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Fluid for Passenger Car Type Automatic Transmissions

1. Scope—Thig SAE Information Report details some of the equipment and procedures usedt¢ measure critical
characteristi¢s of automatic transmission fluid (ATF) used in current automatic transmissiens} It is intended to
assist those oncerned with the design of transmission components, and with the selection jand marketing of
automatic trgnsmission fluids for the use in passenger car and light-duty truck automatic trapnsmissions. The
information gontained herein will be helpful in understanding the terms related te_properties, designations, and
service appligations of automatic transmission fluids.
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ransmission Fluid—Automatic transmission fluid is a lubricating oil specifically
hatic transmissions. ATF consists of a base oil and an additive package W
properties of the base-oil.

Basic Perfo
provide goo

medium, hydraulic control fluid, heat-transfer medium, lubricant for sliding surfaces, ge

mance Requirements—Automatic transmission fluids are complex because thg
transmission® performance and durability, and serve a variety of functions

2983—Low-Temperature Viscosity of Automotive Fluid Lubricants Measurgd by Brookfield

Coupled Plasma

on, Auburn Hills,

Book Co., 1958,

on, Florida, 1984

designed for use
hich is added to

by are intended to
. power transfer
ar lubricant, and

lubricant for frictionaksurfaces. In order to ensure satisfactory performance in all intended applications under

normal use

d severe operating conditions, the fluid must satisfactorily meet the following re

quirements:

TST@meoo0 T

temperatures
j-  Anti-wear protection

Miscibility with fluids used for initial OEM factory fill and with other OEM qualified fluids
Resistance to oxidation, including the formation of sludge and/or varnish
Operation from very low temperatures to very high temperatures
Component lubrication

Anti-foam performance

Protection against corrosion or rusting

Compatibility with elastomeric materials

OEM shift-feel characteristics

Stability of band and plate clutch friction characteristics over time and duty cycle at various
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5. Properties of Automatic transmission Fluids

5.1 Physical and Chemical Properties—The physical and chemical properties of an automatic transmission fluid
are important transmission design criteria. The transmission design engineer must have data on these
properties to solve the many momentum and heat transfer calculations required to design today's complex
automatic transmissions. In general, air solubility, thermal expansion, and specific heat increase with
increasing temperature; whereas, surface tension, specific gravity, viscosity, bulk modulus, density, thermal
conductivity, and electrical conductivity decrease with increasing temperature.

5.1.1 TYPICAL VALUE

a. Brookfield Viscosity, cP

-20 1C 600 to 1200
—40 {C 8000 to 20 000

b. Kinemtic Viscosity, cSt

40 °¢ 33
100 iC 7.0

c. Thermal Conductivity, W/m-K

40 °¢ 0.158
1000 °C 0.149

d. Coefficient of Thermal Expansion, mL/mL C
6x1p™*
e. Spedific Gravity (Relative Density)

40 °¢ 0.8534
100 |C 0:8116

f.  Spedific Heat, J/kg-K

40 °¢ 2018
100 iC 2244

g. Dendity, g/cm?®

40 °¢ 0.853
100 |C 0.816

h. BulkMedulus (Tangent Isothermal), MPa

37.8°C @ 6.9 MPa 1372
37.8 °C @ 55.16 MPa 2034
37.8°C @ 137.9 MPa 2930
93.3°C @ 6.9 MPa 1110
93.3°C @ 55.16 MPa 1613
93.3°C @ 137.9 MPa 2530

i. Electric Resistivity, Ohms/cm

40 °C 8.05-10°
100 °C 1.44-10°



https://saenorm.com/api/?name=26ba50be7bb21eae7811a9ee8beae6af

SAE J311 Revised FEB2000

5.2

53

j- Surface Tension, dynes/cm

93 °C
135°C

28.9
255

k. Flash Point, °C — 190

I.  Fire Point, °C — 210

Viscosity—Viscosity is the measure of a fluid's resistance to flow, and is one of the most important physical

properties of a lubricant. The viscosity must be low enough at all operating temperatures to

ensure adequate

fluid flow and minimize viscous drag, but high enough at high temperatures to provide adequate fluid-film

strength andlprevent excessive Internal transmission fluid leakage.

Viscosities ¢

osen vary with the individual manufacturer, but are generally within the range of 6.5 to 8.5 cSt at

100 °C for frgsh fluid. Both kinematic (centistokes) and absolute (centipoises) vis¢osities afe determined on

these fluids. [The absolute viscosity divided by the density of the fluid equals the kinématic vi
Fluid kinema
for which the
at 100 °C.

fluid is used. Typical minimum viscosities during transmission operation range

Detailed discussion of fundamental principles and measuring equipment is available in curre

Chemical Cantent—An automatic transmission fluid consists of 85 to 90% base oil and
performance| additive package containing chemical compounds necessary to imp
characteristiqs. The base oil may be naphthenic, paraffinic, hydro-treated or synthetic (or
depending on the type of service, the needs of the.transmission manufacturer and the oil co
plans for the putomatic transmission fluid. The chemical compounds which form the additive
in general: di
thrust wash
bushings, w
durability; a

shers, and other rubbing ¢omponents; friction modifiers to improve shift-feel an

5COSity.

ic viscosity shall not fall below what is required for proper operation of the automatic transmission

from 5 to 5.5 cSt

t literature.

