
GEAR LUBRICANT Willi A BASE OIL HAVING A LOW TRACTION
COEFFICIENT FIELD OF THE INVEN TTON This invention
directed to lubricant base oils, and finished
lubricants made from them, ha ing very o traction
coefficients. BACKGROUND OFTHK INVENTION Others have
made gear lubricants having low ratios of Brookfield
viscosity to kinematic viscosity a  100C using
polyalphaolellns, or combinations o f petroleum
derived base oils with significant levels of viscosity
index improver. For example. Chevron Tegra(c)
Syrthetic Gear Lubricant SAE 80W- 140 is made with
highly refined petroleum derived Group ill base oil
and greater than "20 wt% viscosity index improver.
Chevron Tegra Synthetic Gear Lubricant SAE 75W-90 is
made with polyalphaoiefin and diesler base oils.
Tegra(r) is a registered trademark of Chevron
Corporation. Polyalphaoiefin base oils are expensive
and have less desired elastomer compatibility than
ether base oils. Diester base oil provides improved
elastomer compatibility and additive solubility, but
is also very expensive and available in limited
quantities. European Patent Application No. 157Q035A2
teaches that functional fluids may be made using base
oils having low CCS viscosity, wherein the functional
funds also have low Brookfield viscosity. Nothing is
taught regarding selection of base oils havi more a
desired molecular composition or low traction
coefficients. Commonly assigned U.S. Patent
Application Publication No. 20050133407 discloses that
gear lubricants may be made having a low Brookikld
viscosity from aFischer-Tropsch derived lubricating
base oil having a desired molecular composition.
Commonly assigned U.S. Patent Application 11/296,636,
filed December 7, 2005, discloses that base oils with
high Vl and having low arcmiatics and preferred high
levels of predominantly molecules with
monocycloparaffmic functionality can be used to blend
manual transmission fluids with very high VIs and low
Brookfield viscosities at -40C. Commonly assigned U.S.
Patent Application Publication Nos. 20050258078,
20050261 145, 20050261 146, and 20050261 147 disclose
that blends of base oils made from highly paraffinic
wax with Group Ii or Grcnip III base oils will have
very low Brookfield viscosities. Commonly assigned
U.S. Patent Application Publication No. 20050241 990
discloses that wormgear lubricants may be made using
base oils Slaving a low traction coefficient made from
waxy feed. Commonly assigned U.S. Patent Application
Publication No. 20050098476 discloses pour point
depressing base oil blending components made by
hydroisomerization dewaxing a waxy feed and selection
of a heavy distillation bottoms product. Commonly
assigned U.S. Provisional Patent Application
60/599,665, filed August 5, 2004 and U.S. Patent
Application 10/949,779, filed September 23, 2004,
discloses that muitigrade engine oil blends of
Fischet-Tropsch derived distillate products and a pour
point depressing base oil blending component prepared
from an isomerized bottoms product may be made having
Sow Brookfield viscosities, A gear lubricant is
desired having a higher kinematic viscosity at 100C
and lower Brookfield Ratio than the gear lubricants
previously made. Preferably the gear lubricant will
have a kinematic viscosity greater than 10 cSt at
100C: and will also have a low Brookfield viscosity
relative to kinematic viscosity; and a process to make
if s also desired. Preferably, gear lubricant will
also not require high amounts of viscosity index
improver. A lubricant base oil having a very low
traction coefficient, and finished lubricants
including gear lubricants made from the base oil, are
also highly desired.SUMMARY DF THE INVENTION We have
invented a multigrade automotive gear lubricant,
comprising: a . between 5 and 95 wt% of a base oil,
made from a waxy feed, having a traction coefficient
less than 0.021 when measured at a kinematic viscosity
of 15 cSt and at a slide to roil ratio of 40%; b. less
than 2 wt% viscosity index improver or other
thickener; and c. an EP gear lubricant additive. We
have also jnverUed a method for saving energy using a
gear lubricant, comprising: a . blending a multigiade
gear lubricant by adding between 5 to 95 wt%, based on
the total gear lubricant, of a lubricating base oil
having a traction coefficient less than 0.021 when
measured at a kinematic viscosity of 15 cSt and a
slide to roll ratio of 40%; and b. using the gear
lubricant in an axle or differential. We have also
invented a process for making a energy saving
automotive gear lubricant, comprising: a
hydrojsomerizing a waxy feed in an isomerizati an zone
in the presence of a hydiOisomerization catalyst and
hydrogen under pre-xeieeted conditions determined to
provide a hydroisamerized base oil product; b.
distilling the hydroisomerized base oil product
recovered from the isomerization zone under
distillation conditions pre-selected to collect an
energy saving base oil product characterized by having
a traction coefficient less than 0.021 when measured
at 15 cSt and ai a slide to roll ratio of 40%;c
blending the energy saving base oil product with an BP
gear lubricant additive to make the energy saving gear
lubricant; wherein the energy saving gear lubricant
has a kinematic viscosity at 100C greater than 10 cSt.
We have invented a gear lubricant comprising a
Fischer-Tropsch derived base oil having a VI greater
than 150 and traction coefficient less than 0.0 i 5
when measured at a kinematic viscosity of 15 cSt and
at a slide to roil ratio of 40%. We have also invented
finished lubricant, comprising: a. a Fischer-Tropsch
derived base oil having a traction coefficient less
than 0.015 when measured at 15 cSt and at a slide to
roil ratio of 40%; and b, an effective amount of one
or more lubricant additives. We have also invented a
lubricant base oil, comprising a . a traction
coefficient less than 0.0 i 1; and b. a 50 wt% boiling
point by ASTM D 6353 greater than 582C ( 10800F).
DETAILED DESCRIPTION QFTHE INVENTION SLE J306 defines
the different viscosity grades of automotive gear
lubricants. A 



multigrade automotive gear lubricant refers to an
automotive gear lubricant that h viscosity/temperature
characteristics which fall within the limits of two
different SAE numbers in SAE J3O6, June 1998. For
example, an SAE 75W-90 automotive gear lubricant has a
maximum temperature of -40C for a viscosity of 150,000
cP and a kinematic viscosity at 100C between 13.5 and
less than 24.0 cSt. The second SAE viscosity grade,
XX, for a muhigrade automotive gear lubricant is
always a higher number than the proceeding "W" SAE
viscosity grade; thus you may have an80W-90 multigradc
automotive gear lubricant but not an 80W-S0
niultigradc automotive scar lubricant. Examples of
automotive gear lubricants are manna! transmission
fluids, axle lubricants and differential fluids. The
Maximum Temperature for Viscosity of! 50,000 cP (C) is
measured by scanning Brookfield Viscosity by LSTM D
2983-04. Gear lubricants having a low BrookikSd
viscosity, especially those with a low Brookfield
Ratio are especially desired. A low Brookfield Ratio
is associated with improved low temperature properties
of the gear lubricant. The Brookfield Ratio is
calculated by the following equation: Brookfield Ratio
= Brookfield Viscosity i cP, measured at Temperature b
in C, divided by the Kinematic Viscosity at 100C in
cSt. Temperature b ~ -4OC when the gear lubricant is a
SAE 75W-XX. Temperature b = -26C when the gear
lubricant i an SAE 80W-XX, and Temperature b = -12C
when the gear lubricant is an SAE 85W-XX.The
Brookfleld Ratio o f the gear lubricant of this
invention is less than an amount calculated based on
the Temperature b by the following equation: where b =
-40 when the gear lubricant is an SLE 75W-XX, b = -26
when the gear lubricant is a SAE 80W-XX, and b -12
when the gear lubricant is an SAE 85W-XX. Thus, for an
SAE 75W-XX automotive gear lubricant of this
invention, the Brookfield Ratio is less than 10081,
preferably less than 8000; for an SLE 80W-XX
automotive gear lubricant, the Brookfield Ratio is
less than 3783.3, preferably less than 2500; and for
an SAE 85W-XX automotive gear lubricant, the
Brookfield Ratio is less than 1419,9. ote that XX in
this invention refers to the SAE viscosity grades of
80, 85, 90, 140, or 250. The XX for an automotive gear
lubricant will always be a higher number than the
proceeding "W" SAE viscosity grade; thus you may have
an 80W-90 gear lubricant but not a 8OW-8O gear
lubricant. Note that the gear lubricants of this
invention a a preferred subset of those meeting the
SAE J306 specification. For example, an SAE 75W-90 oil
with a Brookfieid viscosity at the maximum of 150,000
cP divided by a typical kinematic viscosity at 100C of
14 cSt would have a Brookfield Ratio of 10714, which
would nol be s desired as the lubricants of this
invention with a lower Brookfield Ratio. The gear
lubricants of this invention have a higher kinematic
viscosity at 100C than oilier oils made from a waxy
feed having low Broukfield viscosities. The gear
lubricants of this invention have a kinematic
viscosity at 1QO1 C greater than 10 cSt. Preferably
they have a kinematic viscosity at 100C less than or
equal to 4 ! .0 cSt. In one embodiment, they have a
kinematic viscosity at 100C greater than 13 cSt; and
in another embodiment, they have a kinematic viscosity
at 100C greater than 20 cSt,In preferred embodiments,
the gear lubricants of this invention comprise greater
than 12 wt/o, more preferably greater than 15 wt%,
most preferably greater than 25 wt% of a base oil
having: 5 i, a sequential number of carbon atoms, ii .
less than 0.06 wt% aromatics, iii. greater than 20 wt%
total molecules with eyctoparaffinic functionality,
and IO iv. a ratio of molecules with
mopocycloparaffimc functionality to molecules with
muiticycloparaffinic functionality greater than 12.
The terms "Fischer-Tropsch derived" or ' FT derived"
means thai the product, fraction, 15 or feed
originates from or is produced at some stage by a
Fischer-Tropsch process. The feedstock for the
Fischer-Tropsch process may come from a wide variety
of hydrocarbonaceous resources, including natural gas,
coal, shale oil, petroleum, municipal waste,
derivatives of these, and combinations thereof, 20
"Waxy feed" is a feed or stream comprising hydrocarbon
molecules with a carbon number of C20+ and having a
boiling point generally above about 600 F (3 16C). The
waxy feeds useful in the processes disclosed herein
may be synthetic waxy feedstocks, such as
Fischer-Tropsch waxy hydrocarbons, or may be derived
from natural sources. Accordingly, the waxy feeds to
the processes may comprise Fischer-Tropsch derived 25
waxy feeds, petroleum waxes, waxy distillate stocks
such as gas oiis, lubricant oil stockS high pour point
polyalphaolefins, foots oils, normal alpha olefin
waxes, slack waxes, deoiled waxes, and microcrystallme
waxes, and mixtures thereof. Preferably, the waxy
feedstocks are derived from Fischer-Tropsch waxy
feeds. 30 Slack wax can be obtained from conventional
petroleum derived feedstocks by either hydrocracki pg
or by solvent refining of the lube oil fraction.
Typically, slack wax is recovered from solvent
dewaxing feedstocks prepared by o e of these
processes.Ilydrocracking is usual Iy preferred because
hydrocracking will also reduce the nitrogen content to
a low value. With slack wax derived from solvent
refined oils, deoiiing maybe used to reduce the
nitrogen content. Hydrotreating of the slack wax can
be used to lower the nitrogen and sulfur content.
Slack waxes possess a very high viscosity index,
normally in the range of from about 140 to 200,
depending on the oil content and the starting material
from which the slack wax w s prepared. Therefore,
slack waxes are suitable for the preparation of base
oils having a very high viscosity index. The waxy feed
useful in this invention preferably has iess than 25
ppm total combined nitrogen and sulfur. Nitrogen is
measured by melting the waxy feed prior to oxidative
combustion and cherai luminescence detection by ASTM D
4629-96, 'The test method is further described in U.S.
Patent No. 6,503.956, incorporated herein. Sulfur is
measured by melting the waxy feed prior to ultraviolet
fluorescence by ASTM D 5453-00 . The test method is
further described in U.S. Patent No. 6,503,956,
incorporated herein. Waxy feeds useful in this
invention are expected to be plentiful and relatively
cost competitive in the near future as large-scale
Fischer- Tropsch synthesis processes come into
production. Syncrude prepared from the Fischer-Tropsch
process comprises a 



