wo 2014/179537 A1 [N 00000 O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau '}/

6 November 2014 (06.11.2014) WIPO | PCT

\

(10) International Publication Number

WO 2014/179537 Al

(51

eay)

(22)

(25)
(26)
(30)

1

1

(72

International Patent Classification:
GOIN 19/02 (2006.01) GOIN 33/30 (2006.01)

GOIN 33/26 (2006.01) o,

International Application Number:
PCT/US2014/036316

International Filing Date: (81)
1 May 2014 (01.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/819,186 3 May 2013 (03.05.2013) US

Applicant (for US only): SHELL OIL COMPANY
[US/US]; One Shell Plaza, P.O. Box 2463, Houston, Texas
77252-2463 (US).

Applicant (for all designated States except US): SHELL
INTERNATIONALE RESEARCH MAATSCHAPPL) (84
B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 The

Hague (NL).

Inventors: GAO, Hong; 4907 Canyon Sage Lane, Katy,
Texas 77494 (US). RAPPAPORT, Scott Tyler; 5800
Woodway Drive, #132, Houston, Texas 77057 (US).
CHIN, Coleen Anne; 16219 Cairngorm Avenue, Houston,

Texas 77095 (US). PAPKE, Brian Lee; 5518 Brook Bend
Drive, Sugar Land, Texas 77479 (US).

Agent: PICCARDOQ, Larissa; Shell Oil Company, One
Shell Plaza, P.O. Box 2463, Houston, Texas 77252-2463
(US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

[Continued on next page]

(54) Title: METHODS OF FRICTION TESTING LUBRICANTS

204
209 |F 214 s/

* /

210
(@)
(s
212
LY

(57) Abstract: Methods of friction testing a lubric-
ant in a test assembly are provided. The test as-
sembly comprises a lubricant bath with a lubricant
therein, a friction plate and a friction arm. The meth-
od involves applying a load to the friction plate with
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according to a test operation, and measuring at least
one test parameter, such as coefficient of friction,
during the test operation. The test operation includes
at least one dynamic friction test having a dynamic
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speed. The method may also involve determining a
static and a dynamic friction index from the meas-
ured test parameter, and identifying the lubricant
from the static dynamic friction indices.
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METHODS OF FRICTION TESTING LUBRICANTS

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Application No.
61/819,186, filed on 3 May 2013, which is incorporated herein by reference.

Field of the Invention

[0002] The present disclosure relates generally to methods of determining performance
properties of a lubricant. More specifically, the present disclosure relates to methods of

determining performance properties of a lubricant used in vehicles (e.g., motorcycles).

Backeround of the Invention

[0003] Lubricants may be used in machinery, for example, to provide satisfied friction
between moving parts, such as in wet clutches of motorcycles. In some cases, slippage
may occur in wet clutches that may hinder the movement of the parts and, therefore,
impact the performance of the wet clutches. Lubricants may be configured to prevent the

likelihood of slippage and/or affect the performance of wet clutches.

[0004] Lubricants may include a mix of oils and other additives. The composition of the
lubricant may be selected to define properties which can be used to enhance performance
of the machinery. For example, various wet clutches may specify the use of a certain
viscosity of lubricant under certain conditions, such as outdoor temperature. In another
example, the composition of the lubricant (and/or its additives) may be selected to control

friction of the wet clutch.

[0005] Designed experiments may be performed to compare lubricants having various
compositions. The experiments may involve performing tests of various lubricants to
determine how each lubricant will perform in operation. In some cases, experiments may
be conducted to determine properties of different lubricants that may affect the
performance of the machinery. For example, tests may be performed to determine the
effect of lubricants on friction and wear of wet clutches. The experiments may be
performed using apparatuses that simulate the wet clutch and provide controlled conditions

for testing. For example, wet friction clutch testing of a lubricant may be performed using
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a SAE No. 2 clutch friction test machine. Other examples of friction or wet clutch tests are
provided in M. Ingram et al., Frictional Properties of Automatic Transmission Fluids: Part
I-Measurement of Friction-Sliding Behavior, Tribology Transactions, vol. 54, pp. 145-153
(2011) and M. Ingram et al., Frictional Properties of Automatic Transmission Fluids: Part
1I-Origins of Friction-Sliding Speed Behavior, Tribology Transactions, vol. 54, pp. 154-
167 (2011).

