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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
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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
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-
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Consistency—A meas|

ire_of relative hardness. This property is com-

ping, or undesirable throw-off from the lubri-

ing, and other influences, or its ability to return {o its original state when
a transient influence is removed.

Mechanical Stability—The resistance of
changes in consistency due to the continuous
forces.

The stability of a grease is important to its abjlity to provide adequate
lubrication and sealing and to rémain properly |n place during use.

Apparent Viscosity—The\ratio of shear stfjess to rate of shear at a
stated temperature and shearrate. Grease is by pature a plastic matenial.
Therefore, the usual concept of viscosity valid for simple fluids (that is,
internal resistance to flow) is not entirely applidable. The ratio of shear
stress to shear rate vdries as the shear rate changgs. The apparent viscosity
of most greases decreases with increase of eithler temperature or shear
rate. Apparentiscosity greatly influences the ease of handling and dis-
pensing a grease.

Dropping Point—The temperature at which the grease generally
passes-from a plastic solid to a liquid state, and|flows through an orifice
undérstandard test conditions. The dropping point is incorrectly regarded
by some as establishing the maximum temperdture for acceptable use.
Performance at high temperature also depends fon other factors such as
duration of exposure, evaporation resistance, and design of the lubricated
mechanism.

h grease to permanent
application of shearing

TABLE 1—NLGI* CONSISTENCY NUMBERS
NLGI ASYM Worked (60 Strokes) NLG) ASTM Worked (60 Strokes)
ist Penetration at 25°C (77°F) | Consistency | Penetration at 25°C (77°F)
No. tenths of a millimeter Ne. tenths of o millimeter
000 445 to 475 3 220 to 250
00 400 to 430 4 175 to 205
[} 355 to 385 5 130 to 160
1 310 to 340 6 8510 115
2 265 to 295

2 National Lubricating Grease Institute, 4635 Wyﬁndom S4, Kansas City, Missouri 64112,

Orxidation Resistance—The resistance to chemical deterioration in
storage and in service caused by exposure to dir. It depends basically
on the stability of the individual grease components, and can be improved
by use of antioxidants. High oxidation resistancg is important wherever
long storage or service life is required or where| high temperatures prevail

monly expressed in terms of the ASTM penetration or NLGI consistency
number. The ASTM penetration is a numerical statement of the actual
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 grease 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.

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.

even for short penods.

Protection Against Friction and Wear—A protection greatly influ-
enced by the viscosity and type of the fluid component and by grease
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) matenals, 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
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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 Sepmuon—'l‘he 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, protecuon against corrosion, and structural stability are proba-
bly of most 1mportance in automotive service as far as actual performance
in bearings is concermed.

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 invoived: feedability, pumpability, and

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.

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.