mixture of various solid, liquid, and gaseous
hydrocarbons. Those Fischer-Tropsch products which
boil within the range of lubricating base oil contain
a high proportion of wax which makes them ideal
candidates for processing into base oil. Accordingly,
Fischer-Tropsch wax represents an excellent feed for
preparing high quality base oiis according to the
process of the invention Fischer-Tropsch wax is
normally solid at room temperature and, consequently,
displays poor low temperature properties, such as pour
point and cloud point. However, following
hydraisomerization of the wax, Fischer-Tropsch derived
base oils having excellent low temperature properties
may be prepared. A general description of suitable
hydroisomerizatio p dewaxlng processes may be found in
U.S. Patent Nos. 5,13 5,638 and 5,282,958 ; and U.S.
Patent Application Publication No. 20050133409,
incorporated herein. - SThe hydro isomerization is
achieved by contacting the waxy feed with a
hydroisomerization catalyst i an isoraetizat on zone
under hydroisomerizing conditions. The
hydroisomerization catalyst preferably comprises a
shape selective intermediate pore size molecular
sieve, a noble metal hydrogcnation component, and a
refractory oxide support. The shape selective
intermediate pore size molecular sieve is preferably
selected from the group consisting of SAPO-1 1
SAPO-31, SAPO-41, SM-3, ZSM-22, ZSM-23, ZSM-35,
ZSM-48, ZSM-S7, SSZ-32, offretite, ferrieriie, and
combinations thereof, SAPO-1 1, SM-3, SSZ-32, ZSM-23,
and combinations thereof are more preferred.
Preferably, the noble metal hydrogenatio p component
is platinum, palladium, or combinations therco F. The
hydroisomeriz ng conditions depend on the waxy feed
used, the hydroisomerization catalyst used, whether or
not the catalyst is suifided, the desired yield, and
the desired properties of the base oil. Preferred
hydroisomerizing conditions useful in the current
invention include temperatures OfZoOC to about 413C
(500 to about 775T), a total pressure of 15 to 3000
psig, and a hydrogen to feed ratio from about 0.5 to
30 MSCF/bbl, preferably from about 1 to about 10
MSCF/bbl, more preferably from about 4 to about 8
MSCF/bbl. Generally, hydrogen will be separated from
the product and recycled to the isomerization zone.
Optionally, the base oil produced by
hydroisomerization dewaxing may be hydiofmished, The
hydrofinishing may occur in one or more steps, either
before or after fractionating of the base oil into one
or more fractions. The hydrofinishing is intended to
improve the oxidation stability, UV stability, and
appearance of the product by removing aromatics,
olefins, color bodies, and solvents A general
description of hydrofinishing may be found in U.S.
Patent Nos. 3,852,207 and 4,673,487, incorporated
herein. The hydrofinishing step may be needed to
reduce, the weight percent olefins in the base oi! to
less than 10, preferably less than S more preferably
less than I and most preferably less than 0.5. The
Isydroilpishing step ay also be needed to reduce the
weight percent aromatics to less than 0.1, preferably
less than 0.06. more preferably less than 0.02, and
mos t preferably less than 0.01 .The base oil is
fractionated into different viscosity grades of base
oil. In the context of this disclosure "different
viscosity grades of base oil" i defined as two or more
base oils differing in kinematic viscosity at 100C
from each other by at least 1.0 cSi. Kinematic
viscosity is measured using ASTM D 445-04. Fiaction
ting is done using a vacuum distillation unit to yield
cuts with pre-selecicd boiiing ranges. The base oil
fractions will typically have a pour point less than
0< C. Preferably, the pour point will be less than -
10C. Additionally, in some embodiments the pour point
of the base oil fraction will have a ratio of pour
point, in C, to the kinematic viscosity at 100C, in
cSL greater than a Base Oil Pour Factor, where the
Base Oil Pour Factor is defined by the equation: Base
Oil Pour Factor 7,35 x Ln(Ki nernatie Viscosity at
IUOC) - 1 Pour point is measured by LSTM D 5950-02.
The base oil fractions have measurable quantities of
unsaturated molecules measured by FIMS.  n a preferred
embodiment, the h\droisomerization dcwaxing and
fractionating conditions in the process of this
invention are tailoied to produce one or more selected
tractions of base o Ha\ing greater than 10 \vt% total
molecules with cycloparaffinic functionality,
preferably greater than 20. greater than 35, or
greater than 40: and a viscosity index gteater than
150. The one or more selected fractions of base oils
will usually have less than 70 wt% total molecules
with cycloparaffinic functionality. Preferably, the
one or more selected fractions of base oil will
additionally have a ratio of molecules with
monocycloparaffinic functionality to molecules with
muUicycloparaffmic functionality greater than 2.1. In
preferred embodiments, die base oil has a ratio of
molecules with monocycloparaffinic functionality to
molecules with multicyeloparaff  nic functionality
greater than 5, or greater than 12. In preferred
embodiments the base oil may contain no molecules,
with multicycloparaffinic functionality, such that the
ratio of molecules with monocycloparaffinic
functionality to molecules with mulpcycioparaffinie
functionality is greater than 100,In some preferred
embodiments, the lubricant base oil fractions useful
in this pweptiun have a viscosity index greater than
an amount defined fay the equation: V] 28 x
LnCKinemaiie Viscosity at 100C) 95 in other preferred
embodiments, lubricant base oil fractions useful in
this invention have a viscosity i e greater than an
amount defined by the equation: VI - 28 x Ln(Kinematic
Viscosity at 100"C) +105 Th e presence of
predominantly cyclparaflmic molecules with
moriocyeioparaffinie functionality in th base oil
fractions of this invention provides excellent
oxidation stability, low Noack volatility, as well as
desired additive solubility and elastomer
compatibility. The base oil fractions have a weight
percent olefins less than 10. preferably less than 5,
more preferably iess than L and most preferably less
than 0.5, The base oil fractions preferably have a
weight percent arornatics iess than 0.1, more
preferably less than 0.05, and most preferably less
than 0.02, n preferred embodiments, the base oil
fractions have a traction coefficient iess than 0.023,
preferably less than or equal to 0.021, move
preferably less than or equal to 0.019, when measured
a a kinematic viscosity of 15 cSt and at a slide to
roll ratio of 40%. Preferably, they have a traction
coefficient less than an amount defined by he
equation: traction coefficient =: 0.009 x Ln(Kinematic
Viscosity) - 0.001 



wherein the Kinematic Viscosity during the traction
coefficient measurement is between 2 and 50 cSt. and
wherein the traction coefficient is measured at an
average roiling speed of 3 meters per second, a slide
to roll ratio of 40%, and a load of 20 Newtons
Examples of these preferred base oil fractions are
taught in U.S - Patent Application Publication No.
20050241090 Al, filed April 2.0, 2004. The gear - I l
-lubricants made using the preferred base oil having a
low traction coefficient will save energy and operate
cooler. In more preferred embodiments, the base oil
fractions having a low traction coefficient also have
large film thicknesses. That is they have an EHD film
thickness greater than 175 nanometers when measured at
a kinematic viscosity of 15 cSt. The preferred base
oils of this invention have film thicknesses about the
same or thicker than PAOs, but have lower traction
coefficients than PAOs. In some of the most preferred
embodiments, the base oil fractions have a traction
coefficient less than 0.017, or even less than 0.015,
or less than 0.01 1, when measured at 15 cSt and at a
.slide to roll ratio of 40%. The base oil fractions
having the lowest traction coefficients have unique
branching properties by NMR, including a branching
index less than or equal to 23.4, a branching
proximity greater than or equal to 22,0, and a Free
Carbon Index between 9 and 30. Additionally they
preferably have greater than 4 wt% naphthenic carbon,
more preferably greater than 5 wt% naphthenic carbon
by ndM analysis by ASTM D 3238. The base oil fractions
having the lowest traction coefficients generally have
a pour point less than - 15C, but surprisingly may
have a ratio of pour point, in C, to the kinematic
viscosity at 100C, in eSt, less than an amount defined
by the equation: Base Oil Pour Factor = 7.35 x Ln(Kin
ematic Viscosity at 100C) - I S The base oil fractions
having the lowest traction coefficients have a higher
kinematic viscosity and higher boiling points.
Preferably the lubricant base oil fractions having a
traction coefficient less than 0.0 15 have a vvt%
boiling point greater than 1032C (1050 DF), In one
embodiment the lubricant base oil fraction of the
invention has a traction coefficient less thai 0.01 1
and a 50 \vt% boiling point by ASTM D 6353 greater
than 582C ( 1OSO 3F). The lubricant base oil fractions
useful in this invention, unlike polyalph&olefins
(PAO?) and many other synthetic lubricating base oils,
contain hydrocarbon moleculeshaving consecutive
numbers of carbon atoms. This is readily determined by
gas chromatography where the lubricant base oil
fractions boil over a broad boiling range and do not
have sharp peaks separated by more than 1 carbon
number. In other words, the lubricating base oil
fractions have chromatographic peaks at each carbon
number across their boiling range. The Qxidatar BN of
the lubricant base oil fraction most useful in the
invention is greater than 10 hours, preferably greater
than 12 hours, In preferred embodiments, where the
olefin and aromatics contents are significantly low in
the lubricant base oil fraction of the lubricating
oil, the Oxidator BN of the selected base oil fraction
will be greater than 25 hours, preferably greater than
35 hours, more preferably greater than 40 or even 4 1
hours. The Oxidator BN o the selected base oil
fraction will typically be less than 60 hours.
Oxidator BN is a convenient way to measure the
oxidation stability of base oils. The Oxidator BN test
is described by Stangeiand et a! in U.S. Patent No.
3,852,207. The Oxidator BN test measures the
resistance to oxidation by means of a Dornte-type
oxygen absorption apparatus. See R.W. Domte "Oxidation
of White Oils," Industrial and Engineering Chemistry,
Vol. 28, page 26, 1936 Normally, the conditions are
one atmosphere of pure oxygen at 34O F The results arc
reported in hours to absorb 1000 nil of 0 2 by 100 g.
of oil. In the Oxidator BN test, 0.8 ml of catalyst is
used per 100 grams of oil and an additive package is
included in the oil. The catalyst is a mixture of
soluble metal naphthenates in kerosene. The mixture of
soluble metal naphthenates simulates the average metal
analysis of used crankcase oil. The level of metals in
the catalyst is as follows: Copper = 6.927 ppm; Iron
4,083 ppm; Lead 80,208 ppm; Manganese = 350 ppm; Tin -
3565 ppm The additive package i 0 mil moles of zinc
bispolypropylesiephenySdithio-phosphate per 100 grams
of oil, or approximately1. 1 grams of OLOA 260. The
Oxidalor BN test measures the response of a
lubricating base oi) in a simulated application. High
values, or long limes to absorb one liter of oxygen,
indicate good oxidation stability, OLOA is an acronym
for Oronite Lubricating Oil Additive(r), which is a
registered trademark of Chevron Oronite. Lubricant
Additive The finished lubricant of the present
invention comprises an effective amount of one or more
lubricant additives. Lubricant additives which may be
blended with the lubricating base oil to form the
finished lubricant composition include those which are
intended to improve certain properties of the finished
lubricant. Typical lubricant additives include, for
example, anti-wear additives, EP agents, detergents,
dispersants, antioxidants, pour point depressants,
Viscosity Index improvers, viscosity modifiers
friction modifiers, demuisifiers, antilbaming agents,
corrosion inhibitors, rust inhibitors, seal swell
agents, emulsifiers, wetting agents, lubricity
improvers, metal deactivators, gelling agents,
tackiness agents, bactericides, fluid-loss additives,
colorants, and the like. Typically, the total amount
of one or more lubricant additives in the finished
lubricant is within the range of 0 .1to 30 wt%.
Typically, the amount of lubricating base oil of this
invention in the finished lubricant is between I Oand
99,9 wt%, preferably between 25 and 99 wt%. Lubricant
additive suppliers will provide information on
effective amounts of their individual lubricant
additives or additive packages to be blended with
lubricating base oils to make finished lubricants.
However due to the excellent properties of the
lubricating base oils of the invention, less additives
than required with lubricating base oils made by other
processes maybe required to meet the specifications
for the finished lubricant.Viscosity Index Improvers
(Vl Improvers) VI improvers modify the viseometric
characteristics of lubricants by reducing the rate of
thinning with increasing temperature and the rate of
thickening with low 