[0006] Testing of lubricants is often performed to determine if the lubricant satisfies
certain performance and/or quality requirements set forth by a standard setting
organization. Por example, the Japanese Automotive Standards Organization (JASO) has
created a set of performance and quality standards relating to motorcycle engine oils.
Specifically, the JASO T903:2011 Standard sets forth a friction test designed to determine

the suitability of lubricants for wet clutch usage.

[0007] Currently, the most common method used to determine whether a lubricant satisfies
the requirements of the JASO T903:2011 Standard is to perform a friction test using a SAE
No. 2 clutch friction test machine. However, this method suffers from certain
disadvantages, including a lack of repeatability, the requirement for a large sample of the
lubricant to be tested (40L per test), and the relatively high expense of performing the test.
Accordingly, any method providing for an improvement in lubricant testing, and in

particular the testing of frictional and/or wear properties of a lubricant, would be desirable.

Summary

[0008] In at least one aspect, the disclosure relates to a method of friction testing a
lubricant in a test assembly comprising a lubricant bath with a lubricant therein, a friction
plate and a friction arm. The method comprises applying a load to the friction plate with
the friction arm, selectively moving the friction plate according to a test operation, and
measuring at least one test parameter (e.g., coefficient of friction) during the test operation.
The test operation comprises at least one dynamic friction test having a dynamic speed and
at least one static friction test having a static speed. The dynamic speed includes
increasing from the static speed to a maximum speed and then decreasing from the

maximum speed to the static speed.

[0009] In another aspect, the disclosure relates to a method of friction testing a lubricant.

2
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The method involves providing a test assembly comprising a lubricant bath with a lubricant
therein, a friction plate and a friction arm. The method also involves applying a load to the
friction plate with the friction arm, selectively moving the friction plate according to a test
operation, and measuring at least one test parameter (e.g., coefficient of friction) during the
test operation. The test operation includes at least one dynamic friction test having a
dynamic speed and at least one static friction test having a static speed. The dynamic
speed includes increasing from the static speed to a maximum speed and then decreasing

from the maximum speed to the static speed.

[0010] Finally, in another aspect, the disclosure relates to a method of friction testing a
lubricant. The method involves providing a test assembly including a lubricant bath with a
lubricant therein, a friction plate and a friction arm. The method also involves applying a
load to the friction plate with the friction arm, selectively moving the friction plate
according to a test operation, and measuring at least one test parameter (e.g., coefficient of
friction) during the test operation. The test operation includes at least one dynamic friction
test having a dynamic speed and at least one static friction test having a static speed. The
dynamic speed includes increasing from the static speed to a maximum speed and then
decreasing from the maximum speed to the static speed. The method also involves
determining a static friction index and a dynamic friction index from the measured test
parameter(s), and identifying the lubricant from the static friction index and the dynamic

friction index.

Brief Description of the Drawings

[0011] So that the above recited features and advantages of the disclosure may be
understood in detail, a more particular description of the disclosure, briefly summarized
above, may be had by reference to the embodiments thereof that are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this disclosure and are, therefore, not to be considered limiting of
its scope. The figures are not necessarily to scale, and certain features and certain views of
the figures may be shown exaggerated in scale or in schematic in the interest of clarity and

conciseness.

[0012] Figure 1 is a schematic diagram depicting a test assembly for friction testing

lubricants in accordance with the present disclosure;
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[0013] Figure 2 is a detailed view of a friction assembly comprising a lubricant bath, a
friction plate, and a friction arm for friction testing lubricants in accordance with the

present disclosure;

[0014] Figure 3 is a schematic diagram depicting a friction plate with a test pad for friction

testing lubricants in accordance with the present disclosure;

[0015] Figures 4A-4B are schematic diagrams depicting a test pad before and after friction

testing lubricants, respectively, in accordance with the present disclosure;

[0016] Figure SA-SE are graphs depicting various friction tests in accordance with the

present disclosure;

[0017] Figure 6 is a graph depicting an example test cycle of a friction test in accordance

with the present disclosure;

[0018] Figures 7 is a graph depicting a friction coefficient for various lubricants in

accordance with the present disclosure;

[0019] Figure 8 is a graph depicting fluid mapping in accordance with the present

disclosure; and

[0020] Figures 9 is a flow chart depicting a method of friction testing lubricants in

accordance with the present disclosure.

