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What is a Friction Modifier.

A Friction Modifier is an additive with the ability to change the
frictional profile of a lubricant in a machine. Frictional profile is the
curve that shows how the coefficient of friction changes with sliding
speed. A crude way of putting it is that friction modifiers lower the
static coefficient of friction. Chemically, friction modifiers are long -
straight chain, slender molecules with a polar group in the end. That
group is supposed to give them affinity for the metal or other solid sur-
faces. The more active the polar group, the stronger the modifier is.

Here are some examples of friction modifiers:

CH3CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2NH 2
(CH3CH2CH2CH2CH2CH2CHZCH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH20) oP-OH
0
(CH3CH2CH2CH2CH2CH2CH20H2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH20) ZP:,‘OH

CH3CH,CH,CH,CHoCH,CHyCHoCHyCHo CHo CHoCHy CHoCHo CHy CHy CHyCHoCOOH

* ANAPEOY T. TIATIATIANNOTIOYAOY, Aoxipacio tpomomownT®dy cuvteAeatod TPL-
Bii¢ eig Aumavtind EAoia S1d Sapopixd mepLwpiopévng 6Acbrcews.
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Long chain amines, phosphites, phosphates, carboxylic acids, etc.
Also salts or other derivatives of these materials possess friction modifi-
cation properties.

How Friction Modifiers Work.

The mode of operation of a friction modifier is as follows :
When two lubricated solid surfaces slide against each other at low
speeds and loads, a film of oil exists between them. The frictional for-
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Fig. 1. Influence of interface unit pressure.

ces in this movement are controlled mainly by the viscosity and chemi-
stry of that oil film. With a straight mineral oil, the static coefficient
of friction is higher than the dynamic coefficient. If polar additives are
added to that oil, they will tend to coat the two metal surfaces through
adsorption or chemisorption. Now the two metal surfaces will rub
against each other not only through the thin oil film but also through
their coatings.

Therefore, the frictional forces will be different both under break-
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away and dynamic conditions. How much different will depend on the
type of polar additives, especially their molecular configuration. The
long-straight chain polar materials, as the friction modifiers are, will
tend to lay down upright on the metal surface as a closely packed for-
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Fig. 2. Decreased friction with speed.

rest of molecules. It is like a carpet that covers many of the irregulari-
ties of the surfaces and makes sliding much easier. In other words,
lowers the static coefficient. Fig. 3. The region where the friction modi-
fiers for limited slip and other clutches operate can be described as one
of low pressures, very low speeds and mostly boundary lubrication. Spe-
cifically, the pressures range from generally below 500 psi (0.35 Kg/mm?)
and the speeds from zero to a few RPM (or zero to 20 centimeters per
second).

That means friction modification phenomena are observed at a
region well below the one for antiwear or EP by at least an order of
magnitude. Also, the running coefficients of friction of gears or other
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high speed and load machinery has no relation to the friction modifica-
tion phenomena described above since they fall well outside that region.

Factors Affecting Frictional Properties.

The need and level of friction modification depends on the total
system to be lubricated; and by system, we mean not only the mechani-
cal parts and their configuration, but also the forces acting in it
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Fig. 3. Effect of Friction Modifiers on the Base Stock Friction - LVFA.

Bearing in mind the region of lubrication where these phenomena
take place, here are some of the main factors involved:

1. Pressure.

Increasing the pressure lowers mainly the dynamic coefficient.
See Fig. 1.
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2. Speed.

Increased speed also lowers the whole frictional profile. See Fig. 2.

3. Facing Material.

Different facing materials exhibit different frictional profiles with
the same lubricant. (Resin impregnated paper, asbestos, graphite contain-

ing matrixes, sintered bronze, even steel).

4. Temperature.

The higher the temperature, the lower the static coefficient of

friction and usually the dynamic also.

5. Chemical Composition.

The effect of chemistry on the frictional profile is indeed great.
Through the use of friction modifiers, a formulator can give his lubri-

cant the desired frictional profile.