temperatures. VI improvers thereby provide enhanced
performance at low and high temperatures, Vl improvers
are typically subjected to mechanical degradation due
to shearing of the molecules in high stress areas.
High pressures generated in hydraulic systems subject
fluids to shear rates up to l q's !. Hydraulic shear
causes fluid temperature to rise i a hydraulic system
and shear may bring about permanent viscositv loss in
lubricatin oils. Generally, VJ improvers are oil
soluble organic polymers, typically olefin homo- or
co-polymers or derivatives thereof, of number average
molecular weight of about 15000 to 1 million atomic
mass units (amu). Vl improvers are generally added to
lubricating oils at concentrations from about 0.1 to
10 wt%. They function by thickening the lubricating
oil to which they are added more at high temperatures
than Sow, thus keeping the viscosity' change of the
lubricant with temperature more constant than would
otherwise be the case. The change in viscosity with
temperature is commonly represented by the viscosity
index (VI), with the viscosity o f oils with large VI
(e.g., 40) changing less with temperature than the
viscosity of oils with low Vl (e.g., 90), Major
classes of Vl improvers include: polymers and
copolymers of methacrylate and acrylate esters;
ethylene-propylene copolymers; styrene-diene
copolymers; and polyisobutylene, Vl improvers are
often hydrogenaied to remove residua! olefin. Vl
improver derivatives include dispersant VI improver,
which contain polar functionalities such as grafted
succinimide groups. The gear lubricant of the
invention has less than 10 wt% VI improver, preferably
less than 5 wt% VI improver. In certain embodiments,
the gear lubricant may contain very low levels of Vl
improver, such as less than 2 wt% or less than 0.5
wt%, preferablyless than 0,4 more preferably less than
0.2 wt% of Vl improver. The gear lubricant may even
contain no VI improver. Thickeners Thickeners, in he
context of this disclosure are oil soluble or oil
miscible hydrocarbons with a kinematic viscosity at
100C greater than iOO cSt. Examples of thickeners are
polyisobutyiene. high molecular weight complex ester,
butyl rubber, olefin copolymers, styrene-diene
polymer, poiymethacrylate, styrene-ester, and ultra.
high viscosity PAO. Preferably, the thickener has a
kinematic viscosity at 100C of about ]50 cSt to about
10,000 cSt. in one embodiment ,ihe gear lubricant of
the invention has less than 2 wt% thickener, Base Oil
Distillation The separation of Fischer-Trpsch derived
fractions and petroleum derived fractions into various
fractions having characteristic boiling ranges is
generally accomplished by either atmospheric or vacuum
distillation or by a combination of atmospheric and
vacuum distillation. As used in this disclosure, the
term "distillate fraction" or "distillate" refers to a
side stream fraction recovered either from an
atmospheric fractionation column or from a vacuum
column as opposed to the "bottoms" which represents
the residual higher boiling fraction recovered from
the bottom of the column. Atmospheric distillation is
typically used to separate the lighter distillate
fractions, such as naphtha and middle distillates,
from a bottoms fraction having an initial boiling
point above about 600T to about 75O0P (about 3150C to
about 399C). At higher temperatures, thermal cracking
of the hydrocarbons may ke place leading to fouling of
the equipment and to lower yields of the heavier cuts.
Vacuum distillation is typically used to separate the
higher boiling material, such as the lubricating base
oil fractions into different boiling range cuts.
Fractionating thelubricating base oil into different
boiling range cuts enables the lubricating base oil
manufacturing plant to produce more than one grade, or
viscosity, of lubricating base oil. Pour Point
Depressant The gear lubricants of the present
invention further comprise at least one pour point
depressant They contain from about 0.01 to 12 wt%
based upon the total lubricant blend of a pour point
depressant. Pour point depressants are known in the
art and include, but are not limited to esters of
maletc anhydride-styrene copolymers,
polymeihacrylates. polyacrylates, poJyacrylamides,
condensation products of halaparaf n waxes and
aromatic compounds, vinyl carbaxyiate polymers, and
terpolymers of dialkylfumarates, vinyl esters of fatty
acids, ethyiene-vjnyi acetate copolymers, alky] phenol
formaldehyde condensation resins, alky] vinyl ethers,
olefin copolymers, and mixtures thereof. Preferably,
the pour point depressant is polymethacrylate. The
pour point depressant utilized in the present
invention may also be a pour point depressing base oil
blending component prepared from an isomerized
Fischer-Trpsch derived bottoms product, as described
in U.S. Patent Application Publication No.
20050098476, the contents of which is herein
incorporated by reference in its entirety. When used,
the pour point depressing base oil blending component
reduces the pour point of the lubricant blend at least
3C below the pour point of the lubricant blend in the
absence of the pour point depressing base oil blending
component. The pour point depressing base oil blending
component is an isomerized Fischer-Tropseh derived
bottoms product having a pour point that is at least
3C higher than the pour point of the lubricant blend
comprising the lubricant base oil fraction derived
from highly paraffinic wax and the petroleum derived
base oil (i.e., the blend in the absence of a pour
point depressant). For example, if the target pour
point of the lubricant blend is -9C and the pour point
of the lubricant blend in the absence of pour point
depressant is greater than -9C, an amouni f the pour
pointdepressing base oil blending component of the
invention will be blended with the lubricant blend in
sufficient proportion to lower the pour point of the
blend to the target value. The isomerized
Fischer-Tropsch derived bottoms product used to lower
the pour point of the lubricant blend is usually
recovered as the bottoms from the vacuum column of a
Fischer-Tropsch operation. The average molecular
weight of the pour point depressing base oil blending
component usually will fail within the range of from
about 600 to about 1100 with an average molecular
weight between about 700 and about 1000 being
preferred. Typically, the pour point of the pour point
depressing base oil blending component will be between
about -9C and about 20C. The 10% point of the boiling
range of the pour point depressing base oil 



blending component usually will be within the range of
from about 8500F and about 10500F, Preferably, the
pour point depressing base oil blending component will
have an average degree of branching in the molecules
between about 6.5 and about 10 alkyl branches per
H)Ocarbon atoms. In one embodiment, the lubricant
blend may comprise a pour point depressant well known
in the art and a pour point depressing base oil
blending component. The pour point depressing base oil
blending component may be an. isomerized
Fischer-Tropsch derived bottoms product or an
isomerized petroleum derived bottoms product. Pour
points depressing, base oil blending components that
are isomerized petroleum derived bottoms product are
described in U.S. Patent Application Publication No.
20050247600. In such an embodiment, preferably the
lubricant blend comprises 0.05 to 15 wt% (more
preferably 0.5 to 10 wt%) pour point depressing base
oil blending component that is isomerized
Fischer-Tropsch derived, or petroleum derived, bottoms
product. Bright stock is a high viscosity base oil
which is named for the SUS viscosity at 21O F.
Typically petroleum derived bright stock will have a
viscosity above 180 cSt at 4OC. preferably above 250
cSt at 40C, and more preferably ranging from 500 to
1100 cSt at 40C. Bright stock derived from Daqing
crude has been found to beespecially suitable for use
as the pour point depressing base oil blending
component of the present invention The bright stock
should be hydroisomerized and may optionally be
solvent dewaxed. Bright stock prepared solely by
solvent dcwaxmg has been found to be much less
effective as a pour point depressing base oil blending
component. EP Gear Lubricant Additive The gear
lubricants of this invention comprise between 2 and 35
V1 o 1 preferably between 2.5 and 30 wt%, more
preferably between 2.5 and 2 0 wt%, of an extreme
pressure (EP) gear lubricant additive. EP gear
lubricant additives are added to lubricants to prevent
destructive metal-to-metal contact in the lubrication
of moving surfaces. While under norma! conditions
termed "hydrodynatnie", a film of lubricant is
maintained between the relatively moving surfaces
governed by lubricant parameters, and principally
viscosity. However, when load is increased, clearance
between the surfaces is reduce.d, or when speeds of
moving surfaces arc such that the film of oil cannot
be maintained, the condition of "boundary lubrication"
is reached; governed largely by the parameters of the
contacting surfaces. At stil! more severe conditions,
significant destructive contact manifests itself in
various forms such as wear and metal fatigue as
measured by ridging and pitting. It is the role of EP
gear lubricant additive to prevent this from
happening. For the most part, EP gear lubricant
additives have been oil soluble or easily dispersed as
a stable dispersion in the oil, and largely have been
organic compounds chemically reacted to contain
sulfur, halogen (principally chlorine), phosphorous,
earboxyl, or earboxylate salt groups which react with
the metal surface under boundary lubrication
conditions. Stable dispersions o f hydra ted alkali
metal borates have also been found to be effective as
EP gear lubricant additives. Moreover, because
hydrated alkali metal borates are insoluble in
lubricant oil media, it is necessary to incorporate
the borate as a dispersion in the oil and homogenous
dispersions are particularly desirable. The degree of
formation of a homogenous dispersion can be correlated
to the turbidity of the. oil after addition of the
hydrated -alkali metal borate with higher turbidity
correlating to less homogenous dispersions. in order
to facilitate formation of such a homogenous
dispersion, it is conventional to include a dspersapl
in such compositions. Examples of dispersants include
lipophilic surface-active agents such as alkcnyl
succinimides or other nitrogen containing dispersants
as well as alkenyl succinates. It is also conventional
to employ the alkaii metal borate at particle sizes of
less than 1 micron in order to facilitate the
formation of the homogenous dispersion A preferred EP
gear lubricant additive of this invention comprises an
oil dispersion of hexagonal boron nitride, Other
preferred EP gear lubricant additives of this
invention comprise a dispersed hydrated potassium
borate or dispersed hydrated sodium borate composition
having a specific degree o f dehydration. The
dispersed hydrated potassium borate compositions arc
described in U.S. Patent No. 6,737,387. Preferably, in
this embodiment, the dispersed hydrated potassium
borate is characterized by a hydroxy!:boron ratio
(OH:B) of from at least 1.2: 1 to 2.2; 1, and a
potassium to boron ratio of from about 1:2.75 to
1:3.25. The dispersed hydrated sodium borate
compositions arc described in U.S. Patent No.
6,634,450. Preferably in this embodiment, the
dispersed hydrated sodium borate is characterized by a
hydroxy!:boron ratio (OH:B) of from about 0.80: 5 to
1.60: 1, and a sodium to boron ratio of from about
1:2.75 to 1:3.25, In another embodiment, the preferred
EP gear lubricant additive of this invention comprises
a combination of three components, which are (1)
hydrated alkali metal borates; (2) at least one
dihydrocarbyl polysisltlde component comprising a
mixture including no more than 70 wt.% dihydrocarbyl
trisulfide, more than 5.5 wt.% dihydrocarbyl
disulfide, and at least 30 wt.% dihydrocarbyl
tetrasulfide or higher polysalftdes; and (3) a
non-acidic phosphorus component comprising a
trihydroearbyi phosphite component, at least 90 wt.%
of which has the formula (RO) P where R is alkyl of 4
to 24 carbon atoms and at least one dihydrocarbyl
dithiophosphale derivative. The preferred alkali metal
borate compositions where the ratio of polysutt des is
carefully controlled are described i U.S. Patent
Application No. 51/122,461, filed on May 4, 7.005.
Thesepicferred EP "eat lubricant additives ith the
combination described above have supcrioi load
carrying properties and improved storage stability.
The KP gear lubricant additive is typical!) combined
with other additives in a gear 5 lubricant additive
package A variety ofoiher additives can be ptesent in
the geai lubricants of the present invention. These
additives include antioxidants, viscosity Index
improvers, dispeisants, rust inhibitors, foam
inhibitors, corrosion inhibitois, other aptittear
agents, demuisitlers, friction modifiers, pour point
depressants and a variety o f other well-known
additives Preferred dispersants include the well known
l (i sucemimide and cthoxylated alkylphenoh and
alcohoU. Particularly preferred additional additives
are the oil-soluble suecimmides and oil-soluble alkali
o r alkaline earth metal sulfonates. 