Detailed Description

[0021] The description that follows includes exemplary apparatuses, methods, techniques,
and instruction sequences that embody techniques of the inventive subject matter.
However, it is understood that the described embodiments may be practiced without these

specific details.

[0022] The disclosure relates to methods for determining a property of a lubricant, such as
a frictional property of a lubricant. These methods may involve the use of a test assembly
to friction test lubricants. The test assembly may apply friction and heat to the test
lubricant in one or more test cycles of a friction test, such as a wet clutch friction test.

Each test cycle may involve one or more test parameters, such as constant or variable
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speed, lubricant temperature, lubricant viscosity, lubricant composition, load, and the like.
Each test cycle may also involve a static friction test and a dynamic friction test. The static
friction test may be performed by moving the friction plate at a constant static speed. The
dynamic friction test may be performed by increasing the speed and then decreasing the
speed of the friction plate. Additives may optionally be added during one or more test
cycles of the friction test. The test cycles may be analyzed and test strips examined to
evaluate the lubricant. The analysis may be used, for example, to identify the lubricant,
evaluate lubricant properties (e.g., viscosity, composition, friction coefficient, etc.),
determine other test parameters and/or fluid properties, and determine if a lubricant
satisfies certain performance and quality standards set forth by a standard setting

organization, such as JASO.

[0023] Further, the methods of the present disclosure may involve the use of a test
assembly as described herein to perform a friction test, such as a dynamic friction test or
static friction test, on a lubricant in accordance with the testing procedures set forth in an

applicable JASO standard, such as JASO T903:2011.

[0024] Figure 1 illustrates a test assembly 100 usable for simulating a clutch and
evaluating a lubricant in accordance with the methods disclosed herein. The test assembly
100 comprises a base 102, a friction assembly 104 and a processing unit 106. The friction
assembly 104 is supported on the base 102. The base 102 has mechanisms, such as gears
or motors, to selectively operate the friction assembly 104 for friction testing the lubricant
in a desired test operation. For example, the base 102 may have mechanisms for applying
force (or load), torque (e.g., rotation), power, heat and/or other means to operate the

friction assembly 104.

[0025] The processing unit 106 is operatively coupled to the friction assembly 104 to
receive data therefrom, and to generate outputs as desired. An example output 108
generated by the processing unit 106 is depicted as a friction graph. An average friction
may be measured at various static and/or dynamic test conditions under various forces,
speeds, lubricant temperatures, lubricant compositions and other test parameters. The
friction graph may be generated by performing one or more cycles in a desired
configuration of a test operation and analyzed in accordance with embodiments of the

disclosure as will be described more fully herein.
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[0026] The test assembly 100 is an example configuration intended to provide a simulated
environment similar to that of a clutch in which the lubricant may be used. An example of
a suitable test assembly capable of performing the methods disclosed herein is a mini-
traction machine (MTM) with a low-load beam attachment, which is commercially

available from PCS INSTRUMENTS™ (see: www.pcs-instruments.com).

[0027] Figure 2 shows a detailed view of an example configuration of a friction assembly
204 which may be the same as the friction assembly 104 of Figure 1. The friction
assembly 204 comprises a lubricant bath 210, a friction plate 212, and a friction arm 214.
The lubricant bath 210 is configured to receive a lubricant 209 for testing. The lubricant
bath 210 may receive a desired amount of lubricant 209. For example, 30 mL. of lubricant
209 may be tested in a given test operation. Lubricant 209 may be any suitable lubricant,

including a lubricant intended for use in a four-stroke cycle motorcycle gasoline engine.