dispensability.
¢ TABLE 2—-GREASE TESTS
Test | Teost Teost
Designation Test Purpose Designation Test Purpose Designation Test Purpose
ASTM D 128 Analysis | Deternfination of nominal chemical || ASTM D 1403, Cone | Essentially same as ASTM D 217, ASTM D 2509, Meo- | Detetmination of load carrying |
of Lubn g Grease pojition, such as soap, unsa- || Penetration of Lubricat- | using smali grease samples, but re- surement_of Extreme- | ability of lubricating greases by
ponifigble matter (mineral oil), wa- || ing Grease Using One- | served to greoses of NLGI Nos. Pressure, Properties of | Timk¢n® Lubricant and Wear Tes-
ter, frae alkalinity, free fatty acid, || Quarter ond One-Half | O to 4 consistency. Lubricating Grease | ter. In this device, a rectangular
glycerihe, and insolubles. Scale Cone Equipment (Timken® Lubricant and | steel test block is forced against
Nortt: This procedure has a sup- Wear Tester) o rofating steel ring. Scor width
plemertary mﬂhod useful for || ASTM D 1741, Func- | Endurance life of grease lubricated and jurface conditions are noted.
"] thick- || tional Life of Ball-Bear- | 306 ball bearings ot 3600 rpm; Method differentiates between lu-
eners gt symhehc fiuids. ing Greases evoluation valid up to 125°C bricapts of various extreme-pres-
{257 °F) operoting temperature; is sure levels; not o replacement for
ASTM D 217, Cone | Measgement of relative hardness primarily @ screening test and does actug! service tests.
Penetration of Lubricat- | by unworked and worked penetra- not replace long-time service tests.
ing Grease tion; t¢st satisfactory up to pene- ASTM D 2595, Evapo- Evaluohon of weight loss by evap-
trationf of 400 (tenths of millime- || ASTM D 1742, Oil Sep- | D tion of tendency of oil || ration Loss of Lubri i between
ter) at R5°C (77°F), ot to 475 with || aration from Lubricating | constituent to separate from par- ing Grease Over Wide- | 93 and 316°C (200 and 600°F).
alterndte cone. Grease During Storage | ent grease while in contai suit- || Temperature Range
able for, NLGI No. 1 or harder .
ASTM D 566, Droppmg Establishment of temperature at greases;-results are indicative of || ASTM D 2596, Moo- Lood}carrying properties up to ex-
Point of g | which ofly passes oil separation in containers, but not of ly high p {a) load-
Grease from plosm: to hqmd state; not re- of “oil” separation under dynami Pi Properties of | wear| index (formerly mean-Hertz
garded as indicative of service suit- service conditions. Lubnooh Grease | load)l and {b) weld point by Four-
ability] limited to dropping points {Four-Ball Mcfhod) Ball EP Tester.
up to P6O°C (500°F). (In this test, ASTM D 1743, Corro: Determination of surfoce damage
some p-thickened g sion P Proper- | due to corrasion, such as pitting, ASTM D 3232, Mea- | Meajurement of the flow proper-
moy release oil before the grease || ties of  Lubricating | etching, rusting, or black stains on surement of Flow Prop- | ties pf lubricating greases under
flows [which is defined as their || Greases raceways and roflers of tapered erties of Lubricating | highfemp } hear condi-
dropping point.) rofler bearings which have been Greases at High Tem- | fions
run-in and stored for a prescribed peratures
ASTM D 942, Oxido-| D ination of resi: to oxi- period ot a definite temperature
tion Stability of Lubri- | dation| under static conditions of and 100% relative humidity. ASTM D 3428, Torque | Evalyation of grease poffomnoe
cating Greases by the | thin grease films (such as coatings Stability Wear and | by two p in t
Oxygen Bomb Method | on machine parts); not indicative™}| “ASTM D 1831, Roll S'o- Defermmohon of chongcs in con- Brine Sensitivity Evalua- outofotive boll joints as de'or-
of stofage stability in containers. ||’ bility of Lub 9 r working in tester for || tion of Ball Joint | minefl by noise level, wear and
nor sefvice under actual conditions: || Grease 2 h o room Oempomhm Although || Greases torque stability; used as a screen-
of use|in bearings. test :lgmf' cance has not been de- ing Jest to aid in selection of
rked pene- greates for the lubrication of auto-
ASTM D 972, Evaporo- | Evaluation of weight loss\by evap- tration of o greose afm rolling are motiye chassis ball joints.
tion Loss of Lubricating | oratiog at temperatures up to believed to be an indication of its
QOils and Greases 149°q (300°F),/. shear stability. ASTM D 3527, Life Per- | Evaldation of the high-t
formance of Automo- | life gerformance of wheel bccrmg
ASTM D 1092, Appar- | Deterrpination of ‘apparent viscos- ASTM D 2265, Drop- | See remarks under ASTM D 566; tive Wheel Bearing | greope.
ent Viscosity of Lubri- | ity in [teiperature ronge of —54 || ping Point of Lubricat- | test is also valid for high tempera- Grease
cating Greases to 387C (=65 to 100°F); results ing Grease of Wide- | ture greases (up to 330°C (625°F)).
relatable to ease of handling and || Temperofure Range Aanmmm of fretting wear protec-
dispensing. Weor Protection by Lu- | tion istic by
ASTM D 2266, Wear | D tion of wear p i bri 9 Grease* mass loss of ball ﬁws' becnng:
ASTMD1263, kage | Evaluation of leakag denci Pre Characteris- dwrommhcs of grease when a oscillated under load; correlates
T ies of Auh hom an led wheel b tis of Lubricati loaded steel ball slides with fretting protection perfor-
tive Wheel-Bearing | assembly, run for 6 h at 104°C || Grease {Four-Ball ogomst three similar stationary mance of greases in wheel bear-
Greases (220°F); permits saoenmg candi- || Method) stee! balls; measured by wear-scar ings of passenger cars being
date gi ; not a rep digmeters on stotionary balls after shipped long distances.
for long-time service tests. completion of test; not indicative
of results in actual service, and Ford Ball-Joint Grease | Evaluation of grease performance
ASTM D 1264, Water Evaluohon of resistonce to water connot distinguish between ex- (| Test in tension and compression type
Washout Ch from rotating bearings ot treme-pressure {EP) and nonex- automotive ball joints as deter
fies of Lubnmhnq 38°C (100°F) and at 80°C(l75°F) treme-pressure (non-EP) greases. mined by general surface condi-
Greoses under prescribed conditions; not o tion, rust, joint and seal wear, and
noise level under simuloted service

replocement for actual service
tests; not suitable for fibrous
greases.

conditions.