The gear lubricant of this invention may aba comprise
other base oils, such as for 15 example Group I Group
U5 petroleum derived Group 111, or synthetic base oils
such a polyalphaolefi ps, esieis, polyglycols,
poiyisobutenes, and alkylated naphthalenes. The Pour
Point Depressi n g Base Oil Bicndmg Component 20 Some
embodiments of the gear lubricants of this invention
comprise a pour pomt depressing base oil blending
component. The pour point depressing base oil blending
component is usually prepared from the high boiling
bottoms fraction remaining in the vacuum tower after
distilling OiT the lo er boiling base 2 5 oii
fractions It will have a raoleculai weight of at least
600 It may be prepared from either a Fiseher-lropsch
deiived bottoms or a petroleum derhed b ot to s lhe
bottoms us hydroisomerized to achieve a n average de
ree of branching in the molecule between about 5 and
about 9 aikyi-branches per 100 caibon atoms. Following
hydroisomerization the pour pomt depressing base oil
blending component 30 should have a pour point between
about -20C and about 2OC, usually between about -10C
and about 2OC The molecular weight and degree o f
bianehmg m the molecules are particularly critical to
the piopei practice o f the in\entk>B.I the case of
Fischer-Tropsch syncrud e, the pour point depressing
base oil blending component is prepared from the waxy
fraction that is normally a solid at room temperature.
The waxy fraction maybe produced directly from the
Fischer-Tropsch syncmde or it may be. prepared from
the oligomerixatiori of lower boiling Fischer-Tropsch
derived olefins. Regardless of the source of the
Fischer-Tropsch wax, it must contain hydrocarbons
boiling above about 950 F in order to produce the
bottoms used in preparing the pour point depressing
base oil blending component, In order to improve the
pour point and VL the wax is hydroisomerized to
introduce favorable branching into the. molecules. The
bydroisornerized wax will usually be sent to a vacuum
column where the various distillate base oil cuts are
collected. In the case of Fischer-Tropsch derived base
oil, these distillate base oil fractions may be used
for the hydroisomcrized Fischer-Tropsch distillate
base oil. The bottoms material collected from the
vacuum column comprises a mixture of high boiling
hydrocarbons which are used to prepare the pour
depressing base oil blending component. In addition to
hydroisomerization and fractionation, the waxy
fraction may undergo various other operations, such
as, for example, hydrocracking, hydrotreating, and
hydrofinishing. The pour point depressing base oil
blending component of the present invention is not an
additive in the normal use of this term within the
art, since it is really only a high boiling base oil
fraction. The pour point depressing base oil blending
component will have a pour point that is at least 3C
higher than the pour point of the hydroisomerized
Fischer-Tropsch distillate base oil. It has been found
that when the hydroisomerized bottoms as described in
this disclosure is used TO reduce the pour point of
the blend, the pour point of the blend will be below
the pour point of both the pour point depressing base
oil blending component and the nydroisomerized
distillate Fischer-Tropsch base oil. Therefore, it is
not necessary to reduce the pour point of the bottoms
to the target pour point of the engine oil.
Accordingly, the actual degree of hydroisomerization
need not be as high as ight otherwise be expected and
the hydroisomerization reactor may be operated at
lowerseverity with less cracking and less yield loss.
It has been found that the bottoms should not be over
hydroisomerized or its ability to act as a pour point
depressing base o ! blending component will be
compromised Accordingly, the average degree of
branching in the molecules of the Pischer-Tropsch
bottoms should fail within the range of from about 5
to about 9 alky] branches per 100 carbon atoms. A pour
point depressing base oil blending component derived
from a Fischer-Tropsch feedstock will have an average
molecular weight between about 600 and about 1,100,
preferably between about 700 and about 1,000. The
kinematic viscosity at 100C will usually fall within
the range of from about 8 cSt to about 22 cSt. I he
10% boiling point of the boiling range of the bottoms
typically will fall between about 85O0F and about
10500F. Generally, the higher molecular weight
hydrocarbons are more effective as pour point
depressing base oil blending components than the lower
molecular weight hydrocarbons. Typically, the
molecular weight of the pour point depressing base oil
blending component will be 600 or greater.
Consequently, higher cut points in the fractionation
column which result in a higher boiling bottoms
material are usually preferred when preparing the pour
point depressing base oil blending component. The
higher cut point also has the advantage of producing a
higher yield of the distillate base oil fractions. It
has also been found that by solvent dewaxing the
hydroisomerized bottoms product at a low temperature,
generally -1OC or less, the effectiveness of the pour
point depressing base oil blending component may be
enhanced. The waxy product separated during solvent
dewaxing from the bottoms has been found to display
improved pour point depressing properties provided the
branching properties remain within the limits of the
invention. The oily product recovered after the
solvent dewaxing operation while displaying some pour
point depressing properties is less effective than the
waxy product. In the case of being petroleum-derived,
the basic method of preparation is essentially the
same as already described above. Particularly
preferred for preparing a petroleum derived pour point
depressing base oil blending component is bright stock
containinga high wax coment Blight stock constitutes a
bottoms action which has been highly iefined and
de\va\ed. Blight stock is a high viscosity base nil
which is named for the SUS viscosity at 2!O0F.
Typical!} petroleum derived bright stock wtH have a
viscosity above i SO cSt at 40C, preferably above 250
eSt at 40 C, and more preferably mngmg 5 from 500 to
HOO cSt at 4OC. Bright stock dep\ed from Daqirg crude
has been found to be especially suitable for use a the
pour poml depressing base oil blending component of
the present invention The bright stock should be
hydioisomerizcd and may optionally be solvent dewaxed
Bpght stock prepared solely by solvent denaxmg has
been found to be much e s effective as a pour point
depressing base oil blending U component The petroleum
derived poui point depressing base oil blending
component preferably will have a paraffin content of
at least about 30 wt%, moie preferably ai least 40
\vt%, and most preferably at least 50 \\t%. The
boiling range of the 



5 pour point depressing base oil blending component
should be above about 9500F (51OC) The 10% boiling
point should be greater than about IQ5O F (565X) with
a 10% point in excess of 1150"F (62OC) being pielerred
The avemgc degree of branching in the molecules of the
petroleum derived poui point depressing base oil
blending component preferably will fall within the
range oi 0 from about to about 9 alkyi-branchcs per
100 carbon atoms, mote pielerably from about 6 t about
alkyl-branches per 100 carbon atoms. Specifi c Anah
tical Test Methods 5 Brookl  eld vscosities ere
measured b > ASfM D 2983-04. Pour points were measured
\ ASTVl D 5950-02. 0W.% Olefins The Wt% Olefins in the
base oils of this invention is determined by
proton-NMR by the following steps, A-D; A. Prepare a
solution of 5-10% of the test hydrocarbon in
deuterochloroform. B. Acquire a norma! proton spectrum
of at least 12 ppm spectral width and accurately
reference the chemical shift (ppm) axis. The
instrument must have sufficient gain range to acquire
signal without overloading the receiver/ADC. When a 30
pulse is applied, the instrument must have a minimum
signal digitization dynamic range of 65.000.
Preferably the dynamic range will be 260,000 or more.
C. Measure the integral intensities between: 6,0-4.5
ppm (olefin) 2.2-l 9 ppm (aIlyi e) 1 9-0.5 ppm
(saturate) D. Using the molecular weight of the test
subsiance determined by ASTM D 2503, calculate: 1. The
average molecular formula of the saturated
hydrocarbons. 2. The average molecular formula of the
olefins. 3. The total integral intensity (=sum of all
integral intensities). 4. The integral intensity per
sample hydrogen (=tatal integral/number uf hydrogens
in formula).5. The number of olefin hydrogens (=oief n
integral/integral per hydrogen). 6 . The number of
double bonds (=olef n hydrogen times hydrogens in
olefin formula/2). 7. The wl% olefins by proton NMR =
100 times the number of double bonds times the number
of hydrogens in a typical olefin molecule divided by
the number of hydrogens in a typical test substance
molecule. The wt% olefins by proton NMR calculation
procedure, D. works best when the percent olefins
result is low, less than about 15 wt%. The olefins
must be "conventional" olefins; i.e. a distributed
mixture ofthose olefin types having hydrogens attached
to the double bond carbons such as: aipha, vinylidene,
cis, trans, and trisubstituted. These olefin types
will have a detectable allylic to olefin integral
ratio between 1 and about 2.5. When this ratio exceeds
about 3 it indicates a higher percentage of tri or
tetra substituted olefins are present and that
different assumptions must be made to calculate the
number of double bonds in the sample. Aromalica
Measurement by HPLC -UV The method used to measure low
levels of molecules with at least one aromatic
function h the lubricant base oils of this invention
uses a Hewlett Packard 1050 Series Quaternary Gradient
High Performance Liquid Chromatography (HPLC) system
coupled with a HP 1050 Diode-Array UV-V s detector
interfaced to an HP Chem-station. Identification of
the individual aromatic classes in the highly
saturated Base oils was made on the basis of their UV
spectral pattern and their elution time. The amino
column used for this analysis differentiates aromatic
molecules largely on the basis of their ring- number
(or more correctly. double-bond number). Thus, the
single ring aromatic containing molecules clute
first,followed by the polycycUe aromatics in order of
increasing double bond number per molecule. For
anomalies with similar double bond character, those
with only alkyl substitution on the ring elute sooner
than those with naphthenic substitution. Unequivocal
identification of the various base oil aromatic
hydrocarbons from their UV absorbance spectra was
accomplished recognizing that their peak electronic
transitions were all red-shifted relative to the pure
model compound analogs to a degree dependent on the
amount of alky! and naphthenic substitution on the
ring system. These bathochroitiic shifts are well
known to be caused by alkyl-group derealization of the
p -electrons in the aromatic ring. Since few
unsubsiitutcd aromatic compounds boil in the lubricant
range, some degree of red-shift was expected and
observed for all of the principle aromatic groups
identified. Quantitation of the eluting aromatic
compounds was made by integrating chromatograms made
from wavelengths optimized for each general class of
compounds over the appropriate retention time window
for that aromatic. Retention time window limits for
each aromatic class wcie determined by manually
evaluating (he individual absorbance spectra of
eluting compounds at different times and assigning
them to the appropriate aromatic class based on their
qualitative similarity to model compound absorption
spectra. With few exceptions, only Five classes of
aromatic compounds were observed in highly saturated
API Group H and III lubricant base oils. HPLC-UV
Calibration MPLC-UV is used for identifying these
classes of aromatic compounds even at verylow levels.
Multi-ring aromatics typically absorb 10 to 200 times
more strongly than single-ring aromatics. Alkyl-s
ubstitution also affected absorption by about 20%.
Therefore, it is important to use HPLC to separate and
identify the various species of aromatics a d know how
efficiently they absorb. Five classes of aromatic
compounds were identified. With the exception of a
small overlap between the most highly retained alkyl-
1-ring aromatic naphthenesand the least highly
retained aikyl naphthalenes, ail o f the aromatic
compound classes were baseline resolved. Integration
limits for the co-eiuting 1-ring and 