[0028] The friction plate 212 is positionable in the lubricant bath 210. Figure 3 shows the
friction plate 212 in greater detail. As shown in this view, the friction plate 212 is an
elliptical plate having a flat testing surface 311 with a test strip 315 along a periphery
thereof. Priction plates suitable for use in the test assembly include any friction plate
capable of performing a friction test, such as a dynamic friction test or static friction test,
on a lubricant in accordance with the desired testing operation. For example, a suitable
friction plate may include any friction plate satisfying the specifications set forth in the
applicable JASO standard, such as a friction plate having part number 141-D1G26-00,
which is commercially available from Chuoseiko Co., Ltd. ( in accordance with JASO
T903:2011). The test strip 315 may be, for example, any paper or carbon fiber-based
friction material that may absorb a portion of the lubricant 209 and may receive a load.
The paper may be, for example, a friction material commercially available from FCC™

(see: http:/fwww. fce-net.co.p/en/technical/friction himl)

[0029] Figures 4A and 4B depict an example test strip 315 before and after testing,
respectively. As shown in Figure 4B, the test strip 315 has a detectable change thereto as a
result of testing. Microscopic techniques may be used to examine visual changes in the
test strip. A visual examination using, for example, a surface profilometer may be
performed on the test plate, the test arm, and/or the test strip to detect, for example, wear,

surface roughness, tribofilm formation, etc.
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[0030] Referring to Figures 2-4, a friction arm 214 is disposable into the lubricant bath
210. A force I may be applied to the friction arm 214 to press the friction arm 214 against
the friction plate 212 and test strip 315. The force may be, for example, about 0.5-8 MPa
(7N) contact pressure. The friction plate 212 may be rotated at a speed S as the force is
applied to the friction arm 214. The speed may be varied, for example, from about 0.0010
m/s to about 3.6 m/s, and/or from about 3.6 m/s to about 0.0010 m/s. The friction
assembly 204 may also be provided with a heat source 216 to apply heat to the lubricant

during testing.

[0031] While Figures 2 and 3 depict the friction assembly 204 as including a circular
lubricant bath 210 with a friction arm 214 applying a force to a circular test strip 315
positioned on the friction plate 212, the friction assembly 204 may be any device capable
of applying heat at a given temperature, movement of the friction plate 212 at a given
speed S, and a force I at a given load on friction arm 214. The friction arm 214 is depicted
as having a ball (e.g., a steel ball) at an end thereof positionable in frictional engagement
with the friction plate 212 and test strip 315, but any shaped friction arm may be provided
to establish the desired frictional contact. The friction plate 212 may be rotated as shown,

or moved in a desired path (e.g., back and forth) to achieve the desired speed.

[0032] Figures SA-SE show various graphs S00A-E depicting test operations that may be
performed using the test assembly 100 and/or friction assembly 104, 204. As shown by the
graphs 500A-E, one or more test cycles may be performed during a test operation. The
graphs 500A-E depict co-efficient of friction (y-axis) versus time (x-axis) for C1-CN
number of test cycles performed on a lubricant in a test operation. 'The test operation may
be performed, for example, by measuring a coefficient of friction (COF) generated as an
output 108 using the test assembly 100 and friction assembly 104, 204 of Figures 1 and 2.
One or more variables, such as speed, duration, load, lubricant composition, lubricant
viscosity, lubricant temperature and/or other test parameters of the test operation, may be

selectively varied as desired.

[0033] As shown in Figure SA, a series of test cycles C1-CN are performed at times t1-tN.
Each test cycle C1-CN for a lubricant includes a dynamic friction test D1-N and a static
friction test St1-N performed at the same dynamic and static speeds S, force I, and

lubricant temperature T. A dynamic friction curve 520 and a static friction curve 522 are
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generated at each cycle.

[0034] As shown in Figure 5B, a series of test cycles C1-CN are performed at times t1-tN.
Each test cycle C1-CN for a lubricant includes a dynamic friction test D1-DN and a static
friction test St1-StN performed at the same dynamic and static speeds S and force I, but at

a varied lubricant temperature AT.

[0035] As shown in Figure 5C, a series of test cycles C1-CN are performed at times t1-tN.
Each test cycle C1-CN for a lubricant includes a dynamic friction test D1-DN and a static
friction test St1-StN performed at the same dynamic and static speeds S and lubricant

temperature T, but at a varied force AF.

