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SAE Information Report

Report of the Fuels and Lubricants Technical Committee, approved September 1951, last revised June 1984.

This SAE Information Report was prepared by Subcommittee 4, Lubri-
cating Greases, of the SAE Fuels and Lubricants Technical Committee
to assist those concerned with the design of automotive components,
and with the selection and marketing of greases for the lubrication of
certain of those components on passenger cars, trucks, and buses. It is
expected that the information contained will be helpful in the standardiza-
tion of terms related to the types of greases and the means of designation.

Definition of Lubricating Grease—A lubricating grease is a solid to semi-
fluid mixture of a fluid lubricant and a thickening agent. Additives to
impart special properties or performance characteristics may be incorpo-
rated. The fluid component may be a mineral (petroleum) oil or a synthetic
fluid; the thickener may be a metallic soap or soaps or a nonsoap substance
such as an organophilic modified clay, a urea compound, carbon black,
or other material. The soafs commonly used are Ii
sodium, aluminum, and barium, or certain combmauons of these wnh

other materials, such as cal¢i
of fluid to thickener, and t}
widely. The properties of t
cesses of its manufacture a
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pments—Greases are most often used instead
is required to maintain its original position
here opportunities for frequent relubrication
cally unjustifiable. This requirement may be
ration of the mechanism, the type of motion,

the type of sealing, or to
part of any sealing functio

he need for the lubricant to perform all or
in the prevention of lubricant loss or the

entrance of contaminants. Because of their essentially solid nature, greases
do not perform the cooling and cleaning functions associated with the
use of a Auid lubricant. With these exceptions, greases are expected to
accomplish all other functigns of fluid lubricants.
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Properties of Greases
Consistency—A meas
monly expressed in terms
number. The ASTM penet

Stics.

e of\relative hardness. This property is com-
the)ASTM penetration or NLGI consistency

tion and_ thermal stability for the intended -

viscosity of the fluid, type of thickener, proportion of each of these compo-
nents, presence of certain additives, and process of manufacture. There
are no standard test methods for quantitative definitions of these proper-
ties. Texture and structure are factors in the adhesiveness and ease of
handling of a grease.

Structural Stability—The ability of a grease to retain its as-manufac-
tured consistency and texture despite age, temperature, mechanical work-
ing, and other influences, or its ability to return to its original state when
a transient influence is removed.

Mechanical Stability—The resistance of a grease to permanent
changes in consistency due to the continuous application of shearing
forces.

The stabxhty ofa grease is important to its ablhly to provide adequate
place during use.

Apparent Viscosity—The ratio of shear Strgss to rate of shear at a
stated temperature and shear rate. Grease jis\by nature a plastic material.
Therefore, the usual concept of viscosity valid fgr simple fluids (that is,
internal resistance to flow) is not entifély-applicgble. The ratio of shear
stress to shear rate varies as the shear rate changes. The apparent viscosity
of most greases decreases with increase of either temperature or shear
rate. Apparent viscosity greatly, influences the ease of handling and dis-
pensing a grease.

Dropping Point—The ‘témperature at whidgh the grease generally
passes from a plastic solid to a liquid state, and flows through an orifice

TABLE 1—NLGI* CONSISTENCY NUMBERS

NLG! AS‘I’M Vlorlud (60 Strokes) NLGI ASYM Worked (60 Strokes)
Consi: ¥ ion at 25°C (77°F) | Consistency ion at 25°C (77°F)
No. tenths of a millimeter No. tenths of a millimeter

000 445 to 475 k} 226G o 250
00 400 to 430 4 175 to 205
0 355 to 385 5 130 to 160
1 310 to 340 é 85to 115
2 265 to 295

 National Lubricating Grease Institute, 4635 Wyandotte St} Kansas City, Missouri 64112,

under standard test conditions. The dropping poift is incorrectly regarded
by some as establishing the maximum temperature for acceptable use.
Performance at high temperature also depends pn other factors such as
duration of exposure, evaporation resistance, and design of the lubricated
mechanism.

Oxidation Resistance—The resistance to chemical deterioration in
storage and in service caused by exposure to air. It depends basically
on the stability of the individual grease components, and can be improved
by use of antioxidants. High oxidation resistanc is important wherever
long storage or service life is required or wherd high temperatures prevail
even for short periods.