2-ripg arornatics at 272nm were made by the
perpendicular drop method. Wavelength dependent
response factors for each general aromatic class were
first determined by constructing Beer's Law plots from
pure model compound mixtures based on the nearest
spectral peak absorba ces to the substituted aromatic
analogs. For example, alkyi-cyclohexylbenzene
molecules in base oils exhibit a distinct peak
absorbance at 272nm that corresponds to the same
(forbidden) transition that ynsubst  tuted tetralin
model compounds do at 268nm The concentration of
alkyl-1-ring aromatic naphthenes in base oil samples
was calculated by assuming that its moiar absorptivity
response factor at 272nm was approximately equal to
tetralin's molar absorptivity at 268nm, calculated
from Beer's law plots. Weight percent concentrations
of aromatics were calculated by assuming that the
average molecular weight for each aromatic class was
approximately equa to {he average molecular weight for
the whole base oil sample. This calibration method was
further improved by isolating the 1-ring aromatics
directly from the lubricant base oils via exhaustive
IPLC chromatography Calibrating directly with these
aromatics eliminated the assumptions and uncertainties
associated with the model compounds. As expected, the
isolated aromatic sample had a lower response factor
than the mode! compound because it was more highly
substituted. More specifically, to accurately
calibrate the HPLC-UV method, the substituted benzene
aiomatics were separated from the bulk of the
lubricant base oil using a Waters semi-preparative
HPLC unit 10 grams of sample was diluted 1: 1 in
n-hexane and injected onto an arnino-bouded silica
column, a 5cm x 22,4mm ID guard. followed by two 25cm
x 22 4mm ID columns of 8-12 micron amino-bo pded
silica particles, manufactured by Rairrin Instruments,
Emeryville, California, with p-hexat ie as the mobile
phase at a flow rate of 18m!s/'min. Column elucnt was
fractionated basedon the detector icsponse from a dual
wavelength UV detector set ai 265nm and 295nm.
Saturate fractions were collected until the 265iiin
absorbance showed a change of .(jl absarbanee units,
which signaled the onset of single ring aiomatic
elutLon. A single ring aromatic fraction was collected
until the absorhance ratio between 265nm and 295nm
decreased to 2.0, indicating the onset of two ring
aromatic e ution. Purification and separation of the
single ring aromatic fraction was made by
rc-chromatographing the roonoaromatsc fraction away
from the "tailing" saturates fraction which resulted
from overloading the HPLC column. This purified
aromatic "standard" showed that aikyl substitution
decreased the molar absorptivity response factor by
about 20% relative to unsubstituted tetral n .
Confirmat ion of Aromatics by NMR ie weight percent of
all molecules with at least one aromatic function in
the purified mono-aromatic standard was confirmed v a
long-dui ation carbon 13 NWR analysis. NMR was easier
to calibrate than HPLC UV because it simply measured
aromatic carbon so the response did not depend on the
class of aromaiics being analysed. The NMR results
weie translated from % aromatic carbon to % aromatic
molecules (to be consistent with HPLC-UV and  2007) by
knowing that 95-99% of the aromaties in highly
saturated lubricant base oils were smgle- png
aiomaties. High power, long duration, and good
baseline analysis were needed to accurately measure
aromaties down to 0,2% aromatic molecules. More
specifically, to accurate!} measure low levels of all
molecules with at least one aromatic function by NMR.
the standard D 5292-99 method as modified to give a
minimum carbon sensitivity of 500 1 (by AS FM standard
practice 386) L15-hour duration run on a 400-500 MHz
NMR with a 10-1 2 mm Nalorac probe was used Acorn PC
integration software was used to dell r e the shape of
the baseline and consistently integrate The carriei
frcquencv was changed once during the run to
a\oidartifacts from imaging the aliphatic peak into
the aromatic region. By taking spectra on either side
of the carrier spectra, the resolution was improved
significantly. Molecular Comp osition by FIMS The
lubricant base oils of this invention were
characterized by Field Ionization Mass Spectroscopy
(FJMS) into alkanes and molecules with different
numbers of unsaturations. The distribution of the
molecules i the oil fractions was determined by FlMS.
The samples were introduced via solid probe,
preferably by placing a small amount (about 0.1 mg,)
of the base oil to be tested in a glass capillary
tube. The capillary tube was placed at the tip of a
solids probe for a mass spectrometer, and the probe
was heated from about 40 to 50C up to 500 or 600C at a
rate between 5Q*C and K)OC per minute in a mass
spectrometer operating at about 10 " torr. The mass
spectrometer was scanned from m/z40 to m/z 1000 at a
rate of 5 seconds per decade. The mass spectrometer
used was a Micromass Time-oi-Flighl. Response factors
for all compound types were assumed to bs ,0, such
that weight percent was determined from area percent.
The acquired mass spectra were summed to generate one
"averaged" spectrum. The lubricant base oils of this
invention were characterized by FIMS into alkaries and
molecules with different numbers of unsaturations. The
molecules with different numbers of unsaturations may
be comprised of cycloparaffins, olefins, and
aromatics. If aromaties were present in significant
amounts i the lubricant base oil they would be
identified in the FiMS analysis as 4-unsaturate ns.
When olefins were present in significant amounts in
the lubricant base oil they would be identified in the
FIMS analysis as 1-unsaturations. The total of the
1-imsaturaiions, 2-unsalurations, 3-unsaturations,
4-unsatiirations, 5-unsaturations, and 6-unsaturations
from the FIMS analysis, minus the wt% olefins by
proton NM(I, and minus the wt% aromatics by HPLC-UV is
the total weight percent of molecules with
eyeloparaffinicfunctionality in the lubricant base
oils of this invention. Note that if the aromalics
content was not measured, it was assumed to be less
than 0.1 wt% and not included in the calculation for
total weight percent of molecules with cycloparaffmic
functionality. Molecules with cycloparaffmic
functionality mean any molecule that is, or contains
as one or more substiuients, a monocyclic or a fused
multicyclic saturated hydrocarbon group. The
cycloparaffmic group may be optionally substituted
with one or more substituents. Representative examples
include, but are not limited to. cyclopropyi, 



cyclobutyl, cyclopentyl, cyclohexyl, cyclohepiyl,
decahydronaphthalene, octahydropentalene, (pentadeca
p-d-yOcyclohexane, 3,7, 10-tpcyclohexy ipentadecane.
decahydro-l-(pentadecan-6-yl)naphthalene, and the
like. Molecules with monucycloparaffmic functionality
mean any molecule that Ls a monocyclic saturated
hydrocarbon group of 3 to 7 ring carbons or any
molecule that is substituted with a single monocyclic
saturated hydrocarbon group of 3 to 7 ring carbons.
The cycioparaffmic group may be optionally substituted
with one or more substituents. Representative examples
include, but arc .not limited to, cyeiopropyi,
cyciobutyl, cyclopentyl, cyclohexyl, eyeiohepty ,
(penladeca -6-yl) cyelohexanc, and the like. Molecules
with mukicycloparaff  nic functionality mean any
molecule that is a fused multicyclic saturated
hydrocarbon ring group of two or more fused rings, any
molecule that is substituted with one or more fused
multicyclic saturated hydrocarbon ring groups of two
or more fused rings, or any molecule that is
substituted with more than one monocyclic saturated
hydrocarbon group of 3 to 7 ring carbons. The fused
multicyclic saturated hydrocarbon ring group
preferably is of two fused rings. The cycloparaffinic
group may be optionally substituted with one or more
substituents. Representative examples include but are
not limited to. decahydronaphthalene, oetahydrop
entalene, 3,7,10-tricyclohexyipentadecane,
decahydro-l-(pen.adecan-6-yi) naphthalene, and the
like.NMR Branching Properties The branching properties
of the base oils of the present invention was
determined by analyzing a sample of oil using carbon-
13 ( !3C) NMR according to the following ten-step
process. References cited in the description of the
process provide details of the process steps. Steps 1
and 2 are performed only on the initial materials from
a new process. 1) Identify the CIi branch centers and
the CH3 branch termination points using the DEPT Pulse
sequence (DoddreH, D.T.; Pegg, D.T.; Bcndail, MR.,
Journal of Magnetic Resonance 1982, 48, 323ff.). 2)
Verify the absence of carbons initiating multiple
branches (quaternary carbons) using the APT pulse
sequence (Patt, S.L.; Shookry, J .N., Journal of
Magnetic Resonance 1982, 46, 535ff,). 3) Assign the
various branch carbon resonances to specific branch
positions and lengths using tabulated and calculated
values (Lindeman, L.P., Journal of Qualitative
Analytical Chemistry 43, 1971 1245 ff; Netzcl, D.A.,
et.al., Fuel, 60, 1981, 37fl). Examples; Branch NMR
Chemical Shift (ppr) 2-methyl 22.7 3-methyl 19.3 or
11.4 4-niethyl 14.3 4+mcthyI 19.8 Internal ethvl 10.8
Internal propyl 14.5 or 20.5 Adjacent methyls 16.5}
Estimate relative branching density at ddierent carbon
positions by comparing the integrated intensity of She
specific caibon of the methyl/aik>l group to the
intensity of a single carbon (\xrnch S equal to total
mtegral/number ot carbons per molecule in the mixture)
FOJ the unique case of the 2-methyl branch, where both
the terminal and the branch methyl occur at the same
resonance position, the intensity was divided by two
before estimating the blanching density If the meth)!
branch fraction is calculated and tabulated, its
contribut'on to the 4-nieth>is must be subtracted to
avoid double counting 5 ) Calculate the average carbon
number lhe average carbon number ma> be determined
with sufficient accmac) for lubricant materials by
dividing the molecular weight of the sample b 14 (the
foimula weight oi CIl-). 6} The number of branches per
molecule is the sum of the branches found in step 4.
7) The number ol alk>l branches per 100 carbon atoms
is calculated from the number of bianches per molecule
(step 6} times lOQ/a\eiage carbon number. 8) Estimate
Branching Index (Bl). fhe BI is estimated by SH NMR
Analysis and presented as percentage of methyl
hydiogcn (chemical shift range O.b-1.05 ppm) among
total hydrogen as estimated by NMR in the liquid
hydiocdrbon composition 9) Estimate Branching
proxtmit) (BP) The BP i estimated b\ ! NMR and p er ed
as percentage of recurring meth>lene carbons which arc
ioui oi moie carbons av\a> fiom the end group or a
branch (represented by a NMR signal at 2 9 ppm) among
total carbons a estimated by NMR in the liquid
hydroceubon composition\ Q) Calculate the Free Carbon
Index (FCI), The FCl is expressed in units of carbons.
Counting the terminal methyl or branch carbon as "one"
the carbons i the FCI are the fifth or greater carbons
from either a straight chain terminal methyl or from a
branch methine carbon. These carbons appear between
29.9 ppm and 29.6 ppm in the carbon- 13 spectrum. They
are measured as follows: a calculate the average
carbon number of the molecules in the sample as in
step 5 b. divide the total carbon- 13 integral area
(chart divisions or area counts) by the average carbon
number from step a to obtain the integral area per
carbon in the sample, c. measure the area between 29 9
ppm and 29.6 ppm in the sample, and d. divide by the
integral area per carbon from step b. to obtain FCl
(EP10623O6L 1). Measurements can be perlormed iising
any Fourier Transform NMR spectrometer. Preferably,
the measurements are performed using a spectrometer
having a magnet of 7.0 T or greater. I all cases,
after verification by Mass Spectrometry, UV or an NMR
survey that aromatic carbons were absent, the spectra!
width for the ! CNMR studies was limited to the
saturated carbon region, about 0-80 ppm vs. TMS 



