gviﬁptﬂéﬁﬂ%% BRe ﬁ@gﬁu&%&i e&ﬁmﬂef@ewge@gmed qng of

the extrene pressure, rodynamc and corrosive tests

i , . f
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f claim.2 ] f th Imul t I
ot PR aCshoar o s He-Bises POUPLR rEPRaRAVE irisd fiom
corrosive test sinultaneous%; W th one of the .
the group consisting of an extreme pressure, hydrodynamic and corrosive wear stability

test.

29. The system of claim 28, wherein the simultaneously operating apparatuses
each conduct a respective one of the extreme pressure, hydrodynamic and corrosive tests
different from the test conducted on the other one of simultaneously operating

apparatuses.
30. The system of claim 29, wherein one of the simultaneously operating

apparatuses is configured to conduct the corrosive test simultaneously with one of the

extreme pressure and hydrodynamic tests.
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extrene pressure and hydrodynam c tests. 34. The
system of claim 26, wherein the controller has

W@ odosinaa7es operating thereon for anal yzi ng a r aP@r/v82004/036071
change of a result of each of the extrene pressure,
hydr odynam c and corrosive tests of a respective one
of the plurality of lubricating oil conpositions to
select multiple groups thereof, each of which includes

th t
pa?%. SRR SRR s RO URRILYBT TS e
cor r sive tes

oo B S SaRE R HBES P T Sheet gﬁﬁfhm eéneopgé%w%er x
f t h of th
AL R e
oi | conpositions included in a respective one

of the
cogpositiana & salact my}t@leggrgwghgmf each of W@@b,%udes the lubncatmg oil
wear-stability result of the each of the lubricating
comppésitimmpeitir siitadsond partieilaraine of the cyironppresdre, drodyngmienand
of claim22, wherein the plurality of l|ubricating oi
corcadigpasdts.i ons each is contained in a respective test
receptacle. 34. The system of claim 33, wherein the
nmoving unit includes a robotic armconfigured to grasp
and deliver each of the test receptacles to the

t es8) NPheSdylenT.clad@ 31, WRerSih FhEBnBb116 fither Bds soffdRELopRrating

each test receptacle has a bar code affixed to an
thePdbn&br oﬁalﬁ'irflﬁﬁg AR B seleded multiple groups by balancing a cost of each of
the lubricating oil compositions included in a respective one of the selected multiple

groups and a respective wear-stability result of the each of the lubricating oil

compositions of the selected group.

33. The system of claim 22, wherein the plurality of lubricating oil compositions

each is contained in a respective test receptacle.

34. The system of claim 33, wherein the moving unit includes a robotic arm

configured to grasp and deliver each of the test receptacles to the testing station.

35. The system of claim 33, wherein each test receptacle has a bar code affixed to

an outer surface thereof.
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