[0036] As shown in Figure 5D, a series of test cycles C1-CN are performed at times t1-tN.
Each test cycle C1-CN for a lubricant includes a dynamic friction test D1-DN and a static
friction test St1-StN performed at the same dynamic and static speeds S, force I, and
lubricant temperature T, but with an additive A added during the test operation. In some

cases, the lubricant can be varied by providing a lubricant with different additives.

[0037] As shown in Figure SE, a series of test cycles C1-CN are performed at times t1-tN.
Each test cycle C1-CN for a lubricant includes a dynamic friction test D1-DN and a static
friction test St1-StN performed at varied dynamic and static speeds AS, varied lubricant
temperature AT, and varied force AF, and with an additive A added during the test
operation. In some cases, the lubricant can be varied by providing a lubricant with

different additives.

[0038] As demonstrated by Figures SA-5E, various operating parameters, such as lubricant
temperature, viscosity, speed, composition of the lubricant, and/or force, may be kept
constant or varied as desired. Variations may be used to alter the curves generated during
the test cycle. Desired combinations of curves may be used to simulate various conditions
and/or to evaluate the lubricant. The speed may be selectively varied in one or more cycles
by selectively stepping up and down the speed. In another example, a series of about 300

repeat cycles may be performed in 30 steps at a first speed and 30 steps at a second speed.

[0039] The test operation may be performed, for example, at a lubricant temperature T of

about 100° C with an applied pressure (or force IF) of about (0.785 MPa on a friction plate
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with a radius of about 57.4 mm at a max speed (S) of about 1800 rpms for a duration of
1000 cycles. Furthermore, the test operation may be performed, for example, to satisfy the
applicable friction testing procedures set forth by JASO with respect to motorcycle engine
oils. Specifically, the test operation may be performed to satisfy the friction testing

procedures set forth in the JASO T903:2011 Standard.

[0040] Figure 6 is a graph 600 depicting cycle C1 of Figures SA-5E in greater detail.
Cycle C1 has the dynamic friction test D1 starting at time t1 and static friction test St1
starting at time tSt. The dynamic friction curve 520 is generated by moving the friction
plate 212 (Figure 2) at a dynamic speed as indicated by speed curve 624. The dynamic
speed of rotation increases from about zero (or the static speed) at a time t1 to a maximum
speed Smax at time tmax, and then decreases back to about zero at a time tSt. As shown,
the dynamic speed increases and decreases at a constant rate. The dynamic speed may be,
for example, increasing to a maximum speed Smax of about 4 m/s. As shown by the static
friction curve 522, the static friction test St1 starts at time tSt and is performed at a static

speed near zero (e.g., at about 0.004 m/s) until time tf.

[0041] Figure 7 is graph 700 depicting static friction curves 726A-E for identifying various
lubricants, namely Oil A-E. The graph 700 plots coefficient of friction (COF) (y-axis)
versus cycle (C1-CN) (c-axis) for each static friction test performed during a test operation.
As shown by this graph, various lubricants have various static friction curves 726 A-E.

This graph demonstrates that lubricants may be identifiable by their static friction curves.
This graph also demonstrates that about 300 test cycles may be performed using the test

operation.

[0042] Figure 8 is a graph 800 depicting a friction map for identifying various lubricants
according to JASO T903:2011 specifications. The friction map 828A, B plots a known
static friction index SI (y-axis) versus a known dynamic friction index DI (x-axis) for
given lubricants. Lubricants can be plotted by their static and dynamic indices for
identification. Lubricants that fall within friction map 828 A may be identified as a given
lubricant X; lubricants that fall within friction map 828B may be identified as a given

lubricant Y.
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[0043] Static friction index (SFI) may be calculated according to the JASO industry
specification (JASO T903:2011) as follows:

_ 1s(S)—pis(B)
SEL =1+ @ Fg. (D)

where, Us(S) is the average static friction coefficient of test oil, Is(A) is the average static
friction coefficient of high friction reference oil (JAFRE-A11), us(B) is the average static

friction coefficient of low friction reference oil (JAFRE-B11).