(tetramethylsilanc). Solutions of 25-50% by weight in
chloroform-d 1 were excited by 30 pulses followed by a
1.3secondacquisi iion time. In order to minimize
non-uniform intensity data, the broadband proton
inverse-gated decoupling was used during a seconddelay
prior to the excitation pulse and on during
acquisition. Samples were also doped with 0.0 to 0.05
M Cr(acac) (iris (acetylacetonato)-chromium(ni)) a a
relaxation agent to ensure lull intensities are
observed. Total experiment times ranged from 4 to S
hours The 1H NMR analysis were also carried out using
a spectrometer having a magnet uf 7 0 T or greater.
Free induction decay of 64 coaveraged transientswere
acquired, employing a 90 excitation pulse, a
relaxation decay of 4 seconds, and acquisition time of
1.2 seconds. The DEPl and APT sequences were carried
out according to literature descriptions with minor
deviations described in the Varian or Bruker operating
manuals. DEPT is Distortionless Enhancement by
Polarization Transfer. The DEPT 45 sequence gives a
signal all carbons bonded to protons. DEPT 90 shows CH
carbons only. DEPT 135 shows CH and CII up and CH2 180
out of phase (down) APT is Attached Proton Test. It
allows ail carbons to be seen, but if CH and CH arc
up, then quaternaries and CH are down. The sequences
are useful in that every branch methyl should have a
corresponding CH. And the methyl group are clearly
identified by chemical shift and phase. Both are
described in the references cited. The blanching
properties of each sample were determined by C NMR
using the assumption in the calculations that the
entire sample was iso-paraffinic. Corrections were not
made for n-paraff ns or naphlhenes, which ma; have
been present in the oil samples in varying amounts,
The naphthenes content may be measured using Field
Ionization Mass Spectroscopy (FfMS). "Alky!" means a
linear saturated monovalent hydrocarbon radical of ]
to 6 carbon atoms or a branched saturated monovalent
hydrocarbon radical of 3 to 8 carbon atoms.
Preferably, the alky! branches are methyl Examples of
alky! branches include, but are not limited to, groups
such a methyl, ethyl, n-propyl, isopropyl, n-hutyl,
isobuiyi, sec-butyl, i-butyi, n-pentyl, and the like.
EXAMPLES The foi lowing examples are included to
further clarify the invention hut are not to be
construed as limitations on the scope of the
invention. - _Example 1: A hydrotreated cobalt based
Fischer-Tropsch wax had the following properties: A
base oil, FT-7.3, was made from the hydrotreated
cobalt based Fischer-Tropsch wax by
hydroisoraerization dewaxing, hydrofinishing,
fractionating, and blending to a viscosity target. The
base oil had the properties as shown in Table
11.Example 2 ; Three blends o f gear lubricant using
the FT-7.3 were blended with gear lubricant EP
antiwear additive packages. The gear lubricant
additive packages comprised sulfur phosphorus (SfP)
and a stable dispersion of hydrated alkali metal
borate E P additives, combined with other additives.
The additives used in GEARA and GEARB were the same as
those used in commercial production of Chevron Delo(r)
(kar Lubricants ESI(r). The additives used in GEARC
were the same as those used in commercial production o
f Chevron Delo(r) Trans Fluid ESi(r). Delo(r) and
ESI(r) are registered trademarks of Chevron
Corporation. The formulations o f these three gear
lubricant blends are summarized in Table 111. Citgo
Bright Stock 150 is a petroleum derived Group 1 bright
stock produced by solvent dewaxing. The properties of
these three different gear lubricant blends are shown
in Table IV.GEARA and GEARB are excellent gear
lubricants for all types of automotive and industrial
bearings and gears. They are suitable for top-off of
limited slip differentials. They meet the requirements
for the 750.000-mile extended warranty program in
Dana/Spicer axles. GEARA also meets the requirements
for extended service in Meritor axles for 500,000 mile
oil drains. GEARC i ideally suited for heavy duty
manual transmissions. GEARC meets the requirements for
Eaton's 750,000-miJe extended warranty program for
transmission fluids. GEARA, GEARB, and GEARC are
examples of the gear lubricants of this invention with
very !ow Brookfield viscosities relative to their
kinematic viscosities. All three of them have a
Brookfield Ratio (ratio of Brookfield Viscosity at b,
in DC, divided by the kinematic viscosity at 100C)
less than or equal to an amount defined by the
equation: Brookficld Ratio ~ 613 x eJ-o t) - Their low
ratios were surprising considering that they contained
significant amounts of CHgo Bright Stock 150 and no
viscosity ind improver. Additionally all three ofthese
oils showed good storage stability, low foaming, and
good copper strip corrosion results Surprisingly, no
viscosity index improver was used in any of these
examples. GEARA and GEARC both had more than 12 wl% of
the base oil, based on the weight of the total gear
lubricant having the more desired properties uf: a)
less than 0 06 wt% aromatics, b) greater than 20 \vt%
total molecules with cycloparaffimc functionality, and
c) a ratio of molecules with moiiocycloparaftlnic
functionality to molecules with multicycloparaffinic
functionality greater than 12 . These examples would
have had even better properties if they had been
blended with a base oil having leas than 0.5 wi%
olefins; and with a bright stock that is also a pour
point reducing blending component. Exa r i ; Three
comparative blends were made using conventional Group
Hbase oils, using the same gear lubricant additive
packages as the blends described in Example 2 The
formulations of these comparison blends are summarized
in Table V.Note that Cilgo Bright Stock 150 is a Group
base oil having greater than 25 wt% aromatics and a Vl
less than 100. The properties of these three different
comparative gear lubricant blends are shown in Table
VI.These comparative blends made using different base
oils did not have the desired low Brookfield viscosity
relative to the kinematic viscosity of the gear
lubricants of this invention AH of them had a
Brookfield Ratio (ratio of Brookfield Viscosity at b,
in C divided by the kinematic viscosity at 100C)
greater than an amount defined by the equation:
Brookfield Ratio = 613 x e i None of them contained
any of the preferred base ail with; a) less than 0.06
wt% aromatics, 



b) greater than 20 wf% total molecules with
cycloparaffinic functionality, and c) a ratio of
molecules with monocycloparaffmic functionality to
molecules with multkycloparaffiviic functionality
greater than 12.Example 4: Five base oils, FT-4.1
FT-4.3, FT-7.9, FT-8.0 and FT-1 6 were made from the
same FT wax described in Example 1, The processes used
to make the base oils were hydroisomerization dewaxmg,
hydrofmishing, fractionating, and blending to a
viscosity target. FT-16 was a vacuum distillation
bottoms product. Hydrofinishing was done to a greater
extent with these base oils, such that the olefins
were effectively eliminated. A sixth base oil, FT-24,
was made from a hydrotrcated Co-based FT wax having
less than 0.2 ppm nitrogen, less than 6 ppm sulfur and
a wt% of n-paraffm by GC of 76.01. The F I-24 base oil
was made by hydroisomerization dewaxing,
hydrofinishing. fractionating, and selection of a
heavy bottoms product having a kinematic viscosity at
100C greater than 20 cSt and a TIO boiling p int
greater than 1000 F. The six different base oils had
the properties as shown in ' fable VIIMETHOD FOR
TESTING EMBEDDED WIRELESS TRANSCEIVER WITH MINIMAL
INTERACTION BETWEEN WIRELESS TRANSCEIVER AND HOST
PROCESSOR DURING TESTING BACKGROUND OF THE INVENTION
1. Field of the Invention The present invention
relates to wireless data communication systems having
a host processor and wireless transceiver embedded
therein, and in particular, to production testing of
such systems. 2. Related Art As the number and uses of
wireless data communication systems increase, it has
become increasingly important to the manufacturers of
such systems to perform production testing of the
wireless transceivers embedded in such systems in a
more time-efficient manner. As is well known, a
problem with production testing of such embedded
transceivers is that no direct, e.g., wired, digital
control connection is generally available between the
device under test (DUT) and the test controller (e.g.,
personal computer). Instead, communication must take
place through the host processor also embedded within
the system. Accordingly, production testing becomes
more complicated in that the testing firmware must be
installed or stored for running on the embedded host
processor. While using firmware in an embedded
processor may be acceptable for a single platform,
this approach quickly becomes unacceptable when
multiple platforms are involved and must be supported.
Further, as is often the case, the wireless
transceiver function, e.g., a wireless data
transceiver operating according to the IEEE 802.1 1
standard, is merely a small portion of the overall set
of functions of the host system. Accordingly, the
manufacturer, while interested in producing a fully
functional wireless transceiver capability, is
nonetheless not interested in spending significant
resources on integrating the wireless function in view
of its limited role in the overall operation of the
system. Therefore, it would be desirable to provide
for a simpler and more streamlined method of
production testing for such systems, with only minimal
changes required when performing production testing of
various systems.SUMMARY OF THE INVENTION In accordance
with the presently claimed invention, a method is
provided for testing a wireless transceiver embedded
within a wireless data communication system that also
includes a host processor with minimal interaction
between the wireless transceiver and the host
processor during such testing. The wireless signal
interface between the wireless data communication
system and external test equipment is used to convey
test initiation or data signals from the external test
equipment to the wireless data communication system,
and responsive data or acknowledgement signals from
the wireless data communication system to the external
test equipment. In accordance with one embodiment of
the presently claimed invention, a method for testing
data signal transmissions of a wireless transceiver
embedded within a wireless data communication system
that also includes a host processor with minimal
interaction between the wireless transceiver and the
host processor during the testing includes:
transferring test firmware via the host controller to
the wireless transceiver; setting the wireless
transceiver in a test operation mode; transmitting,
with the wireless transceiver, one or more test data
signals in response to reception, by the wireless
transceiver, of one or more predetermined test
initiation signals from a control signal source
external to the wireless data communication system;
and measuring, with a test system external to the
wireless data communication system, one or more
parameters of each one of the one or more transmitted
test data signals. In accordance with another
embodiment of the presently claimed invention, a
method for testing data signal reception of a wireless
transceiver embedded within a wireless data
communication system that also includes a host
processor with minimal interaction between the
wireless transceiver and the host processor during the
testing includes: transferring test firmware via the
host controller to the wireless transceiver; setting
the wireless transceiver in a test operation mode;
receiving, with the wireless transceiver, one or more
test data signals from a data signal source external
to the wireless data communication system;
andtransmitting, with the wireless transceiver, at
least one acknowledgement signal in response to
reception of each one the one or more test data
signals that is recognized by the wireless transceiver
as one of a plurality of predetermined data signal
types. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a
functional block diagram of a wireless data
communication system in a production test environment.
FIG. 2 depicts a method for testing the wireless data
communication system of FIG. 1 in accordance with one
embodiment of the presently claimed invention. FIG. 3
depicts a method for testing the wireless data
communication system of FIG. 1 in accordance with
another embodiment of the presently claimed invention.
FIG. 4 depicts a test sequence for performing signal
transmission testing of the wireless data
communication system of FIG. 1 in accordance with one
embodiment of the presently claimed invention. FIG. 5
depicts a test sequence for performing signal
reception testing of the wireless data communication
system of FIG. 1 in accordance with another embodiment
of the presently claimed invention. FIG. 6 depicts a
test sequence for performing signal reception testing
of the wireless data communication system of FIG. 1 in
accordance with another embodiment of the presently 