Protection Against Friction and Wear—A [protection greatly influ-
enced by the viscosity and type of the fluid component and by grease

penetration of the grease sample, in tenths of a millimeter, by a standard
test cone under stated conditions. The higher the penetration value, the
softer the grease. The National Lubricating Grease Institute classifies
greases according to their ASTM penetration as shown in Table 1.

The consistency of a grea

se is an important factor in its ability to lubri-

cate, seal, and remain in place, and to the methods and ease by which
it can be dispensed and applied. Most automotive greases are in the
NLGI No. 1, 2, or 3 range, that is, ranging from soft to medium consis-
tency.

Texture and Structure—The appearance and feel of greases A
grease may be described as smooth, buttery, fibrous, long- or short-
fibered, stringy, tacky, etc. These characteristics are influenced by the

The ¢ symbol is for the convenience of the user in locating areas where
technical revisions have been made to the previous issue of the report.
If the symbol is next to the report title, it indicates a complete revision
of the report.

structural and consistency characteristics. This performance characteristic
can be altered by use of additives.

Protection Against Corrosion—A protection depending on grease
composition, the ability to form and maintain a seal against the entrance
of corrosive (and other undesirable) materials, and the reaction to water.
Some greases are waler resistant or walerproof, meaning that they resist
the washing effect of water and do not absorb it to any extent. Others
can absorb varying amounts of water without appreciable damage to their
structure or consistency, and may in service provide better protection
against corrosion than waterproof greases, since the latter may permit
the accumulation of free water in bearings. Rust protection may be im-
proved by the use of suitable additives.

Bleeding or Oil Separation—The separation of liquid lubricant from
a grease. Slight bleeding is regarded as desirable by some as indicative
of good lubricating ability in rolling element bearings.

Color—A superficial grease property without performance signifi-
cance.

Of the above properties, oxidation resistance, protection against friction
and wear, protection against corrosion, and structural stability are proba-
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¢ TABLE 2—GREASE TESTS

Teost Test Test
Designation Test Purpose Designation Test Purpose Designation Test Purpose
ASTM D 128, Analysis | D ination of | chemical || ASTM D 1741, Func- | Endurance life of grease lubricated || ASTM D 2596, Mea- Load-canrying properties up to ex-

of Lubricating Grease

ASTM D 217, Cone

composition, such as soap, unsa-
ponifiable matter (mineral oil), wa-
ter, free alkalinity, free fatty acid,

glycerine, and insolubles.
Nore: This procedure has a sup-
piementary method useful for
ink p thick-

;nm or synthcﬁc.ﬂuids.

lative hard

M t of

tion of Lubricat-

ing Grease

ASTM D 566, Dropping

by rked and Aad P r
tion; test satisfactory up to pene-

tional Life of Ball-Bear-
ing Greases

ASTM D 1742, Oil Sep-
aration from Lubricating
Grease During Storage

306 ball bearings at 3600 rpm;
evaluation valid up to 125°C

surement of Extreme-
Pressure Properties of
Lubricati Grease

(257°F) operating temp ; s
primorily a screening test and does
not replace long-time service tests.

Determination of tendency of oil

(Four-Ball Method)

ASTM D 3232, Mea-
t of Flow Prop-

constituent to seporate from par-

ent grease while in containers; suit-
able for NLGI No. 1 or horder
greases; results are indicative of
oil separation in containers, but not

erties of Lubricating
G at High Tem-
peratures

ASTM D 3428, Torque
W MAL ol

tremely high pressures: (a) load-
wear index {formerly mean-Hertz
load) and (b) weld point by Four-
Ball EP Tester.

Measurement of the flow proper-
ties of lubricating greases under
high-temperature low-shear condi-
tions.

Evaluation of grease performance

trationy o s of millime-
ter) at 25°C (77°F), or to 475 with
alternate cone.

E (W1 of Y .A a'

Point of Lubricating
Grease

ASTM D 942, Oxida-
tion Stability of Lubri-
cating Greases by the
Oxygen Bomb Method

ASTM D 972, Evapora-

P
which |grease generally passes
from plpstic to liquid state; not re-
garded|as indicative of service suit-
ability;|limited to dropping points
up to °C (S00°F). (In this test,
some p-thickened g

may rejease ail before the grease
flows hich is defined as their
dropping point.)