6. Oil Degradation.

Degradation of the fluid mainly through oxidation can change the
frictional profile. Oxidation destroys the friction modifier and also crea-
tes new and unsatisfactory polar molecules. To insure friction durabi-
lity, the formulator will chose not omly stable additives, but also will

include antioxidants in his formula.

Friction modifiers find application in many types of lubricants.

Here are some examples:

— Automatic transmission fluids (ATF) for GM (Dexron, Chrysler
MS - 4228) to prevent squawk.

— Limited Slip gear oils to prevent chatter.

— Way lubricants (for slideways) to prevent stick-slip.

— Tractor wet brake oils to prevent chatter.

On these applications, the present discussion will deal with the
Limited Slip gear oils.
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Brief Description of a Limited - Slip Differential.

A standard differential (Fig. 4) transmits equal torque to each axle
shaft. The limited-slip differential (Fig. 5) allows unequal amounts of
torque (torque biasing) to be transmitted to each axle shaft. Thus, the
wheel on a high traction surface can develop a high torque and help to
move the vehicle when the other wheel is on a low traction surface
(Fig. 6). This is very useful when one wheel drives over ice or sand
or a slippery surface.

Fig. 4. Standard Differential. Fig. 5. Limited - Slip Differential.

The performance of a limited-slip differential-oil system is evalua-
ted by the degree it can transmit unequal power (bias ratio) and by the
absence of audible noise (chatter). Bias ratio is the ratio of the torque
on the high torque wheel (on better traction surface) to the torque on
the slipping wheel. Thus, the bias ratio is a measurement of how effect-
ive the differential assembly is in improving the traction capacity of
the vehicle. A moderately high bias ratio is desirable. Too high a ratio
would make the unit resist differentiation and lock-up when making
a turmn.

The most popular form of limited-slip differential uses clutch pla-
tes which are attached to the carrier (driving plates) and each axle shaft
(driven ones). As these clutch plates turn and rub against each other
(the driving against the driven ones) during a turn, they could stick and
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slip noisily in the presence of a bad friction modifier or slide smoothly
and quietly in the presence of a good one.

Testing for the bias ratio is relatively easy. With one wheel of the
car on a slippery surface, the car is driven over a 2 X 4 board. If the
car succeeds to go over the board, the bias ratio is considered satisfactory.

Testing, however, the friction modifiers for chatter control is a
very costly and time consuming operation. The tests used employ one or
more cars equipped with critical limited-slip axles.
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Fig. 6. Torque Diagrams: A-external

B-internal.

The evaluation is divided into two parts, the initial performance
and the durability, or long-term performance. The testing for the initial
limited-slip properties (or frictional properties) of limited-slip gear oils
involves one or more critical limited-slip cars. These cars are driven in
tight turns or figure eight turns, very slowly, and any noise (chatter) or
other vibration from the axle is noted. Any such noise denotes stick-slip
phenomena, i.e., failure of the friction modifier to provide a lower sta-



492 [IPAKTIKA THX AKAAHMIAZ AOHNQN

tic than the dynamic coefficient of friction. T'he testing for the long-
term frictional properties or durability of the friction modifier is more
involved. The best way is through a field test using 10- 20 cars equipped
with limited-slip axle and each one driven for 50,000 miles or more. If
no appreciable chatter is experienced, the friction modifier is termed
successful. Another way is through an accelerated oil deterioration pro-
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Fig. 7. LVFA Frictional Profiles of Limited-Slip Gear Oils (New).

cedure called the Little Wheel/Big Wheel test. In it, a car equipped
with a critical limited-slip axle is fitted with unequal size tires and dri-
ven on the road or on chassis rolls. In this way the axle is forced to
constantly differentiate and thus deplete the friction modifier and in
general, deteriorate the oil. In this test, 1000 miles is roughly equiva-

lent to 10,000 miles of regular operation.

Research on a Simpler Test.