claimed invention. DETAILED DESCRIPTION The following
detailed description is of example embodiments of the
presently claimed invention with references to the
accompanying drawings. Such description is intended to
be illustrative and not limiting with respect to the
scope of the present invention. Such embodiments are
described in sufficient detail to enable one of
ordinary skill in the art to practice the subject
invention, and it will be understood that other
embodiments may be practiced with some variations
without departing from the spirit or scope of the
subject invention.Throughout the present disclosure,
absent a clear indication to the contrary from the
context, it will be understood that individual circuit
elements as described may be singular or plural in
number. For example, the terms "circuit" and
"circuitry" may include either a single component or a
plurality of components, which are either active
and/or passive and are connected or otherwise coupled
together (e.g., as one or more integrated circuit
chips) to provide the described function.
Additionally, the term "signal" may refer to one or
more currents, one or more voltages, or a data signal.
Within the drawings, like or related elements will
have like or related alpha, numeric or alphanumeric
designators. Further, while the present invention has
been discussed in the context of implementations using
discrete electronic circuitry (preferably in the form
of one or more integrated circuit chips), the
functions of any part of such circuitry may
alternatively be implemented using one or more
appropriately programmed processors, depending upon
the signal frequencies or data rates to be processed.
Referring to FIG. I 5 a wireless data communication
system in a general production test environment
includes the DUT 100, a computer 150 for control of
the testing, and test equipment 160 (e.g., including a
vector signal generator (VSG) and a vector signal
analyzer (VSA)), all interconnected substantially as
shown. The DUT 100 has a number of embedded
sub-systems, including a host processor 110, memory
120 (e.g., non-volatile memory), a wireless
transceiver 130 and one or more peripheral devices
140, interconnected substantially as shown. The host
processor 110 controls the memory 120, wireless
transceiver 130 and peripheral devices 140 via various
control interfaces 121, 111, 113. Typically, the
memory 120 stores, as firmware, programs to be used by
the DUT 100. The control computer 150 generally runs
the production test software that controls the DUT 100
through an external interface 151, e.g., universal
serial bus (USB), serial peripheral interface (SPI),
RS-232 serial interface, etc. The control computer 150
also controls the test equipment 160 via another
interface 161, e.g., USB, general purpose interface
bus (GPIB), Ethernet, etc. The test equipment 160
communicates with the wireless transceiver 130 via an
interface 101, which can be a wireless interface, but
for production testing purposes is usually a wired
interface. In a typical transmitter test scenario, the
control computer 150 will send one or more commands to
the host processor 110, which translates such commands
into corresponding commands for the wireless
transceiver 130. Following transmission of the test
signal via the test interface 101, the control
computer 150 retrieves the measurement results form
the testequipment 160 (via its interface 161),
following an appropriate delay for the wireless
transceiver 130 to settle at its programmed output
frequency and power. As can be seen by this example,
the commands necessary for the wireless transceiver
130 must pass through and be translated by the host
processor 110. As the host processor 110 can be of
many different types, and run many different operating
systems, it will generally be very difficult to
provide the necessary software inside the host
processor 110 for translating the commands
appropriately. Normally, such software must be written
specifically for each application, thereby making it a
difficult process for a system integrator to integrate
the wireless transceiver 130 within the system 100. As
discussed in more detail below, a proposed test method
in accordance with the presently claimed invention
provides for simplified production testing using a
predetermined test flow, or sequence, to verify the
performance of the embedded wireless transceiver. By
pre programming the wireless transceiver with the test
flow, minimal, if any, communication between the
wireless transceiver and the host processor 110 will
be needed during testing. The test flow can be
uploaded to the transceiver 130 as part of the loading
of the testing firmware, or can alternatively be made
an integral part of the firmware, e.g., with a
pre-determined data area defining the tests. After
completion of the loading of the firmware into the
transceiver 130, the device will be placed into a test
mode where it awaits commands from the test equipment
160. This can be done as part of the firmware that is
loaded, or as a separate command issued by the host
processor 110. As a result, the only interaction with
the host processor 110 involves the loading of the
firmware, loading of the test flow (unless it is an
integrated portion of the firmware), and possibly a
command to place the wireless transceiver 130 in a
production test mode of operation. Referring to FIG.
2, one example of this method can be depicted as
shown. In the first step 202, the test firmware is
transferred to the host processor 110, generally by
the control computer 150. In the next step 204, the
test firmware is transferred from the host processor
110 to the wireless transceiver 130 via the interface
1 1 1. It should be understood that the test firmware
may be complete in that it also includes the desired
test flow, or sequence, as an integral part.
Alternatively, the test flow data can be transferred
to the host processor 110 from the computer 150, and
then relayed to the wireless transceiver 130. As a
further alternative, the desired test flow data can be
in the form of a data table previously stored in the
memory 120, thatcan now be retrieved via the interface
121 and relayed by the host processor 110 to the
wireless transceiver 130. In the next step 206, the
wireless transceiver 130 is set in a test mode of
operation, i.e., where the wireless transceiver 130
will now await one or more commands from the test
equipment 160 (discussed in more detail below), e.g.,
by listening for a command from the test equipment 160
on a predetermined frequency. Such setting of the
wireless transceiver 130 in its test mode operation
can be initiated automatically as part of the test
firmware that has been loaded, or can be initiated by
an appropriate command issued by the host processor
110. In the next step 208, test operation of the test
equipment 160 is initiated, e.g., by sending the
appropriate command for which the wireless transceiver
130 is listening, as noted. Alternatively, the
wireless transceiver 130 can transmit a "ready" signal
at a predetermined frequency, following the reception
of which the test equipment 160 will begin sending one
or more test commands. Preferably, the command set is
minimal, e.g., only a NEXT type of command, thereby
requiring only that the receiver watch for a good data
packet (e.g., representing a NEXT command), and
further thereby not requiring any media access control
(MAC) layer operations. Following transmission of the
initial test command from the test equipment 160, the
wireless transceiver 130 preferably transmits an
acknowledgement signal to indicate reception of such
command, following which the main sequence of test
commands form the test equipment 160 



will begin. Controlling of the test equipment 160 is
done under supervision by the control computer 150 via
the interface 161. A subsequent step 210 can include
updating of the test firmware loaded into the wireless
transceiver 130, whereby various operation settings,
parameters or conditions can be modified based on data
(e.g., transceiver calibration data) received from the
control computer 150 via the host processor 110 or
from a data table stored in the memory 120 conveyed
via the host processor 110 to the wireless transceiver
130. Referring to FIG. 3, a test method in accordance
with another embodiment of the presently claimed
invention has a first step 302 of initiating system
test operation. This causes the host processor 110 to
be prepared for the next step 304 in which the test
firmware is transferred form the memory 120 via the
host processor 110 to the wireless transceiver 130. As
discussed above, the test firmware can include the
test flow, or can also be composed of two components,
i.e., the test commands and test sequence data. In the
next step 306, the wirelesstransceiver is set in its
test mode of operation. As discussed above, this can
be done automatically as part of the loading of the
test firmware, or can be initiated by an appropriate
command sent by the host processor 110 via the
interface 111, with such command either initiated by
the host processor 110 or conveyed by the host
processor 110 in response to its reception from the
computer 150. In the next step 308, actual testing is
initiated. As discussed above, this can be in the form
of either the wireless transceiver 130 initiating
communication with the test equipment 160 over the
interface 101, or the test equipment 160, under the
control of the computer 150, initiating communication
with the wireless transceiver 130 via the interface
101 . Subsequent steps can include a step 310 in which
the test firmware is updated, as discussed above, to
modify various test settings, parameters or
conditions. As discussed above, a test method in
accordance with the presently claimed invention
includes steps for placing the DUT 100 in a test
operation mode in conjunction with the external test
equipment 160. Following that, there are two general
categories of testing: testing of the signal transmit
function of the wireless transceiver 130; and testing
of the signal reception function of the wireless
transceiver 130. Referring to FIG. 4, one example of a
transmit test sequence can be described as follows.
Testing begins with the receiver (RX) portion of the
DUT 100 awaiting a command 420. The test equipment 160
issues its command 410 (e.g., a GOTO-NEXT command).
Following reception of this command, the transmitter
(TX) of the DUT 100 transmits an acknowledgment signal
440 indicating it received and understood the command.
Following this, the DUT 100 begins transmitting data
signals as determined by the test flow. This is
represented by signal transmission time slots 460, 461
, ... 463. The test flow will determine the number of
packets to be transmitted, with such transmitted
packets containing the same signal, or multiple
signals in the case of a multi-packet transmission.
Following receipt of the acknowledgement 440, the test
equipment 160 will wait for a specified time integral
430 to allow the transmitter to settle to its desired
operation (e.g., frequency accuracy and power level).
Following this time interval 430, the test equipment
160 begins performing measurements 450, 451. Following
completion of these measurements 450, 451, the test
equipment 160, or alternatively the controller
computer 150, after having accessed the data collected
by the test equipment 160, analyzes the collected data
and prepares to set upthe next test sequence 470.
Similarly, following completion of its signal
transmissions 463, the DUT 100 will prepare for the
next portion of the test sequence by processing any
necessary operations 480. When the test equipment 160
or computer 150 has completed processing of the data
470, the next test command (e.g., GOTO-NEXT) is
transmitted. The first of such commands 4 11 may not
be received by the DUT 100 if its preparations 480 for
the next test have not yet been completed. If so, no
acknowledgement signal is received by the test
equipment 160. Accordingly, the test equipment 160
will continue to send its commands 412, following
which at some point in time one of these commands 412
will be received 421 by the DUT 100 and an
acknowledgement 445 will be transmitted by the DUT
100. This will be the start of a new test sequence
where the DUT 100 will transmit a new test signal a
known number of times 465, 466, . .. 468, and the test
equipment 160 will perform the desired measurements
455, 456, followed by further analysis and preparation
for subsequent testing 471 . It should be understood
that, although unusual in a production test
environment, the test equipment 160 may not receive
good data from the DUT 100. While this is generally an
indication of a bad DUT 100, it may be desirable to
repeat the failed test before simply discarding the
DUT 100. In such a situation, two possible courses of
action exist. According to one, the test equipment 160
can send a different command (e.g., a REPEAT command
rather than a GOTO-NEXT command). This is a simple
implementation and should be easy for the DUT 100 to
identify this different command. However, this can
slow testing down as the test equipment 160 may need
to load a new command or new data to enable the
generation of a new signal. Alternatively, the test
equipment 160 can simply not send another command,
following which the DUT 100 can interpret this as an
indication that the measurement was not successful, in
which case the DUT 100 simply repeats the original
test. As noted above, the transmit signals 460, 461,
... 463, being sent by the DUT 100 can be a single
transmit signal, or can be a set of multi-packet
signals. Using such multi-packet signals has an
advantage that little or no communication is needed
between the test equipment 160 and the DUT 100 during
calibration, since a solution is generally reached by
iteration, as discussed in US Patent Application No.
11/161,692, filed August 12, 2005, and entitled
"Method for Measuring Multiple Parameters of a Signal
Transmitted by a Signal Generator," the disclosure of
which is incorporated herein by reference.Referring to
FIG. 5, the expected test flow for receiving signals
can be described as follows. This test flow differs
from the signal transmission test flow in that it is
intended to implement the test such that the DUT 100
need not fully analyze (if at all) the data actually
being received from the test equipment 160, but rather
simply determine if a valid packet has been received.
Accordingly, the test equipment need not issue a test
command (e.g., a GOTO-NEXT command) when transitioning
from one received test to another. Instead, it is
preferable to let the DUT 100 determine when to move
on to the next test. This can be done by simply having
the DUT 100 continue to the next test when the DUT has
received a pre-determined number of good signal
packets. If the DUT 100 transmits an acknowledgement
whenever it has received a good packet, the test
equipment 160 can simply count the number of good
packets without requesting such count from the DUT
100, thereby allowing the received signal test flow to
progress without additional communications being
necessary to simply determine the results of the test,
since the 