D ion of resi to oxi-
dation |under static conditions in
o sealdd system at elevated tem-
peratutes; not indicative of the sta-
bility ¢f greases under dynamic
service|conditions, nor the stability
of gredses stored in containers for
long ppriods, nor the stability of
films of grease on machine parts.

Evaluafion of weight loss by evap-

tion Loss of Lubri
Qils and Greases

ASTM D 1092, Appar-
ent Viscosity of Lubri-
cating Greases

ASTM D 1263, Leakage

at P up to
149°C|{300°F).

Deternjination of apparent viscos-
ity in jemperature range of —54
to 384C (—65 to 100°F); results
le to ease of handling and

Tend of Aut from gn led wheel b 9
tive Wheel-Bearing | assembly, run for 6 h at 104°C
Greoses (220°

ASTM D 1264, Water

Washout  Characteris-
tics of Lubricating
Greases

ASTM D 1403, Cone
Penetration of Lubricat-
ing Grease Using One-
Quarter and One-Half
Scale Cone Equipment

; permits screening candi-
date ; not a repl t
-fime service tests.

Evalugtion of resistance(to.water
washopt from rotating bearings at
38°C (100°F) and at80°C (175°F)
under prescribed conditions; not o

replacpment for’ dctual service Method differentiates between lu- NLG| Method, Match- | Dete
tests; | not (suitable for fibrous bricants of various extreme-pres- ing Lubricating Grease
greoasds. sure levels; not o replacement for Flow Properties with Lu-
actual service tests. bricating Grease Dis-
Essentially Sams ar ASTMD—217; ing Pump Deli ativ

ASTM D 1743, Corro-
sion Preventive Proper-
ties of Llubricating
Greases

ASTM D 1831, Roll Sta-
bility of Lubricating
Grease

ASTM D 2265, Drop-
ping Point of Lubricat-
ing Grease of Wide-
Temperature Range

ASTM D 2266, Wear

oF o onder— gy
sefvice conditions.

Determination of surface damage
due to comosion, such as pitting,
etching, rusting, or black stains on
raceways and roflers of tapered
roller .bearings which have been
run-in and stored for a prescribed

dafinit

Stability
Brine Sensitivity Evalua-
tion of Ball Joint
Greases

ASTM D 3527, Life Per-
f of Aut

period at o P
and 100% relative humidity.

Determination of changes in con-
sistency after working in tester for
2 h at room temperature. Although
test significance has not been-de-
termined, changes in worked pene-
tration of a greass after rolling are
believed to be an indication of its
shear stability under ¢onditions of
this low shear test.

See remarks under ASTM D 566;
test is also valid for high tempera-
ture greases {up tc 330°C (625°F)).

D L
b

of wear preventi

of grease when a

ded steel ball slides

P Ch is-
tics of Lubricating
Grease (Four-Ball
Method)

ASTM D 2509, Mea-
surement of Extreme-
Pressure Properties of
Lubricating Grease
(Timken® Lubricant and
Wear Tester)

against three similar stationary
steel balls; measured by wear-scar
diameters on stationary balls after
completion of test; not indicative
of results in actual service, and
can not distinguish between ex-
treme-pressure (EP) and nonex-
treme-pressure {non-EP) greases.

Determination of load carrying
ability of lubricating greases by
Timken® Lubricant and Wear Tes-
ter. In this device, a rectangular
steel test block is forced against
a rotating steel ring. Scar width
and surface conditions are noted.

tive ) Wheel
Grease

Bearing

ASTM D 4170, Fretting
Wear Protection by Lu-
bricating Grease®

ASTM D 4289, Com-

LI hwp pi dures in type
automotive ball joints os deter-
mined| by noise level, wear and
torque stability; used as a screen-
ing test to aid in selaction of
greases for the lubrication of auto-
motive chassis ball joints.

Eval

E of the high-temperah
life pgrformance of wheel bearing
grease.

Eval

E ion of fretting wear protec-
tion tharacteristic by measuring
mass |loss of ball thrust bearings
oscillgted under load; correlotes
with |fretting protection perfor-
mancp of greases in wheel bear-
ings |of possenger cars being
shippgd long distances.