[0044] The dynamic friction index (DFI) may be calculated according to the JASO
industry specification (JASO T903:2011) as follows:
_ ua(S)—ua(B)
DRl =14 & na®) Fg. )
where, ud(S) is the average dynamic friction coefficient of test oil, LWd(A) is the average

dynamic friction coefficient of high friction reference oil (JAFRE-A11), ud(B) is the

average dynamic friction coefficient of low friction reference oil (JAFRE-B11).

[0045] Figure 9 depicts a method 900 of testing a lubricant. The method involves 950 -
providing a test assembly comprising a lubricant bath with a lubricant therein, a friction
plate and a friction arm, and 952 - applying a load to the friction plate with the friction arm
and selectively moving the friction plate according to a test operation. The test operation
includes at least one dynamic friction test having a dynamic speed and at least one static
friction test having a static speed. The dynamic speed includes increasing from the static
speed to a maximum speed and then decreasing from the maximum speed to the static
speed. The method also involves 954 - measuring at least one test parameter during the

test operation. The test parameter comprises a coefficient of friction.

[0046] The method may also involve 956 - determining a static friction index and a
dynamic friction index from the measured at least one test parameter, 958 - identifying the
lubricant from the static friction index and the dynamic friction index, and/or 960 -
examining a test strip positioned on the friction plate during the test operation. An additive
may optionally be provided either by adding an additive, or providing a lubricant with a

different additive. The method may be performed in any order, and repeated as desired.

10
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[0047] While the embodiments are described with reference to various implementations
and exploitations, it will be understood that these embodiments are illustrative and that the
scope of the inventive subject matter is not limited to them. Many variations,
modifications, additions and improvements are possible. For example, one or more test
cycles with various combinations of constant and/or variable test parameters (e.g.,

temperature, load, speed, composition, etc.) may be provided.

[0048] Plural instances may be provided for components, operations or structures
described herein as a single instance. In general, structures and functionality presented as
separate components in the exemplary configurations may be implemented as a combined
structure or component. Similarly, structures and functionality presented as a single
component may be implemented as separate components. These and other variations,
modifications, additions, and improvements may fall within the scope of the inventive

subject matter.

11
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WHAT IS CLAIMED IS:

1. A method of friction testing a lubricant in a test assembly comprising a lubricant
bath with a lubricant therein, a friction plate and a friction arm, the method comprising:
applying a load to the friction plate with the friction arm and selectively moving the
friction plate according to a test operation, the test operation comprising at
least one dynamic friction test having a dynamic speed and at least one
static friction test having a static speed, the dynamic speed comprising
increasing from the static speed to a maximum speed and then decreasing
from the maximum speed to the static speed; and
measuring at least one test parameter during the test operation, the at least one test

parameter comprising a coefficient of friction.

2. The method of Claim 1, further comprising examining a test strip positioned on the
friction plate during the test operation.

3. The method according to any one of Claims 1-2, wherein the applying further
comprises adding an additive to the lubricant.

4. The method according to any one of Claims 1-3, wherein the applying further
comprises applying heat to the lubricant.

5. The method according to any one of Claims 1-4, wherein applying further
comprises varying the load during the test operation.

6. The method according to any one of Claims 1-5, wherein the dynamic friction test
comprises increasing and decreasing at a constant rate.

7. The method according to any one of Claims 1-6, further comprising analyzing the
measured test parameters.

8. The method of Claim 7, further comprising plotting the coefficient of friction
measured during the at least one static friction test.

9. The method of Claim 7, wherein the analyzing comprises calculating one of static
friction index, dynamic friction index, and combinations thereof,

10. The method of Claim 8, further comprising identifying the lubricant by mapping

the static friction index and the dynamic friction index.

11. The method according to any one of Claims 1-10, wherein the at least one test cycle
comprises a plurality of test cycles, the plurality of test cycles being one of identical or

different.

12
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12. The method according to any one of Claims 1-11, wherein the at least one test
parameter further comprises at least one of temperature, viscosity, speed, composition of

the lubricant, and force.

13. The method of Claim 12, further comprising varying the at least one test parameter

during the test operation.

13
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