test equipment 160 knows how many packets were sent
and can determine how many were received by simply
counting the number of acknowledgement signals
received form the DUT 100. This technique is
particularly valid where the test equipment 160
includes test equipment like the VSA and VSG because
it is unlikely to have lost acknowledgement signals
since the transmitter power of the DUT 100 is
generally higher than the transmitter power of the
VSG. Hence, it is unlikely that the VSA will miss an
acknowledgement signal packet, particularly if the VSA
is triggered by the trailing edge of the signal packet
transmitted by the VSG. Further, having the VSA
receive the acknowledgement packet provides the
additional benefit of allowing the switching time of
the transmit/receive switch in the DUT 100 to be
tested as well. Referring again to FIG. 5, the test
equipment 160 transmits the test command 510. Assuming
the previous test was a transmit test, this test
command 510 instructs the DUT 100 to initiate the next
test which is a receive test. The DUT 100 receives
this command 520, which causes the test firmware to
enable the receive test 580. When the receiver section
of the DUT 100 is ready, an acknowledgement signal is
transmitted 540, indicating the readiness of the
receiver. This can be important as compared to
conventional test methods where packets are sent by
the test equipment 160 until the receiver starts
receiving such packets. By having the DUT 100 indicate
its readiness, the test equipment 160 need only enable
its VSA to await reception ofthe acknowledgment signal
from the DUT 100, following which the test equipment
160 can then prepare for receive testing 530. When the
test equipment 160 (e.g., the VSA) receives the
acknowledgement signal 540, the test equipment 160
knows that the DUT 100 is ready and begins signal
transmission. Accordingly, the test equipment 160
(e.g., the VSG) begins transmitting a predetermined
number of signal packets 561, 562, 563, 564, 568, 569,
each of which produces a corresponding acknowledgement
signal 571, 572, 573, 574, 578, 579. The test
equipment 160 receives these acknowledgement packets
and increases its internal count for each such packet
received. Additionally, as noted above, the
transmit/receive switch operation of the DUT 100 can
be analyzed by analyzing an interval 560 between a
transmitted test signal 563 and the reception of an
acknowledgement signal 573. (Using an acknowledgement
signal in this manner is advantageous since such a
signal is already included in virtually all standard
or default transceiver signal sets, thereby avoiding a
need for adding another otherwise unnecessary signal
or functionality.) In this example, no packet errors
have occurred, so the DUT 100 has received the
predetermined number of packets and will move on to
the next receive test 58 1. Similarly, the test
equipment 160 knows that the DUT 100 has received all
packets based upon the received number of
acknowledgement signals and can prepare for the next
receive test 531 as well. When the DUT 100 is
prepared, an acknowledgement signal is transmitted 541
indicating such readiness, and the test equipment 160,
following reception of this acknowledgement 551,
begins to transmit packets for the next test 561 . In
the event that the DUT 100 has not received packets
within a predetermined time interval, it can
retransmit its acknowledgement 541, e.g., where the
DUT 100 becomes ready faster than the test equipment
160 for the next test. Referring to FIG. 6, if a
packet error is encountered, the DUT 100 does not
receive its full predetermined number of good packets.
As shown, the test flow begins from where the previous
test was a transmit test. The VSG of the test
equipment 160 sends the test command 610 indicating
the start of the new operation or the end of the
previous operation. The DUT 100 receives this command
620 and prepares to enable itself for receive testing
680. When it is ready, the DUT 100 sends its
acknowledgement that it is ready to receive 640. This
acknowledgement is received 650 by the test equipment
160, following which when the test equipment 160 is
ready, e.g., completing its internal setup 630, it
begins transmitting thepredetermined number of packets
661, 662, 663, 664, 668, 669. In response to this, the
DUT 100 transmits an acknowledgement 671, 673, 674,
678, 679 for each of the good packets it has received.
As shown, one of the packets 662 was not received by
the DUT 100. Accordingly, no corresponding
acknowledgement was transmitted by the DUT 100 as
illustrated by an empty received packet 690 in the
figure. Following completion of the transmit sequence,
the test equipment 160 knows how many acknowledgement
packets it received, and since one packet was
apparently missed 690, the test equipment 160 knows
that the receiver of the DUT 100 is still awaiting at
least one more packet before it can continue to the
next test in the test flow. Accordingly, the test
equipment 160 will compute 635 the number of
additional packets needed to be received by the DUT
100, and begin transmitting 691 the necessary number
of packets. Following reception of this missing
packet, the DUT 100 transmits an acknowledgement
signal 692, and begins preparing for the next test
operation 681 . When it is ready, the DUT 100 will
send another acknowledgement to the test equipment
160. In this example, the test equipment 160 is not
yet ready when the DUT 100 is ready. Accordingly, the
DUT 100 sends it acknowledgement signal 641, but since
the test equipment 160 is not yet ready and does not
respond, the DUT 100, after a predetermined time
interval, will send another acknowledgement signal
642. The test equipment 160 is now ready and following
reception of this acknowledgement signal 651 begins to
transmit more data packets 661, to which the DUT 100
responds by sending corresponding acknowledgement
packets 671 . As discussed above, the signals being
transmitted for testing purposes can be multipacket
signals, in which case it may be desirable to have the
DUT 100 respond only to certain types of data packets.
For example, transmitting different data packets at
different power levels can allow testing of actual
receiver sensitivity to be performed (where certain
packets are expected to not be received) without
requiring the transmitter to send many more packets to
make the receiver meet the desired packet number for
progression to the next test. Various other
modifications and alternations in the structure and
method of operation of this invention will be apparent
to those skilled in the art without departing from the
scope and the spirit of the invention. Although the
invention has been described in connection with
specific preferred embodiments, it should be
understood that the invention as claimed should not be
unduly limited to such specific embodiments. It is
intended that the following claims define thescope of
the present invention and that structures and methods
within the scope of these claims and their equivalents
be covered thereby.WHAT IS CLAIMED IS: 1. A method for
testing data signal transmissions of a wireless
transceiver embedded within a wireless data
communication system that also includes a host
processor with minimal interaction between said
wireless transceiver and said host processor during
said testing, comprising: transferring test firmware
via said host controller to said wireless transceiver;
setting said wireless transceiver in a test operation
mode; transmitting, with said wireless transceiver,
one or more test data signals in response to 



reception, by said wireless transceiver, of one or
more predetermined test initiation signals from a
control signal source external to said wireless data
communication system; and measuring, with a test
system external to said wireless data communication
system, one or more parameters of each one of said one
or more transmitted test data signals. 2. The method
of claim 1, further comprising loading said test
firmware into said host controller prior to said
transferring said test firmware via said host
controller to said wireless transceiver, wherein said
test firmware includes a plurality of data
corresponding to a test protocol. 3. The method of
claim 2, wherein said test firmware further includes
another plurality of data corresponding to a test
sequence. 4. The method of claim 1, wherein said
setting said wireless transceiver in a test operation
mode comprises setting said wireless transceiver in a
test operation mode responsive to said test firmware
transfer. 5. The method of claim 1, wherein said
setting said wireless transceiver in a test operation
mode comprises setting said wireless transceiver in a
test operation mode responsive to reception of a test
mode control signal received from said host
controller.6. The method of claim 1, wherein said
setting said wireless transceiver in a test operation
mode comprises awaiting reception, by said wireless
transceiver, of one or more predetermined test
initiation signals from a control signal source
external to said wireless data communication system.
7. The method of claim 1, wherein said setting said
wireless transceiver in a test operation mode
comprises transmitting, with said wireless
transceiver, a ready signal indicative of said
wireless transceiver being in said test operation
mode. 8. The method of claim 1, wherein said
transmitting, with said wireless transceiver, one or
more test data signals in response to reception, by
said wireless transceiver, of one or more
predetermined test initiation signals from a control
signal source external to said wireless data
communication system comprises transmitting, with said
wireless transceiver, one or more test data signals in
response to reception, by said wireless transceiver,
of a GOTO-NEXT command signal. 9. The method of claim
1, wherein said transmitting, with said wireless
transceiver, one or more test data signals in response
to reception, by said wireless transceiver, of one or
more predetermined test initiation signals from a
control signal source external to said wireless data
communication system comprises transmitting, with said
wireless transceiver, an acknowledgement signal. 10.
The method of claim 1, wherein said transmitting, with
said wireless transceiver, one or more test data
signals in response to reception, by said wireless
transceiver, of one or more predetermined test
initiation signals from a control signal source
external to said wireless data communication system
comprises transmitting, with said wireless
transceiver, a plurality of test signals in
conformance with a predetermined test sequence.11. A
method for testing data signal reception of a wireless
transceiver embedded within a wireless data
communication system that also includes a host
processor with minimal interaction between said
wireless transceiver and said host processor during
said testing, comprising: transferring test firmware
via said host controller to said wireless transceiver;
setting said wireless transceiver in a test operation
mode; receiving, with said wireless transceiver, one
or more test data signals from a data signal source
external to said wireless data communication system;
and transmitting, with said wireless transceiver, at
least one acknowledgement signal in response to
reception of each one said one or more test data
signals that is recognized by said wireless
transceiver as one of a plurality of predetermined
data signal types. 12. The method of claim 11, further
comprising loading said test firmware into said host
controller prior to said transferring said test
firmware via said host controller to said wireless
transceiver, wherein said test firmware includes a
plurality of data corresponding to a test protocol.
13. The method of claim 12, wherein said test firmware
further includes another plurality of data
corresponding to a test sequence. 14. The method of
claim 11, further comprising receiving, with said
wireless transceiver, at least one test initiation
signal prior to said receiving, with said wireless
transceiver, one or more test data signals from a data
signal source external to said wireless data
communication system. 15. The method of claim 11,
wherein said setting said wireless transceiver in a
test operation mode comprises setting said wireless
transceiver in a test operation mode responsive to
said test firmware transfer.16. The method of claim
11, wherein said setting said wireless transceiver in
a test operation mode comprises setting said wireless
transceiver in a test operation mode responsive to
reception of a test mode control signal received from
said host controller. 17. The method of claim 11,
wherein said setting said wireless transceiver in a
test operation mode comprises awaiting reception, by
said wireless transceiver, of one or more
predetermined test initiation signals from a control
signal source external to said wireless data
communication system. 18. The method of claim 11,
wherein said setting said wireless transceiver in a
test operation mode comprises transmitting, with said
wireless transceiver, a ready signal indicative of
said wireless transceiver being in said test operation
mode. 