Determination of hardness and vol-
ume gh in el s d

patibility of Lubricating

Grease with El

ASTM D4290, Deter-
mining the Leakage
Tendencies of Automo-
tive Wheel Bearing
Grease Under Acceler-
ated Conditions

Ford Ball-Joint Grease
Test

by 4 with lubri

3 of leakag dency of
o grpase from unsecled wheel
bearings fun 20h at 1000 rpm and
thrus{ loaded to 111 N (25 b
force]. Unlike D1263, this method,
whicH is conducted at a higher tem-
peratpre, 160°C (320°F), differen-
tiatey among wheel bearing
greases having distinctly different
high femperature leakage charac-
teristics.

Evalyation of grease performance
in tehsion and compression type
autoriotive ball joints as deter-
mined by general surface condi-
tion, fust, joint and seal wear, and
noise| level under simulated service
cond{tions.

ination of ability of a pump
to difpense a grease at a stated

e, and therefore primar-
ily a pump test; can supply compar-
data on two or more greases

using small grease samples, but re-
served to greases of NLGI Nos.
0 to 4 consistency.

ASTM D 2595, Evapo-

Evaluation of weight loss by evap-
i between

ration loss of Lubricat
ing Grease Over Wide-
Temperature Range

at P
93 and 316°C (200 and 600°F).

Behavior at Low Tem-
peratures®

using same pumping equipment
and test temperatures.

* NLGI Spokesman, August 1983,

bly of most importance in automotive service as far as actual performance
in bearings is concerned.

There is, of course, the problem of getting grease to the bearings to
be lubricated. Certain terms, by no means of strict, rigid interpretation,
are used to describe the factors involved: feedability, pumpability, and
dispensability.

Feedability, or Slumpability—The ability to flow to the suction of
the grease-dispensing equipment or mechanism to be lubricated.

Pumpability—The ability to flow through the grease-dispensing lines
at a satisfactory rate, without the necessity of using excessively high pres-
sures.

Dispensability—The ease with which a grease may be transferred
from its container to the point of application. For practical purposes, it
is a combination of feedability and pumpability.

® NLGi Spokesman, May 1960, page 47.

Grease Testing—Many of the above grease properties are determined
by tests which have been standardized or otherwise accorded industry
recognition. These, in conjunction with simulated performance tests, per-
mit some approximate judgment for the proper selection of greases for
a given application. They are, however, not considered to be replacements
for, or equivalent to, long-time service tests.

Table 2 shows some of the more important tests, both standard and
otherwise, identified as to sponsor, title, and purpose.

Designation of Greases by Fields of Use—Greases are commonly classified
and designated according to chemical composition, such as calcium-soap
grease; by broad type of usage, such as antifriction bearing grease or
multipurpose grease; by specific properties, such as high temperature
grease; by special additives, such as extreme-pressure grease or graphite
grease; and by specific applications, such as automotive-wheel-bearing
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grease. SAE recognizes the following designations for greases used in
servicing passenger cars, trucks, and buses according to their specific
applications.

Wheel-Bearing Grease—This term designates lubricating greases of
such composition, structure, and consistency as to be suitable for longtime
use in antifriction wheel bearings.

NoTE: Generally, these greases have high resistance to the deteriorating
effects of temperature and the separating effects of centrifugal action.
They should have good antirust properties. They should not exhibit oil-
soap separation or excessive softening which could result in leakage that
could lead to braking failure.

Universal Joint Grease—This term designates lubricating greases
of such composition, structure, and consistency as to be suitable for the
lubrication of those types of automotive universal joints requiring grease
lubrication.

Note: Some designs of
the usual universal joint tyge. Manufacturers’ recommendations or lubri-
cation charts should be copsulted.