Considerable work has been carried out throughout the industry
for a simpler way to evaluate friction modifiers in limited-slip gear oils.
Unfortunately, most of this work has been unsuccessful. This paper,
however, is presenting a new method for a quick, simple and inexpen-

sive evaluation of friction modifiers in these oils.
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The method uses the I.ow Viscosity Friction Apparatus (LVFA).
This apparatus is based on a 1-3/16 in. mean diameter, 1/16 in. wide
frictional material annulus rotating against a flat steel surface. Friction
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Fig. 8. LVFA Frictional Profiles of Aged Limited-Slip Gear Oils.

is measured as a function of sliding speed and plotted on a XY recorder,
giving frictional profiles like the ones in Fig. 3. A schematic diagram
is given in Fig. 9 and a test procedure in Appendix I.

For an evaluation of the initial frictional properties of a limited-
slip gear oil, the test is run on a sample of new oil. To measure the
durability of a friction modifier in a limited-slip gear oil, the sample is
first aged in the lab. T'he aging is accomplished by submitting the oil
to the Beaker Oven test at chosen temperatures and periods of time.
For example, 300°F and 48 or 72 hours. The Beaker Oven test utilizes
a 250 cc glass beaker in which 100 cc of oil sample is poured. Then, a
steel strip of 7 em X 1.5 cm X 2 mm made of SAE 1010 steel is inserted
into the beaker and immersed, at an angle, in the oil. The beaker-oil-
strip assembly is placed in a constant temperature oven for aging for
the specified period of time. During the Beaker Oven test, the oil and
the friction modifier in it is constantly subjected to the degrading for-
ces of thermal energy and oxidation as well as the catalytic effect of
Iron. At the end of the test, a sample of the aged oil is tested again in
the LVFA for frictional properties. If the frictional profile has been
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altered to the extent that the static coefficient of friction is now bigger
than the dynamic coefficient, the oil at this level of deterioration would
be expected to chatter in a limited-slip axle.
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Fig. 9. Low Velocity Friction Apparatus.

The above proposed method for evaluating friction modifiers in
limited-slip gear oils correlates well with the full scale car test, i.e.,
the Little Wheel/Big Wheel test (LW/BW) and Fig. 7 shows the frictional
profiles of several limited-slip gear oils, when new, in the LVFA. With
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the exception of the bad reference (as expected) both good reference
oils and two experimental gear oils give good frictional profiles.

These ratings by the LVFA are totally confirmed by the Little
Wheel/Big Wheel car test as shown in Table I.

After aging in the lab, the same oils were subjected to the I, VFA
test. The results, shown in Fig. 8, indicate that drastic changes occurred
in the frictional profile of two reference oils. Those changes would be
translated into chatter in the Little Wheel/Big Wheel car test at that
stage of oil degradation. This prediction was again confirmed by the
actual Little Wheel/Big Wheel test as shown in Table II. The oils that
did not change their profile in the I VFA after aging fared better in
this car test. Interestingly, two experimental oils fared better than the
good reference oils in both tests.

Thus, from Tables I and II, it is evident that the test oils were
rated in the same order by both the LVFA bench test and the LW/BW
test which is a full scale test, and in a condensed way, a fleet test. This
proves the good correlation of the proposed bench test and the full

scale limited-slip test.
In a further effort to establish the final proof of the ability of the

bench test to predict field performance, three of the above oils were
tested in two fleet tests. The oils were Bad Reference, Good Reference 11
and Experimental Oil D. The test cars were ten 1972 Chevrolet Station
Wagons (V-8 engine, Automatic Transmission) and ten 1972 Ford 4-Door
Sedans (V-8 engine, Automatic Transmission).

The Bad Reference started chattering immediately in the Chevro-
lets, and in less than 100 miles in the Fords. The Good Reference II
started chattering after 5,000 to 10,000 miles in the Chevrolets, and after
15,000 to 20,000 miles in the Fords. The Experimental Oil D is conti-
nuing to give chatter-free performance in all cars even after 50,000 to
80,000 miles of operation in each one.