NLGIl Method, Match- | Determination of ability of a pump
ing lubricoting Grease to dispense a grease at a stoted
Flow Properties with Lu- P , and therefore primar-
bricating Grease Dis- | ily a pump test; can supply compar-
pensing Pump Delivery | afive data on two or more greases
Behavior at Low Tem- | using same pumping equipment
peratures® and fest temperatures.

¢ ® NLGI Spokesman, August 1983.

b NLGI Spokesman, May 1960, page 47.
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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

" 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.

“Extreme-Pressure or EP”—This term is not a designation by usage,
but is applied to greases with high load-carrying capacity, determined
usually by the Timken® Lubricant and Wear Tester or the Four Ball EP ¢
Tester or equivalent, In some cases, the EP property results from a surface-
active additive that imparts antiwear or antiseize properties beyond the
capabilities of the usual fluid-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
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Universal Joint Grea|
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lubrication of those types ¢
lubrication.

NoTE: Some designs of
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ELI (Extended-Lubrig

tirust properties. They should not exhibat oil-
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re.
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ure, and consistency as to be suitable for the
f automotive universal joints requiring grease

universal joints require lubricants other than
be. Manufacturers’ recommendations or lubri-
hsulted.

term designates lubricating greases of proper
periodically at intervals in accordance with
recommendations, with grease guns through
hrious parts of automotive chassis requiring

latively high apparent viscosity at high shear
ravy-duty service. This characteristic is a func-
il component as well as of grease consistency.
is a function of operating temperature; how-
fluenced also by the nature and amount of

tation-Interval) Chassis Grease—This term
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tency, life, and antiwear ai
in suspension, driveline, a
prepacked during manufac|
relubrication for comparati
NoTE: The design of the
in the ability of ELI greases
critical, as only seals in go|
of water, dirt, and other ¢
leakage.
Multipurpose Grease;
such composition, structu
requirements for chassis g

hd anticorrosion abilities to permit théir use
nd steering systems employing sealéd)joints,
fure or assembly and normally not'requiring
vely long intervals.

sealed joint naturally has an important role
fo achieve their objective.-Seal life is especially
bd condition can effectively bar the entrance
bntaminants, and minimize loss of grease by

—This term désignates lubricating greases of
e, and consistency to meet the performance
ease (more than 3200 km (2000 mile) service

life), wheel bearing grease|

universal\joint grease, and other automotive

uses of a miscellaneous nafuresuch as fifth-wheel service.
NotEe: Some ELI chassis dubricants are satisfactory as multipurpose

greases. The grease manuf;

ould be cansulted as ta the multipur-

lubsi sed, as more effective,
faster, and less wasteful of grease than hand packing. Mixing of different
types of greases in wheel bearings should b€ aveified 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
removal of surface grease and dirt accimulations|from application points
such as plugs and grease gun fitings.

Excessive dispensing pressures and pumping fates are to be avoided.
They tend to cause seal rupture and deformation and are wasteful of
lubricant.

Automotive servicing literature is voluminous pn the subject of grease
lubrication. Importanit sources are vehicle manufagturers’ service bulletins,
oil company bulletins and lubrication charts, and tfade organization manu-
als. Among the latter are three publications issued| by National Lubricating
Grease Institute: “Recommended Practice for Lubricating Passenger Car
Wheel Béarings,” ‘“Recommended Practices forl Lubricating 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 relative importance of the above grease properties for each
kind of ‘application and set the level of performance needed. Table 3 is
a rough summary of the grease properties of prijmary importance in the
several fields of automotive use previously discussed. Certain properties
as, for example, texture or structure, consistency, and apparent viscosity
are not included in the summary, since it is assumed they will be appropri-
ate to the purposes of the individual grease typ¢s.

TABLE 3—RELATIVE IMPORTANCE OF LUBRICATING GREASE PROPERTIES
. FOR AUTOMOTIVE USES SHO

Whee!
Bearings

Universal
Joints

EL
Chassis

Multipurpose

Applications

Property Chassis

Structural Stability
(inc. Mechanical Stability}
High Dropping Point
(High-Temp. Service)
Oxidation Resistance
Protection Against Friction
and Wear
Protection Against Corrosion

-~
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pose qualities of his product.

4

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