Chassis Grease—This |term désignates lubricating greases of proper
consistency to be applied|periodically at intervals in accordance with
equipment manufacturers’ [recommendations, with grease guns through
grease fittings, into the various parts of automotive chassis requiring
grease for lubricants. ]

NoTE: A grease with a relatively high apparent viscosity at high shear
rates may be required for heavy-duty service. This characteristic is a func-
tion of the viscosity of the ¢il component as well as of grease consistency.
The oil viscosity, of course] is a function of operating temperature; how-
ever, grease viscosity is iffluenced also by the nature and amount of
thickener. ‘

ELI (Extended-Lubrifation-Interval) Chassis Grease—This term
designates lubricating gredses of proper composition, structure, consis-
tency, life, and antiwear ahd anticorrosion abilities to permit their use
in suspension, driveline, and steering systems employing sealed joints,
prepacked during manufaqture or assembly and normally not requiring
relubrication for comparagvely iong intervais. .

NoTe: The design of the sealed joint naturally has an important role
in the ability of ELI greases to achieve their objective. Seal life is especially
critical, as only seals in gdod .condition can effectively bar the entrance
of water, dirt, and other dontaminants, and minimize loss of grease by
leakage. )

Multipurpose Greasel—This term designates lubricating greases of
such composition, structufe, and consistency to meet the performance
requirements for chassis grease (more than 3200 km (2000 mile) service
life), wheel bearing greasd, universal joint grease, and\other automotive
uses of a miscellaneous ngture, such as fifth-wheel service.

Note: Some ELI chass{s lubricants are satisfactory as multipurpose
greases. The grease manufhcturer should be consulted as to the multipur-
pose qualities of his prodyct. ’

“Extreme-Pressure of EP”—This term-s not a designation by usage,
but is applied to greases |with high load-carrying capacity, determined

usually by the Timken® Lyibricant and, Wear Tester or the Four Ball EP -

Tester or equivalent. In some cas€s/the EP property results from a surface-

active additive that imparfs antiwear or antiseize properties beyond the
capabilities of the usual fiuid-thickener or other finely dispersed inert

solids in the grease. Extreme-pressure or wear-reducing properties may
be incorporated in any of the usage types, most frequently those desig-
nated as ELI or multipurpose. |

Greases for Other Vehicle Needs—Automotive- equipment may re-

" quire special greases not as yet designated by SAE. Examples of such

applications are speedometer cables and brake adjustors. )

Grease Application—Automotive greases are applied by hand packing,
by hand and power operated pressure guns, and by hand and power
operated central systems fitted to individual vehicles. In wheel bearing
lubrication, a bearing packing device is often used, as more effective,
faster, and less wasteful of grease than hand packing. Mixing of different
types of greases in wheel bearings should be avoided since it might result
in excessive thinning and leakage.

The prime consideration in using and applying greases is that of cleanli-
ness: of containers and dispensing and pumping equipment and in the
z i jons from application points
such as plugs and grease gun fittings.

Excessive dispensing pressures and pumping’fates are to be avoided.
They tend to cause seal deformation and)ruptyre and are wasteful of ¢
lubricant.

Automotive servicing literature isjyoluminous pn the subject of grease
lubrication. Important sources are vehicle manufagturers’ service bulletins,
oil company bulletins and lubrication.charts, and trade organization manu-
als. Among the latter are three publications issued by National Lubricating
Grease Institute: “Recommended Practice for Lybricating Passenger Car
Wheel Bearings,” “Recommended Practice for Libricating Passenger Car ¢
Ball joint Front Suspensions,” and “Recommended Practice for Grease
Lubricated Truck"Wheel Bearings.”

Grease Properties/as Related to Types of Service—Service requirements
determine the rélative importance of the above gtease properties for each

kind of application and set the level of performance needed. Table 3 is

a rough summary of the grease properties of prjmary importance in the
severalfields of automotive use previously discussed. Certain properties
as, for ‘example, texture or structure, consistency, and apparent viscosity
afe noi included in the summary, since it is 2ssumed they will be appropri-

;ate to the purposes of the individual grease types.

TABLE 3-—RELATIVE IMPORTANCE OF LUBRICATING GREASE PROPERTIES
FOR AUTOMOTIVE USES SHOWN®

Wheel | Universal EL Multipurpose
Property Bearings | Joints Chasgis | Chassis | Applications
Structural Stability
{inc. Mechanical Stability) H M L H H
High Dropping Point
{High-Temp. Service) H M L M H
Onxidation Resistance H M L H H
Protection Against Friction
and Wear M H M H H
Protection Against Corrosion M M L H M
Protection Against Washout M M M H M

* H = Highest, M\ = Moderate, L = Least.
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