CONCLUSIONS

A simple, quick and inexpensive test method has been developed
for the evaluation of friction modifiers for limited-slip gear oils. This
method correlates well with full scale or field tests and it can be of help
in the development of new and improved-slip gear oils.
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TABLE I

Evaluation of Frictional Properties of Limited-Slip Gear Oils
(New) through both LVFA and LW/BW Tests.

i in LSél/agz;’rTest BB B
Good Reference I None Good
Good Reference II None Good
Bad Reference Medium Bad
Experimental Oil D None Good
Experimental Oil E None Good

TABLE 11

Evaluation of Friction Durability of Limited-Slip Gear Oils
through both LVFA (Aged Oils) and LW/BW Tests.

0il Chatter in LW/BW | L VFA Rating
Test After Miles (Aged Oils)
Good Reference I 3,000 Fair
Good Reference 11 800 Bad
Experimental Oil D 8,000 + Good
Experimental Oil E 6,250 + Good

APPENDIX 1

LVFA PROCEDURE

Both lower and upper test specimens are cleaned with n-pentane
and subsequently with isopropyl alcohol and dried. After they are posi-
tioned in the apparatus, the test oil (r2 ml.) is added into the cup and
the two specimens are brought into the contacting position. Pressure is
applied to the lower specimen (120 psi or 0.083 Kg/mm?) through an air
floated piston. Rotation is started very, very slowly, and carefully in
order to obtain an accurate measurement of the static coefficient of
friction and its transition into dynamic. Then, the speed is gradually
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increased until it reaches 4o ft./min. (20 cm./sec.) when the apparatus is
stopped. The frictional force between the rubbing surfaces is measured
using a strain gauge and it is plotted on an XY recorder vs. sliding speed.
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gmaveidv mooxalolv avrar thv pelmowy 1ol otatxol ovviekeotol toufiic xal
ottwe Emitoémovy v Suaknv dhicdnowy tdv Empavedy meog AAAnlag dvev Tob
pavopévoy tig «nordddovg dAodoswe» (stick - slip).

TO @awvépevov toiito mooxahel tov yvwotov Evoydntxov $6pupov (chatter)
glc T& daootxd umpavdv EowteQuxiic xavoewg meQLwELopévng Ohojoewg, Otav
10 Mmavrxéy tove 8&v meouéyy 1) #xy dmorécer tovg mEwny meootedévrac TQOMO-
momrag toifiic. ‘H dvdarvEic ratadliidov hravixdy dud dragogurd meQwoLopé-
vng dhodoewe Baciletan gic v 2Eevgeoy xatarlilov toomomotnT®dv TOU oUVTE-
Aeotol toiBiic, of 6moior Sratnoodv tag ididtnTde TV %l HETE poxQAV Aettove-
yiav tiig unyaviis.

‘H doxtpacta 1dv teomomomtdy 100 cuvieheotot toufiig elg hmavrina da-
ooy meQLwELonévng dMoHoewg elvar dvoyeors, naxed xai damavined, yeMot-
pomototon Ev 1) megroodtepa dyxfnata xal dmi paxedv yedvov. Ilolvdotduor éeya-
otnoaal doxpacion anedeiydnoav #dn dvixavor, dg wi) cvoyxenilopuevar mog THy
TEAYUATIHOTNTA.

Eic tv nagoloav foyaciav #pinoudodn véa uédodog, 1 6mola damedeiyiy
amoteheoparixy S thv doxwpaciov xal thy dxhoylv OV xatallwv teomomOLY-
1@v 100 ovvtedeotol toifiic, Gc xal @V avuotoiyov Amavuxdv. ‘H uédodog
atitn yonotwonotel thv ovoxevnv pedétng tig tofilg yaunidv tayvritov év cuv-
dvaond medg tac Gvriotoiyovg ynuixag doxtpaciag dua Ty texvnuiiy malaiwoy
MrovTiie@v.

Iswoaparine anoteréonata, Angdévia Sia thg véag pedddov, ocvupwvodv
700¢ Ta Angdévra dmotedéopara i’ dymudrov EEonhonévev pé dragpooLra meQLw-
otopévng dAooewg.

Awix tiic avotépw mootetvouévng uedodov vmofondeitar onuavrixdg 1 EQevva
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