10 to 15% of a
art the desired
any combination)
mpany marketing
package contain,

persants to control sludge and varnish; corrosion inhibitors to prevent the corrdsion of bushings;
rs, and any other copper-based components; anti-wear additives to prevent wear of gears,

d friction material

i-oxidants to control fluid degradation and increase fluid useful life; pour point depressants to

lower the flJid pour point; anti-fearm additives to reduce fluid foaming tendencies; viscasity modifiers to

increase the yiscosity index of thefluid; seal swell additives to insure elastomer compatibility
and a red dye to identify thefltid as an automatic transmission fluid.

Oxidation and ThermahStability—Oxidation is the chemical reaction of a substance with
major cause
radicals, acidic compounds, and polar compounds which attack and degrade the ATF addi
ATF base o¢il; transm|SS|on elastomenc compounds copper aIon components and
transmission'-pa an—ATFcan—change e e C

bf automatic transmission fluid deterioration. The oxidation process involves the

and performance;

oxygen and is a
formation of free
ive package, the
other sensitive
atly.  Transmission

designers must take such changes into conS|derat|on in the design of transm|SS|on components and fluid

change interval recommendations.

The oxidation stability of ATF is affected by many parameters, such as: fluid temperatu

re, aeration rate,

additive system effectiveness, base oil type, and the presence of catalysts. Fluid temperature is probably the
most critical parameter. Fluids used in automatic transmissions must be capable of operating at temperatures
in excess of 150 °C in services such as trailer towing, and under conditions encountered in hot-weather high-

density urban traffic.

Full-scale tests such as the DEXRON®-III Cycling Test and Oxidation Test, as well as bench

tests such as the

MERCON® Aluminum Beaker Oxidation Test (ABOT) are used for evaluating oxidation resistance of fluids.
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Friction Characteristics—Fluid friction characteristics are important in automatic transmissions that utilize
lubricated friction clutches and bands to change gear ratios. Extensive performance and durability testing is
performed in actual transmissions and bench friction test apparatus. The General Motors and Ford Motor
Company automatic transmission fluid specifications both require SAE No. 2 Friction Machine bench tests,
dynamometer cycling tests, and vehicle shift-feel tests to characterize the fluid frictional properties and friction
durability. No single fluid is known to provide the optimum friction requirements of all existing transmission
types. The transmission designer must realize that the automatic transmission fluid formulator must
compromise fluid friction properties of one clutch system to benefit another clutch system. For example,
shifting clutches, in general, require a lower static coefficient of friction to maximize customer acceptance of
the shift feel, whereas a holding clutch system (such as a forward clutch which is always engaged during
forward motion) requires a higher static coefficient of friction to provide the necessary friction torque capacity

and minimiz

c clutch slippage Maximizing the performance in one type of system

performance

Evolution of
has emphas
characteristid

produced automatic transmissions.

Anti-Foam C
essential to
hydraulic con
foaming teng
foaming tend
Test.

Fluid/Seal C
compatible.

and hardening tendencies of a candidate fluid.

performance
in the MERC]
for seal asse

Score and W
scoring and V
materials use
The most po

Corrosion P
protection of
of tests are U

in the other system.

riction materials and consequent changes in reaction member surfaces,yboth
ized the friction-controlling role of automatic transmission fluid) -~ Match
s properly with clutch and band materials is an important design_consideratiq

haracteristics—Suppression of the foaming tendency of fluids in an automat
proper operation. Foaming of the transmission fluid can produce erratic pum
trol response; foaming frequently results in fluid lossdhreugh the vent or fill tube.
ency and foam stability is used for evaluating fluid ‘suitability. Techniques fd
encies include transmission tests, bench tests stgh as ASTM D 892, and the DE

bmpatibility—Automatic transmission fltlid and transmission elastomeric m

Seal materials must be selected to m
requirements with established.fluid formulations. Bench test procedures such
ON® and DEXRON®-III specifications are of value for screening purposes. Bg
Mmblies are also useful for determining compatibility; see SAE J110.

vear of rubbing surfaces. Anti-wear additives must be effective and compatible
d in transmissions. Many bench test devices exist for evaluation of fluid anti-w
pular tests among OEMs are ASTM D 2882 using a Vickers Pump and the FZG

foperties—Automatic transmission fluids generally contain corrosion inhi
transmission components. As a result of the many components and materials i
sed for evaluating moisture and/or chemical corrosion resistance of transmissig

ompromises the

clutch and band,
ing fluid friction
n in all currently

C transmission is
b, converter, and
Measurement of
r evaluation fluid
XRON®-IIl Foam

aterials must be

Accepted design procedure involves_the use of a reference elastomer to deternmine swell, shrink,

eet transmission
as those outlined
ench test devices

ear Resistance—@urrent automatic transmission fluids contain anti-wear addifives which inhibit

ith the variety of
ear performance.
fest apparatus.

bitors to assure
hvolved, a variety
n fluids: ASTM D

1748, ASTM

Notes

D 665, ASTM D 130, and ASTM D 1275.

Marginal Indicia—The change bar (l) located in the left margin is for the convenience of the user in locating
areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left

of the docum

ent title indicates a complete revision of the report.

PREPARED BY THE SAE FUELS AND LUBRICANTS TECHNICAL COMMITTEE 3—

DRIVELINE AND CHASSIS LUBRICATION
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Rationale—Not applicable.
Relationship of SAE Standard to ISO Standard—Not applicable.

Application—This SAE Information Report details some of the equipment and procedures used to measure
critical characteristics of automatic transmission fluid (ATF) used in current automatic transmissions. It
is intended to assist those concerned with the design of transmission components, and with the selection
and marketing of automatic transmission fluids for the use in passenger car and light-duty truck
automatic transmissions. The information contained herein will be helpful in understanding the terms
related to properties, designations, and service applications of automatic transmission fluids.
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